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Experimental study on rock damage frozen with liquid nitrogen under external
water source

TAN Zhiyong, WANG Chaolin, LONG Anfa
(School of Civil Engineering, Guizhou University, Guiyang 550025, China)

Abstract: The construction of underground engineering often encounters the problems of staggered sand and soft strata with
abundant groundwater. The low temperature of liquid nitrogen can make the rock and soil quickly freeze to achieve the purpose
of soil stability and reinforcement. However, the rapid freezing of liquid nitrogen will also lead to the deterioration of the
physical and mechanical properties of the surrounding rock and soil. Therefore, it is of great significance to explore the
influence of external water source on rock deterioration under ultra-low temperature for the long-term stability and safety
engineering construction. In order to study the influences of external water source on the low-temperature deterioration of rock,
the ultrasonic experiment, nuclear magnetic resonance experiment and uniaxial compression experiment are carried out on rock
samples under different saturated conditions after liquid nitrogen freezing treatment of liquid nigtrogen. The test results show
that: (1) The rock samples still have damage in the frozen state, and the degree of damage increases further after the rock
samples return to room temperature. (2) The freezing time of liquid nitrogen for about 40 minutes has the most obvious
deterioration effects on the rock samples. (3) The external water environment increases the deterioration degree of the dry rock
samples and decreases the deterioration degree of the saturated rock samples. (4) When there is a water source outside the rock,
the long-term (> 30 minutes) freezing of liquid nitrogen will increase the strength of the rock, while the short-term (< 30
minutes) freezing of liquid nitrogen will deteriorate the strength of the rock.
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Fig. 1 WSD-4 digital acoustic instrument and unconfined uniaxial
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compression test instrument

% Wk 3% IR K 58 AR 0% N A IE A R AR T
MacroMR 12-150H-1 %5 A1 0 FLBR 45 #4 BUAR 2 A |
AT o TR KR, Wi3% R 0.3+0.05 T,
WAL 2] FE <50 ppm; 5 KRAET 564 2000 KHz,
KFEIR N 50 MHz; 90 FE ki[9 9.52 ps, 180
FERKPRFEER 18 uss BkiF418 CPMG;  [BI3 [H]
B HsS 1] 4 2000 ms. LI 2.

""" N ) é
g !
2 WZHAEIRIER
Fig. 2 Nuclear magnetic resonance instrument
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PR B1(5 min) B2(10 min) B3(20 min) B4(30 min) B5(40 min) B6(50 min) B7(60 min)

(4) % A, B, C ALRHHTHRAA RIS (o T
3R, IR 4351 5, 10, 20, 30, { 31‘ L
40, 50, 60 min. FEALFRS, 7RI GH . emls wiens s
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S, X A AN B AUAREREATAKALEE, TRiX C 41 R
h S e e VAL St N A3 157
EREHEAT TR, R RI SR, R IR 4 B ARRRE RIER
HyE, TR R R KA R R R . Fig. 4 Crack propagation of group B rock
(5) Mk PhE LT SIRFFBE (25°C) —SE A ®1RECRRBTRSH (AR CHETIE)
B R IR B R . SRS 0 B AT 2L 2 Ak A 3 Table 1 Environmental parameters of liquid nitrogen freezing
24h, FREREIEHAT To HGR TG . experiment (mean values of groups A and C)
AT = = R REETC 5 fE/°C
; ‘ R R 0, ; -
(O AR ASRE, R 8y SR ek Aam AEEE AR
AT BT 4 6 min R RE R EE A
BUARIRRCE, BRIMANA, (R~ 5 246 248 206 113 137 206
ARFE. LRI T T HEAT 2 ALTAT IR O SR o SR
° e - ° 20 250 246 -13 375 -6.8 0.8
RHLR R BRLEL R 30 246 250 27 475 -15.6 -0.2
40 251 249 42 <50 -20.7 -1.2
50 247 248 43 <50 -21.3 -1.7
60 254 260 41 <50 -23.5 -1.6

R2 AR RAIENEETHER
Table 2 Weight change of samples before and after freezing

(a) ASTRICH AR B AR (b) BALHMAA B AR Rl wiEle
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Fig. 3 liquid nitrogen freezing rock experiment Pk ROLRITUARERE R

1.4 RIEMEFETiE Al 4451 4730 473.9 47277  445.0
(1 X B ik, B8R =20 min I, # A2 4339 4610 4614 460.5 4336
BAFRNE, ARAREEE TRE (<50°0); X A3 4443 47126 4733 472.1 4440
T A AR C A, RIS R R IR £ AL Tk s IR A4 4457 4735 474.3 4734 4455
2, H 4N =20 min B, AT A 8K UG A5 4444 4724 474.5 4722 4440
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VKBRIREE, FTHNG SEURAALI TIBIRAEIERE AT 454 4732 4738 T34 s
SR M5 AR S AT T IR B Bl 4457 4732 4733 4730 4450
(2) BALRMAE 30 min 5, HARMREAS B2 4427 4711 4712 4711 4420

T INE M R PRI SRR (~50°C), TN T R T B3 4452 4728 472.7 4725 444.6
BEAE-47.5°C/iAT. HT A 4LRT C 4LatfF, iy B4 4420 4708 4709 4704 4415
JE IR AR B I N3 1 FTR . B5S 4428 4710 471.6 471.6 4424
(3) W 4 iR, B 4LRAFEAR 20 min W REHF  BO M50 4726 4736 4733 4445
GREEKCOERLr, SR ZLEA B R B AR 60 B7 4420 4704 470.8 471.0 4414
mm 24T, WOREAEPE BRI R O 1T 4704 47 4702 4410
60 mm AN E . C2 4435 471.1 454.5 471.0 443.0
(4) WFE 2 Firx, CAHARMEEAERE G )k C3 4432 4718 458.5 471.6 4428
RBNT 153 g GHIABIRIITRE, eSO 4445 4720 4392 4720 4440
AGERHEN T WEF . T A SURIRA G T O 4264 4550 4488 4554 4258
WONT 1 g hi, WO A SLRIFEASGIR P E ek OO 440 4710 904 AT 34

ﬁif)\*ﬂﬂ(ﬁﬁﬁﬂ‘]fﬂ%o C7 4442 4716 459.5 4715 4436
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Table 3 Wave velocities and damage variables of rock samples

YRR ' 1 N

REVE Hald mhks GARS Tks
Al 2833 2726 2489 0.0721 0.2281
A2 2836 2765 2429 0.0494 0.2664
A3 2845 2770 2418 0.0520 0.2776
A4 2849 2753 2415 0.0626 0.2815
AS 2839 2687 2363 0.1042 0.3072
A6 2846 2751 2460 0.0656 0.2529
A7 2831 2714 2389 0.0809 0.2879
Bl 2847 2748 2468 0.0683 0.2485
B2 2840 2746 2447 0.0651 0.2576
B3 2845 2658 2318 0.1271 0.3362
B4 2838 2559 2245 0.1869 0.3742
BS 2847 2546 2217 0.2002 0.3936
B6 2843 2583 2211 0.1745 0.3952
B7 2849 2550 2206 0.1989 0.4004
Cl 2831 2809 2548 0.0155 0.1900
C2 2849 2811 2486 0.0265 0.2386
C3 2954 2843 2540 0.0737 0.2607
C4 3016 2933 2653 0.0543 0.2262
Cs 2894 2739 2422 0.1042 0.2996
Co 2867 2751 2463 0.0793 0.2620
C7 2965 2854 2531 0.0735 0.2713
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Fig. 5 Comparison of the amplitude of wave velocity decrease in

room temperature state and frozen state
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Fig. 6 Freezing conditions of samples after liquid nitrogen freezing experiment
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Table 4 Vertical thicknesses of ice on samples surface H.fii: mm
BB A /min
10 20 30 40 50 60
AHKE 4 11 31 55 70 89 93
CZHUKE 8 15 45 49 65 75 85

2.2 WHLT, BRI
FZ M LR g A 5 VLR 5 o 0 P 1) st T4
() T, KA i€ 5 1 FLIR S5 K AR AEL ), AR AR 1) 8 1)
SFRIN E] T, FIFLBREAR - 90 R ATk N
1 S p

——p. 2.2 2
T pV s7 (2)

2

A p NRERREMZE Cum/s); T, AR
A (ms); S NFLBRRIA (em?); vV AFLERAR
(em’);  F AFLBRYEIRE 7 (BRIRALER, Fo=3; #E
WAL, Fo=2: R, F=1); r NALEFEE (um ),

FLBRAR AT NMR A 5t BRI TR) 75 (58 R AT LA
RRN

iR
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Fig. 7 NMR T distribution curves of Group A (0 is before freezing, 1 is after freezing)
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Fig. 8 NMR T distribution curves of Group B (0 is before freezing, 1 is after freezing)
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Fig. 9 NMR 7> distribution curves of Group C (0 is before freezing, 1 is after freezing)
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Fig. 10 Variation of 7> area under different freezing time
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Fig. 11 Water migration in freezing experiment
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Fig. 12 Curves of ultimate stress with freezing time
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