SEAFCO PUBLIC COMPANY LIMITED

AF. UTIA NAUUNUT

v J v J
AT. DYIUHUN YUYINY

Y] 1 d' 9 S K
A19819 IATINTN WauYNan

Ilcon Siam

One Bangkok

Mahanakorn

Dusit Central Park

Foundation cost =
5 — 15% of project cost
MRT Green, Blue, Orange,

= | AT, e Purple, Pink Lines &
A SEAFCO PUBLIC COMPANY LIMITED Airport rail link (Red) 2




9
MU T

anyaegIUsINanuInEza NNz an ums Wau

v 9 A 9 . a
ﬂﬂﬂﬂﬂWHﬁﬂlllﬂﬁ@ﬂJﬁﬂ’JﬁWi]"liil!"l
9y

0o w w o % 1 [~
NI T UUIUUDLASNITDIYLUIIVDIUT UV

ADUNTANNUIEFUT NS UM TINNIUNDIN

SEAFCO PUBLIC COMPANY LIMITED

Igneous rock—

B

Alluvium -

Igneous rock

Typical geology of Thailand

— Marine deposit (Greater
Bangkok area) 90% of large
diameter bored pile works

N
Igneous rock

Department of Mineral Resources (1999)
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Soft Bangkok clay and instability

Photo credit: http://i-newsmedia.net

Instability of soft clay

Area of soft clay in Southeast Asia (After
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SPT-N (blow/ft)

Typical SOil proﬁle Soil devcrition
for 100 L pile in ' Water table <12 m
Bangkok ' / 7 .

020 40 60 80 100 120 140

Typical depth of % -
pile in Bangkok E
40-60 m .

Depth of pile tip at 100 m
(Deepest bored pile in
Thailand) -100 m
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Changing in pore water pressure

Time (Year)
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* Precast concrete = Steel H-pile

| = Tripod pile (percussion)
driven pile " Hollow concrete : = Auger and bucket bored !

= Jacked-in pile auger-pressed pile
= Screw steel pile

pile
" Dry process
= Wet process

= Barrette
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Auger and bucket bored pile
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Advantages

= Short construction time

= Depth more than 80 m

= Can drill in every soil
and rock condition
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Barrette

= Very high capacity per pile

= Can be constructed in different shapes (e.g. L, T and X)

= Applicable for construction in congested area and
limited height
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Credit: www.ch3thailand.com, 2018
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Credit: www.innnews.com

Fill borehole with slurry when excavation reach
base of casing

Drilling slurry: 1. Polymer slurry [Higher friction, Less stability]
2. Bentonite slurry [Less friction, Higher stability]
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. Reason: Larger friction parameter () than in the past

-

Friction factor, S

Angle of internal friction, ¢’ (°)

A 2017 -2019 (Bentonite) @ 2017 -2019 (Polymer)

A Bentonite (Boonyarak et al., 2015) @ Polymer (Boonyarak et al., 2015) 4 Bentonite (Submaneewong, 2001)

New method of construction provide 50%
larger in friction than the old method
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Bentonite in borehole

TRSTRY| \V4 RSTRN
- = Thick filter
Suspended . = cake is
soil particle = ° formed
in bentonite e
slurry o o
o
o = ©
Bentonite e °
slurry e
=4 o
° o
g
o
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Q
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o © Soft sediment
B ° ° o 9 at base of
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9%83 8oo gg - / bored hole
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Polymer in borehole

) VA a2
— . Thin filter
v cake is
- formed
Soil particle . °
is settling o % o ©
i ° Sand
° Particle

Polymer slurry

mix with very

little amount o
Bentonite

Dense sediment
at base of
bored hole

Polymer Chain
Structure




Base cleaning of bentonite drilling fluid by recycling

Recycling of drilling

fluid Desanding of slurry

A SEAFCO PUBLIC COMPANY LIMITED

Pile base cleaning by cleaning bucket for polymer

E
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Equipment for bored pile: Rotary type

SEAFCO PUBLIC COMPANY LIMITED

21

Equipment for Diaphragm wall:
Mechanical grab with slurry protection
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Development in equipment that adjust the verticality
Hydraulic grab improve verticality and productivity
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Panel
thickness:
0.6-1.5m

Panel length:
25-6.0m

Verticality
adjustment
tools
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Install temporary casing using vibro
hammer

Asearco

Install temporary casing Checking verticality of casing Check the location of the

casing after installation

Checking deviation and
: : : < . Tolerance of
inclination durin in

clination du B CaME Location at ground surface

driving Tolerance of 75 mm (EIT, 2003)
verticality

1:100 (EIT, 2003)




Construction sequence for wet-process bored pile

Q) 3)
Drilling BDrll(lhtng l:ly
by Auger ucslflr:; er

27

Construction sequence for wet-process bored pile

TREMIE PIPE

REINFORCEMENT

Concreting
by Tremie
Method

(C))

Rebar Installation
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Extraction of casing

Excavation of
adjacent pile

Center-center > 6D
within 24 hr
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Seafco Innovation:
To reduce vibration from piling

Conventional method: Innovative method:
High vibration Almost zero vibration
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Construction sequence for wet-process bored pile

“= 1. Outer casing installation

4. Inner casing installation

Double casing installation sequences

5. Check installed location
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Vibration from vibro hammer for conventional casing
installation

= Vibration from vibro hammer
= Without vibro hammer

SEAFCO PUBLIC COMPANY LIMITED
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Efficiency of this innovation

Vibration sensor

14 A Conventional (Vibro hammer)
19 ol @Double casing technique
Limits for:
§ 1 o Office bulding 20 mm/sec
E 8 - & Conventional method:
= Exceeds specified limits
1= 2
T; 0 Residential bulding
= . Innovative method:
E Preserved bulding & Within the allowable limit
2 =
o o A
O
0 - : , ‘
0 5 10 15 20 25

- Distance (m)
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Construction sequence for wet-process bored pile

()

Casing Extraction without vibration
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e AVG.PVSI (24 br)

TSI (4.

o~ Max. PYSI @4 br)

Near zero vibration construction
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Noise and dust monitoring and minimizing

PM-10, (ug/m3)
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Pile settlement database in Bangkok

Applied load / shaft area (P/A,, KN/m?)

0 20 40 60 80 100 120 140 160 Pile depth:

_

0
< ettt 40 -100 m
e e
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-~ o 9 A Xa x
- é ® % o
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= 4 ¢ 0 A A
% < A, A A % o
2 6 o :
o= ¢ A
< A
R r e A °
) ® * X 4
2 i
= 10 . A

A Bentonite, Sand .

-E e Polymer based, Sand 40 - 60 m Pile settlement
s ¢ Bentonite, Cla s

12 > Llay v
g a Polymer based, Clay : Polymer < Bentonite
2 ) X Polymer based, Sand 80 m - 100 m + Sand < C]ay

1
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Boonyarak, T., Aye, Z. Z., Thasnanipan, N., Supawo, S. and Chea, S.
(2016). Settlement prediction of large-diameter bored pile in Bangkok
soils. International Conference of GEOMATE. 14-16 November,
Bangkok, Thailand




Load transfer curves

Axial Load (ton)

Strain (miero Strain)
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Very deep bored pile construction leads to

less material consumption
Applied load (Ton)

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

D1.8mx99m

D2.0mx69m

60 ® 1.8x92.0 m - Ratchadamri

= Load capacity / material
@ 1.8x84.0 m - Rama 4 Road = 99m deep —12.] T/m3
80 0 1.5x75.5 m - Rama 4 Road " 69m deep =7.0 T/m3

90 | Lomom-Ranadioe = Load/concrete volume

A 1.8x90.0 m - Rama 4 Road

100 increase by 50%

N oo

ﬁEéﬁ Y LIMITED:

Road
¢ 1.8x90.0 m - Rama 3 Road

Pile head settlement (mm)
N
o

DECENT WORK AND
ECONOMIC GROWTH

o

dBoonyarak, T. (2017). Axial load response of long piles in deep alluvial soil Bangkok
nternational Soil-Structure Interaction Symposium, 18-20 October 2017, Izmir, Turkey 27 .
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shear stress normal concrete
1 (for vibrating)
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high
yield value

medium
yield value

Tremie Concrete

!

ADUNIA Tremie UM3 1vad low

okt vz Self-Compacting Concrete
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(EFFC/DFI 2018)
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Modlﬁed supply Lo

placement

ApUNIALNA HTTezIAIMS ADUNIA Tremie ABIVIZIZIAININOAD
AOAINTU fennaouninlna
Normal Workability Lnc
Reference I I t ''''''' A -
Concrete e Dl 3 N,
\'/
Y 1 "y,
0 Q Fl)ol &
addmg = 3 Use of retarding or q’% %
admixture % % workability retaining admixtures "?76,7,@
3 w

Concrete
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Extended Workahility Life

(EFFC/DFI 2016)

MINATOY Slump 9819ABY 81 BINEINDNIZAIVANAUNINADUNIA

Same slump height but different behavior and performance

SEAFCO PUBLIC COMPANY LIMITED

After: pilingfederation.org.au




Slump flow test 1114 InsnauA1unTIeNATOU Slump test

Dyop=10cm
slump cone
.
Dpottom =20 €m

final diameter Dy,

base plate

= 14 Cone #1151 Slump flow %38 Invert cone lun1TNAFDL Slump height

® Indirect relationship with yield stress

At TR GOt

Suitable range of flow diameter

~ Range for
Target Values
=

 consideration

of filling ability
|
200 300 400 500 600 700
Slump Flow [ram]
400 — 550 mm

At DR Gor
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Visual inspection test (VSI)

vsio
Highly stable .

Vsl 2

SEAFCO PUBLIC (

VS

.Stable

VSl 3

Highly unstable
] . .

Photo courtesy of BASF Corporation

After: EFFC/DFI (2018)
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Slump test in the project

SEAFCO PUBLIC COMPANY LIMITED

Properties Range Testing method
Slump 150 - 200 mm  Slump Cone
Flow diameter 400 — 550 mm Flow table
Initial  setting Casting + 2 Timer
time hours
Resistance  to Specified on ASTM C232,
bleeding or project basis ASTM C1610,
segregation CIA Z17,
Compressive 24-45 MPa Unconfined
strength (cylinder) compression
test
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Introduction to bleeding in bored pile

bleed water

bleed channels
(simplified)

concrete
(consolidated)

Simplified schematic of bleeding and Channels running up the surface of pile
channeling in concrete (EFFC/DFI 2016) (EFFC/DFI 2016)
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Video of concrete bleeding and channeling

3
4,

. d

uﬂﬁa@’e‘)ﬂﬁnﬂlm!ﬂmﬂ
9 9 o <

TZAUNANAUTUVY > 20 U

SEAFCO PUBLIC COMPANY LIMITED




Concrete setting time and bleeding

A Bleed Water accumulated at the surface [log ml]

®

induction

overall
bleed volume
established

constant
bleed rate

]

= If high retarder, more bleeding occur

>
Elapsed Time [log h]

= Suitable setting concreting time + 2 hr

Concrete bleeding under different pressures
45 -
40 -

=P =139 kPa

Forced bleeding / total water content, %

10 - <P =345 kPa
5 4 P =690 kPa
0 Sy — T . T = T = | — T = 1
0 10 20 30 40 50 60 70

Time, min

Vanhove and Khayat (2016) found that bleeding significantly increase
with increasing of confining pressure.
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Concrete bleeding and
channeling: Poor concrete quality

Improvement of concrete quality by funding research
(Joint research with Mahidol Uni, SiamCityCement and Elkem)

INDUSTRY, INNOVATION
/AND INFRASTRUCTURE

SEAFCC & COMPANY LIMITED

Filtration apparatus of fresh
concrete (DFI/EFFC, 2018)

For testing water retention ability to
high water pressure (depth > 80 m)

57

% Bleeding

Replacing Portland cement by hydraulic cement and fly ash

Forcced bleeding - Effect of SF w/b = 0.38

35%
30%
25%
20%
15%
10%

5%

0%

0

—f— OPC+SF4.65%
—&— [PEF+SF4.65%

~— OPC+BLCP20%+SF4.65%
~o— [PEF+BLCP20%+SF4.65%

10 20 30 40 50 60 70
Time (min)

Strength (ksc)

Strength - Effect of SF w/b = 0.38

800.00

700.00
600.00

500.00

400.00

—&— OPC+SF 4.65%
—&—IPEF+SF 4.65%

—#—OPC+BLCP 20%+SF 4.65%
—8—IPEF+BLCP 20%+SF4.65%

300.00
200.00
100.00

0.00
0 5 10 15 20 25
days

Force bleeding: Hydraulic cement = OPC
Compressive strength: Hydraulic cement < OPC
Amount of fly ash: should be controlled < 20%

4 5t |12 Soienon
—
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Concrete segregation
= Results in blockage in tremie pipe

SEAFCO PUBLIC COMPANY LIMITED
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