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Fig. 1 Plan of in-situ stress test location
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Fig.2 Schematic diagram of hydraulic fracturing

test equipment
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Fig. 3 Stress state of infinite plane with circular hole
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Fig. 4 Calibration curve of pressure sensor
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Tab.1 Test results of hydraulic fracturing in-situ stress

of horizontal hole ZK1

éf ‘Hjﬁé P, P Pg Py, T Sy Sy o, E‘{%éﬁ%ﬂbﬁ
5 /m 151l / 45U

1 12,4 8.40 2.30 0.0 2.3 19.1

2 13.9 17.00  9.00 0.0 1.3 9.0 19.1  SW43°40°
3 171" 0.16 0.01 0.0

4 187" 0.15 0.02 0.0

5 20.2" 0.18 0.02 0.0

6 21.8 15.00 7.70 0.0 85 7.7 19.1

7 23.3 12.70  3.70 0.0 3.7 19.1
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Fig. 5 Variation of principal stress of ZK1 borehole

cross section with depth
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Tab. 2 Test results of hydraulic fracturing in-situ stress

of horizontal hole ZK2

A R 255 (i
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/m ) ’ el / )
9.2 21.9 15.0 0.0 23.3 15,1 19.1

10.8 21.8 188 0.0 3.8 189 19.1

12.4 21,7 20.8 19.5 0.0 0.9 37.9 19.6 19.1

13.9 20.5 16.0 14.4 0.0 4.5 27,5 145 19.1

15.5 16.3 14.0 10.0 0.0 2.3 16,3 10.2 19.1

17.1 20,0 10.4 9.6 0.0 9.6 187 9.8 19.1 SWI7/70°
18.7 16.7 1.5 10.0 0.0 52 189 10.2 19.1

20.2 135 121 10.1 0.0 1.4 186 10.3 19.1

2.8 147 1.1 109 0.0 3.6 220 1L1 19.1

23.3 16.3 14.3 1.5 0.0 2.0 2.7 1.9 19.1

24,9 15,1 13.2 1.2 0.0 L9 20.9 1.4 19.1
12 26.6 13.0 1L0 10.0 0.0 20 19.5 10.3 19.1
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Fig. 6 Variation of principal stress of ZK2 borehole

cross section with depth
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Tab.3 In-situ stress test results of ZK3 vertical hole

4 e B (I
i AR b, P P Py T Sy Sy o, oy W%ﬁ(h
5 /m ’ ’ il / AU
1 38 216 184 13.3 0.0 3.2 215 133 19.2 11
2 58 2.0 176 13.7 0.1 2.4 236 13.8 19.2 1.2
3 7.8 183 17.2 4.4 01 11 261 145 19.3 14
4 9.4 204 158 145 01 4.6 27.8 146 19.3 1.4
5 110" 13.4 1.7 0.1 21.8 1.8 19.4 1.1
6 12.5 14.2 12.6 0.1 23.7 127 19.4 1.2
7 141 22.4 161 0.1 2.0 16.2 19.5 1.3
8 15.6 225 19.8 163 0.2 27 20.3 165 195 1.5 No2E
9 17.3" 14.3 104 0.2 17.1 10.6 19.5 0.9
10 188 19.9 162 155 0.2 3.7 30.5 157 19.6 1.6
n 2.7" 18.9 10.2 0.2 1.9 10.4 19.6 0.6
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Fig.7 Variation of principal stress of ZK3 borehole

cross section with depth
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Tab.4 Calculation results of in-situ stress by

three-dimensional hydraulic fracturing method

EHESTI (S =Sl
B—FN T o) BoEN S o, B=EN T oy N
B iR Jrfih R B i BHE B Jifif on 0w ERITT
/MPa /() /) /MPa /() /) /MPa /() /O fifa/ ©

26.4 12 252 177 52 358 125 36 154 24.3 14.4 70

E:XYZ R AR R, Hoh X oy EdL Y SOy IE v, Z o Y Em b
W I 0y 0y 0, Tyy Ty, Ty S I 15.6.23.1,16.2,—3.2,
2.4.1.8 MPa,

3% 4 AT, ST LA A B ok /N K P
F 143N 24, 3,14, 4 MPa, S i 13 4 16. 2
MPa, A by 1 32200 g Ry K1) B2 o R 7
fiky 70°, 5 ZK3 THEEREM. BoREN NN
24.6 MPa.fiif 12°, J7 i i 252°, IR R B 51k
= BN T7 IR [ W

4 BiRE SN DEREN

73R 75 BBl N L K FL ZKT R ) Bl
g A o 18 THD e K N ) & (H 8 B 8. 5 ~10. 3
MPa, # i 5 /N FE W S E R 2. 4~9. 1
MPa; K-l ZK2 B8 1 5 K 3200 ) & (A 78 HF 42
P 3 X f ik 38 MPa 1 SEH6 CIE 38 3h X)) % 1fi
KFEMN HFEARFE N 20 MPa £ 47, 1l & 5 B
T2 G T B B 3 46 A 56 s 4 BLAL ZK3 B koK
S F N S EAHIEE Y 11, 5~30. 5 MPa, /MK
F 0 SR AE G R 10, 4~16.5 MPa, [R5, H 42
B AR =TS B5 NI G 24 N S = YA R 1
24.3.14. 4 MPa, #I\ K 521 % it T JF 42 52 i,
ZR2 ALAR B X P9 I A A S e e o . AR
I A5 B K 32 1 ) 8 389 oy T 8 P S5 O, LB 53 A1
1E 20~40 MPa W,

WG WA A 725, BT DA A KA
TRL N B 4T T SR B Ol 28, 8~ 97. 2 MPa; = £} f
A A AT ESR R 9. 3~67.5 MPa, 454
By E AL =B R G g e s 0 ) 13 56
g5 5L B A LA T RS 5 B A 50 MPa, Y L AL
i KK S8 30. 5 MPa, Ul R, /o, = 1. 6
(R, A2 A0 M0 R B3l B P 38 55 0, SRy B K
J1) AR (K Ty o TR Hb S B 22 ) (GB
50287-2016)" , 4 & f K 3 W A1 40 A IX ) L
A1 VRT3 0 g L {E R
DA RN ST L =5 APIR

5 %Hit

a. ZK1 fL7E 12. 4~23. 3 m %3G F A R H
(R O 1 AT B K L e /N 320 a3 L A3 S
8.5~10.3.2.4~9.1 MPa; ZK2 fL7E 9. 2~26. 6
m BHFLIRBE N B AT L R R /N BN T 43 5
16.3~37.9.9. 8~19. 6 MPa; ZK3 #y 1 fL1E 3. 8~
20. 7 m BNALERBE N L B K L SR /NKF F 6 7 43
K 21.5~30.5.,12. 7~16. 5 MPa, fx KK F
F1O5 21k NS7°E, B il A B A g R 3 22
JE 3 2R 7K 6] N T

b. = 4E N 7 1B R 15 B oK e /NKE FE )
BE 91 24, 3,14, 4 MPa, 25 [alfx K E R 1 K
24.6 MPa, ZEU&H/KEERAE S K76-+460 Brill {7
BA RN 743 90 e N T

SE 3k

(1] 0 . 99 o TR U5 - 45 A AE e M A PR OT A AT LML) 78
PP B 2R R AL L 2002,

(2] SR, BKAD, 2200 . TR 3 o 1 R ) K T RE S 5
AT 42 98 M DX RRAE B 3 A LA A 5 [T, IR AR R 1 47
AR ,2021,58(4) :86-94.

(3] ZEX3e, H Wi, re Hb 07 Jy XK A ol R T B 43 0 OF
FEEIE R AT L. K BB IR BE 2%, 2010, 28 (5)
88-90,126.

(4] B, P BUAE A dk e, 46 22 9N KU I T R
5 7K I A7) U b 7 g BB B S]], K L RE VR AL 2
2018,36(8):94-97,73.

(5] TkBAsE, pREs. AR 2 [M] L. R R
Fkk . 2008.

[6] e NRALAIE MG M & @i, hrde N RILR
] ] ) % It M A 6 A 8 R K ) R v R
BBV . GB 50287-2016[S]. db 5T v [ 3 1l 1
Mtk . 2016.

(F#% 181 7



541 5 2 Bi 45 S8 3R 2500 X 7K U8 B R A AR D TR AR P Y S 0 AT « 181 -

c. BEAE IS I ) A 38 K, 48 HURE A IR BT K T BRI ] BB SR, 2012(1) :60-62.
e AKAL FE A 1 K AR B, 48 FLTR R T — S 1 B Sk [4] LOPEZ-QUEROL S, ARIAS-TRUJILLO J,GM-ELIPE
ZERY IR 35 A B 7E 34T o 523 6 3% T6 ) FR Bt M., et al. Improvement of the bearing capacity of
A 3 B 2 DU 7 2 B A 4 7 confined and unconfined cement-stabilized aeolian

N N sand[ ] ]. Construction and building materials, 2017,
THEIR REAR T KR IIRLTT L 57456

5 23T [5] AIBAN S A. A study of sand stabilization in Eastern
Saudi Arabial J]. Engineering geology, 1994, 38 (1-
(1] E bk, JBE Hb DX 3 20 B XU RR D B 3 A 44 43 2):65-79.
[J]. A% ,2020,65(5) :61-65. (6] e AT 6 A0 [ Bk OB A, Bk T8+ Tk R M .
(2] SROET. TR ER R rboby 40 00 e R Bk ORI TB 10102-2010[S]. Jt5% : A7 [ 8 38t hi it , 2011,
KB sE[J]. BRI A H.2019,59(2) :54-56. (7] PSR, w8 406 T /K U B R B o B8 4 1) 3l 0
(3] B, £ 22 KR o B 4N b 25 L 9 3R I i) 6 38 32 0 FEPEAFFE (D, db 5t . v [ 8k B 2 F 58 B » 2009.

Influence of Delay Effect on Engineering Characteristics

of Cement Improved Silty Fine Sand

CHEN Wei' ,HUANG Zhi-jun' ,ZHAO Er-sheng’
(1. School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730000, China;
2. Lanzhou Railway Design Institute Co. » Ltd. , Lanzhou 730000, China)

Abstract: In view of the problem that the compaction coefficient of cement improved silty fine sand road in Gobi area
is difficult to meet the standard after the completion of rolling inspection as an engineering material, after comprehensive
analysis, it is found that the timeliness of cement improved silty fine sand is not considered in on-site construction and in-
spection. Through the design of compaction test and unconfined compression test of cement improved silty fine sand un-
der different delay time, the influence of delay time on the compaction characteristics and strength characteristics of ce-
ment modified silty fine sand was analyzed. Considering the strength change of Subgrade in seasonally frozen area after
freeze-thaw cycle, the freeze-thaw cycle test of cement modified silty fine sand under the influence of delay time was de-
signed. The results show that with the increase of delay time, the maximum dry density of cement modified silty fine
sand first increases and then decreases, and the optimal water content first increases, then tends to be flat and then in-
creases; The saturated 7 d unconfined compressive strength and the strength after freeze-thaw cycle decreased gradually
with the increase of delay time; The structure formed by cement hydration inside admixture has been destroyed after be-
ing rolled and formed, reducing the cement effectiveness.

Key words: silty fine sand; strength; delay time; freeze thaw cycle; experimental study
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Application of Hydraulic Fracturing In-situ Stress Test Method in Qinling Tunnel

LEI Long

(Hanjiang-to-Weihe River Valley Water Diversion Project Construction Co. Ltd. ,Shaanxi Province, Xi’an 710024, China)

Abstract: Geostress field plays an important role in the stability of tunnel surrounding rock. Based on the in-situ
stress results and geological conditions in the cracked area of the secondary lining concrete of the Qinling water conveyance
tunnel from Hanjiang-to-Weihe, three-dimensional hydraulic fracturing method was used to analyze the in-situ stress of
the surrounding rock in Qinling tunnel. The results show that the maximum principal stress on the cross section of the
horizontal hole is 16. 3-37. 9 MPa and the minimum principal stress on the cross section is 2. 4-9. 1 MPa in the horizontal
drilling depth range of 9. 2-26. 6 m. In the vertical drilling depth range of 3. 8-20. 7 m, the maximum horizontal principal
stress is mainly 21.5-30.5 MPa, the azimuth average is N57°E. and the minimum horizontal principal stress is mainly
12.7-16. 5 MPa. The maximum and minimum and the spatial maximum principal stress are 24. 3 MPa, 14. 4 MPa and
24.6 MPa respectively, which are nearly horizontal distribution. The stress field of surrounding rock at the test site of
tunnel rock mass is mainly horizontal stress and the rock mass stress is classified as "high in-situ stress".

Key words: water conveyance tunnel; geostress test; hydraulic fracturing method; plastic deformation





