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Deep foundation and underground structures supporting urbanization
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https://www.idrc.eu/2021/05/03/thailand
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Deep foundation and retaining wall for buildings

Superstructure

NN

Basement WW

|

Bored pile

Ground Level

Diaphragm wall

Barrette



Deep foundation and retaining wall subway station

Ground Level V = & = = I e

Basement

Bored pile and
Barrette




Deep foundation for viaduct

....

Bored pile or
barrette




Pile length VS building height

High Rise
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Wet-processed bored piles in Bangkok

Weathered Crust

e Diameter 0.60m to 2.00m
bored piles with toe depths
from 24m to 60m Below
Ground Level

Bangkok Soft Clay

Medium to Stiff Clay

N
(=]

 Temporary casing of 15m
IS commonly used

Depth (m)

o
o

Drilling by Mechanical or

Hydraulic-Rotary Drilling
RIS

Dense to Very Dense Sand

* Polymer-based slurry is
commonly used at present
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Example of deep pile projects

Icon Siam

One Bangkok

Mahanakorn

Dusit Central Park

Foundation cost =
5 - 15% of project cost

MRT Green, Blue, Orange,
Purple, Pink Lines &
Airport rail link (Red)
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= Very high load per pile

= Difficult soil conditions

» Economically feasible

» Require very reliable foundation




circulation method in 1971

= Long construction time
= No upward-downward
movement of drilling tools
=>Thick filter cake

—

Pinklao Bridge was constructed by reverse

Thick filter cake




Machine In current practice: Auger and bucket.

in;

i,

T

gagunaagy
gy

Machine for small diameter pile Machine for large diameter pile

= Shorter construction time
= Upward and downward movement of

drilling tool to remove some part of

filter cake
=>Thinner filter cake than reverse

circulation method :




Types of deep foundation

Rectangular shape barrette



Types of deep foundation

: 7 ,
/
X

T shape barrette 7

shape barrette
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Database of pile load settlement curves

“'p.g: ® o o

Database of pile load-settlement in
Bangkok to improve the design

[ @ @ ¢ =n

Aye, Z. Z., and Boonyarak, T. (2017).
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Using barrette substantially helps

Bored piles supporting BTS pier with
footing size likely to exceed the width of
the road median

0
of?

Bored Pile Dia.1.20 m.

reducing size of pile cap

Barrettes supporting Purple Line
MRT pier to reduce the size of the
footing to be within the median

Barrette
1.00x3.00 m.

20



Toe grouting for pile and barrette
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(3) (4)
Pressurized Grouted pile base
grouting




Grout Pipe Arrangement for Tube- a -Manchette Method
= Vertical steel pipes or PE pipes are used
= U-shape loops
= Manchette placed 5 to 10cm above pile tip

=17
PE.TUBE 'U4kf_f740'
[.D.=25mm . \
» > RUBBER
SLEEVE
RUBBER LEJL_;kﬂD
SLEEVE
N
¥ SECTION AT BASE
PILE BASk

ELEVATION




Example of Tube a Manchette




masanane Grout ewsu Barrette

S _ (PANEL LENGTH) _

10 Nos (5 Loops) for 1.0x3.8 Barrette
8 Nos (4 Loops) for 1.0x3.0 Barrette




Example of Tube a Manchette




Grouting process in Tube- a -Manchette

WATFER GROUT UNDER
OUT INJECTION PRESSURE

] ] ] ] _ _

-
<=1 2
==

(1) (2) (3) (4)
Flushing grout Cracking with Pressurized Grouted pile base
tubes with water water grouting
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Load vs. Pile Head Movement Comparison
TAM Grouted and Non-grouted Piles both constructed with Bentonite

Load (KN)
0 10000 20000 30000
| A

_— : 0 =10
g E » a
g 20 T \ \4.\ = Overall capacity

i 0
; 30 | ™ Dia 1.5x60.0m (Bentonite - TAM Grout) 14 to 21 /0
= - | | higher for TAM
- = Dia. 1.5x60.0m (Bentomte Ungrout) . .
= ] grouted pile in
< 40 T =+ Dia 1.5x63.7m (Bentonite TAM Grouted) . .
o i \] \ comparison with
by = = Dia. 1.5x63.7m (Bentonite Ungrout) .
& 5o e \ non-grouted pile

60

(Thasnanipan et al, 2004)




Comparison of SPT-N of soil beneath pile base

100 " [
1 Thasnanipan et al.
sod [ o (2002)
1 % -
z Eﬂ: g 2nd E-F'T—i-l I--l—15t SPT
E ] CE> Schem atic sketch of pile base
w 1 | &
40 — |_|original SPT-N of BH-4
] 8-) (nearest sail Investigation
. © .Eleﬂ::re toe grouting (1st SPT)
20 - =
- (@)
i 5 .Aﬁer toe grouting (2nd SPT)
0
= Pile diameter: 1.5m = Tube-a-Manchette grouting
= Depth: 44 m system |
= Sand-gravel at pile base = Drilled through pile base

Inside sonic logging tube



Mobilized unit end bearing of TAM and DAG grouted bored piles

3000 TAM
g 2500 Grquted —+=TT1 (TAM)
% _— =S ~X-TT2 (TAM)
g i — TTI3 (TAM)
3 1500 - - TD1 (DAG)
"g 1000 =+ TD2 (DAG)
= |
- —-
= 300 DAG)
- |

0 ‘-iq T 1 T T T T GrOUted

0 5 10 15 20 2 Piles

Pile head movement (mm)  (Thasnanipan et al, 2004)

= Tube- a —Manchette give a larger end bearing than drill-and-
grout => No relief of confining pressure for TAM




Minimizing damage and disturbance to
neighbors and adjacent structures




Innovation to reduce vibration from piling

Conventional method: Innovative method:
High vibration Almost zero vibration

= Vibration from vibro hammer - Without vibro hammer

33
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For vibration reduction
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Double casing installation sequences
oyansinsavn 24497

2. Pre-horing

5. Check installed location

s B
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= [ E=

o0

Peak velocity (mm/sec)

2

Innovation to reduce vibration from piling

A Conventional (Vibro hammer)

@ Double casing technique

Limits for:
Office bulding
A
Residential bulding
Preserved bulding A Conventional methOd:
. High vibration
® o
@ .
Innovative method:
5 10 15 20 25

Almost zero vibration

Distance (m)

QY = Yy Yo g Jd (Y] a0 =
UTHN FNTH 1a5U51978 ewsnsudanssaiian 3 w.a. 2562 11NNa1A

Y] (Y] J 1 ¥ v
HANNSNIUVIUTLUNF NG (509 midanihdinsdodunndon

15m

225m

Vibration sensor

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

o
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Near zero vibration construction

6 ~#—AVG. PVS1 (24 hr)

—#— Max. PVSI (24 hr.)

» A Vibration Monitoring

e

PVS, (mms)

~W-AVG. PVS1 (24 hr.)

T2 l"E',"'\: ‘ ‘ : it _
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Completio”h“” o

Noise and dust monitoring and minimizing

1 CLIMATE
ACTION

3 2

of piling

ol Ao )
? -l m
oo Ty 8
® g
L. .
_______ .._:___1__..'._‘.,____
B
o ® E 0."0‘;- »
‘0 :0 “'lk ; o if
g° ' mt
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Completion
of piling
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Quality control and testing




Development in quality control
Monitoring of borehole

Drilling monitoring Reading of results
machine




Borehole monitoring results
50- 100 m

. | , ] | !
Al JRPE.
‘ Deviation at 100 m = 200 mm

Inclination = 1:500 < 1: 100 OK




Development in integrity testing of pile
Sonic integrity test (Seismic test)

\

I\
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Understanding of seismic test result in Bangkok

L6 Unr 6¢
99 9lld
W 0°k 1

Pile Cut-off level

-
Very Soft \

clay %\\\\ e
Medium %

Clay

Stiff Clay

B

BT Y YA 4

0z - dxa
s/W 000
LZELELZLEBEUSI.

Dense Sand

]




Cross hole sonic logging test

Tubes (Water
filled)

Sonic Tubes

Arrangement




Cross hole sonic logging test

Transducer

Sonic Logging Test




Without anomaly

with anomaly

cted

e dete

Anomaly can be detected by Sonic Logging Test
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shurry on tubes (50 cm. from top of
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Static pile load test using four anchor piles

= Suitable for friction

| il

. , il # = Anchor pile can be
Jmm.. used as working pile

= Economical and

\  commonly used in

Bangkok

, - Full Scale Instrumented’

Static Pile Load Test
'SUPER TOWER
19,600 Tons

ok L
WS

qqqqq
ooooooo



Comparison of pile material usage between e
conventional depth and very deep one DTN

O

Equivalent

capacity

= Pile material
saving about 40 —
60%

= Pile cap material

and footprint
saving
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RESPONSIBLE

Very deep bored pile construction leads to 14

AND PRODUCTION

less material consumption CO

= Load capacity / material
= 99 mdeep =127 T/m?3
= 69mdeep=7.0T/m3
= Load/concrete volume

Increase by 50%

Aye, Z. Z., and Boonyarak, T. (2017). Axial load
response of long piles in deep alluvial soil Bangkok
experience. 3rd International Soil-Structure Interaction
Symposium, 18-20 October 2017, Izmir, Turkey



Reason: Larger friction parameter () than in the past

Due to new
technology, quality
control and

construction
technique

N

"' ‘ Thasnanipan, N., Boonyarak, T., Aye, Z.

Z., Chea, S., and Roth, C. (2019). Recent
challenges in deep foundation constructions
in Thailand. International Society of Soil
Mechanics and Geotechnical Engineering
(ISSMGE): Short Course on Deep
Foundations. 26 July 2019, Bangkok.

A ® ¢ Thailand




High strain dynamic load test

(]

\
20

&
By,

\
AR

)

N\

\
/)

A,

- Advantage

= No anchor pile =>
Cheaper than static load test
- Limitation
- Impact energy may not be

adequate for large and deep
pile




Static and dynamic load test: Result comparison

/

| Settlemlent (mm)
o

—o— Dynamic load test
—®— Static load test

o
—

50 | |
0 200 400 600 800

Load (ton)
(Chanchad, 2007)

Dynamic load test is suitable for below conditions:
Impact energy can mobilize skin friction and end bearing
Availability of test data for calibration with static load test
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Advantage of diaphragm wall

Small movement of wall and surrounding soill
High water tightness during basement
construction

Suitable for deep excavation

Relatively low vibration during construction
Can be used as permanent structure



Equipment for Diaphragm wall:
Mechanical grab with slurry protection
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Improve verticality and productivity

Development in equipment that adjust the verticality
Hydraulic grab

-

Panel length:
—6.0m

thickness:
06-15m
2.5
Verticality
adjustment
tools

Panel
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Deep excavation supported by diaphragm wall




Super-structure and Basement for Tall Buildings

Ground Level

v

Basement




Bottom-up

1. Using temporary steel bracing

2. Vertical span of bracing ranges
between 3 to 5m

3. Mostly design-bid-built

4. Designer preference

Top down

1. Constructing floor slabs as permanent
bracing

2. Vertical span of bracing (at skipping
floor) ranges 6 to 8m)

3. Mostly design-built

4. Contractor preference




Comparison of Bottom-up and Top-down

Construction Method
Less temporary material usage & safer working condition

Bottom-up with temporary Top down without temporary
steel casing steel casing




Roles of geotechnical instrumentation

To check force or movement of sub-structure against the design value
To ensure safety and stability of excavation and underground
construction

To evaluate construction impact on adjacent structures

To minimize dispute among construction parties and neighbors

Buildin
. I J Original ground level
= &WPavement
:3@ . H \
~ W Final ground level
. —_ 2L y
Piles ~— 2 i Tunnel
e Deflected wall
S e H
>0 Wall
e FS=7 ’
Soil movement  } ‘ movement *
)

62



Case study of underground car park construction

= 2 Basements and
football field for
roof slab

=Size85 mMx 130 m

= Excavation depth
7.0-8.5m

= Soft clay depth 14 m



http://../HKIE_30May2014/SH_Brittle%20piles.wmv

Conditions before construction
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Underground Parking, Srinakharinwirot University
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Construction of car park building underneath a football field

D U arsecmagy R (e R Sy e o S =~ ' = .
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Temporary strut



Instrumentation

B Inclinometer

£0 900 QQOQ0QQ9 00

i il C

ettlement Plate

I . L

— = iltmeter
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12 set
9 set
4 set
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Monitoring results

Lateral displacement, mm.

Distant from diaphragm wall (m)

0 10 20 30 40 50
0 4 L . . \ \
0 2.5 5 7.5 10 12.5 15 17.5 20
. 0 T ; —* Ground surface
B S T et G e :
: T S settlement: Road
4 -2 i i T i/ i i i .-
P e o S S I 7 A T N & stability => OK
E . I A
; : - AR
\ T N o - A B S O R -i
. \ ! ! ; ! ! ! ! !
E ¢ P g2 Lmmmo i ) Vp— L 2
<
& /
a ' Inclination Measurement T1- T4, Direction 1-3
10 00040 adiodiode o —_
T2
e - i
1z 00020 -
_ Algrrglingit 1§ 70!
14 %
é 0.0000 Q—q_______ —

16 Algrglingit 1§70
0.0020
18 B Initial
& 24-Nov-08 (Excavate to -7.20m) A .orllirr t 20
+ 11-Dec-08 00040 F iy ST AR AR
2 B 14-Feb-09 g”gggw "°§§§§§§ §§§m§m§§§§§§@§§§m
T §§§E§§§§§§%%§§§§%§§,§§§§§§§§§5§§§§

Tilting of nearby building: OK

Retaining wall lateral (Less than 1:700)

movement: Stability OK
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Qmﬁuﬁ’ﬁmmﬂ@uﬂﬁ%ﬂﬁmmmuﬁm%’mm
wdmozuaz Diaphragm wall
(Tremie Concrete)
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After: pilingcontractors.com.au




Sufficient overcast length Is important to guarantee
sound concrete quality at the pile head
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Poor guality concrete at pile head due to concrete
bleeding or insufficient overcast length

AN
%

s ?x .
R W

a}n\\t&\\\\\\\\\\\\\\\\\\\

/3

rJ
3
3
?
7
Y
¥
h 2

Bad pile head condition Contaminated concrete




Excessive Overcast length

EXxcessive Overcast
length  create high
carbon footprint In
material, causing
delay and claims
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AMANTAAIHNS IHANAZUNIUNISHENAIVBINDUN A

shear stress normal concrete
T \ (for vibrating)

aounsalni Amslvialua
VY v YA
HAMIHMUHMISUENA 100

high
yielc value

medium

ield val :
A Tremie Concrete

ABUNIA Tremie M3 1viad low

adlivalue Self-Compacting Concrete

% U L
smmumummﬂﬂm"luﬂ

' A A shear rate y
MmasunIndna

(EFFC/DFI 2018)




Properties for tremie concrete in Thailand

;
A u/ method

150 - 200 mm  Slump Cone
400 — 550 mm Flow table

Pl EIRSEiof Casting + 2 Timer
time hours

SEHEENERN ] Specified on ASTM C232,
bleeding blgl project basis ASTM C1610,
segregation CIA Z17,

Compressive 24-45 MPa Unconfined
strength (cylinder) compression

test

Slump test in the project




Slump test alone may not be enough to differentiate concrete quality

Same slump height but different slow behavior and performance

After: pilingfederation.org.au




Slump flow test

Dypp=10cm
slump cone
.
Dyortom =20 cm

<— final diameter Dy, —>

base plate

= % Cone d1%3U slump flow %39 Invert cone bwn1sNA&EDY Slump height

" Indirect relationship with yield stress

After: EFFC/DFI (2018)



Suitable range of flow diameter

Slump Flow [mm]
400 — 550 mm
After: EFFC/DFI (2018)




Visual inspection test (VSI)
VSI1

VSI O Stabl
thystabe. . able

Vsl 2 VSI 3 H

ighl tabl
Unstable . .yunsa .

Photo courtesy of BASF Corporation

After: EFFC/DFI (2018)



Problem of concrete for bored pile

= Poor mix design = Improper concreting technique

= Inadequate setting time = Tremie pipe too far from pile base

» Bleeding » Embedded length of tremie pipe too
= Segregation long

= Too dense rebar cage
= Improper specification of concrete




Concrete segregation at tremie pipe location
= Causing weak spot of section

Capillary flow of ground water Core sample of segregated
through segregated concrete concrete




Too dense reinforcement
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Observed bleeding and channeling in bored pile

Bleeding of fresh concrete
at pile head

Channel water
from pile head

Thasnanipan, N., Boonyarak, T., Aye, Z. Z., Roth, C. and Chea, S. (2019). Bleeding and channeling problems of
tremie concrete in Bangkok. 9th International RILEM Symposium on Self Compacting Concrete (SCC9) & 2nd
International RILEM Conference on Rheology and Processing of Construction Materials (RheoCon2). 9-11
September 2019. Dresden, Germany



12 RESPONSIBLE
CONSUMPTION

AND PRODUCTION

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

Concrete bleeding and Filtration apparatus of fresh ~ For testing water retention ability to
ineling: Poor concrete quality concrete (DFI/EFFC, 2018) high water pressure (depth >80 m)
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Replacing Portland cement by hydraulic cement and fly ash

Strength - Effect of SF w/b = (0.38

800.00

700.00 —3

600.00
9" 500.00 —8
=
S =] 400.00
" —B— OPC+SF 4.65%
5 300.00 ’
& —8—IPEF+SF 4.65%
—— 200.00
A —=— OPC+BLCP 20%+SF 4.65%
— 100.00 —8—IPEF+BLCP 20%+SF4.65%
— 0.00
0 5 10 15 20 25 30
days

= Force bleeding: Hydraulic cement = OPC
= Compressive strength: Hydraulic cement < OPC :
= . Amount of fly ash: should be controlled < 20% I!ﬂ'

QUALITY

12 RESPONSIBLE
EDUCATION CONSUMPTION
AND PRODUCTION

O

87

»»»»»»
”””””””



agihitom

A ! Y < = b4 d' o g.ll a di ! Y Y =
" fﬂii’)ﬂﬂl!‘iJ‘]J‘l’ﬁi’)ﬂi’)ﬁi1<‘l!ﬁ1ﬂlﬁ~lm1$ﬂﬁﬁuﬂ313J!"llﬂ‘l]!ﬂ€l’<]ﬂ‘iJf;Tﬂ'IW‘]i‘Hﬂi!"lJ?NWH‘V]ﬂi’)ﬁﬁ”lxﬂ‘l"iﬂ X

v & " Yy A qu & A Y A
ﬂ’J'Iﬁllsllﬂﬂcluslﬂ!ﬂ@uﬂ'ﬁﬂ@ﬁﬁ1Q!W@1ﬁ!ﬁ1lmuﬂﬁ§1ﬂuﬂmﬂ1w
~ 8 Y Ay v A o
" AIIUMIUNVUDHAUNDAI NI THUDHAIND NN HIAUNNVOINIY

" Q1H%ﬂﬂﬂ1uwuﬂﬂ ﬂauiwmsmaaummmmuwauaﬂm'ﬂm Diaphragm wall lH@Q%]ﬂﬁJﬂ?ﬁJ
U9 !!ﬁ‘”ﬂ3iﬂﬂﬂx‘i!ﬂiﬂx‘iﬂ@?ﬂ!‘v\lﬂ!I?%hi‘”?iﬁ"’ﬁ?Nﬂ‘tﬂ]ﬂﬂ‘l—!




agihitom

= o w < = Q.Jcaci 3.'1 ) :; < = ]
. ﬂ@unmmmmmmmwm‘mqmaumﬂmmzﬁmmszmmmﬂuﬂaun‘mamzmNm
ABUNIA TZHINITONIINOAD HAZNITWNHINIGY

v
|

Y Y & A v 4'91 = YA 1 v < = 4 c; 4
" MINAINNUATUVNAADVNHNVIUAES ﬂ?ﬂ“ﬂ?fﬁmﬁﬂ@’s’fﬁN!!‘lJ‘lJ!‘lJuNﬂﬁﬂﬂﬁx‘i!DﬂamJ

M A °
(g UaZINDOUAI)




JauMAUASU

90



	สไลด์ 1
	สไลด์ 2: Contents
	สไลด์ 3
	สไลด์ 4: Bangkok in early days: Demand for highrise and underground basement is still low
	สไลด์ 5: Deep foundation and underground structures supporting urbanization
	สไลด์ 6
	สไลด์ 7
	สไลด์ 8
	สไลด์ 9
	สไลด์ 10: Wet-processed bored piles in Bangkok 
	สไลด์ 11
	สไลด์ 12
	สไลด์ 13
	สไลด์ 14: Pinklao Bridge was constructed by reverse circulation method in 1971   
	สไลด์ 15
	สไลด์ 16
	สไลด์ 17
	สไลด์ 18
	สไลด์ 19: ปัญหาถนนทรุดตัวไม่เท่ากันบริเวณตอม่อ
	สไลด์ 20
	สไลด์ 21
	สไลด์ 22
	สไลด์ 23
	สไลด์ 24
	สไลด์ 25
	สไลด์ 26
	สไลด์ 27
	สไลด์ 28
	สไลด์ 29
	สไลด์ 30
	สไลด์ 31
	สไลด์ 32
	สไลด์ 33: Innovation to reduce vibration from piling
	สไลด์ 34: อนุสิทธิบัตรเลขที่  24497
	สไลด์ 35: 1. Outer casing installation
	สไลด์ 36: Innovation to reduce vibration from piling
	สไลด์ 37:   
	สไลด์ 38: Noise and dust monitoring and minimizing
	สไลด์ 39
	สไลด์ 40
	สไลด์ 41
	สไลด์ 42
	สไลด์ 43
	สไลด์ 44
	สไลด์ 45
	สไลด์ 46
	สไลด์ 47
	สไลด์ 48
	สไลด์ 49
	สไลด์ 50
	สไลด์ 51
	สไลด์ 52
	สไลด์ 53
	สไลด์ 54
	สไลด์ 55
	สไลด์ 56: Equipment for Diaphragm wall:  Mechanical grab with slurry protection
	สไลด์ 57
	สไลด์ 58
	สไลด์ 59
	สไลด์ 60
	สไลด์ 61
	สไลด์ 62
	สไลด์ 63: Case study of underground car park construction
	สไลด์ 64
	สไลด์ 65
	สไลด์ 66
	สไลด์ 67
	สไลด์ 68: Monitoring results
	สไลด์ 69
	สไลด์ 70: คุณสมบัติของคอนกรีตที่เหมาะสมสำหรับงาน เสาเข็มเจาะและ Diaphragm wall  (Tremie Concrete)
	สไลด์ 71: รูปแบบการไหลของคอนกรีตในเสาเข็มเจาะ
	สไลด์ 72
	สไลด์ 73: Poor quality concrete at pile head due to concrete bleeding or insufficient overcast length
	สไลด์ 74
	สไลด์ 75: คุณสมบัติหลักๆ ที่ต้องควบคุมสำหรับคอนกรีตที่เทผ่านท่อ Tremie
	สไลด์ 76
	สไลด์ 77
	สไลด์ 78: Slump test alone may not be enough to differentiate concrete quality
	สไลด์ 79
	สไลด์ 80
	สไลด์ 81
	สไลด์ 82
	สไลด์ 83
	สไลด์ 84
	สไลด์ 85
	สไลด์ 86
	สไลด์ 87
	สไลด์ 88: สรุปเนื้อหา
	สไลด์ 89: สรุปเนื้อหา
	สไลด์ 90

