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The effect of epoxy on strength increase of concrete subjected

to elevated temperatures

Student : Bi-Yun Li Advisor : Dr. Fu-Ping Cheng

Department of Civil Engineering
National Chiao Tung University

ABSTRACT

The strength of reinforce concrete buildings decreased after exposed to
high temperatures. Most damages of concrete are on the surface only. It is
important to repair the cracks in concrete. The effect different cooling
methods and curing conditions were explored. The residual strength and
repair effect were studied after repaired by epoxy.

This study is devoted to inyestigate the effect of epoxy on strength
increase of concrete after fired. The major experimental parameters
include high temperatures (600°C, 800°C), cooling methods (natural

cooling, rapid cooling), re-curing methods(air curing, water curing),
re-curing times (7, 28, 60, 90 days), and the strength of concretes (280
kgf/em®, 560 kgf/cm?).

Results show that the epoxy restored the compressive strength of concrete

after exposed 600°C can be greater than 70%. But concrete can recover
only 10% of its strength for specimens after exposed 800°C temperature.

Key words: concrete, residual strength, epoxy, repair, high temperature
damage
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£2-1 247 b E T2 M FOPE G [1)

Rock type 10°/°C 10°/°F
Granite (7= f# #) 1.8-11.9 1.0-6.6
Diorite,andesite( &% £ ~ & L ) 4.1-10.3 2.3-5.7
Gabbro, basalt, diabase 3.6-9.7 2.0-54
(A ~ 27 F SR

Sandstone (7} &) 4.3-13.9 2.4-7.7
Dolomite (¢ Z %) 6.7-8.6 3.7-4.8
Limestone (% # ) 0.9-12.2 0.5-6.8
Chert (% #) 7.3-13.1 4.1-7.3
Marble (= 3 £) 1.1-16.0 0.6-8.9

%22 F e EEl6R S 2 EOUE ik [2])

¥+ =1 7] KT RERRS

10°/C 10°/°F 10°/C 10° /°F

¥ 13.1 73 12.2 6.8
= 9.5 5.3 8.6 4.8
o 12.8 7.1 12.2 6.8
de g F 9.5 5.3 8.5 4.7
7y 11.7 6.5 10.1 5.6
T 7.4 4.1 6.1 3.4
R 7.4 4.1 6.1 3.4
BRRA 10.6 5.9 9.2 5.1
&R Ypih 12.1 6.7 9.2 5.1
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423 AR EFzE 5 [3])

Rock group

Average specific gravity

Range of specific gravity

Basalt ( = 7 #
Flint

)

Granite( 7= @ #)
Gritstone(fe #) %)

Hornfels

Limestone( % #

Porphyry(z2. )

#)

Quartzite( £ & £ )

2.80
2.54
2.69
2.69
2.82
2.66
2.73
2.62

2.6-3.0
2.4-2.6
2.6-3.0
2.6-2.9
2.7-3.0
2.5-2.8
2.6-2.9
2.6-2.7

2

%24 FamARRL 2 AEERR (7]
fie vt (kg/m’) FUR 33 B (MPa)
T / e JoR
YPe | W A 7 k| 28% | 90=
20 mm | 10 mm A
NSC 0.60 350 835 420 440 210 39 47
HSC-1 | 0.35 550 785 393 478 190 76 84
HSC-2 | 0.28 550 872 436 433 152 94 118
%25 FEamaEs g o [10])
Coarse aggregae
(mm})
Series Cement  Water  Sand (10mm) (20 mm)] Silicafume  Flyash  Steelfiber  Polymer fier  Superplasticizer (mL/m’)
NC 2025 2100 SE5E 418./ B35 ! g3
HPC-1 3575 176.0 5427 3859 7674 35.0 1375 9,000
HPC-2 3575 176.0 5427 3859 767 4 55.0 127.5 78.0 / 9,000
HPC-3 3575 176.0 5427 3859 7674 35.0 1375 1.82 9,000
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#2-6 P F H e A o [15]

HamBiER KB H € Fp® UB D #
HiEE%E &% i & B &K BE -~ RmH
wEHEL ES SERS FHS MBS 78y
ERARS  bBlE BHSAR BEME BEAAE B
‘aﬂm° 4 6 6 6 8
Bieim 45 50 45 45 45
BE(m) 345 345 345 345 345
BiE(L) 250 400 350 350 410
WLHELE 5 5 £ i i
A M R E 3 £ i :

iE D a FRARERN]ELE R
b, Sk g8
c. WS ATIER R -

T20CHEE
WCHE

R Y- E
’ "-Ffﬂ_f*; mm ©

£2-7 A @ faat e LT EEil e

E > [16]

2.3
B R

¥R

840°C

925°C

980°C

1010°C

1030°C | 1050°C

N A A
5 & (%)

100

28.32

17.85

15.86

10.48

7.59 7.15

R AT

o 7% A5 B
(%)

201.22

161.75

145.77

139.44

132.17

128.73 | 124.82

HIB At

B {6 7% AR
B (%)

160.24

147.98

132.01

128.52

113.44

109.04 | 107.83
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#2-8 ¥ Ao Ak o [17]

Cube type R AT 2 (%) Compressive strength
status of cube

F 45 R 0 -

D1 #48 40.93 Not acceptable

D2 # 48 32.71 Not acceptable

DI F+3% 3 #7547 5% 11.25 Acceptable

D2 FR+Ik 3 APa4t 5 | 8.23 Acceptable
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% 3-1

A ERE A (R %

Pk
X > 2 i 9 B R ® 5
ppEn | pwen | TOF e i i
=\ PEFR(X) g PR
; .
. > N 28 j i
wokE RHE 5 8
60
‘ 90 v “
B ARL AR
7 NA NA
o N S > o 28 ; NA
600°C THEAE .
60 NA
90 v NA
7 v NA
.. 28 ” i
RN U I 30 ST % 3
60 NA NA
90 i “
7 v NA
~. > 4 28 v )
weKE R 5 8
60
90 v “
B #RiL v
7 v NA
o N S > o 28 ; NA
800°C THEAE .
60 NA
90 v NA
7 v NA
28 ” i
Ligoar | KR AR
60 NA NA
90 i “

AT AR
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#%3-2 AEEHFEMA (R

¥R e

BiRE &g 5N LAES S e B 55 B R el
we B 2
PR e R N v

-

B 2RiLgr

ok %E90 % N ;

600°C

H

ok %E90 % N ;

E

800°C

Aok &390 % ” -

L L gr

AoRE RHEI0 = v ¥

SR A - )

% 3-3

LR Y R I

1 AR A O 280 kgf/em? R 15cm
kg 0.485 FANEAL B~ s 20 mm
ffsR o B BB FM 2.9 Gkl G gp N Aot £ 2.65
el e gop e fort £ 2.65 iR E 3.15
KR R 13]-kix ZFFE 2.0%
ffAL 3 (S/A) 47.8 %
kBT F 2R T A 0.344 m’
Fokler kAR A 0.656 m’®
fmfepl e bR AR 0.314 m’
de Al or R AR 0.342 m’
* ok 194kg
gl § 400 kg
L5 43 1A
g § 831 kg
jgr 907 kg
H oA 1 m’
Hr-Fd 2332 kg/ m’




#3-4 AETE B e RIS FMA
1R A fO 560kgf/cm’ R 15cm
ks 0.298 FoR A B & RS 20 mm
fmf o Bl FM 2.7 R w jop A fert £ 2.65
fe kil m go p Aot £ 2.65 iR E 3.15
KR R 13-k Zfed 3.0%
fffd & (S/A) 43 %
KB F SR T WA 0.402 m’
Fepl o ﬁ‘lﬁ 0.598 m’
Tl Ar b R AR 0.257 m’
VERLE L 0.341 m’
*okE 170 kg
BT £ 570 kg
E- & ! A301
Gl * £ 681 kg
Fe gl r § 903 kg
H R 1 m’
€8 2324 kg/ m’
% 3-5 #FRp2Lp s [20])
zﬁ;@mﬁ] s kiste | LT R 2
3R itk | R sk
%® | KEHG - - | P Z P
2t 3 7R SV N YA - ] B -] 2
Bl ER | v ms L) Lo pE L) pF
EE A A - - | P -
% - = o] pE e
H -] =) NN
XS - P N =P
BT 2] pE
(=) BRRNFAEFERE G ff > AP VP iR o
(=) Adordpz Riice 45 7 Ko
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24-1 BwmARREIZHRwE (%)
T S S L | KRE
- 3
P o i 90 =
rats |
7 28 60 90 AT 5
800C &4 K& £HE TR
A NA | 254 | NA | 23.1 | 108 | 154
3 M A %
800C p 4 k& £HE+TR
e NA | 269 | 326 | 255 | 169 | 184
3 M A %
600C &4 kE £E R
A NA | 961 | NA | 526 | 31.7 | 507
3#7}%1‘5513'?5}3
600C A 4 kE £E R
e NA | 675 | 673 | 73 | 34 | 56.0
3#7}%1‘5513'?5}3
242 Hadss Bt 2k (%)
X A
Sa g i ‘ 90 =
AEE |
7 28 60 90 AT 58
800°C &4 k& % #H+3k
e 289 | 235 | NA | 255 | 184 | 20.8
3 AT o
800C p 4w kL & FE 4+
o 468 | 416 | 40 | 328 | 348 | 343
F B AT 5
800Cp itz 4 L A&FE+R
nreRTE 468 | 449 | 412 | 417 | 348 | NA
F B AT 5
600°CE L F KL £ H+T
T 75 | 637 | NA | 49.6 | 459 | 493
3 B AT %
600C A 4 ki £E R
o 803 | 79.6 | 67.4 | 774 | 542 | 583
R
600Ch #4747 AFE TR
e NA | 65 | 69 | 402 | 542 | NA
R S
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Fig. 11-Residual strength for different cooling regimes.
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