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A s  a  r e s u l t  of the cons t ruc t ion  of the S a y l o r v i l l e  Dam and Reservoir 

on the Des Moines River,  s i x  highway br idges  a r e  scheduled f o r  removal. 

Five of these  a re  o ld  h igh- t russ  s ingle- lane  br idges ,  each bridge 

having s e v e r a l  simple spans. The o the r  br idge  is a f a i r l y  modern (1955) 

double &-span continuous beam-and-slab composite highway bridge. The 

a v a i l a b i l i t y  of these br idges  a f f o r d s  an unusual opportunity f o r  s tudy 

of the  behavior of f u l l - s c a l e  bridges.  

Because of the  magnitude of the  p o t e n t i a l  t e s t i n g  program, a  

f e a s i b i l i t y  study was i n i t i a t e d  and the  r e s u l t s  a r e  presented i n  t h i s  

two-part f i n a l  r epor t .  P a r t  I summarizes the  f indings  and P a r t  I1 

presents  the  supporting d e t a i l e d  information. 

I n  b r i e f ,  the  following conclusions can be drawn from the  study: 

(a) f o r  the  beam-and-slab bridge:  

1. t e s t i n g  t o  f a i l u r e  i s  not  f e a s i b l e ,  

2. dynamic t e s t i n g  a t  design load and overload l e v e l s  w i l l  

provide use fu l  d a t a ,  and 

3. t e s t i n g  of deck components under s t a t i c  and fa t igue  loads 

should be conducted. 

(b) f o r  the h igh- t russ  bridges:  

1. u l t ima te  load t e s t s  should be conducted on th ree  s e l e c t e d  

spans, 

2.  f a t igue  t e s t s  should be undertaken on complete component 

members s e l e c t e d  from a l l  t r u s s  br idges ,  and 

3 ,  t e s t s  should be conducted on in-place timber decks and 

timber s t r i n g e r s .  



Study r e s u l t s  show t h a t  s i g n i f i c a n t  information on the  behavior 

of br idges  designed f o r  normal serv ice  can be obtained from a wide 

v a r i e t y  of t e s t s .  An o u t l i n e  of these t e s t s  i s  presented.  
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INTRODUCTION 

A s  a  r e s u l t  of the  cons t ruc t ion  of the  S a y l o r v i l l e  Dam and 

Reservoir on the  Des Moines River ,  s i x  highway b r idges  a r e  scheduled 

f o r  removal. Five of these  a r e  o ld  h igh- t russ  s ing le - l ane  br idges ,  

each br idge  having s e v e r a l  simple spans. The o t h e r  b r idge  i s  a  f a i r l y  

modern (1955) double 4-span continuous beam-and-slab composite highway 

br idge .  The a v a i l a b i l i t y  of these  br idges  f o r  overload and d e s t r u c t i v e  

t e s t s  p re sen t s  an unusual opportuni ty fo r  s tudying t h e  behavior of 

br idges .  

Because of the  magnitude of the  p o t e n t i a l  t e s t i n g  program a  con t rac t  

was awarded t o  t h e  Engineering Research I n s t i t u t e  of  Iowa S t a t e  Uni- 

v e r s i t y  by the Iowa S t a t e  Highway Commission t o  conduct a s tudy of t h e  

f e a s i b i l i t y  of  a  f i e l d  i n v e s t i g a t i o n  of dynamic p r o p e r t i e s  and u l t ima te  

load capaci ty  of the  br idge  supe r s t ruc tu res .  The r e s u l t s  of t h a t  

f e a s i b i l i t y  s tudy a r e  presented i n  t h i s  two-part r epor t .  P a r t  I sum- 

marizes the f indings  and P a r t  I1 presents  the  suppor t ing  d e t a i l e d  

information.  



PROGRAM OF STUDY 

The purpose of t h i s  inves t iga t ion  was t o  study the  f e a s i b i l i t y  

of conducting dynamic overload and u l t ima te  s t r eng th  t e s t s  on the  s i x  

highway br idges  t o  be removed from the  S a y l o r v i l l e  Reservoir ,  to  pro- 

pose a  general  t e s t i n g  program i n  l i n e  with t h e  conclusions,  and t o  

i n v e s t i g a t e  poss ib le  sources of funding and cooperat ive e f f o r t s .  

I n  order  t o  f u l f i l l  t hese  ob jec t ives ,  a  general  working p lan  was 

developed. I n  b r i e f ,  it included: 

a a review of a l l  ava i l ab le  l i t e r a t u r e  on r e l a t e d  br idge  tests, 

a a f i e l d  inves t iga t ion  of t h e  considered br idges  t o  determine 

the  phys ica l  condit ion of t h e  s t r u c t u r e  and the  s i t e ,  

e an ana lys i s  of the  bridges under var ious  loading condi t ions  t o  

determine an t i c ipa ted  behavior under f i e l d  loadings,  

0 prepara t ion  of a  proposed t e s t i n g  program considering the  br idge  

ana lys i s  research needs, s i t e  condi t ions ,  cons t ruc t ion  t i m e -  

t a b l e s ,  and economic f a c t o r s ,  

0 contac ts  with agencies i n t e r e s t e d  i n  cooperat ing i n  the  t e s t i n g  

phase of t h i s  i n v e s t i g a t i o n ,  

e prepara t ion  of a  f i n a l  r epor t  on Phase 1 ( f e a s i b i l i t y  s tudy) 

of the  inves t iga t ion .  

This p a r t  of the  f i n a l  r epor t  w i l l  summarize the  r e s u l t s  of t h i s  

i n v e s t i g a t i o n ,  whereas P a r t  I1 w i l l  dea l  pr imar i ly  with the  d e t a i l s  of 

the bridge analyses.  The fol lowing s e c t i o n s  w i l l  dea l  with each of the  

above por t ions  of the  working plan. 



BACKGROUND ON FIELD TESTING OF BRIDGES 

I n  t h e  l a s t  25 years  a  considerable number of f i e l d  t e s t s 1  on 

br idges  have been conducted. Nearly a l l  of these  were conducted at 

o r  near  design loads. 

However, with approval by the  American Associat ion of S t a t e  High- 

way O f f i c i a l s  (AASHO) of load f a c t o r  f o r  s t e e l  br idges ,  con- 

s i d e r a b l e  i n t e r e s t  has been generated i n  t e s t s  of a c t u a l  s t e e l  br idges  

a t  overload l e v e l s  and t o  f a i l u r e .  A very l imi t ed  number of these  t e s t s  

have been conducted; most were performed e i t h e r  on labora tory  models 

4 ,5  or  on s p e c i a l l y  designed br idges ,  such as  the  AASHO Road Tes t s  . 
The exceptions a r e  a  1960 t e s t  of the  G l a t t  Bridge i n  switzerland6 and 

four t e s t s  r e c e n t l y  completed i n  ~ e n n e s s e e ~ - ' ~ .  I n  add i t ion ,  a  s p e c i a l  

11 t e s t  is planned f o r  summer of 1973 on a bridge i n  Southeast Missouri . 
495 The t e s t s  conducted as a  p a r t  of the  AASHO Road Tes t s  were 

made on e ighteen  50-f t  simple-span s ing le - l ane  beam-and-slab bridges.  

These br idges ,  which cons is ted  of s l a b s  supported by r e in fo rced  concre te ,  

p res t r e s sed  concrete o r  s t e e l  beams, were s p e c i f i c a l l y  designed f o r  t h e  

t e s t  program. Although providing valuable information,  the  r e s u l t s  did 

not  t r u l y  i n d i c a t e  the  behavior of normally designed bridges.  The 

6 
br idge  t e s t e d  i n  Switzerland was a  p res t r e s sed  concre te  r i g i d  frame 

br idge ,  and i s  not t y p i c a l  of cu r ren t  design p r a c t i c e  i n  t h i s  country. 

The most s i g n i f i c a n t  con t r ibu t ion  t o  c u r r e n t  knowledge of over- 

load and u l t ima te  s t r eng th  behavior of br idges  r e s u l t e d  from the  four  

t e s t s  conducted by the  Universi ty of Tennessee 7-10 i n  conjunct ion with 

a  research s tudy f o r  the  Tennessee Department of Highways and Federal  

Highway Administration. The four  highway br idges  were f i r s t  t e s t e d  



dynamically using a s tandard  AASHO des ign  t ruck ,  an overloaded highway 

t r u c k ,  and an Army tank t r anspor t e r .  The br idges  were then t e s t e d  t o  

f a i l u r e  us ing  simulated t ruck  loads.  One of t h e  b r idges ,  a 4-span 

continuous s t e e l  beam-and-slab b r idge ,  was s i m i l a r  t o  the  beam-and-slab 

b r idge  i n  the  S a y l o r v i l l e  a rea .  

A s  noted, the  Univers i ty  of Missouri  a t  ~olumbia'' i s  under 

c o n t r a c t  t o  s tudy t h e  behavior of a 3-span continuous composite h igh-  

way bridge.  This  s tudy,  conducted f o r  t h e  Missouri  S t a t e  Highway Depart- 

ment and t h e  Federal  Highway Administrat ion,  inc ludes  f a t i g u e  t e s t s  

of the bridge t o  eva lua te  shea r  connectors  and g i r d e r  cover p l a t e s  and 

an u l t ima te  load shakedown t e s t  of  t h e  cen te r  h a l f  of t h e  bridge. 

These t e s t s ,  although r e l a t e d  t o  t h e  s t u d i e s  considered h e r e i n ,  a r e  n o t  

d i r e c t l y  appl icable .  

Several  a d d i t i o n a l  research  o rgan iza t ions  a r e  i n v e s t i g a t i n g  t h e  

p o s s i b i l i t i e s  of conducting overload and u l t ima te  s t r e n g t h  t e s t s  of 

a c t u a l  br idges ,  but  as y e t ,  no such s t u d i e s  have been formalized. 

Thus, the  information a v a i l a b l e  on overload and u l t ima te  behavior 

of a c t u a l  br idges  is very l imi t ed  and, even then,  i s  l i m i t e d  to  beam- 

and-slab type br idges .  



DESCRIPTION OF BRIDGES STUDIED 

The s i x  highway br idges  a r e  loca ted  on the  Des Moines River im-  

mediately northwest of Des Moines, Iowa, i n  an a r e a  which w i l l  be in-  

cluded i n  the S a y l o r v i l l e  Reservoir .  The Reservoir is being constructed 

by the  U.S. Army Corps of Engineers (North Central  Divis ion  - Rock 

I s l and  D i s t r i c t ) .  The p r o j e c t  i s  scheduled f o r  completion i n  June 

1975. 

The prime funct ion of the r e s e r v o i r  w i l l  be t o  s t o r e  floodwaters 

of the  Des Moines River. As  a  r e s u l t  there  can be a  cons iderable  

f l u c t u a t i o n  i n  the  lake  l eve l .  The d i f f e r e n t i a l  between the  conserva- 

t i o n  and f lood pools is about 57 f t .  A s  a  r e s u l t ,  s e v e r a l  of the  

br idges  being s tudied  w i l l  be inundated only during a f lood while the  

remainder w i l l  be covered ( a t  l e a s t  p a r t i a l l y )  by the  conservat ion pool. 

The s i x  bridges c o n s i s t  of f i v e  h igh- t russ  s ing le - l ane  simple-span 

br idges  and one 8-span (double 4-span) continuous beam-and-slab 

bridge.  The f i v e  h igh- t russ  bridges were b u i l t  about 1900, thus in-  

format ionon t h e i r  designand cons t ruc t ion  is  l imi ted .  The beam-and- 

s l a b  br idge ,  however, was b u i l t  about 1955 and extens ive  design and 

cons t ruc t ion  da ta  a r e  a v a i l a b l e  from the  Iowa S t a t e  Highway Commission. 

Three of the h igh- t russ  br idges  a r e  loca ted  i n  Polk County, while 

the  o t h e r s  a r e  i n  Dallas  and Boone Counties. A b r i e f  d e s c r i p t i o n  of 

each bridge follows. 

Corydon Bridge: The Corydon Bridge (Figs. 1-1 and 1-2) is loca ted  

about 3 miles above the dam i n  Polk County, j u s t  south of Polk 

Ci ty ,  and c a r r i e s  County Road S. The bridge,  b u i l t  i n  1889, in-  

cludes two P r a t t  type h igh- t russ  simple-span t r u s s  bridges.  It  



has a 16 - f t  roadway, with each span being 156 f t  long with a 

he ight  of 24 f t  6 in .  The f l o o r  system c o n s i s t s  of s t e e l  I-beams 

f o r  the floorbeams with timber s t r i n g e r s  and deck. 

Hanley Bridge: The Hanley Bridge (Figs. 1-3 - 1-6) i s  located about 

7 mi les  northwest of the  dam i n  Polk County and i s  immediately e a s t  

of J e s t e r  County Park. The br idge ,  which c a r r i e s  County Road V ,  

o r i g i n a l l y  cons is ted  of th ree  pin-connected h igh- t russ  spans; 

however, about 20 years  ago, two of the  spans were damaged and 

removed. Two r i v e t e d  t r u s s e s  (s tandard ISHC T-series)  were moved 

from the Skunk River and e rec ted  a t  the e a s t  end. The t h r e e  spans, 

each with a 1 6 - f t  roadway, inc lude  a 150-ft  pin-connected P r a t t  

type h igh- t russ  with s t e e l  floorbeams and timber s t r i n g e r s  and 

deck, a 110-ft  r i v e t e d  t r u s s  with a concrete deck (ISHC-T5), and 

a 100-ft  r ive ted  t r u s s  with a concrete deck (ISHC-T3). 

Snyder Bridge: The Snyder Bridge (Figs. 1-7 and 1-8) is loca ted  i n  

northwest Polk County near the  northwest corner  of J e s t e r  County 

Park. P r i o r  t o  being closed r ecen t ly ,  i t  c a r r i e d  County Road X. 

The br idge ,  b u i l t  i n  1898, c o n s i s t s  of t h r e e  modified P r a t t  pin- 

connected h igh- t russ  spans wi th  a 16 - f t  timber deck roadway. 

The deck i s  supported by s t e e l  floorbeams and timber s t r i n g e r s .  

Chestnut  Ford Bridge: The Chestnut Ford Bridge (Figs. 1-9 - 1-11), 

b u i l t  about 1900, is loca ted  i n  nor theas t  Dallas  County (Des 

Moines Township) and is about 1 3  miles  above the  dam. It i s  

composed of four simple-span pin-connected h igh- t russ  bridges.  

As  shown i n  Fig. 1-11 the two western spans and the  e a s t e r n  span 

a r e  150 f t  long and t h e  o t h e r  span i s  180 f t  long. A t  t he  e a s t  



end of  t h e  180-f t  span,  t he re  i s  a 9O angle i n  the roadway. The 

roadway i s  t y p i c a l  of o the r  br idges  i n  the  r e s e r v o i r  a rea .  

Hubby Bridge: The Hubby Bridge (Pigs. 1-12 and 1-13) i s  loca ted  i n  

southern  Boone County about 5 mi les  southwest of Luther.  B u i l t  i n  

1909 t h e  br idge  i s  composed of  four  modified Parker  type h igh - t rus s  

simple spans,  each 165 f t  long. The deck i s  b u i l t  of timber s t r i n g e r s  

and decking supported by s t e e l  floorbeams. The s t r i n g e r s  i n  t h e  

e a s t  two spans a r e  c reosote  t r e a t e d ,  whereas the  west spans a r e  not .  

Fig. 1-1. Photograph of Corydon Bridge (Polk County). 
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Fig .  1-3 .  Photograph of  Ranley Br idge  (Polk  County) 
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F i g .  1-4. D e t a i l s  of Hanley Bridge (Polk County) - "Stark" 1 5 0 - f t  
span. 



SCALE: 1" = N" 

SCALE: 1" = 2" 

2l.s 2 1/2" x 2 112" x 1/4" 

CRRKAL MEMBER: U2L3 

N SCALE: 1 '" 60' 

"STARK" - 150' SPAN lSHC - T5 iSHC - T3 

Fig. 7 - 5 .  Deta i l s  of Hanley Bridge (Polk County) - ISHC-T5 span. 
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Fig.  1-6 .  Details  of Hanley Bridge (Polk County) - ISHC-T3 span. 



Fig.  1 - 7 .  Photograph o f  Snyder Br idge  (Po lk  County) .  
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Fig.  1-8. Detai l s  of  Snyder Bridge (Polk County). 



Fig .  1-9. Photograph of Ches tnu t  Ford Br idge  ( D a l l a s  County) - 
1 5 0 - f t  span.  



Fig .  oadway o f  Ches tnu t  Ford Br idge  (Dal 
County) - 1 8 0 - f t  span  (viewed from a d j a c e n t  1 5 0 - f t  

las 
span) 
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Fig.  1-12.  Photograph of  Hubby Br idge  (Boone County). 
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F i g .  1-13. D e t a i l s  of Hubby Bridge (Boone County). 



The major bridge being s tudied  i n  t h i s  i n v e s t i g a t i o n  i s  the  723 X 26 f t  

beam-and-slab br idge  c ross ing  the  Des Moines River between Madrid and 

Woodward. This  bridge (Figs.  1-14 t o  1-16) i s  loca ted  i n  extreme southern 

Boone County. It  was b u i l t  about 1955 and c o n s i s t s  of a 306-ft 4-span 

continuous approach br idge  and a  417-ft  4-span continuous main bridge. 

The approach bridge i s  on the west end and i s  s i t u a t e d  over  r i v e r  bottom 

land,  which i s  under water only during flood s tage .  The main span 

(on the e a s t )  i s  pr imar i ly  over the Des Moines River channel. 

Because of the  need, o r  d e s i r a b i l i t y ,  t o  have access  t o  the  under 

s i d e  of the  supe r s t ruc tu re  and t o  have a  s t a b l e  sur face  from which t o  

loca te  and i n s t a l l  instrumentat ion,  the  primary t h r u s t  o f  t h i s  study 

was d i r ec ted  t o  the  approach spans. I n  these spans the general  ground 

l i n e  (Fig. 1-16) is 12 t o  16 f t  below the main s t e e l  beams. The ap- 

proach bridge i s  b u i l t  of four  r o l l e d  s t e e l  beams (interior-36WF15O 

and exterior-33WF130) spaced a t  8 f t  3  in .  with welded cover p l a t e s  

over the  p i e r s  and with b o l t e d  diaphragms a t  22-f t  i n t e r v a l s .  The 

concrete deck, including curbs is 32 f t  wide with a  26-f t  roadway of 

nominal 7-in. re inforced  concrete.  

One of the  c r i t i c a l  cons idera t ions  i n  the  s tudy of the  f e a s i b i l i t y  

of u l t ima te  load t e s t s  is the  s o i l  condi t ions  a t  t he  s i t e .  An examina- 

t i o n  was made of ISHC borings taken a t  t he  s i t e  j u s t  p r i o r  t o  construc-  

t i o n  of the  bridge and of Corps of Engineer bor ings  taken recen t ly  a t  

the  s i t e  of the adjacent  new bridge and the  new r a i l r o a d  bridge about 

1000 f t  t o  the  south. These borings i n d i c a t e  t h a t  the subsurface is 

genera l ly  composed of about 15 f t  of f i n e  sand and lean c l ay ,  about 20 f t  

of g rave l ly  sand underlane by sha le  and f i s s i l e  with small l imestone 

nodules. De ta i l s  o f t h e s o i l  condit ions a t  t h e  s i t e  a r e p r e s e n t e d i n p a r t  I1 

of t h i s  r epor t .  



F i g .  1-14. Photograph o f  Lowa 89 Br idge  ( l o o k i n g  west  toward Woodward). 

F i g .  1-15. Photograph of  approach  span and p o r t i o n  o f  main s p a n  ( l o o k i n g  
s o u t h ) .  





RESULTS OF BRIDGE ANALYSIS 

As noted e a r l i e r  t he re  was cons iderable  information a v a i l a b l e  on 

the Iowa 89 Bridge,  whereas only sketchy d a t a  were a v a i l a b l e  on t h e  

h igh - t rus s  br idges.  The f i r s t  s t e p  i n  analyzing the  h igh - t rus s  br idges  

was t o  determine t h e  conf igura t ion  and s t r eng th  of t h e  t r u s s  members. 

Notes were made on member d e t e r i o r a t i o n  and on t h e  s e c t i o n s  and p r o p e r t i e s  

o f  the  f l o o r  system. With t h i s  information a v a i l a b l e ,  a l l  s ix  br idges  

i n  t h i s  s tudy were analyzed. 

High-Truss Bridges 

The o r i g i n a l  designs of the  h igh- t russ  br idges  were probably based 

on a  s i n g l e  15-ton engine. This  engine cons is ted  of a  20,000-lb r e a r  

a x l e  and a 10,000-lb f r o n t  ax le .  I n  order  t o  s imulate  t h i s  loading,  

each t r u s s  was analyzed cons ider ing  i t  t o  be loaded wi th  e i t h e r  a 

s i n g l e  15-kip load a t  midspan, i f  a  panel point  occurred a t  midspan, 

otherwise a  p a i r  of 10-kip loads  a t  ad jacent  cen te r  panel  poin ts .  

These loads were used because it was f e l t  t h a t  t h e  f l o o r  system would 

not s u s t a i n  a  load as  l a r g e  a s  t h e  t r u s s e s  and, t he re fo re ,  the  f a i l u r e  

loads  would be appl ied  d i r e c t l y  t o  the  t r u s s e s .  

The t r u s s e s  were analyzed, us ing  a  s tandard computer program, t o  

determine ba r  forces .  It was assumed t h a t  i n  panels  where counters  

were present ,  only the  t ens ion  member was e f f e c t i v e .  I t  was a l s o  

assumed t h a t  f a i l u r e  occurred i n  tens ion  members when the  s t r e s s  

reached the u l t ima te  s t r e n g t h  (assumed 60 k s i ) ,  although t h e  y i e l d  

s t r e n g t h  (33 k s i )  was noted, and i n  compression members when t h e  s t r e s s  



reached the  buckling s t r e s s  ( a s  suggested by the  American I n s t i t u t e  of 

S t e e l  Construct ion) .  The u l t ima te  loads a r e  given i n  Table 1-1. 

These loads were found by determining the  number of base loads 

(15 o r  20 k ips)  t h a t  were required t o  f a i l  each member. The member with 

the  lowest load increment (LI) would f a i l  f i r s t .  The members were 

Table 1-1. Ultimate loads on t r u s s  bridges.  

C r i t i c a l  Base  load/^^(^) Ultimate load 
Bridgelspan member (kips) (k ips)  / t r u s s  

Corydon L3L4 (Y) (b) 1514.3 65 

U2L2 fu) 1515.9 89 

Hanley 

S t a r k  span U3L4 ( Y  & 0)  1511.97 30 

110-ft  (T5) u2L3 ( Y  & u) 15113.2 198 

100-ft (T3) u2L3 (Y) 1515.1 102 

U2L3 (a) 1517.7 116 

Snyder u3L4 (Y & u) 1519.3 140 

Chestnut Ford 

150-f t  span L3L4 (Y) 2013.6 72 

180-f t  span u4L4 (u) 1517.5 113 

Hubby L4L6 (Y) 15/2.1 3  2  

( a ) ~ l  = load increment; the  number of mul t ip l e s  of the  base load t o  
cause y ie ld ing  o r  u l t ima te .  

( b f y  = c r i t i c a l  a t  y i e l d ;  u  = c r i t i c a l  at u l t imate .  



assumed t o  be pinned a t  each end, although it i s  f u l l y  r e a l i z e d  t h a t  

some r i g i d i t y  e x i s t s  e i t h e r  from cons t ruc t ion  o r  d e t e r i o r a t i o n  and 

rus t ing .  

Iowa 89 Bridge 

I n  determining the  long i tud ina l  behavior of the  br idge ,  i t  was 

f e l t  t h a t  p red ic t ions  accura te  wi th in  10  t o  20% would be  s u f f i c i e n t l y  

accura te  f o r  purposes of the  f e a s i b i l i t y  study. Although a  summary i s  

included i n  t h i s  por t ion  of the r epor t ,  a  d e t a i l e d  p resen ta t ion  of 

these r e s u l t s  w i l l  be found i n  P a r t  11. 

The moments i n  the  bridge a t  loadings below the  y i e l d  l e v e l  o f  

the  br idge  were found us ing  inf luence  c o e f f i c i e n t s  provided by t h e  

Iowa S t a t e  Highway Commission's Bridge Design Department. The load 

d i s t r i b u t i o n  of the  t ruck  wheel loads on the  br idge  was found by two 

methods. The f i r s t  method determined the  t r ansve r se  p o s i t i o n  of the  

t rucks using an inf luence  l i n e  assuming n o n e l a s t i c  beam supports  t o  

the s lab .  The second method employed o r tho t rop ic  p l a t e  theory and 

harmonic ana lys i s .  A r a t i o n a l  value obtained from the  two r e s u l t s  was 

used t o  determine the  g i r d e r  moments and s t r e s s e s .  

For u l t ima te  load,  which would be  conducted us ing  anchor rods or  

a  s i m i l a r  system, the  f r o n t  wheels of the  t rucks  were considered absent  

and only the  main loading from the  t ruck  and t r a i l e r  r e a r  wheels was 

used ( e igh t  concentrated loads) .  To maximize the  moment, t he  t ruck  

was pos i t ioned on the  br idge  with the  b r idge  c e n t e r l i n e  3.5 f t  from 

one ax le  and 10.5 f t  from the  o ther .  A p l a s t i c  a n a l y s i s  was con- 

ducted on the  i n t e r i o r  span assuming a  mechanism t o  have formed. One 



p l a s t i c  hinge was assumed a t  t he  wheel load nea res t  t h e  midspan with 

the  o the r  two hinges forming i n  the  g i r d e r s  a t  t he  end of the  cover 

p l a t e  beyond the  p i e r s  i n  adjacent  spans. A summary o f  the  r e s u l t s  is 

given i n  Table 1-2. The end spans were not analyzed because i t  was 

f e l t  t h a t  t he  t e s t  loading would be more productive i n  the  i n t e r i o r  

spans. 

Table 1-2. Resul t s  of u l t ima te  load ana lys i s  of Iowa 89 Bridge. 

Descript ion 
Equivalent S ingle  

t ruck  loading conc. load (a) 

I n t e r i o r  g i r d e r  
y i e l d  of bottom 
f lange  

Ex te r io r  g i r d e r  
y i e l d  of bottom 
f lange  

HS-44 (2-centered) 35 k ips  

HS-70 (1-eccentr ic)  56 k ips  

I n t e r i o r  and e x t e r i o r  HS-77 (2-centered) 
y i e l d  of bottom flange 

61 k i p s  

Ultimate loading HS-130 (2-centered) 105 k ips  

( a ) ~ i n g l e  wheel load equivalent  t o  HS loading given. 

From Table 1-2 it can be seen t h a t  two veh ic l e s  of more than double 

the  s tandard loading could d r ive  down the  br idge  a t  crawl speed with- 

out  y i e ld ing  the  bridge.  This  does not inc lude  t h e  dynamic e f f e c t s  due 

t o  impact o r  imperfect ions on the  bridge.  I t  i s  a t  t h i s  s t age ,  however, 

t h a t  s t r e n g t h  of the  s l a b  and load d i s t r i b u t i o n  con t r ibu t ion  of the  

diaphragms has the  g r e a t e s t  inf luence on the  br idge  behavior.  

The d e f l e c t i o n  of the  bridge a t  u l t ima te  was est imated t o  be 2.43 f t .  

This was determined us ing  the  moment curvature  r e l a t i o n s h i p s  t h a t  e x i s t  

i n  the  bridge at u l t ima te  loading. 



The fundamental frequency of  the  br idge  was est imated t o  be about 

3 cycles /sec .  This was determined us ing  e s t ima tes  of t h e  equ iva len t  

s t i f f n e s s  of t h e  br idge  and an equiva lent  mass system with a  s i n g l e  

t ruck  and applying these  r e s u l t s  t o  a  s i n g l e  degree of freedom system. 

These r e s u l t s  a r e  comparable t o  measured frequencies  of e x i s t i n g  

br idges .  

I n  order  t o  properly e s t ima te  the  behavior of the  br idge  system 

a s  a  whole, the  l a t e r a l  o r  t r ansve r se  load car ry ing  capac i ty  must a l s o  

be determined. To es t imate  t h e  t r ansve r se  loading capaci ty  of t h e  s l a b ,  

t h r e e  methods were used. It was f i r s t  assumed t h a t  the  e f f e c t i v e  width 

of  t h e  s l a b  was 16 times i t s  th ickness .  This  would be 9.33 f t  l ong i -  

t u d i n a l l y  along the  bridge.  Using t h i s  es t imate  of  9.33 f t ,  the  u l t ima te  

load would be 76 k i p s  and approach the  upper bound. A more r e a l i s t i c  

e s t ima te  of t h i s  e f f e c t i v e  length uses  the  theory of  e l a s t i c i t y  and 

would be around 0.6 of the  d i s t ance  between g i r d e r s  o r  about 5.0 f t .  

The es t imate  of 5 f t  would lead  t o  lower bound value f o r  t h e  loading  

capaci ty  of t h e  s l a b .  With the  load loca ted  midway between g i r d e r s ,  

t h i s  would be 28 k ips .  The value found us ing  y i e l d  l i n e  theory was 

73 kips*. 

The maximum moment i n  the  s l a b  a t  midspan would be  1.65P t o  1.98P 

f t - k i p s  i n  the  e l a s t i c  region,  where P i s  the  applied load. It should 

be noted, however, t h a t  the maximum shea r  capaci ty  f o r  a  12-in. diameter  

c i r c l e  is 55 k ips .  Therefore,  i f  s u b s t a n t i a l  overloads o r  u l t i m a t e  

loads  a re  used, punching shear  must be considered. 

$: 
Thus the a c t u a l  capac i ty  of the  s l a b  w i l l  f a l l  someplace between t h e  
bounds of 28 and 76 k ips .  



The fundamental frequency of  the  s l a b  was es t imated  a t  15 cyc le s / sec  

us ing  t h e  same assumptions a s  used t o  determine the fundamental 

frequency of the  bridge.  The s t r e s s e s  i n  the  s l a b  produced by an 

e x c i t a t i o n  force  would then be a 15 cyc le /sec  p e r i o d i c i t y  superimposed 

on the  3-cycle frequency response of  t h e  br idge  a c t i n g  a s  a whole. 



CONTACTS WITH OTHER ORGANIZATIONS 

One phase of this study included contacting other organizations 

and agencies to determine: 

9 current research in related fields, 

5 design and construction information on structures in the Saylor- 

ville Dam area, 

e potential sponsorship or cooperation in testing program. 

Agencies or organizations contacted in relation to the above ob- 

jectives included: 

9 Rock Tsland District, North Central Division, U,S. Army Corps 

of Engineers; 

r Iowa State Highway Commission (ISHC); 

r County Engineers, Boone, Polk and Dallas Counties; 

9 Office of Research and Development (Bridge Division), Federal 

Highway Administration (FHWA); 

9 Department of Civil Engineering, University of Tennessee, Knoxville; 

e Department of Civil Engineering, University of Missouri, Columbia; 

e International Road Federation (IRF) ; 

r American Trucking Association (ATA) and Iowa Motor Truck As- 

sociation (IMTA) ; 

o U.S. Army -Military Traffic Management and Terminal Service 

(MTMTS) and Tank Automotive Cormnand (TACOM) . 
The information from the Corps of Engineers, the Iowa State High- 

way Commission and the County Engineers related primarily to design 

details of current and proposed bridges and construction timetables. 



Discussions with the  Federal  Highway Administration (FHWA) and the  two 

u n i v e r s i t i e s  concerned p o t e n t i a l  research programs and t h e i r  r e l a t i o n -  

sh ip  t o  present: research ,  although FHWA cooperat ion i n  the  f i e l d  study 

was discussed.  Contacts  with the  o t h e r  agencies (IRF, ATA, IMTA, MTMTS 

and TACOM) d e a l t  with poss ib le  a s s i s t a n c e  i n  funding. Although not 

contacted about any of the  aforementioned phases, numerous a r e a  con- 

t r a c t o r s  and supp l i e r s  were contacted concerning cons t ruc t ion  procedures 

and c o s t s ,  a s  wel l  as equipment cos t s .  

Much of the  d a t a  received d e a l t  d i r e c t l y  with p roper t i e s  of the  

br idges  s tudied  and t h e  r e se rvo i r  s i t e  and re l a t ed  research  conducted 

o r  underway. This information was used i n  the  analyses  and background 

information previously discussed.  The remaining information can be 

b r i e f l y  summarized i n  t h r e e  ca tegor ies :  cons t ruc t ion  schedule, cos t  

e s t ima tes ,  and p o t e n t i a l  funding and cooperation. Comments on the  e f -  

f e c t  of the  information i s  included. 

Construction Timetable 

One of the c r i t i c a l  cons idera t ions  i n  determining the  research 

which can be conducted is the  a v a i l a b i l i t y  of the b r idges  f o r  t e s t i n g .  

The cons t ruc t ion  t imetable  f o r  the  new br idges  and the  dam con t ro l  t h i s  

a v a i l a b i l i t y .  

Based on information c u r r e n t l y  ava i l ab le ,  t h i s  t imetable  is: 

November 14,  1972: Contract l e t t i n g  fo r  new Iowa 89 br idge  

(removal under sepa ra te  c o n t r a c t ) .  

December 1972: New Hubby Bridge accepted as  s u b s t a n t i a l l y  

complete and opened t o  t r a f f i c  (old Hubby Bridge could 



be closed a s  soon a s  f i n a l  pa in t ing  on new br idge  i s  

completed i n  Spring 1973). 

November 30, 1974: Contract  terminat ion da te  f o r  new S and 

V bridge (replacement f o r  Corydon and Hanley Bridges);  

however, con t rac to r  i s  at tempting acce lera ted  construc- 

t i o n  program with completion est imated a s  e a r l y  as  

November 30, 1973. 

November 30, 1974: Contract  terminat ion d a t e  f o r  new Iowa 89 

Bridge. 

Summer and F a l l  1974: Bridge removal con t rac t s .  It i s  ex- 

pected t h a t  two and poss ib ly  th ree  con t rac t s  w i l l  be 

awarded. One w i l l  be  f o r  t h e  present  Iowa 89 Bridge 

with the  o the r s  f o r  the  h igh- t russ  bridges.  These c o n t r a c t s  

cannot ,  however, be  i n i t i a t e d  u n t i l  completion of t h e  new 

bridges.  With the  completion da tes  being very near  t h e  

d a t e  when the  dam i s  ope ra t iona l  (f looding poss ib le ) ,  

removal may have t o  begin immediately. 

January 1, 1975: Dam is t o  be  ope ra t iona l .  

June 30, 1975: Scheduled completion d a t e  f o r  e n t i r e  p r o j e c t .  

It can r e a d i l y  be seen t h a t  the  cons t ruc t ion  t imetable  w i l l  s i g n i f i -  

can t ly  a f f e c t  the  length  of time t h a t  at l e a s t  t h r e e  br idges  (Iowa 89, 

Corydon and Hanley Bridges) a r e  a v a i l a b l e  f o r  dynamic o r  f a i l u r e  t e s t i n g .  

Since a l l  t e s t i n g  probably w i l l  have t o  be completed before  November 

1974, the  t e s t i n g  of these th ree  br idges  may be severe ly  l imi t ed  unless  

e a r l y  completion occurs.  



Since the  Snyder Bridge is a l ready closed and t h e  o l d  Hubby 

Bridge w i l l  be replaced about May 1973, these  br idges  may be ava i l ab le  

f o r  t e s t i n g  i n  l a t e  Summer 1973. Furthermore, the  Chestnut Ford Bridge 

(Dallas  County) is not  being replaced and could a l s o  be ava i l ab le  

e a r l i e r .  I ts a v a i l a b i l i t y ,  however, is  quest ionable s ince  i t  is the  

only access  frommost  of the  county, including the  county s e a t ,  t o  a 

small  a rea  (about 5 square miles)  i n  the  nor theas t  corner  of the  county. 

Cost Est imates f o r  Bridge Salvage o r  Removal 

One cons idera t ion  i n  evalua t ing  proposed t e s t s  is the  cos t  of r e -  

moving bridges i f  t e s t e d  t o  f a i l u r e  and t h e  l o s s  i n  salvage value due 

t o  any overloading ( i n e l a s t i c  behavior) .  

The removal o f  the  h igh- t russ  br idges  would probably be accomplished 

by removing the  timber f l o o r  system, dropping the  t r u s s  i n  t h e  r i v e r  

channel o r  bottom land,  dragging the  t r u s s  t o  dry land ( i f  necessary) ,  

and removing t o  a scrap  o r  salvage yard. It  can be seen,  the re fo re ,  

t h a t  t he  l o s s  of deck salvage r e s u l t i n g  from d e s t r u c t i v e  t e s t i n g  of the  

timber f l o o r  system w i l l  be the  only s i g n i f i c a n t  c o s t  i nc rease  involved 

i n  a study of the h igh- t russ  bridges.  I n  add i t ion ,  a s l i g h t  savings 

may r e s u l t  from p a r t i a l  des t ruc t ion  of the  t r u s s e s  from any u l t ima te  

load t e s t s .  It is est imated t h a t  removal of the supe r s t ruc tu re  f o r  

each bridge w i l l  average about $2,500 per  span with an a d d i t i o n a l  

$1,000 f o r  removal of each p i e r  (about $2,000 i f  t he  p i e r  i s  s t e e l  

jacketed) .  

Removal of the  Iowa 89 Bridge w i l l  probably be completed by r e -  

moving the  concrete deck, dismantl ing and sa lvaging the  bol ted  s t e e l  

supe r s t ruc tu re ,  then des t roying the  p i e r s  and abutments. I f  s u f f i c i e n t  



loading was applied t o  the  s t e e l  supe r s t ruc tu re  t o  cause permanent 

deformation, i t  i s  doubtful  i f  any salvage could be  secured from t h e  

deformed spans. 

The d i r e c t  monetary l o s s ,  however, would be i n s i g n i f i c a n t  s ince  

only one o r  two spans would be l o s t .  It is est imated t h a t  the  salvage 

value of the  s t e e l  would be about $0.05/lb i f  a buyer was a v a i l a b l e  

f o r  a l l  the  bridge s t e e l ,  whereas i t  would be only about $0.015/lb i f  

i t  would have t o  be t ranspor ted  and so ld  by pieces.  The scrap  value of 

the  deformed s t e e l  would be only s l i g h t l y  l e s s  than the  l a t t e r  value o r  

about $0.01/lb. Thus, unless  a buyer f o r  the  br idge  s t e e l  i s  a v a i l a b l e ,  

it appears t h a t  no s i g n i f i c a n t  d i f f e r e n c e  i n  value of t h e  s t e e l  would 

r e s u l t .  The cos t  of removal, although no t  known d i r e c t l y ,  probably 

w i l l  not be a f fec ted  by any t e s t i n g  except f o r  t h e  s t e e l  sa lvage  value, 

I n  summary, the  e f f e c t  of any an t i c ipa ted  t e s t i n g  program on the  

c o s t s  of br idge  removal i s  expected t o  be  minimal. For the  t r u s s  

b r idges ,  t h e  only e f f e c t  would b e  any l o s s  i n  salvage va lue  of t h e  

timber f l o o r  system due t o  d e s t r u c t i v e  t e s t i n g ,  and then only i f  the  

county des i r ed  t o  remove and salvage it. For the  Iowa 89 Bridge, only 

loads  causing permanent deformation i n  the  s t e e l  would a f f e c t  the  c o s t  

of removal. I n  t h i s  case ,  even i f  the  e n t i r e  approach span were de- 

formed and used f o r  scrap ,  the  r e s u l t i n g  l o s s  would be about $12,000. 

The d e s i r e  of Boone County t o  acqui re  t h e  s t e e l  undeformed, although n o t  

ind ica ted  previously,  was considered i n  developing t h e  t e s t  program. 

P o t e n t i a l  Funding and Cooperation 

A s  noted e a r l i e r ,  s eve ra l  independent agencies o r  organiza t ions  

were contacted f o r  poss ib le  a s s i s t a n c e  i n  funding the  research  o r  



providing technica l  a s s i s t ance .  Each organiza t ion  had been connected 

i n  some degree with p r i o r  research  i n  r e l a t e d  areas.  Although be- 

l i e v i n g  t h i s  research t o  be s i g n i f i c a n t ,  most of the  agencies were 

e i t h e r  not  involved i n  funding o r  had been involved previously t o  

answer quest ions p e r t i n e n t  a t  t h a t  time. These included the  I n t e r -  

n a t i o n a l  Road Federat ion,  American Trucking Associat ion,  and MTMTS 

and TACOM of the U. S. Army. 

Considerable i n t e r e s t  was expressed i n  providing support by two 

f e d e r a l  agencies: t he  U.S. Army Corps of Engineers and Federal  High- 

way Administration Off ice  of Research and Development. Corps of 

Engineers personnel have been encouraging about cooperat ing i n  developing 

t imetables  of cons t ruc t ion  and removal t o  f a c i l i t a t e  t e s t i n g .  The 

Bridge Division,  Off ice  of Research (FHWA) has i n d i c a t e d  a wi l l ingness  

t o  provide s u b s t a n t i a l  instrumentat ion,  t e s t  t ruck  and o t h e r  technica l  

a s s i s t a n c e ,  p a r t i c u l a r l y  f o r  research  on the  beam-and-slab (Iowa 89) 

bridge.  I t  is  recommended t h a t  these  two agencies be contacted t o  

secure  t h e i r  involvement a s  the  research  program develops. 

I n t e r e s t  i n  t h e  research program, p a r t i c u l a r l y  on the  h igh- t russ  

br idges ,has  a l s o  been expressed by the  o f f i c e s  o f  County Engineers i n  the  

a f fec ted  counties .  Their  cooperat ion i n  any t e s t  program would be  es- 

s e n t i a l .  



RECCNMENDED TEST PROGRAM 

A s  a r e s u l t  of the  f e a s i b i l i t y  study ou t l ined  h e r e i n  and supported 

by d e t a i l s  provided i n  P a r t  11, an o v e r a l l  t e s t  program has been 

developed. A general  o u t l i n e  of each t e s t  i s  given and the  background 

and expected r e s u l t s  f o r  the  t e s t  a r e  indica ted .  

Rough cos t  es t imates  a r e  provided f o r  genera l  ca t egor i e s  of sug- 

gested research.  Spec i f i c  proposals w i l l  be developed f o r  research a s  

requested.  I t  i s  f e l t ,  however, t h a t  t h i s  development should await 

review of t h i s  r epor t  by the  sponsors and p o t e n t i a l  cooperat ing agencies 

One c r i t i c a l  f a c t o r  i n  considering many of the  suggested t e s t s  

i s  a v a i l a b i l i t y  of the  br idges ,  which is highly  dependent upon the  

cons t ruc t ion  and removal time schedule. It may not be poss ib le  t o  

determine i f  time w i l l  be ava i l ab le  t o  conduct the  t e s t s  u n t i l  s h o r t l y  

before they a r e  i n i t i a t e d .  

General Tes ts  on A l l  Bridges 

1. Mater ia l  property t e s t s :  

These t e s t s  wi l lbemade  todetermine  t e n s i l e  s t r e n g t h ,  chemicalcomposi- 

t i o n ,  and f r a c t u r e  toughness p roper t i e s  (Charpy V-notch and drop-weight 

t e s t s ) .  

Although cons iderable  information on ma te r i a l  p r o p e r t i e s  has been 

obtained i n  r ecen t  years ,  t he re  is  a marked lack  of d a t a  from very o l d  

bridges and of toughness d a t a  from br idges  b u i l t  about the  time of 

cons t ruc t ion  of the  Iowa 89 Bridge. With the  increased  concern of the  

f r a c t u r e  toughness of ma te r i a l  and i t s  r e l a t i o n  t o  o t h e r  m a t e r i a l  



proper t i e s ,  i t  is  recommended t h a t  the t e s t s  l i s t e d  be conducted on as  

wide a v a r i e t y  o f  ma te r i a l  a s  can be obtained from the  bridges.  This 

phase can be coordinated with a  general  Federal program being conducted 

i n  t h i s  a rea .  

2. Crack and defec t  de tec t ion:  

The Office o f  Research and Development of t h e  Federal  Highway 

Administrat ion c u r r e n t l y  has developed u l t r a s o n i c  f law de tec to r s ,  the  

Acoustic Crack Detector  (ACD) and Magnetic Crack Detector  (MCD), f o r  

use i n  br idge  inspect ion .  The d e t e c t o r s  could b e  used t o  inspec t  each 

bridge p r i o r  t o  removal o r  t e s t i n g .  Af te r  completion of the  t e s t s ,  

the inspec t ion  r e s u l t s  can be compared wi th  a c t u a l  f indings.  This  

program would provide an exce l l en t  opportunity t o  provide system 

check out .  

Tes t s  on Truss Bridges 

1. Ult imate load t e s t s .  

(a )  Boone County Hubby Bridge - w e s t e r n  165-ft  span, 

(b) Dal las  County Chestnut Ford Bridge - e a s t e r n  150-ft  span, 

(c )  Polk County Hanley Bridge - e a s t e r n  100-ft  T 3  span. 

These br idges  were s e l e c t e d  because they r ep resen t  a  t y p i c a l  span 

i n  each type of br idge  found i n  the  a r e a  considered,  and the  u l t ima te  

loads computed were low enough t o  be appl ied  without rock anchors. 

Bridges (a) and (b) c o n s i s t  of pin-connected t r u s s e s  support ing timber 

deck f l o o r  systems. The t r u s s e s  a r e  polygonal-chord and para l le l -chord ,  

r e spec t ive ly .  Bridge (c) uses  s tandard r i v e t e d  t r u s s e s  with a  concre te  

deck f l o o r  system. These th ree  br idges  r ep resen t  the  major po r t ion  of 

secondary road t r u s s  br idges  found i n  Iowa. 



The u l t ima te  loads (est imated values shown i n  Table 1-1) w i l l  be 

applied a s  concentrated loads at midspan (o r  as a p a i r  of loads a t  

ad jacent  panel po in t s  of midspan i f  l oca ted  between panel poin ts ) .  The 

loads w i l l  be applied by hydraul ic  cy l inde r s  t i e d  t o  a l a r g e  concre te  

dead weight poured on r i v e r  bottomIand, A 1 1  spans s e l e c t e d  a r e  over  dry  

land except during high water.  Key members i n  each t r u s s  w i l l  be 

instrumented t o  determine member behavior during loading. 

It  i s  recommended t h a t  cons idera t ion  be given t o  t e s t i n g  the  Hubby 

Bridge span i n  l a t e  Summer 1973. The Chestnut Ford Bridge, i f  a v a i l a b l e ,  

could a l s o  be  t e s t e d  then o r  i n  1974 i n  conjunct ion with the  Hanley 

Bridge t e s t s .  

The cos t  of the  i n i t i a l  t e s t s  i s  est imated a t  $16,500 with subse- 

quent t e s t s  a t  $12,500 each. 

2.  Load t e s t s  on timber f l o o r  systems. 

The i n t e r a c t i o n  of the timber f l o o r i n g  and the  timber s t r i n g e r s  i s  

unknown. It is proposed t h a t  a s e r i e s  of three  tests be conducted on 

the f l o o r  system of the  Hubby Bridge (Boone County): 

(a) s t a t i c  load t e s t s  of in-place f l o o r  systems, 

(b) labora tory  s t a t i c  load t e s t s  o f  timber s t r i n g e r s ,  

(c )  labora tory  f a t i g u e  t e s t s  of timber s t r i n g e r s .  

S e r i e s  (b) and (c) would include s t r i n g e r s  represent ing  a spectrum of 

condi t ions  found i n  the  system. A 1 1  t h r e e  s e r i e s  would be conducted 

on s e c t i o n s  of the  bridge inc luding regu la r  s t r i n g e r s  (western two 

spans) and creosoted s t r i n g e r s  ( eas t e rn  two spans).  

The c o s t  of conducting the  s t a t i c  f i e l d  t e s t s  would be about 

$3,500, i f  conducted i n  conjunct ion with the  u l t ima te  load t e s t s  of 



(a) s t a t i c ,  

Cb) c ras l  speed (5 5 mph), 

(c) dynamic P 5 mph), and 

(d) ciiyn.amic with obs t ruc t ion  (plank) on deck. 

The basic.; test program w i l l  be conducted using a s tandard HS20 

t ruk.  Indi c a t i o n s  a r e  t h a t  the  FHWA w i l l  provide i t s  t e s t  truck. 

Some t4Cs v . 11 a l s o  be conducted using two t rucks  s i d e  by s ide .  In 
, :,. . ., ... 

a d d i t i o n ,  a program of t e s t s  (probably with speed r e s t r i c t i o n s )  w i l l  

'by undertaken with a  t ruck  simulat ing a s tandard HS30 vehic le .  This 

t ruck ,  which i s  150% of l i v e  load design,  i s  we l l  below the  HS44 t ruck,  

which was ca lcu la t ed  t o  cause f i r s t  y i e ld ing  of t h e  main members. These 

l a t t e r  t e s t s  w i l l  provide much needed d a t a  f o r  evalua t ing  the  e f f e c t s  

of increas ing  l e g a l  load l i m i t s  and overload permits.  

It  is an t i c ipa ted  t h a t  the  t e s t s  w i l l  include:  

1. One vehic le  loaded t o  design load i n  each lane  2 f t  from t h e  

curb l i n e  (or  as  'close a s  poss ib le  t o  the  curb) and a l s o  down 

the  cen te r  l i n e  with the  diaphragms s t i l l  i n  place. 

2 ,  Two vehic les  w i l l  t r a v e l  i n  the  cen te r  of the  bridge s i d e  by 

s i d e  with 4 f t  between c e n t e r s  of i n s i d e  wheels. 

3. Two vehic les  w i l l  t r a v e l  i n  each lane  2 f t  from the  curb 

(or  as  c lose  a s  poss ib le  t o  the  curb).  

4 .  Test  No. 1 w i l l  be repeated us ing  an overloaded vehic le .  

Instrumentat ion w i l l  include s t r a i n  gages on the  main s t e e l  

members, on the deck reinforcement,  and on the  deck concrete.  I n  

addi t ion ,  de f l ec t ion  readings w i l l  be taken. 

Because of a c c e s s i b i l i t y ,  t e s t i n g  w i l l  be l imi t ed  p r i i a r i l y  t o  

the approach bridge with the  instrumentat ion concentrated i n  t h e  i n t e r i o r  



spans. Instrumentat ion f o r  the  s tudy w i l l  be pr0vidt.l by t h e  Uni- 

v e r s i t y  and augmented f o r  the  dynamic s t u d i e s ,  based jn 

i n d i c a t i o n s ,  by t h e  Federa l  Highway Administratior, bridge d a t a  ac' 

q u i s i t i o n  system. 

2. Load d i s t r i b u t i o n  and deck s t r e s s e s  i n  b r i d , ~ e  with dia- 

phragms removed. 
Tt 

Considerable research  has  been conducted a t  s e r v i c e  loacis on 

br idges .  However, d a t a  on the  e f f e c t  of  diaphragms on bridge behavior 

i s  almost nonexistent .  Present  c r i t e r i a 1 *  f o r  des ign  of diaphragms 

i s  based on experience. Since t h e  diaphragms i n  t h i s  br idge  a r e  bo l t ed  

i n  p lace ,  i t  provides an e x c e l l e n t  and unusual oppor tuni ty  t o  s tudy 

t h e i r  e f f ec t iveness  and i n d i c a t e  i f  t h e  present  c r i t e r i a  r equ i r ing  

diaphragms i s  r e a l i s t i c .  

The t e s t  program conducted w i l l  be s u b s t a n t i a l l y  the  same a s  out -  

l i ned  i n  subsect ion (1) above. f o r  t h e  a s - b u i l t  bridge. 

Assuming t h a t  t h e  FHWA i s  ab le  t o  provide t h e  t e s t  t ruck  and 

dynamic d a t a  a c q u i s i t i o n  system, t h e  est imated c o s t  f o r  the two pre-  

v ious ly  ou t l ined  t e s t  programs i s  $55,000. 

3. Fatigue and u l t ima te  s t r e n g t h  of in-place deck s l a b  sec t ions .  

Only l imi t ed  f i e l d  t e s t i n g  has been conducted on the  in-place 

s t r e n g t h  of br idge  decks and most of t h i s  has  been conducted on br idges  

p r i o r  t o  opening. Since t h i s  br idge  has been i n  s e r v i c e  more than 

15 years ,  t h e  r e s u l t s  of the  proposed t e s t s  w i l l  i n d i c a t e  more r e a l i s t i -  

c a l l y  the a c t u a l  behavior of br idges  i n  s e r v i c e  and, a l s o ,  the  l i f e  

expectancy of the  deck from s e r v i c e  loads. 



SS 

provide an opportunity t o  ob ta in  information on d e t e r i o r a t i o n  not i n  
\%, 

evidence on the  s l a b  sur face .  

0 
The c o s t  of t h i s  phase of the  inves t iga t ion  w i l l  be about $1,000 \ 

\ 
i f  t he  cores and s t e e l  t e s t  specimens a r e  provided by another agency, 

poss ib ly  the  Iowa S t a t e  Highway Commission. The c o s t  is pr imar i ly  f o r  

t e s t i n g  the  specimens and examining the  deck. 

5. Ultimate s t r e n g t h  of a s - b u i l t  br idge.  

Although i n i t i a l l y  a  major t h r u s t  of the  p o t e n t i a l  t e s t i n g  program 

was t o  study u l t ima te  load capaci ty  of the  br idge ,  the  present  s tudy 

has indica ted  t h a t  these  t e s t s  a r e  n e i t h e r  p r a c t i c a l  nor f eas ib le .  

This conclusion i s  based on: 

(a) poor s o i l  condit ion a t  t he  bridge s i t e  f o r  anchoring the  

loadmechanismand excessive expense f o r  a l t e r n a t e  loading 

systems. A s  noted i n  Table 1-2,  the  u l t ima te  load per 

wheel (o r  anchor poin t )  would be a t  l e a s t  105 k ips .  This 

magnitude of load would r equ i re  tens ion  p i l e s  as  a  minimum. 

(b) r e s u l t s  of Tennessee load t e s t s  on a  br idge  similar t o  t h e  

Iowa 89 Bridge i n d i c a t i n g  t h a t  s i g n i f i c a n t  reserve  capaci ty  

e x i s t s  i n  bridges o f  t h i s  type. Thus, it is doubtful  i f  

problems i n  bridge behavior w i l l  r e s u l t  from s t a t i c  f a i l u r e  

of the  s t r u c t u r e .  

(c) salvage usefulness  of the  br idge  g i rde r s .  Boone County has  

expressed a  s t rong  d e s i r e  t o  ob ta in  the  g i r d e r s  f o r  use a s  

a  replacement t o  an e x i s t i n g  t r u s s  bridge.  Any t e s t s  of t h i s  

type would, a s  a minimum, put  s u b s t a n t i a l  permanent d i s t o r t i o n  

i n  the  g i r d e r s .  



Deta i led  Proposals  

The cos t  e s t ima tes  provided have been based on the  Univers i ty  pro- 

v id ing  t echn ica l  s e r v i c e s  and a n a l y s i s  a s  wel l  as  most t e s t  equipment. 

However, s u b s t a n t i a l  cooperat ion w i l l  a l s o  be requi red  from the  Corps 

of  Engineers, the  Iowa S t a t e  Highway Commission and the  Federal  High- 

way Administration. 

Detai led proposals  have not  been prepared,  s i n c e  a  number of 

p o t e n t i a l  p r o j e c t s  have been out l ined .  It i s  recommended t h a t  t h e  a f -  

f ec t ed  agencies  (Corps of Engineers,  ISHC, FHWA and County Engineers of  

Boone, Dal las  and Polk Counties) review t h e  p r o j e c t s  t o  determine t h e  

a reas  of s p e c i f i c  i n t e r e s t ,  a s  wel l  a s  a v a i l a b i l i t y  of t h e  br idges  

f o r  t e s t i n g .  Detai led proposals ,  inc luding  budget e s t ima tes ,  can 

then be prepared. 

Rela t ionship  t o  Federa l ly  Coordinated Program 

The r e sea rch  ou t l ined  he re in  w i l l  f a l l  within the  scope of s e v e r a l  

p r o j e c t s  i n  t h e  Federa l ly  Coordinated Program of  Research and Develop- 

ment i n  Highway Transpor ta t ion  (FCP). This program, developed by t h e  

Office of Research of the  Federa l  Highway Administrat ion,  inc ludes  a  

number of research  areas  i n  s t r u c t u r e s  and appl ied  mechanics of i n t e r e s t  

t o  the  FHWA, 

The p r o j e c t s  d i r e c t l y  r e l a t e d  t o  t h i s  i n v e s t i g a t i o n  a r e :  

s P r o j e c t  VF - New techniques f o r  s t r u c t u r a l  i n spec t ion  of  

e x i s t i n g  br idges .  

m P r o j e c t  VG - P r e d i c t i n g  t h e  s e r v i c e  l i f e  of br idges .  



Thus, the  r e s u l t s  of s t u d i e s  suggested i n  t h i s  r epor t  w i l l  he lp  i n  

supplying information t o  a  comprehensive program of research  of i n t e r e s t  

t o  a l l  highway t r anspor t a t ion  agencies. 

Future Programs 

During the  period of t h i s  s tudy,  the re  were s e v e r a l  occasions i n  

which no t i ces  were given t h a t  br idges  outs ide  t h e  S a y l o r v i l l e  a r e a  

were scheduled f o r  d e s t r u c t i o n  o r  considered f o r  removal. It is sug- 

gested t h a t  an ongoing program be developed i n  which a l l  br idges  i n  the  

s t a t e  considered f o r  removal be s tud ied  f o r  poss ib le  t e s t i n g .  Depending 

on the  r e s u l t s  of the  s tudy, these t e s t s  could c o n s i s t  of only simple 

m a t e r i a l  property t e s t s  o r  could include a  much more extens ive  program. 

It i s  f e l t  t h a t ,  with t h e  br idge  bui ld ing  program of t h e  s t a t e  and 

coun t i e s ,  many oppor tun i t i e s  t o  conduct s i g n i f i c a n t  research  w i l l  

develop i n  the fu ture .  





SUMMARY AND CONCLUSIONS 

A s  a r e s u l t  of cons t ruc t ion  of the  S a y l o r v i l l e  Dam and Reservoir ,  

s i x  highway bridges a r e  scheduled f o r  removal. It i s  proposed t o  use 

these br idges  t o  s tudy the  behavior of f u l l - s c a l e  bridges.  A f e a s i b i l i t y  

study was conducted and t h e  r e s u l t s  show t h a t  s i g n i f i c a n t  information 

on the  behavior of b r idges  designed f o r  normal s e r v i c e  can be obtained 

from a wide v a r i e t y  of t e s t s .  

I n  s u m a r y , i t  can be concluded from t h i s  s tudy t h a t :  

(a) f o r  the  beam-and-slab bridge: 

1. t e s t i n g  t o  f a i l u r e  i s  no t  f e a s i b l e ,  

2. dynamic t e s t i n g  a t  design load and overload l e v e l s  w i l l  

provide use fu l  da ta ,  and 

3 .  t e s t i n g  of deck components under s t a t i c  and f a t i g u e  

loads should be conducted. 

(b) f o r  the  h igh- t russ  bridges:  

1. u l t ima te  load t e s t s  should be conducted on t h r e e  s e l e c t e d  

spans, 

2. f a t i g u e  t e s t s  should be undertaken on complete component 

members s e l e c t e d  from a l l  t r u s s  br idges ,  and 

3. t e s t s  should be conducted on in-place timber decks and 

timber s t r i n g e r s .  

Af te r  review of t h i s  s tudy is completed and coordina t ion  is 

developed wi th  the  a f fec ted  agencies, d e t a i l e d  proposals  f o r  the  

research  can be developed. 



CONTENTS 

FIGURES 

TABLES 

INTRODUCTION 

SOIL CONDITIONS AT IOWA 89 BRIDGE 

LONGITUDINAL BEHAVIOR - APPROACH SPAN, IOWA 89 BRIDGE 

Bridge Sect ion P roper t i e s  

Dead Load Moments and S t r e s s e s  (86-f t  Span) 

Truck Pos i t ion  f o r  Maximum Moment 

Magnitude of Truck Load f o r  Yield of I n t e r i o r  Girders  

Magnitude of Truck Load f o r  Yield of Exter ior  Girders  

Magnitude of Truck Loads t o  Yield Ex te r io r  and I n t e r i o r  
Girders  

Truck Loading f o r  Ultimate Moment 

TRANSVERSE BEHAVIOR -APPROACH SPAN, IOWA 89 BRIDGE 

Load D i s t r i b u t i o n  

E l a s t i c  Loading 

Ultimate St rength  

Lower Bound f o r  F i r s t  Yield 

Ultimate Load Capacity of Slab 

ACKNOWLEDGMENTS 

REFERENCES 



II-ii 

FIGURES 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Typical s o i l  boring a t  bridge s i t e .  

Longitudinal s e c t i o n  - Iowa 89 Bridge. 

Typical c ross  sec t ion  - Iowa 89 Bridge. 

Assumed average c ross  s e c t i o n  - Iowa 89 Bridge. 

Tota l  dead load  moment - e x t e r i o r  g i r d e r s .  

Tota l  dead load  moment - i n t e r i o r  g i rde r .  

Dead load s t r e s s e s  - e x t e r i o r  beam. 

Dead load s t r e s s e s  - i n t e r i o r  beam. 

Maximum loading pos i t ion  - i n t e r i o r  g i rders .  

Maximum loading pos i t ion  - e x t e r i o r  g i rders .  

Cross s e c t i o n  - Iowa 89 Bridge. 



TABLES 

Table 11-1. Basic p roper t i e s  f o r  i n t e r i o r  g i rde r .  

Table 11-2. Basic p roper t i e s  f o r  e x t e r i o r  g i rde r .  

Table 11-3. ~ e a d  load d i s t r i b u t i o n  t o  g i r d e r s  ( l b / f t  of 
g i r d e r ) .  



INTRODUCTION 

A s  a  r e s u l t  of cons t ruc t ion  of the  S a y l o r v i l l e  Dam and Reservoir  

on t h e  Des Moines River,  s i x  highway br idges  a r e  scheduled f o r  removal. 

Five of t hese  a re  o ld  h igh- t russ  s ing le - l ane  br idges ,  each having seve ra l  

s imple spans. The o the r  b r idge  i s  a  f a i r l y  modern (1955) double 4-span 

continuous beam-and-slab composite highway bridge. The a v a i l a b i l i t y  

3 
of these  br idges  f o r  overload and d e s t r u c t i v e  t e s t s  presents  an unusual 

oppor tuni ty  f o r  s tudying t h e  behavior  of  br idges.  

Because of the  magnitude of t h e  p o t e n t i a l  t e s t i n g  program, a  

c o n t r a c t  was awarded t o  the  Engineering Research I n s t i t u t e  of  Iowa 

S t a t e  Univers i ty  by the  Iowa S t a t e  Highway Commission f o r  s tudying  the  

f e a s i b i l i t y  of a  f i e l d  i n v e s t i g a t i o n  of dynamic p r o p e r t i e s  and u l t ima te  

load capac i ty  of the  bridge supe r s t ruc tu res .  The r e s u l t s  of t h a t  

f e a s i b i l i t y  study a r e  presented i n  t h i s  r epor t .  This po r t ion  ( P a r t  11) 

of t h e  f i n a l  r e p o r t  inc ludes  the suppor t ing  d e t a i l e d  information o n  

the  s tudy,  and P a r t  I summarizes t h e  f indings .  P a r t  I1 is  in tended f o r  

use  by persons i n t e r e s t e d  p r imar i ly  i n  t h e  a n a l y t i c a l  s t u d y o f t h e b e h a v i o r  

of t h e  Iowa 89 Bridge. D e t a i l s  a r e  provided on the  a n a l y s i s  used t o  

determine t h e  loadings t o  be used f o r  t h e  suggested t e s t s .  

P a r t  1 inc ludes  the  program of  s tudy,  background i n  f i e l d  t e s t i n g  

of b r i d g e s ,  desc r ip t ion  of br idges  s tud ied ,  r e s u l t s  of b r idge  a n a l y s i s ,  

con tac t s  wi th  o the r  organiza t ions ,  and t h e  recommended t e s t  program. 

It should be reviewed p r i o r  t o  s tudying  P a r t  11. 



SOIL CONDITIONS AT IOWA 89 BRIDGE 

One c r i t i c a l  cons idera t ion  i n  determining i f  u l t ima te  load t e s t s  

can be conducted i s  the  s o i l  condi t ions  a t  the  br idge  site. Three 

p o t e n t i a l  sources of information were examined t o  see  i f  s u f f i c i e n t  

anchorage could be  obtained. 

I n i t i a l l y  the  s o i l  bor ings  taken by the  ISHC p r i o r  t o  t h e  br idge  

cons t ruc t ion  were s tudied.  A t y p i c a l  s o i l  boring is shown i n  Fig ,  11-1. 

I t  can be seen t h a t  the  s u b s o i l  is  composed p r imar i ly  of f i n e  sand and 

l e a n  c lay  underlane by g rave l ly  sand and s h a l e  and f i s s l e  wi th  limestone 

nodules, 

I n  add i t ion ,  s o i l  boririgs taken by t h e  Corps of Engineers a t  t h e  

s i t e  of t h e  new r a i l r o a d  b r i d g e  about 1000 f t  sou th  of t h e  highway 

br idge  and a t  the  new r e l o c a t e d  Iowa 89 Bridge were examined. These 

bor ings  showed mate r i a l  in ,  the  s u b s o i l  s i m i l a r  t o  t h a t  shown i n  

Fig. 11-1. 

I t  can be seen from these  d a t a  t h a t  rock anchors a r e  ou t  of the  

ques t ion .  I n  f a c t  of the  t y p i c a l  borings reach  what could be 

generously c a l l e d  r hard pan. Therefore,  t h e  only recourse 

would be t o  r e s o r t  e e l  tens ion  p i l e s  o r  c a s t  i n -p lace  augered 

p i l e s .  Due t o  ch i s t i c s  of the  subso i l ,  an auger-cas t  p i l e  

would probably be st s o l u t i o n  because the  concre te  is pumped 

i n t o  the  augered d e r  high pressure ,  expanding i n t o  t h e  s o i l ,  

and the re fo re  g re  c reas ing  the  holding p r o p e r t i e s  of the  p i l e .  

The c o s t  of such ,an i n s t a l l a t i o n  would be about $10,000. It is ap- 

pa ren t  t h a t ,  cons ide r ing  t h e  o t h e r  f a c t o r s  ou t l ined  i n  P a r t  I, the  

c o s t  o f  such an i n s t a l l a t i o n  would not  be f e a s i b l e .  
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LONGITUDINAL BEHAVIOR - APPROACH SPAN - IOWA 89 BRIDGE 

Bridge Sect ion  P r o p e r t i e s  

Longitudinal and t r ansve r se  s e c t i o n s  f o r  the  306-ft approach span 

of the  br idge  a r e  shown i n  Figs.  11-2 and 11-3. The assumed s e c t i o n  

used i n  determining moments of i n e r t i a  a r e  shown i n  Fig. 11-4. 

The br idge  p roper t i e s  were ca lcu la t ed  f o r  composite and non- 

composite ac t ion .  When the  s l a b  i s  poured, the  dead load of the  s l a b ,  

g i r d e r s ,  and diaphragms i s  assumed t o  be  taken by t h e  g i rde r s  a c t i n g  

alone. Any subsequent loading is assumed t o  be r e s i s t e d  i n  t h e  

p o s i t i v e  moment region by the  composite s e c t i o n  of g i r d e r s  and s l a b  

ac t ing  together .  The bridge was assumed t o  be a composite s e c t i o n  i n  

the  p o s i t i v e  moment s e c t i o n ,  because the  shear  connectors were de- 

signed f o r  t h i s  purpose only. The br idge  s e c t i o n  p r o p e r t i e s  i n  the  

longi tudinal  d i r e c t i o n ,  inc luding the  i n e r t i a , c r i t i c a l  d i s t ances ,  and 

s e c t i o n  moduli f o r  t h e  i n t e r i o r  and e x t e r i o r  g i r d e r s  a r e  shown i n  

Tables 11-1 and 11-2, respect ive ly .  

Dead Load Moments and S t r e s s e s  (86-f t  Span) 

The f i r s t  s tage  of dead loading with noncomposite a c t i o n  between 

the  s l a b  and g i rde r s  was found us ing  the  moment d i s t r i b u t i o n  method 

t r ansve r se ly  on the  bridge.  This  was done r a t h e r  than use a simple- 

span assumption of support  between g i r d e r s  because t h e  exact  cons t ruc-  

t i o n  techniques and o rde r  of pour used at t h e  s i t e  was not  known. 

The simple-span approach would a l s o  negate the  s t i f f n e s s  e f f e c t  of t h e  

forming used. The second, o r  composite, s t a g e  was found us ing  the  same 

process with the  assumed loading on the  g i r d e r s  a s  given i n  Table 11-3. 
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Table 11-1. Basic p r o p e r t i e s  f o r  i n t e r i o r  g i rde r .  

P o s i t i v e  moment P i e r s  
Noncompos i te  Composite 1st C P ( ~ )  2nd CP 

- + 14.20 - - N.A. ( in . )  

C ( in . )  - + 10.72 - - 
top 

C s t l t o p  ( i n . )  + 17.92 + 3.72 + 18.23 + 18.80 

Cbot ( i n . )  - 17.92 - 32.12 - 18.23 - 18.80 

4 
I ( i n .  ) 9,012 22,795 13,583 17,115 

3 
X n ( i n .  ) - 17,011 - - 'cone 

' s t l t o p  (in.') 502.9 6,127.7 745.1 910.4 

3 
' s t l b o t  ( i n .  ) 502.9 709.7 745.1 910.4 

( a ) ~ ~  = cover p l a t e ,  

The moments i n  t h e  br idge  were found us ing  t h e  loadings  found i n  

Table 11-3 and a r e a s  of t h e  inf luence  l i n e s p r o v i d e d  by t h e  Iowa S t a t e  

Highway Commission. F igu re  11-5 shows t h e  t o t a l  dead load  moment i n  

t he  e x t e r i o r  g i r d e r  of  t h e  br idge .  The t o t a l  dead load moment diagram 

f o r  t h e  i n t e r i o r  g i r d e r  of t he  b r idge  is given in  Fig. 11-6. 

Using t h e  p r o p e r t i e s  of t he  g i r d e r  s e c t i o n s ,  t he  s t r e s s e s  i n  t h e  

concre te  and t h e  extreme f i b e r s  of t he  wide f l ange  s e c t i o n  can be 

found. The dead load  s t r e s s e s  i n  t he  86 - f t  span a r e  shown i n  Figs.  11-7 

and 11-8 f o r  the e x t e r i o r  and i n t e r i o r  s e c t i o n s ,  r e s p e c t i v e l y .  
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Table 11-3. Dead load d i s t r i b u t i o n  t o  g i r d e r s  ( l b / f t  of g i rde r ) .  

, 
Exte r io r  I n t e r i o r  

Noncomposite 

Slab 
Girder  
Diaphragms 

Tota l  572 955 

Composite 

Ra i l s ,  pos t s ,  b r a c k e t s  98 
Curb 345 - 

Tota l  443 - 106 

Truck P o s i t i o n  f o r  Maximum Moment 

I n  order  t o  maximize the  l i y e  load moment i n  the  g i r d e r s  f o r  the  

t ruck  loading i t  i s  necessary t o  determine the  t ruck  p o s i t i o n  on the  

br idge .  Using the  o rd ina tes  of the  in f luence  l i n e s  and l i n e a r  in t e rpo la -  

t i o n  between po in t s ,  i t  was determined t h a t  the  maximum moment i n  the  

86-f t  span was produced with the  HS t ruck  facing the  67- f t  span wi th  the  

d r i v i n g  ax le  placed on the  c e n t e r l i n e  of t h e  span. For determining 

l a t e r a l  pos i t ion  o f  the  t rucks  f o r  maximum loading on a  p a r t i c u l a r  

g i r d e r ,  i t  was found t h a t  the  l ane  l i m i t a t i o n s  a s  s p e c i f i e d  i n  the  AASHO 

code governed. Thus, f o r  maximum loading on the i n t e r i o r  g i r d e r s ,  two 

HS t rucks  were placed s i d e  by s i d e  centered  on t h e  br idge  with t h e  

cen te r  of the  i n s i d e  wheels 4 f t  a p a r t  (Fig. 11-9). This  spacing 

fol lows from the  use  of a 1 0 - f t  l ane  and an assumed spacing between 

cen te r s  of t ruck  wheels of 6 f t .  The maximum loading on t h e  e x t e r i o r  
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Fig. 11-9. Maximum loading position - interior girders. 



g i r d e r s  considered two condit ions.  F i r s t ,  i f  t he  s l a b  is assumed t o  

be supported by nonyielding then e l a s t i c  ana lys i s  is appl ied  

and two HS t rucks  a r e  used, each placed with t h e i r  ou t s ide  wheels 2 f t  

from the  curb (Fig. 11-10). Second, i f  t h e  br idge  is  assumed t o  a c t  

a s  an o r tho t rop ic  p l a t e ,  which accounts f o r  y i e l d i n g  of t h e  g i r d e r s ,  

only one HS t ruck  i s  requi red  placed 2 f t  from the  curb. 

For the  u l t ima te  loading case ,  t he  f r o n t  wheel loads were assumed 

t o  be absent  and the  t ruck  was assumed t o  be pos i t ioned on the  br idge  

such t h a t  the midspan of the  bridge w a s  centered  between the  cen t ro id  

of the t ruck  and an axle.  This pos i t ion ing  i s  the  exact  placement t o  

produce maximum moment under t h i s  a x l e  assuming equal end moments. 

The l a t e r a l  placement of the  wheels was the  same as  mentioned above 

which produced maximum reac t ions  on the  i n t e r i o r  g i rde r s .  

Magnitude of Truck Load f o r  Yield of I n t e r i o r  Girders  

When two t rucks  a re  placed s i d e  by s ide ,  a s  shown i n  Fig. 11-9, 

an e l a s t i c  a n a l y s i s  of the  s l a b  us ing  nonyielding g i r d e r s  r e s u l t s  i n  a  

load f a c t o r  of 1.71. I n  o the r  words, t he  c e n t r a l  g i r d e r s  a r e  assumed 

t o  rece ive  1.71 l i n e s  of wheels r a t h e r  than 1.41 which would be  the 

s o l u t i o n  i f  t h e  s l a b  were assumed t o  be i n f i n i t e l y  s t i f f  and supported 

by the  d e f l e c t i n g  g i rde r s .  I f  we cons ider  o r t h o t r o p i c  p l a t e  behavior 

which cons iders  both aspects  of br idge  behavior ,  t he  load f a c t o r  becomes 

1.96. When 1.96 i s  used t o  es t imate  t h e  load f a c t o r ,  then the  moment 

would equal  t h e  magnitude of the  wheel loads mul t ip l i ed  by t h e i r  

r e spec t ive  inf luence  l i n e  o rd ina te  and t h e  r e s u l t  mul t ip l i ed  by the  load 

f ac to r .  Thus, the  moment a t  midspan f o r  a  s tandard  US-20 t ruck  i s  



- 

Fig.  11-10, Maximum loading position - exterior girders. 



1.96[(4 X 8.914) + (16 X 15.286) + (16 X 8.951)] = 830.0 f t -kips.  

The dead load s t r e s s  i n  the  bottom flange a t  midspan (Fig. 11-8) was 

ca lcu la t ed  to be 5.03 k s i .  For mild s t e e l  wi th  a y i e l d  s t r e s s  of about 

36 k s i ,  a d i f f e r e n t i a l  s t r e s s  of 30.97 k s i  would be ava i l ab le  f o r  l i v e  

loading before  the  s e c t i o n  y ie lds .  Therefore,  i f  we mul t ip ly  t h i s  

s t r e s s  by the s e c t i o n  modulus, t h i s  w i l l  i n d i c a t e  the  l i v e  load moment 

which can be appl ied  t o  the  sec t ion  before  y i e l d i n g  occurs.  Thus, %L 

f o r  y i e l d  i s  

30.97 X 709.7/12 = 1831.6 f t -k ips .  

The equivalent  HS t rucks  t o  produce t h i s  loading would be, 

(1831.6/830.0) X 20 = 44.1, 

o r  an HS-44 with wheel loads of 35.3 k ips .  

Magnitude of Truck Load f o r  Yield of E x t e r i o r  Girders  

When two t rucks  a r e  placed on the  br idge  near  t h e  curbs,  a s  shown 

i n  Fig.  11-10, and an e l a s t i c  ana lys i s  is made assuming nonyielding sup- 

p o r t s ,  the  load f a c t o r  is  0.839, When o r tho t rop ic  p l a t e  theory is 

used, the  load f a c t o r  f o r  the  e x t e r i o r  g i r d e r  is 0.93. Using the  

value of 0.93, the  l i v e  load moment i n  t h e  g i r d e r  is 

0.93[(4 X 8.734) + (16 X 15.062) + (16 X 8.752)l = 386.8 f t -k ips .  

The dead load s t r e s s  i n  the  bottom f i b e r  of the  e x t e r i o r  g i r d e r  (Fig. 11-7) 

was ca lcu la t ed  t o  be 7.26 k s i ,  o r  28.73 k s i  of l i v e  load s t r e s s  may be 

added before y ie ld ing  occurs.  Therefore, i f  we mul t ip ly  t h i s  s t r e s s  

by the  modulus, i t  w i l l  y i e l d  the l i v e  load moment which can be applied.  

Thus, 



M-LL = 
28.73 X 566,4112 = 1356.0 f t -k ips .  

The equivalent  HS truck would be 

o r  an HS-70 with wheel loads of 87 k ips .  

Magnitude of Truck Loads t o  Yield E x t e r i o r  and I n t e r i o r  Girders  

When the  i n t e r i o r  g i r d e r s  y i e l d ,  t he  e x t e r i o r  g i r d e r s  p i ck  up more 

of the  appl ied  Load. Therefore,  i t  would be reasonable a t  t h i s  s t age  

t o  conservat ive ly  assume t h a t  the  d i s t r i b u t i o n  f a c t o r s  t o  the  e x t e r i o r  

g i r d e r s  jump t o  0.85 while the  i n t e r i o r  g i r d e r s  drop t o  1.15: 

o r  HS-77 with a wheel loading of 61 k ips .  

Truck Loading f o r  Ultimate Moment 

I n  order  t o  determine the  u l t ima te  moment capaci ty  of the  bridge,  

the  u l t ima te  moment of the  composite c ross  s e c t i o n s  must be found, 

Assuming t h e  concrete s t r a i n  a t  u l t ima te  t o  be 0.003, the  r e s u l t i n g  

moment f o r  the  e x t e r i o r  composite beam was computed a s  2329.6 f t -k ips .  

The computed moment f o r  the  i n t e r i o r  composite beam was 2979.9 f t -k ips .  

These moments were a l s o  ca lcu la t ed  us ing  approximate methods 

2 given i n  the  AISI B u l l e t i n  No. 15 . These moments were 2342.2 and 2952.6 

r e spec t ive ly ,  which a r e  approximately the  same a s  above. The t o t a l  

r e s u l t i n g  p o s i t i v e  moment would then be 

(2 X 2329.6) + (2 X 2979.9) = 10,619 f t -k ips .  



Because the  moment diagram f o r  the  loaded 86-f t  span is  very 

s t e e p  i n  the region of the  p i e r s ,  the  f i n a l  hinges a c t u a l l y  form at the  

ends of the cover p l a t e s  i n  the  adjo in ing  spans. I f  t he  moment is 

l i n e a r i z e d  i n  the  67- f t  span and the  y i e l d  moment is assumed t o  occur 

a t  t he  end of  the  cover p l a t e  i n  t h i s  span, then the  r e s u l t i n g  moment 

over the  f i r s t  p i e r  i s  computed t o  be about 8000 f t -k ips .  The second 

p i e r  may a l s o  be assumed a s  8000 f t -k ips .  

Neglect ing t h e  e f f e c t  of the  f r o n t  wheels (because an anchor system 

would be used) and using only the  e i g h t  wheel loads from the  main axles ,  

with placements of the  wheels loca ted  f o r  maximum moment, t he  r e s u l t i n g  

s i n g l e  wheel load i s  104.69 k i p s  o r  an equivalent  HS-130 t ruck .  



TRANSVERSE BEHAVIOR - APPROACH SPAN, IOWA 89 BRIDGE 

Load Dis t r ibu t ion  

The loading used t o  determine t h e  f a t i g u e  p roper t i e s  and t h e  u l t i -  

mate load car ry ing  capaci ty  of the  s l a b  i n  the  t r ansve r se  d i r e c t i o n  

were assumed t o  be a  s i n g l e  concentrated load at midspan of the  br idge  

centered on the  s l a b  between the  e x t e r i o r  and i n t e r i o r  g i rde r .  Slab 

s t i f f n e s s  w i l l  be  based on the  assumption t h a t  the  e f f e c t i v e  s l a b  width 

i s  s i x t e e n  times i ts  thickness.  This i s  of course more than can be a s -  

sumed f o r  load ca r ry ing  purposes. Figure 11-11 i l l u s t r a t e s  the  s l a b  

s e c t i o n  of the  br idge  and the  system assumed f o r  ana lys i s .  

There a r e  two types of so lu t ions  f o r  t h i s  problem. The f i r s t  

s o l u t i o n  is f o r  t h e  e l a s t i c  case, and t h e  second f o r  t h e  u l t ima te  

loading case. 

E l a s t i c  Loading 

The s o l u t i o n  f o r  e l a s t i c  loading is  based on the  assumption of 

d e f l e c t i n g  g i r d e r s  support ing the  s l ab .  I f  we f u r t h e r  assume t h a t  the  

s l a b  sec t ion  i s  taken from the  midspan of the  br idge ,  then the  

f l e x i b i l i t y  of the  g i r d e r s  is, 

3  Using L /EI  a s  the  r e l a t i v e  f l e x i b i l i t y ,  f o r  t h e  e x t e r i o r  g i r d e r s  t h i s  

i s ,  

F = 
86= = 

1 16256.1 ES 
39'127 f t 3 / i n e 2  k ips ,  

Es 

1 
and f o r  the  i n t e r i o r  g i r d e r  t h i s  i s  

863 - - 
F2 = 22795.0 ES 

27.903 f t3 / in .2  k ips .  
Es 



TRANSVERSE SECTION PLAY, AND PROFILE SHOWING 
LOADING FOR MPXIMUM POSITIVE MOMENT I N  
SLAB 
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Fig. 11-11. Cross section - Iowa 89 Bridge. 
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S u b s t i t u t i n g  i n t o  Eqs. (1 )  and s o l v i n g  

$ = 0.4797 P  

RC = 0.0987 P  

g i v e s  

RA = 0.4806 P  

- 0.0590 P. Kg - - 
The maximum moment under t h e  l oad  then  is 1.982 P f t - k i p s .  The e l a s t i c  

s o l u t i o n  f o r  t h i s  moment assuming n o n d e f l e c t i n g  suppo r t s  would be 

1 .55  P. Thus,  d e f l e c t i n g  of t h e  g i r d e r s  i n c r e a s e s  t h e  p o s i t i v e  moment 

b y  17'X.. The nega t i ve  moment over t he  i n t e r i o r  g i r d e r  i s  0.16 P f t - k i p s ,  

whi le  the nonde f l ec t i ng  g i r d e r  s o l u t i o n  i s  0.825 P f t - k i p s ,  which i s  a  

very l a r g e  change. 

Ul t imate  S t r e n g t h  

Using the  A C I  Bu i l d ing  Code methods and an  assumed s t e e l  y i e l d  o f  

50,000 p s i  and conc re t e  c y l i n d e r  s t r e n g t h  of 4000 p s i ,  t h e  u l t i m a t e  

moment i s  found a s  fo l lows :  

Transverse  P o s i t i v e  

d  = 4.875 i n .  A = #6 @ 8 = 0.66 i n . 2 / f t  
S 

O ' j 5  50 0.8088 i n .  a = 0.85 X 4 X 12 = 

Transverse  Negat ive  

d  = 5.125 i n .  



Longitudinal  P o s i t i v e  

d = 5.125 i n .  A s  = 1k6 @ 15 = 0.35 i n . 2 / f t  

Mu = 0.9 X 50 X 0,35 (5.125 - -  0.429) /12 
2 

= 6.44 f t - k i p s / f t  

Longitudinal  Negative 

d = 4.875 in .  

M = 0.9 X 50 X 0.35 (4.875 - - 
u 0.429) 2 /12 

= 6.12 f t - k i p s / f t  

Lower Bound f o r  F i r s t  Yield 

The maximum p o s i t i v e  moment i n  t h e  s l a b  v a r i e s  from zero a t  some 

d i s t ance  from t h e  load t o  a maximum value beneath t h e  load. Using 

p l a t e  theory on a  simply supported s l a b ,  t h e  equ iva len t  simple beam 

width t o  produce the  same maximum moment i s  i n  t h i s  case  about 5 f t .  

Thus, a  lower bound value t o  produce y i e ld ing  i n  t h e  s l a b  under the  

load would be 

P = 'leo6 
= 27.9 k ips .  1.982 

Ultimate Load Capacity of  S lab  

Due t o  the  load ca r ry ing  capac i ty  of the  s l a b  i n  both  the  t r a n s -  

verse  and long i tud ina l  d i r e c t i o n s ,  y i e l d  I i n e  theory w i l l  provide t h e  

b e s t  r e s u l t s  i n  computing the  u l t ima te  load. Yield l i n e  theory uses  

t h e  p r i n c i p l e  of v i r t u a l  work appl ied  t o  the  f a i l u r e  mechanism of t h e  

s l ab .  This method simply s e t s  t h e  t o t a l  e x t e r n a l  work done by t h e  

mechanism equal  t o  the  t o t a l  i n t e r n a l  work done i n  t h e  s l a b  when t h e  

mechanism goes through a v i r t u a l  displacement. 



I f  the  u n i t  load method is used t o  determine t h e  so lu t ion ,  and the  

r eac t ions  a t  B and C a r e  used as t h e  redundants,  the  r e l a t i v e  f l e x i -  

b i l i t y  of the  s l a b  i n  terms of length  and E I  i s  

Using E / E  = 8 then, 
S  C 

3 
F = L / E  I = 4.736 X 8 = s S 

37.887 ft3/in.' k ips .  
Es 

The r e l a t i o n s h i p  between t h e  t r ansve r se  and long i tud ina l  r e l a t i v e  

f l e x i b i l i t i e s  i s  of the  same order  of magnitude and w i l l  have a  d e f i n i t e  

inf luence  on the  so lu t ion .  

The compat ib i l i ty  equations f o r  the  problem a r e  

where 

'BO 
= d e f l e c t i o n  a t  B with no r e s t r a i n t  a t  B o r  C ,  

A co = def l ec t ion  a t  C with no r e s t r a i n t  a t  B o r  C ,  

6. = d e f l e c t i o n  a t  B f o r  u n i t  r eac t ion  a t  B, 
BB 

'cc = d e f l e c t i o n  a t  C f o r  u n i t  r eac t ion  a t  C,  

bBC = d e f l e c t i o n  a t  B f o r  u n i t  r eac t ion  a t  C ,  

&CB 
= d e f l e c t i o n  a t  C f o r  u n i t  r eac t ion  a t  B. 

S u b s t i t u t i n g  i n  terms of load and f l e x i b i l i t y  

'BO 
= 0.09774 PFS + 0.006571 PFl, 

'BB = 'CC 
= 0.016461 FS + 0.005974 F1 + 0.010753 F2, 



I f  we assume t h a t  t h e  l o a d  P a t  t h e  c e n t e r  o f  t h e  p l a t e  moves th rough  

a  u n i t  d e f l e c t i o n ,  then  t h e  u l t i m a t e  moments on t h e  t r a n s v e r s e  l i n e  would 

r o t a t e  th rough  an a n g l e  of l l d ,  t h e  u l t i m a t e  moments on t h e  l o n g i t u d i n a l  

l i n e s  would r o t a t e  through an a n g l e  of  114.125,  and t h e  d i a g o n a l  l i n e s  

would r o t a t e  through an a n g l e  o f  l l c .  Thus ,  

E x t e r n a l  Work = P X 1 

I n t e r n a l  Work = (M X 2/d) + mu 14.125) + (MU X 21c) 
u  

AB BC AC 
where 

MU = 6 . 1 2  X 8 . 2 5  = 50.49 f t - k i p s ,  
AB 

MU 
= 11.68 X 2 X d - 23.36 x d f t - k i p s ,  

BC 

M = 2 X S X (8.75 + 2.31 c o s  28) f t - k i p s  
U~~ 

The term M was fo rmula ted  on t h e  b a s i s  of  a  Mohr's c i r c l e  c o n s t r u c t i o n  
UAC 

v a r y i n g  from 11.06 f t - k i p s / f t  f o r  t h e t a  e q u a l  z e r o  t o  6.44 f t - k i p s / f t  

f o r  t h e t a  e q u a l  90°. 

The s o l u t i o n  f o r  t h i s  problem i s  found by minimizing t h e  v a l u e  of P. 

T h i s  i s  accomplished by s u c c e s s i v e  t r i a l s  o f  d. The optimum v a l u e  of 

d  f o r  a  minimum v a l u e  o f  P was found t o  be 2.595 f t .  The c o r r e s p o n d i n g  

v a l u e  of P  was found t o  be  73.11 f t - k i p s .  

The u l t i m a t e  l o a d  c a p a c i t y  o f  t h e  s l a b  based  on s h e a r  f o r  a  12- in .  

d i a m e t e r  p l a t e  u s i n g  t h e  ACI Code is 

P = 4 X -  4000 X 0.85 X (4.875 + 12)  X 4.875 
1000 

= 55.65 f t - k i p s .  

Thus ,  a c t u a l l y  a  16 .3 - in .  d i a m e t e r  h e a r i n g  p l a t e  would be  r e q u i r e d  a s  

a minimum t o  s u p p o r t  t h e  u l t i m a t e  c o n c e n t r a t e d  l o a d .  
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