55 40 35 55 4 1 7 S 1 I - Vol. 40, No. 4
2018 428 A JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Aug. , 2018

DOI:10. 7522/j. issn. 1000-0240. 2018. 0080

71 Fan, YANG Gengshe, JIA Hailiang. Influence of saturation degree on the mechanical properties of frozen argillaceous siltstone[ J]. Journal of
Glaciology and Geocryology, 2018, 40(4) : 748 ~755. [ L, 4k, SOMEEE. (R X PR BN b A VR Es 72 A B ma [T]. vk &,

2018, 40(4) ; 748 —755. ]

e E R RS A FE N FE RN
¥ A, HER, TEE

(PHLRHORE A0S R AR BE, BRVY P44 710054)

OB RO A RO T AR C 2 A TNE, (BRI T 12 M B R
W AN X 6 FREFIEE (0% | 20% . 40% | 60% | 80% | 100% ) f4 & ORI D 4k il VR4S AT B9
L BREIR Tl URESIRES T RO BURL 58 BE A0 AT 0 BEUEAT T, iR 2 SRR (1) IRESIRES
T, BEAANEE B, S R IR RS TR B (2) 16 -20 CF, SERAAIEE S LB K
A 49.2% REFRTR, 60% WM EZIIRESHA 81. 4% R UK, T 20% 1 H BERE AL A 87. 4% 1 FLBUK BEA IR
45 (3) VRESIRAS N SR (0-HTL 50 2 A0 s Ay 500 Bt A e 0 A0 11 98 o 32 S22 BBl N — 3880 — i/ 4
e, TEMIRIBE 80% ZeA ¥4 —RAE, ELP 5 BE A e B AS Y BRAE AR AILEE 100% I o 2047 5 A B,
TEARA AL FPRZS TS, PRES & A0 105 B AT IR T AL B o A R AR /R 5 5 T 7 v 0 R 2 A XD, L Bk

A BEPE 1RGN SREE 3 X T RO AN S A1, RSN IR BE b 52 A KO O 20
KSR YESORIRD s MOANRE s URENIRED s AL AR REK SR

HESHES: TU4S8 .3 XERAREED: A

0 3|5

Bt il — B AR TR IT & %
W AN WA I, R 1 i 15 it A 15 1 A sl0f B AE
i . VUG L X R, X e X AR YRR
1%, & B ARTERRAR 09 KR 43 B o] AL TR 45 R A,
R HARG R BA N TREE L, HT L
HL X HURIE SR 2%, INZ RRZLAE, ARp &K
REWTZT 0. EAL B Y m . W FEeE
SEEHA R R, BRI, RUm) . KU, H RS
FHR, MEFERASSHE OWES . 20T
WEETRRAR, WESRmERN &R, mTR
Vi, 1E_F R X TF J8 T RE I sl w88 21 % A [F) & 7K
REGAMWERGERZRE, HiL, FUVENREA
A AL R X LR &5 ) 2 M TR RS

H i PN A2 2 XA VR A A ) 27 R
TG Z" ), XSG RS 1 2# B BBk
FEEATE S Nekrasov %6 fF 58 T VR 45 4 11 76 v
P TR B SR AR AE . Park 25Ul S RFSY A A

WS EH: 2018-01-26; 51T HEH: 2018-05-06

XEHE: 1000-0240(2018)04-0748-08

FE - 160 ~40 C 5L i [ P9 1 B4 PR 4 i B . Bihr
SR TR, I B A I ) B AR L ) 2
JRHAA B A, IF X — A b o KA A
FoF M R B3 B 0 5 Inada 2510522 11124 |
TE BT 08 I RIRAS TR AY B4 R 45 B hr Ak
55, 53] - 160 ~20 CHHL LR E SHhimE, &
B T IR ROk B 0 5 1 b b B
SiF 7 GRS 447 B IR R AIG T 78 K. Kodama %6
WEFE T KL | TR RE RN 28 0 1y 8 b DX A R
BERE AT 2 AR . TP AR X R 45 10
TN B SR TR I A AR AN TR) B R 7 3 556 R4 7 B
ARG, AT T R A HOR X RS IRAS T AR
AV | MR TSR L, S S T
VRZEIR ST 10 R A 07 288 3 A 6 1Y) BRI T
B2 AR . BEE DR CT g HAR
S RS IR N IR s A R e A7 T i iF
58, BB T A A0 SR A R ARG IR Y
KR, X EFARFERK A FEERERIKEO T,
-10 C, -20 CHfmyifnafeid B 4T 78R 58

ESTE: EFHARER4TH (51774231 41772333 ; 41702334) ; P ETEHFR2E 54T H (2017M613293XB) ¥ Bl
EERIA: BIL(1992 - ), B, BRPPELE A, 2015 AFAEARK IR R 223k 207, BUR PR KA i 50, NRIER
ARG S TR FIFSE. E-mail: 1098637020@ qq. com

BIEEE . S, E-mail; hailiang. jia@ xust. edu. cn.



44 B LS MR EER YR O Y e RS 1 2 M A R 749

PO LA R I BE T G 0 S R AT A T
TR R A IR A = Al R A, i A AR K
IRES ARSI AT BT R
XAER E AT TR PRE5 I EE (- 10 ~ =50 °C) Al
AR KRS (AR ) 1 8k e =il 1 44 3K
K, o e TR HLA L TR AR AR S
TIPSR DL S =Rl BT )8R SR oL o [HFER
FE AR IE FR o RS P BT B R Ak B A
HENL T RGN AIDLES ML, RS il 1T o
AT R S B 2 R e AN T A B LATIE 2 o B
(0 O iib W O EAR 5 i Rt | h o o
N AR R bt E AR Y-S R S i
T3 RS B B AR A A2 A R i T B
— AR IR o T, AT TR B A P A
XFEAURES B L e e BRI S A, A
()RR Xk S A1 TR 45 0 S P JB ) 552 W F 5 2y e
Z, MO 73 B

ARSCLATE TR RS A AT 4, B 5Eiil & 7 A
[l PRI 1A 5 Z IR TRE T AS [ o A0 B2 IR RRAE U
S5 5 AP RAZREIIR T35 ) AN
T AN R T T REARAS T A L PG BY 2R AT 48
e, T LREER, o TAFRIR A S £ RS
Ja B KRS, PRI IR X A REIRZS
PP PR GR E R A R S Y R R
Bl o

1 ARHEERETE

1.1 iR

(1) HAH Yo

U6 T 5 R RO B L B X 1 R
2, BASRIRTIEZIBME SHZ . A a2 KA
o, IRIESTCHH 2P, AR i X AT 55
Bras ] IR 0 L KA T A 5 R
Ve gy ik 33% . 24% F116% 5 Zb 414 F HoAth
GRAN2T% , FEFLT YRS N VS (P52
J2) . A MR, A A Bk 48% |
29% . 23% .

(2) HE N LA e

AR ORFIK R TRRA e ) U 4. 11
% B PG B e R () ) B K, R A A TR
A% 50 mm ., FE R (30 £5) mm F [ SRR
T B PGB 2R 00 5 D s st s AR LR
B R VR VG W TS W g = SRl 3 S
o B G B I AR o T L A R 56 1 1

Yoo BRFTA R AR B A —Hea . MEAE K
SRR BB, I It A A 54 b AL
PR, MM . LR AR AT H AL TC B Sk R 1
TRV AR FE i, DA i PR A AR B S5 2
SERE BRI T A R A Y B B S A
W1,

(3) NTRIop 0 i il 2%

BB R 0% . 20% . 40% . 60% . 80% .
100% , KSR, S5 4 6l i K ik 72 1 O 25 ok 3k
ARV A . B R R A i A £ 2
AESMAMARE . A, B RP. KA
AN T . O SEHRE R 105 °C, $54:
48 h Db, QBEZEMAMWM, MIES 1T KRR
FUE, FERIR 2 h JE R K e i F s N B 2 B
FER, ZJaHretih B AR, k2R
K E 2 EAE, A HIRBE R, @ H AN
Ko DU HEARLRN BT 5 R AT K T, R —
IR AR TRR L, R IR (1) TR RBEK
IR AN . KT SE g0 28 BB T 6 AT, TRE
h124 C, BN 80% A,

5, = (1)

b S ORAEEAE ¢ I 2RI ARIEE 5 m S ilREAE ¢ i
ZIBCRE 5 m R IRFE R TR R s m O R R TR A
itk AEah S KRR B BOE R AL, KA af
PREFIEALEF B TR G P, #E 1, fErE P
KIS, Z e T A 2R .
1.2 H{BFR

(1) URESHIJE B P i

EFEI PP I R ] NN-4B B 4 Jm
R 3T A CRSTRRTE A 0.1 ~600 s, SRAEJE I
0.1 us) o FEA R A EERE i i 5 58 BUR HEAT B0H
M, PO I A BRAK SR COR AR A TR A A
HUAEY ' e 7L S W T IR AT,
FUAS [ EERE iy RS FT A A 5 25 AT
SEATE - 20 CRURSS 12 h, VRES 5 US F- 0T
P, A5 B0 RE A RS IS 1

(2) UR&SHT GRS RN

AR R R RN AL R 28 W A
1) MacroMR12-150H-T B A% L 4% B 45 44 20 #r
SB ARG, RRGRGEA LR B B
M EARIR R R G0, 7T S VR Rl 5% o S A g A%
R AEA I REERE Ah #2550 MUR HEA TR
FEPRIMI, EE R AEE R RE 1 Hep it A7 I



750 K N 73 + 40 %
1R A Y
Table 1 Physical properties of the samples
51 RS LB/ % ARREEAKE/ % HRREHDWEME/ (km - s7") HIFNE %

1 SYO1 7.86 2.88 2.37 0
SY02 8.22 2.82 2.33 0
SYO05 7.49 2.74 2.36 0

2 SY06 7.85 2.81 2.31 19.8
SY08 8.10 2.91 2.17 20.1
SY09 6.86 2.70 2.58 20.0

3 SY10 7.50 2.71 2.45 40.1
SY13 8.17 3.04 2.52 39.9
SY14 7.23 2.89 2.56 40.1

4 SYI15 8.31 3.06 2.14 60.3
SY17 6.74 2.60 2.64 60.0
SY19 7.98 2.99 2.35 60. 1

5 SY23 7.71 2.82 2.19 80.1
SY24 7.18 2.61 2.26 80.3
SY25 7.31 2.56 2.40 79.9

6 SY26 6.60 2.37 2.82 100
SY28 7.82 2.82 2.46 100
SY30 8. 11 2.90 2.43 100
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Fig.1 Variation of saturation with dehydration time
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Fig.2 T, spectra of samples with initial saturation of 100% (a), 80% (b), 60% (c), 40% (d) and
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Fig.3 P-wave velocity changing with saturation of the

samples before and after freezing

REAEHIB IR Tatr M ) B8 fl . %
RET (AL 0% ) 4 FE VR ES Ja B8 A BT Ik
/N, HECURES RIS/ 1 10. 8% 5 20% 11 A FEAE
VRES T A AR AN W S5 (0 A A 20% ~
100% DX IRV, S VR 4 i 00 A 5 38 o, 389 1
JE S BRI E i N H 5 AN EEAE 80% 2 A7 4

TG RS e, M G RSS RGN T 24 44. 9% |, AFE5E
SV AN (IR 100% ), VR4 5 D R T
37.4% (A 4)

45

)
S
T

e AR RSB/ %o

100

0 0 © 0
M g%
P4 AR R R VR4 S SN AR X 5 f

Fig.4 Relative change of P-wave velocities of the samples

of various saturations before and after freezing
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Influence of saturation degree on the mechanical properties
of frozen argillaceous siltstone

Z1 Fan, YANG Gengshe, JIA Hailiang
( School of Architecture and Civil Engineering, Xi'an University of Science and Technology, Xi'an 710054, China)

Abstract; Influence of saturation degree on the mechanical properties of argillaceous siltstone at room tempera-
ture has been widely investigated, but at subzero temperature there is still unclear. In this paper, the P-wave
velocities and the NMR T, spectra of argillaceous siltstone samples with 6 different saturation degrees (0% ,
20% , 40% , 60% , 80% , 100% ) before and after freezing have been studied, as well as the tensile strength and
the point load strength of these samples in frozen state. The results indicated that: (1) the P-wave velocities of
frozen samples rise first and then fall with the increase of their saturation degrees; (2) 49.2% of the pore water
in the totally saturated sample remain unfrozen at —20 “C, while this value is 81.4% and 87.4% for 60% satu-
rated sample and 20% saturated sample, respectively; (3) the frozen tensile strength and point load strength of
samples both show a drop-rise-drop trend following the increase of saturation degrees, for both strengths the max-
imum value appears at saturation degree of 80% and the peak value does not emerge at saturation degree of
100% unexpectedly. The following conclusions can be drawn: in low-saturation degree interval, the strength of
frozen rock is primarily determined by the content of unfrozen porous water; while in high-saturation degree
interval, the content of porous ice controls the frozen strength; for rock close to full saturation, frost damage is
also a key influence for the frozen strength.

Key words: argillaceous siltstone ; saturation degree; frozen strength; mesoscopic mechanism; NMR test; unfro-

zen water content
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