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A Study on the Prediction Method of Ground
Displacement by Deep Excavation
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Recently, the rapid industrialization and urbanization of the country due to a high economic
growth, require optimization, usage and the expansion of underground space. Therefore the
construction of large and deep basements takes place in braced excavated area where their earth
retaining structures cause many problems such as settlement and damages of nearby buildings
and underground utilities. This study deals with the influence distance of settlement and the
amount for settlement based on the measurement which were obtained at five excavation
construction sites.

Maximum ground surface settlement, (0.28~0.3)(%)H utilizing excavated depth, is similar to
the measurement and the value by Clough’s method. It was found that the settlement and the
influence distance of settlement calculated by Clough’s method were rational
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Fig. 2.1 Behaviors of rear ground owing to
excavation
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Fig. 2.6 Chart for estimating maximum lateral
wall movements and ground surface
settlements for support system in clays
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in clays (after Mana & Clough)
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support walls in clay
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Fig. 2.9 Predictive coefficient of horizontal
displacement (Fry & Rumsey, 1983)
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Fig. 2.10 Predictive coefficient of vertical
displacement (Fry & Rumsey, 1983)
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Table 2.1 Suggested value of maximum horizontal
displacement at excavation sites
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Table 2.2 Maximum ground surface settlement
utilizing horizontal displacement
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Table 2.5 Unconfined compressive strength
according to rock classification

%M F7 A %9t 7 % (kg/em?)
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Table 2.4 Relationship among N value and relative density and internal friction angle

. o W EekE 2 (g0)

NA 7 o E (D) Peck Meyerhof
0~4 uf§- =& 00 ~ 0.2 285 °o|3&f 30 ols}
4 ~ 10 = & 02 ~ 04 285 ~ 30 30 ~ 3H
10 ~ 30 M z 04 ~ 06 30 ~ 36 35 ~ 40
30 ~ 50 x U 06 ~ 08 36 ~ 41 40 ~ 45
50 1% vj-g- = 08 ~ 10 41 1% 45 o] %

Table 2.6 Elastic modulus according to soil classification

1= ) Es (kg/cm®) E 2 Es (kg/cm®)
¢ ASGHE 20 ~ 150 AEZ 2 70 ~ 100
a¢ HE 50 ~ 250 1% 2 100 ~ 240
T AE 250 ~ 500 2% 2 480 ~ 240
dodt J B 500 ~ 1000 gd R 960 ~ 1920
Ad dE 1000 ~ 2500 ZAg 2gg 1440 ~ 1920
A E 20 ~ 200
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Table 2.7 Elastic modulus classified by SPT
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Table 3.2 A measurement of maximum horizontal
displacement at rear ground of wall
A B C D E

18.10 | 16.57 | 30.56 | 26.10
24.50 | 44.76 | 2641 | 20.10

case (mm)

casell (mm)
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1 Table 3.3 caspe9l o
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18 2 Ew)S  (24)
k(‘ ) ARG o
of st 7t Aol
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(01~07%° sjwstar, #stdarAeli- 422
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Table 3.3 A variable values of study area

. iz P A3 |

",LZ(]' 27 €277 1l 11

S ael | anel | 9y | DYy

Hoym | #el | HskE | AR | Hw

M Hp)m) | (Sw)em) | (D) m)] *7°

Al 1670 | 4983 | 1167 | 3537|070 212
B| 1850 | 2251 | 1056 | 2353 | 057|127
C| 2710 | 3216 | 17.76 | 3150 | 066 | 1.16
D| 1510 | 215 139 | 19.49 | 0.09 [1.29
E| 2190 | 1774 | 356 | 2335|016 (107

Clough 52 WHlel ]?ﬂ Agd o A2 shar
O APHEANES g AAle Wl HE
st o, Fig 2400 A ##7lols} ‘]tH sl ko

W sl AveldAATL FHs, g
232 E WA e WS e
AN e G0 AAF 2 FoiEe

Matato] g Al Ao AFAEX o gy £

Ao (A=9m, B=125m, C=185m D=14.9m,
E-88m), Fig 2.3¢] (a)oll A d/Hi: F3F thd 6y
/SvmE- FolA Al #slEEQl svit Al ksl

A, B, C, D, Ex4e
4.16cm, 4.65cm,

H) e EH(Svm)>
5.9cm, 4.14cm, 4.61cmo) o}

Sl

Table 3.4 Soil parameters of study area

Fetehd | Heray | Fer g | Fe
A4/m) | 23 /m) | EGASE | vhE2Ho)
A 2896.80 1.900 0.442 34.0
B| 178750 1.875 0.496 30.3
C| 245830 1.920 0.460 34.0
D| 178750 1.875 0.496 395
E| 281225 1.900 0.435 29.0
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Table 3.5 A comparison of the amount of settlement for study area calculated

by suggested equations
Efgo e Adm)
0.00 10.0 20.0 30.0 36.1 40.0
Peck ®# 9.19 464 3.76 2.10 0.00 0.00
A Caspe®¥H 11.67 6.09 2.31 0.33 0.00 0.00
Clough¥' 3 4.16 292 1.69 0.65 0.00 0.00
Fry %4 6.49 4.08 1.68 0.92 0.50 0.00
Peck %3 10.17 481 351 1.66 0.00 0.00
B < Caspe W'¥ 10.56 2.69 0.001 0.00 0.00 0.00
Clough %9 4.65 3.41 2.33 1.21 0.00 0.00
Fry %4 13.41 7.51 490 2.48 1.43 0.00
Peck ¥4 1491 10.29 6.78 541 463 0.00
cx el Caspe ¥4 17.76 6.82 1.02 0.00 0.00 0.00
Clough %3 5.94 484 3.76 2.65 1.56 0.05
Fry 9 20.70 15.70 109 7.03 4.28 2.60
Peck 4 20.46 11.05 8.79 5.12 0.40 0.00
DA Caspe Wil 1.39 0.41 0.005 0.00 0.00 0.00
Clough %4 4.14 3.44 2.58 1.36 0.00 0.00
Fry % 16.40 9.20 6.01 3.03 1.73 0.00
Peck %3 12.05 7.01 5.04 3.94 241 0.00
FA Caspe W 3.56 121 0.10 0.00 0.00 0.00
Clough 4 461 3.70 2.44 1.42 0.41 0.00
Fry %4 11.40 8.24 465 2.42 1.42 0.00
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1.0%% TMoh v Wb, e A (o] F

If, 1993) =) 0.20%2 Agkstn $)
Table 3.6 #1¢ Akl wat A B, C,
D, EX|¥9] Zi¢Hdgs Aste Yebd A
o= 7+z} 33.4~167mm, 16.57~44.76mm, 54.2~
27imm, 30.2~151mm, 43.8~219mm¥% 3 %3t
2tk Table 3601 23 NAVFAC DM-7.2¢
Clough & O'Rourke, ©1&1 %9 #3 Chang
Yu-Ou®] 3lgtgha AFgd ¥sstAY gzt

2 g vehga AR FHEH A 1
o] A&of EA7F g9A 9 Chang Yu-Ou®l %
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Table 3.6 Checking of the maximum horizontal displacement at excavated site

Aok Aok A A
) B A B C D E
Peck(1969) 1.0%H(mm) 167.0 185.0 271.0 151.0 219.0
NAVFAC DM-7.2(1982) 0.2%H(mm) 334 37 54.2 30.2 438
Clough & O'Rourke(1990) 0.2%H(mm) 334 37 542 30.2 438
Chang Yu-Ou(1990) (0.2~05)%H(mm) | 33.4~835| 37~925 {54.2~1355|30.2~75.5|43.8~109.5
o] &3+ % (1993) 0.2%11(mm) 334 37.0 54.2 30.2 438
22 ZHmm) Case 1 18.10 16.57 30.56 26.10 43.24
Case O 2450 4476 26.41 20.10 37.48
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Fig. 3.8 A Comparison of the maximum_horizontal
displacement at excavated site
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Fig. 3.9 A Comparison of the maximum amount
of ground surface settlement utilizing
horizontal displacement
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Table 3.7 Suggested value of maximum amount of ground surface settlement utilizing
horizontal displacement
A ot 2 Al g A =
A B C D E

Goldberg(1976) (0.67~1.33)x6Lm | 22.4~444 | 248~492 | 36.3~72.1 | 202~402 | 20.3~583
Mana & Clough(1981) | (0.50~1.0) x6Lm | 16.7~334 | 185~37.0 | 27.1~542 | 151~302 | 21.9~438
Chang Yu-Ou(1990) | (0.50~0.7) x6Lm | 16.7~234 | 185~259 | 27.1~379 | 151~21.1 | 21.9~30.7

U145 (1996) 0.28%H 46.76 51.80 75.88 42.30 61.32

A <t A (Clough) Table 3.5 41.60 46.50 59.40 41.40 46.10

A = 2Hmm) Case 1 18.}0 16.07 30.56 26.10 43.24

Case I 24.50 44.76 2641 20.10 3748
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Table 3.8 Maximum amount of ground surface settlement of nearby ground with excavation

. AekA}| Peck | St.John |Goldberg| Clough & |O'Rourke| %< B A = 7
a5 (1969) | (1975) (1976) |O'Rourke(1990)| (1976) (1996) v !
AR x| 05%H | 0.3%H | 0.5%H 0.3%H 0.3%H | 0.28%H | 0.2%H |CaseI [Casell

A 835 0.1 83.5 50.1 50.1 46.76 334 2450 | 18.10
29 B 92.5 50.5 92.5 55.5 5.5 51.80 37.0 44776 | 1657
(mm) C 1355 81.3 1355 81.3 81.3 75.88 54.2 3056 | 26.41
D 5.5 45.3 5.5 45.3 45.3 42.30 30.2 26.10 | 20.10
E 109.5 6.7 109.5 65.7 65.7 61.32 43.8 43.24 | 3748

e Ak Akt Ay Be] HEAo] Q)
thar AZE A Fry9d Peck % Casped 4
S AYAA gk depiar glel ¥ 7t
% ¢ g stk

At Al e] A AFEARA FFAD 7 g
sEATa 7FAEe] A ASES Table 2.29
239 7lEel gAs AL Axbiz Table 3.8
3} 7k

A, B, C, D, EAHA 3] ARk ]t

T
[e3}
AR

Agdstge Axgst Adgel 27 50.1m
m~83.5mm, 55.5mm ~92.5mm, 81.3mm~

135.5mm, 45.3mm~75.5mm, 65.7mm~109.5mm
o, el  Af-oliz 46.76mm, 51.8mm,
75.88mm, 42.3mm, 61.32mm L2 FH = A
FERo 2 g Holil vk 7]
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Fig. 3.10 A Comparison of the maximum amount
of ground surface settlement for nearby
ground with excavation
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Table 3.9 Influence distance of settlement at nearby ground with excavation
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settlement calculated by various
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