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EPEC Bang Bo: Works Procedure

Gulf of Thailand

: —

PROJECT AREA

MAP OF THAILAND

Construction of a 2-km road embankment , 1.33m thick
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Ground Conditions

BH1 Fill material BH2 BH3 BH4 BHS BHE
0 , SR 3.8 5L S A—" T—— T
1 A ANANY AN AR s Rt e i el iy s el i 1 el i i Bl (o e
10 Very soft to medium clay
E
= 20
=" . =
= A== """ stiff to very stiff clay S | _I_
_ ;91_7— }g - ?g -f%r
13- //r/ / /_ o //_- ?T— o /24///—
- i) e
30 - —r— -EﬂfIEJ‘/-/ ‘?9 //.;3 /
3'-:_’,. 52
Medium dense to very dense silty/clayey sand '_2"'
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Layer 1. Weathered crust (OC clay) ~ 1 - 2m thick
Layer 2: Soft Bangkok clay (NC clay) ~ 20m thick

Layer 3: Firm / stiff clay (overlying alt. sand layers) > 25m
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Engineering Properties
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Soft layer 1. 0 — 10m highly plastic very soft Bangkok clay
(av. C, ~ 0.35; av.C, ~0.5-1 m?ly)

Soft layer 2: 10 — 20m soft to medium firm cla
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Potential Problems

Final embankment height =1.33m
Fill to compensate settlement = 3m
Total fill to be placed =4.33m 2m

Surcharge ?

[ Contract period of 12 months including consolidation and pavement WOI’kS.}
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Criteria/ Concerns

P § g g p— §

LONG TERM CRITERIA

Post construction performance (t = 25 years ):
o Differential settlement < 1:750
e Residual settlement < 40cm

e Stability : Factor of safety > 1.5

SHORT TERM CONCERNS

e Stability during construction ( 0st criti
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)
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e Handover date for turbine & other heavy structures
(time constraint)

e Inadequate local source of fill materials and high price
(reduce or eliminate surcharge ?)
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Preparation of Working Platform

Encounter slip
failures and
lateral flows !
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Design Scheme & Field Implementation

P P ol ~u »

NAaiilhla Avrain cnf+ ~l.
poupie urailli SOUIL Cidy.

o
-
Q
<
@
|—A
D
5
o
-
<
@
N

grid design

ISOTROPIC
CONSOLIDATION

18

Pttt

Distance (m)

PERTH - AUSTRALIA —June 2010 :




Initial Conditions
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Pre Engineering Tests
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Horizontal Drains Connection
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Installation of Geotechnical Instruments
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Initial Depressurization

Initial depressurization of 0.3 bar (30 kPa) achieved in 3 - 5 days.
Then, proceed with embankment construction.
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Advanced Stage of Consolidation
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Post Treatment Strength

Undrained Shear Strength (kNIm2)
0 20 40 B0 a0
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Depth b.g.l. (m)
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DCEIUIT DESIyTI

4 F%'S (Before) e FY'S [After) I
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Another Proven Record

Before
Menard Vacuum

Tmfill : FS < 1

--------

Menard Vacuum

e S e Amfill : FS>1.5
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18t Successful Vacuum Project in Thailand

-

~

Client: EPEC / Consultant: SEATEC / M.Contractor: ABB Alstom
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18t Successful Vacuum Project in Thailand

PPN —

Total area treated by MV: 3

e

Drains: s

Total length of

oEq -

| -qukingt '

Vacuum: -
Pumping equipment:
Pumping duration: 7 months

Average total settlement: 2.65m

Total working time: 10 months
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Soil Profile
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Future Caisson Stability Analysis

ELHDHESCPTHELI-5E

File Mame: Future Caisson al oparalion stage dra

Future Caisson (Type-B) Slip Stability Analysis
Al Operation Stage (Undrain) [Und rained

Factor of Safety: 1 498

Name: Caissan

Moded- Mohr-Coulomib
Uit Whelght: 208 kR/H"
Cobesion 10000 KPS
Phi: B0

Mame. Concrete Deck
Model - Mohr -Coulomb
Uit Whaight: 24 kN
Cohevion. G000 kP2
Phi. 45

Marme: RS -Undeain- (d<H<20)

Maodel- Mahr-Coulemb

Narme: Sand Fill

Mamea: Rock Mound
Model Mot
Limit Whoight 20 kNdm?*
Cohesion. 8 kPa

Phi: 40

b

Wamma: KBS -Undraine [d<8<i)
Model: Moh-Coulemb

Lhislt Weebght 18,0 kB
Cohesion 50 KPR

Phi' 0

Marne: HS -Undraws [20<MN<30]
Mopdel! Mphr-Coulomb
Uit Wiekght: 191 kRém

handan: 175 kP
Phi 0

Mama: RS -Undroins- (J0=N<80)
Medel Mehr-Coulemis

Uit Wiaigght' 196 kiim
Cohesion. 200 hPa

Phi O

Marna. RS -Uindrasn
Ml Mghr-Ci
Linit Webkght: 2000 kMim
Cohesion 400 kP

Marne: HS -Undrair [d<M<in]
Wipdes| - Mt n

Lhinit Weaight' 18 6 kniim
Cahssine 50 kPy

RS -Unarae- ;N> 100
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Exhibited Design

EXHIBITED DESIGN

compacted sand fill
@ = 35°

natural undisturbed clay
(N > 50)
C, =250 kN/m?
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EXHIBITED DESIGN

compacted sand fill
¢ =35°

natural undisturbed clay
(N >50)
C, =250 kN/m?

AS-BUILT CONDITION

e/ /disturped/softendd
clay layey (1~ 1.6m
o =0 KN/

compacted sand fill
¢ =35°

As built conditions

dredg:

natural undisturbed clay
(N = 50)
C, =250 kN/m?
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Proposed solution

EXHIBITED DESIGN

compacted sand fill
¢ =35°

PROPOSED SOLUTION

compacted sand fill
¢ =35°

compacted sand fill

undisturbed clay

LoM 5 =00C, = 250 kN/m?

compacted rock mat
(p=45° C=0)

15% rock (¢ = 45°) + 85%

clay (C, = 80 kPa) 1.5m

natural undisturbed clay
(N >50)
¢@=0° C, =250 kN/m?

natural undisturbed clay
(N >50)
@=0° C, =250 kN/m?
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Shear strength mobilised in exhibited design

The upper layer I consists of compacted sand fill of 1.3m thick (¢ = 35° C = 0) and
the lower layer II consists of natural undisturbed clay of 1.5m thick (¢ = 0% C = 250

kN/m?). Assuming an overburden effective stress (c’) of 275 kN/m?, we have the
following:

LayerI: t=C+0otan@ = 275 *tan(35°) = 192kN /m?

Layer II: t=C+0otan@® = 250kN /m”°
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Shear strength mobilised for proposed solution

The upper layer I consists of compacted rock mat of 1.3m thick with 30% of rock size
150mm to 200mm and 70% of rock size 200mm to 300mm (¢ = 45°; C = 0) and the
lower layer II consists of composite rock-clay soil layer of 1.5m thick with an area
replacement ratio m = 15%. The rock inclusions with similar grading as above has ¢,
= 45° (C,; = 0) and the surrounding clay soil has Cs = 50 kN/m” (¢ = 0°). Taking the
same overburden effective stress (6°) of 275 kN/m?, we have the following:

Case 1: Without considering consolidation effect with no gain in shear strength
LayerI: ¢ =45° C=0

Layer II: Computation for composite ¢ and C

Using equation (7): C =C,(m)+C,(1—m)=50(1-0.15) = 42.5kN /m’

Using equation (10):

tan@ = m(cr jtanq)r +(1 —m)(

''''' o
tan@ = 0.306 = ¢ =17° (for o/c =2.04 — see calculation on page 8 below)
LayerI: t=C+0otan@ =275*tan(45°) = 275kN/m’

LayerII: t=C+0tan@ =42.5+275tan17° =127kN/m”’
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Total shear strength for exhibited design and proposed solution
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Criteria retained for pounder design

-1.75 X 1.75 meter DR section

A { 35 tons submerged

Design a stabilisation part that will rest on the
B < side of print and guarantee penetration until

stabilisi

o

ng part hits the crater side

" Final design with final objective,
-penetrating part 1.7 x 1.7

-length of penetration 1.7 m

-stabilising part 2.4 x 2.4 m

-ironing or compaction by turning over the

_ pounder
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View of pounder construction
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Caisson construction yard
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Pontoon PMT Testing
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View of pounder ready to work

CekBdEire!
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GPS Positionning system and grids
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Quality control screen Liebherr 895
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Depth of penetration versus number of blows

Penetration Vs Blows
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Danger of offshore pounding

V., Of pounder measured by radar

8 m/sec
Vesecive F€ached after 6 m drop
6 m/sec

Weight below water 35 tons
V =\2gh
36 =20nh
Equivalent drop height=2 m

Equivalent Energy: 70 Tm

Compaction Depth According to Classical Formula
D=83m

If6=0,5 D=4,15m !l
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General Set up
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Testing pontoon
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View on staff system
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Self bored slotted tube : first experiment of Menard
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Actual staff systems
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Staff dulling equipment
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Sequences of self boring staff system

e i)
ey o e
ST pe e e
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........... " e e ™ e e e e e e
1
a
-t -
! -

|

| Slotted

I-'. section
|

raising the
STAF drag bit
designed for 63
mm drilling

placing the
44 mm O.D. probe
at the level of the:

slotied tube

Figure 4. Sequences of the STAF® technigue to perform Ménard pressuremeter tests by self-boring of a slotted tube
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Actual method for drilling PMT in rock mound (100 mm — 300 mm)
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Empirical determination of friction angle by PMT (Yee & Varaksin method)

LOG Net Limit Pressure (bars)
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= Mod. Menard (alpha=1/4) - Tam et.al (1999) = Menard (alpha = 1/3) == Menard {alpha = 1/4)
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EXHIBITED DESIGN

compacted sand fill
@ =35°

compacted sand fill

undisturbed soil

LoM o =00C, =250 kN/m?

Natural undisturbed soil

(N > 50)
©=0° C, =250 kN/m?

Reminder of technical solution

SITE CONDITION

Compacted sand fill

PROPOSED SOLUTION

compacted sand fill

Q= 350 = 35°
\
compacted rock mat 5 Layer |
5 _ .3M
_______________ weugpdline (ip-_45_C;0)_ —_ >
Variance thickness soften soil 15% rock (¢ = 45°) + Layer Il
(C, = 50 kPa) 85% clay (C, = 50 kPa) 1.5m J

Natural undisturbed soil

(N >50)
@=0° C, =250 kN/m?

Natural undisturbed soil

(N > 50)
©=0° C, =250 kN/m?
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Original rock surface before compaction
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After compaction actual results

Original rock surface before compaction

— —02m—— T T 7T 7
e VA T -
[T ™ —. 7 b= AL e\ N
1.3m P <\/ '| $=48 degree Q(I)/A‘O ngﬁz/e © | $=48 degree \(I) 40 j’e/g‘re‘e// j $=48 degree f\/ /\/
77777 T Ar=22% ~ 1 Ar=22% = Ar=22% S
C=0kPa - C=0kPa - C=0kPa
1.3m Column Dia=2.4m \Cu—SOkPa Column Dia=2.4m Cu=50kPa Column Dia=2.4m

Cu=250kPa
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Strength of layer |

In summary, layer I and layer II shall have the following characteristics.

Layer I : ¢ = 49° (harmonic mean value); C = 0, m=0.22 (22% of total area) — For
column

Layer I. ¢ = 40° ; C = 0, m=0.78 (78% of total area) — For in-between columns
assuming lowest internal friction angle of 40°.

Layer I: Computation for composite ¢ and C

C=0
tang,,,, =mtang, +(l-m)tang, =0.22tan49° +0.78 tan 40°
Doomp = 42.2°
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Strength of layer Il and total share strength

Layer II: Computation for composite ¢ and C
C=C, (m)+C, (1-m)=50(1-0.22) =39%N /m’

Gl"

tan g = m(
o

O-S

jtan ¢ +(1- m)(
o

jtan ¢, =0.22(1.88)tan49° +0

tang = 0.48 = ¢ =25.4° (for 6/c = 1.88)
Hence, layer I and layer II shall have the shear strength as below:

Layer I: 7=C+otang=275*tan(42.2°) = 249kN / m* (compared with proposed
concept =275kN/m”)

Layer II: 7=C+otang =39+275tan25.4° =170kN / m* (compared with proposed
concept = 127kN/m?)
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Layout of CPT in sand area

Dynamic compaction trial for sandkey

Pounder Weight 375 tan ) [ T Trial Location
Drog Height 30 m -_
Improved Depth 3.5 m
Do Interval 3.5 m :
Dirop timas 18.0 times !/ point A-43 -.{
Murmber of Drop 18.0 nos @ 2type 36 nos e m !
Drop patiern T /
] . A )
. = L b2
. BDC-02- AT Lemgiea % ]
| = & A-42“
_-BD[J‘C” ¥ I [ " .
] . Boco3 | | | . :
Fanalind o
A-A7 =Y
o
b 1 B8 ||
] 8 e
s /
Trial Schidule from Feb 23th to 26th Barge Modification
26-Feb-09 PraCPFT 16 nos)
27-Feb-08 Dynamic Compaction (with Wire Mesh)
28-Fab-08 Dynamic Compaction (without Wire Mesh)
T-Mar-09 PosiCPT (6 ros)
Coordinate with Wire Mesh without Wire Mesh a a
No, N E No. | N = ) /
1 2617150 2272500 1 ZB157.50 22200 | k &
2 171,50 2272150 z 2815750 2272150 :
3 2817150 22718.00 Tia 2615750 2271800 !'
4 ZR1GE,00 22725.00 4 | 28154.00 2272500
5 2816800 FET21.50 5 i 28154.00 272150
B 26166.00 22718,00 & 26154.00 2771800
7 2816450 2272500 il 2E150.50 2272500
& 28164 50 22721.50 8 28150.50 2272150
a ZB164.60 Z2718.00 9 28150.50 22718.00
10 ZE1E1,00 F3725.00 1 2814700 FATI5.00
11 28161.00 22721.50 11 2E147 .00 w0 | CPT test
Remarks
12 28161.00 22718,00 12 26147.00 22718.00 No, M E
2816876 2272325 28155.75 2272235 BDCO1 28168.00 22721.50 15t sories
2816075 2371875 28155.75 22719.75 I 28166.25 2272325 2rl Banes
ZB166,2% 2212325 28152.25 BDICO3 2816886.25 22721.50 no compaciion
2816625 2271875 FB152.25 BOCO4 26154,00 22721.50 15t saries
2816275 22723.25 2B148.75 T 28152.25 22773.25 2nd sevies
FHB2.75 22710.75 | 2814875 22718.75 LI 28152.25 22721.50 m compacion |
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Results of CPT in sand fill after DC

Dynamic Compaction with Wire Mesh

No,1
Cone Resistance golMPa)

0l 5 10 13 20 25 00-160m

No,2

Gone Resistance ge{MPa)

1615 20 25C0-

18.0m

No,3
Gone Resistance qe(MPa)

u‘l'__.5._ -0 1820 25 OD~18km
|

Before Dynamic Compaction

PERTH - AUSTRALIA —June 2010

Dynamic Compaction without Wire Mesh

No 4
Cene Resistance qc{MPa)

o 5 10 15 30 5

] ‘j - tam
|
||__.§ [

|

After Dynamic Compaction

No,5

Cone Resistance qo{MPa)

o 5 10
T
|| |
|

i
T ‘

| 4
2+ ]

o D |
|
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==T |
"_'_! -—_IL'_ 21
T
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8 i _--'—i
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15 20 25 CD-168m
i |

No,6

Gone Resistance ge(MPa)

|z‘ ! -4 | l
ol L ||| ]
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