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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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Lateral Displ. Lateral Displ.
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a) Cantilever Movement of Wall b) Inward Buiging of Wall

Fig. 2. Deflection shape of excavation wall (Milligan, 1974)

2, Z|tz=2t fo 2 WAL A S AR

Peck (1969)2 ChicagoZ|HolA 2] Z|gtza} Al AlS3E Tkl A BRIIE ZAF E 2451 S H(Fig. 3),
Cording and O’Rourke (1977), Goldberg et al. (1976)x} Clough and O’Rourke (1990) 5% ThFet @379
A RS 2| T A5 EAS AIXSHATE Goldberg et al. (1976)1] oJoba Rafiut 24 @ w-$- choket M E 2]4t
of| A= AR 220 oF 75%011 A, AT HAH S = X A A Aoll= 2 FFe HA oA =
21710191 0.35% B} o 22 7 0 = eyt Ao E Ui2] o Tkt  Eof| A o] HAHH = 2ol whet
1 2fo|7F S5l Tl AEA Beo]H 232 E S| HAeM =, DA HARA 7 =20)9f
©F0.25% A= A Extolut Ht Y ERFH HAfloflA 1 Hl= 1%E Zskeirt. 2o B fjof] oigh 2/)
2|33 ot vl = Aok iR] BF HEA Bt 1.42 TEE| Qo ol Tt HE o A= 1 H|7H0.72 A
%Itk Clough and O’Rourke (1990)°] ZARRH Aol mp2H, Thrtet HE 9 Ttafjof] QlofA] 2|t WA Q==
2171019 B 0.2% = A H|Th 0.5%71A] HAH A7 AR 2 0 &= Uit TRt 2o 2| B 3]oh= 22K
°]9] Bt 0.15% AL 2| 0.5% 7FA] HAH L7 IS o] 2o & Hsieh and Ou (1998), Kung et al. (2007),
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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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D is the embedment
depth of a building

Proposed lateral profiles
ED=0m@D=4m
BED=1mE&D=5m
ED=2mEDPD>Tm
Observed lateral movements
©D=0m % D=3m

s 4 D=]lm®D=4m
B pD=2m *D=5m
(a) Clough et al. (1989) (b) Schuster et al. (2009)

Fig. 4. Estimation of excavation-induced lateral ground displacement
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HA| AZ) ALY 2Rl tisfi A AR ST Fig. 5). AlRE7A2 AR E(Bell Common, South
Cove 3% 2 TS - E(London NPY, Studenterlunden @7%}), AFEE(Hong Kong &7 7HA] thFsh, =2+

Distance from Excavation
Max. Trench Depth

Q 0.5 1.0 I 5 2.0 2.5
Heave I on & 1
2 0: .-;— ’.i 'A“ i
:C ‘ ~.. * . —_ -
s ® -
S k- <& -~
=|e ~
8| e -
E|S 0. !. s
% .g ;/ Legend:
“ -3 » ® Hong Kong ¥ Bell Common
b Excavations B South Cove
0.2 I A London NPY @ Studenterlunden

Fig. 5. Settlement due to installation of diaphragm wall (Clough and O’Rourke, 1990)
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-0.05 ~

— — Mohamed(2017): Sand and Clay
-0.1

Clough & O'Rourke(1990): Sand and Clay

-0.15

Settlement/Excavation depth, %

Slurry wall

Fig. 6. Settlement due to installation of diaphragm wall
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" Red  85m
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Fig. 7. Settlement due to excavation of circular vertical shaft in clayey soils (New, 2017)

Journal of Korean Tunnelling and Underground Space Association 93



Moorak Son - Kangryel Lee

. A New and Bowers (1894) (D=11m, H=26 m)
| N A @ PTSIW2(D=6m,H=47m)
.w” m LPTECRT (D=105m, H=395m)
£ S LPTISL(ID=105m, H=37-6m)
g,-' ® LPTSPC (D= 105 m, H = 44-8 m)
—0-06 New and Bowers (1994) | LPTWIL(D=125m, H=29m)
settlement prediction ®PTCGR(D=125m, H=32-9m)
m LPTEDR(D=12-5m, H=39-3 m)
LPTKG2(D=12-5m, H=42-7m)
0081 QPTSIWI (D= 12:5 m, H =456 m)
LPTKG1(D=15m, H=26:5m}
> LPT HBY (D=15m, H 352m)

05 1 D 1 5 2:0
d/H

S,/H: %
|
(=]
o
=

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 Musashino gravel (14 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)
. il I
Peninsula main | P al?gm 30 44 1,200 Lar‘:;e(t’:]‘ ¢ 2y | énm) a‘é(‘)‘i 86) a
shaft, London W group
Thanet sand
Whitechapel . Made ground (4. S m) .
. Diaphragm Superficial deposits (3 m) | Faustin et al.
Cambridge 28-2 32 1,500
wall London clay (25 - 5 m) (2018)
heath, London
Lambeth group
. Made ground (2 - 2 m) .
H;:ﬁ:g D'aa}:l?gm 12-7 27-2 1,300 |Superficial deposits (3 - 2 m) Fa‘zszt(‘)r; Se; al.
Lambeth group (6 - 3 m)
M
Farringdon Secant Ladfi gr()llmd((é3 m)) Faustin et al
Western ticket | oo 15 247 1,200 oncon cfay (1 ausun €t al
bored piles Lambeth group (17 m) (2018)
hall, London
Thanet sand

ojet g2 22 A A YAl A8t w27 22l it ARflEel HiRt ASTICIHE Fig. 991 New
(2017)7}F AARE A5 o] YRt Fig. 9 vet o] =2k A A A S AR 2 22

=
&
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AR, AT B 2210 BEeAdS TR 02 esto] A BHSHE diSdlof & Ao & ket
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0.02 Distance from excavation/excavation depth
TS +4T+t. . b3 i+
:t’ +"+’+L 157" 2t 25
o\'i X
% Musashino
2 Abbey Mills Shaft
§ ® Limmo mail shaft
% x  Whitechapel cambridge heath
% + Hackney
E x  Ferringdon Western ticket hall
—— Equation 1 (Stiff clay)
-0.08 = = Equation 2 (Soft clay)
01
Fig. 9. Settlement due to excavation of circular vertical shaft with slurry wall
A% GAo] 7 22l T2 A HASHE Fofo] 2atol thE X|mAslor vl vl 22 2|2
A7} A2 AL FA 08 Baslodch WA 22 AA AL 24 8 AR 225 27 0 2 g
O mj 2L b QlojA] Sefe| AR} HE TR WAL 22t A 22401l IejF|AE A TTTHES}F SCL

HpAe 24 5 A2 Aok, Fefo] 2ol QlobA] WS 18] AT Aol 22 A 2| A AL el A
GAjoln] B2 T A AL Huf BRI, METhe A8 A g 1ﬂqxw%aﬂ9ﬁﬂ%ﬂ@5ﬂ
W OO R S g, 102848 AR SRR A St fefol el v A

H 35K Clough and O’Rourke, 1990 ©]-8)E H|w 3t Zlo|t}.

Fig. 1004 H= Hie} o] ke F70] SE2|HAS ARSIt 2A|ete Zto] 2ol mhe 2| Fsk7t
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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

Fig. 11222 F 22N 4 8854 722 (ef A= A IHES}SCL AR Eto] 22 Hutele}
ES, B]el) 4180l 0F2 2T A5KA T New, 2017; E5H0] 2% Peck, 1969 018) 13t 20|, Fig,
H1oA] Bz ek} gro] 22 2 A|AMhAI} HR b2 Safo] 2N BAle Hst A7 220 2 Qe
AohRrt W Frks 218 o 4 glow, Al ko] Afo] Egk &ofeluix 1E A} § 791t 2A U
Eftct. Qoo PR 2 4217 B2 Hobt ol 2P BAlet o] g U @Ol A B &
vl gelshl 2 gsta] UEel 2o 2 Bekect

Distance from excavation/excavation depth

0 o5 1 2
-0.5
®
<
a -1
[
‘g ~~~~~~~~ Peck(1969): Sand and Soft to
K<l Hard clay
T 15
5 ’ Peck(1969): Very soft to Soft
& clay
=
o 2 — - -New (2017): Stiff clay
£
o
]
7] = = =New (2017): Soft clay
9 25

3

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

96 Journal of Korean Tunnelling and Underground Space Association



Analysis of ground settlement due to circular shafi excavation

B A7EUE 5l A7 ﬂﬂ<$Wﬂ%£%@wEﬁﬂéﬂﬂﬂ@%%%%ﬁﬁﬂﬁ
kel

%ﬂ%ﬂ%ﬁ%&?“ﬁﬂﬂ%ﬂﬂ%ﬁﬂmﬂéﬁﬂﬂiﬁoﬂéﬁhiﬂ1””“H#“E% A

il &=
22| o] /o] A WISt
AA7EAREA 0 2 291 Al 35 5ol 9 i) whed] Ao= wekr;,

A A TP e S A S A
EﬂESE]- SCL (Sprayed Concrete Lining)= A8+ 224 E_E._l"i— 1 New (2017)7} AIAI S dll&415 Kt g
AR R U s e 2 qauﬂ»$w14a ﬂomn
B B A AR oo A, A5
o gl 7] o 2 TdE T o E:r'-O}_l_New (2017)7
= UollA] =215 2ol whg 2|7} 5o JlofA] B
1 Ao
=

7hsAlet SR A A S B
S
=

&m

ﬁd
r2

JN -lf i
ﬁ
E
=
Se
%
X
E
FSJ
r{o
i1/
L
2
H
>

A shiel Zeely l%ﬂﬁﬁ-@dﬂﬂE§P1%%ﬂﬂ%ﬂE@ﬂﬂ 27

ﬂg@kwqﬂammﬂiwea%§¢ﬂ%&zé,Z}%4WHHWVWWE%J

1 o
)
ﬁ
Y
ro,
o
K
1o
. N
o,
A
rob
ml> il

O oF A o]o]
b= A9

=2 =2
P s ST

i)
3
SR
T
2
N
od
B\
rd
2,
o)
Jdo
)
X
2
oo ¥
Ol
ol
8

B ATANE T 527 FH A Wt 7|70 2A AH 02 o 2 Hsh s
: 2 QP ZRolA B4 Fa o 2 Tk A Zwe 1ol u) wA

37152 ARSI e o iy
THPAS 2o 4 9lo] 47 220l thol mek gelael Ashlzo] Wad o2 ekt
1 Ao Fofo] 22 417 2240l whE Aol el LAl L ASA RS Fol 4 v

1 = — ]— =2
SRoT] FOPHE 900 G5 BrF G AR AT B2 ol 83t B A AT

ol

Journal of Korean Tunnelling and Underground Space Association 97



Moorak Son - Kangryel Lee

22} 7|0 €
ERere A7 A Y 9 dlold B4, 93 242 S, o 4B dold HEES s

References

10.

11.

12.

13.

. Clough, G.W., O’Rourke, T.D. (1990), “Construction-induced movements of insitu walls”, Proceedings

of the Design and Performance of Earth Retaining Structures, ASCE Special Conference, Ithaca, New
York, pp. 439-470.

. Clough, G.W., Smith, E.M., Sweeney, B.P. (1989), “Movement control of excavation support systems by

iterative design”, Proceedings of the ASCE Foundation Engineering: Current Principles and Practice, Vol. 2,
ASCE, New York, 869-884.

. Cording, E.J. (1984), Use of empirical data for braced excavations and tunnels in soil, Lecture Series,

Chicago ASCE, Chicago, IL.
Cording, E.J., O’Rourke, T.D. (1977), “Excavation, ground movements and their influence on buildings”,
Proceedings of the ASCE Annual Convention, Session 40, San Francisco.

. Faustin, N.E., Mair, R.J., Elshafie, M.Z.E.B., Menkiti, C.O., Black, M. (2017), “Field measurements of

ground movements associated with circular shaft construction”, Proceedings of the 9th International
Symposium on Geotechnical Aspects of Underground Construction in Soft Ground (IS-S&o Paulo), CRC
Press, Leiden, The Netherlands, pp. 301-308.

Fausitn, N.E., Elshafie, M.Z.E.B., Mair, R.J. (2018), “Case studies of circular shaft construction in Lon-
don”, Proceedings of the Institution of Civil Engineers - Geotechnical Engineering, Vol. 171, No. 5, pp.
391-404.

. Goldberg, D.T., Jaworski, W.E., Gordon, M.D. (1976), Lateral support systems and underpinning, Report

FHWA-RD-75-128, Vol. 1, Federal Highway Administration, Washington D.C., pp. 312.

Hsieh, P.G., Ou, C.Y. (1998), “Shape of ground surface settlement profiles caused by excavation”, Canadian
Geotechnical Journal, Vol. 35, No. 6, pp. 1004-1017.

Jardine, R.J., Potts, D.M., Fourie, A.B., Burland, J.B. (1986), “Studies of the influence of non-linear stress-
strain characteristics in soil-structure interaction”, Geotechnique, Vol. 36, No. 3, pp. 377-396.

Kim, J.Y. (2022), “Evaluation of ground deformation during excavation of vertical shaft through centrifuge
model test”, Journal of the Korean Geotechnical Society, Vol. 38, No. 1, pp. 35-45.

Ko, B.K. (2008), A study on ground deformation due to vertical shaft excavation in urban area, Master’s
Thesis, Hanyang University, pp. 73.

Kung, G.T.C., Juang, C.H., Hsiao, E.C.L., Hashash, Y.M.A. (2007), “Simplified model for wall deflection
and ground surface settlement caused by braced excavation in clays”, Journal of Geotechnical and Geo-
environmental Engineering, Vol. 133, No. 6, pp. 731-747.

Le, B.T., Goodey, R.J., Divall, S. (2019), “Surface ground movements due to circular shaft construction”,
Soils and Foundations, Vol. 59, No. 5, pp. 1160-1171.

98

Journal of Korean Tunnelling and Underground Space Association



Analysis of ground settlement due to circular shafi excavation

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

Mana, A.IL., Clough, G.W. (1981), “Prediction of movements for braced cuts in clay”, Journal of the
Geotechnical Engineering Division, ASCE, Vol. 107, No. 6, pp. 759-777.

Menkiti, C.O., Long, M. (2015), “Consolidation settlements in Dublin boulder clay”, Geotechnical Engi-
neering for Infrastructure and Development: XVI European Conference on Soil Mechanics and Geotech-
nical Engineering, ICE Publishing, London, UK, pp. 313-318.

Milligan, G.W.E. (1974), The behavior of rigid and flexible retaining walls in sand, Ph.D. Thesis, Uni-
versity of Cambridge, London, UK.

Mohamed, A.Z. (2017), Effect of diaphragm wall construction on adjacent deep foundation, Ph.D. Thesis,
Technische Universitat Bergakademie, Freiberg, Germany.

Muramatsu, M., Abe, Y. (1996), “Considerations in shaft excavation and peripheral ground deformation”,
Geotechnical Aspects of Underground Construction in Soft Ground, Balkema, Rotterdam, The Netherlands,
pp. 173-178.

New, B. (2017), “Settlements due to shaft construction”, Tunnels and Tunnelling International, pp. 16-17.
New, B.M., Bowers, K. (1994), “Ground movement model validation at the Heathrow Express trial tunnel”,
Proceedings of the 7th International Symposium Tunnelling *94, Chapman and Hall, London, UK, pp. 301-
329.

O’Rourke, T.D., Cording, E.J., Boscardin, M. (1976), The ground movements related to braced excavation
and their influence on adjacent buildings, Final Report No. DOT-TST 76T-23.

Park, H.J., Park, J.J., Jeong, S.S. (2022), “Effect of groundwater flow on the behavior of circular vertical
shaft”, Journal of the Korean Geotechnical Society, Vol. 38, No. 6, pp. 29-39.

Peck, R.B. (1969), “State-of-the-art: Deep excavation and tunneling in soft ground”, Proceedings of the
Seventh International Conference on Soil Mechanics and Foundation Engineering, Universidad Nacional
Autonoma de Mexico Instituto de Ingenira, Mexico City, Mexico, Vol. 3, pp. 225-290.

Schuster, M., Kung, G.T.C., Juang, C.H., Hashash, Y.M.A. (2009), “Simplified model for evaluating damage
potential of buildings adjacent to a braced excavation”, Journal of Geotechnical and Geoenvironmental
Engineering, Vol. 135, No. 12, pp. 1823-1835.

Schwamb, T., Elshafie, M.Z.E.B., Soga, K., Mair, R.J. (2016), “Considerations for monitoring of deep
circular excavations”, Proceedings of the Institution of Civil Engineers - Geotechnical Engineering, Vol.
169, No. 6, pp. 477-493.

Shin, Y.W., Park, T.S., Lee, [.K. (2005), “A method of estimating earth pressure on a shaft wall and ground
settlement caused by excavation”, Proceedings of the KSCE Tunnel Committee Special Conference, Go-
yang, pp. 151-167.

Wong, R.C.K., Kaiser, P.K. (1988), “Behaviour of vertical shafts: reevaluation of model test results and
evaluation of field measurements”, Canadian Geotechnical Journal, Vol. 25, No. 2, pp. 338-352.

Journal of Korean Tunnelling and Underground Space Association 99



