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Crack Evolvement of Ancient Brick Masonry

under Uniaxial Compression

TANG Yongjing', LU Xingbang
(Key Laboratory of Geotechnical and Underground Engineering of the Ministry of Education,
College of Civil Engineering, Tongji University , Shanghai 200092, China)

Abstract: Crack occurrence is a visual representation for brick masonry damage. In this paper, crack evolve—
ment law of ancient brick masonry under uniaxial compressive loading after freeze—thaw cycles was investigated. The
loading—deformation curve and crack data of ancient brick masonry were recorded. For each masonry sample, its ini—
tial cracking load was determined synthetically by three reference values based on loading—deformation curve, length
of single crack, and crack development. After the crack length at every loading level was obtained, the normalization
processing was performed. The trilinear model was used to simulate the relationship between the crack length and
loading level. Crack of the ancient brick masonry occurred earlier and faster than that of modern brick masonry: the
value range of initial cracking load was from 0.4 £, (compressive strength) to 0.6 f,,, which averaged about 0.52 f, ;
when the stress reached 0.7 f,,, critical crack was initiated; when the stress reached 0.93 f,,, masonry entered into the

ultimate state. The masonry damage was described by crack density, which was defined as the crack length per unit
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area. The development rule of crack density was proposed with a final value of 8.7 m/m* Compared with the results of
similar tests in references, it was found that crack density was a relatively stable indicator, which has good potential
for further study and application.

Key words: ancient brick masonry ; compressive testing ; freeze —thaw injury ; initial cracking load ; crack

length ; crack density
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Tab.1 Results of uniaxial compression test

Gi% BUREfMPa  SEXEHEI S
DO.1 3.85 7701 2.2
D0.2 2.86 11 762 3.6
D5.1 3.61 11 205 22
D5.2 3.87 10 590 2.6
D10.1 3.57 12 983 6.1
D10.2 3.98 11577 3.6
DI5.1 3.70 6 746 3.0
D152 4.96 8772 2.8
D20.1 3.87 10 655 3.0
D20.2 5.46 10 774 25
D25.1 4.01 9 905 6.5
D25.2 4.20 11 872 2.6
D30.1 4.45 12 764 44
D30.2 3.70 9 757 33
D35.1 3.78 11 969 4.8
D35.2 3.87 11 902 3.8
FEE 3.98 10 683 3.6
s S ZRL 0.15 0.16 0.36
MD5 3.62 10 970 3.4
MD20 4.37 9 787 4.1
MD32.5 3.95 11 598 4.0
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Fig.4 Load—deformation curve
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Tab.2 Judgement of the initial cracking load f;,

s IE%S BB K I Wk TFEN
T o o o, JEEH #Ho,

DO.1 030 030 046 046 076 046 046
D02 065 053 062 065 088 053 053
D51 047 047 047 047 047 047 047
D52 038 038 047 047 085 047 047
D101 042 050 050 050 050 050  0.50
DI02 058 053 053 053 058 058 053
DI51 059 061 061 061 061 061 061
DI52 046 046 046 046 053 046 046
D201 - 065 078 087 093 065 065
D202 074 031 031 080 091 075 075
D251 067 061 071 071 098 071 071
D252 036 036 043 043 068 043 036
D30.1 043 036 049 055 077 047 047
D302 041 041 041 041 041 041 041
D351 058 040 062 062 076 062 0.8
D352 041 041 048 048 054 048 041
BHE 050 046 052 056 070 053 0.52
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Tab.5 Results of trilinear model
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Bk 049 093 049 111 -055 729 -629 078
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Tab.6 Statistics of crack density in each referenc

ik RS %fff R mm?
[9] 14 7.90 Zh+ 6% 510x120x510
[20] 3 7.02 Zit5E 490x370x1300
245 8.01 L5k 370%x240x720
21 24 8.19 MEREE  370x240x720
2.8((e)(f)) 7.36 Lok 365x240x746
122 2.8((a)(b)) 5.65 WEIREE  365%240x746
[23] 10(a) 8.73 +IRhE 500%110x500
[24] 3 9.28 bERE 500x250%600
9(a) 5.83 RS 1260x360x1260
9(b) 5.55 W AEIEE  1260x360x1260
[25] 9(c) 5.10 W LR 1260x360x1260
9(d) 3.96 d RIS 1260x360x1260
9(e) 4.91 RS 1260x360x1260
TH{E 6.73
e 871 W RE 425%280x870
4 & it

ARSCWFGE T MRS A 50 vy i i) (R 2 5% &
Ak R, R CAD it ARz F R 24 K
JE | WAE 5% KA & R B RRAE 10 —fk 5 i 5
Bl PEAIT S 3, 15 8 T A K ROk
I, A SO BAE A28 07 X i i 25 4
PR B —E 25 M E. FEAR LT
258

DA T IF 2447 2R PEH T v, R A 48 -7
T M2 5870 1 ARG I 88 K SR fa 2
TEHITF AT 482,

2)EENT TR K R TR Y — T A
RS 2 A4 BeaS AR (N ) b HEE R LE)
7(0.49,0)F1(0.93,0.49) , B S5 ML i 2% 15 72 A
[F]5Z 1B Bx.

3V L BARIAA , Tt ik AR TT 24 5 8% ke
P 0.4 £, ~ 0.6 f,, BIIFZL, SEIEN 0.52,,0.7 £, 2
5% T BHE L 0.93 £, IR AR YR BE. T EA ¢
WA, 0.5 £, ~ 0.7 £, BYFF 2L, 0.8 f,, J5 2 W 1% 51 3

8%,

A HREERL p FAMIATF RN, 733 T
S ) il AT SR T T A R L. AR )
PRI R A R 2 8.71 m/m. S5 55 AH G
RRGE RN HE, e BRI PT e h BA
RLAFARSE I, HAT IR A TSR R A A

5) VREAE PR e AT O BRI B B VR Rl
TEPR OB N, BN B s  Fe id E finphe.
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