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Study on Deterioration Mechanism of Blue Bricks of Ancient Buildings
under Coupling Effect of Drying—wetting Cycles and Soluble Salts

ZHANG Jingke'*",ZHANG Hao',WANG Nan', BAI Dongming',ZHANG Lixiang',SUO Chenyang'
(1. School of Civil Engineering and Mechanics, Lanzhou University, Lanzhou 730000, China;
2. Key Laboratory of Mechanics on Disaster and Environment in Western China, the Ministry of Education of China, Lanzhou Univer-

sity, Lanzhou 730000, China)

Abstract: Salt solutions based on Na,SO,, NaCl, MgSO, and their pairwise mixed salts were set up to conduct
drying—wetting cycle tests on blue brick samples, and the effects of soluble salts in the drying—wetting cycles on the
quality, surface hardness, elastic wave velocity and color difference of blue bricks were studied. The deterioration
mechanism of blue bricks was analyzed from the perspectives of macroscopic, fine and microscopic multi-scale and
mineral composition changes. The results show that the mass, wave velocity and hardness of the test all increase first

and then decrease, and the hardness continues to decrease. The compressive strength and capillary water absorption
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rate are reduced to varying degrees. Na,SO, causes serious damage to the surface layer and a certain depth of blue

bricks. MgSO, destroys the pores in the brick, resulting in small cracks, but it is difficult to damage the surface layer

of blue bricks. In contrast, NaCl only weakly erodes the surface layer of the brick. The interaction between the mixed

salts changes their location of crystallization, quantity, and solubility, then it results in different deterioration

patterns. Compared with single salt, the deterioration characteristics in the mixed salt chamber are more consistent

with the disease characteristics in the actual occurrence environment. The results of this research will provide a

reference for the protection and restoration of related buildings of brick cultural heritage.

Key words: brick construction; soluble salts; drying—wetting cycles; multi-scale; deterioration mechanism
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Tab.1 Soluble salt contents of the bricks of the pagoda
mg-kg™’

eSS C NOY S02T Nat KT Mg® Ca™
1 132.25 9563 105.56 121.52 245 26.50 174.53
2 17832 127.68 141.02 147.32 149 27.00 157.35
3 190.87 11291 178.94 120.66 12.15 19.99 157.58

1.2 RGBSR

AP 50 i R HT A28 A - 1J1000Y AL HL K
S, 2 000 g, K5 FE 0.01 g3 TH-120A A1 (D 54 ) fifi i
T ; RSM—-SYSN #U 8 75 A6 {5 AO1052 5 485 20
T WA, 300 TR E  ORAE 2 10 ~ 300155 101-
3SB AU HL P IR TR AR | i R 300 °CL R IR A
+1 “C; ApreoS F4# L I S5 ; X'Pert PRO % X £k
AT, T L (20) K 0°~167° s NR10QC T3 {1
ZA, R CIEL*a*b.

A 3o X6 2 P T A T BT AT 6 R TR B i SR
BEAT AT B0, 7F 20 TH 22 80 4R U4 L& BiEAT 43 5
e . JEF i [ SO I R A ) ST R DD T T
(4 JEE DN, A Y SR FH 55 8 e JBE AR ) T 25 i BT i
HEATIR S . 25 1 (R B A W) B 2 Pk BT 48 A AN % 2
S s HORLAR 43 A A &L 2 e, JOks Lok b R &6 ks ok
F L EREAE R LR SRR A LT
S AR A A, R AR T /DN B 52, 7 KAkt
PP 22 SRR B G 0 T K R 50 mm 1) ST
T VREEHe AR AR YGRS AR (JE 60 B ).

®2 WEERMIE S FERIER

Tab.2 Basic physical and mechanical indices of specimens
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1.58+0.03 2.89+0.04 34.64+0.31 45.33+0.36 20.53+0.52 385.08+6.28 20.73+1.13
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Fig.2 The particle size distribution of the original specimen
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Fig.4 The relationship between mass and period
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Fig.5 The relationship between surface hardness and period
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Fig.6 Index loss rates of samples after tests
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Fig.8 Microstructure characteristics of samples
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before and after the test
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Fig.10 The relationship between color difference and period

Tab.3 X-ray diffraction and mineral analysis of specimens before and after cycles %
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NSO HZ 39.9 7.6(19.0) 10.4(26.1) 0.0(0.0) 0.0(0.0) 6.3(15.8)  14.6(36.6)  21.3(53.4)
o #2583 8.6(148)  10.8(185)  0.0(0.0) 0000.0)  7.1(122)  6.9(11.8) 8.3(14.2)
ucl HZ 431 4.7(10.9) 13.1(30.4)  5.7(13.2) 1.5(3.5) 0.0(0.0) 31.4(72.9) 0.5(1.2)
KE 438 3.6(8.2) 9.0(20.5) 14.8(33.8)  2.7(6.2) 0.0(0.0) 24.1(55.0) 2.0(4.6)
MO HZ 444 8.4(18.9) 12.2(27.5) 0.0(0.0) 0.0(0.0) 0.0(0.0) 163(36.7)  18.8(42.3)
! xZ 567 109(19.2)  12.5(22.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 13.9(24.5)  6.0(10.6)
Na.S0, M0 HE 408 3.1(7.6) 9.7(23.8) 13.0(31.9)  0.0(0.0) 0.0(0.0) 29.7(72.8) 3.7(9.1)
o Yok 334 35(105)  13.5(404)  13.0(389)  0.0(0.0) 00(0.0)  327(97.9)  4.0(12.0)
NaCI-MgS0, HEE 382 8.7(22.8) 10.2(26.7) 0.0(0.0) 0.0(0.0) 0.0(0.0) 6.5(17.0)  36.5(95.5)
L2 48.4 9.6(19.8) 11.4(23.6) 0.0(0.0) 2.7(5.6) 0.0(0.0) 18.4(38.0) 9.5(19.6)
NaSO —NaCl B2 32.0 2.3(7.2) 11.9(37.2)  27.4(85.6) 1.8(5.6) 0.0(0.0) 17.7(55.3) 7.0(21.9)
e EE 380 56(147)  11.0(28.9)  18.0(47.4)  1.6(42) 0.000.0)  24.2(63.7) 1.6(4.2)
IRHT 423 10.0(23.6)  12.5(29.6) 0.0(0.0) 0.0(0.0) 0.0(0.0) 11.8(27.9)  23.4(55.3)
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Fig.12 Degradation mechanism of blue bricks under the action of various soluble salts
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