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Soft Clay Deposit along Bangkok-Chonburi

Note : MSL 0 is refered to Elv. 35.03 in the design drawing
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Problem of Bridge Approach on Subsiding Ground




Basal Reinforced Piled Embankments

Transition between non-piled and piled
foundations

Settledprofile(unpiled)

. Initialprofile
Geosynthetic

reinforcement

Embankment




Correlations between ¢,, and q, of Cement-Treated
Bangkok Clay and Ariake Clay
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Bangkok clay, 28 days curing
Lorenzo and Bergado (2005)
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Prediction of Strength and Compressibility
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Optimum Mixing Water Content

BB/ ESEKE

T gt kS A ROBERE S KL, FEOEAVNE
S s ZEBLI-BHOELERD
BENBALTAEKEL, L%

Optimum mixing water content (C,, ) Is the
total clay water content (or mixing water

content) of the clay-water-cement mixture that
corresponds to the highest possible

Improvement in strength of cured cement-
admixed clay at a given cement content.




Boundary of

double layer water
Air space

Pozzolanic products Unmixed cement
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b) High water content

c¢) Optimum water
(cement-admixed)

d) Low water content
content (cement-admixed)
(cement-admixed)




Strength Curve and Optimum Mixing Water Content

All data points corresponding to
C,,/LL=0.8 are extracted from
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DUMMNY REINFORCEMENT
FOR FIELD PULL-QUT TEST
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- DUMMY REINFORCEMENT FOR
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6.0 3symbol Cement content 6 Symbol Cement content
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The Finished 6m High Reinforced Embankment
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Effective length of improved section, Lo

L= Ly/2 L Le=Lg/2

Vertical crest curve

Approach slab Design crown level

Anticipated total settlement
of the improved section

........... . Vertical sag curve

Estimated crown level after
20 years, for no soil improvement

Anticipated crown level after primary
consolidation (with soil improvement
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AR LDCMDREE
Problems in DCM Pile

HAMBEDIESDE, FRARE
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Variability of shear strength
Shear strength is not uniform
Many weak zones such as joints

Low shear strength and stiffness

The unexpected failures often happened

Bearing capacity failures and compression

The bearing failure of DCM pile occurs before its shaft
resistance and end bearing are fully mobilized

Low horizontal shear and low flexural resistance




Pile Fallure vs Soll Fallure

Pile failure Soil failure
Ol = A (36400 + Gpew) 0" =0+, sl ol
H H Pile failure | Soil failure
—— AF —
(ki ; 3 16 F@mmax. load in case of pile failure
14
12 ¥ @ measured max. load I
"S 10 g= — — -,
Qs = g
S 6
4
DCM DCM 2
0 : .
1 2 3 4 5 6
Qe

Fig. 1 Low quality of DCM piles on Soft Bangkok Clay (Petchgate et al., 2003)



Application of DCM Pile as Retaining Wall

| DCM pile can maintain compressive stress and resist
i#k  shear stress but cannot resist flexural stress

£=< DCM pile has low flexural and tensile strength

) arge movement
Excavation
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__Undrained Shear Strength J

Undrained Shear Strength (t/m2)
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Suvarnabhumi canal : Location of the canal
The alignment of Contract 1 Trial section 1to 7

Trial Section 7

Trial Section1 _
Trial Section 2

. : o "-fa{%Section 3 Trial Section 6

Trial Section 4 Trial Section 5



CM Pile for Slope Protection

12:19PM




1,00
" 150 350 350 1250
VST TSR, TN Twamis  gowees  wae
-
UV TOP SOL WV 08
FufinCossinl-
24.00 14800
ohe -
“@
2
- an | —_ T - - 2
wfUvDsRet ,g‘\’
) 122 SR 1Y

SCC=Soil Cement Column, 600 mm dia

CC3-9600 ML M7 V.00 M
-
v 7 sy sl

IREERR)

IRRRRE}

420

v UuU g
O8Ts

o8y
LTS = 400

waflunsned

————

wafunpacnwi-y

-
urr‘- TV TOP SOL YW O

SCC2-4600 WAL BY3 800 W

-

v 1y
SCC-#000 MK o3
.

v 8 ay

"

00 N,



9 August 2007




°F O ©

®
Aot B - .
By BE R &
5 mﬂ_ Jil (@
TR1E HEREL
MMM Hm. Mm. — =
R N A
. 2o &
=] n m r\u-Mw.__—
B O o
Mz 2|28 e
O okio
) mnnm
16 + MWA.B%lC@MZo_
O N N .. Q
© < T @
= n_Nn/_ o
c - —
@) ]
O o
i I
il
rPhontaias
m uA_»Lu?_lnmm?_ <

S.0000

0 3000 F

Rictid haoady,

~RIgIGo0oay

018

-6—
7
-8—

=
)
a

medium clay

N

-19-

L

i

Horizontal

-20-
21
Ll

22




Shear Failure

DCM pile

h Soil
| Movement:

Passive
Force




DCM and SDCM

DCM Pile

Variability of shear strength
Low strength and stiffness

DCMAT L :HAMREDIESDE
EIEfEER B ERITEAS /DL

£ SDCM: FL ¥y Rbavsy—riZEEA
s XEHoEm, HERADEM, KEER
EDHEM

= SDCM Pile

Composite pile

: ~ Insertion of a precast concrete core pile
Increase bearing capacity

/W Increase lateral resistance

o Reduce deformation

G
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L :
DCM
Arearatio = A_,/Apcum

Length ratio

= I—core/I—DCM




Insertion of prestressed concrete pile.

No pushing force due to very low fiction
Curing time in-situ for 80 days.




Full Scale Load Test

0.18

Concrete 4 Concrete fc’=35MPa
core pile 8—@4mm stands

3 fy=1750 MPa

o .
N N

-
\_ %
=
O
i 0.22
Soft clay '
layer 4 Concrete fc' = 35MPa
[ S |
- 8—@4mm stands
3|k J [fy=1750 MPa
o
@3mm stirrups
ke . d | spacing varied
\ %

Medium or stiff clay layer Prestressed concrete core pile




Axial compression piles

28 Cases

Concrete Concrete Concrete Concrete Concrete
boxes boxes boxes boxes boxes

— Different core size:
0.18, 0.22, 0.26, 0.30

m.

— e T e T DIfferent length:
== 1.00, 2.00, 3.00, 4.00,

supports supports

E :[ - | ;éé;_.;;_.;;_.;;_.;__.;_.;_.;_.;;_.;;_.;;_.;;_.;;_.;;_.;_.;;_.;_.;_.;_.;;_.;;_.;_.; ;;;; 5 . OO, 6 . OO, 7 . OO m.

Based on the tangent

method by Butler and
Hoy (1977).




Axial compression piles

Axial compression load (kN)

0 50 100 150 200 250 300 350 400
0 _ ol v by b by v by g
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%30 0.00 u \
= -1.00 -
) Weathered —@— SDCM-C1(0.22x0.22x6.0)
= -2.00 crust —0O— SDCM-C2(0.22x0.22x6.0)
% —4— SDCM-C3(0.18x0.18x6.0)
40 —<&— SDCM-C4(0.18x0.18x6.0)

—M— SDCM-C5(0.22x0.22x4.0)
Soft clay —H— SDCM-C6(0.22x0.22x4.0)
—A— SDCM-C7(0.18x0.18x4.0)
—A—— SDCM-C8(0.18x0.18x4.0)
50 —4— DCM-C1
-8.00 —X— DCM-C2

Medium stiff clay
-10.00

Stiff clay

60




Full Scale Load Test

Ball bearing
Reaction frame @ Proving ring

Hydraulic jack
L L

Reaction beams

Concrete Concrete
......... support_ | ____ Steelrod support
, E;.[_ Dial gages
1ﬂ _
s
Prestressed concrete pile
(@]
o
-
DCM pile

Pull out test




Full Scale Pile Load Test

2.5

oo
1 -1.0

— | Excavated

£ 2 -200 level

£ ] -300——

5 Soft clay

()

c 1.5 -

o 1

O .

@© 1

% {1 -8.00

© 1 Medium stiff clay

— 1 -10.00 :

8 7 Stiff clay

SR — e— SDCM-P1

> 057 —<o— SDCM-P2
] ——— SDCM-P3
: —o— SDCM-P4

O LN (L R N R NN RN N N N N N RN NN B R B N BN

0 20 40 60 80 100 120 140 160 180
Axial tensile load (kN)




Back-Calculated of Axial Compression DCM/SDCM Pile

Axial compression load (kN)
0 50 100 150 200 250 300 350 400]|

c'DCM = 200 kPa ‘\@
E'Dcm = 30,000 kPa ,
Rinter = 0.4

Settlement (mm)
w
(@)

40 ® SDCM 0.22x6-Observed
O  SDCM 0.22x4-Observed

SDCM 0.22x6-Simulated

50 === SDCM 0.22x4-Simulated
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Effect of Length of Concrete Core Piles

400 —
= -
= ]
Q -
S 300
2 —
O :
a ]
(7)) -
1S ]
b -
S 200 —
o
o ]
S ]
o) :
£
o Concrete core square section
> 100 Z —+—— core 0.30 m
‘g ] ——=—— core 0.26 m
= ] ——— core 0.22 m
- 9 —— core 0.18 m
0_IIII|IIII|IIII|IIII|IIII|IIII|IIII|
0 1 2 3 4 5 6 7
Length (m)




Load Transfer DCM/SDCM Piles/Surrounding Ground

Axial compression load(kN) st in S i Loy (kP
0 50 100 150 200 ress in Surrounding clay (kPa)
] 20 40 ) =l 100
1 a 1 1 1 1
4 Weathered
cla J
2 . ! A
. &
i , ]
3 —
i 2
E4 s
z £ .]
2 2
05— Soft clay
- 5 -
6 —
. g 4
B Axial load, Q a?
7 — —e— 50kN If v —&— SDCM 6.00 m (concrete core pile)
—e— 100 kN 7 a o ‘3= DCM
T —a— 150 kN —i% — Unimproved
g - = == - 200 kN(Failure) a
Medium stiff clay
Axial compression load(kN) Q
0 50 100 150 200 250 300 350 l
1 11 lal I 1 I#I I 1
T Weathered clay
2 — A
34 A ¢

Soft clay

B Axial load, Q
6 —{4omH%4 @ —h— 50kN
! ¢ 100kN
1 —&— 150kN
*x 200kN Ll
—=— 250kN
7] - @~ - 315kN(failure)

7 — Ae

Medium stiff clay]




Failure Mode

1. The plastic points are the stress points in a plastic state.
(Brinkgreve and Broere, 2006)

2. The relative shear stress gives an indication of the proximity of
the stress point to the failure envelope. (Brinkgreve and
Broere, 2006)

,Z-*

The relative shear stress is defined as: Trel —
Tmax



Elev +0.00 m—

Weather Crust

EleV -2.0 Qm—

Soft Clay

Elev -8.0 Qm—

Medium Clay

v Mohr-Coulomb points
¥ Tension cut-off points
v Cap points

[~ Hardening points

[~ Stress points

— | bcv | | 200m. || 400m. || 600m. || 7.00m.

Plastic Points _ _
0 Mohr-Coulomb point Tension cut-off point
B Cap point




Lateral Piles

28 Cases

Different core size:
0.18, 0.22, 0.26,
0.30 m.

Different length:

1.00, 2.00, 3.00,

4.00, 5.00, 6.00,
7.00 m.




Lateral Piles

Lateral load (kN)

50

{ 0.00
45 ] ﬂb -1.20 5
{ -1.50 — e
- Weathered = &
1 -2.00 crust ©
40 o
] Soft clay y
35 4 r' 4
- W, _ ‘=
-8.00 v, — =
30 A Medium stiff clay A ' > G
1-10.00 y Py
] Stiff clay 2 g
25 o ',f/ ;’/‘/
] / )¢ —e—— SDCM-L1(0.22x6)
20 - 4 & — o SDCM-L2(0.22x6)
] £ —+—— SDCM-L3(0.22x4)
15 # /;"“ ———— SDCM-L4(0.22x4)
] L A ——=—— SDCM-L5(0.18x6)
’ P 4 ——+&—— SDCM-L6(0.18x6)
10 1 2 ——+—— SDCM-L7(0.18x4)
. J_' ——=—— SDCM-L8(0.18x4)
c ] Y4 —+—— DCM-L1
{1 o ——s—— DCM-L2
’ =
0 1 4 4 4 4 1 1 I
0 5 10 15 20

Lateral displacement(mm)

25




-1.50

Lateral Load Test Results

Pile top -1.00
Pult:3-5 kNa _______________ ﬂt:2-5 KNy Pult:33'35 |(Na Pu|t=43-46 k\l_:
e=0.30
Excavated base M
ycrjck:O.lO
Yerack Yerack
=0.40-0.50 =0.45-0.60
~
DCM-L1 DCM-L2 SDCM pile with SDCM pile with
0.18x0.18 section 0.22x0.22 section

and 4-6 m long

and 4-6 m long



Lateral Pile Simulations (SDCM)
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Ultimate lateral load of SDCM pile (kN)

o O o O S
Concrete core square section
20 —&8— 0.30x0.30
—A— 0.26x0.26
20 0.22x0.22
—&— 0.18x0.18
0 IIII|IIII|IIII|IIII|IIII|IIII|IIII|
0 1 2 3 4 5 6 7

Length (m)



Embankment
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21 00
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16 SDCM piles and 16 DCM piles




Embankment

Time(days)
0 60 120 180 240 300 360 420 480 540 600

L L L PR S T I T TR
< SDCM pile(observed-S10)
SDCM pile(simulated)

1  DCM pile(observed-S11)
DCM pile(simulated)

O Unimproved clay(observed-S4)
Unimproved clay(simulated)

Settlement(mm)
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—
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300 1
350 A Qo
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400 -




& Lateral Movements DCM/Surrounding Ground

Lateral movement(mm)
20 40 60

° After construction(observed)
u 90 days(observed)

. 570 days(observed)

- = = = After construction(simulated)
- = = = 90 days(simulated)

- = = = 570 days(simulated)

Lateral movement(mm)
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Lateral Movements of SDCM Piles

Lateral movement(mm) Lateral movement(mm)
10 $ 1|0 1|5 2|0 2|5 N%Q 35 lO 5 lIO 1|5 2|0 2|5 M_§‘O 35
Weathered crust Weathered crust
21 2
31 3-
4 4
5] Soft clay 5] Soft clay
E 6 E 6
E 5
2 2
8 7 o 7
8- 8-
9 Concrete core pile square section Medium stiff clay 9H Concrete core pile square section Medium stiff clay
] width(m)-length(m) width(m)-length(m)
108 —e— 0.22-4(Simulated) 108 —o— 0.30-4(Simulated)
—B— 0.22-5(Simulated) 25 —B— 0.30-5(Simulated)
i —a— 0.22-6(Simulated) . —a— 0.30-6(Simulated) .
11 g
—o— 0.22-7(Simulated) Stiff clay 11_ —o— 0.30-7(Simulated) Stiff clay
12 12
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CONCLUSIONS | #&#& (1) |

M ELTOEAV M LB YD FE

‘DCM-C1 : 53 H1300kPa. A4 # 60,000k Pa
‘DCM-C2: $57%& 51200k Pa. *> % #40,000kPa
SDCM:  $453 H200kPa > %4 #30,000kPa

" 1) Axial Compression of DCM and SDCM Piles

The cement-clay cohesion C,-, were 300 kPa and 200
kPa for DCM C-1 and DCM C-2, respectively.

The cement-clay modulus, £E,., were 60,000 kPa and
40,000 kPa for DCM C-1 and DCM C-2, respectively.

The slightly different results reflect the construction
quality control in the field tests.

For the SDCM pile, the corresponding value for C,.,
and E,, were 200 kPa and 30,000 kPa, respectively.
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& 2) Axial Compression of DCM and SDCM Piles

Increasing the length ratio, L., /Lpcy, has dominant effect
than increasing the sectional area ratio, A ore! Apem-

For the DCM pile, the maximum load developed at the top 1m
and rapidly decreased until the depth of 4m from the pile top
and constant load of 10% of the ultimate load until the tip of
DCM pile. Thus, the failure takes place at the top in the case
of DCM pile.

The axial load at the top of SDCM comprised 90% of ultimate
load and linearly decreased to the tip to 70% and 30% of
ultimate load corresponding to 2m and 7m of concrete core
pile length, respectively.
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! e DCMOD K Tcore: 5HH{EL50kPa
i SOCMMD K FHEH Topey : AHHEAEIF5000kPa
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’ 3) Lateral Loading of SDCM Piles

For the SDCM pile, the corresponding values for 7_, .
and 7,., obtained from the simulation were 5000 kPa
and 58%a, respectively.

The ultimate lateral load of SDCM pile increased with
increasing sectional area because it increased the
stiffness of the pile but the length of concrete core pile
did not increase the ultimate lateral load capacity when
using the lengths longer than 3.5m.

For the SDCM pile with lengths longer than 3.5m, the
failure occurred by bending moment (long pile failure)
while the short pile failed by surrounding soil failure.
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4) Full Scale Embankment Loading of SDCM Piles

The longer core pile can reduced the vertical displacement of
SDCM pile and the surrounding soil.

The settlement reduced linearly with increasing lengths of
concrete core piles from 4 to 6m but slightly reduced from 6 to
7m core pile length.

The longer the lengths, the lower the lateral movements.
The bigger sectional areas also reduced the lateral movements.

The concrete core pile should be longer than 4 m in order to
reduce the lateral movements of the embankment.
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