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Deformation characteristics of deep excavations based on mass data
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Abstract: Deformation prediction of deep excavations is difficult, and pre-warning value is not accurate and reliable because
there are many factors to affect their deformation and different controlling factors in different places. It is essential to predict
and analyze deformation of deep excavations according to special area and supporting structure. Statistical analysis is
conducted to analyze the mass data of monitoring in Hangzhou City to gain the relationship between deformation of supporting
structures and surface settlement and bottom upheaval as well as the deformation characteristics and values. Then, the degree of
excavations is classified according to its importance and the degree of building importance. Finally, the controlling value of
excavation deformation is put forward as the pre-warning value so as to ensure the construction safety of excavation. The
conclusion is adaptable to predict the deformation of excavations in Hangzhou.
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Table 1 List of deep excavation cases in Hangzhou City

Fr P — Hlfraity  bEfRelsy BN SRR BORE BORONEIRE
5 JE J&/mm S /m /m /mm /m
1 W T4 Atk 9.80  hfLEE AN 800 — 3.265 35.00 12.00
2 BUIMAN R 2 W)k 55 Bk 10.80  EHFLIEAAE 800 21.0 4.150 25.00 7.00
3 WL s 11.22 BhFLHEENE 800 15.2 4375 35.00 7.20
4 mM%ﬁigﬁﬁmﬁ 13.90  ENFLIREEDE 1000 25.0 3.900 22.90 12.00
5 IRALITEV 7 Y N2y 5 6.80  UUEWEANE 426 18.5 4.500 54.20 8.50
6 A e R SN 6.20  HifLIEENE 800 21.0 3.030 40.00 7.50
7 R EAIIDN] 102 EHFLEEEE 800 20.7 6.200 39.33 6.65
8 GIRA VAR NS 11.30  BhfLHEA A 800 18.0 4.500 17.00 13.00
9 WITTIEFRAL ) Kbk 13.93 M NS 650 20.5 4.490 9.00 —
10 RRANEEE N 8.40  Hu ML 650 16.0 5.230 11.00 —
11 RN ES] TR G N 1425  HONESSS 800 29.3 4.250 73.97 10.00
12 BN ERAT K E 29 RS 800 28.0 5.300 50.00 27.00
13 MM < Rl I 35 RS 1000 35.0 4.500 40.00 31.00
14 RLIEEN NS 25 R ES 800 26.0 5.400 30.00 20.00
15 BUNR I 19.5 MRSk 800 20.0 5.500 34.00 18.50
16 PO SRS — 3 194  HOUF ISR 800 19.0 5.300 30.62 15.00
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Fig. 1 Statistic analysis of surface settlement behind diaphragm
wall in Hangzhou
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Fig. 2 Relationship between side displacement of supporting

structure and surface settlement
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Table 2 Displacement of diaphragm wall in soft soils
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Fig. 3 Relationship between relative stiffness of support structure

and excavation depth
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Fig. 4 Relationship between relative displacement of support
structure and excavation depth
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Fig. 5 Relationship between location with maximum displacement

of support structure and excavation depth
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Fig. 6 Relationship between maximum relative displacement of

support structure and safety factor of anti-upheaval
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Fig. 7 Relationship between maximum relative deformation of

support structure and cohesive force
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Fig. 8 Relationship between maximum relative deformation of
support structure and friction angle
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Fig. 9 Effect of excavation width on upheaving deformation
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Fig. 10 Effect of excavation depth on upheaving deformation
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Fig. 12 Relationship between maximum surface settlement and
safety factor of anti-upheaval
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Table 3 Design code of deep excavations in Hangzhou (DBJ 08—

61—97)
BETAL RS A UN N VA AN N 1B A
A /mm /mm /mm

S W w0 vk W Bok
{H {H {H {H {H {H

— 30 50 50 80 30 50
- 50 80 60 100 50 80
= 80 110 70 90 80 110
:l: .
3 21: 'lo/lf\.

COR M EHE Gk (5 B0 B e A e AT T
JAGH RS, i T AN ELE N 2, SRS TR
AR AR IR R 52 (KT -

(2) il BEGT A B PRS0 B N AZ T R 2 e )
(el I 55 PO S SO A2 00 IR B R SR, e —
PRSI IR, TG T E R E RO TR AR R
IR Ei e = A G E A 2 5N

(3) R 7RG EL RIS RIS, TR Y S,
RN AID IR i W e BSE Se TR bR SN EY N )
TRA GG N =2, AECIERE FARPEAT I M XK
DUTREMGETT BORE, W€ T &I B R SR LTI
P AR I RN RS K TN B KT R 1) v o 42 il 4
bRo XA, AR L RECREREYT A B 5
s, BATZERNE, AR RS I i
=

EEpa

(1] FKMAR, IR, SWIRE. SRIT20 J] BBt ) 5w )
7. dEac il R2424], 1996, 20(2): 205 - 209. (ZHANG
Hong-ru, HOU Xue-yuan, XIA Ming-yao. Prediction of the
effects on nearby buildings from deep excavation[J]. Journal
of North Transportation University, 1996, 20(2): 205 - 209.
(in Chinese))

[2] Dk, N AR k2% 15 MR T ik A IR T2 5 St
PN [0, R THEZ#4%, 2001, 34(2): 96 - 100. (LI
Qing-lai. Application of ann and probability method to
information  technology for construction of deep
excavation[J]. China Civil Engineering Journal, 2001, 34(2):
96 - 100. (in Chinese))

3] fEF UL, N B, A ILHIGE AT TR T A B R B
T 5 T I]. B A D)% TR AR, 2003, 22(1):
1966 - 1970. (XIONG Xiao-bo, SUN Jun. Prediction and
control of pit deformation during construction in north anchor

Runyang Bridge[J]. Chinese Journal of Rock Mechanics and
Engineering, 2003, 22(1): 1966 - 1970. (in Chinese))



s + T

2R 2014 4F

[4] TUNEE, ZEWMERE, ATAER. BEHTREIK S R b I A A

B 2 B oK PE Ay BT (7). bR AR EE, 2014, 25(2): 3 - 8.
(DING Zhou-xiang, GONG Xiao-nan, YU Jian-lin. Analysis
of surface settlement and parameters sensitivity for
excavation dewatering[J]. Ground Improvement, 2014, 25(2):

3 - 8. (in Chinese))

[5] XHE. B DORIRTUTHZ ARO[, &+ TR

224, 1999, 21(4): 456 - 460. (LIU Xing-wang. Study on

and application of pit dewatering for controlling settlement[J].
Chinese Journal of Geotechnical Engineering, 2005, 27(10):
1172 - 1174. (in Chinese))

(9] FKKIE. 2% B8 AR TR W 1 R So s i i A AR T o 5 ().

A 45 Y, 2000, 30(11): 32 - 33. (ZHANG Yong-jin.
Calculation of settlement and deformation of the surface
around foundation pits considering soil properties[J].

Building Structure, 2000, 30(11): 32 - 33. (in Chinese))

deformation behavior for deep excavations in soft soil[J].

[10] KA, WitRRAN. IR g Iy s At T B T Pk
Chinese Journal of Geotechnical Engineering, 1999, 21(4): (SN b TR2EHR, 2000, 34(4): 360 - 365. (YING
456 - 460. (in Chinese))

(6] W AN i Jz A b B B T2 e 7K 5 | (1 Ml e TR 20 A7 0],
I R 22 22 W (CE 22 KD, 2002, 36(10): 239 - 242. (XIE

Hong-wei, XIE Kang-he. Effect on the behavior of deep
excavations in soft clay considering stress history of soil[J].
Chinese Journal of Geotechnical Engineering, 2000, 34(4):
Kang-he. Analysis of surface settlement for excavation 360 - 365. (in Chinese))
(1] BRELE, W8, ITE A8 R 2RI [0). R

%, 2008, 30(}%T1]): 509 - 517. (OU Zhang-yu, XIE Bai-li.

dewatering in stratification[J]. Journal of Zhejiang University

(Engineering Edit), 2002, 36(10): 239 - 242. (in Chinese))
(71 REFRPE. BEGUITZ b R K HIBO F FE PR BE IR 52 7 AT 0],

MR A3 E 5 TR, 2005, 1(4): 634 - 637. (TANG

Cui-ping. Effect analysis on around environment for

Study on near building protection for deep excavation[J].
Chinese Journal of Geotechnical Engineering, 2008, 30(S0):
509 - 517. (in Chinese))

(12] BRELE. SITHZ LR vt Big 5S4 M. &6 #
BB H R A E, 2004. (OU Zhang-yu. Theory and

practice of deep excavation engineering[M]. Taipei: scientific

dewatering during excavation[J]. Chinese Journal of Under
Space and Engineering, 2005, 1(4): 634 - 637. (in Chinese))
(8] KA, FLEEYS. YR AR TBAR M KA GT B K B A 7778 2
M. &+ T2, 2005, 27(10): 1172 - 1174,
(ZHANG Lian-hua, KONG De-fang. Optimization method and technical books of LTD, 2004. (in Chinese))

(ARICSE4gm W2



