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Abstract

Ground excavation inevitably causes ground displacement of adjacent ground, and
structures and facilities exposed to ground displacement may suffer various damages.
Therefore, in order to minimize the damage and damage to adjacent structures and
facilities caused by excavation, ground displacement (settlement and horizontal dis-
placement) in the adjacent ground caused by excavation must first be predicted. There
is many ground displacement information induced by general braced cut excavation,
but the information is not enough for circular shaft excavation. This study aims to
provide information on the estimation of ground settlement caused by circular shaft
excavation through the case analysis of circular shafts and comparison with braced cut
excavation. From this study, it was found that the use of the settlement criterion of
braced cut excavation as the settlement management criterion for circular shaft exca-
vation is a conservative approach in terms of safety. But when considering the eco-
nomic aspect, it may result in overdesign of the wall and therefore, a more reasonable
settlement criterion can be needed for circular shaft excavation.

Keywords: Ground excavation, Circular shaft, Braced cut, Ground settlement,
Settlement criterion
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Fig. 1. Causes of ground displacement (Cording, 1984)
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Fig. 2. Deflection shape of excavation wall (Milligan, 1974)
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Distance from Excavation
Moximum Depth of Excaovation Zone I
0 1.0 20 3.0 4.0 Sand and Soft to Hard Clay
; = Average Workmanship

Zone II
a) Eety Soft to Soft Clay
1} Limited depth of clay below bottom of
excavation
2) Significant depth of clay below bot-
tom of excavation but N <N_, (See

Chapter B8)
b) Settlements affected by construction dif-
2 ficulties ’
Zone III

Very Soft to Soft Clay to a significant
depth below bottom of excavation and with

3 Settiement
Moximum Depth of Excavotion '

3 N, SN
Depths of b "eb

Soft to Medium Clay Excavation, ft. "

® Chicago, Illinois 30 - 64 Note: .

o Oslo, Norway, Excluding 20 - 38 MI!. data shown are For excavations

vaterland 1,2,3 using standard soldier piles or
v Oslo, Norway, Vaterland 32 - 38 sheet piles braced with cross-
. bracing or tiebacks.

4 Stiff Clay and Cohesive Sand 34 - 74
0 Cohesionless Sand 19 - 47

Summary of Settlements Adjacent to Open Cuts in “arious Soils, as Function of
Distance from Edge of Excavation

Fig. 3. Settlement due to braced cut excavation in Chicago (Peck, 1969)
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Fig. 4. Estimation of excavation-induced lateral ground displacement
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Fig. 5. Settlement due to installation of diaphragm wall (Clough and O’Rourke, 1990)
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Fig. 6. Settlement due to installation of diaphragm wall
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-0.05 £ (as New & Bowers: 1994)
0.06 : Data key
- N (Representative shaft OD)
s Red 8.5m
-0.07 [~ . Green 11.5-13.8m
* Blue  16-16.2m

Fig. 7. Settlement due to excavation of circular vertical shaft in clayey soils (New, 2017)
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settlement prediction
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-0-10 - : : :
0 0-5 1.0 1-5 20
d/H

Fig. 8. Field observations of settlements around concurrent shaft linings involving pre-cast segments and SCL
(Faustin et al., 2018)

Table 1. Cases of circular shafts with slurry (diaphragm) wall

. Construction| Internal Excavation | Wall thick-
Shaft location . Encountered strata References
method  |diameter (m)| depth (m) | ness (mm)
Loam (8 m)
Musashino, | Diaphragm 282 603 1,200 Musashlno gravel (lé'l m) | Muramatsu and
Japan wall Bay sediments (consolidated| Abe (1996)
silt, sand, and gravel)
Abbey Mills | Diaphragm . . Schwamb et al.
shaft, London wall 30 73 1,200 London basin deposits (2016)
Limmo Diaphragm SUPEZTE;;]](?EOSSSI (1:1; " Faustin et al
Peninsulamain | " o & 30 44 1,200 Lambott Oy (18 m) 208
shaft, London W group
Thanet sand
Whitechapel . Made ground (4.. > m) .
. Diaphragm Superficial deposits (3 m) | Faustin et al.
Cambridge 282 32 1,500
wall London clay (25 - 5 m) (2018)
heath, London
Lambeth group
. Made ground (2 - 2 m) .
Pias:;ljz D‘aal:l?gm 12:7 272 1,300 | Superficial deposits (3 - 2 m) Fa‘gg} 8"; al,
Lambeth group (6 - 3 m)
Farringdon Secant I\I/,[sgciogrfi:l:d ((63 nnll)) Faustin et al
Western ticket . 15 24.7 1,200 Y u ’
bored piles Lambeth group (17 m) (2018)
hall, London
Thanet sand
ole} T & A A|AYALS A8 AT 22l iRt ARl iRt AlSTlolElE Fig. 901l New
(2017)7F A A5 o] YEHITh Fig. 90ll4] K= Hiet go] Z2F A ZRALS ARG 217 2 2F7

94

Journal of Korean Tunnelling and Underground Space Association



Analysis of ground settlement due to circular shafi excavation

O] A1 B st AebH o 2 Z2f 9 22w Q] T]FfAE A|TITFHES}F SCL (Sprayed Concrete Lining)2 A&
2170 27 E New (2017)7F AR GISA1E Kt 22 Zﬂ LA AR e YEh= AE
T @ 2o s LR oot &2 o= of ] 77 AR AlsE 8 2155 B =2 2kE110] ok
=] 0].9-2 ) Faustin et al. (2018)0] 'HTH A7 ANE A Hol 22t A 2| 2]HH4]o] 22} 5 7
AlET AR 0 2 o 2R A B sk ISR 9]t g 210 & LRt =2t 2|24 et ofy
54, A2 9 22210 BedS T 07 drEsle] 2|36l dlSdlloF & 2 o & wrkETh
Yol B3} New (2017)7F AFHE 2]dto] thallA] ARG A1 2

A B} ] loiH] BA /|20 A BET 4 S A0

F

_w; >
>
ol

+ +
4 e ++-:— & ++
+t’ - +, O +
- b 15 2 25
X
+
Musashino

Abbey Mills Shaft
® Limmo mail shaft

x  Whitechapel cambridge heath

+ Hackney

Settlement/Excavation depth, %

x  Ferringdon Western ticket hall

—— Equation 1 (Stiff clay)

-0.08 = = Equation 2 (Soft clay)

-0.1

Fig. 9. Settlement due to excavation of circular vertical shaft with slurry wall
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Distance from excavation/excavation depth

N
0 wpgtT Y T ‘b+:o 2 .+++++ <4 & i

1 % 2 25
+

-0.05

Musashino

Abbey Mills Shaft
01 ® Limmo mail shaft
% Whitechapel cambridge heath

+ Hackney

Settlement/Excavation depth, %

x Ferringdon Western ticket hall

-0.15 ——Clough and O'Rourke (1990)

-0.2

Fig. 10. Comparison of settlement between circular vertical shaft and earth retaining structure with slurry wall
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ER vEl ] ARgof| 2 2| oK 42 New, 2017; S2tol=2}: Peck, 1969 ©1-8)E H] W/ $t Zlo|th. Fig.
11004 K= upel Zo] Z2h 2 2|2 A npdrpx| 2 Suto] Fztel A 'HAgh 3skrh 427 Z2ko 2 ]Ijh
ja
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wlollA] Releb] 2Hgstelr] el 70 2 web,

Distance from excavation/excavation depth

-0.5

~~~~~~~~ Peck(1969): Sand and Soft to
Hard clay

Peck(1969): Very soft to Soft
clay

— - =New (2017): Stiff clay

-1.5

Settlement/Excavation depth, %

= = =New (2017): Soft clay
-2.5
-3

Fig. 11. Comparison of settlement between circular vertical shaft and earth retaining structure with excavation
before support
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