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Study on the hydraulic fracturing in-situ stress measurement in super-long highway tunnels in

southern Shaanxi. Engineering geological significance

Abstract; The complex terrain and marked anisotropy of regional tectonic stress field in western China make the
crustal stress state an important assessment parameter. Understanding the regional crustal stress state lays the
foundation for assessing the layout at the tunnel design stage and predicting rockburst, fault slip and other
engineering disasters in the tunnel construction process. This study aims to explore the current in-situ stress state of
the super-long highway tunnels in southern Shaanxi. We did hydraulic fracturing in-situ stress measurement of the
Boreholes ZK10 and ZKI11 in the Guxiandong tunnel and the Hualongshan tunnel, respectively, and thus
characterized the current in-situ stress distribution of the two tunnels. The measurement results show that: The S,
values at the maximum buried depths of the Guxiandong and Hualongshan super-long deep tunnels are 13 MPa and
22 MPa, respectively. The stress relations of the Guxiandong and Hualongshan tunnels are S,;>S,>S, and S,,>S >
S, , respectively, and horizontal principal stress plays a leading role. The S, direction is NW-NWW , which is
basically consistent with the direction of the maximum principal stress in the basic database of crustal stress
environment in mainland China. Three conclusions were drawn from the results of in-situ stress measurement in
combination with related theories and assessment criteria. Firstly, the angle between the direction of maximum
horizontal principal stress and tunnel axis is beneficial to the stability of tunnel surrounding rocks. The overall
layout of the two tunnels is reasonable. Secondly, rock burst with moderate strength or above will not occur in the
two tunnels according to a comprehensive study using the rock strength-stress ratio method, Tao Zhenyu criterion,
Russenes criterion and rock stress-strength ratio method. Thirdly we used Mohr-Coulombh criterion and Bayer’ s
law, let the friction coefficient u have the value between 0. 6 ~1. 0, and then we analyzed the present stress state of

the two tunnels. It is found that the stress of the fault zone near the two tunnels did not reach the critical condition
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of sliding instability of shallow faults in the crust, while it is in a stable stress state.

Key words: southern Shaanxi; in-situ stress; tunnel stability; fault instability ; rockburst; highway tunnel
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Fig. 1 Geological structure diagram of the study area and adjacent area (modified after Ke, 2013)
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Fig. 2  Typical drill cores of Borehole ZK11 in the Hualongshan Tunnel

(a) Photo showing complete drill cores in Borehole ZK11;
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(b) Photo showing cracked drill cores in Borehole ZK11
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Fig. 3  Curves showing typical hydraulic fracturing in-situ stress

in the Hualongshan Tunnel
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(a) Inflection point method; (b) d¢/dP vs P method; (c¢) dP/
d¢ vs P method.

The average value of these methods is used to calculate the P..

H 58 m)
Shut-in pressure ( P,) determined by three methods
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Table 1

Results of hydraulic fracturing in-situ stress measurements of Boreholes ZK10 and ZK11

JEHBH/ MPa F i F1{H/MPa %
#ifl RE/m P, P, P, P, Sy Sh S, ;E;:;
145.72 0. 00 13.51 10. 38 7.46 12. 00 7.46 3.86
165.71 0.00 10. 87 5.39 4.21 7.24 4.21 4.39 N66°W
ZK10 176. 00 0. 00 6. 45 4.11 4.24 8.61 4.24 4.66
212.92 0.35 14.77 10. 45 8.04 13.32 8.04 5. 64 N60°W
266. 20 0. 88 14. 54 5.75 5.79 10. 74 5.79 7.05 N47°W
58. 00 0.58 11.28 6. 68 5.11 8.07 5.11 1.54 N47°W
69. 00 0.69 14.58 7.62 5.90 9.39 5.90 1.83 N55°W
78. 00 0.78 10.12 6.90 5.88 9.96 5.88 2.07
95. 00 0.95 13.20 8.37 7.58 13.42 7.58 2.52
ZK1 138. 00 1.38 17.51 6. 80 6.28 10. 66 6.28 3.66
295. 00 2.95 13.90 10. 64 9.89 16. 08 9.89 7.82
330. 00 3.30 20. 20 11.35 11.03 18. 44 11.03 8.75 N70°W
347.00 3.47 14.30 11.15 10.79 17.75 10.79 9.20 N66°W
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Fig.5 Diagrams showing the change of the principal stresses with depth in the two tunnels

(a) The Guxiandong tunnel; (b) The Hualongshan tunnel
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Table 2 Risk criteria and classification of rock burst

FIT T & EEIAES B3 MG RHER TR T
4~7 Ane=g
N : R, W AR R 4R EE | MPas 2.4 ey
BEREBILE R/ O m KRS, MPa -2 mEa _
2 g BB F L R
R e L L LR
R,y A AR 38 S | MPas 3-9-14.5 AR
Bl I == ) 41 R0 M 2.5~5.5 AR R
T JEKER I, MPa
<2.5 5 Z A
R, A R B IR SR | MPa Zi:gi ﬁgfi
BARAWELSE  Op/R oy, WBEF R E R KR T ,ﬁﬂ;%
J1, MPa . P UBBEER T4 I R A 4G B S
0.9 BOEW i vy oA o
1.(50) KA B E S EGRIE, MPa;  0.150~0.200 Gef it v
Russenes $| #ff 1(50) /0 g0 Oy M BE T FF 42 T B K U)W OB 0.083~0.150  HAEA R
71, MPa <0.083 GRFUAME
FEEMGRGIERR ) (S, ) IR E R - - P
KFEIER S (o, ), HAERBEEIEAR, i or i il
5 H 5K R SRR S K £ I R IE 300 | - -
1 1
o-n=7(SH +5,) +7(SH - 8,)cos20  (2) ézoo_
®
T R YT R Sy i AR ool
30, -S(o,=8,)
(3) 0 .

Tomes = 3§, —o, (o, <S,)

For, 0 Sy oK ¥ % 3 il e) 2% 207 1] 5 B R K P
F2 R 197 1) 1 e £

WX A R BN s B R TR A
Russenes F| 45 FlE 4 N )58 B F v 0940 ¢ S 50k 17
TR, AT T R R GE AR KUK S TR B OC R
(K8, %3),

(1) XFF b Al B e, B I 5= 0 4 7000 o 4
KA REME R R, R E A T HE VR LA X AT RE R
ERRCA B A A I B R LE VR RO A AR T
RETERR A, B% I8 4= v 80 IR 0 R N B A 2R o g vl
RETE; A SR EEN ) i . Russenes F 415 Al B 4k 5
FIHE IR TE 2 4 7T BE A A TR E IO B AEE 25 S
(ERORTRINZ N7 1= RN = -2 Bl L B N D S e 7
wEERE

(2) *FAkde B8, B Ik 5 0 40 T A AR
KAV REME R, 48 H 0 m, 224 m B IE SR b
TFIR K A B O R R0 T A A A A0 I ) R L
P R R R T REME AR, A 323 m BRI R AL
IR R AR, LR 4 Fhorik BAE B R
AEBER B EAFE R (R 2), HEHZE
TEAN B AR AR K UL SRR R T BE

(3) LA % b Al % G 5 A e L g TE AR

SRR bV BTRBEEE  MdR TR

Russenes | #%
AR
600
ToH
b R
500 A R
T -
£
300
S
200
100

O 1 1 1
BREEN I HE: NIBREELLYE PRIRFHFIIE  RussenesHHE
FHE 42 R

a— oty VIR B T DL T 45 8 s b— ke e L A X B A
45

B8 iR Bk 3 e (b Al BR R E KGO 4 R
Fig. 8 Results of rock burst risk assessment for the two tunnels

(a) The Guxiandong tunnel; (b) The Hualongshan tunnel
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Table 3  Predicted results of rock burst risk of the two tunnels
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