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Fig. 1 Coring diagram of the rock sample
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Table 1 Physical parameters of the rock samples

AREEfA/(0)  TEE/(geem™) EFEE/(g-cm™) FIKF/%

0 2.02 2.16 4.63
15 2.00 2.09 4.76
30 2.01 2.10 5.78
45 2.06 2.17 5.11
60 1.93 2.03 5.49
75 1.94 2.04 5.46
90 1.99 2.08 4.79
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Fig. 2 Variation of peak strength with orientation angle under

different confining pressures (number of freeze-thaw cycles n=0)
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Fig. 3 Variations of elastic modulus with orientation angle

under different numbers of freeze-thaw cycles (o,=0 MPa)
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Fig. 4 Variations of peak strength with orientation angle under
different numbers of freeze-thaw cycles (o,=0 MPa)
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Fig. 6 Variations of elastic modulus with number of freeze-

thaw cycles under different orientation angles (o,=0 MPa)
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Fig. 7 Variations of peak strength with number of freeze-

thaw cycles under different orientation angles (o,=0 MPa)

HE 6 ~ 7Rl .

(1) Bl 5 o RO R U B A 385 o, ) — 23 28 A 3
A ) L AT R {5 R ) S PRI A R
TV Rl ) 301, S AR T UG (B8R BBE 1) R 5 S A
B, WFE 20 R VR AIE FRRST , 2 HEA B R MR A R
SO ABE St R (R BT R B2 53 R 16% 1 20%
FEJE I, M A R R 5 B 1Y) R R R T2
TE VR BTG PR OB 40 Y B 60 IR IRt R R, B
T R R E 43 590 4 10% F 12% . 3% J2 IR A 78 R il 49
AR S SRS R R, AR RS I,
TREMRRL, S REM T SREATE .

(2) B A VR RGP OB 3G T, A o 5 0
(BB 1Y 25 S M /N . FRILAE R 6 LAk 2
ARG R O UR B, R AU 4, BB VR Rl 34
YB3 N, FE s R, 14 R RGP B
R 60 RIS, J2BHA R s A AR 40
2.3 BEERIFE

P8 ~ 9 Sy oA i il ) 5 R AE AN TR) L A e
AR g TG L P A8 T 28

& 8 ~ 9 m] il

(1) BEE FBER IR, [/ )220 B A i o
PR | (5 A Bt 2 8K, (I R
RN, RIAE ML R b, 7R R3S 0 A AT
1, i RlREK, Bl 2 RER BN,



34 L WEAT - 2% 1) SRR o VR ) S R E AT IS 893

14 o e 00 e 150
——30°—m—45°
—&— 60° —x%—75°

12 f
——90°
10 |

AR /GPa

0 2 3 6
[l E/MPa
KIS ANIa]JZ B BT SR ASE d il L 0728 A (Rl
TEFRREL n=0)
Fig. 8 Variations of elastic modulus with confining pressure
under different orientation angles (number of

freeze-thaw cycles n=0)

——0° —A—15°

UEE{E 38 /M Pa
&oh \

2 3 6
[l [E/MPa
P19 N[ 2 B A J3E T 0 5 32 Il P s 179 72 A (e
TEAKELn=0)
Fig. 9 Variation of peak strength with confining pressure
under different orientation angles (number of
freeze-thaw cycles n=0)

T8, WAE R 2 MPa i}, 2 3£ #E o 90°
WA REBAPERT R F T} T 13. 77%; TiAEH & 6 MPa
By, H PR LT T 4. 46%, H: 32 ZE R [
JRXF J2 B 55 T A FLBR . 4B ELA B R E A
(2) JZHA1 R 0° 19 25 FF 1) 0 {588 132 i TP 1)
B AR Ak B S, 3 2 el A 2 B I ) A LB A
S 2 A P o 0 1) AR T R Y . AR TR
2 MPafif, JZ2 B BE R 90° Y A FE Ay sifpE A5 i I
Tt 7 15. 43% ; THiAEFlE A 6 MPa i, HBi R
FETFT 6.56%. [H)— 2 B A AR 0 45 0] S D

N, 2 R )2 2 I RS B IR AL A e AR 5
A
2.4 WEZEFRESH

FRTE S R R I IE R, ST R
SSEATH , B WA A R o B R I i
25 1) Sk o I P A2 38 X A AR Y 45 1) S PR R A T
T REMIFFE . HA Ramamurthy ™ 4R 45 AS [6] )2 P
FAREAE LT A A S 5 B i AR AR RRAE , XA
SR EE A 1) SR AT T X, A 1 R BE RGOR
i

0
RC _ C, max ( 1 )

s o N RBAA D 0088 90° 7T e 5: JEE 1Y i
KAE 5 0 o HELBE AR BETE 0° ~ 90° 2Z 8] IR 470 e 548 J32
R dR/MEL

RRAE A 1 SR, 8 A0 B 2% 1) S o 54
T, VR IR 2.

K2 A SIS
Table 2 Anisotropy degrees of rocks

Re 10 SR
>1~1.1 2] [F)
>1.1~2 IR o S

>2~4 Hh g ) e
>4~6 A T e
>6 e iR 2% i) 51

RS B, SRR 2% 1] S R R, T R
RN

z (2)

Kp: E,. . E,, NP EETE 0° ~ 90° 2[RI X 7 1)
S 1) B KB RN e/ IMEL

FR A = (1) F(2) TS 2 25 FE DT 8 B ) 4%
li] S B R AN SR A 45 ) Sk B R, ARG,
W33,

F 2% 2 RIS 3 RIAT, SRR BT R o 3 R e M i
14 4% Tr) S B2 T 18 e DA AR 38 2 U Tl 47 8 U 5
B, SRR T A& sk, WNRIFTLEH,
PO 5 B LA R i M ASE e A 45 1) S B R 1)
HEhmEN, AR (0,=0 MPa) 2 1F R U0 i
RTS8 P AR 1 45 ) Sk B 43 i R 2. 12 3. 02,
JEA 6 MPa i, i e 5 5 A1 5P ASS o (19 45 1] S 1k
5314 2. 03 F12. 00, 435 FRET 4. 25% F133. 77%.
R B, A A f A5 ) S N R, LR

R =

min



894 7K JI

R + 42 3%

R3O ) SRR

Table 3  Anisotropy degrees of the rock samples

2 ) S o 2 ) SRR
R, ——— ———| AR ——— —
PR PR o EIWATCL Y U Ny
MP. WAL
RC RE RC RE
0 2.12 3.02 0 2.12 3.02
2 2.06 2.37 20 2.23 3.54
4 2.04 2.18 40 2.24 3.60
6 2.03 2.00 60 2.25 3.64

T 2R A [F) Al AT B O B8R 098 2% ) S R R TE LR o=
0 MPa B Z&PF R AHSEEY, ANIR) B T A4 16 S A2 7 AR Vs il 19 2
PERHHR.

BF, BT, 3158 B A P 9 55 T X A R B
55 N SRR 45 1) S M AR R R B T RIS, B R
DAL 2 L Xl 5359 T A i i R VR[]t L
(A 1) 249 SR AR FH ¢ B b B ) 7 2 A 7 553 T 1 B85 )
AT, DA T 55 T Y S O B

Wi R R R R B B, D i 3 LA R s
B (4 45 1) S B R T R R . AR R RRINT, A% ) S
PERE B3GR 125 TEVRRAS 0T, £ 1) Sk B Y
ROmFE RS Z R AH FL B O SR8 . BN, FERT 20 K
VRARET , BT 8 8 A S AR e 114 % ) S i
FESY 3R 5. 19% 117, 20% , 111 % Bl AT 35 Y 550 40
UCE 60 WY 28 AL B vh, S8 R 4300 K 0. 45%
L 11%. 3% B2 iR T Bl 5 R Rl 08 20 8 3
T, EFENT B B T AN R YR, 1
W1 R AR T 2 R s T BRI s, i s A VR
TR FH RT3 10 P 400 0 A X D0 2 o R O BRI
BRI I S B RN AR AW R,
Vi o AR 25 A YR G BB A T R T i R B
FIRW e SRR & A LB ™= A, TR A
— BT A, X BB AR G A A T Sk

3 AR

Wb A B WEE BT SR BT | SRR | R RN
JEE 58 AR 1Y 4% 1) 5 M SRR Y i IR S X U M
S HpE Iz RS 1A L R AR A I
UELSE R, FEASTRI BT, 25 A Bl 7 il 0 2 U B
AR ALK B ] o AR SCALBEHF 2k 2 MPa,
2 AN ) R A B0 OB 7 0 2 B S RE R
B (B 10, NZE B4 R Al G BRI BRI R 0., 20,
401 60) , KA ID 2 BB 10 2% ) S 1

FH & 10 A AT

(1) ZHAEEN AR, BRIy

ORI T 110 % ) B SR P IR A IR AR KLY
NG, HEGRIG T2 b, I E R KR TR
JI97 a) SEARFNY i o Bl R B IR B B , a
ST P AR B M A 1 T B = 3

(2) JZHAAEE R 150 A b, WA 2
J T ) B S IR R 2 B T ) B DI IR . TRV
TG ER O YR 20 YR, & A 25 R L o 1 B A4 IR
FUGR I T ZE I I, 5 R RN 000 A
IR AL 5 177 R @G 2F 40 RN 60 IR IR, kR &
A VR BT 0 Y VTR IR, A Ih TR BRI
Uiy, 228 Y I i B B A, AR S AT R Y [T,
R b B — sk R 2R AL

(3) JEZH AL R 30° M0 A kR, B A AT )2
PRGBS UIREIR | B i 45 )2 BEAR B 2 ity HH B3R
2450, I UT A S K FE N T 5 ) 5 R v G A, R SR T
B2 BATAAL R, JF Ry ) A2 BRGS0 K
AR, A )2 55 T R SR T AR A B S r A
il

(4) JZPRA TN 4590 60° 1 A HE, BB N
T )22 P55 T ) 5 D) g B e O, B U T BV Sy SR
HAEMBIEE ZR AR AL, 5IFER, 752
PHAR BE Qv 1 BRIR 17 244, FfRER S —LE 20 /MY
e A, H A R R S A T R R R R
FaIBERL 3 A1, TEAMTEAE TS, AR R 3 A
BRI RO AR R 22 5, 51 T8 A N
N ST 5 3 A, A RETE )2 BRES Ti B Eh
g, Wia, REE R AR RN, EA R 80k &
AUV e R FE N T FEA , HEASEHE L P S8 4
RHTT, B BN BT D) B AR

(5) EH AR R 75° M Ak, He IR A
PR, AW E 2B O7 s PR aR , R
AR 27N S W W e 2 NI R L E AT T 1))
Wb, 5y YIS )2 B B RO AT, A E U
B, B 5 2 mRsg, J8 T A 5y
VIR . Bl VR AR PR OB 34, 45 A L
BB AL G N, S B0 RS2 BN BRI K T
MR AEE . BT Rb A R R B R DA K bk
0 X 3 B A% 2 SRR B B AR B R T] (A2
gy R Bk BT kR, PR 2 BRI RD S PR
o B LA S AR AON 2 BT BRI 23 e AR U )2 E
] B BY YIRS, DA S B A A 2 358 T Y e —
(AW 2N R DA LT3N

(6) 2N 90° By A, 78 )2 BT T (0.



38

AT - 45 1) SRR R )~ R A 5T

895

n=0

n=20

n=40 n=60

n=0 n=20

n=40

n=20

i

(a) a=0°

=40 =60 n=0 =20

(b) =15°

n=40

n=0 n=20

(¢) a=30°

n=40 n=60 n=0 n=20

(d) o=45°

(€) a=60°

n=0 n=20 n=40 n=60

(0 a=75°

(2) a=90°
B0 Al R4l 55 o B Y S R R A

Fig. 10 Typical failure modes of the rock samples after triaxial compression test
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Mechanical characteristics of anisotropic sandstone under freeze-thaw cycles

LU Yani', LI Xinping’, HAN Yanhua'

(1. School of Civil Engineering, Hubei Engineering University, Xiaogan 432000, Hubei, China; 2. Hubei Key Laboratory of

Roadway Bridge and Structure Engineering, Wuhan University of Technology, Wuhan 430071, China)

Abstract: In order to study anisotropic properties of sandstone in Tianshan Highway, Xinjiang, freeze-thaw cy-
cle test, uniaxial/triaxial compressive tests were carried out. Strength and deformation parameters under differ-
ent confining pressure and numbers of freeze-thaw cycles were discussed, the impact of bedding angle and fail-
ure modes was analyzed. The results show that elastic modulus, inner friction angle and cohesion of samples in-
crease at first and then decrease with the increase of angle, and reach the minimum when the angle is 60°, reach
the maximum at the angle of 0°or 90°; strength and deformation parameter decreases with numbers of freeze-
thaw cycles, however, these parameters increase with the increase of confining pressure; with the increase of
confining pressure, anisotropy of samples is decreasing; with numbers of freeze-thaw cycles, anisotropy of sam-
ples is increasing; the failure modes of sandstone can be summarized as splitting failure cross weak bedding
face, shear failure cross weak bedding face, tension-shear failure, shearing slip damage along the weak bedding
face, and splitting failure along weak bedding face. These results could be useful for engineering construction in
cold regions.

Key words: sandstone; freeze-thaw cycle; anisotropy; mechanical characteristics; failure modes
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