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Fig.1 Characteristics of water environment in hydraulic tunnels
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Fig.2 Three-dimensional numerical simulation model of water pressure outside the tunnel
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ARSI LK T R% ) T 1R 1), BRI B 1100 m, SR AT TBM jifi T, #a AR B/IE, IF
FZIEAZ N 9.26 m, BRI NBIIMRI RS @) . HEKSL . ERBRCER, S VRIS, BB R
X107 m/so FEHERS X R T3 S BOR 9 43 B o0k A e, FAR L 1. BERY B SRR [ K AL
2, HAbIL O E RIS WG IRK K, SRR T KR Eedtini4h s, B EH M EHE T ET
T BE AR KB A 5 ) ol SO UK Sk DI R ORAE S IFZK Sk R R Sk AHEAK FLK
Sk Z 81930 5 A1

F 1 ZHEHEBR TS

Table 1 Parameters of multi—factor numerical simulation

ZH LA HH
WG K Sk m 100, 200, 400, 600, 800, 1000
BB R m/s 107°,10°°, 1077, 107%, 107°
[ &5 K
5B m 2.4.6,8,10
W m 1.15,.2,.25.3
HekFL
Lz mm 30, 40, 50, 75, 100

KIS AL PV EIPS e

3.1 KBRS EAKE RN R KR T A S R SO T A P ORI R A K SR R L A
RIE K PR T KB RS o PP R KIS 3o /KRR SR K Ty i 52 e, i) 225 3R 2 AT T
REBOHE Y o WERE AU RO SCH R R, A K H AR S 55 K Sk HE AR AT B A 7E
%, PR TE LR 7% 85 B X AN K R T IR

2 AR AR S B A A K T AR R BB I

Table 2 Suggested values of external water pressure reduction coefficients according to hydrogeological conditions

5 R K SRS bR KR B R 15 B.

1 R BE T 4 55 1 I TG 5 Wil 0.00~0.20

2 WG A A 5 7K S0 K AR E5 h TG TSR ST, R AU TRT 10 B B 5 B A s o 0.10~0.40

5 WEARSS S T A R K . ZOR K DAL S A T A SO I B, RO BT 3R, X A R Ok R 095 0.60
BB K BALME

R 54 TR R R TSRO O, R A A A, R B S A A BTl
4 TEERK, RS E AN ERK WAk, IR A R T AN . BB BIE ), REBUFE 0.40~0.80

055 2
o PBORICK, BURFHEAAKE RS, A, B, R
ik FEIE R S B, B "
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BRI L, 292 5 MPa, BRI W Y 5.4 m*/(d - m), BB BR B AE J7 A 2 HLHk IR Bt
Ko RAHEIG , B0 32 b K T 3 SR04 I HT 0, LB IR 38 O B 5 AR 1.8 m’/(d - m)
TEIET o I 3K B BB o (AT 2R, SO R 2 B i AR T, e B SO E R IE
AT ORAFAE /NS L RORIR” B, U5 [ 45 3O AN RE1) I Ak Pk v SR oK s g TR R

BEE LI B35 R BUEAIE Dy 107~ 107 m/s, )b K Sk RIVEIK BB 38 R BT SMKE 1 . BTGt
M2 LI 4, BEE B ERBOT R, ATBIRSZ AN K IR ) e BE RS R B R K. Wi K Sk B
(400 m PUF ), 48 5 V08 528 2R O AR OK g A8 I i 9 G ROCRIF A B, R RR gt BOR
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Fig.3 Distribution of seepage field before and after grouting in a typical tunnel (500 m head)
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Fig.4 Relationship between external water pressure, seepage flow and permeability coefficient of grouting ring
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Fig.5 Distribution of seepage field before and after typical drainage holes(500 m head)
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Fig.6  Effect of drainage hole depth on external water pressure Fig.7 Effect of drainage hole depth on seepage flow
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Fig.8 Effect of drainage hole diameter on external water pressure Fig.9 Effect of drainage hole diameter on seepage flow
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Fig.10 Influence of different plugging and drainage design schemes Fig.11  Effect of the depth of the hole
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Fig.12  Models of different drainage schemes
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Fig.13  Distribution of external water pressure around the lining
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Fig.14  Contour diagram of lining hole pressure distribution with different drainage schemes
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Fig.15 Distribution of the maximum compressive stress of the lining of each drainage scheme
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Fig.17 Design drawing of tunnel seepage control measures

TR 2 S0 OK 3 0 A s D0 WL I 18, ply T A b B K AL, TR SRk s O 3 s S B
2, MK 1.09 MPa Jg/hE] 0.2 MPa, MK P8 {E/NTF 0.5 MPa, JEIK AR IR & i 2 15 20 A
B, AERAERARACE, A 0.84 m*/(d - m) ., & 19 /R T 847 WAt B 1 o A o0, i dek
JE 7 BT PR 3R B B (16.7 MPa) , BRI & ARSI 2 25 H AR 2807 M Fe iR 8 i bR v 2K

6 it

K TRERAT KR IREER 2%, 2T “LIE R E, WG

— 408 —

MR, ST T A AR OK BRI A K BR



—— C3SHUEBREEBLIHE

00— WBIRZ RN E
05F--=-=-=-=-=---~- [ttt - ——m—— - - - 20 30°
00 SEBR AR SR Dy B . )
04l \ - - -l
< T T~ol - AbkIER
= 180° I AN
R 03F , N
H ’ )
Sool S S NN S
= \\ ’/ \ // vy vy
1 oy Vo i
' (" Vi i
0.1F Y Yy Yy i
y Y \i I
| | y 0
0 | N 1 1 1 1 [
0° 40° 80°  120°  160° 200° 240° 280° 320°  360° 20 210°
FGEANIEIC) 180°
18 Gatd i) — RS K IE H1 o A 19 A B 52 1) B K I g 43 A7
Fig.18 Distribution of water pressure around the linin, Fig.19  Distribution of maximum compressive stress of the linin,
g p g g p g

BERUE Y, X @) A K R ) B R IR BT, TR T I A it X B R S A 8 S K T T i A
L PR TR T M TORIE 10U SR R K R BRI S HE BT O ik, JFRE FERL T T S B TR R B A B
T LU S8

(D) BB R R R, U5 [ 259 3% I A RE RS DR i 0K I 7 TR0, 22285 45 A1 N A HE K 3
it HE R HE K LA G EE 5 B T 3 B R FEE 30% ~ 50% I i I 15538 2 3 AR B0 s HE/K AL B AR 60 mm
W, RTRIANK R T PR AR, HALAR IS Ko T 208 i B s e .

(2) HEZK AL B A B B X B 254 32 1 B BB o A HE KRS B K 32 N ) de/s BLar A ¥4
LE A E RN 2 eV dme s B HEKRUT HEARAS B 377 A TR BUR A 48 ) S0 15 B A 72 ] fife e it e
[

(3) X6F 52 b T A B 1] B3 HEA i i) OR HEAT T RO o ek A IR 5 £ H A M 5 A8 P 0UIA R 1
KB JZ BRI S HE BT, %A BER BN K E SIS 0.2 MPa, BRI B X 0.84 m*/(d - m), #H#IE K
FEN 32 14 MPa, B 55 HE B A2 45 F4 7R 28071 A1 SRV 8 L i A i 200K

Z % X #:

[ 1] #Est, skiefd, SR, % KIEEAKLBRERSLL2BETERTREMALT]. &L TER,
2022, 44(7). 1188-1210. ( YANG Qigui, ZHANG Chuanjian, YAN Tianyou, et al. Integrated research and
application of construction and safe operation of long — distance water transfer projects [ J]. Chinese Journal of
Geotechnical Engineering, 2022, 44(7). 1188-1210. (in Chinese) )

[ 2] XIScls, AR, BT, 4. KA B EA BN K D9l R EORE k[T ]. & L TR%MR, 2013,
35(3): 495-500. (LIU Lipeng, WANG Xiaogang, JIA Zhixin, et al. Method to determine reduction factor of
water pressure acting on tunnel linings using water—rock independent calculation methodology[ J]. Chinese Journal
of Geotechnical Engineering, 2013, 35(3): 495-500. (in Chinese) )

[ 3] ®E, fhx, W&V, . FEEBRE &SR EDBIRHERIT]. SR (A AR =), 2023, 45
(5): 1-11. (HUANG Wei, SUN Yun, ZHANG Jianping, et al. Research review on high external water
pressure of deep—buried tunnels[ J]. Journal of China Three Gorges University ( Natural Science), 2023, 45(5) .
1-11. (in Chinese) )

[ 4] PR RIFEAKFM M. Kk TEERB M. SL 279—2016[S]. Jbxt: o [E K F Kl by ik, 2016.
( Ministry of Water Resources of the People’ s Republic of China. Specification for Design of Hydraulic Tunnel; SL
279—2016[ S]. Beijing: China Water & Power Press, 2016. (in Chinese) )

[ 5] AR BREKEDEERITT 0K EDBIERBII]. K ks, 1996(12): 30-34, 71. (ZHANG
Youtian. Correction factor of external water pressure in the design of tunnel and penstock[J]. Water Power, 1996
(12): 30-34, 71. (in Chinese))

[ 61 XISeMs, /AR, BRME, 5. @ K 2K TRER W A K B i e S i [ 1], &+ TR 2R,

— 409 —



[10]

[12]

[13]

[ 14]

[16]

2022, 44(8): 1549-1557. (LIU Lipeng, WANG Xiaogang, DUAN Qingwei, et al. Method to cope with external
water pressure of hydraulic tunnel linings in high—pressure groundwater—rich strata[ J]. Chinese Journal of Geotech-
nical Engineering, 2022, 44(8). 1549-1557. (in Chinese) )

e, £, £, % 85 PRk Bl IR R A K E 3 OFFE [T ], K SCH BT TR BT, 2004
(3): 85-88, 95. (REN Xuhua, WANG Meiqin, WANG Shuhong, et al. Study on external water pressure of
deep-lying tunnel in Jinping hydropower station[ J]. Hydrogeology & Engineering Geology, 2004 (3). 85-88,
95. (in Chinese) )

JAEWE, FRel, RS, K L RRIR A SR BE e ANk R D BUE 7 e [T]. & 1 1%, 2014, 35(S2):
198-203, 210. (ZHOU Yafeng, SU Kai, WU Hegao. Study of water pressure estimation method for reinforced
concrete lining of hydraulic tunnel[ J]. Rock and Soil Mechanics, 2014, 35(S2). 198-203, 210. (in Chi-
nese) )

WANNENMACHER H, ENTFELLNER M, HAUER H. Drilling and grouting works for pressurised groundwater
conditions of the semmering base tunnel[ J]. Geotechnical and Geological Engineering, 2022, 40(9). 4377-
4391.

ARJNOI P, JEONG J H, KIM C Y, et al. Effect of drainage conditions on porewater pressure distributions and
lining stresses in drained tunnels[ J]. Tunnelling and Underground Space Technology, 2009, 24(4). 376-389.
VLA, WEEE, M. BB T oK a5 K BEIR B SV BN BERTSELT]. A 1%, 2008(3) : 656-
662. (JIANG Quan, FENG Xiating, ZHOU Hui. Study on acceptable minimum interval of long deeply burial hy-
dropower tunnels in Jinping II hydropower station[ J]. Rock and Soil Mechanics, 2008 (3): 656-662. (in Chi-
nese) )

&1, o, B, S BEHEK O O RIS BRI A A K R s pr g L] AR, 2022, 53(7):
148-153. (ZHAO Li, SU Yan, WANG Bo, et al. Effect of water blocking and drainage way on external water
pressure of Qinling tunnel lining[ J]. Yangtze River, 2022, 53(7) . 148-153. (in Chinese) )

TR, BUe, B, & SRR E R ES SRR R Bl RO (T]. b E KR K LR
MR BE2A R (P 3C), 2023, 21(6): 565-573. (DOU Jinxi, ZHAO Weiquan, LU Wei, et al. Study on
high—pressure grouting fluid diffusion process in complex fractured surrounding rock of water diversion tunnel[ J].
Journal of China Institute of Water Resources and Hydropower Research, 2023, 21(6): 565-573. (in Chinese) )
INGRBL, AR, W E DG, SR AR TORORS B B AORDRE Y e K TR R T8 BT R SH K BRHE T B it r ik L] B
i #, 2024, 44(3): 564-575. (SUN Xiaohe, SHI Chenghua, XIAO Guogqing, et al. A noval limited drain-
age scheme and design method for high water pressure tunnel based on double—bonded waterproofing membrane[ J].
Tunnel Construction, 2024, 44(3):. 564-575. (in Chinese) )

AR AARBERMIANKE RS [T]. BARER A, 2003(3): 1-4, 10. (ZHANG Youtian.
Discussion on external hydraulic pressure upon rock tunnel lining[ J]. Modern Tunnelling Technology, 2003(3) :
1-4, 10. (in Chinese))

BEA, BREE, RV, & W5 8 TR TL T#E IR A B Sh K E 5[], A B KA K R 2 F 5
B4R, 2003(3): 36-42. (LI Xuechun, CHEN Chonghua, CHEN Ping, et al. Study on external water pres-
sure on lining of tunnel No 7 of south main of YRDR[J]. Journal of China Institute of Water Resources and Hydro-
power Research, 2003(3): 36-42. (in Chinese) )

LEE J S, et al. Experimental analysis of penetration grouting in umbrella arch method for tunnel reinforcement[ J].
International Journal of Rock Mechanics and Mining Sciences, 2020, 130: 104346.

PUSE, WE, Jrék, & TR ERE ST EOKERE AR E ) SRR ERR[T]. AL TR
4, 2019, 41(S1): 165-168. (GUO Hongyan, JI Yaying, FANG Lin, et al. External water pressures and
limited emission standards of water—rich tunnels based on fluid —solid coupling analysis [ J]. Chinese Journal of

Geotechnical Engineering, 2019, 41(S1) . 165-168. (in Chinese) )

— 410 —



Research on design of tunnel plugging and drainage in water—rich strata

based on geological and seepage control factors

LI Yu', HAN Ke*, DUAN Qingwei', YANG Haopeng’, CAO Ruilang'
(1. China Institute of Water Resources and Hydropower Research, Beijing 100048, China;
2. Guangdong GDH Water Co. Ltd, Shenzhen 518018, China;
3. Guangdong Yuehai Yuexi Water Supply Company Limited. , Zhanjiang 524000, China)

Abstract: Developing an appropriate water cutoff and drainage scheme is vital for securing the integrity of complex
hydraulic tunnels within water—saturated environments. By examining the post—measurements of tunnel water inflow
and the pore water pressure dynamics in the surrounding rock, a fluid - solid coupling numerical simulation
approach elucidated the external water pressure patterns on linings and the structural stress behavior. A design
methodology for water cutoff and drainage in water—rich strata, grounded in geological and seepage control dual
considerations, was developed. The results demonstrate that the external water pressure in tunnels within high—
pressure, water—rich strata is governed by both geological conditions and seepage control strategies. The impact of
grouting and drainage measures on reducing external water pressure should be accounted for. Overly deep drainage
can diminish the sealing effectiveness of the grouting zone, whereas inadequate depth may impair pressure relief ef-
ficiency; a drainage depth of 30% ~50% of the grouting zone depth is optimal for integrated pressure reduction and
seepage control. To mitigate local lining bias stresses due to non—uniform drainage hole placement, a collection
layer can be installed to facilitate effective seepage pathways around the lining, substantially enhancing drainage
pressure relief without negating the sealing benefits of grouting. This design strategy, based on geological and seep-
age control factors, provides a direct template for addressing high external water pressures in water—rich strata with-
in hydraulic tunnels.

Keywords: water—rich strata; external water pressure; seepage flow; plug and drain design; hydraulic tunnel
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Discussion on prediction method of unit shaft resistance of

super long drilled cast—in—place pile in layered soil

SONG Shijie"?, DUAN Zhigiang'>, GUO Wei’, REN Yuxiao’
(1. TianJin Survey Design institute Group Co., Lid, Tianjin 300191, China;
2. School of Civil Engineering, Tianjin University, Tianjin 300072, China)

Abstract: The unit shaft resistance of piles is an important factor determining the bearing capacity of ultra long
pile foundations. Based on the on—site static load test results of a super long drilled cast—in—place pile of a high—
rise building in layered soils, the bearing characteristics and unit shaft resistance development characteristics of
the pile in layered soils are analyzed in this paper. The accuracy of several methods for predicting the ultimate pile
friction based on the results of Cone Penetration Test ( CPT) and Standard Penetration Test ( SPT) are evaluated.
The results indicate that the test pile behaves as a friction pile. Among the three CPT methods, the Bustamante’s
method relies on the selection of empirical friction coefficients of the soil layers in this area, and the prediction of
ultimate pile shaft resistance is smaller in clay and larger in silt. The JGJ94-2008 standard provides the most ac-
curate prediction of the ultimate pile shaft resistance in soil layers other than the surface soil layer. The overall ac-
curacy of the SPT method is higher than that of the CPT method, with Yamashita’s method having the highest ac-
curacy. The SPT results can be used to establish an empirical formula suitable for the local area to accurately pre-
dict the ultimate pile friction.

Keywords: drilled cast—in—place pile; ultimate shaft unit resistance; load transfer characteristic; CPT; SPT;

layered soils
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