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Influence of high temperature on compressive strength of clay
brick masonry. A literature review

ZHENG Wenzhong, HUANG Wenxuan, WANG Ying, JIAO Zhenzhen

(Key Laboratory of Structures Dynamic Behavior and Control ( Harbin Institute of Technology) ,
Ministry of Education, Harbin 150090, China)

Abstract; On the basis of the results obtained by relevant literature at home and abroad, the quantified expressions
for clay brick, mortar, and brick masonry were established, and some existing problems were summarized. Analysis
shows that at high temperature, the compressive strength of clay brick decreased linearly with the increase of
temperature, and the reduction coefficient of the compressive strength of clay brick was 0.53 at 1 000 °C. When
the temperature was lower than 600 °C, the compressive strength of clay brick after high temperature decreased
linearly with increasing temperature, and the compressive strength at 600 °C was about 56. 2% of that at room
temperature. The compressive strength of cement mortar after high temperature decreased with rising temperature.
With temperature between 300 and 800 °C, the reduction coefficient of the compressive strength of cement mortar
after high temperature increased with the increase of water cement ratio when it was lower than 0. 45, and it
decreased when the water cement ratio was over 0.45. The compressive strength of clay brick masonry decreased
with increasing temperature. Finally, formulas for calculating the compressive strength of clay brick, mortar, and
clay brick masonry after high temperature were established.
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1.1 FIEFRENFMERE
11,1 FERbigE

SCHRL7 ] 38 G 4 S0 RS FT KPL UL 2500
TEREAT T IR R PUE SR 5, 9206 28 O ik 3
RN H SR 4351 37.9 F1 38.3 MPa, FH i &
56 ~8 C/min, fHIR 40 min Ji5 ¥EAT EHE R PR
5, g5 RN 1 iR,

®1 X@[7]EETHIRAERERRLE

Tab.1 Test data of compressive strength of clay brick at high

temperature in Ref. [ 7 ]

ST Z3 01k

T/ oo/ o/ T/ v o/
c (N-mm2) Sim € (Nemm™2)  fin
20 37.9 1.00 20 38.3 1.00
500 35.6 0.94 500 36.4 0.95
600 33.4 0.88 600 33.7 0.88
700 32.2 0.85 700 31.1 0.82
800 23.5 0.62 800 24.3 0.63
900 22.4 0.59 900 22.5 0.59
1000 20.5 0.54 1000 20.4 0.53

VE T IR o i R B L PO SR o, R R B L
TR 3o/ fom 0 8 TR 5 1 B 70 VS 008 BE P70 2R

I3 1 E P RE AR AL R OWL . 500 Cnf, g e
AV T B R e A, SR, BEAR T BT iR
800 °C N4l i JLF- B A 28 4k, (HAE B il B2 T L &5
ORIE RN EER A IR 2 U € N
ﬁ%[“ —13j‘

SCHR L8 ] 2R A il RO~F 1125 mm x
112.5 mm x75 mm, F{E5R)E A 5 MPa. L) 2 °C/min
(AR AR R 1 h 5, 54T T iR T
IR, & BT AR FEAE 800 °C I, i JF 38 B 2 5 R i
BERY 71% . B EE RN 2 PR

*2 XH[S]BETH IR EREXINHE
Tab.2 Test data of compressive strength of clay brick at high

temperature in Ref. [ 8]

SCHR9 T HEAT T 2k 4 % 04 R TS B o
B, IR GE BN 19. 17 MPa. S T AL S PR K KR
5, TS ] AR R S )RR AT e, IR S AP A
SRYH),300 F1 600 °C Ji5 b 1 fife 1Y) 5% A3 58 B 43 1)
R 80% F1 60% 2245 . I 45 4% 3 k.

x3 XHI]BEREHIEEREXILHE
Tab.3 Test data of compressive strength of clay brick after high
temperature in Ref. [9 ]

7/C Jiw/ (N+mm™=2) Sion S
20 5.00 1.00
200 4.75 0.95
400 4.35 0.87
600 3.95 0.79
800 3.55 0.71

/%C So/ (Nemm™2) Soifom
20 19.17 1.000
300 16.73 0.873
300 18.32 0.956
300 18.44 0.962
300 16.84 0.878
300 16.64 0.868
600 13.76 0.718
600 12.48 0.651
600 12.02 0.627
600 11.87 0.619
600 9.67 0.504

VE 2T R IREE 3 A 5 T 5 B LR BT TR B 5, 8 6L R B b
PURBREE 1 /10 fo 50 0I5 8 R 6 908 JEE 47700 2R 5K
SCHR[ 10 ] X 56 B 48 R MU20 (1) b 4 ik 47
it e 1 2E R Y iR e R e T 800 C LA Y
3 AR TR SR AN AT PR R 1. 45251
FW],875 CHHLEsR B H TR 5% ,898 C i R
16% . X5 B s a3k 4 .

x4 XE[10]SREFH L EHNIEREIREEE
Tab.4 Test data of compressive strength of clay brick after high
temperature in Ref. [ 10 ]

17%C Soit/ (Nemm %) Joi/fom

20 18.00 1.000

822 18.25 1.014

875 17.04 0.947

898 15.13 0.841
112 Bibfitmili g i

PRI AEAAR > ASRBAS 2 5 T AN i S 2
it 0 R i T 2 B R R AL, AR SR UG
THEIR T MEIRG BA 95% (FE R 15 5P s
SREESTIRR A T L. B 1 SR T AL Akt
JESRBEIT R S/ o T T RN, BIR T B
TR BT R A R

o /fin =1.000 —4.796 x 10 *(T -20),

20 C <T<1000 °C,T <20 CHHEL T=20 C.

(1)
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0.9 - 9 11.91 f123.25 MPa, /KK [ w/c 435 4 1. 03 £
S 087 0.79, KB FR#H 2K 10 °C/min, I8 3 H xR B
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Bl SETEImAERENRRS /S TH Tab. 5  Comparison between calculated and code values of
Tams compressive strength of clay brick after high

Fig. 1 Envelope curve of fi /f,. and T
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Fig.2 Envelope curve of fi:" and T

TE CECS252—2009 { :k K J7 3 45 #4) 46 & 5
e R T R R e B 58 T U AR R
ARAE R (2) TR R TS 2 % DO SR B T i R 4
53CHk[ 14 ] 45 AT R BN 2% 5 . SCER[ 14
IR B 0 RS PR R A 4 R E R T
700 °CHFARFEAL. 20 (2) I H L5 R LW, 3 ik di s
SREETE 100 °C iR 5 3t T M, 600 °C i G bt e
SRIEYTIR R K 0. 562.

1.2 WIFBEEFENFEE
12,1 gehhlisE

SCHR[ 15 ]38 53 %56 B A5 4% ol M10 i M20 fi7K

VeRPIEAE AR S (0 o B A TR g A 5, 19

temperature
CECS252 s %4 X (2)HHLR
17C Jon/Fom 1/°C Jon/fim
20 1.0 20 1.000
100 1.0 100 0.939
200 1.0 200 0.864
300 1.0 300 0.788
400 1.0 400 0.713
500 1.0 500 0.637
600 1.0 600 0.562
700 1.0 700 —
900 0 900 —

®6 NE[1S]/ERKRYEAEREXLEE
Tab.6 Test data of compressive strength of cement mortar after

high temperature in Ref. [ 15]

- w/c=1.03 w/c=0.79
Sans Sans S/ St

MPa Som MPa Som

20 11.91 1.00 23.25 1.00
150 11.66 0.98 22.55 0.97
300 11.07 0.93 22.08 0.95
450 9.28 0.78 17.43 0.75
600 8.21 0.69 14.88 0.64

e cw/c FAIKIG s T A IR 5 o R8T KRS I P 58
S T RS K VRS S BT

SCHRL LT THIEFE T 53 B 25 94 0 M30 f 7K 8 0
e it J 0 S 5 LS A L. K TR R SR B S0 i 5
JE4 39.0 MPa, 7KK Lt 0. 44, >R HI B9 Tl 723y
3 ~5 C/min, KB HARL S 1EH 4 h. ARR S
PEAT DU SR I, 45 2R WL AR 7.

SCHRL I8 TR 1 vy 1l i 7K P8 b J Bt e 5 B #Y
ARAE . KO LR 0. 4, b SR JH AT A 3 58 Rif SE s
I ABE T AR T R EE, B S YT A,
Az H bRl SRR 2 b, 5 AR A B
TP s B . U0 2 R L2 8.
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Tab.7 Test data of compressive strength of cement mortar after

high temperature in Ref. [ 17 ]

w/e 7/C o/ MPa o Fm
0.44 20 39.0 1.00
0.44 100 36.5 0.94
0.44 300 37.0 0.95
0.44 500 34.9 0.89
0.44 700 30.2 0.77
0.44 900 7.4 0.19

F8 Xwk[18] 5 REKIRE R EREEIXIGEE
Tab. 8

Test data of compressive strength of cement mortar after

high temperature in Ref. [ 18 ]

w/e TC S/ MPa S/ Fom
0.4 20 56.3 1.000
0.4 300 54.6 0.970
0.4 500 41.4 0.735
0.4 800 12.4 0.220
0.4 1000 7.8 0.139

SCHRL 19 JHEAT T 3 BE ARG M30 YK Je b
RS 1Y g 2E M RE IR, KK LS 0. 38, T
2 C/min, fHilk 1 h. ARG TR R
5, IR AR W3R 9.

x99 XE[19]FREKIRRRIERERXLHE
Tab.9 Test data of compressive strength of cement mortar after

high temperature in Ref. [ 19]

w/c 7% Juin/ MPa Soin/F oo
0.38 20 62.9 1.000
0.38 300 48.8 0.776
0.38 600 23.8 0.378
0.38 900 8.0 0.127

SCHER[20 ] IS T s TR K U D 3K B e i R
B RE B8 Ak B IR L 20 °C/min {1 T
I E HARR R 2 h, BRI E =5 P T
PR R IR MR R, IR 200 °C B, B 58
JE/INIE R B, 300 °C BT e i R TR T R
400 °C IR T B 13680 L35 10.
1.2.2  JKPRM IR i ) 2 R oA

PASCHR 1S - 20 ] A% Ry S50l 4307 i i s 7K
VERS ST 588 T 00 Z2 B S/ o BEAK IR L 00/
DIGRIE T HAEIE R, 24 T > 800 °C B, A [w) SCHik

(B D 25 AR K, i LA T<<800 °C By i il J 7K
PRSI TR R AT, S/ fo BEIK IR o0/
SR KIG . DR AT 300 CH, { HKA
IS A KB SRR I FLBIE A (H T4
BLAT o3 K Je B T B e s 0, 5 A 0h
(7K AT KA. D3 283 B ik 300 C i, 25/ K i —
A IR RE T, K A REBRES 4 A, 9 R
TR KK EUAR/INES , B K S AR, 45 A K AR
FEURIE 5B R B ZKOK Lt KB, B K &
ARG, K K2 s R AL B R A e

F10 CEk[20] HiEEKRR RHUEREIXLEE
Tab. 10 Test data of compressive strength of cement mortar
after high temperature in Ref. [ 20 ]
w/c=0.45 w/c=0.55 w/c =0.65
T/C " N
A A VA A A
MPa S MPa Som MPa  fum
20 42.8 1.000 37.5 1.000 27.2 1.000
200 38.6 0.902 32.9 0.877 23.8 0.875
300 47.1 1.100 40.3 1.075 28.8 1.059
400 34.8 0.813 35.5 0.947 21.4 0.787

PASCHRL 15 - 20 ] Rt o Bl 38 o 2 A
ARIBCAN [R] i E s 7K P A0 5 T 1 5 417 9 2R B8R
GrLLIK IR EE w/e Sy 7K SF AR ARA, LA S/ f o T B
i, el S —HEAR AR AR 2 AN TET 3 B AN [5) i E
Son/ S5 w0/ ¢ (40 E MR A5 ] B2 B 725 3L 7K
HATE SIS | G2 i RNV

T =100 CH},
S 20,929 +0.053(w/c) ,0.38 <w/c<1.03.
(3)
T =200 CHf,
fhasf 20,876 +0.075(w/c) ,0.38 <w/c<1.03.
(4)
T =300 CHY,
fas { -0.97 +4.6(w/c) ,0.38<w/c <0.45;
1,248 - 0,328 (w/e) ,0. 45 <w/c<1. 03,

(5)
T =400 °C i,
fosp { ~0.861 +3.957(w/c) ,0. 38 <w/c <0.45;
m S T 1,037 0. 259 (w/¢) ,0. 45 <w/c<1. 03.
(6)
T =500 CHit,
o { —1.434 +5.143(w/¢) ,0. 38 <w/c <0.45;
mt S T 1,010 - 0. 288 (w/¢) 0. 45 <w/c<1. 03.
(7)
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T =600 °CHf, T =800 °C i,
oy ~2.009 +6.286(w/c) ,0. 38 <w/c <0. 45; flsf = 21,637 +4. 771 (w/c) ,0. 38 <w/c <0. 4.
T {0. 959 —0.310(w/c) ,0. 45 <w/c<1.03. (10)
(8) R 0 o R TR R 7K IR RS T B e 2R 8K
T =700 CH, S FH R KR RS I P, MPas T 8 I 483
ot = =2.829 +8.15(w/c) ,0.38<w/c<0.44. (9)  JF . °C yw/c KKIK .
1.10 1.10
1.05+ 105 1
b Lo f
' ______/——-——' _ 095 ¢ —1_—/
NE 0195 IEE == = . <& 090 [ ; ]
“E 090F LE 085| =
< 0.85] S~ 080}
0.75 |
0.80 f oo b
Leel) 0.65 |
070 1 L 1 1 1 1 1 ) 060 1 1 1 1 1 1 1 )
03 04 05 06 07 08 09 1.0 1.1 03 04 05 06 07 08 09 1.0 1.1
w/c w/c
(a) T=100 C (b) T=200 C
115
.10} 09 |
105 L
f o 0.8
S £ 07f
G‘j 0.95} i
0.90 [ g 06
0.85[ 0.5 ¢
0.80 | 0.4 +
0.75 . 1 . . . . . ) \ . . . . . . )
03 04 05 06 07 08 09 1.0 1.1 03 04 05 06 07 08 09 1.0 1.1
w/c w/c
(c) T=300 C (d) T=400 C
0.9} 09
0.8} 0.8
. o7 ° . s 0.7+ .
= £ 0
B 06p N\sg 0.6
S os| & 05¢
0.4} 0.4+
03} 03}
02 L L . . . L L ) 0.2 L . . . . L A )
03 04 05 06 07 08 09 1.0 1.1 03 04 05 06 07 08 09 1.0 1.1
w/c w/c
(e) T=500 C () T=600 C
0.8 - . 0.50 .
07 | 045
0.40 |
N 0.6 £ 035]
E o5t i 030
<, i
0.4k ‘ 0.25 ]
0201 "
03T = 0.15
gl e ool
0.38 039 040 041 0.42 043 044 0.38 039 040 0.41 042 043 044
w/c w/c
(g) T=700 C (h) T=800 C

3 fun/Fam B w/c BORIE B2
Fig.3  Fitting curves of /-:"/f.  with w/c
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Tab. 11 Comparison between calculated and test values of
reduction coefficient of compressive strength of
cement mortar after high temperature

D o/ o/ f};J4ﬂ ,,,,,
Siom S T
100 0.44 0.936 0.952 1.017
200 0.45 0.902 0.910 1.009
200 0.55 0.877 0.917 1.046
200 0.65 0.875 0.925 1.057
300 0.38 0.776 0.778 1.003
300 0.40 0.970 0.870 0.897
300 0.44 0.949 1.054 1.111
300 0.45 1.100 1.100 1.000
300 0.55 1.075 0. 895 0.833
300 0.65 1.059 0.901 0.850
300 0.79 0.950 0.936 0.986
300 1.03 0.929 0.943 1.015
400 0.45 0.813 0.920 1.131
400 0.55 0.947 0. 895 0.945
400 0.65 0.787 0.869 1.104
500 0.40 0.735 0.707 0.961
500 0.44 0.895 0.709 0.793
600 0.38 0.378 0.380 1.004
600 0.79 0. 640 0.714 1.116
600 1.03 0.690 0.640 0.927
700 0.44 0.770 0.757 0.983
800 0.40 0.220 0.271 1.234

58 BE AU R S AEL 3 e o/ 0 08 TS K VR SR BT 30 L 7 G
ARG

2 ERIREE RN FHER
2.1 HEWKE

SCHRL X2 S0 B A T 8 TS PR IR 50
5T, 15 B PU K 5 B BE 5 BE Y AE 1L B B R
250 mm, 5% = FHE 58 510 mm. % FH M10 7K b
AR, 26 1k FOK R b3 H IR B 4351k 19. 17 MPa
1 13.0 MPa. FHiE 3 %4 20 C/min, 145 H AR
JETEIR 1 h. 2550, SRS BT SR EEAE 300 °C Hif i
AHEIN,600 CHFFH MR T 13% . X80 5ds 3% 12.

®12 XH[I]EEREEMETIEREXELHE
Tab. 12

Test data of compressive strength of brick masonry

after high temperature in Ref. [9]

T/C S/ MPa S /1

20 9.58 1.000
300 8.94 0.933
300 10.46 1.092
300 9.79 1.022
300 10.21 1.066
300 10.31 1.076
600 5.73 0.598
600 9.13 0.953
600 9.84 1.027
600 8.14 0.850
600 8.75 0.913

o AT R SRR TV ARG BREE o, b B R b WAL FRAR B

SCHikL 10 ) 5T i TG 1 R 3% 1) 5tk B AR Ak, 7
03 B 2540 ol MUU20 , D3R5 B 25 4% MS il MO,
25 Hh e i S R B TR R B, I 2% GB50003—2011
CHMARGE R BT RLTE ) 45 1 A B e i 38 1 341
T2, 4 T T e B AR R B R S S8 1
IR R/NT W

Foo=K, (Cof)*(1+0.07C,£)K,.  (11)

2o, R TR R T A 4 R AR AT 5 B S XA
R HIR R B A BT S (AR RS
BT B3 (E o IS EL, % F 0.5, K, ST
eIz R 4 280, 6T 0. 78, K, bR 4t
FEIFE RS M f <1 B, K, =0.6 +0.4f,; %4 f, >1
LK, =15C, R kR 5 & PSR T R Co N
KIS I PT R B Ts R A AR (1) TR
S5 13 fios.

®13 XH[10]FEREMENERETEE
Tab. 13

Calculated values of compressive strength of brick

masonry after high temperature in Ref. [ 10 ]

MI10 M5
T /C
Ju"/MPa S Ju"/MPa S/
20 5.88 1.000 4.56 1.000
500 5.88 1.000 4.56 1.000
800 5.73 0.974 4.44 0.974
870 5.37 0.913 4.21 0.923
950 5.07 0.862 4.04 0.886

SCHRL 21 ] 25 X 28 Py A [ ek B2 i 1) 286 % 335 1k
PEPEAT AT 58 B G, 5 300 15 1 o 88 i 7 R )
AR, 3 R STk 746 mm x 365 mm x 115 mm,
R 5 JE 45 Gy MIO (3R & B0 K. T i 3 R



£ 198 - e N

4

552 4%

5 C/min KF) HARR B S EIE 1 h. 2558 R0 it k%
TEZE 1 800 °C i )5 , 3 EERRAIK 44% . SCHR[ 21 ] 1Y
it it v 1R P i B M DL 3 14.

F 14 Ei[21] SR EREB A ERE EIR I EE
Tab. 14

Test data of compressive strength of brick masonry

after high temperature in Ref. [ 21 ]

T/ S/ MPa S /1
20 8.8 1.000
200 8.9 1.011
200 9.8 1.114
200 7.1 0.807
200 7.5 0.852
400 6.3 0.716
400 7.6 0. 864
400 6.1 0.693
400 6.4 0.727
600 5.0 0.568
600 6.1 0.693
600 6.2 0.705
600 5.2 0.591
800 4.9 0.557
800 5.1 0.580
800 5.5 0.625
800 4.2 0.477

SCHR[22 JAE 9T R ik e i i )70 T 2 B A
AEHEE iR SR 189 mm x 120 mm x 115 mm, 3%
PSR EEAECh M10 TR &R0 e B 5is Bt 1 o 2
BT T 2 AN B, 7 800 °C il , PR
HRIY 65% 7oA. A W3k 15.

RIS K[ 22] &R REBMEUER NG KR

Tab. 15  Test data of compressive strength of brick masonry

after high temperature in Ref. [22 ]

T/°C 2 /MPa Shayp

20 10.20 1.000
400 6.37 0.625
800 3.53 0.346

2.2 EWMEEEHNFEEITE

SCHRLO — 10 ] vp R TR 05 Ry 7K D10 3, SCHik
[21 =22 J R IR A 00, AU TR
I3 K DERD IR A5 D I i i S T AR BT
SR EEYTIR AR KT R 2 AN A Hh AR T 4 O sl
Ji5 7K VR A0 SR AN S5 14 e A0 7T 588 2 37 0 2R
5 T BA 95% PRUER I T G AU A& 4, 1521
e it H 7K DR D HRERE) S il R A0 s 8 A i 2R
PRI AP EIE A

fu/f, =1.000 -2.204 x 10 (T -20),
20 C <T<950 °C,T <20 CHHL T=20 °C,
(12)
fut/f,=1.000 —1.226 x 10 ™* (T -20),
20 °C <T<950 °C,T <20 CHHL T =20 C.
(13)
P A/ R TR R S K TR S ) 55 B4 e i AR i
FE 58 BT I8 R £, R A AT SR B, MPa; T
ML, C.
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Fig.4 Envelope curve and fitting curve of /% /f,, and T

15 Sy s il VR B 10 SR A 3R A e iR e e 5
FEYTR AR S/ 5 T HA 95% PR UER I T il
LAPLA I 15 3 m RS R A D3R 3R 1 18D
ST E IRV € IR A VIR R/ S 1 o)
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Tab. 16 ~ Comparison between calculated and test values of
reduction coefficient of compressive strength of brick

masonry after high temperature
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7/ s 7/ s 7/ s
C S C S C S
20 1.00 20 1.000 20 1.000
100 1.00 100 0.981 100 0.931
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700 0.38 700 0.855 700 0.412
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