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Statistical analysis of characteristics of ground surface settlement caused
by deep excavations in Shanghai soft soils
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(1. Department of Underground Structure & Geotechnical Engineering, East China Architectural Design & Research Institute Co., Ltd.,

Shanghai 200002, China; 2. Department of Civil Engineering, Shanghai Jiao Tong University, Shanghai 200030, China)
Abstract: The characteristics of ground surface settlement caused by deep excavations in Shanghai soft soils are studied based
on a database of 35 case histories. The magnitude of the maximum ground surface settlement generally increases with the
increase of excavation depth. Values of the maximum ground surface settlement generally range from 0.1%£H to 0.8%#H, with an
average value of 0.38%H, where H is the excavation depth. The maximum ground surface settlements increase with the
increase of the thickness of soft soils above wall toe, but decrease with the increase of the factor of safety against basal heave.
The maximum ground surface settlement is independent of the system stiffness of the retaining system and the embedded depth
ratio of retaining wall. The lower and upper bound values of the ratio between the maximum ground surface settlement and the
maximum lateral displacement of wall are 0.4 and 2.0, respectively, with an average value of 0.84. Distribution of the ground
settlement is analyzed. The upper bounds of the ground settlement profiles are proposed for the case histories in Shanghai. The
maximum ground surface distortion ranges from 0.001 to 0.017. Relationship between the maximum ground surface distortion
and the maximum ground surface settlement is also established.

Key words: deep excavation; ground settlement; statistical analysis; soft clay

[ Simpson ' whittle ¥ Hight
¥ Finno

08201200900
2010—08—23



2011

1660
26
7 SMW 2
Peck™ Mana o
1 Clough ¥ ou® Hsieh ® Long™ » 1
Moormann*" Leung [ )
2
0.1%H
0.8%H 0.38%H Moormannt!
0.5%H 2.0%H 1.0%H
Long!% 0.6H
20 90
0.8%H
Clough
0
0.5%H 0.15%H Leung ™2
35
0.2%H
200,
180} <
1 £ 160+ //Q
% 140+ <
35 5 120 . S @
1 % 100 . . 405“’\
¥ ol ", CORN
XA
H hst l’ls g 60+ n 'I‘-- X
40r .
Ho 201 . -'F'::L 5Z04%H
2 h 0 . .
0o S5 10 15 20 25 30 35
Ohm FHEVREE Him
Ovm
2
1 Fig. 2 Relationship between maximum ground settlement and
d . excavation depth
— 2.2
I s o .
-1 - !q
TN e
— HEGIREHE 1 3
oy S h, uu 18
Hyl | d: SR PG A B ()
I H: TR (m) 44 kpa
Hy s EHSREE (m)
- by S5 EE + 1 STR R I PE B (m)
2h B2 PRI BE(m) hsw hsw At
S 8 BB NE (mm)
& g
£ Ot (mm)
PR R B KR {hsw =h  (hy+h<H,) M
¥+
h,: KRB (m) hsw _ HW _hst (hst 4 hs > Hw)

1

Fig. 1 Definition of excavation variables

hSW/ w
5vm/ H



11 . 1661

1

Table 1 Data of ground surface settlement of deep excavations in Shanghai soft soils

HIm  hgm  hdm  Hy/m ENKN-m?) him  Fs  Spy/mm  Jyp/mm

1 * 146 34 131 28 2,630,000 4.87 216  20.9 45
2 R1 * 14.2 0 10 30 1,280,000 — — 64.5 76.7
3 * 13.38 312 128 254 1280000 64 — 26 436
4 o 122 295 142 252 1280000 41 262 361 26.7
5 R1 * 14.4 3 12 2684 1,280,000 — — 235 75
6 *x( ) 109 96 13 2195 602,880 55 169 2824  13.48
7 * 134 — — 26 1,280,000 3.92 — 100 60
8 * 157 37 163 305 2500000 467 344 4545 36.8
9 * 15.5 5 13 28 540,000 28 — 38 13.95
10 R1 * 14 289 124 2596 1,280,000 323 — 50 46.5
11 M8 * 147 92 104 265 540,000 35 259 392 70
12 * 16.87 275 148 32 2,500,000 496 — 1019 72.4
13 2 * 15.2 2 11.3 304 1,280,000 253 — 97.8 101
14 R1 * 135  — — 244 128000 — 15 725 110
15 R1 * 123 — — 185 686,560 41 — 51.4 66
16 * 89 27 278 165 540,000 218 — 27 16
17 ( ) * 135 33 91 2475 1,280,000 4 27 1894 18
18 * 11 256 1489 223 1,280,000 333 241 89 114.3
19 * 304 10.08 9.6 44 4320000 47 — 123 125.86
20 R1 * 17 7 8.3 30 1,280,000 31 15 167 79
21 R2 * 15 68 118 26 540,000  3.38 2.28 50 36.4
22 M8 * 1442 925 865 27 1,280,000 3.26 — 70 30
23 *( ) 103 28 147 26 1,471,900 4.08 1.88 71 60
24 *( ) 147 408 1218 30 1,471,900 423 192 986 87
25 *( ) 725 48 95 18 602,880 455 — 57 52
26 117 *( ) 685 35 13 127 602,880 495 — 30.5 37.2
27 *( ) 1025 3 1456 21 900,000 413 — 63 26
28 *( ) 108 367 146 24 919,700 518 1.7 625 30
29 *SMW ) 7 32 1186 12 69,300 3 — 27.5 15.5
30 *SMW ) 73 315 1155 12 306,600 28 — 28 25
31 7 (3] 259 39 14.8 52 2,500,000 3.08 — 275 27.3
32 10 (4 146  — — 215 540,000 355 — = 4822 41.7
33 () 165  — — 265 540,000 3.02 — 64.2 715
34 () 152  — — 27 540,000 33— 62.6 743
35 500kV > 34 345 14 575 4,320,000 453 —  43.98 26.7
1. * [16] 2. *x 3.
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