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Abstract

This paper presents the design of a pile foundation according
to Chinese standards for Thai-China high-speed rail projects with
4-3 contracts from Navanakorn to Ban Po. The bearing capacity
of the pile foundation was designed according to the code of

TB10002-2017 Code for Design on Railway Bridge and Culvert

and TB10093-2017 Code for Design Subsoil and Foundation for
Railway Bridge and Culvert, which are the specified standards for
railway structure of China. The design process uses the result of
soil investigation in the project area including the load analysis
with the Thai standard of wind force analysis and the seismic
force analysis prescribed by the Thai ministry to combine with
the load analysis of the structure and safely transferred it to the
pile foundation. This study shows differences in the design of
the bearing capacity of the pile foundation, compared with the
standard method commonly used in Thailand for the same
diameter and length of the pile. Finally, the result in the bearing
capacity of pile foundation design has a difference due to the
two main suffixes of the main equation analysis and the use of

the factor of safety value.

Keywords: Pile foundation design, Thai-China high-speed rail
project, Chinese standards code, Bearing Capacity, Factor of

Safety

1. uni

o .
< a0 o

msvudsdoifulassadrefiuguiddnylunistundeuimun
Uspinalngliinuiihuasiuatorogatagiu dwmiduduldudinis
udesruuTdszinnsaliaudags (1] dedunadenlunisuuds
Twifivuadivduiunaidunmelulssimauasssannsodeusely
filasstngszuusalianuiigaszuinasanaldegisdedos uaz
Tuvairdvspmalneoglusswinmanoadissalrianudgadums
usnluniengdueenideanile lulasinisausiuiieseninesyuia
uiasgenandnsineuazsguranransnsasgussrvuiuluniswmun
szuusalimnuiigai odeuloaginne drsngannumiuns-
wuoame Tneszuulasiaiaiiddyvessalriauagauszneulse
STUUNISAUTE, SEUUTelii @193 un1s9ULAG o, LagsyUy

TAseas195095uUn197 ¢ laganiglaseasnasessunned sweasaly

GTE10-1



NCC pe,

Post-Pandemic Challenges in Civil Engineering

Fuil 24-26 wawnAN 2566 341N

N15UsEYNIVINTIANTTUTESWNIYIR ATN 28

The 28t National Convention on Civil Engineering

May 24-26, 2023, Phuket, THAILAND

aaiagetulszneulddslassadandniiddgldunaunounin

o
o

él’mi”‘uiad'ﬁ”‘umiﬁméTyw:ummwwmﬁmLaquﬂifﬁﬁwmﬁﬁwL‘?Julﬁ?f
Tunsiiuse, vualnglddmivsesiuay, waggrusndadu
Tassasedigldlunssesfuthmintouniiinannlasasansdne
Jauosiviiufvaglinsuiuusmeneairsdumsiumnlnsiile
5aa§‘umﬁaLﬁuﬁu)ﬁqﬁlu‘lmdmiiﬂwmmﬁaqﬂwa—?ﬂu Fredeyeyii
a-3 Bulassaamisenszdumaeauuidunsdsilasadroguan
fifosoanuuunazdeadilisessuiminarsvannlassadiaiaunas

#
Fufu n1sesnuuulassadngusinlaemilundeuldlunseenuuu

G
uazroasataunsuans 2 Ussavldun 1usiniiu uazgiusindn
Tnglanignisesnuuugunndnviaanduililunisesnuuudmiu
Suihniinlassaisunalugvielasaieidesfunisziningadu
‘ﬁmmﬁa"lfﬁumsa"]sJﬁmﬁﬂsuaaiﬂiaa%wé’ﬂmgj%u’uﬁuashaﬂaaﬂﬁs
Tnendnnisesnuuuaduiiauiminuazanetmdnasiuiuesld
Toyaitdrdayliundoyatuiunudnyusgivssme, foyadimaifud
ﬁa&ﬂuﬁuﬁﬁaﬁnm‘iﬂaﬁﬁm, LazanMsiangdTTuRuT Ul
Lﬁ@iﬁlﬁﬁﬁa;&aﬁLLa,Jusi’waaé“ﬂwms%uﬁu a Ushasiavesnwuuianidu
Fanann el faazdnisianzdrsiatuiud uinlndundnwarni
mamwmaa‘i‘?uaué’amﬁmmLLUiiJsauqaiw'm%uﬁuﬁm%sﬁmi
WasuudawesveuwnUssianduiuldlussesnedilaiinn faduly
nseenuuuidduininvenadufudululilddezoonuuuls
gne ?NIG]EJLUULUUﬂﬂiﬂiuﬂJ']iuﬂﬁﬂ’]aQi'U‘LJ'M‘Llﬂ"UENLﬁ?L”lJllﬁl’]ﬂMf]‘t&{]
ﬁugmmaﬂgwﬂamamsLLazaammammmmazwuwu,mﬂmanwuaa
Fudu [2] saluBsnssvualddadiunnudassdodmsuldlunis
aammmﬁalﬁl,ﬁmﬂaamﬁaiumﬁuﬁmﬁﬂLLazmmﬁmﬁﬂaaé‘ﬁuau
unauifajsaulaluginisesnuuulassadresgrusndssian
wdulaggdanasguenizaulasiadmnsalwvesssimaiy
VLGTLLﬂ'mmgﬂu TB10002-2017 Code for Design on Railway Bridge
and Culvert Lay 11035§71U TB10093-2017 Code for Design Subsoil
and Foundation for Railway Bridge and Culvert IG\EJiJiZEJqﬂGﬂ‘ffﬁ/U
foyavestuuiildanninarzdssluinaisdiiunisnoaine
vosdnfl 4-3 uazRiansannisnszyhvesusuRadnldunauniu
ﬁyuﬁliummgmuw.1311—50, WW A UL uT vualy
ﬂgnﬁxmmﬁmummi%’uﬁmﬁ’ﬂ AMUAUNIY AIUAINUYBIBIAT
wazfiufuiisessuamslunisiumuusduasiouvosuruiulm
WA, 2564 uazUszniAnsEnTImalng B5es N1seenLUULAYAIUIN
Tpssassonsiiiefumunssduasiiouvesunuiulm wWslilaus

nszyianuanaIsulynisimsieiieldluniseanwuunidesu

R < o a = P~ ) o a4 g v
UNNUNVDILELVU LLag(ﬂ’]LUUﬂ'ﬁLUiEﬁJLV]ﬂUﬂUwaﬂﬂqiﬁﬂiﬂV]qwaWIm

Tudsewmdalnglagldvuinuazanuenivesandununiseanwuuly
Tassmsiednsigsiuazdadevilmnnmnuuansaielun1sminigs
Suthuidnveaanduisaeisuaridumadendmiuldluniseanuuy

Tassassalnanunigdlulsznelne

a v o o v
2. VIQE{]LL?IS‘UEIQ?WILHEJ’J‘UGQ
2.1 M599nluulsinseyaelasas e (Load Design)

TunsimseiiionanuuuwssinseyinrelASEs 199 R TUILSS
AIUUINTFIU TB10002-2017 Code for Design on Railway Bridge

and Culvert [3] Feugnslumsnad 1

a P! a
A1519% 1 UsstanusanlalunisRansanesniuy

Type of Load Description

1.Structural components self-weight

2.Pre-afterburner

Dead | 3.Effect force of concrete shrinkage and creep
Load | 4.Earth pressure
5.Hydrostatic pressure and water buoyancy
6.The effect force of base displacement
Main 1.The vertical static and live load of the train
Force 2.Highway live load
3.The vertical power of the train
Live 4.Centrifugal force
Load | 5.Lateral rocking force

6.Live earth pressure
7.Sidewalk pedestrian load

8.Aerodynamic force

1.Breaking or traction Force
2.Bearing friction

3.Wind load

Additional Force 4.\Water pressure

5.The effect force of temperature change
6.Frost heave force

7.Wave force

1.Train derailment load

2.The impact force of a boat or raft
Special Load 3.Car crash force

4.Construction temporary load

5.Earthquake force

6.Longitudinal force on long rails

o

Teefidaululunsiansauwssiaunaad

1.Combination I: Dead Load + Live Load
2.Combination Il: Dead Load + Live Load + Additional Force

3.Combination lll: Dead Load + Live Load + Special Force
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[o] @ Allowable bearing capacity of ground at pile base (kPa)

oA [o] dudsenoulumeiouly 3 nsdded

n3difl 1 h<dd ; [0] = 0o + kapa(h-3) @)
367l 2 4d<h<10d ; [6] = 00 + kopa(4d-3)+ ko(h-4d)  (3)
n3ifi 3h>10d ; [0/ = g0 + kay2(4d-3)+ k2 y2 (6d) @

\dlo oo ﬁaﬁwé’a%’uLmLmnmuﬁugwumaﬁuﬁuﬁﬂmﬂLa’nfﬁm (kPa)
h fe AueveaEndy (m)
y2 e Auademheinaumiovmeiady (K/m3)
d Ao awevesdurugudnatsveady (m)

k2 wag k2 Ae AuUTulAnINUsSEINNTUGY
2.3 Induiildlunisesnuuulpeiiarsandiminldniudeyatuiu

lunismArmdssuinudnvessanduniuannis @) dansld
Amsiwesfitmualilusnsgiu TB10093-2017 Code for Design
Subsoil and Foundation for Railway Bridge and Culvert [8-9] #a

Tdayatuiuusznoulunsldnunandumsned 2-9 dwioluil

#3197 2 Ultimate frictional resistance fi (kPa) of bored pile

28NUUULATAIUIUIATIAS1991ATTLA DA TUN UL SIF LA LT B UVDS Ultimate frictional
n Soil type Soil Property . '
wuAuly musurdsiaaesiminesse [5-6] resistance fi
Soft Soil - 12-22
Twu 6 Fluid plastic 20-35
VIWIANFEASRERYEE Cohesive Soil Soft plastic 35-55
- D.ATME
Stiff plastic 55-75
-nunalns
_aanlsdy it Moderately dense 30-55
ilt
- 9.3y Dense 55-70
o Silty Sand Moderately dense 30-55
- 0.9¥ g
Lo an
- BMEe . Dense 55-70
(Gl of Thllanc) -avma Fine Sand
- .udlowszumsAingsen Slightly and moderately 45-70
a ) ¥ o4, 4 v A Medium Sand
WAUN Llﬂﬂ\iﬂﬁLLU\‘II‘UUWHWLtENﬂ‘!;\‘IWIWI LWan13aanttiuy iJ’lﬂ‘]iﬁl'NVl'mLLNuﬂu‘lWJ Dense 70-90
4 %4 : A o . - Coarse sand Slightly and moderately 70-90
U7 2 wuwﬂwiLLmTﬂJuLLNumulmsuawnmmwwuﬂiﬂiaqﬁm g
an
. - Dense 90-150
2.2 mseenuuumassuihvihveuandueiy Gravelly sand
Round Gravelly Slightly and moderately 90-50
nsiaszdimidssuihuinveaaduniuninsgiu TB10093- and
Dense 150-220
2017 Code for Design Subsoil and Foundation for Railway Bridge Angular Gravelly
and Culvert lfwualildaunis [7] fauanssialuil Gravel Soil stightly and moderately 150-220
and
Dense 220-420
[P]=12UY fili+mod[a] (1) Pebbly Soil

[P] 79 Allowable Bearing Capacity of Pile (kN)

U @ Perimeter of Cross section of Pile Shaft (m)

fi Aim Ultimate frictional resistance of soil layer (kPa)
li #i® Thickness of soil layer (m)

Mo A Reduction coefficient of bearing capacity

A fio Bearing area at pile base (m?)

9797 3 Reduction coefficient m, of bearing capacity bored pile

Soil property and base Mo
cleaning condition 5d<h<10d | 10d<hs<25d | 25d<hs<50d
Good 0.9-0.7 0.7-0.5 0.5-0.4
Moderate 0.7-0.5 0.5-0.4 0.4-0.3
Poor 0.5-0.4 0.4-0.3 0.3-0.1
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57971 4 Basic Bearing Capacity 0o (kPa) of cohesionless soil

2.4 YoyanaiazaITI9TuaY

15737 7 Correction Factors of Width and Depth For Sandy Soil

Soil Condition Compactness Pnransizdstuinluus nueesnuuunuIndufiunzneu
e L Slightly | Moderat D Lo d o ¥
i cose | >snty | Moderate | Pense quuwithgnianuaziiuanaulutuiumileuagnseavaunats
Coarse humidity 200 370 430 550 S da o - v & < a o ,
Funfianudadunmsteadutulianlasizuanainfuniesseut
Medium humidity 150 330 370 450 o . o
AUEN 0 19 12 wnsanduiasududuiuwilendasesaduiu
Wet 100 230 270 350
Fine & & A = I = & o oA
Saturated , 190 210 300 PFUNTIBAUNINAMUANIABUITZUI -43 LURTIUTUTUNTIBUUUN
Wet - 190 210 300 wingdmsuivuasuiweslanatanidu
Silty
Saturated - 90 110 200 n . . -
A1 10 WEAINALIZEITRTRYARY BNSBH-1865 (DK39+174.26)
/15797 5 Basic Bearing Capacity 0o (kPa) of cohesive soil
Depth
- Type of Soil SPT
Void Plasticity Index, . From To
ratio,€ | 0 [ 01| 02|03 |04 | 05| 06| 07| 08 0.00 130 Very Soft Clay 2
05 450 | 440 | 430 | 420 | 400 | 380 | 350 | 310 | 270 -130 -2.90 Soft Clay 3
0.6 420 | 410 | 400 | 380 | 360 | 340 | 310 | 280 | 250 -290 -12.00 Soft Clay 3
07 | 400 | 370 | 350 | 330 | 310 | 290 | 270 | 240 | 220 1200 1580 Stiff Clay 12
-15.80 -18.90 Very Stiff Clay 17
08 380 | 330 | 300 | 280 | 260 | 240 | 230 | 210 | 180
-18.90 -23.00 Medium Sand 17
0.9 320 | 280 | 260 | 240 | 220 | 210 | 190 | 180 | 160
-23.00 -26.30 Dense Sand 37
1.0 250 | 230 | 220 | 210 | 190 | 170 | 160 | 150 | 140 %0 2530 vrd iy "
1.1 - - | 160 | 150 | 140 | 130 | 120 | 110 | 100 2830 3010 Serse Sand m
4 ) i ) ) i -30.10 -35.40 Hard Clay 35
M19°9% 6 (M®) Basic Bearing Capacity o (kPa) of cohesive soil
-35.40 -36.50 Dense Sand 45
Void Plasticity Index, | -36.50 -38.30 Dense Sand 48
ratio, € 0.9 1.0 11 1.2 -38.30 -41.40 Very Dense Sand 52
-41.40 -43.00 Hard Clay 50
0.5 240 | 220 | - -
-43.00 -45.70 Very Dense Sand 54
0.6 220 | 200 | 180
07 190 | 170 | 160 | 150 P - .
08 160 | 150 | 190 | 130 3. UUADUNITIIAIISH
0.9 140 | 130 | 120 | 100 o 9 p
3.1 n3aTIedevanwalelasias 19v89 P1170 (DK39+175.04) (il
1.0 120 | 110 | - - o A - s . o
. " ANAUNITIATIRIMINA LN 9 IN AT TN

sUnuulassadresiumia P1170 Amuadulassadiesesiunis

AnfsnuaauNIAUTEINNANENITIM 32.7 m Ingldnugiuiavin

k2

1.0

|(2/2

Type (M=Medium, and D=Dense) o v )
Correction i SP2( H=14.5m) uag5a95umisgIusInka@da PC3(7.6x9.4x2.5m) @4
Silty Fine Medium Coarse Y L - o . . z
Factor 1%&7uﬁumr1umemumaumuﬂuanaw 1.00 LUAT UIUNUUA 9
M D M D M D M D . Y
i lugud 3
ks 1 |12 ] 152020 ]30][30] & | OWMULEATLUG
kz 2 2.5 3.0 4.0 4.0 55 5.0 6 @
/13799 8 Correction Factors of Width and Depth For Cohesive Soil \,\5.%"‘ “.‘gk
X
0‘4‘1‘& Q‘{\’ng’l
Correction lL<0.5 IL.=0.5 Alluvial Eluvial Silt
Factor — 32 3270 270
¥20.237 ‘ﬁws
B L s gl
kq 0 0 0 0 0 T T T
ko 25 15 25 15 15
#3197 9 Correction Factors of Width and Depth For Cohesive Soil
\varsl) I AVAR: 44 AVAVEL D)
Type of Soil l;_LJr:‘l lﬂ'ﬂ'ﬂ‘
Correction Factor
Cohesive Soil Cohesionless Soil amn opa naag
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Tngdmsiziuinininsevinelaseasauasinissinumn

ns¥vivianue (Vertical Load) muideulun1ssinusenseyingedl

1. Dead Load = 13,967.500 kN (Vertical Load)

2. Superimpose Dead Load = 3,802.161 kN (Vertical Load)
3. Live Load = 3,204.109 kN (Vertical Load)

4. Additional Load = 239.672 kN (Horizontal Force)

5. Special Force | = 4,905.000 kN (Vertical Load)

6. Special Force Il = 716.214 kN (Horizontal Force)

Combination I: 20,973.770 kN
Combination Il: 20,973.770 kN
Combination Ill: 25,878.770 kN (Critical Load)

Pl o
: |
> &
£

<«—H
o @

SiJ

M,

.

O O O

JUT 4 lnegunsuuansusenserivolasaing

Wewndupiusndszavnguiandudsdesdndunisiaisan

KSINVIMARNNTANSINA VLIS R [10]

My = 2,803.680 kN-m (Wind Load Effect)
My = 196.885 kN-m (Braking or Traction Force Effect)

N Mx My
Pmax, min = T i - i - (5)
n y X
25,878.770 2,803.680 196.885
N 9 -  3.7x3 2.8x3

P =3,151.441 kN (max.)

wsrzazduazlduwsinsziiounasasgiandulunnaziu
Wiy, P = 3,151.441 kN vt oldid udeyalunisminuadidesy

ihmtinveandufifesesniuuy
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a
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Ao o

o . a < v a =
AITNN 11 LAAIAINITIULHDINEN EUvLLUﬁNW\ﬂﬂﬂJ’ﬂ;J“aﬂuium'ﬁ'NW 10

Layer Su
N)c/). Type of Soil SPT (kNZm3) (t/m2) (%]
1 Very Soft Clay 2 14.0 15
2 Soft Clay 3 145 20
3 Soft Clay 3 14.5 2.0
4 Stiff Clay 12 17.0 79
5 Very Stiff Clay 17 17.5 11.5
6 Medium Sand 17 18.0 32.1
7 Dense Sand 37 19.5 37.8
8 Hard Clay 43 20.0 29
9 Dense Sand 48 20.0 40.5
10 Hard Clay 35 19.5 24
11 Dense Sand 45 20.0 39.8
12 Dense Sand 48 20.0 40.5
13 Very Dense Sand 52 20.0 41.5
14 Hard Clay 50 20.0 333
15 Very Dense Sand 54 20.0 42.0

3.4 MIMMIAISU I YeuE NTUN 1IN 55T
1.idssusssunmuuaaiadulaeinnsandeyaluasd 11

715799 12 uansdayadnsunsAman

Description Value Unit
Pile length Design 42.00 m
Diameter Design 1.00 m
Perimeter 3.140 m
Bearing area at pile base 0.785 m2
Mo 03 -
Y2 Average of soil layer above foundation base) 18.923 kN/m3
K2 (Very Dense Sand) 55 -

rauaulvlunismean Ao h>10d BSewnuai 42>10 aglaan
YDIWIIUNMIUNUAELENTUALANATT (4), 0= 866.306 kPa
2. MassulsudsanunuLanslunisen 13

M15197 13 Temsteyarmuindniunsadeaniu

Layer No. f(kN/m2) Li(m) fiLi(kN)
1 -5.000 8.777 -43.885
2 56.500 3.800 214.700
3 56.500 3.100 175.150
4 45.000 4.100 184.500
5 80.000 3.300 264.000
6 62.500 2.000 125.000
7 80.000 1.800 144.000
8 62.500 5.300 331.250
9 80.000 1.100 88.000
10 60.000 1.800 108.000
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11 80.000 3.100 248.000 2. adunsmmassuiinmunisiesginauanss Ul
12 65.000 1.600 104.000 , .
> 50000 s 7800 3T 15 wamssiensteyamunidsuusnandy
Total: 42,000 2,120.555 Layer 7 AL s 7 NG
a
o vy ¥ o 2 o v o X No. | (m3) (m) (t/m2) ©)
3 AMassuihninIunmuagesaduanauns (1) laaeed
1 1,500 8.777 2000 | 090
P = (1/2)(3.140)(2,120.555)+(0.3)(0.785) 866.306) = 3,539.075 kN 2 1.550 3.800 7.900 0.50

.. . , 3 1.750 3100 | 11.500 | 035

v a 1 13 ° v A [ 3 @ J [

Nallauasgunadnsve s minAnseihseaduazvingu . 750 2100 3130 | 90
wwinnsgyigegasiuiurassnih sl minaeunIawas i mingy 5 1.950 3300 3630 | 21.0
Ngnunuimemiinvesmounin [12] Azl 6 2000 | 2000 | 20000 | 025

7 2.000 1.800 3750 | 220
P =3,151.441 + (776.245-560.490) = 3,367.196 kN 3 1950 =300 20,000 0.30
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