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Th& report contains an evaluation and design manual for strengtheningand replacing low volume steel 

stringer and timber stringer bridges. An advisory panel consisting of county and municipal engineers provided 

direction for the development of the manuat NBI bridge data, abng with results from questionnaires sent to 

county and municipal engineers was used to formulate the manuaL 

Types oistructures shown to have the greatest need for cost-effective strengtheningmethods are steel 

stringer and timber stringer bridges Procedures for saengthening these two types of structures have been 

devebped. Various types of repkcement bridges have also been included so that the most cost effeaive 

solution for a deficient bridge may be obtained. 

The key result of this study is an extensive wmpbtion, which can be used by county engineers, of the 

most effective techniques for strengthening deficient exkiting bridges. The replacement bridge types included 

have been used in numerous low volume applications in surroundingstates, as weU as in Iowa. An economic 

analysis for determining the cost-effectiveness of the various strengthening methods and replacement bridges 

is also an important part of the manuaL Microcomputerspreadsheet software for several of the strengthening 

methods, types of replacement bridges and for the economic analysis has been developed, documented and 

presented in the manuaL So the manual, Chp. 3.of the final report, can be easily located, blue divider pages 

have been inserted to delineate the manual from the rest of the repon 
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L INTRODUCI'ION AND RESEARCH APPROACH 

Numerous nationalstudies have been completed detailing the substantial suuctural problems of large 

ADT (average daily traffic) highway bridges on the federal and state levet However, based upon existing 

literature, the problems local governments face daily have not been adequately addressed. Iowa officials have 

a special interest in addressing these concerns since an April 1989 Transportation Report (67) indicated that 

86.4 percent of the ~ r a l  bridge maintenance responsibilities are assigned to the locat levet; only 13 perceni are 

assigned to the state, and the remaining 0.6 percent are assigned to 'other" which denotes private or a 

combinationof custodial responsibilities Iowa is one of sixteen states in which the federal government has no 

bridge maintenance responsibilities. Iowa not only has the highest peraentage of rural bridge maintenance 

problems assigned to the local level, but it is also the state with the highest percentage of rural bridge 

maintenance responsibilities assigned to the county leveL 

In 1989, the FHWA reported 23.5 percent of the nation's highway bridges were structurally deficient 

and 17.7 percent were functionally obsolete (56). A 1989 report by the National Association of Counties 

indicated 72 percent of all Iowa county bridges have SI&A sufficiency ratings less than or equal to 80 percent 

(85.86). It is important to note that whiie most of this 72 percent q u a w  for Federal aid, only a very small 

percentage may receive that help. In 1986, Galambos (27) reported on the scope of this financing problem 

by noting that $48.3 billion was needed for bridge problems, however, Congress only authorized $1.9 billion. 

Cooper (16) in 1990 estimated the cost of rehabilitating the nation's highway bridges to adequate service levels 

would be $52 billion; currently the amount budgeted is slightly over $1 billion per year. 

Previous investigations have concentrated on defining the national infrasmcture deficiency problem, 

methods of financing possible solutions, and specific structural details which propose to solve the problems of 

ktng-span bridges (most frequenttyfound on the primary highway system). The State of Iowa has 89,594 miles 

of county roads, most of which are unpaved, low mfSc volume roads. Eighty two percent of the state's 

bridges are located on these county roads. This project concenmted on the unique problems associated with 

these low-volume road bridges. 

The primary objective of thir: project was to develop a manual to assist the county engineer in making 

cost-effective bridge strengthening or replacement decisions. This manual includes several microcomputer 

software applications, which simplify the structural design and economic comparison of bridge replacement 

alternatives. 

To perform a life cycle cost anaiysis of any civil eng inee~g  project, it is necessary to have a database 

of information available to estimate the senice life and costs associated with a particular alternative. This 

manual has assembled a database of information for use in the economic anaws of low volume road bridges. 



The research project consisted of two phases; 1) the determination and prioritization of the critical 

problems on Iowa's secondary bridge system and 2) development of solutions for the problems identified in 

Phase 1. 

Phase 1 required information related to structural deficiencies and functional obsolescence on both 

Iowa's county and municipal systems. To evaluate specific trends, the Iowa DOT'S secondary structures and 

municipal structures computer tapes from January 1989 were obtained. Information on these tapes included 

structural type and material, age, serviceability, geometric data, and classiition. After statistical trends were 

determined from the tape information, professional opinions on the scope of the Iowa county and municipality 

problems were obtained from several Iowa county and municipal engineers. A questionnaire was distniuted 

to all ninety-nine counties and Seventy-seven of Iowa's municipalities (all those with populations greater than 

5000). While personal opinions were solicited from the questionnaires, a limited number were actually 

received. Therefore, opinionsand additionalinsights were obtained from an advisory panel consisting of county 

and municipal engineers. 

The conclusion from Phase 1 was that there are two bridge types, steel stringer and timber stringer, 

which make up the greatest percentage of problem bridges on the secondary road system. Therefore, Phase 

2 focused on these two bridge types using field observations and statistical reviews of data. A design manual 

was developed to help evaluate strengthening and replacement options for these two bridge types. 

This study investigated strengthening and rehabilitation procedures that cao be used on low volume 

bridges. All strengtheningprocedures presented apply to the superstrucnue of bridges. The manual contains 

no information on the strengtheningof existing foundationsas such information is dependent on soil type and 

condition, type of foundation, and form involved and, thus, is not readily presentable in a manual format. 

The techniques used for strengthening,stiflening, and repairing bridges tend to be interrelated so that, 

for example, the stiffening of a structural member of a bridge will normally result in its being strengthenedalso. 

To minimize mirinterpretation of the meaning of strengthening, stiffening, and repaking, the research team's 

definitions of these terms are provided. In addition to these terms, the investigators' definitions of 

maintenance and rehabilitation, which are sometimes misused, are also given. The definitions given are not 

suggested as the best or o w  meanings for the terms but rather are the meanings of the terms as they are used 

in this report 

Mhtenance. The technical aspect of the upkeep of the bridges; it is preventative in nature. 

Maintenance is the work required to keep a bridge in its present condition and to control potential future 

deterioration. 

Rehabilitation The process of restoring the bridge to its original service leveL 

Repair. The technical aspect of rehabilitation; action taken to correct damage or deterioration on a 

structure or element to restore it to i s  original condition 



Stitrening. Any technique that improves the in-senice performance of an existing structure and thereby 

eliminates inadequacies in seniceability (such as exwive deflections, excessive cricking, or unaccepnble 

ViiratiorB). 

Strengtaening The increase of the load-carrying capacity of an existing structure by providing the 

structure with a service level higher than the structure originally had (sometimes referred to as upgrading). 

In recent years, the Federal Highway Administration (RWA) and National Cooperative Highway 

Research Program (NCHRP) have sponsored several studies on bridge repair, rehabilitation, and retrofitting. 

Inasmuch as some of these procedures also increase the strength of a given bridge, the final repons on these 

investigations are excellent references. These references, plus tpe strengthening guidelines presented in thh 

manual will provide information an engineer can use to mIve the majority of bridge strengthening problems. 

The FHWA and NCHRP final reports related to this investigation include the following: 

NCHRP Repon 205, 'Detection and Repair of Fatigue Damage in Welded Highway Bridges,' 

1978 (26). 

l?fiW'A--RD-78-133. *'Extending the Senice Life of Existing Bridges by Inaeasing their Load- 

Carrying Capacity,' 1978 (10). 

NCHRP Repon ZZZ "Bridges on Semndary Highways and Local Roads-Rehabilitation and 

Replacement,' 1980 (84). 

NCHRPRepoflZX, "Damage Evaluation and Repair Methods for Prestressed Concrete Bridge 

Members,' 1980 (73). 

NCHRPProjkct 12-17malRepurt, 'Evaluation of Repair Techniquesfor Damaged Steel Bridge 

Members: Phase I,' 1981 (47). 

NCHRP Repon 243, "Rehabilitation and Replacement of Bridges on Secondary Highways and 

Local Roads: 1981 (83). 

M A - R D - 8 2 4 1 ,  "Innovative Methods of Upgrading Deficient Through Truss Buildings,' 1983 

(sg). 

FKWA-RD-83-W7, "Seismic Retrofitting Guidelines for Highway Bridges,' 1983 (7). 

NCHRP RepoM 27l;Guidelinesfor Evaluationand Repair of Damaged Steel Bridge Members,' 

1984 (n). 

NCHRP Report 280, "Guidelines for Evaluation and Repair of Prestressed Concrete Bridge 

Members,' 198.5 (71). 

NCHRP Synthesb of Highway Practice 119. "Prefabricated Bridge Elements and Systems,' 1985 

(76)- 
NCHRP Report 293, 'Methods of Strengthening Existing Highway Bridges,' 1987 (36). 



L4 ,amApproaeh 

M L  Task 1 
The purpose of Task 1 was to obtain general infonnation regarding bridge types and common bridge 

problems on low volume roads within Iowa. This included both county and municipal road systems. 

Information for compeletion of this task was obtained employing several methods: 1) review of National 

Bridge Invento~y (NBI) for the state of Iowa, 2) meetings with several county and city engineering 

organizations; 3) meetin@ with an advisory panel consisting of city and county engineers, and 4) reviews of 

numerous bridges within the state using the Iowa DOT bridge embargo map as a guide. Chapter 2 provides 

details on the methods used and a summary of the W i .  

L4.2 TMk2 

Task 2 included the identification of the types of bridges from Task 1 with the most problems and 

identification of the specific problem(s). Two primary methods were used to accomplish this task: 1) 
consultation with various municipal and county engineers (as wen as the advisory panel) and several bridge 

engineering consultants in Iowa, and 2) questionnaires. Mr. Gordon Burns of Calhoun and Burns, served as 

a subcontractor for thjs study and provided extensive infonnation for this task. Fmdings from this task are also 

summarized in Chp. 2 of this repon 

U3. w 3  

This task determined the methods of strengthening andlor rehabilitation that are most applicable to 

the types of bridges identified in Task 2 In addition, methods of reptaczment deemed to be most applicable 

for shon spans were identified. This included both proprietary and nonproprietary replacement methods. To 

aammplish rhis task, an extensive review of existing literature was underrakeqas weU as contactingcoUeagues 

who work in this technical area. Vendors of proprietary replacement bridges were also contacted to obtain 

pertinent technical literature. From rhis information, several types of replacement bridges were selected for 

inclusion in the design manual Another important source of information for rhis task was the results from the 

questiomiresof Task 2 Respondentspmided details on strengtheninglrehabilitationmethods that they had 

used effectively. The results of this task are presented in Chp. 3. 

l.4.4. w 4  

Task 4 consisted of the development of a promlure for performing bridge strengthening and 

replacement decisions. The initial literature review indicated that a widely applied method of evaluating cost 

effectiveness of saengthening versus replacement considered the initial strengthening cost as a percentage of 

the initial replacement cost Although this is a very basic approach for measuring cost effectiveness, 

determining the percentage at which replacement becomes a more cost-effective solution is a di6icult 

procedure. Several diflerent percentages were suggested in the literature review, each with linle validation. 



The method developed (and included in the manual) for evaluating the cost effectiveness of 

strengthening bridges is based on determination of Equivalent Uniform Annual Costs (EUACs), which are 

mmmonfy used in engineering economy stud& The models and equations used to determine the EUACs for 

the strengthening and replacement altentatives met the requirements of a flexiile approach for determining 

the cost effectiveness which includes life cycle costs and wer benefits 

The EUAC models are presented in a generalized form that allows the manual user to introduce 

individualized cost data into the equations. However, as an aid to the manual user, cost data for most of the 

variables in the EUAC models are included in the manual. Detail on EUACs are provided in Chp. 3 of this 

repon 

w. Taaks 
For the information collected from the previous tasks to be useful for the practicing engineer, it must 

be organized and presented in a manual format The development of such a manual was the objective of Task 

5. Chapter 3 of this repon is the technical manual on the application portion of this inwtigation. Section 3.1 

contains general information on the s a p  and use of the manual. Sectbns 3.2 and 33 contain basic 

information to assist the engineer with inspections and fundamental bridge evaluation calculations. Economic 

anafysis information is provided in Sec 3.4. Design information for strengthening steel and timber stringer 

bridges is presented in Sea. 3.5 and 3.6, respectively. Bridge replacement alternatives are summarized in Sec 

3.7. 

L4.6. TaaL6 

The purpose of Task 6 was to prepare a final repon documenting the research undertaken in this 

sntdy. Since this report in pan is the cornpifation of the research of three graduate studenu at ISU, the 

following references are cited for additional background information (11,40,74). As previously noted, Chp. 3 

of the final repon is the design manual; the other chapters and appendiws provide supplementa~y and 

background information. 



This chapter summarizes the informationassimilated in Tasks 1 and 2 To accomplish these tasks, the 

research team made numeroussite inspections, held several meetings with the project advisory panel, reviewed 

the National Bridge Inventory (NBI) data for Iowa, developed, diminated, and analyzed the results from a 

questionnaire,and made a literature review. A summary of the panel meetings is presented in Sec 21. The 

summaries of the NBI data, questionnaires,and literature are presented in Secs. 2523 and 24, respectively. 

ZL Panel Wdag 

The advisory panel was proposed and formed to assist the research team in making sure the project 

had the right direction and that the final results (ie. the design manual) were practical and in such a format 

that they would be easy for practicing engineers to use. The advisory panel was comprised of representation 

are the members of the advisory 

Dennis Gannon Cnralville Assistant City Engineer 
Moe 0. Hanson Poweshiek County Engineer 
Del Jesperson Story County Engineer 
Lany R Jesse Office of Local Systems, Iowa DOT 
Nick R Konrady Lucas County Engineer 
Richard Ransom Cedar Rapids City Engineer 
Fred M. Short Audubon County Engineer 

g The panel meetings were especially beneficial the development of the questionnaires and defining 

the scope of the project Early in the project, through exchanges with the municipal engineers on the panel, 

it became apparent that the majority of their problems were beyond the scope of the project Thus, the project 

proceeded primarily with the county engineer in mind, however, numerous sections of the design manual are 

equally applicable to certain municipal bridges. 

As noted in the proposal, the input of consultants familiar with low volume bridge problems would also 

be contacted for input in the project Upon acceptance by the advisory panel, Gordon E Burns of the firm, 

Calhoun-Bum and Associates, Inc (West Des Moines, Iowa) was contracted and worked closely with the 

research team in several areas of the project. 

The NBI (56). now essentially complete, contains records from Structural Inventory and Appraisal (SI 

& A) sheet on bridges having spans of at least 20 ft, culverts of bridge length, and tumels. Records are placed 

on the SI & A sheet in accordance to a FHWA coding guide (25). Based on results from a previous project 

(36) and spot checks of the Iowa NBI data, it has been determined that the NBI data are relatively free of 

obvious errors. There are some definite and some probable coding errors, however, those errors did not 



exceed 5 percent and often were less than 1 percent for the NBI items checked. Records having obvious errors 

or signiticant omissions were rejected thus improving the accuracy of conclusions based on NBI data. 

The Iowa DOT'S Secondary Structures and Municipal Structures Computer Tapes for January 1989 

were reviewed to compile statistical information on Iowa's county and municipal bridge structural problems. 

This information is provided to the FHWA for inclusion in the NBI. 

By reviewing Iowa NBI data, the number and type of bridges found on the county and municipal 

systems were determined. Figure 2 1  shows the ten most frequentiyoccurring bridges on the semndarysystem 

by number and percentage. These ten FHWA types represent 90 percent of the 20,882 bridges on the 

secondary system. Note that clwe to 50 percent of the bridges are in two categories - 28.0 percent steel 

stringer/muiti-beamor girder P A  3021 and 20.8 percent timber stringer/multi-beamor girder [FHWA 7021. 

Approximately two-thirds of the bridges are in the ftrst four categories. Table 2 1  provides the FHWA number 

key for identifying the bridge types identified in Fig. 2 1  and subsequent figures. Figure 2.2 shows similar 

information for the municipal system; the top ten bridge types represent 86 percent of the 1,308 bridges found 

on the municipal system. Approximately 30 percent of the bridges are in two categories - 17.6 percent 

steellmulti-beam or girder P A  3021 and 122 percent concrete continuousslab [FHWA 2011. Slightly over 

44 percent of the bridges are in the first four categories. By comparing Figs. 2 1  and 22  one observes that 

three of the top four categories on the two systems are the same. 

Deficient bridges in the state of Iowa are characterized as either structurally deficient or functionally 

obsolete. These designations are based on data found in the NBI. Sufficiency ratings range between 0 and 

100 percent The three main variables used in the sufficKncy ratings are structural adequaq and safety, 

serviceability and funaionai obsolescence, and essentially for public use. A bridge classified as structurally 

deficient and functionally obsolete with a SI&A sufliciency rating less than 50 percent is eligible for 

replacement with Federal bridge funds. While one c l a s s i i  as structurally dericient and functionally obsolete 

with a SI&A sufficiency rating between M percent and 80 percent, inclusive, is eligible for Federal 

rehabilitation funds. 

Bridges were also reviewed according to the SI & A suffidency rating. Of panicukr interest were 

t h w  bridges with values below 50 percent, which are frequently considered structurally deficient Figure 23 

shows the top ten structurally deficient bridge types on the semndary system. Of the total of 5372 structurally 

dement bridges on the semndary system, the first four types p W A  702,302,380, and 3101, account for 92 

percent of all structurally deficient bridges. Figure 24  shows the top ten structurally deficient bridges on the 

municipal system. Note that the top four bridge types on the municipal system are the same bridge types as 

those on the muntysystem, and make up 69 percent of 306 structurally deficient bridges. Based on this review, 

strengthening andlor rehabilitation procedures which apply to these four bridge types would be the most 

beneficiaL 



FHWA BRIDGE TYPE 

Fig. 2.1. Iowa county bridges by structure type. 
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Fig. 2.2. Iowa municipal bridges by structure type. 



Fig. 2.3. Structurally deficient county bridges by structure type. 
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Fig. 2.4. Structurally deficient municipal bridges by structure type. 



Table 21. FHWA bridge codes. 

Also reviewed for comparison were the functionally obsolete bridges. As Fig. 2.5 illustrates, FHWA 

bridge types 302 and 702 were the top two functionallyobsolete bridges on the secondary system, representing 

69 percent of aU functionally obsolete bridges. On the municipalsystem, more FHWA 302 bridges were found 

to be functionally obsolete than any other type of bridge (see Fig. 26). Steel stringer and timber stringer 

bridges account for over 47 percent of the bridges found on the two systems and also make up the highest 

percentage of structurally deficient and functionally obsolete bridges. Thus, the greatest percentage of bridges 

which will most likely become structurally deficKnt and functionally obsolete in the future will be these two 

bridge types. Unique seniceability requirements, high ADT for example, may require replacement of some 

of these bridges; however a large percentage would benefit from strengthening. In other words, possibly 63.7 

percent of aU structurally deficient and 59.0 percent of aU functionally obsolete bridges in the state of Iowa are 

potential candidates for rehabilitation. 

FHWA Designation 

101 

102 

104 

119 

201 

219 

302 

303 

309 

310 

380 

402 

502 

504 

702 

Dewiptive FHWA Bridge Type Name 

Concrete slab 

Concrete stringerlmulti-beam or girder 

Concrete tee beam 

~oncrete &rt 

Concrete continuous slab 

Concrete continuous &rt 

Steel suingerlmulti-beam or girder 

Steel girder and floor beam system 

Steel trussdeck 

Steel thru-truss 

Steel pony truss 

Steel continuoussuingerlmulti-beam or girder 

Prestressed concrete stringerlmulti-beam or girder 

Prestressed concrete tee beam 

Timber stringerlmulti-beam or girder 



Fig. 2.5. Functionally obsolete county bridges by structure type. 





With the assistance of the advisory panel questionnaires were developed to determine the 

strengthening and rehabilitation needs of Iowa's counties and municipalities. Although two questionnaires 

were prepared - one for each group - the questionnaires were essentially the same except for some of the 

wording; an example of the questionnaire sent to counties may be found in Appendix C 

Each of Iowa's 99 counties and 77 of Iowa's municipalities, those with populations greater than MOO, 

were sent questionnaires. The countyresponse rate was 88 percent; while the municipal response rate was 75 

percent 
In the questionnaires, low volume bridges were defined as those bridges with an ADT of 400 or less. 

The questionnairesenwuraged the inclusionof supplemental information, comments andlor suggestions. Since 

responsibilities of the counties are different from those of the municipalities, responses from each were 

compiled separately. The questionnaires were divided into two sections. Completion of Section 2 of the 

questionnaire was required only if the responding agency had strengthening or rehabilitation experience. 

The purpose of Section 1 of the questionnaire was to determine the Iowa countfslmunicipality's 

experience with bridge strengthening and bridge rehabilitation. The questionnaire defined rehabilitation as 

including bridge replacement As Fig. 2 7  indicates of'the counties responding, 43.6 percent had implemented 

at least one strengthening method, 81.4 percent had rehabilitatedlreplaced a bridge. 

Fewer municipalities had attempted to strengthen bridges than counties. Of all municipalities 

responding, 143 percent hadstrengthened bridges, and 526 percent hademployed a rehabilitation/replacement 

method. It should be noted that 40 percent of all the municipalities either had no bridges, did not have any 

bridges with ADT's less than 400, or lacked a situation which could benefit from strengthening. The primary 

reason given by counties for not strengthening a bridge was that the deck geometries still would not meet state 

width specifications. 

Figure 2 8  illustrates those reasons given by the various agencies for not strengthening andlor 

rehabilitatinglreplacing bridges The indication iF that counties, which are responsible for approximately 16 

times as many bridges as municipalities, wuld benefit more from useful guidelines for bridge strengthening 

and r e p h ~ m e n t  Several respondents indicated that strengtheninglrehabilitationhad not been used because 

of the lack of appropriate expe*. 

Questions in Section 2 of the questionnairewere designed to identify the current bridge strengthening 

and replacement procedures most often used by county/municipal engineers. Table 2 2  summarizes the 

responses to the questions in Section 2 which required a yeslno answer. When asked if any type of economic 

anawis was performed in making deciiions, respondents noted that decisions were controlled by budget 

constraints,shuctural deficiency priority systems, and the needs of the public, thus making an economicanalysis 

less effective. 

Responses to Question 2 of Section 2 of the questionnaire indicated 6ve. counties have developed their 

own bridge rehabiiitation decision look wWn inciuda 



Counties 

Municipalities 

Fig. 2.7. Experience of local agencies with bridge strengthening and 

replacement. 
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Fig. 2.8. Reasons for not implementing strengthening. 



a bridge rating sheet, 

graphs for determining beam spacing, 

tables for determining maximum spacing for various sized timber stringers to meet current legal 

load capacities for all wood bridges, 

a simple span bridge rating program used to assist in rehabilitation decisions, and 

cham indicating span lengths and stringer requirements for carrying fully legal loads. 

Table 22 Summary of Section 2 questions. 

A tabulation of the number of counties and municipalities which used the services of structural 

engineering consultants is included in Table 22; the specific senices performed by the consultants are 

presented in Table 23. 

Of those responding to Question 4 of Section 2 (see Table 22), county approwf was 87 percent and 

municipal approval was 70 percent in favor of the development of decision making tools or 

rehabilitation/suengrheningdesign aids. Given a list of 'took' from which the agencies would most likely 

benefit, 81 percent of the counties listed computer software development, 52 percent requested nomographs; 

and 23 percent requested flow cham. Other "tools" counties specitied as being beneficial were plans, cost 

mmparisondocumentationof rehabilitationversus replacement, a maintenance manual (similar to the one used 

in Florida which outlines approved repair practices), and a design manual (similar to the one used in California 

which outlines design values and techniques). 

C 

Questions 

1. Do you use formal methodologies (e.g. 
benefit/cost analysis, equivalent amual cost 
method, etc) when making management 
decisions? 

2 Have you developed any design aids, 
nomographs, software, etc that are useful in 
making bridge rehabilitation choices? 

3. Does your agency hire any structural 
engineering consultants? 

4. Would your county/municipality benefit from a 
design aid or decision making tool? 

5. Are you familiar with the National 
Cooperative Highway Research Program Report 
#293, p g  
Hiehwav Bridees? 

Municipalities 

Yes 

10 

10 

30 

21 

- 
2 

county 

No 

23 

32 

3 

9 

31 

Yes 

21 

5 

68 

62 

20 

No 

55 

13 

10 

9 

56 



Of the municipalities responding who favored design "took', 67 percent requested computer software, 

52 percent requested nomographs, and 52 percent requested flow cham. One municipality noted that design 

aids are not necessary since they are a political entity and the insurance liability would be too great another 

municipality noted they will always use a structural engineering consultant for bridge problems. 

Todetenniae the strengtheningprocedureswithwhich wunties/municipalitieshad experience, agencies 

were asked to identify procedures they had employed on the four most common structurally deficient types of 

bridges. The number of responses by countieswere: additionor replacement of timber stringers - 50; addition 

or replacement of steel stringers - 31; and lightweight deck replacement in timber stringer bridges - 17. 

Table 23. Summary of services for which agencies employ consultants. 

Municipality responses were: strengthening of existing members on steel pony and through trusses - 6; all 

other methods yielded fewer than 3 responses. Responses to the 'other' category were given very infrequently. 

Agencies which had employed strengthening methods were asked to indicate which of these methods were 

perceived to be cost effective and structurally effective. Counties noted that the two most cost effeQive 

strengthening methods were increasing traasverse stiffness and providing wmpcsite action; the two methods 

perceived as the most sm-etfective were the additionor replacement of members and the strengthening 

of existing members. Municipalities noted the most cost e&?ctive methods were the addition or replacement 

of various members, the strengtheningof existing members, and the strengtheningof critical connections (equal 

number of responses for each.) The two structurally effective strengthening methods noted were the 

strengthening of existing members and the strengthening of critical connections. The addition or replacement 

of various members was also indicated as being very effective. As expected, those methods which were 

perceived as being very cosUy or structurally ineffective were the methods which have been employed the least. 

Consulting 

Structural analysis 

Bridge inspection 

Strengthening or rehabilitation 

Counties 

61 

52 

24 

Municipalities 

27 

26 

20 



It was suggested that if it were not cost effective to increase. the capacity of a given bridge to current 

loading standards, a compromise could be reached where the bridge could be strengthened to a specified 

increased load. Counties specified in such a case the load they would desire a bridge to carry is 19.1 tons; this 

value was obtained by averaging all reported values which ranged between 12 tons and 30 tons. The 

municipalities specified 16.4 tons (obtained by averaging reported values) as the desired capaciry; reported 

values ranged between 10 tons and 20 tons. 

The National Cooperative Highway Research Program Report 293, wethods of StrenmhenineExisting 

Hiehwav Bridees (36). re* and describes currentstrengtheningtec~uesused on existing highway bridges. 

On& 26 percent and 6 percent of the counties and municipaliti~, respectively, noted that they were familiar 

with this report 

Question 12 on the questionnaireasked the respondents to prioritize the top four deficientbridges into 

three categories: 1) the type of bridges which need to be strengthened, 2) those bridges which would most 

benefit from a combination of strengthening and posted weight/speed restrictions, and 3) those bridge types 

which are least likely to benefit from strengtheningor rehabilitation methods. Responses by both counties and 

municipalities indicated that steel stringer bridges would benefit the most from either strengthening or a 

combination of strengthening and posted weightlspeed restriahns. 

In summary, a signi6cant percentage of counties are currently employing strengthening methods, 

although a limited number of methods are being utilized. Replacement decisions typically tend to be sound 

emnomica1 and structural deciFions based on current information available. It appears that pan of the 

hesitation to strengthen a @en bridge is due to lack of adequate information and the bridge's inability to 

meet required deck geomeaies. Both counties and municipalitis indicated a rehabilitatioo/sneng&eninggtwl1 
- 

or design aid is desirable. 

The number of bridges per municipality is considerably less than the number of bridges per county. 

Apparently the reason municipalities tend not to undertake their own strengthening and replacement designs 

h the high m t  of liability insurance. However, while counties a h  employ a large number of consuftants, they 

are more likely to do some of their own engineering because of the large number of bridges for which they an: 

responsible and budgetary constraints. 

Data from the Iowa NBI, questionnaire responses and input from the advisory panel influenced and 

directed the second portion of this investigation (Tasks 3-6). Based on information obtained and reviewed in 

the initial tasks of this investigation, it was determined that strengthening procedures and techniques which are 

applicable to the steel stringer bridges and timber stringer bridges found on low volume roads would be the 

most beneficial to practicing engineers. A more detailed summary of the Gndings of Tasks 1 and 2 are 

presented in Ref. 94. 

The manual (Chp. 3) thus provides practical strengthening methods for these two types of bridges and 

numerous spreadsheets to assist the engineer in designingvarious strengthening sptems. 



A literature search was conducted to gather available information on strengthening/rehabilitationof I 
I 

low volume bridges. Computerized literature searches were made using the Highway Research Information 

Senice through the Iowa DOT and the Engineering Literature Index System which is available at the university 

library. In addition to searching these two sourn ,  the Geodex System - Structural Information Senice was 
I 

used to l m t e  additional pertinent references. \ 
I 

The literature search revealed that minimal work has been done on the general subject of 

strengthening, rehabilitating, or replacing low volume bridges. Most of the research which has been reported 

has been directed toward one specific Iype of bridge or set of circumstances. 
1 
I 

Literature was located on strengtheninghehabilitatingof essentially all types of bridges. However in 

this brief literature review, only information on the two types of bridges previously identified - steel stringer 

bridges and timber stringer bridges .-as having the greatest potential for beingstrengthenecUrehabilitatedwiU 

be presented. 1 I 
It should be noted at the outset that much of the information related to replacement of low volume 

bridges is not located in the published literature, but rather in the form of proprietary publications by private I 
companies. In most cases, these replacement designs are developed on a case-by- basis. The engineer 

submits his site requirements (span length, bridge width, load capacity, and aesthetic considerations) and the 

predesigned bridge is shipped to the site essentially complete. These proprietary designs wiU be discussed in I 

more detail in Chp. 3. 

I 
- The current AASHTO design spedications (2) do not distinguish between low volume rural bridges I 

1 
and high volume urban bridges. Gangarao and Zelina (28) have suggested that a set of design specifications 

and procedures be developed spenlfically for low volume bridges. They note that it is highly unlikely that 1 
I 
I 

efficient and economical lowvolume bridges can be designed using specihtions that were compiled primarily 

for highway bridges. S i i  thoughts have been expressed by Galambos (27) who suggested specifying rules 

tor a lower level of service for non-Federalaid bridges. Alternatives which a m  flexibility for site wnditiom I 
as well as a proposed fatigue model (both of which would allow less structural loading) have been propwed 

by Moses (48). 
I 

In Chp. 1, various RFWA and NCHRP final reports related to bridge strengthening, repair, 

rehabilitation,and retrofitting were noted. One of these, NCHRP Report 293 (36) is particularly pertinent to 1 
I 

this study in that it pertains to strengthening highway bridges. Thb report reviews strengthening techniques 

used in the United States as well as in several foreign wuntn'es and contains a bibliographywith 379 references 

which review the strengtheningof all types of bridges. Strengthening information in this report is o r g a M  
t 

by strengthening procedure rather than by bridge type as some strengthening procedures are applicable to I 
several bridge types. Strengthening t~ques/proceduresin this report were classiied into eight categories: I 



Lightweight deck replacement 

Addition of compite action 

Increasing transverse stiffness of the bridge 

Improving the strength of various bridge members 

Adding or replacing members 

Post-tensioningof various bridge components 

Strengthening of connections 

Developing additional bridge continuity 

As previously stated, Lhis literature review b intended primarily to review strengthening techniques 

which are applicable to timber and steel stringer bridges. "&is investigation also has collected and reviewed 

informationon numerous replacement snuctures; as previousb noted this informationwiU be presented in Chp. 

3. 

2.4.2 TimbcrlMdp 
The literature review revealed minimal strengthening procedures for timber stringer bridges. Only 

three procedures were found - replacing deteriorated or damaged stringers, reducing existing dead load on 

the snucnrre by replacing the decking with a lightweight deck or reducing the amount of "fill" on the bridges, 

and reducing the stringer spacing by adding additionalstringers to the bridges. In addition to these possibilities, 

the research team has developed a strengthening procedure in which a limited number of timber stringers are 

replaced with steel stringers. This technique is presented in Sec 3.6.2 

In recent years, there has been an increase in the use of timber in the transportation field. Signiscant 

interest in the construction of several timber bridges has developed; some of the techniques and procedures 

used in new construction can also be used to strengthen existing timber bridges in some situations (12). 

Throughoutthe United States, numerousshort span timber bridges are in need of deck rehabilitation. 

The majority of these decks were nail-laminated. Due to traffic loading and the effect of the environment, 

these fasteners have loosened over the years. Until recently, the United States Department of Agriculture 

Forest SeniQ has been unsuccessful in attempts to rehabilitate timber bridges. Between 1965 and 1975, the 

Forest Service attempted to strengthen existing timber bridges with the application of transverse A36 steel rods. 

This procedure proved unsuccessfulbecause the prestress force could not be maintained with the ordinarysteel 

rods (44). 

The use of lateral load distribution devices has generated significant research. These include 

distributor beams (69) or several methods of compressing longitudinal timber decks perpendicular to the grain. 

One method which has shown much promise is the use of high strength steel rods positioned perpendicular 

to the direction of traffic (58,79). These rods are tensioned against steel bearing plates along the outside edges 

of the bridge. The friction between the deck timbers induced by this tensioning eliminates inter-laminar 

slippage and provides substantial lateral load dismbution. 



243. StetlBnLfp 1 -- 1 
Steel girder bridges, which have a relatively small ratio of dead to live load, are especially affected by 4 

an increase in Live load. The strengthening techniques found in the literature for steel stringer bridges 
i 

essentially all fall in the following six categories I 
Lightweight deck replacement 

Imprwing the strength of the stringers. i 
Increasing transverse s&ess. 

Adding or replacing members. 1 
Providing composite action 

Post-tensioning. 

The techniques will only briefly be discussed here as there is a very comprehensive literature review of these 
I 

strengthening procedures in Ref. 36. To assist me reader in locating reference material on the various 

strengthening procedures, section numbers and page numbers for Ref. 36 have been provided. i 
Lightweight deck replacement p e t  36, Sec 23.1; p 181: the Live-load capacity of a bridge can be 

improved by replacing an existing heavyweight deck with a new lightweight deck. A review of the literature 1 
reveals that several structurally adequate lightweight decks are available, includingsteelgrid, exodermic, timber, 

lightweight concrete, aluminum orthotropic plate, and steel orthotropic plates. Each of these wilt be briefly 
I 
I 

discussed in the follawing paragraphs. 

Steel grid deck is a lightweight floor system manufactured by several firms. It consists of fabricated, I 
f / 

steel-grid panek that are field welded or bolted to the bridge superstructure. In application, the steel grids may 

be filled w i t .  concrete, partially i. with concrete, or kft open 

Exodermic deck is a newly developed, prefabricated modular deck system that is being marketed by 
I 

major steel-griddeck manufacturers. The bridge deck system consis@ of a relatively thin upper layer (3 in. 

minimum) of prefabricated concrete jointed to a lower layer of steel gratings. 

Laminated timber decks consist of vertically laminated 2-in. (nominal) dimension lumber. The 

I 
laminates are bonded together with a structural adhesive to form panek that are approximately 48-in. wide. 1 
The panels are 1YpicaUy oriented transverse to the supporting structure of the bridge and are secured to each 

other with steel dowels or stiffener beams to allow for load transfer and to provide conlinuity between panels. 1 
I 

Structural lightweight concrete can be used to strengthen steel bridges that have normal-weight, 

noncompositeconcrete decks (43). Lightweight concrete (unit weight of 115 lblcu ft or less) can be either cast 

in place or installed in the form of precast panels. Cast-in-ph lightweight concrete decks can be made to 
I 

act compositely with the stnhgers. t 
Aluminum orthotropicdeck is structurally strong, lightweight deck weighing between 20 and 25 lblsq I 

ft This proprietary decking system is fabricated from highly corrosion-resistant aluminum alloy plates and 
i 



extrusions that are shop coated with a durable, skid-resistant, polymer wearing surface. Connections between 

the aiuminum orthotropic deck and ihe steel stringers should not be considered to provi4e t o m p i t e  action. 

Steel orthotropic plate decks are an alternative for lightweight deck replacement, however they are 

usually designed on a case-bycase basis with essentially no standardization. Although steel orthotropic deck 

is applicable for short spans, it is unlikely that there would be sufficient weight savings to make it economical 

Improving the strength of the stringers [Ref. 36; Sec 23.4; p 211: One of the most common 

procedures used to strengthen existing bridges is the addition of steel cover plates to the existing stringers. 

Steel awer plates, angles, or other sections may be attached to the stringers by means of bolts or welds. The 

additional steel is normally attached to the flanges of existing sections as a means of increasing the section 

modulus, thereby increasing the flexural capacity of the member. When angles are employed to strengthen 

stringers, they are usually anached to the webs of the stringers with high strength bolts. In most eases, the 

member is jacked up during the strengthening pnxess, relieving dead-load stresses on the existing stringers. 

The resulting cover-plated section will resist both live-load and dead-load stresses when the jacks are removed. 

If the stringers are not jacked, the added cwer plates will carry only live-load stresses. 

Increasing &amverse stiffness of a bridge [Ref. 36; Sec. 233; p 201: Much of the literature on 

transverse stiffness of a bridge deals with the effects of diaphragms and crcss frames on transverse stiffness 

rather thanstrengtheningof a bridge by increasing the transverse stiffness. Literature indicates that increasing 

transverse stiffness will be most effective for interior stringers and wil l  have essentially no effea on exterior 

stringers. Increasing transverse stiffness should be considered a secondary method of strengthening a bridge. 

In most practical cases, the stress reduction resulting from transverse stiffening is less than 30 percent; in some 

cases, it may even be negligible. 

Adding or replacing members [Ref. 36; Sec 235; p 231: Steel stringer bridges can be strengthened 

by the addition or replacement of on$. or more stringers. Adding stringers will increase the deck capacity and 

reduce the magnitude of the loads distributed to the existing stringers. Thh method b most practically 

performed in conjunctionwith replacement of the deck because this allows respacing of the existing stringers. 

Stringer replacement is more typically a repair technique that is used when a stringer has been damaged by 

an averheight vehicle or mrrosion. The additionor replacement ofa stringer b more difficult when the existing 

deck is not removed. Installationof the new stringer is usually carried out fmm below the bridge and is usually 

a d i i l t  procedure. 

Providingmmposite action [Ref. 36, Sec 23.2; p 20) Modification of an existing system is a common 

method of increasing the flexural strength of a bridge. This procedure can be used when a deteriorated 

concrete deck is removed and replaced with a new deck or when the existing deck is sound by coring holes 

through the deck, adding shear connectors, and grouting the holes. The mmposite action of the stringers and 

deck not on& reduces live-load stresses but atso reduw deflections as a result of the increase in the moment 

of inertia resulting from the stringers and deck acting together. 



Post-tensioning [Ref. 36, Sec 23.6; p 241: Prestressing or post-tensioningin various configurations has 

been used for more than 30 years to relieve stresses, control displacements and strengthen bridges. Through 

research sponsored by the Iowa DOT, Iowa State University (ISU) has developed post-tensioning procedures 

for strengthening simple-span as well as continuous-Span steel-stringer bridges. As has been earlier 

documented, the majority of the steel-stringer bridge problems on the low volume roads are with single-span 

bridges; thus the strengthening of continuous span bridges will not be discussed in this repon 

For the practicing engineer* ISU has developed a post-tensioningstrengthening manual (24) that will 

assist the engineer in deteminhg the post-tensioningforce a given bridge needs to reduce flexural stresses the 

desired amount In most instances, on& the exterior beams need post-tensioning. Lateral distributionof the 

post-tensioning forces inmost situations aiso reduces the strews in the interior stringers. 

244 Coclt J3feahnest1 Stndies 
Several studies have been performed on the cost effectiveness of various bridge strengthening or 

rehabilitation methods. In 1985, Cady (13) developed a policy for the decision making process in bridge deck 

rehabilitation. An economic model based on the present worth of perpetual senice or the capitalized cost 

of each alternative was developed. This anatysis may be extended to apply to essentially any rehabilitation 

projea 

A study at Pennsylvania State University (90) developed a flow chart of rehabilitation methods for 

highway bridges. A survey of state bridge and maintenance engineers determined the type and effectiveness 

of various maintenance and rehabilitation procedures. These procedures were subjected to a life cycle cost 

analysis to determine a range of expeaed unit costs for the various methods. A flow chart was then developed 

which would allow a maintenance engineer to select the most cost effective rehabilitation method based on the 

amount of deterioration, etc. Tb& i y p  of flow chart was found to be very useful to local engineers. 

The use of incremental benefitcost anaiysis has been used by many agencies to aid in the decision 

making process. This method identilies the optimum alternatives and also prioritizes them. In public projects, 

measuring benefits in monemy terms poses a problem. One has to estimate the value of benefits, bottt for 

the agency and for the &vebg 

The use of the bene 

alternatives has traditio&Uy been avoided due to the dieulty in quantifying the benefit of the proposed 

improvement One study which attempted to alleviate this difS.cu1ty was performed by the New York DOT 

Planning D i i n .  TO use this procedure, one needs only the posted speed, the average running speed, the 

tratl[ic count with some estimate of vehicle mix, and highway section length for both the before and after 

conditions (41); with this data, the operating and travel time costs of the alternatives are calculated. 

Maintenance and addent costs of the alternatives are not considered in this modeL 

There has been a signi6cant amount of research on the use of value engineering (50) in the design and 

constructionof low volume mad bridges. Gangarao, et aI. (29) used value engineering, - that is, thi systematic 

appiication of recognized techniques which identify the function of a product or Senice, establish a monetary 



value for that function, and provide the necessary function reliably at the lowest overaU cost - to develop value 

graphs, which relate the importance of various bridge components to their costs. 

One major problem with this procedure noted in the literature was the difficulty in predicting the 

service life of the various strengthening methods. Thic obstacle is somewhat mitigated by two faaors: 1) as 

senice life increases, variation in service life has a diminishing effect on calculated equivalent cost and 2) if 

the average service bas of relatively short-tived procedures are reasonablywell known, rather large variations 

wiU have relatively little effect aver the long run. 

Engineering economic analyses have historically ignored the effects of inflation It has been thought 

that inflation affects all aspects of cash flow in the same manner, thus its net effect on the decision making 

process is negligible. The 1973 o l  embargo produceda significant change in the effect of inflation A marked 

reduction in fuel consumption caused a drastic reduction in gasoline tax revenue. At the same time, the cost 

of construction increased dramatically due to the rising rate of inflation. Inflation has affected income and 

disbursements in opposite directions, creating a situation where engineering economic analysis must take the 

effects of inflation into account (14). 
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3. APPLICATIONS 

As has been previously noted, Chp. 3 of this report is a strengthening manual The other chapters 

provide supplementary and background information. Section 3.1. provides general information about the 

manual Secs. 3.2 and 33  provide basic information about bridge inspection and fundamentals of analysii, 
I 

respective@. Section 33 is particulary informative because ten bridge waluation examples have been provided. 

Economic analps  to assist in the decision to strengthen or replace a given bridge is presented in Sec 3.4. 

The remaining three sections of this chapter (3.5 to 3.7) present various strengthening methods and 

replacement alternatives. 

3.LL Badtgnmnd 
As previously noted, the statistical information from the Secondary System Section of the NBI served 

as the basis for determining the type of bridges that require strengthening. For additionalclarification of NBI 

data, various categories of steel stringer bridges found on the Iowa DOT's countysystem base inventory record 

were reviewed. The program Syncson was used to sort, extract and summarize information. The year each 

bridge was built was reviewed to determine if a correlation eated between the year a particular Iowa DOT 

V-series standard bridge was issued and the year a given FHWA 302 bridge was constructed; no clear 

correlation was found. Site inspections of several Iowa steel stxinbr bridges revealed that the majority of these 

bridges actually were not constructed in arcordance with any of the Iowa DOT V-series. 

Lengths and widths of existing FHWA 302 bridges were also reviewed. The average length of the 

FHWA 302 bridges found on the Iowa county system ir 50.6 ft. figure 3.1 illustrates that a majority of the 

bridges have lengths between 20 k and 45 ft. Although, as shown, a number of bridges had lengths over 100 

ft, more than likely these bridges are the result of coding errors. As may be seen in Fig. 3.2, the majority of 

the bridges have widths of 20 ft and 24 h. However, a signillcant number of bridges (over 200 in each orse) 

have widths of 16 k and 18 ft. 

Two other parameters of interest in the Iowa DOT's county system base inventory record were the 

design loading and the design H-loading. The design loadingrefers to Item 31 in the SI&A data (see Sec 22); 

lhh one digit code represents the design live load for the structure. Instructions for coding this item require 

classifying the loading, if it is other than standard loading, as the nearest equivalent standard loading. As shown 

in Fig. 33, in the majority of cases (721 percent) the design load is not known; in 20.6 percent of the cases 

the design load was classified as H15. Over 93 percent of the bridges fall into these two categories of loading 

(HI5 or unknown). The design H-loading of the bridge was obtained from maintenance records. The number 

of bridges designed for each of the the standard design H-loadings is shown in Fig. 3.4. Note that the design 

loading for the majority (71.0 percent) of bridges is unknown (NC). 

'As noted in Chp. 2, it was determined that strengthening techniques are primarily required for 

noncomposite, simply supported steel stringer bridges 3021 and timber Sllinger bridges P A  7021. 



Fig. 3.1. Lengths of steel stringer bridges: FHWA 302. 



Fig. 3.2. Widths of steel stringer bridges: FHWA 302. 



Fig. 3.3. Design load cases: FHWA 302. 
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i 
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Fig. 3.4. Design H load cases: FHWA 302. 



I 
Thus, this manual is Limited to these two bridge types. One exception to this limitation is the economic analysis 

presented in Sec 3 4  this analysis is applicable to any type of structure. 

The economic anaIysis procedure assists the user in determining if it is more m t  effective to replace a 

3 ' 
1 

given bridge or to strengthen i t  Assuming it is more cost effective to strengthen it, the same analysis procedure 

can also be used to determine which strengthening procedures are the most m t  effective. The economic 

anaIysii procedure developed makes use of an equivalent uniform annual cost anaIysis approach and considers 
1 

factors such as annual maintenance costs, initial consauctionmu, s e ~ c e  lives, interest rates etc The various 

strengtheningtechniquesand procedures have beenorganized and presented in this chapter according to bridge I 
type. Only strengtheningand replacement procedures that have been used successfufhl in the field are included 

in this chapter. In the next few years, as a result of extensive bridge strengthening research currently in 
1 

progress, and the development of new materials, several new strengthening procedures most Iikely will be 

developed; these could then be easily added to this manual In addition, as databases become avaiIab1e as pan I 
of the development of bridge management systems (BMS), that data will be extremely useful in the economic 

model developed in this study. 

In the replacement section of this chapter, several proprietary products have been presented. Inclusion 
I 

of such products in this manual does not constitute a recommendation by the research team or by the Highway 

D i i o n  of the Iowa DOT. 

3.- scopeofMarmal 
No special considerations have been accorded skewed bridges. However, the strengthening techniques 

presented aie applicable to bridges with a small degree of skew. I 

All strengthening methods presented apply to the superstructure of bridges. No information is included 1 
about the strengtheningof exkting foundations,since such information is dependent on soil type and condition, 

type of foundation, forces involved, etlr, and thus is not readily presentable in a manual format. Before 1 I 
initiating the strengthening of the supersaucture of a given bridge, however, one must investigate the 

substructure to determine if it is of adequate strength or it also mquim strengthening. Some of the I 

strengthening procedures presented illustrate field wekEing applications. However, field welding in certain 
I 

situations ici not the best practiQ. In oMer bridges, the type of steel is frequently unknown and thus the 1 
weldability of the steel is also unknown, In these situations, bolted connections should be used unless 1 

laboratory tests are undertaken to determine the steels' weldability. Even when it is determined that the steel 

involved is weldable, welding should not be used in locations where it would lower the fatigue resistance of the i 
original structure. Since the bridges in question have low ADT, fatigue Q rarely a problem. However, 

strengtheningdetails which may create such problems should obviously be avoided. Potential welding problems I 
I 

are noted several times in the presentation of the various strengthening techniques. 
I 

As previously noted, strengthening procedures are presented by bridge type. In the following sections 

the strengthening procedures presented later in this chapter are briefly descnied. Replacement bridge types 
1 

are also listed in the following sections and presented in detail later in this chapter I 



Care has been taken to provide the background for the design procedures for strengthening and 

replacement aliemativa. Design p r m d u i s  and ciilci2tioa are provided, or referenm are %tee, to provide 

appropriate technical information for a proper analysis and design, The manual user is encouraged to 

thoroughly understand the analysis and design appIication before. performing 

the final design. 

The design manual contains information for the bridge engineer ranging from the inspection procedure 

to the design of strengthening andlor replacement alternatives. Table 3.1 outlines the major sections of the 

manuaL It is recommended that the user become familiar with the manual's contents prior to using i t  The 

step by step progression of the evaluation and design process as outlined in this manual includes: (1) bridge 

Inspection, (2) bridge evaluation (load capacity anal@ and, if applicable, desired load olpatity goal), (3) 

selection of strengthening method and/or replacement bridge type, (4) analpis and design of items in step 3, 

and (5) economic analysis of step 3 alternatives. 

Section 3.2 related lo bridge inspection is presented to provide important information to perform an 

a m t e  evaluation. Inspection is possibly the most important step in the complete evaluation process and 

observations can effect the calculated load capacity of the bridge. 

Section 3.3 provides fundamentalinformation for calculating the bridge rating based on inspection data. 

The evaluation procedure is outlined and references are provided to assist the engineer in obtaining pertinent 

information. Sample calculations are provided tb clearly illustrate various evaluation procedures. 

Table 3.1. Contents of design manual listed by primary section. 

33. Fundamentals 

3.4. Economic Analysis 

3.5. Strengthening Techniques for Steel Stringer Bridges: FHWA 302 

.6. Strengthening Techniques for Timber Stringer Bridges: FHWA 702 

Computer spreadsheets are provided in this manual to perform these evaluation calculations and provide a load 

rating, load posting and a maximum SI&A rating. 

Once the load rating os the bridge has been determined, a bridge capacity goal must be selected by the 

engineer. A strengthening analysis andlor replacement analysis should then be performed once suitable 

suengthening methods and bridge replacement types are identilied. Sections 3.5 and 3.6 of the manual contain 

various applicable strengthenlngmethods for steel sninger and timber stringer bridges, respectively. Based on 

the Wormation in this manual, an analysis and design can be performed to achieve the desired bridge capacity 



goal Computer spreadsheets have been provided for some of the strengthening techniques to assist this 

process. Section 3.7 containsvarious bridge replacement alternatives that can also achieve the desired bridge 

capacity goaL Both design information and wst data, where applicable, have been provided to assist the 

engineer. In addition, wmputer spreadsheets are presented for three timber bridge types to assist this process. 

1 After a strengthening method (or methods) andlor replacement type have been selected and designed 

to achieve desired load capacity goals, an economic anawis should be performed. This analpis provided in 

this manual involves determination of the Equivalent Uniform Annual Cost (EUAC) of each alternative. 

Section 3.4 presents procedures for determining EUAC's. A computer spreadsheet is also presented in this 

manual to perform an EUAC analysis. 

The -1 step in the decision making p r o ~ s s  is to compare EUAC's for each alternative. In addition, 

any unusual problems that may have an influence on this decision making process, and is not quantifiable for 

calculating the EUAC, should be considered at this time. After aU of these factors have been reviewed, a 

decision should be made as to which replacement or strengtheningmethod. or combinationof methods, should 

be applied. 

3.13.1. qpplic?bk Strengthening Techniques for FHWA 3fZ Bzidges 

As previously noted in Chp. 2, there are six well tested strengthening techniques which have been used 

to increase the live load carrying capacity of noncomposite simple span steel stringer bridges: 

1. Replacement of damaged stringers. 

2 Respace existing stringers and adding stringers. 

3. Increase section modulus of steel stringers. 

4. Develop composite action. 

5. Replace existing deck with a lightweight deck. 

6. Post-tensioning. 

These techniques will be presented in Sec 35. Design examples and spreadsheets are presented for 

techniques 2, 3, and 6. 

3.13.2 AppbkabU: Smngthening Techniques for M A  702 Bnilges 

Although the NBI provides quantitative information about bridge systems, it does not contain s p e c  

information about the structural properties of bridges. For example, the presence of a concrete deck is noted, 

but not the spacing of stringers. Thus, to benefit as many bridges as possible, strengtheningsolutioos have been 

kept generaL 

While several alternatives for strengtheningtimber stringers exist, their benefit to wst ratios are low with 

the exception of two procedures: Respace and add procedure and addition of steel stringers. These two 

alternatives as well as evaluation techniques will be presented. 

3.133. Replacxment Bnilges 

Eleven replacement bridge types have been selected for presentation in this design manual They 

include: 



1. Precast culverwbridge. 

2 Air formed arch culvert 

3. Welded steel uuss bridge. 

4. Prestressed concrete beam bridge. 

5. inverset bridge system. 

6. Precast multiple tee beam bridge. 

7. Low water stream crossing. 

8. Cormgated metal pipe cuIverL 

9. Stress laminated timber bridge. 

10. Glue-laminated timber beam bridge. 

11. Glue-laminated panel deck bridge. 

Some of these replacement bridges are proprietary. Ln these cases, general information regarding design 

criteria and cost information have been provided. Additional references where more detailed design 

procedures already exist have been included for the manual user. Three timber bridge replacement types have 

been included. Design examples and spreadsheets are presented for replamment bridge type3 9,10 and 11. 

3.1.3.4. Mhxmmputer Spreadsheets 

Responding to the requests of a large percentage of engineers who completed the questionnaires, 

computer spreadsheets have been developed for performing various e~luation,strengthening,and replacement 

calculations. The primary advantages of computer spreadsheets for these applications are: 

Most county offices have personal computers which are capable of mmir~gspreadsheets. 

Spreadsheet templates can be arranged to follow the normal design process completed by hand. 

When changes are made in any pan of the inpuf, the correspondingchanges in all the calculatioosare 

made automatically. 

Spreadsheet templates can include the necessary tables for beam properties, allowable stresses, etc 

which reduces the calculation time. The software developed in thir, report is Lotus 1-2-3 release 23 

(42), which includes the @VLOOKUP function (ie. Venial Lookup). This alfows easy exvanion of 

desired values from stored tables. 

Design and revision of spreadsheets is much quicker than conventional programming. Thus, engineers 

may take an existing spreadsheet and expand or modify it to better suit their specific needs. 

One disadvantageof spreadsheets is that regeneration time increases as the numberof equationsinneases 

and the spreadsheet size expands. The number of calculations in the spreadsheets developed in this repon are 

small so that is not a problem. 

Spreadsheets are comprised of labeled rows and columns. Numbers represent rows and columns are 

represented by letters. The inteWeon of a row and column b referred to as a ceU; see example spreadsheet 

in Fig. 3.5. CeUs may include either numerical information, text or commands. 
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Fig. 3.5. Example spreadsheet. 



In Fig. 3.5, cells B3 through B8 represent the input for a specific bridge; these ceUs have been highlighted 

ir! the spreadsheet Cells B16 bough B22 and C16 through (22, also highlighted on the spreadsheet, 

represent the posting values associated with Iowa legal trucks. 

A List of the spreadsheeu presented in the manual and their location for various strengthening and 

replacement methods and economic analrjis is presented in Table 3.2 

Table 3.2 Spreadsheeu in design k n u a l  

Design Manual Identification 

I!! (section No.) 
" 

Bridge I I I 
Glue-Laminated Panel Deck Bridge Replamment - 3.7.11 7 I 

Timber Stringer Evaluation 

Stress Laminated Timber Bridge 

Glue-Laminated Timber Beam 

Prior to an engineer's determinationof whether a bridge is a suitable candidate for rehabilitation is the 
I performana: of a thorough inspection of the key elements of the structure. This inspection should be made 

by a person with at least a general understanding of how loads are dbtriiuted through a bridge, a knowledge 
I of what members are main load-carrying elements and what constitutes capacity-reducing damage and 

deterioration. 

I 
S i m  1973, bridges have been routinely inspected on a two-year cycle. Therefore, the SI&A repom on 

file should indicate which elements of a given bridge warrant closer examination. The information provided 

on an SI&A report is not afways in narrative form, but rather is numerically mded with frequentty sketchy 

comments. A complete report win include structural calculations with a summary of operating, inventory and 

posting loads, if they are required. 

The most current SI&A report, as well as all previous repom and plans of the bridge in quation (if 

available), should be reviewed in the of& prior to the 6ekl iaspectj~n. The inspeaor should have this same 

Economic Analpis 

Steel Stringer Evaluation 

Post-tensioning 

information available during the actual field inspection. 

If the previous inspeaions have been carefully pedormed and the data properly and recorded, 

Analysb 

Replacement 

Replacement 

the measuring of members and the determination of general dimensions k not necessary each time a given 
' i 

C -, 

Anatys'i 

Anafysh 

Strengthening 

3.61 

3.7.9 

3.7.10 

3.4.4 

3.5.2 

35.6 

4 

5 

6 I 

1 

2 

3 



I 

bridge is inspected. However, it is recommended that the iq%tor carry a scraper andlor wire brush and 

calipers to determine the w e n t  status of corrosion and senion loss in the case of steel members. 

With the most r m n t  SI&A report in hand, the inspector shouldverify the current conditionof previously 

. recorded damage or deterioration Since this manual d a b  primarily with simple-span superstructures, it is 

assumed that the substructures are sound or can be repaired by practicable, cost-effective methods pursuant 

to repairing and rehabilitating the superstructure. 

The principal elements for review are the deck, stringers, bearings, and their ability to interact. The 

inspector should keep in mind that the primary purpose of this inspection is to view the bridge from the aspect 

of determining its general condidonand suitability for repairs and rehabilitation That is, can the life of the 

bridge be extended for an appreciable (cost-effective) length of time? Can the load posting be eliminated or 

increased to carry school buses, fann equipment, etc? 

3.7"L Derb 
A large number of low volume bridges in Iowa are of timber construction (see Sec. 22), having stringer 

elements ranging generally from 3 in. x 12 in. to 6 in. x 18 in. spa& for the utihtionof 3 in. x 12 ia. or 4 

in. x 12 in. decking laid transverse to the stringer alignment Another popular timber deck system b to position 

3 in. and 4 in. thick by generally 6 in. to 12 in. wide planks transversely on the stringers on 12 in. to 18 in. 

centers and then provide appropriate sized planks longitudinally for what b often called a *deck and a halP. 

Decks on timberatringer bridges are' usually well spiked to the stringers which, in turn, should have 

spacer blocks or X-bracing at bearings and at mid-span to resbt transverse *rotling'. A timber bridge 

constructed in this manner k of litUe concern regarding the stability of the stringer compression zone. 

The method of attaching timber decks to steel stringenbeams is a common area of neglect, which ohen 

leads to the need for load posting. The inspeaor should review closely the corneaion between the deck and 

stringers. fllbdat~rrahPanlwppoPIlbrhQ~dkurPddnlqgenandthusmustbe 

appropriately attached. 

The allowable stress used by the engineer in computing load capacity k inversely proportional to the 

spacing of topflange points of lateral suppon; which is provided by adequate-depth transverse diiphragms, 

deck clips or clamps measured along one side but staggered back and forth along both sides of the flange, 

powerdriven fasteners, etc. In some instances, a bridge can have its posting removed or significantly reduced 

very simply and economically by reducing the spacing between points of lateral support on the top flange. 

The load capacity k a h  inversely pmportional to the width of the compression &nge of the stringer 

or beam. It b important that the inspeaor determines the current area and wntigurationof topflange as weU 

as general cornion and section bss Top Llaages of stringers supporting timber declcr are naturaliy subject 

to seaion loss due to deck leakage. As a general concern, the inspeaor should determine whether the exirting 

condition (decay, insect infestation, dry rot, etc) of the timber will allow it to act as a sound structural element 

and whether it can suppon the fasteners previously described which provide lateral support to the compression 

flange of the steel stringersbeams. 



Timber decks often have rock or eanh 6U ranging from light to very substantiaL This naturally reduces 

the live load capacity of the bridge and inhibits determination of the condition of the deck. Before a 

rehabilitation scheme is developed for a given bridge, considerationshould be given to adjusting the gradeline 

which could remove or reduce the deck filI, which in turn would influence the method of rehabilitation andlor 

strengthening. 

The rehabilitation of concrete decks can often be accomplished using a highdensity concrete or latex- 

modified concrete overlay. Such overlays usuaUy prolong the life of the deck for a substantial period of time, 

but a h  redum the live load capacity of the bridge. For bridges that are marginally legal' this extra weight 

may require the bridge to be posted if provisions were not made for a *future wearing surface' in the original 

design. Whether a concrete deck b removed and replaced as pan of the overall rehabilitalion of the bridge 

will influence the approach taken to improve the load capacity of the stringers. For example, if the deck is 

removed from a steel stringer bridge which has no composite action belween the deck and the stringers, the 

load capacity of the bridge a n  be easily and economically improved by designing and installing shear studs to 

the stringers for composite anion before replacing the decks and/or respacing and adding stringers. The 

emphasis here is that the inspector should provide enough detailed data (surface spa&, map cracks, 

delamination, rebar exposures, etc.) regarding the deck condition to determine if it is cost effective to salvage 

the deck, repair it by patching, overlay i4 or remove it to facilitate a more practical method of strengthening 

the stringers. 

FuU-depth deck cracks can often be detected by the presence of efflorescence on the bottom of the deck 

and by rust on the edges of the top stringer flanges. If plans are not available indicating the presence of shear 

connectors for composite actions, coring of the deck over the stringers should be considered to determine if 

shear connectors are present 

Another situation for overaU strengthening is that in which it is determined that the nonamposite 

concrete deck needs replacing and the stringers are slightly sub-legal If the wncrete deck is removed and 

replaced with a properly designed and installed timber deck, the reduction in dead load and tbe resulting 

increase in live load capacity could be substantial Naturally, exbting stringer spacing and the economy of 

respacing is important here. A concrete deck can provide lateral support for the compression flange of steel 

stringers if that flange is embedded.in the bottom of the deck. 

The use of metal decks is not too common, but their inspection should include the spacing and quality 

of fasteners (usually welds) which attach the deck to the stringers. Most metal decks are a commercially 

designed product The manufacturer's specifications, unit weights and recommended instauation methods 

should be obtained and reviewed. The inspector should also be concerned about the presence of cracks in the 

portland cement or asphaltic concrete topping reflecting from the corrugations in the metal pans. This is quite 

common and leads to moisture reaching and corroding the metal decks. 

Metal decks - as an element considered for strengthening and rehabilitation - can offer a durable, 

relatively light-weight deck and may have, in some situations, advantages relative to reinforced concrete or 



timber. The closely spaced welds usually speciiied provide good lateral support of the steel stringer 

compression flange. 

As a final emphasis, inspection and evaluation of decks should consider not only their conditionand load 

carrying capacity as an isolated structural element, but also the effect the deck has, or could have, on the 

stringer system in terms of lateral support, composite action and reduction of dead load. 

=StringndScams 
Inspectors should recognize signs of distress in stringer systems In timber bridges, the top fibers of the 

stringers are subject to high moisture content and rot caused by deck leakage. The inspector should probe this 

area and other suspicious areas, such as around bea~gS, with an ice pick to determine the reduction in useful 

section. It is a practice in some places to deal with top fiber rot by removing the deck and turning the stringers 

over. This provides better material for re+piking the deck to the stringers, but doesn't improve the stringer 

=pacity because it still has the same effective depth and now the decayed tibers are in tension. The area 

around knots, especially in the middle-third of the span near the bottom tension fibers, should be inspected 

closely for signs of honiontal splits or fiber fahre. 

Horizontalsplits is a serious form of failure, although some residual capacity remains. For example, a 

4 in. x 16 in. stringer with a horizontalsplit at middepth yields two 4 in. x 8 in. pieces. The resulting section 

modulus is then 2(4 x S216) = 853 in3 which is half of that of the unsplit 4 in. x 16 in. which is (4 x 162/6) = 

170.7 in3. The presence of short horizontal splits at the stringer ends effects shear capacity. 

The inspector should be alen for excessive twist (out-of-plane bending), sweep (horizontal deflection) 

and vertical deflection (usually caused by under design or excessive fBl on deck). Twist, sweep and the sudden . 
lateral 'rollingn of the stringer system (dominoeffect) can be effectively controlled by the use of spacer blocks 

or sturdy x-bracing at the bearings and at mid-span. 

Insects, usually termites or carpenter ants, can be very destructive. Often a stringer will appear normal 

in size and surface texture, but will have its interior fibers eaten away. Tapping and probing of the surfaces 

and obsenration of the sawed cross-n at the stringer ends should be a routine pan of any timber bridge 

The rehabilitation and strengthening of timber stringer bridges (see Sec 3.6) is routinely ammplished 

in several ways, such as by simply substitutingsound members for individualdamaged or undersized members, 

by dismantling and reerecting with sound members of the same or larger size, by using a mix of sound and 

salvageable members either at the same stringer spacing or at a smaller spacing determined by calculation, 

or by ioserting sound members into the spacing between existing stringers, which arbitrarily cuts the spacing 

in half. In any case, the spacer blocks or X-bracing will have to be removed, modified and reinstalled. 

Naturally, calculations should be prepared to provide comparison data on cost, practicability, and benefits 

gained by eliminating or reducing the load posting requirement 

Again, the inspector should keep in mind that the data to be gathered are to be used in the rehabilitation 

and/or strengtheningof the bridge in question, not merely to determine its present conditionand load capacity. 



Any observations or suggestions thought to be helpful should be recorded. 

The inspection of steel beams or girders should take the same general approach as with timber. Instead 

of decaying timber, there is corroding metal. Instead of timber decks which don't interact with timber 

stringers to produce a greater load capacity, there may be concrete decks which may be composite with the 

beams or girders through the use of shear connectors. 

Whereas decaying timber is irreversible, the life of a steel member can be extended by thorough cleaning 

and painting. The inspector should note, measure and photograph heavily corroded ateas. The extend and 

location of corrosion will influence a decision on whether to incorporate the damaged member into the 

rehabilitation plan by determining, with cakulations, whether tbe'loss of section will reduce the load capacity. 

The inspector will often 6nd that a steel stringer bridge with a timber deck will have that deck affixed 

to the top (compression) stringer flange with clips located only along one edge of the 5 g e .  This practice 

offers no restraint to lateral movement in the direction opposite the clips. If the member was properly 

anal@ for this condition and it was determined to govern the load posting, strengthening on be achieved 

by removing the deck and resetting it with clips placed alternately along each side of the flange. If the required , 

equipment is available, the same results can be achieved with powerdriven fasteners, usually spaced at about 

2 ft  on centers. 

The inspector should verify the size and location of bolt holes often found in webs and flanges of re- 

erected beams and stringers taken from smkpiles of dismantled bridges. The size and location of any bottom- 

flange cover plates should afx, be noted. Strengtheningmay be achieved by attachingcover plates if noneexist 

or additional plates if practicable, to the existing beams. 

As with timber, the inspector should note any twists, sweep or excessive vertical deflection. Fatigue 

cracks are not too common in simple-span bridges on low-volume roads, however, they may result from out-of- 

plane bending, base metal "notchiig*caused by careless welding, a poorly designed structural attachment, etc - 
Therefore, beam and girder webs should be carefully examined at the top and bottom of diaphragm or floor 

beam connections; flanges at the ends of cover plates should afx, be carefully examined. Fatigue cracking can 

usually be arrested if detected in the early stages 

Leaf rust, that is the lamination of metal in the corrosion pro&ss, is often found near the ends of beams 

at leaking expansion joints and at the interface of pieces such as angle l ep  and webs of built-up girders, 

diaphragm-twtiffener connections, or under cover plates or gusset plates. 

The location and severity of fatigue cracks and corrosion and the practicability of making repairs must, 

of course, be included in the rehabilitationdecision proms to minimize the possibility of "putting good money 

after bad". 

3.23. I)rsim.&adagsandapPlrabnJoina 

Leaking decks, floor drains that do not extend below the bonom of the bottom flange of the beams or 

girders and expansion joints that leak, such as the once common plate-on-plate device, are sources of 

concentrated mnosion-producingdraioage. The inspector should note any observations in this regard so that 



necessary changes (such as extending or plugging floor drains, replacing leaking expansion joints with neoprene 

gland or c l d c e U  pis, etc) Can be included in the rehabilitation plan. Where a new concrete deck is 

planned, expansion pmts and deteriorating abutment backwalls can be eliminated by pouring an abutment 

diaphragm integral with the slab and flush against the cap or footing bridge seat using doweled-in reinforcing. 

The inspector should note the condition or repairability of the cap or  footing. 

Bearing material in steel bridges is very vulnerable to corrosioncaused by drainage through timber decks 

or the aforementioned leaking expansion devices. This drainage often ponds on the bridge seat and inundates 

the masomy plates. Over time, the corrosion will cause the bearing plates to 'freeze-up'. The immobility of 

pinu and bearings is also often caused by movement of the abutmenu toward each other causing the backwalls 

to jam against the ends of the beams or girders. The bridge, expanding in the summer months, but having 

'frozen' bearings, could impart forces of damaging magnitude. 

The inspector should note if the expansion device is closed, the severity of rocker tipping, the distance 

between the beam ends and front face of backwall, etc These problems may require some rehabilitation of 

the substructures to aUow the superstructure to be more functional and unrestricted by secondary loads and 

forces. 

~~~~ hptanf! Plans for rehabilitation and strengtheningshould not proceed until 

the data gathered has been reviewed and a feasibility study, including preliminary pricing, bridge life, and Ioad 

capacity benefits has been prepared. Good inspection and reporting may expose problems of such a magnitude 

that rehabilitation and/or strengthening are not cost effective. 

Pursuant to preparing a load capacity analysis for a simple-span steel beam or timber stringer bridge is 

the assembly of dimensional materiak loading and condition data 

s t  Dhnendom 
If phns (preferably as-built) are not available, &Id measuremen6 will be required to determine: 

@ Beam/stringersives 

Beadstringer lateral spacing 

Center to center of bearings 

Type, size and spacing of diaphragms (steel) or blocking (timber) 

Width, thickness and type of deck 

Depth and type of any wearing surface present (concrete or asphalt overlay, rock or dirt fill) 

333. MatcrhlE(AlbcPableStrascs) 

33.21. Steel 

Plans prepared within approximately the past twenty-five years will show material strengths (allowable 

stresses). If this Momation is not available oh Ihe plans, but the year of ~~nstruction is known, the yield 



strength (F,) for steel components can be assumed as f o h :  

6 Prior to 1905 - 26,000 psi 

6 1905 to 1936 - 30,000 psi 

6 1936 to 1963 - 33,000 psi 

1963 to Present - 36,000 psi 

If neither material strength or year of conslructMn is available, the engineer is left to h ioe r  best 

judgment; one shoulddt, however, assume'a yield strength greater than 30,000 psi The AASHTO manuak 

(2) includes a table of allowable saesses for steel in Sec 10, allowable steel stresses may a h  be found in Sec 

5 of Ref. 3. 

The allowable stress to be used in analpis is 0.55 F, for the 'Inventory" capacity and 0.75 F, for the 

'Operating' capacity, except as modified when the compnssion tlange is not fully restrained against lateral 

movement. In these cases, the following is used: 

Allowable inventory stress, f, = 055 Fy - K(Ub) 

where: 

F, = appropriate yield strength as determine above 

K = 3.9 for F, = 26,000 psi 

5.2 for F, = 30,CGU psi 

6 3  for F, = 33,000 psi 

7.5 for F, = 36,000 psi 

L = spacing (in inches) of feature that restrains the compression flange 

from lateral deflection in both directions, (e.g. diaphragms, power 

driven fasteners, clips, etc) 

b = width (in inches) of compression flange 

Ub shall not be greater than 42,39,38 and 36 for the respective F, values listed in the definition of "K". If 
these limits are exceeded, 'L* should be reduced by some physical alteration. The allowable operating stress 

for a paniaUy restrained compression flange is the inventorystress f, as calculated above, times a factor of 137. 

33.22 Timber 

The determination of allowable stress in timber stringers and decks begins with knowing the species and 

grade of lumber used in the member to be anatped. The appropriate allowable value (shear, bending,tension, 

compression, etc) can then be obtained from tables in Section 13 01 the 'Standard Specifcations for Highway 

Bridges' (2) based on member size and usage with subjective reductions based on the engineer's judgment, 

considering whether the timber is treated or untreated, its moisture content, age, condition, etc This stress 

may be considered as the allowable 'Inventory'stress. The allowable "Operating" stress should not exceed 133 

times the allowable "Inventory" stress. 



333. Losds 
pead Load 

Decks - 
Timber = M Iblcuft 
Concrete = 1lMIbIcuft 

Steel = 490 IbIcuft 

Wearing Surface - 
Concrete = 1MIbIcuft 

Asphalt = 144 IbIcuft 

Rock = 120 lblcuft 

Dii = 125 IbIcuft 

Rails - 
As determined by measurement and the above unit loads or from tables. 

Curbs - 
Based on measurements and type of material 

Beams/Stringers - 
If plans or shop drawings are not available, steel beam weights can be read from tables 

in the American lnstirute of Steel Consuuction Manual (AISC) (6) once the beam 

dimensions are carefully determined. T i r  stringer weights are based on field 

measurements and 50 IbIcUn 

Diaphragms or Blocking - 
Load per foot of beam/suinger is the weight of one diaphragm or blocking unit divided 

by the longitudinal spacing of the diaphragms or blocking. 

Other Attachments - 
Pipes, conduits, cattk resmints, etc (as determined by the engineer) 

JAveLoad 

The FHWA requires that the 'Opemting Rating' and 'Inventory Rating" be based on "HS9 (AASHTO 

W i n g )  d graphically defined in Fig. 3.6. Any analysis involved in rehabilitation and strengthening to 

determine posting requirements for Iowa kgal trucks should include the 'HS' capacities as well. 

Figure 3.7 shows the axle loads and spacing for the Iowa kgal uucks. Bending moments in ft-kips per 

wheel line for these vehicles are presented in Appendix B. A wheel line is defined as the wheels on one side 

of the truck. 

The bending moments determined from the tables in Appendix B must be dismbuted laterally to 

establish a per beamlstringer bending moment This dismbution is determined from Article 3.23 AASHTO 

(2). 'One Traffic Lane' dimbution is to be. used when the roadway width is 18 ft or less and Two Traffic 



W = Combined weight on the first two axles which is the 
'same as for the corresponding H (M) truck. 

V = Variable spacing - 14 feet to 30 feet inclusive. Spacing 
to be used is that which produces maximum stresses. 

Clearance and 

Wheel Loads 1-1.- 
Stattdard HS Trucks 

* In the design of timber floors and orthotropic steel decks (exluding 
transverse beams) for HS 20 loading: one axle load of 24,000 pounds 
or two axle loads of 16,000 pounds each, spaced 4 feet apart may be 
used, whichever produces the greater stress, instead of the 32,000-pound 
axle shown. 

Fig. 3.6. MSHTO standard loads. 



RATING VEHICLES (Showing axle loads in kips.) 

TYPE 4 
weight = 54.5 kips 

TYPE 3S3 
weight = 80 kips 

TYPE 3-3 
weight = 80 kips 

Fig. 3.7. Iowa legal loads. 



Lanes" distribution is to be used for bridges with roadways greater than 18 b County bridges with roadway 

widths requiring analysis for more than Wo lanes (36 ft) are rare and will not be considered here. 

Live load distribution for timber decks is addressed in Articles 3.25 and 3.30 of AASHTO (2) and will 

be demonstrated in example calculations which follow. 

r 
Impact is included in the total load determination as a fraction of the calculated live load. As noted in 

Article 3.8.1 of AASHTO (2), impact is not to be considered for timber structures. 

The impact fraction is determined by the formula: 

where: I = impact fraction (maximum 030) 

L = span length, center to center of bearings for simple span bridges in ft 

33.4 Oondftbn 

Dimensions of stress-carrying members can change over time due to corrosion, decay, wear (decks), 

damage from external forces (ice and drift flows), e t r  This natural& causes a reduction in member cross- 

section resulting in a smaller -.on modulus, S. The bending stress, f ,  in a member is equal to the bending 

moment M divided by the section modulus, thus: 

Therefore, the bendingstress, f ,  is inversely proportional to the sectionmodulusS. It is not uncommon 

to find bolt holes in the webs and Banges of steel beams, usually when a member has been re-erected from 

stockpiled material The section modulus should be calculated to reflect the presence of these holes. It is 

imponant during the gathering of dimensional data that the location of any localized reduction in section be 

identified along the beam span relative to the centerline of bearing so that the reduced bending moment at 

that location can be computed. 

A uniform loss of section due to light overall rusting of a steel member can be estimated by the 

inspeaor. The section modulus may be reduced 1 to 5 percent. When heavy rust and pining are present, the 

beam should be spot-cleaned with a wire b&h and measurements taken with a caliper and metal tape. 

Loss of senion in timber stringers b also based on judgement and measurements taken by probing a 

member with an ice pick or a similar instrument. A reduction in allowable stress as well as in section should 

be considered by the engineer. The expression for the section modulus of a timber stringer is: 



where, 

b = effective width of member. 

d = effective depth of member. 

County simple span steel beam bridges, with very rare exceptions in Iowa, can be placed in Case 111 of 

Table 103.2A of AASHTO (2). In other words, the bridge being considered will not Likely be located on 

'Freeways, Expressways, Major Highways, and Streets' having high average daily vuck mffic (ADT). 

Therefore, the reduction in allowable stresses due to fatigue caused by large stress ranges and high cyclic 

loading will not govern and will not be d i i  here, other than to say that poor quality and poorly designed 

welds indiscriminately located can be a source of member failure. Therefore, aU welding employed in 

performing repairs and strengthening procedures should be approved by the engineer and performed by a 

cefied welder in suict adherence to current and applicable codes of the American Welding Society including 

such considerations as weldability of base metal, seleaion of proper welding rod and power setting, welder's 

position (Le. overhead, vertical, down-hand, horizontal), weather cooditions, etc 

335. Raring 

The foUowing ten numerical examples assemble the above data and information into operating and 

inventory ratings and load posting by means of the following steps: 

1. CaIculate.aUawable bending stress (F.) in beam or stringer based on information 

described in Materials (Allowable Stresses) (Sec 33.2). 

2 Calculate aaual dead load bending stress (&) in beam or stringer using a 

uniform load per foot of span (w) as d e s u i i  in *Loadsg (Sec 333) and applying 

the following formulas: 

M (Dead Load Moment) = w x Lz/8 

where, 

L = span 

&=MIS 
where, S is the section modulus as desmbed in Condition (Sec 33.4). 

3. Record the gross weight of the applied truck in tons for which rating or posting 

is being calculated: 

HS20 = 36Tons 

Type 3 = 25 TOM (Governs for Deck Analysis) 

Type 4 = 27.25 Tons 



Type 3S3 = 40 Tow 

Type 3-3 = 40 Tons 

4. Calculate actual live load bending stress in beam or stringer (including impact except for timber 

members) using moments from tables in Appendix B which are based on truck dimensions and axle 

loads shown in Figs. 3.6 and 3.7. These tabular moments, given in ft-kips, should be convened 40 

in.-lbs by multiplying by 12,OOO (12 hlft x 1,000 &/kip). This moment should then be multiplied 

by a factor for lateral distribution. The resulting stress when this moment is divided by the section 

modulus will be designated as (4). 
The rating of the member can now be calculated by the expression: 

Rating (Tons) = (F, -f .  T 
h 

where, 

T = rating vehicle in tons 

F, = allowable bending stress 

% = dead load bending stress 

f ,  = live load bending stress 

The following examples are included to illustrate the above method. For clarin/, hrger type size has 

been used for the examples. 
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3.3.6. Examples 

GIVEN : 
4 i n  

Example 1: Timber s t r ingers  (1 f t - 6  in .  on center ) ;  
Timber deck w i t h  rock f i l l  

. x 16 in.  Timber S t r i nge r s  @ 1 ft-6  in. c t o  c 
Span = 24 f t  
One Lane Bridge (W 18 f t )  
3 in.  x 12 in. Transverse Plank Deck 
F u l l  L a t e r a l  S u ~ o o r t  
4 in.  Rock  ill-1120 lb/cf )  
Fb ,,,,,= 1600 p s i  
Fb OPER= 1600 psi(1.33) = 2128 psi  

DEAD LOADS: 

Deck: = 18.75 l b / f t  

= 20.86 l b l f t  

L 

Rock: = 60.00 l b / f t  

M i s c :  

M,,, = & = 102 l b / f t  (24 f t ) '  = 7344 f t - l b  
8 8 

Sec t ion  Modulus, Sb = 1/6 ( 4  1/8in)  (16 1/2in) '  
Sb = 155.16 in3 

f,, = &$, = 7344 f t - l b  112 i n / f t )  = 567.8 p s i  
Sb 155.16 in' 

LIVE LOADS: 

Impact: I = 0 (For Timber S t ruc tu r e s )  

Wheel Factor:  (AASHTO TABLE 3.23.1; Timber Plank Floor;  
Timber Longitudinal Beams: Bridge Designed 
For One T r a f f i c  Lane) 

W.F. = S = S t r i n g e r  Spacing 
4.0 

W.F. = 1,5 = 0.375 
4.0 



Live Loads, continued: 

qL = (Moment Due To Live? Load Truck) x (l+Impact) 
x (Wheel Factor) 

L Maximum moment due to truck loads on 
4 t a simple span can be determined by 

use of a general rule. The maximum 
bending moment occurs under one of 

PI (>/ +Cg (1 "2 the wheel loads when that wheel load 
is as far from one support as the 

R2 center of gravity of all the wheel 
loads is from the other support. 

X 
The relationship is shown to the 
left. 

The relationship was used to 
determine the maximum live load 
moments for different truck types on 
different lengths of spans (see 

1 Appendix B. ) 

%I (HSZO) 
= (96.00 ft-kips) (1.0) (0.375) (1000 lb/k) a 36,000 ft-lb 

- (98.00 ft-kips) (1.0) (0.375) (1000 lb/k) = 36,750 ft-lb %L (TYPE 4) - 
YL 3U,= (98.00 ft-kips) (1.0) (0.375) (1000 lb/k) = 36,750 ft-lb 

qL ,,,,, ,,,= (77.53 ft-kips) (1.0) (0.375) (1000 lb/k) = '29,074 ft-lb 

*&I (HSZO) = 36.000 ft-lb (12 in/ftl = 2784.22 psi 
155.16 in3 

~ K L  (TYPE 4) =- = 2842.23 psi 
155.16 in3 

*&I (TYPE 3S3)  = 36.750 ft-lb (1.2 in/ftl. = 2842.23 psi 
155.16 in3 

~ M L  (TYPE 3-3) = 29.074 ft-lb (12 in/ft\ = 2248.57 psi 
155.16 in3 



HS20 RATING: I 
F- -I - I 

- HS Rating = Stress (36T) 
Live Load Stress 

i 
Inventory = 1600 ~ s i  - = 13.3 tons 
Rating 2748.22 psi I 

operating = 2128 ~ s i  - 567.98 i = 20.2 tons 
Rating 2784.22 psi I 

M A D  POSTINGS: * 1 

Rating/ = Stress - 
Posting Live Load Stess 

W = weight of truck causing the live load. 

Type 4 
- - 2128 psi - 567.98 D S ~  1 

2842.23 psi I 
I 

Type 4 = 14.96 T - Post for 15 Tons - .  i 
i / 
, , 

. . 
~ y p e  3 ~ 3  = 2128 usi - 567.98 

2842.23 psi 

~ y p e  353 = 21.96 T - post for 22 Tons I 

Type 3-3 = ~ s i  - 567.98 
2248.57 psi 

~ y p e  3-3 = 27.75 T - Post for 28 Tons 



3.3.6.2.  Example 2 :  Timber Stringer ( 1  f t - 6  in .  on center);  Timber Deck 

GIVEN : 

Same as Example 1, without rock fill. 

DEAD LOADS: 

Deck: = 18.75 lb/ft 

Stringer: p 4  ll8in) (16 112in1] (SO S) = 20.86 lb/ft 
(nominal dimensions) 144 in2/ftz 

L 

Misc: 

%L = & = 42 lb/ft (24 ftI2 = 3024 ft-lb 
8 8 

f,, = p+; = 3024 ft-lb 112 in/ft) = 233.88 psi 

Sb 155.16 in5 

LIVE LOADS: 

Live Load Moments (MLL) and Live Load Stresses (fbLL) are the 
same as those calculated for Example 1. 

HS20 RATING: 

Allowable E Dead Load 
HS Rating = Stress - 

Live Load Stress 

1600. wsi - 233.88 D S ~ )  (36~) = 17.7 tons Inventory = 
Rating 2784.22 psi 

Operating = 2128 ~ s i  - 233.88 Dsi = 24.5 tons 
Rating ( 2784.22 psi 



LOAD POSTINGS: 

Rating/ = stress Stress 
Posting Live Load Stess 

W = weight of truck causing the live load. 

Type 4 - - ~ s i  - 233.88 ~ s i  
2842.23 psi 

Type 4 - - 18.16 T - Post for 18 Tons 

Type 3S3 = 2128 wsi - 233.88 
2842.23 psi 

Type 3S3 = 26.66 T - Post for 27 Tons 

Type 3-3 = 2128 ~ s i  - 233.88 wsi 
2248.57 psi 

Type 3-3 = 33.70 T - Post for 34 Tons 



3.3.6.3. Example 3 :  Timber Str ingers ( 1  f t - 2  i n .  on center ) ;  Timber deck 
w i t h  rock f177 

GIVEN : 

Same as Example 1 with 1 ft-2 in. stringer spacing. 

DEAD MADS: 

Deck: (1.167 ft) = 14.58 lb/ft 

stringer: r-](50ib) = 20.86lbIft 
(nominal dimensio s) f 144 in2/ft2 9 

Rock : 120 24: (1.167 ft) 
( i t )  ( ft ) = 46-67 lb/ft 

Misc: 

I$,, = & = 85 lb/ft 124 ft1' = 6120 ft-lb 
8 8 

f,, = &,, = 6120 ft-lb (12 in/ft) = 473.32 psi 
Sb 155.16 ins 

LIVE MADS: 

Impact: I = o (For Timber Structures) 

Wheel Factor: (AASHTO TABLE 3.23.1; Timber Plank Floor: 
Timber Xongitudinal Beams; Bridge Designed 
For One Traffic Lane) 

W.F. = - S S = Stringer Spacing 
4.0 

W.F. = = 0.292 
4.0 



5, = (Moment Due To Live Load Truck) x (l+Impact) x (Wheel Factor \  i \ '  
i 

%L (HSZO) = (96.00 f t -k ips )  (1.0) (0.292) (1000 lb/k) = 28,032 f t - l b  ' 1 
I 

%L (TYPE 4 )  = (98.00 f t -k ips )  (1.0) (0.292) (1000 lb/k) = 28,616 f t - l b  

qL 3S3)= (98.00 f t -k ips)  (1.0) (0.292) (1000 lb/k) = 28,616 f t - l b  

%L (TYPE 3-3)= (77.53 f t -k ips)  (1.0) (0.292) (1000 lb/k) = 22,639 f t - l b  , 
I 

= 28.032 f t - l b  (12 i n / f t )  
155.16 in3 

= 2167.98 p s i  

'ML (TYPE 4) = 28.616 f t - l b  112 i n / f t )  = 2213.15 p s i  
155.16 in3 

'ML (TYPE 353 )  = 28,616 f t - l b  112 i n / f t l  
155.16 in3 

= 2213.15 p s i  

'ML (TYPE 3-3) = 22.639 f t - l b  112 i n / f t )  = 1750.89 p s i  
155.16 in3 

HS20 RATING: 

Dead Load 
HS Rating = - ss (36T) 

Live Load S t r e s s  

Inventory = v s i  - 473.32 v s i  = 18.7 t ons  
Rating 2167.98 p s i  1 

I 

Operating = 2128 v s i  - 473.32 = 27.5 t ons  
Rating 2167.98 ps i  I 

! 



IDAD WSTINGS: 

' ( 
Rating/ = S t r e s s  - 

P o s t i n g  L i v e  Load S t e s s  

W = weight of truck causing t h e  l i v e  l o a d .  

Type 4 - - 2128 D S ~  - 473.32  D S ~  
2213.15 psi  

Type 353 ;E D S ~  - 473.32  D S ~  
2213.15 p s i  

Type 353. 29 .91  T - P o s t  for 30 Tons . . 

Type 3-3 = 2128 D S ~  - 473.32 D S ~  
1750.89 p s i  



3.3.6.4. Example 4: Steel stringers with full lateral support of compression 
f l ange -.- 3 I 

d 

GIVEN: 
18 x 5 4 . 7  American Standard I-Beam @ 3 ft - 4 in. spacing c to c 

1 
1 

Span = 4 0  ft 
Two Lane Bridge (W218 ft) I 
4 in. x 12  in. Transverse Plank Deck 1 
Full Lateral Support of Compression Flange 
2 in. Rock Fill (120 lb/cf) 
F, = 33 ,000  psi (1936 to 1963)  I 

DEAD LOADS: 

Deck : 
(124i$ft)(50 3) (  l 

= 55 .56  lb/ft 

Stringer: = 5 4 . 7 0  lb/ft 

Rock: ( 3 . 3 3  ft) = 6 6 . 6 7  lb/ft 

b$,, = & 3 182 lb/ft (40  ft)' = 3 6 , 4 0 0  ft-lb 1 
8 8  

Sb = 8 9 . 4  in3 (AISC Design Manual) 
- 

f m ~  = %L = 36400 ft-lb 112 in/ftl = 4885.91  psi 
S b 8 9 . 4  in3 

i 
LIVE LOADS: 

Impact: I = 50 2 . 3 0  (AASHTO 3 . 8 . 3 . 1 )  
L + 125 



Wheel Factor: (AASHTO TABLE 3.23.1; Timber Plank Floor; 
Bridge Designed For Two Traffic LZtneS) 

W.F. = - S S = Stringer Spacing 
3.75 

W.F. = 3 ft -4 in = 0.889 
3.75 

%, = (Moment Due To Live Load Truck) x (l+Impact) x (Wheel Factor) 

'LL (HS201 = (224.80 ft-kips)(l.3)(0.889)(1000 lb/k) = 259,801 ft-lb 

%L (TYPE 4) = (199.59 ft-kips)(1.3)(0.889)(1000 lb/k) = 230,666 ft-lb 

%L (TYPE 3 ~ 3 1 ~  (182.00 ft-kip~)(1.3)(0.889)(1000 lb/k) = 210,337 ft-lb 

M~~ (TYPE 3-31 = (171.50 ft-kips) (1.3) (0.889) (1000 lb/k) = 198,203 ft-lb 

*ML (HSZO) = 259,801 ft-lb (12 in/ftl = 34,873 psi 
89.4 inS 

f~~ (TYPE 4 1  = 230.666 ft-lb (12 in/ftl = 30,962 psi 
89.4 in3 

f~~ (TYPE 3S3) = 210.337 ft-lb 112 in/ftl = 28,233 psi 
89.4 in3 

f,, ,TYPE 3-3, =- = 26,604 psi 
89.4 in3 



HS20 RATING: "r , 
Inventory = vsi - 4885.91 (36T) = 13.5 tons 
Rating 34,873 psi 

i 
I 

Operating = vsi - 4885.91 (36T) = 20.2 tons I 
Rating 34,873 psi 

P A D  POSTINGS: I 

Type 4 = 24,500 D S ~  - 4885.91 D S ~  
30,962 psi 

Type 4 
- - 17.3 T - Post for 17 Tons 

Type 353 = vsi - 4885.91 
28,233 psi 

I 
Type 3S3 = 27.8 T - Post for 28 Tons 

Type 3-3 = vsi - 4885.91 vsi 
26,604 psi - I 

~ y p e  3-3 = 29.5 T - post for 30 Tons , 



3.3.6.5. Example 5: Steel stringer with lateral support of compression 
flange at 10 f t  intervals. 

Same as Example 4, except for lateral supports of compression 
flange at 10 ft intervals instead of full support. 

Same as Example 4. 

f,, = 4885.91 psi 

LIVE LOADS: 

Same as Example 4. 

*ML (HSZO) = 34,873 psi 

*ML (TYPE 4) = 30,962 psi 

ML ~ T Y ~ E  3'33) = 28,233 psi 

fix, (NF€ 3-31 = 26,604 psi 

ALLOWABLE STRESS* 

F,,, = 18000 psi - 6.3 (l/b)' [Table 5.4.21). AASHTO 1983, 
Manual for Maintenance 

[ (l/b)c 381 Inspection of Bridges] 

1 = 10 ft x 12 in/ft = 120 in. 
b = Flange Width = 6 in. 

F,, = 18,000 psi - 6.3(20)' 
F,,, -- 15.480 usi 
F,,, = 1.37F,,, -- 1.37(15,480 psi) 

F,,, = 21,207.6 psi 



HS20 RATING: 
- + I  

Inventory = ~ s i  - 4885.91 ~ s i  = 10.9 tons 
Rating 34,873 psi 

operating = ~ s i  - 4885.91 ~ s i  (36T) = 16.8 tons 
Rating 34,873 psi 

I 
1 

M A D  POSTINGS: 1 

Type 4 
- - 21,207.6 D S ~  - 4885.91 D S ~  

30,962 psi i 
Type 4 

- - 14.4 T - Post for 14 Tons \ 
I 

Type 3S3 = ( 21,207.6 osi - 4885.91 ~ s i  I 
28,233 psi 

Type 3S3 = 23.1T- Post for 23 Tons i 

Type 3-3 = ~ s i  - 4885.91 osi 
26,604 psi 

Type 3-3 = 24.5 T - Post for 25 Tons 
I 



3.3 .6 .6 .  Example 6: Steel stringers with full lateral support of compression 
flange and holes in bottom flange 

Same as Example 4, with 2 1/2 in. diameter holes in the 
bottom flange at the third points of the span. 

STEPS : 

1. Calculate the ratings at the third point, using the 
section modulus of the cross-section with holes. 

2.  Compare the ratings calculated at the third point with the 
ratings calculated in Example 4, to determine which 
location/cross-section combination will control the rating. 

DEAD M A D  @ THIRD POINT: 

R = 182 lb/ft(40 ft) (1/2) 
R = 3640 lb 

EMA = 0 t7jAJMA MA = 3640 lb(13.33 ft) 

3640 lb ' 13.33 ft  
- 182 lb/ft(13.33 ft12(1/2) 

MA = 32,351.51 ft-lb 



I,,,, = 2[1/12(1/2 in) (0 .691 = 0.027 in4 
Aholes = 2 (1/2 in) (0 .691  in) = 0 .691  in2 

A Y AY 
I-BEAM 16.100 in2 9.000 in 144.900 in3 

A? 
1304.100 in4 

804.000 in4 I0 I 
HOLES -0 .691 in' 0.346 in -0.239 in3 -0.083 in4 

15.409 in 144.661 in3 -0.027 in4 IO \ 
2107.990 in4 

-1358.065 in4 
749.925 inC Ib I 

DEAD LOAD STRESS AT THIRD POINT: 

f,, = bL = 32351.51 ft-lb 112 in/ft). 
79.881 ins s b 

I 
f,, = 4859.96 psi 

I 
LIVE MAD @ THIRD POINT I 

Maximum moment due to a moving live load at a.specific point 
is most easily calculated by use of an influence line. An 

I 
influence line is developed below to represent the moment 
produced at the thrid point as a 1 unit force is moved across 
the beam. , 

t - - A B 1. \--w MA P A - 0  - l(13.33 ft)-l(13.33 ft) 
VA 

MA - 0 
I ' 13.33 f t  1 

b.----4 



Ik- 0 
0 - llb(13.33 ft)-k(40 ft) 

1% - 0 
0 - MA - 0.67(13.33 ft) 
MA - 8.931 ft 

t M L  - 0 
0 - llb(26.67 ft)-RR(40 ft) 
R, - 0.67 
F, - 0 
0 - RL + 0.67 1b - 1 1 b  
R,, - 0.33 

-IN,- 0 
0 - MA - 0.331b(13.33 ft) 
MA - 4.399 ft 



I 

Place concentrated wheel load values on influence 
'1. ' 

%L(HSZO) . i 
line to produce maximum moment. 

I 
The influence line for a 

I 

M A  simply supported beam is 

t 1 inear. Values on the 1 
influence line at a I 

16.000 lb specific points can be 
INFLUENCE 
LINE (ft) determined . by pro- 

portioning. 
I 

1 

%L(WSZO) = 16,0001b(8.931ft)+16,0001b 26.67ft-14ft (8.931ft)+ 26.67ft 
I 

40001b(O) (1.3) (0.889) 
L a t e r s t  Distribution 1 

IuG.%Ct I 
%L(HS~O) = 243,599.574 ft-lb 

where I = 1.3 and WF = 0.889 



M ~ ~ ( ~ p  4) = [ (7000 lb) (13.33, 13.33ft-4ft (8.931ft) + 
(70001b) (8.931ft) + (70001b) (8.931ft)+ ( 26.67 ft 

26.67ft-15ft (8.931ft) (1.3) (0.889) 
(62501b) ( 26.67 ft 1 t 

M ~ ~ ( ~ Y P  4) = 212,463.264 ft-lb 

LIVE M A D  STRESSES AT THIRD W I N T  

f ML,HS~O, = 243..599.574 ft-lb (12 in/ftl = 36,594.370 psi 
79.881 in3 

~,L(T, 4) = 212.463.264 ft-lb 112 in/ftl = 31.916.966 psi 
79.881 in' 

HS RATING AT THIRD POINT 

IWENTORY = 18000 psi - 4859.96 vsi = 12.9 tons 
RATING 36,594.370 psi 

OPERATING = vsi - 4859.96 vsi = 19.3 tons 
RATING 36,594.370 psi 

IDAD POSTING AT THIRD W I N T  

TYPE 4 = 24500 vsi - 4859.96 vsi (27.25T) = 16.8 tons 
31,916.966 psi 



72 1 
Compare ratings at third point with ratings at midspan: . I 1 

3 

. 
post for 17 tons 

\ 
Third point with reduced cross-section controls rating. 



3.3.6.7. Example 7:  Rating o f  timber deck ( 4  in. x 12 in.) 

GIVEN 

Same as Example 6 (since Example 6 controls over Example 4) 
I 

Check rating for Transverse Timber Deck (4 in. x 12 in.) 

Allowable Bending Stress: INVENTORY = 1450 psi 
OPERATING = 1450 x 1.33 = 1929 psi 

.DEAD MADS 

Span Length = Clear distance between stringers + 
1/2 width of stringers 

(but shall not exceed clear span + floor thickness) 
AASHTO 3.25.1.2 

Span Length = (3ft-4in) - 6in + 1/2 (6in) = 3 ft-1 in. controls 
< (3ft-4in) - 6in + 4in - - 3 ft-2 in. - 

Span Length = 3 ft-1 in. = 3.083 ft 

: If flooring is continous over more than two spans, the 
maximum bending moment shall be assumed as being 80 
percent of that obtained for a simple span. 
(AASHTO 3.25.3) 

B$,, = 34.86 ft-lb 

f,, = &, = (34.86 ft-lb) (12 in/ftl 
Sb 32 in3 

f,, = 13.07 psi 



LIVE M A D S  
i 

,..-- , i 

In design of timber floors for HS20 loading, one axle load of f 1 
24,000 lb (= two wheel loads of 12,000 lb) may be used instead of 1 
the 32,000 lb axle load (16,000 lb wheel loads) generally used. 
(See Fig. 3.6) 

I I 

Live Load,,to = 12,000 lb 1 
Live Load,,,, = 8 , 500 lb 

Distribution of wheel load: 

a Surface plan area 
over which wheel 
load is applied. 

To find a: In direction of bridge span, the wheel load shall 
be distributed over the width of the tire as given 

i 
by the ratio shown below. (AASHTO 3.25.1.1) I 

+=--I P - wheel load i n  pounds 
A - O.OlP 

(AASHTO 3.3 0) A - 0.01(12,000 lb )  
A - 120 i$ 

2.5x2 - A 
x - /F- 6 .93  i n .  

1 

a - 2 . 5 ~  
a - 2.5(6.93 i n . )  
a - 1 7 . 3 3  i n .  

b - width o f  plank (AASHTO 3 .25 .1 .1 )  

b - 12 in .  



w, - 120001b(12in/ft~ - 8309.29 lb/ft of plank 
17.33 in. 

i"i"l"" I"'" 
Impact - 0% (Timber) 

Span 3.083 ft 

- 
8309.291b;f;(17.33in/12in/ft) (1/2) (17.33in/12) (1/4j 

M, - 7083.75 ft-lb 
Mu,,, - 7083.75 ft-lb(0.8) - 5667.00 ft-lb 
f,, (,,,,- 5667.00ft-lb(12in/ft) - 2125.13 psi 

32 in3 

A - O.OlP 
A - 0.01(8,500 lb) 
A - 85 in2 
2.5x2 - A 
x - - 5.83 in. 

b - 12 in. 



w, - 85001b(l2in/ftZ - 6995.89 lb/ft of plank 
14.58 in '--.I t 

IF, - 0 
0 - 2R -6995.891b/ft(14.58in)(lft/l2in) j 

RL RR R - 4250 lb 
I 

M, - 42501b(3.083ft/2)- 
6995.891b/ft(14.58in/12in/ft)(1/2)(14.58in/12)(1/4) 

M, - 5261.15 ft-lb 
M, , 3 - 5261.15 ft-lb(0.8) - 4208.92 ft-lb 1 

I 

fb,o,3,- 4208.92ft-lb(12in/ftl - 1578.35 psi 
32 in3 ! 

I 

~ ~ 2 0  RATING 1 
INVENTORY = D S ~  - 13.07 = 24.3 tons I 

RATING 2125.13 psi I I 

OPERATING = psi - 13.07 - 32.5 tons - 
RATING 2125.13 psi 

Values do not control rating: 
rating controlled by stringer 
(See Example 6) 

LOAD POSTING 1 
TYPE 3 = $929 psi - 13.07 psi (25T) = 30.3 tons 

1578.35 psi i 
Values do not control rating; 
rating controlled by stringer 
(See Example 6) 
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3.3.6.8. Example 8: Rating o f  timber deck (3 i n .  x 12 in.) 

Same as Example 6 (since Example 6 controls over Example 4) 
with 3 in. x 12 in. transverse plank deck. 

Check Rating for deck. 

DEAD MADS 

Span Length = (3ft-4in) - 6in + 1/2(6in) = 3 ft-1 in. controls 
< (3ft-4in) - 6in + 3in - = 3 ft-1 in. 

Span Length = 3 ft-1 in. = 3.083ft 

%, = (1/8) (32.50 lb/ft) (3.083ft)~(0.8) 

%E = 30.90 ft-lb 

fmL = 20.60 psi 

LIVE LOADS 

f,'(,,,, = = 3778.00 psi 
18.00 in5 

f~~~~~~ 31 =- = 2805.95 psi 
' 18.00 in3 



HS20 RATING 

( ) 
/ \  1 

INVENTORY = 1450 bsi - 20.60 bsi (36T) - - 13.6 tons 

RATING 3778.00 psi 
1 

13.6 tons rating for deck > 12.9 tons rating for stringer (Example 6 )  
i 

BS20 INVENTORY RATING = 12.9 tons I I 
Stringer Controls I I 

OPERATING = J.929 D S ~  - 20.60 D S ~  (36T) ( ) 
- - 18.2 tons 

RATING 3778.00 psi 

18.2 tons rating for deck < 19.3 ton rating for stringer (Example 6 )  

HS20 OPERATING RATING = 18.2 tons 

Deck Controls 

&OAD POSTING 

TYPE 3 = 1929 bsi - 20.60 D S ~  17.0 tons 
2805.95 psi 

17.0 ton rating for deck - 17.0 ton rating for stringer (Example 6 )  

W m  

Stringers and Deck control equally. 



3.3.6.9. Example 9: Rating o f  laminated timber deck (2 in. x 4 in.) 

GIVEN 

Same as Example 6 (since Example 6 controls over Example 4) 
with 2 in. x 4 in. continous nail laminated deck. 

Check Rating for deck. 

DEAD LOADS 

Determine member size as described in AASHTO 3.25.1.1 

15in + floor thickness = 15 in. + 4 in. = 19 in. 

Span Length = 3.083ft (see Example 7) 

%L = 55.19 ft-lb 

f,, = hL = 155.19 ft-lbl (12 in/ftL 

Sb 50.67 in' 

fbDL = 13.07 psi 



LIVE M A D S  fl\ 1 

= 1342.10 psi 

f,,,,,,, 3) = 4208.92 ft-lbff12 in/ft) = 996.78 psi 
50.67 in3 

I 

*(see Example 7) I 

HS20 RATING I 

INVENTORY = 1450 D S ~  - 13.07 psi E 38.5 tons , 
RATING 1342.10 psi I 

OPERATING = D S ~  - 13.07 D S ~  E 

RATING 1342.10 psi 
I 

Values do not control rating; rating controlled by stringer - 
(See Example 4) 

I 
1 I 

I 
LOAD POSTING I 

TYPE 3 = 1929 psi - 13.07 psi 48.1 tons 
996.78 psi 

Value does not control rating; rating controlled by stringer - 
(See Example 6) I 



3.3.6.10. Example 10: Rating o f  layered timber deck 

GIVEN 

Same as Example 6 with layered deck, 
3 in. x 6 in. @ 15 in. transverse planks and 
3 in. x 12 in. adjacent longitudinal planks. 

Check rating for deck planks. 

L 

p (In direction of span, wheel load considered 
point load MSWO 3.23.2.1) 

1 

I 

Normal t o  direction of span. 
Wheel load distributed through width 
of  plank - 12 in .  (AASHTO 3 . 2 5 . 2 . 2 )  

Span = Clear Distance Clear Span 
+ 1/2 beam width + floor thickness 

Span = gin + 1/2(6in) = 12in gin + 3in = 12in = 1 ft 

Lonaitudinal Dead Load 

%L = (80%) (1/8) (32.50 lb/ft) (1 ft)' 

%L = 3.25 ft-lb 



Z I 
Section Modulus: Longitudinal plank ,i 

f,, = 3.25 ft-lb (12 in/ft) . = 2.17 psi 
16.00 in3 

Lonaitudinal Live Load 

= 80%(PL/4) = = 2400 lb-ft I MLL(WSZO) 
4 

MLL<TIPE 3) = 0.8(8500111 ftl. = 1700 ft-lb 1 
4 

I 

f ML("SZO) = 2400 lb-ft (12 in/ft) = 1600.00 psi 
18.00 in' 

I 

f ~ ~ ( ~ ~ ~ ~  3) = $700 ft-lb (12 in/ftL = 1133.33 psi ~ I 
18.00 in' I 

Lonaitudinal Ratina/Postinq I 
HS2O: 

INVENTORY = (36T) = 32.6 tons 
RATING 1600 psi I 

OPERATING = (, 929 osi - 2.17 osi (36T) = 43.4 tons 
RATING 1600 psi 

TYPE 3 = osi - 2.17 (25T) = 42.5 tons I 
1133.3 psi 

I 



TRANSVERSE PLANKS 

Span Length = 3.083 ft (See Example 7 )  

Cross Section 3x6 

Transverse Dead Load 

= 0.8(1/8) (46.875 l b / f t )  (3 .083 i n ) 2  
= 44.55 f t - lb  

f,, = qL = (44 .55  f t - l b l  (12 i n / f t l  
Sb 9.00 in3 

f,, = 59.40 p s i  



T r a n s v e r s e  L i v e  Load 

Distribution of wheel load 

Surface plan area 
of wheel load on 
transverse plank 

M, - 60001b(3.083ft/2)-12000(lft/2)(lft/4) 
M, - 7749 ft-lb 

- 0.8(7749ft-lb) - 6199.20 ft-lb 
fbuozo, - 6199.20ft-lb(12 in/ftl- 8265.60 psi 

9 in3 

TYPE 3: 

M, - 42501b(3.083ft/2)-8500(lft/2)(lft/4) 
M, - 5488.88 ft-lb 
Mu(w2o) - 0.8(5488.88ft-lb) - 4391.10 ft-lb 

fbm(,,O, - 4391,lOft-lb(l2 in/ftl - 5854.80 psi 
9 in3 



Transverse ~atina/Postinq 

HS20: 
INVENTORY = 1450 vsi - 59.40 vsi (36T) = 6.1 tons 
RATING 8265.60 psi 

OPERATING = V S ~  - 59.40 V S ~  (36T) = 8.1 tons 
RATING 8265.60 psi 

1929 vsi - 59.40 (25T) ;. 
5854.80 psi 

Post for 8 Tons. 

HS20 
Inventory 

HS20 
Operating 

TYPE 3 

** This indicates that the deck analyzed in this example should 
be modified to at least the capacity of the stringers or 
replaced with one of the decks described in the previous 
examples. 

RATING 

** 
Controlling 

6.1 T 

8.1 T 

8.0 T 

Stringer 

12.9 T 

19.3 T 

16.8 T 

&onaitudinal 
Plank 

32.6 T 

43.4 T 

42.5 T 

Transverse 
Plank 

6.1 T 

8.1 T 

8.0 T 



3~~conomlc~nalgsla ,..-" i 
The bridge engineer must compare three alternatives when evaluating a deficient bridge: 1) replace the 

j 

existing bridge, 2) rehabilitate or strengthen the existing bridge, or 3) leave the bridge in present condition. 

To make a rationaldecisionamong these three alternatives, the engineer must take several factors into account 
i 

These facton include: 1) budgetary constraints, 2) potential benefits to the community, and 3) elimination of I 
a safety hazard. Although many of these factors require qualitative anatysis, a rational decision based on 

emnomic factors, can be made by quanllying the dollar value of each alternative and selecting the one which 
I 

is the most costeffective over the life of the structure. 

3.4l. Background 

Review of existing literature indicated that several economic evaluation methods have been used in the 
I 

past The NBI program established a numerical sufficiency rating for each bridge in the United States to I 
determine its eligibility for federal funding for rehabilitation or replacement. The tremendous amount of 

information resulting from the inspection of the nation's bridges for the NBI program has necessitated a 

system for prioritizing bridge rehabilitation and replacement on a national basis. A program has been 1 
developed by the North Carolina DOT which ranks bridge replacement and rehabilitation projects on the basis 

of deficiency points accumulated in the NBI inspection and rating p r m  (33). While this prioritizing is useful 

it does not determine the most wst-effecrive solution to the problems of a particular bridge. 

The BIC ratio method has been used in numerousengineeringeconomicanalyses to evaluate alternatives. I 
I 

This method was especially useful because it not only determines which alternative is the most cost-effective, 

it ako prioritizes the remaining alternatives. After serious consideration, the B/C ratio method was rejected 

for this study because of the diculty in quantifying the potential benefits of bridge rehabilitation or I 
replacement. 

I 
A lifecycle cost method has been used in numerousstudies to develop cost-effectiveness decision-making I 

tools for bridge engineers (91). In these methods, a series of cash flows is converted to a common reference 

by the use of the time-value of money equations. According to Winfrey (B), there are four types of lifecycle I 
anatys's methods: 1) the equivalent uniform annual cost method, 2) present wonh of costs method, 3) 

equivalent uniform and annual net return method, and 4) net present value method. I 

One problem with a lifecycle cost analysis is the difticulty in determining the future costs associated with 

a particular alternative. For example, some bridge strengthening methodsmay require more and diffeient types 1 
of maintenance than other methods performed at the same time. The development of comprehensive bridge 

management systems by state DOTS should help to alleviate this problem in the future. Bridge management 

systems are presently being developed and these results will become available in the near future (61). 
I 
I 

A significant amount of research has been applied to the use of value engineering in the design and 

construction of low volume road bridges. Value engineering is de6ned as "the systematic application of I 
recognized techniques which identify the function of a product or senice, establish a monetary value for that 



function,and provide the necessary function reliably at the lowest overall wst" (90). One product of this value 

engineering process is a value graph, which is a plot of a bridge component's importance vs. wst. 

For this study, a life-cycle test analysis procedure has been used (ie. Equivalent Uniform Annual Cost 

method). For additional information on these and other procedures for the comparison of alternatives, the 

reader is &rected to Refs. 10,34,45,59,87. 

3.4.2 ~ t b n O f ~ M o d c 1  

The analytical models developed for bridge replacement and/or strengthening alternatives are shown in 

Figs. 3.8 and 3.9, respectively. The use of a cash-flow diagram is the standard method for descriiing a series 

of economic transactions. The horizontal line is a time scale, with the progression of time from left to right 

Thearrowssignify cash flows - downwardarrows represent disbursementsand upward arrows represent receipts 

(75). Mathematical expressions can be developed from the cash-flow diagrams based on the time value of 

money method found in any engineering economy text (53). 

The ewnomic model which is ptesented here was originally developed in a study related to primary 

system bridges (95). Although general principals of economicanalysis will continue to provide the background 

of the discussion, many of the wnsiderationsused in the originalmodel have been modified to adapt the model 

specifically for low volume road bridges. For the replacement model (Fig. 3.8), the equivalent uniform annual 

cost, EUAG is given by Eqn. (1). 

where, 

R 

B 

c;, 
S 

N 

i 

FP 

ni 

= replacement structure &st wst 

= net salvage value of existing structure 

= a ~ u a l  maintenance wst of replacement structure 

= net salvage value of replacement structure 

= service life of replacement structure 

= interest rate 

= single future disbursement 

= year of future expenditure (present = year 0) 

(A/P,i,N) = capital recovery factor i; i(1 +ON 
(1 +qN - 1  

(A/F,i,N) = sinking fund factor = i 
( 1 + Q N -  1 



Fig. 3.8. Economic model for replacement alternatives. 



Fig. 3.9. Economic model for strengthening alternatives. 



(P/F,i,nj) = present worth of a future sum = 4 
(1 +i)" 

Salvage values can be either positive or negative. In most cases, little salvage value remains in an existing 

bridge, and the bridge owner must pay for the removal of the bridge. This removal cost must be represented 

as a negative salvage value in the EUAC equations. If N is assumed to be very large (e.g. > 50 years) and B 
I 

to be relatively small compared to R, Eqn. (1) can be simplified to Eqn. (2). I 

There are two significant advantages to using Eqn. (2) rather than Eqn. (1). In most cases, the removal 

cost of the existing structure, B, will be approximately that of the replacement structure, S. Therefore, the (S- i 
B)i term becomes insignificant and can be ignored. In addition, the bid price of the replacement structure 

I 
normally includes the removal cost of the existing structure. If this is the I&%, the (RS) term in Eqn. (2) will 1 
be the total bid price of the replacement structure (95). 

To develop an economic model to represent the bridge strengthening procedure, two significant 1 
I 

assumptions must be made. Fit, money spent to strengthen an existing bridge only benefits the existing 

structure. Therefore, disbursements made to strengthen the existing bridge. must be evaluated only over the 

remaining life of the existing bridge. Secondly, after the existing bridge is eventually replaced, all costs are 

considered to be common to both the replacement and strengthening model I 
I 

The mathematical model to represent bridge strengtheningor rehabilitation (Fig. 3.9) is shown in Eqn. I 

.I P EUAC, = (k,i,N')(~) + C, + ($/a313 IF, ' ( F f ~ j l  
P. I-1 

where 

D = initial cost of strengthening existing bridge 

c" = annual maintenance cost of existing strumre after strengthening 
N ' = remaining servh life of existing bridge 

Fit - - single future disbursement 

nl - - year of future disbursement 

( A / P N )  = capital recovery factor = ill +aN 
(1 +a@-') 



I present worth of a future sum = 1 
en;4sl,, - 

(1 +i)"J 

A brief description of the variables included in the economic models for bridge strengthening and 

replacement follows. A database of estimated prices is presented in Sec 3.7 of this repon for various 

replacement methods. 

3.4.21. Replacement Structure Fmt C b t  (R) 

The first cost of a bridge replacement structure has the greatest effect on the EUAC of any of the 

factors. Fortunately, the first cost of a bridge is the easiest factor to quantify amrately. There are at least 

four considerations which can significantly effect the first cost of a replacement bridge: 

a Span length: In general, the cost per ft* of a new bridge tends to increase with longer span lengths. 

Low volume bridges tend to have much shorter spans, making this Variable less significant 

Roadway realignment: Alignment changes in low volume roads, and thus bridges, are less frequent 

than in a more highly traveled roadway. 

Environmental studies and potential consequences: The effect of a low volume bridge replacement 

project on the environment tends to be of a localized nature, which limits the relevance of this 

variable. 

a Constructionof temporary detours: The constructionof temporary detours would be infrequenton 

low volume roads. Usually there are a small number of users being inconvenienced, thus most likely 

the existing road would simply be closed during construction of a new bridge. 

3.4.22 Structure SemMce Life (NN7 
It is common praaice to assign a service life of 50 years to new bridges in an economic analysis. This 

common "rule-of-thumb" may be influenced by the geographical and climatological location of the proposed 

bridge, however. Factors which affect the service life of a new bridge are 1) the quality of the initial design, 

2) the quality of materials used & construction,3) the quality of workmanship used in construction,4) the level 

of routine maintenance performed on the structure during the life cycle, and 5) the severity of the climate. 

The remaining service life of an existing structure is most often estimated by an engineer after completing 

an inspection and thus is very diicult to quantif) accurately. There are very few detailed guidelines available 

for this purpose, and it may be difficult to avoid personal bias in the es!imate. 

3.4.23. Interest Rate (i) 

Historically, long term economic analyses of public works projem have ignored the effect of inflation on 

the interest rate used in computing equivalent costs. Cady has determined that, due to the present national 

economy, inflation must be considered in any life-cycle cost analysis (14). 

A relationship which accounts for the difference between the rate of inflation and the nominal interest 

rate is presented in Eqn. (4): 



where 

=. real or effective interest rate 

i, = nominal interest rate (usually based on higb-grade municipal bonds) 

y = rate of inflation (usually based on changes in the consumer price index) 

In general a higher nominal interest rate tends to favor future expenditures (e.g. present strengthening 

with possible future replacement), while a lower nominal interest rate favors the larger immediate capital 

investment (e.g. immediate bridge replacement) (93). 

3.4.24. Bridge Maintenance Costs (C,r, 6,) 

The most difficult factor to predict in any ecoriumic model is the annual maintenance costs of the bridge, 

both as it exists today, and after any strengthening or rehabilitation work 

Large, one-time, maintenance expenditures, such as a bridge deck overlay, should not be included in the 

C,, and C, terms. These types of expenses are represented by the single future disbursement terms, Fj and 

Fb in Figs. 3.8 and 3.9 and should be converted to a present worth by the present worth of a future sum 

equation and then to an EUAC by the capital recovery factor. 

3.4.25. Bridge Removal Costs (B,S) 

Several factors which can significantly affect the cost of bridge removal are: superstructure type, span 

length, number and type of abutments, depth of removal below ground line, and any environmentalprecautions 

which must be taken. 

Klaiber, e t  aL have shown that bridge width is not a significant factor in estimating removal costs (36). 

As mentioned earlier, one advantage of using Eqn. 2 rather than Eqn. 1 to model the replacement of a bridge 

is that both B and S can be ignored. 

3.4.26 Level of SemTY1a: Factor (LS) 

The Level of Service Factor, LS, was introduced by Wipf, eL at  (95) as a means of quantifying the 

economic benefits a road user would realize with the wnstruction of a new bridge. A new bridge can be 

expected to provide reduced accident rates, reduced traffic delays, a reduction in detour mileage for trucks 

which exceed the posted load limit and other intangible Savings over an existing bridge. These reductions are 

an additional cost of keeping an exkting bridge in service and are represented as an additional cost in the 

strengthening alternative. 

In previousstudies by McFarland (49, the traffic accident rate at the bridge site is related to the roadway 

approach width and the bridge width. A reduction in accident rate which could be expected with an increase 

in bridge width has been calculated. 



The present study on low volume road bridges required a modiication of the level of senice factor 

previously defined. Tne three consideratiomin the :eve: ofsenice factor, iedidced accident rate, reduced EaEc 

delay, and reduced detour length do not apply in a low ADT environment. S i m  there is very little traffic, it 

is unlikely that a traffic delay will occur due to existing bridge conditions. Similarly, since there is so little 

traffic, there can be very few accidents which occur on the existing bridge. The reduction of already small 

accident rates is statistically insignir~cant Finally, the concept ofa detour length due to an understrengthbridge 

is di81icult to define. There are so few users of a particular bridge that, at least in most M, it would not be 

a significant inconvenience to require a detour to the next county road (usually located one mile away). 

3.4.2 7. Other Considerations 

In addition to the variables in the economic model the practicing engineering must take other 

considerations into amunt  when making decisions regarding bridge rehabilitation or repla~ment  These 

considerations are usually very difficult to quantify. The engineer should not allow personal desires to 

completely ovemde the decision making PIMESS. The most cost-effective solution,as determined by the EUAC 

method, should not be discarded due to the dislike of the particular procedure. The quantifiable 'best" 

alternative should, however, be reviewed with sound engineerhg judgement. 

3.43. N d  Dktribntbn and EUAC Sknnlatbn 

The economic model presented represents a simulation of possible outcomes. The service life of a 

particular alternative and the nominal interest rate used for calculations are not cenain. To determine the 

range of possible outcomes, probability theory can be used for these variables. 

The normal probability distribution of variables is well known and simple to apply. For this discussion 

it is assumed that the senffi life and nominal interest rate are normally distributed. There are several tests 

available which allow the user to determine whether a particular data set is normally disuibuted (18). 

3.4.3.1. Nonnal ProbabiIiry Dirtnbution 

The normal probability distribution, also known as the Gaussian distribution, is the most frequently 

encounteredprobabilitydistriiution. The normaldistriiutionis recngnizableas the familiar "bell-shapedcurve" 

(see Ffg. 3.10). Two parameters completely describe a particular normal curve: the mean, y, which locates 

the center of the curve, and the standard deviation, o, which provides a measure of the degree of dispersion. 

The height of a normal curve above any point atong the horizontal axh is the relative frequency. This height 

can be dexnbed by: 

Every normal frequency curve is centered on the mean. The uilr of the curve taper off rapidly for values of 

x very far from the mean. The area under the normal curve between p and any point depends o w  on the 



Fig. 3.10. Normal probability distribution. 



distance separating that point and the mean, as expressed in units of a. This distance from the mean is known 

as the normal deviate, designated as z 

Since a normally distributed variable is continuous,probabilities for an event X can be found by using: 

This integral is rather complicated to compute. Fortunately, any statistics manual contains of table of 

cumulative probability values for the normal dismbution (39). 

For purposes of this economic model, we shall consider only those events which occur within 3 standard 

deviations of the mean, that is: -3.W r z s +3.W. This region of the normal distribution includes 99.73 

percent of all possible events. 

3.43.2 Sirnufation ofEUAC Rasults 

To simulate the uncertainty in possible results of an EUAC calculation, the region between z = 2 3  has 

been divided into 25 intervals. Each inteival represents 4 percent of the total area under the normal 

probability m e .  These intervals are essentialiy the Oth, 4th Sth, etc percentile of possible outcomes. The 

z value for the endpoint of each interval is computed, and converted into a value of service life and interest 

rate. For example, the 0th percentile is equivalent to a z value of -3.00, the 4th percentile is equivalent to a 

zvalue of -1.76, etc These possible values of s e ~ c e  life and interest rate are arranged in an array of possible 

outcomes. There are 625 possible outcomes (25 x 25 = 625), each of which has a uniquevalue of service life 

and interest rate. The EUAC for each possible outcome is computed, and various statistics (mean, standard 

deviation, high, and low) are computed based on these outcomes. 

The user must be aware that there is po one correct answer to the EUAC comparison of alternatives. 

It is expected that the EUAC of a particular alternative will range behveen the high and low values as 

determined by the computer simulation. This range of possible outcomes must be considered in the 

comparison of possible alternatives. 

3.4.4 Computer SpmvMmt for WAC C o m ~  

A computer spreadsheet has been developed to simplify the calculations of EUAC for various bridge 

alternatives. In addition,this spreadsheet has been designed to allow the user to simulate the effect of various 

sentice lives and nominal interest rates on the EUAC of these alternarives. The EUACspreadsheet (developed 



in Lotus 123 Release 2 3  (42)) is presented in Fig. 3.11. A brief general explanation of the use of a 

microcomputer spreadsheet is provided in Sec. 3.13.4. 

If the user does not wish to utilize the simulation feature of the computer spreadsheet, simply enter a 

standard deviationof 0.00 for the service life (N or N') and interest rate (I or 1'). In this case, the spreadsheet 

will only perform one iteration using the mean values of the service life and nominal interest rate. The output 

for the mean, standard deviation, high and low values of the EUAC will be equal to the EUAC of the 

particular alternative. 

3.U. EUACXhmpb 

To assist the reader in understanding the comparison of EUAC alternatives, a detailed example will be 

solved. This example will utilize hand solution techniques, but the use of the computer spreadsheet will be 

discussed where applicable. In the case of a computer simulation for EUAC, only one possible outcome will 

be analyzed by hand; the analysis procedure for other possible outcomes is similar. 

The data required for the economiccomparisonof the alternatives can be acquired from several sources, 

such as: contractor estimates, historical price records, and the database of cost information presented in Sec 

3.7. It should be noted that, although this example problem is written for a rehabilitation project, the analysis 

procedure works equally well for'bridge strengthening projects. The spreadsheet input and output for this 

example is shown in Fig. 3.11. For the replacement alternative, the following assumptions are made: 

a Replacement smcture first cost, R = $60,000 (Inpat A) 

a Net sahge  value of existing structure, B = -SMM) (Inpat B) 

a Net salvage value of replacement structure, S = $3000 (Inpat C) 
a Annual maint cost of replacement option, C., = $4000 (Input D) 
a Service life of replacement smcture, N = 40 years @put E and q) 

Single future expenditure, Fj = $20,000 (Inplrt 0) 

Year of future disbursement, nj = 20 (Inpld H) 
a Nominal interest rate, I = 6.00% (Inpat I d J) 

Assumptions for the rehabilitation alternative am as Iolbivs 

Initial cost of rehabilitation, D = S30.000 (Inpld K) 
a Annual maintenance cost of rehabilitation alternative, C,, = SCXQ (Tnput L) 

Remaining life of existing structure, N' = 25 years @ptM and N) 
Single future expenditure, Fj = $20,000 (Input 0) 

Year of future disbursement, ni = 15 (Input P) 

Nominal interest rate, 1 = 6.00% (Input Q and R) 

To compute the EUAC of the replacement alternatives, Eqn. 1 should be used. For this example, 



Cost-Effective Comparison of Alternatives 

Press cALT> A at any time to uDdate the iterative module! 

Reolacement Alternative lnout: 

Replacement Structure First Cost, R = 

Net Salvage Value of EXISTING Structure, B = 

Net Salvage Value of REPLACEMENT Structure, S = 

Annual Maintenance Cost of New Structure, Car = 

Service Life of Replacement Structure: 

Mean value = 1-1 years 

Standard deviation = 1 0 1  years 

Single Future Expenditure, Fj = 

Year of Future Expense (current year = 0), Nj = 

1-1 A 

1- B 

OW C C . 3 3 a  
1-1 per year D 

Interest Rate, I: 

Mean value = ~6.00%1 I 

Standard deviation = mo.oo% J 

EUAC of Replacement Alternative: 

Mean value of EUAC = $8,715 

Std. Dev. of EUAC = $0 

High value of EUAC = $8,715 

Low value of EUAC = $8.71 5 

Note: Numerical value in parenthesis for input B indicates negative number. 

Fig. 3.1 1. Economic analysis spreadsheet, input parameters, and 
example problem. 



RehabilitationIStrenathenina Alternative Inout: 

Initial Rehabilitation/Srsngthening Cost, D = 

Annual Maintenance Cost After RehabIStren, Cas = 

Remaining Service Life of Existing Structure, N': 

Mean value = -1 M 

Standard deviation = IN 
Single Future Expenditure, F'j = 

Year of Future Expenditure (current = 0), N'j = 

Interest Rate, I: 

Mean value = 16.00%1 Q 

Standard deviation = )O.M)%] R 

EUAC of Rehablstrengthening Alternative: 

Mean value of EUAC = $8,m 

Std. Dev. of EUAC = $0 

High value of EUAC = $s,OrJCJ 

Low value of EUAC = $8,000 

' -4 .  I 
i ' 

r---xmmj K 1 
-/per year 

Fig. 3.1 1. Continued. 



When these factors are included in Eqn. 1, the EUAC of the replacement alternative can be computed 

as: 

The EUAC for the rehabiiitation/strengtheningmodel can be computed From 4 n .  3. In thfs example, 

When these factors are inserted into the Eqn. 3, the EUAC. can be computed as: 

EUAC, - 0.0782(30.000) + 5000+ 0.07~20.000(0.04173)] = $7999 

For the above example, the EUAC of the replacement alternative was slightiy more than the EUAC of 

the strengthening alternative. Thus, considering only EUAC's, one would select the 

rehabiIitationlstrengtheRingalternatiVe. 

The user must be aware that the actual difference between the two alternatives may be less than the 

error in estimation of one or more of the terms in the equations. Sound engineering judgement must be used 

in the interpretation of the results. 

3.5. Strenghening~ecbniqm for Steel M g e r  Brkiga, (FHWA 302) 

35.l. Reptacement of Damaged Mngers 

A bridge's load carrying capacity can be increased by replacingdamaged or deteriorating stringers. It 

may not be necessary to remove the deck even if the deck and stringers are partially or fully composite. A 

procedure for such a replacement h desmbed in the NCHRP 222 report (84). Traffic should be detoured to 

allow jacking of the bridge to provide clearance between the beam and the end supports. The web of the 

damaged beam should then be cut at the junctionof the top flange and web (see Fig. 3.12). The exposed face 

of the flange, which remains in the concrete, needs to be ground flat. The width of the top flange of the 

replacement beam should be slightly less than that of the original beam to facilitate field welding. Using 

continuous fillet welds, the new steel beam is connected to the top flange of the original beam. If required, 

cover plates can be welded (preferabiy, shop welded rather than field welded) to the bottom flange of the new 

stringer prior to Eeld installations to lower the neutral axis thus reducing lower tlange stresses. In situations 

where it is necessary to replace a noncomposite stringer with a composite stringer, the previously descriied 

procedure is not applicable. In these situations, a steel stringer can be added and made to act compositely with 

the concrete deck without removing a portion of the deck by coring through the existing deck and adding shear 

connectors. Pressure grouting through either the cored holes in the deck or from below can be used to 6Il the 

voids between the deck and stringers. 
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The Iowa DOT V9, V11 and V13 standards for steel stringer bridges specified smaller, lower capacity . 

exterior stringers than those used for the interior stringers. Replacement of these external stringers with 

stringers the same size as the internal stringers (or slightly larger) can provide additional strength for the 

existing bridge. However, more cost effective procedures for strengtheningthese bridges wiU be presented in 

the following sections. 

352 Respaciag Edsting SMngen, and Adding New SMngen, 
3521. Background 

Genera@, the respacing of existing stringers and adding new stringers (henceforth referred to as respace 

and add) is implemented to inma.% the flexural strength of the bridge by reducing the spacing between the 

stringers. For most applications, removal of the existing deck is required. In these cases, the f i e  load capacity 

of the bridge can be further increased by replacing the original deck with a lightweight deck. In some cases, 

the additional stringers can be added to allow for widening of the original bridge, assuming the original 

abutments/piers are of sufficient width. In the respace and add procedure, it is important to consider the two 

items: 1) to minimize differential deflection between the new stringers and the existing stringers, and to ensure 

all stringers carry similar loads, the new stringers should have stiffnesses (ie. moment of inertias) similar to the 

existing stringers, 2) analysis of bridges with nonuniformstringer spacing most likely will require more involved 

anatysis, such as finite element analysis, thus stringer spacing should be kept uniform if at aU possible. 

The evaluation procedure required for strengthening steel stringer bridges using-the respace and add 

method is descried in the following paragraphs. The procedure has been simpIified by using a computer 

spreadsheet The following example problem (Sec 3.5.2.5) has been solved by using hand calculations and by 

using the computer spreadsheet developed. - 
3522 Design CritenB 

Iowa agencies must currently conform to the AASHTOSlandardSpecifio1ti01~~for Highway B d d p  (2). 

The procedure presented in this section, as well as fotiowing sections, is based on these specifications. 

352.3. Design Limifa tiom 

The bridge strengthening evaluation only investigates the bridge supersmtcture. Although not included 

in this manual, the substructure should also be investigated before any rehabilitation is undertaken. The 

substructure should be inspected for signs of scour, decay and damage. If the load carrying capacity of the 

superstructure is increased, the capacity of the substructure should be reviewed to determine if it is 

adequate for the increased loading in some situations, the substructure may also require rehabilitation. As 

a minimum, the following items associated with the substructure should be reviewed: 

Pile axial load capacity, 

Bentlpier capacity for overturning form, and 

Capacity of abutments, bents and piers. 

The following limitations apply to steel stringer bridges evaluated by the procedure which follows: 



AU stringers are assumed to have simiir material and section properties. 

The superstructure has no or minimi skew. 

The deck section and material p r o p e w  are homogeneous. 

Bridge stringers are assumed to be simply supported. 

3.524. h i @  P m d u r e  

E Determine the aIbwabb and opting 8tecX stress levels. (C3 and H in the spread4heet) 

Frequently, bridge plans documentingthe type of steel in the stringers can not be found. In these 

cases, the Iowa DOT recommends allowable and operating steel stress levels based on the year 

the bridge was constructed (see Table 3.3). 

Table 33. Iowa DOT steel stresses based on the year the bridge was constructed. 

2 IMi%mhe th6 moment capadty of the fnterkn: 8lrhpa.  (I) This evaluation determines the 

moment capacity of the interior stringers based on the allowable stresses in Table 33 and the 

section modulus of the interior stringers. 

Sthger Moment Capacity = Sectrbn Modulusx Allowable S~tress 

7 

Year . 
Constructed 

Before 1905 

1906 to 1936 

1937 to 1962 

1963 to 1999 

3. the dead bed snommt c a e  of the wpenQwQre. @) Dead load includes all 

permanent loads associated with the superstructure and roadway, includiigstringers, diaphragms, 

deck, wearing surface, on gravel mads, railings, sidewalks, barriers, lighting, utility lines carried 

by the superstructure, etc The dead load bending moment a typical interior stringer must 

support based on beam theory is: 

Applied Dead Load Moment = (Uniom Dead Load x Bridge Len@h2)/8 

4 iTc:- fhc jive km6 moment c a p e  of* fmperntmclum (lC) The live load the bridge must 

AUowable Stress ((3) 
030 
14.30 

1650 

18.15 

20.00 

Operating Stress (H) 
030 
19.50 

2250 

24.75 

27.00 



withstand is based on Iowa legal mck loads. The live load moment capacity of the bridge is the 

difference between the stringer moment capacity and the applied dead load moment. 

Live Load Moment Capaciv = 

Stringer Moment Capaciy - Applied Dead Load Moment 

5. Detrrmtna the AAsHTOIIVo bsd dialributkm~, (L & M) As previously noted, bridge loads 

must be appropriately distributed to a single longitudinalstringer for analysis. AASHTO wheel 

load dimbution factors for stringers are based on the number of traffic lanes, deck material and 

stringer spacing. (See Table 3.23.1 in AASHTO.) Since timber plank and concrete decks are the 

prevalent types of decks on the deficient bridges identified in the Iowa SI&A survey, they were 

both considered in the evaluationspreadsheet AASHTO wheel load distribution factors for steel 

stringers are given in Table 3.4. 

Table 3.4. AASHTO wheel load distribution factors - steel stringers. 

S = average stringer spacing in f t  
(1) If the spacing, S, exceeds 5.5 ft, use the reaction of the wheel loads. 
(2) If the spacing, S, exceeds 7.0 ft, use the reaction of the wheel loads. 
(3) If the spacing, S, exceeds 10.0 ft, use the reaction of the wheel loads. 
(4) If the spacing, S, exceeds 14.0 ft, use the reaction of the wheel loads. 

Deck Type One Lane (M) Two Lane Q 

d Detcrmiac the AASHTO impact factor. (N) Impact factors account for the fact that loads are not 

applied statically. AASHTO impact is a fraction of the live load stress. (See Section 3.8.2 of 

AASHTO). 

Impact = %/(Bridge Length (fi) + 125;) 

I = %/(L + 125) 

This calcnlated value shall not exceed 30 percent 

Timber Plank 

Concrete 

7. Determine the maxknnm track load moment by hand calculation8 or from applicable tablea (0) 

The truck live loads moments including impact are determined by: 

St45 for 4 in. deck (1) 
Sl5.25 for 6 in. deck 

Sn.0 (3) 

Sl4.0 for 4 in. deck (2) 

Sl5.5 (4) 



where: I 

& ,, = live load moments with impact factor (ii units of foot-kips per wheel line). See I 
Appendix B for Iowa truck live load moments. 

2 is for 2 wheel lines I 

0 DitU = live load distribution factor. 
\ 
I 
I 

a Detcnnb Iowa DOT kg81 tc& bad pt tngvab  fnrm the operating ratin& (P) The live load 

demand (based on the operating stress) is compared with the live load moment capacity to 

determine if the bridge requires pt ing.  (See Appendix A for truck weights.) I 

Operating Rating = (Mu ,p.@L~dm,,) x Tmk Weight I 
The maximum operating rating loads for which a bridge can be posted are presented in Table 3.5. I 

Table 3.5. Maximum operating rating loads. 

I 
inventory rating used in the appraisal sheet can a b  be calculated to determine the effect of the 

proposed strengtheningmethod on the SI&A su85:cieni rating. The inventory rating differs fmm I 

the Opemting rating only by the stress used. The NBI ccdiig guide (25) provides the factors 

included in the SI&Asufficiency rating. Briefly stated, the sufficiency rating = S1+ S2 + S3 + 
S4. The S1 factor refers to the structural adequacy and safety; S2 to serviceability and functional 

i 

obsolescence; S3 to essentially for the public use; and S4 to special reductions which include 
I 

detour length, traffic safety features and structure type. Each of these four factors is a function 

of coded items included on the appraisal sheet 1 



3.525 Evaluation of =ring Stringers Example 

?Xe fcEwing ske! stsinger eva!*uation is perfomed for a 20 ft wide and 20 fi long noncomposite steel 

stringer bridge. The bridge has five stringers spaced at 3.8 R This example follows the procedure outlined 

in the previous seetion. Input, as well as the majority of the calculated intermediate values have been identified 

by letters shown next to the spreadsheet cells (year built (A); length (B); ete.). The spreadsheet input and 

output (highlighted on the spreadsheet) for this example is shown in Fig. 3.13. 

1, Detcmhc the aIkm%bIc and opera- crtcelnl~wa h b  The example bridge (20 ft long (B)) 

was built in 19.55 (A). Therefore, as presented in Table 33, the allowable steel inventory stress 

is 18,150 psi (a) and the operatinglpostingsness is 24,750 psi (H). 

2 Determine the moment capacity of the fntezh stringera. The stringers in this example are steel 

S15x50 sections with a section modulus of 64.8 in3 (D). 

Stringer Inventory Moment apacity = 

Stringer Operaring Moment Capaa'y = 

3. Determine the dead bad moment capacity of the supe~stmcbue. The weight of the stringers, 

deck, wearing surface and barrier is assumed to be 0.4 ktf. The applied bending moment on a 

typical internal stringer b: 

Applied Dead Load Moment = 

4 Determhc the Hv% bad moment capacity of the supen- - = 4.w,, - MDL 

Inventory Live Load Moment Capacity = mP.01 - 20.0 = 78.01 fi-k (@ 



Fig. 3.13. Spreadsheet for steel beam replacement example. 



Operating Live Load Moment Capacity = 133.65 - 20.0 = 113.65 A-k (K) 

5. Detcmhc the AMHTO W bad distribnfbn fndor. The deck in this example is reinforced 

concrete with two lanes of traffic 

LL, M u t i o n  Factor = 3'8 = 0.6909 (1) 5.5 

6. Detarmine the AASHTO impset fndor. The bridge length is u) ft 

I - M/(L + 125) 

This calculated impact is greater than the 30 percent l imi~  therefore, 30 percent impact controls. 

7. Determine the maximum tmclc bad moment by hand ablatbns or from applicabk tables. See 

Appendix B for the truck live load moments. 

HS20: 104.0 fi-k x 2x  0.6909 = 143.71 A-k 

7jpe3:895ft-kx2~0.6909=127.67A-k 

?h" 3S2(A): 81.6 A-k X 2 X 0.6909 = 11277 A-k 

7jpe 3SZ(B): 89.5 fi-k x 2 x 0.693 = 127.67 A-k 

'Qpe 4: lW.l fi-k x 2 x 0.693 = 138.32 A-k 

I).pe 3S3: 1W.l A-k x 2 x 0.693 = 138.32 fi-k 

'l&e 3-3: 74.0 fi-k x 2 x 0.6909 = 102.28 A-k 

8. D e e  theIowa IXrrbgal trackbad poettngvahud fromthe qpmrdugmttng. The live load 

demand (based on the operating strass) $ compared with the live load capacity to d e e m h e  the 

load values for posting. (See Table 3.5 for the maximum truck weights and Appendix A for truck 

configurations.) 

l)pe 3: (113.65 A-W127.67 ft-k) x-25 ton = 2297 ton C 25 ton 

T p !  3SZ(A): (113.65 A-~11277 n-k) x 36.5 ton = 36.77 ton > 36.5 ton 



?Lpe 3S2(B): (113.65 fl-Idl23.67 fl-k) x 40 ton = 36.76 ton c 40 ton , I 
I 

l)pe 4: (113.6 f i - m . 3  fl-k) x 27.25 ton = 2239 ton c 27.. ton k 
Tjpe 3S3: (113.6 f i - m . 3  fl-k) x 40 ton = 3285 ton c 40 ton I 

0 7jpe 3-3: (113.6 fi-k/IM3 fl-k) x 40 ton = 44.43 ton > 40 ton 
I 

Required posting for this bridge would be a combination of the following Iowa legal truck lypes: ?Lpe 
I 
$ 

3 at 23 tons, Type 3S2@) at 36 tons, Type 4 at 22 tons and Type 3S3 at 32 tons, as is shown in the 

output section of Fig. 3.13. The Iowa DOT guidelines for posting non-interstate highways state the I 
I 

posted load limit for a straight truck (see Appendix A for truck configurations) may be based on the 

Type 4 vehicle. The posted load limit for the semi-trailer combination and the truck plus full trailer 

may be based upon, respectively, the Type 3S3 and Type 3 3  vehicles. Other suitable posting schemes, 
I 

including those utilizing a triple axle limit sign, may be used in lieu of the described method when \ 
appropriate. The posted load limit for the triple axle, if such posting is used, shall be bded upon the I 

load rating for the ?Lpe 4 and Type 3S3 vehicles. The maximum posting weight for the triple axle is I 

21 tons. I 

9. Determine the HS iavcntoxyrathg (for use in cakdating the SA&I snffichncg rat&). 

HS20 Inventory Rating (tons) = 

78.0' .x (20 ton) = 10.86 ton (Q) 
= (143.71 fi-k] 

The NBI coding guide outlines in detail the factors included in the S I M  sufficiency rating. For 

comparison purposes, a suBiciency rating could be obtained for this bridge if all factors except the HS truck 1 
1 

loadings are assumed to be *perfects: 

Adjusted inventory tonnage (AIT) for this HSu) truck = 
1.00 x 10.86 = 10.86 

'i 
I = (36 -AIT)" x 0.2778 = (36 - 10.86)" x 2778 = 35.01 

0 S I = 5 5 - ( A + B + C + D + E + F + G + H + I )  1 
(Assume no reductions for A through H.) 

SI = 55 - 35.02 = 19.98 ) 

Sufficiency rating = S1 + S2 + S3 + S4 

(Assume S2, S3, and S4 are "perf- I 
1 

Sufficiency rating = 19.98 + 30 + 15 = 64.98. 1 -- 
I 



Note that it is highly unlikely that "perfect" factors actually exist. Therefore, this is a hypothetical SI&A 

sufticiency rating for &k br;:ge. 

35.26. Respace and Add Stringer Example 

To demonstrate how respacing and adding stringers increases a given bridge's capacity, the same bridge 

is re-evaluated with several different stringer spacings (and number of stringers). Shown in Fig. 3.14 is the 

original stringer spacing (Fig. 3.14a) and three additional cases that were investigated @g. 3.14b, c and d). 

Note in tbis example, two assumptions were made: 

Added stringers are the same size as the stringers in the original bridge. 

Exterior stringers are kept in their original location(ie., the distance between exterior stringers is 15.2 

ft). If the supports are of adequate width, in &me instances, it may be desireable to reposition the 

exterior stringers also. 

By adding one stringer and reducing the spacing between stringers from 3.8 ft (Case I) to 3.04 ft (Case II) the 

given bridge no longer requires posting. By changing the spacing and using seven stringers (Case 111) or nine 

stringers (Case IV) the given bridge also would not require posting. One advantage to Case IV (nine stringers) 

is that the original five stringers would not have to be moved and the added four stringers could be placed 

midway between the original stringers. Also there would be a significant improvement in the SI & A sufficiency 

rating. 

As was previously noted, the bridge with the original stringer spacing (Case I) had an SI&A sufficiency 

rating of 64.98. By adding stringers and thus reducing stringer spacings, the SI&A sufficiency rating improves 

by 8.5 percent, 165 percent and 30.8 percent for Cases 11, UI and IV respectively. 

333. l n a c a s c ~ n M o d n h l a  

353.1. Backgmund 

Stringer section modulus may be increased by the attachment of mverplates, angles, or tee sections thus 

increasing the load camying capacity of the bridge. The added material must be bolted (preferred) or welded 

to the existing stringers so that it acts compositely e t h  the original stringers. Appropriate manuals should be 

referenced for welding criteria. The main advantage of this strengthening technique is that it is easity 

implemented when compared to several of the other strengthening methods. Often county maintenance crews 

and equipment can be used to attach the additionalsteet 

To optimize the benefits of this procedure, the original member should be jacked up prior to attaching 

the new steel; appropriate traffic control needs to be established during this procedure. The ojective of jacking 

the member is to relieve dead load stresses. Once the additionalsteel is connectedand the member is released 

from the jacked position, the strengthened member will a n y  a portion of the dead load stresses as well as the 

live load stresses. If it is not practical to relieve dead toad from the member (that is, it is not possible to jack 

the member) live load stresses will still be reduced by this method. 

The Iowa DOT has implemented this procedure by attaching angles to the web of existing steel sections 

(36). One concern with this procedure is that maintenance becomes inaeasingb dficult as the distance 



+ 2.4' 1 4 SPA @ 3.8' = 15.20' - 
a. Original Bridge (Case 1: 5 stringers) 

- 2.4' 1 A 5 SPA @ 3.04' = 15.20' - 

b. Modification I (Case 11: 6 stringers) 

+ 6 SPA @ 2.53' = 15.20' 

c. Modification II (Case 111: 7 stringers) 

d. Modification Ill (Case N: 9 stringers) 

Fig. 3.14. Example bridge: reduction of stringer spacing. 

- 2.4' 1 8 SPA @ 1.9' = 15.20' 
h - 7 



between the angle and the lower flange of the stringers decreases. Possible corrosion from improper 

maintenance of this region could cause corsiderable damags. If clearance under the bridge is not a limiling 

fanor, T-sections can be attached to the bottom of the ehting stringer (see Fig. 3.15). This solution has the 

advantage that diaphragms between stringers need not be modified as would be necessaxy when attachiig 

angles directly to the web. 

3.532 Inaeased Section Modulus Example 

The inadequate steel stringer bridge used in the first example is reanalyzed considering an increased 

section modulus. The original bridge contained SlSxM stringers (section modulus equal to 64.8 in3.) If 2 

L2xX3.2.5 are used to attach a WT5x6 to the originalstringers, a section modulusof 138.83 inl is achieved (D). 

The spreadsheet in Fig. 3.16 shows the evaluation of this strengthened bridge. This solutionafso increased the 

strength of the bridge so that posting is not required. Note also by adding the additionalsteel to each stringer, 

the SI&A sufficiency rating increased slightly more than 41 percent (&om 64.98 to 91.78) (Q). 

35.4 Dcvcbp Compoaita Accton 
Developing composite action between the stringers and deck is another way to strengthen a 

noncomposite bridge. By having the deck act compositely with the stringer, an increased moment of inertia 

(or section modulus) is obtained. The increased section modulus, as previously discussed, increases the 

bridge's flexural strength and reduces live load stresses. 

This procedure may be useful for those bridges which currently are considered only partially composite 

and are inadequate for today's increased allowable live loads. The current AASHTO manual gives ultimate 

strength equations for welded studs and cha~eIs .  Strength of older shear connectors can be found in older 

AASHTO specifications and Refs. 15 and 36. Klaiber et. aL (37), Dallam (1930) and Dedic e t  aL (21) have 

shown that the strength and stiffness of high-strength bolts is comparable to that of welded shear studs. 

Therefore, the existing AASHTO ultimate strength formulas for welded stud connectors can be used 

conservatively to estimate the ultimate capacity of high-strength bob. 

According to the current AASHTO manual shear connectors in new bridges should be designed for 

fatigue and checked for ultimate strength. In older bridges, however, the remaining fatigue life of the bridge 

wiU be considerablyless than that of the new shear connectors; thus it is only necessaxy to design the new shear 

connectors for ultimate strength. If an existing composite bridge requires additional shear connectors, new 

shear connectors can be added even though they are not the same as the originalconnectors. Variation in the 

stiffness of the new shear connectors and original shear connectors will have essentialty no effect on the 

bridge's elastic behavior and minimal effect on the ultimate strength. 

Although concrete decks are most commonly considered for this method, composite action can be 

developed for various types of decks including precast concrete, cast in place concrete, laminated timber and 

steel grid decks filled with concrete. 





JVE LOAD DlSTRlBUnON FACTORS 
TWO LANES OR MORE 0.6909 
ONE W E  0.5429 

Fig. 3.16. Spreodsheet for increased section modulus example. 



255. De& Replacement 

One simple procedure for increasing a bridge's live load capacity is to decrease its dead load. This 1 
Tt j 

method is especial& efficient for bridges with poor decks which need replacing. Dead load can further be 

reduced by replacing the existing guardrail system with a lighter weight guardraiL This technique is also useful \ 
when used in combination with other strengthening methods such as increasing stringer section modulus and 

respacing. Lightweight deck types and weights are shown in Table 3.6. 

Table 3.6. Lightweight deck types. 

Design criteria (such as distribution factors, corrosion protection, etr) varies with che various lightweight decks 

and thus must be appropriately taken into account Costs can vary from $9 per square ft to $35 per square I 

Laminated Timber Deck 

ft A design procedure and design aids which compare various lightweight deck alternatives, span lengths and 

Aluminum Orthotropic Plate Deck 

Orthotropic Steel Deck 

Lightweight Concrete 

increases in Live load capacity are provided in the NCHRP 293 repon (36). \ 
I 

20-25 

45-130 

100-120 

356 Post-Tenxbnbg 
356l. Background I 

I 
Longitudinal post-tensioning of steel stringers is another procedure for increasing the load carrying 

capacity of steel stringer bridges. Post-tensioning can easily mod$ the elasfic stresses within a given bridge 

and, therefore, satisfy rating criteria for service loads. A large number of Iowa steel-stringer composite 
i 
I 

concrete deck bridges designed and constructed prior to 1957 are understrength because of excessive flexural 

stresses in the exterior stringers. Bridge design standards used during that time period permitted exterior 
t 
I 

stringers to be designed for a wheel-load fraction considerablysmaller than the fraction for interior stringers. 

Current design standards have increased the wheel-loaddismiution fraction for exterior stringers for thii I 

bridge type by as much as 40 perceni in some situations. This in addition to significantly increased in state legal 

loads have caused the overstress problems. 
.-- i 



Through research sponsored by the Iowa DOT Highway Division (22,23,35,38), ISU has developed a 

design manual tor use in designing post-tensioning systems for the bridges in question. For the design 

procedure developing a post-tensioningsuengtheningsystem for a given bridge, the reader is referred to p 24, 

Sec 3.4 of Ref. 24. In reviewing the post-tensioningsuengthening scheme one quickly realizes the most time 

mnsuming part of the prow.$ is determining the moment fractions (MF) and force fractions 0. As the 

strengtheningscheme presented in Re& 24 only requires the post-tensioningof the exterior stringers, one needs 

to know the magnitude of the post-tensioningmoment and post-tensioning force that remains on the exterior 

stringers and which is distributed to the interior stringers. 

33.6.2 Past-tensioning example 

Shown in Elg. 3.17 is a spreadsheet which may be used for determiningthe FF and MF for a four-stringer 

bridge. As the actual procedure has been detailed in Ref. 24, only the required input will be presented in the 

foUowing paragraphs: 

Input A: Length of bridge between centerlines of bearing, A 

Input B: Distance between stringers, ft 

Input C Distance from edge of bridge to centerline of exterior stringer, A 

Input D: Dead load on exterior stringer, kIf 

Input E: Dead load on interior stringer, kIf 

Input F: Long-term dead load on exterior stringer, kIf 

Input G: Long-term dead load on interior stringer, Mf 

Input H. Distance from centerline of bearing to mverplate cutoff for exterior stringer, ft 

Input I: Distance from centerline of bearing to coverplate cutoff for interior stringer, A 

Input 3: Distance from centerline of bearing to anchorage-Assumption 1, A 

Input K: Distance from centerline of bearing to anchorage-Assumption 2, A 

Input L: Bridge deck thickness, in. 

Input M. Area of exterior stringer, in.2 

Input N: Distance from the bottom of the exterior stringer to the centroid of the exterior stringer, 

in. 

Input 0: Moment of inertia of exterior stringer, in? 

Input P: Width of mverplate on exterior stringer, in. 

Input Q: Thickness of wverplate on exterior stringer, in. 

Input R: Width of Pan 1 of the curb, in. 

Input S: Height of Part 1 of the curb, in. 

Input T: Width of Pan 2 of the curb, in. 

Input U. Height of Part 2 of the curb, in. 

Input V: Area of interior stringer, in.2 

Input W. Distance from bottom of the exterior stringer to the centroid of the interior stringer, in. 



Fig. 3.17. Spreadsheet for determining force fractions and 
moment froctions. 
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BEAM LOAD FRACTION 
HTO EXT BEAM LOAD FRACTION 

DEAD LOAD MOMENT 
LONG TERM D.L. MOMENT 
HS20 TRUCK LOAD MOMENT 
LlVE + IMPACT LOAD MOMENT 

MIDSPAN - INTERIOR BEAM y = 
DEAD LOAD MOMENT 
LONG TERM D.L. MOMENT 
HS20 TRUCK LOAD MOMENT 
LIVE + IMPACT LOAD MOMENTr 

COVERPLATE CUTOFF - EXT BEAM y = 
DEAD LOAD MOMENT 
LONG TERM D.L. MOMENT 
HS20 TRUCK LOAD MOMENT 
LlVE + IMPACT LOAD MOMENT 

COVERPLATE CUTOFF - INT BEAM y = 
DEAD LOAD MOMENT 
LONG TERM D.L. MOMENT 
HS20 TRUCK LOAD MOMENT 
LlVE + IMPACT LOAD MOMENT 

ANCHORAGE - EXT BEAM 
DEAD LOAD MOMENT 
LONG TERM D.L. MOMENT 
HS20 TRUCK LOAD MOMENT 
LlVE + IMPACT LOAD MOMENT 

ANCHORAGE - EXT BEAM 
DEAD LOAD MOMENT 
LONG TERM D.L. MOMENT 
HS20 TRUCK LOAD MOMENT 
LIVE + IMPACT LOAD MOMENT 

Fig. 3.17. Continued. 



l I 6  
SECTION PROPERTIES 

EXTERIOR BM FLANGE WIDTH 

BASIC QUANTITIES 
AREA 

P -- 
COVERPLATE 

n = 
n = 
n = 

CURB 1 . n = 
n = 
n = 

CENTROID ELEVATIONS AND MOMENT OF INERTIA 
DESCRIPTION -- ---- - 
STEEL BEAM 
STEEL BEAW WlTH COVERPLATE . 
COMPOS BM, DECK AND CURB n= 
COMPOS BM, DECK, CURB & COVRPLn= 
COMPOS BM, DECK AND CURB n= 
COMPOS EM, DECK, CURB & COVRPLn= 

INTERIOR BM FLANGE WIDTH 

BASIC QUANTITIES 
AREA --- - 

COVERPLATE 
n = 
n = 

CENTROID ELEVATIONS AND MOMENT OF INERTIA 
DESCRIPTION 

STEEL BEAM 
STEEL BEAM WlTH COVERPLATE 
COMPOS BM AND DECK n= 
COMPOS BM. DECK & COVRPL n= 
COMPOS BM AND DECK n = 
COMPOS EM, DECK & COVRPL n= 

OMPOSITE ELEVATION AND MOMENT OF INERTIA WIF 
n = z 
- 

S ON ALL BEAMS 
OVERPL ON INT BEAM ONLY 
O COVERPL 

- --- - 

Fig. 3.17. Continued. 



LONG TERM DEAD 
LIVE PLUS IMPACT --- 

ALLOWABLE INVENTORY STRESS, ksi 
STRESS RELIEVED BY POST-TENSION 

NCHORAGE LOCATION @ 0.07 L, in 

DISTRIBUTION FACTORS 

Fig. 5.17. Continued. 



Input SI: Moment of inertia of interior stringer, in.' 

Input Y: Width of coverplate on interior stringer, in. 

Input Z Thickness of coverplate on interior stringer, in 

Input A& Width of flange that may be taken as acting compositely with exterior stringer, in. 

Input BB: Width of flange that may be taken as acting compositely with interior stringer, in. 

Input CC: Bridge deck thickness, in. [Same as input L] 

Input D D  Modular ratio of elasticity 

Input EE Year in which bridge was constructed 

Input Eccentricity of post-tension force measured from neutral axis of bridge, in, 

As previously noted, the spreadsheet was primarily developed to assist the designer in determining the 

MF's and FF's for a given post-tensioning strengthening system. However, review of Fig. 3.17 shows that 

the total required post-tensioningforce per exterior stringer is also provided. Note that this force is based on 

HS20-44 loading. No other Iowa legal loadings have been included in this spreadsheet If the designer 

determines that another loading is more critical than HSZO-24, this moment may be included as Input GG and 

the required post-tensioning force per exterior beam will be obtained When loading other than HS20-14 is 

critical moments at other locations noted in the output must also be appropriately modified. 

The example problem, worked in Ref. 24, has been solved (see Fig. 3.18) utilizing the spreadsheet 

previously descriied. Note, the same MF and FF (except for the number of significant figures) were obtained 

by the two procedures (spreadsheet in Fig. 3.17 and hand calculations used in Ref. 24). The required post- 

tensioning forces (d1culate.d are different as the force in Ref. 24 is based on the critical Iowa loading whereas 

the forces in the spreadsheet are based on HS2044 loading. 

3.61. Rcspaa, Existing Stnlngrm and Add New Tfmber Stnlngrm 

3.61.1. Background 

This method b analogous to the steel stringer method where a bridge's strength om be increased by 

distriiutiogload to additionalstringers. Unlike the situation with steel stringers, h some timber stringer cases 

it may not be necessary to remove the deck fbr respaciago 

An evaluation procedure for determining the effectiveness of the respace and add procedure in timber 

stringer bridges is developed in ihis section. In the following section, an example problem is presented to 

illustrate the spreadsheet developed for this method. 

3.6.tZ Design Crieri? 

The procedure outlined is based on the AASHTO Standad Specifications for Highway Bridges (2). 

3.6.1.3. Design W t a t i o n s  

This procedure evaluates the superstructure only* However, as is the case with aIl strengthening schemes, 

the increased strength in the superstructure should not exceed the capacity of the substructure. Not only must 



g .  3.18. Spreadsheet for FF and MF example problem. 



RlOR LOAD FRACTION USED 1.509 
INTERIOR LOAD FRACTION 1.761 

HS23 TRUCK LOAD MOMENT 
UM + IMPACT LOAD MOMENT 
IDSPAN - INTERIOR BEAM y = 
DEAD LOAD MOMENT 
LONG TERM D.L MOMENT 
HS23 TRUCK LOAD MOMENT 
UM + IMPACT LOAD MOMENT 

OVERPlAlE CUTOFF - MT BEAM y = 
DEAD LOAD MOMENT 
LONG TERM D.L MOMENT 

Fig. 3.18. continued. 



AREA Z AREA*Z AREA*ZA2 lo 

BEAM 34.13 15.63 533.4519 8337.853 4919.1 
COVERPLATE 11.25 0 0 0 1.464843 

n =  9 75 33.38 2503.5 83566.83 351.5625 
n =  27 25 33.38 834.5 27855.61 117.1875 

. -- 

I" 

I CENlROlD ELEVATIONS AND MOMENT OF INERTIA 
DESCRIPTION z Iz I 

ErnON PROPERTIES 
EXTERIOR BM FLANGE WIDTH 58.875 

SlEEL BEAM 
STEEL BEAM W M  COVERPLATE 
COMPOS BM AND DECK n= 9 
COMPOS BM, DECK & C O W L  n= 9 
COMPOS BM AND DECK n= 27 
COMPOS BM, DECK & COVRPL n= 27 

90.75 72 58.875 

COMPOSE ELEVATION AND MOMENT OF INERTIA W/qTT COMPOSE BRIDGE 
n =  9 z EXTBEAM I N T B W  

COVERPLATES ON AU. BEAMS 24.955 12978.34 20569.44 
COVERPL ON INT BEAM ONLY 25.431 10439.85 20565.42 
NO COVERPL 26.885 10553.99 12757.89 

BASIC QUANTmES 
E M  AREA Z AREA*Z AREAaZ*2 lo 

BEAM 27.65 13.46 372169 5009.394 3266.7 
COVERPLATE 3.938 0.21875 -0.86132 0.188415 0.062805 
DECK n = 9 49.061 29.66 1455.317 43164.71 2X 
DECK n = 27 16.356 29.66 485.1057 14388.23 76.66666 
CURB 1 n =  9 4 35.66 142.64 5086.542 6.75 
CURB 1 n =  27 1.333 35.66 47.54666 1695.514 225 
CURB 2 n =  9 6.917 40.91 2829608 11575.92 20.75 
CURB 2 n =  27 2306 40.91 94.32027 3858.642 6.91666E 

CENlROlD ELEVATIONS AND MOMENT OF INERTIA 
DESCRlPnON z Iz 

STEEL BEAM 13.46 3266.7 
STEEL BEAM W M  COVERPLATE 1 1.75489 391 1.864 
COMPOS BM, DECK AND CURB n= 9 25.71 038 10433.02 
COMPOS BM, DECK, CURB 8 COVRPLn= 9 24.59514 12966.52 
COMPOS BM, DECK AND CURB n= 27 20.97079 7351.529 
COMPOS BM, DECK, CURB & COWLn= 27 19.35329 8984.562 

. 3.18. Continued. 



BEAM, MIDSPAN, COVERPIATE TENSION STRESSES L j 
26.518 

INVENTORY STRESS, ksi 18.15 
SS RELIEVED BY POST-TENSION 

P R A G E  LOCATION @ 0.07 L, in I 
ISTRlBLmON FACTORS 

i, inA3 
j, inA3 
THETA 
AR 
DECK T/S 
IET 

TOTAL FORCE REQUIRED, kips 512753 
FORCE PER MTERlOR BEAM, kips 256.376 

Fig. 3.18. continued. 



the structural elements of the substructure be evaluated, but the geotechnical aspects of the load canying 

capacity must also be investigated to complete the design. 

The following limitations appiy to the timber stringer bridge bemg evaluated by this procedure: 

Stringers are assumed to have similar material and section propenies. 

The superstructure is not skewed. 

The deck section and material properties are homogeneous. 

The engjneer should also be aware that the structural properties of timber are widely variable and that decay 

in existing timbers in the field may also v a j  greatly from stringer to stringer. The bridge should be carefully 

inspected to detect locations of inadequate structural smngth. 

3.61.4. Design Procedure 

l. Dewnine the stdbn modulna of the stringrm (D) This analysis approach is based on the load 

distributed to individualstringers. Initially, the section modulusof the stringer must be calculated. 

Note, nominal dimensions of the stringers may be based on surfaced green or dry lumber. 

However, minimum dry dressed dimensions should be used in design calculations. Dry dressed 

dimensions for beams and stringers are usually assumed to be lf2 in. less than the nominal 

dimensions. The section modulus for a rectangular stringer is: 

Section Modulus (Smodu(ut) = p d t h  x (Beam HeiglYyl2 

2 Detcnninc theallowable timbcratnsb (A) See M H T O  (2) Table 13.21(A) for the appropriate 

allowable unit stresses. In the questiomaires,muntyengineers indicated that the majority of their 

existing bridges are Dough Fir. The extreme bending fiber stress, Fb, for Douglas Fir stringers 

varies from 1200 psi to 1900 psi, depending on the grade of timber. 

3. Determine the mwnent cam of the interbrstxingexa (I) In this step, the moment capacity of 

a typical internal stringer is determined, 

Stringer Moment Gpacity = W o n  ModuIwx Allowable S W  

4 Determine the dead bad moment on the a u p e m ~  O Dead load includes all permanent 

load associated with the superstructure and roadway, including stringers, deck, wearing surface, 

railings, lighting, etc. 

Applied Dead Load Moment = [Uniform Dead Load x (Bddge LengtllyyS 



5. Determine the live had moment capacity of thc au- (iC) The stringer Live load 

moment capacity is the moment capacity of the internal stringer minus the applied dead load 

moment capacity. 

Live Load Moment Capaciw -- Total Moment Capacity - AppLied Dead Load Moment 

6. Determine the A A S m  ltua bad dhmfbatbn fac&r. (L & M) See AASHTO Table 3.23.1 for 

.the appropriate distribution factors. Timber bridges with timber plank decks and concrete decks 

represent the greatest percentage of deficient bridges in the SI&A survey for Iowa secondary 

bridges. AASHTO diistnbution factors for timber stringers supporting limber or concrete decks 

are shown in Table 3.7. 

Table 3.7. AASHTO wheel load distribution factors - timber stringers. 

S = average stringer spacing 
(1) If the spacing, S, exceeds 5.0 ft use the reaction of the wheel loads. 
(2) If the spacing, S, exceeds 6.5 ft use the reaction of the wheel loads. 
(3) If the spacing, S, exceeds 6.0 ft use the reaction of the wheel loads. 
(4) If the spacing, S, exceeds 10.0 ft use the reaction of the wheel loads. 

Kind of Floor 

Timber Plank 

Concrete 

7. Detcrmjnc the mmh~um tmA lfrad moment demand by hsnd ahlarbns or from appllcabh 

tab& (N) As with the steel stringer ollculatioos, the auck live load moments are determined: 

& = live load moments (foot-kips per wheel line). See Appendix B for Iowa live load 

truck moments. 

Dish = distribution factor. 

2 represents 2 wheel lines 

As noted in the AASHTO specifications, impact allowances need not be applied to timber 

smctures. 

One Lane Bridge 
(MI 

S14.0 (1) 

~16.0 (3) 

Two Lane Bridge 
Q 

SI3.75 (2) 

s15.0 (4) 



8. Determine Iowa DOT kgaI tmcP krad posting wbes fmm operating ratin& 

(0) The live load demand (based on the operating stress) is compared with 

the live load capacity to determine the loadings which require posting. (See 

Appendix A for tmck weights.) 

Operating Ratiog = (M~mC1tJMuCm,nd) x Tmck Weight 

9. Determiae the HS inventory rating (for aec in calmlattog !he SAar d k i e n c p  
rating). (P) The HS20 inventory rating is determined by: 

Inventov Rating =   MU^.+&^^^,^) x T N C ~  WeiNt 

3.61.5. Respaa: and add timber stringers example: Spacing -- 2 ft - Case I 

The following example evaluation is for a 20 ft wide and 20 ft  long bridge with 2 ft  spacing between the 

stringers. In Case 11, the svinger spacing has been reduced to 1 ft spacing between the stringers. As wiU be 

seen, reducing the stringer spacing increases the maximum SI&A sufficiency rating. The given calculations 

follow the spreadsheet developed for timber evaluations shown in Fig. 3.19. 

1. Determtae the seaion modulus of !he stdupn. (D) The nominal dimension of the timber 

stringers in this example are 4 in. x 14 in. Therefore, the minimum dry dressed dimensions are 

3 1n in. x 13 in in. 
Sectibn Modulus = D a m  Width x (Beam HeightYY12 

S* = (3 112 in. x 13 112 in.7112 rn 717.6 ina4 

2 Determiae the alhable timberstresg (A) See AASHTO (2) Table 13.21A for the appropriate 

allowable unit stresses. The timber used in this example is Douglas Fir. Conservatively, in this 

example, assume the extreme bending fiber stress, Fb, for the stringers to be 1200 psi 

3. Dete~minc the moment capadtg of !he intenbr sMngeza 0 
Stringer Moment Capacity = Sectibn Modulusx Allowable Stress 

4. Determhe the dead load moment on the supem- (J) The uniform dead loah in this 

example includes the stringers, deck and compacted gravel load and is assumed to be 200 lblft. 



Fig. 3.19. Spreadsheet for timber stringer example. 



The length of the bridge is 20 f! (B). 

Applied Dead Load Moment = [Uniform Dead Load x (Bridge LengthYy8 

5. Detenniue the rtvC bad moment capadq of the supentmclum (g) 

The moment capacily of the interior suinger is: 

Live Load Moment a p a t i y  = Total Moment Capaciy - Applied Dead Load Moment 

Mu -Mo = 71.76 jt-k - 10.0 if-k = 61.76 jt-k 

d Determine the AASHTO live load distribntkmhxor. (L & M) See Table 3.7 for the appropriate 

AASHTO distribution factors. A timber plank deck with two lanes of &ffic and stringer spacing 

of 2 ft is used in this example. 

7. Determfne the maximum tmct load moment demand by hand cakdatkms or hmm applicable 

tables. (N) 

HSZO: 80.0 fi-k x 2 x 0.533 = 85.28 fi-k 

ljp 3: 689 ft-k x 2 x 0.533 = 73.45 ft-k 

we 3SZ(A): 628 it-k x 2 x 0.533 = 6695 ft-k 

l&e 3S2(B): 68.9 fl-k x 2 x 0.533 = 73.45 ft-k 

w e  4: 77.0 ft-k x 2 x 0.533 = 8208 ft-k 

w e  3S3: 77.0 fi-k x 2 x 0.533 = 82.08 h-k 

ljp 3-3: 5694 fi-k x 2 x 0.533 = W.73 ft-k 

Note, these values are slightly different than those shown in Fig. 3.19 due to the significant 

figures used in the (.533) term in the spreadsheet 



a Determine Iowa DOT legal trnck load postingwlws from the operating rat& (0) The live I - .  
load demand (based on the operating stress) is compared with the live load capacity to 1 1 
determine the loadings which require posting. (See Appendix A for truck weights.) $ 

I 
Operating Rating = (Mummd&&draund) x Truck Weiglrf 

lfpe 3: (61.76 ftW3.45 ft-k)x25 ton = 21.M ton < 25 ton 
J 

l)pe 3S2(A): (61.76 ft-W.95 ft-k) x36.5 ton = 33.67 ton e 365 ton 

lfpe 3S2(B): (61.76 ft-m.45 ft-k) x 40 ton = 33.64 ton < 40 ton 
I 

Type 4: (61.76 ft-W08 fi-k) x 27.25 ton = 20.50 ton < n.5 ton 1 
0 l)pe 3S3: (61.76 fi-M8Z08 ft-k) x 40 ton = 30.10 ton < 40 ton 

lfpe 3-3: (61.76 ft-W8208 ft-k) x 40 ton = 40.68 roo > 40 ton 

9. Determine the HS h n t o r g  rating (for asc in cakdating thc SA&I sufiidencg rating). (P) 

The maximum SI&A sufficiency rating for this configuration is 72.26. 
I 
I 

3.6.1.6 Respace and Add Timber Stringer Emmple: Spanhg = 1 f t  - Case II I 

Decrease the stringer spacing to 1 f t  by adding stringers. Consenatively, the dead load has been 

assumed not to change from the previous example (Case I with 2 ft stringer spacing). The maximum SI&A 

sufficiency rating for this configuration is determined to be 94.80 (increased by 31 percent), and the bridge no 

longer requires posting. See spreadsheet calculations for W configuration in Fig. 3.20. I 
3-62 Replace Limited Nnmber of Timber Srhgem arith -1 Stdugem 

Frequently counties have access to surplus steel beams. Rather than adding and respacing timber I - 
stringers as was presented in Sec 3.6.1, another strengtheningalternative is to replace a limited number of the 

timber stringers with surplus steel beams. As the resulting bridge is one with stringers of diierent strengths 

and stiffnesses, it is necessary to analyze the bridge utilizing the finiteelement method @EM). Timber bridges 
I 

of various lengths (12 ft  through 30 A), widths (16 ft-one lane and 24 &-two lanes), stringer sizes (4 in. x 12 in. 

and 6 in. x 12 in.), and stringer spacings (8 in., 12 in., and 16 in.) were analyzed using the FEM to determine 
I 
I 

flexural saesses resulting from Iowa legal loads (see Appendix A). Based on a thorough preliminary analysis - 
- the required number, position, and size of steel stringers were determined. 

Depths of steel stringers used in the anaws was limited to either 12 in. or 16 in. since timber stringers 
I 
1 

used in the field are usually one of these depths. Obviously, other sizes of steel stringers could be used, I 
however, using greater depths would be more involved in that the greater depths would require modification 

of the support so that the elevations of the top surfaces of the steel stringers and timber stringers were 

essentially the same to facilitate replacement of the timber deck. Shown in Fig. 3.21 are the positions of the 
I 

steel stringers which have replaced existing timber stringers. As illustrated, four steel stringers are required 
I 

in a two lane bridge (Fig. 3.21a) and three steel stringers are required in a one lane bridge (Fig. 3.21b) to 

increase the capacity of the bridge for Iowa legal loads. Figure 3.22 illustrates the effect of the steel stringers I 
on the stress in the timber stringers. 



Fig. 3.20. Spreadsheet for timber stringer respace and add 
example. 



a. Two Lane Bridge 

b. One Lane Bridge 

Fig. 3.2 1. Position of steel stringers in two lane'and single lane bridge. 
.s"- 

1 



Fig. 3.22. Maximum longitudinal stress in timber stringers: 
Bridge width = 24 ft; Stringer size = 4 in. x 12 in.; 
Stringer spacing = 12 in. 



Stringer stresses (timber and steel) are calculated assuming that adequate support to the compression 

portion of the stringer has been provided. As the span length increases, different legal loads govern-thus, the 

change in slope in the curves shown in Fig. 3.22 Several steel stringers in addition to those illustrated were 

investigated, however curves for the other stringers analyred lie benveen the two steel c u ~ e s  shown. Thus, 

one can concludewithii limits the reduction in timber stresses are essentially independentof steel stringer size. 

Stresses in the added steel stringers are obviouslya functionof steel stringer size. This is illustrated in Fig. 3.23 

where the reduction in steel stresses with increased, steel stringer size is shown. This same effect is illustrated 

in Fig. 3.24, where steel stringer stresses vs. steel stringer moment of inertias are presented. Additional 

computer evaluations verified that stresses in the steel stringers and timber stringers were essentially 

independent of stringer spacings. 

The effect of the additionof steel stringers on midspan bridge displacements for one particular situation 

is shown in Fig. 3.25. As may be seen, the addition of steel stringers significantly reduces the displacements; 

the larger the steel stringers the greater the reduction in displacements. 

Figures 3.22 and 3.23 may be used to determine if a given bridge om be strengthened the desired 

amount by adding steel stringers. Although these two figures are for one timber stringer size (4 in. x 12 in.) 

and one stringer spacing (12 in.), it has been shown that this strengthening procedure is essentially independent 

of these two variables, and thus these two figures may be used for essentially any practical stringer spacing or 

size. Using Fig. 3.22 for a given length of span, one may determine the stress reductionin the timber'stringers 

resulting from the addition of steel stringers. Entering Fig. 3.23 with the given length of span and limiting 

stress, one can determine the size of stringer required. Obviously, stringer sizes other than those shown in Fig. 

3.23 may be used if the moment of inertias are essentially the same. Figures 3.22 and 3.23 were developed for 

two lane bridges - however, conservatively they may be used for one lane bridges wh%re three steel stringers 

are required rather than four. 

With the additionalsteel stringers, load carried by the remaining timber stringers is reduced, since the 

added steel stringer carries a larger percentage of the loading. The load carried by the steel stringer is directly 

proportional to the stiffness of tbe stringer (ie. the stiffer the s a g e r  the more load it carries). Abutments 

which were originaUy designed for essentially uniform loading now need to be reanalyzed and possibly 

strengthened to support the reactions from the added steel stringers. 

3.7. Replacement Bridges 
This section provides a range of replacement bridges with short span application. While some of the 

alternatives are technically not bridge structures (e.g. low water stream crossing and corngated metal pipe 

culverts), they serve as means for vehicles to traverse roadway obstacles. Some of the briges presented are 

proprietary and information is provided so preliminary decisions can be made regarding potential use of a 

particular bridge type. Detailed design procedures and microcomputer design spreadsheets are provided for 

three different timber bridge types. The following sections desmie each bridge replacement type. 



Fig. 3.23. Maximum longitudinal stress in steel stringers: 
Bridge width = 24 ft; Stringer size = 4 in. x 12 in.; 
Stringer spacing = 12 in. 
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Fig. 3.24. Maximum longitudinal stress in steel stringers: 
Bridge width = 24 ft; Stringer size = 4 in. x 12 in.; 
Stringer spacing = 12 in. 
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3.7.l. Precast CohRrtlBridge 
The ConSpan precast culvert system is a proprietary system licensed by the ConSpan culvert company 

'- 
k 

I 
of Dayton, OH. j 
3.7.1.1. Background 

The Con-Span precast culvert system was specifically developed to provide a large hydrauliccross-section 

with a limited vertical clearance. These precast culvert sections are available in 4 span lengths: 16 ft, 20 ft, 24 I 
ft and 36 f t  and in rises from 5 ft to 10 ft. If these span lengths are insufficient to meet the needs of a 

particular location, multiple opening arrangements may be used. I 

Figure 3.26 illustrates the ConSpanculvertsystem. The arch-boxshape allows the culvert to carry more 

load than an ordinary reinforced concrete box culvert When the culvert deflects, thrust is developed by the 

passinre earth pressure of the backfill, thus resisting deflection of the arch top. The culvert cannot collapse 1 
without displacing the block of soil behind the sidewalls a sufficient amount to allow the arch to collapse. 

I 
In load tests; the culvert supported a load nearly twice the specified design load of 35 kips (HS-20 loading). I I 

The results of the load test demonstrated the amount of reserve Ioadanyingcapacity present in the ConSpan 

system. I 
Although each installation has site specific details, the procedure for installing a ConSpan culvert is: 

Pour strip footings to support precast units. 1 
Set precast Con-Span units in place on footings in a bed of cement grout. 1 
Install engineering fabric over joints to prevent the intrusion of any backfill. 

Bolt units together with simple joint connectors on vertical sides. 1 
Install p k s t  wingwall (if desired). 

One advantage of the ConSpan system is the availability of precast headwalls and wingwalls. These 1 
eliminate the use of timeconsumingcast-in-place operations. The headwalls are monotithicwith the archbox 

. end units, while the wingwalls are bolted on after the units are set in place. I 
I 

X7.1.2 Design mYeria 

AU ConSpan culvert units are designed to meet AASHTO HS-20 loading criteria. It is possible, . 
however, to design the culverts to carry essentially any loading. The actual structural design work is performed 

I 
by ConSpan engineers in Dayton, Ohio. Engineers desiring to use the ConSpan system simply supply the - 1 
desired span length, height of rise, and depth of cover at the particular site location, along with the desired I 
designload. Con-Spanhas established a telephone facsimiie station to provide rapid preliminary designs. Con- 

Span engineers provide a preliminary design within 1 hr. after receiving the necessary information. 1 
3.7.1.3. Des@n requirements 

I 

To compute the required hydraulic capacity for a particular culvert location, ConSpan, Inc. has 

developed a series of graphs which assist the engineer in determining the required culvert size. Plots of 

headwater depth (ft) vs. discharge (ft3/sec) along with tables of waterway areas for the various span/rise 

combinations are available for preliminary calculations. 



Fig. 3.26. Con-Span precast bridge segment. 



For those engineers who have a microcomputer availabIe, a series of input files for the m W A  HY-8 
, - l  j 

culvert analysis microcomputer program have been developed. This program, available from the University 1 1 
of Florida, automates the FHWA culvert design procedure. The ConSpan input files, along with the HY-8 

program, assist the engineer in determining the optimum culvert senion for a particular site. To use the 1 
program, basic hydraulic information needs to be provided, such as: culvert inlet conditions, slope of culvert 

invert, desired culvert capacity, etc The HY-8 program also provides a limited amount of hydrograph 

generation and other hydrologic computations if no other methods are available. 
i 

3.7.1.4. General wst data I 

SpeciEiccost informationis available for the ConSpansystem. In Iowa, the ConSpansystem is available I 

from Iowa Concrete Products (West Des Moines, Iowa). 

The cost of the ConSpan system can be divided into several paw: substructure costs, cost of precast 1 
units, transportation charges, backf ig ,  paving, etc 

The cost of substructure work is the most dimcult to quantify accurately. As with any other bridge 
I 
I 

replacement option, the required substructure is extremely site-spec%c The detailed case studies described 

later provides a general estimate of the substructure cost I 
The cost of the precast units alone (E0.B. plant) provided by Iowa Concrete Products is presented in 

Table 3.8. In addition to the unit prices shown, a royalty fee of $500 per structure must be paid to ConSpan, I 

Inc I 

. Transportationcharges from the Hampton plant can be computed from the following: 

Loads 2 45,000 ib $260Imi (loaded) 

c 45,000 ib ~2.501mi (loaded) 

I 
In addition, trucks detained at a project site wiU be billed at a rate ofS4aOO/hr. after fhe fist hour. I 

Table 3.8. Prices for ConSpan culvert unia. I 
I 

Joint connectors: %40.00/joint 



3.Z1.5 O s t  Information: Case Studies 

Two detailed case studies from Bremer County and Winnebago County,Icwz are piesen:ed as cxarnples 

of Con-Span projens. 

The Bremer County project, constructed during the winter of 1988-89, consisted of replacing a quad 4 

ft x 6.5 ft x 44 ft laminated wood box culvert with 20 ft x 9 ft x 64 f t  Con-Span culvert County costs for the 

project are presented in Table 3.9. 

The road was closed for less than 2 weeks for the entire installation projen In addition, by extending 

the culvert to a length of 64 ft, the need for guardrails was eliminated. This resulted in a savings of an 

additional $10,273 on the project. 

The Winnebago County project involved the replacement of an existing timber bridge with a 16 ft x 5 

ft x 136 ft Con-Span culvert This particular site was situated on a 45 degree skew, which necessitated a 

considerably longer culvert The labor on this project, with the exception of substructure work, which was 

completed by a private contractor, was performed by county forces. Costs for the project are presented in 

Table 3.10. 

As with the Bremer County example, this installation eliminated the guardrails at the site, further 

reducing project costs. 

3.72 Air Formed Arch Culvert 

3.7.21. Background 

A new method of culven construction has recently been developed. The Air-0-Form process, designed 

by Concepts in Concrete, of Norman, OK, uses an inflatable rubber membrane as the inside form for the 

construction of a reinforced concrete arch culvert. The inflatable form can be used to construct numerous 

cross-section shapes and can be inflated quickly with a minimum of labor. 

The following steps are involved in the installation of an Air-0-Form culvert 

Place a reinforced concrete slab or footing. 

Place flexiile metal straps in the desired shape of the culven Inflate the balloon form inside 

the'straps. 

b Place longitudinal and vertical reinforcing steel 

~ d j & t  air pressure inside the "balloon" to the required pressure. 

Apply 6 in. of shotcrete (in one la). 

Deflate and remove the membrane after the shotcrete has attained the required strength. 

A demonstration project has recently been completed by the Iowa DOT to demonstrate the 

construction of an Air-0-Form culvert The conclusions of the Iowa DOT suggest that the Air-0-Form system 

is better suited for longer and larger diameter culvert applications, where the economics are more favorable 

(92)- 



Table 3.9. Bremer County Con-Span culvert installation costs. 

TOTAL COST FOR CON- WINGWALLS S 4,746 

TOTAL COST OF PROJECT S 35,961 

, 
i 

3.7.22 Cost Infomation - C2.w Study 

The Crawford County instabtion of an Air-0-Form cufven was completed in the summer of 1991. 

This arch culvert was designed for a 950 acre drainage area; prelim'inary calculations indicated a required 

drainage area of 110 ft2. The culvert was designed for a 52 ft  length, with a 9 ft  semicircular arch section. The 

I 
costs on this proj& are presented in Table 3.11. 

3.73. WcIdai Sttcl 'rnm W p  

3.7.3.1. Background 

A low volume bridge replacement option which has been used extensivety in the eastern U.S. is the 

i 
welded steel Warren tnrss bridge designed by the U.S/Ohio Bridge Corporation of Cambridge, Ohio (3254) 

.- .. I 
shnm in Fig. 3.27. 



Welded steel plate gussets 
Top compression chord / 

Number of panels varies with length 

Fig. 3.27. U.S. bridge welded steel truss bridge. 
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Table 3.10. Winebago County Con-Span culvert instaUation costs. 

The US. Bridge is available in span lengths of 40 to 145 ft and is generally designed to carry an HS-20 

loading, although it can be fabricated to carry heavier design kradings. The bridge can be shop painted any 

color, or is available in A588 weathering steel The U.S. Bridge can be designed to ammodate cast-in-place 

concrete flooring or a wood plank deck supported by steel floor beams. The company, however, recommends 

the use of a corrugated metal deck with an asphalt riding surface. 

The wood plank flooring is usually supplied in either 3 in. x 4 in. or 3 in. x 6 in. nominal slzes. These 

planks are placed transversely, with the smaller dimension horizontal and parallel with the roadway centerline. 

If the deck in a particular bridge is too wide for a plank to span the entire width, splices are permitted. A 

s h l  expansion angle has been developed to allow for the thermal expansion of the wood plank flooring. 



Table 3.11. Air-0-Form culvert installation costs. 

Granular Material, place only 71 tons 

Mobilization Lump Sum $m 
Piting, Steel Sheet 435 rt $4,350 

Steel, Reinforcing, FooIing & Headwall 5,870 lb. $- 

Steel, Reinforcing, Arch 6,235 lb. $2,494 

TOTAL COST FOR PROJECT $51,763 

3.73.2 Cost Information - m e  Study 

Albany County, NY currentty has three U.S. Bridge welded steel truss bridges in senrice. The rapid 

installation of the bridge system was a primary reason for using the system. A small crew (5-8' people) were 

able to install two welded steel truss bridges in approximately three weeks. Recently, a 47 ft  long, 24 ft wide 

welded steel truss bridge was installed to replace an existing strumre, This installation was designed for HS-20 

loadingand utilized a wood plank floor system. A summary of the cost of this particular installation is provided 

in Table 3.12 

3.7.4 A t s W  Conaetr: Beam Bridge 

3.7.4.1. Backpound 

Thereare numerousexamples of precast, prestressed concrete sections which are suitable for low-volume 

bridge replacements. The standard bridge sections which have been developed by the Prestressed Connete 

Institute (PCI) (60) and AASHTO are well-known and have been used extensively throughout the United 

States (see Fig. 3.28). The majority of these sections were designed for long-span bridges and so are usually 

over-designedfor a low volume bridge application. The AASHTO shapes are particularly inefficient, since they 

were developed several years ago when full prestressing (no tensile stresses at s e ~ * c e  load) was wnsidered 

essential (55). 

In addition, many prestress plants have designed their own non-standard sections. The majority of these 

non-standard sections are not patented, so that in most instances another prestress plant can obtain the 

necessary dimensions and enter bids on a proposed project One significant benefit of many of these non- 



I Of aU the shapes being used, the bulb tee is the most efficient, On the other hand, the double and multi- r y  

stemmed tees and the channel sections have the advantage of being more stable during handling and placing, I 
and therefore are generally preferred by contractors (82). Sections which have nearly vertical flush sides, such ! 
as the box beam, can be c o ~ e ~ t e d  transversly by bolting through the legs, which eliminates the need for 

intermediate diaphragms. 

One section which takes advantage of this configuration is the 'OK" bridge system, which was developed 
I 
I 

at Oklahoma State University. This system is discussed in greater detail later in this report (see Sec 3.7.6). 

3.7.4.2 h i g n  Criteria I 
The actual design of a prestressed concrete girder bridge is relatively straight-forward. Several references 

are available to assist the practicing engineer with the design p r d u r e  (6263). Brief guidelines for the design 
I 
I 

of a prestressed concrete double-tee follow. All dimensionsand section properties are general values. Because 

each prestressed concrete manufacturer provides slightly different products, the exact values may differ slightly. I 
I 

A design aid has been developed by the PC1 to simplify the selection of a prestressed double-tee section. 

Table 3.14 provides the section properties for a number of standard siz*: prestressed double-tee girders (see 

Figure 3.29). 

Table 3.14. Section properties - prestressed double-tee girders. 

'See Fig. 3.29. 



Fig. 3.29. Standard prestressed concrete double-tee bridge girder. 



3.Z4.3. Cost Irlronna tion: Case Study 

A 124 ft long by 24 ft  wide two-span continuous prestressed concrete double-tee bridge was installed .t ,I 
in Washington County, Iowa in 1988. Costs incurred by the county are presented in Table 3.15. I 
3.75. lnvmet Bridge System 

I 

3.75.1. Background 1 
I 

A unique method of utilizing the best features of both steel and concrete has been developed by 

Grossman and Keith Engineeringof Norman, OK The Inverset bridge (see Fig. 3.30) is a proprietary system 1 
I 

which is a t  upside down to utilize the compressive strength of concrete and the tensile strength of structural 

steel 
/ 

Table 3.15. Prestressed double-tee beam installation costs. 
I 

In precasting, the forms are suspended from steel beams. In this configuration, the weight of the forms, 

steel W sections, and wet concrete places compressive stress in what would be the bottom flange when the unit i 
is inverted. When the concrete cures, the units are turned 'rightside-up". The casting procedure results in the .*- 

I 

I 



t- END SUPPORTS 

CONCRETE 
SLAB 
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Fig. 3.30. lnverset bridge section during fabrication. 



bottom flange having essentially zero stress. This stress condition, combined with the increased moment of 

inertia of a composite section, allows the Inverset system to a n y  additional load without overstress. 

When the unit in turned over, longitudinal compressive stress is applied to the slab, which makes the 

deck extremely crack resistant and iKnpe~0US to water intrusion (because air bubbles formed on what wiU 

eventually be the bottom of the slab). 

3.7J.2 Erample 

A sample Inverse1 design and fabrication is descnied in the following paragraphs. Particular attention 

should be paid to the stresses in the steel and concrete during the wrious steps of fabrication. In the example, 

stresses will be computed at the following locations in the cross-section: 

Concrete - extreme compression fiber of the deck, 

Steel - top flange of steel girder (which contains shear connectors) when the unit is placed into 

service, and 

Steel - bottom flange .of steel girder once unit is erected. This flange is in compression 

during fabrication and is in tension when in service. 

A summary of the stresses at various stages of the life of an Inverset bridge section are presented in 

Table 3.17. 

l. Dadga- 
Simply supported span = 34 ft 

Width of one unit, W = 11.833 A 

Design live toad: b H T 0  HS-25 

Steel girder: W24x55 ASTM A572 grade 50 

Yield strength = 50 ksi 

Section modulus = 1145 in? 

Form weight = 100 lbslft 

Concrete suength, = 5 b i  

The allowable str- in steel and concrete are: 

Temporary saesses (See art. 9.15.1, AASHTO (2)): 

Steel: 

tension: 0.80 F, = (0.8)(50) = 40 ksi 

compression: 0.70 F, = (0.7)(50) = 35 b i  

Final s t w m x  

Steel (See 10.321A, AASHTO): 

tension: 0.55 F, = (0.55)(50) = 27 ksi 

compression: 0.55 F, = (0.55)(50) = 27 ksi 



Concrete (See an. 8.15.21, AASHTO): 

& = 0.40 = (0.40)(5) = 2 ksi 

M (15.wflR)(12inUt) = 0.83~ Tp fb* - = 
s (2 beams)(l 14.5in3) c bon 

M - (14-45ftR)(12i*) = 0.76 f i  T top 
fb = s - (2 beamr)(l 14.5in3) c bon 

- 4 stresses dae m weight of concrete. 

At this stage, the stress in the top and bottom flange can be expressed by: 

f, = 0.83 + 0.76 + 8.40 = 9.99 ksi T 

f, = 0.83 + 0.76 + 8.40 = 9.99 ksi C 

5. Compatatba of mmpositc sa&m propertk& When the concrete has attained a strengch of 

200 ksi, the form?, can be stripped. At this point, a wznposite member has been developed. 

The section modulus of the composite member is calculated by the transformed area method. 

The modular ratio, n, is taken as 7 for strength calculations and as (3 x 7) = 21 for creep 

effects. 

(See Section 10.38.1, AASHTO (2)). 

For n = 7: 



I = 9,508.48 in4, N A  located @ 24.23 in. 

(Note: N.A. is located 0.66 in. above top flange) 

For n = 21: I 3 7,516.02 in', N.A. located @ 21.06 in. 

Note: N.A. is located within the steel girder. 

A summary of section moduli for composite Inverset sections is presented in Table 3.16. 

Table 3.16. Section moduli for composite Inverset sections. 

6 Removal of kmna. When the forms are removed, the load acting on the composite section is 

reduced. This reduced load reduces the stresses in the steel girders, and the concrete deck 

becomes prestressed. The bending moment caused by the weight of the forms is the same as 

computed earlier, M = 14.45 ftk. 

The stress in the concrete, 

Section Modulo: for Composite Members (i.3) 

The stress in the top flange, !& 

Location 

Concrete (top of deck) 

Steel girder (top flange) 

Steel girder (bottom tlange) 

The stress in the bottom flange, f& 

7. Units tnmed to upright p o s h  When the units are turned over to their upright position, the 

forces acting on the units are essentially reverse& The process of inverting the unit causes a 

change in stresses equal to twice the weight of the structure. The moment due to overturning 

of units can be computed as: 

M = 2(15.89 ft-k + 160.25 ft-k) -3 35229 ft-k 

The stress in the wncrete, 

n = 7  

1,389.84 

14,137 

39245 

n = 21 

750.83 

2994.1 

356.89 



The stress in the top flange, f,: 

The stress in the bottom flange, fh: 

8. Appfkation of soperimm dead badn Superimposed dead loads are assumed to act 

uniformly over the bridge deck surface. Superimposed dead loads include such things as: curbs, 

utility lines, guardrails, and parapets or other additional weights. For purposes of design, the 

dead load of any future wearing course should be included in the superimposed dead load. For 

this example, assume a DL, = 65 lb/ft2. 

So, w*, = (65 lblft~(11.83 ft  wide) = 769.0 lb/ft 

The moment due to this D L ,  is: 

The stress in the concrete, 

The stress in the top flange, f~ 

The stress in the bottom flange, f&: 

9. Apphtion of A A S m  design Ehre bad For this example, an HS-25 loading will be used. 

The maximum live load moment for a 34 ft  span is 429.4 ft-k (see Appendix A, AASHTO 

Standard Specifkcations (2)). This design live loading must be adjusted for the wheel load 

distribution width and impact to determine the actual design moment 



The wheel load fraction can be calculated from 3.23.1, AASHTO, with the beam spacing taken 
$ 

1 
as one-half of the width of the Inverset unit (See design criteria). 

The impact factor (See Article 3.8, AASHTO) can be computed as: I 

The design h e  load moment, MU, is computed by: 

The stresses due to the live load moment must be wmputed with the modular ratio = 7. This 

increases the effective section modulus of each element of the composite member. 
i 

The stress in the concrete, f ,  I 

The stress in the top flange, &: 

The stress in the bottom flange, fM: i 

This example problem illustrates that at no time during fabrication, installation, or service load conditions 

does the Invenet cross section exceed the allowabk: stress and that at final service load conditions, a 

compressive stress of 1.105 ksi exists in the concrete. This k t  compressive stress s e w  to reduce deck 
\ 

cracking and the inausion of water. 1 
I 

Load transfer between adjacent units is provided by steel diaphragm which are bolted in place 

after the units are set in place. The longitudiial joints are sealed with a non-shrinkgrout in conjunction 
I 

with an elastomeric concrete sealer (see Fig. 3.31). j 

The technique of casting lnverset bridge decks upside down allows the manufacturer to incorporate 
t 

a number of deck finishes at minimal additionalcost If the desired finish is smooth (as when a waterproof I 
,.. 

membrane and asphalt overlay are used), the concrete bed is constructed with smooth fiiished plywood. If 
t 



W a t e r p  

A s p h a l t  o v e r l a y  

~ N o n - s h r i n k  y r o u t  
m e m b r a n e  -----!d A / 

B a c k e r  r o d  d 

a. with overlay 

N o n - s h r i n k  y r o u t  
E l a s t o m e r l c  c o n c r e t e  -\ 

B a c k e r  r o d  
b. without overlay 

Fig. 3.31. Longitudinal joint details for lnverset bridge 



a textured w e a ~ g  surface is desired, a urethane form liner is included before the concrete is placed. A 

natural finish may be achieved by using the standard coarse sandblast form liner and sawing transverse 

grooves after deck erection at an estimated cost of %0.50/ft2. For additional information on the Inversel 

system, the reader is directed to Ret 31. 

Table 3.17. Inverset bridge section stresses over life of bridge. 

Stresses in various elements of composite section 
due to fabrication and service loads 

Bottom Flange Top Flange Concrete 

Load Stress Total Stress Total Stress Total 
(ksi) (hi) (kso (kso (hi) (hi) 

3.75.3. Cbst lofornation: Case Study 

A series of case studies are provided for the Inverset bridge system. Several of the Inverset bridges 

have been installed in the state of Texas as rojects. Cost information 

. for these projects have been provided by Steele Construction Company. The costs for these projects 

includes the following items: 

Royalty fee paid to the designer 

Engineeringwith stamped plans 

Demolition of existing bridge 

Pile driving (using 16 in. square precast concrete piles) 

Pile caps 

Deck 

Guardrail 



Embankment at ends of bridge (no deck overlay) 

Bonding 

In addition, similar components have been utitized for all bridges: 

3 pile bents 

F'ile caps: 2 ft-3 in. x 2 ft  x 28n 

Abutments: 2 ft-3 in. x 2 ft  x 28 ft (with hackwall) 

7 in. concrete deck 

Type Tb guardrail with safety end treatments 

A summary of the project costs is presented in Table 3.18. 

Table 3.18. Inverset bridge installation costs. 

3.7d Precast Multiple Tee Beam Bridge 

3.261. Background 

A non-prestressed double tee beam girders has been developed by the Oklahoma State University 

Center for Local TechnoIogywhich can be fabricated by local crews during the slack time of the year. The 

"OK" girders can be fabricated with reuseable steel forms that county crews can construct from standard 

structural shapes. This system offers a significant reduction in material costs and construction time over 

comparable alternatives. Oklahoma State University believes that the design can provide savings of "at 

least 15 percent" over conventionaldesigns. 

The "OK" bridge girder is i modified double tee reinforced concrete beam 17 in. deep by 41% in. 

wide (see Fig. 3.32) which can carry an HS-20 loading over spans of 20-25 ft. The beams are bolted 

together at third points with 1 in. diameter threaded rods to form various widths; seven of the units bolted 

together will provide a width of 24 ft - 2% in. The shear key at the top corners of each girder provides for 

Pile 
Length 

(ft) 

40 

40 

45 

45 

SO 

35 

25 

Project 
Cost 
($1 

79,730 

88589 

1SO,%1 

148.775 

147,000 

85,900 

20133  

Project Name 

Whippo~will Road 

Stidham Road 

Nichol Road 

Walnut Creek Road 

Uncle Glen Road 

Humble Pie Rd. 

Brazos River 

Cost 
($Ift? 

33.96 

33.96 

33.78 

37.69 

44.91 

31.43 

31.44 

Span 
Lengw 

3 x 30'4" 

30'4'-30' 

4 x 42'-10" ' 

. 4 x 37'-10" 

4 x 45'3' 

2 x 45'8" 

10 x 40'4" 

Bridge 
Width 

26'-1" 

26'-1' 

26'-1" 

26'-1" 

18'-1" 

28'-1" 

16'4" 



Adjacent precast sections 

Typical section view 

3.32. "OK" precast mc!tinl- r,- tee beom section 



shear transfer, and when filled with a non-sfirink grout, prevents independent movement of adjacent 

girders. The two exterior girders are desigxied with connections for guardrait 

Each "OK* bridge girder weighs 5.67 tons and contains 26 cu. yd. of 3503 psi concrete. The top face 

of the girder is rough-finished providing ready-made wearing surface, although the design provides for a 20 

psf wearing surface. 

Several counties in Indiana have been using the "OK* bridge system for the past two years and report 

great success. The Daviess County, Indiana Highway Supervisor estimates the design will save the county a 

half-million dollars in the next 10 years (17). For additional information on the *OKm bridge girder system, 

see Refs. (46,65). 

3.7.6.2 Cost Information: Case Study 

The cost information for the 'OK' girder has been well documented by Daviess County officials. The 

cost of the project, including one-time expenses such as the concrete pads, rebar jigs and forming are 

shown in Table 3.19. 

3.7.7. Low Water Stream CZoaning 

3.Z7.1. Backpund 

One relatively lowcost bridge replacement option available to the county engineer is the Low Water 

Stream Crossing (LWSC). A LWSC is defined as a stream crossing structure that is designed and 

constructed so that it is overtopped by floods or high water several times a year (49). 

Since a LWSC is a low structure with a simple subsuucture, it is relativeiy inexpensive to construct. 

Unfortunately, since it is overtopped by high water several times per year, a LWSC creates regular traffic 

detours and inconveniences. In addition, the damage caused by high water erosion necessitates frequent 

inspection and inexpensive repair. These features may make a LWSC an economical replacement structure 

for low volume rural roads especially in areas with broad floodplains or where the normal streamflow is 

quite shallow. 

Listed below in decreasing order of complexity and expense are three types of lowwater stream 

crossin&s: 

Low water bridge, 

Vented ford (a dip with vent or drain pipes), 

. Simple ford or dip. 

A low water bridge can be constructed by lowering the vertical alignment of the approaching 

roadway and constructing the bridge deck so normal stream flow can pass beneath. A low water bridge is 

especially suitable in areas where the potential excessive debris exists or where environmental conditions do 

not allow alterations of the existing streambed. 

A vented ford is a dip in the existing roadway grade with pipes installed under the roadway to allow 

for day-today streamflow. A vented ford is the generally preferred alternative when the normal depth of 

the stream exceeds 4 to 6 in. 



Table 3.19. "OK" multiple-tee beam bridge girder project costs. 



A simple ford is constucted by lowering the approach grades to the steambed level and providing 

some sort of unsurfaced crossing. Numerous improvements can be made to this arrangement by providing 

an ACC or PCC paved crossing or building some type of end wa*. It is recommended that the user place 

reflective markers to delineate the edges of the improved crossing. 

3.7.7.2 Desigo Cn'teria 

A risk-based design approach has been suggested for the selection of LWSC locations. 

Unfortunately, a detailed risk analysis would require a significant amount of case study data which has not 

yet been compiled. A simpNed selection criteria was developed in Ref. 49 and is shown in Table 330. 

The possibility of loss of human life criteria noted in Table 3.20 is the most difficult to quantify and is also 

the most important criteria for a public works project 

Table 3.20. Low water stream crossing selection criteria. 

3.7.7.3. Cost Znfonuation: Cast Study 

Three low water stream crossings have been installed in Lucas County, Iowa in the past five years. A 

case study is presented for each of these structures. Labor on ali three of the projects includes the removal 

of the existing thm-uuss bridge at the site and the installation of the low water stream crossing. 

The &st instahtion was over the Chariton River in 1987. The structure is a simple vented ford, with four 

CMP pipes placed under the crossing. A summary of the costs on this project are shown in Table 3.21. 

The second installation was placed over the South Otter Creek in 1987. This structure was another 

vented ford, with nine CMP cukerts to allow stream flow beneath the structure. Costs on the project are 

shown in Table 3.22 

1 

Least Favorable 
for LWSC 

> 200 v.p.d. 

>lotyear 

> 3 days 

> 2 hours 

s 1 : 100,000 

$1 million 

Criteria 

Average Daily Traffic 

Avg. Annual Hooding 

Average duration of traffic 
interruption during high water 

Extra travel time for detour 

Possibility of danger to human life 

Possible amount of property 
damage 

Most Favorable 
for LWSC 

< 5 v.p.d. 

c twiceiyear 

< 24 hours 

< 1 hour 

<l : lbiUion 

none 



Table 3.21. Low water stream crossing costs - Example 1. 

Table 3.22 Low water stream crossing costs - Bample 2 

Engineering fabric (128 cy.) 

Welding supplies 

TOTAL COST FOR PROJECX 

$ 12264 

$ 29.63 

$ 22,100.96 



The thud installation was over the Wolf Creek in 1989. This installation included a skewed arrangement 

of seven CMP under the roadway surface. Costs on this installation are presented in Table 3.25. 

Table 3.23. Low water stream crossing costs - Example 3. 

3.78 Corrngated Metal Pipc Culvert 

3.7.8.1. Background 

A cormgated metal pipe culvert (CMP) offers many advantages over other bridge replacement 

alternatives. A CMP is faster and easier to install than a cast-in-place concrete structure. In addition, there 

are no forms to set and remove, and no curing time is required. In most cases, county forces can install a CMP 

using ordinary county~wned equipment, which eliminates the need to hue an expensive outside crew or rent 

equipment To simplify design, numerous standard CMP sections have been developed. These standard 

sections are mass produced which lowers the material costs. 

There are actuaUy several iypes of CMP culverts available. Many of these have beenavailable for years, 

and have proven lo be a costeffective bridge replacement alternative. This report will concentrate on one 

particular type of CMP, the cormgated aluminum box culvert Although only one iype will be discussed in 

detail, many of the same considerations can be apptied to corrugated steel pipes, and other CMP culverts. 

Much of the information printed in this report was developed with the assistance of Contech Construction 

Products, Inc. Although the culvert dimensions and available accessories discussed are specifc to Contech 

Cost 
PP 

$ 4,131.67 

S 2,729.00 

$14,65210 

$21,57277 

- 
Item and Description Item Cost 

Labor (county employees) 

Equipment 

Materials 

Rip rap & hauling 

80 - 18 in. x 10 ft sheet piling 

Sand (iicL hauling) 

Concrete (29.8 cy.) 

7-18in.~32ftCMP 

Reinforcing steel (812 lb.) 

Engineering fabric (128 cy.) 

Lumber for formwork 

TOTAL COST FOR PROJECT 

$ 3,86221 

$ 3,709.09 

$ &815.79 

$ 2,079.00 

S 1,847.16 

$ 273.78 

$ 12264 

$ 74.16 



there are other CMP manufactures which produce similar CMP. The design and instahtion procedure is 

similar for each of the different brands of CMP culverts, thus generalized instructions are presented. 

The CMP culvert which offers the best potential for low wlume bridge replacement is the aluminum 

structural plate box culvert Corrugated aluminum box culverts (CABC) combine the low profile shape of rigid 

box culverts with the strength and flexibility of flexible structures. Contech Aluminum Box Culverts are 

available in standard sizes ranging from 8 ft-9 in. x 2 ftd in. to 25 ft-5 in. x 10 ft-2 in. The box culvert consists 

of aluminum structural plates and reinforcing nibs which are W ~ e d  and bolt-hole punched at the plant 

One advantage the CABC has over other culvert types is the corrosion resistance. The aluminum aUoys 

in the structural plates have an excellent resistance to corrosioqdue to a thin oxide layer which forms on the 

metal surface when exposed to air. Many agencies are predicting a service life of more than 50 years for 16 

gauge aluminum culverts when subjected to a normal environment To minimize corrosion in the system, no 

dissimilar metals should be allowed to come in contact with the culvert Although galvanized fasteners are 

acceptable, other metals must be insulated with non-conducti~ecoatings~ 

One of the main advantages of an aluminum culvert system is its lightweight Aluminum structural plate 

weights approximately 2 percent of a similar size reinforced concrete pipe. This lower weight reduces assembly 

and equipment costs and facilitates easier handling of the larger sections. The aluminum st.mctura1 plates are 

usualty light enough to be handled by a single worker, thus reducing labor costs. In addition, it is possible to 

assemble the culvert offsite and place it with smaller lifting equipment This saves the cost of a heavy duty 

crane, and reduces the time the site needs to be closed for construction. AU of these advantages make it 

possible to re-open the road more quickly, which reduces the inconvenience to the public 

3.7.8.2 Lbip Crienia 

AU Contech Aluminum Box Culverts are designed lo meet or exceed an M H T O  HS-20 live loading. 

The actual structural design is performed at the Contech headquarters in Middletown, OH, and utiIizes a finite 

element procedure to calculate the culvert Ioadomrrying capacity. 

The practicing engineer is required to perform the hydraulic design for the proposed culvert location. 

In following section, information on the hydraulic design of a CABC is presented. The footings used by a 

CABC require that the foundation soil be able to support a bearing stress of at least 4000 Iblsq ft. Existing 

foundation materials which are unable to support a load of this magnitude should be replaced before installing 

a CABC 

To retain the culvert's design load carrying capacity, the proper amount of earth cover must be 

maintained above the culven. Contech recommends that the roadway above the structure be designed with 

either a flexible or rigid pavement. The minimum amount of cover must be maintained to prevent high-impact 

loads from being applied to the culvert Particular attention should be paid to the shoulder of the propdsed 

roadway, where a combination of substandard cover and an applied wheel loading a n  damage the culvert 



3.7.8.3. Desigo information 

The actual hydraulic design of a CMP culvert is beyond the scope of this projen There are however, 

a number of sources available which disc)tss the hydrauticdesiga procedure in detail. The reader is particularly 

encouraged to review the AISI Steel Drainage Handbook. The engineer should be aware of several optional 

design features of CABC 

Several types of footings are available for mrmgated aluminum box culverts. A corrugated aluminum 

invert can be supplied for those installations which do not merit a full paved invert The engineers at Contech 

smnglyremmmendthat steps be taken to avoid water intrusion under the invert Intrusion may be prevented 

by installing a toewall on the upstream end of the culvert A mncrete toewall may be cast on-site, or an 

aluminum flat sheet Ioewall is available. Note that most shon-span culverts are goverened by inlet conuoL 

In such cases, the roughness coefficient of the invert does not afiect the hydraulic capacity of the culvert, and 

the mrmgated invert is often the most economical footing available. 

In those locations where a full wrrugated invert is used, it is essential that no backftll material intrude 

through the corrugations at the sidewall-invert interface. A scalloped closure plate is available to minimize the 

amount of this backtill intiltration. If the backrm material contains a si@cant amount of fine silts or sands, 

a layer of geotextile should be installed along the joint as well. 

A pad footing is available for sites where the stream bed consists of nonerodible materiak these are 

generally more economical than a full invert A pad footing should be buried to a minimum depth of 12 in. 

to allow the inside soil to balance the pressure due to backtiUing. It should be noted that the flow area of a 

box culvert includes the area from the crown to the invert or footing pads. If the pads are buried, the 

reduction in hydraulic capacity must be considered. 

CABC's anive at the jobsite ready for assembling. The parts are numbered and lettered for ease of 

erection. No unusual tools are required for assembly; drift pins and an impact wrench with a capacity of 150 

ft-lbs. are considered mandatory. The keys to efficient assembly of the culvert are the use of a pair of drift 

pins to align the holes and proper bolt sequencing. 

Site preparation, excavation, bedding, and backfii operations are essential to develop the maximum 

strength of any flexile culvert The soil around the cuivert must be sound granular material, placed and 

compacted following accepted procedures. The following remarks are specifically directed toward a CABC 

installation, but can be generalized to other types of culverts as wek 

If a full aluminum invert ir used, the trench bottom must be equal to the span of the culvert plus 

sufficient room to allow proper compaction. The bedding directly beneath the culven sidewalls is panicularly 

important This region must receive proper compaction to develop the maximum load canying capacity of the 

culvea When toewaUs are added, whether concrete or aluminum, a crosstrench must be included across the 

full width of the invert 



Installations utilizing aluminum foot pads require the e x ~ a ~ t i o n  of two trenches. These must be of 

sufiitient width to install the pads, and mpst be deep enough to avoid possible scour and frost heave of the 

pads 

The preparation of the pipe bedding is cri'ticdP to both culvert performance and service life. Avoid any 

distortions that may create stress concentrations in the culvert. The bedding material must be free of roc&, 

frozen material, and organic material that might cause unequal settlement Contech recommends that the 

bedding material be a well graded granular material. 

The proper placement and compaction of backfill material is essential to developing the maximum 

strength of the culvert. The same basic restrictions apply to the backfill as to the bedding material. One 

should avoid anything which might create uneven compaction. The backfii material must be placed 

symmetrically on each side of the structure in 6-8 in. lifts. Each lift should be compacted to a minimum of 90 

percent maximum density before applying more backtill material. During the backfilling operation, only small 

tracked vehicles shouid be near the culvert. If larger vehicles must be used, it may be necessary to increase 

the minimum cover depth to cany the temporary loading. 

3.Z8.4. General mt informaubn 

A double 21 ft-2 in. by 8 ft-10 in. x 64 ft Con-Tech Corrugated Aluminum Box Culvert was installed by 

the city of Galesburg, IL in the summer of 1991. The existing timber bridge had to be removed and replaced 

after fire caused major damage to the deck and timber pile abutments. 

The labor on the project was performed by a city maintenance crew, with the exception of the the 

removal and disposal of the existing creosote-mated bridge deck Costs for the project are presented in Table 

3.24. 

3.73. Simu-hmhated T h h r  Brfdge 

3.Z9.1. Background 

The stress-laminated timber (stresslam) system is a relatively new concept for timber bridge construction. 

In this system, sawn lumber laminations are placed vertically and squeezed or clamped together on their wide 

t 

advantages over conventional nail-laminated timber bridge systems. The deck superstructure can be 

prefabricated into panels, which can then be transported to the site and tined into place. As long as the post- 

tensioning force is properly maintained, the stresslam timber deck wili not delaminate over time. In the 

saesslam system, it is not necessary to have individual laminates span the entire length of the bridge. S i  

the load transfer between laminates is entirely by friction at the interface, all laminations do not need to be 

continuous. Butt joints of individual laminates are permitted within certain limitations (usually no more than 

1 butt joint in 4 laminations within any 4 ft segment of deck width). The forces in a dimntinuouslamina at 



Table 3.24. Cormgated aluminum box culvert installation costs. 

a bun joint are transferred to the adjacent lamina through friction, which cany the forces past the butt joint 

(57). This behavior allows the use of shorter lumber and also allows longer spans to be cambered to offset 

dead load deflections. 

The stress-laminated timber bridge system was developed by the Ontario (Canada) Mininstly of 

Transportationand Communication (Ontario M.0.T.C) in the mid-1970s as a method of rehabilitating existing 

nail-laminted bridges (80). Traffic loading had caused timber deck members to separate, reducing the load 

distribution ability of the bridge deck and causing severe deterioration of the asphalt wearing surface. As 

shown in Fig. 3.33, the original technilue used steel prestressing rods placed above and below the existing deck, 

which were then tensioned to compress the deck. The effects of the stress-laminating were dramatic and 

substantiaIly increased the load-carrying capacity of the bridge (81). 

Based on the successful application of this procedure to existing bridges, a method for constructing new 

bridges with a stresslam deck was developed. The system for new consmaionis similar to the original system, 

except that the prestressing rods are placed in transverse holes in the laminates (see Figure 3.34). 

A series of studies have been undertaken by Ontario M.O.T.C, the U.S. Forest Products Laboratory and 

several universities to determine potential problems with the system and to develop a design procedure for the 

stresslam deck system. Only the most significant results of these investigations are briefly presented in this 

manuaL 

3.Z9.2 Design miena 

It was determined from load testing that stresslam bridge decks behave essentiaw like orthotropicplates, 

with different stiffnesses perpendicular and parallel to the laminations (9). This orthotropic plate behavior 

Item and Description 

Labor (city employees) 

Removal of existing 
structure (contractor) 

Materials 

Aluminum box sections 

314' Aggregate (2875 cy.) 

Concrete (62 cy.) 

Miscellaneous materiak - 
Heavy Equipment Rental 

ACC. wearing surface 

TOTAL COST FOR PROJECT 

Item Cost 

$ 24,450 

$ 12,219 

S 4,650 

S 975 

Total Cost 

$ 8,410 

% 8,OOO 

$42294 

$ 4,500 

$ 1,688 

% 64,892 



Lumber laminations 

/"- Stressing rods I 

Continuous steel channel 
Steel plate 

Fig. 3.33. Orginal stresslam bridge deck configuration. 



Lumber laminations 7 
Prestressing rod / 

Steel plates 1 

Fig. 3.34. Stresslam configuration for new construction. 



allows the stresslam deck to distribute wheel loads lateraliy across some finite width of the deck and , ., 1 
longitudinally to the supports. ! 

Loss of prestress in the post-tensioning rods is the most significant problem with the stresslam system. I 
Loss of the prestress force is a function of the ratio of the stiffness of the prestressing rod to the compressive I 

strength of the timber, it is also affected by the sequence of tensioning the rods, the moisture content of the 
I 

wood (which causes shrinking and swelling in the wood), the ambient temperature and also by the relative 1 
humidity (8). Loss of prestress in the debk is primarily the result of creep in the wood, as long as the moisture 

content of the wood is essentially constant (57). The 1983 Ontario Highway Bridge Design Code (OHBDC) I 
I 

reccomends Ulat decks be restressed three times within the first fik to eight weeks after assembly. A total loss 

of 50 percent of the original prestress force can stilt be expected over the life of the deck even a€ter following 1 
the prestressing schedule given above. 

I 

The OHBDC requires that a steel channel bulkhead be placed along the longitudinal edge of the deck 1 
to distribute the stressing force uniformly along the length of the bridge and to provide a bearing surface for I 

the post-tensioning rods. Oiiva and Dimakis (57) determined that a bridge which uses steel bearing plates (16 
I 

in. x 16 in. by 1 in.) for each post-tensioning rod is more economical than the one that uses channels for I 

bearing, is easier to construct, and maintains the desired prestress distribution. 
\ 

Several studies have been made to determine possible ways to maintain the post-tensioning force in the I 

I 
rods. Asystem developed at the University of Connecticut (70) replaced several of the anchor plates with disc 

springs to minimize the loss of prestress force in the rods due to wood creep. In addition, this system allows 

the engineer to conveniently monitor the remainiig force in the rods by measuring the deflection of the 
I 

calibrated springs. I 

Numerous variations of the basic stresslam bridge have been recently developed. West Virginia I 

University has constructed and is monitoring a "Stressed T timber bridge (30), one in which total composite 

. action is developed between the deck and stringers. The USDA Forest Senice is investigating the use of a I 
parallel chord timber truss to increase the longitudinal stiffness of the bridge. 

The design p r d u r e  desmied herein is based on the AASHTO Guide SpeMcations for the Design 

ofStnss-Laminated Wood Decks (1). The design of a stresslam bridge deck is governed by four design 

constraints: I 
limit material stresses to allowable values. 

provide sufficient longitudinalstiffness to limit live load deflections. 

maintain a minimum uniform level of compressive prestress to prevent delamination. 

limit the compressive stress due to the post-tensioning force to acceptable limits. 

3.7.9.3. General mst data I 

Very little cost data are available on the stress-laminated timber bridge. Many of the bridges have been 

consmcted as pan of a national bridge initiation, thus unit prices remain both relatively unknown and rather I 
I 



expensive. This is primarily due to the experimental nature of the constructionand the lack of a competitive 

bid process. 

A 34 h x 24 fi stresslam bridge was constructed in Shelby County, Iowa through the U.S. Forest S e ~ ~ c e  

Timber Bridge Initiative in 1990. Because of the rather unique design and the lack of AASHTO guidelines, 

a consulting firm was hired to provide engineering for the project 

Wheeler Consolidated contracted with Shelby County to provide the design, fabrication and materials 

for the bridge. For ease of handlingand construction,thii project was designed with prefabricated timber deck 

panels. A lump sum fee of $39,403 was charged which included the engineering design,plans, specifications, 

lumber, fabrication, treatment, hardware and shipping. 

Capital Construction provided all construction s e ~ c e s  on the project This included the construction 

of 12 h high timber abutments, the assembly of the stressed timber deck panels and two applications of the 

post-tensioning force. A breakdown of the constructioncosts is presented in Table 3.25. 

The placement of a 2% in. asphalt wearing surface and the thud (and final) application of post-tensioning 

force was performed by Shelby County forces. 

3.7.9.4. h i @  limitations 

Several limitations apply to stress-laminated timber decks designed by this procedure: 

The deck is wnstnrctedof sawn lumber laminations that are placed edgewise between suppons and 

stressed transversely with high strength steel rods. 

Deck width is assumed constant. 

Deck thickness is assumed constant and is not less than 8 in. nominal thickness. 

The deck is a rectangle in plan, or is skewed less than 20 degrees. 

End or intermediate suppons are continuous across the entire &dth of the deck. 

Butt joint. are permitted in the laminations provided no more than one butt joint occurs in any 

four adjacent laminations within a span of 4 ft 

Design loads for this procedure are based on AASHTO loading requirements and are limited to 

AASHTO Load Group I and IB, where design is essentiaw controlled by a combination of structure dead load 

and vehicle live load. 

This design procedure is valid for sawn lumber laminations of the following species: Douglas Fir-Larch, 

Hem-Fir (North), Red Pine, Eastern White Pine, and Southern Pie .  Design values for other species are 

currently being developed. AU wood wmpanents are assumed to be pressure treated with an 02-type 

presenative prior to fabrication. To account for the load-sharing characteristics of the stresslam 



Table 3.25. Construction msts for stresslam limber bridge. 



system, allowable bendingstresses have been increased by 30 percent for lumber graded Select Suuctura1,and 

by 50 percent for lumber graded No. 1 or No. 2 

Prestressing elements are high strength steel rods which meet ASIU A722 The rods are placed through 

the laminations and are attached to anchorages with high strength nuts. 

3.7.95. h i m  procedure 

The design procedure discussed in this section has been automated by the use a spreadsheet In the 

procedure which follows, the appropriate input values are indicated by a capital letter enclosed in parentheses. 

The letters shown correspond to the spreadsheet shown in Figure 335. 

L Defh the gwmctrJc rcqukmala and the dgind dtsign bada Determine the required bridge 

span, L (Input A), and bridge width, W (input B) which is the required roadway width plus curbs 

and railing, and the applicable design live loading to be applied (Input C). In many cases, a design 

live loading will be equivalent to an AASHTO HS-20 loading, depending on any local loading 

conditions which may exist An asphalt wearing surface can be applied to the proposed bridge. 

The decision to use a wearing surface (Input D), and the thickness of this wearing surface (Input 

E), must be determined by the user. 

2 Sekn the spedes and grade of material to ba used fir the hminac and compute the d h a b l e  

dtalgn material properties. As noted earlier, the AASHTO guide specifications are applicable for 

Douglas Fir-Larch, Hem-Fir (North), Red P i e ,  Eastern White Pine, and Southern Pine. Although 

properties are available for other grades, primarily No. 1 grade is used. Material properties for the 

desired species can be found in Table 13.21A of the AASHTO Standards (2), and should be 

modified by the appropriate moisture content factors. Because of the load sharing capability of 

the stresslam system, the allowable flexural tiber stress can be increased by a factor of 1.30 for 

selecl structural grade and by a factor of 1.50 for No. 1 and No. 2 grade lumber (see Art 13.2.7 

of the Guide Specifications). The user should determine the species, grade, moisture conditions, 

and surface conditionsof the proposed laminae (Inpula F, G, H, and I m e l y ) .  Based upon 

the species and grade selected, the spreadsheet computes the allowable stresses. 

3. Estimate a deck t l k k n ~  and determine the wheel bad di3tributbnwidU~ For design purposes, 

a preliminary estimate of the deck thickness, b, can be made from the following: 

span less than 10 ft 10 in. 

span of 10 to 20 ft 12 in. 

span of 20 to 30 ft 14 in. 

span more than 30 ft 16 in. 



Design of Stress-Laminated 
Timber Deck Bridges 

lnput deck geometric requirements: 

lnput bridge length, L = 
lnput bridge width, W = 

Select design live loading: 

1) HS 20-44 
2) HS 15-44 
3) H20-44 
4) H15-44 

Please enter number of your choice: Ic 

Select type and thickness of wearing surface: 

1) No wearing surface 
2) Ashpalt wearing surface 

Please enter number of your choice: 1 2 1  D 

Thickness of a/c wearing surface (if any): 1 3 . 0 0 1  in. E 

Select species and grade of material to be used for laminae: 

1) Douglas fir-larch 
2) Hem-fir (north) 
3) Red pine 
4) Eastern white pine 
5) Southern pine 

Please enter number of your choice: 

,,. - - 1 
Fig. 3.35. Stresslam timber deck spreadsheet, input parameters, and I 

exomple problem. 



Select species and grade of material for laminae (cont.): 

6) Select structural 
7) Grade # I  
8) Grade #2 

Please enter number of your choice: f.z3lG 
9) All thicknesses surfaced dry or green and used at 19% maw. M.C. 
10) Nominal 4' or less in thickness, used at greater than 19% max. M.C. 
11) Nominal 4' or less thickness, used at 15% or less maw. M.C. 
12) Nominal 5' or thicker, used where M.C. exceeds 19% 

Please enter number of your choice: 1" 

13) Surfaced wood laminates 
14) Rough sawn wood laminates 

Please enter number of your choice: 1r-'-Tq 1 

Moisture content factor for Fb = 
Moisture content factor for Fcp = 
Moisture content factor for E = 
Load sharing factor = 

Allowable Bending stress, Fb' = 
Modulus of Elasticity = 
Perp. compression stress, Fcp'= 

Estimated deck thickness and computed wheel load distribution width: 

Initial est. of deck thickness, td = * I 1 6 1  in. (based on span length) 

Number of continuous adjacent laminae in 4' length = 
Bun joint adjustment factor, cbj = 0.8 

DJ 

Wheel load distribution width = 

i . Fig. 3.35. Continued.  



Computed design live load and dead load moments: 

Dead load of timber deck = 
Dead load of cub, railing, etC.= 
Dead load of wearing surface = 
Total design dead load = 

43,333 lbs 
4,625 lbs 

22.500 lbs 
70,458 Ibs 

Design dead load moment = 220.18 ft-kips 
Maximum design live load moment = - 103.68 ft-kips 
Total design moment (DL + LL) = 323.86 ft-kips 

Computed required deck thickness based on allowable flexural fiber stress: 

Effective section modulus, S = 1774.93 in. "3 

Flexural bending stress, Fb = 2.19 k.s.i. 

Allowable Bending stress, Fb' = 2.625 k.s.1. 

Check: Fb < Fb' ? Deck is sufficient in flexure. 

Computed check of live load deflection: 

Effective deck moment of inertia, I = 16329.39 in. -4  

Live load deflection, DELTAL = 0.38 in. 

Allowable live load deflection = U500 = 0.6 in, 

Check DELTAL < allowable deflection ? Deck is sufficient for deflection. 

Computed dead load deflection and camber: 

Dead load applied to deflecbon: 65,833 ibs 

Long term DL deflection, DELTA0 = 0.9t in. 

Proposed design camber = 2.72 in. 

Fig. 3.35. Continued. 



Computed required level of prestress forcet 

Case A - Transverse bending: 

Transverse bending moment, Mt = 708.77 in.-lbslin. 

Minimum prestress force, p = 16.61 p.s.i. 

Case B -Transverse shear: 

Transverse shear force, Vt = 158.08 IWn. 

Coefficient of friction, mu = 0.45 

Minimum prestress force, p = 32.93 p.s.i. 

Case B controls - minimum interlaminar prestress force = 32.93 p.s.i. 

Check: Minimum prestress force must be >= to: 40.00 p.s.i. 

lntial prestress force applied at construction = 100.00 p.s.i. 

Select sue and spacing for prestressing elements: 

Input trial value for tendon spacing: []in. K 

Area of steel must be > = 0.76 inA2 

Area of steel must be <= 1.28 inA2 

1) 5/8', 150 ksi tendon 
2) l', 150 ksi tendon 
3) 1 1/4', 150 ksi tendon 

Please enter number of your choice: nL 
'Area of steel rod, As = 0.85 h A 2  Rod size i s  OK 

Force in prestressing tendon, Fps = 80,000 ib/in. "2 

Fig. 3.35. Continued. 



Computed sue of bearing plates 

Input yield strenth of steel plates: 1-j lbfin."2 M 

Required area of plate, Aplr = 207.8 in.+'2 

Input trial dimensions of bearing plate: t 

Longitudinal length. Lp = 116.001 in. N 

Transverse width, Wp = 1-1 in. 0 

Check: 1.0 < LplWp < 2.0 ? Ratio of LpMp OK 

Area of bearing plate, Apl = 224.00 in. "2 

Check: Apl > Aplr ? Bearina plate has sufficient area 

Bearing stress in timber due to plate = 357.14 Ibhn. "2 

Typical dimensions for anchorage plate (varies with manufacturer): 

Longitudinal length of anchor plate, La = 6.50 in. 

Transverse width of anchor plate, Wa = 4.00 in. 

Thickness of anchor plate, ta = 1.25 in. 

k based on relative plate widths, k l  = 5.00 

k based on relative plate lengths, k2 = 4.75 

Value of k for use in plate bending equation = 5 

Minimum thickness of bearing plate, tp = 1.16 in. 

Check bearing stress at abutments: 

Input width of abutments, wabut = 1-'-'TZ] in. P 

Reaction due to dead load, RDL = 4,514 lbs 

Reaction due to iive load, RLL = 23,040 lbs 

Bearing stress at abutments, fcabut = 55.20 lbhn "2 Bearina stress is OK 

Fig. 3.35. Continued.  



Length, L = 25.00 ft 

Width, W = 26.00 ft 

Design live loading: AASHTO HS20 

Lumber species: Douglas fir-larch 

Lumber grade: Grade #I 

Maximum moisture content: 19% maximum 

Lumber condition: Rough sawn laminates 

Thickness of deck, td = 16.00 in. 

Stressing system: 1 in. dia., 150 ksi 

Spacing = 50.00 in. 

Rod anchorage system: 

Yield strength of steel = 36.00 k.s.i. 

Bearing plate (inches): 16.00 x 14.00 x 1.16 

Anchorage plate (inches): 6.50 x 4.00 x 1.25 

Stresses and deflections: 

Bending stress, fb = 

Allowable bending stress, Fb' = 2.63 k.s.i. 

Live load deflection, deltaL = 0.38 in. 

Allowable LL deflection, U500 = 0.60 in. 

Dead load deflection, deltaD = 0.91 in. 

Design camber = 2.72 in. 

Fig. 3.35. Continued 



Sum marv of Design Values, cont. 

I t Tensioning system: 
I I 

Minimum prestress force, p = 40.00 p.s.i. 

Force @ construction, pi = 100.00 p.s.i. 

Force in stressing tendon, Fps = 80,000 Ibs 

Bearing stress @ anchorage = 357 p.s.i. 

Bearing stress at abutment = 55 p.s.i. 

Allowable bearing stress, Fcp' = 385 p.s.i. 

Fig. 3.35. Continiled. 



The spreadsheet automatically computes this initial deck thickness based on these values. This 

initial thickness estimate may be reviwd if the ensuing calculations show a deck which is 

significantly overdesigned. The spreadsheet deck thickness can be changed by over-writing the cell 

which contains the automatically computed value (Inpa! *). 
The wheel load distniutionwidth, D, is taken as: 

where the tire contact width is determined from An 3.30 of the AASIlTO Specifications (2). The 

butt joint adjustment factor, aj, is determined from Art 3.255.4 of the Guide Specifications (1) as: 

where j is the minimum number of continuous laminae in any four foot longitudinal length (Input 

9. 

4. Compute the d&gn 2lvc and dead bad moments. The dead load of the deck is based on the 

assumed thickness, along with any additional dead load from a wearing surface (if employed), 

guardrail curbs, and other lixtures. The total dead load moment should be calculated for a width 

of the deck equal to the wheel width plus hvice the deck thiclmw. 

The maximum live load moment due to a wheel line should be calculated. A table has been 

developed which gives the maximum live load moment for various span lengths and design loadings. 

For AASHTO live load moments, see Appendix A of the AASHTO Standard Specifications (2); 

for Iowa legal truck live load moments, see Appendix B of this manual. 

5. Determine the qW declr thkknesi based on aUowabk f k m d  s t m a  under combined dead and 

live bada The dead load and live load moment diagrams should be combined to determine the 

maximum total bending moment, M, In the case of a simple span bridge, the maximum moment 

is assumed to be the sum of the maximum dead load moment, M D ~  and maximum live load 

moment, Mu. (since MDL and MU. o m r  at different locations). 

In the case of a simple span bridge, the dead load moment at any position along the span is given 

where w D ~  is the uniform dead load over the wheel load distribution width, x is the position along 

the span, and L is the total span length. The maximum live load moment, MU, occurs when the 

center of gravity of the design wheel loads and the nearest heavy wheel load are positioned 



equidistant from the centerline of the span. An expression for the maximum live load moment and , ., 
shear for an HS-20 loading has been developed and is presented in Table 3.26. The spreadsheet 1 

automatically calculates the design dead and live load moments based upon the span length, design I 
vehicle and any wearing surface, elc. whicfi has been included. I 

An idealized portion of the deck, with width equal to D,, and thickness b, shall be assumed 

to resist the total maximum moment The flexural stress, f,,, is given by: J 

where the effective section modulus, S, is given by: 

If the calculated flexural stress exceeds the allowable value computed in design Step 2), either 

the deck thickness, b, must be increased (see design Step 7)), or a higher grade of lumber (one i 
which has better material properties) must be used. If f ,  is signilicantly less than the allowable 

stress value, a thinner deck or a lower-grade material may be more economicaL In any case, i I 

changes should not be made until the live load deflection is checked. 

6. CIK& the Hvc bsd clefkdm Live load deflection, A m  is computed by standard elastic anabis 

methods for one wheel line of the design vehicle. The deflection is due to this wheel Line applied 

over a width equal to Dv and modified by a factor of 1.15 (See Appendix A, Ref: 1. The live load 
I 

deflection is given by: I 

where E' is the modulus of elasticity of the laminae, corrected for moisture content The 
I 

deflection coefficient can be found in Table 16-8, Ret 66, and the effective deck moment of inertia, 

I, is given by: I 



185 

Table 3.26. Maximum moments and shean for HS-20 loading. 

An abbreviated version of the deflection coefficient table is given in Table 3.27. To obtain 

the live load deflection for one wheel line in inches, divide the deflection coeflicient by EI (lb- 

in3 The live load deflection should be compared to the A A S ~ O  allowable value of U500. 

The spreadsheet automatically computes this deflection and compares it to the allowable 

value. 

Span Length, (fi) - 
0 - 14 

14 - 28 

28-127.5 

>I275 

7. REvfse Wcknea E m .  If the flexural stress and/or live load deflection computed in 

steps 5) and 6) are significantly different from the allowable values, a new thickness should 

be assumed and the calculations for dead load, distributionwidth, flexural stress, and live load 

deflection repeated until acceptable values are attained. Note, any assumed thickness values 

should be taken as multiples of the common lumber dimension (7% in., 8 in., 9% in., 10 in., 

etr). 

Spreadsheet users need to enter a larger deck thickness value (Input *) and the 

remaining calculatioas will be performed automatically. 

Shear, (kips) 

32 

64 - 448L 

72- 67UL 

032L + 26 

8. Cakahte dcad had de&alon and camber. The dead load deflection of the deck is calculated 

assuming the dead load weight from a width of the deck equal to the wheel width plus twice the 

deck thickness is resisted by a width of the deck equal to the distribution width, D,. The dead load 

deflection, ADL, can be cofnputed as: 



Table 3.27. Deflection coefficients for HS-20 live loading. 

As mentioned earlier, one of the benefits of including butt joints in the design of the 
I 

stresslam bridge is that camber can be built-in to oBet the effea of dead load deflection. If -- i 



camber is to be used, Ritter (66) has recommended the design camber should be 3A0, This 

calculation also is performed automaticayl by the spreadsheet 

9. Dctcrmb the nqaind -1 of prestnsa to be used in bmbttng In the Guide Specifications 

(I), the required prestress force to be used in laminating is given in Article 13.11.1. This force 

is the uniform force between the laminates, not the force in the individual post-tensioning 

tendons. 

Two conditions must be satisfied by the post-tensioningsystem. First, sufficient prestress 

force must be applied to offset the effect of transverse bendingsnesses. The amount of force, 

p (in psi), required to satisfy this first condition is: 

where the transverse bending moment in in.-lbslin., MT, is given by: 

for one lane bridges: 

for two lane bridges with L c 50 ft 

and where M, = the longitudinal moment caused by a single wheel line in in.-lbs. and b = half 

of the bridge deck width in inches. 

The second condition which must be satisfied is that sufficient prestress force must be 

applied to resist any interlaminar slippage due to transverse shear. The required prestress 

force, p, in psi, shall be computed as: 

where p is the coefficient of interlaminar fiction and is equal to 0.35 for surfaced wood and 

0.45 for rough sawn wood. The transverse shear, VT, in lbs/ii., shall be taken as: 

where P is the maximum single wheel load in lbs. 



The initial prestress applied to the deck must compensate for prestress losses due to creep 
,,- ., 

and relaxation. The initial minimum compressive force, p,, shaU be equal to 25p. The deck 1 
shaU be prestressed to the same level during the second week and again between the Nth and 1 
eighth week after the initial stressing. The spreadsheet automatically perfom these I 

calculations. 1 

10. S O W  a spadug for the presnessfng elements. The spacing of the prestressing elements should 

be based on the span length and the maximum allowable spacing of 60 in. (see Article 13.11.22, 

AASfiTO (2)). Table 3.28 can be used to determink an approximate post-tensioning tendon 
I 

spacing (Input 9. I 

I 

Table 3.28. Approximate spacing for prestressing rods. 

It Size the pmtnssing elcmcnts. The type of prestressing system to be used must be seleaed by 

the engineer. The most common means of prestressing utilizes high strength threaded steel 1 I 

rods. 

Each elemen6 spaced as determined in Step 10, must be able to provide the initial 1 
prestressing force for an area determined by the deck thickness times the element spacing. The 

compressive force in the rod is then calculated as the area (thickness x spacing) multiplied by 

the initial prestressing force. The minimum area of the prestressing element must satisfy the 

following equation (Eqn. 13-26 and 13-27, AASHTG (E)): 

I 
I 



The limitation on total steel area is to control the loss of prestress due to creep in the timber. 

The engineer should select a prestressing element with a cross-sectional area that meels the 

above requirements (Input L). 

12 Size the bearing plated. The compressive force camed by each prestressing element must be 

resisted by the timber immediately under the bearing plate. The required area for the bearing 

plate is determined by the following equation (Eqn 13-28, AASHTO (1)): 

The engineer must provide the yield strength of the bearing plates (Input M) and should select 

a bearing plale with the required area and the proper ratio of length to width as shown below 

(Input N, 0). Once a plate has been selected based on area, calculate the actual bearing stress. 

The bearing stress is calculated as: 

The minimum bearing plate thickness should be computed from the following (Eqn. 13-29, 

AASHTO (1)): 

The factor k depends on the shape of the bearing plate and anchorage plate (if used) and is the 

greater of: 

and where W,, L, are bearing plate dimensions in inches, W, LA are anchorage plate 

dimensions in inches (if used). Figure 3.36 shows the dimensions required to determine the k 

factor. Once the area of the plates has been entered, the spreadsheet performs the remaining 

calculations. 



Fig. 3.36. Dimensions required to determine k factor. 1 

I 



l3. Checl; bearing stFesa at abutment. The compressive stress on the abutment should be checked 

against the allowable compressive stress perpendicular to the grain, F,,. For this type of bridge, 

a timber abutment cap beam over piles (either steel or timber) is normally used. The design of 

the piles is left to the designer. Assume a 12 in. wide capbeam unless a more exact value is 

known. 

The dead load reaction at the abutment, Rtx, is computed as one half of the total dead 

load on the structure from the deck, the wearing sutface (if any), and any curbs, rails or 

hardware which is used. 

The live load reaetion to the abutment, Ru can be found in Appendix A, AASHTO (2) 

for the appropriate span length. 

3.7.9.6 Example 

For illustration, an example stresslam bridge will be designed. The spreadsheet input and output for 

this example is shown in Fig. 335. The following criteria will apply to the example bridge: 

Length = 25 A w of bearings 

Roadway width = 24 ft 

Bridge width = 24 h roadway + 2 ft allowance for curb and/or raiI = 26 ft  

Existing abutments - bearing length = 24 in. 

l. Dcrtat~trk:rcqninrnentsnnddasfgnbadn SetL=25ft(A),W=26ft(B) 

Use HS-20 live loading (C): 

From Table 168, Ref. 47: 

Maximum LL moment = 103.68 ft-k 

Maximum LL reaction = 23.04 k 

LL deflection coefficient = 1.11 x 1OX0 

Use 3 in. asphalt overlay for wearing surface @ and E): 
Calculate DL of wearing surface: 

DL,, = (37 ft)(26 ft)(3/12)(150 lb/ft3) = 34,425 1bS. 

2 S e W  ape& and grade of timber to rise. For this example, choose Grade #I DougIas fir-larch 

(F, 4 H and I): 

From the 1989 AASHTO specitications (2), Table 1321A: 

F, = 1750 psi 

F, = 385 psi 

E = 1,8M),WO psi 



Apply modification factors to material properties: 

F b f  = F b  % GLS 
Fa' = Fa CM, 
E 1 = E C ,  

The moisture content factor, CM can be found in Table 5.7, Ref. (66). Each of the three design 

properties can have a different value for G, SO caution is advised. 

The load sharing factor, G, is determined by the grade of lumber used and can be found in 

Set. 13.27, AASHTO (1). 

For this example: 

C, = 150 Gb = 1.00 

c,, = 1.00 CM, = 1-00 

The revised design properties for this example: 

F,' = (1750)(1.00)~.50) = 2625 psi 

Fa' = (385)(1.00) = 385 psi 

E' = (1,800,000)(1.00) = 1,800,OM) psi 

3. Btimate deck thiclrness and determine wheel bad distributkmwidth. 

Span = 25 h thus estimated b = 14.M) in. 

Wheel load distribution width: 

D = %(wheel width + 2 b) 

Article 330, AASHTO spe&cations: 

Tire contact area = 0.01 P 
For HS-20 design load, P = 16,000 lbs. 

So tire contact area = (0.01)(16,000) = 160 in? 

length in direction of traffic - 1 --  
width of tire 2.5 

Length = 0.4 width, so 0.40 w2 = 160 in.2 

For this example, w = 20.00 in. 

If butt joints are positioned every 4th laminae 0, 



The wheel load distribution width, D, is: 

Dw = (0.80)(20.00 in. + 2(14.00 in.)) = 38.40 in. 

4 Compute desfgn dead and fivc bad momenla 

Dead load of timber deck = (25 ft)(26 ft)(14/12)(50 ib/ft3) 

= 37,917 lbs. 

Dead load of curb, railing, etc. = (25 ft)(l85 lblft) 

= 4625 lbs. 

Dead load of wearing surface = 22,500 lbs. 

Total dead load = 65,042 ibs 

Distributed dead load, w~~ = 65*042 = 2602 
2 5 ~  

Design DL moment, 

Design live load moment, MLL = 103.68 ft-k 

Total design moment = 203.3 + 103.68 = 305.98 ft-k 

5. Compute flaaral streso and mmpam to albwabk 

Effective section modulus, S: 

Actual flexural stress in deck, f,: 

Check: 2.94 h i  > 2.625 hi :. NO GOOD --> recycle. 

Note: don't recycle until after checking LL deflection 

6, . Chect fhrC load defledon. 

I = 1.15 x I used for stress calculation 

(see Article 3.25.5.3, AASHTO (2)) 

I = 
1.15 D t3 - - (1.1 5)(38.40 in.)(14)3 in. _ 0,098 in? 

12 12 



Defictioncwf. - Am = - 1.11 ~ 1 0 ' ~  = 0.61 ino 
E'I (1.800.000 Ib/in.2)(10,098 in?) 

Compare to allowable deflection = U5M) = 0.60 in. 

Check 0.61 in. s 0.60 in. :. NO GOOD -> recycle. 

7. Rcvist thidmcpl if n#rjsary. Try a deck thickness of 16 in. (Input *), For brevity, the 

calculations will be omitted for the 2nd cycle of calculations. 

For a deck thickness of 16 in.: 

D, = 41.60 in. 

Dead load of timber deck = 43,333 lbs. 

Total design dead load = 70,458 lbs. 

Total design moment (DL + LL) = 323.86 €t-k 

Effective section modulus, S = 1774 in3 

Flexural bending stress, Fb = 219 ksi 

Check 219 ksi < 2625 ksi :. OK for flexure 

Check live load deflection: 

I = 16,329 in' 

Live load deflection = 038 in. 

Check 038 in. < 0.50'in. .:. OK for live load deflection. 

DL& + ~~~ - - 43,333 + 22,500 =.2,g.4 Win. 
wDL= Length, in. (m(12)  

5wDL~' - - (5)(219.q(B)(12)? *DL = = 0.1 9 in. 
384 E' 1 (384)(1,800,000)(14,199) 

Camber should be set to 311, = 3(0.91) = 272 in. 

9. Dctclmhc nqatna bl of prtstIwa foroe. 

Case A - transverse bending' 



Case B - transverse shear: 

For an HS-20 load, P = 16,000 Ibs., so: 

P v,= - 13 12 16000(1~.4-()  = 158.10 Win. (10.4--) = - 
loo0 L 1000 (25x1 2) 

Note: AASHTO requires that p must be 2 40 Ib/in.', so set p = 40 lblin.' 

The initial prestressing force, pi = 2.5 p = 100.0 Iblin? 

la Seka 8 i z  and spscing of prejtreshg elemenla 

Two conditions must be satisfied: 

Try a spacing of 50 in. (K): 

PI A' 'd -= 100)(50)(16) = 0.76 in2 
A' ' 0.7wp (O.!O)(i 50,000 psi) 

A, i 0.0016 s id = (0.0016)(50)(16) = 1.28 in? 

Check s i 60 in. :. OK (see An 13.11.2.2, AASHTO (1)) 

11. Slze the presrressing ekmenti For this example, use 1 in. diameter, 150 ksi rods (L). 

The force in the prestressing rods is computed as: 

F, = pi s td = (1 001b/in.2)(50 in.)(16 in.) = 80,000 Zbs 



12 She bearing and mdunagc plate. The required area for the bearing plate is calculated as: 

Assume A36 steel (M) 

Try L, = 16 in., W, = 14 in (N and 0) .APL = (16)(14) = 224 in.' 

Check (advisory): 
L 16 1.0s-A=-=1.14~2.0 :. OK 
Wp 14 

Actual bearing stress is calculated as: 

Anchorage plate design: 

Exact size depends on manufacturer. 

Typical values (from Table 96, Ref. 66): 

For 1 in. dia. rod: WA = 4 in., LA = 6.5 in., tA = 1.25 in. 

Calculation of bending stress in bearing plate: 

Use k = 5. 

The thickness of the bearing plate must be great enough to prevent bending in the plate. 

F, = 055 F, 

For A36 steel, F, = 19,800 psi 



use I&, = 1.25 in. 

13. CXI& bearing stress at abutments. Assume a timber cap beam width of 12 in. for this example. 

Reaction due to dead load, ROL: 

RLL = 23.04 k. (from Table 16.8, Ref. 66). 

Check 55.2 lb/h~.~ < F', = 385 lb/in.Z :. OK 

~ 0 f ~ V a l a e s :  

Length = 25 ft, Width = 26 fi 

Design loading: AASHTO HS-20,2 lanes wide. 

Lumber: Grade No. 1, Douglas fir-larch 

Deck thickness = 16 in. 

Stressing system: 1 in. dia. 150 grade rods at 50 in. centers 

End rods 25 in. from end of bridge 

Rod Anchorage system: Use 16 in. x 14 in. x 1.25 in. bearing plate 

Use 4 in. x 6.5 in. x 1.25 in. anchor plate 

Both plates of A36 steel 

Stresses and deflections: 

f, = 2.19 ksi 

F,' = 2625 ksi 

Au. = 038 in. 

ADL = 0.91 in. 

Camber = 272 in. 

P = 40 psi 



Pi = 100 psi 

F, = 80,000 lbs 

f, at anchorage = 357 psi 

f, at bearing = 55 psi 

F,' = 385 psi 

3.7.10. Qh-Iamiuated Timber Beam Bddgc 

3.ZlO.l. Background 

In the past few years, a number of new wood products, such as structural composite lumber, have 

been developed. Although there are several different t e c m u e s  for manufacturing large members from 

small timber laminates, this repoet will concentrate only on glue-laminated (glulam) timber beam and 

timber deck construction. The are two reasons for this limitation. First, glulam beams have been in use 

since the mid-1940's and the design methodology for this type of member is recognized by AASHTO. 

Secondly, systems such as laminated veneer lumber (LVL), whiie showing much potential for future use, 

have not been used in actual bridge construction. No formal specifications have been developed for LVL 

beam bridges at this time. Additional information on the use of LVL for bridges can be found in (Refs. 5, 

77,78,98). 

Glue-laminated panel bridge decks, which were developed a0 the USDA Forest Products Laboratory 

in the 1970fs, are the most common type of timber deck in use today. The panels are normally 5 to 8 in. 

thick and 3 to 5 ft wide. Glulam decks are much stiffer and stronger than wnventionalnail-laminated 

decks because of the rigid bond between laminations. 

Glue-laminated (glulam) timber beam bridges (see Fig. 3.37) are constructed essentially the same as 

an ordinary sawn lumber beam bridge with the exception of the beams themselves. Glulam beams are 

manufactured from 1-lf2 or 1-318 in. thick timber lamintes which are bonded together on their wide faces 

with waterproof structural adhesives. They are available in a number of standard widths from 3 to 14 114 

in., while the depth of a glulam beam is limited only by the size of the pressure treating facility and 

transportation problems. Although glulam timber beams can be fabricated in essentially any shape, the 

most economical shape is a standard size beam which is available from a number of fabricators (66). 

Glulam timber beams offer several advantages over ordinary sawn lumber beams. Because the depth 

of glulam beams are greater, a given bridge will require fewer beams. ALso the glulam beams are able to 

span greater distances than sawn lumber beams. Glulam beams are able to span more than 140 ft, but are 

more commonly used for span lengths of 20 to 100 ti. 

Glulam timber bridge beams are fabricated with horizontally laminated bending wmbinations given 

in Table 1 of AITC 117 - Design (4). These wmbinations provide the most efficient beam section where 

primary loading is applied perpendicular to the wide face of the laminations (66). 



Equally spaced glulam beams 

Fig. 3.37. Typical section of glulam timber beam bridge. 



3.ZlO.Z Design cri'reri? 

The design material presented in this section is based on the AASHTO StandardSpcifiatiom for ! 

W@way Bn'dges (2). Much of the material presented in this section is based on work presented by Ritter 

(66). 
I 

The glulam timber beam and glulam timber deck design procedures described in this manual are 1 
applicable only to AASHTO Group I loads. In this case, it is assumed that the design will be controlled by 1 
a combination of dead load and standard AASHTO truck loads. Dead load is assumed to include the I 

weight of the timber itself, plus a 3 in. asphalt wearing surface and any guardrails or other attachments. I 
Material properties for various sawn lumber specie. are taken from the 1986 edition of the National 

Forest Products Association's Desigo Values for Wood Consrruction (51). Although this particular I 
discussion applies only to Southern Pine and Dough Fir, the basic design principles could be applied to a 

number of species. Combinationsymbols for glulam timber are taken from AITC 117 - Design (4). I 

Timber components used in this procedure are assumed to be pressure treated with an oil-borne 
I 

preservative. i 
The AASHTO s@~cations do not specify live load deflection limitations for either glulam beam or 1 

deck design. Deflection guidelines which follow are based on common design practice and experience. 
I 

Perhaps the most influential factor in the economic design of a glulam timber beam bridge is the I 
beam configuration. The number and spacing of beams affects the size and strength requirements for the 

beam and deck elements which in turn significantly influence the mst of materials, Fabrication and 1 
I 

construction. Three primary factors influence the beam configuration in glulam bridges: site restrictions, 

deck thickness, and live load distribution to the beams. Each of these factors will be discussed briefly in I 
I 

the following paragraphs. 

Site restrictions. The most efficient beam is a deep, relatively narrow section. In some cases, 

however, this cross-section may be impractical due to overhead clearance limitations. In such cases, I 
shallower beam are employed which in turn requires the number of beams to be increased for the desired 

load capacity. These shallow beam are generally arranged in several closely spaced groups. In most ass, 

though, a deck-type structure (See Secs. 3.79 and 3.7.11) would be more economical for sites with clearance 

I 
I 

problems. I 
peck thickness. As beam spacing increases, deck flexural stresses and deflections increase, requiring 

either a thicker deck, or one with a greater flexural stifhess. Glulam decks are available in standard 1 
I 
I 

member dimensions that increase in 1% or 2 in. increments. 

Live load distniution. The magnitude of the vehicle live load supported by each beam is directly 1 
proportional to the distribution Factor @F) for that beam. The DF provides an indication of the relative 

beam size and grade requirements for different configurations. I 
The ability of a bridge to distribute loads laterally depends on the transverse stjffness of the structure I 

-. - 
and the number, size and spacing of beams. Although load distribution is influenced by the type and 

1 



spacing of beam bracing or diaphragms, these factors are not considered in the load distribution factor 

because of their minimal effect 

The AASHTO specif~cations provide an empirical method for determining the lateral distribution of 

wheel loads. The fractional portion of the total vehicle load dislributed to each beam is computed as a 

distribution factor, DF, expressed in wheel lines per beam. The design force, moment, shear or reaction, is 

computed by multiplying the maximum design force for one wheel line of the design vehicle by the 

appropriate distribution factors. Tables of maximum vehicle live load moments can be found in Appendix 

AASHTO (2). 

Distribution for moment AASHTO specifications assume that wheel loads act as point loads for the 

computation of bending moments. The lateral distribution factor b determined based on the position of 

the beam relative to the roadway. Although different criteria are used for interior and exterior beams, 

exterior beams should not be designed for moments smaller than those used in the design of interior 

beams. 

The distribution factor for moment in exterior beams is determined by assuming the deck acts as a 

simple span between beams and then computing the reaction of the wheel lines on the exterior beam. 

Wheel lines in the outside lane are positioned laterally to produce the maximum reaction on the beam, 

however, the wheel fine cannot be placed closer than 2 fi fmm the curb. The disuibution factor for 

moment in interior beams is computed from empirical formulas which relate deck thickness, beam spacing 

and the number of traffic lanes. 

Table 3.29 presents the AASHTO distribution factors based on beam spacing, S, and the number of 

design traffic lanes. Note that for a one lane bridge with S > 6 ft and for a multi-lane bridge with S > 7.5 

ft, the distribution factor for moment should be taken as the reaction of the wheel lines, assuming the deck 

to act as a simple span between longitudinal beams. 

Table 3.29. AASHTO live load distribution factors. 

Distribution for shear. AASHTO specitications require that horizontaf shear in glulam beams be 

based on the maximum vertical shear which occurs at a distance 3 times the beam depth, 34 from the 

support or at the quarter point of the span, U4, whichever is less. Lateral shear distributionat this point is 

computed as one half the sum of M) percent of the shear from the undistributed wheel lines and the shear 

Nominal deck 
thickness 

(in.) 

4 

2 6 

DF for moment (wheel linesheam) 

One lane 

st45 

St6.0 

Two or more lanes 

s14.0 

S15.0 



from the wheel lines distributed laterally for moment. For undistriiuted wheel lines, one wheel line is 

assumed to be carried by one beam. The live load shear can be expressed as: 

where: 

VU. = distributed live load vertical shear used to compute horizontal shear (Ib). 

V, = maximum vertical shear from an undistributed wheel line (Ib). 

V, = maximum vertical shear from the vehicle wheel lines distriiuted laterally as specified for 

moment (Ib). 

Distribution for reactions. The live load distribution for reactions is computed assuming there is no 

transverse dismbutionof wheel loads to adjacent beams. The distriiution factor, DF, for both interior and 

exterior beams is computed as the reaction of the wheel lines at the beam, again assuming the deck acts as 

a simple span between longitudinal beams. 

Exclusive of site restrictions, beam configurations should be based on economic and performance 

considerations for both the beam and deck components. These considerationswill vary depending on 

material prices, availability, and transportation and construction costs. Table 330 provides a general 

guideline for the number and spacing of glulam beams. 

Several modi6cation factors have been developed to account for the behavior of different timber 

species for environmental and loading conditions. Note that the equations developed in this section do not 

include the duration of load factor, or the modification factors for temperature effect, C, and fire- 

retardant treatment, CR. 

To reduced fabrication costs, glulam beams should be developed using standard dimensions. Table 

3.31 is provided for determining standard size glulam beams. 

Table 3.30. Guidelines for number and spacing of glulam beams. 

Roadway 
Width (ft) 

24 

26 

28 

34 

Number of 
beams 

5  

5 

5 

6 

Moment 
DF 

1.00 

1.10 

1.20 

1.20 

Beam 
spacing (fi) 

5.0 

5 3  

6.0 

6.0 

Deck 
overhang (ft) 

2 0  

2 0  

2 0  

20 
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Table 3.31. Standard glulam beam dimensions. 

Nominal width 

3.Z10.3. Design Procedure 

The design procedure described in this section is for a glue laminated timber beam bridge. There 

are several types of bridge decks which are available commercially, thus no provision for deck design is 

provided. Spreadsheet input parameters refer to the spreadsheet in Fig. 333. 

L D e b  basic mn5gnrationand design aitnia Several dimensions must be determined: 

Span length, L, from c-toc of bearing (Input A). 

Roadway width, W, from inside of curbs (Input B). 

Note: in this spreadsheet, the additionalwidth of curbs and/or railing, etc., has been 

ignored. 

Number of traffic lanes. 

a Number and spacing of beams (computed automatically by the spreadsheet based on 

roadway width). 

Deck and railing/curb configuration. 

* Design live load vehicle (Input C). 

2 S e u  beam mmbinatbnsymbol and spedts. A preliminaxy beam combinationsymbol should 

be selected from the AITC 117 - Design manual (4) (Input D). Commonly used combination 

symbols for glulam beam bridges are presented in Table 332 

Based on the combination symbol the tabulated design properties of the member can be 

determined from AITC 117. The allowable bending stress, Fb, aUowable compressive stress 

perpendicular to grain, F,, allowable horizontal shear stress, F, and Young's modulus, E, 

should be recorded for later use. These tabulated design properties must be reduced for wet- 



Design of Glue-Laminated 
Timber Beam Bridges 

Input deck geometric requirements: 

lnput bridge length, L = 
lnput roadway width, W = 

Select design live loading: 

1) HS 20-44 
2) HS 15-44 

Please enter number of your choice: n 
Select beam combination symbol and species: 

1) 24F-V3 Western species 
2) 24F-V4 Western species 
3) 24F-V2 Southern pine 
4) 24F-V3 Southern pine 
5) 24F-V6 Southern pine 

Please enter number of your choice: rrzl 

Computed design properties (adjusted for wet-use conditions):. 

Allowable bending stress, Fbx = 
Compression perp. to grain, Fcp = 
Allowable shear stress, Fvx = 
Young's modulus, Ex = 

1920 psi 
345 psi 
144 psi 

1.499E+06 psi 

Select type and thickness of wearing surface: 

1) No wearing surface 
2) Ashphalt wearing surface 

Please enter number of your choice: .n E 
Thickness of alc wearing surface (if any): 13.00) in. F 

Computed dead load moment (Assume 5 118' timber deck): 

Dead load of deck panels = 
Dead load of wearing surface = 
Total uniform dead load = 

Fig. 3.38. Glulam t imber beam spreadsheet, input parameters, and 
example problem. 



Beam spacing (based on roadway width) = 

Deck overhang (outside beam to face of rail) = 

DL moment for interior beams: 

Uniform dead load, WDLl = 294.27 ibjft 
Estimated wt. of beam = 319.60 Ibm 

Dead load moment, MDLl = 678.02 ft-kip 

DL moment for exterior beams: 

Uniform dead load, WDLE = 339.27 lb/ft 
Estimated wt. of beam = 319.60 lbtft 

Dead load moment, MDLE = 727.72 ft-kip 

Computed I'N~ load moment: 

Distribution factor, DFM = 1 .M) 
Moment due to one wheel line = 708.09 ft-kip 

Live load moment, MLL = 708.09 ft-kip 

Computed beam sue based on bending stress: 

Preliminary allowable stress, Fb' = 
(Doesn't include CF) 

19X) psi 

Design moment for interior beams, MTI = 1,386.1 ft-kip 
Design moment for exterior beams, MTE = 1,435.8 ft-kip 

DESIGN ALL BEAMS FOR DESIGN MOMENT = 1,435.8 ft-kip 

Required section modulus, ex CF = 8,974 inA3 

Western species - lightest alternative: 

Press <ALT> W to select the lightest beam section. 

Fig. 3.38. Continued.  
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Computed lightest section which meets requirements: 

Beam width, b = 12.25 in. 

Beam depth, d = 73.5 in. 

Section modulus, Sx = 11,030 inA3 

Adjusted section modulus, SxCF = 

Cross section area. A = 

Moment of inertia, lx = 

Self-weight of beam = 

9,018 in"3 

900.38 in 2 

405,338 in ̂ 4 

312.63 lblft 

Actual weight of beam < estimated - OK! 

Actual bending moment, Mactual = 1,428.1 ft-kip 

Bending stress on beam, tb = 1,553.8 psi 

Allowable bending stress. Fb' = 1,569.8 psi 

BEAM IS SATISFACTORY FOR FLEXURE. 

Computed check of beam for lateral stability: 

Distance between lateral support, lu = 23.50 ft. 

Length-todepth ratio, luld = 3.84 

Effective length, le = 680.16 in. 

Beam slenderness factor, Cs = 18.25 

Intermediate beam factor, Ck = 26.72 Intermediate beam 

Lateral stabilii factor, CL = 0.927 

CL r CF so strength controls design - OK. 

Computed check of live load deflection: 

Live load deflection, DELTALL = 1.68 in. 

Allowable LL deflection, If360 = 3.13 in. 

BRIDGE IS SUFFICIENT FOR LL DEFLECTION. 

Fig. 3.38. Continued. 
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Computed check of horizontal shear: 

Uniform dead load on beam = 

Dead load vertical shear, VDL = 

LL vertical shear computed at distance = 

Max. shear due to one wheel .line, VLU = 

V e t  shear distributed laterally, VLD = 

Live load vertical shear, VLL = 

651.90 lblft 

26,646 lb. 

18.38 ft. 

25,388 lb. 

25,388 ib. 

20,311 lb. 

Total vertical shear, V = VDL + VLL = 46,957 lb. 

Horizontal shear stress, fv = 78.23 Ib/in -2  

AIlowable shear stress. Fvx = 144 lb/inA2 

BEAM IS SUFFICIENT FOR SHEAR. 

Computed bearing length and bearing stress (wet-use conditions): 

Allowable compressive stress. Fcp = 344.5 ib/inA2 

Reaction due to uniform load, RDL = 30,639 lb. 

Distribution factor tor reaction = 1 .M) 

Reaction due to one wheel line. Rwheel = 32,430 lb. 

Total reaction force, Rtotal = 63,069 lb. 

Required bearing length = 14.9 in. Use 18.M) in. 

Recompute DL reaction, RDLtotal = 31,128 lb. 

Total compressive stress, fcp = 286.03 lb/in ^ 2 

BEAM IS SUFFICIENT FOR BEARING. 

Computed design camber: 

Uniform dead load, wunif = 651.90 Iblft 

Dead load deflection, DELTADL = 1.88 in. 

Minimum design camber = 3.80 in. 

Fig. 3.38. Continued. 
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Summary of Design Values 
Geometiy and design loading: 

Bridge Length, L = 94.00 ft. 

Roadway width, W 24.00 ,ft. 

Design live load: AASHTO HS20-44 

Beam combination symbol: 24F-V4 Western species 

Type of wearing surface: Asphalt 3.00 in. 

Beam dimensions and properties: 

Beam width, b = 12.25 in. 

Beam depth, d = 73.5 in. 

Beam spacing. S = 5.00 ft. 

Beam section modulus, Sx = 11,030 inA3 

Beam cross sectional area, A = 900.375 in A 2 

Beam moment of inertia, k = 405,338 inn4 

Self welght of beah, wbeam = 312.630 lbm 

Stresses and deflections: 

Actual bending stress, fb = 1,554 lb/inA2 

Allowable bending stress, Fb' = 1,570 lb/inA2 

Actual shear stress, hr = 78 lb/inA2 

Allowable shear stress, Fvx = 144 Ib/inA2 

Actual bean'ng stress, fcp = 286 lb/inA2 

Allowable bearing stress. Fcp' = 345 lb/inA2 

Live load deflection, DELTALL = 1.68 in. 

Allowable LL deflection, U360 = 3.13 in. 

Dead load deflection, DELTADL = 1.88 in. 

Design camber = 3.80 in. 

Fig. 3.38. Continued. 



use conditions unless a watertight deck is used. The computer spreadsheet in this manual is 

based on wet-use conditions. The spreadsheet automatically calculares the allowable stresses 

based upon the wmbinationsymbol and species selected. 

Table 3.32 Commonly used glulam beam combination symbols. 

4 Determine deck dead bad and dead bad m0meD.B The deck dead load supported by each 

member should be computed. This dead load should include such things as the weight of the 

deck, railing, wearing surface and hardware. If there is no better estimate available, a 

preliminary deck thickness of 6-314 in. may be assumed. The difference between the estimated 

and the actual member weights is normally insignificant, but should be verified. The existence 

and type of wearing surface should be input as E and F for spreadsheet users. The spreadsheet 

automatically computes the dead load moment based on these input parameters. 

The dead load moment at any position along the span, MDb for a uniformly distributed 

toad can be wmputed as: 

A Determine live bad m~ment. Live load moments are computed for both interior and exterior 

beams by multiplying the maximum moment for one wheel line of the design vehicle (whether 

based on the dwWgn vehicle or the equivalent lane loading) by the appropriate distribution 

factors. Tabulated values of maximum live load moments can be found in Appendix A, 

AASHTO (2). . 
The spreadsheet performs this calculation automatically based upon the span length and 

the live load design vehicle chosen. 

5. Dedermine beam size bssed on bending. The allowable bending stress in glulam timber beams 

is controlled by either the size factor, C,, which limits bending stress in the tension zone, or the 

lateral stability of beams factor, C,., which limits bendingswess in the compression zone. Under 



normal circumstances, the allowable bending stress in bridge beams is controlled by C&, F', 

however, both values should be checked. 
! 

The adjusted allowable bending stress in a gluhm bridge beam can be computed from: 
I, 

where: i 
I 

S, C, = required beam section modulus adjusted by size factor, C, (in'). 

M = applied dead and live load bending moment (in-lb). 

F b '  = Fb. C, (PO. 
C, = moisture content factor for bending = 0.80. 

After an initial beam size has been determined, the dead load moment due to beam self 

weight can be computed and the design moment revised. This iterative process should be 

continued until a satisfactory beam size has been determined. 

The eomputer spreadsheet performs this iteration automatically, using three cycles to 

determine the beam which provides the required flexural capacity. To initiate the iteration 

process using the spreadsheet, press aALT> W when using western species, and aALT> S 

when using Southern Pie. Spreadsheet users perform ( h p t  a). 
The actual applied bending stress can be computed based on the total moment and 

compared to the allowable bendingstress as: 

In addition to satisfying allowable bendingstresses, the proposed beam must be checked 1 
for lateral stability. The allowable bendingstress, based on lateral stability, depends on the 

slenderness of the proposed beam. The stendern& factor, C, can be computed as: I 

where: 

1. = effective beam length for a single span beam with a uniformly distributed load, in. = 1.63 1 
I 

4 + 3 d  

= unsupported beam length, in. I 
d = beam depth, in. K 



b = beam width, in. 

Glue laminated timber beams are classified as short, intermeaia~e or long, allowable 

bending stresses are based on this classification. 

Beams with a C, of 10 or less are classified as short The capacity of these short 

members is controlled by the strength of the wood, rather than stability, and can be computed 

&om the equation above. 

Intermediate beams are those with a C, of between 10 and C, where C, is given by: 

and: 

E' = E C,, psi 

Fit = Fb CM, psi 

It should be noted that the above equation for C, is based on a modified NDS equation which 

takes into account the reauced Variability of glulam timber beams (52). 

intermediate beams can fail by either an overstress in bending, or by torsional buckling 

from lateral instability. The controlling mode is indicated by the lateral instability of beams 

factor, Cb which is given by 

If Q is less than C,, the bending stress is controlled by stability, and Q is the controlling 

modification factor. The allowable bending stress is then computed using the following relation: 

Long beams are those with a slenderness ratio in the range Ct s C, s 50. Lateral 

stability, rather than strength, controls the design of long beams. As with the intermediate 

beams, the allowable bending stress for long beams is a modified NDS equation which takes 

into account the reduced variability of glulam timber beams and is computed by: 



6. ChecL live. load d e ~ n .  The live load deflection of a glulam beam bridge can be computed 

by several methods of anaiysis. For a uniformiy loaded simple span, the maximum deflection 

occurs at midspan and is computed as: 

A reasonable limit on live load deflection is U360. A lower value of deflection should be 

considered if the bridge supports a pedestrian walkway or wilt be covered with an asphalt riding 

surface. The spreadsheet automatically computes the live load deflection and compares it to 

the allowable value. 

7. Che& horiP,ntalsbr Dead load horizontal shear is based on the maximum vertical shear 

which occurs a distance equal to the beam depth, d, from the support For a uniform dead 

load, the dead load shear, VDL. can be computed as: 

where: 

VDL = vertical dead load shear at a distance d from the support, lb. 

WDL = uniform dead load supported by the beam, lblin. 

Live load vertical shear is computed at a distance from the support of 3d or W4, 

whichever is less. The horizontal shear stress due to applied loads, 1;, which is 1.5VlA for a 

rectangular cross section, must not exceed the allowable stress, which is given by 

where: 

v = v,, + v, lb. 

A = cross-sectional area of beam, in.2 

C& = moishlre content factor for shear = 0.875. 

It should be noted that the allowable shear stress may be increased by a factor of 1.33 for 

overloads in AASHTO Load Group 1B. The spreadsheet performs this calculation for the user. 



8 CIE& lateral and kmgbdidbada m e  magnitude and appropriate lateral and longitudinal 

loads, such as wind load and centrifugal force will vary among structures. i t  is the designer's 

responsibility to compute and apply the necessary loads in accordance with AASHTO load 

groups. The spreadsheet does not consider this step in the design process. 

9. Determine bcsrfng length hi s t r a g  The bearing area at beam reanions must be large enough 

to limit bearing stresses to an acceptable value. The dead load reaction, RW due to the beam, 

deck, wearing surface, railing and hardware should be computed from statics. The live load 

reaction at each beam, RU, can be computed by multiplying the maximum reaction at one 

wheel line by the appropriate distribution factor for reactions as computed previously. 

The required bearing length, should be no less than the following: 

where: 

RDL E dead load reaction, lb. 

RLL = distributed live load reaction, lb. 

b = beamwidth,in. 

F, = allowable compressive stress perpendicular to grain, psi 

= F, CM 

The actual applied bearing stress can be computed from: 

where A is the bearing area in square inches. 

The spreadsheet automatically computes the required bearing length and also computes a 

"rounded value' to the next largest 6 in. increment for design purposes. 

10. Determine camber. Camber is provided to offset the effect of long-term dead load deflection. 

The amount of camber to build into a glulam beam bridge is a decision of the designer. There 

are two "rules of thumb" which can be used. For spans less than 50 ft, camber should generally 

be 1.5 to 2 0  times the dead load deflection plus 0.5 times the vehicle live load deflection. For 

spans greater than 50 ft, camber can be estimated as 1.5 to 2 0  times the dead load deflection. 

The spreadsheet performs this calculation automatically. 



3.7.10.4. Erample 

The spreadsheet input and ouput for this example ir shown in Fig. 338. In this example, the 

following bridge will be used: 

Length, L = 94 ft from c-to-c of bearings 

Roadway width, W = 24 f? from inside of curbs 

AASHTO H S M  live load (Group I loads only) 

3 in. asphalt wearing surface 

Visually graded western species 

l. D e I i m b a s k m ~ & , n a n d d e a i g n ~ r i a  

L = 9 4 f t  

W = 2 4 i t  

HS20-44 design live loading 

3 in. asphalt wearing surface 

(Inpat A, B, C, E and F T C S ~ W . )  

2 S C k a b c a m a m l b h ~ s y m b o l ~ ~ p c d a L  

Selezt 24F-V4, Western species combination symbol (Inpot D). 
The design properties are: 

F k = 2 4 0 0 p s i ~ = 0 . 8 0  

F, = 650 psi C, = 0.53 

F, = 165 psi G = 0.87 

E,= 1 . 8 0 0 x l W p s i ~ = 0 . 8 3  

The allowable stresses are computed as: 

Fb'  = FbxC,C, 

F"P = F-C, = 345 psi 
F,.' = F,C, = 144 psi 

E' = E;C, = 1.499 x 1W psi 

4 DctMminedtcLdeadbadanddeadbadmomcnCi. . 

Dead load of the deck panels and wearing surface can be computed as: 



The dead load supported by each beam is proportional to the uibutoryarea. For this 

example, interior beams support 5 ft of deck width and exterior beams support 5 ft  of deck p:" 

45 ib/ft of curb/rail load. 

As a "ruie of thumb" for a gluhm beam bridge, the estimated weight of the beam irself 

can be computed as 3.4 times the length of the bridge: 

W,. = 3.4(94 it) = 319.6 lb/ft 

For interior beams: 

WDL = (5.08)(58.85 lb@) + 319.6 Zb& = 294.27 + 319.6 = 613.85 Z&@ 

For exterior beams: 

4 Dctezmk live bad moment The distribution factor for moment, DFM, is computed as: 

The live load moment due to one wheel line can be found in Appendix A, AASHTO (2). 

For a 94 ft  span: 

&be, ,I, = 708.09 ft-k 

The live load moment distributed to one beam is found as: 

MU, E (708.09 ft-k)(l.OO) = 708.09 ft-k 

5. Detenninc beam size based on flwrc The AASHTO specifications require that the exterior 

beam be at least as large as the interior beams. For simplicity, one beam size will be designed 

for the maximum design moment in the bridge. Conservatively, the maximum dead load 

moment will be added to the maximum live load moment, even though these moments do not 

occur at the same location in the span. 

For this example: 

MT = 727.72 + 708.09 = 1435.81 ft-k 

The size factor, CF, can not be determined until a beam size has been determined. In the 

iterative process, the S,C, terms will be used; after a preliminary beam size has been 

determined, C, will be calculated. 



Based on an allowable bending stress, F,' = 1920 fb/ii, the required section modulus 

can be computed as. 

For each standard beam width, a beam depth can be determined which wiu provide the 

required S,. The section modulus for this width and depth is computed, and reduced by the 

factor Cp. A new beam size is then determined by this iterative process until the required S,C, 

is obtained. 

CYCLE 1: 

Using a 12% in. wide section, a depth of 66.30 in. is required to provide the required 

Sac,,. A standard depth of 67% in. is used. 

For this section: 

This S& is less than 8973 in3, thus we must recycle. 

CYCLE 2: 

Based on the Cp from the first cycle, an approximation for S, can be found as: 

For this section, a depth of 7297 in. would be required. Again, a standard depth of 73% in. is 

used. 

For this section: 

A third cycle produces the same section. For a 12% in. width, the required depth is 73.5 

in. 



The computer spreadsheet performs this iterative process for each standard beam width 

and determines the lightest possible section which satisfies the required &CF criteria. 

Spreadsheet osem should p m  &Tr W to perform this iterative pmednre and 

&termhe the lightest seQbn whkh meets the aiteria 
For this example, the tightest section k 

Width, b = 12% in. 

Depth, d = 73% in. 

12.25 in.)(73.5 in.)' = 11,029.6in3 
Section modulus, S, = 1 

6 

Adjusted section modulus, S,& = 9017.9 in.' 

12.25 in.)(73.5 inJ3 ,= 405,338 
Moment of inertia, I. = ( 

12 

Cross section area, A = (1225 in.)(73.5 in.) = 90038 in.2 

Beam weight, W,, = in2)(50 w, = 312.63 lb/fl 
144 

In this example, the estimated beam weight is greater than the actual weigh4 thus the 

beam cross section obtained is conservative. 

The actual bending moment on the beam can be found as: 

M- = (w.27 + 312.63)(94 flI2 + 708.09 p -k = 1428.11 p-k 
W) 

The actual bending stress on the beam is: 

The allowable bending stress is: 

= Fk CY CP = (2400 psi)(0.800)(0.818) = 1569.8pri 

Since fb < F,', the beam is satisfactory for flexure. However, the beam must also be 

checked for lateral stability. 

Check of lateral stability: 

The distance between points of lateral support, 1, is assumed to be U4 = 23.5 ft. 

The length-todepth ratio for this configuration is: 



F)(l 2, = 3-84 2 = 
d 73.5 in. 

The effective length, L, is. 

1, = 1.631, + 3d = 1.63(23.5 ft)(12) + 3v3.5 in) = 680.16 in, 

The beam slenderness factor, q, is found as: 

The intermediate beam factor, C, is the largest value of & for which the intermediate beam 

equation applies. C, is calculated as: 

Since q < C, the beam is cl&ied as an intermediate beam. 

The lateral stability factor, CL, for an intermediate beam is given by: 

For this example, c &, SO strength, rather than lateral stability controls the design. 

Therefore, no changes are required in the previous calculations. 

6 C%C& Hvc bad &&don The live load deflection due to an HS20-44 truck can be computed 

A,= Defrccfrcfron COG. 1.02 x lo1* = 1.68 in. 
E' (I -499 x 1 O6 pn?(405,338 in4) 

The aUowable live load deflection is: 

Since A,,. a the allowable value, the bridge is adequate with respect lo live load deflection. 



7. Check horip,ncslshear. The dead load vertical shear is based on the loading shown in Fig. 

3.39. 

The dead load vertical shear, VDL, is wmputed as: 

b Live load vertical shear is computed from the maximum vertical shear occurring at the 

lescer of 3d or U4 from the support 

For this example, 

3d = 3(735 in.) = 220.5 in. = 18.38 A -> controls 

U4 = 94 n/4 = 23.5 ft 

The maximum shear (see Fig. 3.40) for one wheel line of an HSuE-44 uuck, Vw, is computed 

as: 

The distribution factor for this example is 1.00. The shear distributed to the exterior girder is 

wmputed as: 

V, = 1.00 (25,388) = 25,388 lbs. 

The maximum live load shear is then: 

V, = 0.50[0.60Vw+VJ = 0.50[0.60(25,388)+25,388j = 20,311 ibs. 

The total vertical shear, V, is computed as: 

V = VDL + V, = 26,646 + 20,311 = 46,957 ibs. 

The horizontal shear stress for a rectangular cross section is computed from the following: 

The allowable shear stress, F,', is found as: 

F', = F, C, = 165 psi(0.87) = 144# 

The actual shear stress is less than the allowable value, so the beam is adequate with 

respect to horizontal shear. 

8 Qleck lateral and l o n ~ l o a d a  Not applicable for this example. 



73.5 in. I--i 73.5 in. 4 

Fig. 3.39. Dead load vertical shear load configuration. 



Fig. 3.40. Live load vertical shear load configuration 



9. Detenninc bearing bqgth and bearing snesg The allowable compressive stress perpendicular 

to the grain, F,', is computed as: 

F,' = F, C, = 650 psi (0.53) = 344.5 psi 

The reaction due to a uniform dead load is: 

The distribution factor for reactions is 1.00. 

The reaction due to one wheel line may be found in Appendix A of the AASHTO 

specifications (2). 

For a 94 f t  span multiplied by the distribution factor: 

Ru = (1.00)(32,430 lb.) = 32,430 lbs. 

The total reaction is then: 

l&,, = RDL + Ru = 30,639 + 32,430 = 63,069 lb~ .  

The required bearing length is computed as: 

L Lbd, = - = 
63,069 lb. = 14.94 in. 

b F, (1225 in.)(344.5 Win2) 

For ease of construction, use a bearing length of 18 in. 

The reaction force shouid be recomputed based on the length of bearing: 

The total reaction must also be recomputed: 

Ll = RDL + Ru. = 31,128 + 35430 = 63,558 lbs. 

The total compressive stress at the bearing k computed: 

lb = 286.Wpsi 
= (1 2.25 in.)(l8 in.) 

The actual compressive svess is less than the allowable value, so the bridge is adequate with 

respect to bearing. 

10. Detemiae camber. The dead load deflection is computed from: 



5(651.90)[(94 f1)(12 in,&)? 
Am = = 1.88 in. (384)(1.499 x 106 psi)(405,338 in4)(l 2 in,&) 

For a span length greater than 50 ft, use a camber of 20 times ADL. 

Camber = 20(1.88) = 3.76 in. -> use 3.80 in. 

Geometxy and design loadings: 

Bridge length, L = 94.0 ft 

Roadway width, W, = 24.0 ft  

Design live load = HS20-44 

Beam combination symbol: 24F-V4, Western species 

Type of wearing surface: 3.00 in asphalt 

Beam dimensions and properties: 

Beam width, b = 12% in. 

Beam depth, d = 73% in. 

Beam spacing, s = 5.00 ft 

Beam section modulus, S, = 11,030 in.) 

Beam cross sectional area, A = 900.37 in? 

Beam moment of inertia, I. = 405,338 in.' 

Self weight of beam, w,, = 31263 lblft 

Stresses and deflections: 

Actual bending stress, fb = 1554 psi 

Allowable bending stress, Fb' = 1570 psi 

Aaual shear stress, fl = 78 psi 

Allowable shear stress, F, = 144 psi 

Actual bearing stress, f, = 286 psi 

Allowable bearing stress, F,' = 345 psi 

L i e  load deflection, AU. = 1.68 in. 

Allowable live load deflection = 3.13 in. 

Dead load deflection, AD' = 1.88 in. 

Design camber = 3.75 in. 

3.7.11. Glae Laminated Panel Deelr Bridge 

3.ZII.I. Background 

Longitudinal glulam timber deck bridges consist of a series of gtulam panels spanning in the 

direction of traffic and placed edge to edge across the deck width (see Fig. 3.41). A glulam panel deck is 
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Fig. 3.41. Typical section of glulam timber deck bridge. 



able to span up to 35 ft and can be used for either single- or multiple-lane bridges. The panels are usually 

not connected, however, transverse stiffener beams are bolted below the deck to Uansfer loads between 

panels (66). 

Deck panels for longitudinal gfulam bridges are designed as individual rectangular glulam beams. 

The portion of the design vehicle live load distribution to each panel is computed as a wheel load fraction 

0, which is very similar to the dbuibution factor used for beam design. It is assumed that the entire 

deck panel is effective in resisting applied loads. 

The prefabrication of these panels allows for the pressure treatment of all laminates, which 

significantly extends the s e ~ c e  life of the bridge, and greatIy simplifies mnsmtction 

3.7.11.2 Design Criteria 

The design procedures discussed in this section are based on the AASHTO standard spedsations 

(2) and on research performed at ISU (69,%, 97). The material and engineering properties for the glulam 

deck bridge are from AITC 117 - Design (4). 

3.Z11.3. Design Procedure 

Spreadsheet input parameters refer to the spreadsheet in Fig. 3.42 

L Deb deck geometric rtquhments and desfgn bads. The effective span length, L, measured 

from center-toenter of bearings, and bridge deck width, W, measured from curb-tocurb plus 

any additional width required for railings, etc, must be determined. The design live loading 

and timber species must also be specified (Input A, B, C and D) If an asphalt wearing surface 

is to be used, it must be specified and thickness given (Input E and F). 

2 Estimate panel dimemio~ and compute eectbn pmpertka (Input G and H). Initially, an 

estimate of the deck thickness and panel width must be made. For economy, the designer 

should use a standard glulam dimension for deck thickness whenever possible. Panel widths, 

w,, are usually 42 to 54 in. in multiples of 1% in. for western species and 13h k. for Southern 

Pine. Table 3.33 may be used in estimating the required deck thickness for HS2Q-14 live 

loading. The user must input the necessary parameters @put (3 and H) and the spreadsheet 

automatically performs the remaining calculations. 



Design of Glue-Laminated 
Timber Deck Bridges 

lnput deck geometric requirements: 

lnput bridge length, L = 
lnput bridge width. W = 

Select design live loading: 

Please enter number of your choice: 1 7 1  6 

Select species of timber for use in laminates: 

5) Western species 
6) Southern Pine 

Please enter number of your choice: -1 D 

Select type and thickness of wearing surface: 

1) No wearing surface . 
2) Ashphait wearing surface 

Please enter number of your choice: 1-21 E 

Thickness of a/c wearing surface (it any): 1-1 in. F 

Fig. 3.42. Glulam timber deck spreadsheet, input parameters, and 
example problem. 



lnput deck panel dimensions and computed section properties: 

Initial est. of deck thickness, td = 110.7501 in. G (based on span length) 

lnput panel width, wp = 

Panel area, A = 
Panel section modulus, Sy = 
Panel moment of inertia, ly = 

j 7 I  in. H 

Computed panel dead load and dead load moment: 

Dead load of timber deck = 184.8 lbS/ft 
Dead load of wearing surface = 154.7 lbsm 
Railing load = 20.0 lbs/ft 
Stiffener beam and hardware load = 8.0 IbSh 
Total design dead load = 3627 lbsm 

Design dead load moment, MDL = 18.37 n-kips 

Computed wheel load fraction and live load moment: 

Wheel load fraction, WLF = 0.924 
Maw. moment due to one wheel line = 80.00 fl-kips 

Design live load moment, MLL = 73.92 fl-kips 

computed design moment. MT = (MDL+MLL) = 92.29 ft-kips 

Computed design deck bending stress, fb = 1.16 ksi 

Select deck combination symbol and computed allowable stress: 

1) #2 - western species 
2) #48 - southern pine 

Please enter number of your choice: 1- I 

Tabulated allowable bending stress, Fb = 1800 psi 

(..., Fig. 3.42. Continued. 



Sue factor for depth of members, CF = 1 .010 

Allowable Bending stress, Fb' = 1.45 ksi 

Deck is sufficient in flexure. 

Computed check of live load deflection: 

Adjusted modulus of elasticity, E' = 1.42E+06 ksi 

Wheel line deflection, DELTAWL = 0.64 in. 

Adjusted live load deflection, DELTALL = 0.59 in. 

Allowable l i e  load deflection = U400 = 0.6 in. 

Check DELTAL c allowable deflection ? Deck is sufficient for deflection. 

Computed check of horizontal shear: 

Dead load vertical shear. VDL = 

Compute LL vertical shear at distance = 

Vertical shear due to one wheel line = 

Live load vertical shear, VLL = 

Horizontal shear, V = 

Horizontal shear stress, fv = 

Allowable shear stress, Fv = 

3345 lb. 

2.69 ft. 

16,500 ib. 

15,246 lb. 

18,591 ib. 

52.41 psi 

126.88 psi 

Deck i s  sufficient for shear. 

Fig. 3.42. Continued. 



lnput stiffener material and computed configuration: 

Select stiffener material: 

1) Steel rolled section 
2) Douglas fir-larch (sawn) 
3) Hem-fir (north) (sawn) 
4) Red pine (sawn) 
5) Eastern white pine (sawn) 
6) Southem pine (sawn) 

Please enter number of your choice: 1 6 1  J 

Preliminary stiffener spacing = 6.67 ft. 

Young's modulus, Estiff = 1,700 ksi 

Moment of inertia req'd = 47.06 inn4 

lnput bearing width and computed bearing stress: 

lnput width of abutments. in: 1-1 in. K 

WLF for reactions. WLFR = 1.031 

LL reactionlwheel line, RWL = 20.80 kips 

Live load reaction, RLL = 21.45 kips 

Dead load reaction, RDL = 3.86 kips 

Bearing stress, fcp = 42.61 psi 

Allowable bearing stress, Fcp' = 296.8 psi 

Deck is sufficient for bearina. 

f 
\-- Fig. 3.42. Continued. 



Summarv of Design Values 

Geometry and dimensions: 

Length, L = 

Width, W = 

Design live loading: 

Timber species: 

Deck combination symbol: 

Thickness of deck, td = 

Wearing surface: 

Thickness of wem'ng surface : 

20.00 n 

29.00 ft 

AASKTO HS20 

Western species 

#2 - Western species 

10.75 in. 

Asphalt 

3.00 in. 

Stresses and deflections: 

Bending stress, fb = 

Allowable bending stress, Fb' = 

Horizontal shear stress, hr = 

Allowable shear stress, Fv = 

Bearing stress at abutment = 

Allowable bearing stress, Fcp' = 

Live load deflection, deltaL = 

Allowable LL deflection, U400 = 

1.16 ksi 

1.45 ksi 

52.41 psi 

126.88 psi 

42.61 psi 

296.8 psi 

0.59 in. 

0.W in. 

Fig. 3.42. Continued. 



Table 3.33. Glulam timber deck thicknesses and span lengths. 

Based on an estimated panel size, the section properties for the section can be computed: 

w, = panel width (in.) 

t, = panel thickness (in.) 

A = panel cross sectional area (in2)= ww,t 

2 Wp'd q = section modulus of panel (in3) = 
6 

3 
I, = moment of inertia of panel (in4) = Wpfd 

12 

3. Compute panel dead load. The uniform panel dead load of the deck and wearing surface can 

be wmputed using the following unit weights: 

timber (treated or untreated) = 50 lblh) 

asphalt or concrete = 150 1b/ft3 

The spreadsheet performs this calculation automatialty using input parameters E and F which 

were input in design step 1. 

Table 3.34 may be used for estimating the dead load of the timber deck plus a 3 in. 

asphalt or concrete wearing surface. 



Table 3.34. Dead toad of glulam panel deck and wearing surface. ,*-. I 

'\ 
I 

4. Dctermfne wheel bad frncth for live bad dktributbn Longitudinal glulam panels are 

designed as individual members; as no transverse load distribution is assumed and wheet loads 

are assumed to act as point loads. Lateral load distribution is based on the wheel load factor 

0, which is based on the panel length and width, and the number of lanes in a given 

J 
bridge. 

For single lane bridges, the WLF is computed as the greater oE 

where: 

WLF = portion of maximum force or deflection produced by one wheel line that is 

supported by one deck paneL 

W, = panelwidth, ft. 

L = length of span for simple span decks measured center to center of bearings, ft. 

For bridges of two or more traffic lanes, the WLF is the greater of: 

The spreadsheet performs the calculations automatically. 



5. Detexmb dead bad and livc bad moment. The panel dead load moment can be computed 

based on the uniform dead load, w,, previous& determined: 

The live load moment, Mu jS computed by multiplying the maximum moment for one 

wheel line of the design vehicle by the WLF: 

where: 

Mu. = live load moment applied to one panel, in-lb. 

M, = maximum moment produced by one wheel tine of the design vehicle, in-lb. 

Conservatively, the maximum dead load moment and maximum live load moment can be 

added, even though the occur at different positions along the span. 

The total design moment, MT, is the sum of the maximum live and dead load moments: 

The spreadsheet computes this step automatically based on the span length and design vehicle 

chosen. 

6 Compute bending s t m a  and select aimbfaaobn spboL The deck bending stress, fb, computed 

as the design moment divided by the panel section modulus, S, cannot exceed the allowable 

bendingstress adjusted for wet use and size factors: 

where: 

Fb' = F,, CM Cp 

F,, = tabulated bendingstress for species of interest 

= 1803 lb/in.2 for Western Species 

= 1750 IbIin? for Southern Pine 



, 
C& = wet use factor for glulam = 0.80 I 

C, = size factor for thin panels (see Table 335) q i  I. , 
If the calculated flexural stress exceeds the allowable value computed above, either the 

deck thickness, td, must be increased, or a higher grade of lumber (one with better material I 

properties) must be utiliwi. If f ,  is signhicant& less than the allowable stress value, a thinner 

deck or a lower-grade material may be used. No changes should be made until the live load I 
deflection is reviewed. 

The user must select a combination symbol (Input I )  and the spreadsheet will perform 

the remaining calculations. 

i 
I 

7. Check lh bab defkx&n. The live load deflection, Au, is a function of the panel moment of 

inertia and is produced by one wheel line of the design vehicle times the WLF: , 
I 

A,=A,WLF I 

where: 1 
A = live load panel deflection, in. I 

AWL = maximum live load deflection produced by one wheel line of the design vehicle, in. 

I 
Table 3.35 S i  factor for glulam timber deck panels. 

I 

The deck live load deflection can be computed by standard elastic anaIyses, using the 
I 

glulam modulus of elasticity adjusted for wet-use conditions. For a uniform load, the live load I 
deflection can be found from: 



AASHTO specifications do not limit live load deflection for glulam timber decks, thus 

the allowable deflection is left to the designer. Recommended practice limits maximum 

deflection to V360. 

The spreadsheet performs this calculation and compares the result to the allowable 

value. 

8 ChccL: horizontalshear. Because of the relatively large panel area, horizontal shear is rarely a 

controlling factor, however, it should be checked. Horizontal shear (ie. vertical shear) due to 

dead and live load is assumed to be resisted by the total area of the deck panet 

The dead load vertical shear is computed at a distance from the support equal to the 

thickness, I, and is given by: 

where: 

VDL = dead load vertical shear (lb) 

w,, = uniform panel dead load (lblft) 

The live load vertical shear is computed at a distance from the support equal to the 

Iesser of 3 times the deck thickness (3t) or the span quarter point (U4), and is equal lo the 

maximum shear due to one design wheel line times the WLE 

where: 

V, = live load vertical shear (Ib) 

V, = max. vertical shear produced by one wheel tine (Ib) 

The applied shear stress must not exceed the allowable shear stress for the deck 

combination symbol, given by: 

where: 

v = v,, + v, lb. 

A = panel cross-sectional area, in=. 



C, = wet-use factor for shear = 0.875. 

The maximum dead and live load shear do not occur at the same position along the 

span, can be combined for simplicity. When E, > F.,', the only alternatives for the designer are 

to increase the deck thickness or panel width In either case, the design procedure must be 

recycled. The spreadsheet performs this step automatirally. 

9. Determine stiffener spadog and confignratbn. Transverse stiffener beams typically consist of 

horizontal glulam beams or shallow rolled steel sections, and are intended to distribute loads to 

adjacent panels. The design criteria for transverse siiffener beams is based on research done at 

ISU. Stiffener beams are often used for guardrail post attachment, so rail loads and connection 

details must also be considered. 

AASHTO specifications require that a transverse stiffener beam be placed at midspan 

for all deck span lengths, and at intermediate spacings of s 10 ft. An intermediate spacing of 8 

fr, recommended by AITC, will be used in the subsequent design. 

The empirical stiffener design requires that the transverse stiffener has a bending 

stiffness, E'I, of > 80,ooO k-in2. Note that transverse load distribution between panels is 

ionuenced more by stiffener spacing than by the bendingstiffness, E'I. 

The connection between the stiffener and the deck panels depends on the type of 

stiffener beams used. A bolt may be placed through the deck and stiffener for both glulam 

beams and steel channel sections. Deck brackea or steel plates may be used for glulam beams 

and C-type clips may be wed to connect the top flange of a rolled section. 

10. Determine buuing contiguman and chsk buuing 

Smu For longitudinaldeck bridges, the required bearing area is usually controlled by the 

required mnfiguration, rather than compressive sbesses. A b e a ~ g  length of 10 to 12 jn. is 

recommended for stability and simpticity. 

The dead load reaction for a glulam deck bridge can be computed using the unit dead 

load of the panel. The live load reaction is based on a wheel load factor of W44, but not less 

than 1.0. The Eve load reaction distributed to each panel is the maximum reaction for the 

design vehicle, multiplied by the WLF. 

The bearing stress due to RW and R,,. must not exceed the allowable value for the panel 

being used. This may be expressed as: 



where 1, is the length of the panel bearing in inches. 

3.7.11.4. a m p l e  

An existing bridge is to be replaced with a longitudinal glulam deck bridge. The replacement bridge 

must have a 20 fk span from center-tocenter of bearings, a roadway width of 26 ft, and must support two 

lanes of AASHTO HS20 live loading. The spreadsheet input and output for this example is shown in Fig. 

3.42 

L Dc6inc deck gcomctzy and dcsfgn badn The bridge span length, L, must be determined. 

(Input A). Bridge width must consider the roadway width, 26 ft, and the curb and railing on 

each side: 

W = 2 6 f t + 2 f t + 2 ( 6 i n . ) = 2 9 &  (InputB) 

Design live load = one HS-20 wheel line. (Input C) 

The designer specifies the species of timber to be used in the laminates. Most common 

for glulam deck'bridges are western species and Southern Pie.  For this example western 

species are selected. (Input D) 

The designer must spedfy if a wearing surface is going to be used for the proposed 

bridge; if used its thickness needs to be given. For this example, a 3.0 in. asphalt wearing 

surface is selected. (Input E and F) 

2 Estimate panel sipr and mmpnte seaion pmperlica From Table 3.33, select an initial deck 

thickness of lFA in. (Input (3) The panel width must be 42 to 54 in., in 1% in. increments. For 

this example, select two 51 in. wide panels, and &e panels 49% in. wide, for a total width of 29 

&-I% in. (Input H). The section properties for the 49 If2 in. panel will be conservatively used 

for all panels. 

Section properties for this panel can be computed as: 

t = 10.75 in. 

w, = 49.5 in. 

A = w, t = 10.75(495) = 53213 in2 

3. Compute panel dead bad and dead bad moment From Table 3.34, the dead load of a 49.5 in. 

panel with a 3 in. asphalt wearing surface can be determined as: 



w,, = 339.5 ib/ft. I 

The dead load due to the railing is assumed to be distributed equally over the entire 

deck The dead load due to the railing is: 

w,,,, = 2(55 Ib/ft)/7 panels = 15.7 lblfe 
i 

A conservative estimate of 20 lblft has been assumed for the railing load in the remaining I 
I 

calculations. An additional 8 Iblft should be added to account for stiffener beams and railing 

hardware. \ 
w ~ v p . ~  = 339.5 + 20 + 8 = 367.5 Iblft. I 

The dead load moment is computed by 
I 

I 
4 Deterdm wheel bad fraa&n 6or livc bad distribution. For a two lane bridge, the wheel load 

fraction can be determined as the larger of the following: I 
I 

For Ulis example, use WLF = 0.924 WpaneL I 

5. Deterdm dead bad and livc bad moment The maximum Live load moment due to one 

wheel line can be found in Appendix A, AASHTO (2). For the 20 ft span of this example, 

& ,,, = 80,000 ft-lb. The Live load moment distriiuted to each panel is given by 

Mu = (0.924 WUpanei)(W ft k) = 73.92 ft-k 

The total design moment, MT can be computed as: 

MT = MDL + Mu = 1837 + 73.92 = 9229 ft-k 

Note, although the maximum dead load and live load moments do not occur the same 

point along the span, they can conservatively be added for simplicity. 

6. Compute bending stress and aeleb annbimationsgmboL The bending stress in the deck is: 

'Re deck combination symbol chosen for this example is a No. 2 @put I). I 



The design properties can be found in AlTC 117 (4): 

F, = 1800 psi CM = 0.80 

F, = 145 psi & = 0.875 

F, = 560 psi CM = 053 

E =  Wx106psi CM = 0.833 

For the deck thickness which has been chosen, the size factor, Cp = 1.01. 

The allowable bending stress for the chosen combination symbol is given by: 

Fbt = F, & Cp = (1800 psi)(1.01)(0.80) = 1.45 ksi 

The actual bending stress is less than the aUowabte value, so the deck is adequate in 

flexure. 

7. ChecL live kXd deilectioh The deflection coefficient for one line of HS20 wheels can be 

obtained from simple engineering mechanics or a tabulated value can be used (Table 16-8, Ref. 

66). For the 20 ft span in this example the deflection coefficient = 4.61 x 109 

E' = E CM = (1.7 x 106)(0.833) = 1.416 x 106 lbfin." 

A,= 4.61 x 1@ = 0.64 in. 
(1.41 6 x 1 m(5124.47) 

The deck deflection can then be computed as: 

A, = Aw, WLF = (0.64 in.)(0.93) = 0.60 in. 

The allowable live load deflection is U4M) = 0.60 in. The deck is thus sufficient for live 

load deflection. 

S ChecL horbntdahear. The dead load vertical shear is computed at a distance t from the 

The live load vertical shear is computed at a distance of 31 or U4, which ever is less. 

For this example: 

3t = 3(10.75 in.)112 = 269 ft 

U 4 = 2 0 W 4 = 5 f t  



The maximum live load shear for one wheel line of the HS20 vehicle can be found by 

wmputing the maximum reaction in the given beam: 

The live load shear can then be wmputed as: 

The total horizontal shear can then be found by. 

V = VDL + V, = 3345 + 15,246 = 18,591 lb. 

The horizontalshear stress, £,, is: 

1.5 Y 1.5(18,591 lb) = 5241 
6 , e ~ =  532.13 in? 

The horizontal shear stress must not exceed the allowable shear stress, which is computed as 

the tabulated value of F, times the moisture factor, &. 
F.' = F, = (145 psQ(O.875) = 126.88 psi 

The computed shear stress is less than the allowable, thus the deck is adequate for shear. 

9. Dctcnnfae s t B i x m  a p a d ~ g  and Cm6parstba. It is convenient to choose a stiflener spacing of 

equal fractions of the span length, as long as the spacing does not exceed 8 ft. For this 

example, choose a spacing of U3, or 8 ft-6 in. which is close to the 8 ft  limit The stiffener 

must have an E'I of greater than 80,000 k-id. The designer should determine the stiffener 

material and compute i s  adjusted Young's modulus. For the present example, choose a sawn 

lumber Southern pine stiffener witb an adjusted E' value of 1.7 x 106 1b/i2. (Input 1). 

The required moment of inertia for the stiffener can be computed as: 

The selection of a cross section to satisfy this requirement is left to the designer. 

10. Dctennfne ba&g amQmation and check bearfng nr*s The designer must determine 

the bearing length for the proposed bridge (Input K). For the current example, assume an b of 

12 in. The reaction due to a unilorm dead load is determined as follows: 



The live load reaction is computed as the maximum reaction due to one wheel line of 

the design vehicle times the WLF. 

The maximum reaction for a 20 ft span due to an HS20 loading, Rm, is 20,800 lbs. (Appendix 

A, AASHT0 (4)). The live load reaction is then: 

Ru = RWL WLF = (20.80 kip)(l.(nl) = 21.45 kips 

For a bearing length of 12 in., the compressive stress perpendicular to the grain, F, is 

computed as: 

The actual bearing stress must be less than the allowable value, which is computed by 

F,' = F, C, = (560 psi)(053) = 296.8 psi 

The stress is less than the allowable value, so the deck is adequate for bearing. 

1 ~ o f d e s i g n v a h t e s .  
Geometry and loading: 

Length, L = 20.00 ft 

Width of roadway, W = 26.00 ft 

Design live load: AASHTO HS20 

Timber species: Western Species 

Deck combination symboi: No. 2 - Western Species 

, . Deck thickness, ld = IF/* in. 

Wearing surface: 3 in. asphalt overlay 
i Stresses and deflections: 

Bending stress, f, = 1.16 ksi 

I Allowable bending stress, Fb' = 1.45 ksi 

Horizontal shear stress, f., = 5241 psi 

Allowable shear stress, F, = 126.88 psi 

Bearing stress at abutment, f, = 4261 psi 

Allowable bearing stress, Fa' = 296.8 psi 

Live load deflection, A u  = 0.60 in. 

Allowable live load deflection, U4M) = 0.60 in. 



4 SUMMARY AND CONCLUSIONS 

41. SO=W 

The major emphasis of this study was to develop a manual to assist the wuntyengineer in making cost- 

effective bridge strengthening and replacement decisions. The study was performed in two phases; 1) the 

determination and prioritization of critical problems on Iowa's h n d a r y  bridge system and 2) development 

of solutions for the problems identified in Phase 1. 

The two bridge types with the greatest needs and greatest potential for strengtheningare FHWA Type 

302 (steel stringer) and FHWA Type 702 (timber stringer) bridges. Methods presented for strengtheningthe 

steel stringer bridges include (1) replacement of damaged stringers, (2) respacing existing stringers and adding 

stringers, (3) increasing the section modulusof existing stringers, (4) developing composite action, (5) replacing 

existing deck with a lightweight deck, and (6) post-tensioning. For timber stringer bridges, the following 

methods are included: (1) respacing existing stringers and adding timber stringers, and (2) adding new steel 

stringers. Each of these procedures are explained and, where applicable, examples are provided. 

Microcomputerspreadsheets have been developed for items (I), (2), (3) and (6) above for steel stringer bridges 

and for item (1) above for timber stringer bridges. 

Replacement methods for lowvolume road applications have also been included in the manuaL Some 

of the methods presented are proprietary. Where appropriate, design examples and cost information has been 

provided. The following bridge replacement types are included (1) precast culverrlbridge, (2) air formed arch 

culvert, (3) welded steel truss bridge, (4) prestressed concrete beam bridge, (5) Inverset bridge system, (6) 

precast multiple tee beam bridge, (7) low water stream crossing, (8) corrugated metal pipe culvert, (9) stress 

laminated timber bridge, (10) glue-laminated timber beam bridge, and (11) glue-laminated panel deck bridge. 

Microcomputerspreadsheets have been developed for items (9), (10) and (11) above. 

For determining the cost effectiveness of each of the methods of strengthening and replacement, a 

method of economic analysis (equivalent uniform annual cost) as well as cost data have been presented. This 

allows the engineer ta select the most appropriate alternative: (1) replacing the existing bridge or (2) 

strengthening the existing bridge. The economic model developed allows each alternative to be quantified so 

that each can be compared in a rational manner. 

Information related to inspection of bridges is included in this manuaL Before an accurate evaluation 

of a bridge can be performed, it is imperative that a thorough inspection be performed. Fundamentals related 

lo evaluation of a bridge are also included in the manuaL 

4.2. CQ-M 

I. Steel stringer and timber stringer bridges are the bridge types on the secondary road system in Iowa 

with greatest potential for cost-effective strengthening methods. 

2 Countyengineers' requests for design aids to assist them in evaluation,suengtheningand replacement 

decisions have been provided. 



3. Numerous strengthening procedures have been provided for the two types of bridges (steel suinger i 
I 

and timber stringer) with the greatest potential for strengthening. 

4. In situations where strengthening is not cost effective, information has been provided on numerous 

replacement structures. I 
1 ,  I 
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APPENDIX A 

Iowa Legal T N C ~  



Straight Truck (Type 3) 

Total Wt. = 50 Kips 
(25 Tons) 17- 

Wheel: 8 8.5 8.5 
Axle: 16 17.0 17.0 

Truck + Semi-trailer (Type 352 [A]) 4p 

Total Wt. = 73 Kips 
(36.5 Tons) 

Fig. A. 1: Iowa Department of Transportation legal dual axle truck loods. 
(Wheel and zxle loads are shown in Kips.) 

10' 1 4' 1 22' 1 4' 

Truck + Semi-trailer (Type 3 ~ 2  [BI) 
5 1' 

f t t  
Wheel:5.5 7.75 7.75 7.75 7.75 
Axle: 11.0 15.50 15.50 15.50 15.50 

Total Wt. = 80 Kips 
(40 Tons) 10' 1 4'1 33' 1 4' 

t t t 7 
Wheel: 6 8.5 8.5 8.5 8.5 
Axle: 12 17.0 17.0 17.0 17.0 



Straight Truck ( T ~ ~ ~  3) 

Totol Wt. = 54.5 Kips 
(27.25 Tons) 

Wheel: 6.25 7 7 7  
Ax'e: 12.50 14 14 14 

Wheel: 6 6.5 6.5 7 . 7  7 
Axle: 12 13.0 15.0 14 14 14 

I 

Truck t Semi-trailer (Type 3S3) 
43' I 

Totol Wt. = 80 Kips 
(40 Tons) 

I 
Fig. A. 1: Continued. 

11' 1 4'1 20' 1 4' 1 4' 

Truck + Semi-trailer (Type 3-3) I 
43' 

t t 7 
I 

I 

Total Wt. = 80 Kips 
(40 Tons) 15' 1 4 '  1 10' 1 10' 1 4' 

I 

t t  t 
I 

7 I 
6 6 

I 
Wheel: 7.25 6.75 7 7 
Axle: 14.50 12 12 13.50 14 14 I 

I 



APPENDIX B 

Live Load Moments 



L1 

f See  Appendix A for weights and configurations of trucks. 
\ 

LIVE M A D  MOMENTS 
FOOT-KIPS 

WITHOUT IMPACT 

TYPE OF TRUCK* 

3 1 3S2 (A) 3S2 (B) 

27.20 24.80 27.20 

31.30 28.53 31.30 

35.42 32.29 35.42 

39.56 36.07 39.56 

43.71 39.86 43.71 

47.88 43.66 47.88 

52.06 47.47 52.06 

56.25 51.29 56.25 

60.44 55.11 60.44 

64.64 58.94 64.64 

68.85 62.77 68.85 

73.06 67.39 73.89 

77.27 72.64 79.64 

81.49 77.88 85.38 

85.71 83.12 91.12 

89.93 88.37 96.87 

94.15 93.62 102.62 

98.38 98.86 108.36 

102.61 104.11 114.11 

106.84 109.35 119.85 

112.90 114.60 125.60 

119.07 119.85 131.35 

125.25 125.09 137.09 

131.43 130.34 142.84 

137.62 135.59 148.59 

143.81 1'40.84 154.34 

150.00 146.08 160.08 

156.20 151.33 165.83 

162.39 156.58 171.58 

168.60 161.83 177.33 

174.80 167.07 183.07 

- 
PER WHEEL 

SPAN 
FT 

10.00 

11.00 

12.00 

13.00 

14.00 

15.00 

16.00 

17.00 

18.00 

19.00 

20.00 

21.00 

22.00 

23.00 

24.00 

25.00 

26.00 

27.00 

28.00 

29.00 

30.00 

31.00 

32.00 

33.00 

34.00 

35.00 

36.00 

37.00 

38.00 

39.00 

40.00 

LONGITUDINAL BEAMS 
LINE 

WITH IMPACT 

TYPE OF TRUCK* 

3 I 3S2(A) 1 3S2(B) 

35.36 32.24 35.36 

40.68 37.09 40.68 

46.04 41.98 46.04 

51.42 46.89 51.42 

56.83 51.81 56.83 

62.25 56.76 62.25 

67.68 61.71 67.68 

73.12 66.67 73.12 

78.58 71.64 78.58 

84.04 76.62 84.04 

89.50 81.61 89.50 

94.98 87.61 96.06 

100.45 94.43 103.53 

105.94 101.24 110.99 

111.42 108.06 118.46 

116.91 114.88 125.93 

122.40 121.70 133.40 

127.89 128.52 140.87 

133.39 135.34 148.34 

138.89 142.16 155.81 

146.77 148.98 163.28 

154.79 155.80 170.75 

162.82 162.62 178.22 

170.86 169.44 185.69 

178.90 176.26 193.16 

186.95 183.09 200.64 

195.00 189.91 208.11 

203.05 196.73 215.58 

211.11 203.55 223.05 

219.17 210.37 230.52 

227.24 217.20 238.00 



See Appendix A for weights and configurations of trucks. 



* 
i See A p p e n d i x  A f o r  w e i g h t s  and conf igura t ions  of t rucks .  
< 

L I V E  LOAD MOMENTS 
FOOT-KIPS 

WITHOUT IMPACT 

TYPE OF TRUCK* 

3 3S2 (A)  3S2 1 B) 

367.76 414.52 373.01 

374.00 423.56 382.74 

380.24 432.59 392.47 

386.47 441.63 402.22 

392.71 450.67 411.97 

398.95 459.71 421.72 

405.19 468.75 431.49 

411.42 477.90 441.26 

417.66 486.85 451.03 

423.90 495.90 460.81 

430.14 504.95 470.60 

436.38 514.01 480.39 

442.62 523.06 490.19 

448.86 532.12 499.99 

455.10 541.18 509.79 

461.34 550.24 519.60 

467.58 559.30 529.42 

473.82 568.36 539.24 

480.06 577.43 549.06 

486.30 586.49 558.89 

492.54 595.56 568.72 

498.78 604.63 578.55 

505.02 613.70 588.39 

511.27 622.77 598.23 

517.51 631.84 608.08 

523.75 640.92 617.93 

529.99 649.99 627.78 

536.23 659.07 637.63 

542.48 668.14 647.49 

548.72 677.22 657.35 

- 
PER WHEEL 

SPAN 
FT 

71.00 

72.00 

73.00 

74.00 

75.00 

76.00 

77.00 

78.00 

79.00 

80.00 

81.00 

82.00 

83.00 

84.00 

85.00 

86.00 

87.00 

88.00 

89.00 

90.00 

91.00 

92.00 

93.00 

94.00 

95.00 

96.00 

97.00 

98.00 

99.00 

100.00 

LONGITUDINAL BEAMS 
L I N E  

WITH IMPACT 

TYPE OF TRUCK* 

3 1 3S2(A) I 3S2(B) 

461.58 520.27 468.16 

468.92 531.06 479.88 

476.26 541.83 491.58 

483.58 552.59 503.28 

490.89 563.34 514.96 

498.19 574.07 526.63 

505.48 584.78 538.29 

512.76 595.49 549.94 

520.03 606.18 561.58 

527.29 616.85 573.21 

534.54 627.51 584.82 

541.78 638.16 596.43 

549.02 648.80 608.02 

556.24 659.42 619.60 

563.45 670.03 631.17 

570.66 680.63 642.73 

577.86 691.21 654.28 

585.04 701.78 665.82 

592.22 712.34 677.35 

599.39 722.89 688.86 

606.56 733.42 700.37 

613.71 743.95 711.86 

620.86 754.46 723.34 

627.99 764.96 734.82 

635.12 775.44 746.28 

642.25 785.92 757.73 

649.36 796.39 769.17 

656.47 806.84 780.60 

663.57 817.28 792.02 

670.66 827.71 803.43 



See Appendix A for weights and configurations of trucks. 



'See Appendix A for weights and configurations of trucks. 

LIVE MAD MOMENTS 
FOOT-KIPS 

WITHOUT IMPACT 

TYPE OF TRUCK* 

4 353 1 3-3 1 HS 20 

206.35 187.25 179.69 233.68 

213.12 192.50 187.88 242.57 

219.89 197.75 196.06 251.47 

226.66 203.00 204.25 260.36 

233.43 208.27 212.44 269.27 

240.21 215.04 220.63 278.17 

246.98 221.82 228.81 287.09 

253.76 229.25 237.00 296.00 

260.54 237.62 245.19 304.92 

267.32 246.00 253.38 313.84 

274.10 254.38 261.56 322.76 

280.88 262.77 269.75 331.69 

287.67 271.16 277.94 340.62 

294.45 279.56 286.13 349.56 

301.24 287.95 294.31 358.49 

308.03 296.36 302.67 367.43 

314.81 304.76 312.60 376.37 

321.60 313.17 322.54 385.31 

328.39 321.58 332.48 394.25 

335.18 330.00 342.42 403.20 

341.97 338.42 352.36 412.15 

348.77 347.10 362.30 421.10 

355.56 356.83 372.25 430.05 

362.35 366.56 382.20 439.00 

369.15 376.31 392.14 447.95 

375.94 386.06 402.09 456.91 

382.73 395.82 412.05 465.87 

389.53 405.59 422.00 474.82 

396.33 415.36 431.95 483.78 

403.12 425.14 441.91 492.74 

- 
PER 

SPAN 
FT 

41.00 

42.00 

43.00 

44.00 

45.00 

46.00 

47.00 

48.00 

49.00 

50.00 

51.00 

52.00 

53.00 

54.00 

55.00 

56.00 

57.00 

58.00 

59.00 

60.00 

61.00 

62.00 

63.00 

64.00 

65.00 

66.00 

67.00 

68.00 

69.00 

70.00 

LONGITUDINAL BEAMS 
WHEEL LINE 

WITH IMPACT 

TYPE OF TRUCK* 

4 3S3 3-3 HS 20 

268.26 243.42 233.59 303.79 

276.93 250.13 244.12 315.20 

285.33 256.60 254.41 326.31 

293.72 263.06 264.68 337.39 

302.09 269.53 274.92 348.46 

310.44 277.92 285.14 359.51 

318.78 286.30 295.33 370.54 

327.10 295.51 305.50 381.55 

335.41 305.90 315.64 392.54 

353.70 316.29 325.77 403.51 

351.97 326.65 335.87 414.46 

360.23 337.00 345.95 425.39 

368.47 347.33 356.01 436.30 

376.70 357.64 366.05 447.20 

384.92 367.94 376.07 458.07 

393.12 378.22 386.28 468.93 

401.30 388.49 398.48 479.77 

409.47 398.74 410.66 490.59 

417.63 408.97 422.82 501.39 

425.77 419.19 434.96 512.17 

433.90 429.39 447.08 522.94 

442.02 439.90 459.17 533.69 

450.12 451,73 471.25 544.42 

458.21 463.54 483.31 555.14 

466.29 475.34 495.34 565.84 

474.35 487.12 507.36 576.52 

482.40 498.90 519.35 587.18 

490.44 510.66 531.33 597.83 

498.47 522.41 543.28 608.47 

506.49 534.15 555.22 619.09 



* 
See Appendix A for weights and configurations of trucks. 1 



APPENDIX C 

Questionnaire Document 



Iowa Department of Transportation 
Highway Division 

Research Project HR - 323 

Strengthening/Rehabilitation of 
Low Volume Highway Bridges 

- - 

Name of Respondent 

Organization 

Address 

The purpose of this questionnaire is to determine your experience 
and practice in the strengthening and/or rehabilitating of low 
volume highway bridges. For this investigation, bridges with 400 
ADT or less are considered low volume. If you wish to comment on 
any questions or qualify your answers, please use the margins or 
a separate sheet of paper. 

SECTION 1 

1. Do you (or your county) have any experience 
with bridge strengthening? 

Yes No - 
with bridge rehabilitation (including replacement)? 

Yes - No - 
If yes, please complete Section 2 of this questionnaire. 

2 .  If you answered no to both parts of question 1, the reason 
bridge strengthening and/or rehabilitation has not been 
used is: 

- lack of financial resources 
Note: Check all - lack of useful guidelines for reasons that 

decision-making are applicable. 

- lack of trained manpower 
- other (please explain) 



SECTION 2 I 
1, Recognizing that engineering judgement must be used to make I 

many decisions regarding bridge management, do you typically 
use more formal tuethodologies for making management decisions 
(e.g. benefit/cost analysis, equivalent annual cost method, etc. 1 

Yes No 
I 

If yes, which one(s) ? I 

2 .  Have you developed any design aids, nomographs, computer 
1 

software etc., that are useful in making bridge I 
rehabilitation decisions? If so, please describe them. 

Yes - No i 

I 
i 

1 
I 

Would you be willing to share them with others? 1 
Yes No - I 

3 .  Does your county hire a consulting engineer(s) to perform any 1 
bridge related structural engineering work? 

I 

Yes No I 
If so, which firm(s) have you employed? 

I 
i 



4 .  If a consulting engineer is hired, what type of service is most 
commonly performed by a consulting engineer? 

Structural analysis 

construction inspection . 

- 
Check all 
that apply. 

Strengthening or rehabilitation 

Biannual bridge inspection 

other (please describe)? 

5. Could your county benefit from some sort of decision 
making tools or design aids for the rehabilitation or 
strengthening of existing bridges? 

Yes No 

What sort of tools would be most helpful to your county? 

Computer software 

Nomographs 

Flow charts 

Other (please describe)? 

6. If plans or in-house reports are available for any of the 
strengthening or rehabilitation methods implemented, please 
indicate who we should contact to obtain copies. 

Name/Title: 

Organization: 

Address: 



7. With which types of strengthening procedures does your 
county have experience? 



The following question refers to the structural and cost 
effectiveness of various strengthening methods. The ratings 
requested are intended to be a subjective evaluation of the 
given methods. If a method has met your strengthening 
objectives, a high rating should be given. Likewise, if a 
particular method has been relatively inexpensive to 
perform, a high cost effectiveness rating should be given. 

8. Based on your experience, please rate the strengthening 
methods you have employed. Use a scale of 1-10 (10 being the 
best. ) 

Structura l  
E f  f o ~ t i v a n a s s  

- 

Strengthening Method 

Llghtrolght Dock Roplacomont 

Provida compoolto action 

Incraaso tranavorso-ot i f fnws 

Strangthen oxiatlng rnombors 

Add or  raploco manbars 

P o e t - t ~ o I o n  Y I P ~ O U Q  mmbars 

Strangthen c r i t l c o l  coraoctlons 

Oavolop contlnufty 

Othw (ploooo doscribe) t 

C 

Cast 
Ef f ci~tivctnass 



9. If it is not possible to make an existing bridge 
structurally adequate to carry legal loads, but it is I -  I 
possible to strengthen it to carry an increased load, what 
load would you desire it to carry? I 

Tons 

Optionally, rather than specifying a weight which type of 
vehicle should the bridge be able to support? 

I 

Dump truck 

Dump truck with pup - Garbage truck - 
Farm vehicle School bus 

Type of farm vehicle 

other (please describe) 

10. Do you know of anyone who might be able to supply I 
additional information regarding the rehabilitation and/or 
strengthening of low volume bridges (e.g. consulting 
engineers, highway officials, etc.)? 1 

Name: I 
Organization: 

Address: 1 

Organization: 1 
Address : I 

11. Have you used, or are you familiar with the National Cooper- I 
ative Highway Research Program Report #293, Methods of 
Strenqtheninq Existinq Hiuhwav Bridges? I 

Yes No 



Previous studies have determined that the four bridge 
types listed belo- account for over 93% of the 
structurally deficient bridges on the secondary highway 
system in Iowa. 

Please complete the table below. 

" u 
O m & $  

;n - " M C U C  2 .- z'd " 2 .z 3 g 5 e  - 0 z z  
0 .- MZ 

3 - 0  - 
0.0: z.UI 

0 - 
PO Xf = 

$,$xi53 P-csa 3 . 3  me)  
M C  * U W 3  " A 4 S  E  "t g 9  C, n -  c 

.G P) 0 3  - 0 J=i l fQ 0.0 O c;; vl.= .- - - c - ,  .5? - - c ~ a . ~ o ~  c G  E . 2  
- 0 -  d * ; g g  3 . 2 - 3  3 E c u . =  U S u  rJ "= -Og 3 3 ' s ' z . g  "34;z .U, 3 .- 

3 ~ > 5  3 2 E M ; ;  3 c L. 

Bridge type (FHWA #) 
Z E - E  ~ 8 0 u . 5 0 ,  Z g z g  

' ~ imbe r  stringer (multi beam) (702) 1 I 
Steel stringer (mufti beam) (302) 

Steel girder & Roor beam system (303) 1 
Other (please describe): I . 

I I 

Please return completed questionnaire 
in the enclosed envelope by June 25. 1990 to: 

Dr. T. J. Wipf 
Dept. of Civil and Construction Engineering 

420 Town Engineering 
Iowa State University 

Ames, IA 50011 




