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R

A robust design is the most important

step towards a successful excavation.

]

A poor design brings...

Disaster

The end result is cOSt over-run and time delay!

Deep Excavation Overview

Potential consequence of a poor design!
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‘ Comparison of Computed & Measured Wall Deflections
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Poor initial design resulted in many rounds
of redesign and resetting of new goal posts

3rd Goal Post /

2nd Goal Post

1st Goal Post

1/19/04 23104 2/18/04 3/4/04 3/19/04 4/3/04 4/18/04

Here is a quote from a local “authority” figure:

“At least half of the FE analyses
reviewed in Singapore contained
major, fundamental errors.”

-- UGS2005

No wonder why we have so many
failures and near failures in excavation
related incidents in recent years!

Deep Excavation Overview

Lectures on Braced Excavation
< Overview

+ Basal heave stability

« Uplift & toe stability

«» Strut forces

+ Bending moment

+ Wall deflection and ground settlement
+» Numerical modeling

+ Mohr-Coulomb soil model

+ Design issues

+ Observational method

+ Case Studies




Notes by WONG Kai Sin

Overview of
Braced Excavation

* Types of walls
* Methods of excavation

* Modes of failure
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Types of Retaining Walls for Excavation

Cantilever Wall Anchored or Braced Wall
Propped Wall

10

Wall Types of Deep Excavations

» Diaphragm Wall
» Sheetpile Wall
» Bored Pile Wall
» Soldier Pile Wall

» DCM or Grout
Mixed Pile Wall
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Deep Excavation Overview

‘ Braced Excavation with Diaphragm Wall

wall

struts

walers

kingposts

\ struts

l—wall
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Cormtructon of G Yol
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Excavation of Panel

The grab/trench cutter culk and ramoveds H sl
to farm (ha panel. The sxcavation is stabilised by
Bileng) 1l with Dentotile slumy 10 SUpEOn the wall
of thiy secaimtion.

03.
Installation of Rebar Cage

Thea crane |ifts up the reinforcemant-bar Sage
and places it within the panel,

= "
04.
Concreting of Panel

Concrata s pourad inta tha
panel to form the panel wall,

05.
Repetition of Process

Procazs 2 - 4 repeats for the remaining sall in
between the panels till the entire tength of the

diaphragm wall construstion i completed. =
Wy I .-+ Wrry U9

—

chesing panel
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Concrete
Diaphragm Wall

Stop-ends & water-proofs
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The Sail at Marina Bay in Singapore

Central at
Clarke Quay
in Singapore

Braced Excavation with Sheetpile Wall

wall Sheetpile
! struts Installation
walers
kingposts
l—wall
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18.5m Cantilever CBP wall at NUS

Contiguous
Bored Pile Wall

Bored Pile Walls
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21

Construction of Secant Bored Pile Wall Braced Excavation with Soldier Pile Wall \

Soldier beom
Section B-8

A
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Grout Mixed Pile Wall

27
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Properties of DCM or Grout Mixed Pile Wall
0 Soll Amount of dy
o o 120 0y Type Cement (kPa)
f=ld im’ (kg/ms)
% Peaty 250 - 500 | 400 - 700
; = Clay
£ Sandy | 200 - 350 | 700 -1000
i Es, ~35 MPa Clay
Marine | 100 - 250 | 200 - 700
5 Clay
26
wall
struts
walers
kingposts

Conventional
Bottom-Up
Excavation

Method

struts
\ v
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£XINTING NOKTHIOUNIY LANLS OF
100.9%

S ST i )
‘u g Top-Down Excavation at Boon Keng Station

Top-Down

EXCECUTION OF LONGITUDINAL EXCAVATION DOWN TO 100.000
EXC av atl on OIAPHRACH WALL EXECUTION OF 1950 SUPERIOR SLAB
101930 101.950
35300 Va0
£l @
% 00
95.000 k2
EXCAVATION DOWN TO 93.000 EXCAVATION DOWN TO $0.000
EXECUTION OF %30 C« RSE SLAB  INSTALLATION OF INCLINED STRUTS

ONCOUI
INSTALLATION OF STEEL HANCERS

101950 101.93%

[ 7 1

1.730
12.000

EXCAVATION DOWN TO §5.000 CONSTRUCTION OF THE FINAL

EXCCUTION OF 1700 BASE SLAS INSIOE STRUCTURE OF THE STATION 0

Up-Down Construction Method Up-Down
wat systom Construction
Column/foundation system MethOd

Excavation system

®

Floor system

®EE6

®

LL1

| -alo] MNoN; ; r"_f._.:“" _.'"_'_\_‘

flLL3

sl ul T 11T (—_r‘—

e
=
©

31

Deep Excavation Overview 8



Notes by WONG Kai Sin

Island Method of Excavation

Moor Lane
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v STAGE 1
Under Water B
Excavation el
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COMPLEVE STATION WTERNAL 3/
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Can this be avoided?
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Major Design Considerations in Deep Excavations

T

Total collapse
»  Overall stability
Basal heave
Uplift or blow-out failure
Toe stability

Excessive movements
»  Wall deflections

» Ground settlement

» Effect on adjacent
structures

YV V V V

Strutting system failure

Deep Excavation Overview
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Bottom Heave
Overal I Stablllty EYRI 2T TYAY r—(:f* S (X R S 2T T)
ayg. — Heoye —
Stability \ , — o~
> i ad - X « Bottom heave is usually associated with deep excavations
in soft clay.

* A small portion of the heave comes from rebound due to

removal of soil. This heave has no effect on the stability of
M the system.

M b&J: 4 « The heave that is of major concern arises from the soil
B i OO / behind the wall that acts as a surcharge. When the
e gt surcharge approaches the bearing capacity of the, large

heave will occur.
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Basal Heave Failure in Taipei

Basal Heave Stability
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When q, > q,, failure in imminent.
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Basal Heave Failure due to Stockpiling

Excessive Surcharge

i i g =20 kPa

41
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Basal Heave Failure due to Stockpiling

Stockpile

Courtesy of Dr Lim PC 42

Basal Heave Stability

Wall Rotation

43
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Basal Heave Stability

Wall Raking
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—
t
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Basal Heave Stabilit
y Lifting of Kingpost due to Bottom Heave

Lifting of King Posts
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Basal Heave Stability Piping ;b
Not all basal heavg mst_ablllty Loss of Fines Seep
lead to catastrophic failures
o ~
15m R TR
- Shear ah'engHT I Artesian Aquifer -
...................................... g Lo e 7 Flow Along Wall Interface
Jinkhole
ofter filure
# 30mm ~ el
MT ;;;;;;;;;; -
Formation At foire =~ | ——
Level Before J‘E:ifura/
P ol )
Flow From Perched Water Flow Beneath Wall
47 4o
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Uplift Instability or Blowout Failure

Fill v

umcC
F2

LMC

1. What is the permeability of the sand?

2. Is there afree supply of water?

49
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Blowout Failure

vwBd+2C,d

Y. N B

Toe Kick-out Stability

a4

Are there any reported failures due to toe instability?
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Strut Failure

The buckling of one strut will transfer the load to adjacent
struts that may lead to progressive failure and eventually

total collapse of the whole system.

52

13



Notes by WONG Kai Sin 26 October 2007

Bm ‘W‘“M Pile cap sgm

) V,, _‘Q,,:, . B
Strut Failures Effect on S jy;‘ » / S
Adjacent : j‘Lgi 17 ‘: Lo
Structures Seicantiy 3 it skt gt ettt it
ﬁﬂ;@"{%@wﬂf i e
Sigmifiant msvemint
Y 05
TN S T T
IRy ) s
7 d

Excessive wall deflections may induce adverse movements
to adjacent foundations, cause large surface settiement, lead
to cracking of pavement and underground utilities.

54
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Effect of Excessive Movements )
Buildings on Shallow Foundations

Damaged Pavement

Race Course Road

After Choong (2003)
55 56

Deep Excavation Overview



Notes by WONG Kai Sin 26 October 2007

- Buildings on Shallow Foundations Post-excavation Settlement
<+—— CUT AND COVER TUNMEL —> o1 ¢
RACE COURSE ROAD M
L] g 010
& LR E . R TTIE § z 0.09
:tl//,/_//_. L 1: iy L E E o0s ] EXCAVATION
\ N Z 007 f=——"7-—7"—= /"
LEGEND y: | % 0.05 B
ESETTLEMENT POINT 008
W | 0.03
HOTE. 0.02 *
MEASUREMENT B4 man |
+ SETTLEMENT | 001 4 A i
- HEAVE 0.00 <=2 T T T T T T T T T T T T
- Horizontal Movement (m) 58
Building on Mixed Foundations P . .
(Shirlaw et al., 2003) Building on Mixed Foundations
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Lowering of Ground Water Table

Well point Well point

Causes:

» Pumping
» Wall leakage

Marine
Clay

Lowering of ground water table will increase the effective
stress in soft clay and result in consolidation settlement. sz
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Effect of Lowering of Groundwater Table
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Excessive Cracking of Diaphragm Wall
Bending moment (kNm/m}) Sot Lateral wall deflection (mm)
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] .
6
3 | €
* : -—::z:m (Uncracked)|
1 H ——o—RL 92 m: FEM (Gracked)
16 ) ! 3
64

16



Notes by WONG Kai Sin

Over-Excavation
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- Over-
Actual excavation level excavation
] : ™~ Over-excavation
65
Excessive Surcharge
g =20 kPa

T
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