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Field measurement and analysis of influence of jacked open caisson
construction on environments
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XU Peng-fei', LI Yao-liang”, XU Wei
(1. College of Civil Engineering, Tongji University, Shanghai 200092, China; 2. Shanghai Foundation Engineering Group Co., Ltd., Shanghai 200002, China)

Abstract: Based on the engineering case of a pipe-jacking working shaft sunk with the aid of caisson jacks in soft clay, the
construction technology is presented and the effects on surrounding environment are studied. According to analysis of the soil mass
and pipeline monitoring data during the jacked sinking process, some conclusions are drawn as follows. The jacked open caisson
construction method can control the attitude of the open caisson and stabilize the sinking speed effectively; but it also squeezes the
soil. At the preliminary stage of open caisson sinking, the compacting effect is significant and the excavation effect becomes more
notable as the open caisson sinking deeper. The subsurface horizontal displacements and surface settlements grow along with the
increase of the sinking depth H. The ground surface settlement profile is of spandrel type with an influence zone of 1.7H. Among
layered settlements the unit settlement of the soft silty clay is the largest. The pipeline settlements are controlled in the millimeter
level. Based on data fitting of the dimensionless surface settlements, an empirical method either in the form of exponential function or
bilinear curve to predict the ground surface settlement caused by jacked open caisson construction is proposed, which is verified
through two case studies.
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Table 1 Physico-mechanical parameters of soil layers
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Table 2  Sinking coefficients of open caisson under different working conditions
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Fig.5 Subsidence curves of open caisson

DUOHIREG/(C )
20 -15 -10 05 0.0 05 1.0 1.5 20

(o NE N S -
T

N YR /m
oo

12 r —o— T Il
14 , (10 T2 77 [ R IE)
6 L —e— )i I
s (I T1 J5 R A IE)

B 6 YIHMA ML

Fig.6 Inclination curves of open caisson

VOFS 2 TR REA RS R E, XHE T UL
BRIEILE] 10.9 m F e R ILRL AT 50 o XK 6 1



1088 b +

2014 4F

AT03 0T, H B 5T BE A R SRR X A 7 4
AL S Rt PECT YO RGE, AwS T
DU BSBURE 7 1) AR )= A 23 B, A0 PBE RH ) s A7
FRAR, FUCEERER K. 5 2 K FUCRIT R
RHESE 1 IR FUUHER N, SR BRHEAA
1/138.3 (REWTIHI ) H1 1/154.2 (YT . JIIH
FEAR AT b N 5 ke RO, IR
DU, DARIETOE Tk I (A PR, e R U0E)
A7 IS W 18 [ U S AR08 1/533.3, ST IfT 7] R
1/6 066.7. HILLEAr#ral s, 7E58 2 R Ui R
FEUU T 2R A BRI TS, IRFE R UTH

BERE
6 ST

6.1 THRHEREKFALE

LEVTIE DY R PESRE 4.2 m AbIEATE 4 A T AR
ARSI A5, JEA i s CX3. CX4 M6
AN )R YOG B () LAy 7 7 it e 23 sl &l 7. 8
Fise HHEEATSD, P AL (1) L AARVR 2 KA B AR
AR A — B, B REGTI R PO FE R S I 5K
BRI N R e S A T T T (U A b T
Wik, I Ay 580 LR 2L, % CX1.
CX3 Jy I AP LA, Brbl CX3 il s 7K
R KT CX4 P ko

HKPALAE / mm

0

2 L

4t o
g o7 °
;}D( 8 | —o— H=18m —= H=22m
@ 10 —e— H=37m —A— H=56m
o —v— H=81m —— H=90m
_ﬁ 12 —& H=99m

14 + = 55 IR ULER

16 e i 2d

- EmEmed
18 —e— e 11d
20 —o— s 15d

(a) VUHFEE 1 IR UTRGR 3 i B
KRS/ mm
-20-10 0 10 20 30 40 50 60 70 80 90

0
2 -
4 +
g ofr o2 WU
;D( 8 F H=10.0m
® 10 H=122m
21‘4 H=142m
= 12 H=15.0m
14 } H=16.5m
16 - H=17.1m
H=173m
18 r —e— FYLEIRL
20 L —— AR R

(b) VUHH 2 VBB

B 7 CX3 MW EEEKPAE 2k

Fig.7 Subsurface horizontal displacement curves of CX3

IRA-ALAS/mm
2 0 2 4 6 8 10 12 14 16 18 20

k’ o, T
- 3 h; - v ‘
- % >

16+ H —— P 6d
18 | H —e— B 11d
oL H —o— R 15d
() JOFH 1 UCNULRES 3 T mbi B
KA /mm
“10-5 0 5 10 15 20 25 30 35 40 45

LR R/ m
=

0

2 -

4 -
= 6F —o— 2 WCFULIF
= g8t —a— H=10.0m
e —o— H=122m
K 10 —— H=142m
¥ 12 ¢ —— H=15.0m
H 14 —— H=16.5m

—a— H=17.1m

16 —— H=173m

18 —o— TULEI

20 L —— R

(b) VUHH 2 VBB

B8 CX4 M EFEZEKPAH ek

Fig.8 Subsurface horizontal displacement curves of CX4

DUIAE R YOS RRA, S5 1) 7 BAS T A -
L 7 NP 7o W VAL O i S8 S
TR LR, WA R E e, R
PRTE B AR R 1A% 8 70 RS 1 i AR B A
WA, W TN SE, FHERON 4G W
B 4 ONAL 1 AR O B, i TS RN A
TR I 5 .

DOEEE LI Bes L0 = Sy, A
FIVR BE LR B Ui 8, KPR Bl IR
(PRI, AE bR AN EAS B KB, MU0 R UL
FIRLIF, CX3 F CX4 Wi Ak KAV 733 A
79.48. 42.09 mm. {EHEE I, HTAE I R UTREL
B RNk TS, TIILLS — 2 v RS ) AR TR
MU S . YOS 2 R DTN, FHERN %
Wi, e 2k bR R R R R
Ab Ch e 7.3~10 mSEfE D ARSI ES o,
T TFAE RN 0] A7 B Ak - AR DA (1 5% i K S0AH
S, A b UL BRSO ), AE B DUR Ak
PR K I ), ELRER B R ok, A
Bl KAH G BN A 0, B63E BBl A TR0 1) 5%
U N 7 ey O A EE R e d BN T DA P SR 7y w4
NEJECR, DRI, AR BEAL AR U N A A
IR, A W IR K AR RS 2 A ) B P
JEE



543

TR REE: A

ST 6 PR ¥ I3 I I 5T

1089

6.2 MRV
6.2.1 HUERPTRE I &5 5 Ay
1EY)

U DU P o B TR RE Ty [ AT 4 MR JFE R

ORI o T1 T4 W7 T2 000y b 2 30 e B 1) 1]
%%%%m@9%m,@m\uﬁwﬁN&K@m
JUARPE T1. T4 Wik st R o An K .

Jiit/h et /d Jilt/h
0 20 40 60 80 100 120 0 4 8 12 16 20 24 28 0 20 40 60 80 100 120
4 ——— 4 —
0 § 0
i g 4
. | -8 50”0“00000\._.\. g -8
E [ g nf E -2 —
& i & “l6 g & 16
= 20F a7 2 20t = 20
® N[ -T2 g 2 Tl & 2
=2 S *Ti1-3 =2 28 T1-2 = -
T b T4 = 5l 3113 T3
36 —T1-5 -36 | =+ T14 36 F T4 7 —
a0 L 40 L ——T1-5 40k T4 s 82 KRR
(a) 5 1 WRUIBTE (T1 Wi (b) %53 frHemb B (T1 WD (c) 52 WWFUIBTE (T1 Wi
it /h e /d Pt /h
0 20 40 60 80 100 120 0 4 8 12 16 20 24 28 0 20 40 60 80 100 120
09 01 0 [t —t—4
-2t -2 4 -2 L b
g 4r g 4 g 4
E 6| E 6f E 6 e
~ ~ T
& 8r & 87 w8
= 10 ' —=-T4-1 = -10 F -m— T4-1 12 -10
@ “12 b —e—T4-2 Hg 12 F -e-T4-2 R 12 p = T4l
= 14 | —4—T4-3 = 14 —4T4-3 = 14 —=Ti2
T -l6 b —+T44 = e} -+ T44 -16 | —+—T4-3
-18 F ——T4-5 -18 f ——T4-5 -18 |} —v—T4-4 '
0 L 20 L 20 b~ T455 %52 WRILEIfT
(d) 1V IK T U B (T4 Wik (e) 5 3 FTiEmib Bt (T4 Wi O 22 K FULM B (T4 Wit
B9 HRUTRE-RTE MLk
Fig.9 Curves of ground surface settlement with time
2r 1 r
0 B -
Sk 0
_4 L _1 L
_6 -
E 8t E 2r
E 0 £ 5t H=1.8m
& -2t ¥ —— H=37m
B -lar B4 H=8.1
& 16 + ® oo
5ol =2 O H=9.9m
= 20t T o6t TS 1K MULEOR
22t —— B2 e 6 d
24t T —o— EHE 11d —— s 15d
_26 _8 1 1 1 1 1 1 1 1
6 7 8 9 10 11 1213 14 15 16 17 18 8 10 12 14 16 18 20 22 24
BRANEEER 25 d/m BRANEEER 25 d/m
(a) VOFSE 1 IR UURER 3 Wi B (a) PUFSE 1 IR UURER 3 Wi B
5r 2
0t O
_2 -
ST = 2 -4 # 2{/&?013%&‘
£ -10 F —e— H=10.0m £ 6} H=10.0m
g 5L —— H=122m E gl H=12.2m
o —— H=142m & H=14.2 m
= 20r —— H=150m = 1or H=15.0 m
2 st — [-165m 2 2t H-16.5m
R 2 —— H=17.1m S ot H=17.1m
=30 F —&— H=173m 16 b Hf1,7f3Lm
35k —— TULEIf s b = PULEIL
—o— A A wl® T REERER
_40 1 1 1 1 1 1 1 1 1 —
6 7 8 9 10 11 12 13 14 15 16 17 18 8§ 10 12 14 16 18 20 22 24
BRANEEER 25 d/m BRANEEER 25 d/m
(b) JUHE 2 IR DB B (b) VUIFEE 2 WCFITRT B
B 10 T1 B R YIRS A B 11 T4 Wi HR YIRS AR
Fig.10 Ground surface settlement Fig.11 Ground surface settlement

distributions of Section T1

distributions of Section T4



1090 b +

VA 2 2014 4F

DU 1V IR F U B (PR N UT L2, i
e W NS N o Y e A R O R S <R
TP SR B, MR ARS8 I, (R ok
JERS; B2 KUl URPLTE) FFih)E, P&
FEGAT I 5 Can T1-1. T1-2. T4-1 F1T4-2) &
i [l S5 A AR AR DTRE, 55 1 IR D&,
T B YCHEGE I 25 (40 T1-4. T1-5. T4-4 flI
T4-5) NZEW M FEL . PR PR AR R AL
BANEHRA B RS R T, PO
T I0hn  Inf Be Ry B R, Fr LA 2, 5l
EH R AR, AERPOROR ) T2 2O T
IRIOECE LR (SIS I R E S5 i

DU R SR TR Rl TR FE RS I 4K
HA R R (R B A S 0 B 2 B ) 386 KT s/,
RUbE R =S An, S KB AR b
6.2.1 He N UTHHhFe YT RRARE s S T 77¥:

KU T DA AR A bR D R A AT e i
NALALEE, F3 3R DT Ol 12 Pos,
] PR AR B oA b e BN RE R BE B8 o S PTF NI
REE H (WE, AR AT =S, 5 T URE H
PILCAE . A RT UG, U R e it e /)
T Wang 25 PUEF BilgLh TR RIS 52 0
MU LRLL, 5 Clough M H R 1 p
Huih R YR oA th & b, wi B bh R NG
DU 175 | S () M 2 B B L s i R 340/ T2t
TR,

d/H
00 05 1.0 15 20 25 30 35 40

-0.1

0.0 F—
0.1 | il
02  Hmb .-
S 03
g o04f
< 05
~ 06 F
0.7 | o R TRRESEIGTRE
0.8 | Wang 412!
09 F V- Clough %)
1.0 £
B 12 RA FUIRERTEBIML KM R YT AR

Fig.12 Distributions of ground surface settlement
dimensionless by subsidence depth

FEBE TR YOI 2260 A7 Q8 LA 7= A AR K P4
HY, B RE ) — Pl ARSI, SO R
I ) i A5 A i o AN WA I BE I =44, BT EUF
RIS HEALATE IR YO mie — LT, AT
PRAAE € XA A RT ] 2 A R, AR A

a5 HAL ] REOC /AN, R Z A
I AR A s R, ik, SRR I
O] Mot W) D 17 4 28 3 o 20 A it Ze kAT S5 /s — 3fedth
Bro SRAFMRE Kb 7= Az (1) e Kb AR YA

B 13 Ui KR iR S, 5 FUURE H
Xz, S, B8 H L, ik
KBELEMEKRFR. 5., FEANT 0.063%H F1 1.360%H
Z I8, SERME N 0.715%H, 7% Wang 25T |y
ARG ARG EN (0.1%H~0.8%H), {H
KTGA I 0.42%H. FUTH T Ui e
TR R AR, P DA K T A
HOAH oK

S HIMEMERRTTRRN

S, =kH (D

A A AERTICE 13 P (K- 344E, B TR
ZEsetl, BOLHEVEEY 0.4%~1.0%.

200
180
160 -
140
120
100
80
60
40
20 F

T KR Sy /mm

8 10 12 14 16 18 20
FUUREZ H/m
B 13 RAMRIIES TURRERIRR
Relationships between maximum ground surface
settlement and subsidence depth

Fig.13

KO3 2 O ikrBe (RIS DB T1. T4
W I ) Jt R DR A HEA T I A AR B, 153 1) 1
RUCREMAE LA 14 Fros, W5, 4 H Kk
AR, MR PO AT A REE 2, AR
FIFR R HOAT A, R S s B LB (14U
AL, TTRAE UG thE 2 W P . F 1R
14 7 A7 208 R R BOAT LA, 8B A
DO DR o A th E 1) J5 RE N
d

—43—
5, =8,¢ 1 2

LA R AE A 0.99, Ui BIHLA BERL LT

S5 A TR, %] 14 vh A 20 B 34T 4y
BURMEG, 1330H e oR it R iR o A i
AW 15 pon, HARR Aoy



e TR REE: A

SR ItE TR PR IE5 mi (K B B

1091

. =—1.727i+1 0<i<0.55
H H

vm

(3)
d d
—=-0.0435—+0.074| 0.55 < —<1.7
H H

vm

X (2 F1 3, S, mTHA (D i,
i, 2 3D WA AR R G
it 15 | R ) S S b A

d/H
0.0 02 04 06 08 10 12 1.4 1.6 1.8
-02 ————T—TT 1
0.0
02 |
E 04}
“
<& 06 |
o H=10.0 m o H=122m
08 A [=12.6m v H=142m
¢ H=148m 4 H=15.0m
1.0 ¢ > [=16.5m © H=17.1m
1 * [=173m o FyiFlf
(a) T1 Wi
d/H
00 04 08 12 1.6 20 24 28
-0.2 . . . . r T .
0.0 |
02
g
< 04 F
~
“
06 0H=100m © H=122m
08 AF-126m v H=142m
: ¢ H=148m < H=150m
1.0 4 > H=165m © H=17.1m
. * =173 m o FyHAf
12 L
(b) T4 i

B 14 RARAHMRVIEAT R EIULHI MR TTE S A0
Fig.14 Distributions of ground surface settlement
dimensionless by corresponding maximum
surface settlement

AP 15 Al e AN QU I DT R ) 5%

d/H
0002040.6081.012141.61.82.0

00020406081012141.61.82.0

WGy 1.70H: YU L 0.55H Y6 FI AR DT
B A5 A R P 28 1 3 KT SR, AE 0.55H b
RV A s KR DT 0.05 i, WX 4y 32 %
SN X, £EFEMEE 0.55H~1.70H JG N, R4
{EAR /N LGRS, A B EIAIX . M2 /s P

L:Htan(45°—%j (4)
Kb LRGSR o P BEE A .

Il (4) TFEHLR I 2 myE L 0.62H,
S ORSCHEAU R X LR

N TERAEA (1)~ (3) [uERidE, EEH N
- TRESL R TR M DK, a2 AT
X LI IE o

d/H
00 04 08 12 1.6 20 24
-0.2 LI T T T T T 1
' It &—
g
<
~
S
o Tl
o T4
|, EESmX REFEMAX

B 15 HRYTFED AR T %
Fig.15 Proposed method for predicting ground surface
settlement distribution

ARG KBS T & TR A — BRI
KH T ERIUTE, ZUiHME R 24 m, =24 18.68 m,
PEERL S 1.0 my, FUOREEA 18.1 me BT EIEDT
JEEFEGE T SMW TiEpERE Y, R E D,
Wk HECR 0.45%. EBURDUERE S 3 AAH R
TRIE MR EdE 5 250 A T TR, Wik 16
FioR, n] W5 i 2k 5 Se i E R ) £

d/H
0002040.6081.012141.61.82.0

d/H

_10 _10 T T T T T T T T 1 _10 T T T T T T T T T 1
0r 0F 0
10 F 10 10
0 | 2 | 2 F
é g g 30 Sl 2k g 30 | il 2
E 301 /, —v— T9 Sl 4 4L E — T9 %I}\IJ,D;R E 0 —— T9 Sl 4
< a0/ — T10 SPI4E < 40 - T10 L5 2 = T10 SPIAE
/ —e— T11 S2ill4 50 —o— T11 &5 50 —e- TII *uﬂJénﬁ%
50 o/ —a TI12 SR 60 1 —— TI2 S 60 —a— T12 S2ill4E 4
60 | — FeERH 5 70 K — Taéﬁ(uéﬁ(ﬁ«}”J 9& 70 — Taéﬁ(uéﬁ(ﬁ«}”J 9&
70 L - ATERTIINAE 30 - TR T £ g0 L - AT TN £
(a) H=14.5m (b) H=16.1 m (¢) H=16.9m
B 16 [EFBUTHTN SR &L S Rt

Fig.16 Comparisons between predicted and measured results of circular open caisson



1092 b +

VA 2 2014 4F

Peng 25U T -7 A R ~F 4 25.24 mx15.60 m,
BV UUAREE R 29.06 m (1SR PUAR A4 H R DT FE )
IR FEAT T 007, ZREDURE FUUREE H 20
9 19.0 29.06 m I}, 4 A M 00 0 1y 4y s i 5 g
fERT g &l 17 Pros, b k fHEL 0.715%,
AJ L2 M 2 5 S B A, AR SO ZR 5 T
AN TR B AR IR

d/H
00 02 04 06 08 1.0 1.2 14 1.6 18

g
Q
~
© o —=— D1 SEll&; R
14 £ —e— D2 Sl 4k
16 - —a— D3 453
18 b —v— D4 Sl 45
20 Taéz’xué’ﬂﬁ/}”J 9&
B ---- 2R &
» L AT S
(a) H=19.0 m
d/H
00 02 04 06 08 1.0 1.2 14 16 1.8
g L
Q
~ |

16 :'I —— D4 kl}ﬂJgn;E
18 [/ — Taéz’xué’ﬂﬁ/}”J 9&
;g i R 2

(b) H=29.06 m

B 17 SRITETNS R 5 S04 -0
Comparisons between predicted and measured
results of pneumatic caisson

Fig.17

6.3 TRV

M FCL. FC4 LAy )2 k- 7 ih 2k &
18 frze PUFES 1 IR UUFER )G, &2 AR &
RS, FUCI 80 h G BRI 1 4k HAKTFURTTIAA
HAR B TSRS, HEEH 1IKE
DUAEH, VLT BEOUIF I8 LAV L . 28
1&?%%%E,m?ﬁiﬁﬁmﬁ,ﬂﬁﬁﬁm
Xt AR R S8, 2% 2 LARFF R BT R4
B E TR . 52 I FIIN, BT T)T
O e 90 FH DA B T2 30 B i 1 4% J2 A4t

B AN I, JEAR AR 1 AL AR AR i
PR LB LY 1 3 R DO Ba 2 AT v 50,

gERLNL 3. P 18 IR 3 A4, RAIA 1. 2 Z0A]
AR BRI K, RS AR TR Ve Tk
YD 0 0 =P A X i R == 121 /2 N [T o N O = <R YA

A ZEAN K o YUFHADUT P 5 A 1) dpe KA TR
w0 K 28.349. 7.754 mm/m. 1 3 IBW[EH,
80% LA IRy AR A A AR WA 1~3 22 (8], BiHb
ZLUF 1l mycHE W

Pt /h
0 50 100 150 200 250 300
10 T A 1
09
g 10
A
5 —— 1
w30t —0—6@2%2
= —a— [3E 3
40 | T4
—— IR S
_50 B A e SITAN
851 R
-60 L
(@) YOS 1 R OUREE 3 s BE (FC1 )

Pl /h
0 10 20 30 40 50 60 70 80 90100110 120
0

73 )2 YTFE/mm
|
S

—m— fiih 1
-100 | —e— fiFf 2
—— [ 3
-120 | —v— i 4
—— W3R 5

——a
%2 LRI
(b) VUIEE 2 TR B (FC1 £

Pt /h
0 50 100 150 200 250 300

-140 L

73 )2 YTFE/mm

-12 F +EZQ}4‘1
—e— i3 2
-16 | —*— i3 3
20 —v— [ 4
20 —e—pzks o
TS wernse
-24 L
(c) UUHEE 1 R UUREE 3 s BE (FC4 55
Pt /h
0 10 20 30 40 50 60 70 80 90 100110 120
10
0
——o
-10 F—v

Sy /mm
2

40 [ g

-50 | +E£Q}4‘2

—A— 3L 3
-60 [ —vY— i 4 e S sz e
20 —— RN 5 %2 TR

(d) TOFEE 2 K FUTHrBE (FC4 8D

B 18 ks R YRR 2k

Fig.18 Curves of soil layered settlement with time



543

RIS €A IG5 5 e (K 37 D 1093

R3 VIHIRUEST

Table 3 Analysis of layered settlement of open caisson
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