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Overview

m Soft Clays in South East QLD
m Design and construction challenges
m Observational approach

m Case studies:
s Sunshine Motorway
m Coombabah Creek

s Gateway Arterial
e East-West Arterial
e Toombul Road
e Bald Hill Creek
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Regional Geology, SEQId

m Very complex

m Coastal processes
m Sea level fluctuations
m Shoreline topography

m Coastline Changes

m Deposition of marine and fluvial
(river) sediments
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Soft Clays:
Geotechnical Risks

m Design Issues
m Stability (failure)
m Settlement (functional impairment)

m Interaction with other structures
e Bridges/culverts
e Retaining walls

m Construction Issues

m Access difficulties (plant and vehicle
movement)

m Contractual Issues
m Delays due to prolonged settlement



Embankment
Stability
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Design & Construction
Challenges

m Swampy ground
m N0 hard crust
m Construction problems

m Thick deposits of clay
m Up to 20m

m Low strength (10 kPa or lower)
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Design & Construction
Challenges cont

m Very sensitive to disturbance during
ground improvement

m Wick drain or stone column installation
m | eads to strength reduction

disturbed 1 1
strength = —to—
undisturbed 10 15

m High compressibility
m Up to 25% of soft clay thickness
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Design & Construction
Challenges cont

m Consolidation time > 10 years

m High secondary settlement/creep
m 2% strain per log cycle of time

m Fast tracking leads to low Factors of
Safety (FOS ~ 1.3 or lower)

m Challenges with control of stability
during construction

m 'Brittle’ soils, little warning prior to
failure
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Observational Approach

m Performance monitoring for
m Construction control of stability

m Monitor consolidation progress
e When piling can start

m Refine predictions for in-service
behaviour (maintenance management)

m Better understanding of in-situ
behaviour

m Assessment of fill quantities
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Three indications of
impending failure

1. Increasing rate of settlement

2. Increasing pore pressure under constant
load

3. Some lateral spreading

V... increasing pore pressure was
probably the best warning of all”

m From Crawford et al (1995)
“"Embankment failures at Vernon, British

Columbia”; Canadian Geotechnical
Journal, 32: 271 - 284
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Typical variation in embankment load and settlement with time
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Typical relation between maximum horizontal displacement and settlement
under an embankment 18



@ a. lin situ) < ag, lin sity)

Deduction of pre-consolidation pressures when
only pore pressure measured at the end of
construction of the embankment are available

Relation between pore pressure and vertical
total stress caused by an embankment

19



Behaviour of clay foundation soils
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Typical stress path followed under the centre of an embankment
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Case Study:
Sunshine Motorway

m Trial embankment for Sunshine
Motorway on soft clays built in 1992

m Assess feasibility of

m 2 stage construction in 300 days
m First lift: 2.6m

m Investigate
m In-situ compressibility & consolidation

m Effectiveness of wick drains for
settlement acceleration

21
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Sunshine Motorway
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Sunshine Motorway
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Sunshine Motorway
Geotechnical Properties
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Lateral

Sunshine Motorway
Lateral Movement
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Sunshine Mwy Pore Pressure
Vs Vertical Total Stress
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Sunshine Mwy Settlements
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Case Study:
Coombabah Creek

m Trial Embankment on the Gold Coast
(1995) on soft clays

m Compressibility and consolidation

m Effectiveness of stone columns for:
m Settlement reduction
m Settlement acceleration
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Coombabah:
Plan of Trial *
Embankment

pon 23
B ! 20m * _1V.2H
i S >
O -+ 7 ‘
o o a o 2.7 ,
I A e | |
© ~ o | 10
@ 12m e
1Vi2H  4—— c ‘ *1V:2H |
_________ e e e e .
S- (i , x- Z
° s C SR /
..... TR ¢ | |
-] b o) ' ,
IVi2H 4—=— |2 12m| 3 > 1\ 2H 12m |
o 0 3 , ;
————————— Ty
N R A2
= NGRS JI
' [ A
: 80m
28m
1V:2H —— B > 1V:2H '
---------- N | o D <
| COLUMNS. ' 4
| 12m |
11 - 18m
| ) "“ ‘ )
N
O R R Ny v
v T |
RN —
vt Legend. ,
RS A C —&n 2SS — Height 2m
Ny A — @22 3° — Height 2m
e ‘B — NOSTONE _ -
s B coLumns — Height 2m

aaaa




QUEENSLAND TRANSPORT

tnerator ;. 56 CPT Date : 0B/10/94 08: 47 Sounding @ HIPCP2 fPg 1 / 4
Laocation @ HELENSVALE Cone Used : 0351 Jolig ;. MG0O104
T [IP RESISTANCE FRICTION SLEEVE FRICTION AATI0 PORE PRESSUNE  DIFF #P RATIO INTERPRE TED
ar (NPl Fs kPa Fs/Q % fu Kla a0 K PROFILE
G 25 0 100 0 10 -150 0 BO0 -850 0 50
U — T 0 0 - I e o
e e I o S L S
. 5 = |
< <
g 13 i £
Es 2
6 | é { f £
1 4 L,J
Q ’ J ‘;i | ! - ,__‘f—
£ 1 { ¥ N ; B
§ ] - | 3
{ | |
5] ¢t Y 5 (f 5 5 ia, 51
?’ | | Y
. i =,
tn i 17 | | I3
W i“r <.
{ 3 I -~ | =%,
12 !\? ] 1 ¢ 3—"
W : q J { =
i z
1P ! | I
5
e | I
l"; i . i
CTRRE B ) | | (g
& 4 | I
e 15 10 10+ 10 10 | 1o
! i ?J
1 | \ ! =
§
' | | }
: | I 3
. I} : i 1
! - : i 1
’ I 1 : '
15.7 ‘4l 1 L L f | 15 i 1 1 | - 15 J " I ] =N ‘5 l L 1 I !5 1 Il] 1 15
Pepth Tncrement | 05 m Max Depth : 13.88 m
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Liquidity Index Profile
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Compressibility Curves
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Effective Stress & Piezocone Ch
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Coefficient of Consolidation m*2/Yr

Coombabah Trial Embankment

Post Construction: Section B
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Coombabah Trial Embankment

In-situ compressiblity curve: Section B
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Lateral

Coombabah
Lateral Movement
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Coombabah Pore Pressure
Vs Vertical Total Stress
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Settlement, mm

Settlement vs treatment
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Gateway Arterial

m Soft Clays along the alignment -
15m thick

m Some past projects in the area:
m East-West Arterial (mid 80’s)
s Toombul Road (1992/93)
s West of Bald Hills Creek (1994)
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Case Study:

East West Arterial
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Long Section
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Cross-Section
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East-West

Clay
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Design Wick Drain Spacing

TREATMENT J SPACING (m)
AREA
Teo = © months Teo = 9 months
A 1-8 2-3
1-6 1-8
R 2-1 2:9
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EAST-WEST ARTERIAL

PLOT OF SETTLEMENT, PORE PRESSURE
vs EMBANKMENT HEIGHT
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Case Study: Toombul Road
Subsoil Profile

Soft Clay
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__ Toombul
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Instrumentation at Ch 350
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Monitoring at Ch 350

Toombul Interchange PP1 -4
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Settlement at Ch350

Settlement (mm)

Settlement at Ch350
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Instrumentation at Ch 375

W
$ 3
AL 4! S aL.
0. 38 o 10
N &l
s ¥ 3!
8l ES 8 '
| i
B e s a
s
I g
g I -~ -~ -
MEL TR At . ™~
Fill 7 1, 556 it
-~ Merel Surgae, _ Natural Suefacg - -7
< Lo
5| Soft [Firm : Soft | Firm L5
PP 3@ y
Silty Clay Silty Clay
PRIO @ :
I3
pRIR
B o ; & i - s ] 4]
| i = i
[ f
ME 1
L &
e 20
; SECTION BzB' (AT ch 375 ON CONTROL LINES MIGO AND M200)




Monitoring at Ch 375
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Settlement at Ch375

Settlement (mm)

Settlement at Ch375
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Case Study:
Bald Hills Ck
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SITE PLAN — Bald Hills Creek
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Long Section after failure
Investigation
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Cross Section
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ISOCHRONES

GATEWAY ARTERIAL DUPLICATION
- PLOT OF ISOCHRONES AT CH 12467 ALONG MOOF

1.0

0.0

-1.0

-2.0

R.L. (m)

-3.0

-4.0

-6.0

-6.0

10 days
Before Fail.ure

AN

9 months after failure

g1 50 %

5 days after failure

Piezometers PP3-5

15 20 25 30

Excess Pore Pressure (KPa)

35

40

415

50

-1 7/10/94
+4/11704
HKos2/95
W, 26/5/95
X 8/9/95
417n2/95
& 20/6/95




Pore Pressure

Gateway Arterial Duplication: Ch 12467
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Lateral Displacement

GATEWAY ARTERIAL DUPLICATION - INSTRUMENTATION
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Bald Hills Creek Settlement
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