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Monitoring of stress change in coal seam caused by directional hydraulic
fracturing in working face with strong roof and its evolution

KANG Hong-pu'* ,FENG Yan-jun'"

(1. Coal Mining and Design Department , Tiandi Science & Technology Co. ,Lid. ,Betjing 100013, China;2. Coal Mining and Design Branch ,China Coal Re-
search Institute , Betjing 100013, China)

Abstract; In order to study the mechanism and evaluate the effect of hydraulic fracturing, the hollow inclusion cells
were adopted for stress monitoring of coal mass nearby the fracturing borehole before and after hydraulic fracturing as
well as coal mass ahead of working face after hydraulic fracturing. Through the monitoring data analysis, stress evolu-
tion laws and conclusions are as follows ;D The principle stress increment , inclination and azimuth in coal mass nearby
the fracturing borehole change suddenly after hydraulic fracturing. The change extent is potentially related to distance
between monitoring borehole and fracturing borehole , water pressure, fracture propagation and mechanical property of
coal mass;After fracturing, principle stress increments are nearly recovered to the level lower than that before fractu-
ring , therefore , stress state can be changed by hydraulic fracturing. @ Due to the effect of hydraulic fracturing and
mining, vertical stress in coal mass increases and horizontal stress decreases,the change extent of principle stress in-
crements caused by mining where inclination and azimuth are almost invariable is much more less than that caused by
hydraulic fracturing. Roof weighting intensity can be reduced by hydraulic fracturing; consequently, the effect of abut-
ment pressure on working face is weakened. 3) The directional hydraulic fracturing in the roof of a fully mechanized
working face in Wangtaipu Coal Mine is implemented. Afterwards, strength and integrity of roof along with effect of
mining are weakened ;roof caving is in time with the advance of working face ,which demonstrates that the effect of hy-
draulic fracturing conducted in roof goes well.

Key words : hydraulic fracturing; stress change monitoring; hollow inclusion cell ; principal stress increment ; evolution

law ; roof weakening
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Table 1 Results of in-situ stress measurements
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o m MPa MPa MPa J3 377 1)
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Table 2 Borehole parameters
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90 80 Ao
160 79 40 Ao
140 50 ——Ad
120 40 ’
100
w60 20
E 40 10
= 20
E 0 o
T 20 .
=60 -20
Z 150 o
120 _5540
140 60
160,57%50-70
(b)) 2F Bl 357 ) g =i A AR fk
120 - 140+ 90°
1004 120-
1004
80 20
£ 601 E 60
i 40 G
= = 20
e 0 = 204
g 20 ; 404
i 40 I 60+
= 604 = 804
o 100
100 120
120- 270° 140 s
(¢)2C $hFLE R 74 BT fr s etk (d) 2F BEFLAE R A7 87 B AL

FI5 2 s S0 s 507 AR e

Fig. 5 Variation of principal stress increment inclination and azimuth at No. 2 station



F12

LT 45 L 1) 7K g e 2R T AR AR e g gt B e e e 1957

(1) 7ERZ AR, AR LIS ) 32 0 ) 3 B %
HS MBS, 1A, 2D,2E & 2F fL5¢
SRR 25 T AT 135,128 F1 145 m &b Wi 2] 20531
ZAPE VX FE 0 ) 1 R R, R BHK ) R AT
IR R ) KNS 5 1l R AR B AR A

(2) FEK IR R i T R 2L 5 45 W Y
FUARXT L BEAS IR, 45 A BN FLINAS ) 2 10 138 e 28 A0 T
KA,

(3) Wl FLAE LA IE R R (2C fL) , 3
A R Sy Aoy, KA T 5878, Horb i Sy (B 3
JNiE 20 MPa( 18l 4(a)) , i fA 424k 40° (&l 5(a) ), J7
R4l 170° (B 5 (e)) s He PIAS 0 I 3 &
Ao, Ao, BUE A IR, AR AR AR 50 43 1) AR
k200,500, J5 i fa A8 Ak 720,50, BT, 76 R 2 0
W AR T AR BN 2AE il KRR, A A
BT 2EE Ty KT B B 23T, 24 2L 45
Wa, Ao, BEWKE , HUR T IEHATHKE, Ao, HE
SARTRRAR 9% 454> 32 0 77 36 i i £ 5 07 o ) 3
AHRIR A B R4 RT R FA R

(4) WEMIFLAE R RFL AT Jres (2D fL) , #E &
AN E (BE T AR 80 m) ,3 AT Sy 2y 1 Bl 2k
ARG BN AN 2 MPa( & 4 (b)), ifk T
2C fL, Hr i e /NG Ao, B8R, Ui B
8T8 L) 3T T LR AR X A B s AR, 3 N
o7 3 B4 AR 0 ) AR Ak 40°,32° ) 115°, J5 i f AR 4k
132°,28° /% 150°, Aoy Jr B ALRIZN, LR ,3
AR )3 AR R H B AR R AT K
[ 2C FL—FF, A~ J 0 ) 38 5 i f 5 07 o R AR
BRI B R 2EFTY A B, R R TART 135 m 44,3
AN SRR BT RN B A3, 2 AR Y
YEME TS, (HS2 I R AN

(5) WEINFLEE 25 L it (2K fL) , 7E %Y
A8 (PR AR 85 m) , WA H 3 BA i A4 17 1 A8 4k ([
4(c)), TERETAEM 128 m &b ,3 A0 Sy & 4
I/ IS (B RRARG I B A A 4 0. 3 MPa, 3 1] fiE 43T
JEZAE N G, 3 A>3 0 g 3G 100 A AR A A i
20°, i AR AN R T 400, A AL B ERAN K, AT,
TR I EBEXFIZ ML A K

(6) WL B i L E it (2F L) , 7 &
S0 E (B TAET 90 m) |, ALK S5 1) 4 32 7 7738
it Ao, RAERAS N JEHE N 8. 5 MPa( Kl 4(d) ) , fil
MU R (B 5 (b)), I 2k 32°
(E5(d)) s HEMmAER & Ao,, Ao, $EH L
AT i AR AN K, T 067 F AR AR AE 30° 224
Ao, 11 5 ZE 3G [R) A 2 0 ol o B 244 hoK R AR R Y

g, KRG, Ao, FEWRE, H RN, 5
HNPIAS E N 3G A TR, LA R S T AR
145 m W07 & Ao, LT 254190 m bRy, 1 H.
Ao, Aoy BB R AT 25°,150° 89754k, BN &
2 BRI R 2R R s T FLRE R AL G

(7) TAEMRAE AR 28 R 245, B T AF 2 7
B2 A B2 R ) B T A — PR — T R — T
REAR T B 28 A B (0 A8 fh i B2 58/, R il & 2C, 2F
WL, R 2052 Mo 9 18] 4 17 ) A8 AR B e /N T R 285 i
(R F1A8Ak, I IRAEA K RS IR BUR
[ A B 1) 2 | AR 2 BRI AR T SR e
JIHE AR T 7 A b ) S AR B
3.2 BET/EEMEHBEE NRET

6 SRy 1500 sl 3 10 g 44 i il T A T A a0 Y AR
AR, F2 07 g 3 A ff A0 5 057 #f B T4 1 i) A8 4
WE 7 Frs, #6112 Z 07, ©XHZs; Ty
Tt e T RZRAE . KL 6,7 FTE H DA F LA

(1) 2C MFLAERE TAETE 20 m LASN 32307 g 4
ALK TE 20 m (0 E, Ao, FEIREE K2 20 MPa( K]
6(a)), A I K ST 1) % ) 3 5 B 5 1) (&
7(a)) , ZJa SCRGH FEAR E] ROk A E, B A2 LA
Ko i kAT ZWBEAZA(E 7 (c)).
Ao, Ao, BEAERE TAETH 20 ~ 10 m (978 HI N A2 1k
AR AR AR AL S, G Aor, Fh T3 0 1) 48 S 3T
KT, Ao, B AR AR Atk 21 45°, [RIE, J5
A AR K, H BRI AR B G %) S5 IR ] BEAT 19 1
— SRR T2 e it (/L 2R A
— 2Pt , et A B K TR, SRz
FSRBHFZA S BT ) SR ORI S T A
it , AZ BRSNS VE RS N1 28 A 3 S
TEFE TAET 10 m JEEIN, Ao, , Ao, SE B TGN, Z
Je X B TAE T AWK, Ao, WIS,

(2) 2D MFLFERE TAE 65 ~40 m BRI, 45 &
N 33 LT Bl (R R RS T A (A
6(b)) , BEAGIEE KN 1.1 MPa, BE T/ 40 ~
30 m WA F RN G EAEE RS, Z)E,E T
THAESE , Ao, A FTHE N ARME BEAR /N s SR LY Ao,
SEREAR S S, B g B2 0.6 MPaj i UK F- (1)
Aoy JelEAR G B, SUREAS, A2 KR By 0.5 MPa,
AL UL A2 SR B i , 3 LN R AR, 3 A3
I )3 AR S5 LT R R, R
TiMR 283 FE 24, [0SR ol F X A J2 26 17 448 00
T3 5L FR R B N

(3) 2F MFLAEHE T AR 30 m 4b, 45 3210 J1 38 i
AR (E6(c)), METAFER30 m KL, K1



1958 #H % e 1’ 2012 4F45 37 %
201 0.3
£15r s OF
= —=—Ao, % 03
1H10 +A62 : '
s ——Ag, ﬂﬁ —06
5 - =
e S-0or Ao
- = 2
0 H_1al —A—A¢’
=5 I 1 1 I I I 1 -1.5 L 1 1 L 1 1 |
60 50 40 30 20 10 0 70 60 50 40 30 20 10 O
I 6 A 1hEE S /m I S T 1 PE B /m
(a)2C Hifl (b)2D %54l
031 03
0 0
-03+ —
1 0
—().6 - —— A(fl o -0.9
P A, B2
B9l = Aq, &
Mo H-1.5
-1.2 1 1 1 1 I ! -1.8 1 L 1 1 I I
60 50 40 30 20 10 0 50 40 30 20 10 0
I SR AR TR B /m I RS AT PE R /m
(¢)2E &4l (d)2F &L
BI6 1 St 350 g 39 8 Al sl it £
Fig. 6 Monitoring curves of principal stress increment variation at No. 1 station
90 80 A
e —ar v/
50 == A
40 “
£ 30 AT
5 20 "”:t::/‘::\“‘
= g2
Sl
=SS
dut L
40 o
50
60 70

270°

(¢)2C BhFLI N IR T5 fr A2 b (d) 2B Bl 3R 34 7 G e At

B7 1S 0 3 i 5 5 0 A2l
Fig. 7  Variation of principal stress increment inclination and azimuth at No. 1 station
Ao, B % T4 T 45 3 A W I 66, W 1% R 1 (4) 2F WFLAERE TAETE 30 m 51, 4 7 J) it
0.8 MPa;Ac, ,Ac, HBLUEZN (H SR o3 3 AR kRN (B 6(d)) . FETAET 30 m LAWY, 30
BIFER0.4 MPa, 3 NERIMR OB SOt TR Ao, BLIESD, LS LA I RUKF
s Al ABBREEAR A (B 7(b) L (d)) . Aoy, Ao, W LS EER EORERAT, b Ao, %



F12

LT 45 L 1) 7K g e 2R T AR AR e g gt B e e e

1959

RIAE] 1.5 MPa, 3 /320 13868 A1 A 5 0 A )
FE AR

AL B T AR 52 e BN R, oK
S A REAR A R B AELBR A S I A5 A A8 Ak AN
Ko HBERTA, A TR AR 2855 e 24, THOAROR 5% 5
REARG, T AE 1A 68 115 SR R 7 1) s M sk 553

WAL, ot E AT 15 S8 2 BH RBUK /1
FEZLM 25 K T AR, AR B Wk R AL 29 Oy 10 ~
15 m, 1M SE06E T 7K S 240 XV1306 T 4F 1 Wik, fg
B Bt T A RT3 1 2 o V5 % TR BOR R B AN I
XA FE U T K T e 2B B AR

3 S B W 45 RS 1 S L, R R

ir,
4 2 1

() FEK TR , T2 KR 5 248 1
S 7 R RN LR T A5 2 v i = I 4 (A
AL — M s N BLEAE 20 ) 3 A AL R
HEEZLNIEE K Ry R X ZE
PR G, RAMLHR)E, FN M EEEIKE B
FEZERTAHEL , 320 7 3 8 35 R a3, /K I 34T
AR R RS

(2) RRETONR FE 24 J5 , B & T d ek, 52 p
e ELN SN, 7K A B ARR A i 34, (H R 315 T
HT] 0 N g 28 A B S /N T R 2 5 R 19 N AR 4k
FEUA K 7 R 4l 45 TOUROR 3 8 R A1, T4 T A S
R ST 55 (81 5R T 1 2 R %t 35 07 Ay 48 4
(AT £ 1 7 57 61 B SE IR K

(3) EEHIBE XV1306 £7% T i Tk S i 7K
JI R | WA TR () R AP R B AT 3 T — e R
(5540, JEI Sk AR 15 AN B S, oA RE % 'S5 e T 1 i
e K ¥ DA 7K S SR e e g s i e A T
U E

S

(1] BRI, Eng i, h R R BEA R [ M] . fRM o E e R
SRR 1994 1137 -143.

(2] shoofh, 7 35,05 RETAEmE S B AEAR(F)
[ M. AR P ) iREE 2003 :108-125.

[3] #hsril, 7 55,5 8. B B R TR E 1] /K ) FE 34 R
[J]. BB R 1999,27(2) :51-52.
Sun Shoushan,Ning Yu, Ge Jun. The technology of hard roof direc-

tional hydraulic fracturing in Poland[ J]. Coal Science and Technol-

(5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

0gy,1999,27(2) :51-52.

TR AL BT 5 1] K 7 F 44 1 5 I Al 2 T AR X 3
[T]. 541 1% 5 TR 2012,31(6) 1 1148-1155.

Feng Yanjun,Kang Hongpu. Test on hard and stable roof control by
means of directional hydraulic fracturing in coal mine[ J]. Chinese
Journal of Rock Mechanics and Engineering,2012,31(6) :1148 -
1155.

Fan J,Dou L,He H,et al. Directional hydraulic fracturing to control
hard-roof rockburst in coal mines[ J]. International Journal of Mining
Science and Technology,2012,22(2) :177-181.

BT A AR S A B 5 R AR SE [ D . AR
FE kK ,2009.

Matsui K, Shimada H, Anwar H Z. Acceleration of massive roof ca-
ving in a longwall gob using a hydraulic fracturing[ A ]. Proceedings
of the 4th International Symposium on Mining Science and Technolo-
gy[ C]. Beijing,1999 :43-46.

ED T AL, A K T A B R TR 4 AL B
KSEBEFE[ 7], MEme2E4R ,2000,25 (1) :32-35.

Yan Shaohong, Ning Yu,Kang Lijun, et al. The mechanism of hydro-
breakage to control hard roof and its test study[ J]. Journal of China
Coal Society,2000,25(1) :32-35.

HRIH, AR, BN SRE K AR Y SR AT R SR [T ]
A% S TR 2004 ,23(20) 34893493,

Deng Guangzhe , Wang Shibin , Huang Bingxiang. Research on behav-
ior character of crack development induced by hydraulic fracturing in
coal-rockmass[ J ]. Chinese Journal of Rock Mechanics and Engi-
neering,2004,23(20) :3489-3493.

Amadei B, Stephansson O. Rock stress and its measurement[ M ].
London ; Chapman & Hall 1997 :361-385.

Walton R J, Worotnicki G. A comparison of three borehole instru-
ments for monitoring the change of rock stress with time[ A ]. Pro-
ceedings of the International Symposium on Rock Stress and Rock
Stress Measurements| C]. Stockholm, 1986 :479-488.

Franklin J. Suggested methods for pressure monitoring using hy-
draulic cells [ J]. International Journal of Rock Mechanics and
Mining Sciences & Geomechanics Abstracts,1980,17:117-127.
X SRR WRRESR  SF . TRER R T 47 LA N ik i
W B R AEDF S [J]. H A 2% 5 TR %4, 2011,30(9) :
1729-1737.

Liu Ning,Zhang Chunsheng, Chen Xiangrong,et al. Monitoring and
characteristics study of stress evolution of surrounding rock during
deep tunnel excavation[ J]. Chinese Journal of Rock Mechanics and
Engineering,2011,30(9) :1729-1737.

TEARLAE . S SR FE 5 R M. db5E B Tl AR, 2007
52-129.

XU . TRECHED H: R 31 R K X 538 5 1 3 14 5%
WAHFFE [ D] . JLat B FBLE T S BE ,2012.

Sheorey P R, Murali Mohan G, Sinha A. Influence of elastic con-
stants on the horizontal in situ stress[ J]. International Journal of

Rock Mechanics and Mining Sciences,2001,38 :1211-1216.





