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A Case Study of Building Damage Risk Assessment Due to the Strutted
Excavation: Design Aspects
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Abstract

The ground excavation in the urban area induces in general ground movement and subsequent damage on the adjacent
building structures. So the essentials in the designing stage are the prediction of ground movement induced by the ground
excavation and the damage risk assessment of buildings adjacent to the excavation. A propsed prediction method of
the ground movement induced by the strutted excavation has been studied with due consideration of the existing ground
movement prediction methods. A building damage risk assessment method based on the angular distortion and the
horizontal strain derived from the green-field ground movement is also proposed. These methods have been applied

successfully in the on-going deep excavation project in Singapore.
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Helupe} o] Fubo] 2| Ao wr] 5
o &H(transverse disphragm wall)& A x]3}o] x|SR E
RS =S MAF:

o] Y9 xHkxA-E Kallang River] A& o] 9
B} Q014 AJSRegirh AT MY R oh e 0w,
Kallang Formationo|2} Eej= A=A ¢l ¢okZo] | x 8
8] oF 40~ SOmAE7H Bt 1 SR ANE %
30} FRAelo] FEsH £2%9] Old Alluvium(OA) 2.
2 olzolA glrh

Kallang Formation2 t)7l] Marine Clay(3j4 & E),
Fluvial Deposit(Fluvial Clay, Fluvial Sand) %! Estuarine
Deposit(°|EF) T2 45| Jlen 7P & 7&
£ AX|FH= ERL NF 0~5<_>4 A3oba gl Marine Clay
ojt}. £3| Marine Clay=-2 Fluvial ClayZo] &]3}| 4]
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= PEqAR|ele] QxolA ofelgh S4o] Lz 9]
t}. Fluvial Clay«= °F7Fe] 9P d(Lightly Overconsohdated)
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SA = EOID}. Fluvial Sand= B3 B2} Sandy
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HelzA =&ghollA SR 2UEE 7 9
= E4Alol & AR EX]&o|t) Estuarine Deposit2-
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Arelet 1 SHCementation) A = W 3l of whel N7t
12~1000]4r8] B E Hojy|, duiao g A7
o A= OAw(Weathered OA, N=12~25), OAsw(Slightly
Weathered OA, N=25~99), OAcz(Cemented OA, N>100)
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o)Esto] W=(DHHan(45°-2) 0.2 At D=2 2
2ol H-#37 stzel HsgF oA, ¢-0d
H=B(Z25)0| 1 ¢>0% v H=0.5Btan(45°-2 ).
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B9l AL n=1.00|tHAttewell et al, 1986). ©] 7]
A4 ele] Azjo] 98] 2
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A (2)9] s} al&AlolA 17 49} Zro] o W
2(rotation) 2 Hol= WIA x=jo Fato| HA7L X
3 9AekRL St &otol Aol H 2] HBIFE s,

Zoto] HA|RFE | 72 xof thsto] A )5 Y A

r
e

ok o

op
ol
-
2

lr o X 4
fich

x4

102 B=RBtESE=2E 21 M10&

n=12 s}l Futo] fIA]of| 4] Hatol] thgt 4= H ]
£ BEdhds)zsto] 1 4 (5)9F 22 +HHY ¢l
AL A8 4= 9)tiMott Macdonald Co. Ltd., 1993).
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of7| A, BdZ2tol ot MslkEo] Hd FHHORYH
ZARK S 2 W=3i0]U§(Attewell and Woodman, 1982)
FUpo|RAE O Mt E-E w=2i7} HH, fe dAs)
of gt +gH e Hl(=dh/d8)i*1 4o S,
o] WA|o] Yel, F2hY, J2|1 A EALY Fo
whet 2heEt Bk A Aol whek o=k 0.33~3.0
of & Holet), HETY ot H-upldgejo) A4 &
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thsliA= £=0.59] gho] AAof F5-2 o2 285 Al
(Jubilee Line Extension Project, Heathrow Express Project,
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alol] ok LI 5=0.5, He)HHYF Sue=S0mm,
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o} o] v e] ejo) HojA AR FEIe} 4H A
3 Wl = 53t 3 X8-S 712]71H(O'Reilly and New,
1982), o} z|zdo] 7o) Eld S (notional tunnel

center)©| T},
3.2 &5 (trough width) A&

SEH AIATSE AHEHS) olfZ4lellA] HRE(rough widih,
ol v S Fa7 WYL o 5 ek WskEe] 2
£ 712402 Bowles(1988)2) WS TatAo,
A %ol 20~30mT AL AFYEZT 1 shite] 2
AR EQL A Zo] LAGE Old Alluvium(OA)S] 22
ojstol7l WL 7eksted, 1 6ol ®el vjek o] o}F
YL 7 BS1S A esc &, Wet FY
o (DH)AYRH OAS] HR7AE (45>-£)2] 2wz
PHR AR AokEolAe 45°0) AT T 4
715 akEe| Ayl 7hgakieh 17 6olAl A4
o A EL 4] (6 o] Aktsial, A )M sk
Fglo] H A (DT 2ol AkkBowles, 1988)8c,
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W=(D+H-D,,)tan(45—¢/2) + D, (6)
H=B for ¢’=0; H = 0.5B-tan(45-¢'/2) for ¢’>0 (7)

Building

W @ Ground surface
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J2 6. 0134 Hai7lof gt EsHE{trough width)2| 2|

ARE olg] gxpEel ol AFE o] Het o] d4=E
R AE ApFel o3t 7] Motz HAH HEY &
A 2 UFleH, AHre] eyt Fagt HeR
21881 k= 749l tiske] ¥l E2HAngular Distortion)
1h A Z]ul(Deflection Ratio)of] 2J5t 71E2] &A4bofl st
o A8tk

FHT o= SH oA Aol TR F2E A
Foll tigt W2 Aol ALEUL, o2 FE x[HE)
FRPUNTL AEL] S0 He I ke 2=
o] =] 9it)k Boscardin and Cording(1989)2- Simple
Beam Analysis(Burland and Wroth, 1974)%- 7|&2] ¢+
Avsat REAE B A 52 B9 =2 ANE
ol-gste] et W Qlol| ofsf WA N e
HHPEZ o83 AEY &4 s B7PIHE A
153k Burland(1995)= Boscardin and Cording(1989)<]
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2 THPolshin and Tokar, 1957). o}7|A] Z=R3}A 13|
oF T AlRHe 2jof TR AR} ApAIH gl
olnj 7%l $37} ohjat: Holck

Skempton and Macdonald(1956)+= A-&92] £AMS |
A £Alarchitectural damage), 7154 £AR(functionat
damage), 28]11 L FZZF £A)(structural damage)2] Al
Az ERston A7ke) sAAle] i ekl
B o]F oA A &5}tk Burland et al.(1977)2
Jennings and Kerrich(1962), National Coal Board(1975),
Macleod and Littlejohn(1974)2] A+ 235 B2 A
9 o, A, HA 58 o EE W FENI=S
AANA SA4Fe] =555 6TA|(Negligible, Very slight,
Slight, Moderate, Severe, Very severe) 2 23} 0,
Boscardin and Cording(1989)&- F|&2t1} 4~RBH Y E-S
SHA| I Eoll Auste] HHBAH 2N 4]
AL 7]&S Aok
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Polshin and Tokar(1957)2} Burland and Wroth(1974) Qomg o] s g 73t Zho] A sk
= A=) #9o] Mo g LAYET| AZsl= Very

slight 4=25(Burland et al., 1977)& 3H4] QAHEE &, 422 %5 £ E Hopaby
=0.0005~0.000752 A A3t} Boscardin and Cording Burland and Wroth(1974)= AE2 FAI7F = 4o
(1989)2 Slight g%2] 34| AIFAFE YA E & L, =0] HE 7}A t&n 2 7PAst Fa) Ao 23]
~0.0015% AASGE, o Zhe Aol ofs) AskEE  ztet we) Fojo) A2] Wk WASAE 1) wo|
A& Weldo] Fgo] Fd=l= FE2h 6=1/3000] 4 = 2l HEES AL RN, LHEeE T QY
235)= Zho|th E3BL 0] 52 Moderate 252 $HA| Q1A+ 59 HAE AAISFH K Simple Beam Analysis, Burland
HEE AT li/\i &=0.0032 AAISIRA =, o] g 4

BAFEC| F(zero)d W FEZ G=1/1500] 4-33k= %k

£

t}. Skempton and Macdonald(1956)2} Bjerrum(1963)2]

o shm, BlEZE B=1/1502 3 Ao
7ol &fshd, & Aol :1 Bl _ }%4 @ Sv max ‘

© 7ol Severeg239] A EAfo] WASH= FHAX] S s mﬂx[

otk & ZEA e W] AMT4 Buland

et al.(1977) & Boscardin and Cording(1989)2] 71&&
EOiEste] # 13} Zo] S4be] &g R on,
QA AE9] £Afo] Slight4=Z 0|5}

RE Zuto] 3

7h HES AAE gk

42 HE EMRIHE ot
® ® © 0
> o e
(1]
4.2.1 w§NE=2] Ao
c
AE SRS B IRe) Aol 3 Brlol 28 S rae
El= w2l AAolvt SRERl tha &40 & I8 7. BT} oj7He42] Aol (after Burland, 1995; Franzius, 2003)
H 1. 429 &4 £ 2&(after Burland et al, 1977 and Boscardin and Cording, 1989)
Building Damage Classification
Damage | Degree of | Description of Typical Damage and Likely Form of Crack Width Max. Tensile
Category | Damage | Repair for Typical Masonry Buildings (mm) Strain (%)
0 Negligible | Hairline cracks < 0.1 0 to 0.,05
Fine cracks easily treated during normal redecorations. Perhaps isolated 0.05 to
1 Very Slight | slight fracture in building. Cracks in exterior brickwork visible upon close 0.1 to 1 (')075
inspection '
Cracks easily filled. Redecoration probably required. Several slight fractures 0.075 to
2 Slight inside building. Exterior cracks visible: some repointing may be required 1tob '0 15
for weather tightness. Doors and windows may stick slightly. '
Cracks may require cutting out and patching. Recurrent cracks can be 5to 15 0r a
i linings. —pointi i t of i k
3 Moderate masked by suitable |nl|ngs lTack pointing and possmly replacemeh of a | number of cracks 015 to 0.3
small amount of exterior brickwork may be required. Doors and windows greater
sticking. Utility services may be interrupted. Water tightness often impaired than 3
Extensive repair involving removal and replacement of sections of walls, 15 to 25 but also
especially over doors and windows required. Windows and door frames Greater than
4 Severe ) ) } depends on
distorted. Floor slopes noticeably. Walls lean or bulge noticeably, some number of cracks 0.3
loss of bearing in beams. Utility services disrupted.
Major repair required involving partial or complete reconstruction. Beams Usually greater
Very ) . ) ) than 25 but
5 lose bearing, walls lean badly and require shoring. Windows broken by -
Severe . ; . . depends on
distortion. Danger of instability. number of cracks

104 E=ZXPtEsE =28 M21d H10s



and Wroth, 1974). o] ¢l3to] wp=w, Hhe] o]t Alel
AR EY AF Alexd) Ha FAAE= 1.0012L o] g
© LUH7F 27Kkl oheh 323 2718 Baltks A
oF % Qo). ek Yol I8 A O] AL, Ala,
7¢ H=2 07 A F8 3] ZrAasiclry 11 o) S B AR
o
ES

7 e Rt Ag ¢
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0.0015, 0.003%2 A3}al, A Foj o) WYL= <)
AP ES SHAGES Fsto] =Alsh 11 83 o]
A BY(DR=A/L, deflection ratio)e} L/Ho|| & HE2]
AP E FIIERE 9S4 vk o] BrhEIEoA
= AEY &l Fa3 IS ke EHEEC| L
HE A k7] e, 7lzARke] AAE BZot A
E A5l ot AxRsE WA
AE H 7L ZA WA ==
O3t &AL Hrtel= ¥HA
AE 4ol d3E = F
Hl(deflection ratio, A/L)2}
olelofie 4] ul> ot B Behe A
HE°| 98 A755 &l Y5 = ATt Boscarding and
Cording(1989)2> =20l Azhgfo 2 9] g e)
A5 wAksl7] 98l Deep Beam Model-2 =9131%1,
2R ool ol mell Frmo| gt A5)
4 59 £AUIET HELS ol
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AAzA AAE A5
Hangular distortion, (5)
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o
sk e
S Ik o =
TzE &4 9T Byl WS AAslgk ABo) 2}
4E-03
3E-03 (4) Severe to Very
< Severe
<
)
&
é 2E08 1 (3) Moderate
Q
o
@
o
1E-03 } (2) Slight
T vavsken
S,
(0) Negligible 7 ™ e e

0E+DD
[¢] 1 2 3 4 5 6
Length to Height Ratie, L/H

Ozl 8. //HR}F MZE!H|(deflection ratio, DR=A/[)E 0|8 HEQ| &
A BT I} TE(FHG=2.6, Burland and Wroth, 1974)

2220 2= IMHES

Zoll o8l Hslete Beehe 2o Hdeztol
o] @zt o) WA= Xt E o= A4
o= At A7)0 4= dRo] 2FE Y] glaL, ol=gt
S Eo] HAsHA =W iAo

BER} B ze] wasE o] AR 4k
Burland and Wroth(1974)2] HAF-of| Al A A= A Q1%+
HYET ve] WA da =EHFEES 1L
A =9, Gt A Teja Aok Qe = HhA e

7

9yt Zro] # &= ciBoscardin and Cording, 1989).

A L H
Z = (0083E+132—>(8cr —Eh) (8)
2 _ 2
a_ (0.064-92— + 1) (—————gcr €,C05 O j
L H 2cosd,,, sind,.. €)

37| A, O+ Mohr CircleAtoll A ¢le]e] BEE Afefol
et SEHo2REHY AREA oA A
$1 Oeb pEEoof gtk

= Lz
‘|edEIE) o

ahal, 19| Foof WEoHEo| A1gstH FUZo| B
il Qs A9 T2 gek Hu) AL 919 A (10)
v e PAZ AT A 9)9) 4 (10)0] thsted &
19) ZF AR S QUAEEE £,~0.0005, 0.00075,

= AR A= o Sl AAFAAZ T=
4% +EAFES o8 &deE BiERE
o A - NS
Ae % Qlrk. o Frhm ol up2w AX Yk}
4E-03
3E-03 (4-5) Severe to
3 Very Severe
£
o
&
% 2E-03
€
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