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ABSTBAOf

This study .ifas' miclertakea to determine the ability 
..of ©posy' 2?@siB afihesi’res t© tramsf©r horiionta-l shearing 
stresses aad to retaia the eomposlt© •umit aetiom @f ©©mpesit© 
st@s2k=.eoner@te, T^beams.» . Tests were earrled, oat on three 
T=h©aas ms lug & ©oamereial ©pdEy resii.o ' . : '

It was f©mi' that 9 althomgh. ©oaplet® ©©aposlt© wmit. 
aetiOB was. mever attalm@49 the ep©zy resiB. ■ joiht did 
tramsfer very'high shearing stresses0.■This iadieated that 
the epezy rtsia adhesives' have .good potential as a shear 
©©aaestor aad deflaitely degerve farther ©zperixaeatal . '
iavestigatloao % ■ ■ , ... ■. ■. .
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: : ’ : :; . . BriEg&m'p. ©©mslsSlmg -of $ series ©f •lamllel sieel .
.feeasis. smpp©r^ias a .©@atiam@Fs r@iaf@r©@t' ©QmereSe slal9 are 

;V:.@@Bpiil3r..'mseS, ia hlgW&y': # i % ©  @ fM® first .
■ . users df .these '^ridges .ailewei, the slate to rest freely @m 

the - top flaages of the steel te®@#@:e ' Later 9 teridges were 
;■:'.Wllt^with the. sl^;h©Bhe@teE=rigM to, the;steel.te®sms: ■.; , ■
- to .form a somp©s it© ;■ m i t  o-; Today 9: the ■ eomposit® teeas' bridge 
' is tey far the saore popular -.of the two types 0 '....'

Viv■ T O :im sure,©©mposit®'a@ti®#9 ;a Mi®, .warie'ty o'# ; .

. m@@haai@Bl ©omneetors have teeem ms@d0 As the eost of mslmg 
.meohaaioal oommeotors is oomsiieratel® 9 reimeimg or entirely 

: .®ll#Matimg';th## greater eoemomyo This. :
study msed 'epo^ reslh aahesiyes to replaoe the me@hani©al 
e@Bm®etors,d ; y .; . t ;. ' ■ : - . :, ; v ■ ' ; ■. '
■'' t ■ ■ - ##ier th# spOmsorshlp .®f: .th^ highway ®e<= ' i '

partmemtg ■ the i©partment of, Olvll Engineering of the ttel¥@r= , 
v, ..sity of Arisoma. has 'imdertakeh research regarding the, mse 
•.;: of tepoxy .resihs. in'reimfOreeS. ©©tieret®0 ’ / The tests reported - 

herein s relate to ©me phase of- this, res ear oho

1
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Fig. 1.1 Testing load arrangement. 



■ 5
of ©aoh I-beam was #!omt of sqmare" a significant amount0 
fhis is shown in Fig0 1 o2d. fhe mamnen In' which this find­
ing affeeied, the tests will be discmssed later in this thesis e

1 <>5. Related Past Work and Findings
Laboratory studies Involving .composite beams were .

1begun in 1922 0 fhese early studies were primarily concerned 
with encased beams in which bond provided the interaction 
between the steel beam and the concrete<, ■ Later9 as practice 
moved toward a slab supported on the top of the steel beams9 
emphasis was placed upon using mechanical connection between 
the concrete and the steel» $@ dateg approximately 185 T-
beams have been tested* Of theseg four classes of connectors 
have been used: spirals9 hooks and stiff connectorsg flexible 
comiectorSg and natural bond connectors*

Past tests^o^g have well established some general 
characteristics of the behavior of composite steel-concrete 
f-beams with mechanical connectors* .

1lolo Yiestg 81 Review of Research on Compos lie Steel- 
Concrete Beams 9 M unpublished report^ p* 1 *

QNoMo Hewmarkg GoPo Siessg and I*M* Yiestg HStudies 
of Slab and Beam Highway Bridges 9 Part III: Small-Scale Pests
of Shear Connectors and Composite P-Beamsg*1 Unlv* of 111*
Eng*-Expo Sta* Bui* 3969 1952g p* 112ff*

%  ololewmarkg C*P* Siess g I*E* Yiestg and J*H*
Apple ton g ,1 Studies of Slab and Beam Highway Bridges P Part 
IVs Full-Scale Pests of Channel Shear Connectors asd Composite 
P-Beams9“ Unlv* of 111* Eng* Exp* Sta* Bui* 405g 1953P P*
139ff*
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Pig. 1*2 I-Beam Section Defect



Theme ares'' , - ' ■  ■ / - ■ . ' •
' _ . . (1) ©ezaplete .ihtemeti@m "is, mefer, eatErely siSalBei. : :

.whes'ih©; slah.a®€ ;ateei heam .are vihtere©®B@@ieS, eml^ % '  .:"" 
meehami @al ©©Bmesters £,
• •' (2|/lefl®©ti@as: . steaias are very aearly Identical :
te SWEe- s®rr®s#adiig, te /©dmpileievimt©metl©ag: : ;

. (3) @ad' slips ■ heeams© it is .more sensitive to ehaage 
;ia dfgae#, of iateractlea thaa #fle$tlm@ #id stral®g0: g4ves;: f ? 
the -W#t physl#®! aeasaremeat; ©f imperfect interaetiea^v aat-. :.;

: . '/■ (4) as yielding occurs la. the steel Wemp rotation
. .ahirnt the piasti® hlage. ©ams.es ■ large -d@f@rsiatl©ms which, teadw .. 
te separate 'the slah fr#m' the- he@m.o : - ■■' '

The af©remeatleaed, eharaeterisiiis will be fiismssed
' la mr® detail later la this, thesis im. ©emparlmg the .•fiBdiagsl;,::

- /"/'-t rl- ii- /' . . . 1 '-X-,-.-!/©f : the tes ts herein reported aad past tests o' ' ;
The lavestigatloas using a natural hoad ©©meetion

', hwe Shew; ::that .aataral: >©ad, 1# .a yery:;g@©d; shear :®©am@©t@r» . t
la 'fastp complete 'iatera'#tiea,$P with; this type ©f ;
: e©aae©tl@ao SeverthelesSs as head :% weak- in teas lorn, it
:..saa: Me- :easily': hrekea If'■ the slab /teadsits separate frem the ; . •
■ heamo Therefor®p -head eannot iasare ©©hplete iatera@ti©a'ap ,: 
#  the, ultimate l©ad0 - Henee9 head is an tmrellaMe shear ,
;@@aa@®t@r9. ' - : . V''.... ' i:' ;V.: L,t ,yw • It: . ■..'



26i; #mgr#tg

@@ Bsea w
and Tim® aggz1 
e . ' Tte.®

The
was

negates is

'She d@s Ivea im
®f ©las

.2,6$: ■■'■ Stm®:ss°StgalB.: Diagrams .#T ®Qm®g©t© 
v;'6|gWes/;2*1^ 2o2̂ . aai', 2o3 Shew i

©r aest . ©f their- In th® medmlus of



9

TABLE I
SIEVE ANALYSIS OP AGGREGATES

Ooarse Aggregate Pine Aggregates

Sieve Percentage Retained Sieve Percentage Retained

1 1/ 2" 0 o o 0.12

1" 16

00o 9 oil-2

3A " 58 NOo 16 32.3

1/2 " 86 ; NOo 30 614.0 6

3/ 8" 95 No« 50 90.8

o 0 99o9 No. 100 98.7
Fineness Modulus 2 096



TABLE II
CONCRETE MIX DESIGNS

T-beam 
No 6

Slab Thickness 
(inehes)

Water/Cement
(gal/sack)

Proportions (lb/on yd'of coheretê , Simp 
(inches)Gravel Sand Cement Mater

B1 k i A k.iz 1918 1062 699 322 2 1 /2

B2 k 1 /2 6e50 1911-5 1305 , 508 293 2

B3 . 3 3 A 6o50 19ii-5 1305 508 293 3 1 /2



TABLE III
PROPERTIES OF CONCRETE

T-Beam 2to0 Slai? Thickness 
(Inches)

TJlt, Strength 
(psi)

Hod» of Elasticity 
(psi x 10~6)

B1 1*. 1/4 6860 4.o85
B2 h 1/2 5190 .4*44
B3 3 3/k 5500 4b 62
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Epoxy resins ape thepmea©11ing adhesiTea that awe
by the ©hemiaal peaetion of a ba@e with a hardener 0 Heneep
malIks. other >esihpus adh©8itea9 the epoxies eure without ,
releasing water or other eondensation "by=produets-.0 This
makes it" possible to bond epoxiSss; at only eontaqt pressure^
or'with no pressure at all0 Also9 sine© there is no water to
remove and mo volatile solvent9 the epoxies ean easily bond
to the impervious surfaoes of metals0 Most epoxies ©ure with=
£h 24 hours at room temperature and in less time at higher
temperatureso Thuss, sinee they are one hundred per ©eat
solidSg and since they ar© resistant to eoppo®ioa9 dilute
aeidSg, alkalies and many solvents^ ©poxy resins are desirable

1 2 'adhe®ives: for construction s 0 • .
Ms speeifi® proportions of . base and hardener are =re=» 

qulred to assure a complete reaeti©n9 the components are 
usually pr©^measured and stored in separate containers0

Prior to this inv@stigation9 the shear and tensile 
properties of twenty^fomr commercial ©poxy resins tier© 
determined.in the Materials Testing Laboratory at the Univer­
sity of Arisona0 Based on these tests* a suitable resin^■' 
was selected for us© throughout th© investigation0 .



as aa, s-remge
:psi r’esi
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PREPARATION AND OS TEST SP1GI1E1S

3o'

Flgo 3o1.. Is
ReusaiDl© forms were 

of ©a®

the

simplifies, the removal ©f the. slah 
@d OB a different S.a,y0 
A •Imller :6rS. po^ta 
is were filled. g the

with eaeh slaho v;
. ©onerete had
the slahso

the slab by
om top of the sa©ks0 : To:emahle
removed -from the forms ©he. week 

■ ' ■' ■: , . - , was moist ©ured '.for. twenty-eight

^ - This ' 
ferae B&eh slab

Ŝ/usede. After 
vibrated, and floated 0

sacks
flow of ''water was . ■;

©wringj, the. slabs 
heir pouro - laeh slab

■3v2
• ,r ; ' In':

m  i.Aam

17
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Fig. 3.1 Form ready for pour. 



fc&e' boadixig plate t© -the l=l9@am with a portable ham#



slab on top sf the 3>b@am was the same as previously stated 
for B1<,
■ • EiS6:̂ 3>2 shows f“heams B2 aad B3 held ia positiom as
the eposey resim ©oaaeotioa ©mr®s.o Figo 3o39 whieh is another 
view of f=heaB B2 held ia pesitiong shows the epoxy jolnt0

3*3 IlQfetrle Btraim Gages
. laeh T«b@am was lastrumemted at'its midspam with thirty
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Fig. 3.2 T-beama B2 and B3 held In position as epoxy resin 
connection cures.

Fig. 3.3 T-beam B2 during cure of epoxy resin joint



Strain Gage Location

Note:
The exact locations 

of the side concrete slab 
gages are shown on the 
figures presenting the 
test data.

Fig. 3.4 Location Of Electric Strain Gages

*

rv>ro



S<§flection aad lad Slip Imdieators
riifleetioBs at mMspaa mad at 

were measured with 0*001 la@h Starrett dial

at the eads•&t the f^heams0 She d@= 
fleetloa iadi@at@rs were mounted on posts attaehed to a

between the end reaetigm® of 
the S^heam® She position of eaoh d®fl©etlon Indieator is

ed to the web of 
* Figo 3o6 

* She position of 
figures presenting

In Fig* 3o5o Sp©yji,'5!.J= ii ?aUAiSiS» g
the I-beam9 supported the end slip 
shows an end slip indicator in

All the S^bearns were, tested 
two 5#^ton ©apaeity Simplex 

bj a Hi©hie Gonsol© with a 10 s000 psl

ig frame

o A
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6'6"

Fig. 3.5 Location of deflection dial indicators.
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Fig. 3.6 End slip indicator in position and ready for test

Fig. 3.7 End view of T-beam B1 ready for test
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Fig. 3.8 Sid© view of T-beam B1 ready for test



of tft© steel wefeg a.syrfaoe normal to the web aeress the to] 
of tlis. slab was made on whleh the ©rane rail ©ouM bear-o 
Gemerete ©ylinder1©applBg ©ompoimi was used to make this 
smrfaoeo' Fig0 3o7 l8 aa @md vlewof ?=beam B1 ready for 
.f@stlmg6 The slope of the slab and the ©hanging ,thi©kness 
of the ©applmg; ©ompomad under the mllg ©an be, seen In this .

Flgd;3o89 the T-b®am was tested with Its 
oh; top :of the supporting Î bea-m with- 
Or knife-edge bearingse- The -®ffeets 

eonsideratloh In the analysis of the

As shown
ends
out the usual roller 
of- this faef were 
test datSo , . :
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■fwo Says ®ft©V',' ih© first te@t9 with the 30=fon rams 
. ;>©pla:@ea' toy :'S©”ieS ramsg 'the .T=beam w m  agsis t©si©€0' ■ fhis ' 
time 552#.:#. to 500 psl pm®p ’

v; .pressmr®. Was mse&»: ' latte, time iaeremeat. "betweea load levels 
l agaia averagetfive mlmmtes ' ezeepf ;.f®:r; heMing the 2T9 600 .;
p©mS" leaa f©r ©a® te®mr9 la tteis: -se©ead; 'ifailmr© was 

' y :rea@te®a» ::®te# ' total testiBg time.;was^ .. I
houra fer the first test and two .lliomrs for the s@omS» '

; i V  % ; : " ^
' This T-beam was loaded Im'::53l 2 lh Ineremenfs e©rr@& •

’ ■ ##m@iag; t@::;3©0;'isl ::#amp ;weft@W6>:;:Llaw was .te©M
: . ©nly l©ng :'©n©y.gh ' t© take the dial and strain gag® readings 0: 
Failw© was reached after 16 load in©rements<> , ' .

'  ̂ ■l, ' The protedmre ©f testing. BB differed from that of
: -132, ©mlj' in -the: magmltma©; ©f load ih@?@®©hts appliedo T- / ' 
beam B3 -was loaded, in 2760 to imerements oorrespomdimg to

i"iivi..:'i 11:1;:

: i4o2 i ^ * s :  S f ' . S n ^ s S W  '-as #§1 . ... y
: ■ 1 The test data - amd resmlts'1 ' are: presemteS. hj means ©f 

-.' / the ,f©ll#wimgiy' (1 ̂ . across -
'' the top ©f - the', slab9 (2) l©©A=d@fleeti©n emrv©s9. (3 ) load- 
.©mi slip ©mrvesg (4) vertical'strain distributloa ©mrves ̂ ■
.ami (5) a tahnlar smimary of the test results0 ; . ' -



these flgtires shew the full width ®f the slab as effestive



Fig. 4,1 Strain distribution across top of slab at midspan for
T-beam B1, first test.
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Fig. 4.3 Strain distribution across top of slab at midspan for
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Fig. 4.6 Load-deflection curve for section A-A of T-beam B1.



Ap
pl
ie
d 

Loa
d 

P 
(K
ip
s)

37

Complete Interaction

No Interaction

- Theoretical Values
O  - Measured Values

20

~Ar 
<£ Span = 72

10

8 160 12 20
Deflection (Inches x 10 2)

Fig. 4.7 Load-deflection curve for midspan of T-beam B2.



Ap
pl
ie
d 

loa
d 

P 
(K
ip
s)

*>>
38%

60
Complete Interaction

50

No Interaction
ho

- Theoretical Values
30 Q  - Measured Values

20

Span = 72
10

0
80 1612 20

Deflection (Inches x 10 2)

Fig. 4.8 Load-deflection curve for section A-A of T-beam B2.



Ap
pl
ie
d 

Loa
d 

P 
(K
ip
s)

39

Complete Interaction

No Interaction

- Theoretical Values
O  - Measured Values

20

Span = 7210

8 16 20120
Deflection (Inches x 10

Fig, 4.9 Load-deflection curve for midspan of T-beam B3*



Ap
pl
ie
d 

Loa
d 

P 
(K
ip
s)

40

70

60
Complete Interaction

- No Interaction

- Theoretical Values
30 O  - Measured Valued

20

10

0 8 16k 12 200
Deflection (Inches x 10 2)

Fig. 4,10 Load-deflection curve for section A-A of T-beam B3,



shifted, t© the right a hut still parallels the first test 
©mrWo The tfffflet that ##©#rs the s®@@nd test @mrve shews 
the effeet ©f-■ ereep ifhes th® lead was held for- oae hour at 
27 9 650 IhSo .

4o5 Loa,d°Ead Slip Relationships
1m Figs0 4oil. to 4o149 measured end slips are plotted 

against the applied load 0 These o w w s  show definitely that 
complete interaction was not attained in any of the tests0 
This elearly is1 true 'beoamse a neeessary' ©oniitioa for eom~ 
plete interaetion is .g®r© end slip0 A theoretieal omrve for 
no imteraetion is also inelmded on each figure <> Computations 
for this theoretical -emrw ©an be found in the App®ndiz0

As the first test of B1 was stopped short of failurep 
residual slip measurements were obtained 0 It was found that 
immediately after the first test was stopped9 a residual slip 
of half of the mazimurn slip obtained during the test9 ezistedo 
Furthermore9 after two days9 all the residual slip was absento
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Fig. 4.11 Load-end slip curve for T-beam B1, first test.
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4-0
Heme© 9 the fiiffereae©® im simlm at the epozj Joint are a 
Slreet r©pres©atati©£i ®f the im@@m#l@t© imteraetiemo

fhe strain distribution ©urfes g Figs 0 4015 t© 4ol89 
show the ineomplete internetion that existeda These emrves 
also show a memtral axis ia the steel just below the top 
flangeo In addition̂ , ©xeept for 339 a neutral axis also 
existed, in the ©oa@re.teo The simultaneous existen©© of two 
neutral axes in- the s@©tion is explained by the fa©t that 
the ©poxy joint allowed a small amount of relative movement 
to ©eemr■between the slab and the b®am0 Therefore9 tension 
was permitted to build up in the lower fibers of th® slab 
and thus9 a neutral axis ©@#urred in the slab as well as in 
th® steel beamo ;

407 Failure of T°B©aras
' In this inyestigBtiong “©oaplete failure1"1 ©f a T<=
beam was. ©oasldered to have oeeurred. when th©' T=b®aa eould 
no longer support its ultimate loado B®sl©ally8 two differ™ 
®nt ©amses of ©omplete failure o©@urr®& in the investigationo 
On® ©ause was a ©on©ret®.failure and the other ©aus® was a 
web .failure of the steel. b@am0 The ©omerete failure■ oeeurred 
in T=beams B1 and B20 and the web failure ©omurned in 13o

4 <,71 donoret® Failure 
■ . Both B1 and B2D- resisted th® applied loads up to
approximately 85 pereent of their ultimate lead without any

mailto:oa@re.teo
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Fig. 4.15 Vertical strain distribution of T-beam B1 
first test.
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Fig. 4.16 Vertical strain distribution of T-beam B1, second test.
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fileatioas of iEpemdiag failiate,@» Th®n9 withia ©a® ©r W© load 
imereaemts before the ultimate l©a€g hairlime ©raeks ©eeurreS 
la th® bottom swfa©® ©f the slab-tireotlj belotf Sh© l©ad<= 
las mall o $hes© ©m©k@ ©xtemded from th® ©mt@r eflg® ©f the 
slab t© withla ttr© imehes from the epozy Joint 0 The position 
of these er&eksy la speolmeii. B10 are shorn la Figo 4019o 
.The ©m©ks were marked with ©rajoa for ©larltjo

1.' The load at whi©h the ©m@ks first appeared, was, quite 
hlgho. la fastg the mill seal® on the web of th® steel beam 
had already begun, to ©ra©k and peel off near the beam supports0 
Sim©© mill seal® usually will mot ©raek and. peel off mill 
the steel starts to yieldg the results Imdieated- that the 
web was highly stressed<, .

■ As the next imorememt of load was applied g the ©oh= 
©rete ©ra©ks. opened wider and extended higher into the slabo 
Alsog more mill seal©, ©raoked and peeled off of the steel 
webo . The vertical migration of th® ©omeret® tensioa ©raeks 
reduced the ®ff#@tlv@ beading se@tl@n of the T=beam9 thereby 
©amlag higher stresses and greater d©fleetions0 Within a
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Fig. 4.19 Side view of end of T-beam B1 showing position 
of tension cracks in slab.

Fig. 4.20 Side view of T-beam B1 immediately after its 
complete failure.
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this picture shows how high the concrete tension cracks 
migrated Into the slab.

Since the complete failures of 51 and 52 occurred 
after the concrete cracks had reduced the load carrying 
ability of the T-beams, the basic cause of failure can be 
considered to be the failure In the concrete.

4.7.2 Web Failure
The complete failure of 53 was caused by buckling 

of the web at one end of the beam. In fact, the epoxy Joint 
had not shown any indications of failure up to this buckling 
load. Furthermore, no concrete tension cracks occurred in 
the slab.

Fig. 4.21 is a photograph of S3 Just after complete 
failure. Fig. 4.22 is a close-up of 53 showing the buckled 
web. In this picture, the arrow on the slab pointing toward 
the epoxy Joint, indicates how far the epoxy Joint failure 
extended up the beam from the end. The length of the epoxy 
failure was 13 inches.

4.8 General Discussion and Summary of Test Results
The test results indicate that the epoxy Joined 

T-beams behaved in a fashion similar to the behavior of 
composite T-beams with mechanical connectors. As previously 
shown, composite beams with mechanical connectors produce 
deflections and strains that are almost identical with 
values computed for complete interaction. The load-deflection 
curves presented in this thesis also show values that indicate
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Fig. 4.21 Side view of T-beam B3 immediately after its 
complete failure.

Fig 4.22 Close-up of buckled web of T-beam B3.
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almost eomplet® lnt@metion0 To farther fismallae the behavior 
of the eposqr joined, T=b@amg eomparlsons of theoretical and 
measured strains at the bottom fiber of the steel beam are 
presented in Table TF0 This table shows the theoretical 
strainsg which were computed assuming complete interaction9 
to be a good approximation to the measured strains* There­
fore g the test results indicate ©poxj resin connection, pre­
served the composite unit action of the T-beams as well as 
would have been expected if mechanical connectors had been 
used instead of the epoxj resin connection*- .

■An abstract of the test results is presented in 
Table 17<, One column of this table ; is especially meaningful 
in evaluating the epoxy resin adhesive as a shear ooraeetorD 
This is the column regarding:-the maximum theoretical shear­
ing stress transferred by the epoxy joint0

The calculations for the maximum theoretical shearing 
stress in the epoxy joint indicate that shearing stresses 
greater than 500 psi were transferred by the epoxy joint*
.Sinces in practice9 shear connectors are designed for a 
working stress of about 100 psi9 the epoxy resin adhesives 
give promise of being a satisfactory connector*

As shown; in Table. ?9 T-beam B33 which had the 
thinnest slab9 was the strongest of the three T-beams tested* 
This can be explained by considering the vertical strain 
distribution and the type of failure of each T-beasio As
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TABLE I?
COMPARISON OF THEORETICAL AND MEASURED STRAINS 

AT THE BOTTOM FIBER OF THE STEEL BEAMS

T“Beaia No 0 Applied Load 

(Kips)

Theoretical Strain 

(Inches/Inch, x 10”^)

Measured Strain 

(Inches/Inch x 10”4 )

20a 88 34 31
B1

First Test Ij-OeU-S 65*7 64

58oli 94o? 96*5

22ol2 35*8 36*5
B1

Second Test kk02l\. 72 74o5

60*58 92*3 103 * 5

23*23 36 31*5

B2 39*82 6lo7 57

53o09 82
\

86*5

22o08 38*5 35

B3 iaollO 72*1 68*5

680 00 ll8o7 115



TABLE V
SXJMHARI OF TEST RESULTS

T-Beam
Ho,

Slab Thickness 
(Inches)

Concrete
Strength

(psi)

Max* Midspan 
•5(InehesxIO )

lax* End Slip
(InehesxIO0 )̂

Max. Load 
P

(Kips)

Thwr. Max* ̂ 
Shearing 
Stress in 
Epoxy Gon= 
nection 

(psi)Lt* End Rt. End

B1
1st Test

4 1/4 6860 86 3,5 5.8 58*11 608
2nd Test 96 6.5 9.5 66*38 680

B2 4 1/2 5190 77 8.8 9.2 53,09 510
B3 3 3/4 5500 141 10.1 11.7 68 732

»Gomput,ations f t h e  values of this column are presented in the Appendix*

ui
-4
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shem 1m Flg0 4018 9. teasile 
yWitem' the slab a#ar tM@

higher leads 
that if the s 
ezWks 6- , 'Bl. amd: B2 '

U It Is

7 of.the other two f= 
i9 B3 was ahl© to

4 to eliminate 
L®# matll 
all the $«h

failmr© of aaother element of the beamo E®a@e9 if the

even ier she i stresses
than it did in. these tests <



COHOLUSIOHS

or the testsview of the

lm$ the use of epoxy resin eonneetors 0 in faetg the eoneluslons 
ohtaime&'are mostly quailtatlv®0 The :fow quanltatlv© ©on« 

shota.14 >@ eoBSidered as tentative in view of the ,
of a

ily shof’tvT-^oamSo:;.. ::

:5o2
1) poxy res in'- adhesives as a shear eon= 

steel=eonerete T^heams definitely has
lt/des@rv'esifmrther expej

studyo The tests
the.,:'
1m the

i- of

mp to shearing si 
•"of Bb© pm lb; . ■

>xy resin eommeotor always allowed a small 
movement between the beam and the slate 

t® - interaotion o However j, this
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(3) As shom9 wkm a ©onstant load was held for
. ©ae hour-g a’ susta,la@d load might ©ause aa @p ® e j  joined T» 
"beam to . lose a' slga'ifleast portloa .of .Its. ©OMoslte ©malt • 
aotloa* V:^ - . ly .'.'' ■

' .(4) fh© addition of a filler i© the ©poxy resin
mixture9 used'In bonding the two elements of the ©omposlt© 
' $=heam9.. was found to haire no effeet on the strength of the 
© © m m e e t M B b  .-’V. t ; :t - ; i  \ .. . ■ "



Chapter" 6

RECOMMENDATIONS FOB FURTHER RESEARCH

The T=bearns reported, herein were unusually short 
for the sise of their eross=seetion0 The width of the 
slabs wa# five-ninths of the span length and it was; about 
ten times the slab thicknessc Beeause of this atypical 
eonditions none of the T=bearns 'developed plastic hinges, 
in their fissure spano Hencsp the test specimens did not 
experisne© the high deformational stresses that would be 
expected with a plastic hinge in the I«beam<, It is also 
evident that the closeness of applied loads and reactions 
produced irregular local stress conditionsc Therefore$, 
further tests are needed using full size composite beams 
with typical ratios.of slab width to span length0 In 
addition,, reinforcement typical of a highway bridge deck 
should be included in the design of the concrete,slabQ ■

■ Before the ©poxy resin connector can b© fully 
evaluate%  experimentai investigations are needed regarding 
the followingg (1) the behavior of ©poxy joined composite 
beams after the lab©am yieldss (2) the effects and mag“ 
nitud© of creep in the epoxy resin joints (3) the effect of 
fatigue loadingg and (1|.) the effects of adverse weather

: 6i •
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T-beam wo~ld appear as shown 1n the following drawing. The 

curvature is exaggerated for clarity. 

Slt:th 
-'t-etq .sf~ c-;; rve-

r- h~e1m 

The slope of the elastic curve at A is denoted by -&. 

Since the slab and the beam are initially equal 1n length 

and they are assumed to have identical elastic curves, it 

follows that point C is directly above point A. Then angle 

BAC can be considered equal to -& • By considering length CB 

to be the end slip of the slab relative to the beam, a simple 

relationship between end slip and applied load can be 

obtained . That is, CB = AB • Since 

A ff :::; ( M dx 
·· :} EI ' 

OAfTII/11 fh 0 

~ Zl" ,1~ 3o '' ~ Zl "-J is the moment diagram for the beam, 

and k is the fraction of the applie~ load taken by the slab, 

(k =· 0.252 for T-Beam B1 ) 

it- = Ofi52 [ (~1 ) 2 P 4- (15)
2PJ : 0 . 091 X 10-6P 
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AB = t(depth or !-beam + depth of slab) + t in. Where the 

t in. accounts for the thickness of the cover plate. For 

T-beam B1, AB = i(10 + +tin.= 7.325 in., therefore 

end slip CB = 7.325(0.091 X 10-6P) = 0.67 x 10-6P. 

A.4.2 Summary 

Theoretical End Slip Assuming No 

T-Beam No. End Slip x 10-6P 

B1 

B2 

B3 

0.67 

0.67 

. 0.76 

A.5 Theoretical Shearins Stresses !a Epoxy Joint 

A.5.1 Sample Computations 

. These stresses were calculated using the 

equation 
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4 _ ForT-beam B1, I= 460 1n. and t = 8 in. 
{., -

Q = 7.38 in. (5.25 in.) where 7.38 1n. 2 is the area ·of the 

steel I-beam and 5.25 in. is the moment arm of this area 

about plane of the epoxy shear connection. For P = 58,110 lb, 

A.6 Theoretical Bending Stresses !B Bottom Flange of Steel . 

Beam 

A.6.1 Sample Computations 
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then P = 20p.886 lbsp' o' = tOpSO© psi0 
When P = 58 P107 lbs 9 cf s 2894©0 psi0
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