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Abstract In order to estimate the upper crustal stress state and slip stability of major faults after
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and Lisiguang Memorial Hall borehole ranging from 600 to 1000 m were drilled in Beijing region.
Hydraulic fracturing method was used to conduct in-situ stress measurements in these five
boreholes, and stress monitoring equipment was installed at appropriate depth and monitoring
stations were constructed. Those data derived from the in-situ stress measurements reveal that
the gradient coefficients of the maximum horizontal stresses and minimum horizontal stresses
versus depth are 0.0328 and 0.0221, respectively; and the magnitudes of lateral pressure
coefficient such as K,,, Ky, and the ratios (Ky,) of the maximum horizontal stress to minimum
horizontal stress are consistent with previous studies. However, the ratios (y,) of the maximum
horizontal shear stress to the average horizontal stress are relatively low. It is noted that the
dominant direction of the maximum horizontal stress in Beijing region is ~EW which is the same
with the tectonic stress field of North China. However, sub-regional stress field induced by faults
which shows deviation from the orientation of North China, has been also revealed. In addition,
the stress regimes inferred from in-situ stress data imply that the maximum horizontal stress (o)
is the maximum principal stress (¢,), while the intermediate (g;) and the minimum principal
stress (g3) show some variations. It is suggested that these variations may be caused mainly by
the regional tectonic evolution and the activity of faults near the boreholes. Based on these
characteristic parameters, we can point out that the maximum horizontal stress in the upper crust
of Beijing region can be defined as dominant stress, while the horizontal shearing stress is
relatively weak. Finally, slip stability of major faults in Beijing region is estimated according to
Column friction criterion and Byerlee' s law, together with the frictional coefficients being
assumed to be 0.2, 0.4, 0.6 and 1. 0. The results reveal that when the frictional coefficient
ranges from 0.6 to 1. 0, the recent crustal stress state of Beijing region does not yet reach the
expected limit of fault slip. The stress values of the Xifengsi borehole will reach the expected
limit when the frictional coefficient is weakened to 0. 4, revealing that the Babaoshan fault stands
chance of slipping; the Xiadian-Mafang fault and the Huangzhuang-Gaoliying fault will approach
to the expected limit of slip and will stand chance of slipping under this hypothesis, but only with
very low possibility. However, it should be pointed out that if the frictional coefficient is
weakened to as low as 0. 2, the major faults in Beijing region will be unstable and slip may occur
under the present-day crustal stress state. Conclusions in this paper would be of great significance
for studies on tectonic stress field and seismogeology in Beijing region, even North China.

Keywords Beijing region; In-situ stress; Hydraulic fracturing; Crustal stress state; Column

frictional failure criterion; Fault slip stability
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Map of major faults and in-situ stress measurements boreholes in Beijing region

In this figure, faults symbolled from F; to Fg refer to the Nankou Piedmont Fault, Babaoshan Fault, Huangzhuang-Gaoliying Fault,

Shunyi-Liangxiang Fault, Sunhe-Nankou Fault, Xiadian-Mafang Fault, Tongxian-Nanyuan Fault, Yanjiao-Gu'an Fault and Zhuozhou-

Baodi Fault, respectively.
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30/H +0.60 < K,, < 400/H +1.20, (9
30/H40.70 << Ky, << 600/H +1.40, (10)
Ky, = 1.42X10"H +1. 37, (1D
pm = 5.73 X 107 H+0.15. (12)
K(D—AOFE 5 7 L X T RIEEN K.,
5 K M iR AE S © A A — B0, 28 B0 0 B %
T My 3By B, BE TR R . 3 YE B s /)
(Brown and Hoek, 1978; MXfEZr4%,2007 ; 504545,
2007 ; EHAEAF 2012 M REBT 45, 2012) , Bl TR P2 3
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Fig. 3 Determinations of shut-in pressure (P,) in 526. 13 m in Lisiguang Memorial Hall borehole using (a) inflection point

method, (b) dz/dP vs P method and (¢) dP/d¢ vs P method. The average value of these three methods is adopted to

calculate the shut-in pressure, P,
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Fig. 4 Variation of measured stresses with

depth in Beijing region
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N75°E) NWW-—EW Jy{i (%34 N74°W) L & NW
Jifn CF ¥ N28° W), Horp, NEE—EW J5 fii #l
NWW-—EW J5 i 24 L 3 J5 1] o i 55 v [ K bl b 52
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Table 1 Results of hydraulic fracturing in-situ stress measurements in Beijing region
GEL <i> (I\/II)Iia> (I\/II)II;a) (1\/?}%) (1\/11)};@ (l\i;m (I\;Iﬂ}"a> <1\/E5a> on It K K K pm
62. 41 0.62 7.85 1.71 2.88 3.31 2.88 1.65 1.88  2.01  1.15  0.07
151.19  1.51 8. 90 5. 65 4.90 7.54 4.90 4,01 N56°E 1.55  1.88  1.54  0.21
170.00  1.70 13.31  6.87 5.07 6. 64 5.07 451  N47°E 1.30  1.47  1.31  0.13
192.77  1.93 14.21  10.82 8. 69 13.32  8.69 5.11 2,15 2.61  1.53  0.21
232.00  2.32 13.50  9.39 6. 62 8.15 6. 62 6.15 N30°E  1.20  1.33  1.23  0.10
250.00  2.50 13.90  9.84 9.08 14.90  9.08 6. 63 .81  2.25  1.64  0.24
281.00 2.8l 12. 04 9.19 8.58 13.74  8.58 7.45 1.50  1.84  1.60  0.23
297.40  2.97 15.20  10.97 9. 94 15.88  9.94 7.88 1.64  2.02  1.60  0.23
320.32  3.20 11.90  8.51 8. 06 12.47  8.06 8. 49 .21 1.47 155  0.21
349.00  3.49 14.79  8.52 8. 05 12.14  8.05 9.25  N36°W 1.09  1.31  1.51  0.20
ygs 35400 3.54 12.94  8.71 8. 40 12.95 8. 40 9.38 .14 1.38 154  0.21
(P& 362,00  3.62 10.87  8.00 7.79 11.75  7.79 9.59 .02 1.23 1.51  0.20
376.62  3.77 13.11 9.53 7.84 10.22  7.84 9.98 0.90  1.02  1.30  0.13
388.00  3.88 15.18  13.33 9. 99 12.76  9.99 10. 28 .11 L.24  1.28  0.12
394.00  3.94 12.70  8.96 8. 64 13.02  8.64 10.44 N27°W 104  1.25 1.51  0.20
409.00  4.09 16.63  13.69  10.97  15.13  10.97  10.84 .20 1.40  1.38  0.16
441.50  4.42 18,12 12.75  11.12  16.19  11.12  11.70 N43°W 1.17  1.38  1.46  0.19
454.60  4.55 16.36  12.52 12,41  20.16  12.41  12.05 .35  1.67  1.62  0.24
477.20 477 16.53  13.62  12.83  20.10  12.83  12.65 .30 1.59  1.57  0.22
514.50  5.15 22.82  17.75  15.20  22.70  15.20  13.63 .39 1.67  1.49  0.20
527.00  5.27 24.38  17.97  15.59  23.53  15.59  13.97 .40 1.68  1.51  0.20
553.06  5.53 20.47  16.83  15.89  25.31  15.89  14.66 .41 173 159  0.23
103.00  0.60 8.27 5.83 3.91 5. 30 3.91 2.74 1.68  1.93  1.36  0.15
111.20  0.67 10.53 7.21 1.71 6.25 4,71 2,95  N25°W  1.86  2.12  1.33  0.14
=g 130.85 0.87 10.53 5.93 4.32 6.16 4,32 3.47  NISW 1.51  1.78  1.43  0.18
(SSLY 163,70 1.20 8.97 6.05 4,44 6.07 4,44 4.3 N20°W  1.21  1.40 1.37  0.16
181.00  1.37 6. 09 4,29 3.33 4.33 3.33 4. 80 0.80  0.90  1.30  0.13
207.50  1.64 8. 47 5.61 4.04 4.87 4,04 5.50  N26°W  0.81  0.89  1.21  0.09
180.50  1.01 10. 09 7.77 5.61 8.05 5.61 4,78 1.43  1.68  1.43  0.18
231.50  1.52 19.81 8.72 5.36 5.84 5. 36 6.13 0.91  0.95  1.09  0.04
257.03  1.77 30.80  7.75 7.53 13.07  7.53 6.81 NS4°E 1.51  1.92  1.74  0.27
260.73  1.81 12.55 7.87 7.61 13.15 7.61 6.91 .50 1.90  1.73  0.27
261.15  1.81 17.00  10.18  6.23 6.70 6.23 6. 92 0.93  0.97  1.08  0.04
(m;fj 273.50  1.94 19.35 1236 6. 90 6. 40 6. 90 7.25 0.92  0.95  0.93  0.04
300.50  2.21 20.97  10.17 9. 66 16.60  9.66 7.96  NS4E 1.65  2.09  1.72  0.26
331.68  2.55 21.47 1419 14.67  27.27  14.67  8.87 2,36 3.07  1.86  0.30
382.33  3.02  32.30  18.49  14.50  21.99  14.50  10.13 .80 2.17  1.52  0.21
416.50  3.37 18.98  14.59 12,71  20.17  12.71  11.04 .49 1.83  1.59  0.23
429.50  3.50  29.36  17.26  17.85  32.79  17.85  11.38 2.22  2.88  1.84  0.30
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gx1
Hifl <i) <1vio>a> <b/1;}ga> (1\51%) (1\/11313@ (l\i?’a) <1\Zlf>a> (l\/(HDaO ou 77H K i Hm
532.78  4.53  33.39  20.97  19.98  34.44  19.98 14,12 1,93 2.44  1.72  0.27
568.73  4.89  25.86  16.12  16.22  27.65  16.22  15.07 N79°W 1.46 1.8  1.70  0.26
migs OLL73 532 2510 2116 19.36 3160 19.36 1621 157 1.95  1.63  0.24
(XFS) 657,73 5.78 2020  14.15  13.42  20.33  13.42  17.43 0.97 117 151  0.20
700.35  6.20  13.53  10.69  10.48  14.55  10.48  18.56 0.67  0.78  1.39  0.16
730.43  6.50  28.85  20.15  23.20  42.95  23.20  19.36 .71 2.22  1.85  0.30
182.60  1.61  18.53  11.63  7.18 8.30  7.18  4.84 N79°W 1.60 1.71  1.16  0.07
327.20  3.05  28.45  21.71  12.63  13.13  12.63  8.67 .49 151  1.04  0.02
331.10  3.09  24.08 15.66  10.31  12.18  10.31 877 N73¥W 1.28 1.39  1.18  0.08
350.50  3.29  21.84  16.04  10.64  12.59  10.64  9.29 1.25  1.36  1.18  0.08
365.00  3.43  26.32  18.87  12.61  15.53  12.61  9.67 N66°W 1.46  1.61  1.23  0.10
367.30  3.45  24.76  18.50  12.52  15.61  12.52  9.73 1.45 160  1.25  0.11
372.70  3.51  23.59  18.07  12.59  16.19  12.59  9.88 1,46 1.64  1.29  0.13
478.50  4.57  25.80  18.63  13.59  17.57  13.59  12.68 .23 1.39 129  0.13
482.20  4.60  26.44 20,02  14.47  18.79  14.47  12.78 1,30  1.47  1.30  0.13
524.00  5.02  29.86  19.24  15.30  21.64  15.30  13.89 N8°E  1.33  1.56  1.41  0.17
530.80  5.09  22.88  17.49  14.85  21.97  14.85  14.07 N83°E  1.31  1.56  1.48  0.19
550.00  5.28  28.86  19.30  15.15  20.87  15.15  14.58 24 143  1.38  0.16
566.50  5.45  32.67  24.06  18.18  25.03  18.18  15.01 1.44 167  1.38  0.16
‘ 606.80  5.85  31.07  22.90  18.39  26.42  18.39  16.08 1,39 1.64 1.44  0.18
H 2 (MY)
627.50  6.06  31.85  21.37  18.09  26.84  18.09  16.63 N52°E  1.35  1.61  1.48  0.19
648.50  6.27  25.60  18.70  15.43  21.32  15.43  17.19 .07 124  1.38  0.16
650.40  6.28  25.37  17.77  14.92  20.71  14.92  17.24 .03 1.20  1.39  0.16
685.50  6.64  30.38  21.43  18.17  26.44  18.17  18.17 N67°E  1.23  1.46  1.46  0.19
713.90  6.92  29.62  19.65  18.08  27.67  18.08  18.92 121 1.46  1.53  0.21
748.00  7.26  39.30  28.31  21.67  29.44  21.67  19.82 1,29 1.49  1.36  0.15
769.40  7.47  34.53  27.69  21.85  30.39  21.85  20.39 1.28  1.49  1.39  0.16
820.50  7.99  30.22  24.01  20.28  28.84  20.28  21.74 .13 1.33  1.42  0.17
836.60  8.15  31.04  25.60  21.69  31.32  21.69  22.17 120 1.41  1.44  0.18
865.00  8.43  28.80  22.86  21.02  31.77  21.02  22.92 N54°E 115  1.39  1.51  0.20
896.70  8.75  34.25  26.46  22.03  30.88  22.03  23.76 .11 130  1.40  0.17
921.50  9.00  31.81  25.03  21.30  29.87  21.30  24.42 N73°W 1.05  1.22  1.40  0.17
959.22  9.37  29.16  24.15  20.53  28.07  20.53  25.42 0.96 1.10  1.37  0.16
975.80  9.54  32.99  24.33  21.40  30.33  21.40  25.86 1.00  1.17  1.42  0.17
416.66  3.84  12.94  9.70 8.88  13.10 8.8  11.04 NSI°’E  1.00  1.19  1.48  0.19
443,13 410 1419 10.27  9.45  13.98  9.45  11.74 N82°E  1.00  1.19  1.48  0.19
452.00  4.19  12.43  9.03 8.06  10.96  9.03  11.98 0.83  0.91 121  0.10
EJIUD
@adE 464.05  4.31  13.39  10.21  9.54 1410  9.54  12.30 0.96 1.15  1.48  0.19
IS0 go.65 457  15.45 858 7.76  10.13  7.76  12.98 0.69 0.78 1.31  0.13
499.59  4.67  14.22  9.54 8.74  11.55 874  13.24 0.77  0.87  1.32  0.14

510. 55 4.78 16. 56 11. 46 10. 44 15.08 10. 44 13.53 0.94 1.11 1. 44 0.18
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gx1
H P, Py, P, P, on Oh oy N
i Ko K K .
Hifl (m) (MPa)  (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) " 1 ‘ " . "
526.13  4.93 20.50  13.14  11.43  16.22  11.43  13.94 N69°E  0.99  1.16  1.42  0.17
) 539.71  5.07 16.01  11.88  10.55  14.70  10.55  14.30 0.8 1.03  1.39  0.16
EJub

B 546,50 5. 14 18. 30 10. 90 10. 34 14. 98 10. 34 14.48 N77°W  0.87 1.03 1. 45 0.18

(LSG)
561. 21 5.28 13.79 10. 75 9.93 13.76 9.93 14. 87 0. 80 0.93 1. 39 0.16

582.04  5.49 16.69  10.74  10.04  13.89  10.04  15.42 0.78  0.90  1.38  0.16
U H—Hu i 2 W B O TR Po—ALIBRIES) s Py — R S) s Po— B 5K I 75 Po— KM IT son— B ROKP- 20 7 5 00— e /N K- E BT 5
ov [Ny B IS T EEUCEZ BB A A E R 2.65 g+ em ™.

K.y Ky Kin Hm
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& 5a 104k Sl Brow Fil Hoek 45 5 (1978).
Fig.5 Variation of K, (a), Ky, (b), K (¢) and g, (d) with depth in Beijing region
The red lines in Fig. 5a represent the envelope curves calculated by Brown and Hoek (1978).
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TE W7 J2 A S5 B D A A A T R R
Bl sl Rk s + =B B L T8 50 1 R AT IR
0 ek 2800 O 2 i 5 5 o =z = b DX 3 A A %
P AEA R 15 DBy 588 I 4 B A 5 A R 45, 20035 5
SCH A, 2004) O AU 5t H DXORT A8 38 1 3l 19 2 01 1 K
B FE 5 1L FH % A e A 3R B i 2 A DX (B BT A
5,2002) R N g 245 ¥4 R B 5€ 4 vHE i s I W7 28 1k
. bR E SR P 4 BT AL s DX 58 R R E
RELKFE N ES o HRREN S (61) .
1113 H 18] 320 T (o) 5 B /N E AT Corg ) i XoF 7 F) 552 300
M I T3 A AR AR A 32 S 32 i Ml DX R 3 T Bl
DA% 00 a5 W6 S B R 3 5

5 T MU 1 B i W AR E P B

W51 BTk = A A E b AR S S W R E
PEWTSE T3 T AT AN 20 22 3R R S A St A1) S 3 3l
VAR AE/ TR/ SRR A A P N VIR NP e i [
5.1 BFRXBBIBHFHE

VA PR 458 3 5l o ) 3 B L AR i R T I 3R )
T AT AR W 24T E AR ) ¢ KT T
S PESERL ST o s IR 4 W 2K 1 6 — & 15 7 L A
AR gl o g 2 B R0 A R 4R R A o0 TR T
S4TH W IE R 7. AR FE 0 T A SO IS
AR K TN 5 /N F ) Z Ha] LR O PR
R BN K %L (Jaeger and Cook, 1979; Zoback and
Healy, 1992):

J— 2
2D (Vi F 1 +) (13)
3 0

Koo 00 23 W 281 Bl I K5 /N 8 )5 Py
Sy ALBR T s B A TSR R B L TR S R R R AR B
BAE A LB ) 5 ) RO S5 L B A 3
HCAL B 3 0L 55 T K i 77 (Barton et al, 19955
Zoback and Townend, 2001).

g 52 D00 b 7 g LA X CL3) v, 2 76 B A/
A AE D0 R RS 5 S =z s o A O B K T B R
T DU AR DU I 2R T BRI Gl T AR R B (A
18 7 32 ”  Fi8 W7 2T ¥ 2k 5 1) 5 e K T L g [ R A
N BT S F e B Z 0] DU (14) KR

= %(%+arctanﬂ>. (14)

¥ Anderson W72 H G . X F AR ZEH W 2, H
o1 >0y JITXS N A S M 7 3 AS R OB )2 L T

2 DA RGE 1 W2 X (13D 85 43 0 A2 4k Oy
oD (VEFT+a) (15)

~
Gh_PO

‘;“:11:0 < (V& T14u) . (16)

‘;:‘:If: < (Vi F1+u). a7

A LUE W BIRAE S R e (ER T IR
FaE 524, Byerlee(1978) ZE S XM AA N E
NS BB R B B /N T 200 MPa v KRy
AAW p HFE 0. 6~1.0 Z[A]; Brace fl Kohlstedt
(1980) NN FF /R SEBR 25 R & HI T 5 km DL IR JE
Zoback 4§ (2001, 2007) 1tk FILEN 6 FIRALYE
B3 AT I5 WAy e TR SRR B RS FEAR AT 0 B
0.6~1.0 Z5 5 J5 18 Z 55 (1996) X = e I X 1€ ]
KA I R SR R B e MUK A R R R
FETFFRA 0. 650, F- 34K 0. 850, » [A] B 2N 4 76 PE A
Hu ST ER T R R AR B . B 0. 6~1. 0 & Ak
s Lockner 2£ (1986) . Blanpied ££(1991,1995) &
SR EAL K A A S s L g R s 18 s R A A
I8 BE 45 R FUREAE 0. 65~0. 75, JF HL B & & /K &4
AU B H R K 2 8O SE TEEAT WTRR
Fatg sh PR b . B 0. 6~1. 0, {H L, — B8 fff 58 &
TN LS SR T W 2 A R 52 R BT RE AR T Bk
2% B (Byerlee, 1990; Boatwright and Cocco, 1996).
Carpenter 2 (2009, 2011) FJF 5% 3% % 15 51) 37 b 24 447
R G R AL R NS S e S O Ve R L oa
JEE 48 2 BUKEUAE 0. 56~0. 68, 1M B 2445 v iz 43 5 1Y
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