NOANIINFLUINEALDINIINTEURNABUNTATIAE AN I anaN fiagl

A G Er G N T R ER T !

%

WeANIng Aulszidsy
49 Kl d9

'f‘mmﬁwuﬁﬁﬂmmuﬁwmma‘ﬁﬂ‘l:mmwﬁnqmﬂ?zyzyﬁﬂfmﬁumaquﬁmﬁm
A111911IAINITNINEY N1ATTNAAINTINTYEN
ANLLAFAINITNANART AW1AINTDINYNAINENAE

Tin9finen 2555

AUANDTVBIANIAINTUNMNINNAE

undndauazuindeyaatiuifinaednenfinusiusdnisAnm 2554 AlLEnsluadslayayrqria (CUIR)
Wuuiudeyaeatdnidnaeane Bnus N i un e Tugsananae
The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository(CUIR)

are the thesis authors' files submitted through the Graduate School.



COMPRESSIVE BEHAVIOR OF FIRE-DAMAGED CONCRETE CYLINDERS REPAIRED
WITH CARBON FIBER-REINFORCED POLYMER SHEETS

MR. SUPANAT WOONPRASERT

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering Program in Civil Engineering
Department of Civil Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2012

Copyright of Chulalongkorn University



PFdaaNeNINLE

WO ANITNTLUIEALDINTINITLBNABUNTAT

Revneaann Indanuau A LEuna ALNa FLATY

Wulaansuey
Tne weANINg Julssiaty
AN FrAanssnlasn
anansETi BN AN I UETAN 209AN@MINANTE AT, BATTDT LAUITT
aransdiineAneninudiou 294ANAMINANIE AT, ATEY TBNITMI]

ADIEAANITHANART Q1A TINNINE Ay avlR iiLAneTnuderiuiiilu

AUNTNUDIN I AN AHUAN QAT TY NN LTUA

................................................... ADLAAUZAAINITNAGRS

(389ANAR9IA09E] AT UYAN LAANTTYIIA)

ATUZNTINNITADLINENIN S

................................................... 19281UNIINNNG

(FNAR31913¢T A3, MNEOL INNTFI7)

.................................................... aNaN3sNUENHR N NN UE AR

(399ANEMINA3ET M. BRI LALIT)

................................................... N3 LEN I ANeN Inuiu

| o 6

(3R9ANARMIIANTE M. 90 NANTIALU)

]

................................................... NITUNNTNILUANNUNINL AL

/-\
ho)
ah

2D
b
=

2D
D
ah
2
0
2
2



5 YV

ANRIDg Aulszidiy : woANINFLLNERT0MIINITURNAUNTATIAE MIHATN N

49 9

FanugN A LEuneANasdsNdRleA5uR (COMPRESSIVE BEHAVIOR OF
FIRE-DAMAGED CONCRETE CYLINDERS REPAIRED WITH CARBON FIBER-
REINFORCED POLYMER SHEETS),a. Aitsneananinusuan:

' o &

9A.09.6A99%9 1AWITT, 0. NlsnwAnentinusion:  9A.A7.A70y f9aNIIET 139

o 9

v

NN,

nudselAAnEnansznusguu)iuazszazaan lunisimn sengAnssuiy
LINERYRINTINTTUBNABUNTANIATTIU NEULASUAINTTTEN TN U UND RN BT IATH
o - = = ° S o o
Wulganiueu sudeAnEIANMNIzaNTaLL U A e luilaqiiuuas lunnminung

ANNANRUBIEUINNURIUINBANLIANANNLATEAB AT A AMNKANIINAABLIIIY U

b

LL@Z?ZEZLQ@WIUﬂ’]?LN’]VLW@'QNZW]'@ @mmaﬁmmm@qﬁ@uﬂ?‘mm\m@w@ﬂ TpaN19INN

o

qruund 700 avAadsaldunan 3 49l NNAsFULEnanaIgeqn 67 % ANTNAAE
= ' : =l o o a & CoA o =
LANEUARAIGIGA 95 % ANANNIATEATALTLALLANTUGIGA 5.1 WiNaneuALAUNTA

o

ladlagnunu nsdenuanfosusunedweiidinduloafuauaiuisndosiunasy

1
=

WP ALAZANANNLATE AL A IRIAAUATANONALSA 3.8 1V LAY 8.7 W1 AINAAL

u

FANDNNUIN MU LA ABINUIEIAIA5LILIIEATRS Bisby LazAnz(2011) WWiAdaansie

[

WaBsnnausiunanimagan InaAaunaanIads UL alsedtaanuiy 200 Alansy

1
a

AR URLN AT S FUAANNUANANWINTL 2.4%, 12%, 24% WAL 44% W0

qruuATies, 300 a9ANEAEA(120 W), 500 B9ANTAITIA(120 W), 700 BAN

a

AL (120 W) ANANFL ARUATANNASULNAALszAtaanwLL 350 AlanSumAanIs19

LuRLRsHiUaF I uiANLAN AN 11%, 23%, 17% Uay 44% Nguuugiviad, 300

a

=

ANANEIALEER(120 WP, 500 BIATALILA(120 W17), 700 B9ANGALTHA(120 W)

ATNANAL  AAUATANIAISULINEAUILAUAaNILLL 500 NIANSNARANTINLEURLNATH
wafidusAuuanAwing 13%, 1%, 17% uaz 29% Nguuniiies, 300 aeAaabs

(120 W), 500 BIANTIATEA(120 1), 700 BIANTIALTEA(120 W1T) ANNAAL

'
4 aa

ANPITN AAaNgINTean RN G L2y R

1
=

#1113 AAansanlean ANeNaTa 8. NN AN TNUSUAN. ..o

Un3An®E1 2555 .. ANENATA 8. NN AN INUEIIN oo



## 5370579221 : MAJOR  CIVIL ENGINEERING
KEYWORDS : REPAIR / FIRE DAMAGE / CONCRETE / CARBON FIBER REINFORCED
POLYMER / CONFINEMENT

SUPANAT WOONPRASERT: COMPRESSIVE BEHAVIOR OF FIRE-DAMAGED
CONCRETE CYLINDERS REPAIRED WITH CARBON FIBER-REINFORCED
POLYMER SHEETS ADVISOR: ASSOC.PROF.AKHRAWAT LENWARI, PH.D.,
CO-ADVISOR ASSOC PROF JAROON RUNGAMORNRAT, PH.D., 139 pp.

This research investigates the effects of exposed temperature and duration on
compressive behavior of standard concrete cylinders before and after repaired with
carbon fiber-reinforced polymer sheets. In addition, the applicability of existing models
for predicting the stress and strain relationship is examined. The experimental results
show that the exposed temperature and duration affect the mechanical properties of the
concrete cylinders. At 700c (3 hours), the compressive strength decreases by 67%, the
elastic modulus decreases by 95% and ultimate axial strain increases by 5.1 times
compared with those of undamaged concrete cylinders. In addition, The CFRP repair
can increase the compressive strength and ultimate axial strain by 3.8 and 8.7 times
compared with unconfined ones; respectively. The compressive strength predicted
from the model by Bisby et al.(2011) is found to be safe. For Concrete with designated
compressive strength of 200 ksc, The differences are 2.4%, 12%, 24% and 44% at
room temperature, 300C(2 hours), 500C(2 hours), 700C(2 hours); respectively. For
Concrete with designated compressive strength at 350 ksc, The difference are 11%,
23%, 17% and 44% at room temperature, 300C(2 hours), 500C(2 hours), 700C(2
hours); respectively. For concrete with designated compressive strength at 500 ksc,
The difference are 13%, 1%, 17% and 29% at room temperature, 300C(2 hours),
500C(2 hours), 700C(2 hours); respectively.
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3.1 ANTLATHANAISTLLSIDATDILATADUNTALATNLUAN AN LUINIITDY

ACl440.2R-08 [9]

-8

ACI 440.2R-08 [9] l81ann13289 Lam waz Teng [2]TunNseBL18AINNANALS
FENININUIL LI AU UILNNIUARITRINTINTTLaNARKNTAN la LSRR e e AN e SLaT N E e

WHafULI9ERANNN N I aaN LA AR UATALEINANAIAEIFRP

ANABFULNFAMNLUI BLNBIBLE UL aantRsqr lRaNngNnIg

¢, =0.805] 0.8, f (A A )+ A, | (3.1)
AAeFLuTNEAMNLUILNLTadd kLU aennABau [AaNngunng

¢, =0.85 0.8, f (A A )+ 1A | (3.2)
e A = AT AT eI ARUTER (719 131)

A = e RSt PO RIRY IR INTSTARPARA (R19.4N)

f., = ‘VIL'L'J?;ILLﬁ‘\Tﬁvmﬂﬁ‘tﬁ/ElLﬁ‘ﬂﬂﬂuﬂ?‘mgﬂiﬂua‘/ﬂ (wunziamna)

1“y = WeugaAIN (Yield strength) YRIUUNANLETN

P, = NNA93UKs98R3ITY (Nominal compressive load) (H9514)

¢ = AUARANIAY (Strength reduction factor)A 0.65

1 o o

d‘ o o = dl o v v & v
IIAT NIAN ULLN’ﬂﬂﬂJﬂ\m’ﬂuﬂﬁ‘ﬁmQﬂIﬂUﬁ‘ﬁ Tnavtiaaluna ﬂ’]iﬁ@’]ﬂm\lﬂ’]ﬁ‘
f=f =y, 3.3cT (3.3)

uazAusaAuNslauinanuaiin AuAsenlscAnsuaningaues FRPUNFa naunis

2E.nt. ¢
fi=——1° (3.4)
D
wihennuaslscAnsuasasnaaafdsndulaa s (s,
gfe = Kggfu (35)
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e« = IAUARNNAITBIAINLATEATDY FRP
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w, = FaAnLlsznaundsrasneaia s Ul
= 0.95
E, = Tupdatiaveuresnadinafidinduly
(unziamng)
t, = AANHUUITEL (Nominal thickness)Ia4NaaLNAT

@radule (uN)

TnapnnuAsaanNNgaauzifinnistusslauin e

0.45
» (%0
Eoy = &:| 1.50+ 12, = (3.6)
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K, WA% i A8 FaAnlFuLAdsrananinaeaniinga wazwiniy 1 Wedluutidnaeanau
BNMREINIBLIIN ANLATEAINGF AINANHUTNNTTLUNTIILNERLATUIIRDUTINTUTEY
al a a a a %
i@ ing ANLATE ARG ALTEANENaN lFiaanannig
£, =0.004< 0.75,, (3.7)
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FRP azloufn annisaaadomiuuuaiaiainnisiuusedn aedouduls azniauesing
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3.2.1 29AU5LNALUURIANNLATEA

. a = ! A
ANAUTENALUDIANNNLATLAN 4 RQUAD

€ = &nmy T Eoem T Euom) (3.8)
gl & = ANNLATEATIINNA (Total strain)

&, = AHLATEIALIBIAINGIUNYH (Thermal strain)

g, = AYNNLATEALHAIAINANNLAY (Stress-related strain)

g, = ANNNLATEIAAINNNTALLRIARLATA (Creep strain)

Ey = ANNLATEIATAATIY (Transient strain)



19
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ANNLATEIALHEIAINGIUUN RS NNFTUNLFALLUBIAINNATRIGUUN N N19Llsenns

AYNLATEIALHEIAINg AN RAIN 0 AN EC2 [10]

&, =18x 10°T, dwFusnasaniidhdan
&, =12x10°T, ﬁm%ummmﬁﬂuﬁuﬂy (3.9)
&y, =8x10°T, ANVFLAAUNTANIALLN
oy T, Ao qouundaedpeunse

ANNLATEALLAIAINANINLAY AR ANINLATLANLAAAINNNTSLLINE A TALIARTINIY
1 A 1 1 a = dI ai Y & 1 1
TNE AN ULATTNNAIAANVDIANNIATEATIANNAINA 3.14AAMALTUIN Uiloausans
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NINN 3.2 LL'Ammmf&’uﬁuﬁmmmmmmmﬂwmﬂLL?qﬁmﬁuqmuﬂu(Schneider [11])

a
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21

!
= a a

AINANINANIUEIEUTN A NAULAZ ANNLATEATIR WA HFNT WU gy

a

WWNAunUI A TupdaTean MEaue Ui ALY

£
g
b
kg
[+
S
©
2
3
©
o
E
o
2
5
23]
° o
0 il 2N
0 200 400 600 800 1000

Temperature oG

NNA 3.4 M9anastesiundaresanIneavguuas grun)inldlunisesnuuy(BS 8110

(12])

v
o
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Ker =1.0 e T < 150 a9ALTA T4
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3.3 AUNSLETNNNRINLEUDLAE Bisby UazAme [7]

Bisby kazAe [7]  IAUILANEANN1TANNANNUSTENI19ANNIAUS ALAL

1
o =
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N TGN R GsingAsiy

E ¢ -—H =~ ¢ '
f = e Af, ¢ (3.12)
foo + Expé, ;S S ES E
2f
E,=—% (3.13)
809
fo—f
By =—— (3.14)
gocua
. 2f
=g CHEZ (3.15)
20
e
fo,=f,+3.3f, (3.16)
1.71(5f — 4f
£, = ( éc ) (3.17)
C
Cocuo = ‘9(;9 + (gccu _5(':) (318)
e =fwg 15 (3.19)
cuéd g' co " co .
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v o -
1Al f. = ANHLAUNANLATEA LA
o A ] a -dl Yar a
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E, = TupaatiaveulugoanasrasANdNTus sz i A NLALLAL
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f = ANASULINE AL AUURIARUATA
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f = AnassuuNSalssdtaaspaunsangnlauss lasunansznuan
cco a
ALUUNN @

q u
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' = o = dl o Yo
£y = AINLATEALsTABIRIARUNTATIYNIaLTA 1R5UMaNIZNLAIN
AUNN @
q a
' = 1 I dll Yo a
&y = mmLmﬂmmmumﬂmugmmu 2]

Tneen &), 11annsdszuinanEanImaAgaLaed Lee wazAniz[13] W@eily
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dl o afly o A
annanulsiumnguug e el

£, =0.002 ‘ax < 100
£, =0.002+ (0.002/300§ -100) 100<@< 4@ (3.20)
£, =0.002+ (0.012/400f -400) 400<H< 8@
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AINT 7.3 (A19) BAAIANNANNUEIENINANNLAUT ARAZANNNLATHARNN AN AZ DL

WRaUReUAULLLAN 889289 Bisby WATAMY[S] 189ARUATH

o

NNAITLLINEA 50 MPa

AN 7.1 NN UILUAN AR UNANIINAZALARUATA 200 ksc

ﬂ@iuf“ﬁyumu Ui | N1avduusentsvat (nn/ms.Ta.) ANTHLATE AR TNILUILNUEIAR
Melen | gayagen | Bisby uaz | % Au | Amaaeu | Bisby uaz | % A9
A AU UANFN \adel AT WANGIN
WP20-RT-00-A 27 410 420 2.4 0.0139 0.0049 -183.7
WP20-300-120-A 300 400 357 -12.0 0.009 0.0062 -45.2
WP20-500-120-A 500 407 328 -24.1 0.0173 0.0099 -14.7
WP20-700-120-A 700 381 265 -43.8 0.021 0.0159 -32.1




A3 7.2 NI FE LN ULLUAN AR UNANIINAGALABUATA 350 ksc
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n@;u%yu\mu U | AavfuuNanUszay (nn/m3.T.) AHLATEIARNH LI
Melum | dmagay Bisby WAY | % AA | AMAZAL | Bisby WAy | % AN
A ALY WANFING \2AY ATUY WANFIS
WP35-RT-00-A 27 547 493 -11.0 0.0122 0.0048 -154.2
WP35-300-120-A 300 556 452 -23.0 0.014 0.0061 -129.5
WP35-500-120-A 500 504 433 -16.4 0.0128 0.0098 -30.6
WP35-700-120-A 700 483 337 -43.3 0.0139 0.0158 12.0

A3 7.3 NI FE LN ULLUANABNAUNANIIN AZALABUATA 500 ksc

n@;u%yu\mu guuni | Naaduusednlszan (nn/ms.an.) AHLATEIARNH LI
Meluwn | dnagew Bisby lay | % AN | AMARAL | Bisby LAY | % A2
o ALY WANFING \2AY ATUY WANFIS
WP50-RT-00-A 27 796 706 -12.7 0.003 0.0034 11.8
WP50-300-120-A 300 660 664 0.6 0.002 0.0047 57.4
WP50-500-120-A 500 656 565 -16.1 0.0037 0.0084 56.0
WP50-700-120-A 700 667 519 -28.5 0.0087 0.0144 39.6
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