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Preliminary investigation on the deep rock stresses prediction method based
on stress polygon and focal mechanism solution
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Abstract: The determination of deep rock stresses is a focused and difficult issue in the study of regional stress field. Most estimating
methods for deep rock stresses depend on the extrapolation of fitting empirical formula, which are short of theoretical basis and
unreliable. This research proposed the lateral pressure coefficient polygon with reference to stress polygon theory, combined with
stress factor R to better constrain stress distribution polygon. The Zijingguan fault belt in Yi county, Hebei province was chosen as the

application area. Based on focal mechanism and in-situ stress measurement data in this area, K the maximum lateral pressure

max *

coefficient, and K__, the minimum lateral pressure coefficient, were estimated for the deep rock masses of 6 km, 11 km and 19 km
at three depths are 1.07+£0.07, 1.14+£0.14, 1.09+£0.09 and K__ are 0.85+0.15,

0.88+0.12, 0.86+ 0.14 respectively. The relative deviation of results is between 6% and 17%. The orientation of the maximum

min ?

respectively. The results showed that K min

horizontal principal stress, jointly determined by hydraulic fracturing and focal mechanism methods, is N44.4°E. The method
proposed and established in this research provides a new estimate means for deep rock stresses.
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Fig.1 Diagram of constrain stress using stress polygon
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Table 1 Results of in-situ stress measurement by hydraulic
fracturing in borehole ZJGTEST-ZK4

ERBIRE P, P, R P S S S HWH
/m /MPa /MPa /MPa /MPa/MPa /MPa /MPa J5fi.

8.48 N45°E
8.03 N43°E
294.50~295.26 2.82 26.08 1232 1571 7.79 18.43 12.32 N50°E

219.30~220.06 2.08 1627 848 10.06 580 13.30
238.00~238.76 2.26 19.02 8.03 879 630 13.04

313.00~313.76 3.00 23.10 1247 1452 828 19.89 1247 N46°E
342.50~343.26 329 21.78 12.60 1426 9.06 2025 12.60 N40°E
413.00~413.76 3.98 2442 1322 1587 10.93 19.81 13.22 N56°E
485.50~486.26 4.69 24.09 1229 13.14 12.85 19.04 12.29 N51°E
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Table 2 Fitting parameters of lateral pressure coefficients
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Table 3 Summary and calculation of stress data

. TR B N F1{#/ MPa
L5 iy,
/m s, s, s,

7K1 58.91~59.75 1.56 3.81 2.78 0.51
98.07~98.75 2.59 4.92 3.11 0.40
81.51~82.79 2.16 7.48 4.22 0.64

ZK-2
89.02~90.14 2.36 9.64 5.76 0.69
87.21~88.07 2.31 8.94 5.48 0.68

ZK-3
89.32~90.24 2.36 9.15 6.05 0.68

192.50~193.40 5.11 13.61 9.53  0.56
219.30~220.06 5.80 13.30 8.48  0.50
238.00~238.76 6.30 13.04 8.03 045
265.96~266.73 7.05 13.99 9.14 043
294.50~295.26 7.79 18.43 1232 0.51
313.00~313.76 8.28 19.89 1247  0.52
342.50~343.26 9.06  20.25 1260  0.49
ZK-4 413.00~413.76 10.93 19.81 1322 0.38
447.1~448.07 11.84 19.61 1234 0.34
485.93~486.33 12.85 19.04 1229  0.31
522.54~523.11 13.83 19.21 12.63  0.30
542.60~543.17 1436  20.61 1340  0.31
573.08~574.1 15.16  21.94 1376 0.33
584.08~584.91 1546 20381 1340  0.32
589.08~590.22 1560  21.26 14.19  0.31
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Table 4 Parameters of stratigraphic properties
of study area
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Fig.9 Prediction of deep lateral pressure coefficient &
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Table 5 Prediction results of K

R R Ko Koy
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Table 6 Stress prediction formula in North China
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PRI i AR .
/km /MPa
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- Al Bk i) A7 [44]
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S, =0.024H +11.01 "
~ = 52 BRAE[45]
0.95~4.00  HUAEHIX S, —0.018H —15.26 R PEs
Sy =0.023H +1.51
0~2.10 ) s,=o0i8H-108
B 7 ferey
R S, =0.025H +4.16 " eRs
2.1074.00 S, =0.024H —15.96
S, =0.023 3H +4.665
0~4.00 AL BRI SEET)

S, =0.016 2H +2.100

e Reh HRFIRFE

T 2> AT 3 1 e KK 2 B AR T A 30T
A B RPN &5 R, HASCE TN 45 R e
M IX 22 56 20 24T 21 A 45 SR AR i iy, XTI RE S5 T
T R PTG 1 B O M IX A P Y R RUR
(>26 kN/m’) K. Jy T SRR EEAS T 2
SRR BIMEER, PLS 250 A R KRN
Bl KM 7 28 I S ASCE RIATX L,
IR 7 P, WRE AR A SR K, BR

K s B MESASCERMAT, et
T A XGRS AL R W&, #E—0i
WY T AR SR 7 MR B - 73 AR 11 ik i
TRYE KAEAS BV REAR N A A S, T 1
FRTFEREMME T THTFCX BT DL

KT FARNERE K
Table 7 Comparison of side pressure coefficient X
in the prediction formula*>—7!

T K K., T 155 1. it
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2 1.07 0.57 K. & IR 5% P Ae145]
3 1.09 0.83 K.+ K, & T A 446
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Fig.11 Comparison of in-situ stress prediction
formulas in North China
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