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Characteristics of in situ stress regime measured by hydraulic
fracturing technique and its application on tunnel design

Sung-Oong Choi

ABSTRACT A rock mass is usually classified by the results of geological survey and laboratory tests on
rock specimens in order to obtain the adequate properties for the numerical analysis. For these
purposes a rock mass strength is estimated based on the empirical criterion proposed by Hoek and
Brown and a modulus of deformation is taken with the empirical relations developed by Bieniawski,
Serafim and Pereira. In addition, the K, value which is the ratio of the horizontal stress to the vertical
stress is one of the most important input data in the numerical analysis. Its role on a tunnel stability
analysis could be verified with the numerical results taken by a finite difference code or a distinct
element code. However, a deduced value used to be applied for the K; value in most of tunnel designs,
even though the patterns of stress tensor are variable with regions and depths. Thus in situ stresses
were measured by a hydraulic fracturing technique on several tunnel sites and applied directly to the
tunnel design for the enhancement of its precision. With those informations on in situ stresses, the safe
design should be obtained economically on the road or subway tunnels.
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Table 1. Methods for rock stress determination sug-
gested by ISRM
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Fig. 2. Example of determining the directon of hy-
draulic fractures by impression packer and
orientation tool

A= "GoHA S Adsle] atals) AR
A2 Re] e E f HAeEF3E 28
s =5, =S AEF 4S5 (borehole
orientation tool)7} 233  gielsl|F (impression
packer)i} A|EF elglfro] 5-& ol B3sle] Fh | Wik
& 54, F3Y 9 Wk A =tk

Fig. 2014 Al&F w5719k ofdsiFA 2)s)

B9 A& 325

AZIMUTH
N E S WN

AZIMUTH
N E 8 WN

49.0

(a)b (b)

Fig. 3. Hydaulic fractures detected by borehole teleview-
er (a) before the test and (b) after the test

T st Fe] e vehia o &
Fig. 2(a)ll4 F2 4422 yehte N6OE 332,
shelshizis} mig] ghieo] F2 7IEA Ao s
A ol & Fsto Fig. 2(b)s} o] ghlsfiz ol H¥ 1}
< s Wik A 2 e gl ol 2
HorR 7529 WEE vl

g, Fig. 3ollA & A5 Halfolo] ofsto] 4}
FATRE HUT o E HodFa e, iduhel A
Foll Galiol 245 oz fokataiol oah whAl
3 FAE sl Fohd F gt

g, iAol dA A1 FE et 2 Ald
T ABE stetel AT Fhelet B 2AE A3
Al Hedl, AlFE helghe g 9 sl Aol JlojA] uf
F 73 Aujolu, Fllvt T g Aol
1 AL F83l 4R Fehe -3t gt

R 2| Zoll oA 29Wl 8 A B A E A"
Fhellztoll o3 A FFH g ey ol s A
53 glen, ol FelaaiAY ¥l HEo ey
Aol gt Fdof Floll® A= 2 ot

3.1 etupal Al S|

ASTM standard D4645-87(1989)0] 2Js},



326

1

C 11
INTERVAL DRILL
PRESSURE FLOWMETER RiG
TRANSDUCER \
HOLE COLLAR .+ [] TO INTERVAL
HYDRAULIC PUMP
SET-UP
FOOT CLAMP :3;:‘3'(5‘
T  PAcker
PRESSURE
TRANSDUCER
DRILL-RODS -
/ 1
HIGH PRESSURE
HOSE FOR
PACKERS
FRACTURING
INTERVAL [ PACKERS

RELIEF VALVE

Fig. 4. Drill-rod type hydraulic fracturing system
(After Haimson 1979)
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Table 2. Results for the hydraulic fractiuring stress measurements in several areas

Site Depth S. Sh Su T* Ko Orientation**
Seoul 29.0 0.78 1.00 1.20 4.80 1.28~1.54 45°+10°
33.0 0.88 1.78 2.28 2.83 2.02~2.59
38.5 1.04 1.96 2.70 3.09 1.88~2.59
Kyung-Nam 10.0 0.27 0.24 0.33 0.35 0.89~1.22 60°+10°
18.0 0.48 0.54 0.73 0.50 1.12~1.52
Kyung-Buk(D 11.0 0.30 0.61 0.63 1.08 2.03~2.10 76°+6°
15.0 0.40 0.84 0.99 0.87 2.10~2.48
16.0 043 1.85 2.78 0.76 2.85~3.52
Kyung-Buk 58.0 1.55 0.89 1.47 - 0.57~0.95 60°+10°
an 61.0 1.63 0.57 091 3.38 0.35~0.56
64.0 1.71 0.56 0.68 1.55 0.33~0.40
Jeon-Nam(I) 39.5 1.06 2.38 3.26 4.78 2.25~3.08 85°+5°
69.5 1.86 3.97 6.65 3.73 2.13~3.58
81.5 2.18 4.50 6.16 1.01 1.78~2.83
87.5 2.35 4.19 4.59 4.61 1.78~1.95
93.5 2.51 3.17 3.46 1.20 1.26~1.38
Jeon-Nam(II) 33.9 0.91 1.79 2.44 3.95 1.96~2.68 135°+10°
36.9 0.99 1.62 2.48 6.10 1.64~2.50
50.9 1.36 1.82 2.01 4.49 1.34~1.48
53.9 1.44 1.46 1.97 5.59 1.01~1.37
56.9 1.53 1.45 2.09 4.74 0.95~1.37
Jeon-Buk 11.0 0.30 0.54 - 0.93 1.80~? 63°+3°
14.5 0.39 0.74 0.96 1.12 1.89~2.46
Choong-Nam 25.5 0.68 1.92 2.29 3.18 2.82~3.37 85°+5°
27.0 0.72 1.25 2.12 1.18 1.74~2.94
28.5 0.76 1.55 2.32 1.50 2.04~3.05
45.0 1.21 2.28 2.56 3.49 1.88~2.12
48.0 1.29 2.01 2.65 4.52 1.56~2.05
Choong-Buk 225 0.60 0.88 1.14 1.22 1.46~1.90 95°+5°
28.0 0.75 1.39 1.53 1.03 1.86~2.02
33.5 0.90 142 1.57 1.19 1.57~1.75
Kyung-Ki(l) 19.2 0.52 0.68 1.07 0.53 1.31~2.06 45°+5°
25.5 0.68 1.12 2.05 0.71 1.64~3.01
27.1 0.73 1.34 1.86 0.90 1.84~2.55
Kyung-Ki(II) 34.5 0.93 2.48 2.64 4.31 2.67~2.84 100°+10°
36.0 0.97 3.03 4.77 5.86 3.12~4.85
40.5 1.09 3.10 5.25 3.75 2.84~4.82
48.0 1.30 3.27 4.47 6.83 2.52~3.44
Kyung-Ki(IIl)  121.0 3.27 4.16 4.35 3.33 1.27~1.33 95°+5°
130.0 3.51 3.37 4.14 3.95 0.96~1.18
136.0 3.67 3.64 3.90 0.99~1.05
Kang-Won 1205 3.23 1.71 3.01 3.64 0.53~0.93 65°+10°
126.5 3.39 2.11 2.77 2.68 0.62~0.82
132.5 3.55 2.68 4.89 2.78 0.76~1.36
138.5 3.71 2.33 2.99 4.08 0.62~0.82

*In situ tensile strength calculated by the initial breakdown pressure and the reopening pressure.
**Clockwise from the true north.
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Fig. 7. Variation of principal stresses with depth
measured by hydraulic fracturing tests

sANE 1) 27 FH3chA, 2) $28)d 335, 3) 2%
B2 E2he| 3hA| sliAS FHsllen, B2 1
sHA o ool

B ASl S e SRR A%e vH FHE, E

shok 9 Zpekeighe g FAsle] e Aoz 7H3
stglen, o|59 42 tiEF RMR=60< 7]
Ful AubAQl A =7E 7HAste] Table 3 2 %
AAsioleh. A AgAzE Fe "R 7
AR5 w2 Hoek & Brown(1988)l 23l Alka
Ao} IS w2 Aol UnbHold, o] g B4t
(0, confining pressurejo] ZH&Y-Eojl4] WFulxtz}t
o] thA& A VeE 7gkel glowz ohdlol 7|
9] 7% A sk(creepel] 93t #3))e} oule] BFAA 9l
H MG 7hekslm tension cut-off§ 71X Mohr-
Coulomb Z] 45}2] A]el] k3o
Hah= Ao] ulgbA g Aot
A admbe oF 350070 948 FoE, FL,
7ok Fdsigion], £ 10 me] HE 244 Ejdo]
20 mo) A5 Fa HefsiA E8=o] gz, Bld A

O
—HU

=
L
[+

E
CE2
g

7} 5. parameterg Ak

~ - e
N
/ a
" j"
NN J
N I B
S ’ N
o {
/\/’ 4 //U
z PR
! TN ~ g
oL
f N !
C;;A{“\) {/’" k% *‘w\
Y RN \
@’z{g}\‘\rkﬂ o [7 . ~ N i
QQ 1 \ e
E.,—OC-. [.'\ E |
A}
[ ! )
[ aanle! [
YTV s
e
Ay Y
§ v
ST
A

Fig. 8. Generalized stress map of South Korea;
Thick arrows are shown for average stress
directions which are based on at least five
stress observations with uniform orientations,
moderate arrows are for average directions
three to five consistent orientations and thin
arrows are for average stress directions bas-
ed on less than three observations.

Table 3. Input data for in situ properties used in the
numerical analysis by FLAC

Residual Weathered Moderate

soil rock rock
Density (kg/m®) 2,000 2,200 2,400
Bulk modulus(Pa) 4.09e9 12.25e9  65.33e9
Shear modulus(Pa) 1.05¢9 5.65e9 39.20e9
Friction angle(") 25 30 35
Cohesion(Pa) 0.10e6 0.50e6 0.80e6
Tensile strength(Pa) 0.05e6 0.20e6 0.30e6
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Fig. 9. Different patterns of plasticity indicator according
to the different k, values as an input data
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Table 4. Input data for in situ properties used in the
numerical analysis by UDEC

Weathered Moderate
rock rock

Density(kg/m®) 2,200 2,700
Bulk modulus(Pa) 5.55e9 5.55e9
Shear modulus(Pa) 4.14e9 4.14e9
Friction angle(’) 30 35
Cohesion(Pa) 7.17e5 7.17e6
Tensile strength(Pa) 5.26e3 5.26e4
Joint normal stiffness 2.0

(GPa/m)
Joint shear stiffness 2.0

(GPa/m)
Joint friction angle(®) 30
Joint cohesion(GPa) 10.0
Joint tensile strength(GPa) 10.0
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Fig. 10. Different patterns of principal stresses ac-
cording to the different K, values as an input
data
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