5526 55 10 4
Volume 26 Number 10

TEEREREFR

The Chinese Journal of Nonferrous Metals

2016 47 10 H
October 2016

XEH/S: 1004-0609(2016)-10-2181-07

HRERAEIR T RS B DI R E ST E

FLL O EAMK, B OE!

(1. HEER2E IS 2T, KV 410083;
2. WO T R% BWIRS IS TRE2EBE, I 430070)

W . GEMER RS A B IS M T R R A R AR A B LB R FE DX e TR R b g e A R
IR, eI 5 AP A i, #%-30~20 CHMREEVEHITTE 0. 20, 40, 60 F1 80 IRIMVRRIIEIR, HAIHE
W Lo 7% AT 25 X VR BTG TR AR TT TR il U R 0.45 MPa BIBHZA 12486, IBhAERN i—MiAR thek. 3ha&sm
B WAL N A FIR A T A5 T7 THUN R R IR T Wb I 30 ) MR M AN IR BT P9 . SRR sl 2
PERERE VR AL N T PR, LR R = e b i B A R R BRSO N AR i iE N
P05 b Rl R A B T B, (B R BUEEEAA], CHUERIIRAC 40 B, EEEARLE, XIS AERD S MK T R
FUBREE . SRR AE N AR 2k BB PRI s b2 BOMR IR R B A R M PR v B 3 i son, 495 PR IRECR 0~40
i, AR S AR VRREIT 2L, CURNA IO R R g 325 083 Bk 60 T 80 I, RFERFEE Y5141/ Mb sy

Ao

KRR REEIN; W A st el s 0ok

hESES: TU4S XHMRERD: A

B R AT 2 L A IR A1, XFEX
FRTTRNM S, MR AR AR 5 0 VR Rk ) 23k
RGN AR R, AR R R
AN ERERAERE, BT 5A R B SRR ARG
PAAN, 5RO . VREEIN . VREh R DA SR
I AR T2, PLo CERZ R, REAG
2X10° km® (FEX, FEAMMAERE A, b &b
i PR e A L X BT e T S X X sl M L AT B AR
T2 KRN A B 22 KRR o IR UK I 1 2 1
FEAESRE I M (VAR RRE o DR, T R R AR
R B A B3 D)5 R S R R AR 0 8 7 25 4 (1)
R R 17 AL R 57 96 e TR 5 DX A TR P v ik o 2 L
AR FEE R o

FAT, BN AME 2538 A A VR 4 S T
T, WA TRZEMER A . MATSUOKAM !
(AT HHIRLEE « K23 U A VTR SR S A VR K A
M FEERN R, A A RPhioREE . R, FLER
R A RIS AR B 5 Wi fe K. NICHOLSON
O ok L B A VR AT PR AR, F S A BN

AR AR AR (R . JAVIER 25090 T 1
RLPE T A S Ry B ) 27 P R 5 A AR
VLAHOU “5PIE G /K 40 BB R (K 3tk 1, o3 #
TE A BRI e AR R BRI R . AMITRANO
SOV o R SRS IR T A PR R A S R
FA RREAE,  Fi8 H AU Rl o 5 0 32 A
AR AR R R A [, RPN
FNVE R 250 3 i A S e SR AT 7 T R R R
A6 1 5 (RO 285 R AR AE A A LT . ZHOU 2512
F P AZ RS 7T T VR A E R T 2 A IO i 497
Fitk. ZHANG 2608 ARSI 8, 454 VRl
Ko, WFICVRBEZ AT A A AR . A S 4 SR
ANTA] R RIS I R 5 1 Bl . = 2 PR 45 iR 56
DISARRAE S e SN TR S P ek A [ <5
FRFIT T BB AR VR F R I B RRAE . s
M ZHOU %513 b A% Bl SR 2 B 9 T VR A
N BCE A O R IE . H, FERRE AT
B R, E AT A AT TR D, AR
YA TAEX R 7R R il A7 13 3Rk DL K By iR

EEWBE: FFEARESRAN FIH (51474252): %R 2R S G IR 4 R BT H (20130162120012); e @i e AR 25 % % T

B4 B (20151VA028)
Wis HER: 2015-10-23; &iTHEA: 2016-04-22

BIEEE: ARPE, #0%, Wt WBiE: 13973173563; E-mail: kpzhou@vip.163.com



2182 T EA G R AR

2016 4F 10 H

B RA L SR

KT P FE DY RRFALE SRR B 461, A
SCAE T I DURD A 111 -30~20 °C ¥R Rl 176 P13 50 A
fidt, P A B A S AN R A S R A T e
dril, XEREMEIA A A 1Bl T RE A LT e
THESE, FFRN BB A

1 X3Rit

L1 ik &

TRFEIT AR K RIURL 1) 5] 11 15 540 50 HE PR AL (1)
W, HREAAM TRt 4y 121 sk R AR
ARFELE 1, 2050 mm, EHARZ) 50 mm. X HTH
TR PRI THT B, R TR R 22 HE IR 0.02 mm
LA, B NP IIPAT B R 22 35 6I7E 0.05 mm LA,
Iy [T T AR, B K22 A KT 0.25°,

B o il
Fig.1 Photo of part sandstone sample

1.2 REigE

R R0 R 5 P T 2R SR 0 (3 A B A ) A
[f) TDS-300 24 ZREAE I RIS o %R RIS AL A2 R
SO 1175 mm X 520 mm X 500 mm, 445 T 5
[l h—15~-40 °C, MlfEEE T35 15~20 °C, K
MR KRR J7 S0 L 5 A SRR R
Rl

A e B R rh R R AR R U S 4 TR
S8 IR G AR AT %E B (SHPB), nIAA £ i
AR R ) T 2 e AR AT . 12
() E B B RGPS ik ANSFF BSHE
RE B RSB AT« 28 RS S5 8l i 3 4 0 258
KA RGP 2) o ZRI B BATFAER &4
B, HEEE A 7.810 kg/em®, VARAELA 0.3, gt s
5410 m/s, ASSFFRIBURAT I EAR R 50 mm, P
AR FE 4330k 2.0 m A1 1.5 mo

B2 EEERLAT
Fig.2 Split Hopkinson pressure bar

1.3 REAE

ARHEAR SRS BRI 4 1, B YA AR AT R
JAWI A 8 h, RUEAFEAE-30 C4&A4F FT\k4E 4 h, 7E
20 C/KH iltfi# 4 ho

AR R BB IR I BOR AR 3 0 5 1, 5 ARk
Bk 0. 204 40, 60 F1 80 ¥, FFHIRFEEEIL N
5 Ao VREIMEMEERT, FHAE AR AT D he B LA
0.45 MPa [{E & il T R LR B TT R ol ik e,
MRRE AL B SR

FEPP RS B RN, S5 E S AR T /K H AR
s FFLBRIE MR, 4330 A FE F1I~F5 f1 A1~AS,
MRAFEZ 5 A IR AR A o

2 KRB TR E S N

2.1 BN A-RTHETRE

AN ) VR R PR O T 10 5 LB ) Bl 28 Y ) — AR
it 3 fros, & 3 A

1) S IEAHLE, SRR - A 5
RASAE R B, — o B e TRk, BOA 3 4
BrBe. K35 Mg SAABASHLL, Wl X 3 A4
BB LA IR, ) DI —RF R AR R A VR
HRKER:

2) Bl VREE R ORI I, A RN ) — A
& SR ) X Pt ia . g 3 T, fEehid
RE—EIIAMET, A0 WA N ) Bl R LA BRI 5L
R TR A NP WY I RS R N S o] iR S [V ENT¢
HOR G . X — R A, RERAE S A
P AT, LA VREROCE RS, R
Pt s AW A, i P B ) 2 e T 1



5 26 45 10 ] W&, S5 UREIMIEIR N0 8 R S R A R 2183

100

80

60 -

Stress/MPa

40t

+—0

«— 20
20 A— 40
= — 60
* — 80
1 1 1
0 3 6 9 12
Strain/1073

B3 ANEREEI REC N Bl ) - A2 2
Fig. 3 Typical dynamic compression stress—strain curves of

sandstones at different freeze-thaw cycles

3) B VRGN B 0, A0 B A R A5
BN, W)~ AR i 2 rp iR vk B BORE R R
PR E RS 04 204 40, 60, 80 VKIKFHAEIR
FLXE R (PR BENAZ 0B 3X 1074 1.2X 1074
1.3X107%, 22X 1074, 2.8X107*, B[l 2k s v Ay
9 N i = O Y A 1 NAAK (DN &Nyl 1T <2 AT
LRI IA O 2, SRR BOBRIC, XA 2 5 i
A% 6 R AV S 0 K8 I AN e SR AR ) — N EOU R

4) BEAG RN ORI G0, A R NE A sk
e, BASIN - NAR 4 T R B 4 In(E sk ),
FAIMETE AR,  HaXBIRIR I PN A, X
VRALVEF R Rb A IS D1 22 i,

22 HFBEEBRETLRE

ANF R R N D Zh A T WEl 4 R .
Bl 4 Fipdl 5 A RIS ARER T4 E VRAIIA I R
B 5 AR R o RS R R s, i 5 iR
RAFALIEAE SR (VP 20, 3 10 I N AN R A A
AR SRS T i £

H 1] 4 1] g

1) BT R AMIE PR EURIBE N, 5 A BBl A A
JER o HURAN R (R I (B 55 5 AT S I B AL, (AL
BRAN R IR R ASE, XA R, XU R
RUPEIMA S o S EUA AT I B, AL R )
EVERE T B

2) Wb B AR AR 5 R 1T B L R R AT A R
BRI AN R R drPIE IR, ik
RUIER R 40 RIS 0 RV B 2 1 5 i 25 17 1t

e pEs, UL WA YRR, LKA
DUITR] RE J PR M VR RGBT, A AR
IRV T3 AN BE 56 42 SRR e 2 TR IR 2R 0
MAEAG BTt 20 47 Jr el R Bt i) B AL B

BB ERIN BEAT UR RN PR a5
I, WS P, BB S IR, B2 E A A R
(R RAIE A B e A7 AEAH RS, XX 3
AAERTTREPEIR K.

95

Mean curve

el
(=]
T

o]
W
T

[oe]
(e}
T

~
W
T

Peak strength/MPa

B |
(e}
T
*

0 20 40 60 80
Freeze-thaw cycle number
B4 AFRREEIS XN E Bl

Fig. 4 Dynamic strengths of sandstones under different

65

freeze-thaw cycles

75
70
65 F Mean curve
60

551

Peak strength/MPa

50

0 20 40 60 80

45

Freeze-thaw cycle number
Bl 5 AFRRE PSRN s om
Fig. 5 Static strengths of sandstones under different freeze-

thaw cycles

23 FIFNEENTTHHE

AR RUIGFR B SR B AR N AL A 18] 6 B
7w, HE4 KL, BEEUTARRD S IEENAE, A
ARSI, W5t M8 AN R PR R N WA AR
I8 E e .

H & 6 n%0-



2184 T EA G R AR

2016 4F 10 H

1S

Mean curve

7.0

Peak strain/1073

5.5

0 20 40 60 80
Freeze-thaw cycle number

B 6 ANEVRRLEINE N 1B A N AR
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freeze-thaw cycles
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Sandstones dynamic mechanical properties and
failure characteristics under freeze-thaw cycles

YANG Nian-ge', ZHOU Ke-ping', LEI Tao" %, LI Jie-lin', BIN Feng'

(1. School of Resources and Safety Engineering, Central South University, Changsha 410083, China;
2. School of Resources and Environment Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Dynamic properties study on rock under freeze-thaw cycles is meaningful for revealing the rock damage
mechanism under freeze-thaw and preventing the freezing-thawing disaster of geotechnical engineering in cold regions.
The freeze-thaw cycles experiments of 0, 20, 40, 60 and 80 times during —30 ‘C to 20 C by five groups sandstone
samples were made, and then, the SPHB was used to test the dynamic mechanical properties of sandstone samples under
the constant impact load which is 0.45 MPa, the sandstones dynamic mechanical properties and failure characteristics
were studied from the dynamic stress strain curves, dynamic strength, peak strain and failure modes. The results show
that, as the freeze-thaw cycle increasing, the sandstones dynamic mechanical property decreases, the main mechanical
indices, such as dynamic elasticity modulus, dynamic strength and peak strain, are degradation. The inner damage grows
with the increasing of the freeze-thaw cycles times, but the growth rate is uneven, the growth rate slow down at 40 times
freeze-thaw cycles and this phenomenon also reflects in indices, such as saturated mass, porosity, strength and peak strain.
The damage degree of sandstone samples also increases with the increase of the freeze-thaw cycles times, and which is
similar to none freeze-thaw, the dynamic damage mode is main tensile fracture by axial direction at 0—40 times cycles,
and the fragments of samples are even and tiny at 60 and 80 times cycles.

Key words: freeze-thaw cycle; sandstone; rock mechanical property; impact mechanical experiment; dynamic damage
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