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Dynamic elastic modulus based on unsaturated water
freeze-thaw action for ancient bricks
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(1. College of Civil Engineering;Key Laboratory of Geotechincal and Underground Engineering (Tongji University) ,
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Abstract: Elastic modulus is one of the most important indexes to reflect material stiffness. Raining and
{reeze-thaw lead brick masonry to be in the state of unsaturated water freeze-thaw. The experiment aims to
obtain the elastic modulus of ancient bricks under various unsaturated water freeze-thaw. The brick
samples were put in the environmental chamber to carry out raining and freeze-thaw action. The experiment
including saturated coefficient, saturated degree, dynamic elastic modulus and relative elastic modulus were
carried out for these samples. Results show that the dynamic elastic modulus of the samples obviously
decreases when saturated degree is equal to or larger than 60% ; the elastic modulus of the samples have no
significant change when saturated degree is less than 60% ., and the samples break when their saturated

degree reached a certain value. This paper also discusses parameters like limit saturated degree, which
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reflect the freeze-thaw resistance for ancient bricks.

Key words: unsaturated water; freeze-thaw; saturated degree;dynamic elastic modulus; saturated coefficient

G FLBR B K T2 AR T A R B AL sk
LA B K TE B 20 AL A 0 A 7 0 R AR T 2
WK B8 T3 /N R 8 T AT RH R IR AR . B
FH MR B K B0, 4ok B8 S B Wi 4
HREE K 5 B AR S I, B4k B oA E
MR B WK BE 1 R /N e T MR K BE RN
MK BE 48 R B FL B H 1 FE KRR B . R T AR R R A
VEZAE LT ALK R IR . % A S dt s
B S R T R T i BT < 2 A RN o -
TG FLBR 7K 4R 28 b T 0 K B AR T K R 58 R B e iR
25 5 7l HEAR S AL R ) G S B s AR LR A L R TR
25 Y AE T A b L 3 B A K A R A R e T
WSS MR ER T B AR B R A A R R A
ZER R B A SR B 0 I K ol B A0 K BB B
WK 29538 20 i itz L B, AR 408 B2 RN 22 1% K /0N 0 R T
B[R] 22 /0, ol f FL B 2 IR 6] B M 7K BE . — i
BUF S FESEWR 13 h L AT w] REak 240 At
IS AR K AR R ol i FL B K A K 8 S . A S
PR PR 7K BE 2R R AN (R A AR /K R Rl T X8 L A oty e
KA,

A5 AR A LB K TR 52 R 1 DL T T Y 4
iR —FE ). Fagerland™ i i Xf 5 56 B8 40 #7
PR T S AN IS L N bR — B PR AR K R
FE Y S BR K iR /N TR BRAR KRR BE ViK™ A 1 i
RN s R BR A 7K R B s o B 7 A ) 2R R A
PR PR 7K R B R ARG R Al P 43 1 G s S 4. IR
FFL B S TR B 2 18] AT LA 98 7K A8 B K e 1A R
FIEACAE T R AU > T R A AR R K R R A
fite L I 78 7K R B /0N T 0 B A 7K A B 1) o il

UL A A SR RE I BE Y B B A . SRR AR
BB KN T B W RE o R e TR )
DA 55 Ky 1 48K TET I B, L 2 ) SO A AR Y AR TR I
&, Powers SF1 A Ry VR il 7 A 1 8 K TR T 2
B B ALAR 2 A B R . VR Rl ™ A B K R ) el
AR TR LA PR T AR R B BRI T
Rl e I L P SR R ST R (/RN
PPER . BT AR K S B AR S o it L BR AR K
A5 DI AR AR KR Rl FH S oy i o A e R
B ATF 58 % % A SCA SR PR 3P 1 b B

A Ak S A SR I 3 7 T — AR 1 R

27 v L B 5 v 3 TR b 485 T L o T 5
PRSI, T 7 26 8 25 RO 1 5 b A
B I o 78 80 T 7 T L B e
T2 B 7 7 0 o R e A2 B 2 1 K
B B3 P 25 v SRR b B 8 7 9
BT EZ . S EFAA G T 7
BERH I R O 92 S bR L 35 1 ASTMC 1419 43k
X I P 7 T R T T B TR

1 LWHESXRER

L1 LBHERER

JI A A it i R R L — AR A A
ROl s ARG APLRSF 290 mm X140 mm
X 70 mm, RS TE O =4 (AT 1823 48) L 4F
SCH S DUIEL 1 HORTTE M R T A ORI A X
AP R FE K 580 mm ARSI 9.7 CL & F
P i ARIELRE — 30 C o R b ik HORE IR 3T 80 B (5
FARRES TR ME XS RE i 10 HO)

1 #RE

Fig. 1 Ancient residence
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Fig. 2 Atmospheric environmental test chamber
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Table 1 Elastic modulusand degree of saturation results

VR Bl R K [URAES Tk
0 0. 890 0. 000

5 0. 870 0. 360

10 0. 860 0.530
15 0. 900 0.530
20 0. 900 0.520
25 0. 920 0. 690
30 0. 927 0.732
35 0.939 0.772
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Fig. 3 Elastic modulus test samples
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Table 2 Dynamic elastic modulus results

i R R Eq/MPa Ea
0 4 761.67

5 4 037.33 0. 88

10 4 437.91 1. 00

15 4 477.76 1.03

20 3 978. 64 1. 05

25 3 846. 65 0. 83

30 3761.8 0.92

35 3 540. 42 0. 83
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Fig.4 Dynamic elastic modulus under unsaturated

cyclic freeze-thaw
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Fig.5 Relative dynamic elastic modulus under

unsaturated cyclic freeze-thaw
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Fig. 6 Saturation coefficient versus dynamic elastic modulus
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Fig.7 Saturation coefficient versus relative

dynamic elastic modulus
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