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FOREWORD

Bridges along national roads support our country’s sustainable economic
growth by facilitating the transport of goods and services.

Nonetheless, there are still challenges in ensuring the structural integrity of
national bridges. In coming face to face with these formidable tests, the Department
of Public Works and Highways has developed supplementary plans to support the
ingenious Bridge Management System in the form of this manual.

Truly, this Third Edition of the Manual for Load Ratings of Bridges is
beneficial in ensuring public safety with its content on supplementary details and
guidelines for our engineers in determining load capacity of existing bridges. In
doing so, the procedure then helps identify those bridges needing urgent
rehabilitation and/or replacement.

This Manual will also help enhance our technical staff's knowledge in
computing bridges’ load ratings that will eventually avert further deterioration due to
overloading.

Our sincerest gratitude to JICA for their technical and funding assistance and
the dedicated DPWH personnel who both worked hard in the realization of this
Manual.

I enjoin all those concerned to use this as easy reference and proper guide in
load ratings of bridges.

ROGELIO L. SINGSON
Secretary
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Chapter 1
INTRODUCTION

1.1 PURPOSE OF THE MANUAL

The purpose of the Manual for Load Rating of Bridges (MLRB) is to guide and
provide the Department of Public Works and Highways (DPWH) and others with
uniformity in the procedures and policies for determining the load capacity and
load rating of existing bridges.

In any event, this Manual should not overrule sound engineering judgment.
1.2 SCOPE OF THE MANUAL

This Manual has been prepared to provide the DPWH with a load rating process
consistent with the objectives of the DPWH Bridge Management System. The
Manual is focused on load rating (or load capacity determination) procedures
with a section on engineering and in-depth inspection of existing bridges. A
section is devoted to provide examples in performing load rating calculations.

Chapter 1 provides the necessary background and information on load rating of
bridges including rating considerations, procedures and methodology. In order to
assess the existing capacity of bridge components or attributes, it is necessary to
determine the existing condition of these members using more detailed inspection
and condition evaluation. A discussion on engineering and in-depth inspection
and condition evaluation of bridge components is presented in Chapter 2.
Chapter 3 deals with the process and procedure of load rating including loadings
used for load rating, rating guidelines, load posting and reporting. Computer-
based Program on load rating is presented in Chapter 4. Examples for load rating
calculations are presented in Chapter 5.

The provisions of this Manual apply to all conventional concrete and steel highway
bridge structures in accordance with the DPWH Design Guidelines and the
AASHTO Standards. Special bridges and bridges other than highway bridges may
need special provisions not covered in this Manual. General guidance is given in
this Manual but more complex procedures must be used to determine actual load
rating.

This Manual is prepared with reference to the following:

« Bridge Management System - Bridge Inspection Manual (Referred to as BMS-
BIM), Department of Public Works and Highways, January 2004.

- Bridge Inspection Manual (Draft), (PWRI Text No. 2651) Public Works
Research Institute, Ministry of Construction in Japan, July 1988. (Referred to
as BIM-PWRI)

« Manual for Condition Evaluation of Bridges, 2nd Ed. (Referred to as MCEB),
American Association of State Highway and Transportation Officials, 2000.

« Design Guidelines, Criteria_and Standards - Bridge Design, DPWH & JICA,
March 2004.

« Standard Specifications for Highway Bridges, 17th Ed., AASHTO, 2002.

« An Approach to Inspection and Condition Evaluation of Bridges (Referred to
as AICEB), JICA, DPWH & KEI, November 2003.
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« Revision of Bridge Management System - Bridge Inspection Manual
(Referred to as Rev BMS-BIM), Department of Public Works and Highways,
December 2007.

« Bridge Engineering Inspection Manual, DPWH and JICA, 2014

For all matters not covered by this Manual, the current DPWH and AASHTO
Specifications and Standards should be used as a guide. However, if bridge
member behavior is not consistent with the controlling specifications, such
deviations based on the known behavior of the member may be used but should
be fully documented.

1.3 THE DPWH BMS - BRIDGE INSPECTION MANUAL

The Bridge Management System (BMS) was established by the DPWH to provide a
computer based system for the management of Philippine national bridges. The
function of the BMS is to provide the DPWH with a “comprehensive and
sustainable bridge inspection program to provide sufficiently accurate, consistent
and timely information to planners and maintenance personnel for all bridges
which are part of the national road network, utilizihng computer applications being
procured by DPWH?”.

Under the BMS system, a Bridge Inspection Manual is prepared “to provide bridge
inspectors and others with guidelines and procedures to undertake effective
bridge inspections”.

The Bridge Inspection Manual contains standardized bridge inspection procedures
and requirements for all types of bridge inspections undertaken by the DPWH and
is intended to be utilized as a training guide and reference manual for the DPWH
bridge inspectors. This will ensure that consistent inspection reports are delivered
from all bridge inspections.

The 2004 BMS-Bridge Inspection Manual was revised in 2007 reducing the
inspection types from seven (7) to five (5) types to avoid overlapping activities and
simplify the required actions. The 2007 Revised BMS-Bridge Inspection Manual
which focuses on the detailed procedures for condition survey and rating, will
provide a clear definition on how to assess bridge condition using a more specific
defect measurement guidelines and a bridge condition rating card.

1.3.1 Bridge Inspection Types

The revised BMS - Bridge Inspection Manual (2007) focuses on five major Bridge
Inspection Types to assess bridge conditions based on defects or damages, as
listed in Table 1.3-1. The Inspection Types are categorized into:

« Scheduled Inspection - required to be undertaken on a set of
frequency to provide data for DPWH functions, and

« Non-scheduled Inspection — undertaken only when required because of
the addition of new bridges or due to calamities.

Bridge Inspection Types 1 is essentially a visual inspection, without requiring
specialty in bridge engineering, to check for obvious defects and ensure that
regular planned maintenance is being properly undertaken.
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Bridge Inspection Type 2 or Condition Inspection will monitor and rate the
condition of bridges that becomes a basis for identifying maintenance needs,
forecasting future bridge intervention requirements and estimating funding
requirements.

Bridge Inspection Type 3 or Engineering Inspection is undertaken as follow-up to
bridge Condition Inspection when attribute defects are in condition state 2 or 3 in
any primary component/attribute or in any secondary component that has a
detrimental effect on the structural performance of the bridge. This will provide
information for future design of the required major maintenance works.

Bridge Inspection Type 4 or Emergency Inspection is undertaken in response to
calamities. This will confirm bridge safety following a calamity or determine the
necessary work to ensure safety and restore the bridge function.

Bridge Inspection Type 5 or Inventory Bridge Inspection is an initial inspection
performed to obtain inventory data on bridges.

Table 1.3-1 Bridge Inspection Types and Responsibility

TYPE

NAME

FREQUENCY

PURPOSE

‘ RESPONSIBILITY

SCHEDULED BRIDGE INSPECTIONS

Routine

Monthly

- Scheduling of routine maintenance, check on
bridge condition to ensure the safety of bridges
- To detect defects of bridges at an early stage

DEO

Condition

Annual

- To obtain condition data on and major
maintenance needs of the bridge for operation
of the BMS

- To assess and rate condition of the structure

DEO/RO

NON-SCHEDULED BRIDGE INSPECTIONS

Engineering

As
Required

- To investigate the major maintenance needs of
defective bridge identified by a condition
inspection or other inspection

To evaluate the needs for improvement works
To decide on appropriate countermeasure
To determine the safe load capacity of the
bridge

To monitor progress of any damage

To test and evaluate strength or quality of
materials

To evaluate structural strength and seismic
vulnerability

DEO /RO /BOD/
BRS / BMS Team
and other Entities

Emergency

As
Required

To determine emergency work to bridges after
occurrence of calamities, ensure safety of
bridges

To obtain damage information to evaluate
necessity of urgent repairs

To determine severity of structural damage to
bridges

To confirm safety of bridges and vehicular
traffic

To evaluate structural strength

DEO/RO

Inventory

As
Required

To obtain/update bridge inventory data for the
RBIA and the BMS

DEO/RO

NOTES: RO

- Regional Office

DEO - District Engineering Office

BOD - Bureau of Design BRS - Bureau of Research and Standards
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Although the above inspections can identify defects or damages with condition
ratings for the bridge attributes, its primary objective is to prepare maintenance
needs with corresponding estimated costs for funding requirements. Moreover,
the manual does not provide a basis for determining the safe load capacity of the
bridge and the need for load posting. In this regard, this Manual will supplement
the BMS-BIM with a guide for load rating of existing bridges and recommends load
posting when necessary.

1.3.2 Condition Rating of Bridge Attributes

The 2007 revised BMS - Bridge Inspection Manual enumerates and describes
common material defects or damages of bridge components/attributes (referred
to as members in this manual) with corresponding condition state criteria.
Although the condition evaluation state of bridge components/elements depends
on many factors, the bridge attributes condition states are developed using the
evaluation rating, as presented in Table 1.3-2.

As seen in Table 1.3-2, the Condition States are rated from 0 to 3 with 0 being the
good condition state of the attribute. Although maintenance actions are
recommended for each condition state, load posting is not mentioned as an
alternative option for the action.

It should be noted that bridges exhibiting progressive or advanced stage of

deterioration or damage should be checked thoroughly as to the safe load
capacity and load posted, if necessary.

Table 1.3-2 Bridge Attribute Condition States

CONDITION
STATE DESCRIPTION ACTION
0 Attribute is in good condition with little or no

(Good) deterioration. No action required

Attribute shows deterioration of a minor nature to the Major maintenance

(F;.il’) primary supporting material and is showing first signs of | is required within 10
being affected. years
o% Attribute shows advancing deterioration and loss of Major maintenance
(Poor) protection to the supporting material, minor loss of is required within 2
section years
Attribute shows advanced deterioration, loss of immediate maior
3* effective section to the primary supporting material, maintenance ii
(Bad) and is acting differently to design or is showing signs of

required
overstress a

*When Condition State is 2 or 3, a follow-up inspection (Engineering Inspection) is
conducted to provide more information on the degree of deterioration or damage
which will be used to determine the necessary maintenance requirements or intervention.
At this stage, the bridge stability may be affected so that determination of the safe load
capacity of the bridge is needed. The vehicle live load that will be allowed to pass
through the bridge may have to be limited when the load capacity is reduced from the
original design live load. This Manual will provide the necessary guide in performing load
capacity determination and load rating.
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1.3.3 When to Perform Load Rating

The need to perform Load Rating calculations for the bridge is indicated in Table
1.3-3. Asshown in Table 1.3-3, it is not necessary to perform Load Rating of bridges
under Inspection Types 1 and 2. However, recommendations to perform load
rating calculations can be specified at these inspection stages if certain bridge
conditions require load capacity reevaluation.

The following condition requires load rating evaluation:

@ When the structural configuration was changed from the one originally
intended by design (e.g. changes in support conditions, changes in
structural members, etc.),

9

When the dead load condition was modified due to repair, rehabilitation,

or other reasons,

When the bridge use or function is modified,

When the overall condition of bridge is poor or bad, or

When engineering judgment requires a need for safe load capacity

reevaluation.

Since Engineering Inspection is performed when Overall Condition of bridge is poor
or bad, it will be necessary to perform load rating to determine the safe load
capacity of the bridge prior to maintenance or restoration works. This will ensure
public safety and prevent loss of structure.

Table 1.3-3 Bridge Load Rating Schedule

INSPECTION LOAD RATING REMARKS
TYPE NAME
. Load Rating calculation is not
1 Routine necessary since the objective is to
Not Performed identify maintenance needs.
2 Condition *Recommendation for the need for
Load Rating is given at this stage.
Since Overall Condition is poor or
3 Engineering Performed when Overall bad which may affect bridge
Condition is poor or bad stability, the safe load capacity of
the bridge should be verified.
If the bridge Overall Condition is
4 Emergency Performed when Overall poor or bad after an emergency or
Condition is poor or bad a calamity, Load Rating should be
performed.
This initial investigation may require
Performed when Required verification of the safe load
5 Inventory

by DPWH

capacity of the bridge in order to
determine its initial Load Rating.
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Load Rating calculations shall be performed during an Emergency Inspection
when the Condition State of any attribute is 2 or more.

For bridges designed prior to current design requirements, load rating evaluation is
needed to check its safe load capacity. This is usually done during the Inventory
Inspection to obtain or update bridge inventory data.

1.4 LOAD CARRYING CAPACITY OF BRIDGES

The load-carrying capacity is defined below, as stated in the “Maintenance and
Management of Roadways and Bridges, AASHTO 1999”.

Each bridge has an estimated capability to carry a certain total load limit. A
bridge is designed for a specific load, and there is an estimated load at which the
bridge is expected to fail (ultimate strength load). The ratio of the two loads is the
factor of safety estimated to exist in the bridge.

(Estimated Failure Load)
(Design Load)

Factor of Safety =

The “capacity” of a bridge is the sum total of the various loads that a bridge can
safely carry in its existing condition or state. The various loads on a bridge may
include the following:

O Dead Load:

This is defined as the load from the weight of the beams and deck and all of the
structure above the piers and abutments upon which the vehicular and
pedestrian traffic weight is supported. Some elements of the bridge included in
the dead load are as follows:

Wearing courses.

Structural decks.

Structural members.

Curbs, sidewalks, railings, and fencing.

Utility pipes, conduits, lighting masts, and traffic signal hardware.

The dead load may be significantly altered by the removal or addition of such
elements during the bridge maintenance process, thereby reducing (or
increasing) the bridge capacity to carry a specified live load. When considering
the foundation support of the bridge, the piers (and the footings, if piers are
supported by footing rather than piles) must be included in the dead load. That s,
at whatever level within a bridge structure the capacity is estimated, all elements
of the structure permanently in place are included in the dead load.

Q4 Live Load:

Live load includes the weight of vehicles, pedestrians, and other traffic. Highway
loadings used in establishing load-carrying capacity will be the standard DPWH (or
AASHTO) vehicle loadings or the DPWH legal loads.
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0 Impact Load:

Impact Loads are dynamic loads resulting from vertical acceleration of vehicles. It
is estimated as a percentage of the live load according to the approved bridge
design and analysis process.

O Wind Load:

Pressure on the beams, trusses, and other parts of the bridge exposed to steady or
buffeting wind gusts. Sometimes this loading is significant for tall bridges and may
require a detailed engineering analysis to determine its effect. The total effect of
wind load depends upon the expected maximum wind velocity, the vertical area
of all bridge members in the side profile, and the shape of the section (using drag
coefficient).

O Longitudinal Forces:

Through acceleration and braking, traffic moving across a bridge can generate
forces parallel to the centerline or longitudinal axis of the bridge. Such forces are
often estimated to be 5% of the estimated live load.

O Thermal Forces:

Changes in temperatures create stresses and strains due to the thermal expansion
and contraction of bridge materials.

O Earth Pressures:

This includes soil pressure on abutments and other components of the bridge
against which any significant depth of earth fill rests. Additional pressure can build
up if weep holes (drainage openings) become clogged and do not drain the
hydrostatic pressure.

O Stream Forces:

Bridge piers must resist horizontal loads caused by water flowing around them.
During flood flow, this pressure can significantly increase. Allowing debris to build
up against a pier during flooding greatly increases this pressure.

O Earthquake Forces:

Bridges in earthquake zones are subject to potential vibration loadings from any
direction that the geologic earth crust plates may move during an earthquake
tremor.

Bridge capacity defines the capability of the bridge to carry the load from the
above various forces. However, in the load rating calculations to determine the
safe live load capacity of bridges, it is not necessary to include all the above
loadings which will be discussed in the next sections.
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1.5 LOAD RATING CONSIDERATIONS

Bridge load rating provides a basis for determining the safe load capacity of the
bridge. Such load rating requires engineering judgment in determining the rating
value that will be used to assess the bridge soundness and safe use by establishing
the safe load capacity of the members. Bridge load rating calculations will be
based on the information of the most recent inspection indicating the present
condition of the bridge, including changes in structural condition due to repairs
and rehabilitation, dead load and member deterioration.

As part of every inspection cycle, bridge load ratings should be reviewed and
updated to reflect any relevant changes in condition or dead load noted during
the inspection.

The Manual will provide two load rating methods for the Operating and Inventory
Levels: (1) the Allowable Stress Method which is especially useful for comparison
with past practices, and (2) the Load Factor Method which is based on multiples of
the actual load.

1.5.1 Assumptions

The safe load capacity of a bridge is based on existing structural condition. To
maintain this capacity, it is assumed that the bridge is subjected to competent
inspections as often as the existing conditions of the structures require, and that
sound judgment will be exercised in determining an appropriate safety margin.

1.5.2 Substructure Consideration

It is a matter of good engineering sense to ensure that the calculated safe load
capacity can be supported by the existing substructure elements. Careful
attention should then be given to all elements of substructure for evidence of
instability that will affect its load-carrying capacity. All available information
including as-built plans should be checked to ensure that the substructure have at
least the capacity of the lowest rated superstructure member. If no information is
available, the engineer should judge the adequacy of substructure based on
observations of its condition and performance over time.

1.5.3 Safety Criteria

In general, the safety factors to be used shall be taken from this Manual. However,
certain cases where judgment must be exercised in evaluating a structure, safety
factors may be adjusted based on site and/or structure conditions as recorded in
the most recent inspection report. All data used in the determination of safety
factors should be fully documented.

1.5.4 Nonredundant Structures

Nonredundant structures are critical components whose failure would be
expected to result in the collapse of the bridge. Such bridge components may
exist that could become critical to load capacity calculations. Careful
consideration shall be given to nonredundant bridge component during load
rating of the bridge.
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1.6 LOAD RATING PROCEDURE

The flowchart is presented in Figure 1.6-1. For bridges with complete maintenance
and inspection records and information, the load rating will consider the present
condition of the bridge members. However, when the bridge data are not
available, field survey and presumption of original design is necessary.
Reconstruction of as-built plans may have to be done using the data gathered
from field survey and measurements. In cases where field measurement is difficult
to perform, presumption of original design will have to be performed by back
analysis using the original requirements of the code used during the design of the
bridge.

¥ The process of load rating begins after bridge inspections and condition
evaluation with the need to perform load rating calculations decided based
on the actual condition of the bridge components or attributes. The decision
to perform load rating calculations is discussed in Section 1.3.3. When load
rating calculation is not necessary, usual bridge maintenance and inspection
procedure is conducted and the results documented and forwarded to the
DPWH BMS Unit for recording and filing.

% Load rating calculations become necessary when:

M the condition states of the bridge attributes or components warrants
determination of a safe load capacity, or

M when changes in the original bridge structural system or configuration
was observed during the inspection, including changes in geometry or
dead load condition.

¥ Data collection and in-depth inspection (Engineering Inspection) is then
conducted to obtain enough information that will be used for load rating.
Data includes As-Built Construction Drawings, Bridge Inventory, Inspection
Reports, Testing Results, Surveys, etc.

¥ Structural modeling and analysis is then performed, with necessary sketches
and calculations on how the structure was modeled, assumptions, load
calculations and derivations, computer software documentation and sources
of information.

Dead load shall be modeled as accurately as possible. Member conditions
including damages and defects may or may not be reflected in the structural
model to determine redistribution of forces in the structural system (this will be
left to the discretion of the rater if the analysis model warrants the use of
existing member condition including deformation and changes in support
conditions to determine a more accurate force distribution). However,
member section damages and defects shall be reflected in calculating
member capacity or resistance.

Load rating vehicle shall be applied to determine the live load effects and
demand on the bridge (see Section 3.4 for the rating vehicles).

Load ratings are then evaluated at two levels — the Inventory Level and the
Operating Level. The methods that can be used for load rating evaluation
include the allowable stress, the load factor, and the load and resistance
factor methods. The results of the load rating evaluation will indicate the
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present allowable live load and the maximum permissible live load of the
bridge. The details of these load rating methods are presented in Chapter 3.

A Load Rating Report (see Section 3.13) shall be prepared to document the
load rating calculations.

When Load Posting the bridge is necessary, it shall be made by the
Responsible Official of the DPWH.

All Reports and Documents shall then be forwarded to the BMS Unit for
recording and filing.

BRIDGE INSPECTION
e CONDITION
INSPECTION RESULTS

(OVERALL BRIDGE CONDITION IS
GOOD OR FAIR)

NO LOAD RATING

NECESSARY?

YES (OVERALL BRIDGE
CONDITION IS POOR
OR BAD)

PROCEED TO
ROUTINE COLLECT DATA AND

INSPECTION & CONDUCT BRIDGE
MAINTENANCE IN-DEPTH INSPECTION
(Refer to Fig 2.3-1)

o ENGINEERING

Computer- based Program PERFORM STRUCTURAL
MODELING, ANALYSIS &
LOAD RATING

RATING LIVE * BRIDGE ANALYSIS MODEL
LOAD « MEMBER CONDITION

e DEMAND FORCES/STRESSES

e MEMBER CAPACITY/

RESISTANCE
POSTING LIVE ¢ LOAD RATING CALCULATION
LOAD
LOAD POST YES LOAD
BRIDGE POSTING
NECESSARY?

NO

A 4
COMPLETE LOAD
RATING REPORT &
DOCUMENTATION

v

SUBMIT REPORT TO
N BMS UNIT FOR
"| RECORDING & FILING

Figure 1.6-1 Flowchart of Load Rating Procedure

Manual for Load Rating of Bridges, 3d Ed.
DPWH



Chapter 2
ENGINEERING AND IN-DEPTH INSPECTION FOR LOAD RATING

2.1 INTRODUCTION

The 2007 Revised Bridge Management System - Bridge Inspection Manual (BMS-
BIM) describes in detail the general processes and procedures of bridge Inspection
Types 2 and 3. It also provides a more comprehensive damage or defect
assessment through a more definite condition rating criteria.

In order to perform bridge load rating, it is necessary to get as much information as
possible on the actual condition of bridge attributes and components. These data
will be used to prepare structural analysis model that will reflect the existing
conditions of the major components of the bridge including geometry, damages,
defects, support conditions, etc. Such information can be obtained by an
engineering inspection or in-depth inspection.

The in-depth inspection of the bridge will be considered as equivalent to the
Engineering Inspection, Type 3 of the revised BMS-BIM. The method of inspection
discussed in this Chapter shall be a supplement to the Engineering Inspection
(Type 3) described in the revised 2007 BMS-BIM. Refer to the DPWH-JICA Bridge
Engineering Inspection Manual developed by the Technical Cooperation Project
on Improvement of Quality Management for Highway and Bridge Construction
and Maintenance, Phase II, in 2011-2014.

2.2 CONSIDERATIONS FOR IN-DEPTH INSPECTION

An Engineering or In-Depth Inspection is a close-up, hands-on inspection of one or
more members above or below the water level, usually performed as a follow-up
inspection to the Routine, Condition or Emergency Inspection to better pinpoint
any deficiency(ies) found.

Traffic safety management signs/devices and special equipment, such as under-
bridge inspection equipment, staging and workboats, should be provided when
needed. When appropriate, or when necessary to ascertain the existence or
extent of deficiencies or damages, non-destructive field tests and/or other
material tests may need to be performed.

The inspection shall include load rating to assess the residual capacity of the
member/s, depending on the extent of damage or deterioration. Non-destructive
field tests and/or other material tests may be performed, if necessary.

The following points should be kept in mind in conducting the in-depth inspection:

i) During the in-depth inspection, bridge components and elements
evaluated to be Condition State “3” in the initial inspection and require
urgent rehabilitation, shall be made a priority due to the urgent nature
of damages. The inspection is normally carried out after conducting a
temporary emergency repair of the damaged component or element.
However, the need for a permanent measure for repair, rehabilitation or
reconstruction of the bridge will be decided after a more detailed and
thorough investigation is done under the in-depth inspection stage.
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i) For bridge components and elements evaluated to be Condition State
“2 or 37 in the initial inspection, the in-depth inspection shall be
conducted to provide data for judgment on the cause, scale and
progress of damages. This survey will then become the basis for judging
whether the bridge rehabilitation work is needed or not.

i) For damages found to have a progressive tendency, the inspection shall
be continued to confirm the progress of damage for a certain period of
time.

2.3 PROCEDURE FOR IN-DEPTH INSPECTION

The purpose of the in-depth inspection is to get necessary information to:

» judge the need for improvement works,
» determine the safe load capacity of the bridge, and
» decide an adequate improvement method.

The flowchart of in-depth Inspection procedure for load rating is shown in Figure
2.3-1, where the need for the survey is based on the initial Condition Inspection
assessment. Desk survey is then performed to analyze and estimate the cause of
damage and clarify the objectives and the inspection items of the in-depth
Inspection to be conducted.

During the desk survey, reference is made to the as-built plans, bridge records and
inspection reports previously conducted. It is important to note the previous
damages observed and the repair or rehabilitation conducted so that the
inspectors will be guided as to the present condition of the bridge.

The key to an effective, safe performance of any bridge inspection is proper
advance planning and preparation. The inspection plan should be developed
based on a review of the Bridge Record and may require a pre-inspection site visit.
It is advisable for the inspector to confer with the DPWH District or Regional Offices
regarding the bridges to be inspected since they are more familiar with the bridge
and may point out peculiarities which may not be apparent at the time of
inspection.

As much as possible, the bridge inspection should be scheduled at the time of the
year which offers the most suitable conditions for thorough inspections.
Substructures of bridges over streams are best inspected at times of low water and
structures requiring high climbing should be inspected during seasons when high
winds or extremes of temperature are not prevalent.

Bridge inspection equipment consists of those items used for access and those
used for actual inspection tasks. The methods and equipment used to gain access
to bridge members include ladders, power lift vehicles, power lift staging, rigging
and scaffolds, boats, and assisted free climbing.

In planning the inspection, a pre-inspection site visit by the Team Leader will be
helpful. If plans are available, the pre-inspection should be done with plans in
hand to allow preliminary verification of the structure configuration and details.

12
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Figure 2.3-1 Flowchart of In-Depth Inspection Procedure for Load Rating

The pre-inspection should determine the following points:

M site access — availability and means of,
M areas of potential concern which will:
e require close attention during subsequent inspections, and

e form the basis for decisions on timing, weather conditions, traffic
controls, and utility protections.

The in-depth Inspection shall then be conducted after all preparatory works have
been conducted including:
(a) review of all relevant data and information through desk survey activities,

(b) specification of inspection items and establishment of clear objectives of the
survey, and

(c) identification and estimation of the cause and extent of damages by
analysis of the following relevant materials:

i. damage location,
i. design, construction and inspection records of members,

ii. damage records of members or elements caused by earthquake, fire,
flood, etc., and

iv. similar cases of damage including rehabilitation/repair.

Manual for Load Rating of Bridges, 39 Ed. 13
DPWH



In conducting the in-depth inspection, it is necessary to prepare an inspection
guide showing the bridge components and elements to be inspected. Every joint
and element of the bridge shall be given a node number and name using symbols
or abbreviations to easily identify the joint and the element.

To simplify damage identification, symbols similar to those shown in Figure 2.3-2
can be used during inspection.

Damage Type Symbol Damage Type Symbol
Crack \ [ Honeycomb/Void
Spalling Rutting/Erosion

Exposed Rebar @]ﬂ:b Water Leakage
Efflorescence @ Others

Figure 2.3-2 Damage Symbols

2.4 CAUSES OF DEFECTS AND DAMAGES IN BRIDGE STRUCTURES

In order to properly inspect a bridge, the inspector must be able to recognize the
various defects, damages or deterioration in bridge members and its components.
It will be more helpful if the inspector knows the causes of such defects and
damages and how to inspect them. This section will briefly discuss some of the
common defects and damages of bridge components and their causes.
Additional discussion on material defects can be found in the BMS-BIM. Refer also
to Appendix | for the inspection points on damage-prone members.

The causes of bridge damages may be almost always in conjunction with many
factors, making it difficult to specify the causes of such damages. In this section,
there are five (5) major factors or causes of damages which can be classified as to
either External or Internal factors as presented on Table 2.4-1.

In estimating the causes of damages, it will be necessary to consult with engineers
with sufficient experience in structural damage assessment. In some cases, high
engineering judgment may be required to estimate the cause and extent of
damages.

14
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2.4.1 External Forces

Bridge members and components, once constructed, are always exposed to
external forces causing internal stresses to the members which, when the strength
or capacity is exceeded, may cause permanent damages.

Table 2.4-1 Factors Causing Damages

External Factors ‘

(a) External Forces
(1) repeated loads such as overloaded vehicle
(2) increase in dead loads
(3) vehicle/vessel collisions
(4) support settlement (uneven pressure)
(5) scour / erosion (by floods, heavy rains during typhoon)
(6) loads by earthquakes
(7) fire

(b) Environmental Factors
(8) change in temperature/drying shrinkage
(9) salt damage
(10) exposure to aggressive chemicals (acid attack)

(11) growth of vegetation on small spaces (e.g. cracks)

Internal Factors ‘

(c) Material Deterioration

(12) alkali-silica reaction
(13) carbonation
(14) poor quality

(d) Fabrication / Construction Faults
(15) fabrication / construction faults
(16) poor waterproof / drainage facility

(e) Structural Factors
(15) structural deficiency

Figure 2.4-1 illustrates some common external factors that may cause permanent
damage to the bridge and its components. However, in relation to load rating of
bridges, bridge inspection should focus on the damages to superstructures caused
by increase in dead load, overloaded vehicles, vessel/vehicle collision and fire.
Such defects and damages lead to decrease in carrying capacity of the section
or member being rated.

In some instances, bridges may be exposed to fire caused by accidents.
Depending on the degree and duration of fire exposure, bridge components may
be severely damaged and becomes unsafe for public use. Figure 2.4-2 illustrates

Manual for Load Rating of Bridges, 31 Ed. 15
DPWH



damage to concrete structures caused by fire. Similarly, extreme temperature
due to fire causes loss of tensile and compressive capacity for steel structures
causing bridge members to become unstable.

OVERLOADED TRUCKS CAUSE

ADDITIONAL DEAD LOAD EXCESSIVE MEMBER STRESSES

(OVERLAY) INCREASES
MEMBER DEMAND FORCES

i

FLEXURE SHEAR
CRACKS M

G

VESSEL COLLISION 2 ] —
CAUSES DAMAGES TO -
PIERS AND GIRDERS

SCOUR/EROSION CAUSES
UNEVEN FOUNDATION
EXISTING RIVER BED PRESSURES AND SETTLEMENT

ORIGINAL RIVER BED

EARTHQUAKE INCREASES DEMAND
FORCES ON PIERS AND FOUNDATIONS

Figure 2.4-1 External Factors Causing Damages to Bridge

Fire causes uneven volume changes in concrete
members resulting to distortion, cracking and
disintegration. Spalling occurs due to rapidly
expanding concrete surface.

AQ_GQQ
t §i E i SPALLING

CcooL

SURFACE \4

Extreme heat causes aggregates to expand. While
moisture turns rapidly into steam, concrete begins to
disintegrate with localized bursting of small pieces of
concrete. Cement mortar turns to quicklime at

N Al b g 400 °C causing further concrete disintegration.
Concrete spalling exposes reinforcing bars.

HIGH
TEMPERATURE

The exposed reinforcing bars begins to expand
more rapidly than the surrounding concrete causing
buckling and loss of bond to adjacent concrete

CRACKING FROM where the reinforcement is fully encased.
EXCESSIVE BENDING

REBAR BUCKLING

Figure 2.4-2 Damage by Fire
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2.4.2 Environmental Factors

Dryving Shrinkage and Change in Temperature

Drying shrinkage and temperature change involves changes in concrete volume.
On exposure to atmosphere, concrete loses some of its original water through
evaporation and shrinks. If the member is restrained from moving, shrinkage
stresses build-up that may exceed concrete tensile strength and cause shrinkage
cracking (see Figure 2.4-3). However, changes in concrete length or volume
varies with the moisture content - i.e. concrete that dries out will shrink and
concrete that becomes moist will expand.

Similarly, changes in temperature of the concrete structure relates to volume
change. If the temperature varies within the member, e.g. temperature gradient,
this causes some section of the member to expand more than the other section
resulting to an upward or downward movement of the member (see Figure 2.4-4).
If the structural member is restrained, stress build-up occurs and can be very
significant and may result to tension cracks, shear cracks and buckling.

A

UNIFORMLY-SPACED CRACKS

RESTRAINED AND REINFORCED CONCRETE

Figure 2.4-3 Drying Shrinkage Figure 2.4-4 Temperature Change

Salt Damage

Chlorides can be introduced into the concrete when it comes into contact with
the environment containing chlorides such as sea water and aggregates with
chlorides or introduced deliberately as an accelerator. Penetration of chlorides
usually starts from the surface and moves inward with time. Eventually, the
chlorides in contact with the reinforcing bars will cause corrosion when moisture
and oxygen are present. As the rust build up in the reinforcement, tensile forces
generated by the expansion of the oxide cause concrete to crack and
delaminate. When cracking and delamination progress, accelerated corrosion
takes place because of easy access of corrosive salts, oxygen and moisture.
Figure 2.4-5 illustrates the damage due to salt penetration.

Defects of this nature cause section loss in reinforcing bars, thus decreasing the
section capacity against external forces.

Manual for Load Rating of Bridges, 39 Ed. 17
DPWH



CORROSION BEGINS WHEN FURTHER PENETRATION OF CHLORIDES
CHLORIDES PENETRATE TO RESULTS IN PROGRESS OF CORROSION,
REINFORCING BARS DELAMINATION AND SPALLING.

MOISTURE
AND O SALT SPALL/DELAMINATION O SALT
OXYGEN O

Figure 2.4-5 Damage Due to Salt Penetration

As discussed above, intrusion of chemicals including chlorides eliminates
reinforcing bar protection due to concrete alkalinity. This enables water and
oxygen to attack the reinforcing steel, forming iron oxides (commonly referred to
as rust). Corrosion, as an electrochemical process, increases the metal volume as
iron is oxidized into rust and easily occupies a volume of up to 10 times of the
corroded steel it replaces. The expansive volume creates internal pressure that
causes the concrete to yield producing wider cracks, delamination and spalling.
Early development of corrosion can be observed as rust stains on the surface of
concrete before spalling occur.

Accelerated corrosion will occur if the pH (alkalinity) is lowered (Figure 2.4-6) or if
aggressive chemicals (acidic) are introduced into the concrete. Again, structural
capacity of concrete member is affected by reinforcing bar corrosion and
cracking of the surrounding concrete (Figure 2.4-7).

08 ‘ ‘ ‘ CRACKS
ACIDIC| | ALKALINE
0.7 > PRl
—
o 06 O G O 6
5.\
D:’S,O'E’ \  —— > ~ ==
5 < \ ) [9)
S £ o4
o £ \
=~ 03
S
\
0.2 aUST LOSS OF
SECTION
0.1 =

0 2 4 6 8 10 12 14 A/ S/ /S S/ A/ S/ 4

Concrete pH

Figure 2.4-6 Concrete pH and Figure 2.4-7 Rebar Loss of
Corrosion Rate Section
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Exposure to Aggressive Chemicals (Acid Attack)

Certain aggressive chemicals in solution (including inorganic acids, organic acids,
alkaline solutions, salt solutions, etc.) will attack various constituents of concrete.
Such chemicals, in reaction with concrete constituents, may greatly damage the
concrete member in contact and reduce its strength considerably.

Acid attack on concrete leads to a reaction between the acid and the calcium
hydroxide of the hydrated Portland cement. The reaction produces water soluble
calcium compounds, which are leached away leading to concrete disintegration
(see Figure 2.4-8). However, it should be noted that certain acids dissolves
aggregates in the form of limestone or dolomitic aggregates.

ACID ATTACKS
CONCRETE EXPOSING
AGGREGATES

ACID DISSOLVES SILICA
AND DOLOMITIC
AGGEGATES

CEMENT MATRIX
DISINTEGRATES,
AGGREGATES FALL-OUT

Figure 2.4-8 Concrete Reaction to Acid Attack

2.4.3 Material Deterioration

Alkali-Silica Reaction (ASR)

Alkali-silica reaction, although slow by nature, may create expansion and severe
cracking of concrete structure and pavement. In this type of reaction, certain
aggregates such as reactive forms of silica react with potassium, sodium, and
calcium hydroxide from cement and form a gel around the reacting aggregates.
When the gel around the aggregate is exposed to moisture, it expands and
creates forces that cause tension cracks around the aggregate. Concrete
undergoing alkali-silica reactions exhibits signs of surface map cracking on the
exposed surfaces. Once cracking has formed, more moisture penetrates the
concrete and accelerates the alkali-silica reaction.

Figure 2.4-9 illustrates the mechanism of alkali-silica reaction.
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Reactive silica or silicate in
the aggregate reacts with
alkali in the cement.
Following this, gel forms on
aggregate  surface  with
sufficient moisture.

When gel is exposed to
moisture, swelling takes place.
Swelling causes surrounding
concrete to expand, causing
tension and compression
stresses.

Surface map cracking becomes

visible

Figure 2.4-9 Mechanism for Alkali-Silica Reactions

Carbonation

Carbonation of concrete is a reaction between acidic gases in the atmosphere
and the products of cement hydration. Carbon dioxide penetrates into the pores
of concrete by diffusion and reacts with the calcium hydroxide dissolved in the
pore water. As a result, the alkalinity of concrete is reduced to a value that lowers
the passive protection of the reinforcing steel and makes it susceptible to corrosion.
When the environment is acidic or mildly alkaline (loss of passive protection layer),
corrosion sets in if moisture and oxygen gains access into concrete. Carbonation
in good quality concrete is slow and it will not occur when concrete is constantly

under water.

Figure 2.4-10 illustrates the process of carbonation.

LOWERING OF pH

CO2

CORROSION IS
FASTER WHEN
pH IS LOWERED

SPALL/
6 DELAMINATION

0 H20

Figure 2.4-10 Process of Carbonation in Concrete
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2.4.4 Construction Faults

Honeycomb

Honeycombs are voids left in concrete due to failure of mortar to effectively fill the
spaces among coarse aggregate particles during construction. In some cases, as
seen in Figure 2.4-11, honeycombs are caused by improper vibration during
concrete placement, resulting in the segregation of the coarse aggregates from
the fine aggregates and cement paste. In most cases, honeycombs are the result
of insufficient vibration especially during hot temperature, where the entire
concrete mix does not physically reach the form surface. Rock pockets are
generally severe conditions of honeycombs where excessive volume of aggregate
is found.

CONCRETE
CHUTE

VIBRATOR

9 _:_'ﬁAIR VOIDS

1 ow
s |>—COMPRESSIVE
STRENGTH

YS MY‘,“’,‘ ...................

%\ ROCK POCKET

MORTAR ESCAPES
THROUGH LOOSE
FITTING FORMS

Figure 2.4-11 Honeycombs, Rock Pockets and Air Voids

Honeycombs, rock pockets and air voids reduce the effective areas of the
concrete and when located in compressive zones, reduce the capacity of the
member. Inspectors should take note of such areas and include in the report so
that rating engineers (for Load Rating) can properly assess the section capacity.

Seqgregation

Concrete segregation results to non-uniform
distribution of its constituents. The problem is
attributed to high slump mixes, incorrect
methods of handling concrete and over-
vibration. Segregation causes the upper
surface of concrete to have excessive paste
and fines, which may also possess high water- |}
cement ratio, while the lower part contains ||2ge%

mostly coarse aggregates (see Figure 2.4-12). COARSE AGGREGATES FALL TO THE BOTTOM
The resultant concrete will lack consistency
and acceptable durability.

Figure 2.4-12 Concrete Segregation
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2.5

VISUAL INSPECTION

The visual inspection of bridge attributes and components play a major role in
identifying critical damages in the bridge structure during an in-depth inspection.
When performing the visual inspection, the damage types of bridge attributes and
components are identified and evaluated as to the degree of defect or damage.
The Condition State of the attribute is then evaluated as per BMS-BIM depending
on the degree or severity of the defect and the damage.

The visual inspection items shall include the primary and secondary members of
the bridge. Table 2.5-1 presents the items to be observed in the field while Table
2.5-2 shows the inspection and examination contents.

Table 2.5-1 Items to be Observed in the Field

Members Inspection ltems
Main Girder, Cross Corrosion, Cracks, Looseness and Missing Member,
Steel Beam Stringer, Truss | Break/Rupture, Painting Deterioration, Deformation, Abnormal
Chord, Steel Deck Vibration, Missing Bolts and Rivets.
Super- Cracks, Spalling, Exposed Rebars, Free Lime, Fracture,
Structure Main Girder Honeycombs, Discoloration/Deterioration, Movement/
Concrete Inclination/Settlement/Displacement
Slab Cracks, Spalling, Exposed Rebars, Free Lime, Fracture,
Honeycombs, Chipping-off, Damage of Joint, Leakage.
2
8 sub Abutment Cracks, Spalling, Exposed Rebars, Free Lime, Honeycombs,
IS ub- Concrete Pier Wearing, Discoloration, Water Leakage, Loss of Member
% Structure
N Foundation Settlement, Movement, Inclination, Scour
© Steel Bearing Corrosion, Cracks, Loosening, Falling, Failure, Discoloration,
§ Deformation, Settlement, Movement, Inclination
[a
Rubber Bearing Discoloration, Water Leakage, Deformation, Failure
Bearing ]
Mortar Cracks, Failure
Anchor Bolt Corrosmn_Damage, Cracks, Loosening, Falling, Failure,
Deformation
. Restrainer Cable / . o
grn:\(/e;:?gn Steel Bar, Anchor Bar Corrosion, Missing Bolts
System Concrete Shear Block Cracks, Spallmg,_ Exposeq Rebars, Free Lime, Fracture,
Honeycombs, Discoloration
Corrosion, Cracks, Looseness and Missing Member,
Steel Break/Rupture, Painting Deterioration, Deformation, Abnormal
Lateral Vibration, Missing Bolts and Rivets.
Bracin I . .
9 Concrete Intermediate and Cracks, Spalling, Exposed Rebars, Free Lime, Fracture,
End Diaphragm Honeycombs, Discoloration
swa Corrosion, Cracks, Looseness and Missing Member,
Brac)iln Steel Break/Rupture, Painting Deterioration, Deformation, Abnormal
9 Vibration, Missing Bolts and Rivets.
Corrosion, Cracks, Looseness and Missing Member,
0 Steel Break/Rupture, Painting Deterioration, Deformation, Abnormal
8 Railing Vibration, Missing Bolts and Rivets.
IS Cracks, Spalling, Exposed Rebars, Free Lime, Honeycombs,
) Concrete ) . :
s Wearing, Discoloration, Leakage, Loss of Member
> i ) )
G M9d|an Cracks, Spalling, Exposed Rebars, Free Lime, Fracture,
Strip Concrete . .
'g Honeycombs, Discoloration
5 Curbstone
O | Curb and Cracks, Spalling, Corrosion Damage, Free Lime, Honeycombs,
Q Concrete
@ || Gutter Fracture
Pavement Asphalt Potholes, Cracks, Rutting, Leakage
steel Corrosion, Cracks, Loosening, Falling, Failure, Abnormal
Expansion Opening, Abnormal Sound, Deformation, Water Leakage
Joint Failure, Abnormal Opening, Abnormal Sound, Deformation,
Rubber
Loss of Member, Water Leakage
Drainage Fagcilit Corrosion, Cracks, Loosening, Falling, Failure, Discoloration,
9 Y Leakage, Deformation, Loss of Member.
Lightin Corrosion, Cracks, Loosening, Falling, Failure, Painting
9 9 Deterioration, Deformation, Loss of Member.
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Table 2.5-2 Inspection and Examination Contents

Examination Contents Inspection and Test Method Examination Items
T Cracks Penetrant test Present Condition
% Corrosion Visual inspection Present Condition
e | Poelogaphofdamaged | presont oniton
Q
g Measurement of section Measurement tape Construction condition
c
8 Crack width and crack length '[Carsg'lc scale and measurement Cracks
Compressive strength Schmidt hammer test, Quality of Concrete

2.6 DAMAGE-PRONE MEMBERS

Some members or elements of the bridge structure where stresses are
concentrated are relatively easily damaged compared with other attributes. Such
members shall be the main focus of inspection and check point. These members
are referred to as damage-prone members and presented in Appendix |, together
with the common types of damages, for reference.

2.7 DAMAGE RATING AND CONDITION STATES
2.7.1 Member Damage and Condition

In performing bridge load rating, it is important to note the present condition state
or degree of damage and defects of bridge members. Such condition will
become the basis for determining the remaining capacity of a structural member.

Appendix B of the Revised 2007 BMS - Bridge Inspection Manual presents some
common damages observed on site for existing bridges.

Damages and defects found in bridge components and members, including
cracks, holes, loss of steel section due to corrosion, rebar corrosion, missing
members and bolts, deformation, etc., affect the load carrying capacity of the
bridge. Therefore, proper measurements and evaluation of such damages and
defects are very important to reflect the actual condition of the member for
bridge structural modeling and section capacity determination.

The Bridge Inspector should note the type of damage or defect, location, its scale
and extent of coverage. For example, concrete cracks (bending and shear
cracks) should be mapped indicating its width and depth of penetration; loss of
section due to steel member corrosion should be assessed and recorded; degree
of member deformation that could affect its strength should also be noted. These
defects or damages will become the basis in determining the remaining section
capacities.
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2.7.2 Urgent Temporary Countermeasures

In the interest of public and traffic safety, certain conditions of the bridge
necessitate undertaking temporary countermeasures (repairs or structural
strengthening) on the damaged or defective component/element of the bridge.
Such urgent temporary countermeasures shall be done prior to any repair or
rehabilitation and does not warrant any load rating evaluation. The following
conditions require urgent temporary countermeasures:

1

2)

3)

4)

5)

6)

7

Possibility of collapse of the bridge is anticipated due to the significant
damages of superstructure and substructure,

Possibility of falling of pedestrians or vehicles is anticipated due to fracture or
section loss of railings,

Possibility of driving accident is anticipated due to tire blowout caused by
severely deformed expansion joints, loss of expansion joints or due to
undulating pavement,

Drop of concrete segments from curb, railing and slab deck is highly
anticipated to harm pedestrians or vehicles passing under the bridge.

Possibility of bridge falling down is anticipated due to damaged or loss of
fall-down prevention devices or abnormal movement of a girder.

Possibility of road surface caving in is anticipated due to heavily damaged
slab deck.

Abnormal noise from a girder or inspection facilities is adversely affecting
nearby residents.
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Chapter 3
LOAD RATING

This Chapter discusses the general principles, policies and guidelines on Load
Rating of Bridges. The methodology is based on the AASHTO Manual for Condition
Evaluation of Bridges (MCEB).

3.1 LOAD RATING PRINCIPLES

In general, the resistance (R) of a structural member (also called attribute) should
be greater than the demand (Q) as follows:

Resistance (R) =2 Demand (ZQ)
or in Equation form,

R =2 Qb + Q. + X2Qi [3.1-1]

where: R is the member resistance or capacity,
>Q is the effect of all loads,
Qb is the effect of dead load,
Q. is the effect of live load, and
>Q is the effect of load i.

In the bridge evaluation process, the maximum allowable live load need to be
determined and by rearranging Equation [3.1-1], the maximum allowable live load
becomes:

QL = R - {Qp + 2Qi} [3.1-2]

It then becomes a question of whether a fully loaded vehicle (Rating Vehicle) can
be allowed on the bridge or not, or what portion of the rating vehicle can be
allowed on the bridge. The portion of the rating vehicle will be given by the ratio
between the available capacity for live load effect and the effect of the rating
vehicle. This ratio is called the Rating Factor (RF) as defined by:

Available Capacity for Live Load Effect ~ R - {Qb + XQi} [3.1-3]
Rating Vehicle Load Demand - QL '

RF

Simplifying the above equation to AASHTO MCEB form with £Q) = 0 (see Section 3.4
for loading consideration) gives,

_ R - Qb _ R-A1D
RF = Q. - Az L(1+1) [3.1-4]
where: RF = is the rating factor for live-load carrying capacity. The rating

factor multiplied by the rating vehicle in metric tons gives the
rating of the structure.
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Py
1

is the resistance or capacity of the member.

A1D

A2 L(1+1)

is the dead load effect on the member. For composite
members, the dead load effect on the non-composite
section and the dead load effect on the composite section
need to be evaluated when the Allowable Stress method is
used.

is the live load effect on the member.

is the impact factor to be used with the live load effect.

= yp =Is factor for dead loads.

= 1y =is the factor for live load.

e
no

The “load effect” in the preceding equation is the applied loads on the member.
Typical load effects are axial force, vertical shear force, bending moment, axial
stress, shear stress and bending stresses. Once the load effect to be evaluated is
selected, the “capacity” of a member to resist such a load effect may be
determined.

When the rating factor is equals to or greater than one, the bridge is capable of
carrying the rating vehicle. On the other hand, when the rating factor is less than
one, the bridge may be overstressed while carrying the rating vehicle.

The Rating Factor (RF) may be used to determine the rating of the bridge member
in metric tons as follows:

Load Rating = Rating Factor x Rating Vehicle Weight
or in Equation form,
LR = RFeW [3.1-5]
where: LR = isthe bridge memberload rating in metric tons.

= is the weight (in metric tons) of nominal truck used in
determining the live load effect (L)

=
I

The rating of the bridge is controlled by the member with the lowest rating in
metric tons.

The effects of dead and live loads are the only two principal loads considered in
the evaluation process. However, impact should be added to the live load used
for the rating.

3.2 LOAD RATING METHOD

Although the basic concept of load rating evaluation is the same, there are three
methods commonly used to check the capacity of the members, namely, the
Allowable Stress Method (ASM), the Load Factor Method (LFM) and the Load and
Resistance Factor Method (LRFM). However, in this Manual, only the allowable
stress method and the load factor method are recommended as the load rating
methods.
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3.2.1 The Allowable Stress Method (ASM)

The Allowable Stress (or the Working Stress) Method constitutes a traditional
specification to provide structural safety. The actual loadings are combined to
produce a maximum stress in a member which is not to exceed the allowable or
working stress. The allowable or working stress is found by taking the limiting stress
of the material and applying an appropriate factor of safety.

In this method, the capacity of a member is based on the rating level evaluated:
Inventory Level-Allowable Stress or the Operating Level-Allowable Stress.

The Rating Factor (RF) under this method is calculated as:

_ R-AID R-D

RF = "n L@+~ L(1+1) [3.2-1]
where A1 = 1.0
A2 = 1.0

Rewriting the above formula in terms of flexural and shear stress,

For moment stresses, RF = -2 - 00t [3.2-2]
G (LL+)
For shear stresses, RF = —~ Bt [3.2-3]
T(LL+p)
where ob . allowable stress in flexure
op. : flexural stress due to dead load

ows+) . flexural stress due to live load and impact
Tv . allowable stress in shear

to. : Shear stress due to dead load

T+ . Shear stress due to live load and impact

Note: opL and toL should include superimposed dead load effects (see
Example 3 of Appendix IIl)

3.2.2 The Load Factor Method (LFM)

The Load Factor Method is based on analyzing a structure subject to multiples of
the actual loads (factored loads). Different factors are applied to each type of
load which reflects the uncertainty inherent in the load calculations. The rating is
determined such that the effect of the factored loads does not exceed the
strength of the member.

The nominal capacity of structural steel, reinforced concrete and prestressed
concrete should be the same as specified in the load factor design of the DPWH
Design Guidelines.
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The Rating Factor (RF) under this method is calculated as:

where

RF

oRn
YD, YL :

Rewriting the above formula in terms of moment and shear forces,

For moment forces, RF

For shear forces,

where

RF

Mu
Mo
M L+
Vu
VoL

V (LL+p)
¢

¢éRn - yoD )
LL(L+) [3.2-4]

is the nominal resistance or capacity

is the dead and live load factors

yo = 1.3

yv = 2.17 (Inventory Level)

yv = 1.3 (Operating Level)

yv = 2.17 (Posting Level)

__Mu - ypMobL

a L ML+ [3.2-5]
_ Vu - ypVoL

a vL VL) [3.2-6]

oMn, moment strength or capacity
moment due to dead load
moment due to live load and impact

: =¢Vn, shear strength or capacity

shear due to dead load
shear due to live load and impact
0.90 for flexure (bending) and 0.85 for shear

Note: Mp. and VoL should include superimposed dead load effects
(see Example 3 of Appendix Ill)

For the basic load rating evaluation, the analysis can be simplified by assuming
that a similar rating vehicle will occupy all the possible lanes to produce the
maximum effect on the structure. This assumption will allow us to use the AASHTO
live-load distribution factor approach.

During the structural evaluation for load rating, the location and type of critical
failure mode should be first identified — such critical areas and sections differ
depending on the structural system and the physical condition of the bridge
members.

The determination of structural failure modes for bridge rating depends on the
load rating method used, as shown in Table 3.2-1.
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Table 3.2-1 Failure Criteria for Structures

RATING METHOD

FAILURE CRITERIA

REMARKS

Allowable Stress

When a portion of a
structural member is
stressed beyond the
allowable stress, the
structure is considered
failed

Serviceability and strength
is assured using this method
since structural member
never reaches yield

Normally, deflections and
vibration are always
satisfied under this method

Load Factor

Failure occurs at two limit
states:

1. Serviceability limit state
- when the structure
reaches its maximum
allowable serviceability
limit, and

2. Ultimate strength limit
state - when the
member reaches its

ultimate capacity

In load factor method,
satisfying one limit state
does not guarantee

satisfaction of the other
limit state

Both  serviceabilty and
strength criteria need to be
checked

When estimating operating
rating, serviceability need
not be checked

Typical shear and flexural failure modes for simple concrete and steel bridges are
shown in Figure 3.2-1 and Figure 3.2-2.

a. SHEAR FAILURE MODE

b. FLEXURAL FAILURE MODE

Figure 3.2-1 Typical Shear and Flexure Failure Modes for Concrete Bridges
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a. SHEAR FAILURE MODE b. FLEXURAL FAILURE MODE

Figure 3.2-2 Typical Shear and Flexure Failure Modes for Steel Bridges

3.3 LOAD RATING LEVELS

There are two levels of rating to which a bridge should be load rated - the
Inventory and the Operating Levels.

3.3.1 Inventory Level (To be used for Load Posting)

The life of the bridge depends on the fatigue life or serviceability limits of the
bridge materials. Higher frequent loading and unloading may affect the fatigue
or serviceability of the bridge components and the bridge life itself. Therefore, in
order to maintain the bridge for a longer period, the live-load carrying capacity
available for frequently passing vehicle needs to be estimated at service level.
This process is then referred to as the Inventory Rating.

The Inventory rating level generally corresponds to the customary design level of
stress but reflects the existing bridge and material condition with regard to
deterioration and loss of section. This rating level allows comparison with the
capacity for new structures.

The Inventory Rating Level results in a live load that can be safely carried by an
existing bridge for an indefinite period of time.

3.3.2 Operating Level (To be used for Permit Loading)

Although very heavy but less frequent vehicles may affect the fatigue life or
serviceability of a bridge, bridges can however be allowed to carry less frequent
vehicles with higher loads than usual. This process of evaluating such load
capacity is referred to as the Operating Rating.
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Load rating based on the Operating rating level reflects the absolute maximum
permissible live load that can be safely carried by the bridge. Allowing unlimited
number of vehicles to use the bridge at the Operating Level may shorten the life of
the bridge.

However, extraordinary heavy vehicles or trucks (within the bridge operating level)
can only be allowed to pass the bridge structure after complying with the
conditions stipulated in the permit to travel.

3.4 LOADINGS

3.4.1 Dead Load (DL)

. Dead load effects should be computed in accordance with the conditions
existing at the time of analysis. The minimum unit weight of materials to be
used in computing the dead load should be in accordance with the current
DPWH design guidelines. Care should be observed in taking the dimensions of
the different bridge members and components.

. For composite members, the portion of the dead load acting on the non-
composite section and the portion acting on the composite section should be
determined.

. Care should be exercised in estimating the weight of concrete decks since
significant variations of deck thickness have been found, particularly on older
bridges.

. The approximate overlay thickness should be measured at the time of
inspection.

. Assumptions for members of unknown geometry should be done based on
experience and engineering judgment. Back calculations may be necessary
to determine the missing dimensions.

3.4.2 Rating Live Load (LL)

The live load to be used in the basic rating equation is the MS18 (HS20-44) truck or
its equivalent lane loading in accordance with the DPWH Design Guidelines, as
shown in Figure 3.4-1.

Although the DPWH Design Guidelines Section 3.2.4 “Highway Loads” specify the
minimum design loading to be the MS18 loading or the Alternate Military loading
(which results to bigger design loads at shorter spans), only the MS18 vehicle
loading will be used for load rating in this manual.

Moreover, the DPWH Design Guidelines Section 3.2.4.6 requires checking the
bridge capacity against the demands of the Permit Design Load with an increase
in the allowable design stresses or the use of a live load factor equivalent to one(1).

A comparison of the design live loads under the DPWH Design Guidelines is
presented in Appendix IV of this Manual.
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Clearance and Loaded

Lane Width
3,048 mm
I% 33 Metric Tons
A A
4,267 mm V = 4,267 to
9,144 mm* 610 mm | 1,829 mi 610 mm
—Pp —
36 kN 144 kN 144 kN

NOTES: 1. *VARIABLE SPACING V = 4.267M TO 9.144M TO BE USED IS THAT WHICH PRODUCES
MAXIMUM STRESSES.
2. FOR TIMBER FLOORS OR ORTHOTROPIC STEEL DECKS (EXCLUDING TRANSVERSE BEAMS) FOR
MS18 LOADING, ONE AXLE LOAD OF 108kN OR TWO AXLE LOADS OF 72kN EACH, SPACED
AT 1.22M APART (WHICHEVER PRODUCES THE GREATER STRESS) MAY BE USED, INSTEAD OF
THE 144kN AXLE SHOWN.

(a) Standard MS18 Truck Load (HS20-44)

CONCENTRATED LOAD

e 80 kN FOR MOMENT
e 116 kN FOR SHEAR

UNIFORM LOAD = 9.4 kN/M OF LANE LOAD /
HETTTTTTTTTTTTTTTTTTTTT A

(b) Standard MS18 Lane Load

Figure 3.4-1 Rating Live Load

3.4.3 Posting Live Loads

The live load to be used in the rating equation for posting considerations should be
any of the typical legal loads shown in Figure 3.4-2. For spans over 60m in length,
the selected legal load should be spaced with 9m clear distance between
vehicles to simulate a train of vehicles in one lane and a single vehicle load should
be applied in the adjacent lane(s).

3.4.4 Wheel Loads (Deck)
In general, stresses in the deck do not control the load rating except in special

cases; however, the wheel loads and the calculation of bending moments in the
deck should be in accordance with the current DPWH Design Guidelines.
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3.4.5 Truck Loads and Number of Traffic Lanes

The live or moving loads to be applied on the deck for determining the load rating
is the Standard MS18 (Metric units) or HS20-44 (US units) loading. The number of
traffic lanes to be loaded and the transverse placement of wheel lines shall be in
accordance with the current DPWH Design Guidelines and the following table.

Table 3.4-1 Roadway Width and Number of Traffic Lanes

Roadway Width Numbe_r of Design Remarks
Traffic Lanes
5.4m to 6.0m 5 Each lane equal to one-half the
(18ft to 20ft) roadway width
Less than 5.4m (18ft) 1 Equal to roadway width
%~ When conditions of traffic movements and volumes warrant it, fewer traffic lanes than specified
by DPWH Design Guidelines may be used.

3.4.6 Lane Loads

Standard MS (HS) Lane Loads, as specified in the current DPWH Design Guidelines,
may be used for all spans where it will result in load effects greater than those
produced by the standard MS18 trucks.

3.4.7 Sidewalk Loading

Sidewalk loadings used in calculations for safe load capacity ratings should be the
probable maximum loads anticipated. Such load varies with site conditions and
requires an engineering judgment but in no case will it be more than the value
given in the DPWH Design Guidelines.

The Operating level rating should consider full truck and sidewalk loading acting
simultaneously on the bridge.

3.4.8 Live Load Effects

« Live load moments in longitudinal stringers and girders may be calculated
using 2D or 3D analytical model of the bridge or using the moment table in
Appendix lll for live load moments produced by the rating and posting loads.

« Live load moments in the intermediate and end floor beams of trusses and
through girders may be calculated by statics using simple models and
considering the transfer of wheel loads from the stringers to these members.

« Live loads in truss members can be calculated by using influence lines for
maximum shears and moments or using design aids or tables for trusses. A 2D
or 3D analytical truss model may be used to calculate truss member demand
forces. Care should be taken when the structure or panels are too short to
permit the entire load to be on the structure with the load positioned to
produce the maximum shear or moment.
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17 Metric Tons

4,267 mm

33.4 kN 133.6 kN

TYPE1-1

27 Metric Tons

O @)@
y N F N F N
4,572 mm 1,219
157
mm
84.8 kN 90.1 kN 90.1 kN
TYPE1 -2
38 Metric Tons
O OO OrO
A A Y N A F N
’ 3,353 mm [1,219 6,706 mm 1,219
M mm “mm
51.8kN  80.3kN 80.3kN 80.3 kN 80.3 kN

TYPE12 -2

Figure 3.4-2 Typical Legal Loads Used for Load Posting

3.4.9 Distribution of Loads

The fraction of live load transferred to a single member will be selected in
accordance with the current DPWH Design Guidelines. The values represent a
possible combination of diverse circumstances.

Other methods can be used including field measured values, analytically
calculated values or those derived from advanced structural analysis using the
properties of the existing structures. Loadings should be placed in positions
causing the maximum response in the components being evaluated.

3.4.10 Impact

Impact should be added to live load used for rating based on the current DPWH or
AASHTO recommendations. Reduction in impact values can be made for bridges
when conditions of alignment, enforced speed posting, and similar situations
require a vehicle to substantially reduce speed in crossing the structure.
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3.4.11 Deflection

Basically, live load deflection limitations should not be considered in load rating.

3.4.12 Loads That Can Be Neglected in Load Rating

Since the occurrence of extreme values during the relatively short-duration live -
loading is extremely small, the following load effects should not be considered in
load ratings:

@ Longitudinal Loads,

< Environmental Loads,
Wind Loads,
Earthquake Loads,

Thermal Loads, and

9 § § §

Loads Due to Stream Flow

3.5 MATERIAL PROPERTIES AND NOMINAL RESISTANCE OR CAPACITY (R)

The nominal capacity or resistance to be used in the rating equation depends on
the structural materials, the rating method and the rating level used. AASHTO
Manual for Condition Evaluation of Bridges (MCEB), 2nd Ed., 2000, provides nominal
capacities for Allowable Stress and Load Factor methods in Articles 6.6.2 and 6.6.3.

For all bridge components and elements, the material properties used for the
rating shall be based on the material grade or design stresses, as specified in the
plans or design drawings. When plans are not available or they do not specify
material grade or design stresses, the rating engineer must use proper judgment to
determine the appropriate material properties based on the information available.
Normally, the decision is based on the year the bridge was constructed.

Table 3.5-1 presents the material properties based on the year of construction as
given in the AASHTO MCEB. The material property table is based on the
predominant grades of materials as recommended by AASHTO and adopted in
the Philippines during the early design of bridges.

After making a thorough investigation into all possible sources of information
concerning the bridge structure under rating and the rating engineer is still unable
to determine the grade of material used or the year of construction, then a
conservative estimate of the construction year should be made. The material
properties in Table 3.5-1 shall then be used to determine the material properties for
the rating.

3.5.1 Capacity under Allowable Stress Method

In the Allowable Stress Method, the resistance or capacity of a member is based
on the rating level evaluated:
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« Inventory Level - Allowable Stress, or

« Operating Level - Allowable Stress

The properties used for determining the allowable stress capacity for different
materials is given in Table 3.5-1 or those found in the DPWH Design Guidelines or
the AASHTO Design Specifications. For convenience, the table provides, where
appropriate, the Inventory, Operating, Posting and yield stress values. Allowable
stress and strength formulas should be those provided in the AASHTO MCEB, DPWH
Design Guidelines or the AASHTO Design Specifications.

Table 3.5-1 Material Properties Used When Actual Grade of Material is Unknown

ALLOWABLE STRESS RATINGS
YEAR OF Fy orF'c
MATERIAL | ~ 5NSTRUCTION (MPa) INVENTORY OPERATING POSTING
(MPa) (MPa) (MPa)
Steel Prior to 1905 179.3 96.5 134.4 96.5
Bending 1905 to 1936 206.8 110.3 155.1 110.3
(Compression/ | 1936 to 1963 2275 124.1 168.9 124.1
Tension) After 1963 248.2 137.9 186.2 137.9
0.45Fy
Structural Prior to 1905 179.3 58.6 79.3 58.6
Steel 1905 to 1936 206.8 65.5 93.1 65.5
Web Shear 1936 to 1963 2275 75.8 103.4 75.8
After 1963 248.2 82.7 110.3 82.7
_ _ Prior to 1954 2275 124.1 172.4 124.1
Re'g:gfl'”g After 1954 275.8 137.9 193.1 137.9
. Grade 50 3447 137.9 224.1 137.9
Tension
Grade 60 413.7 165.5 248.2 165.5
Prior to 1959 17.2 6.9 10.3 6.9
Concrete After 1959 20.7 8.3 13.1 8.3
Bending 1977 to 1981 27.6* 11.0 16.5 11.0
After 1981 31.0* 12.4 18.6 12.4
* For prestressed concrete
Prestressed Based on actual grade or material used
Concrete and ]
Steel Strands (Refer to Section 6.6.6.3 of the AASHTO MCEB)
Timb Based on actual grade or material used 1.33 x Same as
imper
(Refer to Chapter 6 of the ASEP NSCP 2001) Inventory Inventory
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When situations arise that are not covered by the specifications, then rational
strength of material formulae should be used consistent with data and plans
verified in the field investigation. Deviations from the above specifications should
be fully documented.

When the bridge materials or construction are unknown, the allowable stresses
should be fixed by the rating engineer, based on field investigations and/or
material testing conducted and should be substituted for the basic stresses given
herein.

Moreover, for prestressed concrete members, the allowable stress rating equations
shall be:

For Inventory Rating:

]/z\/f’c -(Fa+Fp+Fs)

a. Concrete Tension RF = K [3.5-1]
b. Concrete Compression Rp = 96fc- (F; *Fp+ F) [3.5-2]
|
LI §
c. Concrete Compression Rp = O4fe /Z(Eld * Fpt F) [3.5-3]

x
d. Prestressing Steel Tension Rp = 28T (F; * Fp + Fo) [3.5-4]
|

For Operating Rating:

0.9 f*y - (Fd + Fp + Fs)

a. Prestressing Steel Tension RF = 3 [3.5-5]
where RF . rating factor
fec . concrete compressive strength

Vf'c ©  allowable concrete tensile stress; use i\f'c for corrosive
exposure condition

Fd . unfactored dead load stress

Fp . unfactored stress due to prestress after all loses

Fs . unfactored stress due to secondary prestress forces
Fi . unfactored live load stress including impact

f*y . prestressing steel yield stress

3.5.2 Capacity under Load Factor Method

The nominal capacity of the structural steel, reinforced concrete and prestressed
concrete should be the same as specified in the load factor sections of the current
DPWH Design Guidelines or the current AASHTO Design Specifications. Nominal
strength calculations should take into consideration the observable effects of
deterioration, such as loss of concrete or steel-sectional area, loss of composite
action or corrosion.
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U Structural Steel

The yield stresses used for determining load ratings should depend on
the type of steel used in the structural member. When specifications of
the steel are not available, yield strengths should be taken from the
applicable “Year of Construction” column of Table 3.5-1. The capacity
of structural steel members should be based on the load factor
requirements of the DPWH Design Guidelines.

Allowable fatigue strength should be checked based on the current
AASHTO Design Specifications.

Reinforced Concrete

The capacity of concrete members should be based on the strength
requirements stated in the DPWH Design Guideline. The area of tension
steel at yield to be used in computing the ultimate moment capacity of
flexural members should not exceed that available in the section or 75
percent of the reinforcement required for balanced conditions.

Prestressed Concrete

The load rating of prestress concrete members at both the Inventory
and Operating Level, should be established in accordance with the
strength requirements, including the minimum reinforcement
requirements, of the DPWH Design Guidelines. In situations of unusual
design with wide dispersion of tendons, the Operating rating might
further be controlled by stresses not to exceed 0.90 of the yield point
stress in the prestressing steel nearest the extreme tension fiber of the
member.

Live loads shall be limited to preserve the relationship between the
nominal moment capacity (¢Mn) and the cracking moment (Mcr), as
prescribed for new design. This necessitates an adjustment to the value
of ¢Mn, used in the flexural strength rating equation. Thus, when
OMn < 1.2 Mcr, the nominal moment capacity becomes (k)(¢p)(Mn), with
k = (I)Mn /1.2 Mcr.

The strength rating equation for prestressed concrete shall be:

For Inventory Rating:

0Rn - (1.3D + S)

Flexural and Shear Strength, RF 217L L+ 1) [3.5-6]
For Operating Rating:
¢Rn - (1.3D +9)
Flexural and Shear Strength, RF 13L (1+ 1) [3.5-7]
where ¢Rn : nominal section strength (Moment - ¢Mn; Shear - $Vn)

D : unfactored dead load moment or shear

S . unfactored prestress secondary moment or shear

L : unfactored live load moment or shear

| . impact factor
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3.5.3 Conditions of Bridge Structural Members

In the load rating analysis and section nominal capacity or resistance
determination, the following factors should be considered to obtain a more
realistic assessment of the actual bridge performance and structural behavior:

M The condition and extent of deterioration of structural components of the
bridge should be considered in the computation of the dead load and
live load effects when stress is chosen as the evaluation approach and
for capacity when force or moment is chosen for use in the basic rating
equation.

M The rating for load-carrying capacity should be based on the most
recent field investigation considering all physical features that will affect
the structural integrity of the bridge. Adequate data should be taken for
damaged or deteriorated sections for proper evaluation in the analysis.

M Size, number and relative locations of bolts and rivets through tension
members should be determined and recorded to determine the net
sectional area.

M Misalignments, bends, or kinks in compression members should be
measured carefully as these control its load-carrying capacity.

M Connections, especially compression members should be checked
carefully for eccentricities that should be considered in the structural
analysis.

M Cracks found on concrete members shall be noted and its effect in
reducing member capacity or resistance and stiffness shall be
considered as follows:

» Bending Cracks: Effective Section Properties shall be calculated
using the original section less the effects of cracks.
This effective section property shall be used in the
analysis model of the bridge structure.

Section Capacity or Resistance shall be calculated
considering crack width and effects on steel
reinforcements. When steel reinforcements are
severely corroded, consider the loss of section and
use the remaining steel cross-section in calculating
member capacity.

= Shear Cracks: Concrete shear resistance shall be calculated
based on the extent of shear cracks on the section.
Basically, concrete shear capacity shall be
neglected on members with shear cracks
extending to more than half the depth of the
member; in this case, consider only the shear
resistance contribution of reinforcing steel.

M The capacity or resistance and section properties of steel member with
cracks or severe corrosion shall be calculated based on the effective
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cross-section of the members. The effective area of members to be used
in the calculations shall be the gross area less the portion that has
deteriorated due to cracks, decay or corrosion.

3.6 RATING BRIDGE DECKS

Reinforced concrete decks supported by longitudinal girders with main
reinforcement perpendicular to traffic shall be rated according to this section.

This section covers deck slabs continuous over three or more supports. The
slab must be supported by longitudinal girders or stringers with the main slab
reinforcement perpendicular to the girders or for deck slab skews less than or
equal to 20°. (Deck slab skew is defined as the deviation in degrees of the
main reinforcement bars from perpendicular to the girders. The main
reinforcement bars may have a different skew than the bridge structure.)

When design plans are available, use the applicable concrete strength and
steel yield stress or use the values in Table 3.5-1 (Year Construction -
Allowable Bending Stress Table) for the appropriate year of construction.

When plans are not available for a concrete deck, and the deck shows no
sign of failure, then the assignment of rating values will not be required.
However, if the condition of the deck indicates probable failure, then rating
values shall be calculated and assigned. The rating engineer shall indicate
on the rating summary sheet that plans are not available for the deck.

All other types of bridge decks shall be rated in compliance with the
applicable guidelines within this Manual and the current DPWH and AASHTO
Codes.

Top Reinforcing

E Edge
Steel i

X Distance

i Bottom
: Reinforcing Steel

e

]
EEearees]
1

NOTES:
The edge distance as per AASHTO is equal to 300mm.

If “X is greater than “d” then consider rating the overhang.
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» Usually, deck overhangs at the exterior girder do not control the slab rating.
However, the rating engineer should use judgment in determining if the
overhang should be rated. A criteria that may be used is: Rate the
cantilever portion of the concrete bridge deck if the wheel load can be
applied outside the exterior girder by a distance equal to or greater than the
distance from the bottom of the slab to the centerline of the top
reinforcement, as shown below.

« Forreinforced concrete slabs with main reinforcement parallel to traffic, load
rating shall be done in accordance with the guidelines for reinforced
concrete structures.

3.7 RATING REINFORCED CONCRETE GIRDER BRIDGES

This section covers the rating of reinforced concrete girders and slabs reinforced
longitudinally. The types of bridges covered by this section include:

« RCBG - Reinforced Concrete Box Girder (Simple and Continuous)

« RCS - Reinforced Concrete Slab (Simple and Continuous)

« RCDG - Reinforced Concrete Deck Girder (Simple and Continuous)
3.7.1 General

« Computer software used for load rating shall be approved by BOD, DPWH.

« Concrete girders with considerable stress/strain effects due to horizontal
curvature, skew, temperature, or other influences shall be modeled as
simple, straight beams on pin or roller supports. The analysis output results
can then be supplemented with hand calculations to consider any of these
influences, as necessary. However, the rating engineer may perform a
more refined analysis including all geometric and material considerations
using advanced analytical tools and methods.

« Bridges shall be rated using Allowable Stress or Load Factor Method.

« When plans are available, use the minimum yield strength values given in
the plans; otherwise, values given in Table 3.5-1 shall be used for the
applicable year of construction. If the condition of the girder indicates that
full strength should not be used, the rating should be used as appropriate.

« Moment rating shall be performed at standard critical sections (i.e. %2 span
lengths for simply supported structures or at points of maximum negative
and positive moments for continuous structures), any controlling rebar cut-
off section, or any section that shows signs of distress or deterioration.

« Shear rating shall also be performed at critical sections (i.e. at “d” distance
from support, points of maximum shears, etc.), any section with change in
shear reinforcement, or any section that shows signs of distress or
deterioration.

« Rating of cast-in-place box girder bridges can be simplified by separating
out the boxes into | - shapes and rate as a typical interior and exterior girder.
Dead loads and live loads shall be applied as appropriate.
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3.7.2 Girders Requiring Rating

Interior Girders - A rating is required for the critical interior girder. More than
one interior girder may require an analysis due to variation in span length,
girder size, girder spacing, differences in loads, moments, concrete strength
and/or reinforcing, condition of member, etc.

Exterior Girders - An exterior girder shall be rated under the following
conditions:

1. When the section used for the exterior girder is different than the section
used for an interior girder.

2. When the overhang is greater than S/2.

3. When the plans indicate that the curb and floor slab were poured
monolithically, the live load distribution factor for the exterior girder shall
be calculated and compared to the live load distribution factor for the
interior girders. If the live load distribution factor for the exterior girder is
equal to or greater than 75% of the live load distribution factor for the
interior girders, the exterior girder shall be rated.

4. When the loading condition or the demand forces varies with that of
the interior girders.

5. When the existing condition of the exterior girder shows signs of distress
or deterioration that could affect the safety of the public.

6. When the rating engineer determines the rating would be
advantageous in analyzing the overall condition of the structure.

3.7.3 Calculations

A set of calculations shall be submitted with each rating. These calculations
shall include:

M Derivations for dead loads,
M Derivations for live loads and distribution factors, and
M Any other calculations or assumptions used for rating.

Dead Loads

1. The final sum of all the individual weight components for dead load
calculations may be rounded up to the next 50N.

2. Dead loads applied after a cast-in-place concrete deck has cured
shall be distributed equally to all girders and, when applicable,
treated as composite dead loads. Examples include asphalt, curbs,
sidewalks, railing, etc.

3. Use 250N/m2 for the unit weight of formworks that has remained in
place in the superstructure. An example is closed cell construction,
such as cast-in-place concrete box girder.

4. Dead loads applied before a cast-in-place concrete deck has
cured shall be distributed to the applicable individual supporting
girders and treated as non-composite loads. Examples of this type
of dead load are deck slabs, girders, diaphragms, etc. The weight
of diaphragms may be treated as point loads or as an equivalent
uniform dead load for the span.
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5. Dead loads due to utilities shall be considered when it is found to
be significant, as per rating engineer’s judgment. Application of
load due to utilities is left to the rating engineer’s discretion.

3.8 RATING PRESTRESSED CONCRETE GIRDER BRIDGES

This section presents the policies and guidelines for rating prestressed girders. The
types of girders covered by this section include precast pretensioned girders as
follows:

« PCDG - Prestressed Concrete Deck Girder (Simple and Continuous)
« PCBG - Prestressed Concrete Box Girder (Simple and Continuous)
« PCG - Other Prestressed Concrete Girders

3.8.1 General

« Computer software used for load rating shall be approved by BOD, DPWH.

« When rating girders using load factor method, prestressed girders shall not
be rated for shear. However, all prestressed girders shall be checked for
shear using the appropriate DPWH or AASHTO recommendations.

« The live load distribution factor to be applied to the bridge shall be as
prescribed in the current DPWH or AASHTO Design Guidelines and
Specifications.

« The rating engineer shall be responsible to determine whether stress-
relieved or low relaxation strands were used in the bridge. Such information
are normally stated in the plans, but if it is not possible to discern the type of
strand used, the rating engineer shall assume stress-relieved strands until
1983 and low-relaxation strands thereafter.

« Prestressed concrete girder bridges with complex geometric alignment, i.e.
flared girder bridges or girders with variable overhangs, shall be modeled as
simple straight beams on pin or roller supports. The output results can then
be supplemented by hand calculations to consider any significant
influences, as necessary. However, the rating engineer may perform a
more refined analysis including all geometric and material considerations
using advanced analytical tools and methods.

« For effective slab widths, the “b” in the equation “12t + b shall be the width
of the top flange of the girder, not the web.

3.8.2 Girders Requiring Rating

« Interior Girders - A rating is required for the critical interior girder. More than
one interior girder may require an analysis due to variation in span length,
girder size, girder spacing, differences in loads, moments, concrete strength
and/or reinforcing, condition of member, etc.

« Exterior Girders - An exterior girder shall be rated under the following
conditions:
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1. When the section used for the exterior girder is different than the section
used for an interior girder.

2. When the overhang is greater than S/2.

3. The exterior girder of a multi-girder bridge should be rated if it does not
have a cast-in-place composite slab. For this case, the dead loads due
to sidewalks, curbs and railings shall be applied to only the exterior
girder.

4. When the loading condition or the demand forces varies with that of
the interior girders.

5. When the existing condition of the exterior girder shows signs of distress
or deterioration that could affect the safety of the public.

6. When the rating engineer determines the rating would be
advantageous in analyzing the overall condition of the structure.

3.8.3 Calculations

The guidelines under this section shall be the same as Section 3.7.3. However, the
rating engineer shall indicate whether stress-relieved or low-relaxation strands were
used in the rating calculations.

3.8.4 Simple and Continuous Span Bridges

« Simple span prestressed girders shall be rated as simple span members for
all loads (i.e. dead loads, superimposed dead loads, live load, etc.). Span
length shall be taken as the distance between the centerline of bearing at
abutments or supports.

« Simple span prestressed girders made continuous for composite dead loads
and live load plus impact, shall be rated as continuous members for these
loads. Span lengths shall be taken as the distance from centerline of
bearing at the abutment to centerline or pier, and centerline of pier to
centerline of pier as applicable.

« The negative moment analysis at centerline of piers shall be based on the
Allowable Stress or the Ultimate Strength (Load Factor) Method. The girder’s
primary negative moment reinforcement and only the top layer of the
slab’s distribution reinforcement, within the effective slab width, shall be
used in the analysis.

« In cases when the compressive strength of simple span prestressed girders
made continuous for composite dead loads and live load plus impact
changes from span to span, only the girder with the least compressive
strength shall be used to model the entire structure.

3.9 RATING STEEL BRIDGES

This section presents the policies and guidelines in rating steel girder bridges. The
types of girders covered by this section are:

« SINCS - Steel I-Girder with Non-composite Concrete Slab (Simple and
Continuous)
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« SICCS - Steel I-Girder with Composite Concrete Slab (Simple and

Continuous)
« SBG - Steel Box Girder (Simple and Continuous)
« SDG - Steel Deck Girder (Simple and Continuous)

3.9.1 General

« All steel girders shall be rated using software approved by BOD, DPWH.

« Steel girders with considerable stress/strain effects due to horizontal
curvature, skew, temperature, or other influences shall be modeled as
simple, straight beams on pin or roller supports. The analysis output results
can then be supplemented with hand calculations to consider any of these
influences, as necessary. However, the rating engineer may perform a
more refined analysis including all geometric and material considerations
using advanced analytical tools and methods.

« Bridges shall be rated using Allowable Stress or Load Factor Method.

« Use the minimum design vyield strength value (fy) and the minimum
compressive strength (f’c) indicated in the plans. If no data exists, the
rating engineer may refer to Table 3.5-1 based on year of construction or
actual tests may be performed to determine material strengths.

3.9.2 Girders Requiring Rating
Refer to Section 3.7.2.

Exterior girders on navigable water channels are prone to vessel collisions. The
condition of such exterior girder should be checked thoroughly for evidence of
collision or damages. If the exterior girder is badly damaged due to collisions or
other factors, its capacity for live load as well as dead load should be checked
and redistribution of forces to the next interior girder verified carefully. The
additional dead load as well as live load redistributed to the next interior girder
should be considered in rating the interior girder.

3.9.3 Calculations
Refer to Section 3.7.3.
As mentioned in Section 3.9.2, additional dead loads due to redistribution of forces

from a badly damaged exterior girder shall be considered for the adjacent interior
girder.

3.10 RATING TRUSS BRIDGES
This section covers the general policies and guidelines for rating truss bridges.
Since majority of truss bridges are structural steel, this section covers the necessary
details to rate steel truss bridges.

Bridge decks shall be rated in accordance with Section 3.6.
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The types of bridges covered by this section include:

3.10.1

3.10.2

SDT - Steel Deck Truss
STT - Steel Through Truss
General

Computer software used for load rating shall be approved by BOD, DPWH.

Truss bridge rating shall be performed in accordance with this Manual and
the DPWH and AASHTO Design Guidelines.

Members designed by allowable or working stress method shall be rated by
the working stress method.

Structural stringer or floor beams shall be rated using the applicable portions
of this Manual.

When design plans are available with given design stresses, the applicable
inventory and operating stresses shall be used. Otherwise, reference is
made to the year of construction to determine steel strengths. However, it
is possible that the year of construction and the year of steel member
fabrication are not coincident when salvaged members are used. In this
case, the year of steel fabrication shall be used in determining allowable
stresses.

Truss members and its location shall be clearly identified during load rating
in a simple manner in accordance with the BMS-BIM or the AICB Manual.

Section capacities of steel members shall be in accordance with the
current AASHTO MCEB or DPWH Design Guidelines.

Members Requiring Rating

Truss Members - A rating is required for all members that make up a truss. If
a truss is symmetrical about its midspan centerline and the member
conditions are basically the same, then all members on only one side of the
centerline require a rating. A rating is not required for a portal or sway
bracing members.

Interior Floor Beams - A rating is required for the critical floor beam. The
rater should determine the critical floor beam based on the existing
member condition, cross-sectional area, grade, loading condition or any
factor that may influence the strength of the member.

End Floor Beams - A rating is required for an end floor beam when the cross-
sectional size is different from that used in an interior floor beam or when
the existing condition state requires capacity check or evaluation.

Interior _Stringers - A rating is required for the critical stringer. The
determination of the critical stringer is similar to a critical floor beam.

Exterior Stringers - A rating is required for an exterior stringer when the cross-
sectional size is different from that used in an interior stringer or when the
existing condition state of the member requires capacity check or
evaluation.
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3.10.3 Calculations

« Aset of calculations shall be submitted with each rating. These calculations
shall include:

M Analysis model of truss (diagram) with member labels and node
numbers,

M Derivation for member section properties,

M Derivations for dead loads,

M Derivations for live loads and distribution factors, and
M Any other calculations or assumptions used for rating.

o Live Loads

Live load distribution factors shall be calculated in accordance with the
DPWH Design Guidelines.

« Dead Loads

1. The final sum of all the individual weight components for dead load
calculations may be rounded up to the next 50N.

2. Dead loads supported by stringers and applied after a cast-in-
place concrete deck has cured shall be distributed equally to all
stringers. Examples include asphalt and curbs.

3. Dead loads supported by stringers and applied before a cast-in-
place concrete deck has cured (or applied when the deck is not
cast-in-place concrete) shall be distributed to the applicable
individual supporting stringer. Examples include stringer weight and
deck, but not necessarily overlay weight.

4. Dead loads due to utilities shall be considered when it is found to
be significant, as per rating engineer’s judgment. Application of
load due to utilities is left to the rating engineer’s discretion.

3.11 RATING BRIDGES WITHOUT PLANS

Bridge inventory requires complete set of as-built drawings and inspection records.
However, when records of old or existing bridges are not available, it will be
necessary to reconstruct the as-built condition drawings of bridges that wiill
become the basis of bridge inventory, inspection and load rating.

In order to complete and update bridge records and data, available sketches
and inventory drawings should be checked and verified on site and changes or
repairs and rehabilitation made on the bridge should be reflected on these
records. When data on bridge members and components are lacking or
measurements and fields tests are difficult, if not impossible to perform, structural
drawings shall be reconstructed by “Presumption of Original Design”. That is,
reconstruction of original design shall be done by back-analysis using the
governing design specifications during the time of construction.

In this manner, it will be necessary to know the history of the bridge, its original
intended function and load capacity. The year of design or construction will
provide valuable information as this will provide the governing design
specifications on which bridge details were based.
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When load rating will have to be performed for bridges without plans, the following
guidelines shall be observed:

[1]

[2]

[3]

When no plans or other documentation for a particular bridge structure is
available, its numerical rating shall be determined by a Registered
Professional Engineer appointed by DPWH. This rating shall be based on a
complete and comprehensive engineering or detail inspection as specified
by BMS-BIM, AASHTO MCEB or the AICB Manual. The rating engineer can
assign a maximum Inventory Rating of 33 metric tons (using MS18 as the
rating vehicle) when the following conditions are met:

!

The bridge has been carrying unrestricted traffic for many years,

!

There are no signs of significant capacity-reducing distress or
deterioration,

— Bridge must exhibit proper proportions and span-to-depth ratios of
the main members, indicating that the original design was done by
competent engineers,

— Construction details including slab thickness and reinforcement
cover over any exposed reinforcement conform to the
specifications current at the time of the estimated construction date,
and

— Appearance shows that construction was done by a competent
builder.

When there are signs of capacity-reducing distress or deterioration, an
appropriate judgment should be made and an Inventory Rating
proportionally less than 33 metric tons shall be given to the bridge structure.
The process is the same for operating rating except that the maximum
operating rating of 36 metric tons can be assighed.

Load testing of bridge structures to determine load capacity will be
permitted where member details are unknown or an accurate loading
history unavailable.  Allowable postings will be established at 75% of the
proof load vehicle. The proof load vehicle shall be as determined by DPWH
based on the rating vehicle given at Section 3.4.2 or the posting vehicle
presented at Section 3.4.3. Careful planning for load testing shall be done
prior to execution so as not to overstress the bridge.

3.12 LOAD POSTING

1.

Posting Vehicle Ratings are used to determine the maximum vehicle loads
that will be allowed to travel on bridges. The Posting Vehicles are
composed of the maximum vehicle loads currently permitted by law. In the
Philippines, the Legal Loads are based on the Maximum Allowable Gross
Vehicle Weight (GVW) as per Republic Act RA No. 8794 (Table 3.12-1).
Consequently, the Posting Ratings are a means for ensuring the safe use of
bridges by vehicles that do not exceed the legal loads. However, for the
purposes of load posting, the posting vehicles recommended are those
shown in Table 3.12-2.
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2. In this Manual, Load Posting shall be done at the Inventory Level to ensure
safe live load that can be carried by the bridge for an indefinite period of
time. On the other hand, Permit Live Load shall be that equivalent to the
Operating Level Load Rating.

3. If a structure rating indicates a need for posting, the DPWH Office
responsible for the bridge shall perform load rating/posting analysis
following Figure 3.12-1 guidelines and load post the bridge. The BMS Unit
shall be informed of any changes in load capacity and load posting of the
bridge to update the bridge record and inventory.

4. The following guidelines will be used for load posting:

« A bridge should be capable of carrying a minimum gross live load
weight of 3.0 metric tons at Inventory or Operating Level. Bridges not
capable of carrying a minimum gross live load weight of 3.0 metric tons
must be closed.

« A concrete bridge need not be posted for restricted loading when it has
been carrying normal traffic for an appreciable length of time and
shows no distress.

« When it becomes necessary to reduce the allowable live loads in order
to conform to the capacity of a structure, such reduction should be
based on the assumption that each axle load maintains a proportional
relation to the total load of the vehicle or vehicle combination.

« The live load to be used for posting considerations should be any of the
typical posting loads shown in Figure 3.4-2 of Section 3.4.3 and Table
3.12-2.

« When the Inventory Rating value of a structural member is less than 33
metric tons, the structural member shall be rated for the posting vehicles
and the results recorded on the Rating Summary Sheet as shown in
Figure 3.13-2.

« However, if the rating engineer feels that a posting analysis would be
helpful in assessing the overall condition of a structure whose Inventory
Rating is greater than or equal to 33 metric tons, then the posting rating
values may be calculated and recorded on the Rating Summary Sheet.

« When the posting ratings for bridge members are greater than or equal
to 95% of the legal limits (or posting vehicles), the structure can be
exempted from posting requirement. The rating engineer shall then
make the determination and fill out the Rating Summary Sheet
accordingly.

« The member or section with the lowest rating factor shall govern the
load posting of the bridge. Posting load shall be based on the lowest
rating factor calculated.

5. Load Posting Sign shall be as shown in Figure 3.12-3. Basically, three Truck
Vehicle Types shall be used for Load Posting as indicated in Table 3.12-2
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Table 3.12-1 Maximum Allowable Gross Vehicle Weight (GVW) as per RA No. 8794**

MAX. ALLOWABLE

TRUCKS/TRAILERS DESCRIPTION GVW (in Kgs.)
_1*
[ CCPF! TRUCK WITH 2 AXLES 16.880
(6 WHEELS)
/% CODE 1_2*
TRUCK WITH TANDEM REAR AXLE 27 250
® OO 3 AXLES (10 WHEELS) :
‘ CODE 1-3
TRUCK WITH TANDEM REAR AXLE 29,700
O—0O00 4 AXLES (14 WHEELS) ;
/] CODE 11-1
=N TRUCK SEMI-TRAILER 30380
"‘ @ WITH 3 AXLES (10 WHEELS) ’
/7 CODE 11-2
TRUCK SEMI-TRAILER 30380
"‘ J @@ WITH 4 AXLES (14 WHEELS) ;
CODE 12-1
TRUCK SEMI-TRAILER 30 380
I (o) WITH 4 AXLES (14 WHEELS) :
CODE 12-2*
TRUCK SEMI-TRAILER 37 800
I 00 WITH 5 AXLES (18 WHEELS) ;
CODE 11-3 | TRUCK - TRAILER WITH 2 AXLES
AT MOTOR VEHICLE & 3 AXLES 30,378
000 AT TRAILER (18 WHEELS)
CODE 11-3 TRUCK —TRAILER WITH 2 AXLES
= AT MOTOR VEHICLE & 2 AXLES 30,378
000 AT TRAILER (14 WHEELS)
CODE 11-12 | TRUCK -TRAILER WITH 2 AXLES
;
) AT MOTOR VEHICLE & 3 AXLES 36,900
OO0 AT TRAILER (18 WHEELS)
CODE 12-3 | TRUCK -TRAILER WITH 3 AXLES
;
000 AT MOTOR VEHICLE & 3 AXLES 41,000
AT TRAILER (22 WHEELS)
CODE 12-11 TRUCK —TRAILER WITH 3 AXLES
;
o) o) AT MOTOR VEHICLE & 2 AXLES 37,800
AT TRAILER (18 WHEELS)
CODE 12-12 TRUCK —TRAILER WITH 3 AXLES
;
0 00 AT MOTOR VEHICLE & 3 AXLES 41,000
AT TRAILER (22 WHEELS)
Note: *Truck CODE 1-1, 1-2 & 12-2 corresponds to the Posting Vehicles (see Table 3.12-2).
*When computing actual load rating use maximum allowable GVW in the
amended IRR of RA No. 8794 as shown on page 56.
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BRIDGE INSPECTION

LOAD RATE USING
RATING VEHICLE (MS18)

y

y

l

IR < 3.0 METRIC TONS

\ 4

3.0 TONS < IR < MS18 (RF<1)
3.0 TONS < OR < MS18 (RF<1)

IR>=MS18 (RF> 1)
OR=MS18 (RF> 1)

CLOSE BRIDGE

I

LOAD RATING USING LOAD
POSTING VEHICLES

RATING = 95%
OF POSTING
VEHICLE?

LOAD POST BRIDGE AT
INVENTORY LEVEL

A

A\ 4

NO POSTING REQUIRED

PROCEED WITH
ORDINARY INSPECTION

UPDATE BRIDGE RECORD

NOTES:
IR - INVENTORY RATING

OR -

OPERATING RATING RF -

RATING FACTOR

Figure 3.12-1 Flowchart of Load Posting Guideline

3.13 REPORTING AND DOCUMENTATION

The load rating of bridge should be completely documented in writing including all
background information such as field inspection reports, material and load test
data, all supporting computations, and a clear statement of all assumptions used
in calculating the load rating. If a computer model was used, the input data file
should be retained for future use.

3.13.1 Results of Rating Calculations

« The results of rating calculations will be summarized by the rating
engineer on the Rating Summary Sheet (see Figure 13.3-2) which wil| bg
retained in the structure folder as a record of the adequacy of the

structure.
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Table 3.12-2 Load Posting Vehicles

Gross Weight . . -
Truck Type . d Truck Configuration Description
(metric tons)
Type 1-1 17 “ 2-axle truck
Type 1-2 27 .- 3-axle truck
Type 12-2 38 3-axle tru_ck Wlth 2-
axle semi-trailer

The above vehicles are in metric tons. To distinguish metric tons with other units,

the following conversion are used:

Metric Ton 1000.00 kilograms = 2204 lbs.
British Ton (Long Ton) : 1016.06 kilograms = 2240 lbs.
US Ton (Short Ton) 907.185 kilograms = 2000 lbs.

The necessary information of the bridge structure typical of the BMS-BIM
record sheet shall be shown on the summary sheet.

The Summary Sheet shall reflect the Inventory and Operating Ratings
obtained for each element requiring an analysis. Ratings shall be
reported to tenths of a metric ton.

The member being rated, including any relevant information shall be
stated in the Summary Sheet.

If posting vehicle analysis is required, record the posting rating on the
Summary Sheet. Postings shall be reported and recorded in metric ton
of vehicle. Posting loads shall be that corresponding to the member or
section with the lowest rating factor.

State in comments :

(a) If the individual critical member rates considerably below other
structure members, and is not representative of the entire structure,
and

(b) Any reduction in cross-section or allowable stresses used to rate the
member and the reason for the reduction.

(c) Any assumption used in load rating.

(d) Recommendations for posting, closure or immediate counter-
measures or repair.
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VEHICLES

NOTE:
REFER TO Appendix IV: DRAWING OF LOAD POSTING SIGN FOR DETAILS

INDICATE LOAD
RATING

POSTING

Figure 3.13-1 Sample Load Posting Sign

3.13.2 Rating Report Documentation

The rating report submittal for documentation shall include:

1. A completed Rating Summary Sheet

2. Bridge geometry, description and sources of information

3. Results of inspection and testing conducted, including conditions of critical
members

4. A set of Calculation Sheets showing
a. Derivation of dead loads,
b. Live load distribution factors,
c. Structure model and assumptions
d. Computer input information,
e. Load Rating calculations (capacity and demand), and
f. Other relevant considerations.
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As-built plans and field surveys used in the rating process

The Rating Engineer and Checker’s signature with date signed are required
on the Rating Summary Sheet and on the calculation sheets and the first
page of each set of computer output.

All items that compose the rating package shall be placed in a folder that
is clearly labeled with the structure name and number.

DEPARTMENT OF PUBLIC WORKS AND
HIGHWAYS

(7))
@) @)
> |2 P
=
b |2 o [
i = |Ig i o
L O pd = [a)
LOAD RATING CALCULATIONS FOR ;’ (\9 L':) > 5'
x |2 o O [|=
SAMPLE BRIDGE 212 15 |E (2
2 1z |2 [2 |1E
=1z [= |13 (|2
o> 19 o |8 [o
©) o > < z
BRIDGE ID z o |Z © |z
BRIDGE NAME < o |= T
ROAD ID/NAME o | = @
LOCATION & A
STRUCTURE TYPE
RATER
CHECKER

Figure 3.13-2 Load Rating Report and Documentation
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DEPARTMENT OF PUBLIC WORKS , 3\
AND HIGHWAYS BRIDGE ID:
LOAD RATING SUMMARY | BRIDGE NAME: INDICATE

Rating Vehicle: ROAD ID / INFORMATION
O AASHTO MS18 (33 Metric Tons) ROAD NAME: > REQUIRED FOR
. T BRIDGE UNDER
Rating Condition: LOCATION: RATING
Asphalt Thickness : mm
Rating Method: STRUCTURE
TYPE: y,
FILL-UP STRUCTURE
Structural Member ‘ MEMBER BEING
LOAD RATED
LOAD RATING (Metric Tons)
|nventory INDICATE LOAD
MS 18 RATING FOR MS18
Truek | operating RATING VEHICLE
LOAD POSTING (Metric Tons)
N
Type 1-1 | |nventory
Truck -
(17 tons) | Operating
Type 1-2 | |nventory IF LOAD RATING < MS18,
Truck >PERFORM LOAD POSTING
(27 tons) | Operating USING POSTING VEHICLES
Type 12-2| |nyentory
Truck
(38 tons) | Operating ) POSTING

/ VEHICLES

INDICATE POSTING
} LOAD IN METRIC TONS

Metric Tons | i “Metric Tons | | “Metric Tons | BASED ON LOAD

T RATING/POSTING
POSTING LOAD ™ CALCULATIONS

Comments:
.

WRITE ANY
. COMMENT OR

> ASSUMPTIONS USED
DURING LOAD
RATING

Rated by: ‘ Date: ‘ Checked by: Date: RATING ENGINEER AND
CHECKER MUST
INDICATE NAME & SIGN

Figure 3.13-3 Load Rating Summary Sheet
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RESOLUTION AMENDING
The IRR of R.A. 8794

WHEREAS, Republic Act No. 8794 (R.A. 8794) entitled “An Act Imposing a Motor Vehicle User's Charge on Owners of all Types of Motor Vehicle
and for Other Pumniei was signed into law on June 27, 2000,

WHEREAS, Section 6 of R.A. 8794 provides that an amount equivalent to twenty-five percent (25%) of the MVUC shall be imposed on trucks and
trailers for loading beyond their prescribed gross vehicle weight, provided that no axle load shall exceed thirteen thousand five hundred kilograms (13,500
kgs.):

WHEREAS, overloaded vehicles, particularly trucks and trailers have tremendous damaging effects on highways safety and traffic operations, and
cause a heavy toll on government investment on infrastructure;

WHEREAS, in line with Section 9 of R.A. 8794 authorizing the Secretaries of the DPWH and the DOTC to jointly promulgate the rules and
regulations to lmplernenl and carry out its intent objectives, purposes and provisions, the Implementing Rules and Regulations (IRR) of R.A. 8794 was
issued on August 16, 2000, which contained provisions on overloading (Article I, paragraph 7c);

WHEREAS, the DPWH, the DOTC and the DILG, in a Joint Circular issued on November 19, 2001, provided the mechanics of implementation and
enforcement of the provisions on overloading among, the governiment agencies concerned. Attached as Annex “A™ to the Joint Circular was a table
prescribing the maximum allowable gross vehicle weights depending on the configuration of the trucks/trailers;

WHEREAS, in line with Article I'V, paragraph 18 of the IRR of R.A. 8794, it has been determined that modifications on the provisions of the IRR on
overloading are needed to ensure proper and effective enforcement and strict observance on the anti-overloading provisions of R.A. 8794.

NOW, THEREFORE, for and in consideration of the foregoing, and by virtue of the powers vested in us by law, we hereby adopt and promulgate the
following amendment to the Implementing Rules and Regulations (IRR) of Republic Act No. 8794,

Article I. Common Provisions
7. Collection of Revenue from Road Users

¢) Penalty for Overloading — Pursuant to Section 6 of R.A. 8794, an amount equivalent to twenty-five percent (25%) of the MVUC shall be imposed
on trucks and trailers for loading beyond their prescribed gross vehicle weight, provided that no axle load shall exceed thirteen thousand five
hundred kilograms (13,500 kgs.)

(1) Overloading Defined: There is overloading of trucks and trailers when the gross vehicle weight (GVW) exceeds that prescribed in Annex
“A”, provided that the dual-wheel single axle load does not exceed thirteen thousand five hundred kilograms (13,500 kgs.)

(2) Highway Travel Permit: Special Permit to Travel may be issued by the DPWH and shall be required for vehicles loadedwnth mseparable/ or
special cargoes exceeding the corresponding GVW and vehicles with configuration different from those shown in Annex *,

(3) Enforcement:

a) The DPWH shall install and operate weighbridge stations/ portable weighing machines at strategic locations along national roads for
purposes of the implementation of the provisions of R.A. 8794 against overloading. The DPWH may outsource to Private Contractors the
operation of the weighbridge stations/portable weighing machines.

The weighbridge/portable axle weighing stations shall be operated twenty-four (24) hours a day, including Saturdays, Sundays and
holidays:

The DOTC, thru the LTO, shall be responsible for imposing penalties on overloaded vehicles as determined through the operation of
welghbrldgc and portable axle load weighing devices; an

The LTO personnel or its duly de]l:mnzed DPWH or PNP-TMG personnel assigned at the station shall issue to the driver of the overloaded
vehicle, a Temporary Operator's Permit (TOP) indicating therein the excess load and the corresponding penalty to be paid in the amount
_eqfl‘.qvalant to twenty-five percent (25%) of the Motor Vehicle User's Charge (MVUC) app]lcab%e to the vehicle at the time of
e rmgernent

b

=

c

-

d

=

(4) Responsibility of the truck/trailer owner: The vehicle owner shall be responsible for ensuring that the vehicle is not overloaded while
traversing the roadway. Such responsibility starts from the vehicle's point of origin up to its final destination. The vehicle owner shall be
responsible for taking measures to ensure the security and safety of its personnel and load in case measures have to be adopted to ensure
compliance with the provisions of law against overloading,.

This amendment shall take effect on June 1, 2013 following its publication in two (2) newspapers of general circulation and filing of three (3) copies
hereof with the UP Law Center.

Approved this_5th day of April 2013.

(SGD.) JOSEPH EMlLl(t) AGUINALDO ABAYA (SGD.) ROGELIP L. SINGSON
Secretal Secreta
Department DfTransp;nati(‘% and Communications Department of Puilic Wrgrks and Highways
ANNEX “A™ Attachment to ANNEX “A”

MAXIMUM ALLOWABLE GROSS VEHICLE WEIGHT (GVW) PER RA 8794
(REVISED 2012)

TRUCK/TRAILER | CODE DESCRIPTION A
TRUCK WITH 2 AXLES
el 11 18,000
il 3 (6 WHEELS) REQUIREMENTS FOR APPLICATION
TRUCK WITH TANDEM REAR AXLE FOR SPECIAL PERMIT TO TRAVEL
[ - - 1-2 3AXLES 33,300
© O (10 WHEELS)
TRUCK WITH TRIDEM REAR AXLE
f ﬂ B 13 4 AXLES 35,600
S @ENe (14 WHEELS) 1. Copy of Registration Certificate
LR&JS#—OT;!A\H\I{IE_E%LWEIEHFA&)ELEEAST 2. Copy of Official Receipt of Registration
& | 11-1 TRAILER 34,000
""?‘@ X = (10 WHEELS) 3. Technical data of the vehicle, either shown in the
A}-?,IL@%ER\?EH%CRLVEUEE i)?li‘ELgiT manufacturer's brochure orin a vehicle diagram
%.q 11-2 TRAILER 40,600 duly signed by the owner:

(14 WHEELS) " g
UCR-TRAILER WITH 2 AXLES 3.1 Grossweightofthe vehicle

TRUCK-
=it AT MOTOR VEHICLE & 3 AXLES AT
£l TRAILER 41,000

11-3 3.2 Plan and side elevation with dimensions of
(18 WHEELS) the vehicle
AXLES AT MOTORVERIGLE & 1 3.3 Numberofwheel |
3 umber of wheels per axle
12-1 AXLE AT TRAILER 39,700 P
(14 WHEELS) 3.4 Loadperaxle
TRUCK SEMI-TRAILER WITH 3 =L N
AXLES AT MOTOR VEHICLE & 2 4. The specificroute to be taken and bridge(s) to be
=2 ALES AT TRAILER 41,500 crossed by the vehicle indicated in a road ma
(18 WHEELS) =5 P,
TRUCK SEMI -TRAILER WITH 3 duly signed by the owner.
AXLES AT MOTOR VEHICLE & 3
12-3 AXLES AT TRAILER 42,000
(22 WHEELS) ) L
TRUCK-TRAILER WITH 2 AXLES AT The owner shall evaluate the capacity of the existing
I:I 11-11 MOTOR VE#&%EEﬂhz AXLES AT 39,700 derated bridge (with posted load limit of less than 20
d & (14 WHEELS) tons) to carry the vehicle. If it is necessary to
TRUCK-TRAILER WITH 2 AXLES i i i
i AT MOTOR VEHICLE & 3 AXLES strengthen the bridge, the engineering plan and
2 AT TRAILER 43,500 design computations for shoring and/or
(18 WHEELS) 5 - H
TRUCK-TRAILER WITH 3 AXLES reinforcement of the bridge duly signed and sealed
%% 12-11 AT MOTO?{/;Q‘I&:&ER& 2AXLES 43,500 by a Structural Bridge Engineer, shall be submitted.

(18 WHEELS)

TRET T A
£l 1212 AT TRAILER 45,000

Cal O (22 WHEELS)
NOTE:
‘Special Permit 1o Travel shal ba rauire or — aw
i the above mairix. i processing of application for Special Permit ta Travel
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4.1 GENERAL

Chapter 4
LOAD RATING EXAMPLES

This Chapter illustrates some example cases to show load rating procedures for

existing bridge structures.

The examples given in this Chapter will refer to this

Manual and the AASHTO MCEB for bridge rating and the DPWH Design Guidelines

and AASHTO Standard Specifications for the design specifications.

Five examples are presented in this Chapter, which includes:

M Example 1:
M Example 2:
M Example 3:

M Example 4:

M Example 5:

Reinforced Concrete Flat Slab Bridge
1-1: Simple

1-2: Continuous

Reinforced Concrete Deck Girder Bridge
2-1: Simple

2-2: Continuous

Prestressed Concrete Deck Girder Bridge
3-1: Simple

3-2: Continuous

Steel | - Girder Bridge

4-1. Simple

4-2: Continuous

Reinforced Concrete Deck Slab

Manual for Load Rating of Bridges, 3d Ed.
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4.2 DESCRIPTION
4.2.1 Reinforced Concrete Flat Slab Bridge
4.2.1.1 Simple

A bridge built in 1958 consists of a simple span supported reinforced concrete flat
slab on abutments with span length 8.0m and carriageway width 7.32m curb to
curb. The As-Built Plans General Notes obtained indicate that the concrete
allowable stress is 6.9MPa and steel allowable stress is137.9MPa. Results of the
bridge condition inspection indicate that the bridge is damaged with rebar
section loss. There is a 50mm thick wearing course on the deck and batrrier ralil,
sidewalk and other weights can be assumed to be 18.5kN/m.

It is required to load rate the bridge using AASHTO MS18 (33 metric tons) as the
rating vehicle. In case of the load rating falls below MS18, the load posting levels
will be calculated based on Section 3.4 of this Manual.

The load rating will be done applied 1m widths of RCFS evaluating rebar section
loss of the materials occurred. Load rating will be performed using the Load Factor
Method.

1 8.00m I\
I T
|?[5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5:5!?|
BRIDGE ELEVATION
9.54m
11m 7.30m 1.11m I

0.45 ]
050 | 8.54m J 050 |

DECK SECTION

Figure 4.2-1 RCFS Simple Bridge (Example 1-1)

Results of the Load Rating and Load Posting Calculations according to the
computer-based Program are presented in Appendix I, Example 1-1 of this Manual.
Summary Results of the load rating calculation is shown in Figure 4.2-2.
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DEPARTMENT OF PUBLIC WORKS .
.} AND HIGHWAYS BRIDGE ID:
LOAD RATING SUMMARY |BRIDGE NAME:  RCFS SAMPLE 1-1 (Simple)
Rating Vehicle: ROAD ID /
O AASHTO MS18 (33 Metric Tons) ROAD NAME:
Rating Condition: LOCATION:
Asphalt Thickness : 50 mm
Rating Method: STRUCTURE
) RCFS BRIDGE
Load Factor Method TYPE:

(Bending)
Structural Member (Shear)

LOAD RATING (Metric Tons)

MS 18 | |nventory 40.3
Truck
(33 tons) | Operating 67.0

LOAD POSTING (Metric Tons)

Type 1-1 | |nventory
Truck

(17 tons) | Operating

Type 1-2 | |nventory

Truck :
(27 tons) | Operating

Type 12-2| |nyentory
Truck

(38 tons) | Operating

Metric Tons

Metric Tons

Metric Tons

POSTING LOAD

Comments:

* Load Rating done at mid span only for Moment resulted to Rating Factors greater than 1.0.
e Load Posting is not necessary since the bridge can carry normal loads.

. 8.00m .
E:{:f:f:}:{:f:f:j:j:j: HEREEENRREE ﬂ
BRIDGE ELEVATION
Rated by: Date: Checked by: Date:

Figure 4.2-2 Load Rating Summary Sheet for Example 1-1
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4.2.1.2 Continuous

Example 1-2 is a bridge built in 1982 consisting of three (3) continuous spans
supported reinforced concrete flat slab on wall type RC Piers and RC Cantilever
Abutments with span length 8.0m+8.0m+8.0m and carriageway width 7.32m curb
to curb. The As-Built Plans General Notes obtained indicate a concrete allowable
stress of 8.3MPa and steel allowable stress of 137.9MPa. Results of the bridge
inspection indicate that the bridge condition is no damaged. There are 50mm
wearing course found on the deck and barrier rail, sidewalk and other weight can
be assumed to be 18.5kN/m.

It is required to load rate the bridge using AASHTO MS18 (33 metric tons) as the
rating vehicle. In case of the load rating falls below MS18, the load posting levels
will be calculated based on Section 3.4 of this Manual.

The load rating will be done applied 1m widths of RCFS. Load rating will be
performed using the Load Factor Method.

8.00m 8.00m 8.00m

E:E:E:E:E:E:E:E:E:E:E:E:E:E:E:E:Ei{E:E:E:E:E:E:E:E:E:E:E:E:E:E:E:E:E:E1[E:E:E:E:E:E:E:E:E:E:E:E:E:E:E:E:ﬂ
ﬁ BRIDGE ELEVATION ﬁ

9.54m

DECK SECTION

Figure 4.2-3 RCFS Continuous Bridge (Example 1-2)

Results of the Load Rating and Load Posting Calculations according to the
computer-based Program are presented in Appendix Il, Example 1-2 of this Manual.
Summary Results of the load rating calculation is shown in Figure 4.2-4.
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DEPARTMENT OF PUBLIC WORKS

AND HIGHWAYS

LOAD RATING SUMMARY

BRIDGE ID:

BRIDGE NAME:

RCFS EXAMPLE 1-2
(Continuous)

Rating Vehicle: ROAD ID /
O AASHTO MS18 (33 Metric Tons) ROAD NAME:
Rating Condition: LOCATION:
Asphalt Thickness : 50 mm
Rating Method: STRUCTURE
9 i RCFS BRIDGE
Load Factor Method .

(Bending) (Bending)
Structural Member at Pier

LOAD RATING (Metric Tons)

MS 18
Truck

Inventory

35.9

36.9

(33 tons)

Operating

60.0

62.0

LOAD POSTING (Metric Tons)

Type 1-1
Truck

Inventory

(17 tons)

Operating

Type 1-2
Truck

Inventory

(27 tons)

Operating

Type 12-2
Truck

Inventory

(38 tons)

Operating

Metric Tons

Metric Tons

Metric Tons

POSTING LOAD

Comments:

e Load Rating done at mid span and at Pier only for Moment resulted to Rating Factors greater than 1.0.
e Load Posting is not necessary since the bridge can carry normal loads.

8.00m 8.00m

8.00m

Eﬂi:}:}:§:§:5:}:5:5:}:3:{:3:5:5:}:}][5:5:5:}:5:}:§:§:§:§:§:§:5:5:5:5:5:31[5:5:5:{:§:E:E:E:S:E:E:E:E:E:E:E:ﬂ
LI;ﬁ BRIDGE ELEVATION LI:I-“

Rated by:

Date: Checked by: Date:

Figure 4.2-4 Load Rating Summary Sheet for Example 1-2
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4.2.2 REINFORCED CONCRETE DECK GIRDER BRIDGE

4.2.2.1 Simple

A bridge built in 1987 consists of a simply supported reinforced concrete T-beams
on abutments. The span length is 10.4m. Bridge carriageway is 7.32m supported
by four RC girders with spacing 2.400m on centers. The As-Built Plans General
Notes obtained indicate a concrete allowable stress of 8.3MPa and steel
allowable stress of 137.9MPa. Results of the bridge inspection indicate that the
bridge condition is damaged with shear cracks. There are 50mm wearing course
found on the deck and barrier rail weight can be assumed to be 3.6kN/m.

It is required to load rate the bridge using AASHTO MS18 (33 metric tons) as the
rating vehicle. In case of the load rating falls below MS18, the load posting levels
will be calculated based on Section 3.4 of this Manual.

The load rating will be done for the interior girder evaluating shear cracks of the
materials occurred. Load rating will be performed using the Allowable Stress and
the Load Factor Method.

&)

10.40 m

i il

BRIDGE ELEVATION

9.54m

A4

7.32m

L

»

A
A

<
¢ >

A
A 4
A

DECK SECTION

Figure 4.3-1 RCDG Bridge (Example 2-1)

Results of the Load Rating and Load Posting Calculations according to the
computer-based Program are presented in Appendix I, Example 2-1 of this Manual.
Summary Results of the load rating calculation is shown in Figure 4.3-2.
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DEPARTMENT OF PUBLIC WORKS
AND HIGHWAYS
LOAD RATING SUMMARY |BRIDGENAME:  RCDG SAMPLE 2-1 (Simple)

BRIDGE ID:

Rating Vehicle:

ROAD ID /
O AASHTO MS18 (33 Metric Tons) ROAD NAME:
Rating Condition: LOCATION:
Asphalt Thickness : 50 mm
Rating Method: STRUF:TURE RCDG BRIDGE
Load Factor Method TYPE:
Interior Girder Interior Girder
Structural Member G2 (Bending) G2 (Shear)
At Midspan At Support
LOAD RATING (Metric Tons)
MS 18 | |nventory 16.7 9.6
Truck
(33 tons) | Operating 27.9 16.1
LOAD POSTING (Metric Tons)
Type 1-1| |nventory 11.1 7.6
Truck
(17 tons) | Operating 18.6 12.7
Type 1-2 | |nventory 14.5 8.9
Truck
(27 tons) | Operating 24.2 14.9
Type 12-2| |nventory 21.8 14.5
Truck
(38 tons) | Operating 36.4 24.2

8 Metric Tons 9 Metric Tons 14 Metric Tons

POSTING LOAD

Comments:

@

e Load rating is governed by Girder G2 (interior girder).

®

10.40 m

A4

BRIDGE ELEVATION

Rated by: Date:

Checked by: Date:

Figure 4.3-2 Load Rating

Summary Sheet for Example 2-1
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4.2.2.2 Continuous

A bridge built in 2000 consists of three-span continuous supported reinforced
concrete T-beams on concrete bents and abutments. The span lengths consist of
15.0m, 15.0m and 15.0m with a total bridge length of 45.0m. Bridge carriageway is
7.32m supported by four RC girders spaced at 2.400m on centers. The As-Built
Plans General Notes obtained indicate a concrete allowable stress of 8.3MPa and
steel allowable stress of 137.9MPa. Results of the bridge inspection indicate that
the bridge condition is no damaged. There are no wearing course found on the
deck and barrier rail weight can be assumed to be 13.0kN/m.

It is required to load rate the bridge using AASHTO MS18 (33 metric tons) as the
rating vehicle. In case of the load rating falls below MS18, the load posting levels
will be calculated based on Section 3.4 of this Manual.

The load rating will be done for the interior girder of the first span. Load rating will
be performed using the Allowable Stress and the Load Factor Method.

15.00m o 15.00m 15.00m

h il

BRIDGE ELEVATION

9.54m

A4

7.32m

A
4

»leg
< < >t »|

DECK SECTION

Figure 4.3-3 RCDG Bridge (Example 2-2)

Results of the Load Rating and Load Posting Calculations according to the
computer-based Program are presented in Appendix I, Example 2-2 of this Manual.
Summary Results of the load rating calculation is shown in Figure 5.3-4.
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DEPARTMENT OF PUBLIC WORKS BRIDGE ID:
@ AND HIGHWAYS
RCDG SAMPLE 2-2
BRIDGE NAME: .
LOAD RATING SUMMARY (Continuous)
Rating Vehicle: ROAD ID /
O AASHTO MS18 (33 Metric Tons) ROAD NAME:
Rating Condition: LOCATION:
Asphalt Thickness : 0 mm
Rating Method:
9 SR RCDG BRIDGE
Load Factor Method :

Interior Girder

Structural Member

Interior Girder

Interior Girder

G2 (Bending) G2 (Bending) G2 (Shear) -
At Midspan At Pier At Pier
LOAD RATING (Metric Tons)
MS 18 | |nventory 56.3 41.7 31.2
Truck
(33 tons) | Operating 93.9 69.6 52.0
LOAD POSTING (Metric Tons)
Type 1-1| |nventory 40.6 43.6 41.3
Truck
(17 tons) | Operating 67.8 72.8 69.0
Type 1-2 | |nventory 50.1 46.8 45.4
Truck
(27 tons) | Operating 83.6 78.1 75.7
Type 12-2| |nventory 77.1 50.9 59.7
Truck
(38 tons) | Operating 128.7 85.0 99.7

17 Metric Tons

27 Metric Tons

POSTING LOAD

38 Metric Tons

COMMENTS:

15.0m

A

e LOAD RATING IS GOVERNED BY GIRDER G2 (INTERIOR GIRDER).

15.0m |
|

15.0m

h 4
A

T

BRIDGE ELEVATION

Rated by:

Date:

Checked by:

Date:

Figure 4.3-4 Load Rating Summary Sheet for Example 2-2
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4.2.3 PRESTRESSED CONCRETE DECK GIRDER BRIDGE

4.2.3.1 Simple

The following example illustrates a simple span precast, prestressed deck girder
bridge. The bridge has a span length 35.0m. The bridge is 9.54m wide with a clear
carriageway width of 7.32m designed to carry two lanes of traffic. The deck is
supported by four (4) precast, prestressed concrete deck girders spaced at 2.1m
on centers. The girder is precast at 1.6m depth with 0.203 wall thickness. Deck slab
at 0.20m thick is cast in place over the precast | Girder.

35.00m
| |

ini in

BRIDGE 9ESII;_OEVATION

1110 3660 3660 110

L
F ROADWAY

4

10e 257}

‘N ‘N !
1620 2100 J_ 2100 J_ 2100 J_ 1620

SUPERSTRUCTURE CROSS SECTION

Figure 4.4-1 PC Deck Girder Bridge (Example 3-1)

Notes on As-Built Plans indicate that the concrete strengths are 24.2MPa and
38MPa for the slab and | Girder, respectively. In addition, prestress working force is
given as 5270kN at 100mm above the girder soffit at midspan. The reinforcing steel
and the prestressing steel are assumed to have strengths of fy = 415MPa and fu =
1860MPa.

Load rating calculations will be done for the interior | girder. Evaluation is done at
the midspan and support sections of the girder.

The load rating calculation according to the computer-based Program are
presented in Appendix Il, Example 3-1 of this Manual while the summary results of
load rating is shown in Figure 4.4-2.
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DEPARTMENT OF PUBLIC WORKS BRIDGE ID:
@ AND HIGHWAYS
LOAD RATING SUMMARY [BRIDGENAME: - PCDG SAMPLE 3-1(Simple)

Rating Vehicle: ROAD ID /

O AASHTO MS18 (33 Metric Tons) ROAD NAME:
Rating Condition: LOCATION:

Asphalt Thickness : 50 mm
Rating Method: STRUCTURE

) PCDG BRIDGE
Load Factor Method TYPE:

Interior Girder Interior Girder
Structural Member G2 (Bending) G2 (Shear)
At Midspan At Support
LOAD RATING (Metric Tons)
MS 18 | |nventory 43.4 49.6
Truck
(33 tons) | Operating 72.5 82.7
LOAD POSTING (Metric Tons)
Type 1-1| |nventory
Truck :
(17 tons) | Operating
Type 1-2 | |nventory
Truck : “ﬁ%
(27 tons) | Operating . (\Q\\
I
Type 12-2| |nventory \ ﬂ U ™
Truck _ LV
(38 tons) | Operating

Metric Tons

Metric Tons

Metric Tons

POSTING LOAD

Comments:

e Load Posting is not necessary..

e Rating Factors calculated for both serviceability and strength limit states are all greater than one (1).

T 3500m
[ 1
|| LI 1| |
BRIDGE ELEVATION
Rated by: Date: Checked by: Date:

Figure 4.4-2 Load Rating Summary Sheet for Example 3-1
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4.2.3.2 Continuous

The following example illustrates a three-span continuous precast, prestressed
deck girder bridge. The span lengths consist of 35.0m, 35.0m and 35.0m with a
total bridge length of 105.0m. The bridge is 9.54m wide with a clear carriageway
width of 7.32m designed to carry two lanes of traffic. The deck is supported by
four (4) precast, prestressed concrete deck girders spaced at 2.1m on centers.
The girder is precast at 1.6m depth with 0.203 wall thickness. Deck slab at 0.20m
thick is cast in place over the precast | Girder.

BRIDGE ELEVATION

9540
1110 3660 3660 110

ﬁﬁ ROADWAY

7 ﬁ N
{ 2 ‘ * i
1620 310 M Y O {1 O M 10

SUPERSTRUCTURE CROSS SECTION

SECTION AT MIDSPAN SECTION AT PIER SUPPORT

Figure 4.4-3 PC Deck Girder Bridge (Example 3-2)

Notes on As-Built Plans indicate that the concrete strengths are 24.2MPa and
38MPa for the slab and I-Girder, respectively. In addition, prestress working force is
given as 6750kN at 100mm above the girder soffit at midspan. The reinforcing steel
and the prestressing steel are assumed to have strengths of fy = 415MPa and fu =
1860MPa.

Load rating calculations will be done for the interior I-Girder. Evaluation is done at
the midspan and support sections of the girder.

The load rating calculation according to the computer-based Program are
presented in Appendix Il, Example 3-2 of this Manual while the summary results of
load rating is shown in Figure 4.4-4.
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DEPARTMENT OF PUBLIC WORKS BRIDGE ID:
@ AND HIGHWAYS
PCDG SAMPLE 3-2
BRIDGE NAME: .
LOAD RATING SUMMARY (Continuous)

Rating Vehicle: ROAD ID /

O AASHTO MS18 (33 Metric Tons) ROAD NAME:
Rating Condition: LOCATION:

Asphalt Thickness : 50 mm
Rating Method:

g SR PCDG BRIDGE
Load Factor Method :

Interior Girder

Structural Member

Interior Girder

Interior Girder

Interior Girder

G2 (Bending) G2 (Shear) G2 (Bending) G2 (Shear)
At Midspan At Midspan At Pier At Pier
LOAD RATING (Metric Tons)
MS 18 | |nventory 50.4 53.6 38.5 36.2
Truck
(33 tons) | Operating 84.1 89.5 64.3 60.5
LOAD POSTING (Metric Tons)
Type 1-1| |nventory
Truck :
(17 tons) | Operating n \\Er
_'
Type 1-2 | |nventory 1 \\“—V
Truck _ T
(27 tons) | Operating "\ (\(\\
A4
Type 12-2| |nventory \ OP\U [
Truck _ | A~
(38 tons) | Operating

Metric Tons

Metric Tons

POSTING LOAD

Metric Tons

Comments:

e Load Posting is not necessary..

e Rating Factors calculated for both serviceability and strength limit states are all greater than one (1).

‘ 35,00m 35.00m 35,00m ‘
[T i i i T[T i i j [T i i u Td
‘] J BRIDGE ELEVATION L[

E

Rated by: Date:

Checked by:

Date:

Figure 4.4-4 Load Rating Summary Sheet for Example 3-2
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4.2.4  STEEL I-GIRDER BRIDGE
4.2.4.1 Simple

This example illustrates load rating of an existing Steel |-Girder Bridge built in 1967.
The bridge is a simply supported steel girder at 35m long with cast-in-place
concrete deck, as shown in the figure below. As-Built Plans for the bridge states
that the allowable stresses for steel and concrete are fs = 265.0MPa and fc =
8.3MPa, respectively.

In the load rating calculations, assume that:

o the girders are not temporarily supported during concrete pouring of the
deck,

e the girderis composite for live load,
¢ each barrier rail weighs 4.6kN/m.

It is required to load rate the interior girder of this bridge using the Allowable Stress
Method.
35.00m

0.18m thick Concrete Deck Slab
ﬁ ﬁ with 0.05m thick Asphalt Overlay T

Tl

NG

L 3.05m 7.40m 13.90m ) 7.10m 306m ]
ELEVATION
1.1 7.32m 1.1
. ?
100 E ’ﬂ
025 ¢ (T
O ,‘8 [ o B N P P L L L L L L L L L L L L )
1.80
138 T._a? 203 4k 2m3 {13
157 3.20 3.20 1.57
TYPICAL SECTION
005 2 0.05
0.18 25 ] os
0.019 b 0,022
0.00, | 150 0.009, 11 1.80 0002 ¢ 180
=—=—$0010 0 —_— 025
0.28 028 037
SECTION 'A' SECTION 'B' SECTION 'C*

Figure 4.5-1 Steel Girder Bridge (Example 4-1)

Load Rating was done for the interior girder of this bridge focusing at Midspan and
at Support of the steel girder. The load rating calculation according to the
computer-based Program are presented in Appendix Il, Example 4-1 of this Manual
while the load rating summary is shown in Figure 4.5-2.
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DEPARTMENT OF PUBLIC WORKS
AND HIGHWAYS

LOAD RATING SUMMARY |BRIDGE NAME:

BRIDGE ID:

SIG SAMPLE 4-1 (Simple)

Rating Vehicle:
O AASHTO MS18 (33 Metric Tons)
Rating Condition:

Asphalt Thickness :
Rating Method:

Allowable Stress Method

None mm

ROAD ID /
ROAD NAME:

LOCATION:

STRUCTURE

TYPE: STEEL I-GIRDER BRIDGE

Interior Girder

Structural Member

Interior Girder

At Midspan At Support
LOAD RATING (Metric Tons)
MS 18 | |nventory 54.7 231.2
Truck
(33 tons) Operating 104.4 326.7
LOAD POSTING (Metric Tons)
Type 1-1| |nventory
Truck :
(17 tons) | Operating
Type 1-2 | |nventory
Truck : “ﬁ%
(27 tons) | Operating . (\Q\\
I
Type 12-2| |nventory \ ﬂ U ™
Truck _ LV
(38 tons) | Operating

Metric Tons

Metric Tons

Metric Tons

POSTING LOAD

Comments:

e Load Rating done at Midspan and at Support resulted to Rating Factors greater than 1.0.
e Load Posting is not necessary since the bridge can carry normal loads.
e Future wearing course is not included in load rating.

— 3500 m
| I
N T
BRIDGE ELEVATION
Rated by: Date: Checked by: Date:

Figure 4.5-2 Load Rating Summary Sheet for Example 4-1
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4.2.4.2 Continuous

This example illustrates load rating of an existing Steel | - Girder Bridge built in 1967.
The bridge is a two-span continuous steel girder at 54m long (27m +27m) with cast-
in-place concrete deck, as shown in the figure below. As-Built Plans for the bridge
states that the allowable stress for steel and concrete are fs = 137.9MPa and fc =
8.3MPa, respectively.

In the load rating calculations, assume that:

o the girders are not temporarily supported during concrete pouring of the
deck,

o the girderis composite for live load,
o the girderis braced every 4.5m with bracings weighing 1.47kN per girder,
e each barrier rail weighs 3.6kN/m.

It is required to load rate the interior girder of this bridge using the Allowable Stress
Method.

0.40th Point @ 1.0th Point

— 1l

27.0m 27.0m

54.0m

a. BRIDGE ELEVATION

1 22.0m Il
! } I
TTITITITIITIINITITI
Ll.Zmi 12 @ 2.02m = 24.24m il.Zml

| . b. DECK SECTION ﬂ(‘

] 3m 126m 2.Tm 2.7m 2.7m

PL300xB PL300x22 PL300x29 PL300x41 PL300x62
I I T

33m 3.0m 9.9m 27m 2. 7m 2.7m 2 7m
PL300x32 PL300x45 PL 300x51 PL300x45 PL300x32 PL300x45 PL300x62

1055 3m I

27.0m

GIRDER LAYOUT
Figure 4.5-3 Steel Girder Bridge (Example 4-2)

Load Rating was done for the interior girder of this bridge focusing on Section 1
(0.40t and Section 2 (1.0th) points of the steel girder. The load rating calculation
according to the computer-based Program are presented in Appendix I, Example
4-2 of this Manual while the load rating summary is shown in Figure 4.5-4.
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DEPARTMENT OF PUBLIC WORKS BRIDGE ID:
@ AND HIGHWAYS
SIG SAMPLE 4-2
BRIDGE NAME: .
LOAD RATING SUMMARY (Continuous)

Rating Vehicle: ROAD ID /

O AASHTO MS18 (33 Metric Tons) ROAD NAME:
Rating Condition: LOCATION:

Asphalt Thickness : None mm
Rating Method:

9 SiCTURE STEEL I-GIRDER BRIDGE
Allowable Stress Method :

stuctural Memb 51-G2 $1-G2 51-G2 51-G2
ructural MemDber | oc 1 1 (gending) | SECT 1 (Shear) | SECT 2(Bending) | SECT 2 (Shear

LOAD RATING (Metric Tons)

MS 18 | |nventory 44.2 250.4 475 735
Truck
(33 tons) Operating 67.8 334.6 79.3 108.9
LOAD POSTING (Metric Tons)
Type 1-1| |nventory
Truck :
(17 tons) | Operating n \\Er
-
Type 1-2 | |nventory 1 (N
Truck _ T
(27 tons) | Operating . (\q\\
A4
Type 12-2| |nventory \ OP\\) ~
Truck ) | P~
(38 tons) | Operating

Metric Tons

Metric Tons

POSTING LOAD

Metric Tons

Comments:

greater than 1.0.

0.40th Point @

e Load Rating done at Section 1(0.40% point) and Section 2(1.0t point) of Span 1 resulted to Rating Factors

e Load Posting is not necessary since the bridge can carry normal loads.
e Future wearing course is not included in load rating.

1.0th Point

@ // (Support)

"27.0m

i

27.0m

4
54.0m

Rated by: Date:

Checked by

: Date:

Figure 4.5-4 Load Rating Summary Sheet for Example 4-2
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4.2.5 REINFORCED CONCRETE DECK SLAB

This example presents load rating of bridge deck for an existing reinforced
concrete deck girder bridge. The bridge built in 1961 has three simple spans (10m
+ 15.5m + 10m) with 7m wide deck and 180mm thick slab. The concrete decks
are supported by three longitudinal reinforced concrete girders monolithic with the
deck slab.

The allowable stresses are 8.3MPa and 137.9MPa for concrete compression and
rebar tension, respectively.

It is required to load rate the bridge using AASHTO MS18 (33 metric tons) as the
rating vehicle.

The load rating will be performed for the inner slab and the cantilever slab sections
shown below using the Load Factor Method. Live load demand moments are
calculated using the DPWH Design Guidelines moment formulation with slab main
reinforcement perpendicular to traffic. Similarly, the wheel load on cantilever slab
is distributed over the width recommended by the DPWH Design Guidelines.

10000 15500 10000

. [
F W U U

| o0 | 40| B00 | 40| 800 |40 w00 | ¢12 @ 250 o.c.

Deck Section Slab Reinforcement
Figure 4.6-1 RCDG Bridge (Example 5)
The results of the Load Rating Calculations according to the computer-based
Program are presented in Appendix Il, Example 5 of this Manual. The Summary

Results of the load rating calculation is shown in Figure 4.6-2.

This Example 5 enables to apply to not only RCDG but also to PCDG and SIG.
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DEPARTMENT OF PUBLIC WORKS
AND HIGHWAYS

LOAD RATING SUMMARY |BRIDGE NAME:

BRIDGE ID:

RCDS SAMPLE 5

Rating Vehicle:
O AASHTO MS18 (33 Metric Tons)
Rating Condition:

Asphalt Thickness : 50 mm
Rating Method:

Load Factor Method

ROAD ID /
ROAD NAME:

LOCATION:

STRUCTURE

i RCDG BRIDGE

Structural Memb Cantilever Slab Interior Slab
ructural viemboer Section 1 Section 2, 3

LOAD RATING (Metric Tons)

MS 18

Inventory 40.8 40.3
Truck
(33 tons) | Operating 68.1 67.3
LOAD POSTING (Metric Tons)
Type 1-1| |nventory R?(
Truck : =Y ol W
(17 tons) | Operating \EP‘ QS
IV
Type 1-2 | |nventory o ‘\“ “ NEV
Truck _ et U NV
(27 tons) | Operating - (\(‘ N
v
Type 12-2| |nventory \ ﬂ \) Ao
Truck : v
(38 tons) | Operating

Metric Tons

Metric Tons

Metric Tons

POSTING LOAD

Comments:

e Load Posting not necessary.

e Load rating is performed for cantilever and interior slabs of Span 2.
e The Load Factor Method resulted in load factors greater than 1.0 for both the cantilever and interior slab.

E ? - HmmTHCKASPHALT

[ I

| I
s ! ! ! ¢ 18

ET_ %
50 x 50 HAUNCH
100 1 400 ! B0 ! ll]_ll.l

Rated by: Date: Checked by: Date:

Figure 4.6-2 Load Rating Summary Sheet for Example 5
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Chapter 5
COMPUTER-BASED PROGRAM ON LOAD RATING

5.1 PURPOSE OF THE COMPUTER-BASED PROGRAM ON LOAD RATING

The purpose of the Computer-based Program on Load Rating of Bridges (CBPLR) is
to guide and provide the Department of Public Works and Highways (DPWH) with
uniformity in the procedures and policies for determining the load capacity and
load rating of existing bridges based on the MLRB.

In any event, this Program should not overrule sound engineering judgment.

5.2 SCOPE OF THE COMPUTER-BASED PROGRAM

This Program has been developed to provide the DPWH with a load rating
calculations consistent with the objectives of the DPWH Bridge Management
System. The Program is focused on load rating calculations and load capacity
calculations with a Program User’s Manual.

This Program is applicable to four bridge types and one deck slab as follows.

RCFS (Reinforced Concrete Flat Slab Bridge): Simple RCFS
Continuous RCFS

RCDG (Reinforced Concrete Deck Girder Bridge): Simple Interior and Exterior Girder
Continuous Interior and Exterior Girder

PCDG (Prestressed Concrete Deck Girder Bridge):Simple Interior and Exterior Girder
Continuous Interior and Exterior Girder

SIG (Steel | Girder Bridge) : Simple Interior and Exterior Girder
Continuous Interior and Exterior Girder

RCDECK (Reinforced Concrete Deck Slab)

The calculations by this Program apply to all conventional concrete and steel
highway bridge structures in accordance with the DPWH Design Guidelines and the
AASHTO Standards. Special bridges or bridges other than highway bridges may
need special calculations not covered in this Program. General calculation is given
in this Program but more complex calculations must be used to determine actual

load rating.

This Program has been developed according to the Manual for Load Rating of
Bridges (MLRB).

For all matters not covered by this Program, the current DPWH and AASHTO
Specifications and Standards should be used as a guide. However, if bridge
member behavior is not consistent with the controlling specifications, such
deviations based on the known behavior of the member may be used but should
be fully covered.

Manual for Load Rating of Bridges, 319 Ed. 77
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5.3 PROCEDURE OF THE COMPUTER-BASED PROGRAM

This Program has been developed according to the Manual for Load Rating of
Bridges (MLRB). Though this Program has many advantages, it is required in deep
care for determination and assumption on load rating calculations as follows.

Advantages
- It's easy to calculate the Load Rating for Major Bridge Types.
- This Program provides 4 Bridge Types and RC Deck Slab, not only Simple and
Continuous Bridges but also Interior and Exterior Girder.
- DPWH Engineers can save time for determination of appropriate Load Rating
- DPWH Engineers can avoid inappropriate Load Rating Calculations

Deep Care
- To determine and assume appropriate Bridge Layout and Dimensions
- To determine and assume appropriate Rebar/PC Tendon Schedule inside of
Bridges
- To determine and assume appropriate Material Properties
- To determine appropriate evaluation for Bridge Current Condition (Damage)

Damage evaluation applied to this Program is shown in the Figure 5.3-1.

Procedure of the Computer-based Program on Load Rating is provided in detail in
the User’s Manual for function, installation, operation and others.

The user should follow and understand the procedure of this Program mentioned in
the User’s Manual as follows (refer to section 6 in the User’s Manual).

- Load Rating Principle for Resistance and Demand
- Damage Evaluation

- Difference between Interior/Exterior Girder

- Difference between Simple/Continuous Girder

- Meaning of Coloring cells

- Drawing attached with each bridge types

Procedure for each bridge types is provided with attached all display (screen) and
detailed explanations for note, input and applied equations in the output in the
User’s Manual. (Refer to Figure 5.3-2)
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Damage evaluation is considered in this Program as follows:

Condition State
2-Poor or 3-Bad

Severity
of
defect
At Midspan
At Support

Location (Section)

2-Poor or more at near Support or near Midspan
where loaded maximum demand forces

For Concrete Girder

Cracking

greater than 0.3mm and its spacing
smaller than 500mm

Rebar exposure

greater than 50 cm? exposed and corroded

For Concrete Deck Slab

Cracking

greater than 0.3mm, 2 directions,
and its spacing smaller than 500mm

Rebar exposure

greater than 50 cm? exposed and corroded

For Steel Girder

Corrosion

greater than 10% section loss
stratified rust with pitting of metal surface

Damage evaluation method is as follows:

Concrete

Cracking
due to Moment

Not consider concrete section loss of tension fiber

Consider only by rebar exposure of tension fiber

Consider by reduction factor (®) according to shear crack

depth (Cw)

as mentioned below
Cw=>0.5b applying ®=1.0
then Shear resistance due to Concrete Vc =0
Cw<0.5b then®=Cw/b
then Shear resistance due to Concrete Vc

For example, b = 400mm and shear crack depth 150mm
Vc* = (1-150 / 400 ) x Vc = 0.625 Vc

Shear crack depth

Girder and de:er?glgrr:gar
Deck Slab
Shear crack
Section loss of main Rebar (%) based on exposed Area
Rebar Exposure - -
Section loss of stirrups (%) based on exposed Area
Steel . Actual section loss should be applied to steel girder dimension,
. Corrosion . . N :
Girder and then calculate section properties considering section loss

Figure 5.3-1 Damage Evaluation in this Program
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B. DEMAND FORCES

BO. INPUT

Girder width bw(m) 0.400

Girder Web height h (m) 0.600

FOR Fillet/Haunch width wf(m) 0.100

DEAD Fillet/Haunch height hf(m) 0.100

LOAD Slab thickness ts (m) 0.180

Slab width ws (m) 2.400

Length of Midspan L(m) 10.400

B1. DEAD LOAD CALCULATIONS
Self-weight of Girder 5.760
Fillet/Haunch 0.240
Uniform Load per meter of Girder (kN/m) slab Weight Continuous e
Barrier Rail 1.800
Asphalt Overlay 2.640
Total 20.810
Moment (kN-m/m) Mol 281.4
Dead Load

Shear (kN) VoL 108.2

B2. LIVE-LOAD CALCULATIONS

LIVE-LOAD Type MS18(HS29)
Number of live load wheel line 1.312

INPUT FOR LIVE LOAD
Impact factor 0.300
span 10.400

) without Impact | M. 236.5

Max. MS18 moment for 10.40m span /wheel line -

with Impact Mu 403.5
Max. MS18 shear at a distance "d" without Impact | V. | 117.7
from the support/wheel line with Impact Vi 200.7

Figure 5.3-2 Sample Procedure Sheet in the User’s Manual
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In this Appendix, inspection points for damage-prone members are presented. The
focus of these inspection items are members or elements of the bridge structure
where stresses are concentrated and are easily damaged compared to other
members.

The following Inspection Points are classified by structure and by damage types.

A. Bridge Inspection by Structure (Member) Type

=

Steel | - Girder
Steel Box Girder
Steel Deck Plate
RC Deck Slab

PC and RC Girder
Abutment

Steel Pier

RC Pier

Bearing Shoe

© ©® N A WDN

10. Expansion Joint

B. Bridge Inspection by Damage Type

11. Steel Crack Due to Fatigue

12. Deformation

13. Corrosion, Loosening and Missing Bolts

14. Painting Deterioration

15. Corrosion

16. Concrete Cracks Due to External Forces, Etc.
17. Concrete Cracks Due to Construction Method
18. Concrete Crack Due to Environment, Etc.
19. Concrete Crack Due to Material Quality

20. Splitting, Exposed Concrete Reinforcing Bar
21. Honey Comb, Concrete Cavity
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BRIDGE INSPECTION POINTS BY STRUCTURE TYPE

STRUCTURE TYPE @ Steel I-Girder

INSPECTION
POINTS

corrosion

= Deformation of main girder = Deformation of secondary member
= Crack at welded portion = Water at girder end
- Discoloration of painting and = Abnormality around bearing shoe bed

= Defects of bolt (Loosening, Lost, Corrosion)

Deformation of secondary
member

Corrosion of web,

Crack at welded portion flange, bolt

of attached sole plate Damage of bearing

cantilever span

Sample : Corl
Crack at hinge joint of

. .-“ ‘-_47“'4.,, a . o ¢

Sample : Loosening of bolt

L

Crack of lower flange Sample : Corrosion of bearing shoe

Manual for Load Rating Bridges, 39 Ed.
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BRIDGE INSPECTION POINTS BY STRUCTURE TYPE

STRUCTURE TYPE @ Steel Box Girder

= Deformation of main girder = Defects of bolt
INSPECTION = Crack at welded portion between

= Deformation of girder end
main girder and cross beam - Water at girder end
POINTS

= Damages by animals, birds, or insects
= Damages by trespassers/intruders

= Discoloration of painting and corrosion

= Abnormality of bearing shoe bed

Different deflections among
main girders

Loosening and lost bolt

Crack at web of vertical -l T
stiffener end 2
Crack at diaphragm

Crack at hinge joint
of cantilever span

Crack at end of lateral stiffener

Crack at welded portion between

longitudinal rib and lateral rib and nearby
areas

Crack of web at flange corner of cross beam

84
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BRIDGE INSPECTION POINTS BY STRUCTURE TYPE

STRUCTURE TYPE @ Steel Deck Plate

= Partial deformation of Deck Plate = Water at end of girder
INSPECTION ) o ) = Loosening of bolt
POINTS = Welded cracking of longitudinal & lateral rib Abnormality around bearing shoe bed
= Discoloration, peeling of painting & = Damage of pavement/wearing
corrosion at bottom of deck slab and ribs surface

Lateral Rib Pavement

Longitudinal Rib

Longitudinal cracks

P
P - =1
: ,,_RMain
Pavement/Wearing > e Girder
surface _ _ o ‘Longitudinal
Erection piece removed s Lateral iy
by gas cutting < Rib

\
l‘,l

[

£
53

b=

55

oty
Bortd

X

\ —
Crack Painting damage
Crack
| U /(*’ JJ Sample : Crack
Crack
Crack .éPlate Deck

—

! . |
Longitudinal Rib
Lateral Rib A‘

Sample : Corrosion at bottom of deck slab
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BRIDGE INSPECTION POINTS BY STRUCTURE TYPE

STRUCTURE TYPE @ RC Deck Slab

= Crack at end of slab, Free Lime, Splitting
INSPECTION

POINTS = Crack at bottom of Slab

= Damage at Plate Connection

= Damage at Curb

Efflorescence

Crack, Splitting at end of Slab,
Bottom of Slab, outside of curb

i

Sample : Splitting, Exposed Reinforcement
Water leakage

Paint peeling/Corrosion

= Damage of Cantilever of Deck slab

Sample : Crack at Curb

Damage of drip portion
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CORROSION OF STEEL PLATE

CAUSE OF CRACK PATTERN AT THE BOTTOM OF RC DECK SLAB

PATTERN ILLUSTRATION SAMPLE OF CRACK DAMAGE CAUSE
- LACK OF
CRACK AT DISTRIBUTION
TRANSVERSE BAR
DIRECTION = DRYING
(ONE-WAY) SHRINKAGE
« FATIGUE
(INITIAL
— MAIN GIRDER CONDITION)
HAUNCH
//_ - LACK OF
CRACK AT RIGIDITY OF
TRANSVERSE MAIN GIRDER
DIRECTION
(ONE-WAY) £ - FATIGUE
Z\' - (PROGRESS
MAIN GIRDER CONDITION)
HAUNCH - DIFFERENT
CRACK AT 77 ; RIGIDITY OF
LONGITUDINAL C’,Eﬁf,i = GIRDERS
i
DIRECTION BOoT SLAB e SETTLEMENT
(ONE-WAY) OF BEARING,
SUBSTRUC-
MAIN GIRDER TURE
- LACK OF
/——HAUNCH SLAB
CRACK AT -
g V THICKNESS
LONGITUDINAL T - TURTLE BACK
AND TRANSVERSE . CRACK FOR
DIRECTIONS %, / TWO WAY
(TWO-WAY) L - FATIGUE
MAIN GIRDER (NEAR FINAL
CONDITION)
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BRIDGE INSPECTION POINTS BY STRUCTURE TYPE

STRUCTURE TYPE @ PC and RC Girder

= Girder (Center span, 1/4 span, End of = Construction joint
INSPECTION girder, Interior support of continuous girder) - Around bearing
POINTS = Point of change in cross section - Anchorage
= Excessive deflection/sagging « Others

(1) Center of Span

= Location of max bending moment, crack prone location

(2) ¥ of Span Length

= This section is prone to crack under the following circumstances: (a) bent-up of reinforcing bars,

(b) differential settlement, (c) poor fit of bearing shoe, (d) temperature change, etc. and for PC
Continuous girder , (e) lower and anchorage zone.

(3) Interior Support of Continuous Girder
= Location of negative maximum bending moment is prone to cracking
(4) End portion of Girder
= Damage prone location due to movement restriction of man girder, impact, etc.

(5) Around Bearing Shoe

= Damage prone location due to reaction of bearing shoe, horizontal forces of earthquake and
temperature change.

(6) Point of change in cross section

= Crack prone location due to stress concentration on sudden change of cross section.

L

PC anchor
L/2
Longitu*jinal cracks
|
[

T~ ol 0104 2000 00:03

Sample : Crack at Center Span Sample : Crack at End Portion of Girder
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Elevation of Girder (Continuous Girder)
@ INTERIOR SUPPORT

B e

—_—e i §

AROUND BEARING SHOE INTERIOR SUPPORT

(7) HINGE OF CANTILEVER BRIDGE
Crack prone location due to stress concentration at
Sudden change in cross-section

Elevation of Girder (Cantilever Girder)

B e
1

i

|
I "
|

=5
1 i I

@ HINGE JOINT

SEEEEE, SR 1 8

(8) CONSTRUCTION JOINT

\, T

r

|

I

[

]

CRACK AT |
CONSTRUCTION | 1
|

1

|

|

JOINT

Sample : Crack

(9) JOINT OF CONCRETE BLOCK
Crack prone location for the case of block erection
Method (under Segmental Construction Method)

T 3

N@ JOINT OF CONCRETE BLOCK

- -t} -

e EREROT 5 SRS

(10) OTHERS

= Splitting and lifting at outside of curb, PC anchor (Post-tensioned)
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BRIDGE INSPECTION POINTS BY STRUCTURE TYPE

STRUCTURE TYPE @ Abutment
INSPECTION = Cracks o = Deformation by soil pressgre .
POINTS = Construction joints = Damage of slope protection, erosion
= Concrete surface (honeycomb) = Vegetation, soil deposit around bearing shoes
= Water leakage « Settlement, wall rotation
DAMAGE - PRONE LOCATION
(1) Crack
Location Crack Pattern Cause to be Considered

® Regular Crack

« Drying shrinkage at construction joint
= Differential settlement

Surface of

@ Crack at construction joint

Drying shrinkage at construction joint

Abutment| @ crack around area of reduction
in reinforcement

= Less reinforcement

Horizontal force due to earthquake

@ Crack with turtle back/web

pattern

= Alkali-aggregate reaction

Drying shrinkage due to less reinforcing bar

« Poor Construction

Bottom of

Shoe

Bearing ® Crack around bearing shoe

< Increase in load

Less reinforcing bar
Horizontal force due to earthquake

o | ol
) @ — @
S.WwE®
e |o
i

CRACK PATTERN OF ABUTMENT

Sample : Crack around Bearing shoe
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(2) Water Leak, Water Ponding

(3) Settlement, Inclination, Movement

Settlement : Foundation and bearing shoe.

= Settlement of foundation should be
observed from road surface.

Inclination Movement: Foundation and bearing

shoe

Inclination of abutment due to
lateral movement and differential
settlement

= Foundation :

= Bearing Shoe : Abnormal inclination due to
earthquake

Swelling of ground

surface \

‘ Settlement

J/i//plow

Soft Strata

Bearing Strata

Lateral Movement of Abutment

= Water leak from damage of expansion joint, drainage facility

Sample : Water Leak

(4) Others

Soil deposit,

/ Vegetation growth

Erosion

damage

Sample : Inclination abutment

Slope protection

Manual for Load Rating Bridges, 39 Ed.
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BRIDGE INSPECTION POINTS BY STRUCTURE TYPE

STRUCTURE TYPE @ Steel Pier

= Inclination of column, deflection of beam. = Abnormality at bearing shoe.
INSPECTION

POINTS = Weld-cracking at connection of diaphragm. < Weld-cracking at corner.

= Splitting of painting and corrosion. = Water ponding at end portion.

= Efflorescence from deck slab

= Corrosion, paint peeling

= Water pool

Crack at location of

vertical rib penetration
Water from manhole

Deformation of bearing shoe

Cracks at end portion of vertical
web

_ = Corner of flange crack
= Crack of web

S s Crack at end portion of vertical
L Crack at ~JL— member

stiffeners Loosening of rivet, bolt

Crack atlocation of ~™__ | "
vertical rib penetration I

Sample : Corrosion Sample : Missing Bolt
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BRIDGE INSPECTION POINTS BY STRUCTURE TYPE

STRUCTURE TYPE RC Pier

INSPECTION POINTS | = Crack = Settlement/Inclination e Scouring

INSPECTION Close-up Visual Inspection, Measurement by Crack Scale, Photograph, Video,
METHOD Measurement by Plumb, Level, etc.
(1) Crack DAMAGE - PRONE LOCATION
Location Crack Pattern Cause to be Considered

Increase in load = Settlement of support

® Crack at top surface
Early form removal

@ Crack at top surface of pier
center

Shrinkage

Hammer- | ® Crack at bottom surface of
Head Pier cantilever

Inadequate construction treatment at construction joint
Shrinkage

Crack in transverse direction of Inadequate construction method at construction joint

construction joint = Shrinkage
@ Crack with turtle back/web = Alkali-aggregate reaction
= Shrinkage

pattern

Inadequate construction method

Increase in load = Settlement of support

® Crack at top surface of cantilever
Early form removal

Inadequate construction method at construction joint
Shrinkaae

@ Crack at top of column, end
portion of haunch

® Crack at whole column Lack of reinforcing bar for shearing force due to

Rigid earthquake
Frame ® Crack at top of column, end « Stress concentration
Pier portion of haunch
@ Crack at bottom surface of beam| « Increase in load = Settlement of support
center = Early from removal
@ Crack with turtle back/web - Alkali-aggregate reaction = Drying shrinkage
pattern - Inadequate construction method
Bearing = Increase in load
Shoe ® Crack around bearing shoe bed | « |ack of reinforcing bar
Bed = Horizontal force by earthquake
®||
®
& 0 4
@
@ —
®
Crack of Hammer Head Pier Crack of Rigid Frame

SAN JOSE

Sample : Crack of Cantilever portion Sample : Crack of Pier
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@

Cracks of Pier Top Sample : Cracks at bearing shoe bed

(1) Cracks Due to Increase in Load of Superstructure.

= Hammer head pier : cracks occur at top of cantilever arm.

= Rigid frame pier : cracks occur at the bottom of frame center span and top of cantilever joint

Main reinforcement of
beam

Main reinforcement

< Hammer Head Pier

= Rigid Frame Pier

(2) Cracks Due to earthquake.
The location of damage occurring under earthquake are:

e Bottom end of column, and
= Section with change in reinforcement.

Seismic force Seismic force

Seismic force .7_,,£, Seismic force ="
I

Section with change
in reinforcement

< Section with change
in reinforcement

« Bottom end of
column

= Crack at Pier = Crack at Rigid Frame

Bottom end of column

(3) Cracks Due to settlement of foundation for rigid frame pier.

= For rigid frame piers with isolated foundation, cracks occur at the joint corners due to relative
settlement of adjacent footing.

@Settlement

Cracks Due to Settlement of Foundation

94
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(2) Settlement, Inclination

= When driving piles on soft, unconsolidated soil layer to bearing strata, the possibility of negative skin
friction around the pie shaft occurs due to ground settlement, decrease in groundwater (pore water
pressure) and increase in load. This negative skin friction leads to damages on the pile foundation

= For the case of spread foundation with soft soil layer below the bearing strata, foundation inclination
may occur accompanying soft layer settlement.

38

1
M

L] Li]
Settlement 1—7 sl
Sand strata
i dv—
[P ;l IH
| .‘||

Negative Friction —» L

i
= I

o

I | | . -
‘ [ Damage of pile -Soft clay strata——

Sand gravel strata

Damage of Pile and Settlement due to Settlement and Inclination due to Location

Negative Friction of Clay under Bearing Strata

* Negative Skin Friction

Negative skin friction ( skin friction acting downward) around the pile shaft occurs under ground
Settlement/consolidation. Such negative skin friction causes additional pile body force that could

damage or break the pile body or pile tip.

(3) Scouring

= Scouring often occurs during flood. For spread foundation, the cavity under the footing formed by bed
scouring could cause pier settlement and deformation. Flood water pressure could cause overturning
of such scoured pier, followed by structure collapse. After the flood, the cavity can be filled up again

by sedimentation of river bed.

(b) Unstable

Spread Foundation and Scouring

Manual for Load Rating of Bridges, 39 Ed.
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BRIDGE INSPECTION POINTS BY STRUCTURE TYPE

STRUCTURE TYPE (9) Bearing Shoe

Bearing Shoe = Damage of mortar bed / base « Cracks
Bed / Base = Damage of substructure around bearing shoe
Anchor Bolt = Pull-out of bolt

= Damaged

= Loosened bolt = Corrosion
INSPECTION Set Bolt - Damaged - Loosened nut
POINTS ;

= Damaged side block = Fallen-off roller
Bearing Shoe | = Pin and roller damage = Corrosion

= Settlement and eccentricity e Movement

Abnormality of expansion and rotation due to:
Movement of - Temperature change
Bearing Shoe = Creep and shrinkage

= Deflection

(1) Bearing Shoe Bed Damage

= Crack, damage at bearing shoe bed = Damage of structure at bearing shoe bed

Sample : Damage of Pier Top

Sample : Corrosion of Anchor Bolt Sample : Bending of Anchor Bolt
(3) Set Bolt Damage
o4

167 foz

Sample : Loosening of Bolt
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(4) Bearing Shoe Condition

= Damage of side block of bearing shoe

Sample : Damage of side block

= Damage of Pin, Roller

Sample : Corrosion of Pin

= Settlement and Eccentricity of bearing Shoe

Sample : Settlement of bearing shoe

(5) Bearing Movement

Sample : Damage of side block

Sample : Falling of Roller

Sample : Eccentricity of bearing shoe

Contact
Sample : Contact at Stopper of Sample : Contact at Pin
movement bearing
Manual for Load Rating of Bridges, 39 Ed. 97
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BRIDGE INSPECTION POINTS BY STRUCTURE TYPE

STRUCTURE TYPE @ Expansion Joint

= Damage of Expansion Joint = Abnormality of laying gap of Expansion Joint
INSPECTION )
POINTS = Water Leak < Noise
= Faulting

(1) Damage of Expansion Joint (E.J)

= Damage prone location at Expansion Joint is at welded portion
of face plate and web. Sometimes, the face plate is lifted-up
causing damage to the fingers

= Rubber Expansion Joints sometimes fall-off under repeated
traffic loading due to damage on the rubber Expansion Joint
body and its attachment

S 3
Sample : Damage of face plate of Sample : Damage of Expansion Joint
Expansion Joint

(2) Difference of Level (Faulting)

= Faulting of Expansion Joint causes fracture and tilting of
face plates and rubber face

= Faulting causes abnormal noise on the Expansion Joint.

Sample : Difference of Level

(3) Abnormality of Laying Gap at Expansion Joint (4) Water Leak

= Water Leak occurs due to
- Fracture of rubber joint type Expansion Joint.
- Mud at drain pipe of steel type Expansion
Joint
- Damage of seal material and backing
materials

= Stresses on main girders occur due to narrow laying
gap on Expansion Joint. On the other hand, bigger
impact force under large scale vehicles occur duet
to wide laying gap of Expansion Joint.

Sample : Abnormality of Laying Gap Sample : Drain Pipe Filled with mud
at Expansion Joint

o8 Manual for Load Rating of Bridges, 3 Ed.

DPWH




BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Steel Crack Due To Fatigue

INSPECTION

METHOD Close-up Visual Inspection, Inspection by Test Hammer

= Crack occurs due to repeated and excessive stress at points of stress concentration. Inspection should
be conducted at stress concentration prone areas, points of change in cross-section, notch portion, hole
of bolt, collision portion, etc.

= Heavy crack can be recognized by visual inspection. Initial indicators of cracks are rust with fine line and
splitting of paint fiim. Initial cracks can be confirmed by penetrant test, etc.

CRACK PRONE LOCATION

- Top Flange of Main Girder

-Crack

E_._’L—-—_-_:_——:‘r'_r_-______-____
’\YUpper flange of

\ Cross Beam

Web of Cross Beam

Web of Main
Girder

L . Sample : Crack 1
Main Girder and Cross Beam Connection

“Top Flange

Web of Main Girder

Vertical Stiffener

Main Girder and Sway Bracing Connection

Crack
weld] /

Crack|ng "’—‘ﬁ—

Notch Portion

Gusset Plate
Sample : Crack 3
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BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Deformation

INSPECTION

METHOD Close-up Visual Inspection

to local stress concentration under vehicle collision and repeated stress.

= Deformation of main girder, steel members, railings, fence, etc. occurs at the buckling of members due

DAMAGE PRONE LOCATION

Samples of deformation including deformation of railing, fence, bearing shoe and

and steel members are shown below.

Deformation of

concrete at bearing o
shoe bed web at main girder

Deformation of

Sample : Deformation of railing Sample : Deformation of fence

Sample : Damage of bearing shoe bed Sample : Deformation of lateral bracing
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BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Corrosion, Loosening and Missing Bolt

INSPECTION
METHOD

Close-up Visual Inspection, Inspection by Test Hammer, Measurement by Torque Wrench.

= Bolt and rivet damage includes corrosion, loosening, missing, etc. The location of damage, cause of damage,
influence of damage should be marked and indicated.

= Bolts at girder end and lower flange connection where water usually stays deteriorates and corrodes heavily.
Stress corrosion and cracks at bolt holes should be marked in these areas.

= Loosening of bolts by vibration is usually observed at secondary member due to lack of fastening force or void
space between member.

= Delayed fracture of high tension bolt that occurs suddenly for F11T or stronger bolt is called brittle failure. Thisis
due to stress concentration caused by damage on the bolt, fatigue crack, corrosion pit, etc. Therefore, we have
to confirm if the boltis F11T or higher from the as-built drawings.

DAMAGE - PRONE LOCATION
The following damages are illustrated below:

= Corrosion due to rain water
= Loosening due to vibration
= Missing high strength bolts due to delayed fracture
= Loosening due to corrosion

Loosening due to
corrosion

Missing of bolt at sway
bracing

Secondary member vibration
Corroded bolts

Missing bolt at connected
portion of main girder

Sample : Missing of Bolt

Delayed fracture of F11T bolt

Box Girder
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BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Painting Deterioration

INSPECTION
METHOD Close-up Visual Inspection, Distance Visual Inspection.

= Steel bridge painting normally deteriorates gradually, thus losing its rust-protection ability. Under this condition,
the member is susceptible to progressive corrosion. However, painting deterioration does not progress uniformly
over the whole bridge. Part of the member paint will peel-off, chalking and cracking will then occur until rust
develop

= Discoloration of the painting top coat sometimes spoils the bridge aesthetics.

DAMAGE - PRONE LOCATION

Sample : Deterioration of painting 1 Sample : Deterioration of painting 2

BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Corrosion

INSPECTION Close-up Visual Inspection, Distance Visual Inspection, Measurement by Caliper.
METHOD

= Corrosion reduces the cross-sectional area and the member strength which causes crack and member deformation

= Corrosion occurs when the member is exposed to dew, water leak, sea salt particle, sulfur dioxide, etc.
= Corrosion in industrial areas and those along seashore are relatively faster due to presence of sulfur dioxide and sea salt particle

DAMAGE - PRONE LOCATION

- Girder end with water leak, accumulation of mud, around bearing shoe, connection with poor ventilation,
dew-prone lower flange, sea salt particle attachment without rainfall, etc.

Sample : Corrosion 1

Corrosion of HT bolts/rivets should be checked.
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BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Concrete Cracks Due to External Forces, Etc.

INSPECTION

Close-up Visual Inspection, Measurement by Crack Scale, Photograph, Video, etc.
METHOD

CAUSE AND PATTERN OF CRACK

(1) Dynamic load and short-term load

= The figure shown below shows crack
due to horizontal force of earthquake.

Sample : Crack due to rebar corrosion

(2) Lack of cross section and quantity of reinforcing bars.

* Crack shown below sometimes occur due to lack of distribution bar.

(3) Differential settlement of structures

= The figure shown below illustrates cracks occurring due to differential settlement for statically
indeterminate structures.

i

@ Settlement

Manual for Load Rating of Bridges, 39 Ed.
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(4) Continuous Load, Long Term Load, Dynamic Load and Short Term Load, Over Design Load

RC Girder: Crack due to external force

@ Crack by bending moment

@ Crack by shearing force

@ Oblique crack at bearing shoe bed of abutment

Sample : Crack 3

NOTE:

Cracks like @ and @

normally causes sag of
girder.

Sample : Crack 1

(5) Continuous Load, Long Term Load, Dynamic Load and Short Term Load, Over Design Load
PC Girder: Crack due to external force
@ Crack by bending moment
@ Crack by shearing force

@ Excessive partial stress at support

@ Lack of prestressing, influence of settlement at support

@

' —H—[ T
| _ﬁ @ ® ).! f E]
Sk
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BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Concrete Crack due to Construction Method

INSPECTION

METHOD Close-up Visual Inspection, Measurement by Crack Scale, Photograph, Video, etc.

CAUSE AND PATTERN OF CRACK

(1) Insufficient Compaction

(2) Inadequate Treatment of Construction Joint

= Cold joint occurs

Sample : Crack

(3) Swelling of Form - (Form deformation) (4) Settlement of Support During Concreting

PC GIRDER : Crack at construction stage due to drying shrinkage

@ Combined temperature change and drying shrinkage at box girder with big cross section

@ Just after prestressing
@ Crack along sheath

@ Crack by bearing stress at anchorage zone \

A ﬂ.F

Manual for Load Rating of Bridges, 3 Ed. 105
DPWH



BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Concrete Crack due to Environment, etc.

INSPECTION

METHOD Close-up Visual Inspection, Measurement by Crack Scale, Photograph, Video, etc.

CAUSE AND PATTERN OF CRACK

(1) Chemical Action of Acid-Salinity

= Crack occurs at the location of reinforcing bars due to attack
on concrete surface causing partial splitting of concrete

= Rust of exposed reinforcing bar is a characteristic of this
occurrence.

-

Sample : Crack

(3) Rust of Reinforcing Bar Due to Neutralization and Chloride Intrusion

= Under this condition crack occurs along reinforcing bar, followed
by flowing-out of rust on the crack making the concrete surface
dirty

In case of remarkable corrosion of reinforcing bars, the concrete
partially splits.

-M.
| Erd
e
—-\_},\_

A

Sample : Crack
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BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Concrete Crack Due to Material Quality

INSPECTION

Close-up Visual Inspection, Measurement by Crack Scale, Photograph, Video, etc.
METHOD b P y grap

CAUSE AND PATTERN OF CRACK

(1) Crack due to mud in aggregate

Irregular pattern crack occurs with concrete drying.

(2) Crack due to alkali-aggregate reaction

= Crack occurs parallel with member direction
at column, beam. Sample : Crack due to mud in aggregate

e Crack occursin all direction
at wall and retaining wall.

4

\QQ)
o “/&
L 1
%

(3) Crack due to settlement
» Crack occurs at top surface along reinforcing
bar 1~2 hours after concreting

Sample : Crack due to alkali - aggregate reaction

(4) Heat of hydration in cement
= Crack occurs at footing beam with massive cross-section

Reinforcing bar of more than 80 cm on one side and thick underground

wall.

(5) R.C. Girder : Crack due to drying K

shrinkage

| I { L L] I ] [

= Sample at cantilever of deck slab D
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BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Concrete Splitting, Exposed Reinforcing Bar

INSPECTION Close-up Visual Inspection, Distance Visual Inspection, Inspection by Test Hammer,
METHOD Photograph, Video, etc.

= Concrete splits and lifts when reinforcing bar and concrete separate

= Splitting and spalling occur with crack progressing on the member. The influence of cracks to bridge is
different depending on location which will become the basis of the index of crack rating.

= Modification of concrete work methodology during construction stage causes cracking .

= When inspecting spalling of concrete, there is possibility of concrete falling down.

SAMPLE OF DAMAGE : SPLITTING AND EXPOSED REINFORCING BAR

= Top and bottom deck slab,
railing and outside of curb
made of concrete

Bottom Surface of
Deck Slab

Drip Portion of deck Slab

Bottom Surface of Deck Slab

Out Side of Curb Bottom Surface of Cantilever
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BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Honey Comb, Cavity in Concrete

INSPECTION

METHOD Close-up Visual Inspection, Distance Visual Inspection, Photograph, Video, etc.

= Mainly insufficient concrete work (hot weather concrete, compaction, etc.);
Inadequate composition

'

Sample : Bottom Surface of Concrete Girder Sample : Bottom of Railing

RIS e
HOMEYOOME oF Bve
PLPHESEM (B 480 a7
BET G- 4 8
HOTE . TTRICAL PEE ALL il
Gk R AG F W &

BRIDGE INSPECTION POINTS BY DAMAGE TYPE

DAMAGE TYPE @ Efflorescence of Concrete

INSPECTION

Close-up Visual Inspection, Distance Visual Inspection, Photograph, Video, etc.
METHOD P P P grap

= When construction is not properly done, including poor compaction and inferior joints, concrete cracks

causing water to penetrate and react with concrete cement producing efflorescence spot at the surface
of concrete.

= Efflorescence can indicate the index rating of crack occurring at different crack locations

DAMAGE - PRONE LOCATION

= It should be noted that efflorescence cannot occur without water and can be commonly observed on construction
joints and girder ends. It is thus important to recognize that the source of efflorescence could be by water leak,
ponding and crack.

Sample : Pier Sample : Bottom Surface of Deck Slab
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This Section presents the following examples of load rating calculations according to
the Computer-based Program on Load Rating:

Page
U Example 1: Reinforced Concrete Flat Slab Bridge ------------ 115
Example 1-1: Simple 116
Computer based calculation 116
Manual calculation 127
Example 1-2: Continuous 134
Computer based calculation 134
Manual calculation 145
U Example 2: Reinforced Concrete Deck Girder Bridge ------- 155
Example 2-1: Simple 156
Computer based calculation 156
Manual calculation 167
Example 2-2: Continuous 176
Computer based calculation 176
Manual calculation 187

U Example 3: Pre-stressed Concrete Deck Girder Bridge ------ 199

Example 3-1: Simple 200
Computer based calculation 200

Manual calculation 212

Example 3-2: Continuous 222
Computer based calculation 222

Manual calculation 234

O Example 4: Steel | - Girder Bridge 249
Example 4-1: Simple 250
Computer based calculation 250

Manual calculation 257

Example 4-2: Continuous 264
Computer based calculation 264

Manual calculation 271

O Example 5: Reinforced Concrete Deck Slab -------------------- 279
Computer based calculation 280

Manual calculation 286
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Load Factor Method (LFM) and Allowable Stress Method (ASM) to be used on above
examples of load rating and load posting calculations are the followings.

Load Rating Load Posting
Examples
LFM ASM LFM ASM

Reinforced Concrete Simple O O O O
Flat Slab Bridge (RCFS) | continuous O O O O
Reinforced Concrete Simple O O O O
Deck Girder Bridge
(RCDG) Continuous O O O O
Pre-stressed Concrete Simple O O O O
Deck Girder Bridge
(PCDG) Continuous O O O O
Steel | - Girder Bridge Simple O O
(SIG) Continuous O O
Reinforced Concrete O O
Deck Slab (RCDECK)

Note: For Pre-stressed Concrete Deck Girder Bridge, LFM is used only under Strength
Limit State, on the other hand, ASM is used only under Serviceability Limit State.
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EXAMPLE 1

REINFORCED CONCRETE FLAT
SLAB BRIDGE

Example 1-1: Simple

Example 1-2: Continuous
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RCFS SIMPLE Computer Based Calculation

RCFS SIMPLE

A. GENERAL BACK TO MENU

Al. BRIDGE DESCRIPTION

Bridge Location ' REGION vi |
Bridge Name
Bridge Simple or Continuous Simple
Type Number of Span 1
Bridge of Width (curb to curb) (m) 7.32
Number of Lanes 2
Bridge Length (m) 8.000 | | | | =8.000m
Year Built 1958
Structure Superstructure Reinforced Concrete Slab
Substructure Wall Type RC Piers and RC Cantilever Abutments
Wearing | thickness (mm) 50
Course material Asphalt
Material Properties fe= 69 Mpa fs= 137.9 _IMpa
f'c= 17.2 Mpa fy=| 2758 |Mpa
Weight of barrier rail Whbr = 18.5 |KN/m
Assumption Concrete Unit Weight Wu = 240  KN/m®
Asphalt Unit Weight Wa = 220  KN/m®
Others Rating Live Load is AASHTO MS18 (HS20-44)
NEXT
. Year of , fc or fs
Material Constfruction feorfy Inventory | Operating Posting
Prior to 1959 17.2 6.9 10.3 6.9
after 1959 20.7 8.3 13.1 8.3
concrete o7 to 1981 27.6 11.0 16.5 110 |*pc
after 1981 31.0 12.4 18.6 124 *oc
Prior to 1954 227.5 124.1 172.4 124.1
after 1954 275.8 137.9 193.1 137.9
Rebar
Grade 50 344.7 137.9 224.1 137.9  |*pC
Grade 60 413.7 165.5 248.2 165.5 [*pC
RCFS SIMPLE

Sheet 1: GENERAL
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A2. BRIDGE LAYOUT AND DIMENSION

0.45

BRIDGE ELEVATION

9.54m

7.32m

8.54m

DECK SECTION

BRIDGE LAYOUT AND DIMENSION

Overall width (m) 9.540

Carriageway Width (m) 7.320

Slab width bw(m) 8.540

Slab thickness h (m) 0.450

Span Length L(m) 8.000
117

NEXT

RCFS SIMPLE
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B. DEMAND FORCES

118

BO. INPUT
FOR Slab width bw(m) 8.540
DEAD | Slab thickness h (m) 0.450
LOAD | Span Length L(m) 8.000
B1. DEAD LOAD CALCULATIONS
Self-weight of Slab 10.800
Uniform Load per meter of Girder (KN/m) Barrier Rai 20108
Asphalt Overlay 0.943
Total 14.450
Dead Load Moment (KN-m/m) MpL 115.60
ead Loa
Shear (KN) Voo 57.80
B2. LIVE-LOAD CALCULATIONS
LIVE-LOAD Type MS18(HS20)
Number of live load wheel line 0.589 INPUT FOR LIVE LOAD
Impact factor 0.300
span 8.000
. |without Impact M, 154.84
Max.MS1 t for 8. heel |
ax.MS18 moment for 8.00m span /wheel line with Impact My, 118.48
Max.MS18 shear at a distance "d" without Impact Vi 105.59
from the support/wheel line with Impact Vi 80.78
NEXT
RCFS SIMPLE
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C. LOAD RATING BY LOAD FACTOR METHOD (LFM)

L 1.00 m Segment

n
Total area of Rebar
0.45 ) 328 mm @ Nos of Rebar 10
/- Dia. (mm) 28
S 1yb As(mm2) 6158
> 3-28 mm @ yb (mm) 61
4-28mm @
TYPICAL SLAB
REINFORCEMENT
C1. CAPACITY CALCULATIONS
C1. INPUT
(1) Common Input Data
Allowable Stress fc 6.9
. . Concrete
Material Properties Strength f'c 17.2
(Mpa) Allowable Stress fs 137.9
Rebar
Strength fy 275.8
(2) Input Data for Moment Capacity
Total Area of Steel As(mm?) ‘ 10 x ( 28mm rebar ) 6158
Section Loss (%) 10
Total Assumed Area of Steel As(mm?2) 5542
Centroid of rebars from bottom of deck , d (mm) 61
Cenfroid of rebars from fop of deck , d (mm) 389
Effective width of deck , b (mm) 1000
Ultimate capacity factor (Uf) 0.90
C1. MOMENT CAPACITY AT MIDSPAN
Rectangular stress block depth a (mm) 105.0
The Moment Capacity Mu (kN-m) 462.9
NEXT
RCFS SIMPLE
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C2. LOAD RATING CALCULATIONS

C2.1 INPUT

Load factor for dead load 1.3
Load factor for live load Inven’rgry 2.17

Operating 1.3
Moment Ultimate Capacity at Midspan (kN-m) 462.92
Dead Load Moment at Midspan (kN-m) 115.60
Live Load Moment at Midspan (kN-m) 118.46
Rating Live Load (Tons) 33.0

C2.2 CALCULATIONS OF RATING FACTOR AND LOAD RATING ~ Refing  Load

Factor Rating
Rating Factor and Load Rating |Moment ( Midspan ) Clg]g:r:ﬁ;éRch;i:wgg ;éi 2252

Depend on the minimum value of Rating Factor > 1 or <1,
instruction is automatically shown below

Return to GENERAL

Click following the above instruction

Return to GENERAL

LOAD POSTING

RCFS SIMPLE
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D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
(1) POSTING VEHICLE Type 1-1
LIVE-LOAD Type Typel-1
Number of live load wheel line 0.589
Impact factor 0.300
span 8.00
. without Impact My 133.60
Type 1-1 moment for 8.00m span /wheel line with Impact My, 10221
Type 1-1 shear at a distance "d" without Impact A 74.60
from the support/wheel line with Impact \n 57.07
(2) POSTING VEHICLE Type 1-2
LIVE-LOAD Type [ Typel-2
. without Impact M, 153.79
Type 1-2 moment for 8.00m span /wheel line with Impact My, 117 68
Type 1-2 shear at a distance "d" without Impact Vi 94.94
from the support/wheel line with Impact \n 72.64
(3) POSTING VEHICLE Type 12-2
LIVE-LOAD Type [ Type12-2
- V] .
Type 12-2 moment for 8.00m span /wheel line x:::olri!;ngOd MLLL 1?;;2
Type 12-2 shear at a distance "d" without Impact Vi 85.28
from the support/wheel line with Impact Vi 65.24
NEXT
RCFS SIMPLE
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D2. POSTING RATING CALCULATIONS

D2.1 INPUT
Load factor for dead load 1.3
Load factor for live load Inventgw 217
Operating 1.3
Moment
Moment Ultimate Capacity 462.92
Dead Load 115.60
Vehicle
Moment Weight
MS18 118.46 33.0
Live Load Moment at Midspan (kN-m) [Type 1-1 102.21 17.0
Live Load Shear at Support (KN) Type 1-2 117.66 27.0
Type 12-2 110.88 38.0

D2.2 LOAD POSTING RATING FACTOR CALCULATIONS BY LFM

Venhicle Inventory Rating Operating Rating .
. . Posting
Vehicle | Weight .
. Moment Moment (Metric
Type (Metric
Tons)
Tons) RF LR RF LR
MS18 33.0 1.22 40.1 2.03 67.0 33
Type 1-1 17.0 1.41 24.0 2.35 40.0 17
Type 1-2 27.0 1.22 33.1 2.04 55.2 27
Type 12-2| 38.0 1.30 49.4 2.17 82.4 38
NEXT
RCFS SIMPLE
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E. Load Rating by Allowable Stress Method

E1l. MOMENT AND SHEAR CAPACITY CALCULATIONS

E1.1 Input
Year Built 1958
fo Inventory 6.9
Concrete Operating 10.3
Material Properties f'c 17.2
Rebar o Invem?ry 137.9
Operating 193.1
Total Assumed Area of Steel As(mm?) 5542
Centroid of rebars from top of deck , d (mm) 389
Effective width of deck , beff (mm) 1000
Rebar Ratio p = As / (beffxd) 0.01425
Modular Ratio of Elasticity n = Es / Ec 12
k=v [2on+(pn)’]-pn 0.4383
kd 170.5
j 0.8539
jd 332.2
E1.2 MOMENT CAPACITY CALCULATIONS
Capacity by concrete Inventory 195.37
allowable stress i
Moment (kN-m) (l)perof’rmg 22;2?
Capacity by rebar allowable stress nven ?ry :
Operating| 355.49
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E2. LOAD RATING CALCULATIONS

E2.1 INPUT
Load factor for dead load 1.0
Load factor for live load 1.0
Inventory 195.37
M 1 ity at Mi kN-
oment Capacity at Midspan (kN-m) Operating| 291.65
Dead Load Moment at Midspan (kN-m) 115.60
Live Load Moment at Midspan (kN-m) 118.46
Rating Live Load (Tons) 33.0
Rati L
E2.2. RATING FACTOR CALCULATIONS (ASM) anng oad
Factor Rating
Rating Factor and Load Rating |Moment ( Midspan ) Inventgry Rohrwg 0.67 2211
Operating Rating 1.49 49.17
NEXT
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F. LOAD POSTING BY ALLOWABLE STRESS METHOD

F1. INPUT
Load factor for dead load 1.0
Load factor for live load 1.0
Moment
Moment Capacity Invenfc?ry 195.37
Operating 291.65
Dead Load 115.60
Vehicle
Moment Weight
MS18 118.46 33.0
Live Load Moment at Midspan (kN-m) [Type 1-1 102.21 17.0
Live Load Shear at Support (KN) Type 1-2 117.66 27.0
Type 12-2 110.88 38.0

F2. LOAD POSTING RATING FACTOR CALCULATIONS (ASM)

Vehicle Moment Posting
vehicle Welgm Inventory Rating Operating Rating (Metric
Type (Metric Tons)

Tons) RF LR RF LR

MS18 33.0 0.67 22.2 1.49 49.0 22

Type 1-1 17.0 0.78 133 1.72 29.3 13

Type 1-2 27.0 0.68 18.3 1.50 40.4 18

Type 122 38.0 0.72 27.3 1.59 60.3 27
NEXT

RCFS SIMPLE
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G. SUMMARY OF LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING

Vehicle |Allowable Stress (ASM)  Load Factor (LFM)
. . Load
Vehicle Weight .

Type (Metric Rating Load Rating Load Posting
Tons) Factor Rating Factor Rating (Tons)

MS18 33.0 0.67 22.2 1.22 40.1 22T

Type 1-1 17.0 0.78 13.3 1.41 24.0 13T

Type 1-2 27.0 0.68 18.3 1.22 33.1 18T

Type 12-2 38.0 0.72 27.3 1.30 49 .4 27T
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

BRIDGE ID : kkk PAGE :

LOAD RATING CALCULATIONS

BRIDGE NAME

RCFS SIMPLE

A. GENERAL
Al  BRIDGE DESCRIPTION

e Bridge Location
e Bridge Type
e Br. Width / No. of Lanes
e Bridge Length
e Year Built
e Structure
» Girders
> Substructure
e Wearing Course
e Material Properties

e Assumption

e Ofthers
Regirement

Region VI

Simple-span Reinforced Concrete Flat Slab

7.32m curb to curb / Two-lanes
8.0m
1958

Reinforced Concrete Flat Slab
RC Cantilever Abutments
50mm thick Asphalt Overlay

fc = 6.9 Mpa, fs = 137.9
fc = 172 Mpa, fs = 275.8
Weight of barrier rail = 18.5
Concrete unit weight = 24.0
Asphalt unit weight = 22.0

Mpa
Mpa
KN/m
KN/m?
KN/m?®

Rating Live Load is AASHTO MS18 (HS20-44)

Determine the load rating of the interior girder of the span (8.0m) for MS18 (HS20)
vehicles considering damages on members ( Rebar section losses 10% )

A2 BRIDGE LAYOUT

BRIDGE ELEVATION

9.54m

1.11m

7.32m

045 I
050 | 8.54m J 0.50
DECK SECTION
RATED BY : DATE CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : ok PAGE :
LOAD RATING CALCULATIONS  [BRIDGENAME :  RCFSSIMPLE
NOTES
B. DEMAND FORCES
B.1 DEAD LOAD CALCULATIONS
The dead loads considered in the calculations include (1) Flat Slab self-weight,
(2) Barrier rails (Assumed to be equally distributed among girders) and (3) Wearing course..
« Self-weight of girder = (8.540m) (0.450m) (24 KN/m®) / (8.540m) = 10.800 KN/m
e Barrier rail = (18.5m/8.540m)(1.250) = 2708 KN/m
e Wearing course = (0.05m) (7.320m) (22 KN/m?) = 0.943 KN/m
e Total Uniform Load of Interior Girder, w = 14.450 KN/m
e Dead Load Moment at Midspan, Mp, = 1445 x 800 2 /8 = 115.60 KN-m Mg =wWL%/8
e Dead Load Shear at "d" from, V. = 800 x 1445 /2 = 5780 KN Vg =wL/2
support
Wp, = 14.45
J 8.00 m J
B.2 LIVE LOAD CALCULATIONS
The carriageway width is 7.32m curb to curb. AASHTO specifies a clear lane width of 5.4m, thus Manual Tst Ed.
the deck shall carry two-lanes. Sect 3.4.2
The distribution of wheel loads for two traffic lanes for Slab shall be taken as follows AASHTO
Table 3.24.3.2
e Number of live load wheel line = (1.0/0.3048)/(4+0.06*8.0/0.3048) = 0.589 ((4+0.06S) in ft.)
(4+0.06S)<7 ==> $<50in ft. (S<50*0.3048=15.24m) 11.=0.3048m
$>15.24m ==>  (4+0.06S) should be applied 7 in ft.
e Impact factor, | = 1524/ (800 + 38.00) = 0.331 DPWH
==> Use Impact = 0.300 Sect. 3.2.5.1
The live load moments and shear values are taken from the tables in Appendix lll on this manual
and are used to determine the live load demand. Interpolation may be used if values are not exact
¢ Max. MS18 moment for 8.00 m = 154.84 KN-m
span without impact/whel line
e Thus, MS18 moment with My = (0.589) (1.300) (154.84) = 118.56 KN-m
Impact at midspan
e Max. MS18 shear at support/wheel line = 105.59 KN
e Thus, MS18 shear Vi = (0.589) (1.300)  (105.59) = 80.85 KN
RATED BY : DATE : |CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID Frkx PAGE :
LOAD RATING CALCULATIONS  [BRIDGE NAME RCFS SIMPLE
NOTES
C. LOAD RATING BY LOAD FACTOR METHOD
C1 CAPACITY CALCULATIONS
The strengths of concrete and rebars are determined based on the year of construction and the
allowable stresses noted in the plans. Since construction was done in 1958, the corresponding
material strengths were as follows (Sect. 3.5).
ALLOWABLE STRESSES STRENGTH This Manual
Concrete fe = 6.9 Mpa ||- fe = 172 Mpa Table 3.5-1
Rebar f = 137.9  Mpa f, = 2758 Mpa
C1.1 MOMENT CAPACITY AT MIDSPAN
L 1.00 m Segment |
! ".
« Total area of steel (- 28 mm rebar) |
As = 10x(m/4x 28) = 6158 mm’ 045 3.28 mm &
Section Loss = 10 % yo
s 3-28mm @
A N 4-28mm@
Total assumed area of Steel = 6,158 x 0.9 = 5,542 mm? TYPICAL SLAB
REINFORCEMENT
e Centroid of rebar from top of deck = 450- 61 =389 mm
Total Girder Depth = 450 mm
Cover of Rebar = 61 mm
o Effective width of deck, bey = 1 m segment Flat Slab = 1,000 mm
Ultimate capacity factor (Uf) = 0.90
e The rectangular stress block is calculated as,
a = A f, (5542)  (275.80) _ 105 m
0.85 f'c bgs 0.85 (17.2) (1000) N
e Moment Capacity
0.9 (5542)  (275.80) [ (389 - 105 /2]
Mu = ¢ Asfy (d-a/2) = Tob
= 462.9  KN-m
RATED BY : DATE CHECKED BY : DATE
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PAGE :

LOAD RATING CALCULATIONS  [BRIDGENAME

RCFS SIMPLE

C.2 LOAD RATING CALCULATIONS

The manual provides the rating factor to be calculated using the Load Factor Method (LFM)

by the formula:

o Rn-ypD where: => "

RF =
b (1+1) => R

I
v
=
1

2.17 (Inventory)
1.30 (Operating)
2.17 (Posting)

By substituting the factors and the load effects to the equation, the moment and shear rating

of the interior girder can be estimated as presented below.

RATING FACTOR CALCULATIONS (LFM)

LOCATION DESCRIPTION INVENTORY RATING

46292 - 130 (115.6)
217 (118.4¢)

1.22

Midspan Moment OPERATING RATING

46292 - 130  (115.8)
13 (118.44)

NOTES

LOAD RATING CALCULATIONS (LFM)
(Rating Live Load = MS18, W = 33 Metric Tons)

Location Description Inventory Rating (Tons) Operating Rating (Tons)

Midspan Moment 1.22 x 33 = 40.26 2.03 x

33 = 66.99

Since the Inventory Rating Mz = 40.26 metric tons are over

than the total weight of MS18 truck = 33 metric tons, load posting the bridge is not necessary

However, as a reference, Load Posting Calculation is shown in following pages.

D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

The procedure for load posting is similar to the above using load posting vehicles for live load.

D.1 DEMAND FORCES FOR LOAD POSTING VEHICLES

The live load moments and shears can be taken from Appendix lll of the Manual corresponding

fo Types 1-1, 1-2 and 12-2 Posting Vehicles.

Fora 8.00m span bridge, the Posting Live Load demands are:

This Manual
Eq.3.2-4

This Manual

This Manual
Eq. 3.1-5

This manual
Fig. 3.4-2

Vehicle LL Effects/Wheel Line LL Dist mpact LL Demand
Type Moment Shear Factor Moment (KN-m) Shear (KN)
Type 1-1 133.60 74.60 0.589 1.300 102.30 57.12
Type 1-2 153.79 94.94 0.589 1.300 117.76 72.70
Type 12-2 144.93 85.28 0.589 1.300 110.97 65.30
RATED BY : DATE : |CHECKED BY : DATE




50F7

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : kx

PAGE :
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Similar calculations are done using Egs. 3.2-4 and 3.1-5 for rating factor and load rating

LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Weight Moment Moment (Metric
(Meftric Tons) RF LR RF LR Tons)
MS18 33.0 1.22 40.1 2.03 67.0 33
Type 1-1 17.0 1.41 24.0 2.35 40.0 17
Type 1-2 27.0 1.22 33.1 2.04 552 27
Type 12-2 38.0 1.30 494 2.17 82.4 38

E. LOAD RATING BY ALLOWABLE STRESS METHOD
E1l. MOMENT CAPACITY CALCULATIONS
The concrete and rebar allowable stresses are as noted in the plans as follows:
Concrete: fc= 6.9 Mpa
Rebar : fs = 137.9 Mpa <==  Inventory

fs=193.1 Mpa <==  Operating

When the neutral axis is within the slab, the rectangular beam formulation can be used

kd/3 or "z" As = 5,542 mm?
—C d = 389 mm
jd ber = 1,000 mm
= As/bd=0.01425
T p= s/

n==E/Ec =12

Assume neutral axis (N.A.) is within slab and solving for the neutral axis position

J 2pn+(pn) -pn

/ 2 (0.01425)(12) + [0.01425((12)]? - (0.01425)(12)

7?
I

NOTES

MCEB
Sect. 6.6.2.4

k = 04383
kd = (0.4383)(389) = 170.5mm
j = 1-k/3 =08539
RATED BY : [DATE CHECKED BY : DATE
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LOAD RATING CALCULATIONS  [BRIDGENAME :  RCFSSIMPLE

Using k = 0.4383, kd = 170.5mm > ts = 450mm,
Therefore, the capacity will be calculated based on the N.A. .
The neutral axis depth, kd is calculated by summing moments at the top of the slab:

The compression zone resultant force (C) & location (z) is calculated as

( c §7 4
170.5
7=1705/3 = 56.83 mm
v
‘ - —_
Slab < C = 1/2(170.5) = 85.25
fs = 450
279.5
\ A

Therefore, d=d-1
= 389 - 56.83 = 332.2 mm

If concrete allowable stress controls, the capacity becomes:

At Inventory Level At Operating Level
Mc = bexCxfcxjd Mc = bexCxfcxjd
= (1000) (85.25)(6.9)(332.2)(10'6) = (1000) (85.25)(10.3)(332.2)(10'6)

195.37 kN-m 291.65 kN-m
<<== Governing since Mc < Ms

If rebar allowable stress controls, the capacity becomes,

At Inventory Level At Operating Level
Ms = Asfsjd Ms = Asfsjd
= (5542)(137.9)(332.2) = (5542)(193.1)(332.2)

253.87 kN-m

355.49  kN-m

E2. LOAD RATING CALCULATIONS

The Manual provides the rating factor to be calculated using the
Allowable Stress Method (ASM) by the formula:

NOTES

RF = R-A D where A = 10
A L(1+1) A, = 10
RATING FACTOR CALCULATIONS (ASM)
LOCATION DESCRIPTION INVENTORY RATING
195.37 - (115.60)
= 067
(118.4¢6)
Midspan Moment OPERATING RATING
291.65 - (115.60)
= 149
(118.4¢)
RATED BY : DATE : |CHECKED BY : DATE
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NOTES

F. LOAD POSTING BY ALLOWABLE STRESS METHOD

The procedure for load posting is similar to the above using load posting vehicles for live load
and the demand moments and shears as calculated in the previous Section D, as follows:

Vehicle LL Demand
Type Moment (KN-m)
Type 1-1 102.21
Type 1-2 117.66
Type 12-2 110.88

Similarly, using Eq. 3.2-1 and Eq. 3.1-5, load posting calculations are presented below

LOAD POSTING RATING FACTOR CALCULATIONS BY ASM
vomoe | INVENTORY RATING OPERATING RATNG | POSTING
Vehicle Type| Wweight Rating Load Rating Load (Metric
(Mefric Tons)|  Fgctor Rating Factor Rating Tons)
MS18 33.0 0.67 22.2 1.49 49.0 22
Type 1-1 170 078 133 172 29.3 13
Type 1-2 27.0 0.68 183 1.50 40.4 18
Type 122 | 380 072 27.3 1.59 60.3 27

The summary of calculation results for both the load factor and the allowable stress methods
are presented below.

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle Allowable Stress (ASM) Load Factor (LFM) POSTING
Vehicle Type| Weight Rating Load Rating Load (Metric
(MetricTons)|  Foctor Rating Factor Rating Tons)
MS18 33.0 0.67 22.2 1.22 40.1 22
Type 1-1 17.0 0.78 13.3 1.41 24.0 13
Type 1-2 27.0 0.68 18.3 1.22 33.1 18
Type 12-2 38.0 0.72 27.3 1.30 49.4 27
RATED BY : DATE : |CHECKED BY : DATE
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RCFS CONTINUOUS

A. GENERAL BACK TO MENU

Al. BRIDGE DESCRIPTION

Bridge Location ' REGION vil |
Bridge Name
Bridge Simple or Continuous @
Type Number of Span 3
Bridge of Width (curb to curb) (m) 7.32
Number of Lanes \ 2
Bridge Length (m) 8.000 8.000 | 8000 | | | =24.000m
Year Built 1982
Structure Superstructure Reinforced Concrete Slab
Substructure Wall Type RC Piers and RC Cantilever Abutments
Wearing | thickness (mm) 50
Course material Asphalt
Material Properties fe= 8.3 Mpa fs= 137.9 {Mpa
f'c= 20.7 Mpa fy=| 2758 |Mpa
Weight of barrier rail Wbr = 18.5 KN/m
Assumption Concrete Unit Weight Wu = 240  KN/m®
Asphalt Unit Weight Wa = 220  KN/m®
Others Rating Live Load is AASHTO MS18 (HS20-44)
NEXT
. Year of , fc or fs
Material Constfruction feorfy Inventory | Operating Posting
Prior to 1959 17.2 6.9 10.3 6.9
after 1959 20.7 8.3 13.1 8.3
concrete o7 to 1981 27.6 11.0 16.5 110 |*pc
after 1981 31.0 12.4 18.6 124 |*pc
Prior to 1954 227.5 124.1 172.4 124.1
after 1954 275.8 137.9 193.1 137.9
Rebar
Grade 50 344.7 137.9 224.1 137.9  |*pC
Grade 60 413.7 165.5 248.2 165.5 [*pC

RCFS CONTINUOUS
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A2. BRIDGE LAYOUT AND DIMENSION

[ | | |
E:;:5:5:5:5:5:5:5:5:5:5:5:5:f:f:f][f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f][f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:ﬂ
\]j BRIDGE ELEVATION \]j

9.54m
110m 7.32m 1.11m ;

045 :::::::::::::::::::::::::::::.:.:.:.:.:. ...............................................

0.50 l 8.54m

DECK SECTION

BRIDGE LAYOUT AND DIMENSION
Overall width (m) 9.540
Carriageway Width (m) 7.320
Slab width bw(m) 8.540
Slab thickness h (m) 0.450
Span Length L(m) 8.000

NEXT

RCFS CONTINUOUS
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B. DEMAND FORCES

BO. INPUT
FOR Slab width bw(m) 8.540
DEAD | Slab thickness h (m) 0.450
LOAD | Span Length L(m) 8.000

B1. DEAD LOAD CALCULATIONS

Self-weight of Slab 10.800
Uniform Load per meter of Girder (KN/m) Barrier Rai L0
Asphalt Overlay 0.943
Total 14.450
Moment (KN-m/m) MpL 115.60

Dead Load
Shear (KN) VoL 57.80

B2. LOAD DEMAND MIDSPAN AND SUPPORT OF RCS

Conducting a Structural Analysis, the load demands for the RCS should be
obtained separately and input the necessary load demands in the Table below.

LIVE-LOAD Type MS18(HS20)
Number of live load wheel line 0.589 INPUT FOR LIVE LOAD

Impact factor 0.300

span 8.000

Description A Midspan At Pier Support
Dead load moments, KN-m 115.60 -66.30
Additional Dead load moments, KN-m 7.65 -7.45

MS18 max. positive moment, KN-m 152.50 -

MS18 max. negative moment, KN-m - -109.10

NEXT
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C. LOAD RATING BY LOAD FACTOR METHOD (LFM)

L 1.00m Segment
|‘

/ 6.7 N0s-28mmJ €

Total area of Rebar
|yb47 Midspan | At Pier
for Pier Nos of Rebar 10 6.7
0.45 Dia. (mm) 28 28
| Ye——— As(mm2) 6158 4126
yb (mm) 61 64
10n0s.-28 mm @&
REINFORCEMENT
C1. CAPACITY CALCULATIONS
C1. INPUT
(1) Common Input Data ATMIASpan | At pier
Concrete Allowable Stress fc 8.3
Material Properties Strength f'c 20.7
(Mpa) Allowable Stress fs 137.9
Rebar Strength fy 2758
(2) Input Data for Moment Capacity At Midspan | At Pier
Total Area of Steel As(mm?) ‘ 10 x ( 28mm rebar ) 6158 4126
Section Loss (%) 0 0
Total Assumed Area of Steel As(mm?2) 6158 4126
Centroid of rebars from bottom of deck , d (mm) 61 64
Cenfroid of rebars from fop of deck , d (mm) 389 386
Effective width of deck , b (mm) 1000 1000
Ultimate capacity factor (Uf) 0.90 0.90
C1. MOMENT CAPACITY AT MIDSPAN At Midspan = At Pier
Rectangular stress block depth a (mm) 97.0 65.0
The Moment Capacity Mu (kN-m) 520.4 362.0
NEXT
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C2. LOAD RATING CALCULATIONS

C2.1 INPUT At Midspan | At Pier
Load factor for dead load 1.3
Load factor for live load Invenfgw 217
Operating 1.3
Moment Ultimate Capacity at Midspan (kN-m) 520.43 -362.00
Dead Load Moment at Midspan (kN-m) 123.25 -73.75
Live Load Moment at Midspan (kN-m) 152.50 -109.10
Rating Live Load (Tons) 33.0 33.0
Rating Load
C2.2 CALCULATIONS OF RATING FACTOR AND LOAD RATING -
Factor Rating
S R
Rating Factor and Load Rating | Moment P d : 9 : -
. Inventory Rating 1.12 36.96
At Pier . -
Operating Rating 1.88 62.04
Depend on the minimum value of Rating Factor > 1 or <1,
instruction is automatically shown below
Return to GENERAL

Click following the above instruction

Return to GENERAL

Load Posting

138

RCFS CONTINUOUS
Sheet 5: LRLFM



D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.2 POSTING VEHICLE DEMAND FORCES

Conducting a Structural Analysis, the load demands for the RCS should be
obtained separately and input the necessary load demands in the Table below.

Posting Vehicle Demand Forces At Midspan At Pier Support
Moment 105.2 -83.9
Type 1-1 Shear - -23.1
Moment 137.7 -109.2
Type 1-2 Shear - -31.2
Moment 142.8 -115.9
Type 12-2 Shear - 304

139
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D2. POSTING RATING CALCULATIONS

D2.1 INPUT
Load factor for dead load 1.3
Load factor for live load Inventgw 217
Operating 1.3
Midspan| At Pier
Moment Ultimate Capacity 520.43 | 362.00
Dead Load 123.25 | -73.75
. . Venhicle
Midspan| At Pier Weight
MS18 152.50 | -109.10 33.0
Live Load Moment at Midspan (kN-m) [Type 1-1 105.20 | -83.90 17.0
Live Load Shear at Support (KN) Type 1-2 | 137.70 | -109.20 | 27.0
Type 12-2| 142.80 | -115.90 38.0

D2.2 LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
' Vehicle Inventory Rating Operating Rating Posting
Vehicle | Weight .
T ) Moment Moment (Metric
ype (Metric
Tons)
Tons) RF LR RF LR
(1) AT MIDSPAN
MS18 33.0 1.09 35.9 1.82 60.0 33
Type 1-1 17.0 1.58 26.8 2.63 448 17
Type 1-2| 27.0 1.21 32.5 2.01 54.3 27
Type 12-2| 38.0 1.16 44.2 1.94 73.7 38
(2) AT PIER
MS18 33.0 1.12 37.1 1.88 61.9 88
Type 1-1 17.0 1.46 24.8 2.44 41.5 17
Type 1-2| 27.0 1.12 30.3 1.87 50.6 27
Type 12-2| 38.0 1.06 40.2 1.77 67.1 38
NEXT
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E. Load Rating by Allowable Stress Method

E1l. MOMENT AND SHEAR CAPACITY CALCULATIONS

E1.1 Input At Midspan | At Pier
Year Built 1982
Inventory 8.3
Concrete fe Operating 13.1
Material Properties f'c 20.7
Inventory 137.9
Rebar fs Operating 1931
Total Assumed Area of Steel As(mm‘ 8 x (28mm rebar ) 6158 4126
Cenfroid of rebars from fop of deck , d (mm) 389 386
Effective width of deck , beff (mm) 1000 1000
Rebar Ratio p = As / (beffxd) 0.01583 0.01069
Modular Ratio of Elasticity n = Es / Ec 12 12
k=4 [20on+(pn)*]-pn 0.4550 0.3942
kd 177.0 152.2
i 0.8483 0.8686
id 330.0 335.3
E1.2 MOMENT CAPACITY CALCULATIONS At Midspan At Pier
Capacity by concrete Inventory 242.40 211.72
Moment (kN-m) allowable stress Operating| 382.59 334.16
Capacity by rebar allowable stress Inventory 280.2] 190.74
Operating| 392.38 267.10
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E2. LOAD RATING CALCULATIONS

E2.1 INPUT t Midspan At Pier
Load factor for dead load 1.0
Load factor for live load 1.0
Moment Capacity at Midspan (kN-m) InvenTc?ry 242.40 190.74
Operating| 382.59 267.10
Dead Load Moment at Midspan (kN-m) 123.25 -73.75
Live Load Moment at Midspan (kN-m) 152.50 -109.10
Rating Live Load (Tons) 33.0

E2.2. RATING FACTOR CALCULATIONS (ASM) Rafing | Load

Factor Rating
R S e e
Rating Factor and Load Rating Moment ( P g ~aing : -
. Inventory Rating 1.07 35.31
At Pier . p
Operating Rating 1.77 58.41
NEXT
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F. LOAD POSTING BY ALLOWABLE STRESS METHOD

F1. INPUT
Load factor for dead load 1.0
Load factor for live load 1.0
Moment
Midspan At Pier
. Inventory | 242.40 | -190.74
Moment Capacity Operating| 382.59 | -267.10
Dead Load 123.25 | -73.75
Moment Vehicle
Midspan At Pier | Weight
MS18 152.50 | -109.10 33.0
Live Load Moment at Midspan (kN-m) [Type 1-1 105.20 | -83.90 17.0
Live Load Shear at Support (KN) Type 1-2 137.70 | -109.20 27.0
Type 12-2 | 142.80 | -115.90 38.0

F2. LOAD POSTING RATING FACTOR CALCULATIONS (ASM)

Vehicle Moment Posting
Vehicle Welgm Inventory Rating Operating Rating (Metric
Type (Metric Tons)
Tons) RF LR RF LR
(1) AT MIDSPAN
MS18 33.0 0.78 25.8 1.70 56.1 26
Type 1-1 17.0 1.13 19.3 2.47 41.9 17
Type 1-2 27.0 0.87 23.4 1.88 50.9 23
Type 12-2  38.0 0.83 31.7 1.82 69.0 32
(2) AT PIER
MS18 33.0 1.07 35.4 1.77 58.5 33
Type 1-1 17.0 1.39 23.7 2.30 39.2 17
Type 1-2 27.0 1.07 28.9 1.77 47.8 27
Type 12-2  38.0 1.01 38.4 1.67 63.4 38
NEXT
RCFS CONTINUOUS
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G. SUMMARY OF RESULTS FOR LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING

Vehicle Allowable Stress (ASM)  Load Factor (LFM)
. . Load
Vehicle Weight .

Type (Metric Rating Load Rating Load Posting
Tons) Factor Rating Factor Rating (Tons)

MS18 33.0 0.78 25.8 1.09 35.9 26T

Type 1-1 17.0 1.13 19.3 1.46 24.8 177

Type 1-2 27.0 0.87 23.4 1.12 30.3 23T

Type 12-2 38.0 0.83 31.7 1.06 40.2 327
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RCFS CONTINUOUS Manual Calculation 10F 10

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : okl PAGE :

LOAD RATING CALCULATIONS  |BRIDGENAME : RCFS CONTINUOUS

A. GENERAL

A.1  BRIDGE DESCRIPTION

e Bridge Location : Region VIl
e Bridge Type : 3-span Continuous Reinforced Concrete Flat Slab
e Br. Width / No. of Lanes : 7.32m curb to curb / Two-lanes
e Bridge Length : 8.0m+8.0m+8.0m=24.0m
e Year Built © 1982
e Structure
» Girders :  Reinforced Concrete Flat Slab
> Substructure : Wall Type RC Pier and RC Cantilever Abutments
e Wearing Course : 50mm thick Asphalt Overlay
e Material Properties . fc = 8.3 Mpa, fs = 137.9  Mpa
fc = 20.7 Mpa, fs = 2758 Mpa
e Assumption : Weight of barrier rail = 18.5 KN/m
Concrete unit weight = 240  KN/m®
: Asphalt unit weight = 220  KN/m®
e Others : Rating Live Load is AASHTO MS18 (HS20-44)
Reqgirement :

Determine the load rating of the interior girder of the span (8.0m) for MS18 (HS20)
vehicles considering no damages on members

A2 BRIDGE LAYOUT

8.00m 8.00m 8.00m

BRIDGE ELEVATION
9.54m
111m 7.32m 111m ;

>

0.50

0.50 J 8.54m

DECK SECTION

RATED BY : DATE : CHECKED BY : DATE




RCFS CONTINUOUS Manual Calculation 2 OF 10
DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : ol PAGE :
LOAD RATING CALCULATIONS BRIDGENAME : RCFS CONTINUOUS
NOTES
B. DEMAND FORCES
B.1 DEAD LOAD CALCULATIONS
The dead loads considered in the calculations include (1) Flat Slab self-weight,
(2) Barrier rails (Assumed to be equally distributed among girders) and (3) Wearing course..
« Self-weight of girder = (8.540m) (0.450m) (24 KN/m®) / (8.540m) = 10.800 KN/m
e Barrier rail = (18.5m/8.540m)(1.250) = 2708 KN/m
e Wearing course = (0.05m) (7.320m) (22 KN/m?) = 0.943 KN/m
e Total Uniform Load of Interior Girder, w = 14.450 KN/m
e Dead Load Moment at Midspan, Mp, = 1445 x 800 2 /8 = 115.60 KN-m Mg =wWL%/8
e Dead Load Shear at "d" from, V. = 800 x 1445 /2 = 5780 KN Vg =wL/2
support
Wp, = 14.45
J 8.00 m J
B.2 LIVE LOAD CALCULATIONS
The carriageway width is 7.32m curb to curb. AASHTO specifies a clear lane width of 5.4m, thus Manual Tst Ed.
the deck shall carry two-lanes. Sect 3.4.2
The distribution of wheel loads for two traffic lanes for Slab shall be taken as follows AASHTO
Table 3.24.3.2
e Number of live load wheel line = (1.0/0.3048)/(4+0.06*8.0/0.3048) = 0.589 ((4+0.06S) in ft.)
(4+0.06S)<7 ==> $<50in ft. (S<50*0.3048=15.24m) 11.=0.3048m
$>15.24m ==>  (4+0.06S) should be applied 7 in ft.
e Impact factor, | = 1524/ (800 + 38.00) = 0.331 DPWH
==> Use Impact = 0.300 Sect. 3.2.5.1
Conducting a Structural Analysis, the load demands for the RCFS Continuous should be obtained
separately and input the necessary load demands in the Table below.
. At Midspan At Pier Support
D i
escription oL oL
Dead load moments, KN-m 115.60 -66.30
Additional Dead load moments, KN-m 7.65 -7.45
MS18 max. positive moment, KN-m 152.50 -
MS18 max. negative moment, KN-m - -109.10
RATED BY : DATE : CHECKED BY : DATE




RCFS CONTINUOUS Manual Calculation
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID ok PAGE :
LOAD RATING CALCULATIONS BRIDGE NAME RCFS CONTINUOUS
NOTES
C. LOAD RATING BY LOAD FACTOR METHOD
C1 CAPACITY CALCULATIONS
The strengths of concrete and rebars are determined based on the year of construction and the
allowable stresses noted in the plans. Since construction was done in 1958, the corresponding
material strengths were as follows (Sect. 3.5).
ALLOWABLE STRESSES STRENGTH This Manual
Concrete fe = 8.3 Mpa ||- fe = 20.7  Mpa Table 3.5-1
Rebar f = 137.9  Mpa f, = 2758 Mpa
C1.1 MOMENT CAPACITY CALCULATIONS
AT MIDSPAN
« Total area of steel (- 28 mm rebar)
As = 10x (T /4x 28%) = 6158 mm?
e Cenfroid of rebar from top of deck = 450 - 61 =389 mm
Total Girder Depth = 450 mm
Cover of Rebar = 61 mm
e Effective width of deck, by = 1 m segment Flat Slab = 1,000 mm
Ultimate capacity factor (Uf) = 0.90
e The rectangular stress block is calculated as,
A f, (6158)  (275.80)
a = - = 97 mm
0.85 f'c besr 0.85 (20.7) (1000)
¢ Moment Capacity
09  (6158) (275.80) (389 - 97 /2]
Mu = ¢ Asfy (d-a/2) = Iy
= 520.43 KN-m
AT PIER SUPPORT
e Total area of steel (- 28 mm rebar)
As = 67x(m/4x 28%) = 4126 mm?
e Centroid of rebar from top of deck = 450 - 64 = 386 mm
Total Girder Depth = 450 mm
Cover of Rebar = 64 mm
RATED BY : DATE : CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID ok PAGE :
LOAD RATING CALCULATIONS BRIDGE NAME RCFS CONTINUOUS
NOTES
e Effective width of deck, b ¢ 1 m segment Flat Slab = 1,000 mm
Ultimate capacity factor (Uf) = 0.90
e The rectangular stress block is calculated as,
A, (4126)  (275.80)
a = - = 65 mm
0.85 f'c bes 0.85 (20.7) (1000)
¢ Moment Capacity
09  (4126) (27580) ( (386 - 65 /2]
Mu = ¢ Asfy (d-a/2) = T0°
= 362.00 KN-m
Cc.2 LOAD RATING CALCULATIONS
The manual provides the rating factor to be calculated using the Load Factor Method (LFM)
by the formula:
RE = o Rn -ypD where:  => w = 217 (Inventory) This Manual
Tyl (1+) => y = 130 (Operating) Eq.3.2-4
=> w = 217 (Posting)
By substituting the factors and the load effects to the equation, the moment rating
of the flat slab can be estimated as presented below.
RATING FACTOR CALCULATIONS (LFM)
LOCATION DESCRIPTION INVENTORY RATING
52040 - 130 (12325) 109
217 (152.50) T
Midspan OPERATING RATING
52040 - 130  (123.25)
= 182
13 (152.50)
Moment INVENTORY RATING
36200 - 130 (7375 1
Pier 217 (-109.10) oo
Support OPERATING RATING
-362.00 - 1.30 (-73.75)
= 1.88
13 (-109.10)
LOAD RATING CALCULATIONS (LFM)
(Rating Live Load = MS18, W = 33 Metric Tons)
Location Description Inventory Rating (Tons) Operating Rating (Tons) This Manual
Eq.3.1-5
Midspan Moment 1.09 x 33 = 3597 1.82 x 33 = 60.06
Pier Support Moment 1.12 x 33 = 36.96 1.88 x 33 = 62.04
Since the Inventory Rating Mz = 35.97 metric tons are over
than the total weight of MS18 truck = 33 metric tons, load posting the bridge is not necessary
However, as a reference, Load Posting Calculation is shown in following pages.
RATED BY : DATE |CHECKED BY : DATE




RCFS CONTINUOUS Manual Calculation
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID Fkkk PAGE :
LOAD RATING CALCULATIONS BRIDGE NAME RCFS CONTINUOUS
NOTES
D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)
The procedure for load posting is similar to the above using load posting vehicles for live load.
D.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
The live load moments and shears can be separately taken from conducting a structural analysis This manual
corresponding to Types 1-1, 1-2 and 12-2 Posting Vehicles. Fig. 3.4-2
For 3-span continuous (3@15.0m) bridge, the Posting Live Load demands are:
Vehicle Type LL Demand At Midspan At Pier Support
Moment 105.2 -83.9
Type 1-1
Shear -— -23.1
Moment 137.7 -109.2
Type 1-2
Shear -— -31.2
Moment 142.8 -115.9
Type 12-2
Shear - -30.4
Similar calculations are done using Egs. 3.2-4 and 3.1-5 for rating factor and load rating
LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
AT MIDSPAN
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Weight Moment Moment (Metric
(Meftric Tons) RF LR RF LR Tons)
MS18 33.0 1.09 35.9 1.82 60.0 33
Type 1-1 17.0 1.58 26.8 2.63 448 17
Type 1-2 27.0 1.21 32.5 2.01 54.3 27
Type 12-2 38.0 1.16 442 1.94 73.7 38
LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
AT PIER SUPPORT
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Weight Moment Moment (Metric
(Metric Tons) RF LR RF LR Tons)
MS18 33.0 1.12 37.1 1.88 61.9 33
Type 1-1 17.0 1.46 24.8 2.44 41.5 17
Type 1-2 27.0 1.12 30.3 1.87 50.6 27
Type 12-2 38.0 1.06 40.2 1.77 67.1 38
RATED BY : DATE |CHECKED BY : DATE
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Assume neutral axis (N.A.) is within slab and solving for the neutral axis position

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID Fkkk PAGE :
LOAD RATING CALCULATIONS BRIDGE NAME RCFS CONTINUOUS
NOTES
E. LOAD RATING BY ALLOWABLE STRESS METHOD
E1. MOMENT CAPACITY CALCULATIONS
AT MIDSPAN
The concrete and rebar allowable stresses are as noted in the plans as follows:
Concrete: fc= 83 Mpa
Rebar : fs =137.9 Mpa <==  |nventory
fs=193.1 Mpa <==  Operating
When the neutral axis is within the slab, the rectangular beam formulation can be used
kd/3 or "z" As = 6,158 mm?
Ikd —5C d = 389 mm
jd ber = 1,000 mm
YT p= As/bd=0.01583
n=E/Ec =12 MCEB
Sect. 6.6.2.4

i = 1-k/3 =0.8483

Using k = 0.4550, kd = 177.0mm > ts = 450mm,

2 . (0.01583)(12)

k =/ 2pn+(pn)’ -pn

= 2 (0.01583)(12) + [0.01583((12)]
k = 0.4550
kd = (0.4550)(389) = 177.0 mm

Therefore, the capacity will be calculated based on the N.A. .
The neutral axis depth, kd is calculated by summing moments at the top of the slab:

The compression zone resultant force (C) & location (z) is calculated as

4 C _¢ 7 A
177.0
Z =177.0/3 = 59.00 mm
Slab {
-4
ts = 450 < C = 1/2(177.0) =885
273.0
\
Therefore, d=d -
= 389 - 59.00 = 330.0 mm
RATED BY : DATE CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : Hkx

PAGE :

LOAD RATING CALCULATIONS  |BRIDGENAME : RCFS CONTINUOUS

If concrete allowable stress controls, the capacity becomes:

At Inventory Level At Operating Level
Mc = bexCxfcxjd Mc = bexCxfcxjd
= (1000)(88.5)(8.3)(330.0)(1 O'é) = (1000)(88.5)(13.1)(330.0)(1 O'é)
= 2424 kN-m = 382.6 kN-m

<<== Not governing since Mc > Ms

If rebar allowable stress controls, the capacity becomes,

At Inventory Level At Operating Level
Ms = Asfsjd Ms = Asfsjd
= (6158)(137.9)(330.0) = (6158)(193.1)(330.0)

280.21 kN-m 392.38 kN-m

AT PIER SUPPORT

The concrete and rebar allowable stresses are as noted in the plans as follows:
Concrete:  fc= 8.3 Mpa
Rebar : fs = 137.9 Mpa <==  Inventory

fs=193.1 Mpa <==  Operating

When the neutral axis is within the slab, the rectangular beam formulation can be used

kd/3 or "z" As = 4,126 mm®
+«—FC _
kd 4 d = 386 mm
_ ) Yy _
jd ber = 1,000 mm
= As/bd=0.01069
—¥yT e

n==E/Ec =12

Assume neutral axis (N.A.) is within slab and solving for the neutral axis position

NOTES

MCEB
Sect. 6.6.2.4

k = J 2pn+(pn)® -pn
= / 2 (0.01069)(12) + [(0.01069)(12)]° - (0.01069)(12)
kK = 03942
kd = (0.3942)(386) = 152.2 mm
i = 1-k/3 = 08686
RATED BY : DATE : [CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : Hkx

PAGE :

LOAD RATING CALCULATIONS  |BRIDGENAME : RCFS CONTINUOUS

Using k = 0.3942, kd = 1522 mm > ts = 450mm,
Therefore, the capacity will be calculated based on the N.A. .
The neutral axis depth, kd is calculated by summing moments at the top of the slab:

The compression zone resultant force (C) & location (z) is calculated as

4 C j 7 A

152.2

Z =1522/3 = 50.73 mm
Slab ‘[
-4
ts = 450 < C = 1/2(1522) =761

297.8

\_ A

Therefore, d=d-1
= 386 - 50.73 = 335.3 mm

If concrete allowable stress controls, the capacity becomes:

At Inventory Level At Operating Level
Mc = bexCxfcxjd Mc = bexCxfcxjd
= (1000)(76.1 )(8.3)(335.3)(10'6) = (1000)(76.1)(13.1 )(335.3)(10'6)

211.72 kN-m = 334.26 kN-m
<<== Noft governing since Mc > Ms

If rebar allowable stress conftrols, the capacity becomes,

At Inventory Level At Operating Level
Ms = Asfsjd Ms = Asfsjd
= (4126)(137.9)(335.3) = (4126)(193.1)(335.3)

= 190.74 kN-m

267.10 kN-m

E2. LOAD RATING CALCULATIONS

The Manual provides the rating factor to be calculated using the
Allowable Stress Method (ASM) by the formula:

NOTES

RE = R-AD where A = 10
A L(1+1) A = 10
RATING FACTOR CALCULATIONS (ASM)
LOCATION DESCRIPTION INVENTORY RATING Posting ( Tons )
28021 - (123.25)
= 103 33.99
(152.50)
Midspon OPERATING RATING
39238 - 2325 58.08
(152.50) T
Moment INVENTORY RATING
-190.74 - -(73.75) 3531
= 107
Pier -(109.10)
SupporT OPERATING RATING
-267.10 - -(73.75) 58.41
= 177
~(109.10)
RATED BY : DATE : |CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID Fkkk PAGE :
LOAD RATING CALCULATIONS BRIDGE NAME RCFS CONTINUOUS
NOTES
F. LOAD POSTING BY ALLOWABLE STRESS METHOD
The procedure for load posting is similar to the above using load posting vehicles for live load
and the demand moments and shears as calculated in the previous Section D, as follows:
. LL Demand
VTehK;Ie Moment (KN-m)
P At Midspan At Pier Support
Type 1-1 105.20 -83.90
Type 1-2 137.70 -109.20
Type 12-2 142.80 -115.90
Similarly, using Eg. 3.2-1 and Eq. 3.1-5, load posting calculations are presented below
LOAD POSTING RATING FACTOR CALCULATIONS BY ASM
AT MIDSPAN
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Wweight Rating Load Rating Load (Metric
(Mefric Tons)|  Fgctor Rating Factor Rating Tons)
MS18 33.0 1.03 34.0 1.76 58.2 33
Type 1-1 17.0 1.49 25.4 2.56 43.5 17
Type 1-2 27.0 1.14 30.8 1.95 52.8 27
Type 12-2 38.0 1.10 418 1.88 71.6 38
LOAD POSTING RATING FACTOR CALCULATIONS BY ASM
AT PIER SUPPORT
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Weight Rating Load Rating Load (Metric
(Mefric Tons))  Fqctor Rating Factor Rating Tons)
MS18 33.0 1.07 354 1.77 58.5 33
Type 1-1 17.0 1.39 23.7 2.30 39.2 17
Type 1-2 27.0 1.07 28.9 1.77 47.8 27
Type 12-2 38.0 1.01 384 1.67 63.4 38
RATED BY : DATE CHECKED BY : DATE
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LOAD RATING CALCULATIONS BRIDGE NAME RCFS CONTINUOUS
NOTES
The summary of calculation results for both the load factor and the allowable stress methods
are presented below.
SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle Allowable Stress (ASM) Load Factor (LFM) POSTING
Vehicle Type|  weight Rating Load Rating Load (Metric
(Mefric Tons))  Fqctor Rating Factor Rating Tons)
MS18 33.0 1.03 34.0 1.09 35.9 33
Type 1-1 17.0 1.39 23.7 1.46 24.8 17
Type 1-2 27.0 1.07 28.9 1.12 30.3 27
Type 12-2 38.0 1.01 38.4 1.06 40.2 38
RATED BY : DATE CHECKED BY : DATE




EXAMPLE 2

REINFORCED CONCRETE
Deck GIRDER BRIDGE

Example 2-1: Simple

Example 2-2: Continuous
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RCDG SIMPLE Computer Based Calculation

INTERIOR RCDG SIMPLE

A. GENERAL BACK TO MENU

Al. BRIDGE DESCRIPTION

Bridge Location REGION X |
Bridge Name Sample Bridge
Bridge  |Simple or Continuous S Reinforced Concrete T-beams
Type Number of Span 1
Bridge of Width (curb to curb) (m) 7.32
Number of Lanes 2
Bridge Length (m) 10.400 =10.400m
Year Built 1987
Nos. of Girder 4 Multiple monotholic with deck slab.
Structure | Girder Spacing (m) 2.400 |on centers
Substructure Concrete bents and Abutments
Wearing | thickness (mm) 50
Course material Asphalt
. . fc= 8.3 Mpa fs= 137.9 |Mpa
Material Properties fom 0.7 Mpa fy= 2758  |Mpa
Weight of barrier rail Whbr = 3.6 KN/m
Assumption Concrete Unit Weight Wu = 240 |KN/m?®
Asphalt Unit Weight Wa = 220  |KN/m?®
Others Rating Live Load is AASHTO MS18 (HS20-44)
NEXT
. Year of , fc or fs
Material Construction foorfy Inventory |Operating| Posting
Prior to 1959 17.2 6.9 10.3 6.9
after 1959 20.7 8.3 13.1 8.3
Concrete o 01981 27.6 11.0 16.5 110 |*pc
after 1981 31.0 12.4 18.6 12.4 *pc
Prior to 1954 227.5 124.1 172.4 124.1
after 1954 275.8 137.9 193.1 137.9
Rebar
Grade 50 344.7 137.9 224.1 137.9  |*pc
Grade 60 413.7 165.5 248.2 165.5 [*pc

Interior RCDG Simple
156 Sheet 1 : GENERAL



A2. BRIDGE LAYOUT AND DIMENSION

10.

40m

|
|

LI

LA

BRIDGE ELEVATION
94
1110 350 3660 1110
A
OF ROADWAY
0P OF FDWY,

R

|

871 %OO 2000 00 ZD0D EGG 2000 A00) 970

SUPERSTRUCTIURE CROSS SECTION

BRIDGE LAYOUT AND DIMENSION

Girder width bw(m) 0.400
Girder Web height h (m) 0.600
Fillet/Haunch width wf(m) 0.100
Fillet/Haunch height hf(m) 0.100
Slab thickness s (m) 0.180
Span Length L(m) 10.400
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B. DEMAND FORCES

BO. INPUT
Girder width bw(m) 0.400
Girder Web height h (m) 0.600
FOR Fillet/Haunch width wf(m) 0.100
DEAD | Fillet/Haunch height hf(m) 0.100
LOAD | Slab thickness ts (m) 0.180
Slab width ws (m) 2.400
Span Length L(m) 10.400
B1l. DEAD LOAD CALCULATIONS
Self-weight of Girder 5.760
Fillet/Haunch 0.240
Uniform Load per meter of Girder (KN/m) SlOb, Weghf Confinuous 10.368
Barrier Rail 1.800
Asphalt Overlay 2.640
Total 20.810
Moment (KN-m/m) MpL 281.4
Dead Load
Shear (KN) VDL 108.2
B2. LIVE-LOAD CALCULATIONS
LIVE-LOAD Type MS18(HS20)
Number of live load wheel line 1.312
v Y Mhee INPUT FOR LIVE LOAD
Impact factor 0.300
span 10.400
Max.MS18 moment for 10.40m span /wheel line W!ThOUT Impact M, 236.5
with Impact My 403.5
Max.MS18 shear at a distance "d" without Impact A 117.7
from the support/wheel line with Impact Vi 200.7
NEXT
Interior RCDG Simple
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C. LOAD RATING BY LOABOI(:)ACTOR METHOD (LFM)

Total area of Rebar
Nos of Rebar 8
180 Dia. (mm) 28
As(mm?2) 4926
Stirup ¢ 12 yb (mm) 102
60
Stirrups
® Dia. (mm) 12
450 As(.mm2) 113.1
GIRDER AND SLAB DETAILS spacing (mm) 200
C1l. CAPACITY CALCULATIONS
C1. INPUT
(1) Common Input Data
Concrete Allowable Stress fc 8.3
Material Properties Strength f'c 20.7
(Mpa) Allowable Stress fs 137.9
Rebar
Strength fy 275.8
(2) Input Data for Moment Capacity
Total Area of Steel As(mm?) 4926
Section Loss due to Rebar Exposure (%) 0
Total Assumed Area of Steel As(mm2) 4926
Centroid of rebars from bottom of deck , d (mm) 102
Centroid of rebars from top of deck, d (mm) 678
12ts + bw 2560
Effective width of deck , bgi (mn Span Length / 4 2600
beff 2400
Ultimate capacity factor (Uf) 0.90
(3) Input Data for Shear Capacity
Girder width bw(mm) 400
Depth of Shear Cracks (mm) 199
The Reduction Factor due to Shear Cracks 0.50
Centroid of rebars from top of deck , d (mm) 678
Area of rebar Av(mm?) 113.1
Section Loss due to Stirrups Exposure (%) 0
Total Assumed Area of Steel As(mm?2) 113.1
Spacing of stirups S (mm) 200
Ultimate capacity factor (Uf) 0.85
C1.1 MOMENT CAPACITY AT MIDSPAN
Rectangular stress block depth a (mm) 32.2
The Moment Capacity Mu (kN-m) 809.3
C1.2 SHEAR CAPACITY AT SUPPORT
The shear FULL capacity due to concrete section Vc (kN) 206.1
The shear capacity due to concrete section Vc (kN) 103.5
The shear FULL capacity due to shear reinforcement Vs (kN) 211.5
The shear capacity due to Stirups Vs (kN) 211.5
The total shear capacity Vu (kN) 267.8
NEXT
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C2. LOAD RATING CALCULATIONS

C2.1 INPUT

Load factor for dead load 1.3
Load factor for live load Invenfc?ry 2.17

Operating 1.3
Moment Ultimate Capacity at Midspan (kN-m) 809.3
Dead Load Moment at Midspan (kN-m) 281.4
Live Load Moment at Midspan (kN-m) 403.5
Shear Ultimate Capacity at Support (KN) 267.8
Dead Load Shear at Support (KN) 108.2
Live Load Shear at Support (KN) 200.7
Rating Live Load (Tons) 33.0

Rating Load
C2.2 CALCULATIONS OF RATING FACTOR AND LOAD RATING Factor Rating

I tory Ratin Sl 16.
Moment ( Midspan ) nven 'ry l. 9 0.5 67
. . Operating Rating 0.85 27.9
Rating Factor and Load Rating Inventory Rating 029 98
h At t : :
Shear (At Support ) Operating Rating 0.49 16.1

Depend on the minimum value of Rating Factor> 1 or <1,
instruction in the below cell is automatically shown

Load Posting

Click following the above instruction

Return to GENERAL

Load Posting

Interior RCDG Simple
160 Sheet 5: LRLFM



D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
(1) POSTING VEHICLE Type 1-1
LIVE-LOAD Type Typel-1
Number of live load wheel line 1.312
Impact factor 0.300
span 10.40
. without Impact M, 183.0
- . heel |
Type 1-1 moment for 10.40m span /wheel line with Impact M, 3721
Type 1-1 shear at a distance "d" without Impact A 76.7
from the support/wheel line with Impact Vi 130.8
(2) POSTING VEHICLE Type 1-2
LIVE-LOAD Type [ Typel-2
. without Impact M, 223.6
- 4 heel |
Type 1-2 moment for 10.40m span /wheel line with Impact M, 3814
Type 1-2 shear at a distance "d" without Impact A 103.6
from the support/wheel line with Impact Vi 176.7
(3) POSTING VEHICLE Type 12-2
LIVE-LOAD Type | Type12-2
i without Impact M, 208.6
T 12-2 t for 10.40 heel |
ype moment for m span /wheel line with Impact My 3558
Type 12-2 shear at a distance "d" without Impact A 90.1
from the support/wheel line with Impact Vi 153.7
NEXT
Interior RCDG Simple
161 Sheet 6: POSTLL



D2. POSTING RATING CALCULATIONS

D2.1 INPUT
Load factor for dead load 1.3
I t .
Load factor for live load nven 9ry 217
Operating 1.3
Moment| Shear
Moment Ultimate Capacity 809.3 267.8
Dead Load 281.4 108.2
Vehicle
Moment| Shear Weight
Live Load M f ot Mid N MS18 403.5 200.7 33.0
m';’e oad Moment at Midspan (kN- 10 S 5 73757 [ 1308 | 17.0
Live Load Shear at Support (KN) Type 1-2 | 381.4 176.7 27.0
Type 12-2| 355.8 153.7 38.0

D2.2 LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
Vehic \\/Nemcﬁ Inventory Rating Operating Rating Posting
enicie e|g. Moment Shear Moment Shear (Metric
Type (Metric Tons)
Tons) RF LR RF LR RF LR RF LR
MS18 33.0 0.51 16.7 0.29 9.6 0.85 27.9 0.49 16.1 10
Type 1-1 17.0 0.65 11.1 0.45 7.6 1.09 18.6 0.75 12.7
Type 1-2| 27.0 0.54 14.5 0.33 8.9 0.89 24.2 0.55 14.9
Type 12-2[ 38.0 0.57 21.8 0.38 14.5 0.96 36.4 0.64 24.2 14
NEXT
Interior RCDG Simple
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E. Load Rating by Allowable Stress Method

E1l. MOMENT AND SHEAR CAPACITY CALCULATIONS

E1.1 Input
fe Inventory 8.3
Concrete Operating 13.1
Material Properties f'c 20.7
Inventory 137.9
Rebar fs Operating 193.1
Total Assumed Area of Steel As(mm?) 4926
Area of rebar Av(mm?) 113.1
Spacing of stirups S (mm) 200
Centroid of rebars from top of deck, d (mm) 678
Effective width of deck , beff (mm) 2400
Girder width bw(m) 400
Rebar Ratfio o = As/ (beffxd) 0.00303
Modular Ratio of Elasticity n = Es / Ec 12
k=v [20on+(pn)*]-pn 0.2357
i 0.9214
kd 159.8
Slab thickness ts (mm) 180.0
k 0.2357
z 53.26
id 624.74
Calculation of kd
n As d b ts bw
12 4926 678 2400 180.0 400
nAs nAsd bts 1/2bts? bwy y/2+ts
59112 40077936 432000 | 38880000 0 180.0
T5+y Y caleulate YInpu‘r
180.0 0.0 0.0
E1l. MOMENT AND SHEAR CAPACITY CALCULATIONS
Ejggﬁgéte allowable stress Inven’rc.>ry 794.18
Moment (kN-m) Me Operating| 1569.13
Capacity Inventory | 424.38
by rebar allowable stress Ms Operating| 594.26
Capacity due. to Ve Inventory 49.60
concrete section Operating|  74.40
Shear (kN) Capacity Vs Invenfc.>ry 105.74
due to rebar Operating| 148.07
Shear capacity Vu Invenfc.>ry 155,34
Operating| 222.47
163

Interior RCDG Simple

Sheet 8: CCASM



E2. LOAD RATING CALCULATIONS

E2.1 INPUT

Load factor for dead load 1.0

Load factor for live load 1.0

Inventory 424 .4
Operating| 594.3
Dead Load Moment at Midspan (kN-m) 281.4
Live Load Moment at Midspan (kN-m) 403.5
Inventory 155.3
Operating| 222.5

Moment Capacity at Midspan (kN-m)

Shear Capacity at Support (KN)

Dead Load Shear at Support (KN) 108.2
Live Load Shear at Support (KN) 200.7
Rating Live Load (Tons) 33.0

Ratin Load
E2.2. RATING FACTOR CALCULATIONS (ASM) Focltcfr Rating
| tory Rati . 11.
Moment ( Midspan ) nven (?ry o l.ng 0.5 Z
. . Operating Rating 0.78 25.6
Rating Factor and Load Rating -
Shear (At Support | Inventory Rating 0.23 7.7
PP Operating Rating 0.57 18.8
NEXT

Interior RCDG Simple
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F. LOAD POSTING BY ALLOWABLE STRESS METHOD

F1. INPUT

Load factor for dead load 1.0

Load factor for live load 1.0

Moment| Shear

Moment and Shear Capacity

Inventory | 424.4 155.3
Operatfing| 594.3 222.5

Dead Load 281.4 108.2
Vehicle
Moment| Shear Weight
Live Load M f ot Mid N MS18 403.5 200.7 33.0
ve Load Moment af Midspan (kN- i S 5 T35 7 [ 1308 | 17.0

m)

Live Load Shear at Support (KN)

Type 1-2 | 3814 | 1767 | 270
Type 12-2 | 355.8 | 1537 | 38.0

F2. LOAD POSTING RATING FACTOR CALCULATIONS (ASM)

Vehicle Inventory Rating Operating Rating )
Vehicle | Weight Posting
. Moment Shear Moment Shear (Metric
Type (Metric
Tons)
Tons) RF LR RF LR RF LR RF LR
MS18 33.0 0.35 11.7 0.23 7.7 0.78 25.6 0.57 18.8
Type 1-1 17.0 0.46 7.8 0.36 6.1 1.00 17.0 0.87 14.9
Type 1-2| 27.0 0.38 10.1 0.27 7.2 0.82 22.2 0.65 17.5
Type 12-2| 38.0 0.40 15.3 0.31 11.7 0.88 33.4 0.74 28.2 12
NEXT

Interior RCDG Simple
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G. SUMMARY OF LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING

Vehicle Allowable Stress (ASM)  Load Factor (LFM)
. . Load
Vehicle Weight .
Type (Metric Rating Load Rating Load Posting
Tons) Factor Rating Factor Rating (Tons)
MS18 33.0 0.23 7.7 0.29 9.6 8T
Type 1-1 17.0 0.36 6.1 0.45 7.6 6T
Type 1-2 27.0 0.27 7.2 0.33 8.9 7T
Type 12-2 38.0 0.31 11.7 0.38 14.5 127
END GO TO RC DECK SLAB
166
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RCDG SIMPLE Manual Calculation
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

BRIDGE ID : Frkk PAGE :

LOAD RATING CALCULATIONS

BRIDGE NAME RCDG SIMPLE

A. GENERAL
Al  BRIDGE DESCRIPTION

e Bridge Location
e Bridge Type
e Br. Width / No. of Lanes
e Bridge Length
e Year Built
e Structure
» Girders

»  Substructure
e Wearing Course

e Material Properties

e Assumption

e Ofthers
Reqgirement :

A.2  BRIDGE LAYOUT

0.6

Region Xl

Simple-span Reinforced Concrete T-Beams
7.32m curb to curb / Two-lanes

10.40m

1987

Multiple Girders per span (4-Girders), Monolithic with deck slab
Girder spacing at 2.40m on center

RC Cantilever Abutments

50mm thick Asphalt Overlay

fc = 8.3 Mpa, fs = 137.9 Mpa
fc = 20.7 Mpa, fy = 2758 Mpa
Weight of barrier rail = 3.6 KN/m
Concrete unit weight = 240  KN/m®
Asphalt unit weight = 220  KN/m®

Rating Live Load is AASHTO MS18 (HS20-44)

Determine the load rating of the interior girder of the span (10.40m) for MS18 (HS20)
vehicles considering damages on members ( Shear crack depth 199mm occurred )

10.40 m

BRIDGE ELEVATION

0.40 2.00 .40 2.00 .40 2.00 0.4

DECK SECTION

0.18

0.6

@-12 mm
—Emm

-« &

b

8- 28
STR

0.06

GIRDER SECTION

RATED BY : DATE

|CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : el PAGE :
LOAD RATING CALCULATIONS  [BRIDGENAME : RCDG SIMPLE
NOTES
B. DEMAND FORCES
B.1 DEAD LOAD CALCULATIONS
The dead loads considered in the calculations include (1) Girder self-weight, (2) Fillet/haunch,
(3) Tributary area of slab, (4) Barrier rails (Assumed to be equally distributed among girders).
(5) Wearing course.
« Self-weight of girder = (0.40m) (0.60m) (24 KN/m?) = 576  KN/m
e Fillet/haunch = 2(1/2) (0.1m) (0.1m) (24 KN/m?) = 0.24  KN/m
o Slab Weight (Tributary) = (0.18m)  (2.40m) (24 KN/m?) = 10.368 KN/m
e Barrier rail = 2(3.6/4) = 180 KN/m
¢ Wearing course = (0.05m) (2.40m) (22 KN/m3) = 2.64  KN/m
e Total Uniform Load of Interior Girder, w = 20.81  KN/m
e Dead Load Moment at Midspan, Mp, = 2081 x 1040 % /8 = 281.4 KN-m| Mg=wL?8
e Dead Load Shear at "d" from, Vp, = 2081 x 10.40 /2 = 108.20 KN Vg =wL/2
support
Wp, = 20.81
J 10.40 m l
B.2 LIVE LOAD CALCULATIONS
The carriageway width is 7.32m curb to curb. AASHTO specifies a clear lane width of 5.4m, thus Manual 1st Ed.
the deck shall carry two-lanes. Sect 3.4.2
The distribution of wheel loads for two traffic lanes for T-beams shall be taken as S/1.829 DPWH
Table 3-4
e Number of live load wheel line = 240 / 1829 = 1.312 AASHTO
Table 3.23.1
(S/6in ft.)
¢ Impact factor, | = 1524 / (10.4) + 38.00) = 0.552 DPWH
==> Use Impact = 0.300 Sect. 3.2.5.1
The live load moments and shear values are taken from the tables in Appendix Il on this manual
and are used to determine the live load demand. Interpolation may be used if values are not exact
¢ Max. MS18 moment for (10.4) m = 236.5 KN-m
span without impact/whel line
e Thus, MS18 moment with My = (1.312m) (1.300m) (236.50) = 403.5 KN-m
Impact at midspan
e Max. MS18 shear at support/wheel line = 117.7 KN
e Thus, MS18 shear Vi = (1.312m) (1.300m) (117.70) = 200.7 KN
RATED BY : DATE : |CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID el PAGE :
LOAD RATING CALCULATIONS  [BRIDGE NAME RCDG SIMPLE
NOTES
C. LOAD RATING BY LOAD FACTOR METHOD
C.1 CAPACITY CALCULATIONS
The strengths of concrete and rebars are determined based on the year of construction and the
allowable stresses noted in the plans. Since construction was done in 1987, the corresponding
material strengths were as follows (Sect. 3.5).
ALLOWABLE STRESSES STRENGTH This Manual
Concrete fe = 8.30 Mpa ||- f'e = 20.70  Mpa Table 3.5-1
Rebar f = 137.90 Mpa fy = 27580 Mpa
C.1l1 MOMENT CAPACITY AT MIDSPAN
+ Total area of steel (J- 28 mm rebar)
As = 8x(m/4x 287) = 4926 mm?
e Centroid of rebar from top of deck
Total Girder Depth = Tg..p + Girder Depth
- 180+ &0 2] @@ 6 @
*——
= 780  mm 28 | [ SPACER BAR
)R ONONONO ARG
Bar No. Area No.  Y-Dist Aror Aror *Y 60 )
Gl 615.8 4 74 2463.009 182263
G2 6158 4 130 2463.009 320191 0
4926 502454 o ~
Reb troid from bott A 202454 102
ebar centroid from bottom = = mm
Avor 4,926
Rebar centroid from top = 780 - 102 = 678 mm
o Effective width of deck, bey = Minimum of the following :
12 ts + bw = 2560 mm De;
P
Span /4 = 2600 mm
Controls I]I]I:> Spacing = 2400 |mm
e The rectangular stress block is calculated as,
q - A f, (4,926)  (275.80) _ 329 mm <ts
0.85 f'c bef 0.85 (20.70) (2,400) N ’
¢ Moment Capacity
0.9 (4,926)  (275.80) [ 678 - 3217 /2]
Mu= ¢ Asfy (d-a/2) = o
= 809.3 KN-m
RATED BY : DATE CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : ek PAGE :
LOAD RATING CALCULATIONS  [BRIDGENAME : RCDG SIMPLE
NOTES
C.1.2 SHEAR CAPACITY AT SUPPORT
The AASHTO Design Specification requires that the design shear be taken at a distance "d" from
the support. However, shear at support may be used conservatively.
In the absence of data, the standard reinforcement for a 10.0m span under DPWH
standards had been used.
e The shear capacity of the concrete section
Vc = 0.167Sart(f'c)bd = 0.167 Sart  (20.70)  (400) (678)
= 206.1 KN ==>> Full Capacity
Vc' (reduced)= 0.5 x 206.1 = 103.5 KN ==>> Use 50% concrete capacity
due to shear cracks (199mm depth)
e The shear capacity of the shear reinforcement
Stirrups :
Vs = 2Aviydes/S = 2 (113.1) (275.80) (678.00) / 200 D12mm
= 211.5 KN A= 1131 mm?
e The total shear capacity becomes
Vu = ¢ (Vc+Vs) = 085 (103.5 + 211.5)
= 267.8 KN
C.2  LOAD RATING CALCULATIONS
The manual provides the rating factor to be calculated using the Load Factor Method (LFM)
by the formula:
RE = o Rn-ypD where: => v = 217 (Inventory) This Manual
Tyl +) => gy = 130 (Operating) Eq.3.2-4
=> w = 217 (Posting)
By substituting the factors and the load effects to the equation, the moment and shear rating
of the interior girder can be estimated as presented below.
RATING FACTOR CALCULATIONS (LFM)
LOCATION DESCRIPTION INVENTORY RATING This Manual
809.3 - 130  (2814) 051 Eq.3.2-4
217  (403.5) e
Midspan Moment OPERATING RATING
809.3 - 130  (281.4)
= 085
1.3 (403.5)
LOCATION DESCRIPTION INVENTORY RATING This Manual
2678 - 1.30  (108.2) Eq.3.2-4
= 029
217  (200.7)
At Support Shear OPERATING RATING
2678 - 1.30 (108.2)
= 049
1.3 (200.7)
RATED BY : DATE : CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID el PAGE :
LOAD RATING CALCULATIONS  [BRIDGE NAME RCDG SIMPLE
NOTES
LOAD RATING CALCULATIONS (LFM)
(Rating Live Load = MS18, W = 33 Metric Tons)
Location Description Inventory Rating (Tons) Operating Rating (Tons) This Manual
Midspan Moment 0.51 x 33 = 167 0.85 x 33 = 279 Eqg.3.1-5
At Support Shear 0.29 x 33 = 9.6 0.49 x 33 = 161 This Manual
Eq.3.1-5
Since the Inventory Rating Mz = 16.7 metric fons and Vg = 9.6 metric tons are less
than the total weight of MS18 truck = 33 metric tons, load posting the bridge is necessary
D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)
The procedure for load posting is similar to the above using load posting vehicles for live load.
D.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
The live load moments and shears can be taken from Appendix lll of the Manual corresponding This manual
to Types 1-1, 1-2 and 12-2 Posting Vehicles. Fig. 3.4-2
Fora 10.40 m span bridge, the Posting Live Load demands are:

Vehicle LL Effects/Wheel Line LL Dist | ; LL Demand
Type Moment Shear Factor mpac Moment (KN-m) Shear (KN)
Type 1-1 183.0 76.7 1.312 1.300 312.1 130.8
Type 1-2 223.6 103.6 1.312 1.300 381.4 176.7
Type 12-2 208.6 90.1 1.312 1.300 355.8 153.7
Similar calculations are done using Egs. 3.2-4 and 3.1-5 for rating factor and load rating
LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Weight Moment Shear Moment Shear (Metric
(MetricTons)™"RE" TR | RF | LR | RF | LR | RF | LR Tons)
MS18 33.0 0.51 | 167 1 029 | 9.6 | 085 | 27.9 | 0.49 | 16.1 10
Type 1-1 17.0 065 1111045 | 7.6 | 1.09 | 186 | 0.75 | 12.7 8
Type 1-2 27.0 0.54 | 1451 033 | 89 | 089 | 242 | 0.55| 14.9 9
Type 12-2 38.0 0.57 | 21.8 1 0.38 | 145 | 096 | 36.4 | 0.64 | 24.2 14
RATED BY : EAB DATE 1900/1/0 0:00 CHECKED BY : JCS DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID il PAGE :
LOAD RATING CALCULATIONS  [BRIDGE NAME RCDG SIMPLE
NOTES
E. LOAD RATING BY ALLOWABLE STRESS METHOD
E1l. MOMENT AND SHEAR CAPACITY CALCULATIONS
The concrete and rebar allowable stresses are as noted in the plans as follows:
Concrete: fc= 8.3 Mpa
Rebar : fs = 137.9 Mpa <== Inventory
fs=193.1 Mpa <==  Operatfing
When the neutral axis is within the slab, the rectangular beam formulation can be used
kd/3 or "z" As = 4,926 mm?
—5C d = 678mm
jd ber = 2,400 mm
= As/bd=0.00303
— YT e
n=E/Ec =12 MCEB
Sect. 6.6.2.4
Assume neutral axis (N.A.) is within slab and solving for the neutral axis position
k =] 20n+(pn)’ -pn
= / 2 (0.00303)(12) + [0.00303((12)]* - (0.00303)(12)
k = 02357
kd = (0.2357)(678) = 159.8 mm
i = 1-k/3 =09214
Using k = 0.2357, kd = 159.8mm < ts = 180mm, therefore N.A. lies above
the web and into the slab. Therefore, the capacity will be calculated
based on the N.A. above the web. The neutral axis depth, kd is
calculated by summing moments at the top of the slab:
RATED BY : DATE : CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : ol PAGE :

LOAD RATING CALCULATIONS  [BRDGENAME : RCDG SIMPLE

NOTES

The compression zone resultant force (C) & location (z) is calculated as

c I A
j 159.8

Slab Z =1598/3 = 5326 mm
ts =180 v

;‘ 202 C = 1/2(159.8) = 79.89

Therefore, d=d-1
= 678 - 53.26 = 624.74 mm

If concrete allowable stress conftrols, the capacity becomes:

Mc = bexCxfcxjd

(2400) (79.89)(8.3)(624.74)(10%)
994.18 kN-m <<== Not governing since Mc > Ms

If rebar allowable stress controls, the capacity becomes,

At Inventory Level At Operating Level
Ms = Asfsjd Ms = Asfsjd
= (4926)(137.9)(624.74) = (4926)(193.1)(624.74)

424.38 kN-m 594.26 kN-m

SHEAR CAPACITY CALCULATIONS
The conditions for shear capacity calculations is the same as that previously calculated.
¢ The shear capacity due to concrete section:

At Inventory Level
Vc =0.08 fc bw d =0.08 | (20.7) (400) (678) = 99.20
Vc' (reduced) = 992 x 0.5 = 49.60 KN ==>> Use 50% concrete capacity
due to shear cracks (199mm depth)
At Operating Level
Vc =0.12fc bwd =0.12 | (20.7) (400) (678) = 148.80
Vc' (reduced) = 148.8 x 0.5 = 74.40 KN ==>> Use 50% concrete capacity
due to shear cracks (199mm depth)

e The shear capacity due to shear reinforcement:

At Inventory Level
Vs = 2Avfsds/S = 2(113.10)(137.9)(678)/200
= 105.74 kN

At Operating Level
Vs = 2Avfsds/S = 2(113.10)(193.1)(678)/200
= 148.07 kN

RATED BY : DATE : ICHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : ol PAGE :

LOAD RATING CALCULATIONS  [BRDGENAME : RCDG SIMPLE

NOTES

e The total shear capacity becomes:

At Inventory Level

Vs = Vc + Vs = 49.6 + 105.74
= 155.34 kN

At Operating Level

Vs = Vc + Vs = 74.4 + 148.07
= 222.47 kN

E2. LOAD RATING CALCULATIONS

The Manual provides the rating factor to be calculated using the
Allowable Stress Method (ASM) by the formula:

R-A; D where A = 10

RF= —— 1 —
A L(1+1) A, = 10

RATING FACTOR CALCULATIONS (ASM)

LOCATION DESCRIPTION INVENTORY RATING Posting ( Tons )
424.4 - (281.4)
= 035 11.7
(403.5)
Midspan Moment OPERATING RATING
594.3 - (281.4) 25.6
= 078
(403.5)
LOCATION DESCRIPTION INVENTORY RATING
155.3 - (108.2) 7.7
= 023
(200.7)
At Support Shear OPERATING RATING
222.5 - (108.2) 18.8
= 057
(200.7)

Since the Inventory Rating Factor Mge = 0.57 and Vge = 0.34
are less than one, load posting calculations are necessary.

F. LOAD POSTING BY ALLOWABLE STRESS METHOD

The procedure for load posting is similar to the above using load posting vehicles for live load
and the demand moments and shears as calculated in the previous Section D, as follows:

Vehicle LL Demand
Type Moment (KN-m) Shear (KN)
Type 1-1 312.1 130.8
Type 1-2 381.4 176.6
Type 12-2 355.8 153.7
RATED BY : DATE : CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

BRIDGE ID

Fkkk

PAGE :

LOAD RATING CALCULATIONS

BRIDGE NAME

RCDG SIMPLE

Similarly, using Eqg. 3.2-1 and Eq. 3.1-5, load posting calculations are presented below

NOTES

LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Weight Moment Shear Moment Shear (Metric
(MetricTons)™RE™T[R | RF | LR | RF | LR | RF | LR Tons)

MS18 33.0 035 117023 7.7 | 078 | 25.6 | 0.57 | 18.8 8
Type 1-1 17.0 046 78 [ 036 | 6.1 [ 1.00 [ 170 | 0.87 | 14.89 6
Type 1-2 27.0 038 | 101 | 027 | 72 [ 082 222 | 0.65 | 17.5 7
Type 12-2 38.0 040 | 153 | 031 | 11.7 [ 0.88 | 33.4 | 0.74 | 28.2 12

The summary of calculation results for both the load factor and the allowable stress methods
are presented below.

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle Allowable Stress (ASM) Load Factor (LFM) POSTING
Vehicle Type| Weight Rating Load Rating Load (Metric
(MeficTons)| - Foctor Rating Factor Rating Tons)
MS18 33.0 0.23 7.7 0.29 9.6 8
Type 1-1 17.0 0.36 6.1 0.45 7.6 6
Type 1-2 27.0 0.27 7.2 0.33 8.9 7
Type 12-2 38.0 0.31 1.7 0.38 14.5 12
RATED BY : DATE |CHECKED BY : DATE




RCDG CONTINUOUS Computer Based Calculation

INTERIOR RCDG CONTINUOUS

A. GENERAL BACK TO MENU
Al. BRIDGE DESCRIPTION
Bridge Location REGION |
Bridge Name STANDARD BRIDGE
Bridge  |Simple or Continuous C Reinforced Concrete T-beams
Type Number of Span 3
Bridge of Width (curb to curb) (m) 7.32
Number of Lanes 2
Bridge Length (m) 15.000 15.000 15.000 =45.000m
Year Built 2000
Nos. of Girder 4 Multiple monotholic with deck slab.
Structure | Girder Spacing (m) 2.400 |on centers
Substructure Wall Type RC Piers and RC Cantilever Abutments
Wearing |thickness (mm) 0
Course  |material Asphalt
. . fc= 8.3 Mpa fs= 137.9 |Mpa
Material Properties fom 0.7 Mpa fy= 2758 |Mpa
Weight of barrier rail Whbr = 13.0 [KN/m
Assumption Concrete Unit Weight Wu = 240  |KN/m®
Asphalt Unit Weight Wa = 220 |KN/m?®
Others Rating Live Load is AASHTO MS18 (HS20-44)
NEXT
. Year of , fc or fs
Material Construction foorfy Inventory |Operating| Posting
Prior to 1959 17.2 6.9 10.3 6.9
after 1959 20.7 8.3 13.1 8.3
Concrete o 01981 27.6 11.0 16.5 110 |*pc
after 1981 31.0 12.4 18.6 12.4 *pc
Prior to 1954 227.5 124.1 172.4 124.1
after 1954 275.8 137.9 193.1 137.9
Rebar
Grade 50 344.7 137.9 224.1 137.9  |*pc
Grade 60 413.7 165.5 248.2 165.5 [|*pcC

INTERIOR RCDG CONTINUOUS
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A2. BRIDGE LAYOUT AND DIMENSION

Al (@) (@) A2
15.00m 15.00m 15.00m
E I 1] ! 1] I Ef
I Il

BRIDGE ELEVATION

9540

3660

3660

970 _‘404_

2000 _‘404_ 2000 _‘4OJ_ 2000 _LOO\_ 970

0%

F ROADWAY

SUPERSTRUCTURE CROSS SECTION

BRIDGE LAYOUT AND DIMENSION

Girder width bw(m) 0.400

Girder Web height h (m) 1.000

Fillet/Haunch width wf(m) 0.100

Fillet/Haunch height hf(m) 0.100

Slab thickness s (m) 0.200

Span Length L(m) 15.000
177
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B. DEMAND FORCES

FOR
DEAD
LOAD

BO. INPUT
Girder width bw(m) 0.400
Girder Web height h (m) 1.000
Fillet/Haunch width wf(m) 0.100
Fillet/Haunch height hf(m) 0.100
Slab thickness ts (m) 0.200
Slab width ws (m) 2.400
Span Length L(m) 15.000

B1. DEAD LOAD CALCULATIONS

Uniform Load per meter of Girder (KN/m)

Self-weight of Girder 9.600
Fillet/Haunch 0.240
Slab Weight Continuous 11.520
Barrier Rail 6.500
Asphalt Overlay 0.000
Total Load 27.860
Total DeadLoad 21.360
Total Superimposed Dead Load 6.500

B2. LOAD DEMAND MIDSPAN AND SUPPORT OF RCDG

Conducting a Structural Analysis, the load demands for the RCDG should be

obtained
- At Midspan At Pier Support
Description 0L oL
Dead load moments, KN-m 496.7 -620.1
Dead load shears, KN - -248.2
MS18 max. positive moment, KN-m 536.3 0.0
MS18 max. negative moment, KN-m - -416.4
MS18 max. negative Shear force, KN - -334.5
NEXT
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C. LOAD RATING CALCULATIONS

LONGITUDINAL
SLAB BARS MAIN NEGATIVE BARS

Total area of Rebar

LONGITUDINAL BARS Mldspon Pler
g ¢ 5 \ d E—— Nos of Rebar 10 13
fm . — WWWWA;J N bty ® ] | Dia. (mm) 36 28
——TRANSVERSE BARS ——TRANSVERSE BARS As(mmz) ] O] 79 8005
WEB BARS WEB BARS yb (mm) ] 26 63
% .-%ST\RRUPS % .->7ST\RRUPS
i ] Stirrups
: : ee oo At Pier
400 400 Dia. (mm) 16
As(mm?2) 201.1
SECTION AT MIDSPAN SECTION AT PIER SUPPORT spacing (mm| 150
C1. CAPACITY CALCULATIONS
C1. INPUT
(1) Common Input Data At Midspan| At Pier
Concrete Allowable Stress fc 8.3
Material Properties Strength f'c 20.7
(Mpa) Allowable Stress fs 137.9
Rebar
Strength fy 275.8
(2) Input Data for Moment Capacity At Midspan| At Pier
Total Area of Steel As(mm?) 10179 8005
Section Loss due to Rebar Exposure (%) 0 0
Total Assumed Area of Steel As(mm?2) 10179 8005
Centroid of rebars from bottom of deck , yb (mm) 126 63
Centroid of rebars from top of deck , d (mm) 1074 1137
12ts + bw 2800 =
Effective width of deck, bgg (mn Span Length / 4 3750 -
beff 2400 400
Ultimate capacity factor (Uf) 0.90 0.90
(3) Input Data for Shear Capacity ATMIASPAN| At Pier
Girder width bw(mm) - 400
Depth of Shear Cracks (mm) - 0
The Reduction Factor due to Shear Cracks - 1.00
Centroid of rebars from top of deck , d (mm) - 1137
Area of rebar Av(mm?) - 201.1
Section Loss due to Stirrups Exposure (%) - 0
Total Assumed Area of Steel As(mm?2) - 201.1
Spacing of stirups S (mm) - 150
Ultimate capacity factor (Uf) ) 0.85
C1.1 MOMENT CAPACITY AT MIDSPAN ATMIGSPaNT— At Pier
Rectangular stress block depth a (mm) 66.5 313.7
The Moment Capacity Mu (kN-m) 2629.6 1947.6
C1.2 SHEAR CAPACITY AT SUPPORT At Midspan| At Pier
The shear FULL capacity due to concrete section Vc (kN) - 345.6
The shear capacity due to concrete section Vc (kN) - 345.6
The shear FULL capacity due to shear reinforcement Vs (kN) - 840.7
The shear capacity due to Stirups Vs (kN) - 840.7
The total shear capacity Vu (kN) - 1008.3
NEXT
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C2. LOAD RATING CALCULATIONS

C2.1 INPUT At Midspan| At Pier
Load factor for dead load 1.3
Load factor for live load Invenfc?ry 217
Operating 1.3
Moment Ultimate Capacity at Midspan (kN-m) 2629.6 -1947.6
Dead Load Moment at Midspan (kN-m) 496.7 -620.1
Live Load Moment at Midspan (kN-m) 536.3 -416.4
Shear Ultimate Capacity at Support (KN) - -1008.3
Dead Load Shear at Support (KN) - -248.2
Live Load Shear at Support (KN) - -334.5
Rating Live Load (Tons) 33.0

Rating Load

C2.2 CALCULATIONS OF RATING FACTOR AND LOAD RATING Factor Rating

. Inventory Rating 1.70 56.3

Moment Midspan Operating Rating 2.85 93.9

. . . Inventory Rating 1.26 41.7
Rating Factor and Load Rating At Pier Operafing Rafing XE %96
Shear Af Pier Inventc?ry Roh'ng 0.94 31.2

Operating Rating 1.58 52.0

Depend on the minimum value of Rating Factor>1 or <1,
instruction in the below cell is automatically shown

Load Posting

Click following the above instruction

Return to GENERAL

Load Posting

INTERIOR RCDG CONTINUOUS
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D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.2 POSTING VEHICLE DEMAND FORCES

Conducting a Structural Analysis, the load demands for the RCDG should be obtained
separately and input the necessary load demands in the Table below.

Posting Vehicle Demand Forces At Midspan At Pier Support
Moment 382.8 -205.0
fype 1-1 Shear - 130.0
Moment 492.6 -303.4
Type 1-2 Shear - -188.1
Moment 450.5 -392.6
Type 12-2 Shear - -201.1
NEXT
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D2. POSTING RATING CALCULATIONS

D2.1 INPUT
Load factor for dead load 1.3
Load factor for live load Invemgry 217
Operating 1.3
Moment Shear
Midspan| Af Pier | Af Pier
Moment Ultimate Capacity 2629.6 | 1947.6 | 1008.3
Dead Load 496.7 620.1 248.2
Moment Shear | Vehicle
| | Midspan| At Pier Weight
Live Load Moment at Midspan (kN- MS18 2363 | 4164 | 3345 33.0
) Type 1-1 382.8 205.0 130.0 17.0
Live Load Shear at Support (KN) Type 1-2 | 492.6 303.4 188.1 27.0
Type 12-2| 450.5 392.6 201.1 38.0
D2.2 LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
Vehicle Inventory Rating Operating Rating ,
Vehicle | Weight Posting
. Moment Shear Moment Shear (Metric
Type (Metric Tons)
Tons) RF LR RF LR RF LR RF LR
(1) At Midspan
MS18 33.0 1.70 56.3 - - 2.85 93.9 - - 33
Type 1-1 17.0 2.39 40.6 - - 3.99 67.8 - - 17
Type 1-2| 27.0 1.86 50.1 - - 3.10 83.6 - - 27
Type 12-2| 38.0 2.03 77.1 - - 3.39 128.7 - - 38
(2) At Pier Support
MS18 33.0 1.26 41.7 0.94 31.2 2.11 69.6 1.58 52.0 31
Type 1-1 17.0 2.57 43.6 2.43 41.3 4.28 72.8 4.06 69.0 17
Type 1-2 | 27.0 1.73 46.8 1.68 45.4 2.89 78.1 2.80 75.7 27
Type 12-2| 38.0 1.34 50.9 1.57 59.7 2.24 85.0 2.62 99.7 38

INTERIOR RCDG CONTINUOUS
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E. Load Rating by Allowable Stress Method

E1l. MOMENT AND SHEAR CAPACITY CALCULATIONS

E1.1 Input Midspan | At Pier
fe Inventory 8.3
Concrete Operating 13.1
Material Properties f'c 20.7
Inventory 137.9
Rebar fs Operating 193.1
Total Assumed Area of Steel As(mm?) 10179 8005
Area of rebar Av(mm?) 201.1 201.1
Spacing of stirups S (mm) 150 150
Centroid of rebars from top of deck , d (mm) 1074 1137
Effective width of deck , beff (mm) 2400 400
Girder width bw(m) 400 400
Rebar Ratfio o =As/ (beffxd) 0.00395 | 0.01760
Modular Ratio of Elasticity n =Es / Ec 12 12
k=v [20on+(pn)*]-pn 0.2641 0.4722
i 0.9120 | 0.8426
kd 294.6 536.9
Slab thickness ts (mm) 200.0 200.0
k 0.2743 -
z 98.20 -
jd 975.80 958.04
Calculation of kd
n As d b ts bw
12 10179 1074 2400 200.0 400
nAs nAsd bts 1/2bts? bwy y/2+ts
122148 | 131186952 480000 | 48000000 37840 247.3
T5+y Ycalculate Yinput
294.6 94.6 94.6
E1.2 MOMENT AND SHEAR CAPACITY CALCULATIONS Midspan | At Pier
Capacity Inventory 2617.2 -853.8
Moment (kN-m) by concrete allowable stress Mc Operating 4130.8 -1347.6
Capacity Inventory 1369.7 -1057.6
by rebar allowable stress Ms Operating 1918.0 -1480.9
Capacity due. to Ve Inventory - 165.5
concrete section Operating - 248.3
Shear (kN) Capacity Vs Invenfc.>ry - 420.3
due to rebar Operating = 588.6
Shear capacity Vu Invenf?w _ 5859
Operating - 836.9
183 INTERIOR RCDG CONTINUOUS
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E2. LOAD RATING CALCULATIONS

E2.1 INPUT

Midspan At Pier

Load factor for dead load

Load factor for live load

. ) Inventory | 1369.71 -853.82
Moment Capacity at Midspan (kN-m) -
Operating| 1918.0 -1347.6
Dead Load Moment at Midspan (kN-m) 496.7 -620.1
Live Load Moment at Midspan (kN-m) 536.3 -416.4
) Inventory = -585.9
Shear Capacity at Support (KN) Operating - 836.0
Dead Load Shear at Support (KN) - -248.2
Live Load Shear at Support (KN) - -334.5
Rating Live Load (Tons) 33.0

Rating Load
E2.2. RATING FACTOR CALCULATIONS (ASM) Factor Rating
. Inventory Rating 1.63 53.72
Midspan == rating Rating 2.65 87.46
Moment Inventory Rating 0.56 18.52
Rating Factor and Load Rating At Pier Operafing Rafing 175 57 65
. Inventory Rating 1.01 33.31
shear At Pier Operating Rating 1.76 58.08
NEXT
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F. LOAD POSTING BY ALLOWABLE STRESS METHOD

F1. INPUT
Load factor for dead load 1.0
Load factor for live load 1.0
Moment Shear
Midspan| At Pier | At Pier
. Inventory | 1369.7 | -853.8 | -585.9
Moment and Shear Capacit
b Y Operating| 1918.0 | -1347.6 | -836.9
Dead Load 496.7 -620.1 -248.2
Moment Shear | venhicle
Midspan| At Pier | At Pier [ Weight
Live Load M t ot Mid KN MS18 536.3 -416.4 | -334.5 33.0
m';’e oad Moment at Midspan (kN- - 520 e T 2050 | -1300 | 17.0
Live Load Shear at Support (KN) Type 1-2 492.6 -303.4 | -188.1 27.0
Type 12-2 450.5 -392.6 | -201.1 38.0

F2. LOAD POSTING RATING FACTOR CALCULATIONS (ASM)

Vehicle Inventory Rating Operating Rating .
Vehicle | Weight Posting
. Moment Shear Moment Shear (Metric
Type (Metric
Tons)
Tons) RF LR RF LR RF LR RF LR
(1) AT MIDSPAN
MS18 33.0 1.63 53.7 - - 2.65 87.5 - - 33
Type 1-1 17.0 2.28 38.8 - - 3.71 63.1 - - 17
Type 1-2| 27.0 1.77 47.9 - - 2.89 77.9 - - 27
Type 12-2| 38.0 1.94 73.6 - - 3.15 119.9 - - 38
(2) AT PIER SUPPORT
MS18 33.0 0.56 18.5 1.01 33,8 1.75 57.7 1.76 58.1 19
Type 1-1 17.0 1.14 19.4 2.60 44.2 3.55 60.3 4.53 77.0 17
Type 1-2| 27.0 0.77 20.8 1.80 48.5 2.40 64.7 3.13 84.5 21
Type 12-2| 38.0 0.60 22.6 1.68 63.8 1.85 70.4 2.93 111.2 23
NEXT
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G. SUMMARY OF LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING

Vehicle Allowable Stress (ASM)  Load Factor (LFM)
. . Load
Vehicle Weight .

Type (Metric Rating Load Rating Load Posting
Tons) Factor Rating Factor Rating (Tons)

MS18 33.0 0.56 18.5 0.94 31.2 197

Type 1-1 17.0 1.14 19.4 2.39 40.6 177

Type 1-2 27.0 0.77 20.8 1.68 45.4 21T

Type 12-2 38.0 0.60 22.6 1.34 50.9 23T

IEND AND GO TO DECK SLAB
186
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RCDG CONTINUOUS Manual Calculation

10F12

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : ol PAGE :

LOAD RATING CALCULATIONS |[BRIDGENAME : RCDG CONTINUOUS

A.l

A. GENERAL

BRIDGE DESCRIPTION

Bridge Location

Bridge Type

Br. Width / No. of Lanes
Bridge Length

Year Built

Structure

» Girders

»  Substructure
Wearing Course

Material Properties

Assumption

Others
Reqgirement

None (Standard Bridge)

3-span Continuous Reinforced Concrete T-Beams
7.32m curb to curb / Two-lanes

15.0m + 15.0m +15.0m = 45.0m

2000

Multiple Girders per span (4-Girders), Monolithic with deck slab
Girder spacing at 2.40m on center
Wall Type RC Pier and RC Cantilever Abutments

None

fc = 8.3 Mpa, fs = 137.9 Mpa
fc = 20.7 Mpa, fy = 2758 Mpa
Weight of barrier rail = 13.0  KN/m
Concrete unit weight = 240 KN/m®
Asphalt unit weight = 220  KN/m®

Rating Live Load is AASHTO MS18 (HS20-44)

Determine the load rating of the interior girder of the span (10.40m) for MS18 (HS20)
vehicles considering no damages on members

A.2 BRIDGE LAYOUT
@ €2 €2 ™)
15.00m 15.00m 15.00m
[ I ‘M‘ I ‘M I ]
BRIDGE ELEVATION
9540
1110 3660 3660 1110
A
F ROADWAY
970 LOJ_ 2000 JA'UJ; 2000 JA'OOL 2000 JOUL 970
SUPERSTRUCTURE CROSS SECTION
RATED BY : DATE : |CHECKED BY : DATE




RCDG CONTINUOUS Manual Calculation
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : ol

PAGE :

LOAD RATING CALCULATIONS |[BRIDGENAME : RCDG CONTINUOUS

Conducting a Structural Analysis, the load demands for the RCDGContinuous should be obtained
separately and input the necessary lo

NOTES
B. DEMAND FORCES
B.1 DEAD LOAD CALCULATIONS
The dead loads considered in the calculations include (1) Girder self-weight, (2) Fillet/haunch,
(3) Tributary area of slab, (4) Barrier rails (Assumed to be equally distributed among girders).
* Self-weight of girder = (0.40m) (1.00m) (24 KN/m3) = 9.600 KN/m
e Fillet/haunch = 2(1/2) (0.1m) (0.1m) (24 KN/m3) = 0.240 KN/m
e Slab Weight (Tributary) = (0.20m)  (2.40m) (24 KN/m3) = 11.520 KN/m
e Barrier rail = 2(3.6/4) = 6.500 KN/m
e Total Uniform Load of Interior Girder, w = 27.860 KN/m
B.2 LOAD DEMAND MIDSPAN AND SUPPORT OF RCDG
The carriageway width is 7.32m curb to curb. AASHTO specifies a clear lane width of 5.4m, thus Manual 1st Ed.
the deck shall carry two-lanes. Sect 3.4.2
The distribution of wheel loads for two traffic lanes for T-beams shall be taken as $/1.829 DPWH
Table 3-4
e Number of live load wheel line = 320 / 1.829 = 1.750 AASHTO
Table 3.23.1
(S/6in ft.)
e Impact factor, | = 1524/ (150) + 38.00) = 0.287 DPWH
Sect. 3.2.5.1

Description At Midspan At Pier Support

0.4L 1.0L

Dead load moments, KN-m 496.7 -620.1

Dead load shears, KN - -248.2

MS18 max. positive moment, KN-m 536.3 0.0

MS18 max. negative moment, KN-m - -416.4

MS18 max. negative Shear force, KN - -334.5

RATED BY : DATE : |CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID el PAGE :
LOAD RATING CALCULATIONS BRIDGE NAME RCDG CONTINUOUS
NOTES
C. LOAD RATING BY LOAD FACTOR METHOD
C.1 CAPACITY CALCULATIONS
The strengths of concrete and rebars are determined based on the year of construction and the
allowable stresses noted in the plans. Since construction was done in 2000, the corresponding
material strengths were as follows (Sect. 3.5).
ALLOWABLE STRESSES STRENGTH This Manual
Concrete fe = 8.30 Mpa ||- f'e = 20.70  Mpa Table 3.5-1
Rebar f = 137.90 Mpa fy = 27580 Mpa
C.1l1 MOMENT CAPACITY AT MIDSPAN
+ Total area of steel (J- 36 mm rebar)
As = 10x(m/4x 36°) = 10,179 mm?
e Centroid of rebar from top of deck
. ) r——
Total Girder Depth = Tg..p + Girder Depth 36 ) @@
= 200 + 1000 30 SPACER BAR |
= 1200 mm 36 | ©) )
] Yo
Bar No. Area No.  Y-Dist Aror Aror *Y 60
o —
Gl 1017.9 4 78  4071.504 317577
G2 1017.9 2 114 2035752 232076 400
G3 1017.9 4 180  4071.50 732871 o e
10179 1282524
Reb troid f bott Aror * Y 1,282,524 ™
r centr rom m = = mm
ebar centroid from botto Ao 10179
Rebar centroid from top = 1200 - 126 = 1074 mm
o Effective widthof deck, by = Minimum of the following :
12 ts + bw = 2800 mm ‘ Do
Span /4 = 3750 mm W
Controls I]I]I:> Spacing = 2400 |mm
e The rectangular stress block is calculated as,
A, (10,179)  (275.80) e <t
a = = . mm S
0.85 f'c best 0.85  (20.70) (2,400)
¢ Moment Capacity
09  (10179) (275.80) [ 1074 - 665 /2]
Mu= ¢ Asfy (d-a/2) = "
10
= 26296 KN-m
RATED BY : DATE CHECKED BY : DATE
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BRIDGE NAME

LOAD RATING CALCULATIONS

RCDG CONTINUOUS

Cil1 MOMENT CAPACITY AT PIER

+ Total area of steel (J- 36 mm rebar)

As = 13x(m/4x 28%°) = 8005 mm?

e Centroid of rebar from top of deck

NOTES

49

0000000000000 1 %5

200

Gl
Total Girder Depth = Tg..p + Girder Depth
= 200 + 1000
= 1200 mm
Bar No. Area No.  Y-Dist Aror Aot * Y
Gl 615.8 13 63 8005.4 504340 Web 400
8005 504340
Reb troid from bott - o 'Y - 004540 = 63
ebar centroid from bottom = e = 8005 = mm
Rebar centroid from top = 1200 - 63 = 1137 mm
o Effective width of girder, b ¢ = 400 mm

e The rectangular stress block is calculated as,

o - A, _ (8,005)  (275.80) s 337 mm <t
0.85 f'c begt " 085 (20.70)  (0,400) - :
¢ Moment Capacity
09 (8005 (275.80) [ 1137 - 313.7 /2]
Mu= ¢ Asfy (d-a/2) = 10
= 1,947.6 KN-m

ci1z2 SHEAR CAPACITY AT SUPPORT

The AASHTO Design Specification requires that the design shear be taken at a distance "d" from
the support. However, shear at support may be used conservatively.

In the absence of data, the standard reinforcement for a 10.0m span under DPWH

standards had been used.

¢ The shear capacity of the concrete section

Ve = 0.167 Sart(fc) b d 0.167 Sart  (20.70)  (400) (1137)

345.6 KN ==>> Full Capacity

¢ The shear capacity of the shear reinforcement

Vs = 2Aviyde/S = 2 (201.1) (27580) (1137) / 150
840.7 KN ==>> Full Capacity

¢ The total shear capacity becomes

Stirrups :
D16mm
A= 201.1 mm?

Vu = ¢ (Vc+Vs) = 085 (3456 +  840.7)
= 10083 KN
RATED BY : [DATE |CHECKED BY : DATE
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NOTES
C.2 LOAD RATING CALCULATIONS
The manual provides the rating factor to be calculated using the Load Factor Method (LFM)
by the formula:
RE = o Rn-ypD where: => v = 217 (Inventory) This Manual
Tyl (1+) => y = 130 (Operating) Eq.3.2-4
=> v = 217 (Posting)
By substituting the factors and the load effects to the equation, the moment and shear rating
of the interior girder can be estimated as presented below.
RATING FACTOR CALCULATIONS (LFM)
LOCATION DESCRIPTION INVENTORY RATING This Manual
26296 - 130 (4967) 70 Eq.3.2-4
217  (536.3) T
Midspan Moment OPERATING RATING
26296 - 130  (496.7)
= 285
1.3 (536.3)
LOCATION DESCRIPTION INVENTORY RATING This Manual
19476 - 130 (620.1) % Eq.3.2-4
217  (416.4) T
Moment OPERATING RATING
19476 - 130 (6201) o1
13 (416.4) -
At Support DESCRIPTION INVENTORY RATING
10083 - 130 (2482
= 094
217  (334.5)
Shear OPERATING RATING
10083 - 130  (248.2)
= 1.58
1.3 (334.5)
LOAD RATING CALCULATIONS (LFM)
(Rating Live Load = MS18, W = 33 Metric Tons)
Location Description Inventory Rating (Tons) Operating Rating (Tons) This Manual
Eg. 3.1-5
Midspan Moment 1.70 x 33 = 563 2.85 x 33 = 939
At Support Moment 1.26 x 33 = 417 211 X 33 = 696
At Support Shear 0.94 x 383 = 312 1.58 x 33 = 520
Since the Inventory Rating Mz = 41.7 metric fonsand Vg = 31.2 metric tons are less
than the total weight of MS18 truck = 33 metric tons, load posting the bridge is necessary
RATED BY : DATE CHECKED BY : DATE
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LOAD RATING CALCULATIONS BRIDGE NAME RCDG CONTINUOUS
NOTES
D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)
The procedure for load posting is similar fo the above using load posting vehicles for live load.
D.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
The live load moments and shears can be separately taken from conducting a structural analysis
corresponding to Types 1-1, 1-2 and 12-2 Posting Vehicles.
For 3-span continuous (3@15.0m) bridge, the Posting Live Load demands are:
Vehicle Type LL Demand At Midspan At Pier Support
Moment 382.8 -205.0
Type 1-1
Shear - -130.0
Moment 492.6 -303.4
Type 1-2
Shear - -188.1
Moment 450.5 -392.6
Type 12-2
Shear - -201.1
Similar calculations are done using Egs. 3.2-4 and 3.1-5 for rating factor and load rating
LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
AT MIDSPAN
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Weight Moment Shear Moment Shear (Metric
(MetricTons) "RE"T IR | RF | LR | RF | LR | RF | IR Tons)
MS18 33.0 1.70 | 563 | -- - | 285 939 - -— 33
Type 1-1 17.0 239 | 40.6 | - - | 399 | 678 | -- - 17
Type 1-2 27.0 1.86 | 50.1 --- - [ 3.10 | 83.6 | -- - 27
Type 12-2 38.0 203 | 771 --- - | 339 [ 1287 -- - 38
LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
AT PIER SUPPORT
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Weight Moment Shear Moment Shear (Metric
(MetricTons)™RE"T IR | RF | LR | RF | LR | RF | LR Tons)
MS18 33.0 126 | 417 | 094 | 312 | 211 | 69.6 | 1.58 | 520 31
Type 1-1 17.0 2.57 | 43.6 | 243 | 41.3 | 428 | 728 | 4.06 [ 69.0 17
Type 1-2 27.0 1.73 | 468 | 1.68 | 454 | 289 | 78.1 | 280 | 75.7 27
Type 12-2 38.0 1.34 | 50.9 | 1.57 | 59.7 | 224 | 850 | 2.62 | 99.7 38
RATED BY : EAB DATE 1900/1/0 0:00 |CHECKED BY : JCS DATE
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LOAD RATING CALCULATIONS  [BRIDGENAME

RCDG CONTINUOUS

E. LOAD RATING BY ALLOWABLE STRESS METHOD
E1l. MOMENT AND SHEAR CAPACITY CALCULATIONS
MOMENT CAPACITY CALCULATIONS AT MIDSPAN
The concrete and rebar allowable stresses are as noted in the plans as follows:
Concrete: fc= 8.3 Mpa
Rebar : fs = 137.9 Mpa <== Inventory

fs=193.1 Mpa <==  Operating

When the neutral axis is within the slab, the rectangular beam formulation can be used

kd/3 or "z" As = 10,179 mm?
—5C d = 1,074 mm
jd ber = 2,400 mm

= As/bd =0.00395
— ¥y e

n=E/Ec =12

Assume neutral axis (N.A.) is within slab and solving for the neutral axis position

k = 20n+(pn)? -pn
= J 2 (0.00395)(12) + [0.00395((12)]% - (0.00395)(12)
k = 02641 kd =0.2641 x 1074 =283.6 mm

1-k/3 = 09120

Using k = 0.2641, kd = 283.6mm > s = 180mm, therefore N.A. lies below
the slab and into the web. Therefore, the capacity will be calculated
based on the N.A. below the slab. The neutral axis depth, kd is
calculated by summing moments at the fop of the slab:

NnAsd+1/2bts2+bwy (y/2 +ts)

k
d nAs + b ts+bwy

fs+y=

(12)(10,179)(1074) + 1/2(2400)(200)° + (400)y (y/2 +200)
(12)(10,179) + (2400)(200) + (400) y

200 y? +80,000y + 179,186,952

NOTES

MCEB
Sect. 6.6.2.4

= = 200+y ===> y=946mm
400y + 602,148
k=kd/d=294.6/1074=0.2743
RATED BY : [DATE |CHECKED BY : DATE
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The compression zone resultant force (C) & location (z) is calculated as

At Inventory Level
Mc

[{(400)(15.19) + (2,400)
2,617.2 KN-m

At Operating Level
Mc

[ {(400)(15.19) + (2,400}
4,130.8 kN-m <<== N

At Inventory Level

] 7 A
CB 4:... ........ _;.. C
Slab l— C
1 2
fs=180 i ~o
\ X
(:1 < N
<
Girder Web N S | y
\\
\
\
\\
Magnitude Dist. From top Moment
C, 15.19 231.54 3517.14 7 =14465.53 / 147.31 = 98.20mm
C, 64.23 100 6422.58
Cs 67.89 66.67 4525.81
147.31 14465.53
Therefore, d=d-1
= 1074 - 98.20 = 9758 mm

If concrete allowable stress controls, the capacity becomes:

(b Cy +bes Co + b C3) fe jd

(64.23) + (2,400)(67.89)}(8.3)(975.8) ] / (10%)

<<== Not governing since Mc > Ms

(bw Cy +ber Co+ ber Cs ) fe jd

(64.23) + (2,400)(67.89)}(13.1)(975.8) | / (10°%)
ot governing since Mc > Ms

If rebar allowable stress controls, the capacity becomes,

At Operating Level

NOTES

Ms = Asfsjd Ms = Asfsjd
= (10,179)(137.9)(975.80) = (10,179)(193.1)(975.80)
= 1,369.70 kN-m = 1,918.00 kN-m
RATED BY DATE CHECKED BY : DATE
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LOAD RATING CALCULATIONS

MOMENT CAPACITY CALCULATIONS AT PIER SUPPORT

The concrete and rebar allowable stresses are as noted in the plans as follows:

Concrete: fc= 8.3 Mpa
Rebar : fs = 137.9 Mpa <== Inventory
fs=193.1 Mpa <==  Operatfing

When the neutral axis is within the slab, the rectangular beam formulation can be used

As = 8,005 mm?

kd/3 or "z"
3 c
» d = 1,137 mm
jd ber = 400 mm
= As/bd=0.01760
) T p=As/

n = Es/Ec

12

Assume neutral axis (N.A.) is within slab and solving for the neutral axis position

k = 20n+(pn)* -pn

= / 2 (0.01760)(12) + [0.01760((12)]* - (0.01760)(12)
k = 04722 kd =
i = 1-k/3 =0.842¢6 jd =

Using k = 0.4722, kd = 536.9mm < ts = 1000mm,
Therefore, the capacity will be calculated based on the N.A. .
The neutral axis depth, kd is calculated by summing moments at the bottom of the girder:

The compression zone resultant force (C) & location (z) is calculated as

(0.4722)(1137) = 536.9 mm

(0.8426)(1137) = 958.0 mm

NOTES

MCEB
Sect. 6.6.2.4

( C _¢ 7 A
536.9
Web 7 =5369/3 = 17896mm
height =1000 < \é
‘ C = 1/2(536.9) = 268.45
463.1
N \ 4
Therefore, d=d-1Z
= 1,137 - 178.96 = 958.04 mm
RATED BY : DATE |CHECKED BY : DATE

195



RCDG CONTINUOUS Manual Calculation

10 OF 12

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID el PAGE :
LOAD RATING CALCULATIONS BRIDGE NAME RCDG CONTINUOUS
If concrete allowable stress conftrols, the capacity becomes:
At Inventory Level At Operating Level
Mc = -(bexCxfcxjd) Mc = -(bexCxfcxjd)
= - (400) (268.45)(8.3)(958.04)(10'6) = - (400)(268.45)(13.1 )(958.04)(]0'6)
= -853.8 kN-m = -1,347.6 kKN-m
<<== Governing since Mc < Ms
If rebar allowable stress controls, the capacity becomes,
At Inventory Level At Operating Level
Ms = -Asfsjd Ms = -Asfsjd
= -(8,005)(137.9)(958.04) = -(8,005)(193.1)(958.04)
= -1,057.60 kN-m = -1,480.90 kN-m
SHEAR CAPACITY CALCULATIONS
The conditions for shear capacity calculations is the same as that previously calculated.
e The shear capacity due fo concrete section:
At Inventory Level
Vc =0.08 fc bw d =0.08 (20.7) (400) (1,137) = 165.50
==>> full concrete capacity
At Operating Level
Vc =0.12fc bw d =0.12 | (20.7) (400) (1,137) = 248.30
==>> full concrete capacity
e The shear capacity due to shear reinforcement:
At Inventory Level
Vs = 2Avfsds/S = 2(201.1)(137.9)(1,137)/150
= 420.3 kN
At Operating Level
Vs = 2Avfsds/S = 2(201.1)(193.1)(1,137)/150
= 588.6 kN
e The total shear capacity becomes:
At Inventory Level
Vu = Vc + Vs = 165.5 + 420.3
= 585.9 kN
At Operating Level
Vu = Vc + Vs = 248.3 + 588.6
= 836.9 kN
RATED BY : DATE CHECKED BY : DATE
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E2. LOAD RATING CALCULATIONS

The Manual provides the rating factor to be calculated using the
Allowable Stress Method (ASM) by the formula:

RF = R-A,D where A = 10
AL(1+1) A, = 10
RATING FACTOR CALCULATIONS (ASM)
LOCATION DESCRIPTION INVENTORY RATING
1369.7 - (496.7)
1.63
(536.3)
Midspan OPERATING RATING
19180 - (496.7)
2.65
(536.3)
Moment INVENTORY RATING
-853.8 - -(620.1)
0.56
-(416.4)
At Support
OPERATING RATING
13476 - -(620.1)
1.75
-(416.4)
LOCATION DESCRIPTION INVENTORY RATING
-585.9 - -(248.2)
1.01
-(334.5)
At Support Shear OPERATING RATING
-836.9 - -(248.2)
1.76
-(334.5)

Since the Inventory Rating Factor Mg = 0.56 and Vg = 1.01
are less than one, load posting calculations is necessary.

F. LOAD POSTING BY ALLOWABLE STRESS METHOD

The procedure for load posting is similar to the above using load posting vehicles for live load
and the demand moments and shears as calculated in the previous Section D, as follows:

. LL Demand
V;ehlcele Moment (KN-m) Shear (KN)
P At Midspan At Pier Support At Pier Support
Type 1-1 382.8 -205.0 -130.0
Type 1-2 492.6 -303.4 -188.1
Type 12-2 450.5 -392.6 -201.1
RATED BY : DATE CHECKED BY : DATE
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Similarly, using EqQ. 3.2-1 and Eq. 3.1-5, load posting calculations are presented below

LOAD POSTING RATING FACTOR CALCULATIONS BY ASM
AT MIDSPAN
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Weight Moment Shear Moment Shear (Metric
(Mefric Tons) ™ pE TR | RF | LR | RF | LR | RF | LR Tons)
MS18 33.0 1.63 | 53.7 - - 2.65 | 87.5 - - 33
Type 1-1 17.0 2.28 | 38.8 - - 3.71 | 63.1 - - 17
Type 1-2 27.0 1.77 | 479 - - 289 | 77.9 - - 27
Type 12-2 38.0 1.94 ] 73.6 - - 3.15 11199 - - 38
LOAD POSTING RATING FACTOR CALCULATIONS BY ASM
AT PIER SUPPORT
Vehicle INVENTORY RATING OPERATING RATING POSTING
Vehicle Type| Weight Moment Shear Moment Shear (Metric
(Mefric Tons) ™ pE TR | RF | LR | RF | LR | RF | LR Tons)
MS18 33.0 0.56 | 185 | 1.01 | 333 | 1.75 | 57.7 | 1.76 | 58.1 18
Type 1-1 17.0 1.14 ] 19.4 | 260 | 442 | 3.55 | 603 | 453 | 77.0 17
Type 1-2 27.0 0.77 | 20.8 | 1.80 | 48.5 | 240 | 64.7 | 3.13 | 84.5 21
Type 12-2 38.0 0.60 | 226 | 1.68 | 638 | 1.85| 704 | 293 | 111.2 23

The summary of calculation results for both the load factor and the allowable stress methods
are presented below.

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle Allowable Stress (ASM) Load Factor (LFM) POSTING
Vehicle Type| Weight Rating Load Rating Load (Metric
(MeficTons)| - Fgctor Rating Factor Rating Tons)
MS18 33.0 0.56 18.5 0.94 31.2 18
Type 1-1 17.0 1.14 19.4 2.38 40.6 17
Type 1-2 27.0 0.77 20.8 1.68 45.4 21
Type 12-2 38.0 0.60 22.6 1.34 50.9 23
RATED BY : DATE |CHECKED BY : DATE
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Deck GIRDER BRIDGE
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Example 3-2: Continuous

199



PCDG SIMPLE Computer Based Calculation

INTERIOR PCDG SIMPLE

A. GENERAL BACK TO MENU
Al. BRIDGE DESCRIPTION
Bridge Location | REGION |
Bridge Name
Bridge Simple or Continuous S Precast, Prestressed | Girder Bridge
Type Number of Span 1
Bridge Width (curb to curb) (m) 7.32
Number of Lanes 2
Bridge Length (m) 35.000 | =35.000m
Year Built 2003
Nos. of Girder 4
Structure | Girder Spacing (m) 2.100 |on centers
Substructure Concrete bents and abutments
Wearing | thickness (mm) 50
Course material Asphalt
f'c (Girder) 38 MPa
f'c (Slab) 24.2 MPa
Ultimate Strength of Tendons fu 1860 MPa
Notes on Plans - -
Working Force 5270 kN (Effective after losses)
. 100 mm (from soffit at Midspan)
Centroid of PC Tendons -
824 mm (from soffit at Anchorage)
Weight of barrier rail Wbr = 13.0 KN/m
) fy (Reinforcing Bars) 415 Mpa
Assumption Concrete Unit Weight Wu = 240 |KN/m®
Asphalt Unit Weight Wa = 22.0 KN/m?
Others Rating Live Load is AASHTO MS18 (HS20-44)
. Year of , fc or fs
Material Construction foorfy Inventory |Operating| Posting
Prior to 1959 17.2 6.9 10.3 6.9
after 1959 20.7 8.3 13.1 8.3
Concrete
1977 to 1981 27.6 11.0 16.5 11.0 *pc
after 1981 31.0 12.4 18.6 12.4 *pc
Prior to 1954 227.5 124.1 172.4 124.1
after 1954 275.8 137.9 193.1 137.9
Rebar
Grade 50 344.7 137.9 224.1 137.9 *pc
Grade 60 413.7 165.5 248.2 165.5 *pc

INTERIOR PCDG SIMPLE
200 Sheet 1: GENERAL



A2. BRIDGE LAYOUT AND DIMENSION

35.00m

BRIDGE ELEVATION

9540
1110 3660 . 3660 1110

LJ %%\F ROADWAY

SUPERSTRUCTURE CROSS SECTION

MAIN NEGATIVE BARS
LONGITUDINAL BARS

1067
203

127

m aaaaaaaaaaaa
~ — L
S TRANSVERSE
- BARS
10‘330 (@
©
o M L =
3| ® 254 =
~ TENDONS 0
t7—77—TENDONS
N % >§: o
0 B
N
)
o (@]
Qal (@]
711 711
GIRDER SECTION
Girder Height 1.600
Dimension b h
Slab 2.100 0.2 *1.00 (Modulas Ratio) |
1.067 0.127
0.330 0.076
Uflg
0.102 0.076
0.102 0.102
Web 0.203 1.270
i 0.254 0.254
9 0711 0.203

INTERIOR PCDG SIMPLE
201 Sheet 2: LAYOUT



B. DEMAND FORCES

B1. DEAD LOAD CALCULATIONS

B1.1 INPUT
Area of Girder (m?) 0.645
Span Length (m) 35.0
Composite Girder Height (m) 1.800
FOR Girder Height (m) 1.600
DEAD Slab thickness (m) 0.200
LOAD Slab Spacing (M) 2.100
Weight of Diaphram (kN/m) 1.5
Weight of Barrier Rail (kN/m) 13
Number of Girder (nos.) 4
B1.2 DEAD LOAD CALCULATIONS
Self-weight of Girder 15.49
Slab weight 10.08
Weight of Diaphram 1.50
Uniform Load - -
per meter of Girder Barrier Rall 650
(KN/m) Asphalt Overlay 2.31
Total 35.88
Total of Dead Load 27.07

Total of Superimposed Dead Load 8.81

Dead Load Moment at Midspan Mg, (kN-m) 4145.0

Superimposed Dead Load Moment at Midspan Mgp, (KN-m) 1349.0

Dead Load Shear at Support Vp, (kN) 473.7

Superimposed Dead Load Shear at Support Vgp, (KN) 154.2
B2. LIVE LOAD CALCULATIONS

B2. LIVE-LOAD CALCULATIONS
LIVE-LOAD Type MS18(HS20)
Numb flive load wheel li .
umber of live load wheel line 1.148 INPUT FOR LIVE LOAD
Impact factor 0.209
span 35.00
i M
Max.MS18 moment for 35.00m span /wheel ine W!ThOUT Impact L V2275
with Impact My 1704.1
Max.MS18 shear at a distance "d" without Impact Vi 148.8
from the support/wheel line with Impact \n 206.6
B2. FORCE DEMAND CALCULATIONS
Description Moment Shear
P C (0.5L) At Support

Dead load (kN-m) 4145.0 473.7
Superimposed Dead load (kN-m) 1349.0 154.2
MS18 moment with Impact (kN-m) 1704.1 206.6

202
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B3. SECTION PROPERTIES CALCULATION

Load Condition A (m?) Iz (m?) Yy (M) Yi (M) Y; slab (m)
For Dead Loads 0.645 0.214 0.804 0.796 NA
For Superposed Dead Load and Live Loads 1.065 1.157 0.443 0.643

B4. STRESS CALCULATIONS

(1) Stress at Midspan

Loading

Stresses in the PCI Girder (Mpa)

Top Concrete Bottom Concrete Centroid of

Fiber Fiber Composite
Dead Load (Self + Slab) 15.44 -15.61 6.85
Prestress (Pef=5270kN) -5.66 22.14 2.03
Superimposed Dead Load 1.42 -3.73 0.00
Live Load 1.80 -4.71 0.00

NEXT
INTERIOR PCDG SIMPLE
203

Sheet 4: DSC




C2. LOAD RATING CALCULATIONS

C2.1 LOAD RATING BASED ON SERVICEABILITY LIMIT STATE

(1) USING COMPRESSIVE STRESS

For Strength Factor 0.6
For Strength Factor 0.4
For Dead Load Factor 0.5
Concrete Compressive Stress 38
Dead Load Stress 16.87
Prestress after all losses -5.66
Secondary Prestress 0.00
Live Load stresses including Impact 1.80
Using Compressive Stress Under All Load Combination 6.44
Using Compressive Stress Under Live Load 5.33
(2) USING ALLOWABLE TENSION STRESS

Dead Load Stress -19.33
Prestress after all losses 22.14
Secondary Prestress 0.00
Live Load stresses including Impact -4.71
Using the Allowable Tension in Concrete 1.25

C2.2 LOAD RATING BASED ON STRENGTH LIMIT STATE

Dead Load Factor 1.3
Live Load factors Invent(?ry 217
Operating 1.3
ection C (at Midspan Section B (Support)
Moment Shear
Moment and Shear Capacity 12006.6 1489.4
Moment and Shear due to Dead Load 4145.0 473.7
Moment and Shear due to Superimposed Dead Load 1349.0 154.2
Moment and Shear due to Live Load 1704.1 206.6

C2.3 LOAD RATING CALCULATIONS

L Moment Shear
Description ; -
Inventory |Operating| Inventory | Operating
Rating Factor 1.32 2.20 1.50 2.51
Rating Live Load (MS18) (Metfic Tons) 33.0
Load Rating Calculations 43.4 72.5 496 | 827

NEXT

INTERIOR PCDG SIMPLE
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C. LOAD RATING BY LOAD FACTOR METHOD (LFM)

C1. CAPACITY CALCULATIONS

C1.1 MOMENT CAPACITY at MIDSPAN

Assumed total prestressing loss 0 oss (Mpal) 158.1

Ultimate Strength of Tendons fu (Mpa) 1860

Web Width bw (mm) 203

0} 1.00
Prestressing Steel Area As* (mm?) 4261

Section Loss (%) 0

Total Assumed Area of Steel As(mm?2) 4261

Effective width of deck , beff (mm) 2100

Centroid of Prestressing Steel from top of deck , d (mm) 1700

Yield Strength of Tendons fy (Mpa) 1570
k=2(1.04-fy/fu) 0.39 Cinput
Neutral axis location (mm) 231.2 231.2
Moment Capacity at Midspan R (kN-m) 12007

C1.2 SHEAR CAPACITY at SUPPORT

Web Width bw (mm) 203
Depth of Shear Cracks (mm) 0
The Reduction Factor due to Shear Cracks 1.00
Diameter of Stirrups (mm) 12
Area of Stirrups ®s (mm?) 113.1
Spacing of Stirrups (mm) 200
Section Loss due to Stirrups Exposure (%) 0
Total Assumed Area of Steel As(mm2) 113.1
Nominal Shear Capacity Factor ®c 0.85
Nominal Shear Strength provided by concrete Vc (kN) 109.5
Nominal Shear Strength provided by Rebar Vs (kN) 1642.7
Shear Capacity Vu 1489.4

NEXT

INTERIOR PCDG SIMPLE
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C2.3 SUMMARY OF RATING FACTOR AND LOAD RATING

At Mi At t

Weight of Vehicle (Metric Tons) 33 Idspan Suppor
RF LR RF LR

. All L A4 212. - -

Serviceability Compressiont—; oad ¢ é

Ro‘ring Limit State Live Load 5.33 176.0 - -

Factor Allowable Tension 1.25 41.3 = =

and Moment Inventc?ry 1.32 43.4 - -

Load . Operating 2.20 72.5 - -

Rating Strength Limit State
Inventory = - 1.50 49.6
Shear -

Operating - - 2.51 82.7
Minimum Rating Factor and Load Rating 1.25 41.3 1.50 49.6

Depend on the minimum value of Rating Factor> 1 or <1,

instruction in the below cell is automatically shown
Return to GENERAL

Click following the above instruction

Return to GENERAL

Load Posting

206
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D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
(1) POSTING VEHICLE Type 1-1
LIVE-LOAD Type Typel-1
Number of live load wheel line 1.148
Impact factor 0.209
span 35.00
. without Impact M, 695.45
T 1-1 tf . heel |
ype moment for 35.00m span /wheel line with Impact M 965,19
Type 1-1 shear at a distance "d" without Impact \ 81.46
from the support/wheel line with Impact Vi 113.06
(2) POSTING VEHICLE Type 1-2
LIVE-LOAD Type [ Typel-2
. without Impact M, 1036.00
T 1-2 tf . heel |
ype moment for 35.00m span /wheel line with Impact M 1437 83
Type 1-2 shear at a distance "d" without Impact Vi 123.91
from the support/wheel line with Impact Vi 171.97
(3) POSTING VEHICLE Type 12-2
LIVE-LOAD Type [ Type12-2
Type 12-2 moment for 35.00m span /wheel line W!ThOUT Impact M, I k2
with Impact My 1750.48
Type 12-2 shear at a distance "d" without Impact Vi 156.27
from the support/wheel line with Impact Vi 216.88
NEXT
INTERIOR PCDG SIMPLE
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D2. POSTING RATING CALCULATIONS

D2.1 POSTING RATING BASED ON SERVICEABILITY LIMIT STATE

(1) USING COMPRESSIVE STRESS

Description At Midspan \ At Support
For Strength Factor 0.6
For Strength Factor 0.4
For Dead Load Factor 0.5
Concrete Compressive Stress 38
Dead Load Stress 16.87 -
Prestress after all losses -5.66 -
Secondary Prestress 0.00 -
Type 1-1 1.02 -
Live Load stresses including Impact Type 1-2 1.52 -
Type 12-2 1.85 -
Using Compressive Stress Type ]:] 11.37
Under All Load Combination Type 1-2 /.04
Type 12-2 6.27 -
Type 1-1 9.42 -
Using Compressive Stress of Live Load Type 1-2 6.32 -
Type 12-2 5.19 -
(2) USING ALLOWABLE TENSION STRESS
Dead Load Stress -19.33 -
Prestress after all losses 22.14 -
Secondary Prestress 0.00 -
Type 1-1 -2.67 -
Live Load stresses including Impact Type 1-2 -3.97 -
Type 12-2 -4.83 -
Type 1-1 2.21 -
Using the Allowable Tension in Concrete Type 1-2 1.48 -
Type 12-2 1.22 -

NEXT

INTERIOR PCDG SIMPLE
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D3. LOAD RATING CALCULATIONS

D3.1 POSTING RATING BASED ON STRENGTH LIMIT STATE

Dead Load Factor 1.3
Live Load factors Invent(?ry 217

Operating 1.3
Description Moment at Midspan Shear at Support
Moment and Shear Capacity 12007 1489
Moment and Shear due to Dead Load 4145.0 473.7
Moment and Shear due to Superimposed Dead Load 1349.0 154.2

Type 1-1 965.2 113.1
Moment and Shear due to Live Load Type 1-2 1437.8 172.0

Type 12-2 1750.5 216.9

D3.2 POSTING RATING CALCULATIONS

Moment at Midspan

Shear at Support

Description ; -
Inventory |Operating| Inventory | Operating
Type 1-1 2.32 3.88 2.74 4.58
Rating Factor Type 1-2 1.56 2.60 1.80 3.01
Type 12-2 1.28 2.14 1.43 2.39
. . Type 1-1 17.0
Postting Live Load . .
(Metic Tons) Weight of vehicle | Type 1-2 27.0
Type 12-2 38.0
Type 1-1 39.5 65.9 46.6 77.9
Load Rating Calculations Type 1-2 26.5 70.3 30.7 81.3
Type 12-2 21.8 81.2 24.3 90.7
NEXT
INTERIOR PCDG SIMPLE
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D3.3 SUMMARY OF POSTING RATING FACTOR AND LOAD RATING
At Midspan At Support
RE | IR RE | IR
(1) POSTING VEHICLE TYPE 1-1 Weight of Vehicle 17 (Metoric Tons)
Serviceability Compression A” Load BT e, — —
Rating Limit State Live Load 9.42 160.1 = =
Factor Allowable Tension 2.21 37.6 = =
and Inventory 2.32 39.5 - -
Moment -
Load ¢ e ngth Limit State Operating] 388 659 _ _
Ratfing ° Inventory - - 2.74 46.6
Shear -
Operating - - 4.58 77.9
Minimum Rating Factor and Load Rating 2.21 37.6 2.74 46.6
(2) POSTING VEHICLE TYPE 1-2 Weight of Vehicle 27 (Metoric Tons)
. - . All Load 7.64 206.2 - -
Serviceability Compression —
Rating Limit State Live Load 6.32 170.7 = =
Factor Allowable Tension 1.48 40.1 = =
and Inventory 1.56 42.1 - -
Moment -
Load g ength Limit State Operating] 260 703 _ _
Rohng 9 |nvenfory - = 1.80 48.7
Shear -
Operating - - 3.01 81.3
Minimum Rating Factor and Load Rating 1.48 40.1 1.80 48.7
(3) POSTING VEHICLE TYPE 12-2 Weight of Vehicle 38 (Metoric Tons)
. - . All Load 6.27 238.3 - -
Serviceability Compression —
Rating Limit State Live Load 5.19 197.3 = =
Factor Allowable Tension 1.22 46.3 = =
and Inventory 1.28 48.7 - -
Moment .
Load ¢ ength Limit State Operafing| 214 812 ; _
Rating ° Inventory - - 1.43 54.4
Shear -
Operating - - 2.39 90.7
Minimum Rating Factor and Load Rating 1.22 46.3 1.43 54.4
NEXT
INTERIOR PCDG SIMPLE
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E. SUMMARY OF LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle AT MIDSPAN AT SUPPORT
. . Load
Vehicle Weight .
Type (Metric | Rating Load Rating Load Posting
Tons) Factor Rating Factor Rating (Tons)
MS18 33.0 1.25 41.3 1.50 49.6 33T
Type 1-1 | 17.0 2.21 37.6 2.74 46.6 17T
Type 1-2 | 27.0 1.43 40.1 1.80 48.7 27T
Type 122| 38.0 1.22 46.3 1.43 54.4 38T

211
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PCDG SIMPLE Manual Calculation

10F10

Material Properties . fc = 38 Mpa (Girder), 242  Mpa (Slab)

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID ek PAGE :
LOAD RATING CALCULATIONS  [BRIDGE NAME PCDG SIMPLE

A. GENERAL
A.1  BRIDGE DESCRIPTION

Bridge Location : None (Sample)

Bridge Type ;. Simple-span Precast, Prestressed | Girder Bridge

Br. Width / No. of Lanes : 7.32m curb fo curb / Two-lanes

Bridge Length : 35.00m

Year Built ;2003

Structure

» Girders . Precast, Prestressed | Girder Bridge (4-Girders), Monolithic with deck slab

Girder spacing at 2.10m on center
> Substructure : RC Cantilever Abutments
Wearing Course ;. 50mm thick Asphalt Overlay

fu = 1860 Mpa, Workinf Force: 5270.0 kN (effective after losses)
Centroid of PS Tendons: 100 mm from soffit @ midspan, 824mm at Anchorage

Assumption : Weight of barrier rail = 13.0  KN/m
fy (reinforcing bars) = 415 Mpa
Concrete unit weight = 240  KN/m®
: Asphalt unit weight = 220  KN/m®
Others . Rating Live Load is AASHTO MS18 (HS20-44)
Reqgirement :

Determine the load rating of the interior girder of the span (35.0m) for MS18 (HS20)
vehicles considering damages on members

A2 BRIDGE LAYOUT -
1110 3660 3660 1110
AN
OF ROADWAY
TOP OF ROWY
$=2.0%
! &f e
1620 2100 J_
1067 MAIN NEGATIVE BARS
LONGITUDINAL BARS
N 203
— _w oooooooooooooo
=J — L
SN+ TRANSVERSE
- L BARS
10p330 o
©
o| » L& S
ol » 3
254 =
- TENDONS &
| L———TENDONS ><:
< LO)|
o) ES
! #/%
o
o o
ol (@]
711 pARI|
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NOTES
B. DEMAND FORCES
B.1 DEAD LOAD CALCULATIONS
The dead loads considered in the calculations include (1) Girder self-weight, (2) Fillet/haunch,
(3) Tributary area of slab, (4) Barrier rails (Assumed to be equally distributed among girders).
(5) Wearing course.
« Self-weight of girder = (0.6454m2) (24 KN/m®) = 1549  KN/m
o Slab Weight (Tributary) = (0.20m)  (2.10m) (24 KN/m?) = 10.08 KN/m
o Weight of Diaphram = = 1.50  KN/m
e Barrier rail = 2(13.0/4) = 6.50 KN/m
e Wearing course = (0.05m) (2.10m) (22 KN/m?) = 2.31 KN/m
e Total Uniform Load of Interior Girder, w = 3588 KN/m
e Total Uniform Dead Load of Girder, wp, = 27.07 KN/m
e Total Uniform Superimposed Dead Load of Girder, wsp, = 8.81 KN/m
e Dead Load Moment at Midspan, Mp, = 2707 x 35002 /8 = 41450 KN-m | Mg=wL?8
e Superimposed Dead Load Moment = 8.81 x 35002 /8 = 1349.0 KN-m
at Midspan, Mgp,
e Dead Load Shear at support, Vp, = 2707 x 3500 /2 = 473.7 KN Vg =wL/2
e Superimposed Dead Load Shear at support, Vsp. = 8.81 x 3500 / 2 = 1542 KN
Wp, = 2707 kN/m Wgp = 8.81  kN/m
J 35.00 m l
B.2 LIVE LOAD CALCULATIONS
The carriageway width is 7.32m curb to curb. AASHTO specifies a clear lane width of 5.4m, thus Manual 1st Ed.
the deck shall carry two-lanes. Sect 3.4.2
The distribution of wheel loads for two traffic lanes for T-beams shall be taken as S/1.829 DPWH
Table 3-4
e Number of live load wheel line = 210 / 1829 = 1.148 AASHTO
Table 3.23.1
(S/6in ft.)
e Impact factor, | = 1524 / (3500 + 38.00) = 0.209 DPWH
Sect. 3.2.5.1
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The live load moments and shear values are taken from the tables in Appendix Il on this manual
and are used to determine the live load demand. Interpolation may be used if values are not exact
¢ Max. MS18 moment for 35.00 m = 1227.9 KN-m
span without impact/whel line
e Thus, MS18 moment with My = (1.148) (1.209) (1227.90) = 1704.1  KN-m
Impact at midspan
¢ Max. MS18 shear at support/wheel line = 148.8 KN
e Thus, MS18 shear Vi = (1.148) (1.209)  (148.80) = 206.6 KN
LOAD DEMANDS ON DIFFERENT SECTIONS OF CONCRETE | GIRDER
ESTIMATED LOAD DEMANDS AT GIRDER SECTIONS (MS18)
LOADING Moment (kN-m) Shear (kN)
At Midspan At Support
Dead load 4145.0 473.7
Superimposed Dead load 1349.0 154.2
Live Load + Impact 1704.1 206.6
B.3  SECTION PROPERTIES CALCULATION
The section properties of the prestressed concrete I-girder including that for
the composite girder are calculated and given in thetable below:
Moment of . .
Description Areza Inertia Yot Girder Yiop Girder Yiop Slab
(m*) 4 (m) (m) (m)
(m%)
For Dead Load 0.645 0.214 0.804 0.796 NA
For (SDL) and (LL+) 1.065 0.419 1.157 0.443 0.643
B.4  LOAD STRESS CALCULATIONS
The stresses at different fiber locations are calculated using
o = P 4 Mc
- A v/
The summary of results at Midspan are shown in the table below.
Estimated Stress Demands at Girder Sections
Stresses in the PCI Girder (Mpa)
LOADING Top Concrete | Bottom Concrete Centroid of
Fiber Fiber Composite
Dead Load (Self + Slab) 15.44 -15.61 6.85
Prestress (Pef = 5270 kN) -5.66 22.14 2.03
Superimposed Dead Load 1.42 -3.73 0.00
Live Load 1.80 -4.71 0.00
RATED BY : DATE |CHECKED BY : DATE
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e Stresses due to Dead Load
Top Concrete Fiber = 4,1450x0.796 / 0.214 / 1000 = 15.44 Mpa
Bottom Concrete Fiber = 4,145.0 x (-0.804) / 0.214 / 1000 = -15.61Mpa
Centroid of Composite = 15.44-(15.44-(-15.61) x (0.443 /1.600) = 6.85Mpa
o Stresses due to Prestress
Top Concrete Fiber = (5270/0.645-5270x (0.804-0.100) x 0.796 /0.214) / 1000
= -5.66 Mpa
Bottom Concrete Fiber = (5270/0.645 + 5270 x (0.804-0.100 ) x 0.804 /0.214) / 1000
= 22.14 Mpa
Centroid of Composite = -5.66 - (-5.66-22.14) x (0.443/1.6) = 203 Mpa
e Stresses due to Superimposed Dead Load
Top Concrete Fiber = 1,349.0x0.443 / 0.419 / 1000 = 1.42 Mpa
Bottom Concrete Fiber = 1,349.0x (-1.157) / 0.419 / 1000 = -3.73 Mpa
Centroid of Composite = 1.42-(1.42-(-3.73) x (0.443 / 1.600 ) = 0.00 Mpa
e Stresses due fo Live Load
Top Concrete Fiber = 1,704.1 x 0.443 / 0.419 / 1000 = 1.80 Mpa
Bottom Concrete Fiber = 1,704.1x(-1.157) /0.419 / 1000 = -4.71 Mpa
Centroid of Composite = 1.80-(1.80-(-4.71) x (0.443 /1.600) = 0.00 Mpa
200 r Slab 15.44 -5.66 1.42 1.80
1800 776
1600 0.—. 3. NAof Girder | _
804
PCI Girder
-15.61 22.14 -3.73 -4.71
Dead Load Prestress SDL Live Load
STRESSES AT SECTION C (MIDSPAN) OF GIRDER
RATED BY : DATE : ICHECKED BY : DATE
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NOTES

C. LOAD RATING UNDER SERVICEABILITY LIMIT STATE BY ALLOWABLE STRESS METHOD (ASM)
AND UNDER STRENGTH LIMIT STATE BY LOAD FACTOR METHOD (LFM)

C.1  CAPACITY CALCULATIONS
Cil1 MOMENT CAPACITY AT MIDSPAN

The actual area of prestressing steel can be obtained from as-built plans.

However in the absence of as-built darwings, the following approach can be used.
Assume total loss including creep loss to be

O 0ss = 158.1 Mpa with  fygendons = 1860.0 Mpa fy = 1570.0 Mpa
Therefore, B Working Force B 5270 (1000)
Prestressing steel area - Effective Stress - (0.75x1860-158.1) X
= 4261 mm?

ber = 2100Mm, t, = 200mm, b, = 203 mm
dp, = 1800 - 100 = 1700 mm, f'c (girder) = 38 Mpa, fc (slab) = 24.2 Mpa

k =2x(1.04-fy/fu)=2x(1.04-1570.0/1860.0)=0.39

B (girder) =0.85-0.05/7x (fc-28)= 0.85-0.05/7x(38-28)=0.7786

[incase of, 56>fc>28 ==>3=0.85-0.05/7x(fc-28)]
B (slab) =0.85 [incase of, fc<28==>p=0.85]
Ac (girder) = b,, x (N.A. - ,) = 203 x ( 231.2- 200 ) = 6,333.6 mm? (N.A.: Neutral axis location)

AcC (slab) = b X 1, = 2100 x 200 = 420,000 mm?

[ f'c (slab) x Ac (slab) x B (slab) + f'c (girder) x Ac (girder) x p (girder) ]
[ f'c (slab) x Ac (slab) + f'c (girder) x Ac (girder) ]

B (average)

(24.2 x 420,000 x 0.85 + 38 x 6333.6 x 0.7786 )
= = 0.848348
(24.2 x 420,000 + 38 x 6333.6 )

Ap x fu
[0.85xf'c (slab) x B (slab) x beg + kx Ap x fu / d, ]

C (slab)

4,261 x 1,860 205.6
= = . mm
[0.85x24.2x0.85x2,100 + 0.39 x 4,261 x 1,860/ 1,700 ]

fos=fux[1-kxC (slab) /d,]=1.860x[1-0.39x205.6/1,700]=1771.9 Mpa
a =B (slab) x C (slab) = 0.85 x 205.6 = 174.8 mm
S =Aprpsx(dp—o/2)/10’6=4,261x1,771.9x(1,700— 1748 /2)/10-6=12,174 kN-m

[Ap x fu-0.85xt,xp (average) x { f'c (slab) x be - f'c (girder) x by} ]

C(grrder) = [0.85 x fc (girder) x b (average) x by, + kx Ap x U / dy |
[4.261x 1860 085x 200X 0848348 x { 242x 2100- 38X 203}]  _ 0
[0.85 x 38 x 0.848348 x 203 + 0.39 x 4,261 x 1,860 / 1,700 ] e
RATED BY : [DATE |CHECKED BY : |DATE
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fos=fux[1-kxC (girder) /d,]=1860x[1-039x231.2/1,700]=1760.9 Mpa
a =B (average) x C (girder) = 0.848348 x 231.2 = 196.1 mm

S =[Apxfpsx(d,-a/2)
+0.85x B (average) x ( f'c (slab) x beg - f'c (girder) x by, ) Xt x (a/2-1,/2)}/10°
=4,261x1,760.9x (1,700-196.1 /2)

+0.85x 0.848348 x ( 24.2x 2,100 - 38 X 203 ) x 200 x ( 196.1 /2-200/2)}/ 10°
=12,007 kN-m  <== Governing Moment Capacity (< 12,174 kN-m )

ci1z2 SHEAR CAPACITY AT SUPPORT

The AASHTO Design Specification requires that the design shear be taken at a distance "d" from
the support. However, shear at support may be used conservatively.
In the absence of data, the standard reinforcement for a 35.0m span under DPWH
standards had been used.
e The shear capacity of the concrete section

Ve = 005Sqgr(fc)bd 005  [Sart (38.00)] (203) (1.800-0.050)

109.5 KN ==>> Full Capacity

e The shear capacity of the shear reinforcement

Vs = 2Aviyde/S

2x (2x113.1) (415) (1.800-0.050) / (200)
1642.7 KN

e The total shear capacity becomes

Vu = ¢ (Vc+Vs) = 085 (1095 + 16427)
1489.4 KN

C.2  LOAD RATING CALCULATIONS
C.2.1 Load Rating Based on Serviceability Limit State by ASM

Serviceability conditions are given in the AASHTO Design Specifications
(Section 9.15) and the AASHTO MCEB Manual (Sec. 6.6.3.3)

i. Using compressive stress under all load combination:

(1.00)

. 0.6fc-(Fd+Fp+Fs)
Location RF nv-comat = =] RF inv-comaLt

. 0.6 (38) - (15.44+1.42 + (-5.66) +0.00)
At Midspan = T80 = 6.44

ii. Using compressive stress of Live Load, half the prestressing and permanent dead load:

. 0.4fc-0.5(Fd+Fp+Fs)
Location RF \\v-comuve = ] RF inv-comuve

. 0.4 (38)-0.5(15.44+1.42 +(-5.66)+0.00)
At Midspan = T80 = 5.33

NOTES

Stirrups :
D12mm
A= 1131 mm?

See Sect. 3.5
of this Manual

This Manual
Eg. 3.5-2

This Manual
Eq. 3.5-3
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NOTES
iii. Using allowable tension in concrete: This Manuall
Eq. 3.5-1
) 0.5fc'?- (Fd+Fp+Fs
Location RF inv-comuive = (FI P ) RF inv-comuve

_ V2 _
AMidspan = 0.5(38) 2 ( 15.6‘:7]3.73+22.14+O.OO) _ s

C.2.2 Load Rating Based on Strength Limit State by LFM

The general expression for the Rating Factor is:

RE = ¢ Rn- v, D where Yo : 1.30
Yo BLL(T+1) yo : 130
B : 1.67 forinventory
B, : 1.00 for Operating
LOAD RATING CALCULATIONS (LFM)
Location Description Inventory Rating (Tons) Operating Rating (Tons)
12007-1.3(4145+1349 12007-1.3(4145+1349
Midspan Moment ( ) = 132 ( ) 2.20
1.3(1.67)(1704) 1.3(1.00)(1704)
1489-1.3(474+154 1489-1.3(474+154
At Support Shear ( ) = 1.50 ( ) 2.51
1.3(1.67)(207) 1.3(1.00)(207)
LOAD RATING CALCULATIONS (LFM)
(Rating Live Load = MS18, W = 33 Metric Tons)
Location Description Inventory Rating (Tons) Operating Rating (Tons)
Midspan Moment 1.32 x 33 = 434 220 x 33 = 725
At Support Shear 1.50 x 33 = 496 2.51 x 33 = 827

In this example, the Rating Factors (RF) for both the serviceability limit state and
the strength limit state are greater than one (RF >> 1) so that there is no need to
perform load posting calculations. Therefore, the bridge can safely carry the intended traffic loads.

RATED BY : DATE CHECKED BY : DATE
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D. LOAD POSTING UNDER SERVICEABILITY LIMIT STATE BY ALLOWABLE STRESS METHOD (ASM)
AND UNDER STRENGTH LIMIT STATE BY LOAD FACTOR METHOD (LFM)
The procedure for load posting is similar to the above using load posting vehicles for live load.
D.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
The live load moments and shears can be taken from Appendix lll of the Manual corresponding This manual
to Types 1-1, 1-2 and 12-2 Posting Vehicles. Fig. 3.4-2
Fora 35.00m span bridge, the Posting Live Load demands are:
Vehicle LL Effects/Wheel Line LL Dist | ; LL Demand
Type Moment Shear Factor mpac Moment (KN-m) Shear (KN)
Type 1-1 695.45 81.46 1.148 1.209 965.19 113.06
Type 1-2 1036.00 123.91 1.148 1.209 1437.83 171.97
Type 12-2 1261.27 156.27 1.148 1.209 1750.48 216.88
D.2 POSTING RATING BASED ON SERVICEABILITY LIMIT STATE by ASM
Similar calculations are done using Egs. 3.5-2, 3.5-3 and 3.5-1 for rating factor and load rating
i. Using compressive stress under all load combination:
L i RE _ 0.6fc-(Fd+Fp+Fs) RE This Manual
ocation INV-COMALL = Al INV-COMALL Eqg.3.5-2
Type 0.6 (38) - (15.44+1.42 + (-5.66) +0.00)
= = 11.37
1-1 1.02
5
Q
& 0.6 (38) - (15.44+1.42 + (-5.66) + 0.00
g e _ (38) - | (-5:66) +000) ) e
s 1-2 1.52
<
Type _ 0.6 (38) - (15.44+1.42 + (-5.66) +0.00) _ 427
122 1.85 N ‘
ii. Using compressive stress of Live Load, half the prestressing and permanent dead load: This Manual
Eq. 3.5-3
) 0.4fc-0.5(Fd+Fp+Fs)
Location RF inv-comuve = A RF inv-comuve
Type 0.4 (38)-0.5(15.44+1.42 +(-5.66) +0.00)
- = 9.42
1-1 1.02
5
Q
& 0.4 (38)-0.5(15.44+1.42 +(-5.66) +0.00
g e _ (38) - 05 ( (-5:66) +000) ) -
s 1-2 1.52
<
Type B 0.4 (38)-0.5(15.44+1.42 +(-5.66) +0.00) _ .
122 1.85 N ‘
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iii. Using allowable tension in concrete: This Manuall
Eq. 3.5-1
) 0.5fc - (Fd+Fp +Fs
Location RF inv-comuive = (FI P ) RF inv-comuive
Type -0.5(38) 2 (-15.61-3.73+22.14+0.00 ) ~ 201
1-1 N -2.67 N '
5
Q . 72 B
3 Type  _ 0.5(38) "2~ (-15.61-373+22.14+0.00) _ 148
s 1-2 -3.97
<
Type  _ -0.5(38) 2~ (-15.61-3.73+22.14+0.00 ) _ 120
12-2 -4.83 '
D.3 Load Rating Based on Strength Limit State by LFM
Similar calculations are done same as section C.2.2
LOAD RATING CALCULATIONS (LFM)
Location Description Inventory Rating (Tons) Operating Rating (Tons)
Type 12007-13(4145+1349)  _ ., 12007-1.3(4145+1349) 388
1-1 1.3(1.67)(965.2) ' 1.3(1.00)(965.2) '
5
g é Type 12007-1.3(4145+1349) | 12007-1.3(4145+1349)
5 s 1-2 1.3(1.67)(1437.8) : 1.3(1.00)(1437.8) ‘
<
Type 12007-1.3(4145+1349) - 1928 12007-1.3(4145+1349) 014
12-2 1.3(1.67)(1750.5) ) 1.3(1.00)(1750.5) '
1489-1.3(474+154 1489-1.3(474+154
Type ( ) = 274 ( ) 458
1-1 1.3(1.67)(113.1) 1.3(1.00)(113.1)
‘é‘_ 1489-1.3(474+154 1489-1.3(474+154
o -1. + -1. +
83 Type ( ) - 180 ( L~ 30
25 1-2 1.3(1.67)(172.0) 1.3(1.00)(172.0)
<
Type 1489-1.3(474+154) N 1489-1.3(474+154) 239
12-2 1.3(1.67)(216.9) : 1.3(1.00)(216.9) ‘
RATED BY : DATE CHECKED BY : DATE
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LOAD RATING CALCULATIONS (LFM)
(Rating Live Load = MS18, W = 33 Metric Tons)

Location Description Inventory Rating (Tons) Operating Rating (Tons)
c Typel-1 232 x 17 = 395 3.88 x 17 = 659
g€
20
T £ Type 1-2 1.56 x 27 = 421 2.60 x 27 = 703
S O
2 E

Type 12-2 1.28 x 38 = 487 2.14 x 38 = 8l2
" Typel-1 274 x 17 = 46.6 4.58 x 17 = 779
S
Q5
g0 Type 1-2 180 x 27 = 487 301 x 27 = 813
D n
<

Type 12-2 1.43 x 38 = 544 2.39 x 38 = 907

D. SUMMARY OF LOAD POSTING

The summary of calculation results for both the load factor and the allowable stress methods
are presented below.

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle At Midspan At Support POSTING
Vehicle Type| Weight Rating Load Rating Load (Metric
(MefricTons)|  Fqctor Rating Factor Rating Tons)
MS18 33.0 1.25 41.3 1.50 49.6 33
Type 1-1 17.0 2.21 37.6 2.74 46.6 17
Type 1-2 27.0 1.48 40.1 1.80 48.7 27
Type 12-2 38.0 1.22 46.3 1.43 54.4 38
RATED BY : DATE CHECKED BY : DATE
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A. GENERAL

| BACKTO MENU

Al. BRIDGE DESCRIPTION

Bridge Location . REGION |
Bridge Name
Bridge Simple or Continuous @ Precast, Prestressed PC | Girder Bridge
Type Number of Span 3
Bridge Width (curb to curb) (m) 7.32
Number of Lanes 2
Bridge Length (m) 35000 | 35000 [ 35000 | | | =105.000m
Year Built 2000
Nos. of Girder 4 Superstructure made continuous for live loading
Structure | Girder Spacing (m) 2.100 |on centers
Substructure Concrete bents and abutments
Wearing | thickness (mm) 50
Course material Asphalt
f'c (Girder) 38 MPa
f'c (Slab) 24.2 MPa
Ultimate Strength of Tendons fu 1860 MPa
Notes on Plans ; -
Working Force 6750 kN (Effective after losses)
Centroid of PC Tendons 100 mm (from SOff!T at Midspan)
885 mm (from soffit at Anchorage)
Weight of barrier rail Whbr = 13.0 KN/m
. fy (Reinforcing Bars) 415 Mpa
Assumption - -
Concrete Unit Weight Wu = 240  [kn/m?
Asphalt Unit Weight Wa = 22.0 KN/m?®
Others Rating Live Load is AASHTO MS18 (HS20-44)
. Year of , fc or fs
Material Construction foorfy Inventory | Operating  Posting
Prior to 1959 17.2 6.9 10.3 6.9
after 1959 20.7 8.3 13.1 8.3
concrete o 701981 276 11.0 16.5 1Mo |*pe
after 1981 31.0 12.4 18.6 12.4 *pc
Prior to 1954 227.5 124.1 172.4 124.1
after 1954 275.8 137.9 193.1 137.9
Rebar
Grade 50 344.7 137.9 2241 137.9 *pc
Grade 60 413.7 165.5 248.2 165.5 *pc
INTERIOR PCDG CONTINUOUS
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A2. BRIDGE LAYOUT AND SECTION

@ ® Pier B @) ®
35.00m <“— 35.00m 35.00m
|
bm 1 i i IR i i i LD i I i ﬂd
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SECTION AT PIER SUPPORT

INTERIOR PCDG CONTINUOUS

GIRDER SECTION
Girder Height 1.600
Dimension b h

Slab 2.100 0.2 *1.00 (Modulas Ratio) |
1.067 0.127
0.330 0.076

Ufig 0.102 0076
0.102 0.102

Web 0.203 1.270
0.254 0.254

g 0711 0.203
223
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B. DEMAND FORCES

B1. DEAD LOAD CALCULATIONS

B1.1 INPUT
Area of Girder (m?) 0.653
Span Length (m) 35.000
Composite Girder Height (m) 1.80
FOR Girder Height (m) 1.60
DEAD Slab thickness (m) 0.200
LOAD Slab Spacing (m) 2.100
Weight of Diaphram (kN/m) 1.5
Weight of Barrier Rail (kN/m) 13
Number of Girder (nos.) 4
B1.2 DEAD LOAD CALCULATIONS
Dead Load Moment at Midspan Mp, (kN-m) 4173.5
Dead Load Shear at Support Vp, (kN) 477.0
B2. FORCE DEMAND CALCULATIONS
B2.1 INPUT
Number of Lanes 2
Fraction DF 1.148

B2.2 FORCE DEMAND CALCULATIONS
Conducting a Structural Analysis, the load demands for the PCDG should be obtained
separately and input the necessary load demands in the Table below.
Description C (0.5L) Sﬁ;l;z;
Dead load (kN-m) 4173.5 0.0
Moments | Superimposed Dead load (kN-m) 594.7 -792.9
MS18 moment with Impact (kN-m) 2441.4 -2770.7
Dead load (kN) 0.0 -477.0
Superimposed Dead load (kN) 0.0 -135.9
Shears MS18 max. positive shear force (kN) 202.9 67.0
MS18 max. negative shear force (kN) -202.9 -465.3
MS18 max. positive moment for shear (kN-m) 2319.3 457.9
MS18 max. negative moment for shear (kN-m) -2319.3 -449.8

224

INTERIOR PCDG CONTINUOUS

Sheet 1: DFDLLL



B3. SECTION PROPERTIES CALCULATION
Load Condition A (m?) Iz (m*) Yp (M) Yi (M) Y; slab (m)
For Dead Loads 0.653 0.217 0.812 0.788 NA
For Live Loads 1.073 0.420 1.159 0.441 0.641
B4. STRESS CALCULATIONS
(1) Stress at Midspan
Stresses in the PC Girder (MpaQ)
Loading Top Concrete Bottom Concrete Centroid of
Fiber Fiber Composite
Dead Load (Self + Slab) 15.17 -15.63 6.69
Prestress (Pef=6750kN) -7.13 28.32 2.63
Superimposed Dead Load 0.62 -1.64 0.00
Live Load 2.56 -6.74 0.00
Live Load Moment for Shear 2.43 -6.40 0.00
(2) Stress at Pier Support
Stresses in the PC Girder (Mpa)
Loading Top Bottom Centroid of|  Top of
Concrete | Concrete Composite Slab
Fiber Fiber P
Dead Load (Self + Slab) 0.00 0.00 0.00 0.00
Prestress (Pef=6750kN) 12.13 8.48 11.13 0.00
Superimposed Dead Load -0.83 2.19 0.00 -1.21
Live Load -2.91 7.65 0.00 -4.23
Live Load Moment for Shear -0.47 1.24 0.00 -0.69
NEXT
INTERIOR PCDG CONTINUOUS
225 Sheet 1: DSC



C. LOAD RATING BY LOAD FACTOR METHOD

C1. CAPACITY CALCULATIONS

C1.1 MOMENT CAPACITY at MIDSPAN

Assumed total prestressing loss including creep 0 oss (MpQa) 204.6

Ultimate Strength of Tendons fu (Mpa) 1860

Web Width bw (mm) 203
Prestressing Steel Area As* (mm?) 5670

Section Loss (%) 0

Total Assumed Area of Steel As(mm?2) 5670

Effective width of deck , beff (mm) 2100

Centroid of Prestressing Steel from top of deck , d (mm) 1700

Yield Strength of Tendons fy (Mpa) 1570
k=2(1.04-fy/fu) 0.39 Cinput
Neutral axis location (mm) 560.6 560.6
Moment Capacity at Midspan R (kN-m) 14284

C1.2 MOMENT CAPACITY at PIER SUPPORT

Ultimate Strength of Rebar fy (Mpa) 415
Number of Rebars (nos.) 15
Diameter of Main Rebar (mm) 36
Area of one main rebar ®s (mm?2) 1017
Concrete Cover (mm) 38
Resistance Reduction Factor 0.90
Rebars Area As (mm?) 15255
Section Loss (%) 10
Total Assumed Area of Steel As(mm?2) 13730
Centroid of Rebar from top of compression fiber, d (mm) 1744
Web Width bw (mm) 711.0
Rebar Ratiop=As/ (beffxd) o 0.01107
Neutral axis location (mm) 608.1
Moment Capacity at Face of Support R (kN-m) 8045

INTERIOR PCDG CONTINUOUS
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C1. CAPACITY CALCULATIONS

C1.3 SHEAR CAPACITY at MIDSPAN

Diameter of Stirrups (mm) 12
Area of Stirrups (mm?) 13
Spacing of Stirrups (mm) 250
Nominal Shear Capacity Factor @ 0.85
Web Width bw (mm) 203
Depth of Shear Cracks (mm) 40
The Reduction Factor due to Shear Cracks 0.80
Cracking Moment (kN-m) 3775.4
Factored Total Moment Mmax (kN-m) 11231.6
Factored Shear Force Vi (kN) 440.3
Nominal Shear Strength Vci (kN) 254.4
Nominal Shear Strength Vew  (kN) 1474.5
Nominal Shear Strength provided by concrete Vc (kN) 204.2
Nominal Shear Strength provided by Rebar Vs (kN) 637.8
Shear Capacity Vu= ®(Vc + Vs ) (kN) 715.7

C1.4 SHEAR CAPACITY at PIER B

Diameter of Stirrups (mm) 12
Area of Stirrups (mm?) 13
Spacing of Stirrups (mm) 150
Nominal Shear Capacity Factor @ 0.85
Web Width bw (mm) 203
Depth of Shear Cracks (mm) 30
The Reduction Factor due to Shear Cracks 0.85
Cracking Moment (kN-m) -819.2
Factored Total Moment Mmax (kN-m) -2006.8
Factored Shear Force Vi (kN) -1806.4
Nominal Shear Strength Vci (kN) 1350.4
Nominal Shear Strength Vcw  (kN) 1836.5
Nominal Shear Strength provided by concrete Vc (kN) 1150.9
Nominal Shear Strength provided by Rebar Vs (kN) 1090.5
Shear Capacity Vu 1905.1

[ next_]
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C2. LOAD RATING CALCULATIONS

C2.1 LOAD RATING BASED ON SERVICEABILITY LIMIT STATE

(1) USING COMPRESSIVE STRESS

Section C \ Pier Support B

For Strength Factor 0.6

For Strength Factor 0.4

For Dead Load Factor 0.5

Concrete Compressive Stress 38

Dead Load Stress 15.80 2.19
Prestress after all losses -7.13 8.48
Secondary Prestress 0.00 0.00
Live Load stresses including Impact 2.56 7.65
Using Compressive Stress Under All Load Combination 5.52 1.59
Using Compressive Stress of Live Load 4.24 1.29
(2) USING ALLOWABLE TENSION STRESS

Dead Load Stress -17.27 -0.83
Prestress after all losses 28.32 12.13
Secondary Prestress 0.00 0.00
Live Load stresses including Impact -6.74 -2.91
Using the Allowable Tension in Concrete 2.10 4.95

C2.2 LOAD RATING BASED ON STRENGTH LIMIT STATE

Dead Load Factor 1.3
2.17
Live Load factors Inventory
Operating 1.3
Section C (at Midspan| Section B (Support)
Moment Shear Moment Shear
Moment and Shear Capacity 14284 716 -8045 -1905
Moment and Shear due to Dead Load 4174 0.00 0.00 -477
Moment and Shear due to Superimposed Dead Load OIS 0.00 -793 -136
Moment and Shear due to Live Load 2441 203 -2771 -465
C2.3 LOAD RATING CALCULATIONS
- Moment Shear
Description - -
Inventory Operating| Inventory = Operating
. Section C (Midspan) 1.53 2.55 1.63 2.71
Rating Factor -
Pier B (Support) 1.51 1.95 1.10 1.83
Rating Live Load (MS18) (Metic Tons Weight of vehicle 33.0
Load Rating Calculations Sgchon C (Midspan) 50.4 84.1 53.6 89.5
Pier B (Support) 49.8 64.3 36.2 60.5
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C2.3 SUMMARY OF RATING FACTOR AND LOAD RATING

Weight of Vehicle (Metric Tons) 33 section € Pier Support B

RF LR RF LR
serviceabilit Compression All Load 5.52 182.1 1.59 52.3
Rating ot Live Load | 4.4 140.0 129 125
Factor Allowable Tension 2.10 69.2 4.95 163.2
and Inventory 1.53 50.4 1.51 49.8

Moment .

Lo0d o ength Limit State Operafing| 2.95 84.1 199 64.3
Ratfing ° Shear Inventory 1.63 53.6 1.10 36.2
Operating 2.71 89.5 1.83 60.5
Minimum Rating Factor and Load Rating 1.53 50.4 1.10 36.2

Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cell is automatically shown

Return to GENERAL

Click following the above instruction

Return to GENERAL

Load Posting
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D. LOAD POSTING BY LOAD FACTOR METHOD

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

Conducting a Structural Analysis, the load demands for the PCDG should be
obtained separately and input the necessary load demands in the Table below.

Description Section C Pier Support B
Type 1-1 822.1 -448.7
Moment | Type 1-2 1219.9 -702.9
Posting Vehicle Moment and Shear Type 12-2 1447.3 934.3
Type 1-1 60.3 -123.2
Shear Type 1-2 85.5 -191.8
Type 12-2 84.1 -248.8

D2. POSTING RATING CALCULATIONS

D2.1 POSTING RATING BASED ON SERVICEABILITY LIMIT STATE

(1) USING COMPRESSIVE STRESS

Description Section C \ Pier Support B

For Strength Factor 0.6

For Strength Factor 0.4

For Dead Load Factor 0.5

Concrete Compressive Stress 38

Dead Load Stress 15.80 2.19

Prestress after all losses -7.13 8.48

Secondary Prestress 0.00 0.00
Type 1-1 0.86 1.24

Live Load stresses including Impact Type 1-2 1.28 1.94
Type 12-2 1.52 2.58

Using Compressive Stress Type 1-1 ]6'33 9';9

Under All Load Combination Type 1-2 AL 6.25
Type 12-2 9.31 4.70
Type 1-1 12.60 7.96

Using Compressive Stress of Live Load Type 1-2 8.49 5.08
Type 12-2 7.16 3.82

(2) USING ALLOWABLE TENSION STRESS

Dead Load Stress -17.27 -0.83

Prestress after all losses 28.32 12.13

Secondary Prestress 0.00 0.00
Type 1-1 -2.27 -0.47

Live Load stresses including Impact Type 1-2 -3.37 -0.74
Type 12-2 -4.00 -0.98
Type 1-1 6.23 30.54

Using the Allowable Tension in Concrete Type 1-2 4.20 19.50
Type 12-2 3.54 14.67

[ next ]
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D2. LOAD RATING CALCULATIONS

D2.2 POSTING RATING BASED ON STRENGTH LIMIT STATE

Dead Load Factor 1.3

Inventory 2.17
Operating 1.3

Live Load factors

Section C (at Midspan| Section B (Support)
Moment Shear Moment Shear

Moment and Shear Capacity 14284 716 -8045 -1905
Moment and Shear due to Dead Load 4174 0.00 0.00 -477
Moment and Shear due to Superimposed Dead Load 595 0.00 -792.9 -136
Type 1-1 822 60 -449 -123
Moment and Shear due to Live Load Type 1-2 1220 86 -703 -192
Type 12-2 1447 84 -934 -249

D2.3 POSTING RATING CALCULATIONS

L Moment Shear
Description . -
Inventory Operating| Inventory = Operating
Section © Type 1-1 4.53 7.57 5.47 9.13
CloN ™ e 12 [ 305 510 3.86 6.44
(Midspan)
. Type 12-2| 2.57 4.30 3.92 6.55
Rating Factor
Pior B Type 1-1 7.20 12.02 4.15 6.92
(SU:;;or’r) Type 12 | 4.60 7.68 2.66 4.45
Type 12-2 3.46 5.77 2.05 3.43
- . Type 1-1 17.0
Postting Live Load Weight of vehicle  Type 1-2 27.0
(Metic Tons)
Type 12-2 38.0
. Type 1-1 77.0 128.6 93.0 155.2
section G 1o [ 825 137.7 104.2 1739
(Midspan) T 12-2 97.8 163.3 149.0 248.8
Load Rating Calculations ype 1< - - - .
Pier B Type 1-1 122.5 204.4 70.5 117.6
(suppori] Type 1-2 124.2 207.3 71.9 120.0
Type 12-2 131.5 219.4 78.0 130.2

[ next ]
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D2.3 SUMMARY OF POSTING RATING FACTOR AND LOAD RATING

Section C Pier Support B
RE | IR RE | IR
(1) POSTING VEHICLE TYPE 1-1 Weight of Vehicle 17 (Metoric Tons)
serviceabilit Compression All Load 16.38 278.5 9.79 166.4
Rating ot Live Load [ 12.60 214.] 7.96 1353
Factor Allowable Tension 6.23 105.9 30.54 519.3
and Moment Inventory 4.53 77.0 7.20 122.5
Load sirenaith Limit State Operating|  7.57 128.6 12.02 204.4
Ratfing ° Inventory 5.47 93.0 4.15 70.5
Shear
Operating 9.13 155.2 6.92 117.6
Minimum Rating Factor and Load Rating 4.53 77.0 4.15 70.5
(2) POSTING VEHICLE TYPE 1-2 Weight of Vehicle 27 (Metoric Tons)
Serviceabilit Compression All Load 11.04 298.1 6.25 168.7
Rating e Live Load | 8.49 2292 508 1372
Factor Allowable Tension 4.20 113.3 19.50 526.5
and Morment Inventory 3.05 82.5 4.60 124.2
Load Strength Limit State Operating|  5.10 137.7 7.68 207.3
Rating Inventory 3.86 104.2 2.66 71.9
Shear
Operating 6.44 173.9 4.45 120.0
Minimum Rating Factor and Load Rating 3.05 82.5 2.66 71.9
(3) POSTING VEHICLE TYPE 12-2 Weight of Vehicle 38 (Metoric Tons)
serviceabilit Compression All Load 9.31 353.7 4.70 178.6
Rating ot Live Load | 7.16 2719 382 1453
Factor Allowable Tension 3.54 134.4 14.67 557.4
and Moment Inventory 2.57 97.8 3.46 131.5
Load sirenaith Limit State Operating|  4.30 163.3 5.77 219.4
Ratfing ° Inventory 3.92 149.0 2.05 78.0
Shear
Operating 6.55 248.8 3.43 130.2
Minimum Rating Factor and Load Rating 2.57 97.8 2.05 78.0
NEXT
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E. SUMMARY OF RESULTS FOR LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle SECTION C PIER SUPPORT B
. . Load
Vehicle | Weight .
Type (Metric Rating Load Rating Load Posting
Tons) Factor Rating Factor Rating (Tons)
MS18 33.0 1.53 50.4 1.10 36.2 337
Type 1-1 17.0 4.53 77.0 4.15 70.5 17T
Tyoe 1-2 | 270 305 825 2.66 719 27T
Type 12-2 38.0 2.57 97.8 2.05 78.0 38T
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PCDG CONTINUOUS Manual Calculation
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

BRIDGE ID : Frkk PAGE :

LOAD RATING CALCULATIONS

BRIDGE NAME

PCDG CONTINUOUS

A.l

A. GENERAL

BRIDGE DESCRIPTION

Bridge Location

Bridge Type

Br. Width / No. of Lanes
Bridge Length

Year Built

Structure

» Girders

»  Substructure

Wearing Course
Material Properties

Assumption

Others
Reqgirement

Region I

3-spans Continuous Precast, Prestressed | Girder Bridge
7.32m curb to curb / Two-lanes

35.00m + 35.00m + 35.00m = 105.00m

2000

Precast, Prestressed | Girder Bridge (4-Girders), Monolithic with deck slab
Girder spacing at 2.10m on center

RC bents and RC Abutments

50mm thick Asphalt Overlay

fc = 38 Mpa (Girder), 242  Mpa (Slab)

fu = 1860 Mpa, Workinf Force: 6750.0 kN (effective after losses)

Centroid of PS Tendons: 100 mm from soffit @ midspan, 885mm at Anchorage

Weight of barrier rail = 13.0  KN/m
fy (reinforcing bars) = 415 Mpa
Concrete unit weight = 240  KN/m®
Asphalt unit weight = 220  KN/m®

Rating Live Load is AASHTO MS18 (HS20-44)

Determine the load rating of the interior girder of the span (35.0m) for MS18 (HS20)
vehicles considering damages on members

A2 BRIDGE LAYOUT -
1110 3660 3660 1110
AN
OF ROADWAY
TOP OF ROWY
$=2.0%
! &f e
1620 2100 J_
1067 MAIN NEGATIVE BARS
LONGITUDINAL BARS
N 203
— _w oooooooooooooo
=J — L
SN+ TRANSVERSE
- L BARS
10p330 o
©
o| » L& S
ol » 3
254 =
- TENDONS &
| L———TENDONS ><:
< LO)|
o) ES
! #/%
o
o o
ol (@]
711 711
RATED BY : [DATE JcHECKED BY : DATE
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PCDG CONTINUOUS Manual Calculation
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID ek PAGE :
LOAD RATING CALCULATIONS BRIDGE NAME PCDG CONTINUOUS
NOTES
B. DEMAND FORCES
B.1 DEAD LOAD CALCULATIONS
The dead loads considered in the calculations include (1) Girder self-weight, (2) Fillet/haunch,
(3) Tributary area of slab, (4) Barrier rails (Assumed to be equally distributed among girders).
(5) Wearing course.
« Self-weight of girder = (0.6532m2) (24 KN/m®) = 15.680 KN/m
o Slab Weight (Tributary) = (0.20m)  (2.10m) (24 KN/m?) = 10.080 KN/m
o Weight of Diaphram = = 1.50  KN/m
e Barrier rail = 2(13.0/4) = 6.50 KN/m
e Wearing course = (0.05m) (2.10m) (22 KN/m?) = 2.31 KN/m
e Total Uniform Load of Interior Girder, w = 36.07  KN/m
e Total Uniform Dead Load of Girder, wp, = 27.260 KN/m
e Total Uniform Superimposed Dead Load of Girder, wsp, = 8.81 KN/m
e Dead Load Moment at Midspan, Mp, = 2726 x 35002 /8 = 41735 KN-m| Mg=wL?/8
e Dead Load Shear at support, Vp, = 2726 x 3500 /2 = 4770 KN Vg =wL/2
Wp = 2726 kN/m Wy = 8.81  kN/m
l 35.00 m 3
B.2 LIVE LOAD CALCULATIONS
The carriageway width is 7.32m curb to curb. AASHTO specifies a clear lane width of 5.4m, thus Manual Tst Ed.
the deck shall carry two-lanes. Sect 3.4.2
The distribution of wheel loads for two traffic lanes for T-beams shall be taken as S/1.829 DPWH
Table 3-4
e Number of live load wheel line = 210 / 1.829 = 1.148 AASHTO
Table 3.23.1
(S/6in ft.)
e Impact factor, | = 1524/ (3500 + 38.00) = 0.209 DPWH
Sect. 3.2.5.1
Conducting a Structural Analysis, the load demands for the PCDG Continuous should be obtained
separately and input the necessary load demands in the Table below.
At Mid At Pier S T
Description 1sban ST 2UPPOr
0.5L 1.0L
Dead load moments, KN-m 4173.5 0.0
Moments Superimposed Dead load moments, KN-m 594.7 -792.9
MS18 moments with impact, KN-m 2441.4 -2770.7
Dead load shears, KN 0.0 -477.0
Superimposed Dead load moments, KN-m 0.0 -135.9
Shears MS18 max. positive Shear force, KN 202.9 67.0
MS18 max. negative Shear force, KN -202.9 -465.3
MS18 max. positive moment, KN-m 2319.3 457.9
MS18 max. negative moment, KN-m -2319.3 -449.8
RATED BY : DATE CHECKED BY : DATE
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LOAD RATING CALCULATIONS BRIDGE NAME PCDG CONTINUOUS
A c B NOTES
SIMPLE DEAD LOAD MOMENTS T T
! [ ]
4 ? ? 4 v v Dead Load Moments
CONTINUOUS SDL MOMENTS |
] ‘ . Superimposed DL Moments
4 ? ? 4 - (Continuous spans)
MAX -VE
| MOMENT |
MAX - VE I MS18 Moments
MOMENT
MAX + VE; (Continuous Spans)
woment & 3 ¥
B.3  SECTION PROPERTIES CALCULATION
The section properties of the prestressed concrete I-girder including that for
the composite girder are calculated and given in thetable below:
Moment of . .
Description Areza Inertia Yot Girder Yiop Girder Yiop Slab
(m%) 4 (m) (m) (m)
(m%)
For Dead Load 0.653 0.217 0.812 0.788 NA
For (SDL) and (LL+l) 1.073 0.420 1.159 0.441 0.641
B.4  LOAD STRESS CALCULATIONS
The stresses at different fiber locations are calculated using
o = P Mc
- A y /1
Estimated Stress Demands at Midspan
Stresses in the PCI Girder (Mpa)
LOADING Top Concrete | Bottom Concrete Cenftroid of
Fiber Fiber Composite
Dead Load (Self + Slab) 15.17 -15.63 6.69
Prestress (Pef = 6750 kN) -7.13 28.32 2.63
Superimposed Dead Load 0.62 -1.64 0.00
Live Load 2.56 -6.74 0.00
Live Load Moment for Shear 2.43 -6.40 0.00
Estimated Stress Demands at Pier Support
Stresses in the PCI Girder (Mpa)
LOADING Top Concrete | Bottom Concrete Cenftroid of Cenftroid of
Fiber Fiber Composite Composite
Dead Load (Self + Slab) 0.00 0.00 0.00 0.00
Prestress (Pef = 6750 kN) 1213 8.48 1113 0.00
Superimposed Dead Load -0.83 2.19 0.00 -1.21
Live Load -2.91 7.65 0.00 -4.23
Live Load Moment for Shear -0.47 1.24 0.00 -0.69
RATED BY : DATE |CHECKED BY : DATE
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LOAD RATING CALCULATIONS |[BRIDGENAME : PCDG CONTINUOUS

e Stresses due to Dead Load

Top Concrete Fiber = 4,173.5x0.788 / 0.217 / 1000 = 15.17 Mpa
Bottom Concrete Fiber = 4,173.5x(-0.812) /0.217 / 1000 = -15.63Mpa
Centroid of Composite = 15.17-(15.17 - (- 15.63 ) x ( 0.441 / 1.600 ) = 6.69 Mpa

o Siresses due to Prestress

Top Concrete Fiber (6750 /0.653 - 6750 x (0.812-0.100 ) x 0.788/0.217) / 1000

= -7.13 Mpa
Bottom Concrete Fiber = (6750/0.653 + 6750 x (0.812-0.100 ) x 0.812/0.217 )/ 1000
= 28.32Mpa
Centroid of Composite = -7.13 - (-7.13-28.32) x (0.441/1.600) = 2.3 Mpa
e Stresses due to Superimposed Dead Load
Top Concrete Fiber = 594.7 x0.441 / 0.420 / 1000 = 0.62 Mpa
Bottom Concrete Fiber = 594.7 x (-1.159 ) / 0.420 / 1000 = -1.64 Mpa
Centroid of Composite = 1.42-(1.42-(-3.73) x (0.443 / 1.600) = 0.00 Mpa
e Stresses due fo Live Load
Top Concrete Fiber = 2441.4 x0.441 /0.420 / 1000 = 2.56 Mpa
Bottom Concrete Fiber = 2441.4x(-1.159 ) /0.420 / 1000 = -6.74 Mpa
Centroid of Composite = 1.80-(1.80-(-4.71) x (0.443 /1.600) = 0.00 Mpa

Stresses due to Live Load for shear force and stresses at Pier Support are obtained by same way
of stress calculations. The stresses at Midspan and Pier Support are shown in the following figures.

NOTES

Q9@ —Fememccccccca=a
200 Slab 15.17 -7.13 0.62 2.56
9 —Q — - ___-_-_------1
1800 776
1600 0.y Ao Grder | _
804
PCI Girder
-15.63 28.32 -1.64 -6.74
Dead Load Prestress SDL Live Load
STRESSES AT MIDSPAN OF GIRDER
_______________ 0.00 0.00
-1.21 -4.
200 Slab 12.13 423
9 —Q — - _______—-—-——_3 0.00 -0.83 -2.91
1800 776
1600 0.y Ao Grder | _
804
PCI Girder
0.00 8.48 2.19 7.65
Dead Load Prestress SDL Live Load
STRESSES PIER SUPPORT OF GIRDER
RATED BY : DATE : ICHECKED BY : DATE
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LOAD RATING CALCULATIONS |[BRIDGENAME : PCDG CONTINUOUS

C1

C. LOAD RATING UNDER SERVICEABILITY LIMIT STATE BY ALLOWABLE STRESS METHOD (ASM)

AND UNDER STRENGTH LIMIT STATE BY LOAD FACTOR METHOD (LFM)
CAPACITY CALCULATIONS
Cil1 MOMENT CAPACITY AT MIDSPAN

The actual area of prestressing steel can be obtained from as-built plans.

However in the absence of as-built darwings, the following approach can be used.
Assume total loss including creep loss to be
O oss = 204.6 Mpa with  fygendons = 1860.0 Mpa fy = 1570.0 Mpa

Therefore, B Working Force B 6750
Prestressing steel area - Effective Stress - (0.75x 1860 - 204.6 )

5670 mm?

x (1000)

ber = 2100 Mm, t;, = 200mm, b, = 203 mm
dp, = 1800 - 100 = 1700 mm, f'c (girder) = 38 Mpa, fc (slab) = 24.2 Mpa

k=2x(1.04-fy/fu)=2x(1.04-1570.0/1860.0) = 0.39

B (girder) = 0.85-0.05/7 x (fc-28)= 0.85-0.05/7 x (38-28)=0.7786
[incase of, 56>fc>28 ==>3=0.85-0.05/7x(fc-28)]

B (slab) =0.85 [incase of, fc<28==>p=0.85]
Ac (girder) = b,, x [ N.A. - 1, ) = 203 x { 560.6 - 200 ) = 73,201.8 mm? (N.A.: Neutral axis location)
Ac (slab) = b X 1, = 2100 x 200 = 420,000 mm?

[ f'c (slab) x Ac (slab) x B (slab) + f'c (girder) x Ac (girder) x p (girder) ]
[ f'c (slab) x Ac (slab) + f'c (girder) x Ac (girder) ]

B (average) =

(24.2 x 420,000 x 0.85 + 38 x 73201.8 x 0.7786 )
= = 0.834652
(24.2 x 420,000 + 38 x 73201.8 )

Ap x fu
[0.85x f'c (slab) x B (slab) x bes + kx Ap x fu / dyy ]

C (slab)

B 5,670 x 1,860 ko mm
T T [085x242x085x2,100+0.39x5670x 1,860/1,700]

fos=fux[1-kxC (slab) /d,]=1.860x[1-0.39x269.4/1,700] =1744.5 Mpa
a =B (slab) x C (slab) = 0.85 x 269.4 = 229.0 mm
S =Apxfpsx(ds-a/2)/ 10° =5,670% 1,744.5x (1,700-229.0 /2 ) / 10-6 = 15,684 kN-m

[Ap x fu-0.85xt,xp (average) x { f'c (slab) x be - f'c (girder) x by} ]

C (girder) [0.85x f'c (girder) x p (average) x by, + kx Ap x fu / d, ]

[ 5,670 x 1,860 - 0.85x 200 x 0.834652 x { 24.2x 2,100 - 38 x 203 } ]

= 560.6
[0.85 x 38 x 0.834652 x 203 + 0.39 x 5,670 x 1,860 / 1,700 ] mm

NOTES

RATED BY : [DATE |CHECKED BY : [DATE
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fos=fux[1-kxC (girder) /d, ] =1860x[1-0.39x560.6/1,700]=1619.7 Mpa
a =B (average) x C (girder) = 0.834652 x 560.6 = 467.9 mm
S =[Apxfpsx(d,-a/2)
+0.85x B (average) x ( f'c (slab) x beg - f'c (girder) x by, ) Xt x (a/2-1,/2)}/10°

=5,670x1,619.7x (1,700 - 467.9 / 2)

+0.85x 0.834652 X ( 24.2x 2,100 - 38 x 203 ) x 200 x ( 467.9/2-200/2)}/10%
= 14,284 kN-m  <== Governing Moment Capacity ( < 15,684 kN-m )

ci1z2 MOMENT CAPACITY AT PIER SUPPORT

There are 15" - ®3é6mm rebars used at Pier Support, thus, the total area of rebars is:

AD = x36x36x15 = 1017mm?’x15 =  15255mm?

J;|:|

Section Loss =10 % Total assumed area of Steel = 15,255 x 0.9 = 13,730 mm?
where, Ultimate strength of rebar fy = 415 Mpa, Concrete cover = 38 mm
Centroid of rebar from top of deck = 1800 - 38 - 36 /2 = 1744 mm
Web width beff =711.0 mm
p= As/bd=13730/(1744x711) =0.01107

As x fy
[0.85x f'c (girder) x B (girder) x bgs ]

C (slab)

* lower flange

B 13,730 x 415 - 3187
B [0.85x38x0.7786x 711.0] - 2e/smm
S =Asfy (d-a/2) /10°=13,730x 415 (1,744 -248.1 / 2)) / 10-6 = 9,230 kN-m
. [Asx fy-0.85xbw x B (girder) x fc (girder) x (bg - by |
C (girder) = - - -
[0.85x f'c (girder) x B (girder) x bgs ]
[13,730x 415-0.85x 203 x 0.7786 x 38 x { 711.0 - 203 } ]
= = 608.1 mm
[0.85x 38 x0.7786 x 203 |
a = (girder) x C (girder) = 0.7786 x 608.1 = 473.5 mm
S=[Asxfyx(d-a/2)
+0.85 x f'c (girder) x ( beff - bw ) x p (girder) xt;x (a/2-1/2)}/ 10
=13,730x 415x (1,744 - 4735/ 2)
+0.85x38x (711.0-203 ) x0.7786 x 203 x (473.5/2-203/2)}/10*
= 8,939 kN-m <== Governing Moment Capacity ( < 15,684 kN-m )
Moment Capacity at Pier Support
R=® xS =0.9x8,93% = 8,045 kN-m
RATED BY : DATE : CHECKED BY : DATE
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C.13 SHEAR CAPACITY AT MIDSPAN

The shear capacity of a section is addressed by the DPWH and AASHTO
Design Guidelines and Specifications. Shear capacity depends on the
cracking moment of the section. When the live load causes tension

at the bottom fiber, cracking moment is to be calculated based on
the bottom fiber stress. On the other hand, when the live load causes
tension at the top fiber of the beam, cracking moment is to be
calculated based on the top fiber stress.

At the midspan location, the moment reported with the maximum
live load shear is positive. Positive moments will induce tension at
the bottom fiber and thus cracking moment is to be based on the
stress at the botftom fiber.

e The cracking moment

(12 / Ypor ) X (0.5Fc 2 + fpe - fd )

(0.217/0.812 ) x{0.5xsqrt (38) +28.32 + (-15.63-1.64 ) } x 1000
3775.4 kN-m

e The factored total moment Mmax
Mmaox = 1.3Mp+ 1.3x1.67 X M4

1.3x (4173.5+594.7 ) +1.3x 1.67 x 2319.3
11231.6 kN-m

e The factored shear

Vioo= 1.3V +1.3x1.67X Vs
1.3x (0.0 +0.0) + 1.3x 1.67 x 202.9
440.3 kN

Vei 0.05 Sqrt(f'c) by d + Vg + Vi Mer / Minax

254.4 KN

(03xfc'?+03xfpc)xbwxd+Vp
[{0.3xsart (24.2) + 0.3 x (6.69 +2.63 + 0.0 ) }x 203 x 1700 / 1000
1,474.5 kN

Vew

¢ The shear capacity of the concrete section

\Ze = 2544kN ==>> Full Capacity

¢ The shear capacity of the shear reinforcement

Vs = 2Avfyde/S 2% (113.1) (415) (1.700) / (250)

637.8 KN

¢ The total shear capacity becomes

Vu = ¢ (Vc+Vs) 0.85x (204.2 + 637.8 )

7157 KN

0.05 Sart  (38.00) (203) (1.700) +0.0 + (440.3)(3,775.4/11,231.6)

Vc' (reduced)= 0.8 x 2544 = 204.2 KN ==>> Use 80% concrete capacity
due to shear cracks (40mm depth)

NOTES

Stirrups :
D12mm
A= 113.1 mm?
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Cc13 SHEAR CAPACITY AT PIER SUPPORT

At the pier support location, the moment reported with the maximum
live load shear is negative. Negative moments will induce tension at
the top fiber and thus cracking moment is to be based on the

stress at the top fiber.

e The cracking moment

=1z / Ypor ) X (0.5Fc 2 + fpe -fd )

-(0.420/0.641 ) x{0.5xsqrt (24.2)+0.0+ (0.0-1.21 ) }x 1000
-819.2 kN-m

e The factored total moment Mmax
Mmaox = 1.3Mp+ 1.3x1.67 X M4
1.3x(0.0-792.9)+1.3x1.67 x (-449.8)
-2,006.8 kN-m

e The factored shear

Vi

1.3 Vg + 1.3x 1.67 x Vi)
1.3% (-477.0-135.9 ) + 1.3x 1.67 x ( - 465.3 )
-1,806.4 kN

Vi 0.05 Sart(f'c) by, d + Vg + V; Mc / Mimax

1,350.4 KN

Vew (03xfc'?+03xfpc)xbwxd+Vp
[{0.3xsqrt (38) +0.3x (0.0+ 11.13+0.0) }x 203 x 1744 ] / 1000

1,836.5 kN

¢ The shear capacity of the concrete section

\%e = 1,350.4 kN ==>> Full Capacity

¢ The shear capacity of the shear reinforcement

Vs = 2Avfyde/S 2% (113.1) (415) (1.744) /(150)

1,090.5 KN

¢ The total shear capacity becomes

Vu = ¢ (Vc+Vs) 0.85x(1150.9 +1090.5)

1,905.1 KN

0.05 x sqrt (38) x 203 x 1.744 + (- 477.0- 135.9 ) + (- 1806.4 ) x (- 819.2 / - 2006.8 )

Vc' (reduced) = 0.85 x 1350.4 = 1150.9 KN ==>> Use 85% concrete capacity
due to shear cracks (30mm depth)

NOTES

Stirrups :
D12mm
A= 113.1 mm?
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C.2  LOAD RATING CALCULATIONS

C.2.1 Load Rating Based on Serviceability Limit State by ASM

(Section 9.15) and the AASHTO MCEB Manual (Sec. 6.6.3.3)

i. Using compressive stress under all load combination:

Serviceability conditions are given in the AASHTO Design Specifications

0.6fc-(Fd+Fp+Fs)

Location RF inv-comaLL = A RF inv-comaLt
X 0.6 (38)-(15.80 +(-7.13)+0.00)
At Midspan = 256 = 5.52
. 0.6 (38)-(2.19 +8.48+0.00)
At Pier Support = 745 = 1.59

ii. Using compressive stress of Live Load, half the prestressing and permanent dead load:

0.4fc-05(Fd+Fp+Fs)

Location RF inv-comuive = A RF inv-comuve
. 0.4 (38)-0.5(15.80 +(-7.13) +0.00)
At Midspan = = 4.24
2.56
) 0.4 (38)-0.5(2.19 +8.48+0.00)
At Pier Support = 745 = 1.29

iii. Using allowable tension in concrete:

0.5fc'”?- (Fd +Fp +Fs )

NOTES

See Sect. 3.5
of this Manual

This Manual

Eq. 3.5-2

This Manual
Eqg. 3.5-3

This Manual
Eq. 3.5-1

Location RF inv-comuve = = RF inv-comuve
. 12
At Midspan = 0.5(38) /2~ (- 17.27 +28.32 +0.00 ) ) 10
-6.74
) 2
At Pier Support = 0.5(38) 2~ (-0.83+12.13+0.00) ) ios
-2.91
RATED BY : DATE : CHECKED BY : DATE
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C.2.2 Load Rating Based on Strength Limit State by LFM

The general expression for the Rating Factor is:

NOTES

RE = ¢ Rn- v, D where yo : 130
Yo BLL(T+1) yo @ 130
B, : 1.67 forinventory
B, : 1.00 forOperating
LOAD RATING CALCULATIONS (LFM)
Location Description Inventory Rating (Tons) Operating Rating (Tons)
14284-1.3(4174+595) 14284-1.3(4174+595)
Moment = 1.53 = 255
Midsoan 1.3(1.67)(2441) 1.3(1.00)(2441)
P 716-1.3(0+0) 716-1.3(0+0)
Shear = 1.63 = 271
1.3(1.67)(203) 1.3(1.00)(203)
-8045-1.3(0-793) -8045-1.3(0-793)
Moment = 117 = 195
1.3(1.67)(-2771) 1.3(1.00)(-2771)
At Support
-1905-1.3(-477-136) -1905-1.3(-477-136)
Shear = 1.10 = 1.83
1.3(1.67)(-465) 1.3(1.00)(-465)
LOAD RATING CALCULATIONS (LFM)
(Rating Live Load = MS18, W = 33 Metric Tons)
Location Description Inventory Rating (Tons) Operating Rating (Tons)
Moment 1.53 x 33 = 504 2.55 x 33 = 841
Midspan
Shear 1.63 x 33 = 536 271 x 33 = 895
Moment 1.17 x 33 = 385 1.95 x 33 = 643
At Support
Shear 1.10 x 33 = 362 1.83 x 33 = 605

In this example, the Rating Factors (RF) for both the serviceability limit state and
the strength limit state are greater than one (RF >> 1) so that there is no need to
perform load posting calculations. Therefore, the bridge can safely carry the intended traffic loads.

RATED BY : DATE |CHECKED BY :
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NOTES
D. LOAD POSTING UNDER SERVICEABILITY LIMIT STATE BY ALLOWABLE STRESS METHOD (ASM)
AND UNDER STRENGTH LIMIT STATE BY LOAD FACTOR METHOD (LFM)
The procedure for load posting is similar to the above using load posting vehicles for live load.
D.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
The live load moments and shears can be separately taken from conducting a structural analysis
corresponding to Types 1-1, 1-2 and 12-2 Posting Vehicles.
For 3-span continuous (3@35.0m) bridge, the Posting Live Load demands are:
Vehicle Type LL Demand At Midspan At Pier Support
Type 1-1 822.1 -448.7
Moment Type 1-2 1219.9 -702.9
Type 12-2 1447.3 -934.3
Type 1-1 60.3 -123.2
Shear Type 1-2 85.5 -191.8
Type 12-2 84.1 -248.8
D.2 POSTING RATING BASED ON SERVICEABILITY LIMIT STATE by ASM
Similar calculations are done using Egs. 3.5-2, 3.5-3 and 3.5-1 for rating factor and load rating
i. Using compressive stress under all load combination:
L i RE _ 0.6fc-(Fd+Fp+Fs) RE This Manual
ocation INV-COMALL = A INV-COMALL Eq.3.52
0.6 (38)- (1580 +(-7.13) +0.00
Type  _ (38) - ( ( ) ) = 16.38
1-1 0.86
-
8
I 0.6 (38)-(1580 +(-7.13)+0.00
& e | (38) - ( (-7.13) +000) - os
s 1-2 1.28
<
Type _ 0.6 (38)- (1580 +(-7.13) +0.00) _ 931
122 1.52 N '
Type B 0.6 (38) - (2.19 +8.48+0.00) _ 979
N 1-1 - 1.24 N :
o
Q
g Type 0.6 (38) - (2.19 +8.48+0.00)
n = = 6.25
5 1-2 1.94
2
<
Type _ 0.6 (38) - (2.19 +8.48+0.00) _ 470
12-2 2.58 '
RATED BY : DATE : |CHECKED BY : DATE
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ii. Using compressive stress of Live Load, half the prestressing and permanent dead load: This Manuall
Eq. 3.5-3
] 0.4fc-05(Fd+Fp+Fs)
Location RF inv-comuive = A RF inv-comuive
Type  _ 0.4 (38)-0.5(15.80 +(-7.13) +0.00) _ 12.40
-1 0.86 h :
[
8
3 Type 0.4 (38)-0.5 (1580 + (-7.13) +0.00 ) _ 8.49
b 1-2 1.28
<
Type 0.4 (38)-0.5(15.80 +(-7.13)+0.00) _ 714
1222 1.52 N '
Type 0.4 (38)-0.5(2.19 +8.48+0.00) _ Y
-~ -1 1.24 - '
o}
o
E Type 0.4 (38)-0.5(2.19 +8.48+0.00) _ 08
ko 1-2 1.94
o
<
Type  _ 0.4 (38)-0.5(2.19 +8.48+0.00) _ 382
12-2 2.58 '
iii. Using allowable tension in concrete: This Manuall
Eq. 3.5-1
) 0.5fc - (Fd+Fp +Fs
Location RF inv-comuive = (FI P ) RF inv-comuve
Type -0.5(38) 2~ (-17.27 +28.32+0.00 ) ~ 623
1-1 B 2.27 N '
-
8 1/2
3 Type  _ -0.5(38) - (-17.27 +28.32+0.00 ) _ 420
s 1-2 -3.37
<
Type  _ -0.5(38) 2~ (-17.27 +28.32+0.00 ) _ 354
12-2 400 '
_ 72 .
Type  _ 0.5(38) "2 (-0.83+12.13+0.00) _ 30.54
N 1-1 -0.47
o
8
2 Type -0.5(38) 2~ (-0.83+12.13+0.00) B 19.50
o) 1-2 -0.74 ’
2
:E 1/2
Type -0.5(38) /2~ (-0.83+12.13+0.00)
= = 14.67
12-2 -0.98
RATED BY DATE : |CHECKED BY : DATE
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Similar calculations are done same as section C.2.2

D.3 Load Rating Based on Strength Limit State by LFM

NOTES

LOAD RATING CALCULATIONS (LFM)
Location Description Inventory Rating (Tons) Operating Rating (Tons)
Type 14284-1.3(4174+595) 14284-1.3(4174+595)
= 4.53 = 7.57
1-1 1.3(1.67)(822) 1.3(1.00)(822)
&«
o3 ® 14284-1.3(4174+595 14284-1.3(4174+595
3 € Type = L - 305 = L~ 500
59 1-2 1.3(1.67)(1220) 1.3(1.00)(1220)
<
Type 14284-1.3(4174+595) 14284-1.3(4174+595)
= 257 = 430
12-2 1.3(1.67)(1447) 1.3(1.00)(1447)
Type 716-1.3(0+0) . 716-1.3(0+0) I,
1-1 1.3(1.67)(60) 1.3(1.00)(60)
C
8.
a O 716-1.3(0+ 716-1.3(0+
53 Type 6-1.3(0+0) - 386 6-1.3(0+0) = ead
S S 1-2 1.3(1.67)(86) 1.3(1.00)(86)
<
716-1.3(0+0 716-1.3(0+0
Type (0+0) = 392 (0+0) = 655
12-2 1.3(1.67)(84) 1.3(1.00)(84)
-8045-1.3(0-793 -8045-1.3(0-793
Type (0793) = 720 07939 . 10
- 1-1 1.3(1.67)(-449) 1.3(1.00)(-449)
8E
%g Type -8045-1.3(0-793) - 440 -8045-1.3(0-793) - 748
% O 1-2 1.3(1.67)(-703) ‘ 1.3(1.00)(-449) ‘
o=
< Type -8045-1.3(0-793) -8045-1.3(0-793)
= 3.46 = 577
12-2 1.3(1.67)(-934) 1.3(1.00)(-449)
Type 905-1.3(-477-136) _ as 190513(477-136) o,
- 1-1 1.3(1.67)(-123) 1.3(1.00)(-123)
-
o -1905-1.3(-477-136 -1905-1.3(-477-136
3,§ Type ( ) . ( ) 445
S 1-2 1.3(1.67)(-192) 1.3(1.00)(-192)
o
< Type -1905-1.3(-477-136) -1905-1.3(-477-136)
= 205 = 3.43
12-2 1.3(1.67)(-249) 1.3(1.00)(-249)
RATED BY : DATE |CHECKED BY : DATE
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NOTES

LOAD RATING CALCULATIONS (LFM)

(Rating Live Load = MS18, W = 33 Metric Tons)

Location Description Inventory Rating (Tons) Operating Rating (Tons)
s . Typel-1 4.53 X 17 77.0 7.57 X 17 = 1286
26
.gg Type 1-2 3.05 x 27 82.5 5.10 x 27 = 1377
==
< Type 12-2 2.57 x 38 97.8 430 x 38 = 163.3
s Typel-1 5.47 x 17 93.0 9.13 x 17 = 1552
Q —_
§§ Type 1-2 386 x 27 104.2 644 x 27 = 1739
(%]

< Type 12-2 392 x 38 149.0 655 x 38 = 2488
= Typel-1 7.20 x 17 122.5 12.02 x 17 = 204.4
o

(SR

g e Type 1-2 460 x 27 124.2 7.68 x 27 = 2073
o O
==
< Type 12-2 346 x 38 131.5 577 x 38 = 2194
= Typel-1 4.15 X 17 70.5 692 x 17 = 1176
o)

8 =

%§ Type 1-2 266 x 27 71.9 445 x 27 = 1200
N9 »n
< Type 12-2 205 x 38 78.0 343 x 38 = 1302

D. SUMMARY OF LOAD POSTING
The summary of calculation results for both the load factor and the allowable stress methods
are presented below.
SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle At Midspan At Support POSTING
Vehicle Type[  weight Rating Load Rating Load (Metric
(MetricTons)| - Factor Rating Factor Rating Tons)
MS18 33.0 1.53 50.4 1.10 36.2 33

Type 1-1 17.0 4,53 77.0 4.15 70.5 17

Type 1-2 27.0 3.05 82.5 2.66 71.9 27

Type 12-2 38.0 2.57 97.8 2.05 78.0 38

RATED BY : DATE CHECKED BY : DATE
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STEEL
|-GIRDER BRIDGE

Example 4-1: Simple

Example 4-2: Continuous
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SIG SIMPLE Computer Based Calculation

INTERIOR SIG SIMPLE

A. GENERAL BACK TO MENU
Al. BRIDGE DESCRIPTION
Bridge Location ‘ REGION Vil |
Bridge Name MANANGA Il Bridge
Bridge Simple or Continuous S Steel I-Girder Bridge
Type Number of Span 4
Bridge Width (curb to curb) (m) 7.32
Number of Lanes 2
Bridge Length (m) 35.000 35.000 | 35.000| 35.000 =140.000m
Year Built 1970
Nos. of Girder 3 Multiple Girder composite for live load
Structure | Girder Spacing (m) 3.200 on centers
Substructure RC Cantilever Abutments
Wearing | thickness (mm) 50
Course material Asphalt
) ) fc= 8.3|Mpa fs= 265.0|Mpa
Material Properties
f'c= 20.7|Mpa fy= 482.0|Mpa
Weight of barrier rail Wbr = 4.600|KN/m
. Concrete Unit Weight Wu = 24.0([KN/m®
Assumption . . :
Steel Girder Unit Weight Ws = 77.0[KN/m®
Asphalt Unit Weight Wa = 22.0|KN/m?®
Others Rating Live Load is AASHTO MS18 (HS20-44)
NEXT
Material vear Of. f'c or fy fo or.fs :
Construction Inventory Operating| Posting
Prior to 1905 179.3 96.5 134.4 96.5
St“SJtCtulra' 1905 to 1936| 206.8 110.3 155.1 110.3
°€  1o36to1963| 2275 124.1 168.9 124.1
Bending
after 1963 248.2 137.9 186.2 137.9
Structural Prior to 1905 179.3 58.6 79.3 58.6
Steel 1905 to 1936 206.8 65.5 93.1 65.5
Web 1936 to 1963 227.5 75.8 103.4 75.8
Shear after 1963 248.2 82.7 110.3 82.7
Prior to 1954 227.5 124.1 172.4 124.1
after 1954 275.8 137.9 193.1 137.9
Rebar
Grade 50 344.7 189.8 224.1 137.9 *pc
Grade 60 413.7 227.5 248.2 165.5 *pc
Prior to 1959 17.2 6.9 10.3 6.9
after 1959 20.7 8.3 13.1 8.3
Concrete
1977 to 1981 27.6 11.0 16.5 11.0 *pc
after 1981 31.0 12.4 18.6 12.4 *pc

INTERIOR SIG SIMPLE
250 Sheet 1: GENERAL



A2. BRIDGE LAYOUT AND DIMENSI(?SI\A0
" .Uum

0.18m thick Concrete Deck Slab
’7 with 0.05m thick Asphalt Overlay “
]

| 3.05m 7.10m 13.90m 7.10m 3.05m |
ELEVATION
111 7.32m 111
— I
1.00
il B 4
S
1.80
1355 M7 288 [fhy 283 [ 1385
157 | 3.20 3.20 157 |
TYPICAL SECTION

0.009,] | 180 0.009, 1] ¢ 1.80 0.009 |¢ 1.80
; ————8-0) 010 C——1 0022 ———1 .025
o0z ® *o0z8 " 0.37
SECTION 'A' SECTION 'B' SECTION'C'
GIRDER SECTION
SECTION | SECTION A (At Support) | SECTION B (Dummy) | SECTION C (At Midspan)
Location
0.010 1.000 17.500
(m)
Dimension bm | h(m) b(m)  h(m) b (m) h (m)
thickness = 0.180 m
Slab 0.320 0.180 0.320 0.180 0.320 0.180 *10 (Modular Ratio) |
0.240 0.010 0.280 0.010 0.300 0.022
Ufig 0.000 0.000 0.000 0.000 0.000 0.000
0.009 1.800 0.009 1.800 0.009 1.800
Web 0.000 0.000 0.000 0.000 0.000 0.000
0.280 0.010 0.280 0.022 0.370 0.025
Lfig 0.000 0.000 0.000 0.000 0.000 0.000
Length 5.100 14200 T3.000

NEXT

INTERIOR SIG SIMPLE
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B. DEMAND FORCES

B.1 INPUT AND SECTION PROPERTIES

BO. INPUT
Slab thickness ts (m) 0.180
Slab width ws (m) 3.200
Span Length L(m) 35.000

B1. PROPERTIES OF STEEL GIRDER SECTIONS

(1) UNDER DEAD LOAD (NON-COMPOSIE GIRDER)

SECTION Total Area Web Area | 1z (m?) Yy, (M) Y, (m) S (M) Sy (M)
A (At Support) 0.02140 0.01620 0.00863 0.89308 0.92692 0.00966 0.00931
B (Dummy) 0.02768 0.01620 0.01387 0.89407 0.94693 0.01551 0.01464
C (At Midspan) 0.03205 0.01620 0.01737 0.84924 0.99776 0.02045 0.01741
(2) UNDER SUPERIMPOSED DEAD LOAD AND LIVE LOAD (COMPOSIE GIRDER)
A (At Support) 0.07900 0.01620 0.02492 1.63453 0.18547 0.01524 0.13435
B (Dummy) 0.08528 0.01620 0.03412 1.59443 0.24657 0.02140 0.13840
C (At Midspan) 0.08965 0.01620 0.04189 1.54813 0.29887 0.02706 0.14016
Standard Section Area of "SECTION A"
Original Section Area (m?) 0.0214
B.2 DEAD LOAD CALCULATIONS
B2. DEAD LOAD CALCULATIONS
Section A (At Support) 0.287
. ) Section B (Dummy) 0.865
Self-weight of Girder - -
Section C (At Midspan) 0.980
Stiffener and Bracing 0.267
) ) Slab Weight Continuous 13.824
Uniform Load per meter of Girder (KN/m) . 8
Barrier Rail 3.067
Asphalt Overlay 3.520
Total Load 22.809
Total DeadlLoad 16.223
Total Superimposed Dead Load 6.587
bead Load Moment (KN-m/m) Mp. 2484.1
Shear (KN) Vp, 283.9
Superimposed Dead Load Moment (KN-m/m) Mou 10085
Shear (KN) VoL 115.3
NEXT
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B3. LIVE LOAD CALCULATIONS

B3. LIVE-LOAD CALCULATIONS

LIVE-LOAD Type MS18(HS20
Number of live load wheel line 1.750
INPUT FOR LIVE LOAD
Impact factor 0.209
span 35.00
i M

Max.MS18 moment for 35.00m span /wheel line WfthOUt Impact : 819.75

with Impact M 1733.65
Max.MS18 shear at a distance "d" without Impact Vi 143.49
from the support/wheel line with Impact Vi 303.46

B4. LOAD DEMANDS ON DIFFERENT SECTIONS OF STEEL GIRDER

B4. LOAD DEMAND MIDSPAN AND SUPPORT OF STEEL GIRDER

Loading At Support Section B (Dummy) At Midspan

0.01m 1.00m 17.50m

Dead load moments, KN-m 2.8 275.8 2484.1

Dead load shears, KN 283.7 267.7 0.0

SDL moments, KN-m 1.2 112.0 1008.58

SDL shears, KN 115.2 108.7 0.0

LL moment + Impact, KN-m 3.1 305.0 1733.6

LL shear + Impact, KN 314.7 305.0 118.7

B5. LOAD STRESS CALCULATIONS

ESTIMATED STRESS DEMANDS AT GIRDER SECTIONS

Loading Location At Support Section B (Dummy) At Midspan

Top 0.30 18.83 142.69
DL moment

Bottom -0.29 -17.78 -121.45

Top 0.01 0.81 7.20
SDL moment

Bottom -0.08 -5.23 -37.27

T 0.02 2.20 12.37
LL+l moment, o . op

Bottom -0.21 -14.25 -64.07
DL shear, vp, 17.51 16.52 0.00
SDL shear, vgp, 7.11 6.71 0.00
LL+l shear, v 4 19.42 18.83 7.33

NEXT
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C. LOAD RATING BY ALLOWABLE STRESS METHOD
C1. ALLOWABLE STRESS CALCULATIONS

C.1.1 ALLOWABLE STRESSES FOR CONCRETE AND STEEL
Allowable Stress fc 8.3
. . Concrete
Material Properties Strength f'c 20.7
M
(Mpa) Rebar Allowable Stress fs 265.0
Strength fy 482.0
C.1.2 COMPRESSION AND TENSILE STRESSES
Allowable compressive stress Inventqry 265.0
Operating 361.5
Allowable tensile stress Inventory 265.0
C.1.3 ALLOWABLE SHEAR STRESS
Allowable Shear Stress |nvent9ry 160.7
Operating 216.9
C2. LOAD RATING CALCULATIONS
C2.1 RATING FACTOR CALCULATIONS USING ASM
Section Description Inventory Operating
Stress at Top Fiber 11301.38 15421.66
At Stress at Bottom Fiber 1282.08 1749.61
Support
Shear 7.01 9.90
Stress at Top Fiber 111.34 155.14
B Stress at Bottom Fiber 16.98 23.75
(Dummy)
Shear 7.30 10.29
Stress at Top Fiber 9.31 17.11
. At Stress at Bottom Fiber 1.66 3.17
Midspan
Shear 21.94 29.61
C2.2 LOAD RATING CALCULATIONS
_ o Rating Live Load (Metric Tons)  33.0
Section Description .
Inventory Operating
At Moment 1282.08 42308.7 1749.61 57737.0
Support | Shear 7.01 231.2 9.90 326.7
B Moment 16.98 560.4 23.75 783.9
(Dummy) | Shear 7.30 241.0 10.29 339.5
At Moment 1.66 54.7 3.17 104.4
Midspan | Shear 21.94 723.9 29.61 977.1
Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cell is automatically shown
Return to GENERAL

Click following the above instruction

Return to GENERAL

Load Posting

INTERIOR SIG SIMPLE
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D. LOAD POSTING BY ALLOWABLE STRESS (ASM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
(1) POSTING VEHICLE Type 1-1
LIVE-LOAD Type Typel-1
Number of live load wheel line 1.750
Impact factor 0.209
span 35.00
ithout | t M g
Type 1-1 moment for 35.00m span /wheel line W! out’'mpac t 695.45
with Impact M 1470.77
Type 1-1 shear at a distance "d" without Impact \A 80.64
from the support/wheel line with Impact Vi 170.54
(2) POSTING VEHICLE Type 1-2
LIVE-LOAD Type [ Type1-2
ithout | t M .
Type 1-2 moment for 35.00m span /wheel line W! outmpac t 1036.00
with Impact M, 2190.98
Type 1-2 shear at a distance "d" without Impact \A 120.43
from the support/wheel line with Impact Vi 254.69
(3) POSTING VEHICLE Type 12-2
LIVE-LOAD Type | Typel2-2
i M
Type 12-2 moment for 35.00m span /wheel line W!thOUt Impact t oot
with Impact My 2667.39
Type 12-2 shear at a distance "d" without Impact Vi 144.01
from the support/wheel line with Impact Vi 304.56

D1.2 POSTING VEHICLE DEMAND FORCES AT MIDSPAN, SUPPORT

At B At
Posting Vehicle Demand Forces Support | (Dummy) | Midspan
0.01m 1.00m 17.50m
Moment 1.72 167.24 1470.77
Type 1-1
Shear 172.24 167.24 83.99
Moment 2.62 254.05 2190.98
Type 1-2
Shear 261.98 254.05 121.95
Moment 3.30 319.22 2667.39
Type 12-2
Shear 330.38 319.22 133.28

D1.3 POSTING VEHICLE DEMAND STRESSES AT MIDSPAN, SUPPORT

Posting Vehicle Demand Forces AL B . At
Support | (Dummy) Midspan

Top Fiber 0.01 121 10.49

Type 1-1 Bottom Fiber -0.11 -7.81 -54.35
Shear 10.63 10.32 5.18
Top Fiber 0.02 1.84 15.63

Type 1-2 Bottom Fiber -0.17 -11.87 -80.97
Shear 16.17 15.68 7.53
Top Fiber 0.02 231 19.03

Type 12-2 Bottom Fiber -0.22 -14.92 -98.58
Shear 20.39 19.70 8.23
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E. POSTING LOAD RATING FACTOR CALCULATIONS

E1. LOAD POSTING RATING FACTOR CALCULATIONS (1)

) ] At Supprot B (Dummy) At Midspan
Posting Vehicle - - -
Inventory Operating| Inventory Operating| Inventory Operating
Top Fiber |19138.80({26666.17| 203.04 | 282.89 10.97 20.17
Type 1-1 Bott Fiber| 2141.82 | 2995.94 | 30.97 43.32 1.96 3.73
Shear 12.80 18.08 13.32 18.76 31.00 41.84
Top Fiber [12582.61|17531.41| 133.66 21.80 7.36 13.54
Type 1-2 Bott Fiber| 1408.12 | 1969.65 | 20.39 28.51 1.31 2.50
Shear 8.41 11.89 8.77 12.35 21.35 28.81
Top Fiber | 9977.65 |13901.90| 106.37 | 148.21 6.05 11.12
Type 12-2 Bott Fiber| 1116.60 | 1561.88 | 16.22 22.69 1.08 2.06
Shear 6.67 9.43 6.98 9.83 19.53 26.36
E2. LOAD POSTING RATING FACTOR CALCULATIONS (2)
. Veh|cle Inventory Operating Posting
Vehicle | Weight .
Type (Metric Moment Shear Moment Shear (Metric
Tons)
Tons) RF LR RF LR RF LR RF LR
(1) AT SUPPORT

MS18 33.0 1,282.08 | 42308.7 7.01 231.2 |1,749.61| 57737.0 9.90 326.7 33
Type 1-1 17.0 2,141.82 | 36410.9| 12.80 217.6 |2,995.94| 50931.0 | 18.08 307.4 17
Type 1-2 27.0 1,408.12 | 38019.1 8.41 227.2 |1,969.65| 53180.5| 11.89 321.0 27
Type 12-2/ 38.0 1,116.60 | 42430.6 6.67 253.6 |1,561.88| 59351.3 9.43 358.3 38
(2) SECTION B (Dummy)

MS18 33.0 16.98 560.4 7.30 241.0 23.75 783.9 10.29 339.5 33
Type 1-1 17.0 30.97 526.4 13.32 226.4 43.32 736.4 18.76 318.9 17
Type 1-2 27.0 20.39 550.4 8.77 236.7 21.80 588.6 12.35 333.4 27
Type 12-2/ 38.0 16.22 616.5 6.98 265.1 22.69 862.3 9.83 373.5 38
(3) AT MIDSPAN

MS18 33.0 1.66 54.7 21.94 723.9 3.17 104.4 29.61 977.1 33
Type 1-1 17.0 1.96 33.2 31.00 526.9 3.73 63.4 41.84 711.2 17
Type 1-2 27.0 1.31 35.4 21.35 576.4 2.50 67.6 28.81 778.0 27
Type 12-2/ 38.0 1.08 41.0 19.53 742.2 2.06 78.2 26.36 1001.8 38

Load Posting
MS18 33T
Type 1-1 177
Type 1-2 27T
Type 12-2[ 38T

END AND GO TO DECK SLAB

256

INTERIOR SIG SIMPLE
Sheet 7: POSTSUM




SIG SIMPLE Manual Calculation

10F7

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

BRIDGE ID

PAGE :

LOAD RATING CALCULATIONS

BRIDGE NAME

SIG SIMPLE

A. GENERAL

A.1  BRIDGE DESCRIPTION
e Bridge Location
e Bridge Type
e Br. Width / No. of Lanes
e Bridge Length
e Year Built
e Structure
» Girders

» Substructure
e Wearing Course

* Material Properties

e Assumption

e Others
Reqgirement :

REGION VII

1-Span Steel I-Girder

7.32m curb to curb / Two-lanes
35.000 m (Back of backwall)
1970

Multiple Girders (3-Girders) composite for live load
Girder spacing at 3.20m on center

RC Cantilever Abutments

50mm thick Asphalt Overlay

fc = 8.3 Mpa, fs = 265.0 Mpa
fc = 20.7 Mpa, fy = 482.0 Mpa
Weight of barrier rail = 4.6 KN/m
Concrete unit weight = 240 KN/m®
Steel Girder unit weight = 770  KN/m®
Asphalt unit weight = 22.0 KN/m®

Rating Live Load is AASHTO MS18 (HS20-44)

Determine the critical rating factor of the interior girder using ASM Method

(Assumed including sidewalk,etc)

A.2 BRIDGE LAYOUT AND SECTION
35.00m
0.18m thick Concrete Deck Slab
’7 ﬁ ’7 with 0.05m thick Asphalt Overlay T
i .................................... ,._._,l
L 3.05m 7.10m 13.90m 7.10m 305m |
ELEVATION
1.11 7.32m ) 1.1
T T
1.00 E
025 ¢— (1 ,ﬂ
0.18 R e e e S S S S S S S T S S T S T T S T
1.80
1385 (a7 283 bar 283 dh7 1385
1.57 3.20 3.20 1.57
TYPICAL SECTION
§ 0.05 1-3 005 TOVEaY ? 0.05
0.18 0.18 e 080 i | 018
b 0.010 $0.019 $ 0.022
0.003,} | 180 0.009, | 1.80 0.0025 [ 1.80
$0.010 0022 ———1——$0.025
0.28 0.28 0.37
SECTION ‘A’ SECTION 'B' SECTION 'C'
RATED BY : DATE CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID PAGE :
LOAD RATING CALCULATIONS  [BRIDGE NAME SIG SIMPLE
B. DEMAND FORCES NOTES
B.1 SECTION PROPERTIES
The section properties of the steel I-girder on each section are calculated and given in the
table below:
A. UNDER DEAD LOAD (Non-composite Girder)
Iz Yb Yt S S
sECTION |Total AREA| Web AREA BOT TOP
(m2) (m2) (m4) m) m) m*) m*)
A 0.02140 0.01620 0.00863 0.89308 0.92692 0.00966 0.00931
B 0.02768 | 0.01620 0.01387 0.89407 | 0.94693 0.01551 0.01464
C 0.03205 0.01620 0.01737 0.84924 0.99776 0.02045 0.01741
B. UNDER SUPERIMPOSED DEAD LOAD AND LIVE LOAD (Composite Girder)
Iz Yb Yt S S
SECTION Total AREA| Web AREA BC;T TO3P
(m2) (m2) (m4) (m) (m) (m°) (m)
A 0.07900 | 0.01620 0.02492 1.63453 | 0.18547 0.01524 0.13435
B 0.08528 0.01620 0.03412 1.59443 0.24657 0.02140 0.13840
C 0.08965 | 0.01620 0.04189 1.54813 | 0.29887 0.02706 0.14016
B.2 DEAD LOAD CALCULATIONS
The dead loads considered in the calculations include (1) Girder self-weight,
(2) Tributary area of slab, (3) Barrier rails (Assumed to be equally distributed among girders).
(4) Wearing course.

* Self-weight of girder = (0.02140 Sg.m.) x (6.10m) x 77 / 35.000m = 0.287 KN/m
= (0.027685q.m.)  x (14.20m) x 77 / 35.000m = 0.865 KN/m
= (0.03205 Sg.m.) X (13.90m) x 77 / 35.000m = 0.980 KN/m
= (0.287 + 0.865 + 0.980) x 15% = 0.267 KN/m

e Slab Weight (Tibutary) = (0.18m)  (3.20m) (24 KN/m?®) =  13.824 KN/m

e Barrier rail = 2( 46 [/3) = 3.067 KN/m

e Wearing course = (0.05m) (3.20m) (22 KN/m®) = 3,520 KN/m
e Total Uniform Load of Girder, w = 22.809 KN/m
e Total Uniform Dead Load of Girder, wp_ = 16.223 KN/m
e Total Uniform Superimposed Dead Load of Girder, wgp, = 6.587 KN/m

e Dead Load Moment at Midspan, My, = 16.223 x 35.00 % /8 = 2484.1 KN-m

e Superimposed Dead Load Moment = 6587 x 35002 /8 = 1008.6 KN-m

at Midspan, Mgy,

e Dead Load Shear at support, Vp, = 16223 x 3500 / 2 = 283.9 KN

e Superimposed Dead Load Shear at support, Vg, = 6.587 x 3500 / 2 = 1153 KN
Wp, = 16.223 kN/m Wy = 6.587 kN/m

35.000 m +
RATED BY : DATE CHECKED BY : DATE
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LOAD RATING CALCULATIONS  [BRIDGE NAME SIG SIMPLE
NOTES
B.3 LIVE LOAD CALCULATIONS
The carriageway width is 7.35m curb to curb. Thus, the bridge can carry 2-lanes of traffic.
The distribution of wheel loads for two traffic lanes shall be taken as S/1.676
e Number of live load wheel line = 320 / 1829 = 1.750
e Impact factor, | = 1524 / (35.00 + 38.00) = 0.209
The live load moments and shear values are taken from the tables in Appendix Il on this manual
and are used to determine the live load demand forces.
e Max. MS18 moment for 35.00 m = 819.80 KN-m
span without impact/whel line
¢ Thus, MS18 moment with M, = 1.750 1.209 (819.80) = 173375 KN-m
Impact at midspan
¢ Max. MS18 shear at the support/wheel line = 14350 KN
e Thus, MS18 shear Vo = 1.750 1.209  (143.50) = 30348 KN
B.4 LOAD DEMANDS ON DIFFERENT SECTIONS OF STEEL GIRDER
ESTIMATED LOAD DEMANDS AT GIRDER SECTIONS (MS18)
AtS t t. B (D At Mi
LOADING uppor Sect. B (Dummy) idspan
0.01m 1.00 m 17.50 m
Dead load moment, kN-m 2.8 275.8 2484.1
Dead load shear, kN 283.7 267.7 0.0
SDL moment, kN-m 1.2 112.0 1008.6
SDL shear, kN 115.2 108.7 0.0
LL Moment + Impact, kN-m 31 305.0 1733.6
LL Shear + Impact, kN 314.7 305.0 118.7
RATED BY : DATE CHECKED BY : DATE
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PAGE :

LOAD RATING CALCULATIONS  [BRDGENAME : = SIGSIMPLE

B.5

LOAD STRESS CALCULATIONS

The resulting stresses due to bending and shear are calculated using the given load
demands and the appropriate section properties at given section locations under
consideration. The stress results are shown in the table below.

Estimated Stress Demands at Girder Sections In Mpa

LOADING At Support Sect. B (Dummy) At Midspan

0.01 m 1.00 m 17.50 m

Dead Load Moment, Top 0.30 18.84 142.69
Dead Load Moment, Bottom -0.29 -17.78 -121.47
SDL Moment, Top 0.01 0.81 7.20
SDL Moment, Bottom -0.08 -5.23 -37.27
Live Load Moment, Top 0.02 2.20 12.37
Live Load Moment, Bottom -0.20 -14.25 -64.07
Dead Load Shear 1751 16.52 0.00
SDL Shear 7.11 6.71 0.00
Live Load Shear 19.43 18.83 7.33
-ve :tension

+ve . comp ression

C. LOAD RATING BY ALLOWABLE STRESS METHOD (ASM)

NOTES

C.1 ALLOWABLE STRESS CALCULATIONS

C.l1 Allowable Stresses for Concrete and Steel

The actual material properties for concrete and steel can be obtained from as-built plans.

Concrete : fc= fc/0.40 = 83 / 04 = 20.7 Mpa

(fc =8.27 Mpa) (After 1959, f'c= 20.7 Mpa)

Steel . fs = 265.0 Mpa = fy = 4820 Mpa

C.12 Compression and Tensile Stresses

Note that the section is fully braced at this location.

i. Allowable compressive stress at inventory 055fy = 265.0 Mpa

ii. Allowable comp./tensile stress at operating 0.75fy = 3615 Mpa

iii. Allowable tensile stress at inventory 055fy = 265.0 Mpa

C.13 Allowable Shear Stress

i. Allowable shear stress at inventory fy/3 = 160.7 Mpa

ii. Allowable shear stress at operating (045fy) = 2169 Mpa
RATED BY : DATE : ICHECKED BY : DATE
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NOTES
C.2 LOAD RATING CALCULATIONS
The rating factor (RF) in the Allowable Stress Method (ASD) is given by:
RF = R-A; D Where: A; = 1.0
A L(L+1) A, = 10
and substituting the values will give us the results as presented in the table
below:
RATING FACTOR CALCULATIONS USING ALLOWABLE STRESS METHOD
Section | Description INVENTORY RATING OPERATING RATING
Stress at top 265.0 - 0.31 3615 - 0.31
= 1323450 = 18059.50
Fiber 0.02 0.02
At Stress at Bot -265.0 - -0.37 -361.5 - -0.37
=  1260.14 = 1719.67
Support [Fiber -0.21 -0.21
Shear 160.7 - 24.62 2169 - 24.62
= 7.01 = 9.90
19.42 19.42
Stress at top 265.0 - 19.64 3615 - 19.64
= 11153 = 155.39
Fiber 2.20 2.20
St t Bot -265.0 -  -23.01 -361.5 - -23.01
Sect. B |Sessat=o = 1698 = 2375
Dummy  [Fiber -14.25 -14.25
Shear 160.7 - 23.23 2169 - 23.23
= 7.30 = 10.29
18.83 18.83
Stress at top 2650 -  149.89 3615 -  149.89
= 9.31 = 17.11
Fiber 12.37 12.37
At Stress at Bot 2650 -  -158.72 -361.5 -  -158.72
) = 1.66 = 3.16
Midspan |Fiber -64.07 -64.07
Shear 160.7 - 0.00 2169 - 0.00
= 21.92 = 29.59
7.33 7.33
LOAD RATING CALCULATIONS
(Rating Live Load = MS18 W=33 Metric Tons
Section Description INVENTORY RATING (Tons) OPERATING RATING (Tons)

At Moment 1260.14 x 33 = 415847 171967 x 33 = 56749.0
Support [Shear 701 x 33 = 231.2 990 x 33 = 326.7
Sect.B |[Moment 1698 x 33 = 560.4 23.75 x 33 = 783.9
Dummy [Shear 730 x 33 = 240.9 1029 x 33 = 339.4

At Moment 166 x 33 = 54.7 316 x 33 = 104.4
Midspan |shear 21.92 x 33 = 7235 2959 x 33 = 976.5

Rating Factors at sections At Support, Sect. B, and At Midspan have values over than 1,
thus Posting Loads is not necessary.
RATED BY : IDATE CHECKED BY : DATE
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NOTES
D. LOAD POSTING BY ALLOWABLE STRESS METHOD (ASM)
The procedure for load posting is similar to the above using load posting vehicles for
live load. Posting live loads Type 1-1, Type 1-2 and Type 12-2 will be used as live load
vehicles.
D.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
The demand forces are calculated based on the Appendix lll of the Manual using
the Type 1-1, 1-2 and 12-2 posting vehicles.
POSTING VEHICLE DEMAND FORCES AT SECTIONS AT SUPPORT, SECT. B AND AT MIDSPAN
TYPE 1-1 TYPE 1-2 TYPE 12-2
Demand
Forces At SECT. B At At SECT. B At At SECT. B At
Support Dummy | Midspan | Support Dummy | Midspan | Support Dummy | Midspan
“E'I?,\'l“ri';t 172 167.24 | 147077 262 25405 | 2190.98 3.30 31922 | 2667.39
Shear
N) 172.24 167.24 83.99 261.98 254.05 121.95 330.38 319.22 133.28
DF = 1.750 I = 1.209
The stress demands corresponding to the above forces are calculated and tabulated
below:
(In Mpa)
TYPE 1-1 TYPE 1-2 TYPE 12-2
Demand
Forces At SECT. B At At SECT. B At At SECT. B At
Support Dummy | Midspan | Support Dummy | Midspan | Support Dummy | Midspan
T
op 0.01 1.21 10.49 0.02 1.84 15.63 0.02 2.31 19.03
Fiber
Bottom
-0.11 -7.81 -54.35 -0.17 -11.87 -80.97 -0.22 -14.92 -98.57
Fiber
Shear 10.63 10.32 5.18 16.17 15.68 7.53 20.39 19.70 8.23
-ve :tension +ve : compression
Using the capacities and dead load demand stresses calculated, the load posting
values are obtained by substituting the posting live load stress demands in the rating
equation.
RATED BY : DATE : |CHECKED BY : DATE
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NOTES

E. LOAD POSTING RATING FACTOR CALCULATIONS

LOAD POSTING RATING FACTOR CALCULATIONS

AT SUPPORT
Vehicle INVENTORY RATING OPERATING RATING Posting
Vehicle Weight Moment Shear Moment Shear (Metric
Type (Metric Tons)
RF LR RF LR RF LR RF LR
Tons)

Ms18 33.0 1282 | 42306 | 7.01 | 231.2 | 1750 | 57750 [ 9.90 | 326.7 33
Type 1-1 17.0 2142 | 36414 | 12.80 | 217.6 | 2996 | 50932 | 18.08 | 307.36 17
Type 1-2 27.0 1408 | 38016 | 8.41 | 227.1 | 1970 | 53190 | 11.89 | 321.03 27
Type 12-2 38.0 1117 | 42446 | 6.67 | 253.5 | 1562 | 59356 [ 9.43 |358.34 38

LOAD POSTING RATING FACTOR CALCULATIONS
SECTION "B" (DUMMY)

Vehicle INVENTORY RATING OPERATING RATING Posting
Vehicle Weight Moment Shear Moment Shear (Metric
Type (Metric Tons)
RF LR RF LR RF LR RF LR
Tons)

MS18 33.0 16.98 | 560.4 | 7.30 | 240.9 | 23.75 | 783.87| 10.29 | 339.41 33
Type 1-1 17.0 30.97 | 526.5 | 13.32 | 226.4 | 43.32 | 736.44| 18.76 | 318.92 17
Type 1-2 27.0 20.39 | 550.5 | 8.77 | 236.8 | 21.80 | 588.6 | 12.35 | 333.45 27
Type 12-2 38.0 16.22 | 616.4 | 6.98 | 265.2 | 22.69 | 862.22| 9.83 | 373.54 38

LOAD POSTING RATING FACTOR CALCULATIONS

SECTION "C"
Vehicle INVENTORY RATING OPERATING RATING Posting
Vehicle Weight Moment Shear Moment Shear (Metric
Type (Metric Tons)
RF LR RF LR RF LR RF LR
Tons)

MS18 33.0 1.66 54.7 | 21.94 | 724.0 | 3.17 | 104.6 | 29.61 | 977.13 33
Type 1-1 17.0 1.96 33.3 | 31.00 | 527.0 | 3.73 63.4 | 41.84 | 711.28 17
Type 1-2 27.0 1.31 354 | 21.35 | 5765 | 2.50 67.5 | 28.81 | 777.87 27
Type 12-2 38.0 1.08 41.0 | 1953 | 7421 | 2.06 78.3 | 26.36 | 1001.7 38

RATED BY : DATE : |CHECKED BY : DATE
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SIG CONTINUOUS Computer Based Calculation

INTERIOR SIG CONTINUOUS

A. GENERAL

BACK TO MENU

Al. BRIDGE DESCRIPTION

Bridge Location ‘ REGION

Bridge Name

Bridge Simple or Continuous C Steel I-Girder Bridge
Type Number of Span 2
Bridge Width (curb to curb) (m) 24.00
Number of Lanes 6
Bridge Length (m) 27.000 27.000 | | =54,000m
Year Built 1967
Nos. of Girder 13 Multiple Girder composite for live load
Structure | Girder Spacing (m) 2.020 on centers
Substructure Wall Type RC Pier and RC Cantilever Abutments
Wearing | thickness (mm) 50
Course material Asphalt
. ) fc= 8.3|Mpa fs= 137.9|Mpa
Material Properties
f'c= 20.7|Mpa fy= 248.2|Mpa
Weight of barrier rail Wbr = 3.600|KN/m
. Concrete Unit Weight Wu = 24.0|[KN/m?®
Assumption . . : 3
Steel Girder Unit Weight Ws = 77.0|KN/m
Asphalt Unit Weight Wa = 22.0|KN/m?®
Others Rating Live Load is AASHTO MS18 (HS20-44)
NEXT
Material vear Of. f'c or fy fo or.fs :
Construction Inventory Operating| Posting
Prior to 1905 179.3 96.5 134.4 96.5
St“SJtCtulra' 1905 to 1936| 206.8 110.3 155.1 110.3
°€  1o36to1963| 2275 124.1 168.9 124.1
Bending
after 1963 248.2 137.9 186.2 137.9
Structural Prior to 1905 179.3 58.6 79.3 58.6
Steel 1905 to 1936 206.8 65.5 93.1 65.5
Web 1936 to 1963 227.5 75.8 103.4 75.8
Shear after 1963 248.2 82.7 110.3 82.7
Prior to 1954 227.5 124.1 172.4 124.1
after 1954 275.8 137.9 193.1 137.9
Rebar
Grade 50 344.7 189.8 224.1 137.9 *pc
Grade 60 413.7 2275 248.2 165.5 *pc
Prior to 1959 17.2 6.9 10.3 6.9
after 1959 20.7 8.3 13.1 8.3
Concrete
1977 to 1981 27.6 11.0 16.5 11.0 *pc
after 1981 31.0 12.4 18.6 12.4 *pc
INTERIOR SIG CONTINUOUS
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A2. BRIDGE LAYOUT AND SECTION

0.40th Point @ )
2P

1.0th Point

\%

BRIDGE ELEVATION

24 0m

\ 127.00 m 27.00 m 1

Xl X T
L | 0
1 =

5

L

|

T I ITITI

'
T T T T IR T T

1.20| 12@202m = 2424 m 1.20]
M WebPL 810 x 95 (mm) M
DECK SECTION
| 6.3m R 12.6m 2.7m 27m 27mw<\
T PL 300x16 M PL 300x22 T OPL300x29  PL300x41  PL300x62 |
0.8¥3m ‘
3.3m N 3.0m N 9.9m 27m . 27m 2.7m . 27m
PL300x32  PL300x45 PL 300x51 T PL300x45 © PL300x32 ~ PL300x45 ~  PL 300x62
2700 m
GIRDER LAYOUT
GIRDER SECTION
SECTION | SECTION A (At Pier) SECTION B (Dummy) [SECTION C (At Midspan
Location
0.010 1.000 13.500
(m)
Dimension bm | h(m) bm)  h(m) bm  h(m)
Slab thickness = 0.170 m
a
0.202 0.170 0.202 0.170 0.202 0.170 *10 (Modular Ratio) |
0.300 0.062 0.300 0.029 0.300 0.022
Ufig 0.000 0.000 0.000 0.000 0.000 0.000
0.010 0.810 0.010 0.810 0.010 0.810
Web 0.000 0.000 0.000 0.000 0.000 0.000
0.300 0.062 0.300 0.032 0.300 0.051
Lfig 0.000 0.000 0.000 0.000 0.000 0.000
Length 2.700 2.700 16.200
NEXT
INTERIOR SIG CONTINUOUS
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B. DEMAND FORCES
B.1 INPUT AND SECTION PROPERTIES

BO. INPUT
Slab thickness ts (m) 0.170
Slab width ws (m) 2.020
Span Length L(m) 27.000
B1. PROPERTIES OF STEEL GIRDER SECTIONS
(1) UNDER DEAD LOAD (NON-COMPOSIE GIRDER)
SECTION Total Area Web Area | 1z (m?) Yp (M) Y; (M) S (M®) S (M)
A (At Pier) 0.04490 0.00770 0.00750 0.46700 0.46700 0.01607 0.01607
B (Dummy) 0.02600 0.00770 0.00365 0.42192 0.44908 0.00865 0.00813
C (At Midspan) 0.02960 | 0.00770 [ 0.00390 | 0.32621 | 0.55679 | 0.01197 | 0.00701
(2) UNDER SUPERIMPOSED DEAD LOAD AND LIVE LOAD (COMPOSIE GIRDER)
A (At Pier) 0.07924 0.00770 0.01352 0.70623 0.22777 0.01914 | 0.05934
B (Dummy) 0.06034 0.00770 0.00795 0.72590 0.14510 0.01095 0.05480
C (At Midspan) 0.06394 0.00770 0.01053 0.67092 0.21208 0.01570 0.04967
Standard Section Area of "SECTION A"
Original Section Area (m?) 0.0449
B.2 LOAD DEMAND CALCULATIONS
B2.1 DEAD LOAD CALCULATIONS
Section A (At Pier) 0.691
. ) Section B (Dummy) 0.400
Self-weight of Girder : -
Section C (At Midspar| 1.367
Stiffener and Bracing 0.307
. ) Slab Weight Continuous 8.242
Uniform Load per meter of Girder (KN/m) - :
Barrier Rail 0.554
Asphalt Overlay 2.222
Total Load 13.784
Total DeadLoad 11.008
Total Superimposed Dead Load 2.776

B2.2 LOAD DEMAND MIDSPAN AND SUPPORT OF STEEL GIRDER

Conducting a Structural Analysis, the load demands for the SPG should be obtained
separately and input the necessary load demands in the Table below.

Description At Midspan At Pier Support
10.8 m 27.0m
Dead load moments, KN-m 546.52 -1016.85
Dead load shears, KN -4.24 -184.41
Additional Dead load moments, KN-m 27.65 -51.45
Additional Dead load shears, KN -0.21 -9.93
MS18 max. positive moment, KN-m 1060.52 0.00
MS18 max. negative moment, KN-m -273.15 -957.00
MS18 max. positive shear force, KN 83.28 0.00
MS18 max. negative shear force, KN -84.40 -198.35
NEXT
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B3. LOAD STRESS CALCULATIONS

B1. PROPERTIES OF STEEL GIRDER SECTIONS

(1) At Midspan

Total Area Web Area Iz (m%) Yy, (M) Ye(m) Sy (m) S (M°)
For Dead Load 0.02960 | 0.00770 | 0.00390 0.32621 0.55679 | 0.01197 0.00701
For Add.DL
and Live Load 0.06394 | 0.00770 | 0.01053 0.67092 0.21208 | 0.01570 0.04967
(2) At Pier Support
For Dead Load 0.04490 | 0.00770 | 0.00750 0.46700 0.46700 | 0.01607 0.01607
For Add.DL
and Live Load 0.07924 | 0.00770 | 0.01352 0.70623 0.22777 | 0.01914 0.05934

ESTIMATED STRESS DEMANDS AT GIRDER SECTIONS

Loading Location At Midspan At Pier Support
Top 77.95 -63.28
DL moment
Bottom -45.67 63.28
Top 0.56 -0.87
SDL moment
Bottom -1.76 2.69
t Top 21.35 -16.13
Ho+l moment, 0. Bottom -67.55 50.01
DL shear, vp, 0.55 23.96
SDL shear, vgp, 0.03 1.29
LL+I shear, v 4 10.82 25.78
NEXT
INTERIOR SIG CONTINUOUS
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C. LOAD RATING BY ALLOWABLE STRESS METHOD
C1. ALLOWABLE STRESS CALCULATIONS

C.1.1 ALLOWABLE STRESSES FOR CONCRETE AND STEEL

Allowable Stress fc 8.3
. . Concrete
Material Properties Strength fc=fc/0.4 20.7
M
(Mpa) Rebar Allowable Stress fs 137.9
Strength fy = fs/0.55 248.2
C.1.2 COMPRESSION AND TENSILE STRESSES
Allowable compressive stress Inventgry 137.9
Operating 186.2
Allowable tensile stress Inventory 137.9
C.1.3 ALLOWABLE SHEAR STRESS
Allowable Shear Stress Invent.ory fyr3 827
Operating 0.45fy 110.3
C2. LOAD RATING CALCULATIONS
C2.1 RATING FACTOR CALCULATIONS USING ASM
Section Description Inventory Operating
Stress at Top Fiber 2.78 5.04
. At Stress at Bottom Fiber 1.34 2.05
Midspan
Shear 7.59 10.14
At Stress at Top Fiber 4.57 757
Pier Stress at Bottom Fiber 1.44 2.40
Support | shear 2.23 3.30
C2.2 LOAD RATING CALCULATIONS
) o Rating Live Load (Metric Tons) 33.0
Section Description .
Inventory Operating
At Moment 1.34 44.2 2.05 67.8
Midspan | Shear 7.59 250.4 10.14 334.6
At Moment 1.44 475 2.40 79.3
Pier
Support | Shear 2.23 73.5 3.30 108.9

Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cell is automatically shown

Return to GENERAL

Click following the above instruction

Return to GENERAL

Load Posting
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D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.2 POSTING VEHICLE DEMAND FORCES

Conducting a Structural Analysis, the load demands for the SPG should be obtained
separately and input the necessary load demands in the Table below.

Posting Vehicle Demand Forces At Midspan At Pier Support
Moment 657.5 -593.3
Type 1-1
Shear 45.8 -109.1
Moment 869.3 -784.7
Type 1-2
Shear 65.0 -154.7
Moment 859.0 -775.2
Type 12-2
Shear 64.1 -152.7

D1.3 POSTING VEHIC

LE DEMAND STRESSES

Posting Vehicle Demand Forces At Midspan At Pier Support
Top Fiber 13.24 -10.00
Type 1-1 Bottom Fiber -41.88 31.00
Shear 5.95 14.18
Top Fiber 17.50 -13.22
Type 1-2 Bottom Fiber -55.37 41.00
Shear 8.45 20.10
Top Fiber 17.29 -13.06
Type 12-2 Bottom Fiber -54.71 40.51
Shear 8.33 19.84
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E. LOAD POSTING RATING FACTOR CALCULATIONS

E1. LOAD POSTING RATING FACTOR CALCULATIONS (1)

270

) ) At Midspan At Pier Support
Posting Vehicle : :
Inventory | Operating | Inventory | Operating
Top Fiber 4.49 8.13 7.38 12.21
Type 1-1 Bottom Fiber 2.16 3.31 2.32 3.88
Shear 13.80 18.43 4.05 6.00
Top Fiber 3.39 6.15 5.58 9.23
Type 1-2 Bottom Fiber 1.63 251 1.75 2.93
Shear 9.72 12.99 2.86 4.23
Top Fiber 3.43 6.23 5.65 9.34
Type 12-2 Bottom Fiber 1.65 2.54 1.78 2.97
Shear 9.86 13.17 2.89 4.29
E2. LOAD POSTING RATING FACTOR CALCULATIONS (2)
. Vehicle Inventory Operating Posting
Vehicle Weight .
Type (Metric Moment Shear Moment Shear (Metric
Tons)
Tons) RF LR RF LR RF LR RF LR
(1) SECTION A
MS18 33.0 1.34 44.2 7.59 250.4 2.05 67.8 10.14 334.6 33
Type 1-1| 17.0 2.16 36.7 13.80 234.6 3.31 56.3 18.43 313.4 17
Type 1-2| 27.0 1.63 44.1 9.72 262.5 2.51 67.7 12.99 350.7 27
Type 12-2  38.0 1.65 62.8 9.86 374.6 2.54 96.4 13.17 500.5 38
(2) SECTION B
MS18 33.0 1.44 47.5 2.23 73.5 2.40 79.3 3.30 108.9 33
Type 1-1 17.0 2.32 39.4 4.05 68.9 3.88 65.9 6.00 102.0 17
Type 1-2| 27.0 1.75 47.4 2.86 77.1 2.93 79.2 4.23 114.2 27
Type 12-2  38.0 1.78 67.5 2.89 110.0 2.97 112.8 4.29 162.9 38
Load Posting
MS18 33T
Type 1-1| 17T
Type 1-2| 27T
Type 12-2f 38T

END AND GO TO DECK SLAB

INTERIOR SIG CONTINUOUS
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SIG CONTINUOUS Manual Calculation

10F8

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

BRIDGE ID

PAGE :

LOAD RATING CALCULATIONS

BRIDGE NAME

SIG CONTINUOUS

A. GENERAL

A.1  BRIDGE DESCRIPTION

e Bridge Location

e Bridge Type

e Br. Width / No. of Lanes
e Bridge Length

e Year Built

Region VI
2-Span Steel I-Girder
24.0m curb to curb / Six-lanes
27.0m + 27.0m = 54.0m
1967
e Structure
» Girders

> Substructure
e Wearing Course
* Material Properties . fc =
fc =

50mm thick Asphalt Overlay
8.3 Mpa, fs =
20.7 Mpa, fy =
e Assumption Weight of barrier rail =
Concrete unit weight =
Steel Girder unit weight =
Asphalt unit weight =
e Others

Reqgirement :

Multiple Girders (13-Girders) composite for live load
Girder spacing at 2.020m on center
Wall Type RC Pier and RC Cantilever Abutments

1379 Mpa
248.2 Mpa
3.600 KN/m
240 KN/m®
770  KN/m®
220 KN/m®

Rating Live Load is AASHTO MS18 (HS20-44)

Determine the critical rating factor of the interior girder using ASM Method

(Assumed including sidewalk,etc)

A.2 BRIDGE LAYOUT AND SECTION
o 1.0th Point
0.40th Point (1) oth Poin
“ \ \\;/ (SUIO}OO ] \ 54;.00 m
127.00 m \ | 27.00 m
| N
L‘ ! 1 ]
BRIDGE ELEVATION
" 24.0m 4
L ! I
I T I 1 1 I I 1IT1TI& I T
1.20 12@202m = 2424 m .20]
M WebPL 810 x 95 (mm) M
DECK SECTION -
1 6.3m 12.6m 2.7m 2.7m 27m /ﬂ/&
T PL 300x16 - PL 300x22 T PL300x29 © PL300x41  PL300x62 |
08§3m ! : !
 — | E— 1
3.3m N 3.0m 99m 27m 27m 27m 27m
PL 300x32 PL 300x45 PL 30051 © PL300x45  PL300X32 — PL300X45  PL 300x62
27.00 m
GIRDER LAYOUT
RATED BY : DATE |CHECKED BY : DATE
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SIG CONTINUOUS Manual Calculation

20F8

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

BRIDGE ID

PAGE :

LOAD RATING CALCULATIONS

BRIDGE NAME

SIG CONTINUOUS

B.1 SECTION PROPERTIES

B. DEMAND FORCES

A. UNDER DEAD LOAD (Non-composite Girder)

The section properties of the steel I-girder on each section are calculated and given in the
table below:

NOTES

secTion |Total AREAf web AREA Iz Yb Yt Seor Srop
(m2) (m2) (m4) m) m) m*) m*)
A 0.04490 0.00770 0.00750 0.46700 0.46700 0.01607 0.01607
B 0.02600 | 0.00770 0.00365 0.42192 | 0.44908 0.00865 0.00813
C 0.02960 0.00770 0.00390 0.32621 0.55679 0.01197 0.00701
B. UNDER SUPERIMPOSED DEAD LOAD AND LIVE LOAD (Composite Girder)
sECTION |Total AREA| Web AREA 1z Yb Yt Sgor Stop
(m2) (m2) (m4) (m) (m) (m%) (m%)
A 0.07924 | 0.00770 0.01352 0.70623 | 0.22777 0.01914 0.05934
B 0.06034 0.00770 0.00795 0.72590 0.14510 0.01095 0.05480
C 0.06394 | 0.00770 0.01053 0.67092 | 0.21208 0.01570 0.04967
B.2.1 DEAD LOAD CALCULATIONS
The dead loads considered in the calculations include (1) Girder self-weight,
(2) Tributary area of slab, (3) Barrier rails (Assumed to be equally distributed among girders).
(4) Wearing course.

* Self-weight of girder = (0.04490 Sg.m.) X 2x27 x 77 / 27.00m = 0.691 KN/m
= (0.02600 Sg.m.) X 2x27 x 77 / 27.00m = 0.400 KN/m
= (0.02960 Sg.m.) X (16.20m) x 77 / 27.00m = 1.367 KN/m
= (0.691 + 0.400 + 1.367) x 12.5% = 0.307 KN/m

e Slab Weight (Tributary) =  (0.17m)  (2.02m) (24 KN/m°) = 8.242 KN/m

e Barrier rail = 2( 36 /13) = 0.554 KN/m

e Wearing course = (0.05m) (2.02m) (22 KN/m®) = 2222 KN/m
e Total Uniform Load of Girder, w = 13.784 KN/m
e Total Uniform Dead Load of Girder, wp_ = 11.008 KN/m
e Total Uniform Superimposed Dead Load of Girder, wgp, = 2.776  KN/m

RATED BY : DATE |CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID PAGE :
LOAD RATING CALCULATIONS BRIDGE NAME SIG CONTINUOUS
NOTES
B.2.2 LOAD DEMAND CALCULATIONS AT MIDSPAN AND SUPPORT
The carriageway width is 7.35m curb to curb. Thus, the bridge can carry 2-lanes of traffic.
The distribution of wheel loads for two traffic lanes shall be taken as S/1.676
e Number of live load wheel line = 202 / 1829 = 1.104
e Impact factor, | = 1524 / (27.00 + 38.00) = 0.234
Conducting a Structural Analysis, the load demands for the SIG Continuous should be obtained
separately and input the necessary lo
At Midspan At Pier S| ort
Description P ler Supp
10.8 m 27.0m
Dead load moments, KN-m 546.52 -1016.85
Dead load shears, KN -4.24 -184.41
Additional Dead load moments, KN-m 27.65 -51.45
Additional Dead load shears, KN -0.21 -9.93
MS18 max. positive moment, KN-m 1060.52 0.00
MS18 max. negative moment, KN-m -273.15 -957.00
MS18 max. positive Shear force, KN 83.28 0.00
MS18 max. negative Shear force, KN -84.40 -198.35
B.3 LOAD STRESS CALCULATIONS
B.3.1 Properties at Midspan and Pier Support
AT MIDSPAN
Total AREA| Web AREA 1z Yb Yt Sgor Srop
(m2) (m2) (m4) (m) (m) (m%) (m%)
Foi:;jd 002960 | 0.00770 0.00390 032621 | 055679 0.01197 0.00701
For Add. DL 0.06394 0.00770 0.01053 0.67092 0.21208 0.01570 0.04967
/ Live Load
AT PIER SUPPORT
Total AREA| Web AREA Iz Yb Yt Sgor Stop
(m2) (m2) (m4) (m) (m) (m3) (m3)
Foi:;jd 0.04490 0.00770 0.00750 0.46700 | 0.46700 0.01607 0.01607
For_ Add. DL 0.07924 0.00770 0.01352 0.70623 0.22777 0.01914 0.05934
/ Live Load
RATED BY : DATE |CHECKED BY : DATE
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DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID PAGE :
LOAD RATING CALCULATIONS BRIDGENAME :  SIG CONTINUOUS
NOTES

B.4 LOAD STRESS CALCULATIONS

The resulting stresses due to bending and shear are calculated using the given load
demands and the appropriate section properties at given section locations under
consideration. The stress results are shown in the table below.

Estimated Stress Demands at Girder Sections In Mpa
LOADING At Midspan At Pier Support
10.80 m 27.00 m
Dead Load Moment, Top 77.95 -63.28
Dead Load Moment, Bottom -45.67 63.28
SDL Moment, Top 0.56 -0.87
SDL Moment, Bottom -1.76 2.69
Live Load Moment, Top 21.35 -16.13
Live Load Moment, Bottom -67.55 50.01
Dead Load Shear 0.55 23.96
SDL Shear 0.03 1.29
Live Load Shear 10.82 25.78

-ve :tension

+ve . comp ression

C. LOAD RATING BY ALLOWABLE STRESS METHOD (ASM)
C.1 ALLOWABLE STRESS CALCULATIONS

C.1.1 Allowable Stresses for Concrete and Steel

Concrete : fc= fc/0.40 = 83/ 04 = 20.7 Mpa
(fc =8.27 Mpa) (After 1959, f'c= 20.7 Mpa)
Steel . fs = 1379 Mpa = fy = 2482 Mpa
(after 1963)

C.12 Compression and Tensile Stresses

Note that the section is fully braced at this location.

i. Allowable compressive stress at inventory 055fy = 1379 Mpa
ii. Allowable comp./tensile stress at operating 0.75fy = 186.2 Mpa
iii. Allowable tensile stress at inventory 055fy = 1379 Mpa

C.1.3 Allowable Shear Stress

i. Allowable shear stress at inventory fy/3 = 82.7 Mpa
ii. Allowable shear stress at operating (0.45f1y) = 110.3 Mpa
RATED BY : DATE : |CHECKED BY : DATE
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LOAD RATING CALCULATIONS BRIDGE NAME SIG CONTINUOUS
NOTES
C.2 LOAD RATING CALCULATIONS
The rating factor (RF) in the Allowable Stress Method (ASD) is given by:
RF = R-A; D Where: A; = 1.0
A L(L+1) A, = 10
and substituting the values will give us the results as presented in the table
below:
RATING FACTOR CALCULATIONS USING ALLOWABLE STRESS METHOD
Section | Description INVENTORY RATING OPERATING RATING
Stress at top 1379 - (77.95+0.56) 186.2 -  (77.95+0.56)
= 2.78 = 5.04
Fiber 21.35 21.35
At Stress at Bot -1379 - (-45.67-1.76) -186.2 -  (-45.67-1.76)
) = 1.34 = 2.05
Midspan |Fiber -67.55 -67.55
Shear 827 -  (0.55+0.03) 1103 - (0.55+0.03)
= 7.59 = 1014
10.82 10.82
Stressattop | -137.9 - (-63.28-0.87) -186.2 -  (-63.28-0.87)
= 457 = 7.57
Fiber -16.13 -16.13
At Stress at Bot 137.9 - (63.28+2.69) 186.2 -  (63.28+2.69)
= 1.44 = 2.40
Support [Fiber 50.01 50.01
Shear 827 - (23.96+1.29) 1103 - (23.96+1.29)
= 2.23 = 3.30
25.78 25.78
LOAD RATING CALCULATIONS
(Rating Live Load = MS18 W=33 Metric Tons
Section Description INVENTORY RATING (Tons) OPERATING RATING (Tons)
At Moment 134 x 33 = 44.2 205 x 33 = 67.8
Midspan |shear 759 x 33 = 250.4 1014 x 33 = 334.6
At Moment 144 x 33 = 475 240 x 33 = 79.3
Support [shear 223 x 33 = 735 330 x 33 = 108.9
Rating Factors at sections At Support, Sect. B, and At Midspan have values over than 1,
thus Posting Loads is not necessary.
RATED BY : DATE |CHECKED BY : DATE
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PAGE :

LOAD RATING CALCULATIONS  [BRIDGE NAME

SIG CONTINUOUS

D. LOAD POSTING BY ALLOWABLE STRESS METHOD (ASM)

corresponding to Types 1-1, 1-2 and 12-2 Posting Vehicles.
For 2-span continuous (2@27.0m) bridge, the Posting Live Load demands are:

D1. POSTING VEHICLE DEMAND FORCES

The live load moments and shears can be separately taken from conducting a structural analysis

Vehicle Type LL Demand At Midspan At Pier Support
Moment 657.5 -593.3
Type 1-1
Shear 45.8 -109.1
Moment 869.3 -784.7
Type 1-2
Shear 65.0 -154.7
Moment 859.0 -775.2
Type 12-2
Shear 64.1 -152.7

D2. POSTING VEHICLE DEMAND STRESSES

Vehicle Type Demand forces At Midspan At Pier Support
Top Fiber 13.24 -10.00
Type 1-1 Bottom Fiber -41.88 31.00
Shear 5.95 14.18
Top Fiber 17.50 -13.22
Type 1-2 Bottom Fiber -55.37 41.00
Shear 8.45 20.10
Top Fiber 17.29 -13.06
Type 12-2 Bottom Fiber -54.71 40.51
Shear 8.33 19.84

equation.

D3. LOAD POSTING RATING FACTOR CALCULATIONS (1)

Using the capacities and dead load demand stresses calculated, the load posting
values are obtained by substituting the posting live load stress demands in the rating

NOTES

At Midspan At Support
Vehicle Type . .
Inventory Operating Inventory Operating
Top Fiber 4.49 8.13 7.38 12.21
Type 1-1 Bottom Fiber 2.16 3.31 2.32 3.88
Shear 13.80 18.43 4.05 6.00
Top Fiber 3.39 6.15 5.58 9.23
Type 1-2 Bottom Fiber 1.63 251 1.75 2.93
Shear 9.72 12.99 2.86 4.23
Top Fiber 3.43 6.23 5.65 9.34
Type 12-2 Bottom Fiber 1.65 254 1.78 2.97
Shear 9.86 13.17 2.89 4.29
RATED BY : DATE : |CHECKED BY : DATE

276



SIG CONTINUOUS Manual Calculation 70F8
DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID PAGE :
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NOTES
E. LOAD POSTING BY ALLOWABLE STRESS METHOD (ASM)
LOAD POSTING RATING FACTOR CALCULATIONS
AT MIDSPAN
Vehicle INVENTORY RATING OPERATING RATING Posting
Vehicle Weight Moment Shear Moment Shear (Metric
Type (Metric Tons)
RF LR RF LR RF LR RF LR
Tons)
MsS18 33.0 134 | 442 | 759 | 2504 | 2.05 | 67.8 | 10.14 | 334.62 33
Type 1-1 17.0 2.16 36.7 | 13.80 | 2346 | 3.31 56.3 | 18.43 |313.41 17
Type 1-2 27.0 1.63 441 9.72 | 2625 | 251 67.7 | 12.99 | 350.73 27
Type 12-2 38.0 165 | 628 | 9.86 | 3746 | 254 | 96.4 | 13.17 [ 500.46 38
LOAD POSTING RATING FACTOR CALCULATIONS
AT PIER SUPPORT
Vehicle INVENTORY RATING OPERATING RATING Posting
Vehicle Weight Moment Shear Moment Shear (Metric
Type (Metric Tons)
RF LR RF LR RF LR RF LR
Tons)
MsS18 33.0 144 | 475 | 223 | 735 | 240 | 79.3 | 3.30 | 108.9 33
Type 1-1 17.0 232 | 394 | 405 | 689 | 3838 | 659 | 6.00 | 102.0 17
Type 1-2 27.0 1.75 47.4 2.86 771 2.93 79.2 423 |114.21 27
Type 12-2 38.0 1.78 67.5 2.89 | 110.0 | 297 | 1128 | 4.29 | 162.9 38
RATED BY : DATE : |CHECKED BY : DATE
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INTENTIONALLY BLANK

NOTES
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REINFORCED CONCRETE
DECK SLAB
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RCDECK Computer Based Calculation

RC DECK SLAB

A. SLAB LAYOUT BACK TO MENU

A. SLAB LAYOUT AND REBAR SCHEDULE

= 50mm THICK ASPHALT

¥

3 I

%T Cantilever slab section Continuous slab section

=

=

50 x 50 HAUMCH

1000 | 400 | 1900 | a00 ]
< e g
h
- - ® . - “"':
iy vy
= 2| 3
ol g| =
O &) =
() O
=
5 —
[ ] [ ';. ? ® L] - [ ] [] -
v

16 @ 125mm T
| 1 meter wide 25(cover) + §/2

¥

NEXT
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B. DEMAND FORCES

BO. INPUT

Weight of barrier rail Wbr = 4.2

Assumption Concrete Unit Weight Wu = 24.0
Asphalt Unit Weight Wa = 22.0

CONTINUOUS SALB

Slab thickness ts (m) 0.18

Asphalt overlay thickness tas (m 0.05

Slab span (Ls) (m) 1.90

FOR CANTILEVER SALB

DEAD Slab thickness ts (m) 0.15
LOAD Slab thickness of hunch ts' (m) 0.05
Asphalt overlay thickness tas (m 0.05

Slab span (Ls) (m) 1.0

Width of Asphalt (Las) (m) 0.6

Width of Curb (Lcu) (m) 0.4

LIVE LOAD

FOR Live Load (LL) (KN) 72.0
LIVE Impact (l) 0.3
LOAD Wheel load position from Curb(Lcu)(m 0.3
Distributed over a length (E) (m) 1.383

B1. DEAD LOAD CALCULATIONS
Continuous Slab 1.96
Moment due to dead load (KN-m/m) Canfilever Slab =
B2. LIVE LOAD CALCULATIONS
. Continuous Slab 19.30
Moment due to Live load (KN-m/m) Caniilever Siab 20.30
NEXT
RCDECK
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C. LOAD RATING BY LOAD FACTOR METHOD (LFM)

C1. CAPACITY CALCULATIONS

C1.1. INPUT
Allowable Stress fc 8.30
. . Concrete .
Material Properties Strength f'c 20.7
( Mpa) Allowable Stress fs 137.9
Rebar
Strength fy 275.8
Rebar area per meter strip D|om'efer (mm) 16
2 Spacing (mm) 125
As (mm*)
Rebar area As (mm?2 ) 1608.50
Nominal Factor 0.9
Ultimate capacity Reduction due to Concrete Section Loss 1.0
factor (Uf) fmtor due to Rebar Section Loss 1.0
Applicable reduction factor 0.9
. Continuous slab (tscon) 180
Slap thickness (mm) Cantilever slab (tscan) 200
Cover (mm) (c) 25
Rebar diameter (mm) (®) 16
Concrete rectangular stress block (a) (mm) 25.21
Continuous slab (dcon) (mm) 147.0
Depth d (mm) Cantilever slab (dcan) (mm) 167.0
C1.2. CAPACITY CALCULATIONS
The Moment Ultimate Capacity Corm.nuous slab (Mucon) (KN-m 53.70
Cantilever slab (Mucan) (KN-m/f 61.69
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C2. LOAD RATING CALCULATIONS

C2.1. INPUT
Load factor for dead load 1.3
Load factor for live load in Inventory Rating 2.17
Load factor for live load in Operatfing Ratfing 1.3
Moment Ultimate Capacity at Continuous Slab 53.70
Dead Load Moment at Contfinuous Slab 1.96
Live Load Moment at Continuous Slab 19.30
Moment Ultimate Capacity at Cantilever Slab (KN-m/m) 61.69
Dead Load Moment at Cantilever Slab 5.56
Live Load Moment at Cantilever Slab 20.30
Rating Live Load 33.0
C2.2. CALCULATIONS OF RATING FACTOR Rating RLc?tcilndg
AND LOAD RATING Factor (tons)
roingFoctor | contmuous s oot L 00
and . Inventory Rating 1.24 40.79
Load Rating Cantilever Slab . . : :
Operating Rating 2.06 68.09

Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cell is automatically shown

Return to LAYOUT

Click following the above instruction

Return to LAYOUT

Load Posting
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D. LOAD POSTING BY LOAD FACTOR METHOD

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

5 ot Posting Vehicles Demand
escription Type Wheel Load| Forces
Type 1-1 66.8 17.90
Continuous Slab Type 1-2 73.9 19.81
. Type 12-2 65.9 17.66
M t to Live load (KN-
oment due to Live load (KN-m/m) Type 1-1 668 18.84
Cantilever Slab Type 1-2 73.9 20.84
Type 12-2 65.9 18.58
D2. POSTING RATING FACTOR CALCULATIONS
D2.1. POSTING RATING FACTOR CALCULATIONS
Load factor for dead load 1.3
Load factor for live load in Inventory Rating 2.17
Load factor for live load in Operating Rating 1.3
Moment Ultimate Capacity at Continuous Slab 53.70
Dead Load Moment at Continuous Slab 1.96
Al Type 1-1 17.90
Conti Slab :
onfinuous sia Live Load Moment at Continuous Slab Type 1-2 19.81
Type 12-2 17.66
Moment Ultimate Capacity at Cantilever Slab (KN-m/m) 61.69
At Dead Load Moment at Cantilever Slab 5.56
Cantilever Slab , , Type 1-1 Jejer
Live Load Moment at Cantilever Slab Type 1-2 20.84
Type 12-2 18.58
Rating Live Load 33.0
D2.2. RATING FACTOR AND Rating |Load Rating
LOAD RATING CALCULATIONS Factor (tons)
Type 1-1 Invenfgry Rotihg 1.32 43.45
Operating Rating 2.20 72.54
Continuous Tvoe 12 Inventory Rating 1.19 39.28
Slab yP Operating Rating 1.99 65.57
) Inventory Rating 1.33 44.05
Rohnc?anoc’ror Type 12-2 Operating Rating 2.23 73.53
Load Rating Type 1-1 Invenfgry Roh.ng 1.25 41.30
Operating Rating 2.09 68.94
Cantilever Tvpe 1.2 Inventory Rating 1.13 BYESE
Slab P Operating Rating 1.89 62.31
Inventory Rating 1.27 41.86
Type 12-2 Operating Rating 2.12 69.88
NEXT
RCDECK
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E. SUMMARY OF LOAD POSTING

Inventory Operating Posting
RE | LR RF LR (Metric Tons)

(1) CONTINUOUS SLAB
MS18 33.0 1.22 40.3 2.04 67.3 33
Type 1-1 17.0 1.32 22.4 2.20 37.4 17
Type 1-2 27.0 1.19 32.1 1.99 53.6 27
Type 12-2 38.0 1.33 50.7 2.23 84.7 38

(2) CANTILEVER SLAB
MS18 33.0 1.24 40.8 2.06 68.1 33
Type 1-1 17.0 1.25 213 2.09 35.5 17
Type 1-2 27.0 1.13 30.5 1.89 51.0 27
Type 12-2 38.0 1.27 48.2 2.12 80.5 38
LOAD POSTING

MS18 33T
Type 1-1 17T
Type 1-2 27T
Type 12-2 38T
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RCDECK Manual Calculation

10F7

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

BRIDGE ID PAGE :

LOAD RATING CALCULATIONS

BRIDGE NAME RC DECK SLAB

A. GENERAL

Al BRIDGE DESCRIPTION
Bridge Location

Bridge Type

Br. Width / No. of Lanes
Bridge Length

Year Built

Structure

Girders

>

»  Substructure

Wearing Course
Material Properties

Assumption

Others
Reqirement

| 10000

None (Standard Bridge)

3-span Continuous Reinforced Concrete T-Beams

6.10m curb to curb / Two-lanes
10.0m + 15.5m +10.0m = 35.5m
1961

Multiple Girders per span (3-Girders), Monolithic with deck slab

Girder spacing at 2.30m on center

Wall Type RC Pier and RC Cantilever Abutments

None

fc = 83 Mpa, fs = 137.9  Mpa
fc = 20.7 Mpa, fy = 275.8 Mpa
Weight of barrier rail = 4.2 KN/m
Concrete unit weight = 240  KN/m®
Asphalt unit weight = 220  KN/m®

Rating Live Load is AASHTO MS18 (HS20-44)

Perform load rating for the reinforced
AASHTO MS18 as the rating live load.

A2BRIDGE LAYOUT AND SECTION

15500

concrete deck slab shown below using

10000

i

7000

i

BRIDGE ELEVATION

6200

50mm THICK

[ ASPHALT ‘ E

1000 , |400| 1900

|400|

1900 |400] 1000

DECK SECTION

D

$12 @250 o.c.

ECK REINFORCEMENT

RATED BY :

DATE

|cHECKED BY

: DATE
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RCDECK Manual Calculation 20F7

@ DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : PAGE :
LOAD RATING CALCULATIONS  [BRIDGENAME : RC DECKSLAB

NOTES

B. DEMAND FORCES

72 kN

(]
koo ‘ 300, 300@ @

I
150£ 180
Conmever slab section Continuous slab section
50 x 50 HAUNCH

1000 400 1900
\

50mm THICK ASPHALT

B1. DEAD - LOAD CALCULATIONS

The dead loads considered in the calculations include deck slab
self-weight, barrier/railing and asphalt overlay.

a. Continuous slab
e Slab Self-weight = (0.18) (1.0) (24KN/m?) = 432 kN/m
e Asphalt overlay = (0.05) (1.0) (22KN/m?) = 1.10 kN/m
e Total Uniform Load per meter of slab, w = 542 kN/m

Using a clear span of S = 1.9m and 0.8 continuity factor, the moment
due to dead load becomes:

Mos = (weS2/ 10) — (5.42) (1.9%/10) = 196  kN-m/m

b. Cantilever Slab
e Self-weight of cantilever = (0.175) (1.0) (24KN/m?) = 420 kN/m
e Asphalt overlay = (0.05) (1.0) (22KN/m?) = 1.10 kN/m
e Barrier Rail = 420 kN/m

The dead load demand moments for the cantilever slab is taken at
the edge of the exterior beam as:

Mpe = (0.15)(1.0)(24)(0.5) + %4(0.05)(1.0)(24)(1.0/3) + (1.1)(0.6)(0.3
Barrier Rail
+(4.2)(0.8)

= 5.56 kN-m/m

RATED BY : DATE |CHECKED BY : DATE

287



RCDECK Manual Calculation

30F7

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID

PAGE :

2

BRIDGE NAME

LOAD RATING CALCULATIONS

RC DECK SLAB

| NOTES
B2. LIVE - LOAD CALCULATIONS
a. Sections 2 and 3
The live load moments for are calculated as (use 0.8 continuiuty DPWH Guide
factor): Sect.3.4.2.3
S+0.61 (1.9 +0.61) Impact,
Mus = =557 (72)(0.8)(1+0.3)  =——5=,—72(0.8) (1.3)  [1=1524/5+38)
= 38%
USE I=30%
= 19.30 kN-m/m
b. Section 1
Live load moment at cantilever slab is taken when the wheel load is |Distance
0.30m from the curb and distributed over a length: x =300 >
E=08X+1.143 =0.8(0.3)+1.143 = 1383 m d =167
My = (72)(0.30)(1.3) = 28.08 kN-m @ 1.383m spread
Therefore live load moment per meter width becomes
MLLS = 28.08 / 1.383 = 20.30 kN-m/m
C. LOAD RATING BY LOAD FACTOR METHOD (LFM)
C1. CAPACITY CALCULATIONS
Material Properties
Allowable Stress Strength
Concrete fc = 830 MPo fc = 2070 MPa
Rebar fs = 13790 MPa fy = 27580 MPa
As = 16 @ 125 = 1608.50 mm?/m - Rebar area per meter strip
DPWH Guide
The concrete rectangular stress block is calculated as: Sect. 8.16.3
B As fy : (1608.50) (275.80)
9 TT085fcb B (0.85)  (20.70) (1000}
= 25.21 mm
The moment ultimate capacity is then calculated as:
M, = oA, (d-a/2) where¢ = 0.90 for flexure
RATED BY : [DATE - |cHECKED BY : [DATE :

288




RCDECK Manual Calculation

40F7

PAGE :

@ DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID
LOAD RATING CALCULATIONS  [BRIDGE NAME

RC DECK SLAB

C2. LOAD RATING CALCULATIONS

Using Load Factor Method (LFM) Eqg. 3.2-4:

a. For Section 2 and 3,
The depth, d =180 - 25(cover) -¢/2= 180-25- 16/2
d = 147.0 mm
Therefore,
M, = 0.9 (1608.50) (275.80) (147 - 25/2)
= 53.70 kN-m/m
— ] & D [::] [:] L] Iy .
£|old
ol|ool|c
] 5172
$16 @ 125mm ~ 1
. 1 meter wide | 25(cover) + ¢/2
b. For Section 1,
The depth, d = 200 - 25(coverpf2 = 200-25-16/2
d = 167.0 mm
Therefore,
M, = 0.9 (1608.50) (275.80) (167 - 25/2)
= 61.69 kN-m/m

I NOTES

<F = RN 7D where: o = 1.30
T L1+ w = 2.17 (Inventory)
w = 1.30 (Operating)
RATING FACTOR CALCULATIONS (LFM)
Location Description Inventory Rating Operating Rating
i 1.64-1. . 1.64-1. .
Section1 ~ Canfilever _ 61.6413(5569) -, , GlL.e413055) | o0
Slab 2.17{20.3) 1.3(20.3)
Section?2  Continuous 53.66-1.3(1.96) - 122 53.66-1.3(1.96) _ 204
or3 Slab 2.17(19.3) 1.3(19.3)
RATED BY : DATE |CHECKED BY : DATE
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RCDECK Manual Calculation 50F 7
DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID PAGE :
LOAD RATING CALCULATIONS  [BRIDGE NAME RC DECK SLAB
| NOTES

Operating Levels are calculated below.

Using the MS18 rating live load, the load rating for Inventory and

LOAD RATING CALCULATIONS (LFM)
(Rating Live Load = MS18 W = 33 Metric Tons)

Section 2 Continuous

Location Description Inventory Rating (Tons) Operating Rating (Tons)
Section 1 Coglllzver 1.24x33 = 40.79 2,06 x33 = 67.30

This Manual
Eqg. 3.1-5

This Manual

or 3 Slab 1.22 x 33 = 40.32 2.04 x 33 = 68.09 Eq. 3.1-5
Since both the Inventory and Operating Level Ratings are more than
MS18 rating live load (33 metric tons), load posting analysis is not
necessary.
D. Demand Forces for Load Posting Live Vehicles
Posting Live Vehicle's Forces is calculated as same as the section B2. Live- Load
Calculations based on the Wheel Load of Posting live Load as follows.
D1. DEMAND FORCES FOR LOAD POSTING VEHICLES
5 it Posting Vehicles Demand
Ssenphion Type Wheel Load| Forces
Type 1-1 66.8 17.90
Continuous Slab Type 1-2 73.9 12.81
Moment due to Live load (KN-m/m) Type 12-2 65.9 e
Type 1-1 66.8 18.84
Cantilever Slab Type 1-2 73.9 20.84
Type 12-2 65.9 18.58
Posting Rating Factor is also calculated as same as the section C as follows.
D2.1. POSTING RATING FACTOR CALCULATIONS
Load factor for dead load 1.3
Load factor for live load in Inventory Rating 217
Load factor for live load in Operating Rating 1.3
Moment Ultimate Capacity at Continuous Slab 53.70
At Dead Load Moment at Continuous Slab 1.96
Continuous Slab . . Type 1-] il
Live Load Moment at Continuous Slab Type1-2 |  19.8]
Type 12-2 17.66
Moment Ultimate Capacity at Cantilever Slab (KN-m/m) 61.69
Dead Load Moment at Cantilever Slab 5.56
At T 1-1 18.84
Cantilever Slab . . ype - :
Live Load Moment at Cantilever Slab Type 1-2 20.84
Type 12-2 18.58
Rating Live Load 33.0
1
RATED BY : DATE : |cHECKED BY : [DATE
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RCDECK Manual Calculation

6 OF 7

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

BRIDGE ID

PAGE :

LOAD RATING CALCULATIONS

BRIDGE NAME

RC DECK SLAB

NOTES

Load Rating
(tons)

D2.2. RATING FACTOR AND Rating
LOAD RATING CALCULATIONS Factor
T -1 Inventory Rating
ype Operating Rating
Continuous Inventory Rating
Slab Type 1-2 Operating Rating
. Inventory Rating
Rohngnl:docfor Type 12-2 Operating Rating
Load Rating Type 1-1 Invenfqy Roh.ng
Operating Rating
Cantilever Inventory Rating
Slab Ype 1-2 5 o erating Rating
Inventory Rating
Type 12-2 Operating Rating

Load Posting is summarized as follows.

E. SUMMARY OF LOAD POSTING

Inventory Operating Posting
RF \ LR RF LR (Metric Tons)
(1) CONTINUOUS SLAB
MS18 33.0
Type 1-1 17.0
Type 1-2 27.0
Type 12-2 38.0
(2) CANTILEVER SLAB
MS18 33.0
Type 1-1 17.0
Type 1-2 27.0
Type 12-2 38.0
RATED BY : DATE |CHECKED BY : DATE
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@ DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS BRIDGE ID : PAGE :
LOAD RATING CALCULATIONS  [BRIDGENAME : RC DECKSLAB

NOTES

INTENTIONALLY BLANK

RATED BY : DATE |CHECKED BY : DATE
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APPENDIX Il - A

LIVE LOAD LAYOUT IN TRAFFIC LANES

|

%m\ |

¥

P

s 1

<§
N

L
UNIFORM LOAD

ONE-LANE LANE LOADING PATTERN

POSTING VEHICLE

9m 9m

A4

NOTE:

THIS LOAD PATTERN IS USED FOR SPANS OVER 60m IN LENGTH TO SIMULATE TRAIN OF VEHICLES
SPACED AT 9m CLEAR IN ONE LANE AND A SINGLE VEHICLE LOAD IN THE ADJACENT LANES

TWO-LANE TRUCK TRAIN LOADING PATTERN (POSTING LIVE LOAD)

294 Manual for Load Rating of Bridges, 3 Ed.
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APPENDIX Il - B.1
DPWH DESIGN GUIDELINES DESIGN LIVE LOAD BENDING MOMENT
FOR SIMPLE SPANS

(PER WHEEL LINE, NO IMPACT)

ABSOLUTE MAXIMUM LIVE LOAD BENDING MOMENT
PER WHEEL LINE (NO IMPACT)

9000
58kN 53.5kN 53.5kN 53 5kN 53.5kN 53 5kN53.5kN
4.8m 4.11m 4.11m
8000 N
PERMIT DESIGN LOADING
i i i i )
40kN . ’
7000 '
4.7kN/m - \ S
MS18 LANE LOADING a

—~ \ \ \ \ .
£ 6000 18KN 72kN 72kN \
Z 4.267m 4.267m
< e |
- MS18 TRUCK LOADING !
E 53.5kN 53.5kN . \
o 1.20m .
2 LT ’ __,\/
o 4000 ALTERNATE MILITARY LOADING - } /
c K
S .
cC A /
(¢D) .
@ 3000 . f(

2000 ’ / \

1000 ee / -

0 -_fﬁg
0 10 20 30 40 50 60 70 80 90 100
Span (m)
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APPENDIX Il - B.2
DPWH DESIGN GUIDELINES DESIGN LIVE LOAD SUPPORT SHEAR

FOR SIMPLE SPANS
(PER WHEEL LINE, NO IMPACT)

ABSOLUTE MAXIMUM SUPPORT SHEAR
PER WHEEL LINE (NO IMPACT)
350 K 53.5kN §3.5kN 53.5kN L —
58kN | 53.5kN 53. 53.5kN 53.5kN 53 5k 53.
4.8m 4.11m 4.11m ]
f—— ™~
PERMIT DESIGN LOADING /
300 /
40kN
4.7kN/m
[ IO T T e —

~ 250 MS18 LANE LOADING \
=z /
X
Nt
@
Q
o 200
pud 18KN 7DKN 72kN
O 4.267m j 4.267m
o | L 2 L A—
% / MS18 TRUGK LOADING
(9]

150 L — 53.5kN 53.5kN

l 1.20m I
/ / ALTERNATE MILITARY LOADING\
100 %/ —
50
0 10 20 30 40 50 60 70 80 90 100
Span (m)
296 Manual for Load Rating of Bridges, 3 Ed.
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APPENDIX Il - C

MAGNITUDE AND LAYOUT OF WHEEL LOADS FOR LOAD RATING

AND LOAD POSTING
(PER WHEEL LINE)

162kN
18kN 72kN . 72kN

-
1.422m =
' 5680m J—"""" s o0 '

| 4.267m 4.267m |

P

MS18 RATING LIVE LOAD

83.5kN
16.7kN . 66.8kN
3.414m . 0.853m
v . v
v
4.267m

TYPE 1-1 POSTING LIVE LOAD

132.5kN
42.4kN *  4505kN  45.05kN
. 1.049m ||
3.523m . 2.268m

: y v
v

| 4.572m | 1.219m

I T

TYPE 1-2 POSTING LIVE LOAD

186.5kN
25.9kN 40.15kN 40.15kN . 40.15kN  40.15kN
2252m  ®
6.824m 4 5.673m
\j V : v v
v

| 3.353m 1.219m | 6.706m 1.219m
| |

TYPE 12-2 POSTING LIVE LOAD

Manual for Load Rating of Bridges, 39 Ed.
DPWH
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APPENDIX Il - D

MAXIMUM ABSOLUTE LIVE LOAD MOMENT FOR SIMPLE BEAM

Basic Principles:

1 - The absolute maximum bending moment due to a series of concentrated
wheel loads moving on a simple span beam always occur near the center

of the span directly under one of these loads (in this case, wheel P3 at
point m).

2 - The loading pattern producing the absolute maximum moment in the
simple beam is when the center of the beam (point c) is between the
resultant load (XP) and one of the maximum adjacent concentrated
wheel load (in this case, wheel P3), as shown below.

Resultant
Load (ZP)
P1 P2 P3 Pn1 Pn
d
C $
AN m 72\ B
ABSOLUTE MAXIMUM % %
MOMENT  OCCURS £ €
HERE (BELOW Pwiax) 2 2
298 Manual for Load Rating of Bridges, 3 Ed.
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D.1 CASE OF TRUCK LOADING TYPE 1-1

83.5kN
-
16.7kN : 66.8kN

]
H POINT OF ABSOLUTE
-

3414m 3 ogsam MAXIMUM MOMENT
v i

|
Y J a267m | _ZAX_
) i Rs = 83.5(X-0.853)/L
X [
. L/2 i L/2 A

Case 1l (whenlL <8.10m) - Consider only ONE wheel, P = 66.8kN

Mp =66.8(X)(L-X)/L [D.1-1]
dMp/dX = 66.8(L-2X)/L = 0, t X = L/2

Mpmax = 66.8(L)/4 ........... [D.1-2]

Case 2 (whenlL 28.10m) - Full Truck

Mp =83.5(X-0.853)(L.-x)/ L [D.1-3]
dMp/dX = 83.5(L-2X+0.853)/L = 0, t X = (L+0.853)/2

Mpmax = (83.5/L)[(L-0.853)/2]2 [D.1-4]

Example:

1. When L =4m, Mpmax = 66.8(4)/4 = 66.8 KN-m

2. When L = 20m, Mpmax = (83.5/20)[(20-0.853)/2]2 = 382.65 kN-m

Manual for Load Rating of Bridges, 3 Ed. 299
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D.2 CASE OF TRUCK LOADING TYPE 1-2

132.5kN
42.4kN : 45.05KkN  45.05kN
* 1 049m POINT OF ABSOLUTE
L 3523m :"—izl 8m MAXIMUM MOMENT
v,
|
Y 4572m : 1.219m lul
D i * Re = 132.5(X-1.049)/L
X i
B L/2 i L/2
< > >
Case 1l (whenlL < 8.62m) - Consider only TWO wheels, P =2 @ 45.05kN
Mp =90.1(X-1.219/2)(L-X)/L [D.2-1]
dMp/dX = 90.1(L-2X+0.6095)/L = 0, t X = (L+0.6095)/2
Mpmax = (90.1/L)[(L-0.6095)/2]2 ... [D.2-2]
Case 2 (when L 2 8.62m) - Full Truck
Mp = 132.5(X-1.049)(L-X)/L - (45.05)(1.219) ... [D.2-3]
dMp/dX = 132.5(L-2X+1.049)/L = 0, t X = (L+1.049)/2
Mpmax = (132.5/L)[(L-1.049)/2]2-5492 ... [D.2-4]
Example:
1. When L =4m, Mpmax = (90.1/4)[(4-0.6095)/2]2 = 64.73
kN-m
2. When L = 20m, Mpmax = (132.5/20)[(20-1.049)/2]2 - 54.92 = 539.91 kN-m
300 Manual for Load Rating of Bridges, 3 Ed.
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D.3 CASE OF TRUCK LOADING TYPE MS18

POINT OF ABSOLUTE
MAXIMUM MOMENT

162kN
18kN 72kN . 72kN
I 1.422m = I
l 5.689 % 2.845m
J'. A
] A 4
oy ! /\
A B 4.267m i 4.267m R
Ra=162(X-1.422)/L| | « ‘
] L2 0 L/2 R
- >

Case 1l (whenlL<7.47m) - Consider only ONE wheel, P = 72kN

Mp = 72(X)(L-X)/L
dMp/dX = 72(L-2X)/L = 0, t X = L/2

Mpmax = 72(|_)/4

Case 2 (when 7.47 <1 <10.67m) - Consider only TWO wheels, P =2 @ 72kN

Mp = 144(X-2.134)(L-xX)/L [D.3-3]
dMp/dX = 144(L-2X+2.134)/L = 0, t X = (L+2.134)/2

Mpmax = (144/L)[(L-2.134)/2]2 e [D.3-4]

Case 3 (when L 210.67m) - Full Truck

Mp = 162(X-1.422)(L-X)/L - (18)(4.267) [D.3-5]
dMp/dX = 162(L-2X+1.422)/L = 0, t X = (L+1.422)/2

Mpmax = (162/L)[(L-1.422)/2]2 - 76,81 ... [D.3-6]

Example:

1. When L =4m, Mpmax = 72(4)/4 = 72 KN-m

2. When L = 10m, Mpmax = (144/10)[(10-2.134)/2]? = 222.75 kN-m

3. When L = 20m, Mpmax = (162/20)[(20-1.422)/2]2 - 76.81 = 622.10 kN-m

Manual for Load Rating of Bridges, 39 Ed. 301
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D.4 CASE OF TRUCK LOADING TYPE 12-2

POINT OF ABSOLUTE
MAXIMUM MOMENT

L/2 L/2

186.5kN
25.9kN 40.15kN  40.15kN . 40.15kN  40.15kN
2.252m
6.824m [ "% 5.673m
N o,
R /\
3.353m 1.219m : 6.706m 1.219m
~ g [~ I g i
| X
: >
|

y

Case 1l (whenlL <6.53m) - Consider only TWO wheel, P =2 @ 40.15 kN

Mp = 80.3(X-0.6095)(L-X)/L [D.4-1]
dMp/dX = 80.3(L-2X+0.6095)/L = 0, t X = (L+0.6095)/2
Mpmax = (80.3/L)[(L-0.6095)/2]2 [D.4-2]

Case 2 (when 6.535< L<14.72m) - Consider THREE wheels, P = 2 @ 40.15kN + 25.9kN

Mp = 106.2(X-0.357)(L-X)/L - (40.15)(1.219) e [D.4-3]
dMp/dX = 106.2(L-2X+0.357)/L = 0, t X = (L+0.357)/2
Mpmax = (106.2/L)[(L-0.357)/2]2 - 48.94 .. [D.4-4]

Case 3 (when L 2 14.72m) - Full Truck

Mp = 186.5(X-2.252)(L-X)/L - (40.15)(1.219) - (25.9)(4.572) ........... [D.4-5]
dMp/dX = 186.5(L-2X+2.252)/L = 0, t X = (L+2.252)/2

Mpmax = (186.5/L)[(L-2.252)/2]2 - 167.36 ... [D.4-6]
Example:
1. When L =4m, Mpmax = (80.3/4)[(4-0.6095)/2]2 = 57.69 kKN-m
2. When L =10m, Mpmax = (106.2/10)[(10-0.357)/2]2 - 48.94 = 197.94 KN-m
3. When L = 20m, Mpmax = (186.5/20)[(20-2.252)/2]? - 167.36 = 566.96 kN-m
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APPENDIX IIl - D.5

LIVE LOAD MOMENTS ON LONGITUDINAL STRINGERS OR GIRDERS
FOR SIMPLE SPANS PER WHEEL LINE, WITHOUT IMPACT

LIVE LOAD MOMENT IN KILONEWTON-METER PER WHEEL LINE
SPAN (m) | IMPACT (%) MS18 (HS20) TYPE 1-1 TYPE 1-2 TYPE 12-2
2.0 30 36.0 33.4 22.6 20.1
3.0 30 54.0 50.1 43.0 38.3
35 30 63.0 58.5 53.8 48.0
4.0 30 72.0 66.8 64.8 57.7
45 30 81.0 75.2 75.8 67.6
5.0 30 90.0 83.5 86.9 77.4
5.5 30 99.0 91.9 98.0 87.3
6.0 30 108.0 100.2 109.1 97.3
6.5 30 117.0 108.6 120.3 107.2
7.0 30 126.0 116.9 131.5 1185
7.5 30 138.3 125.3 142.6 131.7
8.0 30 154.9 133.6 153.8 145.0
8.5 30 171.7 143.7 165.0 158.2
9.0 30 188.6 154.0 177.8 1715
9.5 30 205.7 164.3 194.2 184.7
10.0 30 222.8 174.7 210.5 198.0
11.0 30 261.0 1954 243.3 2245
12.0 30 300.9 216.2 276.2 251.0
13.0 30 340.9 237.0 309.1 277.6
14.0 29 380.9 257.8 342.0 304.1
15.0 29 421.0 278.6 374.9 337.8
16.0 28 461.2 299.4 407.9 383.5
17.0 28 501.4 320.2 440.9 429.2
18.0 27 541.6 341.0 473.9 475.1
19.0 27 581.9 361.9 506.9 521.0
20.0 26 622.2 382.7 540.0 567.0
21.0 26 662.5 403.5 573.0 613.1
22.0 25 702.8 424.4 606.0 659.2
23.0 25 743.1 445.2 639.1 705.3
24.0 25 783.5 466.1 672.2 751.5
25.0 24 823.8 486.9 705.2 797.8
26.0 24 864.2 507.8 738.3 844.0
27.0 23 904.6 528.6 771.4 890.3
28.0 23 945.0 549.5 804.4 936.6
29.0 23 985.4 570.3 837.5 983.0
30.0 22 1025.8 591.2 870.6 1029.3
32.0 22 1106.6 632.9 936.8 1122.1
34.0 21 1187.5 674.6 1003.0 1214.9
36.0 21 1268.3 716.4 1069.1 1307.8
38.0 20 1349.2 758.1 1135.3 1400.7
40.0 20 1430.1 799.8 1201.5 1493.6
45.0 18 1639.7* 904.1 1367.1 1726.1
50.0 17 1968.8* 1008.5 1532.6 1958.7
55.0 16 2327.2* 1112.8 1698.2 2191.4
60.0 16 2715.0* 1217.2 1863.7 2424.1
65.0 15 3132.2* 13215 2029.3 2657.0
70.0 14 3578.8* 1425.9 2194.9 2889.8
75.0 13 4054.7* 1530.3 2360.5 3122.7
80.0 13 4560.0* 1634.6 2526.1 3355.6
90.0 12 5658.8* 1843.4 2857.3 3821.6
100.0 11 6875.0* 2052.1 3188.5 4287.6
NOTES:
1. *MS18 Lane Loading governs at these spans.
2. Shaded values indicate load effects greater than the MS18 rating live load. However, Section

3.2.4 of the DPWH Design Guidelines requires design using load effects by Alternate Military
Loading and Permit Design Load, which is greater than the shaded values.
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MAXIMUM LIVE LOAD MOMENT FOR SIMPLE SPANS

(RATING AND POSTING VEHICLES)
PER WHEEL LINE WITHOUT IMPACT

Bending Moment (kKN-m)

7000 7
6000
5000
4000
3000
2000

1000

ABSOLUTE MAXIMUM LIVE LOAD BENDING MOMENT
PER WHEEL LINE WITHOUT IMPACT

40kN

4.7kN/m

\/

[NERANANN

\
)

VAR

Span (m)

100
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APPENDIX Il - E

MAXIMUM ABSOLUTE LIVE LOAD SHEAR FOR SIMPLE BEAM

Basic Principles:

1 - The absolute maximum shear to the left of the support due to a series of

concentrated wheel loads moving on a simple span beam always occur
at the left of the support directly under last heavier wheel (in this case,

wheel Pn at point B).

2 - The loading pattern producing the absolute maximum shear in the simple
beam is when the last heavier wheel is at an infinitesimal distance from the
support (in this case, wheel Pn), as shown below.

ABSOLUTE MAXIMUM
SHEAR OCCURS
HERE (BELOW Py)

Y

y
~ X
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E.1 CASE OF TRUCK LOADING TYPE 1-1

POINT OF ABSOLUTE
MAXIMUM SHEAR

L/2

X - ————

<
‘

L/2

Re = 83.5(X-0.853)/L

Y

Case 1l (when Ll £4.267) - Consider only ONE wheel, P = 66.8kN

Vp = 66.8(X)/L
[E.1-1]

Alll - 12 X—L
meax = 66.8 kN

Case 2 (whenlL > 4.267m) - Full Truck

Vp = 83.5(X-0.853)/L

X—L
Vpmax = 83.5(1—0.853/L)

Example:

1. When L =4m, Vpmax

2. When L = 20m, Vpmax = 83.5(1-0.853/20)

(in kN)
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E.2 CASE OF TRUCK LOADING TYPE 1-2

POINT OF ABSOLUTE
MAXIMUM SHEAR

132.5kN
42.4kN : 45.05KkN  45.05kN
. X : 1
3.523m j‘ 2.2|8m
i v L]
!
‘éé‘ : 4.572m \‘1.219m Y
N 0 | Rs = 132.5(X-2.268)/L
|
j L2 0 L2
) 0
Case 1l (whenlL<5.791m) - Consider only TWO wheels, P = 2 @ 45.05kN
Vp =90.1(X-1.219/2)/L [E.2-1]
X—L
Vpmax = 90.1(1-0.6095/L) (nkN) ... [E.2-2]
Case 2 (whenlL>5.791m) - Full Truck
Vp =132.5(X-2.268)/.
[E.2-3]
X—L
Vpmax = 132.5(1-2.268/L) (nkN) ... [E.2-4]
Example:
1.When L =4m, Vpmax = 90.1(1-0.6095/4) = 76.37 kN-m
2. When L = 20m, Vpmax = 132.5(1-2.268/20) =117.47 kN-m
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E.3 CASE OF TRUCK LOADING TYPE MS18

POINT OF ABSOLUTE
MAXIMUM SHEAR

162kN
18kN 72kN .
X L]
1.422m =
5.689m  fe——%  2g45m
Y | i
Ay ! v
. 4.267m | 4.267m
g Re = 162(X-2.845)/L
i
; L2 0 L/2 |
« > »
Case 1l (whenlL<4.267m) - Consider only ONE wheel, P = 72kN
Vp=72X [E.3-1]
X—-L
Vpmax = 72kN [E.3-2]
Case 2 (when 4.267 <L £ 8.534m) - Consider only TWO wheels, P =2 @ 72kN
Vp = 144(X-4.267/2/. L [E.3-3]
X—-L
Vpmax = 144(1-2.134/1) (inkNn) [E.3-4]
Case 3 (whenL > 8.534m) - Full Truck
Vp =162(X-2.845/ L [E.3-5]
X—-L
Vpmax = 162(1-2.845/L) (inkNn) [E.3-6]
Example:
1. When L =4m, Vpmax = 72 kN
2. When L =8m, Vpmax = 144(1-2.134/8) = 105.59 kN
3. When L =20m, Vpmax = 162(1-2.845/20) = 138.96 kN
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E.4 CASE OF TRUCK LOADING TYPE 12-2

POINT OF ABSOLUTE
MAXIMUM SHEAR

186.5kN
25.9kN 40.15kN  40.15kN - 40.15kN 40.15kN
I X : j
I. 6.824m e 5.673m
v ; :
éé | v
3.353m 1.219m : 6.706m 1.219m
le e >e! e N
: Re = 186.5(X-5.673)/L
i
L/2 : L/2
>

Case 1 (whenLl<4.572m) - Consider only TWO wheel, P =2 @ 40.15 kN

Vp =80.3(X-1.219/2)/L [E.4-1]
X—L
Vpmax = 80.3(1-0.6095/L) (nkNn) Ll [E.4-2]

Case 2 (when 4.572 < L £ 12.497m) - Consider THREE wheels, P = 2 @ 40.15kN +

25.9kN
Vp =106.2(X-1.576)/L L [E.4-3]
X—L
Vpmax = 106.2(1-1.576/L) (nkN) Ll [E.4-4]
Case 3 (whenL > 12.497m) - Full Truck
Vp =186.5(X-5.673)/L. L
[E.4-5]
X—L
Vpmax = 186.5(1-5.673/L) (nkN) Ll [E.4-6]
Example:
1. When L =4m, Vpmax = 80.3 (1-0.6095/4) = 68.06 kN
2. When L=10m, Vpmax = 106.2(1-1.576/10) = 89.46 kN
3. When L = 20m, Vpmax = 186.5(1-5.673/20) = 133.60 kN
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APPENDIX Il - E.5

LIVE LOAD SHEARS ON LONGITUDINAL STRINGERS OR GIRDERS
FOR SIMPLE SPANS PER WHEEL LINE, WITHOUT IMPACT

LIVE LOAD SUPPORT SHEAR IN KN PER WHEEL LINE
SPAN (m) | IMPACT (%) MS18 (HS20) TYPE 1-1 TYPE 1-2 TYPE 12-2
2.0 30 72.0 66.8 62.7 55.9
3.0 30 72.0 66.8 71.8 64.0
3.5 30 72.0 66.8 74.5 66.4
4.0 30 72.0 66.8 76.4 68.1
4.5 30 75.8 67.7 77.9 69.5
5.0 30 82.6 69.3 79.2 72.8
5.5 30 88.2 70.6 80.2 75.8
6.0 30 92.8 71.7 82.5 78.4
6.5 30 96.8 72.6 86.3 80.5
7.0 30 100.2 73.4 89.6 82.3
7.5 30 103.1 74.1 92.5 83.9
8.0 30 105.6 74.6 95.0 85.3
8.5 30 107.8 75.2 97.2 86.6
9.0 30 110.8 75.6 99.2 87.7
9.5 30 113.5 76.1 100.9 88.6
10.0 30 116.0 76.4 102.5 89.5
11.0 30 120.2 77.1 105.2 93.9
12.0 30 123.6 77.6 107.5 99.5
13.0 30 126.6 78.1 109.4 105.2
14.0 29 129.1 78.5 1111 111.0
15.0 29 131.3 78.8 112.5 116.0
16.0 28 133.2 79.1 113.8 120.4
17.0 28 134.9 79.4 114.9 124.3
18.0 27 136.4 79.6 115.9 127.8
19.0 27 137.8 79.8 116.7 130.9
20.0 26 139.0 80.0 117.5 133.6
21.0 26 140.1 80.2 118.2 136.2
22.0 25 141.1 80.3 118.9 138.5
23.0 25 142.0 80.5 119.5 140.6
24.0 25 142.8 80.6 120.0 142.5
25.0 24 143.6 80.7 120.5 144.2
26.0 24 144.3 80.8 121.0 145.9
27.0 23 145.0 80.9 121.4 147.4
28.0 23 145.6 81.0 121.8 148.8
29.0 23 146.2 81.1 122.2 150.1
30.0 22 146.7 81.2 122.5 151.3
32.0 22 147.6 81.3 123.2 153.5
34.0 21 148.5 81.5 123.7 155.4
36.0 21 149.2 81.6 124.2 157.2
38.0 20 149.9 81.7 124.6 158.7
40.0 20 152.0* 81.8 125.0 160.1
45.0 18 163.8* 82.0 125.9 163.0
50.0 17 175.5* 82.1 126.5 165.4
55.0 16 187.3* 82.3 127.1 167.3
60.0 16 199.0* 82.4 127.5 168.9
65.0 15 210.8* 82.5 127.9 170.3
70.0 14 222.5* 82.5 128.3 171.4
75.0 13 234.3* 82.6 128.5 172.4
80.0 13 246.0* 82.7 128.8 173.3
90.0 12 269.5* 82.8 129.2 174.8
100.0 11 293.0* 82.8 129.5 176.0
NOTES:

3. *MS18 Lane Loading governs at these spans.
4. Shaded values indicate load effects greater than the MS18 rating live load. However, Section

3.2.4 of the DPWH Design Guidelines requires design using load effects by Alternate Military
Loading and Permit Design Load, which is greater than the shaded values.
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MAXIMUM LIVE LOAD SUPPORT SHEARS FOR SIMPLE SPANS
(RATING AND POSTING VEHICLES)

PER WHEEL LINE WITHOUT IMPACT

ABSOLUTE MAXIMUM LIVE LOAD SUPPORT SHEAR
PER WHEEL LINE WITHOUT IMPACT
300 | | |
- 116kN
4.7kKN/m
TYPE 12 -2 \
250 38 Tons \
£ \
52007 TYPE1-2 \
: 27 Tons
(0]
i} I —
5 Bl TYPE 1 -1 |
+ 17 Tons
8_ I E—
o 150
)}
(7]
100
50
0 10 20 30 40 50 60 70 80 90 100
Span (m)
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APPENDIX I - F.1

MAXIMUM MOMENT & SHEAR AT ANY POINT ON SPAN FOR

TYPE 1-1 POSTING VEHICLE (SIMPLE SPAN ONLY)

83.5kN
16.7kN : 66.8kN
TYPE 1-1 TRUCK :
3.414m  10.853m
@ : @
. m o} T
< " m -
: @
X L-X

»le
pie

A

A4

BENDING MOMENT AT POINT “P” (Mp) in KN-m PER WHEEL LINE (NO IMPACT)

Case 1l Mp = 66.8 (>I<_)(L'X) when L < 4.267m

83.5 (L - X)(X - 0.853)
L

Case 2 Mp

when X 2 4.267m

SHEAR AT RIGHT OF POINT “P” (Ve) in kN PER WHEEL LINE (NO IMPACT)

Case 1 Vp = 66'?_ X when L < 4.267m

Case 2 Ve = -835(X-0.853) when X = 4267m

L
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APPENDIX Il - F.2

MAXIMUM MOMENT & SHEAR AT ANY POINT ON SPAN FOR
TYPE 1-2 POSTING VEHICLE (SIMPLE SPAN ONLY)

132.5kN

42.4kN " 45.05kN 45.05kN
E .049

TYPE 1-2 TRUCK 3.523m =E‘ 2.268m

N m 3 @haon @

_a ®

A

A
A

—
1
X

A 4

BENDING MOMENT AT POINT “P” (Mp) in KN-m PER WHEEL LINE (NO IMPACT)

. AXLE
Minimum
LOAD| | . | FORMULA FOR MAXIMUM MOMENT AT vl B
CASE POINT “P” (Mp) L-X | X | POINT |DIRECTION
m) | m) | P

132.5 (X - 2.268)(L - X)

1 0-0.340 | Mp 0 (5791 3 R-L

L
0.340

2 i Mp = L3285 (X-1049(L-X) = 549y |1219]4572| 2 R-L
0.500 L

SHEAR AT RIGHT OF POINT “P” (Ve) in kN PER WHEEL LINE (NO IMPACT)

.. AXLE
Minimum
LOAD | . FORMULA FOR MAXIMUM SHEAR AT v Bl
CASE POINT “P” (Ve) L-X X | POINT | DIRECTION
(m) | (m) | "P"
1 |0-0500 Ve = 1825 (XL' 2.268) 0o [5791] 3 | R-L

NOTE: Shear formula is applicable when dimension “X” exceeds the total length of truck. When “X” is less than
the minimum, determine shears by statics.
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APPENDIX Il - F.3

MAXIMUM MOMENT & SHEAR AT ANY POINT ON SPAN FOR
MS18 RATING VEHICLE (SIMPLE SPAN ONLY)

TYPE MS18
TRUCK 18kN :

@l'@‘i‘

4.267m

72kN

<

Y

A

*The following formulas are applicable when the entire truck
is within the span.

NOTE :

**Lane Load governs when L > 44.05m

***Truck loading does not govern shear beyond this length
specified. Use lane loading.

BENDING MOMENT AT POINT “P” (Mp) in KN-m PER WHEEL LINE (NO IMPACT)

LOAD | | o\ FORMULA FOR MAXIMUM MOMENT AT Minimum MLi‘X
CASE POINT “P” (Mp) L-X (m) | X (m) (m)
1 [0-0333| Ms 162 (X - 2'545)“ - X) 0 8.534 ]
0.333
2 i Mp 162 (X - 1.422)(L - X) 76.81 4267 | 4267 | 44.05
0.500 L
SHEAR AT RIGHT OF POINT “P” (Vs) in KN PER WHEEL LINE (NO IMPACT)
LOAD Use for | 5o MULA FOR MAXIMUM SHEAR AT POINT Minimum
CASE L-X/L Girder “p” (V)
Lengths F L-X(m) | X (m)
1 1U2”§'0enr1 Ve 162 (X-1.422) _ 4g 4267 | 4.267
0-0.500| L
2 12.8m - Ve = (x.2845) 0 8.534
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36.6m*** L

APPENDIX Il - F.4

MAXIMUM MOMENT & SHEAR AT ANY POINT ON SPAN FOR
TYPE 12-2 POSTING VEHICLE (SIMPLE SPAN ONLY)

TYPE 12-2 TRUCK

186.5kN
25.9kN 40.15kN  40.15kN . 40.15kN  40.15kN
I 2.252m *
6.824m g 5.673m .I
)] @V GV : @y OV
. 3353m  |1219m_ 6.706m | 1.219m
,_“i . ij_\
X | L-X

Y

NOTE : The following formulas are applicable when the entire truck is
within the span.

BENDING MOMENT AT POINT “P” (Mr) in KN-m PER WHEEL LINE (NO IMPACT)

.. AXLE
Minimum
LOAD | | ., | FORMULA FOR MAXIMUM MOMENT AT vl B
CASE POINT “P” (Mp) L-X X (M) POINT | DIRECTION
(m) >
1 |0-0211| Mp = 1865 (X'5L'673)("'X) 0 |12497| 5 R-L
0.211
2 i Mp = 1865(X-3.471)(L-X) _ gsg4 | 3353|9144 | 2 L-R
0.354 L
0.354
3 - Mp = 2865 (X'ZL'ZSZ)("'X) - 167.36 | 4572 | 7.925 | 3 L-R
0.500

SHEAR AT RIGHT OF POINT “P” (Ve) in kN PER WHEEL LINE (NO IMPACT)

.. AXLE
Minimum
LOAD FORMULA FOR MAXIMUM SHEAR AT NO.@ | TRUCK
L-X/L s PANEL | TRAVEL
CASE POINT “P” (Ve) L-X (m)| X (m) | POINT |DIRECTION
st
1 |0-0.500 Ve = 1865 (X - 5.673) 0 |12497| 5 R-L
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APPENDIX Il - G

MAXIMUM SHEAR AT ANY PANEL POINT

P
/\ C LT o
b 4 A 4 x
L
< >
L : Length of Truss
LT : Axle Spacing/Distance
P : Length of Panel
X : Distance from Panel Point to End of Truss

SHEAR AT PANEL POINT (Vc) IN KN PER WHEEL LINE (NO IMPACT)

USE FOR
LOAD MIN TRUSS ,\%L% TRUCK
LT (m)| “X” FORMULA WITH NO. ' TRAVEL
TYPE PANEL
(m) OF POINT DIRECTION
PANELS
TYPE 5791|5791 | Vp = 1325 (X - 2.268) ALL 3 L-R
1-2 L
_ 186.5 (X - 5.673) 50R

12.497| Vp = L MORE 5 L-R
TYPE _ 186.5 (X - 3.471) 86.84
12-2 12,497 9.144 | Vp = L - P 3,4 2 R-L

186.5 (X - 2.252) 167.35
7925| Vp = - 2 3 R-L
L P
NOTES:

e Applicable only when entire truck is within the span

e See Appendix |V - F for shears resulting from Type 1-1 and MS18

e Truck Travel Direction : L-R - Truck moving from Left to Right

R-L - Truck moving from Right to Left
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1900 TO 3650

rs

30
800
ELEVATION

800

300

800
300

PLAN

FIGURE: BLACK
N
LOAD
| LIMIT ALL SIGN FACE SHALL BE
BACKGROUND: WHITE | PROCESSED WITH SUBSTRATE
G.l. PLATE GAUGE No.16
b= [ AND MUST BE REFLECTORIZED
E 1 7' ’ "ENGINEER’S GRADE”.
- 27' | FRAME: RED
|38,
| v/
1
1
]
- i ALL SIGN FACE SHALL BE
o] PROCESSED WITH SUBSTRATE
b . G.l. PLATE GAUGE No.16
AND MUST BE REFLECTORIZED
| "ENGINEFR'S GRADE".
1
1
WAL I UL RO e ) iaﬂ. PUP UL UL OO
] , i CONCRETE CLASS "A"
[1+] s
- —L
g . | q/d
2] a
I

6"¢ G.l. PIPE POST

5/8"¢ G.|. BOLTS
NUTS AND WASHERS

DETAILS OF INSTALLATION
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300 x 300 x 25
BASE PLATE

4-p1/2"x12"
‘,/’/’F-ANCHOR BOLTS

8-p12
VERTICAL BARS

210 @ 100
LAT. TIES

650

——®16 @ 175
BOTHWAYS

300

== S=Es)

250 ! 300 ! 250

BOO
ELEVATION
BOOD
300
816 @ 175
BOTHWAYS
, 8-912
/L VERTICAL BARS
o (=
Q [ c )
o M3
$10 @ 100
LAT. TIES
PLAN

DETAILS OF PEDESTA

SCALE 1:10
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S0 25 156

156

25

50

0AD

25 78 26

LIMIT

61 26

26 61

186

123

34 52

94 22371

50 25

71

100

35

100

114

140

70

140

79

140

71

QAEL'EI'AILS OF SERIES 120DN LETTERS & NUMERICAL DIMENSIONSt5
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User's Manual for Load Rating Computer-Based Program
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User's Manual of Computer-Based Program on Load Rating

1. General
This User's Manual is divided into 6 sections showing the detail procedure for Load Rating.
DPWH through the assistance of JICA developed Manual for Load Rating of Bridges (MLRB) 2nd
Edition on March, 2009. In addition, a Computer-based Program on Load Rating of Bridges (CBPLR)
has been developed to complement MLRB. This 3,4 Edition 2014, retains the original CBPLR

established in 2009.

This Program has the following advantages:
(1) Itis easy to calculate the Load Rating for Major Bridge Types.

(2) This Program provides 4 Bridge Types including RC Deck Slab, not only Simple and Confinuous
Bridges but also Interior and Exterior Girder. (refer to Section 5)

(3) DPWH Engineers can save time to determine the appropriate Load Rating
(4) DPWH Engineers can avoid inappropriate Load Rating Calculations

However, the pilot Bridges for Load Rating example have some unknown factors, therefore the User
should carefully give the Input Data with appropriate engineering judgements in this Program
as follows.

(1) To determine and measure appropriate Bridge Layout and Dimensions
(2) To determine and assume appropriate Rebar/PC Tendon Schedule inside concrete components

of Bridges
(3) To determine and assume appropriate Material Properties.
(4) To determine the appropriate evaluation for Bridge Current Condition (Damage).

2. Function of this Program
This Program provides Load Rating Calculations of Bridges.

3. Installation of Software
This Program requires the following softwares which should be installed in your computer.
Microsoft Excel 2003 or 2007 or 2010
Microsoft Windows XP or Vista or Windows 7

4. Installing and Uninstalling Procedures of CBPLR
4.1 Installing

1) Start your computer

2) Insert the CBPLR set up CD. Then you can see the program files and folder as shown below.
3) "Copy" the Program "CBPLR".

4) "Paste" it to your computer root directory C:
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4.1.1 Copy to your computer directory C: drive

4.1.2 Starting

Double click folder "Load Rating Program™ and "MENU" then Excel file "MENU"
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4.2 Uninstalling

Delete "CBPLR" from Directory C:



5. Procedure of "MENU" in this Program

5.1 TITLE

After opening the Excel file "Menu", then click button ENTER | ©N this screen.

i

REPUBLIC OF THE PHILIPPINES
DEPARTMENT OF PUBLIC m JAPAN INTERNATIONAL
WORKS AND HIGHWAYS

COOPERATION AGENCY

LOAD RATING

COMPUTER-BASED PROGRAM

5.2 Flowchart of Load rating Procedure

Flow Chart of Load Rating Procedure is shown below. This Program covers part.

FLOW CHART OF LOAD RATING PROCEDURE
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After reconfirming the Flowchart, click "NEXT" button.



5.3 Bridge Condition Inspection Results
The overall condifion state G, F, P and B of the bridge should be determined by the Accredited Bridge
Engineer. User should select the actual overall condition state based on the Condition Inspection Survey

or Engineering Inspection Survey in Bridge Management System.
In case of selecting P and B, click button "Yes" then directly proceed to the next screen "MENU"

BRIDGE CONDITION INSPECTION RESULT

OVERALL CONDITION

NECESSITY

LOAD RATING|

Good
Fair
Poor
Bad

w v mQ

LOAD
RATING

5.4 Menvu of Load Rating

This screen links with all Excel programs for each Bridge types. The User can use the directory and
proceed in selecting the bridge type by clicking cell of the objective bridge types. They are;

RCFS (Reinforced Concrete Flat Slab Bridge)

: Simple RC Flat Slab
Continuous RC Flat Slab

RCDG (Reinforced Concrete Deck Girder Bridge) : Simple Interior and Exterior Girder

Conftinuous Interior and Exterior Girder

PCDG (Prestressed Concrete Deck Girder Bridge) : Simple Interior and Exterior Girder

SIG (Steel | Girder Bridge)

RCDECK (Reinforced Concrete Deck Slab)

LOAD RATING

COMPUTER-BASED PROGRAM

BRIDGE TYPE

SIMPLE or CONTINUOUS

INTERIOR GIRDER or EXTERIOR GIRDER
Referto 3.7.2, 3.8.2 and 3.9.2 in the Load Rating Manual
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6. Procedure of "Load Rating Program of each bridge type" in this Program

6.1 General

6.1.1 Load Rating Principles

When operating the Load Rating Program, Load Rating Principles should be kept

through many activities as follows

RESISTANCE

v

DEMAND

. Allowable Stress
Material
Properties
Strength
Dimension

PC Tendons and Rebar Schedule

Damage Evaluafion

Refer to Standard Bridge Drawings

Appropriate
Determination
and Assumption
under
Engineering
Inspection

Structural Analysis
for Continuous Bridges

Layout and Dimension

Unit Weight

Refer to Standard Bridge Drawings

Bridge Condition (Damage)

Site Inspection

Regulatory of Overloadings

under Detail Measurement of
Rebar Schedule Condition and . .
Engineering Layout and Dimension
Testings Inspection
As built Drawings
Year Built Filing up data As built Drawings
Repair Record under
Update Inspection Records Inventory and Update Inspection Records
__ Preparation of Plan Drawings |~ Roufine | Preparation of Plan Drawings _ |
Approach for Inspection Approach for

Regulatory of Overloadings




6.1.2 Damage Evaluation

Damage evaluationis considered in this Program as follows:

Condition State
2-Poor or 3-Bad

Location (Section)

2-Poor or more at near Support or near Midspan
where loaded maximum demand forces

For Concrete Girder

Cracking

greater than 0.3mm and its spacing
smaller than 500mm

Severity
of

Rebar exposure

greater than 50 cm? exposed and corroded

defect
At Midspan
At Support

For Concrete Deck Slab

Cracking

greater than 0.3mm, 2 directions,
and its spacing smaller than 500mm

Rebar exposure

greater than 50 cm? exposed and corroded

For Steel Girder

Corrosion

greater than 10% section loss
stratified rust with pitting of metal surface

Damage evalu

ation method is as follows:

Cracking
due to Moment

Not consider concrete section loss of tension fiber

Consider only by rebar exposure of tension fiber

Consider by reduction factor (®) according to shear crack depth (Cw)
as mentioned below
Cw=>0.5b applying ®=1.0
then Shear resistance due to Concrete Vc =0
Cw<0.5b then®=Cw /b

then Shear resistance due to Concrete Ve’ = (1-®d)xVc

For example, b = 400mm and shear crack depth 150mm

Ve =(1-150/400)x Vc =0.625 Ve
Concrete
Girder and Cracking | Shear crack depth |
Deck Slab due to Shear
Sectionloss of main Rebar (%) based on exposed Area
Rebar Exposure
Sectionloss of stirrups (%) based on exposed Area
Steel . Actual section loss should be applied to steel girder dimension,
Girder Corrosion and then calculate section properties considering section loss




6.1.3 Program Contents

1 TITLE Cover Page
MENU 2 FLOW Flow Chart of Load Rating Procedure
3 BCIR Bridge Condition Inspection Results
4 MENU Menu of Bridge Load Rating
RCFS: REINFORCED CONCRETE FLAT SLAB BRIDGE
1 GENERAL | Al. General Bridge Description
2 LAYOUT [ A2.Bridge Layout and Dimension
3 DFDLLL B. Demand Forces Calculation for DL and LL
SIMPLE 4 CCLFM | C1. Capacity Calculations for Moment and Shear
5 LRLFM C2. Load Rating Calculations by LFM
RCFS and 6 POSTLL D1.Demand Forces for Load Posting Vehicles
7 | POSTLFM | D2.Posting Rating Calculations by LFM
CONTINUOUS 8 CCASM | El. Moment and Shear Capacity Calculations
9 LRASM E2. Load Rating Calculations by ASM
10 | POSTASM | F. Load Posting by ASM
11 | POSTSUM | G. Summary of Load Posting
RCDG: REINFORCED CONCRETE DECK SLAB GIRDER BRIDGE
1 GENERAL | Al. General Bridge Description
2 LAYOUT | A2.Bridge Layout and Dimension
3 DFDLLL B. Demand Forces Calculation for DL and LL
SIMPLE INTERIOR [ 4 CCLFM | C1. Capacity Calculations for Moment and Shear
GIRDER 5 LRLFM C2. Load Rating Calculations by LFM
RCDG and and 6 POSTLL D1.Demand Forces for Load Posting Vehicles
EXTERIOR | 7 | POSTLFM | D2.Posting Rating Calculations by LFM
CONTINUOUS GIRDER 8 CCASM E1. Moment and Shear Capacity Calculations
9 LRASM E2. Load Rating Calculations by ASM
10 | POSTASM | F. Load Posting by ASM
11 | POSTSUM | G. Summary of Load Posting
PCDG: PRESTRESSED CONCRETE | GIRDER BRIDGE
1 GENERAL | Al. General Bridge Description
2 LAYOUT [ A2.Bridge Layout and Dimension
3 DFDLLL B. Demand Forces Calculation for DL and LL
SIMPLE INTERIOR 4 DSC B3. Demand Stresses Calculations
GIRDER 5 CCMS C. Capacity Calculations for Moment and Shear
PCDG and and 6 LRC C1.Load Rating Colc.ulohons :
7 LRSUM C2.3 Summary of Rating Factor and Load Rating
EXTERIOR 8 POSTLL D1.Demand Forces for Load Posting Vehicles
CONTINUOUS CIRDER 9 POSTLR1 | D2.Posting Rating Calculations
10 | POSTLR2 | D3.1 Posting Load Rating Calculations
11 | POSTSUM | D3.3 Summary of Posting Rating Factor and Load Rating
12 | SUMMARY | E. Summary of Load Posting
SIG: STEEL I-GIRDER BRIDGE
1 GENERAL | Al. General Bridge Description
SIMPLE INTERIOR [ 2 | LAYOUT | A2.Bridge Layout and Dimension
GIRDER 3 DFDLLL | B1.Demand Forces Calculations for DL and LL
SIG and and 4 DSDLLL B5. Demand Stresses Calculations for DL and LL
EXTERIOR | 5 LRASM C. Load Rating Calculations by ASM
CONTINUOUS GIRDER 6 | POSTASM | D.Load Posting by ASM
7 | POSTSUM | E. Posting Load Rating Calculations
1 LAYOUT [ A.Bridge Layout and Dimension
2 DFDLLL | B. Demand Forces Calculations
RCDECK 3 CCLFM Cl1. Copoci‘ry. Colculoﬂon‘s
4 LRLFM C2. Load Rating Calculations by LFM
5 POSTLL D. Load Posting by LFM
6 | POSTSUM | E.. Summary of Load Posting




6.1.4 Differences Between Interior Girder and Exterior Girder

Interior Demand | Slab Dimension only intermediate continuous slab
Girder Forces Live load distribution factor =S / 1.829
Resistance | According to Slab Dimension
Exterior Demand | Slab Dimension composed continuous and cantilever slab
Girder Forces Live load distribution factor=(S-1.829) /S
Resistance | According to Slab Dimension

6.1.5 Differences Between Simple Girder and Continuous Girder

(1) RCFS (Reinforced Concrete Flat Slab Brdige)

Simple Dl?or?coensd All Demand Forces can be calculated in this Program
Girder Resistance | Section for Load Rating is only at Midspan calculating for Moment
Demand | Superimposed Dead Load and Live Load supported on Continuous Girder
) Forces should be given by separate analysis with appropriate structural model
Confinuous - . - - -
Girder Sections for Load Rating are at Midspan and Pier Support calculating only
Resistance | for Moment

Longitudinal Rebar Schedule at Pier Support should be additionally given

(2) RCDG (Reinforced Concrete Deck Slab Girder Bridge) and
PCDG (Prestressed Concrete | Girder Bridge)

. Demand All Demand Forces can be calculated in this Program

Simple Forces

Girder . Sections for Load Rating are at Midspan and Support calculating for
Resistance

Moment and Shear
Demand | Superimposed Dead Load and Live Load supported on Continuous Girder
Forces should be given by separate analysis with appropriate structural model
Contfinuous ) - . ) -

Girder Section for Load Rating is at Midspan and Pier Support calculating for

Resistance | Moment and Shear

Longitudinal Rebar Schedule at Pier Support should be additionally given

(3) SIG (Steel | Girder Bridge)

Demand | All Demand Forces can be calculated in this Program
Simple Forces Three (3) sections are prepared for calculation of forces
Girder . Sections for Load Rating are also prepared three (3) sections at Midspan,
Resistance . .
Support and severe damaged section calculating for Moment and Shear
Demand | Superimposed Dead Load and Live Load supported on Continuous Girder
) Forces should be given by separate analysis with appropriate structural model
Cogrlg:(:us Sections for Load Rating are two (2) sections at Midspan and Pier Support
Resistance | calculating for Moment and Shear

Longitudinal Rebar Schedule at Pier Support should be additionally given




6.1.6 Meaning of Colored Cells

Light Blue Cells Original Input

Yellow Cells Calculated Figures by Original Input/Calculated Figure

Orange Cells Load Factor and Load Rating calculated by original input/calculated figures
Glay Cells Linked Cells

White Cells Specified Figures/Letters

Note : User can modify | |ight Blue Cells | only.

Other cells have calculation formulas which are protected and can be not changed or altered.

6.1.7 Drawings Altached for Each Bridge Types

The drawings attached for each bridge types in this Program are just references based on initial data
of Load Rating.

Properly, the drawings of an objective bridge should be individually prepared to obtain accurate input
data such as bridge layout, dimensions, Rebar schedule, PC tendons schedule and others.



6.2.1 Simple RCFS

6.2 RCFS (Reinforced Concrete Flat Slab Bridge)

Sheet 1 ( GENERAL ) : Input data of Bridge Description

RCFS SIMPLE

BACK TO MENU

A1. BRIDGE DESCRIPTION

A. GENERAL

Bridge Location | REGION
Bridge Name

Bridge Simple or Continuous

Type Number of Span
Bridge of Width (curb to curb) (m)
Number of Lanes

Bridge Length (m)

Year Built

Superstructure
Substructure

thickness (mm)
material

Structure

Wearing
Course

Material Properties

Vil |

Simple

1

7.32

2

8.000 |

| =8.000m

1958

Reinforced Concrete Slab

Wall Type RC Piers and RC Canfilever Abutments

50

Asphalt

fe= 6.9 Mpa
fe= 17.2 Mpa

fs= 137.9  |Mpa
fy=| 2758 |Mpa

Weight of barrier rail Wir = 18.5 KN/m
Assumption Concrete Unit Weight Wu = 240  KN/m®
Asphalt Unit Weight Wa = 220 KN/m®
Others Rating Live Load is AASHTO MS18 (HS20-44)
R B R Foorfs ‘ After .con”flrmo’rllon of this sheet,
Construction Inventory | Operating| Posting click "NEXT" button then
Priorfo 1959 |  17.2 69 103 6.9 proceed directly to the next
after 1959 20.7 83 131 83
Conerete | o1 1981 | 276 1.0 16.5 1Mo |'ee
affer 1981 310 12.4 18.6 124 |*pc
Prior to 1954 227.5 124.1 172.4 124.1
ofter 1954 | 2758 1379 1931 1370 *pc: for Prestressed Concrete
RebAr | Grade 50 | 3447 137.9 224.1 1379 |*pc
Grade 60 4M3.7 165.5 248.2 165.5 *pc
Note

Input Data

Light blue cells should be filled up.

Material Properties

It should be taken from GENERAL NOTE in the as built drawings or in the
Standard Bridge Design. In case of non-availability of data, It should be
taken based on the Bridge Year Built.
( refer to Table shown in the above Table)

RCFS
SIMPLE



Sheet 2 ( LAYOUT ) : Input Data of Bridge Layout and Dimension
A2, BRIDGE LAYOUT AND DIMENSION

BRIDGE ELEVATION

9.54m

1.11m 7.32m 111m

045 I
0.50 8.54m 0.50
DECK SECTION
[ BRIDGE LAYOUT AND DIMENSION |
Overall width (m) 2.540
g;’g‘cﬁm“ém;’)h (m) ;gjg After confirmation of this sheet,
Slab thickness h (m] 0.450 click ”NE'XT” button then
Span Length L(m) 5.000 proceed directly to the next
Note
Light blue cells should be filled up, these are;
- Girder Dimension : Overall Width
Input Data
- Slab Dimension : Width and Thickness
- Span Length
. Drawings (Elevation and Cross Section) for the objective bridge should be
Drawings

prepared as shown in this screen.

RCFS
SIMPLE



Sheet 3 (DFDLLL ) : Demand Forces Calculations

B. DEMAND FORCES

BO. INPUT
FOR | siab width bw(m) 8.540
DEAD | Slab thickness h (m) 0.450
LOAD | SpanLength L(m) 8.000
B1. DEAD LOAD CALCULATIONS
Self-weight of Slab 10.800
Uniform Load per meter of Girder (KN/m) Barrier Rall 2783
Asphalt Overlay 0.943
Total 14.450
- Mp 115.60
bead Load Moment (KN-m/m) oL
Shear (KN) VoL 57.80
B2. LIVE-LOAD CALCULATIONS
LIVE-LOAD Type MS18(HS20)
N f live | i
umber of live load wheel line 0.589 INPUT FOR LIVE LOAD
Impact facter 0.300
span 8.000
Max.MS18 moment for 8.00m span /wheel line xm?::p\:gocf '\'\//l\LLL :?giz
Max.MS18 shear at a distance "d" without Impact \ 105.59
from the support/wheel line with Impact Vi 80.78

After confirmation of this sheet, Iﬁl
click "NEXT" button then
proceed directly to the next

Note

Refer to the manual calculation sheets as shown in the Appendix Il "Load

Reference Rating Examples" page 128 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.

Input Data Unnecessary.

Slab Width Slab Width for Load Rating Calculations is applied 1Tm width.

Live Load Forces

They are calculated besed on the Load Rating Manual Appendix Il

( refer to Table shown in the next pages of this Sheet 3 )

Applied Equation
in Output

Uniform Load Wp, | = AXxW
?oesg Mo =1/8 X Wp, x L2
VoL =1/2xWp xL
ML Refer to Load Rating Manual Appendix il
Live MLL =ML x D.FxImpact
Load VL Refer to Load Rating Manual Appendix llI
VLL =ML x D.F x Impact

RCFS
SIMPLE



Sheet 4 (CCLFM): Capacity Calculations for Moment at Midspan and Shear at Support
C. LOAD RATING BY LOAD FACTOR METHOD (LFM)

L 1.00 m Segment |
[~ >
|

—

Total area of Rebar
0.45 3.28 mm @ Nos of Relar 10
Dia. (mm) 28
! g8 yb As(mm2) 6158
> > > 328mm@ yb (mm) 61
4-28mm @
TYPICAL SLAB
REINFORCEMENT
C1. CAPACITY CALCULATIONS
C1. INPUT
(1) Common Input Data
Concrete| Allowable Stress fc 6.9
Material Properties Strength fe 17.2
(Mpa) Rebar | Allowable Stress fs IS7A%
Strength fy 275.8
(2) Input Data for Moment Capacity
Total Area of Steel As(mm?) | 10 % ( 28mm rebar ) 6158
Section Loss (%) 10
Total Assumed Area of Steel As(mm?2) 5542
Centroid of rebars from bottom of deck , d (mm) 61
Centroid of rebars from top of deck , d (mm) 389
Effective width of deck , b4 (mm) 1000
Ultimate capacity factor (Uf) 0.90
C1. MOMENT CAPACITY AT MIDSPAN
Rectangular stress block depth a (mm) 105.0
The Moment Capacity Mu (kN-m) 462.9

After confirmation of this sheet, | [LNEXT |
click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 129 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Light blue cells should be filled up, these are;
Input Data Rebar Main Reinforcements Schedule
Damage Evaluation | Secton Losses due to Rebar exposure caused by Moment
. Drawings (Rebar Schedule) for the objective bridge should be prepared
Drawings A
as shown in this screen.
Applied Equation Ultimate Moment | My=Ufx As'xfy x (d-a)
in Output Capacity My where, a=(As' xfy)/(0.85xf'cxbeff)

RCFS
SIMPLE



Sheet 5 ( LRLFM ) : Load Rating Calculations

C2. LOAD RATING CALCULATIONS

C2.1 INPUT

Load factor for dead load 1.3
Load factor for live load Invenlc?ry 217

Operating 1.3
Moment Ultimate Capacity at Midspan (kN-m) 462.92
Dead Load Moment at Midspan (kKN-m) 115.60
Live Load Moment at Midspan (kN-m) 118.46
Rating Live Load (Tons) 33.0

Rating Load

C2.2 CALCULATIONS OF RATING FACTOR AND LOAD RATING Factor Rating

) i i Inventory Rating 1.22 40.26
Rating Factor and Load Rating Moment | Midspan ) Operating Rafing 503 56.99

Depend on the minimum value of Rating Factor > 1 or <1,
instruction is automatically shown below

Return to GENERAL

Click following the above instruction

I Return fo CENERAL I According fo the Insfruction shown in

this screen, User have to click

a gray coloured cell "Retfurn to
GENERAL" or "LOAD POSTING", then
proceed directly to the next screen.

[ LOAD POSTING |

Note
Reference Refgr to the manual colculqﬁon sheets as shown in The‘ Appen(;lix Il "Load
Rating Examples" page 130 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Applied Equation
in Output

Rating FactorRF | RF=(® xRn- ypxDL )/ (yux(LL+1))

Load Rating LR LR = RF x ( Vehicle Weight )

RCFS
SIMPLE



Sheet 6 ( POSTLL ) : Demand Forces Calculations for Load Posting Vehicles
(Type 1-1, Type 1-2 and Type 12-2)

D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.1 DEMAND FORCES FOR LOAD POSTING VEHICLES

(1) POSTING VEHICLE Type 1-1
LIVE-LOAD Type Typel-1
Number of live load wheel line 0.589
Impact factor 0.300
span 8.00

X without Impact M 133.60
Type 1-1 moment for 8.00m span /wheel line \with Impact My 10221
Type 1-1 shear at a distance "d" without Impact Vi 74.60
from the support/wheel line with Impact Vi 57.07
(2) POSTING VEHICLE Type 1-2
LIVE-LOAD Type | Typel-2

X without Impact M, 153.79
Type 1-2 moment for 8.00m span /wheel line with Impact My 11766
Type 1-2 shear at a distance "d" without Impact A 94.94
from the support/wheel line with Impact Vi 72.64
(3) POSTING VEHICLE Type 12-2
LIVE-LOAD Type | Typel2-2

. without Impact M, 14493
Type 12-2 moment for 8.00m span /wheel line with Impact My 11088
Type 12-2 shear at a distance "d" without Impact Vi 85.28
from the support/wheel line with Impact Vi 65.24

After confirma

click "NEXT" button then
proceed directly to the next

fion of this sneet, | [LNEXE]

Note
Reference Refgr to the manual colculqﬁon sheets as shown in The‘ Appen(ltlix Il "Load
Rating Examples" page 130 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Posting Live Load | They are calculated besed on the Load Rating Manual Appendix lll.

Forces ( refer to Table shown in the next pages of this Sheet 6 )
ML Refer to Load Rating Manual Appendix il
Applied Equation Pciisjgg MLL = ML x D.F x Impact
in Output Load VL Refer to Load Rating Manual Appendix Il
VLL =ML x D.F x Impact

RCFS
SIMPLE



Sheet 7 ( POSTLFM ) : Postina Ratina Calculations

D2. POSTING RATING CALCULATIONS

D2.1 INPUT
Load factor for dead load 1.3
Load factor for live load Inventgw Z17
Operating 1.3
Moment
Moment Ultimate Capacity 462.92
Dead Load 115.60
Vehicle
Moment Weight
MS18 118.46 330
Live Load Moment at Midspan (KN-m) Type 1-1 102.21 17.0
Live Load Shear at Support (KN} Type 1-2 117.66 270
Type 12-2 110.88 38.0

D2.2 LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
Vehicle Inventory Rating Operating Rating .
Vehicle | Weight Posting
. Moment Moment (Metric
Type (Metric Tons)
Tons) RF LR RF LR
M318 330 1.22 40.1 203 67.0 33
Type 11| 170 1.41 240 235 400 17
Type 1-2 27.0 1.22 33.1 2.04 55.2 27
Type 12-2| 380 1.30 49.4 217 82.4 38
After confirmation of this sheet, NEXT
click "NEXT" button then
proceed directly to the next
Note
Refer to the manual calculation sheets as shown in the Appendix Il "Load
Reference

Rating Examples" page 131 in the Manual for Load Rating of Bridges.

Verification

Results of calculations should be verified.

Input Data

Unnecessary.

Applied Equation
in Output

Rating Factor RF

RF=(®xRn- ypxDL)/(yux(LL+1))

Load Rating LR

LR = RF x ( Vehicle Weight )

RCFS
SIMPLE



Sheet 8 ( CCASM ) : Moment and Shear Capacity Calculations by ASM
E. Load Rating by Allowable Stress Method

E1. MOMENT AND SHEAR CAPACITY CALCULATIONS

E1.1 Input
Year Built 1958
fe Inventory 6.9
Concrete Operating 10.3
Material Properties f'c 17.2
Inventory 137.9
Reb f
eoar ° Operating| 193.1
Total Assumed Area of Steel As(mm?) 5542
Centroid of rebars from top of deck , d (mm) 389
Effective width of deck , beff (mm) 1000
Rebar Ratio p = As / (beff xd ) 0.01425
Modular Ratio of Elasticity n = Es / Ec 12
k=+v [2en+(pn)?]-pn 0.4383
kd 170.5
j 0.8539
id 332.2
E1.2 MOMENT CAPACITY CALCULATIONS
Capacity by concrete Inventory 195.37
allowable stress i
Moment (kN-m) (ijeraihhg iz;gi
Capacity by rebar allowable stres: nven <.>ry .
Operating| 355.49

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Note
Reference Refgr to the manual calculation .shee’rs as shown in the Appendix Il “'Lood
Rating Examples" page 131, 132 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Mc = (Compression zone resultant force "C") x fc x jd

Applied Equation

in Output Moment Capacity | Ms = As x fs x jd

Mu is governing smaller figure either Mc or Ms

RCFS
SIMPLE



Sheet 9 ( LRASM ) : Load Ratina Calculations by ASM
E2. LOAD RATING CALCULATIONS

E2.1 INPUT
Load factor for dead load 1.0
Load factor for live load 1.0
Inventory 195.37
Operating| 291.65

Moment Capacity at Midspan (kN-m)

Dead Load Moment af Midspan (kN-m) 115.60
Live Load Moment at Midspan (kN-m) 118.46
Rating Live Load (Tons) 33.0
E2.2. RATING FACTOR CALCULATIONS (ASM) Rafing | Load
Factor Rating
. N . Inventory Rating 0.67 22.11
Rating Factor and Load Rating |Moment { Midspan ) Operating Rafing 149 507

After confirmation of this sheet, Iﬂl
click "NEXT" button then
proceed directly to the next

Note
Reference Reffer to the manual colculqﬂon sheefs as shown in The. Appenc.jix Il "Load
Rating Examples" page 132 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
Applied Equation Rating Factor RF=(R-A1XxD)/(A2xL(1+1))
in Output Load Rating LR = RF x 33.0 ( Vehicle Wejght )

RCFS
SIMPLE



Sheet 10 ( POSTASM ) : Load Posting Calculations by ASM
F. LOAD POSTING BY ALLOWABLE STRESS METHOD

F1. INPUT
Load factor for dead load 1.0
Load factor for live load 1.0
Moment
. Inventory 195.37
Moment Capacit
pactly Operating 291.65
Dead Load 115.60
Vehicle
Moment Weight
MsS18 118.46 330
Live Load Moment at Midspan (kN-m) Type 1-1 102.21 170
Live Load Shear at Support (KN) Type 1-2 117.66 270
Type 12-2 110.88 380

F2. LOAD POSTING RATING FACTOR CALCULATIONS (ASM)
Vehicle Moment Posting
vTeyhéie (Vrrz\eel?r:z Inventory Rating Operating Rating (:I:eni;i)c
Tons) RF LR RF LR
MS18 | 330 0.67 222 1.49 49.0 22
Type1-1| 170 0.78 133 172 293 13
Type 1-2 27.0 0.68 183 1.50 40.4 18
Type 12-2| 38.0 0.72 27.3 1.59 60.3 27
After confirmation of this sheet, | [LNEXT|
click "NEXT" button then
proceed directly to the next
Note
Refer to the manual calculation sheets as shown in the Appendix Il "Load
Reference

Rating Examples" page 133 in the Manual for Load Rating of Bridges.

Verification

Results of calculations should be verified.

Input Data

Unnecessary.

Applied Equation
in Output

Rating Factor

RF=(R-Al1xD)/(A2xL(1+1))

Load Rating

LR = RF x ( Each Posting Vehicle Wejght )

RCFS
SIMPLE



Sheet 11 ( POSTSUM ) : Summary of Load Posting
G. SUMMARY OF LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle |Allowable Stress (ASM)|  Lead Factor (LFM) Load
Vehicle Weight .
Type (Meiric Rating Load Rating Load Posting
Tons) Factor Rating Factor Rating (Tons)
MS18 33.0 0.67 22.2 1.22 40.1 221
Type 1-1 17.0 0.78 12L8 1.41 240 131
Type 1-2 27.0 0.68 18.3 1.22 3301 181
Type 12-2| 380 0.72 27.3 1.30 494 271

After confirmation of this sheet, click
"BACK TO GENERAL" butfton then
proceed directly fo the next screen.

| BACKTO GENERAL |
Note
Reference Refgr to the manual colculqﬁon sheets as shown in TheA Appencltlix Il "Load
Rating Examples" page 133 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
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6.2.2 Continuous RCFS

Sheet 1 ( GENERAL ) : Input Data of Bridge Description

RCFS CONTINUOUS

A. GENERAL
A1. BRIDGE DESCRIPTION
Bridge Location REGION Vi |
Bridge Name
Bridge Simple or Continuous (=
Type Number of Span 3
Bridge of Width (curb to curb) (m) 7.32
Number of Lanes 2
Bridge Length (m) 8.000 8000 | 8000 | [ [ =24.000m
Year Built 1982
Structure Superstructure Reinforced Concrete Slab
Substructure Wall Type RC Piers and RC Cantilever Abutments
Wearing |thickness (mm) 50
Course  |material Asphalt
. . fc= 8.3 Mpa fs=|  137.9 |Mpa
Material Properties fom 20.7 Mpa ty=[ 2758 |Mpa
Weight of barrier rail Wbr = E KN/m
Assumption Concrete Unit Weight Wu = 240  KN/m’
Asphalt Unit Weight Wa = 22.0 KN/m?
Others Ratfing Live Load Is AASHTO MS18 (HS20-44)
) Year of fc or fs After confirmation of this sheet,
Material . f'c or fy B . .
| Construction | Inventory | Operating|  Posling click "NEXT" button then
Priorlo 1959 17.2 69 | 103 69 proceed directly to the next
after 1959 20.7 8.3 13.1 83
Conerete igr7 0 1981 276 110 16.5 1o |*pe
after 1981 | 310 12.4 18.6 12.4 *pc
Prior to 1954 227.5 124.1 172.4 124.1
ofier 1954 | 2758 1379 1931 1379 *pc: for Prestressed Concrete
Rebar Grade 50 344.7 137.9 224.1 137.9  |*pc
Grade 60 413.7 165.5 248.2 165.5 |"pc
Note

Input Data

Light blue cells should be filled up.

Differences compared
with Simple RCFS

Simple or Continuous, Number of Span and Bridge Length.

Material Properties

It should be taken from GENERAL NOTE in the as built drawings or in the
Standard Bridge Design. In case of non-availability of data, It should be taken
based on the Bridge Year Built. ( refer to Table shown in the above Table)
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Sheet 2 (LAYOUT ) : Input Data of Bridge Layout and Dimension
A2. BRIDGE LAYOUT AND DIMENSION

8.00m 8.00m 8.00m

BRIDGE ELEVATION

9.54m

7.32m

0.45 I
050 | 8.54m 1050 .
DECK SECTION
BRIDGE LAYOUT AND DIMENSION
Overall width {m) 9.540
gﬂg“cgzmcéw(id'lh (m) 7.320 After confirmation of this sheet,
lab wi w(m 8.540 . n "
Slab thickness h (m) 0.450 click NEXT button then
Span Length L{m) 8.000 proceed directly to the next
Note
Light blue cells should be filled up, these are;
- Girder Dimension : Overall Width
Input Data

- Slab Dimension : Width and Thickness

- Span Length

Differences compared
with Simple RCFS

Drawing of Bridge Elevation.

Drawings

Drawings (Elevation and Cross Section) for the objective bridge should be
prepared as shown in this screen.
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B. DEMAND FORCES

Sheet 3 (DFDLLL ) : Demand Forces Calculations

BO. INPUT
FOR [ Slab width bw(m) 8.540
DEAD | Slab thickness h (m) 0.450
LOAD | SpanLength Lim) 8.000

B1. DEAD LOAD CALCULATIONS

Self-weight of Slab 10.800
Uniform Load per meter of Girder (KN/m) Barrier Ralil 2.708
Asphalt Overlay 0.943
Total 14.450
Moment (KN-m/m) Mpy 115.60

Dead Load {
Shear (KN) Vo 57.80

B2. LOAD DEMAND MIDSPAN AND SUPPORT OF RCS

Conducting a Structural Analysis, the load demands for the RCS should be
obtained separately and input the necessary load demands in the Table below.

LIVE-LOAD Type
Number of live load wheel line

MS18(H520)

0589 1 |NPUT FOR LIVE LOAD

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Impact factor 0.300

span 8.000

Description At Midspan At Pler Support

Dead load moments, KN-m 115.60 -66.30

Additional Dead load moments, KN-m 7.65 -7.45

MS18 max. positive moment, KN-m 152.50 -

MS18 max. negative moment, KN-m - -109.10
NEXT

Note
Reference Ref.er to the manual colculq’rion sheets as shown in the. Appenqix Il"Load
Rating Examples" page 146 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Load Demands on continuous bridge should be given.

Differences compared
with Simple RCFS

Load demands should be separately analized with appropriate structural Model.

Slab Width

Slab Width for Load Rating Calculations is applied 1m width.

Applied Equation
in Output

Dead
Load

Uniform Load Wy, | = AxW
Mo = 1/8 x Wpy x L2
A =1/2xWp xL

23

RCFS
CONTINUOUS



Sheet 4 (CCLFM): Capacity Calculations for Moment at Midspan and Shear at Support
C. LOAD RATING BY LOAD FACTOR METHOD (LFM)

L 1.00m Segment | 6.7 nos-28mmZ<€—
‘T' s Total area of Rebar
. yo——— Midspan At Pier
for Pier Nos of Rebar 10 6.7
0.45 Dia. (mm) 28 28
] Y As(mm2) 6158 4126
yb (mm) 61 64
10nos.-28 mm
TYPICAL SLAB for Midspan
REINFORCEMENT
C1. CAPACITY CALCULATIONS
C1. INPUT
(1) Common Input Data TMIdSpan | At pier
Concrete Allowable Stress 8.3
Material Properties Strength 20.7
(Mpa ) Rebar Allowable Stress 137.9
Strength 275.8
(2) Input Data for Moment Capacity At Midspan | At pier
Total Area of Steel As(mm?) 10 x [ 28mm rekar ) 6158 4126
Section Loss (%) 0 0
Total Assumed Area of Steel As(mm?2) 6158 4126
Centroid of rebars from bottom of deck , d (mm) 61 64
Centroid of rebars from top of deck , d (mm) 389 386
Effective width of deck , b (mm) 1000 1000
Ultimate capacity factor (Uf) 0.90 0.90
C1. MOMENT CAPACITY AT MIDSPAN At Midspan | At Pier
Rectangular stress block depth a (mm) 97.0 I 65.0
The Moment Capacity Mu (kN-m) 520.4 | 362.0

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Note
Reference Ref.er to the manual calculation .shee’rs as shown in the Appendix Il ."Lood
Rating Examples" page 146, 147 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Light blue cells should be filled up, these are;
Input Data Rebar Main Reinforcements Schedule

Damage Evaluation

Secton Losses due to Rebar exposure caused by Moment

Differences compared
with Simple RCFS

Rebar schedule at Pier should be added.

Drawings

as shown in this screen.

Drawings (Rebar Schedule) for the objective bridge should be prepared

Applied Equation
in Output

Ulfimate Moment | My=Ufx As'xfyx (d-a)
Capacity My where, a=(As'xfy)/(0.85x

f'c x beff )
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C2. LOAD RATING CALCULATIONS

Sheet 5 ( LRLFM ) : Load Rating Calculations

C2.1 INPUT At Midspan| At Pier
Load factor for dead load 1.3
Load factor for live load \nvemolr\/ 217
' Operating 1.3
Moment Ultimate Capacity at Midspan (kN-m) 520.43 -362.00
Dead Load Moment at Midspan (kN-m) 123.25 -73.75
Live Load Moment at Midspan (kN-m) 152.50 -10%9.10
Rating Live Load (Tons) 33.0 33.0
Rating Load
C2.2 CALCULATIONS OF RATING FACTOR AND LOAD RATING Factor Rating
e ey e e
Rating Factor and Load Rating | Mament P J xaling = .
At Pier Inventory Rating 1.12 36.96
Operating Rating 1.88 62.04
Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cell is automatically shown
Return to GENERAL

Click following the above instruction

| Retumto GENERAL |

According to the Instruction shown in this
screen, User have to click

l toad Posting I a gray coloured cell "Retfurn to
GENERAL" or "LOAD POSTING", then
proceed directly to the next screen.

Note

Reference

Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 148 in the Manual for Load Rating of Bridges.

Verification

Results of calculations should be verified.

Input Data

Unnecessary.

Differences compared
with Simple RCFS

Load Rating calculations should be done not only at Midspan but also at Pier.

Applied Equation
in Output

Rating Factor RF

RF=(®xRn- ypxDL)/ (yux(LL+1))

Load Rating LR

LR = RF x ( Vehicle Weight )
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Sheet 6 ( POSTLL ) : Demand Forces Calculations for Load Posting Vehicles
D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.2 POSTING VEHICLE DEMAND FORCES

Conducting a Structural Analysis, the load demands for the RCS should be
obtained separately and input the necessary load demands in the Table below.

Posting Vehicle

Type 1-1

Type 1-2

Type 12-2

Demand Forces

Moment
Shear
Moment
Shear
Moment
Shear

At Midspan At Pier Support
105.2 -83.9
= -23.1
137.7 -109.2
- -31.2
142.8 -115.9
- -30.4

After confirmation of this sheet,

click "NEXT" button then
proceed directly to the next

Note
Reference Ref.er to the manual colculqﬁon sheets as shown in The. Appenc;lix II'"Load
Rating Examples" page 149 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Load Demands loaded on continuous bridge should be given.

Differences compared | Load Rating calculations should be done not only at Midspan but also at Pier

with Simple RCFS Load demands should be separately analized with appropriate structural Model.
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Sheet 7 ( POSTLFM ) : Posting Rating Calculations

D2. POSTING RATING CALCULATIONS

D2.1 INPUT
Load factor for dead load 1.3
Load factor for live load Invem@r\/ 2y
Operating 1.3
Midspan| At Pier
Moment Ultimate Capacity 520.43 | 362.00
Dead Load 12325 | -73.75
. " Vehicle
Midspan| At Pier Weight
MS18 152.50 | -109.10 | 33.0
Live Load Moment at Midspan (kN-m) Type 1-1 105.20 | -83.90 17.0
Live Load Shear at Support (KN) Type 1-2 | 137.70 | -109.20 [ 27.0
Type 12-2| 14280 | -115.0 | 38.0
D2.2 LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
Vehicle Inventory Rating Operating Rating "
Vehicle | Weight Posting
T . Moment Moment (Metric
ype (Metric Tons)
Tons) RF LR RF LR
(1) AT MIDSPAN
MS18 33.0 1.09 359 1.82 40.0 33
Type 1-1| 170 1.58 268 2.63 44.8 17
Type 1-2| 270 1.21 32.5 2.01 543 27
Type 122| 380 1.16 442 1.94 737 38
(2) AT PIER
MS18 33.0 1.12 37.1 1.88 61.9 33
Type 1-1| 170 1.46 248 .44 41.5 17
Type 12| 27.0 1.12 303 1.87 50.6 27
Type 12-2| 380 1.06 40.2 1.77 67.1 38
After confirmation of this sheet, NEXT
click "NEXT" button then
proceed directly to the next
Note
Refer to the manual calculation sheets as shown in the Appendix Il "Load
Reference . " . . .
Rating Examples" page 149 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple RCFS

Load Rating calculations should be done not only at Midspan but also at Pier

Applied Equation
in Output

Rating FactorRF | RF=(® xRn- ¥pxDL) / (yux (LL+1))

Load Rating LR LR = RF x ( Vehicle Weight )
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Sheet 8 (CCASM ) : Moment and Shear Capacity Calculations by ASM

E. Load Rating by Allowable Stress Method

E1. MOMENT AND SHEAR CAPACITY CALCULATIONS

E1.1 Input At Midspan| At Pier
Year Built 1982
te Inventory 8.3
Concrete Operating 13.1
Material Properties fc 20.7
Inventory 137.9
Rebar fs Operating 1931
Total Assumed Area of Steel As(mm 8 X (28mmrebar) 6158 4126
Centroid of rebars from top of deck , d (mm) 389 386
Effective width of deck , beff ([mm) 1000 1000
Rebar Ratio p = As / (beffxd ) 0.01583 0.01069
Modular Ratio of Elasticity n = Es / Ec 12 12
k=4 [2on+(pn)?]-pn 0.4550 0.3942
kd 177.0 152.2
j 0.8483 0.8686
jd 330.0 8385%)
E1.2 MOMENT CAPACITY CALCULATIONS At Midspan| At Pier
Capacity by concrete Inventory 242.40 211.72
Moment (kN-m) allowable stress Operatfing| 382.59 334.16
Capacity by rebar allowable sfress Inventory |EEEE02] 19074
Operating| 392.38 267.10

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Note
Reference Refgr to the manual calculation shee_’rs as shown in the Appendix Il ”Loogl
Rating Examples" page 150, 151, 152 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple RCFS

Load Rating calculations should be done not only at Midspan but also at Pier

Applied Equation
in Output

Moment Capacity

Mc = (Compression zone resultant force "C") x fc x jd

Ms = As x fs x jd

Mu is governing smaller figure either Mc or Ms
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Sheet 9 (LRASM ) : Load Rating Calculations by ASM
E2. LOAD RATING CALCULATIONS

E2.1 INPUT At Midspan At Pier
Load factor for dead load 1.0
Load factor for live load 1.0
Inventol 242.40 190.74
Moment Capacity at Midspan (kN-m) .ry
Operating| 382.59 267.10
Dead Load Moment at Midspan (kN-m) 123.25 -73.75
Live Load Moment at Midspan (kN-m) 152.50 -109.10
Rating Live Load (Tons) 33.0
Rating Load
E2.2. RATING FACTOR CALCULATIONS (ASM) Factor Rating
e e
Rating Factor and Load Rating Moment | } - P 9 - 9 - =
. Inventory Rating 1.07 35.31
At Pier " ;
Operating Rating 1.77 58.41

After confirmation of this sheet, [ NExT |
click "NEXT" button then
proceed directly to the next

Note

Refer to the manual calculation sheets as shown in the Appendix Il "Load

Reference Rating Examples" page 152 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared

with Simple RCFS Load Rating calculations should be done not only at Midspan but also at Pier

Applied Equation Rating Factor RF=(R-A1xD)/(A2xL(1+1))
in Output Load Rating LR = RF x ( Vehicle Wejght )

RCFS

CONTINUOUS
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Sheet 10 ( POSTASM ) : Load Posting Calculations by ASM
F. LOAD POSTING BY ALLOWABLE STRESS METHOD

F1. INPUT

Dead Load

Load factor for dead load
Load facter for live load

Moment Capacity

Live Load Moment at Midspan (kN-m)
Live Load Shear at Support (KN)

1.0
1.0
Moment
Midspan At Pier
Inventory | 242.40 | -190.74
Operating| 382.59 | -267.10
12325 | -73.75
Moment Vehicle
Midspan At Pier | Weight
MS18 152,50 [ -109.10 33.0
Type 1-1 105.20 | -83.90 17.0
Type 1-2 137.70 | -109.20 27.0
Type 12-2 | 142.80 [ -115.90 38.0

F2. LOAD POSTING RATING FACTOR CALCULATIONS (ASM)
_ Vehic\e Moment Posting
\/fyh;cele meé?r:i Inventory Rating Operating Rating (ne;;i)c
Tons) RF LR RF LR
(1) AT MIDSPAN
MS18 33.0 0.78 25.8 1.70 56.1 26
Type 1-1 17.0 1.13 19.3 2.47 41.9 17
Type 1-2 | 27.0 0.87 23.4 1.88 50.9 23
Type 12-2/ 380 0.83 31.7 1.82 69.0 32
(2) AT PIER
MS18 33.0 1.07 354 1.77 58.5 33
Type 1-1 17.0 1.39 23.7 2.30 39.2 17
Type 12 27.0 1.07 28.9 1.77 47.8 27
Type 12-2/ 380 1.01 384 1.67 63.4 38
After confirmation of this sheet, NEXT

click "NEXT" button then
proceed directly to the next

Note
Reference Refgr to the manual colculqﬁon sheets as shown in the. Appenglix Il "Load
Rating Examples" page 153 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple RCFS

Load Rating calculations should be done not only at Midspan but also at Pier

Applied Equation
in Output

Rating Factor

RF=(R-Al1xD)/(A2xL(1+1))

Load Rating

LR = RF x ( Each Posting Vehicle Wejght )

RCFS

CONTINUOUS
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Sheet 11 ( POSTSUM ) : Summary of Load Posting
G. SUMMARY OF RESULTS FOR LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle | Allowable Stress (ASM)|  Load Factor (LFM)
. . Load
Vehicle Weight .
Type Mefic | Rating Load Rating load | Posting
Tons) Factor Rating Factor Rating (Tons)
MS18 33.0 0.78 25.8 1.09 359 26T
Type 1-1 17.0 113 19.3 1.46 24.8 177
Type 1-2 27.0 0.87 23.4 112 30.3 231
Type 122 380 0.83 31.7 1.06 402 32T

After confirmation of this sheet, click
"BACK TO GENERAL" button then
proceed directly fo the next screen.

| BACKTO GENERAL |

Note
Reference Refgr to the manual colcuquion sheets as shown in the. AppenQix Il "Load
Rating Examples" page 154 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

RCFS

CONTINUOUS
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6.3 RCDG (Reinforced Concrete Deck Girder Bridge)

6.3.1 Simple RCDG

Sheet 1 ( GENERAL ) : Input Data of Bridge Description

INTERIOR RCDG SIMPLE

A. GENERAL

BACK TO MENU

Al. BRIDGE DESCRIPTION

Bridge Location REGION

Bridge Name

x|

Sample Bridge

Bridge Simple or Continuous S Reinforced Concrete T-beams
Type Number of Span 1
Bridge of Width (curb to curb) (m) 7.32
Number of Lanes 2
Bridge Length [m) 10.400 | | | =10.400m
Year Built 1987
Nos. of Girder 4 Multiple monotholic with deck slab.
Structure | Girder Spacing (m) 2.400 |on centers
Substructure Concrete bents and Abutments
Wearing | thickness (mm) 50
Course material Asphalt
Material Properties e 4|8'3 Mpa fs= 4’13?'9 Mpa
f'e= 20.7 Mpa fy= 2758 |Mpa
Weight of barrier rall Wbr = 3.6 KN/m
Assumption Concrete Unit Weight Wu = 24.0 KN/m®
Asphalt Unit Weight Wa = 22.0 KN/m®
Others Rating Live Load is AASHTO MS18 (HS20-44)
Material | . "SI0 | poor gy Tk After confirmation of this sheet
Construction Inventory |Operating| Posting !
Priorto 1959 | 172 | 69 103 69 click "NEXT" button then
Concrete|_Oer 1959 | 207 83 13.1 83 proceed directly to the next
1977 to 1981 27.6 11.0 16.5 1.0 *pc
after 1981 | 310 12.4 18.6 124 |*pc
| Priorto 1954 | 227.5 124.1 172.4 124.1 "
after1954 | 2758 | 1379 | 193 137.9 pc: for Prestressed Concrete
Rebar Grade 50 344.7 137.9 224.1 137.9  |*pc
Grade 60 | 4137 165.5 2482 165.5 |*pc
Note

Input Data

Light blue cells should be filled up.

Material Properties

It should be taken from GENERAL NOTE in the as built drawings or in the
Standard Bridge Design. In case of non-availability of data, It should be
taken based on the Bridge Year Built.

(refer to Table shown in the above Table)
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Sheet 2 (LAYOUT ) : Input Data of Bridge Layout and Dimension

A2. BRIDGE LAYOUT AND DIMENSION

10.40m

It

BRIDGE ELEVATION

SUPFRSTRIICTIIRF CROSS SFCTION

BRIDGE LAYOUT AND DIMENSION

Girder widih bw(m] 0.400

Girder Web height h (m) 0.600

Fillet/Haunch width wf{m) 0.100 After confirmation of this sheet,

Fillet/Haunch height hf{m) 0.100 click "NEXT" button then

Slab thickness ts (m}) 0.180 .

span Length Lim)] Tt proceed directly to the next
Note

Light blue cells should be filled up, these are;
- Girder Dimension : Width and Web Height

Input Data . . . . . .
- Slab Dimension : Fillet/Hunch Width and Height, and Slab Thickness
- Span Length
. Drawings (Elevation and Cross Section) for the objective bridge should be
Drawings

prepared as shown in this screen.
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Sheet 3 (DFDLLL ) : Demand Forces Calculations

B. DEMAND FORCES

BO. INPUT
Girder width bw(m) 0.400
Girder Web height h (m) 0.600
FOR | Fillet/Haunch widih wf(m) 0.100
DEAD | Fillet/Haunch height hf(m) 0.100
LOAD | Slab thickness ts (m) 0.180
Slab width ws (m) 2.400
Span Length L(m) 10.400
B1. DEAD LOAD CALCULATIONS
Self-weight of Girder 5.760
Fillet/Haunch ) 0.240
Uniform Load per meter of Girder (KN/m) Slab WE‘Q_h' Confinuous BRI
Barrier Rail 1.800
Asphalft Overlay 2.640
Total 20.810
Moment (KN-rm/m) Mo 281.4
Dead Locxd Shear (KN) Vo, 108.2
B2. LIVE-LOAD CALCULATIONS
LIVE-LOAD Type MS18{H520)
MNumber of live load wheel Ine 1.312
impact factor 5,500 INPUT FOR LIVE LOAD
span 10.400
Max.MS18 moment for 10.40m span /wheel line withoul Impect M, s
' ) with Impact My 403.5
Max.MS18 shear at a distance "d" without Impact v, 117.7
from the support/wheel line with Impact Vi 200.7
After confirmation of this sheet,
click "NEXT" button then
proceed direcftly to the next
Note
Refer to the manual calculation sheets as shown in the Appendix Il "Load
Reference ) " . . -
Rating Examples" page 168 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Live Load Forces

They are calculated based on the Load Rating Manual Appendix I

( refer to Table shown in the next pages of this Sheet 3 )

Uniform Load Wy, | = Ax W
Dead
Load Mou =1/8x Wp x L
VoL =1/2XWp XL
Applied Equation - -
in Output ML Refer to Load Rating Manual Appendix Il
Live MLL =ML x D.F x Impact
Load VL Refer to Load Rating Manual Appendix Il
VLL =ML x D.F x Impact
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C. LOAD RATING BY LOABOEACTOR METHOD (LFM)

Sheet 4 (CCLFM): Capacity Calculations for Moment at Midspan and Shear at Support

Tolal area of Rebar
Nos of Rebar 8
-] B BEEBRARE AR TR Bia. {mm) 28
As{mm2) 4926
StTup ¢ 1 yb (mm) 102
60 8-26mm@
Stirups
Dia. [mm) 12
T As;mmzl 113.1
GIRDER AND SLAB DETAILS Spacng (mm) 20
C1. CAPACITY CALCULATIONS
C1. INPUT
(1) Common Input Data
Concrete Allowable Stress fc 8.3
Material Properties Strength fc 20.7
(Mpa) Allowable Stress fs 137.9
Rebar
Strength fy 2758
(2) Input Data for Moment Capacity
Total Area of Steel As(mm?) 4926
Section Loss due to Rebar Exposure (%) 0
Total Assumed Areq of Steel As(mmz2) 4926
Centroid of rebars from bottom of deck , d (mm] 102
Centroid of rebars from top of deck , d ([mm) 678
125 + bw 2560
Effective width of deck , b.; (mm Span Length / 4 2600
beff 2400
Ultimate capacity factor [Uf) 0.90
(3) Input Data for Shear Capacity
Girder width bw(mm) 400
Depth of Shear Cracks (mm) 199
The Reduction Factor due to Shear Cracks 0.50
Centroid of rebars from top of deck , d ([mm) 678
Area of rebar Av(mm?) 113.1
Section Loss due to Stirups Exposure (%) 0
Total Assumed Area of Steel As(mm2) 113.1
Spacing of stirrups § (mm) 200
Ultimate capacity factor [Uf) 0.85

C1.1 MOMENT CAPACITY AT MIDSPAN

Rectangular stress block depth a (mm)
The Moment Capacity Mu [kN-m)

32.2
809.3

C1.2 SHEAR CAPACITY AT SUPPORT

The shear FULL capacity due to concrete section Ve (kN)
The shear eapacity due to concrete section Ve (kN)

The shear FULL eapacity due to shear reinforcement Vs (kN)
The shear capacity due to Stirups Vs (kN)

206.1
103.5
211.5
21125

The total shear capacity Vu (kM)

267.8

After confirmation of this sheet, M
click "NEXT" button then

proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 169, 170 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Light blue cells should be filled up, these are;
Main Reinforcements Schedule
Rebar -
Stirups Schedule
Input Data
Secton Losses due to Rebar exposure caused by Moment
Damage Evaluation | Depth of Shear Cracks
Secton Losses due to Stirrups exposure caused by Shear
Drawings Drawings (Rebar Schedule) for the objective bridge should be prepared

as shown in this screen.

Applied Equation
in Output

Ultimate Moment
Capacity My

My=UfxAs'xfyx (d-a)
where, a=(As'xfy)/(0.85xfc xbeff)

Ultimate Shear
Capacity Vy

VU=® x (Vc+Vs)
where, Vc=0.167xSqgrt (f'c)xbxd
Vs=2xAv' xfyxdeff /S
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Sheet 5 ( LRLFM ) : Load Rating Calculations
C2. LOAD RATING CALCULATIONS

C2.1 INPUT

Load facter for dead load

Inventory
Operating
Moment Ultimate Capacity at Midspan (kN-m)
Dead Load Moment at Midspan (kN-m)

Live Load Moment at Midspan (kN-m)

Shear Ultimate Capacity at Support (KN)

Dead Load Shear at Support (KN)

Live Load Shear at Support (KN)

Rating Live Load (Tons)

Load facter for live load

1.3
2.7

809.3

281.4

403.5

267.8

200.7

330

C2.2 CALCULATIONS OF RATING FACTOR AND LOAD RATING | "oing  Load

Factor Rating
Moment { Midspan | Iﬂvem?w Rcﬂrwg 0.51 16.7
‘ . Operating Rating 0.85 279
Rating Facter and Load Rating | tory Rati 0.9 96
Shear (At Support ) nveniory kaling - -
Operating Rating 0.49 16.1

Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cellis automatically shown

Load Posting

Click following the above instruction

According fo the Instruction shown in
this screen, User have to click
a gray coloured cell "Return to
GENERAL" or "LOAD POSTING", then
proceed directly to the next screen.

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 170, 171 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Applied Equation
in Output

Rating Factor RF | RF=(®XxRn- ¥pxDL)/ (yux(LL+1))

Load Rating LR LR = RF x ( Vehicle Weight )
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Sheet 6 ( POSTLL ) : Demand Forces Calculations for Load Posting Vehicles

(Type 1-1, Type 1-2

and Type 12-2)

D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

proceed dire

After confirmation of this sheet,
click "NEXT" button then

D1.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
(1) POSTING VEHICLE Type 1-1
LIVE-LOAD Type Typel-1
Number of live load wheel line 1.312
Impact factor 0.300
span 10.40
. without Impact M 183.0
-1 X 5 A |

Type 1-1 moment for 10.40m span /wheel line with Impact M, 3120
Type 1-1 shear at a distance "d" without Impact Vi 76.7
from the support/wheel line with Impact Vi 130.8
(2) POSTING VEHICLE Type 1-2
LIVE-LOAD Type [ Typel-2

without Impact M, 223.6
Type 1- it for 10.4( fwheel li
ype 1-2 moment for 10.40m span /wheel line with Impact M, 3814
Type 1-2 shear at a distance 'd" without Impact Vi 103.6
from the support/wheel line with Impact 'm 176.7
(3) POSTING VEHICLE Type 12-2
LIVE-LOAD Type [ Typel2-2

without Impact M, 208.6

12- st fwit I

Type 12-2 moment for 10.40m span /wheel line with Impact M 3558
Type 12-2 shear at a distance 'd without Impact Vv, 20.1
from the support/wheel line with Impact Vi 153.7

ctly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 171 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary any input data.

Posting Live Load
Forces

They are calculated based on the Load Rating Manual Appendix Il

( refer to Table shown in the next pages of this Sheet 6 )

Applied Equation
in Output

Posting
Live
Load

ML Refer to Load Rating Manual Appendix Il
MLL =ML x D.F x Impact
VL Refer to Load Rating Manual Appendix Il
VLL =ML x D.F x Impact
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Sheet 7 ( POSTLFM ) : Posting Rating Calculations
D2. POSTING RATING CALCULATIONS

D2.1 INPUT
Load factor for dead load 13
I Il
Load factor for live load nven ?ry =l
Operating 1.3
Moment| Shear
Moment Ultimate Capacity 809.3 267.8
Dead Load 281.4 108.2
Vehicle
Moment| Shear Weight
MS18 403.5 200.7 33.0
Live Load Moment at Midspan (kN-m} |Type 1-1 312.1 130.8 17.0
Live Load Shear at Support (KN) Type 1-2 381.4 176.7 270
Type 12-2| 3558 153.7 38.0

D2.2 LOAD POSTING RATING FACTOR CALCULATIONS BY LFM
Vehicle Inventery Rating Operating Rating
. . Posting
vehicle Welght Moment Shear Moment Shear (Metric
Type (Metric Tons)
Tons) RF LR RF IR RF LR RF LR
Msig | 330 | 051 | 167 0.29 96 | 085 | 279 | 049 16.1 10
Type 1-1 17.0 | 0.65 11.1 0.45 7.6 1.09 18.6 0.75 12.7 8
Typel-2| 270 | 054 14.5 0.33 89 0.89 242 | 055 149 9
Type 12-2| 380 o057 21.8 0.38 145 | 096 36.4 0.64 24.2 14
After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next
Note
Refer to the manual calculation sheets as shown in the Appendix Il "Load
Reference . " . . -
Rating Examples" page 171 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Applied Equation
in Output

Rating Factor RF

RFE=(®xRn-ypxDL)/(yux(LL+1))

Load Rating LR

LR = RF x ( Vehicle Weight )
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E. Load Rating by Allowable Stress Method
E1. MOMENT AND SHEAR CAPACITY CALCULATIONS

Sheet 8 ( CCASM ) : Moment and Shear Capacity Calculations by ASM

E1.1 Input
fe Inventory 8.3
Concrete Operating 13.1
Material Properties fc 20.7
Inventory 137.9
| Rebar s Operating 193.1
Total Assumed Area of Steel As(mm?) 4926
Area of rebar Av(mm?) 1131
Spacing of stirrups § (mm) 200
Centroid of rebars from top of deck . d (mm) 478
Effective width of deck , beff (mm) 2400
Girder width bw(m) 400
Rebar Ratio p = As / (beffxd) 0.00303
Modular Ratio of Elasticity n = Es / Ec 12
k=v [2pn+(pn)?]-pn 0.2357
i 0.9214
kd 159.8
Slab thickness ts (mm) 180.0
k 0.2357
z 53.26
jd 624.74
Calculation of kd
n As d b ts bw
12 4926 678 2400 180.0 400
nAs nAsd bis 1/2bts” bwy y/2+ts
59112 40077936 432000 | 38880000 0 180.0
Isty Yealcuiate Yinput
180.0 00 0.0
E1. MOMENT AND SHEAR CAPACITY CALCULATIONS
Capacity Inventory |  994.18
by concrete allowable sfress Mc  Operating| 1569.13
Moment (kN-m)
Capacity Inventory | 424.38
by rebar allowable stress Ms Operating| 594.26
Capacity due to Ve Inventory 49.60
concrete section Operating|  74.40
Shear (kN Capacity Vs Invemc-:ry 105.74
due to rebar Operating| 148.07
Shear capacity Vu Inventory 155.34
Operating| 222.47

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Note

Refer to the manual calculation sheets as shown in the Appendix Il "Load

Reference Rating Examples" page 172, 173, 174 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.

Only Allowable Stress of Rebar should be given.

Yinput should be given as same value with Ycalculate. By giving an initial
Input Data value of Yinput, then User can get a value of Ycalculate. Repeating to

apply Ycalculate as a Yinput, Yinput as same value with Ycalculate will be
taken. In case Y is within slab thickness, Ycalculate and Yinput will be equal
to zero (0).

Applied Equation
in Output

Mc = (Compression zone resultant force "C") x fc x jd

Moment Capacity | Ms = Asx fs x jd

Mu is governing smaller figure either Mc or Ms

Vc =0.08 xSqart (f'c) xbwxd (for Inventory )

Vc=0.12xSart (f'c ) xbwxd (for Operating )

shear Capacity Vs=(2xAvxfsxds )/S

Vu=Vc + Vs
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Sheet 9 (LRASM ) : Load Rating Calculations by ASM
E2. LOAD RATING CALCULATIONS

E2.1 INPUT
Load factor for dead load 1.0
Load factor for live load 1.0
Inventory 424.4
Operating 5943

Moment Capacity at Midspan (kN-m)

Dead Load Moment at Midspan (kN-m) 281.4
Live Load Moment at Midspan (kN-m) 403.5
Inventory 155.3
Sh C ity at Si (KN
ear Capacity at Support (KN) Operafing 225
Dead Load Shear at Support (KN) 108.2
Live Load Shear atf Support (KN) 200.7
Rating Live Load (Tons) 33.0
Rating Load
E2.2. RATING FACTOR CALCULATIONS (ASM) Factor Rating
n -
Moment { Midspan ) Inven gry Rq!mg 035 11.7
) ) Operating Rating 0.78 25.6
Rating Factor and Load Rating "
Shear (At Support ) Inventory Rafing 0.23 7.7
Operating Rating 0.57 18.8

After confirmation of this sheet, I&I
click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 174 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
Applied Equation Rating Factor RF=(R-ATxD)/(A2xL(1+1))
in Output Load Rafing LR = RF x 33.0 ( Vehicle Wejght )
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Sheet 10 ( POSTASM ) : Load Posting Calculations by ASM
F. LOAD POSTING BY ALLOWABLE STRESS METHOD

F1. INPUT
Lead factor for dead load 1.0
Load factor for live load 1.0
Moment| Shear
. Inventory | 424.4 )

M \ ! Ij
ement and Shear Capacily Operating| 5943 | 2225

Dead Load 281.4 108.2

Vehicle
Moment| Shear Weight
MS18 403.5 200.7 330
Live Load Moment at Midspan (kN-m) Type 1-1 312.1 130.8 17.0
Live Load Shear at Support (KN) Type 1-2 381.4 176.7 270
Type 12-2 355.8 1537 38.0
F2. LOAD POSTING RATING FACTOR CALCULATIONS (ASM)

— \ﬁhicﬁj Inventery Rating Operating Rating Posting
ehicle e1g Moment Shear Moment Shear (Metric
Type (Metric

Tens)
Tons) RF LR RF LR RF LR RF LR
MS18 330 0.35 1.7 0.23 7.7 0.78 25.6 0.57 18.8 8
Type 1-1 170 0.44 78 0.36 6.1 1.00 17.0 0.87 14.9 &
Type 1-2| 270 0.38 10.1 0.27 7.2 0.82 22.2 0.65 175 7
Type 12-2| 380 0.40 153 0.31 1.7 0.88 33.4 0.74 28.2 12

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 174, 175 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Applied Equation
in Output

Rating Factor

RF=(R-AIxD)/(A2xL(1+1))

Load Rafing

LR = RF x ( Each Posting Vehicle Wejght )
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Sheet 11 ( POSTSUM ) : Summary of Load Posting

G. SUMMARY OF LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle |Allowable Stress (ASM]  Load Factor (LFM)
. ) Load
Vehicle Welght
Type (Mefiic | Rating Load Rating Load Posting
Tons) Factor Rating Factor Rating (Tons)
MS18 33.0 0.23 7.7 0.29 9.6 81
Type 1-1 17.0 0.3% 6.1 0.45 7.6 &T
Type 1-2 270 0.27 7.2 0.33 8.9 77
Type 12-2 380 0.31 11.7 0.38 14.5 121

After confirmation of this sheet, click
button "END GO TO RC DECK SLAB" then
proceed directly to the next screen.

| END GO TO RC DECK SLAB |

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 175 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
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6.3.2 Continuous RCDG

Sheet 1 ( GENERAL ) : Input a Bridge Description for Load Rating

INTERIOR RCDG CONTINUOUS

A. GENERAL

BACK TO MENU

Al. BRIDGE DESCRIPTION

Bridge Location | REGION

Bridge Name STANDARD BRIDGE
Bridge Simple or Continuous (& Reinforced Concrete T-beams
Type |Number of Span 3
Bridge of Width (curb fo curb) (m) 7.32
Number of Lanes 2
Bridge Length (m) 15000 | 15000 | 15000 | [ =45.000m
Year Built 2000
Nos. of Girder 4 Multiple monotholic with deck slab.
Structure | Girder Spacing (m) 2.400 [on centers
Substructure Walll Type RC Piers and RC Cantilever Abutments
Wearing |thickness (mm) 0]
Course  |material Asphalt
. . fc= 8.3 Mpa fs= 137.9 Mpa
Material Properties Fom 207 MSQ = 2758 Mza
Weight of barrier rail Wor = 13.0 KN/m
Assumption Concrete Unit Weight Wu = 240  KN/m®
Asphalt Unit Weight Wa = 22.0 ‘KN/mﬁ
Others Rating Live Load is AASHTO MS18 (HS20-44)
Material CO\I'(TZ?L’:I ;f\‘on Foorfy |\ o of;ec:;::g i After 'con'flrmolfllon of this sheet,
hriorto 1959|173 s e o click NE?(T button then

after 1959 0.7 03 . 63 proceed directly to the next
Concrete o710 1981|276 1.0 16.5 10 |'pc

after 1981 31.0 12.4 18.6 124 |*pc

: Priorto 1954 |  227.5 124.1 172.4 124.1 « f t d t
cebar affer 1954 275.8 137.9 193.1 137.9 pcC: 1or Prestressed Concrete
Crade 50 344.7 137.9 224.1 137.9  |*pc
Grade 60 413.7 165.5 248.2 165.5 |"pc
Note

Input Data

Light blue cells should be filled up.

Differences compared
with Simple RCDG

Simple or Continuous, Number of Span and Bridge Length.

Material Properties

It should be taken from GENERAL NOTE in the as built drawings or in the
Standard Bridge Design. In case of non-availability of data, It should be taken
based on the Bridge Year Built. (refer fo Table shown in the above Table)
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Sheet 2 (LAYOUT ) : Input Data of Bridge Layout and Dimension

A2. BRIDGE LAYOUT AND DIMENSION

BRIDGE ELEVATION

SUPERSTRUCTURE CROSS SECTION

BRIDGE LAYOUT AND DIMENSION

Girder width bw(m) 0.400
Girder Web height h (m) 1.000 . . .
Fillel/Haunch widfh wim] 0.100 After confirmation of this sheetf,
Fillet/Haunch height hf{m) 0.100 click "NEXT" button then
slab thickness Is (m) D200 proceed directly to the next
Span Length L(m) 15.000

Note

Input Data

- Span Length

Light blue cells should be filled up, these are;
- Girder Dimension : Width and Web Height
- Slab Dimension : Fillet/Hunch Width and Height, and Slab Thickness

Differences compared
with Simple RCDG

Drawing of Bridge Elevation.

Drawings

Drawings (Elevation and Cross Section) for the objective bridge should be
prepared as shown in this screen.
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Sheet 3 (DFDLLL ) : Demand Forces Calculations

B. DEMAND FORCES

BO. INPUT

Girder width bw(m) 0.400

Girder Web height h (m) 1.000

FOR [ Fillet/Haunch width wf(m) 0.100
DEAD | Fillet/Haunch height hf(m) 0.100
LOAD | Slab thickness ts (m) 0.200
Slab width ws (m) 2.400

Span Length L{m) 15.000

B1. DEAD LOAD CALCULATIONS

Self-weight of Girder
Fillet/Haunch

Slakb Weight

Barrier Rail

Uniform Load per meter of Girder (KN/m)

Asphalt Overlay
Total Load
Total Deadlead

Total Superimposed Dead Load

Continuous

9.600
0.240
11.520
6.500
0.000
27.860
21.360
6.500

B2. LOAD DEMAND MIDSPAN AND SUPPORT OF RCDG

Conducting a Structural Analysis, the load demands for the RCDG should be

obtained
- At Midspan At Pier Support
Description 0L ToL
Dead load moments, KN-m 496.7 -620.1
Dead load shears, KN - -248.2
MS18 max. positive moment, KN-m 536.3 0.0
MS18 max. negative moment, KN-m - -416.4
MS18 max. negative Shear force, KN -334.5
After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next
Note
Refer to the manual calculation sheets as shown in the Appendix Il "Load
Reference . " . . .
Rating Examples" page 188 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Load Demands on continuous bridge should be given.

Differences compared

with Simple RCDG

Load demands should be separately analized with appropriate structural Model.
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Sheet 4 (CCLFM): Capacity Calculations for Moment at Midspan and Shear at Support

C. LOAD RATING CALCULATIONS

Total area of Rebar
Midspan Pier
I e i B b e gy R e Nos of Rebar 10 13
I R [l e ) 36 %8
’ As(mmz) 10179 8005
yb [mm) 126 63
’ stirrups
e e Al Pier
Dia, {mm) 16
As(mm?2) 201.1
SECTION AT MIDSPAN SECTION AT PIER SUPPORT Spacing fmm) %0
C1. CAPACITY CALCULATIONS
C1. INPUT
(1) Common Input Data At Midspan | af pier
Concrete Allowable Stress | fc 8.3
Material Properties Strength f'c 20.7
{Mpa ] [ repar Allowable Stress | s 137.9
Stenglh Ty 3758
(2) Input Data for Moment Capacity TIIERGn AT Pier
Total Area of Steel As(mm?) 10179 8005
Section Loss due o Rebar Exposure (%) 0 0
Total Assumed Area of Steel As(rmm?2) 10179 8005
Centroid of rebars from bottom of deck.. yb (mm) 126 63
Cenfroid of rebars from top of deck . d (mm) 1074 1137
1215 + bw 2800 -
Effective width of deck . bgs (mm Span Length / 4 3750
beff 2400 400
Ultimate capacity factor (Uf} 0.90 0.90
(3) Input Data for Shear Capacity TINERan A Pier
Girder width bw({mm) 400
Depth of Shear Cracks (mm) 0
The Reduction Factor due fo Shear Cracks 1.00
Centroid of rebars from top of deck , d (mm) - 1137
Area of rebar_Av(mm?) - 201.1
Section Loss due fo Stimups Exposure (%) - 4]
Total Assumed Area of Steel As(mm?2) - 201.1
Spacing of sfirups $ [mm) - 150
Ultimate capacity factor (Uf} _ 0.85
T T MOMENT CAPACITY AT MIDSFAN T — At e
Reclangular stress block depth a (mm) 66.5 | 313.7
The Moment Capacity Mu (kN-m) 26296 | 1947.6
C1.2 SHEAR CAPACITY AT SUPPORT TRIGEpan  Af Pier
The shear FULL capacity due to concrete section Vo (kN) - 345.6
The shear capacity due o concrete section Vo (kM) - 345.6
The shear FULL capacity due fo shear reinforcement Vs (kM) - 840.7
The shear capacity due fo Stirrups Vs [kN) - 840.7
The fotal shear capacity Vu (kN) - 1008.3

[hexr ]

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Note

Refer to the manual calculation sheets as shown in the Appendix Il "Load

Reference Rating Examples" page 189, 190 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Light blue cells should be filled up, these are;
Main Reinforcements Schedule
Rebar
Stirrups Schedule at Pier
Input Data

Secton Losses due to Rebar exposure caused by Moment

Damage Evaluation | Depth of Shear Cracks

Secton Losses due to Stirrups exposure caused by Shear

Differences compared

with Simple RCDG Rebar schedule at Pier should be added.

Drawings (Rebar Schedule) for the objective bridge should be prepared

Drawings . .
g as shown in this screen.

Ultimate Moment | My=Ufx As'xfy x (d-a)
Capacity My where, a=(As xfy)/(0.85xf'cxbeff)

Applied Equation
in Output Ultimate Shear
Capacity Vy

VU= ® x (Vc +Vs)
where, Vc=0.167 xSqrt (f'c)xbxd
Vs=2xAv' x fy xdeff /S

RCDG
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Sheet 5 (LRLFM ) : Load Rating Calculations
C2. LOAD RATING CALCULATIONS

C2.1 INPUT At Midspan| At Pier
Load factor for dead load 1.3
Load factor for live load \nvenTc_)ry 217
Operating 1.3
Moment Ultimate Capacity at Midspan (kN-m) 2629.6 -1947.6
Dead Load Moment at Midspan (kKN-m) 496.7 -620.1
Live Load Moment at Midspan (kN-m) 536.3 -416.4
Shear Ultimate Capacity at Support (KN) - -1008.3
Dead Load Shear at Support (KN) - -248.2
Live Load Shear at Support (KN} - -334.5
Rating Live Load (Tons) 33.0
Rating Load
C2.2 CALCULATIONS OF RATING FACTOR AND LOAD RATING F ;
actor Rating
. Inventory Rating 1.70 56.3
Moment MIdsPan | 5 erafing Rafing 2.85 93.9
Rating Factor and Load Rating At Pier lnvem(_yy Rcm,ng 525 Cll
Operating Rating 2.11 69.6
Shear At Pier Invemc_:ry Rofmg 0.94 31.2
Operating Rating 1.58 52.0
Depend on the minimum value of Rating Factor > 1 or <1,
insfruction in the below cellis automatically shown
Load Posting

Click following the above instruction

[ Retunto GENERAL

According to the Instruction shown in
this screen, User have to click

| Load Posting I a gray coloured cell "Return to
GENERAL" or "LOAD POSTING", then
proceed directly fo the next screen.
Note

Refer to the manual calculation sheets as shown in the Appendix Il "Load

Reference Rating Examples" page 191 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared

with Simple RCDG

Load Rating calculations should be done not only at Midspan but also at Pier.

Applied Equation
in Output

Rating Factor RF

RF=(®xRn- ypxDL)/(yux(LL+1))

Load Rating LR

LR = RF x ( Vehicle Weight )
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Sheet 6 ( POSTLL ) : Demand Forces Calculations for Load Posting Vehicles

( Type 1-1, Type 1-2 and Type 12-2)

D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.2 POSTING VEHICLE DEMAND FORCES
Conducting a Structural Analysis, the load demands for the RCDG should be obtained
separately and input the necessary load demands in the Table below.
Posting Vehicle Demand Forces At Midspan At Pier Support
Moment 382.8 -205.0
Trpe 1-1 Shear 2 1300
| Moment 492.6 -303.4
Type 1-2 | Shear - SECN
Moment 450.5 -392.6
Type 12:2 Shear - 2011

After confirmation of this sheet, IEl

click "NEXT" button then
proceed directly to the next

Note

Refer to the manual calculation sheets as shown in the Appendix Il "Load

Reference Rating Examples" page 192 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Load demands should be separately analyzed with appropriate structural Model.

Differences compared
with Simple RCDG

Load Rating calculations should be done not only at Midspan but also at Pier

RCDG
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Sheet 7 ( POSTLFM ) : Posting Rating Calculations
D2. POSTING RATING CALCULATIONS

D2.1 INPUT
Load factor for dead load 1.3
Load facter for live load \nvenf?w 217
Operating 1.3
Moment Shear
Midspan| At Pier | At Pier
Moment Ultimate Capacity 2629.6 | 1947.6 | 1008.3
Dead Load 496.7 620.1 248.2
Moment Shear | Vehicle
Midspan| At Pier Weight
MS18 536.3 416.4 334.5 33.0
Live Load Moment at Midspan (kN-m) Type 1-1 382.8 205.0 130.0 17.0
Live Load Shear af Support (KN) Type 1-2 492.6 303.4 188.1 27.0
Type 12-2| 450.5 392.6 201.1 38.0

D2.2 LOAD POSTING RATING FACTOR CALCULATIONS BY LFM

Vehicle Inventory Ratfing Operating Rating
Vehicl Weight Posting
shicle elg. Moment Shear Moment Shear (Metric
Type (Metric - 1
Tons) RF LR RF R RF LR RF LR ons)
(1) At Midspan
MS18 33.0 1.70 56.3 - - 285 93.9 - - 33
Type 1-1 17.0 2139 40.6 - - 3.99 67.8 - - 17
Type 12 270 1.86 50.1 - - 3.10 83.6 - - 27
Type 12-2/ 380 203 77.1 - = 3.39 128.7 - - 38
(2) At Pier Support
MS18 33.0 1.26 41.7 0.94 31.2 2.11 69.6 1.58 52.0 31
Type 1-1 17.0 2.57 43.6 2.43 41.3 4.28 72.8 4.06 69.0 17
Type 1-2 27.0 1.73 46.8 1.68 45.4 2.89 78.1 2.80 75.7 27
Type 12-2) 380 1.34 50.9 1.57 59.7 2.24 85.0 2.62 99.7 38

After confirmation of this sheet,

click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appenglix II"Load
Rating Examples" page 192 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple RCDG

Load Rating calculations should be done not only at Midspan but also at Pier

Applied Equation

Rating Factor RF

RF=(®xRn- ypxDL)/(yux(LL+1))

in Output

Load Rating LR

LR = RF x ( Vehicle Weight )
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Sheet 8 (CCASM ) : Moment and Shear Capacity Calculations by ASM

E. Load Rating by Allowable Stress Method
E1. MOMENT AND SHEAR CAPACITY CALCULATIONS

E1.1 Input Midspan At Pier
fe Inventory 83
Concrete Operating 13.1
Material Properties fc 20.7
Rebar fs \nven?ow 137.9
Operating 193.1
Total Assumed Area of Steel As(mm?} 10179 8005
Area of rebar Av(mm?) 201.1 201.1
Spacing of stirups § (mm) 150 150
Centroid of rebars from top of deck , d (mm) 1074 1137
Effective width of deck , beff ([mm) 2400 400
Girder width bw(m) 400 400
Rebar Ratic p = As/ (beffxd ) 0.00395 0.01760
Modular Ratio of Elasticity n = Es / Ec 12 12
k= [2pn+(pn)?]-pn 0.2641 0.4722
i 0.9120 0.8426
kd 294.6 536.9
Slab thickness ts (mm) 200.0 200.0
k 0.2743 =
z 98.20 =
id $75.80 95804
Calculation of kd
n As d =] ts bw
12 10179 1074 2400 200.0 400
nAs nAsd bts 1/2bts? bwy y/2+ts
122148 | 131186952 480000 | 48000000 37840 247.3
Is+y Yedculate Vinput
294.6 94.6 94.6
E1.2 MOMENT AND SHEAR CAPACITY CALCULATIONS Midspan | At Pier
Capacity Inventory 2617.2 -853.8
Moment (kN-m) by concrete allowable stress Mc Operating 4130.8 -1347.6
Capacity Inventory 1369.7 -1057.6
by rebar allowable stress Ms Operating 1918.0 -1480.9
Capacity dug to Ve Inventory 165.5
concrete section Opercﬂing 248.3
Shear (kN) Capacity Vs \nvem?ry 420.3
due to rebar Operating 588.6
Shear capacity Vu Inventory o855
Operating 836.9

After confirmation of this sheet, | [IRexi]
click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 193 - 196 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Only Allowable Stress of Rebar should be given.
Yinput should be given as the same value with Ycalculate. By giving a initial value
Input Data of Yinput, then the User can get a value of Ycalculate. Repeating to apply

Ycalculate as a Yinput, Yinput as same value with Ycalculate will be taken.
In case Y is within the slab thickness, Ycalculate and Yinput will be applied as zero
(0).

Differences compared
with Simple RCDG

Load Rating calculations should be done not only at Midspan but also at Pier

Applied Equation
in Output

Mc = (Compression zone resultant force "C") x fc x jd

Moment Capacity | Ms = As x fs x jd

Mu is governing smaller figure either Mc or Ms

Vc =0.08 xSgrt (f'c) xbwxd (for Inventory )

Vc =0.12xSart (f'c) xbwxd (for Operating )

Shear Capacity
Vs=(2xAvxfsxds ) /S

Vu=Vc + Vs

RCDG
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Sheet 9 (LRASM ) : Load Rating Calculations by ASM
E2. LOAD RATING CALCULATIONS

E2.1 INPUT [ Misspan | At pier
Load facter for dead load 1.0
Load factor for live load 1.0
Invento 1369.71 -853.82
Moment Capacity at Midspan (kN-m) ,W 3
Operating| 1918.0 -1347.6
Dead Load Moment at Midspan (kN-m) 496.7 -620.1
Live Load Moment at Midspan (kN-m) 536.3 -416.4
) Inventory = -585.9
Shear Capacity at Support (KN) Operating - =7
Dead Load Shear at Support (KN) - -248.2
Live Load Shear at Support (KN) - -334.5
Rating Live Load (Tons) 33.0

Rating Load
E2.2. RATING FACTOR CALCULATIONS (ASM) Factor Rating
. Inventory Rating 1.63 53.72
Moment Midspan Operating Rating 2.65 87.46
. ) : Inventory Rating 0.56 18.52
Rafing Factor and Load Rating . At Pier Operating Rating 175 57.65
Shear At Pier \nvemfgry Rohlmg 1.01 33.31
Operating Rating 1.76 58.08
After confirmation of this sheef, Iﬂl

click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the .Appeno!ix II"Load
Rating Examples" page 197 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared

with Simple RCDG Load Rating calculations should be done not only at Midspan but also at Pier

Applied Equation Rating Factor RF=(R-ATxD)/(A2xL(1+1))

in Output Load Rating LR = RF x 33.0 ( Vehicle Wejght )

RCDG
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F. LOAD POSTING BY ALLOWABLE STRESS METHOD

F1. INPUT
Load factor for dead load 1.0
Load factor for live load 1.0
Moment Shear
Midspan| At Pier | At Pier
Moment and Shear Capacity Invemc_>ry 16597 || =Sk 557
Operating| 1918.0 [ -1347.6 | -836.9
Dead Load 496.7 -620.1 -248.2
Moment Shear | vehicle
Midspan| At Pier | At Pier | Weight
MS18 536.3 -416.4 | -334.5 33.0
Live Load Moment at Midspan (kN-m) |Type 1-1 382.8 -205.0 | -130.0 17.0
Live Load Shear at Support (KN) Type 1-2 4926 | -303.4 | -188.1 27.0
Type 12-2 | 450.5 -392.6 | -201.1 38.0
F2. LOAD POSTING RATING FACTOR CALCULATIONS (ASM)
Veticke \V/'Veeh‘.g:ﬁ Inventery Rating Operating Rating Posiir!g
Type (Mefric Moment Shear Moment Shear (Metric
Tons)
Tons) RF LR RF LR RF LR RF LR
(1) AT MIDSPAN
MS18 33.0 1.63 53.7 = = 2.65 87.5 = = 33
Type 1-1 17.0 2.28 388 - - 371 63.1 - - 17
Type1-2 | 270 1.77 479 - - 2.89 77.9 - - 27
Type 12-2/ 380 1.94 73.6 - - 15 119.92 - - 38
(2) AT PIER SUPPORT
MS18 33.0 0.56 18.5 1.01 §818) 1.75 57.7 1.76 58.1 19
Type 1-1 17.0 1.14 19.4 2.60 442 3.:55 60.3 4.53 77.0 17
Type 1-2 | 270 0.77 20.8 1.80 48.5 2.40 64.7 3.13 84.5 21
Type 12-2) 380 0.60 22,6 1.68 63.8 1.85 70.4 293 111.2 23

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

| NEXT |

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 197, 198 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple RCDG

Load Rating calculations should be done not only at Midspan but also at Pier

Applied Equation
in Output

Rating Factor

RF=(R-AI1xD)/(A2xL(1+1))

Load Rating

LR = RF x ( Each Posting Vehicle Wejght )

RCDG
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G. SUMMARY OF LOAD POSTING

Sheet 11 ( POSTSUM ) : Summary of Load Posting

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle |Allowable Stress (ASM)|  Load Factor (LFM) Load
Vehicle | Weight Y
Type (Metric Rating Load Rating Load Posting
Tons) Factor Rating Factor Rating (Tons)
MS18 33.0 0.56 18.5 0.94 31.2 191
Type 1-1 17.0 1.14 19.4 2.39 40.6 171
Type 12 27.0 0.77 208 1.68 45.4 21T
Type 122 380 0.60 226 134 50.9 231

After confirmation of this sheeft, click
button "END GO TO RC DECK SLAB" then
directly proceed to the next screen.

|[END AND GO TO DECK SLAB

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 198 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
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6.4 PCDG (Prestressed Concrete Deck Girder Bridge)
6.4.1 Simple PCDG

Sheet 1 ( GENERAL ) : Input Data of Bridge Description

| INTERIOR PCDG SIMPLE |
A GENERAL

Al. BRIDGE DESCRIPTION

Bridge Location ‘ REGION |
Bridge Name
Bridge Simple or Continuous S Precast, Prestressed | Girder Bridge
Type Number of Span 1
Bridge Width (curb to curb) (m) 7.32
Number of Lanes 2
Bridge Length (m) 35.000 [ =35.000 m
Year Built 2003
Nos. of Girder 4
Structure | Girder Spacing (m) 2.100 |on centers
Substructure Concrete bents and abutments |
Wearing | thickness (mm) 50
Course material Asphalt
fe (Girder) 38 MPa
f'c (Slab) 24.2 MPa
Ultimate Strength of Tendons fu 1840 MPa
Notes on Plans . i
Working Force 5270 kN (Effective after losses)
Centroid of PC Tendons 100 mm (from soffit at Midspan)
824 mm (from soffit at Anchorage)
Weight of barrier rail Whr= 13.0 KN/m
Assumpiion fy (Reinforcing Bars) 415 Mpa
Concrete Unit Weight Wu = 24,0 KN/m®
Asphalt Unit Weight Wa = 22.0 VKN/ma
Others Rating Live Load is AASHTO MS18 (HS20-44)
[next ]
Material |_ Yool | oo foor fs_ ‘ After confirmation of this sheet,
| Construction Inventory |Operating| Posting C“Ck "N EXT" bUﬁon fhen
Prior to 1959 17.2 6.9 10.3 6.9 .
“ofter 1950 | 207 53 P R proceed directly to the next
Conerele o 1981|276 1.0 65 | 110 |'pc
[ after 1981 31.0 12.4 186 | 124 |tpc
| Priorto 1954 |  227.5 124.1 172.4 124.1
hepey | Offeriose | 2758 137.9 193.1 1379 *oc: for Prestressed Concrete
Grade 50 344.7 137.9 224.1 137.9 *pc
Grade 460 4137 165.5 248.2 165.5 *pc
Note
Input Data Light blue cells should be filled up.

It should be taken from GENERAL NOTE in the as built drawings or in the
Material Properties | Standard Bridge Design. In case of non-availability of data, It should be taken
based on the Bridge Year Built. (refer to Table shown in the above Table)

PCDG
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Sheet 2 (LAYOUT ) : Input a Bridge Layout and Dimension for Load Rating

A2. BRIDGE LAYOUT AND DIMENSION

3500m

I

BRIDGE ELEVATION

AU

\L

£ £ L xS

GIRDER SECTION
Girder Height 1.600
Dimension b h
Slak 2.100 0.2 *1.00 (Modulas Ratio) I
1.067 0.127
Ut 0.330 0.076
9 0.102 0076
0.102 0.102 After confirmation of this sheet,
web g’i?i [‘jgj click "NEXT" button then
Lfig T o proceed directly to the next
Note

Light blue cells should be filled up, these are;
- Girder Dimension : Girder Height, and

Input Data Width and Height for Upper/Lower Flange and Web
- Slab Dimension : Slab Width and Slab Thickness
. Drawings (Elevation, Cross Section and Girder Details) for the objective bridge
Drawings

should be prepared as shown in this screen.

PCDG
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B. DEMAND FORCES

B1. DEAD LOAD CALCULATIONS

B1.1 INPUT
Area of Girder (m?) 0.645
Span Length (m) 35.0
Composite Girder Height (m) 1.800
FOR Girder Height (m) 1.500
DEAD Slab thickness (m) 0.200
LOAD Slab Spacing (m) 2.100
Weight of Diaphram (kN/m) =5
Weight of Barrier Rail (kN/m) 13
Number of Girder (nos.) 4
B1.2 DEAD LOAD CALCULATIONS
Self-weight of Girder 15.49
Slab weight 10.08
X Weight of Diaphram 1.50
Uniform Load - -
per meter of Girder Barrier Rail 50
(KN/m) Asphalt Overlay 231
Total 35.88
Total of Dead Load 27.07
Total of Superimposed Dead Load 8.81
Dead Load Moment at Midspan Mg (kN-m) 41450
Superimposed Dead Load Moment at Midspan Mg (kN-m) 1349.0
Dead Load Shear at Support Vi, (kN) 4737
Superimposed Dead Load Shear at Support Vs (kKN) 154.2

B2. LIVE LOAD CALCULATIONS

B2. LIVE-LOAD CALCULATIONS
LIVE-LOAD Type MS 18(HS20)
Number of live load wheel line 1.148 INPUT FOR LIVE LOAD
Impact factor 0.209
span 35.00
M,
Max.MS18 moment for 35.00m span /wheel line w!rhour Impact - 1227.9
with Impact My 1704.1

Max.MS18 shear at a distance "d" without Impact Vi 148.8
from the support/wheel line with Impact Vi 206.6

B2. FORCE DEMAND CALCULATIONS
Description Moment Shear

P C (0.51) At Support

Dead load (kN-m) 4145.0 473.7
Superimposed Dead load (kN-m) 1349.0 154.2
MS18 moment with Impact (kN-m) 1704.1 206.6

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

NEXT

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 213, 214 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Weight of Diaphram should be given.

Live Load Forces

They are calculated besed on the Load Rating Manual Appendix il

(refer to Table shown in the next pages of this Sheet 3 )

Applied Equation
in Output

Uniform Load Wp, =AXW
EL)SSS Mo =1/8 x Wp, x L2
Voo =1/2xWp xL
ML Refer to Load Rating Manual Appendix Il
Live MLL =ML x D.F x Impact
Load VL Refer to Load Rating Manual Appendix Il
VLL =ML x D.F x Impact
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Sheet 4 (DSC) : Demand Stresses Calculations

B3. SECTION PROPERTIES CALCULATION

Load Condition A (m?) Iz (m?) Yg (M) Yy (m) Y, slab (m)
For Dead Loads 0.645 0214 | 0804 | 0796 | NA
For Superposed Dead Load and Live Loads 1.065 0.419 | 1.157 | 0.443 [ 0.643

B4. STRESS CALCULATIONS

(1) Stress at Midspan

Stresses in the PCI Girder (Mpa)

Loading Top Concrete Bottom Concrete Centroid of

Fiber Fiber Composite
Dead Load (Self + Slab) 15.44 -15.61 6.85
Prestress (Pef=5270kN) -5.66 22.14 2.03
Superimposed Dead Load 1.42 -3.73 0.00
Live Load 1.80 -4.71 0.00

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

[wex |

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 214, 215 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
Applied Equation _ _
in Output Stresses Moment =M/Sx (=Y /lzxM)
PCDG
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Sheet 5 (CCMS): Capacity Calculations for Moment at Midspan and Shear at Support
C. LOAD RATING BY LOAD FACTOR METHOD (LFM)

C1. CAPACITY CALCULATIONS

C1.1 MOMENT CAPACITY at MIDSPAN

Assumed total prestressing loss 0o (Mpal) 158.1

Ultimate Strength of Tendons fu (Mpa)
Web Width bw (mm)

®

Prestressing Steel Area As* (mm?)
Section Loss (%)

Total Assumed Area of Steel As(mm?2)
Effective width of deck , beff (mm)

Centroid of Prestressing Steel from top of deck , d (mm) 1700

Yield Strength of Tendons fy (Mpa)
k=2(1.04-fy/fu)
Neutral axis location (mm)

Moment Capacity at Midspan R (kN-m)

1860
203

1.00

4261

4261
2100

1570
0.39 Crpt |
231.2 2812 |
12007

C1.2 SHEAR CAPACITY at SUPPORT

Web Width bw (mm)
Depth of Shear Cracks (mm]

The Reduction Factor due to Shear Cracks 1.00

Diameter of Stirrups (mm)
Area of Stimups ®s (mm?)
Spacing of Stirups (mm)

Section Loss due to Stirups Exposure (%)

Total Assumed Area of Steel As(mm?2)
Nominal Shear Capacity Factor ®c

Nominal Shear Strength provided by concrete Ve (kN) 109.5
Nominal Shear Strength provided by Rebar Vs (kN) 1642.7

Shear Capacity Vu

203
0

12
113.1
200
0
113.1
0.85

1489.4

After confirmation of this sheet, [ Next |
click "NEXT" button then
proceed directly to the next

Note

Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load

Rating Examples" page 216, 217 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.

Light blue cells should be filled up, these are;

) Section Losses (%)
Prestressing Steel -
Yield strength fy

Cinput should be given as the same value with Neutral axis location in the left

side cell of Cinput. By giving a initial value of Cinput, then the User can get a
Input Data value of Neutral axis location. Repeating to apply Neutral axis location as a

Cinput, Cinput as same value with Neutral axis location will be taken.

Rebar

Diameter of Stirrups

Spacing of Stirrups

Damage Evaluation

Depth of Shear Cracks

Secton Losses due fo Stirrups exposure caused by Shear

Applied Equation
in Output

Moment Capacity My

My=UfxAs'xfyx (d-a)
where, a=(As xfy)/(0.85xf'cxbeff)

Shear Capacity V|

VU=® x (Vc+Vs)
where, Vc=0.05xSgrt (fc)xbxdx ®
Vs=2x AV x fy x deff / S
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Sheet 6 (LRC ) : Load Rating Calculations

C2. LOAD RATING CALCULATIONS

C2.1 LOAD RATING BASED ON SERVICEABILITY LIMIT STATE

(1) USING COMPRESSIVE STRESS

For Strength Factor 0.6
For Strength Factor 0.4
For Dead Load Factor 0.5
Concrete Compressive Stress 38
Dead Load Stress 16.87
Prestress after all losses -5.66
Secondary Prestress 0.00
Live Load stresses including Impact 1.80
Using Compressive Stress Under All Load Combination 6.44
Using Compressive Stress Under Live Load 5.33
(2) USING ALLOWABLE TENSION STRESS

Dead Load Stress -19.33
Prestress after all losses 22.14
Secondary Prestress 0.00
Live Load stresses including Impact ‘ -4.71
Using the Allowable Tension in Concrete | 1.25

C2.2 LOAD RATING BASED ON STRENGTH LIMIT STATE

Dead Load Factor 1.3
Live Load factors Inventory 217
Operating 1.3
section C (at Midspan| Section B (Support)
Moment Shear
Moment and Shear Capacity 12006.6 148%.4
Moment and Shear due to Dead Load 4145.0 473.7
Moment and Shear due to Superimposed Dead Load 1349.0 154.2
Moment and Shear due to Live Load 1704.1 206.6

C2.3 LOAD RATING CALCULATIONS

- Moment Shear
Description
Inventory | Operating| Inventory | Operatfing
Rating Factor [ 132 ] 220 | 150 | 25
Rating Live Load (MS18) (Metic Tons) 33.0
Load Rating Calculations [ 434 [ 725 | 496 [ 827

After confirmation of this sheet, IEI
click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 217, 218 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
- Under | Compression AllLoad |=0.6xfc-(Fd+Fp+Fs)/Fl
Applied Fg;”ogr SLS Live Load | =0.4x fc-0.5x (Fd +Fp + Fs ) / Fl
Equation (RF) Tension =0.5xsqgrt (fc)-(Fd+Fp+Fs)/Fl
in Output Under Strength Limit State =(®xRn-yDxDL)/(yLLx (LL+1))
Load Rating (LR) LR = RF x 33.0 ( Vehicle Weight )

PCDG
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Sheet 7 (LRSUM ) : Summary of Rating Factor and Load Rating

C2.3 SUMMARY OF RATING FACTOR AND LOAD RATING
Weight of Vehicle (Metric Tons) 33 Al Midspan At Support
| RF LR RF LR
Serviceability Compression TAH Load Ba Z12¢ ~ ~
Rating Limit State Live Load 5,58 176.0 = =
Factor Allowable Tension 1.25 41.3 - =
and Inventory 1.32 43.4 - -
Load Moment Operating]  2.20 72.5 -
; Strength Limit State .
Rating & inventory [INE - 1.50 195
Shear
Operating - - 2.51 82.7
Minimum Rating Factor and Load Rating 1.25 41.3 1.50 49.6
Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cellis automatically shown
Return to GENERAL

Click following the above instruction

Return to GENERAL

| According to the Instruction shown in

Load Posting

| this screen, User have to click

a gray coloured cell "Return to
GENERAL" or "LOAD POSTING", then
proceed directly to the next screen.

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 217, 218 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
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Sheet 8 ( POSTLL ) : Demand Forces Calculations for Load Posting Vehicles

( Type 1-1, Type 1-2 and Type 12-2)
D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.1 DEMAND FORCES FOR LOAD POSTING VEHICLES

(1) POSTING VEHICLE Type 1-1
LIVE-LOAD Type Typel-1
Number of live load wheel line 1.148
Impact factor 0.20%9
span 35.00

) without Impact M 695.45
Type 1-1 moment for 35.00m span /wheel line with Impact My, 965.19
Type 1-1 shear at a distance "d" without Impact Vi 81.46
from the support/wheel line with Impact Vi 113.06
(2) POSTING VEHICLE Type 1-2
LIVE-LOAD Type [ Type12

, without Impact M 1036.00
Type 1-2 moment for 35.00m span /wheel line with Impact M, 123783
Type 1-2 shear at a distance "d" without Impact Vi 123.91
from the support/wheel line with Impact Vi 171.97
(3) POSTING VEHICLE Type 12-2
LIVE-LOAD Type [ Type12-2

) without Impact M 1261.27

T 12-2 f fi X heel |
ype moment for 35.00m span /wheel line with Impact M., 175048
Type 12-2 shear at a distance 'd" without Impact Vi 156.27
from the support/wheel line with Impact Vi 216.88

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

INEXTI

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 219 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Posting Live Load

They are calculated besed on the Load Rating Manual Appendix il

Forces (refer to Table shown in the next pages of this Sheet 8 )
ML Refer to Load Rating Manual Appendix Il
Applied Equation P‘Eis\j'e”g MLL = ML x D.F x Impact
in Output Load VL Refer to Load Rating Manual Appendix Il
VLL =ML x D.F x Impact
PCDG
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Sheet 9 ( POSTLR1 ) : Posting Load Rating Calculations (1)

D2. POSTING RATING CALCULATIONS

D2.1 POSTING RATING BASED ON SERVICEABILITY LIMIT STATE

(1) USING COMPRESSIVE STRESS

After confirmation of this sheet,

click "NEXT" button then

proceed directly to the next

Description At Midspan | At Support
For Strength Factor 0.6
For Strength Factor 0.4
For Dead Load Factor 0.5
Concrete Compressive Stress 38
Dead Load Stress 16.87 -
Prestress after all losses -5.66 -
Secondary Prestress 0.00 -
Type 1-1 1.02 -
Live Load stresses including Impact Type 1-2 1.52 -
| Type 12-2 1.85 -
Using Compressive Stress Rgz ::; 17] 57 :
Under All Load Combination -
Type 12-2 6.27 -
Type 1-1 2.42 -
Using Compressive Stress of Live Load Type 1-2 6.32 -
Type 12-2 5.19 -
(2) USING ALLOWABLE TENSION STRESS
Dead Load Siress -19.33 -
Prestress after all losses 22.14 B
Secondary Prestress 0.00 -
Type 1-1 -2.67 -
Live Load stresses including Impact Type 1-2 -3.97 -
Type 12-2 -4.83 -
Type 1-1 2.21 -
Using the Allowable Tension in Concrete Type 1-2 1.48 -
Type 12-2 1.22 -
NEXT

Note

Reference

Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 219, 220 in the Manual for Load Rating of Bridges.

Verification

Results of calculations should be verified.

Input Data Unnecessary.
Stresses for Posting Live Load =M/Sx (=Y /lz xM)

Applied Rafing | Allload |=0.6xfc- (Fd+Fp+Fs)/Fl

Equation Under |Compression

in Output Factor SLS Live Load | =0.4xfc-0.5x (Fd+Fp+Fs) /Fl

(RF) Tension =0.5xsqart (fc)-(Fd+Fp+Fs)/FH
PCDG
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Sheet 10 ( POSTLR2 ) : Posting Load Rating Calculations (2)
D3. LOAD RATING CALCULATIONS

D3.1 POSTING RATING BASED ON STRENGTH LIMIT STATE

Dead Load Factor 1.3
Live Load factors lwem(_)ry 217

Operating 1.3
Description Moment at Midspan | Shearat Support
Moment and Shear Capacity 12007 1489
Moment and Shear due to Dead Load 41450 473.7
Moment and Shear due to Superimposed Dead Load 1349.0 154.2

Type 1-1 965.2 113.1
Moment and Shear due fo Live Load Type 1-2 1437.8 172.0

Type 12-2 1750.5 216.9

D3.2 POSTING RATING CALCULATIONS

Description t - -
Inventory Operating Inventory | Operating

Type 1-1 2.32 3.88 2.74 4.58

Rating Factor Type 1-2 1.56 2.60 1.80 3.01

Type 12-2 1.28 2.14 1.43 2.39
. . Type 1-1 17.0
POS(TM;@T;iL_\\;ganGd Weight of vehicle | Type 1-2 27.0
Type 12-2 38.0

Type 1-1 &5 65.9 46.6 77.9

Load Rating Calculations Type 1-2 26.5 70.3 30.7 81.3

Type 12-2 21.8 81.2 24.3 90.7

Moment at Midspan Shear at Support

After confirmation of this sheet, I&I
click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 220 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
Applied Equation Rating Factor RF RF=(®xRn- ¥pxDL)/ (yux(LL+1))
in Output Load Rating LR LR = RF x ( Each Posting Vehicle Weight )
PCDG
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Sheet 11 ( POSTSUM ) : Summary of Posting Rating Factor and Load Rating

D3.3 SUMMARY OF POSTING RATING FACTOR AND LOAD RATING

At Midspan At Support
RF LR RF LR
(1) POSTING VEHICLE TYPE 1-1 Weight of Vehicle 17 (Metcric Tons)
Serviceability Compression A” Load 7 ke = -
Rating Limit State Live Load .42 160.1 = =
Factor Allowable Tension 2.21 37.6 = =
and Moment Inventory 2.32 BZ5 - -
Load g ongth Limit State Operating] 389 657 _ _
Rating < Shear Inventory - - 2.74 46.6
Operating - - 4.58 77.9
Minimum Rating Factor and Load Rating 2.21 37.6 2.74 46.6
(2) POSTING VEHICLE TYPE 1-2 Weight of Vehicle 27 (Meteric Tons)
) . ) All Load 7.64 206.2 - -
Serviceability Compression
Rating Limit State | Live Load 6.32 170.7 - -
Factor Allowable Tension 1.48 40.1 = =
and Inventory 1.56 42.1 - -
Moment -
Load g ongth Limit State (Operafing| 260 708 = _
Rating < Shear Inventory - 1.80 48.7
Operating - - 3.01 81.3
Minimum Rating Factor and Load Rating 1.48 40.1 1.80 48.7
(3) POSTING VEHICLE TYPE 12-2 Weight of Vehicle 38 (Metoric Tons)
Serviceabllity Compression ,A” toad 827 25y - =
Rating Limit State Live Load 5.19 197.3 - -
Factor Allowable Tension 1.22 46.3 - =
and Inventory 1.28 48.7 - -
Moment ;
Load | i nath Limit State Operating] 214 812 : -
Rating 9 Shear Inventory - - 1.43 54.4
| Operating - - 2.39 90.7
Minimum Rating Factor and Load Rating 1.22 46.3 1.43 54.4

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Note

Refer to the manual calculation sheets as shown in the Appendix Il "Load

Reference Rating Examples" page 219, 220, 221 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
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Sheet 12 ( SUMMARY ) : Summary of Load Posting

E. SUMMARY OF LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle AT MIDSPAN AT SUPPORT Load
Vehicle | Weight o
Type Mefric Rating Load Rating Load Posting
Tons) Factor Rating Factor Rating (Tons]
MS18 33.0 .25 41.3 1.50 49.6 331
Type 1-1 17.0 2.21 37.6 2.74 46.6 171
Tyee 12 | 270 1.48 4001 1.80 437 271
Type 12-2 38.0 1.22 46.3 1.43 54.4 381

After confirmation of this sheet, click
button "END GO TO RC DECK SLAB" then
proceed directly to the next screen.

[END'AND GO 1O DECK SLAB|

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 221 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
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6.4.2 Continuous PCDG

Sheet 1 ( GENERAL ) : Input Data of Bridge Description

INTERIOR PCDG CONTINUOUS

A. GENERAL
A1. BRIDGE DESCRIPTION
Bridge Location ‘ REGION I |
Bridge Name
Bridge Simple or Continuous © Precast, Prestressed PC | Girder Bridge
Type Number of Span 3
Bridge Width (curb to curb) (m) 7.32
Number of Lanes 2
Bridge Length (m) 35000 | 35000 | 35000 | [ =105.000m
Year Built 2000
Nos. of Girder 4 Superstructure made continuous for live loading
Structure | Girder Spacing (m) 2.100 |on centers
Substructure Concrete bents and abutments
Wearing | thickness (mm) 50
Course material Asphalt
f'c (Girder) 38 MPa
fic (Slab) 24.2 MPa
Ultimate Strength of Tendons fu 1840 MPa
Notes on Plans - .
Working Force 6750 kN (Effective after losses)
Cenfroid of PC Tendons 100 mm (from soff{f at Midspan)
885 mm (from soffit at Anchorage)
Weight of barrier rail Wbr = 13.0 KN/m
. fy (Reinforcing Bars) 415 Mpa
Assumption - - =
Concrete Unit Weight Wu = 24.0 KN/m*
Asphalt Unit Weight Wa = 220 KN/m?®
Others Rating Live Load is AASHTO MS18 (H520-44)
After confirmation of this sheef,
Material Year Of_ fc or fi fo or fs H " dl
Construction Y Inventory |Operating| Posting click "NEXT" button then
Prior to 1959 17.2 6.9 10.3 6.9 proceed direcﬂy to the next
after 1959 20.7 83 13.1 83
Conerete oo 1981 | 276 10 165 o |ec
after 1981 31.0 12.4 18.6 12.4 *pc
Prior to 1954 227.5 124.1 172.4 124.1
affer 1954 | 2758 137.9 193.1 1379 *pc: for Prestressed Concrete
RO Grade 50 | 3447 1379 | 2241 1379 |'pe
Grade 60 413.7 165.5 248.2 165.5 *pc
Note

Input Data

Light blue cells should be filled up.

Differences compared

with Simple PCDG

Simple or Continuous, Number of Span and Bridge Length.

Material Properties

It should be taken from GENERAL NOTE in the as built drawings or in the
Standard Bridge Design. In case of non-availability of data, It should be taken
based on the Bridge Year Built. (refer fo Table shown in the above Table)
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Sheet 2 (LAYOUT ) : Input a Bridge Layout and Dimension for Load Rating

A2. BRIDGE LAYOUT AND SECTION

SUPERSTRUCTURE CROSS SECTION

I 1 ‘.L/’/,;

SECTION AT MIDSPAN

BRIDGE ELEVATION

YA A N NS

SECTION AT PIER SUPPORT

GIRDER SECTION
Girder Height 1.600
Dimension b h
Slab 2.100 0.2 *1.00 (Modulas Roﬁo)l
1.067 0.127
0.330 0.076
Ufla 0.102 0076
0.102 0.102 After confirmation of this sheef,
Web 0203 270 click "NEXT" button then
0.254 0.254 .
Lfig o o proceed directly fo the next
Note

Input Data

- Girder Dimension : Girder Height, and

Light blue cells should be filled up, these are;

Width and Height for Upper/Lower Flange and Web

- Slab Dimension : Slab Width and Slab Thickness

Differences compared
with Simple PCDG

Drawing of Bridge Elevation.

Drawings

Drawings (Elevation, Cross Section and Girder Details) for the objective bridge
should be prepared as shown in this screen.
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Sheet 3 (DFDLLL ) : Demand Forces Calculations
B. DEMAND FORCES

B1. DEAD LOAD CALCULATIONS

B1.1 INPUT

Area of Girder (m?) 0.653

Span Length (m) 35.000

Composite Girder Height (m) 1.80
FOR Girder Height (m) 1.60
DEAD Slab thickness (m) 0.200
LOAD Slab Spacing (m) 2.100

Weight of Diaphram (kN/m) 1.5

Weight of Barrier Rail (kN/m) 13

Number of Girder (nos.) 4

B1.2 DEAD LOAD CALCULATIONS

Dead Load Moment at Midspan Mg (kN-m)
Dead Load Shear at Support Vg, (kN)

4173.5
477.0

B2. FORCE DEMAND CALCULATIONS

B2.1 INPUT

Number of Lanes
Fraction DF

2
1.148

B2.2 FORCE DEMAND CALCULATIONS
Conducting a Structural Analysis, the load demands for the PCDG should be obtained
separately and input the necessary load demands in the Table below.
Descripfion closy = APer
Support
Dead load (kN-m) 4173.5 0.0
Moments | Superimposed Dead load (kN-m) 5947 -792.9
MS18 moment with Impact (kN-m) 2441.4 -2770.7
Dead load (kN) 0.0 -477.0
Superimposed Dead load (kN) 0.0 -135.9
Shears MS18 max. positive shear farce (kN) 202.9 67.0
MS18 max. negative shear force (kN) -202.9 -465.3
MS18 max. positive moment for shear (kN-m) 2319.3 457.9
MS18 max. negative moment for shear (kN-m) 2319.3 -449.8

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

|NEXT|

Note

Reference

Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 235, 236 in the Manual for Load Rating of Bridges.

Verification

Results of calculations should be verified.

Input Data

Weight of Diaphram should be given.
Load Demands on continuous bridge should be given.

Differences compared
with Simple PCDG

Load demands should be separately analyzed with appropriate structural Model.

Applied Equation
in Output

Dead
Load

Uniform Load Wp,

=AXW

MDL

=1/8 x Wp, x L?

VDL

= ]/QXWDLXL
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Sheet 4 (DSC) : Demand Stresses Calculations

B3. SECTION PROPERTIES CALCULATION

Load Cendition A (m?) 1z (m*) Yy (M) Yy (m) Y, slab (m)
For Dead Loads [ 0essa | 0217 | 0812 | 0788 [ NA
For Live Loads [ 1073 0420 | 1159 | 0441 [ 0.4
B4. STRESS CALCULATIONS
(1) Stress at Midspan
Stresses in the PC Girder (Mpa)
Loading Top Concrete Bottom Concrete Centroid of
Fiber Fiber Composite

Dead Load (Self + Slab) 15.17 -15.63 6.69
Prestress (Pef=6750kN) -7.13 28.32 2.63
Superimposed Dead Load 0.62 -1.64 0.00
Live Load 2.56 -6.74 0.00
Live Load Moment for Shear 2.43 -6.40 0.00

(2) stress at Pier Support

Loading

Dead Load (Self + Slab)
Prestress (Pef=6750kN)
Superimposed Dead Load
Live Load

Live Load Moment for Shear

Stresses in the PC Girder (M_pc:]

Top Bottom .
Concrete | Concrete %i::]r;;?g T;’: Sf

Fiber Fiber

0.00 0.00 0.00 0.00
12.13 8.48 11.13 0.00
-0.83 2.19 0.00 -1.21
-2.91 7.65 0.00 -4.23
-0.47 1.24 0.00 -0.69

After confirmation of this sheet,

click "NEXT" button then

proceed directly to the next

[nexr |

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 236, 237 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple PCDG

Load Rating calculations should be done not only at Midspan but also at Pier.

Applied Equation
in Output

Stresses

Moment

=M/Sx (=Y /lz xM)
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Sheet 5 (CCMS1): Capacity Calculations for Moment at Midspan and Shear at Support

C. LOAD RATING BY LOAD FACTOR METHOD

C1. CAPACITY CALCULATIONS

C1.1 MOMENT CAPACITY at MIDSPAN

Assumed fotal prestressing loss including creep o oss (Mpa) 204.6

Ultimatte Strength of Tendons fu (Mpa) 1860

Web Width bw (mm) 203
Prestressing Steel Area As* (rmm?) 5670

Section Loss (%) 0

Total Assumed Area of Steel As(mm?2) 5670

Effective width of deck , beff (mm) 2100

Centroid of Prestressing Steel from top of deck , d (mm) 1700

Yield Strength of Tendons fy (Mpal) 1570
k=2(1.04-fy/fu) 0.39 Cinput
Neutral axis location (mm) 560.6 560.6
Moment Capacity at Midspan R (kN-m) 14284

C1.2 MOMENT CAPACITY at PIER SUPPORT

Ultimate Strength of Rebar fy (Mpa) 415
Numioer of Rebars (nos.) 15
Diameter of Main Rebar (mm) 36
Area of one main rebar @s (mm2) 1017
Concrete Cover (mm) 38
Resistance Reduction Factor 0.90
Rebars Area As (mm?) 15255
Section Loss (%) 10
Total Assumed Area of Steel As(mm?2) 13730
Centroid of Rebar from top of compression fiber, d (mm) 1744
Web Width bw (mm) 711.0
Rebar Ratio p=As/ (beffxd) p 0.01107
Neutral axis location (mm) 608.1
Moment Capacity at Face of Support R (kN-m) 8045

After confirmation of this sheet,

click "NEXT" button then [Cnexr ]

proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 238, 239 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Light blue cells should be filled up, these are;
Assumed prestressing loss including creep loss (Mpa)
Prestressing Steel -
ot Midspan Section Losses (%)
Yield strength fy
Cinput should be given as the same value with Neutral axis location in the left side
Input Data cell of Cinput. By giving a initial value of Cinput, then the User can get a value of

Neutral axis location. Repeating to apply Neutral axis location as a Cinput,
Cinput as same value with Neutral axis location will be taken.

Number of main rebar

Rebar

at Pier Support Diameter of main rebar

Concrete cover

Damage Evaluation | Secton Losses due to main rebar exposure caused by Moment

Differences compared

with Simple PCDG

Load Rating calculations should be done not only at Midspan but also at Pier.

Applied Equation
in Output

My=UfxAs'xfyx (d-a)

Moment Capacity M
pactly My where, a=(As' xfy)/(0.85xf'c x beff)

PCDG
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Sheet 6 (CCMS2): Capacity Calculations for Moment at Midspan and Shear at Support

C1. CAPACITY CALCULATIONS

C1.3 SHEAR CAPACITY at MIDSPAN
Diameter of Stirups (mm) 12
Ared of Stirrups (mm?) 13
Spacing of Stirups (mm) 250
Nominal Shear Capacity Factor & 0.85
Web Width bw (mm) 203
Depth of Shear Cracks (mm) 40
The Reduction Facter due to Shear Cracks 0.80
Cracking Moment (kN-m) 3775.4
Factored Total Moment Mmax (kN-m) 11231.6
Factored Shear Force Vi (kN) 440.3
Nominal Shear Strength Vai (kN) 254.4
Nominal Shear Sfrength Vew  (kN) 1474.5
Nominal Shear Strength provided by concrete Ve (kN) 204.2
Nominal Shear Strength provided by Rebar Vs (kN) 637.8
Shear Capacity Yu= ®(Vc+Vs) (kN) 715.7
C1.4 SHEAR CAPACITY of PIER B

Diameter of Stirups (mm) 12
Area of Stirups (mm?) 113
Spacing of Stirups (mm) 150
Nominal Shear Capacity Factor @ 0.85
Web Width bw (mm) 203
Depth of Shear Cracks (mm) 30
The Reduction Factor due to Shear Cracks 0.85
Cracking Moment (kN-m) -819.2
Factored Total Moment Mmax (kN-m) -2006.8
Factored Shear Force Vi (kN) -1806.4
Nominal Shear Strength Vci (kN) 1350.4
Nominal Shear Strength Vew (kN 1834.5
Nominal Shear Strength provided by concrete Ve (kN) 1150.9
Nominal Shear Strength provided by Rebar Vs (kN) 1090.5
Shear Capacity Vu 1905.1

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 240, 241 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Light blue cells should be filled up, these are;
Rebar both Diameter of stirrups
Input Data aft Midspan and

at Pier Support

Damage Evaluation

Spacing of stirrups

Depth of Shear Cracks

Differences compared
with Simple PCDG

Load Rating calculations should be done not only at Midspan but also at Pier.

Applied Equation
in Output

Shear Capacity V,

VU= ® x (Vc +Vs)
where, Vc=0.05xSart (fc)xbxdx ®
Vs=2xAv' x fy xdeff /S

PCDG
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Sheet 7 (LRC ) : Load Rating Calculations

C2. LOAD RATING CALCULATIONS

C2.1 LOAD RATING BASED ON SERVICEABILITY LIMIT STATE
(1) USING COMPRESSIVE STRESS
Section C Pier Support B
For Strength Factor 0.6
For Strength Factor 0.4
For Dead Load Factor 0.5
Concrete Compressive Stress 38
Dead Load Stress 15.80 219
Prestress after all losses -7.13 8.48
Secondary Prestress 0.00 0.00
Live Load stresses including Impact 2.56 7.65
Using Compressive Stress Under All Load Combination 552 155
Using Compressive Stress of Live Load 4.24 1.29
(2) USING ALLOWABLE TENSION STRESS
Dead Load Stress -17.27 -0.83
Prestress after all losses 28.32 12.13
Secondary Presiress 0.00 0.00
Live Load sfresses including Impact -6.74 -2.91
Using the Allowable Tension in Concrete 2.10 4.95
C2.2 LOAD RATING BASED ON STRENGTH LIMIT STATE
Dead Load Factor 1.3
2.17
Live Load factors lnveméw
Operating 1.3
Section C (at Midspan| Section B (Support)
Moment Shear Moment Shear
Moment and Shear Capacity 14284 716 -8045 -1905
Moment and Shear due to Dead Load 4174 0.00 0.00 -477
Moment and Shear due to Superimposed Dead Load 595 0.00 -793 -136
Moment and Shear due to Live Load 2441 203 -2771 -465
C2.3 LOAD RATING CALCULATIONS
o Moment Shear
Description : I -
Inventory | Operating| Inventory  Operating
’ Section C (Midspan) 1.53 2.55 1.63 271
Rating Factor :
| Pier B (Support) 1.51 1.95 1.10 1.83
Rating Live Load (MS18) (Metic Tons Weight of vehicle 33.0
Load Rating Calculations Sgctlon C (Midspan) 50.4 84.1 53.6 8%.5
Pier B (Support) 49.8 64.3 36.2 60.5

After confirmati
click "NEXT"

proceed directly to the next

INEXTI

on of this sheet,
button then

Note

Refer to the manual calculation sheets as shown in the Appendix Il "Load

Reference Rating Examples" page 242, 243 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple PCDG

Load Rating calculations should be done not only at Midspan but also at Pier.

c . AllLoad |=0.6xfc-(Fd+Fp+Fs)/Fl
- Rating Under ompression — . o
Applied Factor SLS Live Load | =0.4xfc-0.5x (Fd+Fp +Fs) /Fl
Equation (RF) Tension =0.5xsqgrt (fc)-(Fd+Fp+Fs)/F
in Output Under Strength Limit State =(®xRn-yDxDL)/(yLLx(LL+1))
Load Rating (LR ) LR =RF x 33.0 ( Vehicle Weight )
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Sheet 8 ( LRSUM ) : Summary of Rating Factor and Load Rating

C2.3 SUMMARY OF RATING FACTOR AND LOAD RATING

Weight of Vehicle (Metric Tons) 33 section C Pisr Support B

| RF LR RF LR
Serviceabilit Compression All Lead 252 L2 1) L3
Rating Limit Stoiey Live Load 4.24 140.0 1.29 42.5
Factor Allowable Tension 2.10 69.2 4.95 163.2
and Inventory 1.53 50.4 1151 49.8
Load Moment | o erating| 2.55 84.1 195 643

; Strength Limit Stat . - :
Rafing | STENSHMESEE T [inventory | 143 534 10| 362
Operating 2.71 89.5 1.83 60.5
Minimum Rating Factor and Load Rating 1.53 50.4 1.10 36.2

Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cellis automatically shown
Return to GENERAL

Click following the above instruction

| Return to GENERAL

According to the Instruction shown in

I Load Posting | this screen, User have to click
a gray coloured cell "Return to
GENERAL" or "LOAD POSTING", then
proceed directly to the next screen.
Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 242, 243 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple PCDG

Load Rating calculations should be done not only at Midspan but also at Pier.
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Sheet 9 ( POSTLR1 ) : Posting Load Rating Calculations (1)
D. LOAD POSTING BY LOAD FACTOR METHOD

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES
Conducting a Structural Analysis, the load demands for the PCDG should be
obtained separately and input the necessary load demands in the Table below.
Description Section C Pier Support B
Type 1-1 822.1 -448.7
Moment | Type 1-2 1219.9 -702.9
. ) Type 12-2 1447.3 -934.3
Posting Vehicle Moment and Shear Type 11 703 250
Shear Type 1-2 85.5 -191.8
Type 12-2 84.1 -248.8
D2. POSTING RATING CALCULATIONS
D2.1 POSTING RATING BASED ON SERVICEABILITY LIMIT STATE
(1) USING COMPRESSIVE STRESS
Description Section C Pier Support B
For Strength Factor 0.6
For Strength Factor 0.4
For Dead Load Factor 0.5
Concrete Compressive Stress 38
Dead Load Stress 15.80 2.19
Prestress affer all losses -7.13 8.48
Secondary Prestress 0.00 0.00
Type 1-1 0.86 1.24
Live Load stresses including Impact Type 1-2 1.28 1.94
Type 12-2 1.52 2.58
Using Compressive Stress Type I-1 e 279
Under All Load Combination Type 1-2 1104 625
Type 12-2 9.31 4.70
Type 1-1 12.60 7.96
Using Compressive Stress of Live Load Type 1-2 8.49 5.08
Type 12-2 7.16 3.82
(2) USING ALLOWABLE TENSION STRESS
Dead Load Sfress -17.27 -0.83
Prestress affer all losses 28.32 12.13
Secondary Presfress 0.00 0.00
Type 1-1 -2.27 -0.47
Live Load sfresses including Impact Type 1-2 -3.37 -0.74
Type 12-2 -4.00 -0.98
Type 1-1 6.23 30.54
Using the Allowable Tension in Concrete Type 1-2 4.20 19.50
Type 12-2 3.54 14.67

After confirmation of this sheet, IEI
click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 244, 245 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Load demands should be separately analyzed with appropriate structural Model.

Differences compared
with Simple PCDG

Load Rating calculations should be done not only at Midspan but also at Pier.

Stresses for Posting Live Load

=M/Sx (=Y /lz xM)

Applied Raii ) All Load |=0.6xfc-(Fd+Fp+Fs)/Fl
Equation afing Under | Compression — '
in Output Factor SLS Live Load | =0.4xfc-05x (Fd+Fp+Fs)/Fl
(RF) Tension =0.5xsqrt (f'c)-(Fd+Fp+Fs)/F
PCDG
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Sheet 10 ( POSTLR2 ) : Posting Load Rating Calculations (2)

D2. LOAD RATING CALCULATIONS

D2.2 POSTING RATING BASED ON STRENGTH LIMIT STATE

Dead Load Factor 1.3

Live Load factors

Inventory 217
Operating 1.3
section C (at Midspan|  Section B (Support)
Moment Shear Moment Shear

Moment and Shear Capacity 14284 716 -8045 -1905
Moment and Shear due to Dead Load 4174 0.00 0.00 -477
Moment and Shear due to Superimposed Dead Load 595 0.00 -792.9 -136
Type 1-1 822 60 -449 -123
Moment and Shear due to Live Load Type 1-2 1220 86 -703 -192
Type 12-2 1447 84 -934 249

D2.3 POSTING RATING CALCULATIONS

- Moment Shear
Description - - -
Inventory  Operating| Inventory | Operating
Section C Type 1-1 4.53 7.57 5.47 9.13
SN~ ype 12 | 305 510 3.86 6.44
(Midspan)
. Type 12-2 2.57 4.30 392 6.55
Rating Factor
Pier B Type 1-1 7.20 12.02 4.15 6.92
suomort)| TyPe1-2 | 460 7.68 2.66 4.45
Type 12-2 3.46 5.77 2,05 3.43
) . Type 1-1 17.0
Postting Live Load . .
(Metic Tons) Weight of vehicle = Type 1-2 27.0
Type 12-2 38.0
, Type 1-1 77.0 128.6 93.0 155.2
Section C
Misseen) e s 78| eaa | 1490 2
Load Rating Calculations ype 1 : : - :
Pier B Type 1-1 122.5 204.4 70.5 117.6
(support) Type 1-2 124.2 207.3 71.9 120.0
Type 12-2| 131.5 219.4 78.0 130.2

After confirmation of this sheet, I&I
click "NEXT" button then
proceed directly to the next

Note

Refer to the manual calculation sheets as shown in the Appendix Il "Load

Reference Rating Examples" page 246, 247 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple PCDG

Load Rating calculations should be done not only at Midspan but also at Pier.

Applied Equation
in Output

Rating Factor RF RF=(®xRn- ypxDL)/(yux(LL+1))

Load Ratfing LR LR = RF x ( Each Posting Vehicle Weight )

PCDG
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Sheet 11 ( POSTSUM ) : Summary of Posting Rating Factor and Load Rating

D2.3 SUMMARY OF POSTING RATING FACTOR AND LOAD RATING

Section C Pier Support B
RF LR RF LR

(1) POSTING VEHICLE TYPE 1-1 Weight of Vehicle 17 (Meteric Tons)

Senviceability Compression All Load 16.38 278.5 9.79 166.4

Rating Limit State Live Load 12.60 214.1 7.96 135.3

Factor Allowable Tension 6.23 105.9 30.54 519.3

and Morment Inventory 4.53 77.0 7.20 122.5

Lood | i ongth Limit tate Operafing| 7,57 128.6 1202 2044

Rating Shear Inventory 5.47 93.0 4.15 70.5

Operating 2.13 155.2 6.92 117.6

Minimum Rating Factor and Load Rating 4.53 77.0 4.15 70.5

(2) POSTING VEHICLE TYPE 1-2 Weight of Vehicle 27 (Meteric Tons)

Serviceability Compression ‘AII Load 11.04 298.1 @25 168.7

Rating Limit State Live Load 8.49 229.2 5.08 137.2

Factor Allowable Tension 4.20 113.3 19.50 526.5

and Morment Inventory 3.05 82.5 4.60 124.2

Load Strenath Limit State Operating] _ 5.10 137.7 7.68 207.3

Rating < Shoar Inventory | 3.86 104.2 2.66 719

Operating 6.44 173.9 4.45 120.0

Minimum Rating Factor and Load Rating 3.05 82.5 2.66 71.9

(3) POSTING VEHICLE TYPE 12-2 Weight of Vehicle 38 (Metoric Tons)

Serviceability Compression AllLoad 231 ey =10 0

Rafing Limil State live Load| 7.16 2719 3.82 1453

Factor Allowable Tension 3.54 134.4 14.67 557.4

and Inventory 2.57 97.8 3.46 [SIFS

Load o Moment o erating| 4:30 1633 577 219.4
Rating Strength Limit Stafe ventor 390 10 505

Shear Y - & - 780

Operating 6.55 248.8 3.43 130.2

Minimum Rating Factor and Load Rating 2.57 97.8 2.05 78.0

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

[wext ]

Note
Reference Reffar to the manual calculation ;hee‘rs as shown in the Appendix Il '.'Lood
Rating Examples" page 246, 247 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple PCDG

Load Rating calculations should be done not only at Midspan but also at Pier.
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Sheet 12 ( SUMMARY ) : Summary of Load Posting
E. SUMMARY OF RESULTS FOR LOAD POSTING

SUMMARY OF RESULTS FOR LOAD POSTING
Vehicle SECTION C PIER SUPPORT B Load
Vehicle = Weight T ' T oa
Type (Meftric Rating Load Rafing Load Posting
Tons) Factor = Rafing | Factor | Rating | (Tons)
MS18 33.0 1.53 50.4 1.10 36.2 3371
Type 1-1 17.0 4.53 770 4.15 70.5 171
Type 1-2 27.0 3.05 82.5 2.66 71.9 271
Type 12-2 380 257 978 205 780 38T

After confirmation of this sheet, click
"END GO TO RC DECK SLAB" button
then proceed directly to the next

|[END AND GO TO DECK SLAB]

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 247 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
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6.5 SIG (Steel | Girder Bridge)
6.5.1 Simple SIG

Sheet 1 ( GENERAL ) : Input Data of Bridge Description

INTERIOR SIG SIMPLE

A. GENERAL
Al. BRIDGE DESCRIPTION
Bridge Location REGION Vil
Bridge Name MANANGA |l Bridge
Bridge Simple or Continuous S Steel I-Girder Bridge
Type Number of Span 4
Bridge Width (curb to curb) (m) 7.32
Number of Lanes 2
Bricdge Length (m) 35.000 35.000 | 35.000]  35.000] | =140.000m
Year Built 1970
Nos. of Girder 3 Multiple Girder compasite for live load
Structure | Girder Spacing (m) 3.200 on centers
Substructure RC Cantilever Abutments
Wearing [ thickness (mm) 50
Course material Asphalt
3 . fc= 8.3|Mpa fs= 265.0|Mpa
Material Properties
f'e= 20.7(Mpa fy= 482.0|Mpa
Weight of barrier rail Wbr = 4.600(KN/m
Concrete Unit Weight Wu = 24.0[KN/m®
Assumplion " " "
Steel Girder Unit Weight Ws = 77.0|KN/m®
Asphalt Unit Weight Wa = 22.0[KN/m®
Others Rating Live Load is AASHTO MS18 (HS20-44)
Material Co:;tg;m Feor fy ooy O:]Cez]rﬁf:g. osing After 'con‘flrmo:fjon of this sheet,
Prior o 1905 179.3 96.5 134.4 96.5 click NE'XT button then
stuctural Jo05 10 19361 2068 1103 1551 103 proceed directly to the next
B;;Z?}g 1936 10 1963|  227.5 124.1 168.9 124.1
after 1963 248.2 137.9 186.2 137.9
Structural Prior to 1905 179.3 58.6 793 58.6
Steel | 190510 1936| 206.8 65.5 93.1 65.5
Web 1936 to 1963 227.5 75.8 103.4 758
Shear [ qiter 1963 248.2 82.7 1103 82.7
Prior to 1954 227.5 124.1 172.4 124.1
after 1954 2758 137.9 193.1 137.9
Rebar
Grade 50 344.7 189.8 224.1 137.9 *pc
Grade 60 413.7 227.5 248.2 165.5 *oc
Prior to 1959 17.2 6.9 10.3 6.9
after 1959 20.7 83 13.1 83 *pc: for Prestressed Concrete
Concrete 1977 10 1981 27.6 11.0 16.5 11.0 *pc
after 1981 31.0 12.4 18.6 12.4 *pc
Note
Input Data Light blue cells should be filled up.

Material Properties

It should be taken from GENERAL NOTE in the as built drawings or in the
Standard Bridge Design. In case of non-availability of data, It should be
taken based on the Bridge Year Built.

(refer to Table shown in the above Table)
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Sheet 2 (LAYOUT ) : Input a Bridge Layout and Dimension for Load Rating
A2. BRIDGE LAYOUT AND DIMENSIOas’%o

0.18m

r with 0.05m thick Asphalt Overlay

thick Concrete Deck Slab

—CeD

L 3.06m 7.10m 13.90m | 7.10m 3.05m
ELEVATION
1.1 7.32m 111
1.00
025 —
018 § TS s

1,385 [0

J g 37 2.83 .37 283 “37 1.3§5
157 | 3.20 320 167
TYPICAL SECTION
Ove 0.05 Overz 0.05 0.05
720 b 0.18 ligrli08ig 0.18 0.18
é%‘ 0010 T %0019 0.022
0.009,]| 180 0009, 1.80 0.0095 [ 180
0.010 — e 0022 ——— 0.025
*o:* 0.28 *oar
SECTION ‘A' SECTION 'B' SECTION'C'
GIRDER SECTION
SECTION | SECTION A (At Support) | SECTION B (Dummy) | SECTION C (At Midspan) * Only figure should be given
Location . . .
m) 0.010 1.000 17.500 [ (in case of this screen, give
Dimersion| b (m) h (m) bim | him | bder | him) the "0.180" only)
Slab thickness = 0.180 m
< 0.320 0.180 0.320 0.180 0.320 0.180 *10 (Modular Ratio] |
0.240 T.010 0.280 0019 0.300 0022
Ufig 0.000 5.000 5000 5000 5.000 0000
0009 T800 0.009 T800 0.009 T800
Wweb 0000 5.000 0.000 0000 0.000 T.000
0.280 0.010 0.280 0022 0370 0025
Lfig 5.000 5.000 0000 7000 0,000 5.000
Length &.T00 T2.200 3500
After confirmation of this sheet, IE'
click "NEXT" button then
proceed directly to the next
Note
Light blue cells should be filled up, these are;
- Location of objective section
Input Data - Slab Dimension : Slab Thickness (Only figure should be given)
- Girder Dimension : Width and Height for Upper/Lower Flange and Web
- Length of objective section
Drawings Drawings (Elevation, Cross Section and Steel Girder Details) for the objective

bridge should be prepared as shown in this screen.
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Sheet 3 (DFDLLL ) : Demand Forces Calculations

B. DEMAND FORCES

B.1 INPUT AND SECTION PROPERTIES

BO. INPUT

Slab thickness ts (m)
Slab width ws (m)
Span Length L{m)

0.180

3.200

35.000

B1. PROPERTIES OF STEEL GIRDER SECTIONS

(1) UNDER DEAD LOAD (NON-COMPOSIE GIRDER)

SECTION Total Area| Web Area | Iz (m?) Yo (M) Y, (m) S (M) S, (M?)
A (Al Support) 0.02140 0.01620 0.00863 | 0.89308 0.92692 0.00966 0.00931
B (Dummy) 0.02768 0.01620 0.01387 0.89407 0.94693 0.01551 0.01464
C (At Midspan) 003205 [ 0.01620 | 0.01737 | 0.84924 | 0.99776 0.02045 0.01741
(2) UNDER SUPERIMPOSED DEAD LOAD AND LIVE LOAD (COMPOSIE GIRDER)
A (At Support) 0.07900 0.01620 0.02492 1.63453 0.18547 0.01524 0.13435
B (Dummy) 0.08528 0.01620 0.03412 1.59443 0.24657 0.02140 0.13840
C (At Midspan) 0.08965 0.01620 | 004189 | 1.54813 | 0.29887 0.02706 0.14014
Standard Section Area of "SECTION A"
Original Section Area (m2J 0.0214
B.2 DEAD LOAD CALCULATIONS
B2. DEAD LOAD CALCULATIONS
Section A (At Support) 0.287
: ) Section B (Dummy) 0.865
Self-weight of Girder - -
Section C (At Midspan) 0.980
Stiffener and Bracing 0.267
i . Slab Weight | Continuous 13.824
Uniform Load per meter of Girder (KN/m) R 8
Barrier Rail 3.067
Asphalt Overlay 3.520
Total Load 22.809
Total Deadload 16.223
Total Superimposed Dead Load 6.587
Dead Load Moment (KN-m/m) Mpy 2484.1
Shear (KN) Vou 283.9
Superimposed Dead Load Moment (KN-m/m) Mo 1008.6
Shear (KN) VoL 115.3

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

I NEXT I

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 258 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Original section area of section "A" should be given. This data is prepared

in case section losses are observed in steel girder.

Live Load Forces

( refer to Table shown in the next pages of this Sheet 3 )

They are calculated besed on the Load Rating Manual Appendix Il

Applied Equation
in Output

Uniform Load Wp, | = AXW
Dead
Load Mot =1/8 x Wp x L2
VDL :]/QXWDLXL
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Sheet 4 (DSDLLL ) : Demand Forces and Stresses Calculations

B3. LIVE LOAD CALCULATIONS

B3. LIVE-LOAD CALCULATIONS

LIVE-LOAD Type MS18(HS20
Numio f live load wheel i 1.7
umber of live load wheel line 50 INPUT FOR LIVE LOAD

Impact factor 0.209

span 35.00

Max.MS18 moment for 35.00m span /wheel line wfrhoui Impact T M, SIL/0)
with Impact | My 1733.65

Max.MS18 shear at a distance "d" without Impact | Vi 143.4%9

from the support/wheel line with Impact Vi 303.46

B4. LOAD DEMANDS ON DIFFERENT SECTIONS OF STEEL GIRDER

B4. LOAD DEMAND MIDSPAN AND SUPPORT OF STEEL GIRDER

. At Support Section B (Dummy) At Midspan

Loading 001m 1.00m 17.50m
Dead load moments, KN-m 2.8 2758 2484.1
Dead load shears, KN 283.7 267.7 0.0
SDL moments, KN-m 1.2 112.0 1008.58
SDL shears, KN 115.2 108.7 0.0
LL moment + Impact, KN-m 3.1 305.0 1733.6
LL shear + Impact, KN 314.7 305.0 118.7

B5. LOAD STRESS CALCULATIONS

ESTIMATED STRESS DEMANDS AT GIRDER SECTIONS

click "NEXT" button then
proceed directly to the next

Loading Location Al Support Section B (Dummy) At Midspan

Top 0.30 18.83 142.69
DL moment

Boftom -0.29 -17.78 -121.45

Top 0.01 0.81 7.20
SDL moment

Bottom -0.08 -5.23 -37.27
L+ morment, oy, Top 0.02 2.20 12.37

Bottom -0.21 -14.25 -64.07
DL shear, vy, 17.51 16.52 0.00
SDL shear, vsp, 7.1 8.71 0.00
LL+ shear, v 19.42 18.83 7.33

After confirmation of this sheet, NEXT

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 259, 260 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Live Load Forces

They are calculated based on the Load Rating Manual Appendix I

( refer to Table shown in the next pages of this Sheet 3 )

Applied Equation
in Output

ML Refer fo Load Ratfing Manual Appendix Il
Live MLL =ML x D.F x Impact
Load VL Refer to Load Rating Manual Appendix IlI
VLL =ML x D.F x Impact
Sirosses Moment =M/Sx (=Y /lz xM)
Shear = (Shear forces ) / ( Web Area )
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Sheet 5 (LRASM ) :

Load Rating Calculations by ASM

C. LOAD RATING BY ALLOWABLE STRESS METHOD
C1. ALLOWABLE STRESS CALCULATIONS

C.1.1 ALLOWABLE STRESSES FOR CONCRETE AND STEEL

Allowable Stress fc 8.3
. Concrete .
Material Properties Strength fc 20.7
(Mpa) Allowable Stress fs 265.0
Rebar
Strength fy 482.0

C.1.2 COMPRESSION AND TENSILE STRESSES

. Inventory 265.0

Allowable compressive stress :
Operating 361.5
Allowable tensile stress Inventory 265.0

C.1.3 ALLOWABLE SHEAR STRESS

Allowable Shear Stress

Inventory 160.7
Operating 216.9

C2. LOAD RATING CALCULATIONS

C2.1 RATING FACTOR CALCULATIONS USING ASM

Section Description Inventory Operating
Stress at Top Fiber 11301.38 15421.66
Af | Stress at Bottom Fiber 1282.08 1749.61
Support
Shear 7.01 9.90
Stress at Top Fiber 111.34 155.14
B Stress at Bottom Fiber 16.98 23.75
(Dummy) |
Shear 7.30 10.29
Stress at Top Fiber 9.31 17.11
. At | Stress at Bottom Fiber 1.66 3.17
Midspan
Shear 21.94 29.61
C2.2 LOAD RATING CALCULATIONS
_ o Rating Live Load (Metric Tons) 33.0
Section Description -
Inventory Operating
At Moment 1282.08 | 42308.7 1749.61 57737.0
Support | Shear 7.01 231.2 9.90 326.7
B | Moment 1698 | 560.4 23.75 783.9
(Dummy) | Shear 7.30 241.0 10.29 339.5
At Moment 1.66 54.7 3.17 104.4
Midspan | Shear 2194 | 7239 29.61 977.1
Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cell is automaticdally shown
Return to GENERAL
Click following the above instruction
Return to GENERAL . . .
I I According to the Instruction shown in
| PETI | this screen, User have to click
i "
9 a gray coloured cell "Return to
GENERAL" or "LOAD POSTING", then
proceed directly to the next screen.
Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 260, 261 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Allowable compression stress, tensile stress and shear stress under inventory

and operating should be given.

Applied Equation

in Output

Rating Factor RF

RF=(®xRn-ypxDL)/(yyux(LL+1))

Load Rating LR

LR =RF x 33.0 ( Vehicle Weight )
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Sheet 6 ( POSTLL ) : Demand Forces and Stresses Calculations
for Load Posting Vehicles ( Type 1-1, Type 1-2 and Type 12-2)

D. LOAD POSTING BY ALLOWABLE STRESS (ASM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.1 DEMAND FORCES FOR LOAD POSTING VEHICLES
(1) POSTING VEHICLE Type 1-1
LIVE-LOAD Type Typel-1
Number of live load wheel line 1.750
Impact factor 0.209
span 35.00
Type 1-1 moment for 35.00m span /wheel line a:::?;!;n:'acr :;‘:L 1€1975(;757
Type 1-1 shear at a distance "d" without Impact ' 80.64
from the support/whesel line with Impact Vi 170.54
(2) POSTING VEHICLE Type 1-2
LIVE-LOAD Type [ Typel2
Type 1-2 moment for 35.00m span /wheel line x:::?::plgwcpiad :/:“" ;?gggg
Type 1-2 shear at a distance "d" without Impact vV, 120.43
from the support/wheel line with Impact Vi 254.69
(3) POSTING VEHICLE Type 12-2
LIVE-LOAD Type [ Typel2-2
Type 12-2 moment for 35.00m span /wheel line :::::T;!:{;qd :Z‘LLL ;i:;g;
Type 12-2 shear at a distance "d" without Impact Vi | 14401
from the support/wheel line with Impact Vi 304.56
D1.2 POSTING VEHICLE DEMAND FORCES AT MIDSPAN, SUPPORT
At B At
Posting Vehicle Demand Forces Support | (Dummy) | Midspan
00Im 1.00m 17.50m
Moment 1.72 167.24 1470.77
Trpe Shear 17224 | 16724 | 8399
Type 12 Moment 2.62 254.05 2190.98
Shear 261.98 254.05 121.95
Moment 3.30 319.22 2667.39
Type 122 Shear 33038 | 31922 | 13328
D1.3 POSTING VEHICLE DEMAND STRESSES AT MIDSPAN, SUPPORT
Posting Vehicle Demand Forces SupA;ort [Duf\my) Midﬁmn
Top Fiber 0.01 1.21 10.49
Type 1-1 Bottom Fiber -0.11 -7.81 -54.35
Shear 10.63 10.32 5.18
Top Fiber 0.02 1.84 15.63
Type 1-2 Bottom Fiber -0.17 -11.87 -80.97
Shear 16.17 15.68 7.53
Top Fiber 0.02 2.31 19.03
Type 12-2 Bottom Fiber -0.22 -14.92 -98.58
Shear 20.39 19.70 8.23
[ EE

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 262 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Posting Live Load
Forces

They are calculated besed on the Load Rating Manual Appendix Il

( refer to Table shown in the next pages of this Sheet 6 )

Applied Equation
in Output

ML Refer fo Load Ratfing Manual Appendix IlI
Posting MLL = ML x D.F x Impact
ng\;z VL Refer to Load Rating Manual Appendix Il
VLL =ML x D.F x Impact
Stresses Moment =M/Sx (=Y /lz xM)
Shear = (Shear forces ) / ( Web Area )
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Sheet 7 ( POSTLFM ) : Posting Rating Calculations

E. POSTING LOAD RATING FACTOR CALCULATIONS

E1. LOAD POSTING RATING FACTOR CALCULATIONS (1)
. . At Supprot B (Dummy) At Midspan
Posting Vehicle | — — "
Inventory |Operating| Inventory |Operating Inventory Operating
Top Fiber [19138.80|26666.17| 203.04 | 282.89 10.97 20.17
Type 1-1 " Bott Fiber | 2141.82 | 2995.94 | 30.97 43,32 1.96 3.73
Shear 12.80 18.08 13.32 18.76 31.00 41.84
Top Fiber [12582.61]17531.41| 133.66 | 21.80 7.36 13.54
Type 1-2 Bott Fiber | 1408.12 | 1969.65 | 20.39 28.51 1531 2.50
Shear 8.41 11.89 8.77 25 21.35 28.81
| Top Fiber | 9977.65 [13901.90[ 106.37 | 148.21 6.05 11.12
Type 12-2 Bott Fiber| 1116.60 | 1561.88 | 16.22 22.69 1.08 2.06
Shear 6.67 9.43 6.98 9.83 19.53 26.36
E2. LOAD POSTING RATING FACTOR CALCULATIONS (2)
Vehicie \\:'Ve;;:rlﬁ Inventory Operating Posting
. Moment Shear Moment Shear (Metric
Type (Metric | ) 3
Tons)
Tons) RF LR RF LR RF LR RF LR
(1) AT SUPPORT

MS18 | 33.0 1.282.08 | 42308.7 /.01 231.2 | 1.749.61 | 57737.0 2.90 326.7 33
Type 1-1 17.0 2,141.82 | 364102 | 12.80 217.6 |299594| 50931.0| 18.08 307.4 17
Type 1-2 27.0 1,408.12 | 38019.1 8.41 227.2 |1.969.65| 53180.5| 11.89 321.0 27
Type 12-2| 38.0 1.116.60 | 42430.6 | 6.67 253.6 | 1.561.88] 59351.3 9.43 358.3 38
(2) SECTION B (Dummy)

MS18 33.0 16.98 560.4 7.30 241.0 23.75 783.9 10.29 339.5 33
Type 1-1 17.0 30.97 526.4 13:32 226.4 43.32 736.4 18.76 318.9 17
Type 1-2 | 27.0 20.39 550.4 8.77 236.7 21.80 588.6 12.35 333.4 27
Type 12-2| 38.0 16.22 616.5 6.98 265.1 22.69 862.3 9.83 SIAE 38
(3) AT MIDSPAN

Ms18 33.0 1.66 54.7 21.94 723.9 3.17 104.4 29.61 977.1 33
Type1-1 | 17.0 1.96 33.2 31.00 526.9 3.73 63.4 41.84 711.2 17
Type 1-2 | 27.0 1.31 35.4 21.35 576.4 2.50 67.6 28.81 7780 27
Type 12-2| 38.0 1.08 41.0 19.53 742.2 2.06 78.2 26.36 1001.8 38

Load Posting
MS18 331
Type 1-1 17T
Type 1-2 277
Type 122| 38T

After confirmation of this sheeft, click"END
GO TO RC DECK SLAB" button then
proceed directly to the next screen.

END AND GO TO DECK SLAB

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 263 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Applied Equation

Rating Factor RF

RF=(®DxRn-ypxDL)/(yux(LL+1))
a=(As *fy) /(0.85*'c * beff)

in Output

Load Rating LR

LR = RF x ( Vehicle Weight )
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6.5.2 Continuous SIG

Sheet 1 ( GENERAL ) : Input Data of Bridge Description

INTERIOR SIG CONTINUQUS

A. GENERAL

| BACKTO MENU |

Al. BRIDGE DESCRIPTION

Bridge Location

\ REGION

Bridge Name

Bridge Simple or Confinuous = Steel I-Girder Bridge
Type Number of Span 2
Bridge Width (curb to curb) (m) 24.00
Nurnber of Lanes 6
Bridge Length (m) 27.000 27.000 | | | | =54.000m
Year Built 1967
Nos. of Girder 13 Multiple Girder compaosite for live load
Structure | Girder Spacing (m) 2.020 on centers
Substructure Wall Type RC Pier and RC Cantilever Abutments
Wearing | thickness (mm) 50
Course material Asphalt
Material Properties fe= 8.3iMpa 5= 1377 iMpa
f'c= 20.7|Mpa fy= 248.2|Mpa
Weight of barrier rail Whr = 3.600[KN/m
) Concrete Unit Weight Wu = 24.0[KN/m®
Assurmption . . N
Steel Girder Unit Weight Ws = 77.0]KN/m?
Asphalt Unit Weight Wa = 22.0|KN/m’®
Others Rating Live Load is AASHTO MS18 (HS20-44)
. Year of . fc or fs
Material Construction foorfy Inventory  Operating)  Posting
Priorto 1905 179.3 96.5 134.4 96.5 After confirmation of this sheet,
S"Eic'ul"" 190510 1936| 2068 1103 155.1 1103 click "NEXT" button then
BenZ?ng 1936 10 1963|  227.5 124.1 168.9 124.1 proceed directly to the next
after 1963 248.2 137.9 186.2 137.9
Structural Prior to 1905 1793 58.6 79.3 58.6
Sleel | 1905101936 2068 65.5 93.1 65.5
Web 1936 to 1963 227.5 75.8 103.4 75.8
Shear ™ gfter 1943 248.2 82.7 1103 82.7
Prior to 1954 227.5 124.1 172.4 124.1
after 1954 2758 137.9 193.1 137.9
Rebar
Grade 50 344.7 189.8 224.1 137.9 pc
Grade 60 413.7 227.5 248.2 165.5 *pc
Prior to 1959 17.2 6.9 10.3 6.9
after 1959 20.7 8.3 13.1 8.3 N
Concrete oo ol 274 o 165 o e pc: for Prestressed Concrete
after 1981 31.0 12.4 18.4 12.4 *pc
Note
Input Data Light blue cells should be filled up.

Differences compared
with Simple SIG

Simple or Continuous, Number of Span and Bridge Length.

Material Properties

It should be taken from GENERAL NOTE in the as built drawings or in the
Standard Bridge Design. In case of non-availability of data, It should be taken
based on the Bridge Year Built. (refer fo Table shown in the above Table)
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Sheet 2 (LAYOUT ) : Input a Bridge Layout and Dimension for Load Rating

A2. BRIDGE LAYOUT AND SECTION

) 1.0th Point
0.40th Point 1 ?
= SUPPON] \ 5400 m .
[ I
\ 127.00 m N\ ; 27.00 m
hY
| |
BRIDGE ELEVATION
24.0m
170 )
1.20 12@202m = 2424 m 1.20
M WebPL 810 x 95 [mm) M
DECK SECTION PPN
6.3m 12.6m 2.7m 2.7m 27m
PL300x16 PL 30022 PLA00x29 © PL3OOKAT © PL 300x62
0 6¢3m | B -
3.3m 3.0m 9.9m 2.7m 27m 2.7m 27m
PL 300x32 PL 300x45 PL 300x51 PL 300x45 PL 300x32 PL 300xd5 PL 300x62
2700 m

GIRDER LAYOUT

GIRDER SECTION " - -
SECTION | SECTION A (AT Pier) | SECTION B (Dummy] [SECTION C (AT Midspan) Only figure should be given
LOC[:’Q;O” 0.010 1,000 13.500 - ()'[2 c%s?;Jg"’rhlslscreen, gve
e"0. on
Dimension b (m) h (m) bm | hm bl him) y)
b thickness = 0.170 m
. 0.202 0.170 0.202 0.170 0.202 0170 | *10 (Medular Ratio] |
0.300 0.062 0.300 0.029 0.300 0.022
Uflg 0.000 0.000 0.000 0.000 0.000 0.000
0010 0.810 0010 0.810 0.010 0.810
web 0.000 0.000 0.000 0.000 0.000 0.000
0.300 0.062 0.300 0032 0.300 0.051
Lfig 0.000 0.000 0.000 0.000 0.000 0.000
Lengih 2700 2.700 16.200
After confirmation of this sheet,
click "NEXT" button then IEI
proceed directly to the next
Note
Light blue cells should be filled up, these are;
- Location of objective section
Input Data - Slab Dimension : Slab Thickness (Only figure should be given)

- Girder Dimension : Width and Height for Upper/Lower Flange and Web

- Length of objective section

Differences compared
with Simple SIG

Drawing of Bridge Elevation.

Drawings

Drawings (Elevation, Cross Section and Steel Girder Details) for the objective

bridge should be prepared as shown in this screen.
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Sheet 3 (DFDLLL ) : Demand Forces Calculations
B. DEMAND FORCES

B.1 INPUT

AND SECTION PROPERTIES

BO. INPUT
Slab thickness ts (m) 0.170
Slab width ws (m) 2.020
Span Length L(m) 27.000

B1. PROPERTIES OF STEEL GIRDER SECTIONS

(1) UNDER DEAD LOAD (NON-COMPOSIE GIRDER)

SECTION Total Area’ Web Area | Iz (m?) Yg (M) Y, {m) S (M) | Sy (M?)

A (At Pier) 0.04490 | 0.00770 | 000750 | 0.46700 | 0.46700 | 0.01607 | 0.01607

B (Dummy) 0.02600 | 0.00770 | 0.00365 | 0.42192 | 0.44908 | 0.00865 | 0.00813

C (Al Midspan) 0.02960 0.00770 0.00390 | 0.32621 | 0.55679 | 0.01197 | 0.00701

(2) UNDER SUPERIMPOSED DEAD LOAD AND LIVE LOAD (COMPOSIE GIRDER)

A (At Pier) 0.07924 0.00770 | 0.01352 | 0.70623 | 0.22777 | 0.01914 | 0.05934

B (Dummy) 0.06034 000770 | 000795 | 0.72590 | 0.14510 | 0.01095 | 0.05480

C (At Midspan) 0.06394 0.00770 0.01053 | 0.67092 | 0.21208 | 0.01570 | 0.04967

Standard Section Area of "SECTION A"

Original Section Area (m?) | 0.0449

B.2 LOAD DEMAND CALCULATIONS
B2.1 DEAD LOAD CALCULATIONS

Section A (At Pier) 0.691
. . Section B (Dummy) 0.400

Self-weight of Girder | - -
Section C (At Midspa 1.367
Stiffener and Bracing 0.307
Uniform Load per meter of Girder (KN/m) S‘qb, Weugh‘r confinuous 8.242
Barrier Rail 0.554
Asphalt Overlay 2.222
Total Load 13.784
Total DeadLoad 11.008
Total Superimposed Dead Load 2.776

B2.2 LOAD DEMAND MIDSPAN AND SUPPORT OF STEEL GIRDER

Conducting a Structural Analysis, the load demands for the SPG should be obtained
separately and input the necessary load demands in the Table below.

. At Midspan At Pier Support
Description 08 m 7 0m
Dead load moments, KN-m 546.52 -1016.85
Dead load shears, KN -4.24 -184.41
Additional Dead load moments, KN-m 27.65 -51.45
Additional Dead load shears, KN -0.21 -9.93
MS18 max. positive moment, KN-m 1060.52 0.00
MS18 max. negative moment, KN-m -273.15 -957.00
MS18 max. positive shear force, KN 83.28 0.00
MS18 max. negative shear force, KN -84.40 -198.35

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

NEXT

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 272, 273 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Original section area of section "A" should be given. This data is prepared
Input Data in case section losses are observed in steel girder.

Load Demands on continuous bridge should be given.

Differences compared
with Simple SIG

Load demands should be separately analyzed with appropriate

structural Model.
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Sheet 4 (DSDLLL ) : Demand Forces and Stresses Calculations

B3. LOAD STRESS CALCULATIONS

B1. PROPERTIES OF STEEL GIRDER SECTIONS

(1) At Midspan

Total Arsa | Web Area| Iz (mf) Yy (M) Y; (m) S (M) Sq (M?)
For Dead Load 0.02960 | 0.00770 | 0.00390 | 032621 | 0.55679 | 0.01197 0.00701
For Add.DL
and Live Load 0.06394 | 0.00770 | 0.01053 | 0.67092 | 021208 | 001570 0.04967
(2) At Pier Support
For Dead Load 0.04490 | 0.00770 | 0.00750 [ 0.46700 | 0.46700 | 0.01607 0.01607
For Add.DL
and Live Load 0.07924 0.00770 0.01352 0.70623 0.22777 0.01914 0.05934

ESTIMATED STRESS DEMANDS AT GIRDER SECTIONS

Loading Location At Midspan At Pier Support
Top 77.95 -63.28
DL moment
Bottom -45.67 63.28
Top 0.56 -0.87
SDL moment
Bottom -1.76 2.69
L+ momert, ot Top 21.35 -16.13
Bottom -67.55 50.01
DL shear, vp, 0.55 23.96
SDL shear, vsp, 0.03 1.29
LL+I shear, vy 4 10.82 25.78
- - : NEXT
After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next
Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 273, 274in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple SIG

Load Rating calculations should be done not only at Midspan but also at Pier.

Applied Equation
in Output

Moment

=M/SXx (=Y /lz xM)

Stresses

Shear

= (Shear forces ) / ( Web Area )
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Sheet 5 (LRASM ) : Load Rating Calculations by ASM

C. LOAD RATING BY ALLOWABLE STRESS METHOD
C1. ALLOWABLE STRESS CALCULATIONS

C.1.1 ALLOWABLE STRESSES FOR CONCRETE AND STEEL

(Mpa)

Concrete

Material Properties

Rebar

Allowable Stress fc 8.3

Strength fic =fc/0.4 20.7
Allowable Stress fs 137.2
Strenath fy = fs/0.55 248.2

C.1.2 COMPRESSION AND TENSILE STRESSES

Allowable compressive siress

Allowable tensile stress

Inventory
Operating
Inventory

137.9
186.2
137.9

C.1.3 ALLOWABLE SHEAR STRESS

Allowable Shear Stress

Inventory fy/3
Operating 0.45fy

82.7
110.3

C2. LOAD RATING CALCULATIONS

C2.1 RATING FACTOR CALCULATIONS USING ASM

Section

At

At
Pier
Support

Description

['stress at Top Fiber

b -
Midspan | Stress at Bottom Fiber

Shear
Stress at Top Fiber

| Stress at Bottom Fiber

Shear

Inventory Operating

278 5.04

1.34 2.05

7.59 10.14

4.57 7.57

1.44 2.40

223

3.30

C2.2 LOAD RATING CALCULATIONS

Section

At
Midspan
At
Pier
Support

Description

Moment

Shear

Moment

Shear

Rating Live Load (Metric Tons) 33.0
Inventory Operating

1.34 44.2 2.05 67.8

7.59 250.4 10.14 334.6

1.44 47.5 2.40 79.3

223 7St5) 3.30 108.9

Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cell is automatically shown

Return to GENERAL

Click following the above instruction

| Return to GENERAL | ) ) .
According to the Instruction shown in
| Toad Posting | this screen, User have to click
a gray coloured cell "Return to
GENERAL" or "LOAD POSTING", then
proceed directly fo the next screen.
Note

Refer to the manual calculation sheets as shown in the Appendix Il "Load

Reference Rating Examples" page 274, 275 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.

Allowable compression stress, tensile stress and shear stress under inventory
Input Data

and operating should be given.

Differences compared
with Simple SIG

Load Rating calculations should be done not only at Midspan but also at Pier.

Applied Equation
in Output

Rating Factor RF

RF=(®xRn-ypxDL)/(yux(LL+1))

Load Rating LR

LR =RF x 33.0 ( Vehicle Weight )
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Sheet 6 ( POSTLL ) : Demand Forces and Stresses Calculations

D. LOAD POSTING BY LOAD FACTOR METHOD (LFM)

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES

D1.2 POSTING VEHICLE DEMAND FORCES

Conducting a Structural Analysis, the load demands for the SPG should be obtained
separately and input the necessary load demands in the Table below.

Posting Vehicle

Type 1-1

Type 1-2

Type 12-2

Demand Forces

Moment

Shear

Moment

Shear

Moment

Shear

At Midspan At Pier Support
657.5 -593.3
45.8 -109.1
869.3 -784.7
65.0 -154.7
859.0 -775.2
64.1 -152.7

D1.3 POSTING VEHIC

LE DEMAND STRESSES

Posting Vehicle Demand Forces At Midspan At Pier Support
Top Fiber 13.24 -10.00
Type 1-1 Bottom Fiber -41.88 31.00
Shear 5.95 14.18
Top Fiber 17.50 -13.22
Type 1-2 Bottom Fiber -55.37 41.00
Shear 8.45 20.10
Top Fiber 17.29 -13.06
Type 12-2 Bottom Fiber -54.71 40.51
Shear 8133 19.84
After confirmation of this sheet, [ NEXT ]

click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 276 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared

with Simple $§

Load Rating calculations should be done not only at Midspan but also at Pier

IG

Load demands should be separately analized with appropriate structural Model.

Applied Equation

in Output

Stresses

Moment

=M/SXx (=Y /lz xM)

Shear

= (Shear forces ) / (Web Area)
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Sheet 7 ( POSTLFM ) : Posting Rating Calculations

E. LOAD POSTING RATING FACTOR CALCULATIONS

E1. LOAD POSTING RATING FACTOR CALCULATIONS (1)
. . At Midspan At Pier Support
Posting Vehicle - -
Inventory | Operating | Inventory | Operating
Top Fiber 4.49 8.13 7.38 12.21
Type 1-1 Bottom Fiber 2.16 331 232 3.88
Shear 13.80 18.43 405 6.00
Top Fiber SHER 6.15 5.58 9.23
Type 1-2 Bottom Fiber 1.63 731 1.75 2.93
Shear 9.72 12.99 2.86 4.23
Top Fiber 3.43 6.23 5.65 9.34
Type 12-2 Bottom Fiber 1.65 2.54 1.78 2.97
Shear 9.86 13.17 2389 429
E2. LOAD POSTING RATING FACTOR CALCULATIONS (2)
Vehicle Inventory Operating .
) X Posting
\/$h\cle Welgw Moment Shear Moment Shear (Metric
ype (Metric | Tons)
Tons) RF LR RF LR RF LR RF LR
(1) SECTION A
MS18 33.0 1.34 44.2 7.59 250.4 2.05 67.8 10.14 334.6 33
Type 1-1| 17.0 2.16 36.7 13.80 234.6 3.31 56.3 18.43 313.4 17
Type 1-2| 27.0 1.63 44.1 9.72 262.5 2.51 67.7 12.99 350.7 27
rype 12-20 38.0 1.65 62.8 .86 374.6 2.54 96.4 13.17 500.5 38
(2) SECTION B
MS18 33.0 1.44 47.5 2.23 73.5 2.40 79.3 3.30 108.9 33
Type 1-1| 17.0 2.32 39.4 4.05 8.9 3.88 65.9 6.00 102.0 17
Type 1-2|  27.0 1.75 47.4 2.86 77.1 2.93 79.2 4.23 114.2 27
lype 122 38.0 1.78 67.5 2.89 110.0 2.97 112.8 4,29 162.9 38
Load Posting
MS18 331
Type 1-1] 17T
Type 1-2| 27T
Type 122 38T
After confirmation of this sheet, click "END
GO TO RC DECK SLAB" button then
proceed directly o the next screen.
END AND GO TO DECK SLAB
Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 276, 277 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.

Differences compared
with Simple SIG

Load Rating calculations should be done not only at Midspan but also at Pier.

App'ied Equqﬁon ROhng Factor RF

RF=(®xRn-¥pxDL)/(yux(LL+1))
a=(As *fy)/(0.85*'c * beff )

in Output

Load Rating LR

LR = RF x ( Vehicle Weight )

SIG

21 CONTINUQUS



6.6 RCDECK (Reinforced Concrete Deck Slab)

Sheet 1 (LAYOUT ) : Slab Layout and Rebar Schedule

RC DECK SLAB

A. SLAB LAYOUT

A. SLAB LAYOUT AND REBAR SCHEDULE

Lll’)

50mm THICK ASPHALT

-
|
|
|

|
$ _ [ v 4%
El Canpfilever siab secion Continuous slab section
i A 50 x 50 HAUNCH
1000 [ 400 ] 1900 | 400 ]
> > i >
® Y . . ° had
= «
= _8 @
4 3| &
[ 0
£
$ s (8] 6 s s T o =
o16@125mm —— T
1 meter wide | 25(cover) + ¢/2

NEXT

After confirmation of this sheet,
click "NEXT" button then
proceed directly to the next

Note

Drawings

Drawings (Elevation and Cross Section) for the objective bridge should be
prepared as shown in this screen.
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Sheet 2 (DFDLLL ) : Demand Forces Calculations

B. DEMAND FORCES

BO. INPUT
Weight of barrier rail Wir = 4.2
Assumption Concrete Unit Weight Wu = 24.0
Asphalt Unit Weight Wa = 22.0
CONTINUOUS SALB
Slab thickness ts (m) 0.18
Asphalt overlay thickness tas (m 0.05
Slab span (Ls) (m) 1.90
FOR CANTILEVER SALB
DEAD Slab thickness ts (m) 0.15
LOAD Slab thickness of hunch ts' (m) 0.05
Asphalt overlay thickness tas (m 0.05
Slab span (Ls) (m) 1.0
Width of Asphalt (Las) (m) 0.6
Width of Curb (Lcu) (m) 0.4
LIVE LOAD
FOR Live Load (LL) (KN) 72.0
LIVE Impact (1) 0.3
LOAD Wheel load position from Curb(Lcu)(m) 0.3
Distributed over a length (E) (m) 1.383
B1. DEAD LOAD CALCULATIONS
Continuous Slab 1.96
Moment due to dead load (KN-m/m) Cantilever Sidb 5.56
B2. LIVE LOAD CALCULATIONS
. Continuous Slab 19.30
Moment due to Live load (KN-m/m) Cantilever SIab 20.30

After confirmation of this sheet, | ::: |
click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 287, 288 in the Manual for Load Rating of Bridges.
Inout Data Light blue cells should be filled up and these Input data should be given
P the same as the objective Girder's Load rating.
Dead Contfinuous Slab [ =1/10x W x Lg"?
Load Cantilever Slab =2 (Wxl)
Apbplied Equati ] =L +0.6T]/9.74xLL
ppied tqudtion Continuous Slab x ( Uniform Continuity =0.8 ) x (1 +1)
in Output Live
Load =LLxIx(1+1)/(E:Distribution Factor )
Cantilever Slab where, E=0.8x (X )+ 1.143
X : Wheel load distance from the curb
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Sheet 3 (CCLFM): Capacity Calculations for Moment

C. LOAD RATING BY LOAD FACTOR METHOD (LFM)

C1. CAPACITY CALCULATIONS

C1.1. INPUT

Concrete Allowable Stress fc 8.30

Material Properties | Strength | fc 20.7
( Mpa) Rebar Allowable Stress fs 137.9
Strength fy 275.8

Rebar area per meter strip SD\omleTer (mm) 5

As (mm? pacing (mm) 125

Rebar area As ([ mm?2 ) 1608.50

Nominal Factor 0.9

Ultimate capacity Reduction due to Concrete Section Loss 1.0
factor (Uf) fmebor due to Rebar Section Loss 1.0
Applicable reduction factor 0.9

. Continuous slab (tscon) 180

slab fhickness (mm] Cantilever slab (tscan) 200
Cover (mm) (c) 25

Rebar diameter (mm) (D) 16
Concrete rectangular stress block (a) (mm) 25.21
Continuous slab (dcon) (mm) 147.0
Pspih d (mm) Cantilever slab (dcan) (mm) 167.0

C1.2. CAPACITY CALCULATIONS

The Moment Ulfimate Capacity Coni!nuous slab (Mucon) (KN-m 53.70
Cantilever slab (Mucan) (KN-m/1  61.69

After confirmation of this sheet,
click "NEXT" button then IEI
proceed directly to the next

Note

Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load

Rating Examples" page 288, 289 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.

Light blue cells should be filled up, these are;

Rebar Rebar Schedule ( Diameter, Spacing and Cover )
Secton Losses of Concrete Section

Input Data Damage Evaluation

Secton Losses due to Rebar exposure caused by Moment

Material Properties

Load rating.

Should be given as same as the objective Girder's

Applied Equation
in Output

Moment Capacity My

My=UfxAs'xfyx (d-a)
where, a=(As' xfy)/(0.85xf'cx beff)

94

RCDECK



Sheet 4 (LRLFM ) : Load Rating Calculations

C2. LOAD RATING CALCULATIONS

C2.1. INPUT
Load factor for dead load | 1.3
Load factor for live load in Inventory Rating 217
Load factor for live load in Operating Rating 1.3
Moment Ultimate Capacity at Continuous Slab 53.70
Dead Load Moment at Continuous Slab 1.96
Live Load Moment at Confinuous Slab 19.30
Moment Ultfimate Capacity at Cantilever Slab (KN-m/m) 61.69
Dead Load Moment at Cantilever Slab 5.56
Live Load Moment at Cantilever Slab 20.30
Rating Live Load 33.0
C2.2. CALCULATIONS OF RATING FACTOR Rafing Rﬁ?ﬁg
AND LOAD RATING Factor [tons)
, Inventory Rating 1.22 40.32
i |
Ra“”smzodor confinuous SIab o ating Rating 2.04 57.30
Load Rating Cantilever Slab Inventory Rah_ng 522, £10%05)
Operating Rating 2.06 68.09
Depend on the minimum value of Rating Factor > 1 or <1,
instruction in the below cell is automatically shown
Return to LAYOUT

Click following the above instruction

[ Retumtolavour | According to the Instruction shown in
- this screen, User have to click
I fet (ERLT) I a gray coloured cell "Return to
GENERAL" or "LOAD POSTING", then
proceed directly to the next screen.
Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 289, 290 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
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Sheet 5 (LRLFM ) : Load Posting Calculations by LFM

D. LOAD POSTING BY LOAD FACTOR METHOD

D1. DEMAND FORCES FOR LOAD POSTING VEHICLES
" Posting Vehicles Demand
bescripfion Type |Wheel Load| Forces
Type 1-1 66.8 17.90
Continuous Slab Type 1-2 739 19.81
Moment due to Live load (KN-m/m) ?yi)eelflz :2: ggj
Cantilever Slab Type 1-2 73.9 20.84
Type 12-2 65.9 18.58
D2. POSTING RATING FACTOR CALCULATIONS
D2.1. POSTING RATING FACTOR CALCULATIONS
Load factor for dead load 1.3
Load factor for live load in Inventory Rating 2.17
Load factor for live load in Operating Rating 1.3
Moment Ultimate Capacity at Continuous Slab 53.70
Dead Load Moment at Continuous Slab 1.96
Al Typs 1-1 17.90
Continuous Slab . ) ype - .
Live Load Moment at Continuous Slab Type 1-2 19.81
Type 12-2 17.66
Moment Ultimate Capacity at Cantilever Slab (KN-m/m), 61.69
At Dead Load Moment at Cantilever Slab 5.56
Cantilever Slab ) ) Type I-] e
Live Load Moment at Cantilever Slab Type 1-2 20.84
Type 12-2 18.58
Rating Live Load 33.0
D2.2. RATING FACTOR AND Rating |Load Rating
LOAD RATING CALCULATIONS Factor (tons)
Inventory Rating 1.32 43.45
Type 1-1 Operating Rating 2.20 72.54
Continuous Inventory Ratfing 1.19 39.28
Type 1-2 " -
Slab | Operating Rating 1.99 65.57
. Inventory Rating 1.33 44.05
RO“”SHZOC'W VP 122 5 afing Rafing | 2.23 73.53
Load Rating Type 1-1 \nvemc‘)ry Ruflhg 1.25 41.30
Operating Rating 2.09 68.94
Cantilever Inventory Rating 1.13 37.33
Type 1-2 . ’
Slab Operating Rating 1.89 62.31
Inventory Rating 1.27 41.86
Type 12-2 Operating Rating 212 49.88
After confirmation of this sheet, IEI

click "NEXT" button then
proceed directly to the next

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il '.'Lood
Rating Examples" page 290, 291 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
Applied Equation Rating Factor RF=(R-A1xD)/(A2xL(1+1))
in Output Load Rating LR = RF x ( Each Posting Vehicle Wejght )
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Sheet 6 ( POSTSUM ) : Summary of Load Posting

E. SUMMARY OF LOAD POSTING

Inventory Operating Posting
RF LR RF LR (Metric Tons)

(1) CONTINUOUS SLAB
MS18 33.0 1.22 40.3 2.04 67.3 33
Type 1-1 17.0 1.32 22.4 2.20 37.4 17
Type 1-2 27.0 1.19 32.1 1.99 53.6 27
Type 12-2 38.0 1.33 50.7 2.23 84.7 38

(2) CANTILEVER SLAB
MS18 33.0 1.24 40.8 2.06 68.1 33
Type 1-1 17.0 1.25 21.3 2.09 35.5 17
Type 1-2 27.0 1.13 30.5 1.89 51.0 27
Type 12-2 38.0 1.27 48.2 2.12 80.5 38
LOAD POSTING

MS18 331
Type 1-1 171
Type 1-2 27T
Type 12-2 38T

After confirmation of this sheet, click
"BACK TO LAYOUT" button then

proceed directly fo the next screen.

| BAckTtOLAYOUT |

Note
Reference Refer to the manual calculation sheets as shown in the Appendix Il "Load
Rating Examples" page 291 in the Manual for Load Rating of Bridges.
Verification Results of calculations should be verified.
Input Data Unnecessary.
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