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 This research was funded through the Wisconsin Highway Research Program by the 

Wisconsin Department of Transportation and the Federal Highway Administration under Project 

0092-10-13.  The contents of this report reflect the views of the authors who are responsible for 

the facts and accuracy of the data presented herein.  The contents do not necessarily reflect the 

official views of the Wisconsin Department of Transportation or the Federal Highway 

Administration at the time of publication. 

 This document is disseminated under the sponsorship of the Department of 

Transportation in the interest of information exchange.  The United States Government assumes 

no liability for its contents or use thereof.  This report does not constitute a standard, 

specification or regulation. 

 The United States Government does not endorse products or manufacturers.  Trade and 

manufacturers’ names appear in this report only because they are considered essential to the 
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Executive Summary 

 

This research project has been prepared under the Wisconsin Highway Research Program. The objective 

of this research is to develop a guide for the analysis of construction loads with and without traffic live 

loads on permanent bridge structures, including construction of new bridges and rehabilitation of 

existing bridges. The following general tasks were performed under this research: 

 

1) Literature Review 

 

The literature review included surveys of Present Practices being used by state agencies and contractors, 

as well as a search of other studies or information currently available. The review generally included an 

attempt to discover: 

 

• How heavy or potentially damaging construction loads are treated by agencies during bridge 

construction.  As an example, does the agency delegate the responsibility of the analysis of heavy 

construction loads to the contractor, or does the agency perform these analyses within the agency. 

 

• If/when the contractor is responsible for performing the analyses what tools or guidance is the 

agency providing to the contractor. 

 

• The differences in the treatment of construction live loads vs. typical AASHTO design vehicles, 

including the distribution of loads from construction vehicles (i.e. what distribution factor should be 

used?). 

 

• Current practices and treatments with respect to the stockpiling of materials on bridges under 

construction. 

 

2) Load Model Studies 

 

Significant research has been performed by AASHTO and others to determine load distribution for 

standard AASHTO design vehicles, however little data is available as to how heavy construction loads, 

such as cranes and heavy haul dump trucks, distribute their loads across a bridge. This research used 

finite element analysis, utilizing CSiBridge version 15, to analyze the distribution of heavy loads across 

different types of bridges.  

 

Three bridges were selected for analysis to determine typical distribution factors under various loading 

conditions. The bridges are local to the state of Wisconsin and represent three common types of bridge 

structures. The bridges included a one-span simply supported concrete slab type bridge, a two-span 

composite steel plate girder bridge, and a three-span composite pre-stressed girder bridge. 

 

Three types of heavy construction loads were examined including local concentrated loads 

representative of crane outriggers, crawler tracks representative of tracked cranes and excavators, and 

heavy haul dump trucks characterized by large wheel loads and short axle spacing. The loads were 

placed as uniform pressures on finite element deck elements.  On all three structures, loads for the 

three different types of equipment were moved to different locations both along the length of the spans 
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and transversely across the bridge to gain a better understanding of the behavior of the load 

distribution. 

 

The analysis of the three structures with three different types of common construction load 

provides data which can be correlated into guidelines for load distribution factors.  

 

Loads placed at midspan 

 

For loads placed between girders on the steel or concrete beam bridges, the type and size of load has 

only a minor impact on the load distribution. A very concentrated outrigger load distributes about 32% 

to each of the adjacent girders, while crane tracks distribute approximately 28%, and the heavy haul 

truck is 27%. Based on this analysis, it was conservatively assumed that 40% of the total load of a piece 

of heavy equipment is transferred to each adjacent girder. If one of the adjacent girders is an exterior 

girder however, then 50% was assumed. 

 

A load placed at or near midspan and directly over a girder, transferred 30% to 40% of the load to the 

girder below. 15% to 25% of the load then distributes to the two adjacent girders. These numbers 

were adjusted if an exterior girder was involved since the distribution was limited by the bridge width.  

Based on this analysis, it was conservatively assumed that for a construction load located near midspan 

and directly over a girder, that 50% of the load would be distributed to the girder below. 

 

Loads placed near substructures 

 

Less distribution between girders occurs as the load is placed in proximity to a pier or abutment 

support. Loads centered between girders and within a few feet of a support distribute 60% to 70% 

of the load to the girder below. These same loads distribute 35% to 45% to the adjacent girders. Based 

on this analysis, distribution factors were conservatively assumed to be 80% for a girder directly below 

the load and 50% distribution to adjacent girders for a load centered between girders.  This same 

distribution could also be used for loads within a quarter-span length from the support.  

 

The use of timber mats has little effect on the distribution amounts to each girder on a bridge. A 

timber mat can be utilized to reduce the total moment caused by a load by distributing the load 

over the length of the bridge. Therefore, the same percentage of moment would still be taken by 

each girder, however the moment would be slightly less because of the load distribution of the 

timber mat.  

 

3) Construction Live Load Design Guide Handbook 

 

The guide is intended to provide guidance for assessing the effects of construction loads in 

typical bridge structures under construction.  Construction loads are often very heavy and 

applied to localized areas as compared to standard highway design loads.   The guide provides 

descriptions of typical construction loads including equipment and material loads. The behavior 

and important loading criteria for such equipment as cranes, loaders and excavators, trucks, 

paving equipment and specialized equipment are discussed. Bridge analysis and bridge 

assessment factors are also discussed in the guide. 
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Project Overview 
 

This research project has been prepared under the Wisconsin Highway Research Program. The objective 

of this research is to develop a guide for the analysis of construction loads with and without traffic live 

loads on permanent bridge structures, including construction of new bridges and rehabilitation of 

existing bridges. The following general tasks were performed under this research: 

 

1) Literature Review 

 

A review of literature was performed in an effort to collect available information for this research. The 

review in general included the following: 

 

o Reference Material Searches 

o Present Practices Surveys 

� Agency Survey 

� Contractor Survey 

 

2) Load Model Studies 

 

Significant research has been performed by AASHTO and others to determine load distribution for 

standard AASHTO design vehicles, however little data is available as to how heavy construction loads, 

such as cranes and heavy haul dump trucks, distribute their loads across a bridge. This research used 

finite element analysis, utilizing CSiBridge version 15, to analyze the distribution of heavy loads across 

different types of bridges. This research can be used to present general guidelines as to the expected 

load distributions from certain types of construction loads on different types of structures.    

 

3) Construction Live Load Design Guide Handbook 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Wisconsin Highway Research Program (WHRP)    

Bridge Construction Live Load Analysis Guide 

 

4  
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1) Literature Review 
 

The Literature Review included surveys of Present Practices being used by state agencies and 

contractors, as well as a search of other studies or information currently available. The review generally 

included an attempt to discover: 

 

• How heavy or potentially damaging construction loads are treated by agencies during bridge 

construction. As an example, does the agency delegate the responsibility of the analysis of 

heavy construction loads to the contractor, or does the agency perform these analyses within 

the agency.  

• If/when the contractor is responsible for performing the analyses what tools or guidance is the 

agency providing to the contractor. 

• The differences in the treatment of construction live loads vs. typical AASHTO design vehicles, 

including the distribution of loads from construction vehicles (i.e. what distribution factor should 

be used?).  

• Current practices and treatments with respect to the stockpiling of materials on bridges under 

construction. 

 

A) Agency Survey 

 

A survey was sent to all state DOT’s and other agencies in February 2010.  24 of 50 states responded to 

the survey, as well the USFS-Region 4 and the Ontario Ministry of Transportation. The survey was 

comprised of seven questions related to bridge construction specifications and loadings. A copy of the 

survey sent to the agencies is provided in Appendix A to this report.  

 

The purpose of the survey was to solicit information related to the standard practices, procedures and 

methods which agencies utilize to account for construction loads. This information was used to provide 

background information and general best practice information for the development of the Construction 

Live Load Design Guidebook.  

 

The survey questions focused in the following general areas: 

 

• Contractor responsibilities to the agency related to construction loading 

• Agency requirements and/or guidance provided to contractors related to limiting load criteria, 

distribution of loads and other information 

• Specification Requirements 

 

A summary and consolidation of the answers and comments provided by the respondents is provided on 

the pages that follow. 
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Agency Survey Question 1 – Contractor Proof 

 

WisDOT recently implemented specification changes to Section 108.7 Methods and Equipment of its 

specifications, which requires that contractors perform structural analysis on bridges to assure that 

loadings during construction do not exceed allowable limits. The purpose of Question 1 was to 

determine other agencies current practices with respect to whether contractors are held responsible 

during the construction process to assure the integrity of bridges. 

 

Question 1a- Does your state currently have specifications in place requiring contractors submit proof 

that a bridge structure is not overloaded during construction? 

Question 1B- If you don’t currently have specifications; are you currently in the process of developing 

them? 

Question 1C- Please attach any requirements/policy contained in your Bridge Manual and /or 

construction specifications. 

 

Twelve (12) of the twenty-six (26) respondents indicated that their agency did have specifications in 

place requiring contractors provide proof that the structure was not overloaded during construction.  

Proofs required by the agencies generally fell into the following categories: 

 

• Submittal of load rating calculations / drawings / diagrams for loads in excess of Legal Loads (e.g. 

MDOT, SCDOT).  

• Submittal of proof that contractor does not exceed certain load or stress limitations (e.g. 

Caltrans, Hawaii DOT, NJDOT) 

• Submittal of approved methods of load distribution or bridging (e.g. MnDOT) 

• Submittal of Falsework Calculations and Drawings (e.g. Hawaii DOT , KDOT) 

• Preparation of a Structural Assessment Report (IDOT) 

 

Fourteen (14) of the twenty-six (26) respondents indicated that their agency did not have specifications 

in place requiring contractors provide proof that the structure was not overloaded during construction.  

 

Three agencies indicated they were currently in the process of developing specifications to require 

contractors submit proof that a bridge structure was not overloaded during construction? 

 

• InDOT indicated they have a research proposal being considered that will provide direction for 

future specifications/guidelines and what Construction Load analysis will be required of the 

Design Consultant and/or Contractor. 

 

• MoDOT provided recent specification and Engineering Policy Guide clarifications promulgated 

by the I-35 collapse, with regard to construction stockpiling on their bridges during construction.  

 

• WyDOT specification revisions are pending and related to the storage of materials or equipment 

not directly involved with bridge work will not be allowed on the bridge.  “Do not stockpile, 

place, or store debris, rubble, or aggregate on bridges”. 
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Eighteen (18) of the twenty-six (26) agencies provided information on the requirements / policies 

contained in their Bridge Manual and / or specifications. A summary of the agency requirements / 

policies is provided in Table 1-1 below. 

 

TABLE 1-1  

State or Agency Remarks 

Alaska DOT Alaska DOT only has generic language that the contractor is “responsible for 

implementing all preventative measures necessary to protect, prevent damage, and repair 

damage to the work from all causes at no additional cost to the Department”. 

Caltrans Caltrans Standard Specifications 5-1.08 ‘Inspection’ establishes the right of the engineer 

to require proof of all the contract requirements. Caltrans Standard Specifications -7.02 

‘Load Limitations’ establishes construction load criteria. Caltrans requires contractors 

furnish to the engineer the dimensions and maximum axle loadings of equipment 

proposed for use on bridge structures. The specifications provide the maximum limits of 

axle loadings for various vehicles based on the center to center spacing of girders.  

Caltrans also allows the contractor to propose strengthening of a bridge (at its own 

expense) under certain conditions. 

Delaware DOT None Provided 

Hawaii DOT Hawaii DOT design requires the contractor submit calculations for false-work and 

centering, as a complete package, stamped and signed by a Hawaii Licensed Structural 

Engineer. Additionally, live loads are not allowed on completed portions of structure 

when such live loads will produce more than allowable stresses permitted by AASHTO 

LRFD Bridge Design Specifications”. 

Illinois DOT IDOT Specifications require contractor to submit Structural Assessment Report(s) (SARs) 

to the engineer for approval. The SARs must demonstrate that the structural demands of 

the applied loads due to the contractor’s means and methods will not exceed the 

available capacity of the structure at the time the loads are applied.  

Indiana DOT InDOT has a research proposal being considered that will provide direction for future 

specifications/guidelines and what Construction Load analysis will be required of the 

Design Consultant and/or Contractor. 

Kansas DOT The contractor is responsible for designing and constructing safe and adequate false-

work. KDOT specifications require that false-work plans and details be prepared and 

sealed by a registered Professional Engineer. KDOT or consultants review false-work for 

any inadequacies or revisions required, and grants approval of false-work. Load Limits for 

false-work design are provided in Chapter 5.0 of the Bridge Design Manual. 

Kentucky DOT None Provided 

Michigan DOT Except for the requirement that the contractor submit proof for non-legal loads, Michigan 

does not require proof that structure is not overloaded during construction. MDOT may 

however, request this information on a case by case basis (such as for false-work).   
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TABLE 1-1  

State or Agency Remarks 

Minnesota DOT The Contractor must comply with legal load restrictions, and with any special restrictions 

imposed by the Contract, in hauling or storing materials, moving or storing equipment on 

structures, completed subgrades, base courses, and pavements within the Project that are 

under construction, or have been completed but have not been accepted and opened for 

use by traffic.  

 

Should construction operations necessitate the crossing of an existing pavement, bridges 

or completed portions of the pavement structure with equipment or loads that would 

otherwise be prohibited, approved methods of load distribution or bridging shall be 

provided by the Contractor at no expense to the Department. 

Mississippi DOT None Provided 

Missouri DOT None provided, however review of MoDOT Specifications revealed the following 

criteria: If the contractor requests to move overweight/over dimension equipment 

across an existing MoDOT structure (i.e. a bridge) open to traffic. The contractor must 

inform the resident engineer who then forwards the request to the Bridge Division for 

review and analysis. The request must include:  

• Longitudinal and transverse dimension of the item to be moved  

• Axle weights and  

• The length and width of the vehicle’s tracks (if it has tracks).  

The Bridge Division will review this material to determine if there are any structural 

issues associated with moving the vehicle across the structure.  

New Hampshire DOT None Provided 

New Jersey DOT No specific proof required except for newly constructed decks where contractor desires 

after a minimum of 28 days to load deck with more than 80,000 pound load. To obtain 

approval contractor must submit stress analysis calculations for the load and the location 

of the load on the deck. The Department will not approve stresses that exceed the design 

allowable by more than 20 percent. 

New Mexico DOT NMDOT puts a General Note in their plans stating the contractor shall not place any heavy 

construction loads or heavy equipment on the bridge without prior approval from the 

NMDOT.  An analysis needs to be done by a Professional Engineer hired by the Contractor 

proving the bridge can handle these loads. 

Ohio DOT Per ODOT Specification Section 5.01- Contractor must prepare and provide working 

drawings for excavation bracing, structure demolition, false-work,  the erection of steel or 

precast concrete structural members, the jacking and support of existing structures, the 

placing or moving of equipment having a gross weight in excess of 60,000 pounds on or 

across a structure, and for structures maintaining traffic. Working drawings must be 

prepared, signed and sealed by two separate/different Ohio Registered Engineers.  

Oklahoma DOT None Provided 

South Carolina DOT SCDOT Specification Section105.12 requires contractor seek the Department’s 

authorization for loads which exceed the legal load limit.  Loads are not allowed on 

concrete pavement, base course or structure prior to the expiration of the curing period. 

South Dakota DOT None Provided 
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TABLE 1-1  

State or Agency Remarks 

Tennessee DOT TDOT Specification Section 107.02 requires the contractor be responsible for submitting 

to the Engineer all analysis and supplementary support details required to effect 

construction load distribution. Additionally TDOT requires that “When the area occupied 

by construction loads in any span exceeds 25% of the area of that span the Contractor 

shall be required to submit a diagram detailing the location, character, sequence and 

weight of construction loads…” to the Department for approval. 

Texas DOT Construction traffic on roadways, bridges and culverts within the limits of the work, 

including any structures under construction are subject to legal size and weight 

limitations. For construction loads which exceed legal load limits the contractor must 

submit for approval a structural analysis by a licensed professional engineer indicating 

that the excessive loads should be allowed. Manufacturer’s certificate of weight including 

the distribution of that weight for equipment used is additional information required to 

be submitted. 

Virginia DOT None Provided 

Washington DOT Bridges under construction shall remain closed to all traffic, including construction 

equipment, until the Substructure and the Superstructure, through the roadway deck, are 

complete for the entire Structure, except as provided elsewhere. Completion includes 

release of all false-work, removal of all forms, and attainment of the minimum design 

concrete strength and specified age of the concrete in accordance with Specifications. 

Once the Structure is complete, Section 1-07.7 governs all traffic loading, including 

construction traffic (equipment). If necessary and safe to do so, and if the Contractor 

requests it in writing, the Engineer may approve traffic on a bridge prior to completion. 

The maximum distributed load at each construction equipment support shall not exceed 

the design load by more than 33-percent.  

Wyoming DOT Section 105.13 Load Restrictions- requires contractor comply with legal load restrictions 

when moving equipment or hauling materials on public roads that remain in service. A 

permit from the department to operate an overweight, oversized, or over-width 

vehicle does not relieve the contractor of liability for damage to public roads due to the 

moving of equipment or materials. 

 

Without damaging structures, roadways, or other work, the contractor may operate 

empty, overweight, or oversize equipment on roadways within the construction limits as 

required to perform the work. Such operation does not require an overweight, oversized, 

or over-width permit but is subject to approval by the engineer.  

USFS- Region 4 The bridges on USFS roads are not typically big enough for this to be a consideration.  

USFS normally install 1 or 2 lane bridges that are closed to all traffic until the bridge is re-

opened.  They do require overload permits when other construction activities require 

heavy equipment to cross existing bridges. They calculate inventory and operating ratings 

and permit non-divisible loads up to the operating rating level. 

Ontario Ministry of 

Transportation 

Relevant construction specifications include: 

• SP100S60 (e.g. refers to construction equipment and unlicensed vehicles),  

• OPSS 510 (e.g. limits milling equipment weight) 

• SP109S49 (e.g. limits scarifiers and other equipment used in rehabilitation) 

• OPSS 919 (e.g. gives some construction loading requirements for falsework/formwork) 

Other specifications may also have some specific limitations 
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Agency Survey Question 2- Construction Load Guidance 

 

The purpose of Question 2 was to solicit what practices other agencies use for the analysis of 

construction loads. It was anticipated that the answers would provide a list of best practices which 

would be documented in the Construction Live Load Manual.   

 

Question 2a- Do you issue any specific guidance to contractors for the analysis of construction loads? 

Question 2b- Please attach any guidance you provide. 

 

7 of the 26 responding agencies indicated that they provide specific guidance to contractors for the 

analysis of construction loads. Table 2 provides a summary of the specific guidance provided by 

agencies related to the analysis of construction loads. Some states (e.g. Alaska, Minnesota) perform 

the analysis of constructions loads in-house, other states just refer contractors to meet AASHTO 

Specifications. Delaware DOT is currently working with the Delaware Contractor’s Association to 

develop acceptable guidance. 

 

The answers provided fell into the following general categories: 

 

• IDOT Structure Assessment Report (SAR)- The following information is provided to the 

contractor to the extent possible by IDOT to assist the contractor with the preparation of 

the SAR. 

o Existing Structure Information Package- which includes the As-built plans and the 

latest NBIS Inspection Report 

o Specific notes on the Contract Plans regarding bridge condition. 

o Current load rating information (Inventory & Operating) including any Live Load 

Restrictions. 

• InDOT Guidance with respect to allowable uniform loads is a live load allowance of 50 psf 

on the horizontal projections of surfaces. InDOT Structural Concrete Specification Section 

702.13, paragraph 570. 

• Limits on gross vehicle weights 

• Guidance with respect to the analysis and loading of falsework. 

 

A summary of the responses to question 2 is provided in Table 1-2. 
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TABLE 1-2  

State or Agency Remarks 

Illinois DOT Illinois DOT provides guidance through the requirement that the contractor prepare a 

Structural Assessment Report. 

Indiana DOT  There are minimal guidelines in the form of uniform loads to be considered over the area 

of the structure.  

Kansas DOT  Chapter 5.0 of the Kansas DOT Specifications provides guidance to contractors related to 

the loading and analysis of false-work. 

Kentucky DOT Kentucky DOT Guidance Manual, Article 10.38.1.7 provides the following: 

 

“Add 10% of the concrete dead load to allow for weight of forms when computing steel 

dead load stress. Do not assume that the concrete slab supports the steel flange when 

computing the allowable steel compressive dead load stress.  For most cases a 

concentrated load of 5000 pounds is sufficient to account for the effects of screed 

machines and live loads during the pouring operation. Note that pouring procedures can 

cause girder stresses due to wet concrete on portions of the structure to be significantly 

greater than girder stresses due to wet concrete on the entire structure.” 

New Hampshire DOT Section 105.13.B.2 of the specification states, “Gross loads in excess of the legal gross 

loads will not be allowed unless authorized in writing by the Engineer. Requests for such 

authorization shall be in writing and shall indicate the length of the vehicle, the type and 

amount of gross load with the location and the load distribution to each axle.  

 

Authorization will specify the maximum speed and location of loads relative to the 

centerline of the bridge. New concrete bridge decks shall be closed to traffic, including the 

Contractor's trucks and equipment, for a period of time as specified in 520.3.11.2.1 with 

the following exception: 

 

Lightweight vehicular loads weighing less than 6,000 lb (2720 kg) GVW will 

be allowed after the concrete test cylinders have attained 80 percent of the 

minimum compressive strength of the specified deck concrete. Heavier loads may 

be permitted upon written request and authorization in the same manner as for 

gross loads in excess of the legal gross loads.” 

 

The next section of the specification states, “The Contractor shall not operate equipment 

of such type, weight or so loaded as to cause any damage to structures, to the roadway, 

or to any other work.” 

Washington DOT   See answer in Table 1-1 above. 

 

 
Maine DOT- did not respond to the agency survey, however the following guidelines from Maine DOT 

were found during our information search: 

 

“The construction live load to be used for constructability checks is 50 psf applied over the entire deck 

area. Considerations should be given to slab placement sequence for calculation of maximum force 

effects”. 
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Agency Survey Question 3- Agency Specification Requirements 

 

Bridge owners are placing an increased emphasis on the evaluation of the effects of construction 

loads upon bridge structures.  Construction loads, whether from materials stockpiles or equipment 

loads, can be of substantial magnitude and can produce load effects that differ from those for which 

a bridge was designed.  Structure evaluation can be performed in a simplified or sophisticated 

manner.  The AASHTO Specifications are primarily a design oriented specification with limited 

direction or guidance with respect construction loads. 

 

AASHTO Standard Specification (17th Edition) Requirements  

 

Construction Loads are covered in Division II-Construction of the Standard Specifications, Section 

8.15.3. This section of the specification provides guidance on the timing and/or extent of 

construction loading on bridges. Table 1-3C provides a summary of guidance provided. 

 

Table 1-3C 

Criteria Vehicle or Material Limits 

Within the first 24 hours after completion of the 

deck pour (providing curing is not interrupted 

and surface is not damaged) 

Light materials and equipment (assumed less 

than 1000 lbs) are allowed. 

 

Deck Compressive Strength greater than or equal 

to 2400 psi. 

Construction Vehicles (and comparable 

materials) weighing between 1,000 and 4,000 

lbs. are allowed. 

Deck concrete greater than or equal to the 

specified design strength. 

Loads in excess of 4000 lbs. are allowed. 

Loading on post tensioned structures  Loads in excess of 4500 lbs. (and comparable 

materials and equipment) are not allowed 

until pre-stressing steel has been pre-

tensioned for the span being considered. 

For substructure concrete which has not attained 

at least 70% of its strength? 

Steel or precast concrete girders cannot be 

placed. 

Loads greater than the load carrying capacity of 

the structure using Load Factor Design, Load 

Group 1B.  

Loads (except as provided above) on existing, 

new or partially completed portions of 

structures due to construction operations are 

not allowed. 

 

 

AASHTO LRFD / LRFR Specification, 4th Edition Requirements 

 

With the exception of segmental concrete bridges, the AASHTO LRFD / LRFR Specifications do not 

provide construction load information and instead refer the designer to obtain information 

from contractors. Section 3.4.2 of the specifications, however, provides the Load Factors to be 

considered for construction loads. These load factors are provided in Table 1-3B. 
 

 

 

 



  Wisconsin Highway Research Program (WHRP)    

Bridge Construction Live Load Analysis Guide 

 

13  

 

Table 1-3B 

Item Description Load Factor 

Weight of structure and appurtenances 1.25 

Equipment and Dynamic Effects 1.50 

Wind 1.25 

All other load factors 1.00 

 

The purpose of Question 3 was to determine if agencies had specifications in place which provide 

information to contractors above and beyond what AASHTO specifications currently provide. 

 

Question 3- When analyzing bridges for construction loads what specifications do you require be 

used. 

 

The majority of agencies surveyed require contractors to use either the AASHTO LRFD/LRFR or 

AASHTO Standard Specifications in the analysis of bridges for construction loads. 5 of the 26 

agencies specify that the contractor must analyze the structure using the specifications of the 

original bridge design (e.g. either AASHTO LRFD or AASHTO Standard Specifications). Table 1-3A, 

below provides the breakdown of the respondents requirements. 

 

Table 1-3A 

AASHTO 

LRFD/LRFR 

AASHTO STD. 

Specifications 

Agency / Dept. 

Procedures 

Other Multiple 

Specifications 

9 7 2 2 5 

 

Two (2) of the twenty-six (26) agencies (CalTrans and Delaware DOT) have specific Agency 

Procedures other than AASHTO.  

 

CALTRANS Specification Section 7-1.02 Load Limitations provides contractors with maximum loads 

for pneumatic-tired truck and trailer combinations and pneumatic-tired earthmoving equipment 

based on axle numbers, type (i.e. single, tandem etc.) and spacing. 

 

Delaware DOT Specification Section 105.12 Load Restrictions provides customary loading values 

for dump trucks and tractor-trailer combinations. 

 

The Ontario Ministry of Transportation Specifications also provides guidance with respect to the 

maximum weight of scarifying and milling equipment, the maximum allowable energy and dynamic 

load allowance factor to be used for rig-mounted breakers and concrete crushers, and construction 

loading for false-work criteria. Specifications sections are provided in the appendix to this report. 
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Agency Survey Question 4- Construction Vehicle Load Limits 

 

Construction vehicles and equipment come in a wide array of configurations, weights and axle 

arrangements and therefore construction loads, can be of substantial magnitude and can produce 

load effects that differ greatly from those for which the bridge was designed.  While the effects on a 

bridge of many, if not most, pieces of construction equipment will not exceed those of a standard 

AASHTO vehicle, either the gross weight or load distribution for some equipment can be well in 

excess of the effects of an AASHTO vehicle.    

 

Federal Bridge Formula (FBF) 

 

If a vehicle conforms to the FBF, then it most likely will not cause bridge structure stresses, strains 

or deflections to exceed those critical values calculated using the standard HS20-44 design vehicle. 

In effect the formula helps to ensure bridges are not “overstressed” due to the almost infinite 

number of truck-axle configurations and weights. The FBF reflects the fact that loads concentrated 

over a short distance are generally more damaging to bridges than loads spread over a longer 

distance. It provides for additional gross weight as the wheel base lengthens and the number of 

axles increases.  

 

The FBF calculates the maximum allowable load (the total gross weight in pounds) that legally can 

be imposed on a bridge by any group of two or more consecutive axles on a vehicle or combination 

of vehicles. The FBF is given as follows: 

• Federal Bridge Formula (FBF) B, W=500 [LN/ (N-1) + 12N +36] 

o W= maximum weight in pounds that can be carried on a group of two or more axles 

to the nearest 500 lbs. 

o L= the distance in feet between the outer axles of any two or more consecutive axles 

o N= the number of axles being considered. 

Maximum Weight Allowed under FBF in Kips 

Wheelbase (ft) 3-Axles 4-Axles 5-Axles 

20 51.0 55.5 60.5 

24 54.0 58.0 63.5 

28 57.0 60.5 65.5 

32 60.0 63.5 68.0 

36 63K> 20 K/Axle 

Limit 

66.0 70.5 

40 66K> 20 K/Axle 

Limit 

68.5 73.0 

 

 

 



  Wisconsin Highway Research Program (WHRP)    

Bridge Construction Live Load Analysis Guide 

 

15  

 

Basic Federal Weight Limits  

o 20,000 lbs for Single Axles (total weight allowed on one or more axles whose 

centers are 40 inches or less apart) 

o 34,000 lbs for tandem axles ( total weight allowed on two or more consecutive 

axles spaced greater than 40 inches, but not more than 96 inches apart) 

o Maximum GVW of 80,000 lbs (Truck + Payload) 

o Application of FBF for each axle group up to the maximum GVW. 

State Legal Loads and Weight Limits 

 

Legal loads vary widely from one agency to another. Truck loads are considered legal in a given 

state if the gross load, axle load, axle configuration, length and width are within the current weight 

and size laws or rules. Although the federal weight limits generally apply both on and off the 

Interstate system, only seven states apply the federal limits without modification or “grandfather 

right adjustment”.  When the Interstate System axle and gross weight limits were adopted in the 
1950’s states were allowed to keep (grandfather) those vehicles which were higher. State rating and 

posting loads include a wide variety of vehicle configurations intended to meet the commercial and 

transportation needs of a particular state. These trucks include: 

o Trucks which meet Federal Formula B for gross and axle group weights 

o Short multi-axle trucks that meet Formula B for gross and axle weights, but have 

configurations that differ significantly from AASHTO vehicles. 

o Trucks that meet Formula B for gross vehicle weight but exceed axle group 

weight limits. 

o Trucks that do not meet Formula B for gross or axle weight (grandfathered). 

 
Wisconsin Legal Loads and Weight Limits 

 

Section 108.7.2 and 108.7.3 of the Wisconsin Standard Specifications require contractors obtain 

written permission to exceed state Legal Loads. Chapter 45 of the Wisconsin Bridge Manual 

provides information on Wisconsin Legal Loads. Wisconsin Legal Loads include any of the AASHTO 

Legal Loads (Type 3, 3S2, and 3-3), AASHTO Specialized Hauling Vehicles (Type SU4, SU5, SU6 and 

SU7), and WisDOT’s Specialized Annual Permit Vehicle Vehicles) 

 

Wisconsin Statutes 

 

Wisconsin Statute 348 provides information for legal loads in Wisconsin. The limitations on size, 

weight and load imposed by this statute however do not apply to construction vehicles or 

equipment actually engaged in construction or maintenance of a highway within the limits of the 

project. These statutes can be used however as a beginning step to provide contractors and WisDOT 

with a viable method to determine if contractor equipment can be used or traverse an existing 

bridge. 

 

Wisconsin Statute 348 provides maximum limits for the width, height and loads for vehicles using 

the states roadways. Vehicles which exceed these limits must obtain a permit to use the roadways 
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or be subject to fine or other sanctions. This research will focus only on the load limits imposed by 

the statutes. The statutes provide a few definitions which are relevant to this section of the 

research. The definitions are as follows: 

 

Axle -An axle includes all wheels of a vehicle imposing weight on the highway, the centers of which 

are included between 2 parallel transverse vertical planes less than 42 inches apart, and extending 

across the full width of vehicle and load. 

 

Tandem Axle-  Means any 2 or more consecutive axles whose centers are 42 or more inches apart 

and which are individually attached to or articulated from, or both, a common attachment to the 

vehicle including a connecting mechanism designed to equalize the load between axles. 

 

Gross Weight -Means the weight of a vehicle or combination of vehicles equipped for service plus 

the weight of any load which the vehicle or combination of vehicles may be carrying. 

 

Class ‘A’ Highway-Includes all state trunk highways and connecting highways and those county 

trunk highways, town highways and city and village streets, or portions thereof, that have not been 

designated as class “B” highways pursuant to s. 349.15. 

 

Class ‘B  Highway -includes those county trunk highways, town highways and city and village 

streets, or portions thereof, which have been designated as class “B” highways by the local 

authorities pursuant to s. 349.15. 
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The purpose of Question 4 was to determine what vehicle types the agency requires the contractor 

use in order to determine construction loading. 

 

Question 4a- Does your state have specific limits on construction vehicle loads? 

Question 4b- If the answer to Question 4 A is yes, what limiting loading criteria do you require? 

 

5 of the 26 respondents stated they have no specific restrictions for construction vehicles. 

15 of the 26 respondents stated that construction vehicle loads are limited to that agencies legal 

load or permit load requirements.  

3 of 26 use other criteria vehicles  

1 of the 26 respondents use HL 93 

1 of the 26 respondents use maximum axle loads 
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Agency Survey Question 5- Load Distribution 

 

In designing a new bridge, the appropriate distribution of the truck loads to the bridge members is 

given in the AASHTO Standard or LRFD Specifications.  For construction loads from equipment, such 

as crane outrigger loads, distribution to bridge members must be evaluated for the specific load 

pattern.  Section 2-“Load Model Studies”, of this research provides an analysis of the distribution of 

loads for representative construction vehicles/equipment. Lateral live load distribution is 

dependent on many factors including beam spacing, diaphragms, bridge skew and other factors, 

and may not be best represented by the AASHTO distribution factor equations.  AASHTO 

Specifications include the Standards Specification and the LRFD Specification methods as follows: 

 

AASHTO Standard Specifications   

Moment & Shear (except as described below) Distribution Factor= S/D where S is the Girder 

Spacing and D is a variable constant which depends on the deck and stringer materials used. 

 

The Shear Distribution Factor at the ends of beams is calculated assuming the flooring acts as a 

simple span between girders (i.e. the lever rule). The shear distribution factors for the remaining 

portions of the beams are calculated similar to the Moment Distribution Factors. 

 

AASHTO LRFD Specifications 

LRFD Specifications have limited range of applicability, and when ranges of applicability are 

exceeded a more refined analysis is required. The LRFD Specifications for Distribution Factors are 

as follows: 

 

For One Lane Loaded for Moment or Multiple Lanes Loaded for Shear 

 

Mg=mγs[a(g lever rule)+b]≥m{N lanes /Ng] 

 

Where: 

 

a and b = calibration constants 

γs  = live load distribution simplification factor (DSF) 

M=multiple presence factor 

Ng = number of girders 

N lanes  = number of design lanes considered in the analysis (in this case using the lever rule) 

g lever rule  = distribution factor computed by lever rule 

g = distribution factor 

 

For Multiple Lanes Loaded for Moment  

 

Mgm=mγs[am(Wc/10Ng)+bm]≥m{NL /Ng] 

 

a and b = calibration constants 

γs  = live load distribution simplification factor (DSF) 

NL = maximum number of design lanes for the bridges, and design lane width = 10 feet 
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The purpose of Question 5 was to determine what guidance agencies provide with respect to load 

distribution for construction loads. 

 

Question 5a- For analysis of construction loads, do you issue guidance to contractors or require 

specific criteria with respect to load distribution. 

Question 5b- If the answer to Question 5 a is yes, what load distribution criteria is specified 

 

17 of the 26 agencies who responded stated that they do not specifically issue guidance with 

respect to the distribution of construction loads.  8 of the 26 agencies require the contractor to use 

the AASHTO Specifications to calculate the distribution effects. The Ontario, Ministry of 

Transportation uses a modified S-over D method for the calculation of Live Load Distribution 

Factors.  Table 1-5 below provides a summary of responses provided by the surveyed agencies. The  

 

Table 1-5 

Agency Remarks 
 Alaska DOT  None 
 Caltrans  Caltrans specifies the use of AASHTO Distribution Factors. 

 Delaware DOT  Delaware DOT specifies the use of AASHTO Distribution Factors. 
 Hawaii DOT Hawaii DOT specifies the use of AASHTO Distribution Factors, and specifically the 

distribution factors in accordance with AASHTO LRFD Specifications. 

Illinois DOT None 

Indiana DOT Indiana DOT does not specifically issue guidance to contractors for load distribution, 

however makes the assumption that contractors understand that AASHTO Distribution 

Factors would be used. 

Kansas DOT Kansas DOT expects contractors to use AASHTO Distribution Factors unless a more 

elaborate analysis of load distribution is required. 

Kentucky DOT None 

Michigan DOT Load distribution with respect to live load distribution factors is not explicitly covered. 

MDOT does limit equipment traveling on pavements to loads less than 850 pounds per inch 

of nominal tire width. MDOT also requires the use of planks and timbers on pavement, but 

these methods are used to prevent surface damage to pavements, as opposed to 

distribution of loads for overload.  

Minnesota DOT Guidance is not provided to contractors, since analysis is done by MnDOT. MnDOT uses 

AASHTO distribution factors as applicable. 

Mississippi DOT None 

Missouri DOT None 

New Hampshire DOT None 

New Jersey DOT AASHTO LRFD Specifications are used for load distribution. 

New Mexico DOT New Mexico DOT specifies the use of AASHTO Distribution Factors. 

Ohio DOT None 

Oklahoma DOT None 

South Carolina DOT SCDOT requires construction wheel loads to be maintained directly over the girder line, and 

uses AASHTO Distribution Factors as the method to calculate distribution factors. 

South Dakota DOT None 

Tennessee DOT None 

Texas DOT None 

Virginia DOT None 

Washington DOT Washington DOT specifies the use of AASHTO Distribution Factors. 

Wyoming DOT None 
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USFS Region 4 None 

Ontario Ministry of 

Transportation 

The Ontario Highway Bridge Design Codes follow a modified S-over D method, in which a 

“Dd” factor is determined by considering several parameters. The Canadian Highway Bridge 

Design Code follows the concept of equal distribution as a “baseline”, but applies 

modification factors in order to improve accuracy.  
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Agency Survey Question 6- Stock Piling 

 

The National Transportation Safety Board determined that the probable cause of the Aug. 1, 

2007 collapse of the Interstate 35W bridge in Minneapolis was the inadequate load capacity of 

the gusset plates at the structure’s U10 nodes due to a design error. The gusset plates failed under a 

combination of (1) substantial increases in the weight of the structure from previous bridge 

modifications, and (2) traffic and concentrated construction loads on the bridge on the day of the 

collapse. 

 

As a result of its investigation, the NTSB made several recommendations to the Federal Highway 

Administration.  Included in those recommendations were specific provisions related to the stock piling 

of materials on bridges.  NTSB’s recommendation was to “develop specifications and guidelines for use 

by bridge owners to ensure that construction loads and stockpiled raw materials placed on a structure 

during construction or maintenance projects do not overload the bridge’s structural members or their 

connections”.  

 

As a result of those recommendations, MnDOT revised its construction specifications to limit 

construction loads from stockpiles on bridges and include a process for engineering review of 

construction loads that exceed typical traffic loads. Per MnDOT’s response to the agency survey (see 

summary below), “Stockpiled materials are limited to 65 psf. Individual material stockpiles (including 

pallets of products, reinforcing bar bundles, aggregate piles) are limited to a maximum weight of 250 

psf. Combinations of vehicles, materials, and other equipment are limited to a maximum weight of 

200,000 lbs per span providing span lengths are over 40 feet long”. 

 

The August 2007collapse of the I35W bridge in Minnesota brought to light the severe loading effect 

that materials and equipment can produce on structures. The purpose of Question 6 was to 

determine what policies procedures agencies apply with respect to the stockpiling of materials on 

bridges, and to assist in developing a list of best practices related to the stockpiling of materials 

when allowed.  

 

Question 6A- Does your state allow stockpiling of construction materials on bridges under construction? 

Question 6B- If the answer to Question 6A is yes, what limiting criteria do you required? 

 

14 of 26 agencies who responded do not allow stockpiling of materials on their bridges. The 

remaining 12 agencies do allow the stockpiling of materials on their bridges. Where allowed the 

limiting criteria generally fell into the following categories: 

 

• Area Loads  

o MnDOT- 65 psf to 250 psf (individual pallets) 

o TnDOT- 50 psf 

o Ontario Ministry of Transportation- 40 psf (pedestrian bridges) to 100 psf (vehicular 

bridges) 

 

• Gross Loads 

o KDOT- Posted Limit or 20,000 lbs. (10 Tons) 

o ODOT- Posted Limit or 60,000 lbs. (30 Tons) 
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Table 1-6 below provides a summary of the agencies response to question 6. 

 

Table 1-6  

Agency Remarks 
 Alaska DOT  Alaska DOT allows stockpiling of construction materials on bridges and uses an Area Load as 

the allowable load. Exact load limits were not provided.  

 Caltrans  Caltrans does not allow stockpiling of materials on bridges. 

 Delaware DOT  Delaware DOT does not allow stockpiling of materials on bridges. 

 Hawaii DOT  Hawaii DOT does not have provisions which prohibit stockpiling of materials. If contractor 

makes requests to stockpile materials, the Department would request structural calculations 

be provided to justify their use. 

Illinois DOT IDOT allows stockpiling of materials, but requires contractor verification that stockpiling will 

not overload the structure. No specific load type was provided. 

Indiana DOT Indiana DOT does not allow stockpiling except under unusual conditions, and then 

Department approval would be required. 

Kansas DOT Kansas DOT Special Provisions for Bridge Demolition, provide some guidance to contractors 

with respect to stockpiling of materials. These provisions limit stock pile construction 

materials, debris, or rubble to the lesser of the posted limit, or 10 tons. Additionally, 

equipment on the structure must not exceed the lesser of the posted limit, or the operating 

load rating for the structure. Contractor must provide KDOT plans showing the location, 

quantity and weight of the proposed materials, debris and/or equipment exceeding the 

stated limits. 

Kentucky DOT Kentucky DOT allows stock piling of materials on bridges. Allowable values were not 

provided. 

Michigan DOT Stockpiling not allowed. 

Minnesota DOT Stockpiled materials are limited to 65 psf. Individual material stockpiles (including pallets of 

products, reinforcing bar bundles, aggregate piles) are limited to a maximum weight of 250 

psf. Combinations of vehicles, materials, and other equipment are limited to a maximum 

weight of 200,000 lbs per span providing span lengths are over 40 feet long. 

Mississippi DOT Stockpiling not allowed. 

Missouri DOT Traditionally, MoDOT has not allowed construction stockpiling on their bridges during 

construction. This was enforced by construction inspectors and somewhat understood by 

Contractors. As a result of the I-35 collapse, proposed specification and Engineering Policy 

Guide changes are under development that will help clarify requirements to Contractors. 

New Hampshire 

DOT 

Stockpiling of materials is allowed, however materials which exceed the legal gross load 

would require analysis and by the contractor. 

New Jersey DOT Specification Section 108.04 Work Site and Storage- “The Department will not allow the decks 

of bridges or the area under bridges, including the slopes, to be used as work sites or storage 

areas.” 

New Mexico DOT Stockpiling not allowed. 

Ohio DOT Stockpiling of materials is allowed up to 60,000 pounds or the posted weight limits. Locations 

of stockpiles required department approval. 

Oklahoma DOT Stockpiling not allowed. 

South Carolina 

DOT 

Stockpiling of materials on bridges is allowed. No specific criteria were provided or could be 

found. 

South Dakota DOT Except for minor quantities of materials and equipment, South Dakota DOT does not allow 

stockpiling of materials. 

Tennessee DOT Stockpiling of materials is allowed and must be less than 50 psf uniform load. Non-uniform 

loads must be reconciled to an effective uniform load or provisions made by the contractor to 
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use timbers or other means to distribute the construction loads. 

Texas DOT  Texas DOT allows the stockpiling of materials with written permission from the Department. 

The Department also reserves the right to request the submission of a structural analysis. The 

use of temporary matting or other protective measures may be directed by the Department. 

No specific limits for stockpile loading are provided. 

Virginia DOT Virginia DOT does not allow stockpiling of construction materials on their bridges. 

Washington DOT. Washington DOT does not allow the stockpiling of construction materials on their bridges. 

Wyoming DOT. Wyoming DOT does not allow the stockpiling of construction materials on their bridges. 

USFS Region 4 USFS Region 4 does not allow the stockpiling of construction materials on their bridges. 

Ministry of 

Transportation, 

Ontario 

Special Provision No. 100S60 of the Ontario Ministry of Transportation Specifications allows 

the stockpiling of materials on bridge decks except as follows:  

• No material shall be stockpiled on spans of bridges in which concrete removal has 

commenced for rehabilitation. 

• 100 psf (5 kPa) on decks of highway bridges, unless otherwise specified 

• 40 psf (2 kPa) on decks of pedestrian bridges, unless otherwise specified 

• Vehicular traffic and other construction equipment shall not be permitted over areas 

where material is stockpiled. 

 

Connecticut DOT- did not respond to the agency survey, however in our search for information we 

found the following guidance from Connecticut DOT:  

 

As a result of FHWA’s 2007 advisory, Connecticut DOT’s Load Restriction Specifications, Article 1.07.05 

was revised. “Designers are being directed to add notes to their structure plans to indicate the allowable 

load for existing and proposed structures. When a structure is not posted, the contractors will be allowed 

to stockpile material and store construction equipment, when the maximum weight of equipment or 

material stored in each 12 foot wide travel lane of any given span shall be limited to 750 plf combined 

with a 20,000 pound concentrated load located anywhere within the subject lane”.  
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Agency Survey Question 7 

 

The evaluation of the effects of construction loads on bridges must consider several factors. These 

factors should include but not be limited to the actual configuration and condition of the bridge, 

redundancy, the load rating and/or capacity of the bridge, magnitude and location of the 

construction loading, and other factors.   

 

The purpose of Question 7 was to determine if agencies applied specific criteria related to the types 

of bridges which they would require analysis for construction loads. 

 

Question 7 – How does your agency determine what structures are analyzed for construction loads? 

 
Table 1-7 provides a summary of the agency responses. The answers for this question were 

generally categorized as follows: 

 

• Bridge Condition 

• Existing Load Rating Capacity and/or Posting of the Bridge 

• Intensity of the proposed loads (i.e. limits exceeding legal loads or other limiting criteria). 

• Agency qualitative/quantitative analysis of contractors proposed construction methods. 

• Structure type and/or complexity 

  
Table 1-7  

Agency Remarks 
Alaska DOT The Department bases its determination on the proposed type of construction load, the 

condition of the bridge, and the current load rating of the bridge. 

Cal Trans The Structure Construction Engineer administering the contract will require the contractor to 

submit documentation for any non-standard construction loads. 

Delaware DOT Delaware DOT bases its decision on low ratings (i.e. < HS20) and Delaware Legal Loads. 

Illinois DOT The Structure Analysis Report is used for all bridges under construction 

Indiana DOT It is left to the designer to determine of the structure is unique and needs specific 

construction loading checked. “It is noted that InDOT stated that when/if AASHTO 

specifications address construction loading items in a more specific way, InDOT will provide 

design consultants and contractors additional guidance.” 

Kansas DOT Specific notes are provided on the plans if analysis for construction loads is required. If the 

plan contains no notes to this effect, then the Special Provision for “Controlled Demolition” 

will determine the extent of analysis required. 

Kentucky DOT Kentucky DOT decides if analysis is warranted / required based on the Contractor’s Proposed 

Construction Methods. 

Michigan DOT Unusual situations would require analysis “MDOT stated that this is not normally a concern”. 

Minnesota DOT Structures are analyzed by MnDOT when the proposed construction loads exceed the limits 

specified in the answer to Question 6 above. 

Mississippi DOT Structures deemed as complicated or otherwise unusual will typically merit a detailed 

analysis. 

Missouri DOT See Note 1 below 

New Hampshire 

DOT 

See Note 1 below 

New Jersey DOT New structure decks with loads which exceed the 80,000 lb. limit will require an analysis. 



  Wisconsin Highway Research Program (WHRP)    

Bridge Construction Live Load Analysis Guide 

 

25  

 

New Mexico DOT See Note 1 below 

Ohio DOT Ohio DOT requires an analysis when construction loads exceed allowable gross vehicle 

weights. 

Oklahoma DOT Bridges are not typically analyzed for construction loading except for falsework loads. 

South Carolina 

DOT 

Analysis is required when/if contractor proposes to place loads on any bridge over the legal 

limit. The resident construction engineer is the point of contact for the contractor. 

South Dakota DOT When non-legal loads are requested to track across the structure or by request of the project 

engineer if more than minor temporary materials / equipment may be allowed. 

Tennessee DOT Construction equipment is not allowed on bridges without prior approval. When allowed, the 

Department will either analyze the structure or request contractor to analyze. 

Texas DOT All loads in excess of legal loads will require analysis of the structure 

Virginia DOT No answer provided 

Washington DOT The load restrictions in Section 6-01.6 of the specifications apply to all bridges under 

construction. 

Wyoming DOT Structures are analyzed on a case by case basis depending on bridge condition, load rating 

and structure type. 

USFS Region 4 No answer provided. 

Ministry of 

Transportation, 

Ontario 

The Ministry’s Regional Structural Section makes the determination of when a structure is 

analyzed. 

  

  

Note 1 The answers provided by the agency appear to be related to Question 6 on “Stockpiling”. The 

intent of the question was to solicit analysis practices in general as opposed to analysis 

practices as they relate to stockpiling. 
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B) Contractor Survey 

 
In March 2010 a meeting was held with Wisconsin based contractors to discuss the research being 

conducted, as well as to solicit contractor input related to this research. As one of the action items from 

that meeting it was decided that a survey would be sent to contractors to solicit additional input related 

to contractor practices, as well as to gather information related to representative contractor equipment 

being used during construction projects.  A copy of the survey sent to contractors is provided in 

Appendix B to this report. 

 

In April 2010 a survey was sent to Wisconsin Based Contractors.   The survey was sent to a total of 30 

contractors, was comprised of five (5) questions and focused in the following general areas: 

 

• The reference material and/or specifications used by contractors to perform load ratings, 

• Information that a contractor would find helpful to be included in the Construction Live Load 

Handbook, 

• Procedure or methods used to distribute heavy concentrated loads placed on structures, 

• Procedure or methods in place to limit the stockpiling of materials on bridges, 

• And a list of construction equipment used by contractors including the types (crawlers, wheel 

loaders etc.), the Manufacturer and model or serial numbers. 

 

Of the 30 surveys sent out only three (3) surveys were completed and sent back and a fourth survey 

provided only a general comment concerning bridge deck construction. A follow up request to complete 

the surveys was sent in October 2010, however no additional responses were received. The contractors 

who completed the survey or provided a comment included: 

 

• Lunda Construction Company 

• Hoffmann Construction 

• Zenith Tech, Inc. 

• Zignego (General comment only stating that Zignego stays off bridges completely until the 

bridge deck has completely cured to avoid damage to the deck) 
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Contractor Survey Question 1 – Specification Use 

 

AASHTO Specifications are generally more design oriented and cover design vehicles (e.g. HS 25, HL 93) 

as opposed to construction vehicles. Although the AASHTO specifications do provide some guidance 

with respect to construction vehicles, the guidance provided is rather limited. The purpose of Question 1 

was to determine whether the AASHTO Specifications provide sufficient guidance to contractors to 

perform their load rating work, and if not what other reference materials contractors might use.   

 

Question 1- What specifications or reference materials does your company use if required to perform a 

bridge load rating for a vehicle which exceeds the standard permit vehicle (e.g. different axle spacing or 

loads) or for which analysis is otherwise required? 

 

 AASHTO Specifications 

 Other Specifications (Please Specify) 

 Unknown or Load Rating is Outsourced 

 

TABLE 2-1  

Contractor Remarks 

Lunda Construction Lunda Construction uses the AASHTO and WisDOT Specifications to perform bridge 

load ratings. 

Hoffman Construction Hoffman Construction typically outsources their load rating work. 

Zenith Tech, Inc. Zenith Tech, Inc. typically outsources their load rating work. 
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Contractor Survey Question 2 – Helpful Information 

 

The goal of this research is provide additional information and guidance to contractors with respect to 

the loading of bridges. The purpose of Question 2 was to solicit contractor input as to what sorts of 

information would be useful to them in this handbook. 

 

Question 2- What information might be helpful to your company which should be included in the 

Construction Live Load Handbook? 

 

 

TABLE 2-2  

Contractor Remarks 

Lunda Construction Lunda Construction thought that it would be helpful to provide typical distribution 

factors for different equipment based on different structure types or lengths, or to 

provide potential modification factors to the AASHTO distribution factors. 

Hoffman Construction Hoffman Construction thought that it would be helpful to provide a standard 

acceptable overload for certain bridges. As an example “a bridge designed for xxxxx 

can withstand a loaded off truck weighing no more that 140,0000 pounds traveling 5 

mph”. 

Zenith Tech, Inc. Zenith Tech, Inc. thought that it would be helpful to provide guidance on the loading 

behavior of tracked vehicles as well as clarification as to when equipment loads exceed 

the standard permit vehicle load. As an example a large tire loader may exceed the 

maximum axle load when placed directly on a deck, however when that same loader is 

placed on a trailer the axle loads do not exceed the permissible axle loads. 
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Contractor Question 3- Load Distribution 

 

The purpose of Question 3 was to solicit information on the methods used to distribute heavy loads to 

bridge structures, and to assist in developing a list of best practices for bridge construction. 

 

Question 3- What procedures or methods does your company use to distribute or minimize heavy 

concentrated loads (wheel loads, outriggers etc.) placed on structures? 

 

TABLE 2-3  

Contractor Remarks 

Lunda Construction  Lunda Construction uses one foot thick timber mats for outriggers and/or maintain 

concentrated loads over girder lines. 

Hoffman Construction  Hoffman Construction Company is a roadway contractor and therefore typically hauls 

loads across structures. During hauling, heavier loads are typically located along girder 

lines and at lower speeds. Structures are also shored at mid-span in some cases. 

Zenith Tech, Inc.  Zenith Tech, Inc. stated that large loads (wheel, outrigger, or track) are typically laid 

out directly over girder lines. Outriggers are placed on OSHA approved out rigger pans 

and additional cribbing/matting is used as needed. 
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Contractor Question 4- Stockpiling 

 

As previously noted in the agency survey, the I35W bridge in Minnesota brought to light the severe 

loading effect that materials and equipment can produce on structures. The purpose of Question 4 

was to determine what procedures contractors apply with respect to the stockpiling of materials on 

bridges. Table 2-4 below provides a summary of the contractor’s response to question 4. 
 

Question 4- Does your company have specified procedures or methods in place to limit the stockpiling 

of materials or equipment on bridges? 

 

TABLE 2-4  

Contractor Remarks 

Lunda Construction   Lunda Construction answered this question as follows: 

• Demo plans review equipment and material loads 

• Typically new structures with cranes over 50 tons on deck consider material 

loads 

• Analysis for heavy or multiple pieces of equipment on deck, however no 

analysis for small equipment or ready mix trucks. 

• Typically material (decking) is less than future wearing surface so analysis is 

not completed 

• Aggregate materials are not stored on bridge decks 

Hoffman Construction Hoffman Construction Company is a roadway contractor and therefore does not 

stockpile materials on bridges. 

Zenith Tech, Inc.   Zenith Tech Inc.  answered this question as follows: 

• Aggregate materials are not stored on bridge decks  

• Parapet steel, parapet formwork, decking that is stripped from under the deck 

is stored on the deck to be bundled and loaded onto trucks. 

• Any equipment that is under the maximum allowable permit weight is used 

on a bridge deck without consideration- Overweight equipment is looked at 

on a one-one basis. Stripping platforms on bridge decks without too much 

consideration to access the underside of a bridge deck for formwork stripping 

requirements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Wisconsin Highway Research Program (WHRP)    

Bridge Construction Live Load Analysis Guide 

 

31  

 

Contractor Question 5- Equipment 

 

Determination of construction loads requires input from the contractor. Different contractors may 

approach a project in varying manners, as well as have particular equipment preferences. While the 

effects on a bridge of many, if not most, pieces of construction equipment will not exceed those of a 

standard AASHTO vehicle, either the gross weight or load distribution for some equipment can be 

well in excess of the effects of an AASHTO vehicle.  

 

As an example, demolition activities as well as new construction may require cranes to work atop 

an existing bridge.  Examples include pile driving from the bridge deck to extend an existing pier, or 

removal of girders for a multi-span demolition.  Crawler (or track mounted) cranes as well as truck 

mounted cranes are often used.  During lifting operations, truck mounted—including so-called 

rough terrain cranes—are supported on outriggers and not on their tires.  The load transferred to 

the bridge comprises not only the crane weight, but also the lifted load, which includes the weight 

of rigging and lifting beams. 

 

The purpose of question 5 was to determine the typical equipment being used by contractors 

during construction, and to determine a general representation of equipment loads on Wisconsin 

Structures. 
 

Question 5- In the table below please list representative equipment that your company owns or 

otherwise uses during construction which might cause significant loading on a bridge structure? 

 

TABLE 2-5  

Equipment 

Type 

Manufacturer Model / Serial 

Number 

Comments/Attachments/ 

Uses/  Other Information 

Contractor 

 Crawler Dozers Caterpillar D9L  Hoffman 

   Caterpillar D3 or D5  Zenith Tech 

     

Crawler Loaders None None  None 

     

Wheel Loaders Samsung 120 / 150  Lunda 

 Volvo L90 / L110  Lunda 

 Case  821 E  Hoffman 

 Caterpillar 936, 950, 966, 980 Forks for removing deck slabs Zenith Tech 

     

Wheel Scrapers Caterpillar 631G  Hoffmann 

     

Dump Trucks Various Quad Axle Hauling Demo Material / 

limited use 

Zenith Tech 

     

Haulers (Lowboy 

etc.) 

Trail Kings TK 25FA-051 8 axles with & without stinger Lunda 

 Various Triaxle Moving cranes or loaders 

across bridges 

Zenith Tech 
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Cranes (Truck / 

Track Mounted 

etc.) 

American 5299 Track Mounted 50 Ton Lunda 

Equipment 

Type 

Manufacturer Model / Serial 

Number 

Comments/Attachments/ 

Uses/  Other Information 

Contractor 

 Terex HC110 / HC 165  Lunda 

 Link Belt LS 138  Lunda 

 Liebherr LR-1160 Track Mounted 150 Ton Zenith Tech 

 Terex HC110 Track Mounted 110 Ton Zenith Tech 

 American  5310 Track Mounted 75 Ton Zenith Tech 

 American 5299 Track Mounted 50 Ton Zenith Tech 

 American 7450 Truck Crane 80 Ton Zenith Tech 

 American 5530 Truck Crane 55 Ton Zenith Tech 

     

Concrete Mixer Cemen Tech MCD10-130 Mobile Mixer on Freightliner 

Chassis 

Zenith Tech 

     

Paving Equipment None None None None 

Crawler Excavator Volvo EC290/EC360/ 

EC460 

 Lunda 

 Caterpillar 330B  Zenith Tech 

     

Wheeled Excavator Liebherr 922  Lunda 

 Liebherr A904  Zenith Tech 

     

Off Road Truck Caterpillar 740  Hoffman 

     

 Zenith Tech  Suspended Stripping Platform Zenith Tech 
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SECTION 2- LOAD MODEL STUDY 
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2) LOAD MODEL STUDY 

 

Construction of new bridges, or rehabilitation and widening of existing bridges may require 

operating heavy equipment on the bridge. As work areas become congested, and adjacent 

construction staging areas are reduced, the need to place loads on bridges increases. In addition, 

with loads concentrated over small areas, construction equipment may be much heavier than are 

the design trucks. For these reasons, it is important to determine how construction loads behave on 

bridge structures.  

 

Significant research has been performed to determine load distribution for standard AASHTO 

vehicles, however little data is available as to how heavy construction loads, such as cranes and 

heavy haul dump trucks, distribute their loads across a bridge. This project was initiated to gain a 

better understanding of the distribution of heavy construction loads, and to develop load 

distribution guidance. This research uses finite element analysis, utilizing CSiBridge version 15, to 

analyze how heavy loads distribute across different types of bridges. For this research, three 

bridges were selected which are representative of general bridge types. This research can be used 

to present general guidelines as to the expected load distributions from certain types of 

construction loads on different types of structures.    

 

AASHTO Standard Specifications utilizing LFD design, AASHTO LRFD design, and lever rule all 

provide methods to determine load distribution. The AASHTO equations were developed for truck 

or lane loads involving standard trucks and the lever rule is a conservative approach which may not 

yield accurate load distributions. This analysis was undertaken to provide accurate load 

distribution analysis on several as-built structures which can form a basis for load distribution 

guidelines and equations.  The results from the finite element analysis are compared with load 

distribution equations presented by AASHTO to determine the validity of those equations in terms 

of heavy construction loads. Guidelines as to expected load distributions are presented based on 

this analysis with the idea that further examination will yield equations which might be used to 

accurately predict load distribution for construction loadings.   

 

BRIDGES 

 

The three bridges selected by WISDOT are analyzed utilizing CSiBridge version 15. The bridges are 

local to the state of Wisconsin and represent three common types of bridge structures. The first 

bridge, 30th Avenue over Pike River in Kenosha County (B30-0005), is a one-span simply supported 

concrete slab. The second bridge analyzed, CTH KE over STH 16 (B67-173), is a two-span composite 

steel plate girder bridge. The third bridge analyzed, STH 27 over the Holcombe Flowage (B09-273), 

is a three-span composite prestressed girder bridge.  

 

The bridges are modeled with linear analysis in CSiBridge version 15. Frame elements are used to 

model the girders and plate elements for the decks. The deck discretization is taken at one foot 

increments for the slab bridge, and approximately four to five foot elements for the two larger steel 

girder and precast girder bridges. On the girder bridges, localized areas of finer discretization are 

manually adjusted to account for the effects of locally applied areas of loading. The element size 

was selected to provide meaningful data while maintaining efficient computer use.  
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LOADS 

 

Three types of heavy construction loads are examined: local concentrated loads representative of 

crane outriggers, crawler tracks representative of tracked cranes and excavators, and heavy haul 

dump trucks characterized by large wheel loads and short axle spacing. . The loads are placed as 

uniform pressures on the finite element deck elements. As noted above, the deck element sizes are 

adjusted to match the equipment loading at a specific location on the bridge. On all three structures, 

loads for the three different types of equipment are moved to different locations both along the 

length of the spans and transversely across the bridge to gain a better understanding of the 

behavior of the load distribution.  

 

Outrigger Loads 

The outrigger load examined in the finite element models is 104,000 lbs taken over a 2‘x2’ base.  

This represents typical operational loads from a 70 ton crane operating with a 40 foot radius. 

Additional analysis included the impact of placing outriggers on varying sizes of timber mats.  

 

Track Loads 

The crane track load represents typical operational loads for a 200 ton crane, such as a Link Belt 

248, with the load concentrated over one track. The load used for analysis is 240,000 pounds 

spread over a 24 foot long by 4 foot wide track. This represents the crane while executing a lift over 

the side. Lifts over the corner, which are generally the governing condition for the crane, are similar 

to the more concentrated effects of the outrigger loads.  

 

Wheel Loads 

The heavy haul dump truck load used for analysis is 156,000 lbs with two-thirds of the load acting 

on the rear axle.  The double wide rear tires have a four foot wide by one foot long contact area and 

the single front tires have a two foot wide by one foot long contact area. The wheel base is 13 feet, 

the rear wheel gage is 8 feet, the the front wheel gage is 10 feet. This is based on a CAT770 Off-

Highway Truck, a commonly used heavy haul truck.  

 

RESULTS 

 

Variations of load types, locations and combinations are analyzed in CSiBridge for the three 

different bridges.  The results given in this section are based on the output from the finite element 

analysis as to how the loads distribute along and across the structure. Selected data, which is meant 

to provide an understanding of the behavior of the load distribution across the bridge, is included in 

graphs in the results. Since actual force or stress values are difficult to understand and compare, the 

values are presented as a percentage of the total load. These percentages can then be correlated to 

distribution ratios.   
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Bridge B30-005 – 30th Avenue over Pike River 

 

30th Avenue over Pike River in Kenosha County, Bridge Number B30-005, is a one-span simply 

supported concrete slab with a span length of 45’–11”, an out to out width of 41’-4”, and a slab 

depth of 24.8”. Both abutments have a skew of 20 degrees and are designed as fixed bearings. The 

superstructure slab consists of 4000 psi concrete with 60 ksi yield strength mild reinforcement. 

The roadway is a two-lane bridge with 8 foot wide shoulders at each side. Figures 1 and 2 are taken 

from the original design drawings of the plan and cross section views for the structure (note the 

dimensions are in metric units).  
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FIG. 1 - Plan View - 30th Avenue over Pike River from Design Drawings 

 
FIG. 2 - Cross Section - 30th Avenue over Pike River from Design Drawings 

 

 

 

 

Bridge B30-005 – Load Case 1 

 

As a comparison for construction loads, a standard 12 foot wide lane located along the centerline of 

the bridge and loaded with the HL-93 design load was examined. The distribution of the positive 

bending moment across the width of the bridge from the lane loading is shown in Figure 3. The plot 

points are spaced at approximately two foot intervals across the width of the bridge. The lane 

loading peaks along the center of the bridge at almost 6% of the total moment, levels down to 5% 

over the 12 foot width of the lane and then spreads out quite uniformly down to 4% near the edges. 

The edge plot points represent an approximately one foot width, and therefore are expected to 

carry half as much load.  
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Load Type HL 93 ( Lane + Concentrated) 

Transverse Location Transverse Center Point 

Longitudinal 

Location 

Midspan 

 

FIG. 3 - Bridge B-30-005 – Load Case 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bridge B30-005 – Load Case 2 

 

A two foot by two foot 104,000 lb. outrigger load placed on the centerline of the bridge at mid-span 

has a positive bending moment distribution as shown in Figure 4. The plot points are at 2 foot 

intervals. The section of bridge width located directly at the outrigger peaks near 8%. This 

decreases to below 6% at less than four feet from the centerline of the load, and then distributes to 

slightly below 4% near the edges of the bridge.  
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Load Type 104,000 lb. Outrigger Load 

Transverse Location Transverse Center Point 

Longitudinal 

Location 

Midspan 

 

FIG. 4 - Bridge B-30-005 – Load Case 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bridge B30-005 – Load Case 3A & 3B 

 

The 104,000 lb. outrigger load was examined in the same location as for Load Case 2, but spread out 

uniformly over a 4’x4’ area representing a timber mat placed under the outrigger (Load Case 3A). 

The peak load at the center of the bridge is reduced to approximately 6.5%, while the percentages 

near the edges of the bridge remain similar to the outrigger load without timber mats.  
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The same loading scenario was also examined with the outrigger uniformly distributed over a 6’x6’ 

timber mat (Load Case 3B). The load is spread out more evenly across the center of the bridge with 

a maximum percentage of approximately 6.1%, though the loads towards the edge remain 

essentially unchanged.   

 

The comparison of Load Cases 3A and 3B are shown in Figure 4.  

 

 
 

Load Type 104,000 lb. Outrigger Load on 4’x4’ Mat (Load Case 3A)  

104,000 lb. Outrigger Load on 6x6 Mat (Load Case 3B) 

Transverse Location Transverse Center Point 

Longitudinal 

Location 

Midspan 

 

FIG. 4 - Bridge B-30-005 – Load Case 3A and 3B 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bridge B30-005 – Load Case 4 

 

A 2’x2’ foot 104,000 lb. outrigger load acting at the quarter-point of the span has a bending moment 

distribution, as shown in Figure 5. The distribution is very similar to when the outrigger acts at 

mid-span. Although the bending moment is reduced due to the location of the load along the span, 
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the load is distributed transversely across the bridge with similar ratios as the outrigger at midspan 

(Load Case 1). The maximum percentage of moment increases slightly to approximately 8.2% due 

to the reduced length along the bridge for the load to spread out.  The difference, however, is 

negligible.  

 

 
 

 

Load Type 104,000 lb. Outrigger Load 

Transverse Location Transverse Center Point 

Longitudinal 

Location 

1/4 Point of Span 

 

FIG. 5 - Bridge B-30-005 – Load Case 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bridge B30-005 – Load Case 5 
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The 104,000 lb. outrigger load placed at mid-span and at the quarter-point transversely across the 

bridge width produces a peak percentage of load of 8%, as shown in Figure 6. This is consistent 

with the outrigger placed along the centerline of the bridge. The load distributes toward the edge of 

the bridge closest to the offset outrigger with values around 6%. The load dissipates to 

approximately 2.5% toward the opposite edge of the bridge which is furthest from the offset 

outrigger.  

 

 

 
 

 

Load Type 104,000 lb. Outrigger Load  

Transverse Location Transverse ¼ Point 

Longitudinal 

Location 

Midspan 

 

FIG. 6 - Bridge B-30-005 – Load Case 5 
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Bridge B30-005 – Load Case 6 

 

Four different load cases are analyzed which examine the CAT770 heavy haul dump truck as well as 

three HS20 truck loadings in the form of a single axle, a three axle truck with a 14 foot long trailer, 

and a three axle truck with a 26 foot long trailer. The positive bending moment distribution across 

the width of the structure is shown in Figure 7.  

 

The CAT770 heavy haul dump truck with two axles distributes load across the width of the bridge 

very similarly to a three axle HS20 truck with a 26 foot long trailer. The maximum moments both 

peak around 5.5% at the location of the wheels and level off to 4% near the bridge edges.  The 

CAT770 load length is less than the 26 foot long trailer; however the wheel spacing is wider. These 

factors combine to result in a very similar load distribution across the bridge.  

 

A single HS20 axle load consisting of two 16 kip wheel loads has a more concentrated distribution 

with maximum moments peaking at 6.5%.  The multiple axles of the HS20 truck spread out the load 

and allow for slightly more distribution laterally.  

 

A comparison of the three HS20 load from a single axle, to a fourteen foot long trailer to a twenty-

six long trailer shows that the load distributions spreads out with more length in the truck.  The 

peak percentage of load decreases from 6.6% with a single axle to 5.6% with a 26’ long trailer and 

three axles. This correlates to approximately a 15% reduction in the load.      
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Load Type CAT770 Truck Load (Load Case 6A) 

Single HS20 Axle (Load Case 6B) 

HS20 Truck with 14’ Trailer (Load Case 6C),  

HS20 Truck with 26’ Trailer (Load Case 6D), 

Transverse Location Transverse Center Point 

Longitudinal Location Midspan 

 

FIG. 7 - Bridge B-30-005 – Load Case 6A, 6B, 6C, 6D 
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Bridge B30-005 – Load Case 7 

 

Load case 7 examines the single crane track loaded along the centerline of the bridge at midspan. As 

shown in Figure 8, the crane track load distributes a greater percentage of the load transversely 

towards the edges of the bridge compared to the outrigger load. The wider load width and longer 

load length allows for a more uniform distribution over the full width of the bridge.    

 

 
 

 

Load Type 240,000 lb Track Load (24 ft. x 4 ft. Track) 

Transverse Location Transverse Center Point 

Longitudinal 

Location 

Midspan 

 

FIG. 8 - Bridge B-30-005 – Load Case 7 
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Bridge B30-005 – Load Comparison 

 

Figure 9 is a comparison of positive bending moment distribution of the three pieces of equipment 

previously discussed and the HL93 AASHTO design lane load. The outrigger load, which is more 

concentrated, has more concentrated distribution at the centerline of the bridge than the track, 

heavy haul truck loading, or the design lane load.  The crawler track and the CAT770 truck 

distribution is very similar to the AASHTO design lane load because of their wider and longer load 

layout compared to the localized outrigger force.  

 

 
 

FIG. 9 - Bridge B-30-005 – Load Comparison 
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Bridge B67-173 – CTH KE over STH 16 

 

CTH KE over STH 16 in Waukesha County, Bridge Number B67-173, is a two-span continuous 

composite steel plate girder bridge with a total span of 327’-6” and an out to out width of 71’-10”. 

The bridge superstructure consists of seven 6’-0” deep plate girders spaced at 10’–7 ½” which 

haunch to 9’-0” deep at the center pier with an 8.5 inch thick deck. The plate girders are 36 ksi steel 

with a 3000 psi concrete deck and 40 ksi yield strength mild reinforcement. The abutments and 

pier have a skew of 34.4 degrees with respect to the centerline of the roadway. The two abutments 

are designed as expansion bearings while the center pier support acts as a fixed bearing. The 

roadway is designed as a two-lane bridge with a 20 foot wide median in the center and 10 foot wide 

shoulders at each edge. Figures 10 and 11 were developed from the original design drawings and 

show the plan and cross section views for the structure. 

 

 
FIG. 10 - Plan View - CTH KE over STH 16 from Design Drawings 

 



  Wisconsin Highway Research Program (WHRP)    

Bridge Construction Live Load Analysis Guide 

 

48  

 

 
FIG. 11 - Cross Section - CTH KE over STH 16 from Design Drawings 

 

 

 

 

 

 

 

 

Bridge B67-173 –  Load Case 1 

 

Figure 12 shows the positive bending moment distribution of the 104,000 lb outrigger load placed 

between Girders G4 and G5. The load is examined at this location to represent a possible 

construction staging scenario in which traffic would remain open over Girders G1, G2 and G3, and 

the opposite side of the bridge would contain construction loads.  

 

The outrigger load is laterally distributed across the bridge with approximately 36% of the load 

going to each Girder G4 and Girder G5. Approximately 11% is distributed to Girders G3 and G6 with 

small amounts also going to girders G1, G2, and G7.  
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Load Type 104,000 lb. Outrigger Load 

Transverse Location Centered between G4 & G5 

Longitudinal 

Location 

Midspan 

 

FIG. 12 - Bridge B67-173 – Load Case 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bridge B67-173 – Load Case 2 

 

As shown in Figure 13, the outrigger placed directly above Girder G4 in the mid-span of the bridge 

distributes approximately 48% of the total load to Girder G4. The same load distributes 19% to 

girders G3 and G5 and approximately 7% to Girders G2 and G6 respectively. 
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Load Type 104 K Outrigger Load 

Transverse Location Centered over G4   

Longitudinal 

Location 

Midspan 

 

FIG. 13 - Bridge B-67-173 – Load Case 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bridge B67-173 – Load Case 3 

 

In continuous bridges, the negative moment over a pier should be investigated as well as the 

positive moment in the center of a span. The negative moment of the pier resulting from placing the 
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outrigger between girders G4 and G5 and at midspan is shown in Figure 14. The distribution of 

moment is slightly more to the outer girders (in comparison to Load Case 1) as the load progresses 

towards the pier. It is therefore concluded that the load does not distribute laterally as much at the 

pier as it does near midspan.  

 

 
 

 

Load Type 104 K Outrigger Load 

Transverse Location Centered between G4 & G5 

Longitudinal 

Location 

Midspan 

 

FIG. 14 - Bridge B67-173 – Load Case 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bridge B67-173 – Load Case 4A & 4B 
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Load cases 4A and 4B examine placing the outrigger in between girders G4 and G5 on a 4’x4’ and 

6’x6’ timber mat.  As shown in Figure 15, the 4 foot square timber mat has very little effect on the 

load distribution to the girders,. The total moment and percentages of load distribution change by 

less than one percent.  

 

The change in bending moment distribution is also insignificant with a 6’x6’ timber mat. The total 

moment is reduced by spreading the load out along the length of the bridge, however the 

distribution percentage of the moment does not significantly change.  

 

  
 

 

 

Load Type 104 K Outrigger Load on 4x4 Mat (Load Case 4A)  

104 K Outrigger Load on 6x6 Mat (Load Case 4B) 

Transverse Location Centered between G4 & G5 

Longitudinal 

Location 

Midspan 

 

FIG. 15 - Bridge B67-173 – Load Case 4A and 4B 
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Bridge B 67-173 – Load Case 5A & 5B 

 

Load cases 5A and 5B examine the same timber mats as Load cases 4A and 4B except the outrigger 

load is centered over Girder 5. The outrigger load placed on a 4’x4’ timber mat directly above a 

girder has a 1% reduction (compared with Load Case 2) in the load distributing to the girder below, 

as shown in Figure 16. A  6’x6’ mat decreases the loading an additional 2% (compared with Load 

Case 2) which correlates to approximately a 5% - 10% reduction in loading taken by the girder 

from the outrigger alone to a six by six mat.  

 

             
 

Load Type 104 K Outrigger Load on 4x4 Mat (Load Case 5A)  

104 K Outrigger Load on 6x6 Mat (Load Case 5B) 

Transverse Location Centered over G4 

Longitudinal 

Location 

Midspan 

 

FIG. 16 - Bridge B-67-173 – Load Case 5A and 5B 
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Bridge B67-173 – Load Case 6 

 

The CAT770 dump truck load is examined acting at mid-span of the bridge with the wheel loads 

placed approximately between girders 3 and 4 and between girders 4 and 5. as shown in Figure 17, 

Girder 4, with the two wheel lines straddling it, receives 33% of the load, and Girders 3 and 5 

receive about 24% each,.   

 

 
 

 

Load Type CAT770 Truck Load  

Transverse Location Centered between G3 & G4 

Longitudinal 

Location 

Midspan 

 

FIG. 17 - Bridge B-67-173 – Load Case 6 
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Bridge B67-173 – Load Case 7 

 

Load Case 7 has the CAT770 located at midspan with the wheel lines placed directly above Girders 

4 and 5. as shown in Figure 18, the loads are distributed with Girders 4 and 5 each receiving 32% of 

the load,  and Girders 3 and 6 each receiving 12% to 14% of the load. 

 

 
 

 

Load Type CAT770 Truck Load  

Transverse Location Centered over G4 & G5 

Longitudinal 

Location 

Midspan 

 

FIG. 18 - Bridge B67-173 – Load Case 7 
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Bridge B67-173 – Load Case 8 

 

Load Case 8 represents a possible construction stage in which two traffic lanes are open over 

girders 1, 2, and 3. Figure 19 shows the bending moment distribution between girders for the two 

traffic lanes. Most of the load is distributed to the three girders below the lanes. The remainder of 

the load distributes about 8% to Girder 4 and less than 3% to the remaining three girders. This 

information can be superimposed with analysis for the heavy construction working on the other 

side of the bridge to determine total live load to each girder.  

 

 
 

 

Load Type HL 93 ( Lane + Concentrated) 

Transverse Location Uniformly from G1 to G3 

Longitudinal 

Location 

Midspan 

 

FIG. 19 - Bridge B67-173 – Load Case 8 
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Bridge B09-273 – STH 27 over the Holcombe Flowage 

 

STH 27 over the Holcombe Flowage in Chippewa County, Bridge Number B09-273,   is a three-span 

composite prestressed girder bridge with a total span of 425’-0” and an out to out width of 46’-11”. 

The superstructure consists of six 6’-0” deep prestressed bulb tee girders spaced at 8’–0” and an 8” 

thick deck. The girders are 8,000 psi concrete with 0.6 inch diameter grade 270 low relaxation 

strands. The deck is 4,000 psi concrete with 60 ksi mild reinforcement. The two abutments are 

designed as expansion bearings while the two center piers act as fixed bearings. The structure was 

built with a slight curvature having a radius of 12,000 feet, which was included in the finite element 

of the bridge. The roadway is a two-lane bridge with 10 foot wide shoulders at each edge. Figures 

20 and 21 were developed from the original design drawings and show the plan and cross section 

views for the structure. 

 

 
FIG. 20 - Plan View - STH 27 over the Holcombe Flowage from Design Drawings 
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FIG. 21 - Cross Section - STH 27 over the Holcombe Flowage from Design Drawings 

 

 

 

 

 

 

 

 

 

 

Bridge B09-273 – Load Case 1A & 1B 

 

Load Case 1A examines the 104,000 lb. crane outrigger load placed between Girders G4 & G5 at 

midspan and Load Case 1B places the outrigger directly above girder G5 also at midspan. This 

transverse location was selected to determine the effects of loading the bridge near an exterior 

girder and also to simulate construction loads on one side of the bridge while traffic could be open 

on the other side. The outrigger load placed between girders distributes approximately 30% of the 

load to each of the nearest girders, as shown in Figure 22. The girder load percentage is increased 

to approximately 37% when the outrigger load is centered above the girder. For Load Case 1B, the 

adjacent interior girder, G4, receives about 22% of the load, while the exterior girder, G6, receives 

28% of the load.  

 

  
Load Type 104 K Outrigger Load  

Transverse Location Between Girders G4 & G5 (Load Case 1A)  

Centered over G5 (Load Case 1B) 

Longitudinal 

Location 

Midspan 

 

FIG. 22 - Bridge B09-273 – Load Case 1A and 1B 
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Bridge B09-273 – Load Case 2A & 2B 

 

Load Cases 2A and 2B examine the same 104,000 lb outrigger force in the same transverse 

locations as Load Cases 1A and 1B, except the outriggers are placed a few feet from a pier instead of 

at midspan. The outrigger force being placed a few feet from the pier shows an increase in load 

applied to the nearest girders compared to Load Case 1.  The outrigger placed between Girders G4 

& G5 results in approximately 38% percent of the load distributed to each adjacent girder, up from 

32% at midspan loading (Load Case 1A). The outrigger placed directly on girder G5 near the pier 

distributes 60% of the load to G5, as shown in Figure 23.  

 

  
Load Type 104 K Outrigger Load  

Transverse Location Between girders G4 & G5 (Load Case 2A)   

Centered over G5 (Load Case 2B) 

Longitudinal 

Location 

Close to Pier 

 

FIG. 23 - Bridge B-09-273 – Load Case 2A and 1B 
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Bridge B09-273 – Load Case 3A & 3B 

 

Load Case 3A examine the CAT770 wheels loads both between Girders G3 and G4 and between G4 

and G5. Load Case 3B examines wheel loads directly above Girders G4 and G5. As shown in Figure 

24, the wheels centered between girders distribute 27% to the straddled girder and 21% to 23% to 

the adjacent two girders. The wheels located above the girders distribute 27% to girders  G4 & G5,  

23% to Girder G6 and 16% to Girder G3.  

 

  
Load Type CAT770 Truck Load  

Transverse Location Wheels between girders G3 & G4 and between G4 & G5 (Load Case 3A)   

Wheels centered over both G4 & G5 (Load Case 3B) 

Longitudinal 

Location 

Close to Pier 

 

FIG. 24 - Bridge B-09-273 – Load Case 3A and 3B 
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Bridge B09-273 – Load Case 4A & 4B 

 

The track load placed between Girders G4 & G5 (Load Case 4A) distributes approximately 29% to 

each adjacent girder. The track load directly above Girder G5 (Load Case 4B) distributes 32% to the 

girder below the track and 21% Girder G4. The adjacent Girder G6 receives 31% of the load because 

it is the exterior girder, and because the load cannot distribute any further.  

 

  
Load Type 240 K Track Load (24 ft. x 4 ft. Track) 

Transverse Location Track located between girders G4 & G5 (Load Case 4A)    

Track centered over girder G5 (Load Case 4B) 

Longitudinal 

Location 

Close to Pier 
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Bridge B09273 - Comparison Summary  

 

A comparison of the three pieces of equipment acting in similar locations on the bridge show very 

similar load distribution to the girders.  

 

Slight differences occur due to the more concentrated force of the outrigger loads distributing the 

nearest girders with a higher percentage load vs. the more uniformly distributed forces of the crane 

track or the CAT770 truck.  
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Distribution Factors based on AASHTO Equations 

 

Three methods were used to determine theoretical distribution factors for the different structures. 

As expected, the lever rule results in a conservative figure compared to the AASHTO equations.  The 

AASHTO Standard Specification 17th Edition provides factors slightly higher than the newer 

AASHTO LRFD factors. This is the result of more specialized equations in the LRFD code which 

allows for less conservative assumptions.  

 

 
 

The AASHTO distribution equations must take many unknowns into account such as overloaded 

trucks and lane width changes during construction phases. These unknowns force the AASHTO 

distribution factors to be conservative for design of the bridge. Specific construction loads can be 

more closely controlled for both weight and location, significantly reducing the uncertainty in the 

loading.  Therefore, more accurate load distribution factors can be utilized when the risk of load 

variation is minimal.  

 

The lever rule check for the CAT770 truck shows a decrease in the distribution factors because of 

the larger transverse wheel spacing.  It would be expected that the AASHTO distribution factors 

could also be reduced based on the spacing of the wheels, tracks, outriggers, etc. For example, the 

AASHTO Standard Specification distribution factor for Bridge B09-0273 is 0.725. The CAT770 

maximum load to anyone girder at midspan is under 30%. Therefore, using the AASHTO Standard 

Specification load distribution factor to determine the CAT770 load distribution to each girder 

would result in a value more than double than provided by the finite element analysis.  

 

The AASHTO LFRD distribution factor of 0.523 is closer to the distribution found for the CAT770, 

but is almost double the distribution found in the computer analysis. The fact that the AASHTO 

equations are designed for typical vehicle traffic means that they cannot be easily correlated to 

larger construction equipment and unique load cases such as a single outrigger or crane track. 

Therefore, equations and factors pertaining to these specific types of construction loads should be 

provided as a guide for engineers and contractors to follow.  
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Punching Shear  

 

Punching shear was examined for a typical 8” thick deck slab, as well as the slab on the 30th Ave 

over Pike River Bridge. The outrigger loads control over heavy haul truck wheel loads and crane 

track loads. The computations for the punching shear capacities are included in the appendices.   

 

For the 30th Ave bridge deck, an outrigger distribution of 2’x2’ has an allowable outrigger load of 

489 kips. The allowable load increases to 743 kips for a 4 foot square distribution and to 997 kips 

for a 6’x6’ foot mat. These capacities would be adequate for most construction activities.  

 

Punching shear is more critical to examine on a typical deck of a girder bridge. On an 8” thick deck, 

the punching shear capacities for a 2 foot square, 4 foot square, and 6 foot square load layout are 94 

kips, 134 kips, and 171 kips respectively. These values could be surpassed by crane outrigger loads 

in some cases, and therefore, it is usually best to place outriggers directly above the girders, and/or 

use grillage systems to distribute load to the girders. 

 

Conclusion 

 

The analysis of the three structures with three different types of common construction load 

provides data which can be correlated into guidelines for load distribution factors. For loads placed 

between girders on a steel or concrete bridge, the type and size of load has minor impact on the 

load distribution. A very concentrated outrigger load distributes about 32% to each of the adjacent 

girders, while crane tracks distribute approximately 28%, and the heavy haul truck is 27%. Based 

on this analysis, it would be reasonable to conservatively assume 40% of the total load of a piece of 

heavy equipment is transferred to each adjacent girder. If one of the adjacent girders is an exterior 

girder, then 50% would be distributed to it.  

 

A load placed at or near midspan and directly over a girder, transfers 30% to 40% of the load to the 

girder below. 15% to 25% of the load then distributes to the two adjacent girders. These numbers 

should be adjusted if an exterior girder is involved and the distribution is limited by the bridge 

width. It seems reasonably conservative to therefore assume that for a construction load located 

near midspan and directly over a girder, that 50% of the load would be distributed to the girder 

below.  

 

Less distribution between girders occurs as the load is placed in proximity to a pier or abutment 

support. Loads centered between girders and within a few feet of a support distribute 60% to 70% 

of the load to the girder below. These same loads distribute 35% to 45% to the adjacent girders. It 

would be therefore be conservative to assume 80% distribution to a girder directly below the load, 

and 50% distribution to adjacent girders for a load centered between girders. This same 

distribution could also be used for loads within a quarter-span length from the support. In that area 

of the span, the moment is significantly less than midspan loading, and therefore the larger 

distribution factor will most likely not control. The shear values to the girders at these locations 

would become the critical item to check.  

 

 



  Wisconsin Highway Research Program (WHRP)    

Bridge Construction Live Load Analysis Guide 

 

 

65  

 

The use of timber mats has little effect on the distribution amounts to each girder on a bridge. A 

timber mat can be utilized to reduce the total moment caused by a load by distributing the load 

over the length of the bridge. Therefore, the same percentage of moment would still be taken by 

each girder, however the moment would be slightly less because of the load distribution of the 

timber mat. Timber mats are however useful to reduce the effects of punching shear on an 

outrigger load which cannot be placed directly over a girder.   
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SECTION 3- Bridge Construction Live Load Guide 
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     3) Bridge Construction Live Load Guide 

 

Introduction 

 

Construction of new bridges, bridge rehabilitation and replacement projects may require placing 

materials or operating equipment on the bridge during construction.  This requirement increases as 

construction sites become congested and limited staging areas are available. 

  

This Guide is intended to provide guidance for assessing the effects of construction loads in typical 

bridge structures under construction.  Construction loads are often very heavy and applied to localized 

areas as compared to standard highway design loads.  Both overall and local load effects need to be 

addressed.  In addition, the bridge may be in a deteriorated condition, or the construction activities may 

themselves alter the bridge behavior. 

 

Construction Loads 

 

Construction loads on bridges include materials loads and equipment loads.  Materials loads include 

stockpiled materials prior to placement into the structure as well as construction debris resulting from 

removal and demolition activities.  Equipment loads include relatively static loads, such as a pile driving 

rig operating from a bridge deck or moving loads such as trucks or hydro-demolition equipment. 

 

Materials Loads 

  

Both the magnitude and location of materials loads dictate the effects of the loads on the bridge.  

Estimates of the weights of materials should be based on calculated weights that accurately account for 

compaction, bulking, moisture content, angle of repose and specific material unit weights.  Load effects 

of materials should also account for impact where materials may be dumped or dropped.  Load 

placement and magnitude should be controlled during construction to assure overloads do not occur. 

 

Equipment Loads 

  

Equipment loads may be static loads or moving loads.  However, even with static loads the equipment 

must normally travel over portions of the structure to reach its static or operating location.  In some 

cases the equipment moves across the bridge, perhaps only once, while in other cases it operates and 

travels about the bridge deck.  The effects of the equipment must be based on the actual equipment 

and configuration to be used, and must be developed through close coordination with the contractor.  

Various models and configurations are often available for a given piece of equipment, each of which 

may differ in weight, track width, wheel loads, etc., so it is critical that full data be available.  Equipment 

loads often vary dramatically from standard AASHTO truck loads in both magnitude and distribution.  

Equipment data is often available on manufacturer’s websites, although contractors may use older 

equipment whose data is not available and must be obtained through the contractor. 
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Crane Loads 

Crane loads may be due to a crane moving over the bridge to be relocated, or the result of the crane 

operating from a specific position.  Determination of crane loads must address the following factors: 

 

• Make and model of the crane, including amount and distribution of counterweights 

• Maximum lift, including rigging weights 

• Swing limits 

• Maximum radius of lift 

• New construction vs. demolition activities 

 

Transfer of loads from the crane into the bridge structure is through the tracks (for crawler cranes) or 

outriggers for wheel or truck mounted cranes.  Crane selection is made by the contractor based on the 

specific task to be performed, access to the job site, availability and cost.  Crane loads depend upon the 

type and model of crane as well as the specific configuration of the crane.  For instance, depending upon 

the specific job requirements, a base crane model may be configured with differing counterweights, 

track widths or track center-to-center spacing, all of which affect loads, and load distribution. 

 

As the load is lifted and moved laterally (swung) the load distribution to the tracks or outriggers 

changes.  The structure must be evaluated for the worst case load distribution.  Load distributions can 

be calculated using statics if sufficient weight and geometric data is available for the crane; however, in 

most cases the loads are provided by the crane supplier/manufacturer.  Figures 3.1, 3.2 and 3.3 show 

typical printouts of crane track pressures while Figure 3.4 shows a load diagram for a crane on 

outriggers.  Track pressures provided by manufacturers or calculated using manufacturer computer 

programs are computed for either soft support, Figure 3.1, such as earth, beneath the track or hard 

support, Figure 3.2.  Track pressures to bridges should be based on a hard surface (concrete deck) 

support under the tracks, even if timber mats are used.  Track pressures are based on the contact area 

of the track and are frequently reported as pounds per square foot (Figures 3.1 and 3.2) or pounds per 

square inch, Figure 3.3.  The crane dimensional data for the tracks is then used to compute the applied 

loads.  The track contact width is generally less on a hard surface than on a soft surface as can be seen 

by comparing the tread contact width shown in Figures 3.1 and 3.2.  For tracked equipment, the length 

of track available to contact the deck or ground is approximately equal to the distance between the 

centerline of the sprockets as opposed to the overall track length. 

  

An impact factor is not normally applied to crane loads.  Crane movements are performed at a slow 

speed and the lifting operations are also performed in a controlled manner.  A 10 percent increase in the 

lifted load – not crane weight – may be applied for normal operations and a factor of 20 percent on the 

lifted load is recommended when performing demolition to account for any “hang up” as members are 

removed.  This is added to the lifted load value used to calculate the resulting track or outrigger loads. 

  

When cranes operate from the structure, a lateral load due to wind should also be accounted for in the 

load calculations  Design wind pressures should be calculated in accordance with ASCE/SEI 7-10 

“Minimum Design Loads for Buildings and Other Structures” with appropriate wind velocity reductions 

for the exposure time.  An option is to remove the crane during high winds.  Cranes only operate in low 

winds, and the booms can be lowered to reduce loads when not in use. 
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Figure 3.1  Crane Track Pressures, Hard Surface, Manitowoc 777 
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Figure 3.2  Crane Track Pressures, Soft Surface, Manitowoc 777 
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Figure 3.3  Crane Track Pressures, Link-Belt 238 HYLVB5 
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Figure 3.4  Representative Outrigger Loads 

 

Loaders and Excavators 

  

Loaders and excavators may be mounted on tracks or wheels.  Track and wheel load data should be 

obtained from the manufacturer’s data for the specific piece of equipment to be used.  The total load as 

well as load distribution to axles or tracks will depend on specific attachments (bucket size and capacity, 
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hydraulic breaker weight, etc.).  Since equipment usage may change over the course of a project, it is 

recommended that the design account for maximum potential loads so that no added design checks, 

which could cause project delays, are required for these cases.  While many pieces of equipment will 

produce loads less than the standard AASHTO design loads, other pieces can exceed these loads. 

  

When tracked equipment turns, one track is stopped in place and the equipment is pivoted about this 

track.  Design loads should include a lateral load factor of ten percent of the equipment weight to 

account for turning operations, as well as starting and stopping.  This load should be applied 

longitudinally as well as laterally. 

 

Trucks 

  

Many trucks utilized by contractors fall within normal AASHTO live load provisions.  However, heavy haul 

trucks or earthmovers are often utilized, particularly where extensive earthwork is part of the project 

and these do not meet standard AASHTO load criteria.  These vehicles are characterized by short wheel 

bases and heavy axle weights.  Figures 3.5 shows the wheel loads for some representative heavy haul 

equipment, along with the HS20-44 truck load as a comparison. 

  

Design loads should be based on equipment load data provided by the manufacturers for the specific 

equipment to be used.  The wheel contact area should also be provided.  When not provided, wheel 

contact area can be calculated by dividing the wheel load by the tire pressure.  Heavy haul vehicle 

impact effects may be reduced below standard AASHTO values since travel speeds are normally slow; 

however this reduction in impact factor should be based on bridge deck conditions and speed 

constraints and control.  A minimum impact factor of 10 percent should be included, even for very slow 

speeds. 

 

Pump Trucks 

  

Pump trucks may be supported on outriggers during operations similar to cranes.  Load data should be 

obtained from the manufacturer.  While pump trucks are legal loads during travel, outrigger loads may 

be quite high during pump operations, with the maximum loads occurring with the boom approximately 

over the outrigger. 

 

Paving Equipment 

  

Loads from paving equipment include bridge deck pavers and finishing machines for new deck 

construction, as well as pavers for placing deck overlays.  Bridge deck pavers and finishing machines are 

supported by rails that run atop the (outside) bridge girders.  Paving machines used for overlays run on 

wheels or tracks atop the deck.  Specific load data to include weights and distributions should be 

obtained from equipment manufacturers. 
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Figure 3.5  Representative Wheel Loads for Heavy Haul Trucks vs. AASHTO HS20-44 Truck 
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Specialized Equipment 

  

Various types of equipment may be used or adapted by contractors for use in bridge construction 

projects.  As an example, straddle lifts have been used to place girders.  Equipment loads should be 

obtained from manufacturers when available.  If not available, loads can be calculated based on statics, 

or determined by actual loads tests. 

 

Construction Loads General 

  

Some times during construction, the size, weight and load of construction vehicles or equipment may 

come into question by the projects’ engineer or construction inspector. The contractor may propose to 

use a certain piece of equipment or vehicle on the bridge. In many of those cases the on- site engineer 

will ask the contractor to provide proof that the structure is not overloaded prior to allowing the work to 

be done. This scenario may cause delays to the project schedule since the contractor has to stop work 

and provide the proof. This section of the research seeks to provide contractors and on-site engineers 

with guidance to help minimize the occurrences of these types of problems. 

 

Weight Limitations on Class “A” Highways 

 

No person, without a permit, may operate on a class “A” highway any vehicle or combination of 

vehicles unless the vehicle or combination of vehicles complies with the following weight 

limitations: 

 

(a) The gross weight imposed on the highway by any one wheel or multiple wheels supporting 

one end of an axle may not exceed 11,000 pounds. 

 

(b) The gross weight imposed on the highway by the wheels of any one axle may not exceed 

20,000 pounds.  

 

(c) The gross weight imposed on the highway by any group of 2 or more consecutive axles of a 

vehicle or combination of vehicles may not exceed the maximum gross weights in the 

statutes (See Appendix D) for each of the respective distances between axles and the 

respective numbers of axles of a group.  

 

 

Weight Limitations on Class “B” Highways 

  

No person, without a permit may operate on a class “B” highway any vehicle or combination of 

vehicles imposing wheel, axle, group of axles, or gross weight on the highway exceeding 60 percent 

of the weights authorized for Class A Highways. 
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Contractor Provided Information 

 

As an effective first step, the contractor should provide the on-site engineer with relevant vehicle and 

equipment information from which to make a more informed decision. This Information at a minimum 

should include:  

 

• Manufacturers Equipment Sheet 

• GVW- Empty + Payload 

• Number of Axles 

• Maximum Actual Axle Weight (Single or Tandem) 

• Distance Front to Back Axles 

 

This information could be provided in a table format similar to as shown below for all vehicles prior to 

arriving site.  A comparison of the proposed vehicle weights to the statutes would provide the on-site 

engineer with a document which shows that the proposed equipment does or does not meet the statute 

requirements. Table 3.1 below shows an example of typical equipment and the relevant information 

that could be provided.  

 

TABLE 3.1 

Vehicle 

Type 

Manufacturer Model 

Number 

Actual 

GVW 

(LBS) 

# of 

Axles 

Max 

Single 

Axle 

Weight 

(LBS) 

Max 

Tandem 

Axle Weight 

Distance 

Front to 

Back Axle 

(FT.) 

 

Allowable 

GVW from 

Statute 

Tables 

Self 

Propelled 

Scraper Caterpillar 631G 193,567 2 97,870 

 

N/A 

28.75 40,000 

Wheel 

Loader Samsung 120 22,707 2 18,300 

 

N/A 9.40 39,940 

Wheel 

Loader Volvo 

L90 

w/QC 33,830 2 16,310 

 

N/A 9.83 39,983 

Wheel 

Loader Volvo L120 42,340 2 33,025 

 

N/A 10.50 40,000 

Wheel 

Loader Caterpillar  980 67,138 2 47,000 

 

N/A 12.17 40,000 

Wheeled 

Excavator Liebherr A904 46,500 2 25,420 

 

N/A 9.00 39,000 

 

Please note the values in Table 3.1 above are only assumed values, and the actual values should be 

obtained from the equipment manufacturers. Allowable GVW’s were determined by interpolation where 

actual axle distances are between table values. 

 

In the example table above the Caterpillar 980 Wheel Loader Vehicle has a Gross Vehicle Weight (GVW) 

of 67,138lbs which exceeds the Allowable 40,000 lbs of GVW provided by the statutes for the vehicle 
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wheel base. Additionally, the maximum single axle weight of 47,000 lbs for the Caterpillar 980 exceeds 

the allowable axle weight of 20,000 lbs by statute.  This vehicle therefore does not meet statutes. Using 

similar information for the Samsung 120 and the Volvo L90 loader shows that both the GVW and axle 

weights are less than the allowable statute loads.  

 

Another Less Conservative Approach 

 

The Wisconsin Statutes do not apply to construction vehicles within the limits of a project.  As such, it 

seems realistic to provide a less conservative approach to be used during construction.  Currently 

bridges are designed for vehicles with GVW’s and single axle values that exceed the values allowed by 

Wisconsin Statutes. The following vehicles and loads are typical of design vehicles for most of the 

bridges currently designed in Wisconsin: 

 

• HS20 Truck- (GVW=72,000 lbs), 

maximum axle load = 32K 

(Minimum axle spacing of 14 feet) 

 

• HS25 Truck – (GVW=90,000 lbs) 

maximum axle load = 40K 

(Minimum axle spacing of 14 feet) 

 

• HL93 Load- (GVW=72,000 lbs+ lane 

load) maximum axle load of32K + 

Lane Load of 0.64k/ft. 

HL 93 Design 

 

Given that the original design vehicle can be determined for many  of the bridges in Wisconsin it seems 

reasonable that the maximum GVW’s and/or axle weights of the design vehicles could be used as an 

upper limit of what could be allowed to be used on the bridge. These values however should be 

considered as upper limits, and could be lowered due to other factors including but not limited to: 

 

• Unsafe bridge conditions  

• Changes to bridge condition or configuration that may have an effect on the structures capacity 

• Loads which exceed a bridges posted value shall not be allowed 

• Loads which exceed a bridges operating rating shall not be allowed 

• Redundancy, allowable loads may be reduced for non-redundant bridges 

• Other conditions as determined by WisDOT  

 

The contractor should provide similar but more expanded information as before. Some of this 

information is available from the inspection report for the bridge under consideration. This Information 

at a minimum should include:  

 

• Manufacturers Equipment Sheet 

• GVW- Empty + Payload 
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• Number of Axles 

• Maximum Actual Axle Weight (Single or Tandem) 

• Distance Front to Back Axles 

• Original Design Vehicle 

• Existing Inventory Load Rating 

• Existing Operating Load Rating 

• Existing Posted Load 

• Bridge Redundancy 

 

The information noted above should be provided in tables similar to those shown below for all vehicles 

prior to arriving site. It is noted that redundancy is an important factor when considering the allowable 

load to pass over a structure. Failure of one of the girders in a non-redundant bridge could cause 

complete collapse of the bridge.  

 

Table 3.2 

Bridge Bxxxxxx 

Redundancy Redundant  

Design Vehicle Type HS20 etc. 

GVW  72,000 

Max Axle Weight 32,000 

Bridge Inventory Rating 57,600 

Bridge Operating Rating 79,200 

Bridge Posting Load 32,000 

 

Table 3.3 

Vehicle 

Type 

Manufacturer Model 

Number 

Actual 

GVW 

(LBS) 

Max 

Axle 

Weight 

Loaded 

(LBS) 

Exceeds 

Design 

Vehicle 

GVW ? 

Exceeds 

Design 

Vehicle 

Axle 

Weight? 

GVW 

Exceeds 

Bridge 

Operating 

Rating? 

GVW 

Exceeds 

Bridge 

Posting? 

Self 

Propelled 

Scraper Caterpillar 631G 193,567 97,870 

 

Yes 

 

Yes 

 

Yes 

 

Yes 

Wheel 

Loader Samsung 120 22,707 18,300 

No No No No 

Wheel 

Loader Volvo 

L90 

w/QC 33,830 16,310 

 

No 

 

No 

 

No 

 

No 

Wheel 

Loader Volvo L120 42,340 33,025 

No Yes No Yes 

Wheel 

Loader Caterpillar  980 67,138 47,000 

No Yes No Yes 

Wheeled 

Excavator Liebherr A904 46,500 25,420 

No No No Yes 
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A comparison of the proposed GVW and axle weights to the information provided would provide the on-

site engineer with a document which shows that the proposed equipment does or does not meet the 

requirements.  Any vehicle or equipment, for which an answer of “yes” is given in the table, would be 

prohibited from using the bridge, unless a more detailed analysis proves the bridge is safe to carry that 

load. Said another way, only those vehicles or equipment for which all answers are “no” in the table 

would be considered for crossing the bridge.  The final determination however, of whether a vehicle is 

allowed to cross the bridge would be left to the discretion of WisDOT. 

 

Detailed Analysis 

 

For conditions where the preliminary study shows that the allowable limits have been exceeded (as an 

example the allowable GVW or axle load exceeds the GVW or axle weight of the design vehicle) a more 

detailed analysis would be required. Sample detailed rating calculations are provided in the Appendices 

E & F for informational purposes. Additionally, Appendix G provides a checklist that can be used by 

contractors to assist in the bridge analysis for construction loads. Appendix H provides a checklist that 

can be used by a project engineers to assist in the bridge analysis for construction loads. 

 

Bridge Assessment 

 

Assessment of the ability of a bridge to sustain construction loads should be based on as-built bridge 

plans and current bridge conditions.  The very fact that the bridge is undergoing rehabilitation suggests 

that the existing structural capacity has probably been reduced.  Bridge load posting and rating 

information should be reviewed, and whenever possible, a site visit to verify available documentation 

should be made.  If recent inspection data is not available, then a field inspection may be needed.  This 

inspection can be limited to those areas of the bridge affected by the construction loads. 

  

Load capacity calculations must account for member section loss or reinforcing steel losses due to 

corrosion as well as cracked or damaged members and connections.  For older bridges, specific 

information on the bridge dimensions and materials properties may be unavailable.  Field 

measurements can be made to obtain dimensional data.  Unknown material properties can be based on 

information in the AASHTO “Manual for Bridge Evaluation” for typical bridge materials found in bridges 

of differing ages.  When calculations based on such data show marginal or insufficient bridge capacity, 

the use of nondestructive or partially destructive (i.e., coring) testing may be able to be used to 

determine actual material properties for use in analysis.  Materials properties obtained from testing are 

often found to be stronger than those assumed simply from the “typical” construction materials of a 

given age.  Where major reconstruction or rehabilitation is being undertaken, it may even be possible to 

extract samples from steel members which are to be replaced later. 

  

Structure capacity computations must be based on bridge conditions at the particular stage of 

construction when the loads are applied.  As an example, for a bridge widening project, the contractor 

may wish to place a pile driving crane on the bridge deck over an existing pier in order to drive piles for 

the foundation widening.  If the existing bridge is to receive a new deck as part of the project, then local 

damage to the existing deck may be acceptable, where it is not acceptable if the deck is to remain. 
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Deck removal operations generally utilize equipment located on the bridge deck for breaking or cutting 

slabs for removal.  In evaluating member capacity, the effect of losing composite action from areas 

where the deck has been removed should be considered for bridges designed as composite structures.  

Girder stability may also be adversely affected by deck or lateral bracing removal.  This may be a 

particular problem if loads exceeding the original construction loads are present in adjacent spans or 

members.  

  

Partial deck removal, patching, and milling operations remove deck concrete, sometimes extending to 

below the top mat of the existing reinforcing steel.  Hydro-demolition equipment, for example, operates 

directly atop deck sections that have the upper concrete removed.  The capacity of the remaining deck 

should be evaluated accounting for the reduced deck thickness as it affects both moment and shear 

capacities.  Should deck repair include an increased deck thickness to improve top reinforcing bar cover, 

or addition of a wearing surface, the effects of the added concrete weight during placement must be 

considered. 

  

Calculation of the structure capacity must account for the specific location of construction loads.  For 

equipment such as cranes or excavators, the load effects to the bridge during travel may differ from that 

resulting from equipment operation at a specific location.  Where normal traffic will continue in 

operation in lanes adjoining those subject to construction operations, the associated vehicle traffic load 

effects on the girders that support construction loads must be included, as well as the load transfer of 

construction loads to the traffic lanes. 

  

The effects of the applied loads during construction therefore shall not exceed the available capacity for 

any portion of the bridge as delineated below: 

 

• For redundant bridges, capacity may be based on operating stresses for materials and 

equipment loads, except heavy haul trucks. 

• For non-redundant bridges, capacity shall be based on inventory stresses unless otherwise 

approved by the WisDOT Chief Structures Development Engineer. 

• For heavy haul trucks with Gross Vehicle Weights exceeding 90,000 pounds, capacity shall be 

based on inventory stresses. 

 

Bridge capacity shall be determined in accordance with the procedures contained in “The Manual for 

Bridge Evaluation.” 

  

It is recommended that the distribution of the construction loads to the bridge be determined using a 

three-dimensional grillage analysis or other computer models which account for the contribution of 

deck stiffness and diaphragms/cross frames in lateral load distribution.  In lieu of such an analysis, a 

lateral load distribution may be made utilizing the distribution factors in Figure 3.6, and applying 

superposition principles.  The distribution factors in Figure 3.6 were developed from analysis of non-

curved girder bridges considered representative of typical Wisconsin bridges and should be used 

recognizing this basis.  Where distribution factors to a beam are not shown, the computed distribution 

factor was less than 0.05, and considered small enough to be neglected. 
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Where the construction area adjoins lanes carrying traffic, the effects of this must be accounted for in 

both the construction and traveled areas.  Unless a more refined analysis is performed, for girder 

bridges these effects should be computed as follows: 

 

• For traffic loads transferred to the construction area, the beam nearest the traffic lane should 

be designed for a traffic live load moment and shear of 0.15 times the design loads from the 

girder under traffic. 

• The distribution of construction loads to the girders under traffic should conform to the 

distribution factors shown in Figure 3.6. 

 

These lateral distribution factors are based on the bridge deck and diaphragms/cross bracing being in 

place. 
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Figure 3.6  Lateral Load Distribution Factors 
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Figure 3.6  (Continued) 
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Figure 3.6  (Continued) 
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Construction loads are typically applied only a few times over the duration of a construction project.  As 

a result, fatigue effects are not normally considered in evaluating their effects.  A possible exception to 

this might include multiple passages of heavy haul trucks or excavators over a bridge, in which case the 

expected number of load cycles should be determined, and the bridge owner consulted to determine 

whether fatigue should be investigated. 

 

Distribution Factors for Slab Type Bridges 

 

The AASHTO Standard Specifications for Bridges utilize an effective width (E) to determine the live load 

distribution factors for use in determining the live load moment to be applied to the bridge. The 

effective width is limited to a maximum of 7 feet. The specifications provide for the calculation of a 

wheel load distribution factor (DF) as well as a lane load distribution factor. 

 

For Wheel Loads the DF= 1/E and therefore the minimum DF is 14.3% using the maximum effective 

width of 7 feet. For Lane Loads the DF= 1/2E and therefore the minimum DF is 7.1% using the maximum 

effective width of 7 feet. 

 

The effective width (E) is determined from the AASHTO Equation E=4+0.06 L where L= span length of the 

bridge. Using this equation and the maximum effective width of 7 feet, the minimum distribution factors 

would apply for all slab type bridges over 50 feet in length. Given that slab type bridges are not typically 

an economical choice for spans much greater than 50 feet, the actual distribution factors calculated 

using AASHTO Standard Specifications will typically be greater than the minimum values shown above. 

 

Grillage analysis shows that the distribution factors for lane type loading predicted by the AASHTO 

Equations correspond relatively well to those predicted by the grillage analysis. The distribution factors 

for concentrated loads or wheel loads predicted by AASHTO appear to be more conservative than those 

predicted by grillage analysis.  

 

The AASHTO LRFD Bridge Design Specifications use an effective width (E) to determine the distribution 

factors for live load moment. The LRFD Specifications use a single or multiple lane load scenario for the 

calculation of distribution factors, and do not use a wheel load type distribution factor.  Grillage analysis 

shows that the distribution factors for lane type loading predicted by the AASHTO LRFD Equations also 

correspond relatively well to those predicted by the grillage analysis. 

 

WisDOT typically uses a lane load type analysis for determining the strip width for slab type structures 

and therefore it is recommended that the calculation of distribution factors for construction loads follow 

the WisDOT Bridge Manual.  As options, the AASHTO distribution factors or a more refined computer 

analysis may be used to account for concentrated load distribution. 

 

Deck Considerations 

  

Bridge decks should be evaluated to assure adequate capacity in flexure and shear resulting from 

construction loads, recognizing that these loads may be both large and distributed over limited areas.  
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Flexure and shear capacity checks should conform to the provisions of the “AASHTO LRFD Bridge Design 

Specification,” with load factors consistent with “The Manual for Bridge Evaluation.”  The existing deck 

conditions and the effect of any deck removal shall be accounted for in the analysis. 

 

Substructure 

 

The capacity of substructure components should be verified using the provisions in the “AASHTO LRFD 

Bridge Design Specifications,” and appropriate load factors.  Pier caps should be evaluated for any 

increases to bearing loads and the potential of unbalanced live load moments in piers and shafts should 

be investigated, as these areas may have deterioration. 

 

Connections 

 

Connections should be investigated to assure that they are adequate for loads from construction 

materials and equipment.  Local concentrated loads may produce connection loads that exceed 

capacity.  Bearings and bearing stiffeners should also be investigated, particularly where loads are 

applied over girders and near the supports.  The condition of pier caps at bearings should also be 

investigated. 

  

Connection strength should be assessed in accordance with the “AASHTO LRFD Bridge Design 

Specifications.”  Evaluation of gusset plate capacity should be in accordance with FHWA Publication No. 

FHWA-1F-09-014, “Load Rating Guidance and Examples for Bolted and Riveted Gusset Plates in Truss 

Bridges.” 

 

Load Control 

  

While much construction equipment can safely be supported on a bridge during construction, there are 

cases requiring measures to be taken to limit those effects, or provide supplementary support.  Various 

techniques may be used to control the effects of construction loads.  Commonly used methods include 

the following: 

 

• Adjust load position 

• Control equipment speeds 

• Limit equipment capacity 

• Assemble equipment in place 

• Provide load distribution systems 

• Provide temporary shoring 

• Strengthen members 

 

The simplest method to control effects of a load is to limit the position or magnitude of the load.  This 

may be more difficult to achieve with equipment loads than for materials loads.  Use of alternate types 

or sizes of equipment may result in reduced loads, though it generally also reduces the contractor’s 

efficiency.  When load positioning is used, the area to be loaded should be physically demarcated with 

barricades or painted lines on the bridge deck.  Load limits, such as equipment configuration, maximum 
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crane lift, or type and maximum height of stored materials should be conspicuously posted at the 

location.  Similar means can be used to control loading locations for travel over the bridge.  It is critical 

that all load or operating restrictions be rigidly enforced. 

  

Impact loads are reduced as speeds are reduced.  It is common for cranes to move at a walking speed 

when moving over a bridge, producing minimal impact.  This will be more difficult for trucks and similar 

equipment; however, speed limits can be imposed.  Restricting trucks to one vehicle on the bridge at a 

time will also limit loads.  Another advantage of slow operating speeds is the opportunity to monitor 

bridge behavior under the load by visual observations, survey data, or other means. 

  

Loads may be controlled by limiting the carried or lifted loads.  The volume (weight) of material carried 

by a truck or in the bucket with an end loader or excavator bucket can be limited to a certain value, 

although this results in a drop in productivity.  The allowable lifted load for a crane can also be limited to 

control the maximum outrigger or track pressures.  Any such operating restrictions must be clearly 

explained to operating personnel and posted in equipment cabs, at loading points, etc., Figure 3.7. 

 

Figure 3.7  Sign Posting Construction Load Restrictions 

 

Cranes and equipment for drilled shaft installation, pile driving, or other activities may be too heavy to 

cross a bridge span, but may be able to safely operate when located over a pier.  In such cases it may be 

possible to assemble the crane in place if individual components can be safely moved over the span(s).  

Installation of counterweights is often performed with the crane in its final position, and some cranes 

are specifically designed to place their counterweights unassisted.  When a separate crane is needed, its 

load effects also need to be evaluated with the combination of both cranes in place. 

  

Load distribution systems or grillages may sometimes be used to shift loads to locations with higher 

capacity or reduce overall applied load effects.  In these cases a supplemental support structure, 

essentially a small bridge, is built to redirect loads to locations that can safely support them.  The 

equipment may be assembled on the grillage or the grillage might only be required for operating 

conditions.  The dead load of the grillage becomes an additional dead load on the bridge.   
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Cranes and excavators are often placed on timber mats that rest on the bridge deck.  For track mounted 

equipment, the mats normally extend the width and length of the equipment.  Outrigger supported 

equipment utilizes individual mats placed under each outrigger.  Timber mats provide protection to the 

deck from track movement, and also improve load distribution.  Timber mats used beneath tracked 

equipment are generally known as “crane mats,” and commonly consist of 12 inch by 12 inch timbers 

that are through bolted to create approximately four foot wide assemblies.  Outrigger pads are typically 

square, ranging from four feet to eight feet square, constructed of 6 inch by 6 inch or 8 inch by 8 inch 

timbers (though sizes may vary).  The lateral distribution of the vertical load through the timber mats 

placed on a concrete deck may be taken to occur on a 1V:1H plane through the mat thickness.  Mats can 

be stacked to distribute the loads over a larger deck area.  A uniform load distribution over the effective 

area is normally used for design.  Mats must be designed for the resulting bending, shear and bearing 

stresses.  Steel plates may be used under equipment to protect the bridge deck .  However, due to their 

flexibility, they should not be counted on to provide load distribution. 

  

Where construction loads cannot otherwise be accommodated, strengthening of individual members or 

installation of temporary shoring may be used.  Design strengthening should conform to the “AASHTO 

LRFD Bridge Design Specifications,” and WisDOT requirements.  Strengthening, temporary attachments 

or other modifications that are not removed upon completion of construction must be detailed so as not 

to adversely affect permanent load distribution, bridge fatigue performance or promote deterioration.  

The required extent of reinforcing is often limited to local areas or a few individual members.  Design of 

strengthening must account for existing stresses and strain compatibility in determining the size and 

connection of supplemental members.   

  

Temporary shoring should be designed in accordance with the AASHTO “Guide Design Specifications for 

Bridge Temporary Works.”  The design should include installation sequencing that may be needed as 

well as any preload requirements to control load distribution or deformations.  Temporary shoring 

which will also support traffic loads should be designed in accordance with the “AASHTO LRFD Bridge 

Design Specifications.” 

  

Installation of strengthening should use bolted connections to the existing structure unless welding is 

specifically approved by WisDOT.  Should welding be performed, it must be designed and executed using 

procedures that account for specific member steel chemistry.  Whenever possible, connections of 

temporary shoring to the existing bridge should be made by use of clamps and bracket assembles in lieu 

of bolts or welds.  When temporary strengthening is removed, or for removal of shoring, any resulting 

bolt holes should be filled with properly tensioned high strength bolts.  Any weld areas should be ground 

smooth and inspected by use of magnetic particle testing.  Any damaged coatings must be repaired in 

accordance with the Standard Specifications. 
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Submittals 

  

Prior to placing construction loads upon a bridge, an evaluation of its capacity should be made and the 

results submitted to the Department for review.  As a minimum the submittal should include: 

 

• Existing bridge condition overview 

• Description and sequence of construction activities as they affect construction loading 

• Data on materials loads to be placed on the bridge to include location and magnitude 

• Data on equipment loads to be placed on the bridge to include locations and magnitudes 

• A comparison of proposed construction loads to Statute Load, Design Vehicles, Posting’s etc. 

• Calculations demonstrating existing bridge members are not over stressed 

• Description of any load control measures to be employed 

• Design and drawings for any temporary supports 

• Proposed monitoring program (if any) 

• Final bridge condition inspection report upon completion of construction 

 

The submittal should be prepared under direction of a Wisconsin Licensed Professional Engineer who 

should seal the submittal. 

 

Inspection 

  

Where structures are to be loaded during construction, an inspection should be made prior to start of 

work to document existing conditions.  Special attention should be given to any cracks, distorted 

members, or physical damage and such damage should be documented with photographs and sketches.  

A similar inspection should be made upon completion of construction and the two inspections 

compared to assure no damage occurred during construction.  For long duration projects, or where 

numerous passes of heavy haul vehicles is anticipated, periodic inspection may be required.  Copies of 

all inspection reports should be provided to the bridge owner. 

 

WisDOT Specifications related to Bridge Loading During Construction  

 

The current WisDOT Specifications related to loading on bridges is provided in Sections 108.7.2 “Moving 

Heavy Loads” and 108.7.3 “Load on Structures”. These sections are included as an excerpt in Appendix I. 

Based on this research, suggested revisions to the WisDOT Specifications are provided in Appendix J.  
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and Transportation Officials, AASHTO. 

6. Load Rating Guidance and Examples for Bolted and Riveted Gusset Plates in Truss Bridges.  FHWA-

1F-09-014.  U.S. Department of Transportation, Federal Highway Administration. 

7. Minimum Design Loads for Buildings and Other Structures.  ASCE/SEI 7-10, American Society of 

Civil Engineers, 2010. 

 

 






























































































































































	Final Report.pdf
	Appendix A-J
	Documentatin page 0092-10-13.pdf
	Final Report Requirements
	o Month and year





