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Calculation of Jacking Force for Hard Rock Steel Pipe Jacking in Raw Water
Tunnel Considering Rock Debris Accumulation
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Abstract: In recent years, the pipe jacking method has been increasingly applied in rock
formations. During rock pipe jacking, the accumulation of rock debris in the over-excavation gap
inevitably affects the pipe-rock contact condition, thereby influencing the jacking force in hard rock
strata. To address the lack of standardized guidelines for calculating jacking forces in long-distance steel
pipe jacking through hard rock, this study proposes a jacking force calculation model that accounts for the
effects of rock debris accumulation. The model integrates face resistance based on the disc cutter rock-
breaking mechanism with frictional resistance under multistate pipe—slurry—debris contact conditions,
and is validated through domestic bidirectional hard rock pipe jacking project. The results indicate that
when debris accumulation is minimal, pipe—rock top-point contact occurs, resulting in a slight decrease in
jacking force compared to debris-free conditions. When the sedimentation zone ratio reaches 60%—-100%,
pipe—debris contact dominates, leading to a approximately 20% increase in frictional resistance. The

theoretical curves are in good agreement with field-measured jacking forces in hard rock pipe jacking,
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providing a critical design reference for similar projects.

Keywords: steel pipe jacking;

excavation gap

T0UE 8 T2 A M 2 e B A ] B b s 8 Y
e 2 P EUE - A AR S R A s B AL, B 355
W TOAE Sy o BT OF SR 2 AT 2 TR sl fb s
JERNE ', 1 il = A R RS TR 5 TR i HE R Y T
PERIFRRE . B, L5 2 TS Tk 507
B A TR T2 A0 b 2 TUE 7 A
FEAIAE TR0 B B, H 32 AR T 7R A REEERH U 43
Bro BEA DA BEEE R 11150 A X Z 3T Haslem'
P& 2 TR RS OE R O reilly 555 42 Hh 1 4 1
s . SR, SEBR T a4 Y
TR 18 8 35 10 J7 2Ok N BEFEBH ), 28 W% 34
BRI 1) B — A - 2 Ml AR AR BRI 5 S D A T
2517 SRS AR T R SOV TR R AR A
AHE TR R H Persson B 43 M4 2 4% finh
Wil R fl g 1) A IR, S e A T
PR A R P L 2 2, /N 1 e P 28 5 BB i R g 5%
25 ABARFZ IEVR I BRSO R 5 1
P T i BRI RS A M, o1 DA Al R A R A
THEAE M EERH JT , IR H] Hertz 55 Persson I 3 14
P A PRISHE T 10— A TE ) TR AT
PUA A0 TS, 300 T B 355 2 £ 4 4 W T Bk 40
HEAIL(TBM) JJ 5578 T sk B YT HI BE 58 05 1%
THIRAE BE BE L) I 38 3 27 225 )2 DA FEREL )
TR DB R AE S ik — 2 T A
SR SR, A U TR AR AR 21
B0 B AR AR S B o 2l A B o T
FHAR E DL LS S S PR T o

BEXT H AT B2 B RN S 00 B A B AN
TOUE TOUE ) 358 )R, 23 B 1R T A AILBE K3 T
FH O #EHY , WJRB TR TR A T BT A)E
P F B XA 9K =2 =2 TS 4 Al S B R A7 i o, O
$i AR N B TOUE 33 2 AR N — I K
P L i) % T A 25 U487 T, 0 A T g AR A R
4, S UEATARY Al M AT H 2%
1 TAREH
1.1 IT#EHR

A FE LA Ll T R B AR BOK 1 B RS TS T

rock debris;

jacking force;  pipe-rock contact; over-

IR L BO) M B T 50 A UK B B8
TR R B2 33 km, A AR I T 1] K 7 2
BRa L, 1R A AR R R I B it KA T . T
FETIE B 2 653 m, SR AR VPG 9 00 %o Ty =Xt
T, PN A BETHHE 1 261 m, Z5 00 3H I BE TH#E 1 392
m, Y% F DN1 800%22 mm 4045 , fx 28 F 1) 4 s 52
B2

ETAAmZEN AR (FABRA ARG
B R 1}107 m/s) LA TE R 2R (7 R B i A1
EFEE TR, A TS TR 2 18 F R 28 il A
BV IK T i ML T T AR TR ALY
() HPH B2 1% F HRC 1500 75 A1 4 HEHL, HL 5 142y
1. 82 m, JILVIHIAME 9 1. 88 m, i1 61N E T 7 Tl
PEHUETHHE T o

P EHLAL K 1E 4 & 1R

E1 sRE#HVVLIER
Fig.1 Front view of the head of a rock drilling machine
1.2 HREH

BRI FE TR AR 474 m, R I N SRR U, T
T F I o AT A TR B AN 3 m, e o B JRE B 36 286
mo AR SH Y B TOUAE 2 B b 22 32 8 g b o R K
L WP BEICE R AT R R IF AR R R
BROK o TOUAE o 2 R AR B AN AT 2 B 7R o AT,
BRAP L9 i A 1 B L T T AR A, AR i
A E B T I U B A o T A 3
o JZ<4=-3-2> R WL e e = <-4 TR A

- 16 -



www. cnww 1985. com

Mk AR, B BT RAK R AR E AN TS R /14

%425 %10 #

H ST B YN B S L A& 3 7R

2 /m

300 3 — R+
| TER
1+ \ X —
o ‘ B
E er i) + =
S i TR
e+ T+ N il
M RS A
fﬁ r U HE 5
0 - H4ELLBD/m
262.5 : 5452
90.9 111.7 59.9 ' 659 79.3 400.0
B2 MEFEWESHRE

Fig.2 Distribution schematic of pipe jacking through
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Fig.5 Schematic of rock pipe jacking force composition
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Fig.6 Schematic of hob penetrating rock
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