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Mechanical Properties of Sandstone under Freeze-thaw Cycling and

Chemical Corrosion

LIAO Haohao, CHEN Youliang, LI Shiming, YIN Yucheng, PENG Chenxi, LI Zhe
(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In this paper, test specimens taken from Yunnan were selected to study the mechanical
properties of sandstone after chemical corrosion. The uniaxial compression strength test and three-
point bending test were carried out on sandstone in 3 hydrated environments (HCI solution of PH=3,
aqueous solution of PH=7, NaOH solution of PH=12), and at different freeze-thaw cycling temper-
ature (—20°C, —30°C, —40°Cand —50°C). The test results show that the deterioration damage mode
of the sandstone under freezing-thaw cycling and chemical corrosion is mainly affected by the freeze-
thaw cycling temperature and its environment. In different solutions, the uniaxial compressive
strength, modulus of elasticity, peak stress and fracture toughness gradually reduce with the decrease
of freeze-thaw cycling temperature. The damage variable of the sandstone after immersed in HCI solu-
tion is the largest, while the sandstone is strengthened in the solution of NaOH, which repairs the
sandstone.
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properties

» YR EHHEA:2018-08-27;1&E A # :2018-12-04
ESWE : b7 Hopk £ 0 5% 4008 5 30 H (18692106100) | [ 5 404 Jr w8 i 4 % 31 R A (GDT20183100437) L [ K
B R AL FE 410 H (10872133) % Bl
PEZ® A B (1995-) 55 i+, N FRRIE A TR NP5 . Email: 535022023@qq.com
BIRAES PR 5 (1966-) 5 82 15 1+, EENFA+ TR FMMIFS . Email: chenyouliang2001@163.com

1009



5l

i

gt v R 2 T AR 4 R L
T AR Y 4y 2 = A A = B T R R T
J S BAREAT 1R 5Bk B i R AT R FE X
WA R AR IR U S BT R A
BRI M FE XA R TR . 98 DR B IR HLIR 22
BRI g 2 W B A2 VR RO R 1) 2 ) L]
N T B R R AT E X TR, WE AN [ il JEE VR
8 VR S 1A 1 3 2 1 R T figp b SR DX T 78 1Y) 22 4[]
A AR T B SR SO R P AR R R L4 B
PEFITR 40 19 03 22 e R B 01 9 2 4045 — 2 R, HL
Yavuz 5B T 20 A VRRELDE IR 00 0E T = AR5
A URE T G S BE R A T R iR R it 2 R A
JE ST — BN R R T A A e R A
U 32 R U B P N[ P SR o B2 N
VRERIKE , 70 T 2 40 70 VR Bl 2% TR AR BB g 2
PEFI 1 25 A AL, & B 1 VR it s 5 1 32 VR il
W BE AT R DL R R RS 2 i TR 3R R
M o X, Tan 550 285 AN 7] U w6 B0 vk B0y 26 54
PEAT T B Sk T 4 R0 =k TR 4 X, O I A R RO
PRUBL I AL 5 o 122 2 i 5 4k

AR — Bl i B UKL A LR 45 7E — R P
SRR S5 AR T2 B 2 2R M s S R A R
FRAFTE A AN AT 3 G 1) R 5 20, R K A% 2R
KA 2 AR A T A AT R 1 3 o S PR TR
Y S A 2 Kb T A B OR [ K 3R, 2 4k T —
PH {5 1) R Bl 75 98 I, o TS 1) A 400 i R 2% o
452 SR I WO A — R AL O, T
BOA R B = 450, ol R e R TR A —
U7 Y R O N e RO EER S ER e iUf 2
Wi, [ A S R T2 PSR XL T Feng
S5O TN [ A 2 RO A A T R R B,
BT A A IR G B R R S AT D AR AR S R
T EA R A 3R AE o B DO R AE A
B R B AE B A AT S R A A, e A TR
PH {EL A4 Al 57 ¥ WO A6 10 2 0 2 R 1 L B 3 LIS ekt
B2 MR, A5 B T AN [R]85 A 1) 75 6 PR LA A 28—
MR AL M2k . TR 5 A HEAT T AR AN TR I E] A
A TR A~ U WO Ik R WA B g 2 R R o A, R
A 7 U W R R A B 4% I A R BE R AT BT
TR

1010

1115 7 8 DX S A R v VR R A PR A AL 2 7
KRBT RIEEMEMNN. RARENSICEAH
VF 22 00 U Bl 708 A R A 2 o 3 [ 4 T IR BE Y
WSS AR TR AR B A et R RE S 22k
T IR BE -, B LUAS SORE RLAS [R] 3 8009 A 8] PHE
AN (7 5 08 R i B2 A Oy 22 2 X b2 1 T S e
JETF— Z 5 (X5 B 5, O T DX o R TR A i g
HE NS H M.

1 KA
1.1 REEFME

TE U = D VR A i A R Y o
235 g/em’, R EE MBI A 6 KA R
A AN 2 IR fECOR B KR TR 5 A il
FUAR D T L R 4 A AR B A2 50 mm X
/5 B 100 mm 9 18 AE 4R s BT = 80 il 50 9 KR
K 250 mm X $E 50 mm X 15 50 mm , H [E] Bl 1R E
25 mm KI5 1A

1.2 EigHE

i TG P38 5 15 45 R CABR-HDKO9A ekt
i R 36 B 5 A A s 4 0 1 SR P ROPIL 45 i I
i) e = Jh i B AL, B K Aar 2R 2 X107 kN 47 [
o ] 3% A SR ) V-METER %88 75 ik i 3 0
A s = A iR A R T AR R L.
Tk 235 # W 22 1% %5 A SteREO Discovery.v8 i i 5% 4%
B RE ST MR OB L B RO AR B 12018

1.3 RIEAH*E

PLPH (H R il B o A8 AT =45
Je, W A 28 3 AT ] b B AY D 2 A o A
HEAT B R A g | = A e DL RO ¢ H SR T
TR ZE R o FLUR 4 R 28 30 AT Aol b 380 0% 120 2 3K 43
A PH=3 By HCI¥# & \H.O % W& 1 PH=12 1
NaOH % W, =06 34~ A 3 18] 59— J& A I — ik
PH{H , (R %F PHAEANZE . I 4 AN [A] PH {E 7K % W Ak
PR B0 R SR A HEAT S R A
S DL R oW R SR O A5 . S Rk
17 A 2 1 ol s i 0 a0 43 0 #E AT 20~ —20 °C
20~—30 C,20~—40 °C .20~ —50 “CIH s fh 75 31 ,
TE IR UEL A 30 Uk o DN St b 2 35 ol R 5 i A0 30 8 5
YEF T 0 a1 0 M A i, AT Bl i



AR A DA R W 3R T OUL A

B A P A R D R A (A S
ANRKPE) AT B R 2 1 (B2 5 M) L =
a5 gt a6 (4 A ) LA SO %5 JHG 3 T ok WL 485 4
(B 3 .

2 BHEHRELERESN

2.1 WIRER

B RS , AR B R A T = MR
B BB 2GR | B R B U0 IR R 4 A B IR,
Tio A& 1 R

LY LA Lyl
EE DSBS
il

e //
//+ 1_+"‘+

Dkl
() FREERBIR  (b) R BT VIR (o) HEMIR
RN T2 N SN vk il

Fig.1 Stress distribution in different failure modes

I BT IR TSI < REDR B 2 IR th T D s A
P9 JEE 8 /N T T 9 R BT 7 A 1 SR IR 5 FLRE
T 5 YA IR S h T R T B A BT 0 T B
VYo B, BT 7= A 1 TR 3 AR A BN T a1
9 S 5 A3 A TS AR 2 I A7 7 BE 45 1, 3t ek T g R A
JO7 BT 7 A R R

SHIBUIDS L e S -3 7 7 N - RV W IAER 6 o T o
DAL “7 ¥ b DAy A2 3 SR VR Rl AR A O O L Y
TGS AL B AR S5 B B U 20 55 A = 9 T R R
R0 AR O 0 8 OG R o

22 TEHEES

4y 5 2 it PH=3 () HCL & & . HO ¥ W Ml
PH=12 i) NaOH ¥ ¥ 12 1 J5 9 3 140 B i ok Al 3 4%
T b B R ARARES TR AR A — R A Ik o
R S DN et g 2 3 A Y B A BT A
025 V5 WA 38 D 2 S A R R R LR 1

B 28 1 AT 40 b 45 28 ok HLO ¥ W 5 360 b 34 7 o
PR LT A AR 1k, 40 NaOH 3% W12 7 b B
M RD A R A A ARIR S K T 21,590, 1A
NaOH ¥ W& 0 25 1 ) 2 B4 BA — o 018 2 E

F1 UERARLEEWEEEEREHREAER
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Table 2 Relationship between elastic modulus and freeze -

thaw cycling temperature

28 b a R?
NaOH 26.388 0.012 0.923 6
H.O 21.152 0.010 0.992 5
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Table 3 Fracture toughness of sandstone in different

chemical solutions
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tures and fracture toughness
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Table 4 Freeze-thaw coefficient of sandstone
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Table 5 Damage variable of sandstone

BN E, E,/E, D

ER/N 19.8 — —
H,O 21.1 1.066 —0.066
HCI 15.4 0.758 0.242
NaOH 24.7 1.212 —0.212
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