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lNT:~~ODUCTI::JH 

;:blc doubt as ~o fu~ 3.ctn7<1 .st~c::>scs th:..:; <le devc!op tmdc:r 1o'2diug c;,n-

ditions. 
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expe:rimental Gtudy(l) but will not include the efisct of ha.tmching nol.~ of 

co;:.c.:;:-Josite mate?'in.l i:io characteristically ll:3ed in z-einforced concrete 

r3ti.'u.ctures. 

It is, tlle;refoi·e, the purpos{; ;;,f this l'(~3ea::ch to 0ilil0. an expe::d-

.i.11(;iltal rrwdcl of an t:;~dsting i·einfo!:ccd. concrete sk~w~d b1·idge\4} to a 

one-tenth scale an.~l to subject this to various loa~ing conditions. Thi& 

iliesis outlines the e:."perimen.tal p1·occdu.re followed in testing this model 

and li:Jts the results obtain0d. SR-4 stl"ain g"'ges v:ere used to nwa.su:ra 

the stt•aina in the l"einfor.cing steel and on the sudace of the concrete 

itael£ ~t selccte•i points. 'fhe model was loaded with concentl·a.ted lea.cl 

at th<(} center of the: deck keeping a.11 st~ains within the elastic lir.."lit of 

the ma.t~rials . 

.l...ater te:;;t.; will test the model with the load placed at eight cth.~r 

positions en the di:.ck. ~heJ model will finally be tested to dest1·ucti0n 

un.del.· a uniform load applied by means cf a hydraulic i·ubb!.1r cell fitted. 

to the tcp ci the deck r;ul"face, but the~e results aZ'e uot in~ll.lded in thiB 

thesis. 
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REVIEW OF LITERATURE 

The experimc;nta.l investigation of skewed i-igid frame bridgee has 

~·eceived very litt!'!3 attention in the pa.3t and only a few of such tests 

are discu~3zeci iu tho lito:ratu·.re. Th¢s~ can be classified into two pax-ts 

and al"e deocribcd belcw. 

1. Model Te::>ts. 

In 1932, ml")del tests on a skewecl rigid frame bridge were con-

ducted by E. F. Giffortl(S). The J.-n.od~l used had a 45° skew, was con-· 

structed o.f concrete and had a scale :ratio of proto~;pe to rno<lel of 64. 

Th~ model was t~stetl to destruction with the conceutrated loads at the 

center and qua.rtel.· points but only the appearanc·e and description of 

. cracks were noted. Photographs indicated that failure occured at the 

top of the slab fo1· both symrlletrical and unsymn:ietrical loads. The 

.first cr:ack continued app1'oximately pe?'pentlicula-z.- to the traffic. GoTdon 

P. Fisher attd Walter C. Boy~r<6> conducted a nurnbcr of tests on a. 

model of a skewed bridge with a two-span rigid frame in an attempt to 

obtain the react_;.ons. The efiect of skew on the reaction wa.s ii:ivestigated 

io7l angles varying frora o0 to 50° in increments of 10°. The deck was 

flat and of constant thickness. This investigation w.is baaed on the de-

:formeteT method a.e d~veloped b-; Begga and m.odified by William J. Eniay. 

2.. Full Size Tests. 

Scme teatr' on existil1g structurEis were made. The litel.·atur~ re· 

vealed th.at full siz,o i:~ab were r.nade on the Ccntl"al Avenue Bl'idge, Glen-

dale, Californfa.< ?) o..nd the North Avenue Bridge, Chicago, lllL"lois(S). 
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This bridge was made available fol' tests of the full acale struc-

ture iu 1939. It was deoigned by the Hayden method cmd had a solid 

deck. When tested the atrllcture was two years old. Steel ingots weigh-

ing 3, 000 lb. each were spread at vario1us d:L:3ta:nces along the transverse 

ce11ter line in a stl'ip th1·ee feet wide. Strains were measured at the 

hall11cb and c:ro~vn with 10 inch Vihittemo1'e and 2 inch Bcn.·ry stram gages 

attached to the exposed i•einforcing rods. Dial gages were used to mea.s-

t1re the disflectiona of the col"nera of the deck, crcwu, and bottom. of t.he 

abutments. The :raaults iudica.tE:d that th~ 1na.ximum stress occurred in 

the tendon 3teal at tl:l.e obtuse corner, that the entire structu?c l'rJtatod 

as a rigid body, and tha~ the rnaxi~t11.n deuectic-,n of the crown u.nda?' the 

greatest load (440 tons) was approximately 3/8 inches. 

b. North Avenue Bridge. Chica~ Illinois. 

This btridge was a two hinged rigid f>:-am~ of slab and girclet' de-

aign with hinges tietl by i'einfoi"ciug to the lower roadway slab. 'the 

bridge bad a !j5° ske,.v. Special extensomutcr otations we?c built into 

tha deck gh:del't ont: tia slah and the a.butn.'lents. Temperature variations 

over a period of fou.l' months a.u.d tuei!' e££ect ou hinge moveraents and 

deck defl~cticms wel'e recorded. As th.; l'esult oi these te2ts it was col'A-

cluds<l that tor.sional offect3 vverrt; negligible f1)r this T-bibam type deck 

and that the ot-ru~tural b...::hav:to? v1as in goocl agreement with the a.ssu..~ed 

actio;.i. It should be noted, howevei- 0 that this was not a flat slab-type 

structurs. 
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EXPERIMENT AL !NVI!:S TIGA TXON 

Th·a pul"posu oi tltis th"'si<:> is to ohtaitt expci-imental data 011 the 

st:rairt~ and ddlections may lG:.te~ br~ co1npa:Nd wit.ii the reEJult3 of a 

thco·N~tical analysis bazcd o·,1 a t·igoroua troatme:nt imrolviag the tb~o!'"'/ 

of olasti.::ity. Tb..a iaws. :>f Bitnilitude \1.:.;re ~ppiicd :rnepiug the !:Jt!'cco~s 

mid stl"ainG equal bstweeu. model and prototype. Pt'elbninary ~xp~ri·· 

··-"·n"""1 ... ·c:·,,,.::~-,s -·" '" u I ,~ ... ~-~.-. ca,.~·1·,_,..:, ou'· l.·n • 1·" ""'""'.,.( 9) ~-l.-H~·'-"ti·nr.· ..,.:_.!.v ~;:;+& U v."'":.J.""' <::4- *'" 't • ~ • • -,..1 ._ .s. >.;..,.. ... ~ ~u '° -- t..Uv ~ ..... Ut.:;J ,. -A-! u....l. .... ~...... '-t~ 

and alcih:> did follo-~7 fa,;; theoretical luwc of similitude. 

2:. Constin.:.ction of the £...1 .. ~del 

ha1·s throughout !Yl.09t oi "t:he 0t?·uctur::: and. that this had bt~'3n iom.icl to bc-

hav~ pl'ope:dy fr:: pi'ovious tG::;ts that •.;;~-e'a m::i.:l~ en a akewcd elab(3). The 

t;;pe. Th~ only V::l!'iatiou c-.:currcd in the v:;;;rtica! st·~el ou the front face 

of tlle ab11ttneni v-1h81·s m.ie-,:;i;c-tecnth smooth. diam.'.!te:i- b:lro had to bo ue:cd 
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reinfo&cing and tyi?<l .A.-7-4 SR-4 stra.irJ. gages were fastened to the 

o.no-sixteenth inch 1·einforcing. Type A.H-2 roaettc SR- 1.l: i::traiu gagais 

war~ used c11 th~ toe;> a11d bottom stufa.ces of the conci•eto deck a!td 

froat and back fac:r.7.la of tho c.butments. 1'hei!" loca.tion is indicated in 

figurs 4 and TablG I. Strain gag13i:; attached to th':! ~Elinforcing we'!:'0 

waterprciQfed with. several la.ye?s of Armstrong Adhesive A-2, and then 

wrapped. with rubber tape. 

The b:~:idge f ootinga were ca.st in two steel boxes as indicated in 

fig1.ne 5. 'fhis ar~angement was u:Jed iu order to obtaia greatc-:: i'igidity 

of the footings so that the horizontal reactions developed by the va.riou.;; 

loa.de could be mea.sur~d ,;.,.ith tlt~ dynamo:m.~ter.2' indicat~d on this ~ketch. 

'rhe concrete used £e;r th3 model co~t.-3.ined 6. 89 sacks per ct1blc 

yal"d and S.? gallons pe!: ea.c!t. This gave n seven d.ay strength using 

ltlgll early strength :;e1~ent of 4757 psi~ a r~iodulua of elasticity of 3. 6! x 

io6 pzi, and a ?oisson' s t>atio of O. 189. The mix had a fivG inch slump 

and ,;;o was easily place :l in the !crm. Th.:i strength Y..ra3 d·;;tcn:mincd 

frc::..n Z :i.: 4 inch cylinderc.. 'i'ablo !I indicates tnc p7i:>opierties of tb.is mix 

as tested u.ncler standa~d ::onditions and also inrlicat~a the rc::rnlts [)b-

tain.cd £rem ~or:.:ip•::ttlon r.:ylinders cu~0d iu <.:. :<.nam11~r iden.tic:-:.J. with that 

c£ tha n1otlel itself. 'I'h~: modo! aud these cyl:i.:ad')rF; • .,;ere cured in their 

rncld~ io!' five days, the rnoldt. ti1·an .;trippcil., and thl'.:n subjectacl to tho 

no:::-mal dry a.it· of th:. laboTato:::y during tiw rernaind'-'?' of the tas·t ?~?iod. 

3. Testing Frame 

The model W3.a placed in the testing frar ... 'le shown in figure: 7 and 

load.ad with a hyd:ra.ulic jack. The load was measm:ad wlth an SR-4 
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type .Baldwin Load Cell. 

Horizontal reactions of each ioot~s were meaEured with throe 

dynaznomewt'S as indicated in figur~ 5 and figure 6. The steel channel 

box housing the :footing wa1S pl~c~d on ball bearings to elhninate friction • 

Rotation ot' the footing about its longitudinal axir; was not noted but could 

easily ha.-v.a beE:n prevented with s:m.all 1- ba-.· anchorages at each corner 

placed in a v~rtical position. 

METHOD 02"' 'IESTING 

.b..J.! oaclius._. 

'U10 model was i.nvestigateici for stress distribution duo to the con-

cent:-ated load at vat"ious pointg on the deck. The sudace of the deck 

was dividGd into nine panelo by the equi-spac<!d lines as showu iu figure 

1. This thesis liats the results obtained fol' the coucentrated load applied 

at the center of the middle pa.nel; i.e. , the center of the deck. 'I'ho con• 

cent1·at.'ld load was applied by using a. 10, 000 lb. hydraulic jack. In order 

to prevent a. punching sheai' failur~ a 2 inch diamete1• steel cyliudei· was 

used under the load.cell, and this wao sepa.l"ated fron\ the model by a 

sof/; 1·ubber cushion to eliminate u.neveu bearing. 

i. Meaaurement of Strains. 

Since there we?'e ninety-eight type A-7 SH.-4 strain gages, ten 

type A-7-4 SR-4 etrain gages, and fifty-seven type ~-Z rosette SR-4 

strain gages on the ?"einforcod concrete model, and since the switching 

and balancing units codd carry a maximu:..in of sixty~six gages at one 

time, it was ueces.i;ary to divide these into groups and to test the model 
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fiv~ ti.mc:j for each. load. I~cn~1iring of tUE. sv1itching and balancing units 

aft.:l' each zc<:ios nf gages wet·c t·ead '\VD.s eliminated by usiug a multi-

nect~d to the ba3e o.t the :.11ulti-plu.g anci ::eek·~~ u.:iit and to th0 strair-L in-

dicator. Th~! g·row1<l lt;;ad and tie compensating gage were ~onnect~d 

dJ.r.::ctly to the :3Wi'tc:hing uud b3.larn;ing unit. Six gages, No. 5CLC:, f>CID, 

fo1• serie:> of th~ iivo ioa.dings. 

3. Mea&urcm~mt rii t..liG I.>ofloction of th~ ,J.:::ck. 

SRA typ;:: dynarr.1.ornoter8 ati:f.l.c:hcd. to the twc- footings. 

REINFORCING 

The reinforcing was obtained from the American Steel and Wire 

Company. The physical properties of this 1 /8 inch diameter deformed 

wire were as follows: 

Physical Properties of 1/8" ~Reinforcing Steel 

Modulus of Elasticity 
Ultimate Stress 
Johnson's Elastic Limit 
Prop. Limit 
Yield Strength 
% e in 2" 
% R.A. 

29, 050, 000 psi 
63, 900 psi 
39, 200 p~i 
24, 800 psi 
51,000psi 

18.0 
76.0 
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TABLE I 

(a) 

Note: Coordinate d for any gage 
is measured to the nearest 
surface of the bridge per-
pendicular to the outer sur-
face of either the abutment 
or deck. 

Position Coordinates in !nches 
x ~. d 

3. 9011 9. l 0'' o. 2s11 

1. 5011 9. 5011 o. 50 11 

14. 00" 9.20 11 o. 2.5 11 

13. 7511 9. 50 11 0. 5Qti 
28. son 9. 50 11 o. 2511 

28. Z5" 9. 5011 0.50 11 

42.. 'lQli 9.6()ir D. 25° 
42. 7011 9. 50 11 0. 5011 

53.QQH 9. 80 11 0. z5u 
52.50 11 9. 5011 c. 5011 

3. 1011 9.zon 0.20 11 

2.00" 9. 50 11 0.4511 

14.20" 9. 30 11 0. 2Q!I 
13. 6511 9. 5011 0.4511 

28,8011 9.40 11 0. 201: 

28.6011 9. 50" 0. ·:1:511 

4.2. 80" 9.60 11 0. 2.0 11 

43.00" 9. 50 11 o. 4311 

53.30 11 9. 70 11 0.20 11 

53.0011 9. 50 11 0. 45" 
x z 

4.00 11 ,, ") "1t u .... v 9.40" 
4. 50 11 0. 45 11 9. 70" 

14. 60fl 0.2011 9.40" 
14. 70 1' f< t1 ~.:.11 u • _: ._; 9. 8011 

28. 70 11 0.20 11 9.4QH 
1.9. 3011 0.45" 9. 701f 
44.4011 0.20 11 9. 70" 
44.50" 0.43 11 9.4011 

55.0011 0.20 11 9.40 11 

55.0011 o. 45i; 9. 40': 



Gage 

!WlA 
2\/L.l\ 
3lVIA 
4V.:IA 
5W 1/3-
6Vc'lA 
rwxA 
S~\lA 

9V:I.A 
10\\ IA 

111•1/0D 
lZV.'GD 

11\'!ID 
llWID 

lCOD 
2COD 
3COD 
4COD 
SCOD 
6GOD 
7GOD 
3COD 
9COD 

10GOD 

1 Cli) 
z,;.ID 
3CID 
4C1D 
5G1D 
6CiiJ 
7Clr..> 
8(;JD 
9ClD 
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'f· ' 3T -· l ( t" d) ~-' ~_,;:, con inu.z 
(a) 
------·-·-----

Position Coordin.1teo in Inches 
x d z 

3. rj;Qll 
3. 3QiJ 

14. 201' 

l3.80" 
29.0011 

29. 00 1' 

43.30" 
43.60" 
54.80" 
55.oon 

x 
28. 501' 

27. a~n 

28.90" 
::.a.0011 

3. 90~· 
i!. 60" 

14.4011 

}5.3QH 
28. 70 11 

29. 70" 
43.QQll 
43. 90° 
53. 0011 

54. ·;5u 

4·. 30° 
Z.6G1t 

14. 8011 

15. so.: 
z~.21" 
t. 9 • 90 II 
~3. !011 

4.~,. 2\P? 
32. 9011 

o.zon 
o. 30" 
0.20° o. JQtl 
o.zou 
.!'). 30" 
o. 2.01' 
o. 30 11 

o.zou 
n. 301= 

25. 3.(Jli 
2,.5. 3\}lt 

Z5. 3Q!t 
25. 3011 

40. OW' 
1~1. oon 
40. zs•? 
41.00 11 

41. 00 11 

41. 00" 
40.50:1 
41. 0011 

41. CO" 
41.(IC" 

40.0Ctr 
41. oou 
40. 30!' 
4 I. oo~' 
40.40" 
41. OOH 
·1&0. 0011 

41. 00 11 

1:;,t). 50" 

9. "({F' 
9.4oei 
9. 70" 
9. 40 11 

9. 70~· 
9.40" 
9. 10~· 
9.4011 

9.70'" 
9. 4:()1' 

d 
I). 25H 
o. 50" 

0.20 11 

c. 4511 

O. Z611 

O. ·iO" 
0.2411 

0.46" 
0.2611 

o. 4:!•" 
0.2611 

0.4:)U 
0. ;?,6U 
0.46" 

n.ZO" o.son 
o. 2:P1 

0.4f3H 
n.z~n 

0.5QH 
o. zou 
0.5011 

o. 2211 __ ",,,, ...... ·-----·-~-------.... ----------



Gage 

lEOD 
2EOD 
3EOD 
4EOD 
5EOD 
6EOD 
7EOD 
81~0D 
9EOD 

lOEOD 

!EID 
ZElD 
3EID 
4£ID 
5E:ID 
6EID 
7El1) 
SEID 
9.EID 

lOEID 

IEO.A 
ZEOA 
;)EOA 
4EOA 
SEOA 
6EOA 
7EOA 
8EOA 
9EOA 

lOEOA 

lf.;JA 
ZEL~ 
3EU:i. 
4ELt\ 
SEU.\ 
6EIA 
7ElA 
8.EIA 
9EIA 
lOEli~ 
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TABLE I 
(b) 

Position Coordinates in Inches 
x' ;• d' - -

4. 00" 9. 4:0" 0.28" 
4. 18" 9.60" o. 4:0" 

14.30" 9.2')U 0.2511 

lZ. 60" 9. 60° 0.40° 
28.401i 9.8011 0.3011 

27. 8QH 9. 60 11 0.43" 
42.70" 9.60"' o. 25" 
42.00" 9. ?Qll 0.3811 

53.ZO" 9. fj(jll o. 25" 
5~.70° 9.60" o. 38" 

4. oo•a 9.40" o. 2.0" 
3.5n" 9.6LJH 0.45 11 

14. 60" 9.30" o. 2.21t 
13.80° 9.60° o. 50'' 
ZB.40n 9.sou 0.21" 
2.9. 2.0" 9. 60•1 0.50" 
42. 10" 9. 8QH O.ZB" 
43. ooer 9. 60 11 o.sztt 
ss.z.eu <). 7QIC c. z5u 
54. SOPI 9.6[}H G. 5 tr' 

x' d z' 
4. z5" 0.20 11 9.90fi 
3. 50" 0.33t1 9.90" 

14.50" o.zovr 9.80" 
14.oon 0.33° 9.40" 
Z9.50" 0.20" 9.80" 
28. 80'? 0.3311 '). 40" 
44.60" {l.20 11 9.9017 

43. 70" 0.33" 9.40il 
55. 00" 0.20" 9.90" 
5'1. ZO" o. 33ti 9.40" 

~- 501~ 0.2011 9. 7(tH 
z. 50 1' 0.3on 9.40" 

J.~. 50" 0.2011 9. 7011 

13.00" 0.3on 9.40" 
28.70" 0.2011 9. ·wn 
2.8.3018 0.30° 9.40" 
43. 00'1 0.2.0" 9. 7ou 
4:2. sou o. ::mu 9.40" 
54.00" a. zott 9. 70" 
54. 00" O. 3C11 9.40" 



Gage 

l!EOD. 
lZ.LOD 

llEID 
lZElD 
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TABLE I (continued) 
(b) 

Position Coordinates in Inches 
x' ~· d 

ZS. 5011 

ZB.00" 

Z8.70° 
z.s.oon 

25.10" 
G5. 00" 

Z5.00" 
Z5.4CH 

o.zzu 
o. 40" 

0.2.3" 
0.49" 



TA.BLE II 

Cu.ring Age iii Ult. Strengtli (ft) Sec." lJod. ol :f.::Ia's. (~oisaon• a· ~Bitch No. 
Dals . . c _in psi. at 1350 EGi. Ratio (~:lcl· No. in E~n. 

Molds-1 day '7 4920 ... •"\1 io6 3/3 :J. '"I x. 
lOO~R.H., 

3. 20 x io6 750F-4 days 4700 6/2. 
50% R.H., 3. T3 ~'< 10: 70°F-2 days 4650 0.189 6/3 

Av-. 4751 Av. ~3. 61 x"IO 

l\ilolds-5 days ? 1J:620 3. 28 x 10~ Z/l 
Thence op~n 4510 3. 138 x 10(; 2/3 
storage ir:.. lab. 4:540 ~ ~; 10 0.186 5/1 -· .:.o x . ; I 

air. Ail. 45'51 Av.1. 44 x' i0° N 
o:> 

6 I 

Molds-5 days 14 4830 ~- ~~ x 106 3/1 
Theucc open 5250 .;;.7dxl0 4.:/2. 
storage in lab. 4150 11:. 10 x 106 5/3 
Qi· .. .Av. 4130 t ~ "S'!i · iQ6 0. 197 ". _.-:.:v • • ;;.') x __ 

Molds- 5 daya 28 5140 6 6/1 3.39x106 
Thence open 5690 3.43x106 5/2 

ato1·age in lab~ 5320 3.9lxl0 0.210 4/l 
air. Av. TIITT) Av. 3. 58 x 106 
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DATA AND RESULTS 

1. Stress and Strain in the Reinforcing. 

At each select·ad point, t"\Vo SR-4 strain gages were attached to 

tbe transverse and longitudinal reinforcing. Since the gages were not 

exactly coincident the otrains at any selectad point can be determined 

by interpolation. The procedure would be to plot the strains (c aud x 
z or e:.::) versus their location along the section as in figure 8. The z ':> 

strain. at any point could be f mmd from this cuTve. 

After this, the corresponding stress could be calculated by apply-

ing the stress equation IT • Ee: where E is the elastic modulus of the i·e-

inforcing. The depth of the reinforcing bare at ea.ch gage poaition is 

given in 'I'a.ble I. 

z. Calculation of PrinciJ?~. Strains fro1n the Tre_e ~-2 Rosette Gages. 

a. Derivation 0£ Equations. 

When a surface clement is subjected to the combined action of 

strains £', £1 a.nd ~· the f;train e,., in the longitudinal direction of O 
X "/" xy I;./ 

is given by the equation 

e6 : e cos2a + e einze + c i:;ine cosa x y y;.y 

The 1nagnitude and dir<':ction of the maximum and minimum principal 

strains can be determined by the follov:ring relatlons 

"min =i~•x + 9-j 
~r.y 

Tan zj = e _ t 
}~ y 

~ 2 (s - ~ ' + ~ x y' xy 

Anele ¢ is measured positive counter-· 
clockwlso from sJi to the direction of 
emax· 
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(~) ()J 

------- 6, ()() 
Dack .Abutment 

The three rosettG strains can be written as i;;n , s'-1- ands~ • Since 
ul ''G ''3 

al = 0, e2 = 45° and 03 = 90°, the tbree simultaneous equa.tio:ns reduce 

to the fcllC>wiug 

~ = e 0 x l 

s0 • !. f.(£ + e ) + e 1 vz ~ L h 7 xy 

'a = e_. 3 y 

Thereefore, ex' e.7 , antl exy , the maxim1.m1 and rri.lni:rn11rn principal 

strains can be deterz::n.ln~d by these equations. 

'i'hG calculation of prindpal stresses fron1 the principal atrainB 

is based on the <::.sst'!..m.ptlon th~t the material follows Hooke's Law. 

SinEU.~a.nel'.lt.}; sol!''iion of these two equations yields the follo"ving 

in tarms of principal stresses and ::itrains • 

. (£ • + llS . l • t mm max) 
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b. Tent He3ultc -------
Du~:.: to the fact that a sma.U load of. 160 lb. 'had to b1Z uged to avoid 

Cl"acking of th8 concrete) or.ly thosi-~ gag;:;s in th:: v:ciuity of fue load 

gages attuciled to the l'ei'!lfor.cing o.1oa~5 the 1ongitndir1al a.11.d tra.~nvci'G3 

ceat1n· liUtiG ar·::; shown in ·raolo !V a, b ai:£d c:. T:J.b'1e II! indicatec thG 

Tho calculat.i.011 of principal stres r:ics and strains by tii::e 0£ the 

Gquation in 5e~tion (a) iz laborious. The matile:r.i.•dica.l -;;:rroS' is sor.i.'l.C·· 

. . . 4-~bl - . . . • h( l 0) h th tinl.Co !llB1Tlwi. we• 1t lD !!.tOlr:'<; coaven10nt "&0 U.S:~ n.01nog:t;1.p :LC?' . Z 

Golutlon of these eqtw.tbn3~ O'i>' 1 after ccmpl:etion. of &e calculations ucfa2g 

the ::os'.ltte ~qua.ti.on. the n.or!'J.ograph can b;; U5td fot: checking the 1.'el:ultr; 

No known nomoera.ph e:d3ts at p~e.;;c1-,.t fo'l: tui:; val11cs of :;r; i~d v 

for couc'i'E:te. H~ucc, :~~1axinlUrn :1nci mi:iirnum str.J.i·o.a auci ;:;tr~si:ies we..-c 

det~1:miued fro1~~ the equation:::. These i·~slllts ai·e :ihown in Table V. 

3. Deflection Measurements. 

The deflection of eleven selected points of the deck, as located 

in figure 1, is indicated in Table VI below. 
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TABLE Ill 

-i6 
.. 2 
- 7 

.• J 2 
- s 
.. '1 

_..,.--·--------

---·9:1)· G<i.ge No. . Unit Strain x l ~ 
a -0- . ----· n:, -IZ -5 

2.V,' ~ 3 - 7 · 

3\\ ------~--~--J 

T.ABLE IV a 
Unl.t ~train in Y ... ongitw.ilnal R dnf orcing Steel fo:e 160 lb. Load 

~------·-"' 
---·------~-

(1agt: No. Unit Strain x: !\;· Unit Strain :.i:: i ·: 

S"v\OA {·2 :;,i;,.'IA -B 
5\\i ()).) +z 5WID -3 

l lV1 OD .J.') llW!D -Z • •d 

sco.c: -17 SC!D +;,1 
i n;o.o +! ! Ix;ID -Z 

5'.€0D +·· SEID .. 5 .:. 

I 5EOA +:;:» 5EL1l. -9 
9·wo.A 1-4 

I 9\,'0D +.G 
li.;OD .5 lClD +2 
3COD - }-1 -~ 

I 
3CH.) +7 

5COD - l"i SCI:U +21 
7COJ) -9 7CID Shor.t 
9COD -~ 9Cl.O +6 
9£0D 

a J 9EOA --~~-- -----·-------------" --- . ··------------..--
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TABLE IV b 
Unit ;3train it1 Transverse Reinforcing Steel .for 15C lb. Load 

·--6woA 
6ViOD 

JZVJOD 
6COD 

lZEOD 
6EOD 
6EOA 
ZCOD 
"l:COD 
6COD 
SCOD 

lOCOD 

----------------------

0 
- l. 

-15 
Short 

0 
0 

-l 
0 

·· 15 
no balaucc 

Gag.~ Ne. 
6WlA 
6Voi:lD 

12W'ID 
6GID 

lZEID 
6EID 
6EiA 
ZCID 
4ClD 
6CID 
8CID 

iOCID 

-----------0 
Unit .'Jtrain :ii: 10 

----o----
0 
0 
5 
0 
0 
0 
0---

Short 
5 
0 

·· l ---------------
TABLE IV c 

Unit Strain. iu R osettc Gages for· i 60 lb. Load. 

-- :-::-6. ..• t. 

Gage No. ·unit Stra.h: :~ 10 Gage r,10. Uuit St>.·u.i:n x 10° 
0 :)3 .:> e2 9~ 1 

;;,_ 
' 

•J...: ,, .1 :.; _ ... __ ,_. ___ 
lWOA 0 .~ lWLA 0 -2 -6 'vi 

2.WOA -2. 0 CJ 2WlA 0 0 
31vi,:OA 0 v +2 3VllA 0 -8 -9 
rt·t~r OA -I~ Cl +2. 41.VIA " -9 ~13 4J 

SWO.A -2 +5 +H 5WIA 0 -e -10 
· 1woD -o lWl.O I) 0 o-
i.~VII OD 0 2.WlD 0 -3 -1.: 
3WOD +2 +2 3WID " .. 7 -2 \} 

4WOD 0 +3 +3 4WID I) -S -7 
S'WOD +2. 0 5'WID 

... -3 - .J 

Hwoo 0 -- 11VHD 0 -2 0 
icon ICID -:z +2 " -- :, +l 
lCOD -1'0 -17 ZCID -1 J -, 

('(4 +17 
3COD-N -4 -~l -2.8 
3COD~S -l5 - t. l ... , ... 

- :J .. ~ 3CID +4:8 +28 +70 
3CQD-VJ -i?,. -13 -23 
3COD-E -1 ~, -17 -2i 
4COD 4CID ., 

•·,"'__,, 

5COD 0 - 'I l,, - v 5CID -2. +2 
tH10D llBI.0-- +l 0 +:r------- ------
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TABLE lV c (Couti11ued) 

Unit Stress x 101) Gage No. Unit Stress x 106 Gage No-. 
el Gz a3 a, 02 G3 1 

lEOD 0 lEID 0 -3 -3 
ZEOD 0 +z +2 2EID 0 -2 -8 
3EOD 0 +Z +l 3ElD -1 -7 -4 
4EOD +5 4Eir 0 -5 -: ~ 
5EOD SEID 0 -5 -3 
1EOA: -21 ..... - +2 LEIA 0 -3 -3 u 
ZEOA -z 0 0 ZEIA -z -6 -7 
3EOA -l +z +z ~EIA -1 -8 -lZ 
4EOA -2 +2 +3 4EIA -Z -8 -9 
SEOA -z +4: +4 5EIA 0 -4 -9 



-35-

T.t~LE V 

Gage No. Unit Strain x 10° Unit Stress in psi ~ io!' 
£ • : min smin "~ 

.-.-~~~~--4~~~--t~,--~~+-~~~-+-~~~~i--~~~-~ 

3CID 
NlCOD 

.E3COD 
S3COD 
W3COD 

+91.85 
- 3 
-16.17 
-14.64 
-10.39 

'Station Number .. 
iW 

c 
E 

zc 
3W 

c 
E 

4C 
5W 

c 
E 

+Z.6. 15 
-Z9 
-Zl. 83 
-3Z.36 
-24.61 

+365.31 
- 33. 11 
--77.26 
- 79 •. 44 
- 5'?.63 

TABLE VI 

+167. 53 +12s0 1.p 
-111.38 - 110191 
- 94. 31 - zzo3os 
-13?. 79 + ao1z1 
-100.42 + l9057J 

Deflection in liic:hes x 160() 
l. ZS 
2.50 
2. 25 
z. 70 
3.00 
3.50 
3.00 
2.80 
2.Z5 
Z.40 
1. 25 
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+ 5 Gage Position on 4=.. Parallel to Abutment 

~ 
;:J ..... 0 r+ 

3COD 7COD 9COD 5COD 
en ...... / 
>"I ' {lJ - 5 ,.... 
1::1 ..... 
::l 
!-' -10 ':::i n 
::;' 
r.i 
Ul 

- 15 x 
....... 
0 

a- -20 

FIGURE 8 

Variation in Strain for Longitudinal Steel 

Along Parallel to the Abutment 
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I 
~I 
fl 
I 
I 
I 
I 
I 

12. 5 °141 

~...; 
J . 

Center line parallel 
to traffic. 

FIGURE 9 "/ ~ 
,6"'<'~.9 

Direction and lVlagnitude " , Center line parallel 

of Principal Stresses . .,, ~o abutment. 

for Gages 3CID, and 3COD (N. E. S. W.) 
el 
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CONCLUSION 

Since the builcling of this ,:oncr.;te rnod .. ?.l 1:,ras a painstaking task 

the limited time made it ir ... 1.possiblc fol" this thesis to contain t.he con"l-

plete data of this model te;::t. 

Tb.ouch the testing load was lighi, the l"oading$ of strain g;igce in 

tha centc:o: pot'tion of the model ~·till gave some significant results which 

justified the arlGquacy of the expe'dn-:i.ent. lio'-11ever) th:a author Viould 

like to make th.~ following irnpci·iaut conclusions: 

a. The contrd cf the accm·acy in building the model is V<"~ry i.m-

po1·taut. .All dimcn.e;icms should be la.5.d out ac ca;:efuUy as p1)ssible. 

b. The pk.dng of the SF.--~ strain gageo on small diameter. rein-

foi·cing steel was difikult work. Atte!ltj.or! chould be paid not ortly to 

the problem of permea'i::!.041 of wato1·, but also the -~~chnical skill to p!;"e-

tr~ut short circuiting betweeu the gage and the l"einforcing ste.:;l. The 

pol'formance of this type 3hort-d1:cuit would lYl..ake it i:mposalble to use 

a com:mon neutral wh·e which couneci:8 all gages in the sa1ne Gel'icv. 

lu this couilitior.., the only ·way to obtain co:rred ·.reatlinga of each gage 

wa.2 to x:~:1easun:: fue strains with individu2J loa.d o.ppli>cs.tions. 

c. The multi-plug method is p0rfoctly satisfactory. v/he;:l tho 

total number of strain gages is more than the sv.ritching and balancing 

unit caa acco1n1nodate, u.sing plug~ of dillerent color :foi· diffarent series 

would be very lwl1;,iul during the tesi:. 
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HE COMt-/i.EN .OA Tl CNS 

The autho1· wishes to makt} the fellowing recom1nendation:: for 

future wo>:>k: 

l. Measnre th;;; strain in all rosette gae;es and selected interior 

gagGs on th3 1·~·.frn.forcing for the 150 lb. luad at the eight other load 

stations. 

Z. Repeat fol.: a u.nifo1·n1 lead over the deck. 

3. Use loads at the nine selected load st'2.tions heavy enough to 

stxesa the ~einforcing to its working stresd. 

4. P~otection of 1·osette ga.geLJ on the top face of the deck during 

the tl!liform load test. 

5. Strengthen dvo} teat frame for the h2avy loc:..d. 

6 . .Load up to llltin~ate with the uniform load. 

7. Comp;:;.re the r~sults \Vith an analytical stuciy. 
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