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PREFACE 

In November 1986, the National Science Foundation sponsored a Workshop on the 
identification of long range non-seismic research needs for short- and medium-span 
bridges. Approximately 35 eminent bridge engineers and researchers attended this 
workshop from throughout the United States. In addition. representatives from 
Canada, Latin America and the Caribbean were also in auendancc. 

State-of-the-art papers were presented in each of the following areas: bridge loads. 
material~ evaluation and strengthening. management systems, analysis and expert 
sysaems. These presentations were followcJ by workshop group sessions to identify 
and prioritize long range research needs in each subject area. 

These Proceedings review the findings of the Workshop. In total several hundred 
research needs were identified at the meeting and these arc classified and 
consolidated to just less than one hundn:d needs. Where appropriate. ranking 
according to high. medium or low priority i~ given. 

Computech Engineering Services aclcnowkdges the assistance of many people who 
contributed to the success of the Workshop. Dr. John Scalzi of the National Science 
Foundation provided valuable advice. suppon and cooperation throughout the 
duration of the project. Steering Commiuec members Bruce Douglas. Gerry Fox. 
Charles Galamhos and Robert Reilly assisted with the development of the Workshop 
program, helped formulate its objectives and ensured its ultimate success. ~pecial 
recognition is also made of the Chairmen who lc::d the individual group ·sessions and 
compiled the lists of research needs. 

At Comrutc:ch Engineering Services, administrative sup11on for the project was 
provided by Jennifer Van Heuit. editorial assistance was given hy Mary Jauk and 
word processing/report publication was under the excellent care of Gladys Mui 
Schwalm. 

The participation of experts from Latin America was fadlitatcd by the New York 
Liaison Cffice of UNIDO. In panicular Robert Hallett. Hassan Bahlouli and Anne 
Sifuentes organizcrl the attendance of these ~pccial visitors. Their panicular 
contribution to •he success or the Workshop is also acknowledged. 

The material 11rcscntcd in this report is ba~cd upon work supported by the National 
Sdcncc: Foundation under Grnn1 No. F.CE 8520532. Any 011inions, findings. and 
condusions or ic::commcndati(>ns expressed in this puhlica1ion arc those or the 
Workshop p<1rtici1lants and do nol nccc~soirily rcflC\·t 1he views or the National 
S"·icncc Foundation or Compuh:ch Enginecririg Services. Inc. 
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1. WORKSHOP OVERVIEW 

1.1 Background and Objc:ctiw:s 

Bridge building is an an which has been pral.1iced for many thousands of years. 
Today it has evolved into a complex science as the demand for spanning greater 
distances inl.Teasc:s. The an and science of bridge engineering spans both olJ and 
new structures. from earl)· primitive materials 10 modern high strength steels. 
Rehabilitating existing structures and designing ne• bridges that satisfy a multiplicity 
of design constraints is the challenge facing today's engineer. 

To meet this challenge. education. research and innovation are essenlial. and at least 
two Federal ar .. '1cies in the United States Uhe Federal Highway Administration and 
the Trans110nation Research Board) have heen active: in this area. addressing the 
immediate: (shon-tcrm) needs of the bridge: profession. ll is however necessary thal a 
complementary research cffon be directed towards the long-lerm. ill--dc..iinc:d. high 
risk/high cost projects to strengthen the present research programs. In recognition of 
1his need. the National Science Foundation sponsored a Workshop in November 1986 
to review and identify non-seismic rcscan:h needs for bridges wilh special emphasis 
on long-lerm needs. 

The workshop had lhe following ohjel"live~: 

I) To dderminc the stale-of-lhe-art of hridge design and consrruction; 
2) To identify research needs. currently active: research agencies and programs. 

and opponunitic:s for long-rnn~e. hi~h-ri~. high·u.1S1 rc::sc:an:h investment; aml 
3) To identify priorities for thc::sc: rc::sean·h needs. 

Aucndance was by invitation only and all 1larticip;1nts were requested to suggest 
research needs in the following are;as: materials. evaluation. slrengthenini;, loads. 
analysis. construction methods. stru"·turnl form. management ;md cx1>cn systems. 
Seismic issues were deliberately exdudc:d hc:cause of adequate coverage in rccc:nt 
NSF Workshops hc:ld elsewhere:. Gcotec:hnical 1011ics ;and hydrauli'-" scour wc:rc &slso 
conii;ciously omitted from the agenc.111. 

Kc) llersonncl from hoth the &lriv11le ;ind 1mhlk scc1ors p11rticip;11ed in lhis 
Workshop. These included rt."M:ard1 ilnd design engineers from Universities. St<lle 
1111c.I Consullanl offices. Furlher. rc1n'-~enta1ives from 1hc Federnl Highway 
Administration (FHWA). the Trnnspor1;1tion R~~1rd1 Bo11rJ (TRB). 11nc.I the 
American Association or Stale Jiighw.1y ;ind Tr;1nspor1;11ion OffH:i;ils (AASHTO) 
""ere also active ll;1r1idpanls in this Worbhop. Bmlgc engineers from Lalin America 
illlll lhe Carihhc;cn were ;1lso in i11lend11r1c:c under the 'ponso1ship of the United 
N111ions lndus1ri;1l Development Or~;1ni1a1inn (l INIDO) and 1he N;11ion11I Sdenc:e 
Foundation. 
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1.2 UNIDO Conlribution 

A panicular feature of this Workshop was lhc attendance of 19 bridge: engineers from 
Latin America and the Caribbean. O~nizcd with 1hc '-"OOpcration of UNIDO. the 
following countries were represented: Bolivia. Brazil. Chile. Colombia. Costa Rica. 
Ecuador. Guatemala. Honduras. Panama. Peru. and Uruguay. 

Immediately following this Workshop. UNIDO held a second meeting on the 
Dcvdopmcnt of Wooden Bridge Construction in Latin Amem--a and the Caribbean. 
U.S. participants were also invited to attend this Workshop which w:is held from 20 
to 21 November at the State Plaza HOld. UNIDO rcron~ on boch meetings have 
been published under the following titles: 

Rcpon on the Workshop on Dcvclopmcn: of Wooden Bridge: 
Construction in Latin America and tt1e Carib;x-4ln. UNIDO Rcpon 
10/R.27. Feb 87. 

Technical Repon: Bridge Design in the Lalin Amcri~a and Caribbean 
Region; UNIDO Repon 10/R.51. Dec 87. 

Bolh repons arc avaihblc from the following address: 

Chief. Documents Unit 
Room f- 355N 
Unitc::d Nations Industrial Devclopmcn1 Organiza1ion 
P.O. Box 300 
A-1400 Vienna. AUSTRIA 
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2. RESEARCH RECOMMENDATIONS 

2.1 Workshop Groups 

Following two days of keynote la"lurcs and special presentations. working grou1lS met 
on the third day of the Workshop to diS\:u~ and identify research needs. These 
working groups were as follows: 

Bridge Loads: 
Professor Andrzej Nowak. University of Mkhigan (Chairman. Sccret:try) 
U.S. Members: Dorton. Ghosn. Now-.ak. Reilly 
UNIDO Members: Ponce. Rivera. Solla.uo 

Bridge Materials: 
Dr. John Kulicki. Modjcski and Masters. Pennsylvania (Chairman) 
Professor J.K. Rao. California State University. Long Beach (Secretary) 
U.S. Members: Albrecht. Gutkowski. Kulicki. Plecnik. Rao. Whiting 
UNIDO Members: Mcuem. Cano. Ca~ro. dcFreitas. Granados. Sorc:ira 

Bridge Evaluation and Strengthening: 
Professor James Baldwin (Chairman. Scat:tary) 

University of Missouri. Columhia 
U.S. Members: 

Bakht. Baldwin. Beal. Douglas. Galambos. Klaihcr. Leon. Reece. Seim 
UNIDO Members: Fram:o. Lomh;ir,lo. Ta11i&1. Urigucn. Yi 

Bridge Management Systems: 
Professor Celal Kos1em. Lehigh Uni"crsity (Chairman. Sa:rc:1ary) 
U.S. Members: 

Fnedland. Kostem. McClure. Powell. Sanders. Suthc:rland 
UNIDO Members: Arr11ngo. dcl Viallc 

Bridge Analysis: 
Professor Frieder Sdblc: (Chairmt1n. Sc:c:rernry) 

University of California. San Diego 
U.S. Members: Buckle. Frangopol. Gamhlc. Roeder. Scihle, Sc:ord~lis 
UNIDO Mcmhcr: Montero 

Bridge Expert Systcm5: 
Prorcssor Cclill Kostcm. Lehigh Univcr~11y (Chair1n;111, Secretary) 
U.S. Mcmhcrs: 

Friedland, Kostcm. M~Clurc. Powell. S;antlcr~. Su1hcrl;1nd 
lJNIDO Mcmhcr.~: Ar;ingo. Del V;1llc 
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22 Research Recommendations 

Several hundred research needs we.-e submitted during rhe course of lhis meering and 
in the final group sessions these were consolidalcd to a 101al of 94. Of rhese. aboul 
one-half were judged to be of high priorit)'. Research needs arc summarized below 
for each subject area noted above. Where appropriate. priorities have been assigned 
and identified as follows: 

H for high priorily 
M for medium priority 
L for low priority 

Thc:se identifiers are enclosed in parenthesc~ in appropriate subject titles. 

It is clear from the following that a large and substantial research effort is required if 
progress is to be made in the rehabili1ation of existing bridges and the design of new 
bridges. This task is too large and too expensive for any one research agency to 
undertake on its own. A coordinated effort is required among the active funding 
3Jendes and research organizations. Such an effort should be directed by a 
committee of interested parties (researchers and program directors) with the shared 
responsibilities of technical direction and optimi7.ation of the investment of research 
funds. Other benefits would include 1he a\oidance of du11licating research effort and 
the increased opportunity for improved inleraction and information transfer with 
national and international agencies. 

Rehabilitation and expansion of the nation's infrastru\.'1urc is urgent. There ii; 
therefore an immediate and obvious need to establish a research program which 
addresses the problems that arc outlined below. 

The research recommendations that follow 11rc: presented under si"' headings: 

• Bridge Loads 
• Bridge Materials 
• Bridge Evaluation and Strengthening 
• Bridge Management Sf!itc:m" 
• Bridge Analysis 
• Bridge Expert Sy~em.; 

• ! 
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A. BRIDGE LOADS 

Four subjC\:t areas were identified under thi~ general titlt:. These were: 

• 
• 
• 
• 

live loads 
dynamic loads 
Olhcr loads 
load and resistance factors/load combinations . 

Research needs in each area arc listed below: 

A I. Liw: Load 

A 1.1 (H) Live load model for bridge rating. 
Develop live load (truck and/or lane load) ror evaluation of existing bridges. to be 
used by AASHTO. Currently different stat'--s use different models. 

Al.2 (H) Live load models for bridge design code (new hridges). 
Develop live load (truck and/or lane load") 10 be used for the design or new bridges 
(AASHTO Specification). Current model (AASHTO) is not adcquale. 

A 1.3 (L) Live load model for transit guideways. 
Develop design live load model for future sys1ems to be constructed in the Uni1ed 
S1a1es. Recently compleled transil systems dearly indica1e to lhc need for such 
models. 

Al.4 (M) Histograms of truck weights. 
Gather da1a on truck weights. axle configurations. and axle weights; through 1ruck 
surveys. weigh-in-motion. and other means. 

Al.5 (M} Site-specific load spectra. 
Develop live load spectra for typical bridges. Consider interstate highways. state 
roads. secondary and rural roads. live load spectra for posted bridges. This will :tervc 
as a basis to differentiate design criteria. Currently se.:ondary and primary road 
bridges arc designed and evaluated using 1m1ctic:1lly the same criteria. 

A 1.6 (H) Muhi1lle presence models. . 
Develop models for headway diSlance. muhiple presence of trucks on mullilane 
bridges (in-lane and side-by-side). load spc'-'lrn for hrillge members (girders) due to 
mulriplc presence. 
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Al.7 (M) Load growth models. 
Develop live load models for future bridges. establish load growth rate. This involvl 
truck weight growth. changes in axle configurations, fret1uenl-y of traffic. multipl 
presence. 

A 1.8 (L) Fatigue loading. 
Devc:lop load spectra for fatigue analysis. lnad spectra for members and connection~ 
future changes. 

Al.9 (M) Bridge load - damage accumulation. 
Dcvdop a rdationship between live load level and bridge damage accumulatio1 
level. economic analysis (cOSl) of design. rc1l3ir. and maintenance as a function of live 
load level (truck weighlS, frequencies. axle load and configurations). optimize the 
bridge formula. 

A2. Dynamic Load 

A2. I (H) Dcvdop a dynamic load model for design and evaluation of bridges 
The following considerations arc recommended: 

effect of surface condition (roughness of the ro:"J). this is panicularl) 
important in short span bridges 

dynamic properties of the bridge (natural frequency of vibration. mass. 
span. material) 

vehicle properties (suspension system. speed) 

multiple presence. dynamic effect of multiple trucks or axles on the bridges 

live load vs. dynamic load. relationship between exareme live- load and 
dynamic load. dynamic load as a function of 1ruck weight and axle 
configuralion 

dynamic load for timber bridges. In the: currenl AASHTO specifications. 
no dynamic load is .considered for timber bridges. Minis&ry of 
Transportation (Ontario) tc-sts indicate lhere is some dynamic effec1. It is 
necessary 10 quantify the level of this effect. 

time effect vs. failure mechanism. lnvc,:,;tigate 1he rela1ionship herween the 
truck crossing time and failure mechanism. Failure to timber strucrures 
exrends in rime and a ~horr cr&.t.~tng time may jusrify higher load. 
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AJ. Other loads 

Al. I (M) Construction loads. 
Dcvdop load modds to be used in evaluation of bridges during -:onstru.~ion. This 
particularly applies to segmental bridges. bUt also to temporary structures (scaffolding. 
forms) 

AJ.2 (L) Temperature effects 

Dcvdop temperature effect models for bridges without expansion joints. 
Elimination of expansion joints llelps to reduce deterioration of bridges. 
However. temperature differentials are the major loading and the current 
state of knowledge is insuffident. 

Theoretically. nonlinear temperature gradients result in continuity stresses 
and self-equilibrating stresses. The self-equilibrating stresses a'-1ing on an 
unrestrained structure may produce high stresses within the member which 
arc not clcarfy undcrs,ood. Additional physical testing shouid be 
conducted to verify the existence and magnitude of these sclf-equilillraling 
stresses. 

More field testing is needed to calibrate the proposed tcm(lCraturc 
differentials for the United States. 

A3.3 (L) Collision forces. 
More data is needed to develop design criteria for collision forces. In parii"·ular the 
following should be considered: 

vehicle collision (pier. superstructure. railing) 
ship collision 
railway loads (derailing forces, direct imflact) 

A3.4 (L) Scour 
Scouring is identified as the most frequent cau~e of b idge failure. M.arc: research 
errort should be t.lirc:cled to lhis problem 10 determine the effccl of ,.couring lln hri<lgc 
performance. control of damage and prevemion. 

A3 . .S (L) lm1>act load for bridge: railing syslc:ms. 
Develop design criteria for hridge railing ::yslcms. 

A3.6 (L) Effec1s of severe environmen1s on the ~fc1y of hridge!'t. 
Explore lhe effcc1s of !ic:VCrc environments such 11s cold ;1nJ moisture on hridgc 
flCrforma nee. 
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A3.7 (L) Br:iking forces. 
Ckvclo11 design criteria for braking forces due 10 sing~c anti muhiplc tnu:ks. 

A4. Load and Resisbncc Fact<trs and Load Combinations 

A4. I (H) Load and resistance factors for the design of new bridges. 
Develop load and resistance factors using state-of-the-art methodology m bridg 
engineering. structural an:ilysis and probabilistic methods. 

A4.2 (H) Load and resistance factors for evaluatron of existing bridges. 
Develop load and resistance factors using state-of-the-art methodology. 

Other topi~ which arc rdated to A4. I and A4.2 :ibovc. arc listed below. 

A4.3 (L) Verification of stochastic modds. 
New methods arc now available which have been developed for either buildin 
structures or in other areas of engineering. They require verifi"'-ation and adjustme1 
to bridge engineering applications. 

A4.4 (M) Load combinations for calibration 
Develop practical load combiruuions to be used in the development of load ar. 

resistance factors. 

A~.5 (H) Target reliability i !vcl(s) 
E..;tattlish the acceptable satety level(s) for hridges. taking into account age. type. cos 
and other parameters. This effort must involve a wide spectrum of bridge engince1 
representing bridge authorities. designers. researchers and users. 

A4.6 {M) Reliabili~y models for bridge structures 
Develop reliability models for bridge structures using state-of-the-art methodolog 
Consideration should be given to members as well as s1.ructural systems (syste1 

rel iahility ). 
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8. BRIDGE MATERIALS 

Six basic issues and generic roearch areas were identifi~ by the Materials GrOUJl. 
Concern was expressed that about half of the bridges in the country arc in various 
stages of deterioration. The urgent need for materials research which was oriented 
towards application in the infrastructure field. was highlighted. Enthusiastic support 
was given to the concept of national centers of ex1lCrtisc and excellence which would 
supplement existing materials science groups/centers. The focus of these new centers 
should be on inirastructurc research such as 

I. Durability of Construction Materials in Bridges and Infrastructure 
Rehabilitation 

2. ~n cnt Techniques for Construction Materials (includes nondestructive 
techniques using technology from aerospace. physics and other noncivil 
engineering fidds) 

Other topics such as structural adhesives (from the aerospace faekl). and evaluation of 
material properties for existing structures were discussed. To encourage new 
materials. such as composites. it •as felt necessary to research the area of con:aistent 
safety factor design of bridge con.ponents which are made of composite materials to 
ir.clude variations in material properties and load effects. 

The six subject areas idenfitied by the Materials Group were: 

• 
• 
• 
• 

• 

mechanical properties 
damage and damage mechanisms 
new and advanced materials 
nondestructive evaluation 
reconstitution 
other topics . 

Research needs in each area are listed below. 

B 1. Mechanical Properties 

Bl.I (H) Materials and components (memhcrs) and connections 

The following should be •nvestigated: 

Environmenta! exposure effects 

Loading rate effects on material rc:sistance 
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In-situ measurement of prDllCftio 

Formulation of constitutiw: equations 

Failure criteria (response to sires fidds across 1he SICClion of members) 

Environmental fracture criteria (sl~ in1.~sity in flawedlcracked regions) 
for t>ropagation and energy absorption. Brittle-ductile fracture transitions. 

Long-term time-dependent properties 

Ma;erial variability rharadc:ristics quantifia1ion merhodology in a 
uniform format between materials for characterization of resistance safety 
factors. 

82. Damage and Damage Mechanisms 

82. l (H) Accumulation and Control Methods 

To avoid or replace corroded metal members or components, the following should be 

investigated: 

Fatigue control and evaluation of remaining useful service life; prediction 
methods as a part of rehabilitaaion and replacement programs in bridge 
management systems. (For example,, steel and composite members.) 

Environmental effects on materials (deicing salts on concrete. decks with 
protedive mechanisms, acid rain. abtaSion of wind and .-r1icles. biological 
attack). 

Relationship to serviceability (useability. reliability vis-a·vis repair 
mechanisms). ultimate strength (especially connections of mdal structures. 
composite materials, members and connections} 

83. New Advanced Materials 

New materials requiring application-related study include: fiber-reinforced. composite 
materials. structural adhesives. and joining techniques for steel. The following topics 
are therefore recommended: 

B3.1 (H) Basic Research into New Ma1crials 

Basic research 10 develop composite materials in bridge componen1s and 
connections. 
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Structural pro1JCrtics and behavior 

Non-structural issues (Fabrication T«hnology) 

COSl-dfcctiveness methodology. with lifc-cyde a-onomk"S for lood. 
environmental and durability cffc .. '15 

Consistent safety factor design or bridge COl1lponcnts made of composite 
materials for variation in material properties and load effects.. to give 
consistent safely levels for bridge strength and serviceability. for ... -orrosion 
resistance and fatigue. 

83.2 (H) Interaction with Conventional Materials 

FRP connections for metals and wood. 

awer- plating 

83.3 (H) Methods to Maximize Structural Benefits 

High-strength/lightweight materials should he studied together with the environmental 
benefits of composites. 

84. Non-destructive Evaluation 

84.1 (H) -Material ADessment Techniques (MAT) 

Stress Analysis incorporating MAT output 

Survey or non-related technological fields for possible new material 
assessment techniques 

BS. Reconstitution 

BS. I (H) Basic Materials Studies 

Dispersion or properties and fla~ by processing 

Fundamental modification to new forr.1. shape. and on predetermined 
residual state (autostre5.~ post-tcn:iiioning. "''··ngthening) 

Combination of materials 

In-situ modification of structural components 
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86. Olher Topics 

86.1 (M) Establish da1abascs for correlation or in-si1u fidd pcrforman~e againSI 
laboratory test results. 

86.2 {M) Connection details (linked with Bl. and 82.). 

86.l (M) Characterization of rcsistalk.-e (as related to \."Onsistcnt safely). especially for 
na: materials. composites. structural adhesives (linked with BI.). 

86.4 (M) Process con1rol (linked with others). 
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C. BRIDGE EVALUATION ANO STRENGTHENING 

Most of the members of the EvaluationlSl.-engthcning Group a.-e a~"tivcly involv.:d 
with short term immediate research needs such as thal supported by lhe NCHRP and 
the f.HW A. All '1g.-eed that the more fundamental long range research sugestcd for 
NSF support was sordy nccdcd. Accordingly. 1he Evalua1ion/Slreng1hcning Group 
idcnlified the following five general a.-cas of needed resean:h. 

• impro~ rating llldhods llSing nOlldestruaivc methods 

• estimation of load ca.-cily 

• corrdation of the rate of deterioration with service conditions 

• mcthods of repair, rehabilitation and Slrengthening 

• nondesarucrivc ins1rumcn1ation. 

Research needs in each area are described below. 

Cl. (H) Implementation of Non Destructive F"ldd Tai Results in the Evaluation and 
Rating Process 

Field tests have shown thal lhe "real" load carrying capacily of a bridge is almOSl 
always much greater than 1hat predicted by conventional evalualion analyses. This 
discrepancy is due in large pan to conservative modeling assump1ions concerning 
unknown conditions. Non destructive field tCSls pcrmi1 many of lhcsc assumptions to 
be eliminated. because the bridge itself provides an exa<."l model. There is a need for 
more knowledge concerning appropriarc measurements and interpretation of the 
results. Is it possible to identify the crirical failure mode? Whal limil state should be 
considered in old bridges. yielding or collapse:? Once the strengrh has been 
delermincd. what arc 1he appropriate load factors for raring? 

C2. (H) Dcvdopmenl of a Belter Fundamental Undcrslanding of the Real Load
Carrying Capacities of Bridg~. using Results of Destructive Field TCSIS and Analysi~ 

If lhe differences bcrwcen "real" and predicted ultimate Slrengths are as great as some 
field leSls indicate. a great deal more knowledge is needed concerning modeling and 
analy1ical procedures. Test data on a wide varie1y of bridges arc necdct.I as a check 
on improved procedures as they arc developed. Pcrha1>S a cenler for bridge testing is 
needed. Such a cenler mighl serve as a c:lcaring house for information on bridges 
lha1 become available for l~ling. a rcposirory ror bridge lesl da1a. and a sourc.:c or 
ac.lvicc on what test information is needed. Suc:h a center might also provide partial 
supporc for field tests and as a lilimulu" for :i>ponsorship by other encicics. 
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CJ. (H) Correlation of Deterioration Rates with Service Loads and Conditions 

It may be that far too much emphasis is being plil4..-cd on evaluation of the current 
ultimate strength. In rating a bridg~ what is really needed is a l'K'cdi ... "tion of hoth the 
strength and serviceability of the bridge just before rhc next inspection. This 
obviously requires some prediction of deterioration under future service conditions. 
Except for fatigu~ very little is known about detcriora1ion rates of bridges under 
service conditions. 

It may become possible 10 substantially increase estimates of current ulrimate srrength 
through incorporation of fidd test data in the evaluation process. If such a 
development were to result in substantially increased service loads. accompanying 
increases in deterioration rates would undoubtedly nullify at least part of the 
apparent gain. 

C4. (M) R~r .. Rebabililation and Stn:agthcning 

If an old bridge is evaluated and found to be unsuitable in its existing condition to 
carry the traffic for which it is needed. decisions must be made concerning possible 
repair. rehabilitation. strengthening or replacement. Research is currently being 
oonductcd under several TRB pr-ojccts in an effort to bring togdher available 
knowledge on techniques for accompli:.hing each of these. However. there is still a 
need for overall design criteria to be applied when working with old bridges. Since 
old bridges may not be expected to last as long as a new baidgc. the design criteria 
for repair. rehabilitation and strengthening may ROI be the same as those for new 
bridges. 

CS. (M) Devdopment of New Non-Destructi~ Instrumentation for Fidd Testing and 
lnslnlmencation 

Experimental measurements are always hmjted to some extent by the available 
instrumentation. Development of new inSlruments which are more economical. 
easier to use. more reliable, more precise. and would measure additional parameters. 
would be quite helpful in the evaluation process. Crack deteclion. measuremcnl of 
corrosion deterioration and in-situ measurement of material properties such as 
fracture toughness are suggested for consideration. 
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D. BRIDGE MANAGEMENT SYSTEMS 

Research needs in bridge management system~ (BMS) arc diviJcd into two major 
categories: 

• BMS programming 

• Strategic long range planning 

•sMS programming• is not limited to •com1lUtcr programming• per se. The research 
ro."Ommendcd within this category includes bolh fundamcnlal and applied research. 
The nature of the end prochact of BMS will inevitably be computer-based software 
systems. databases, and rules and 1uidelines.. Within •&MS programming• the major 
subject hcadinp for recotnmendcd resean:h programs include: 

• Optimization models for BMS 

• Rating and Routing via BMS 

• Decision-making stratqy and activity effectiveness. 

Rcsc:arch needs in these aras. arc listed below. 

DI. BMS Programming 

DI.I Optimizat~on Modds 

Mathematical optimization modds should be formulated and implemented in the 
prioritization and selection procedures. 

Models such as the linear programming procedure and the stochastic decision process 
should be formulated for use in the priorirization and ~dection procedure of an 
effective bridge management system. Models with funding constraints generally 
contain decision-making features and become quite complex but should be 
computationally feasible. The optimization models should be developed for 
implementation as the basic data quality anJ quantity increase during the: later stages 
of bridge management development. 

Dl.2 Rating and Routing 

Procedures must be developed to enable the stiUC transportation departments to 
regulate the weights of licensed vehicles that can use the bridges and also to assess 
the bridges for safe passage of overweight v~hicles operating with special hauling 
permits. 
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D 1.3 Occi~ion strategy and activity cffccti"t:nCSS 

Analytical tools are needed 10 accurately determine the reponse 
characteristics of repaired. retrofitted. or strengthened bridge structures. 

• Thr. feasibility of improved c.."OSI effective techniques for erecting. 
11.aintaining. repairing. testing and strengthening of bridges needs to be 
investigated. 

• Collection and intcrprelation of da1a on the effects of spccifac 
maintenance. repair and n:habilitat:~n on bridge performance is needed. 

• The effect of maintenance. rehabilitation and replacement activities on 
bridge life must be determined. 

• Determination oi the cost-dfcc..'ti~ncss of bridge maintenance. 
rehabilitation. and replacement. 

• Dcvdopmcnt of bcncfil""-~t analyses to dclerminc bridge activity coslS 
and user costs. 

The feasibility of improved cost cffa1ive techniques for inspccling. posaing. testing. 
main1aining, repairing, and replacing bridges must be explored. Effel."tive bridge 
management requires rdiable information on the additional service life 1hat can be 
purchased with discretionary expenditures on existing bridges. Life-cycle cos1ing 
using accurate data should be used to determine the opcimum amount of funds to be 
spent on bridge activities. A systematic plan for collection of data on the effects of 
various bridge activities could be carried out at an NSF "Center of Excellence." 

02. Strategic Long Range Planning 

02. I Develop accurate methods to predict future needs. 

Since 1970, $12 billion in Federal funding has been made available to States and 
local governments to improve bridges. Despite these unprecedented expenditures. 41 
percent of the Nation's 574.000 highway bridges remain dcfacient. Each year as many 
bridges arc added to the national list of ddicicnt bridges as arc removed from it. For 
the present. bridges are maintaining the status quo. However. because 40 percent of 
all existing highway bridgo are between 1 S and JS years old. bridge needs ar-: likely 
to increase substantially in the next two decades. Becau1e current projections 
indicate a probable increase in the rate of bridge need growth. a comprehensive 
system is needed which will anticipate fucure needs and respond 10 changes in 
funding levels. The grealesl potencial henefics of a com1-.rehensive bridge 
management system are che abilicy co explore a wide range of "what if" questions and 
predi~l what is going to happen in the: future. 
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E. BRIDGE ANALYSIS 

The idcn1ifit.<llion of research needs in lhe hridg~ analysis arc3 is complica!cd by the 
fact lh:it all bridge research areas have some kind of analytkal t.-omponcn1. This 
makes it difficult 10 scparare our individual analytical ncctlc; wi1hou1 dircCI reference 
10 the overall research needs. 

Therefore an aucmp1 is made 10 identify analytical research needs by applica1ion 
ralher than by more tradi1ional methods in order 10 CSlablish a clear objective. 

A total of six application ca1cgories were identified as follows: 

• Analytical Tools for Limi1 State Design 

• Analytical Tools to Assess the Effccts of S1rue1ural Rehabilitation 

• Time History Modds 

• Systems Identification Me1hods 

• Expcrimen1al Verification Analytical Moods 

• Special Topics 

In addition to the identification of individual research needs within lhc above 
categories. lhe following general concerns arc expressed regarding the development of 
nc:w complex a11aly1ical tools: 

a) There exists a large gap between the stale-of-the-an in bridge analysis and the 
analylical 1ools most frequently employed in lhe praClicing engineering 
community. Every effon should be: made to disseminate advances in 1he 
~nalytical field in order to overcome rhc "recipe" oriented bridge design 
approach. 

h) The analysis of a bridge structure is only as good as the model used to 
rcpresenl the actual condirions. Frequemly obrained large: discrepancies 
between analytical predictions and field load te."' results arc ofren attributed to 
inadequate analytical mclhods whereas in fact the modelling of boundary 
condirions and secondary effecb is in error. 

c) Complex analytical methods have to lle validated by ex1>c:rimental verification 
tcsrs. In the nonlinear and failure range, large- or full-scale: cxpc:rimenral 
models arc needed ro flropcrly idc:nrify pro101ypc: hch11vior. A11alyrical models 
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have to be calibrated again~ experimental t~ts under controlled laboratory 
conditions first before any reliable field applications can be made. The 
importance of. and necessity for. ex1K.-rimcntal validation of analytical modeis 
prompted the listing of a separate research category in that area even though 
experimental testing was not expl:citly addressed in this workshop. 

EI. Analytical Tools for Umit Slate Design 

With worldwide changes in bridge design philosophy towards Limit State Design 
concepts.. analytical tools have to be de·1dopcd which address the individual limit 
states for the local (e.g. anchorage details), regional {e.g. transverse bending) and 
global (e.g. overall behavior) design of the bridge struc."ture. 

ELI (L) Service Limit State 

Dcvdop linear elastic models which can predict deflec."tions and se1Vice stress levels. 

El.2 (H) Overload Limit State 

Develop nonlinear models (cracking. yielding. de.) which can trace the post-working 
stress behavior for Special Permit Overloads 

El.3 {H) Ultimate Limit State 

Develop nonl:near modesl which can trace the complete behavior up to failure. 
including force redistributions, in redundant systems and simplified models which can 
easily evaluate possible collapse and failure mechanisms 

E2. Analytical Tools to As.wss the Effects of Structural Rehabilitation 

With the volume of necessary structural rehabilitation of the national bridge 
inventory increasing. analytical tools have to be developed which can accurately 
predict the current state of existing bridge structures and allow the implementation of 
repair and strengthening measures in the modelling. 

E2.I {H) Assessment of Damaged and/or Existing Structural State 

Develop models in which damage can be introduced and the effectiveness of repair 
studied 

E2.2 {H) Models for Repair and Strengthening Methods 

Develop models in whkh the addition of external tendons, composite overlays, and 
the:: like can be studie<.I 
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EJ. Time History Models 

Accurate modds arc needed which can represent construction stages and associated 
force redistributions. environmental effects. time-dependent cffc'-~s and load histories 
for arbitrary bridge geometry. 

El.I (H) Dynamic Amplification Load Allowance: impact and braking. 

E32 (H) Construction Sequences: segmental. 

EJ.3 (H) Environmental Loading: temperature. wind. 

EJ.4 (Hj Long Term Effects: prestrcss ~ creep. shrinkage. corrosion. 

E4. System Identification Methods 

To f"cilitate dissemination of analytical tools and enhance application. black box 
modds need to be developed. 

E4. I (M) State and Capacity Determination of Existing and/or Damaged Bridges 

Dcvdop models based on design and field d.ua input, include non-structural 
components and effects. 

E4.2 (H) Determination of Dynamic Response 

Develop methods for parameter identification. and resp<;>nse spectra for traffic loads. 

E4.3 (M) Analy1ical Tools for H11Lard Sccn;irios 

E\lablish the effe«.:ts of a series of events. anc.I how they impact on bridge safcty. 

E5. Experimental Verification of Analytical Modds 

The high costs associated with large-scale experimental testing precludes large-scale 
experimental parameter stm.lies. Ho\\tevcr, these parameter studies can be carried out 
with analytical models as long as they are properly validated by experimental data. 

E.i.I (H) Large-Scale Testing in Controlled Lahora1ory Environments 

Carefully planned laboratory tests arc needed for vcrifica1ion and calibration of 
analylical models. 



- 20 -

E52 (M) Field Testing 

After the appropriate laboratory verification. complex analytical models should be 

applied to field tests. 

E5.3 (M) On-line Testing Procedures 

Analytical tools for interactive testing. substruc:turing must be developed 

E6. Special Topics 

This special topics category contains all suggCSlcd research needs not covered m 
other application areas. 

E6.l (L) Timber Bridge Analysis Problems 

E62 (M) Falscwork. Fabncation and Erection Stages 

E6.3 (H) Pre- and Post- Processing Software: interactive graphics system~ and the 
like. 
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F. BRIDGE EXPERT SYSTEMS 

The research needs in the area or "expert ~-ystems.'" using the broadest definition of 
the term. can be t.-ategorizcd under two maj\u headings: 

• Computer-aided design. manufacturing. and information exchange. and 

• Application or expert system technology in planning. design. construction. 
maintenance,. inspection and rating. 

The research activities that n:~ to be carried out under the above-defined general 
categories are described below. 

FI. Computer-aided design, manufacturir.g, and information exchange: 

Fl.I Determine the components of an expen system in bridge design 

A critical review of the current and projected capallilities of expen system 1echnology 
should ~ undenaken. Similarly. various types of activities carried out in the bridge 
design process should be identified. Prototype models and expen systems should be 
developed to execute these activities to demonstrate: and verify the practicality of the 
a11proach. 

Fl.2 Extend expert systems into manufacturing process. 

It is believed that manufacturing aspects of "bridge: engineering" need to be upgraded 
urgently. The feasibility of the use of expen systems for this process needs to be 
identified and demonstrated. 

fl.3 Develop a "common information exchange "formal"". 

A short term solution to developing inlcgratec.J software: systems is to design a 
universally accepted information exchange format. The:: "format" should be general. 
nexible, compact. simple. expandable and "politically acceptable." The format 
should cover all as(lt:cls of bridge engineering. and should Ile human-readable as well 
as machine-readaMc::. 

Fl.4 Software integration through "shared" dala and common "an:h1tecture" 

A 1ruly integrated sof1warc: system will no1 merely exchange data among programs. 
hut will operate from a common datahasc. The inrcgralt:d software should also have 
;, common architecture for all applicalions. Furthermore. it should he possible lo 
configure lhc sys1em to reOecl regio11;1I d1lkrenccs in dt:.liign style~. and to change il 
easily lo reflccl lhc changes in dcsil!n codes. Fundamc:nlal re.liCCJrch is needed 10 
itle111ify ar1no1>riatc tools ;111d 1cchni<1ucs lo perform 1hc ;1hovc mis~ions. Even 
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though the developments in e%pert systems have RO( rc:achcd fo:I maturity. as 
compared to. for example. the finh: clement method, there arc s1ill plenty of "tools" 
al t!lis time that on be cxpc:ditiously applied in a •production environment." 

F2. Applicalioa of &pert System Technology 

F2.I Development of expert systems to he used as a •training guide and 
surrogate consu!tant" on the analytical modeling and analysi.~ 
of bridge superstructures. 

Recent developments in the analytical modeling of bridge superstructures have 
become quite sophisticated. Some of the state-of-the-an tools arc too complicated to 
be digcsrcd and used by •average .. bridge engineers within the limited time at their 
disposal. The systems to be developed can be used both as a teaching/training aid 
and as an advisory tool to be referred to in the production mode. 

F22 Development of expert systems to be used in construction. quality 
assurance and quality control. and in the assessment of 
reliability of "data." 

A number of issues frequently encountered in bridge engineering can best be handled 
via expert systems yet to be developed. The issues which need to be addressed 
include. but arc not limited to: How to relate quality assurance to structural 
reliability?, Sensitivity analysis a~ applied to bridge engineering and identification of 
ihc parameters most vulnerable to human errors. and development of error control 
strategics. 

F2-1 Development of expert syste~ to opcimize bridge inspection intervals 

Evaluate: and. if possible, revise inspection inrervals based on the observed 
dererioration rare and the consequences of local failure and deterioration for each 
structure type. 

F2.4 Development of expert sysaems for the quantification of inspection reports 

Expert systems provide a means c,f capturing the knowledge of skilled employees in 
transforming qualitative inspection reports to quantitative assessments of strength. 

F2.5 Development of expert sysaems to be used in conjunction with 
"bridge management systems." 

Bridge management system' (BMS) require the implementation and interfacing of 
expert system concepb. This application will permit the uniform application and 
interpretation of BMS results and findings. Without such application, there exists the 
probability to make accidental and/or systematic error~. 
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F2.6 Applica1ion or "emply expert system shells" lo bridge design. analysis. 
cons1ruc1ion. raling. inspection. and mainlcnancc. 

A number or emp1y expen system shells are available. ll is highly desirable to study 
the feasibility of using these existing systems in bridge engineering. If 1his feasibility 
can be successfully demonstrated. possible major investments in lhe development or 
expert systems can be substantially reduced and the implcmcntalion or the projects 
can be expedited. 
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WELCOME ANO INTRODUCTORY REMARKS 

John 8. Scalzi 
Program Director 

Systems Engineering for Large Strudurcs 
National Scien~-e Foundation 

lbank you very much for the opportunity 10 welcome you here this morning to this 
Workshop. As sponsor of this meeting. my colleagues at the National Science 
Foundation and I arc particularly interested in the outcome of your discussion. 

We of course. arc looking forward to the rc:search needs that will be identified during 
the Group Meetings later in the week. and the formulation of a Research Agenda. In 
the meantime. and to hdp set the sragc for your ddibcrations. I would like to 
overview the current bridge research program at NSF. 

3.1 OVERVIEW OF BRIOOE RESEARCH PROGRAM 

In a recent re-organization of 1he Direcaorate for Engineering at The National 
Science Foundaaion. several divisions. and programs were esaablished with new 
responsibilities in order to enable the Foundaaion to mee1 the current and future 
challenges which have devdopcd in our sodcay. 

The: goals of the Engineering Direcaorate have: been set fonh in fou.- ·qatemcnts. as 
follows: 

I. Insure that the United States is al 1he leading edge of engineering research in 
all fields. 

2. Assist U.S. engineering schools in reproducing the world·s best engineers. 

3. Find ways for the U.S. 10 bendit from the full research potential of 
universities, colleges, industry and government resources. 

4. Insure that sufficien1 fundamen1al knowledge and experties is available along 
wiah cros.~disciplinary activilies. to stimulale advances in engineering in the 
private sector. 
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STATE-OF-lltE-ART: WORLD SCENE 
Bridge Engineering - An lntenaalional Pcrspccli-c 

Roger A. Dorton 
Manager. Structural Office 

Ontario Ministry of Transportation and Communications 

In the more highly devdopcd countries of the world. many bridge engineering 
concerns are similar. For short and medium span bridges. the major concerns of the 
practicing bridge engineer can be placed in the following six categories: 

Design code phi:osophies 

Safety and probabilistic methods 

Definition of loads 

Analytical methods 

Contract and construction practices 

Bridge management 

In this presentation the international situation is reviewed in each category. covering 
such items as limit states design, increasing code complexity. ~tructural safety levels. 
vehicle weight control, collision loads. inelastic methods of analysis. bridge system 
behavior. construction safety. serviceability concerns. design life. and crilcria for 
rehabilitation. 

Goals are then set in each of these six calegorics for a 10 10 ts year time frame. and 
derailed research and development needs arc identified so as to reach these long-term 
goals. 

These technical needs must also indude certain non·technical developments which 
arc affecting structural engineering today. These are discussed under the headings of 
engineering control. expert systems. liatlility issues. and innovation. 
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BRIDGE ENGINEERING 

AN INTERNATIONAL PERSPECllVE 

I. Introduction 

2. Conc:erns 

3. Prcscnl Situation and Goals for 10 - IS Years Hence: 

4. Professional or Social A,,a.'15 

S. Concluding Remarks 

2. CONCERNS 

A. Design Code Philowphies 

8. Safety and Prollahih,_.u: Mdhods 

C. Definition of Loads 

0. AnalytiQI Methods 

E. Contract & Con,_.ruclion Practices 

F. Bridge Managemcnl 
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JA. DESIGN CODE PHILOSOPHIES (Present Situation) 

Design Approach in State or Ch:angc 

WSD - LFD - LRFD - LSD 

Varied Degrees or Calibration 

Concern About Grater Complexity and Length 

Longer Tame to Design Simple Bridgoes 

Noa-uniform Terminology. LF and+ Factors 

Global and Partial S.F. Approaches 

Compare Europe. North America and Other Countries 

More llems Covered in Codes by Request 

Codes Tending to Become •Rccire• Books 

Unifaed Codes - Eurocodes or Spca.ialty Codes? 

JA. DESIGN CODE PHILOSOPHIES (Future Goals) 

All Coc.les in Calibrated LSD Formal 

Equal Concern for SLS and ULS 

Simpler to Apply - 2 Level format 

Common Terminology 

Common Approach for All Stru'"1ural Design Codes 

Foundation &. Soils Interaction in Same Format 

Consistent Coverage for Concreie 

To Cover New Designs. Evaluation & Rehabilitation Designs 

Code Clauses to Beiter Rcflc:ct Bridge Testing Results 

Code Philosophy Clear and Well UndcrSlood by Users 
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3B. SAFETY &: PROBABILISTIC METHODS (Prc::scnt Situation) 

WSD Simple bul Safety Level Ulk."Crtain 

Target Safety Levds f« LSD Arbilr.ary 

Public Aa:cptancc of Failure Frequency Not Clear 

Safety l..e¥d Based on Lifetime Cosls 

Concern About Human or Gnm Errors 

Design Life ConceplS 

Calibration Needed for Load Combinations other than 
DL+LL+I 

Single Load Path - Oefmilion 

Calibration for SLS Minimal 

Soil/Structure Interaction 

Failure from Flood &: Scour 

Data Base for Probabilisitic Methods 

38. SAFETY &: PROBABILISTIC METHODS (Future Goals) 

Agreed Safety Levels for ULS Design Based on Public 
AcceplMCe of Risk 

Human Errors Reduced by Improved Checking and Control 
Proced11res 

Design Life Esaablished, Based on Material and 
Environmental Data 

Codes Calibrated to Agreed Safety Levd &. Various Target 
Design Lives 

Codes Calibrated for All Load Combinations al lJLS and 
SLS 

Single &. Multiple Load Path Bridge Types Clearly Defined 

Improved Data for Probabilistic Methods Based on 
Performance Measurements 
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JC. DEFINITION OF LOADS (Prcscnt Situation) 

Im.Tease in Vehidc Weights 

Lad of Effa."tivc: Weight Control 

Susceptibility of Shon Spans to Overloads 

Multiple Presen~""C. Multi Lane Loads 

Live Load Dynamic Effects. Including Multi11lc Loads 

Accuracy or Live Lookl Models for Design and Evaluation 

Temperature Effa.1s - Gradient Model, Integral Abutments 

Collision Loads - Roadway and Rail Vehicles and Ships 

Relationship Bc:tween Legal Weights. Enforcement. A\.1ual 
Weights. Design Models. Damage and Economics 

JC. DEFINITION OF LOADS (Future Goals) 

Improved Vehicle: Weight Control 

Representative Design Model from Load Surveys and Sensors 

Better Method for Dynamic Load Description - Keep Simple 

Greater Use: and lJnderlilanding or Integral Aflutmcnr Bridges 

Realistic Definition of Likely Collision Loads 

Establish Rational Relation5hip Between Loads an<l Damage 
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3D. ANALYTICAL METHODS (Prcscn1 Si1uation) 

Little: Advantage in Funhcr Complexity in Analysis 

Elastic Methods Still Used a1 ULS 

Available: Pbstic Redis1ribu1ion Mc:1hods Nol Sui101hlc: for 
Designers 

Dc:signing for Componcnl Behoivior 

Analytic..-al Results Often in Di~grccmcnl with L.o..d Test 
Data 

Method~ NOi Always Suited 10 Evaluation of Dc:1crioratcd 
Bridges 

JD. ANALYTIC AL METHODS (Future Goals) 

PlaSlic Redistribution Methods Available for ULS Design 

Analysis of Whole Structure Possible Instead of Components 

Analytical Methods in Agreement with Full Scale Tc:st 
Results 

Effect.~ of Deterioration (e.g. Concrete Cracking) 
Incorporated into Evaluation Analytical Methods 

Improved Modelling and Analysis of Soil/Structure 
Interaction 
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3E. CONTRACT It CONSTRUCTION PRACTICES (Present Situation) 

Changing Contr.k.'"ting Me1hods Makes Overall Responsibilily 
Less Clear 

Increased Use of Compuler Drafting .. 
Problems of Data Transfer and Compatibility of Micros 

Responsibility for Falsework and Olhc:r Temporary Works 

Construction Loads and Safety Levels 

On Site Safety - Responsibility 

3E. CONTRACT & CONSTRUCTION PRACTICES (Future Ooals) 

StandarJ C ADD Methods for Contract Preparation 

Easy Data Transfer by Micros 

Standard Details by Oraphics to Simplify Construction 

Improved Knowledge and Standards for ConSlruction Safety 
Lc::vels 

More International ConSlruction Specifications - Performance 
Specifications 

Clear Definition of Responsibility for On-Site S;1fcty 
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3F. BRIDGE MANAGEME"'T (Present Situation) 

New Methods Being Developed 

Inspection and Evaluation Methods V:uy and Often 
Inadequate 

Serviceability Concerns Now on 1960's Designs for Minimum 

Material 

Loss of Durability with Time Not Wdl Understood 

Hard to Estimate Remaining Life 

Lack Rehabilitation Design Criteria 

Need a Decision Modd for Rehabilitation 

Repair Problem,.. with Urban Elevated Expressways 

Heritage Bridge Rehabilitation Me1hods 

:;F. BRIDGE MANAGEMENT (Future Goals) 

New Non-DeSlructive Condition Survey Methods 

Repair Methods for PSC Bridges 

Methods to Prcdkt Rare of Dclcrioration and Future Life 

Rehabilitation Design Code 

Decision Model 10 E~ablish Besa Time to Carry Out 

Rehabilitation 

Methodology 10 Ser Rehabilitalion Priorities for Bridge 

Networks 

Maintenance Handbook Applied to Ensure Design Life Met 
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4. PROFESSIONAL OR SOCIAL ASPECfS 

Areas of general concern to be considered in research and development 
needs. 

I. Engineering Control 

2. Expert System.~ & Artificial lntdligence 

3. Liability lmues 

4. Innovation 

4.1 ENGINEERING CONTROL 

Perceived Loss of Control with C ADD Systems. 
Comprehensive Standards and Codes 

No Longer One Person in Charge 

Need to Keep. and Ability to Question. Computer Output 

Design lni1iativc Tend,. to Ile S1ined by the System 
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42 EXPERT SYSTEMS&: ARTIACIAL INTEUJGENCE 

Suited to Diagnosis & R\ · 1litation 

Threat or Opportunity for Structural Engineers? 

Dcvdopmcnt by Structural Engineers or Computer Experts? 

Potential for Profound Changes in Engineering Work & 
Education 

4.3 UABIUIY ISSUES 

With Increase in Claims and Litigation. No Incentive: lo Take 
Risks 

On-Site Responsibility Of1cn Unclear and Produces Move 
Towards Reduced lnvolvemenl 

Liability Risks Exlending lo New Areas - Code Writing. 
Railings 

4.4 INNOVATION 

Mosl Research is Contracl Type 

Need Speculative Rcsc::arch Opportunities Also 

Individual Initiatives Could he of Significance - Examples 
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3.l STATE-OF-TIIE-ART: TIMBER AS A BRIDGE MATERIAL 

Richard Gutkowski 
Colorado State University 

Fort Collins. Colorado 

OVERVIEW 

Important needed developments are as follows: 

• 

• 

• 

• 

• 

• 

• 

Devdopment of a timber railing design which mtets the vehicle 
impact requirements of AASHTO 

Devdopment of AASHTO bridge standards specific to bridges on 
low-volume roads 

Synthesized information on the design, construction, rehabilitation, 
and economics of timber bridges 

Increased education on wood as a structural material and 
experience with timber bridges on the part of bridge engineers 

Documentation of the initial in-place cost and eventual lif~ cycle 
economy of timber bridges compared to bridges comprised of other 
materials. 

More flexible Federal highway funding for bridge projects vis-a-vis 
satisfaction of AASHTO requirements 

Development of comprehensive standard timber bridge plans to 
help reduce local engineering costs. 
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RESEARCH NEEDS 

Loadinp 

• Dynamic excitation due to moving loads 

• Data on contemporary off-system bridge loadings 

• Design for loadings in excess of HS20 

• F'meld tests under moving repeated loadings 

• Determination of appropriate impact loads for bridge railing systems. 

Structural Analysis 

• Devdopmcnt of rigorous analytical models to predict the real behavior of 
timber structural systems. Such modds would recognize onhotropic material 
properties and their variability, load sharing, component interaction, and 
complexities such as discontinuities, semi-rigid connections and their 

nonlinearities. 

• Analytical studies of horizontal and torsional shear stress distributions acting 
independently or in combination 

• Dcvdopmcnt of an improved failure criterion 

• Methodology for predicting torsional b\•ckling capacity 

• Rigoruous evaluation of horizontal shear stress at interior suppons of 
cantilever/continuous members 

• Development of theoretical procedures which readily incorporate duration of 
load data into rdiability-based design procedures for heavy timber suuctural 

systems and members. 

Experimentation and Product Development 

• Short and long-term performance of connections under static and dynamic 

loading 

• Need for statistical data base for strength properties 
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• Effects of cuts, notches and holes on strength and stiffness of wood members 

• Effect of preservative treatments on strength after wetting and drying cycles 

• Studies of effectiveness of ~rious methods of interconnecting glulam bridge 
decks a: ·steel stringers 

• . Development of more efficient glulam beam sections such as I. H and box 
shapes 

• Post tensioning of mechanically laminated bridge decks to increase stiffness 
and load sharing characteristics 

• Development of effective wood/steel and wood/concrete composites 

• Fatigue strength of connections 

• Studies of the use of hardwood laminations 

• Implementation of laminated veneer lumber as tension laminating material 
in glulam beams. 

In-Place Performance 

• Development of procedures to determine capacity of existing timber 
structures 

• Research related to the methods of field repair for deteriorated or damaged 
structures 

• Field monitoring of performance of long span timber structures 

• Controlled field study of moisture content history of large timbers in exposed 
environments 

• Effects of field expedients and modifications on calculated performance 

• · Study of tolerance of asphallic wearing surfaces for relative motion 
(horizontal and vertical) or deck panels 

• Development of effective preservalive treatment for in the field e.g. for 
treating drilled holes. arresting decay. 
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Design 

• Development of moment connections for rigid frame designs 

• Dev'!lopmcnt of design procedure for longitudinal bridge deck systems 

• Methods for the design of timber guardrails in accordance with 
criteria 

AASl-ITO 

• C.nversion to a rdiability based limit Slates design code methodology 

• Criteria for diminating cracking of asphalt atop timber decks 

• Alternatives to solid sawn bridge curbs and rails to minimize or eliminate 
seasoning checking 

• Criteria for determining the size and spacing of intermediate lateral supports 
for heavy timbers. 
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3.4 STATE-OF-TIIE-ART: CONSTRUCllON MEnfODS - A CASE STIJDY 
The UNIDO Prdabricatcd Modular Wooden Bridge 

Robert M. Ha!lctt 
Industrial Management and Rehabilitation Branch 

Department of Industrial Opera~ioas 
UNIDO. Vienna International Centre.. Austria 

Danid Ortiz Ibanez 
Ministry of Public Works, Dept. of Bridges 

Morande S9. Santiago, Chile 

Carlos llabaca Uganc 
Universidad del Biobio 

Av. Collao 1202, Concepcion. Chile 

The United Nations Industrial Dcvdopment Organization (UNIDO) has developed, 
through a project in Kenya financed by the United Nations Devdopment Programme 
(UNDP). a unique bridge system suitable for developing countries with or without 
forest resources. The bridges can span up to 30 metres (longer bridges with multiple 
spans arc possible) and carry up to 40 tonnes live load and are therefore most 
suitable for secondary and access roads. The bridges arc fully engineered; the cost is 
estimated to be less than one-half that of reinforced-concrete bridges. 

The basic dcment is a triangular. 3-metrc long timber panel with mild-steel plates 
pinned and spot-wddcd at the joints. It weighs IS0-200 kg depending on the 
materials used. Prior to leaving the workshop for the bridge site, all panels are loaded 
in pairs using a hydraulic jack to ensure that they meet design specifications. 

Other advantages arc that the standardized components (3-metre wide, fully 
engineered wooden triangular pands and 3.1-mctrc steel tension chords). do away 
with the need for expensive and. in some developing councries, scarce engineering 
design for each bridge. The components can be made in small workshops, 
transported without heavy lifting equipment and, once the abutments arc built, 
erected in a few days using various tripod, cable and winch arrangements. The 
expected l!fctimc of the bridge is between 1 S and 2S years. 

Pairs of panels arc assembled into cross-braced trusses and launched by various 
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means across the l'"iver. With the wet-crossing mcdlOd two 1ripods al'"c used. while 
with the SI.ream-bed method. lhc clcmcnls arc lifclcd inlo position and held with a 
scaffolding until the sp3n is completed. The ends of the first and last panels arc fixed 
~o the abutments wi1h a bcal'"ing plalc. The panels uc always launched in pairs. and 
each pair of panels is cross braced. After lhc tru~ has been fixed. diagonal bl'"acing is 
added. 

The bridge deck is then nailed onto the tru~. and the handrails are fitted. 

Almost any species of timber may be used. pcovidcd the timbCI'" is selected fol'" quality 
and its strength is sufficient. Preservative treatment is necessary if the species is not 
naturally resistant to biogradation. Mild-steel plates. flats and rods are used., plus 
nails and bolts which should be galvanized for bridges in tropical areas. Normally, 
cement and reinforcing rods are used for abutments; however., devdopmcnt on lhe 
use of timber for abulments. approaches (cribwork) and lension chords, which are 
normally of mild steel. is under way. 

Slrict quality control, lest loading of each panel and auention to detail are necessary 
for safety and to avoid problems in erection. The training of workshop and site 
crews is straightforward. Various options exist for the manufacture of components: 
they can be subcontracted to specialized workshops or made entirdy in a bridge 
workshop rhat has woodworking and metalworking facilities. 

The costs will vary from country to country and depend on the source of supply 
(imported or domestic) and the size of the order. 



- 41 -

Annex 1 

List of NSF Participants 
Wmblmp oa Rcsearda Needs foe 
Slaort- MCI Medi--.a Bridges 

No.anba". 1986 

Professor Pedro Albrecht 
University of Maryland 
Department of Civil Engineering 
College Park, MD 20742 
301/4S4-S228 

Professor J.W. Baldwin 
Department of Civil Engineering 
University of Missouri - Columbia 
1047 Engineering Building 
Columbia, MO 65211 
3141882-3285 

Dr. 1.0. Buckle 
Director of Research and Development 
Computech Engineering Services, Inc. 
28SS Telegraph Avenue, Suite 410 
Berkeley. CA 94705 
4151843-3576 

Professor B.M. Douglas 
Department of Civil Engineering 
University of Nevada-Reno 
Reno. NV 89557 
7021784-1s19 

Mr. Baidar Bakht 
Min. of Transportion and Communication 
1201 Wilson Avenue 
Central Building 
Downsvicw.Ontario 
CANADA M3M IJ8 
4161248-3355 

Mr. D.B. Beal 
New York State Dept. of Trans. 
Engineering Research and 

Development Bureau 
1220 Washington Avenue 
Albany, NY 12232 
5181457-5826 

Mr. R.A. Dorton 
Manager. Structural Office 
Min. of Transportation and Communication 
3501 Dufferin Street 
Downsview. Ontario 
CANADA M3K 1N6 
4t6n4S-3355 

Mr. Gerard Fox 
Howard, Needles, Tammen 

and Bergendoff 
333 Seventh Avenue 
New York. NV IOOOI 
212/() 13-5400 



Professor D.M. Frangopol 
Department of Civil Engineering 
University of Colorado 
Boulder, CO 80309-0428 
]Ol/492-716S 

Mr. Charles F. Galambos 
Chief, Structures Division. HNR-10 
Federal Highway Administration 
6300 Georgetown Pike 
McLean. VA 22101 
7031285-2087 

Professor Michel Ghosn 
City College of New York 
Department of Civil Engineering 
138lh Street at Convent Avenue 
New York. NY 10031 
2121690-5435 

Dr. R.A. lmbscn 
lmbscn &. Associates 
3213 Ramos Circle 
Sacramento, CA 9S827 
9161366-0632 

Profe5sor C.N. Kostem 
Civil Engineering Department 
Fri11: Engineering Laboratory, 13 
Lehigh University 
Bc1hlchcm, PA 18015 
21SnSM-352'> 

- 42 -

Mr. Ian M. Friedland 
Projects Engineer, NCHRP 
Transportation Research Board 
2101 Constitution Avenue NW 
Washington. D.C. 20418 
202/334-3238 

Professor W .L Gamble 
2209 Newmark Civil Eng. Bldg. 
University of Illinois 
208 North Romine Street 
Urbana. IL 61801 
2171333-6935 

Prof~r Richard Gutkowski 
Department of Civil Engineering 
Colorado State University 
Fon Collins, CO 80523 
3031491-6606 . 

Professor F. W. K 13 iber 
Town Engineering Building 
Iowa State University 
Ames, IA SOOl l 
S l S/294-8763 

Dr. John Kulicki 
Modjeski and Masters 
P.O. 2345 
Harrisburg. PA 17105 
111n61-1s91 



Profcsmr R.T. Leon 
248 CME Building 
University of Minnesola 
500 Pillsbury Drive SE 
Minneapolis. MN SS4SS 
612/62S-8534 

Professor Fred Moses 
Case Institute of Technology 
Case Western Reserve Uni~rsity 
Clcvdand. OH 44106 
2161368-2922 

Professor G.H. Powell 
Dc1lartmenl of Civil Engineering 
University of California 
Berkeley. CA 94720 
4151642-4373 

Professor J.K. Rao 
California State University 
School of Engineering 
1250 Bc:llflower Boulevard 
Long Beach. CA CJOK40 
2131498-4406 

- 4) -

Or. RJ. Reilly 
Director. Coo1lerative Research Programs 
Transpor111tion Research Board 
2101 Consti1u1ion Avenue: NW 
Washin~1on. O.C. 204 IK 
2021334-3224 

Dr. Richard M'-'Clure 
Off1ee of Research and Special Studies 
Penn. State Dept. of Transportation 
1120 Transportation and Safety Building 
Harrisburg. PA 17120 
111n&J-J858 

Professor A.S. Nowak 
2370 G.G. Brown Laboratory 
Uni~rsity of Michigan 
Ann Arbor, Ml 48109-2125 
313n64-9299 

Professor J,M. Plecnik 
California State University 
School of Engineering 
1250 Bellflower Boulevard 
Long Bea·~h. CA 90840 
213/498-4406 

Mr. H.W. Reece 
Rcc:cc Construction 
P.O. Box 6K 
Scandia. KS 66966 
9 I 3/33S-230 I 

Prof c:~.;or C. W. Roeder 
University or Washington 
233 8. More Hall FX-19 
Scaulc:. WA 98195 
206/S4J-() I C.)9 



Profcsmr W.W. Sanders 
104 Marston Hall 
Iowa Slate University 
Ames, IA SOOl I 
SIS/294-2336 

Mr. Charles F. Scheffcy 
Federal Highway Administration 
Office of Research; Dadopmcnt 
and Technology 

6300 Georgetown Pike 
Mel.can, VA 22101-2296 
7CB'28S-20S4 

Professor Fricdcr Sciblc 
Depanmcnt of Applied Mathematics 

and Engineering Science 
University of California 
La Jolla. CA 92093 
019/534-4640 

Mr. F.C. Sutherland 
Virginia Saatc Dcpanment 

of Highways and Transponation 
1221 Easa Broad Strecl 
Richmond, VA 23219 
804/786-2635 

- 44 -

Or. J.B. Sc.alzi 
Program Director 
National Science Foundation 
1800 •o• Street. Room 1180 
Washington. D.C. '-OSSO 
202/357-7710 

Professor A.C. Scorddis 
Depanmcnt of Civil Engineering 
Uniftrsity of California 
Berkeley, CA 94720 
4151642-4374 

Mr. Charles Seim 
Principal 
T.Y. Lin ln1ema1ional 
315 Bay Suect 
San Francisco. CA 94133 
4151982-1050 

Mr. David Whiling 
ConSlruction Technologies Labs 
5420 Old Orchard Road 
Skokie. IL 60077-4321 
3121966-6200 



- 4l -
Annex 2 

List of UNIDO ParticipanlS 
Wortshop on Rc.w.an:b Needs for 
Sllort- aDd Medium-span Bridges 

Now:mbcr, 1986 

Carlos Franco V. 
SupcrviSOf', P.S.R.T. 
Cordecruz 
P.O. Box 218 
Florida 470 St. 
Santa c~ Bolivia 

Jose Jesus Sorcira 
Commandant. 1st Const. Div. 
Army 
Sao Gabrid da Cachocira 
Amazonas. Brazil 

Carlos llabaca Ugarte 
Director 
Univcrsidad del Biobio 
Centro de Desarrollo en Industrias Forestalcs 
Av. Collao 1202 
Concepcion. Chile 

Rafael Arturo Montero 
Fondo Nacional de Caminos Vecinales 
Calle 11 No. 7-66 
Valle<lul'•ar. Colombia 

Daniel Uriguen 
Consullant. Civil Engineer 
Ave. El Inca 28-22 
Quito. Equador 

Amantino R. de Freitas 
Dirccror 
IPT - Cidade Univcrsitaria 
Wood Division 
05508 Sao Paulo SP 
Brazil 

Daniel Ortiz Ibanez 
Civil Engineer 
Ministry of Public Works 
Department of Bridges 
Morande S9 
Santiago. Chile 

Gustavo Granados V. 
Professor 
Bogora National Universiry 
Calle S6A No. 46-72. 502 
Bloquc 7S. Pablo VI 
Bogora. Colombia 

Jose A. Rivera M. 
Civil Engineer 
Ministerio de Obras Public:as y Transport' 
Depanamento Diseno de Puentes 
San Jose. Costa Rica 

Marco A. Arango M. 
Sub-Director. Administrarivo de Camino!
Highway Bridges - General Roads Dircctc 
Apdo. Postal No. I. Mixco 
Guatemala City. Gua1cmala 



David Del Valle 
Deputy Dirc:ctor 
Road Maintenance Division 
General Roads Directorate 
12. Avenida •A• 4-20. Zona 4 
Mixco. Guatemala City. Guatemala 

Karla A. Uclcs 
Direccion General de Caminos 
Dcpartamento de Construccion 
Ministry of Public Works (SECOPT) 
Barrio La Bolsa 
Comayaguda. Honduras 

Marco A. Lombardo 
Maintenance Engineer 
Ministerio de Obras Publicas {MOP) 
Chitrc. Herrera 
Panama 

Carlos Tapia Martinez 
Principal Professor 
Univcrsidad Nacional de lngcnieria 
Casimiro Ulloa 2S4 
San Antonio, Miraflores 
Lima 18 Peru 

Martha Sollazzo de Dupuy 
Jde 
Departamento Estructuras 
Direccion Nacional de Vialidad 
Avda. Uruguay 1120 Piso 6 
Montcvido. Uruguay 

- 46 -

Simon R. Castro Waimin 
Direccion 
Puentes Modularcs 
Ministry of Public Works (SECOPT} 
Bo. La Bolsa 
Comayaguela. Honduras 

Walter H. Yi 
lngenicro Estructural y de Carreteras 
Ministerio de Obras Publicas (MOP} 
P.O. Box ~1658 
Est. El Dorado 
Panama 

Jose Carlos Cano D. 
Consultant, Civil Engineer 
Jr. Arica 115 
Miraflores 
Lima 18 Peru 

Alberto Ponce Delgado 
Professor of Bridges 
fa cu I tad de lngenicria de 

Montevideo - Uruguay 
Pablo de Maria I 26S 
Montevideo. Uruguay 




