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Abstract help them bond tightly to the

the rebar and the concrete mu
The bonding str-eaghhorbceedv?s:egi[hét%fggztarisn??siasndentsrlljeiegc_”k”
and steel reinforcing barscsrqeb[jee(‘dte dentdqs eolnevsaetveedraqempaq:rtao
has been studied by seveZdal hKherERLChS8§Sthd NéEn WiS€o Prhie n€tP O
coated reinforcing bars has become commonplace in con-
struction over the | a€balOdp)eafeSitsTHe VY8 nPhr ELP XYoncr e
bars helps to increase theggddir@ddhddtys ofhadte i O LITL €19 0 Nt
when the concrete structureg il gpabed: hed @St &NV i 'oH
ment s However, the effectggof, 28 ?H@X%oﬁef"‘éiggmé’{ﬂ ;5rh(?d
bonding strength between t(f'c?ncrreeit”efOerncvei”}eo”ntmeanqd, tl'beadFﬂng'
crete when the structure has bpereo”tesc“tbijnegCttehdetQté‘élghLEE.p
tures has not been studied.g¢la |t i ¢ Ulor& Mg e © S rCoNs i Sotp!
authors investigated tHen bgpdjngecstrepftondedtveRno20r yust
di ametefoatepadxyt eel bars an¢g GQRGr et 9 ss4yRire yto8 4 me® t han t
temperatures in the range %Ifuc%§oi'%(fetrchal?ootepn%-iIFeorsttyre”éosd
fied pullout speci menst rveenrg?trtépcrkeipnagreadndus|iéwegdihnigght0 spal l
concrete containing trap rTcgob,’ ?QTQJ ﬁggfﬁgﬁhgre?”ghé’iféﬁ
volumetric mixtures of t wop odni 4f fsetrreeangtfh' PpeeltSweleho G h&d 55 tet
fibers,-manudal ths ghol ypropyleneg LipgEs)or THPeCPN- strengt h
crete was cured hami @8tdaygpdpdegRenyigh compressive strel
at room temperature. Se'eCtP‘?%v?88518@?'ﬂn?ﬁw%%rs?n@ﬁ/v%blt%cattedt ht
the indicated range of el epveytse dyyitienmpPpe riag dr €86 n dSd ind  atfrt
nace. Speci mens designatedtﬁgrcgﬁggr"p wWerenkepbnéatet O
temperatur e. Al l speci mens We&lz& ¢S Ubjse citeeds jt10e PHAdd Ot e st §1S:
up to failure. The conditiepper&rprkbnNeonandostrengdt i of
the cont rtorle aa redd rsepaetcimens,pr\/\bereertqbessersvuecdh 3d r esistance
recorded. The results and §B§FV-§EE.é[”Bﬁepreﬁﬁeer&ttEdofi”i it thyl
per. concrete mixes has been exten:
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| ntroducti on
I n situations_ where the steel
Concretediilke amatoerki al prod§éfedfpyopcP@ipn, s epaxycan be
ment, aggregates, admi xturdd @ &mPP XwWa tCeOrd t[T1M0. P poet eacggtgsr eI %
n concrete consist of a nPals's®@ NPt hpavi tihetdhe QORI gEe chqs
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stone, gravel, and sand, altthﬁ‘d‘u%“H“Csooarﬁeedotohrergquvpaerb' Zo&d ag
gates have been used in the®Mmalnug a®n ulr e olto kR aLterde RNANCGE
crete is known for its high?zZ&dmgredadisvd epordpgetdyptihe;f
very weak in tension; thertefo el,13cdonctrhe® e PosX Yy sCuladt|iyn 9r
forced with steel bars (reBRPY} 868 pPrEFERNE Pdivpcoaged ¢
sile stresses. In the resuf¥ingd matt e?Mlay 63 hReT &R sOff ¢
tensile stresses, while th8Ce¥mic§dtRY reRliistisi nthe Tchoipfp rfe?
s

tresses [2]. Rebars are fP6HEQEEAN iinS dNOftf e&Ne nitS Sdi€a me'tN&
commonly formed from carboin®fstle®NsSiiet FtEEPBAEe ribs to
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some structur al concr ettéh eapnmmll i csehtoicdkn sr,e siits tiasn cree coefs scac
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ement paste with physical and chemical changes in t
i al as temperature |nAge peessgéjt4és When concrete i
cted to elevated temperature evaporation of free
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ing differential str
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Structur al concrete el
pl ants may be subjected
epoxgyated bars would be
tempedatotr ensecessarily p et erizat i
fiorweni ch wi |l | acfafrercyti ntgh ec aptarce
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e
structur al el ement . The ef ect of el e @Otaerdsetgewé)reergaatgtﬁqgggt
bond bet ween the steel reinforcement n L rete 4 rec
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Figure 1. Particle Size Distr
Aggregates

Tabl e 2. Proportions of Concr

I ngredileMitxs [I1Mi x |2Mi x [3Mi x |4

Cement ()] ®)8.3428. 3428. 3428. 34
Water (1 p)r4d. 9274. 9274. 9274. 92
Coarse Apd®rs.. A6BB) 2695. 22695. 46
Figure 2. Steel Spacer and Rebar
Fine Aggf  10QL|wn01./7101.{7101.{7 Pullout Speci men
Fibermesh D50 0.67 0 0. 38 :
Mi X1 ng
Novocon RO 0 16. 78. 38
The mixing procedure foll owed
Glenium [(fS. 70%2)5.7% 5.7% 5.7 Practice for making and Curing
the Laboratory [27]. The wood
. oil before the steel reinforc:t
Pul |l out Speci mens crete was pour ed. The s ame
(gl eni umEk) was wused in all mi

Pull out specimens were buialntd taog oti flo sSsee gpreq@@d § @ By dC Hod pe-
man and Shah [26] and usedf @dymedadfdaldl awidn gShtameni ASTM8L14
Custom wooden f-semsi vt bf af @r nSlsthmmheasf Hydraulic Cement
by four inches-i mehechkhusmooiskpiesdg mgends (see Figure 4) were
pl ywood. The reinforcing sthedlr scoarfstiest ecda sotfi NNgo . a r3d amlda Ne
hortol |l ed Grade 60 dehechmahndbaeber bars (3/8

inch di ameti emrdh)ameTlee 3IF/edbars were uncoat -

ed since their function wafHdgtbeTfrix®adt menhe corners
specimens to prevent tensile failure of the concrete pri

bond failure between_the cor-]-chreetpemqan”tQ%e%p%éﬁscg%g@*%n%
A -i4dnch-imye h4 s g warhe ,c ki steelsggjaggfed/vatso temperatures of
used to hol d t he reinforcitnvg0 bhaorusrsi ”usﬁ'n%ceandtbrlierb‘%rl?%'érli
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1" ®=3/8” uncoated rebar
& 0

®= 1/2" coatqd rebar
% 4"
&= 5/8” hexagonal bolt O O
%: 1/27 plastic spacers t=1/8" steel plate/

OOOOOOOOZ)OOOOOO

®= %" epoxy coated rebar

®= 3/8” uncoated rebar

Figure 3. Pull out Speci men and Steel Spacer Di
i ng. Duplicated specimens wede psowkjesctead i tho otrlde rded i gprba t:
temperature for each mix. TAHes oyl tdiunpaltiec alt oendd ssptercei nngetnhs offo
the | aboratory air for sevendedys before being subjecte:q
pull out testing. The cracking and spalling of speci mens
posed to heat were evaluatq:\debqyuvlistusl inspection and do
mented before pullout testing ook 'plFace.
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testing in the ha
pressive strength
d Figure 5 show
the fresh concre
lts for compressiyv
own in Table 4 and Figure 6.
r the four mixes after being
| 8
d

h
n
es consisted
ity of the
dened concr e
and the pul
the results
te as an i
e

strengt |
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in Figures 7 and 8.

Table 3. Concrete Slump Test Resu
Mi x Mi x [1IMi x |2 Mi x [3 Mi x |4
et Slump [ ion.5 9 9.29 9.25
Figure 4. Typical Concrete Pultoutr Specit en
Pull out Testing Di scussion

The -$loiap rel ationship for Ct@mppruélsosti weecH herne nwg h
obtained by -Olsiemg taesTimiguanachi ne. Pull out

testing was performed at a fTpadiBetpratsei &h 4bréhgesn2édt
pullout loads versus slippaganMepsygureepgt SMWRI g, reemt 4ies
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showed the highest compres s, wh
Mi x 2 containing propylene?" _ howed
t he | owes't compressive st st
showed compressive strengt . n 90¢
of t he speci mens tested & | v e
strength of only 18. 6% beIE“ mpr es
sive strength of the whol ez’ es 3
4, the presence of fibers , ~vemen!
the compressive strength o . . Siox 2,
decrease of 17.6% with res Mix 1 Mix 2 Vix 3 Mix 4 "essi
strength of the control, Mi A 12, waos nufltcu.
Figure 5. Concrete Slump Test Res
Table 4. Compression Strength of Concrete MixX
Curing Age 14 Days 28 Days
Speci men Np.1 2 3 4 5 1 2 3 4 5
Mi x 1UItimate reaageyBOPO6 864()051(|)(891CGO2309)87CQOOSOK)61(0
Cont °'C°mpress'758)e78 0060864005100 088.83138.74852.80019.61054. 1
Strengt | S )
Ultimate 28806(78!3906)664()@51+0’49C0750007616079000799(O
Mi x |2 —
Compres"7§8)e78 0060864005106958.56066.66054.61284.6856. 4
Strengt i S )
Ultimate 28806(78!3906)664()@51+®41(0994007946(104409054(O
Mi x 3 [
Compres"7§8)e78 0060864005100486.71907.67316.86305/.7%689. 5
Strengt lh S )
Ultimate|ZBAaOdOFBHPOGO 664()951+@30C0786007296083800764(O
Mi x & —
compressh8805780006068664005106603.60253.50799.6566.6074d. 0
Strengt lh s )
Table 5. Ultimate Load and Bond Strength of Concre
Mi x 1 Conftrol Mix 2 Mi x 3 Mi x 4
Desi g hapeeodi| én i fdred S{UBhpgfdred S{Uknigftdred S{ UEnigMhtBeon d
TemperlatNor ¢Load |(I bp¥i JLoa (1eps%i]JLoa (1bp¥i)JLoa Stbepnglth (p:c
Room 1 5230 555.4 94040 997.9 953( 1011.|17 7184 762. 4
Temperfatir¢ 557 591.4 s823d 873.1 688d 730.4 4864 515. ¢
350 r\3 341¢0 362.0 2804 297.4 547( 580. 141 358¢( 380. (
T4 283¢(0 300.4 20404 216.49 472( 501. 4 429¢ 455 . 4
00 P5 18185 192. 14 17186 182.4 328¢ 348. 4 2264( 239. 4
5 c
6 2230 236. 1 1633 173.4 315¢( 334. 4 313( 332. 3
7 1457 154. 71 1453 154. 31 265( 281.43 207d 219. 1
600 c
8 1638 173.9 1271 135. 4 2414 255.84 190¢ 201. 1
00 P9 1233 130. 9 652 69. 2 223( 236. 1 728 77 .3
7 c
10 925 98. 2 132 14.0 215( 228. 7 956 101. §
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Damage of Concrete Du

The damage of the concrete sy
sure was documented and visual
in the amount and size of «cr a«
ent mi xes was slight. For the
that %Wt tB®80concrete speci mens
and formed a few smal/l cracks
treatment temperature increase
cracks increased, with spallir
hi ghest |l evel s of heat treatm
studies have indicated the de
temperature on concrete. EIl eva
icochemical changes in the cement paste and the aggregates

and ther mal i ncompatibility be

Figure 6. Compressive Strengtlpaosft Conpenatiengli ks a decrease i
i ng [ $40]],. [I1t7 has been reporte
°C a series of hydrother mal re

crete matrix, resulting in a I
icaly bonded water and an increase in permeability. The
severity of spalling after be
tures depends on the type of
moi sture content, and per meabi
30%, permanent strength | oss
fine aggregate may take pl ace.

Figure 7. Bond Strength versu, '

Figure 9. Control Mi x Pull out Spe
Figure 8. Bond Strength versud oT&APer atur e
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