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Broken expansion and water storage characteristics of underground
reservoir typical rock in complete stress-strain process

WANG Hanpeng' >, ZHANG Bing'*”*, ZHANG Yujun'*, WU Baoyang', WU Yang', LI Peng', WANG Peng’

(1. State Key Laboratory of Water Resource Protection and Utilization in Coal Mining, Beijing 102209, China;
2. Institute of Geotechnical and Underground Engineering, Shandong University, Jinan 250061, China;
3. School of Qilu Transportation, Shandong University, Jinan 250061, China;
4. Shenhua Shendong Safety Supervision Bureau, Ordos 017200, Inner Mongolia, China)

Abstract; To explore the broken expansion and water storage evolution characteristics and internal mechanism of
typical rock masses in goafs during mining, a synchronous test method of broken expansion coefficient and water
storage coefficient based on a self-developed rock triaxial fluid-solid coupling test system was developed. A triaxial
loading test was conducted on rock samples of coarse sandstone, siltstone, and mudstone to determine the broken
expansion and water storage coefficients in complete stress-strain process, and the spatial distribution of internal
fractures in the rock was synchronously obtained via nuclear magnetic resonance imaging. The results show that the
broken expansion and water storage coefficients of the three types of rock samples gradually increase and tend to
stabilize with the loading process, and the corresponding stress-strain curve shows a phased gradient change in four
stages. Among them, the water storage coefficient exhibits a good Weibull distribution with strain variation. The
initial porosity affects the expansion morphology of newly formed fractures and the water storage space of rock
samples to some extent. As the initial porosity of rock samples increases, the water storage coefficient shows a
linear increasing relationship before 80% prepeak, and then an exponential increasing relationship. The theoretical
value of the water storage coefficient calculated based on the expansion coefficient is consistent with the evolution
law of the experimental measured value, but the difference in value can reach up to 0. 7% , indicating a clear
characteristic of first broken expansion followed by water storage. The broken expansion and water storage
coefficient of rock samples are influenced by the coupling effect of stress loading and initial porosity. In the initial
stage of loading, the initial porosity dominates, gradually transitioning to stress dominance, and is ultimately
determined by both stress and the degree of penetration of rock pores and fractures.

Keywords: underground reservoir; roof overburden; complete stress-strain process; broken expansion coefficient;
water storage characteristics

WA 2023 -07-17; F A EH: 2023 -08-25; MEE % BH: 2025 -01 -

P48 B & Ml : hitps://link. enki. net/urlid/23. 1235. T. 20250113. 1728. 002

BEEWE . HAH KRG 5 R E K E 9 = i34 (WPUKFJJ2019-07 ) ; E K GERAE AR A1H 25 H (GINY-18-80)
EERT: TOUNS(1978—) , 3 -1, #d Wi A4: S

BEMEE. K K ,zhangbsdu@ 163. com



53

FDUMG, A5 HR K LR R 4 ) I AR o AR R — B K R - 121 -

o A BRI 068 528 7 O 90 2
AU (8 K I A 2 R s L g
DO BB F % 5 R SR 2 [ 10 7 5 3 5 f
ST e AE R BUBR 1B
27 0 2 XK TR, P 7 X
IKCHAR | LA P58 25 95 B K W L 47T 0
HORRE . RIS IR 1 Tk
e LI, BT IR TR L B 5 K
P 7 K P K 25 LB LA T S
EREX

P 1 R 2 X B 4 AR R T
TRV B T —5E TR, el
FHCULALER, SCHRLS ] 30 T R4 X AR R 5
HOR AL S U0 2B 06 SCk 6 )1
F1 IR R R B L 0 58, JF R
SR SMHF TR IR 15 R RK S5 5
ST 0026 6 T IR R 0 A A0 SCRR (7 ) %1
BSR4 AT T YN P52, 3 I 5T
AL L TR P ST 45— U I B
Bt JFSMHT T FESCRERE LA 25 LR 5 SCik [ 8 ) %
T B S P 45 0 B U P 5230, R0 T
PRSI RS PRI TRSEHE SRR,

B IF 5 (RIS A 27011 R 2
PR RO S0 5, WSRO — 1] RHAE B0
RIS 23 F 2 FEEAT B, 5 S o 00
SRR AP HT TR R E R R4 71 5 ) -
B R OB AR 5 SCHR 124 TURED 2 IR
BRI TR TP SCIk M MT T 2798
B et JEICRLIT M REICHFPERY 0 SR 13 - 14]
TERE TASFMEERD 8 R T 5 52
e 3 T R AR XU BN 5 TR ST TE (0
U S BRA  T K TSR
SRR - REOER .

g HE— A AR R W PRI K BLEL, 111
BN RIS RV 2 2 1 S R
WISCHRL 15 ) IFE T %8 (545 94 4 T S 55 Bk

ol 16 5
\ )

I A s A
WRERY

VCW 1
‘ (

(a) i1y hn R AT

Bl 1 s
HEARER

A Ji
TEKAER

W o &, W T P )Ry R 2Rk G X
BR[ 16 ] SR HIECE I ik S Y5 v a IR ik R EO T
B SCHR 17 ] il BUE AU T TR TP RS
) A5 IR o AR R R s DX A R K AR5 3
HIR[ 18 ] 3 TR a8 X P AR IR A1 0 DCHRFALE , #
S AR PR AR B2 25 SRR 19 ] R 3 N S
ST RIAS BT R T REA R ORiAe
ZUNIICIEST Y SR A GRS S

RS XS G 2 N AR, HR 2R
PASE g AN FLEE R 25 [R] T4 7K 2 %80, X AR
AN R A AR R RS R A R B [ 2
TR LB A BF 72021 BV R 2Bty £L B %
JEBRRECIR SN AR oK A K 280 (RS BR TR il T
AT AR IS AR S AR R A BE AN [R] , — 265k Bl
BB/ FLBR T BEAT AR RS KSR A A
AR DR S R 48 7o i /I AR AL 1 A OC B, e ik
Ffitt K 22 B R G T ACA A X T K RS A TE i
AR, HT I ARSI X R A &
WEA I A A =R RS & X R G, S T AR
T 7K R RN A AT v, WSS 3 Bl LA T K %
AR A g 07 o TR e A T K — i A T R
T PRI AN T 3 B BERRE I — K 2 B 5
AR, B RS XM T K T AR S E P LR,

1 R B

1.1 iR

B0 AT X Ty 9 I () Ao 0 XA ) A fi A
/K RELOMEST, A SCHRET [ R0 & 5 A =5l
BN A A, $2 0 T A RERERK Atk R BR 25
Jrik  BAREEANE 1 PR, REE =R 2k A 14
TR KRR B EIR, KT AN AT R 46
AT , SRR TR 7= A 1 A 0 G sk s B o B
FR AR K TR) sl 1) 7 S B b Rt i 2 7= A A L 2L B
HEATBIANE TSI (A PR i % 3t I
FA SR AR ER AR AL, w] DL F B0 URE i) S s
WA R ShEK RS EUE,

b 19 2

————— "l "1"1" < FBERY .
Ve A A s 1
HAKERY,

(b) B INEE

1 EAkFnfiE ok R EE SR

Fig.1  Synchronous testing principle of broken expansion and water storage coefficient
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Fig.2  Structure and principle of rock triaxial fluid-solid coupling test system
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Fig.4 Variation curves of broken expansion and water storage coefficient during complete stress-strain process
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Fig.7 Comparison between theoretical and measured water storage coefficients of three rock samples
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Fig.8 Difference between calculated and measured water storage coefficients of three rock samples
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Fig.9 Test results of initial porosity for three rock samples

Wi LB B 1A AL R A R

TE—E R B LR BT A R RIEZS . ik 9 B
N, SRIGFLBR RN A L, I HR LB R HR
(PR S AR D A 1) T, i AR, L7 0 22 i) 3

SEMEBAE . K U I 2 A A  rR FLRTR S o E R
19, WA FLER I 2 8] B T PR, A M) T A 2R
K K],



- 126 - Mok BT Ok R ¥ R 557 %
R Wb SRR R R . LR BEA RN R AR AT
| e B : WA LB AF KR 11 B FLIREE Hl 2 A 12
A | AT LA, S BT 7 K B, BRI A R
—— o BORAT I PR 0K R B398 pT A AL R
1 —e—IERT60%

—— ¥R

KR E %
S

6 é ll() ll2 14 ll6
BIHEFLERBE /%
E 10 RER AWM EREFHVIHRTLIR EMEK R
Fig. 10  Initial porosity and water storage coefficient of rock
samples at different stress stages

3 AR NG M B E R AKRBE

IR i

R T N M R AR 4 I g A e A A A K
FBCHACHLEL X AS 5] B 7 B B A FL B AR Ak
AT 0T, il 11 s, A R iR e s A% 4
AR BRECT AR 7 B B e i N SR L PR 45 4 M 2
[l DIHED A M5, F1) R AZ 3 PR 2 AR X AN [R]
N7z B BT R AT B, 4 A B iR
G\ ) RO ] 7 1) R R RS, AL 12 B, B 12
WO R AR R SRR R TR R AL
B as 8], B R R R FLAR R,

M 11 ] LLE B, 7EIERT 20% ~ 60% R
BBt , AR Bt K REGEA TOAR AL, SRR 2 L 8
FEAL TSR T B B, Hom bR FL 2L B R 3 Bk 25
(], BEE INEIEARRHEDE | 72U HT 80% M B i A= £L
APt —L T IR E A N A 1

(a) ERT40% o, A (b) IERT80% o, 41

(C) “’%E! ?Mrﬂ

FEDLRE . N Sn# gk A AR IR Y BE, AR kA
WEPEBEIR | N30 7= Az e B, 2 R L I T ek 3
KK R A A T B K BB, wi iR FL
B EE S5 /DN 18 8 2 L B 8 16 R e R, L 7K &R 4
(1.928% ) H UGB T b A A K 2 80(1.070% ) ,
N ) AR W S, 240 h e gk, vE
AIESS 80% F140% By BL , BB BL 3 28R LB
YIRFER A RIS AL (H A K R BT AR e 4
Ko ME 12 AJLUE 1 o BSR4
2B (HJE Tﬁjjﬂﬁ*%éiflﬁﬁﬁTE{Aiﬁﬂ&*ifﬁL*
AHE K SABRAREE Y I B BLE I A W S
Jﬂz%mggﬂzzﬂﬁﬁé&m#ﬁ MW%/\T“M&I

FARAE K R BN AR TR FLBRE £ 5 B
Fir”jﬁ_?ﬁ e 2 N 0 B A R FL S B A o7 B
TR L Rl

18

—o— tHRbE
—A— A
16F —aJgi
e | L s, o, |
5 U A% am
& 12| L
= MBI m&f’*‘”ﬁ WEIV
= 105 5 o """'T ______________
B LEES% LA LR 8 7k
8t -

——o— ¢o—¢

6

20% 40% 60% 80% 100% 80% 40%
| W ——— BE —I

11 RER AWM EREFRTLIRE R ME

Fig. 11 Porosity evolution of rock samples at different stress stages
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