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Abstract: Considering that the mechanical parameters of rock mass in reservoir slope are degraded by water level fluctuation
and acid rainfall, uniaxial and triaxial compression tests are conducted on the argillaceous sandstone under wetting-drying
cycles in acidic environment. Based on the laboratory test results, the uniaxial compressive strength, elastic modulus, material
constants and cohesion of rock mass in geological strength index (GIS) are obtained using the generalized Hoek-Brown
criterion. The results show that the deterioration of the mechanical parameters is more obvious under higher wetting-drying
cycle number and more acid solution for the broken argillaceous sandstone. Under the same GSI score system, there are
differences in the ordering of deterioration effect for each mechanical parameter with change of pH values and wetting-drying
cycle numbers, the elastic modulus belongs to the largest comprehensive degradation effect, and the cumulative degradation
effect of cohesion is the most obvious. A strong linear correlation is observed in the deterioration of mechanical parameters of
rock mass, pH value of soak solution and logarithm of wetting-drying cycle numbers. Based on the above research, a
three-dimensional curved surface equation for the mechanical parameters of argillaceous sandstone, pH value and
wetting-drying cycle numbers is put forward, which can provide a theoretical basis for obtaining the mechanical parameters of
rock mass under wetting-drying cycles in acidic environment and predict the stability life of the slope.

Key words: wetting-drying cycle; pH value; generalized Hoek-Brown criterion; deterioration factor; 3D surface

0 gl = EEWH: EXAARFIEGHFEEEIH (51308567); maE AR
pH {E/NT 5.65 IR BRI, 3 PHBIX R % A2, 2B E L BRI TR &R (20120191110039)
N \ =01 . ~05 -
2007 4E 1) pH BEIAT] 4.58, 2K pH KA AR R 2013703708

HERIEE



6

FTE, S RIS TRMEIAE XS A S i S s 1153

2 TG LA RS . A AR YE KIS AR
T &R, BT R BR WA X a3
T V& T e M s e B B X NSNS A
R BA RN TR T % 5 me s, o mide 2t
EWNRAIE SRS, B T X Hoek—Brown
HE I ZE 3 R g PE S M IS o SRR AR it
S = RIS EEE , IO T TR ERMER R KRR
b h £k . ZERE T NLE i K TR R AL Hh
2, PR TWK IR SMmERRR. HE EE
WAL T IR A A 1 5 S50 s, =
ST 7 TR P T R o 7 2 R 5 11
Whgt, XA IR 5 1 K A A T LR
AR F2 FLIE N IRV /K 5 R R R R 2R o

FEAVEARA T 5 L S HEE TR IR
BRI 4R R, X TRRYEIAEE FX AR /1% 5
Brsem E B e b, A CE SR EEN
Y 2Rt 1, @it T X Hoek—Brown 1SR Hy
TE—3E GSUE R EARTREESEL, WRABEIE A 2
o 5B 7 A [FIBEIEFRE FE VR ST 5 Ik ot B S 4 e
TG EFNIZ ) pH AR 4 i — 4 i
SEENIEIR T =38 Z WA, R E IR WA
X} PR R I3 A AR B B A se i A fR 5 = L.

1T REFR
1.1 RIERE

ARG F EE RIS H AR ) E IR X
T AR T %S5 CRRPURRE ., R E. M
REFEL BRI AR . i A B X R b
(V8 D A BE AT = ARIEHT 7T, SR EL4% D=50 mm,
15 H=100 mm [ EFEARPE, Sl 466006 A1 =5l &
%R 58 43 HIFE INSTRON 1346 F1 MTS815 J& /bl itk
17, R AVIIEYESHNER 1 R, BR 1Al
A URAR IR % FH AR S D S FL B 2R b — M XA b
K, HIFOFLBE L, WoKREI G, VeI AiEK
AL, TIRIEIME X 122 2800 B A B
%[]9] .

=1 RREEVIIRIIESH

Table 1 Physical parameters of sandstone
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w, /% w, /%  n/% /(g'cm%) /(g'cm%) /(g'cm%)

1.09 1.96 5.57 2.56 2.53 2.68
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Fig. 1 Expansion of cracks of argillaceous sandstone under all

kinds of wetting-drying cycles
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Table 2 Laboratory test results of argillaceous sandstone under all kinds of wetting-drying cycles in different pH conditions

pH=7 pH=5 pH=3
n c E c 0 c E c 0 o E c 0
/MPa /GPa /MPa /(°) /MPa /GPa /MPa /(°) /MPa /GPa /MPa /(°)
0 49.1 5.17 10.07 45.14 49.1 5.17 10.07 45.14 49.1 5.17 10.07 45.14
1 28.63 2.67 6.53 36.48 26.03 2.56 6.31 36.20 24.58 2.40 5.81 35.30
5 21.35 1.90 5.27 33.13 19.61 1.89 5.03 34.26 17.12 1.58 4.63 30.33
10 18.48 1.84 4.81 30.76 16.56 1.71 4.61 30.56 12.14 1.32 3.16 30.76
15 16.77 1.73 4.46 30.54 14.97 1.55 4.28 30.15 8.71 0.77 2.30 27.87
20 15.37 1.55 4.20 29.80 14.46 1.46 4.49 27.42 5.21 0.72 1.57 21.86
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Table 3 Fitting equations for mechanical parameters of argillaceous sandstone under all kinds of wetting-drying cycles in different pH

conditions
pH o, E
7 o (1) = 49.1[1 - 0.609 1n(no'2489 +D] R’=0.9995 E(n) = 5.17[1 - 0.717 ln(no'168 +1] R’=0.9995
5 0, (1) = 49.1[1 - 0.6846 ln(no'zos2 +D] R’=0.9991 E(n) = 5.17[1 - 0.7388 ln(no'I696 +1] R’=0.9999
3 0, (1) = 49.1[1 - 0.6957 ln(rzo'3043 +1] R’=0.9962 E(n) = 5.17[1 - 0.7641 1n(n0'2454 +D] R’=0.996

4 NFEl pH KR EMFEBEIFRB T EFNNFEEHR

Table 4 Mechanical parameters of rock mass under all kinds of wetting-drying cycles in different pH conditions

. GSI=20 GSI=70
“ . o.,/MPa  E_./MPa my; c,i/kPa o /MPa E . /MPa my; ¢, ’kPa
pH=7,n=0 0.39 236.12 0.56 80.54 9.24 3788.65 3.34 1908.14
pH=7,n=1 0.23 118.77 0.34 57.93 5.34 1905.74 2.00 1348.67
pH=7,n=5 0.17 94.34 0.28 46.83 4.10 1513.75 1.66 1113.54
pH=7,n=10 0.15 82.88 0.25 41.21 3.50 1329.83 1.50 996.47
pH=7,n=15 0.13 75.92 0.23 37.72 3.07 1218.13 1.40 923.89
pH=7,n=20 0.12 70.87 0.22 35.15 2.86 1137.05 1.33 870.67
pH=5,n=0 0.39 236.12 0.56 80.54 9.24 3788.65 3.34 1908.14
pH=5,n=1 0.21 115.20 0.34 52.79 4.86 1848.49 2.04 1224.87
pH=5,n=5 0.16 89.78 0.27 42.72 3.73 1440.49 1.64 1005.79
pH=5,n=10 0.13 77.84 0.24 37.78 3.19 1248.93 1.45 899.42
pH=5,n=15 0.12 70.58 0.22 34.73 2.86 1132.55 1.33 833.99
pH=5,n=20 0.11 65.32 0.21 32.50 2.62 1048.06 1.25 786.18
pH=3,n=0 0.39 236.12 0.56 80.54 9.24 3788.65 3.34 1908.14
pH=3,n=1 0.20 111.08 0.32 52.51 4.78 1782.31 1.89 1245.51
pH=3,n=5 0.13 71.96 0.24 35.45 3.02 1154.63 1.42 837.96
pH=3,n=10 0.09 53.01 0.20 26.64 2.15 850.51 1.20 627.29
pH=3,n=15 0.07 41.36 0.18 21.13 1.61 663.59 1.06 495.56
pH=3,n=20 0.05 32.85 0.16 17.08 1.21 527.06 0.96 398.66
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Fig. 2 Relationship between uniaxial compressive strength of rock

mass and wetting-drying cycles
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Fig. 3 Relationship between normalized coefficient of mechanical
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Table 5 Strain parameters of rock mass under all kinds of

wetting-drying cycles in different pH conditions

GSI=20 GSI=70
pH & &, o, &, o,
7 0.0017 0.0007 0.0025 0.0665
5 0.0017 0.0018 0.0025 0.0691
3 0.0017 0.0023 0.0025 0.0780
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H1 1] 4 e UL i 2 75 1 m] e b 2 R 95 AL RONE
5 pH EERZIEASS, RIFRMLERME & BT RS
HdabrbE pH B B UHIFEE . pH AEXH 22851
R HE . BT 9 BT 5 B> 35 5 1 5L
>4 A R B> SR R B RN . i PR P e
A 2 A %0
o=—kp+f (15)
A kNG RBIIRIE, p NRIEKEHH pH H,
SRNEIR BN AE I 1) 510 R 5
G R BRI =1, 5, 10, 15, 20 ¥
b 5 B A ZH A ZEE pH AR E e
o, 558 k B 5 X &NAFRTFRIEAREC &
TG, BTN

k, =0.0106In7+0.0075  (R*=0.9966),
k, =0.0062In7+0.0082  ( R*=0.9969),
k., =0.013Inn+0.0159 (R*=0.9946),

k, =—0.0022Inn+0.0180  (R>=0.9871).
HALE T RERT AL, R A 1% SN B R AL
R TIRIEA KB R, Fh
k=aln(m)+b (n=1) (16)
K a, b ABURBRIHRMI R
WK 6 Fron, [FEREXRAE S0 R AL F ARG
PHGHATIE, BARHFEN



FTIE, 55 BRUEINETRIEE X B A )5

SR H T 1157

%6 #
£, =0.07741nn+0.5409 (R*=0.9991),
f» =0.1355In7n+0.5482 (R*=0.9981),
£, =0.1112In7n +0.4450 (R*=0.9980),

f.=0.173Inn +0.3986 (R*=0.9962).

006 —*—oc
o F
005 —A—m
——
%
0.04 -
£
0.03
S
R 002
0.01
| | | ]
0 5 10 15 20
AR ZIEN e

Bl 5 HURKMERSFERIPRE KRR
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Fig. 6 Relationship between extreme of deterioration factor and
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