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Analysis for Negative Skin Friction of Shaft
Lining in Deep Overburden Layer

XU Wei, CHEN Xi, SHENG Qingfeng
(Department of Civil Engineering, TongJi University, Shanghai
200092, China)

Abstract: Finite element analysis on negative skin friction for
shaft lining under drainage settlement was carried out for a
case of vertical shaft project in deep overburden layer. The
results show that the negative skin friction distributes in the
whole soil-shaft-contact surface, a few at each extreme and
many in between. The value of negative skin friction depends
on dewatering depth more than horizontal distance apart from
soil-shaft-contact surface and it increases with the dewatering
time. The peak one appears in the soil layer closest to
drainage surface in vertical direction.

Key words: vertical shaft; overburden layer; negative skin

friction; finite element

BRIl S T B . AR
bR KRB X HF 2 X FEER TR fEH
BRARABEF B X EPTT &, B REW L 7oK
BEHHEE 2B ME 100 m 24 1E 700 m,#

YRS HE: 2011—02—16

F BT m AR DT 18R R . e R TP A
HE7= e, T E— LB X AT H H BB R B A,
A — FHT B I . T BE T ) R AR TR B R
TEIFMIEFIZE, EBR T ERNETHA. #XHF
BER B T Rk AR, JF TR R AT T REW
WHTRE B R PRI, B TR TR B b=
A F9 5 ) BRF o 7 0 R D BE R A e R R TR
1 i B 2 3 A3 BR — f) R TR ST S BT A
BRI EA NG — A LS IR GG 02 5
TR SR M R YR B MR P9 B BY R ) L 3
SRR S R s ST AN R PO AR FRODR 25T 4 X i R Jon oz
A s S0 B T RN R R PO R L
BB L RS I IR ) R AR B ER B AR AL
MR RHETIE. H LR ALBEET —EM &
PHBGE 3 P B AT St A A Bk, SO 5 0
BE (9 2 1) B 7 7 A FCSE A (EL

7K R BKRE AU Y 8 1) BRIz ) 22 2 B
ot e BE A BERE g, 2k B BE O 2 LIS Bl T
HETRPAER RN, £ E5KZ2 BT
A b, KB R N B O B — - AR PLBE
fE—ERE b S H— T HRAMN. S5 LR
B Ao e A TR i 1) R ) AR ELAE RS AR T
T 55 » B H I 7 B 32 T 45 40 ) 8 1) £ 2, (B
HAe 2R A T OB HE X e b Of
BE), At a0 Hy= A — A1 b B RE A, B IE EE
BELAy s o 2 AR UL B T B T UL B . AR 4
FARS SR UL, FE B i _L , S e 7 A — 1] L B EE
BEL 7 LABH AR A+ P 0. AR B AH 5 AF P D, bt
TR EH IR S B HEIEMTT
FRIBEREL 7, LIRS ) R DUEEE. 33X A 1 B g 17
BERHJ1. AR S EERE Ty S M AN H).

EHT LR A SCRFIH ABAQUS A Rty
B, 3o e BE 72 5 K B BUK TTREVE T T B B

FEE: B B0, B 88, B LA, T#H L, TEISINR A £ AR TR T. E-mail: gdsiy@online. sh. cn
WIRMEE: B A (1986— ), %, L4, BN A A T 451 5 LA EAE . E-mail: kukuwindy@163. com



530 Gl PN Q= S )

F0H

BERH S AT TEBTFE M R AP . AR I A R0 5
R R TR 5 7K 2 HE 2K A R R TR A A HE K T e
TEA R 0L B T TE I BE $7 BEBH 1 0 A 9 23 L
T H P i 7K BRI A R B AN A R T

1 TIEtfR

Tk R MR 17, 2% BIF TR, W&
10 m, B H MR 488. 5 m. AR TE R
614 m 1 607 m A B ACHEIK R R 5 HRHEXET
AR KB L T RE A E, LEIRE N 251
m, P E %R E N % 59. 64~166. 9 m.

RIFHREI I BT, RS M 4% TR A5
B C35. IMBAFLBEERN, ZRE B HBEEZHT
F I, WEBHTRU Nt Y AU 7K1 Pk oK HE AR
PR U .

AR b R AE oy 9 S M AR AT R W e R
2y 1~3 m, | X BRKZ T KA i 4 10
m, HILE % Z R HEK FEE PRI 10 m &
H EBHERRS —H Z AR R REKE, It
AR R A L BER 5T RE B HE
KEKEAE, ERARGHEKR R R, HA B HEK
B LAHE R 22, 9 BRIE A B2 RE » 5 AR B Hi /N b
TKBIRSTHEH W, S AN FE BB EE
# 48 mm L 4.0 m, [AJHE 3. 0 m, EAEIE B R
SEHEKFL. VR B BN R AR B4R 48 mm, [A]HERD
3.0 m BECHEK S W, BOGRHEK B S HE KL% 8
YA BB KL E R, 2 FHE R FRB AL
BB K i HEE R A

2 ARTEH

F IR ENB B BRIT R 3 R A

R EHCY- T B TT R 8 I R AT LA 72 F AL
(581 2 B TR A4 185 O 2 S X A R Y, 2R ) ) 25 2 )
B, TR ER A H S A B TR, X 2
AT HEATER AR AL BB < PRI 7E B T e o SR B
TEHN T BUESE  TER DESIR B T BEHT . BRER
RO 2 AT bR A BB WA SR LA A R ma I BE A2
I TLRE B TE R THEE RE  , B R POA N R IL T
AR N FeH BE B 3 58 BUm » HBEDTE K Ak
REIEEL WAHBRKARKE T LIRBBT. 4
— BN Z BB AR RN, 75— BHA0] g
TE W T 2 VI 2 0 R (495 O 1T A 21 BR K 40
YER . aniel 1 BHRZ AR 23 B s, — iAo » S Fof H 7
NS FRAR I TR R A AN, R, TR L
FORMRI I 3 B M E LIRE METR T . iR
HRAT LR OO S R LT 3 ERAR 1

1 BHEREEMNEATER

Fig.1 Interaction for seepage of adjacent shaft lining
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RE 2% JEEE /m R/ (kg » m™*) YR/ MPa SN BBEE/ (cm s
S1 BEARHEFH A 30 23 800 0. 35 1X1078
L2 W KoK e FRA 60 24 1 000 0. 30 1X108
D3 TR GE KB 90 25 4000 0. 30 1X10-6
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Fig.2 Calculation model
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Fig.3 Finite element calculation model of the

shaft project
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Tab.2 Setting of artificial drainage m
HeK E &
RE Hek 242
z kY
KC1 30 20 2
KC2 30 45 2
KC3 30 90 2
KC4 60 20 2
KC5 60 45 2
KC6 60 90 2
KC7 90 20 2
KC8 90 45 2
KC9 90 90 2
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Tab.3 Schedule of drainage

fog K staee| re K st
KC2-1 4 [7] KC2 KC5-3 97 [ KC5
KC2-2 25 [7] KC2 KC8-1 4 [a] KC8
KC2-3 97 [7] KC2 KC8-2 25 [a] KC8
KC5-1 4 [7] KC5 KC8-3 97 /] KC8
KC5-2 25 [7] KC5
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Fig.4 Curve of negative skin friction at different depths
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Fig.5 Curve of negative skin friction at horizontal distances
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Fig.6 Curve of negative skin friction at different time
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Tab.4 Amplitude and mean value of negative

skin friction

s I3 i/ kP WA
- _— #f ym  tRRT
KC1 —15. 07 —5, 340 106 L2
KC2 —24., 62 —10. 230 106 L2
KC3 —30., 83 —17. 030 102 L2
KC4 —15.15 —5, 440 110 L2
KCs —23.16 —9. 990 106 L2
KC6 —25, 88 —13. 670 102 L2
KC7 —2.61 —0. 814 60 D3
KC8 —10. 09 —4, 490 60 D3
KC9 —15. 00 —6. 490 50 D3
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