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Abstract

This study focuses on the effects of lateral cyclic loading by
Displacement-controlled amplitude on the surrounding soil
stiffness of a modelled single pile in sandy soil. This model
demonstrates the behaviour of a single pile within Integral bridge
which receives the cyclic loading from the displacement
amplitude change from temperature. Because of the change of
temperature, the bridges expand and shrink themselves in term
of distance and time. Then, this study occurs. By the behaviours
of the piles is evaluated through the bending moment
distribution, lateral displacement, shear force and soil resistance
(subgrade reaction) along with the pile. For determining the soil
stiffness, the code is written in MATLAB® in term of the numerical
analysis method. The change of soil stiffness from the number of
cyclic loading is the main study in different soil levels and the
peak applied loads. According to this study, the initial soil
stiffness (Nc=1) increases on the deep of soil level because of
strain-level effect. After that, the soil stiffness rapidly increases in
term of plastic material, then, it keeps constant in term of elastic
material, On the other hands, at soil-level around soil surface,
the soil stiffness increases with the number of cyclic loading. This
effect could be called “Ratcheting Effect”, i.e. when the sandy
soil active fails, the increasing lateral pressure is needed to move
back itself. When the lateral pressure increases, the soil stress
increases, therefore, the soil modulus and stiffness also increase.
However, the soil stiffness has a significant relationship with the

soil level and the displacement amplitude.

Keywords: Lateral cyclic loading test, Pile, A modelled single
pile, Sandy soil, Soil stiffness
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1. A

Iunﬂ*ﬁuﬁaswmuwauﬁﬁa (Integral bridges) ladn15unanly
unsnaneandety Wedleufuuuuiidess (ointed bridges) Asild
Tnemluidlewssuifisuiudasnunuuduiinfaldeulszananis
feafanazAgeutigiignnin fldnuiisuunitsuianuamn
mstuirdeuvesnnueiilnadund [1-3] mszazniusuuduinga
Asanaznuuuuiidess Ui 1(n) ludiudilidesouazuuds
(Expansion joints and bearing) [4]
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2. 33alun15INang

2.1 Janaunsal

2.1.1 3¢
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80 —s—Hostun B I
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—»— Monterey 2=

Percent finerthan D (%)
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Particle size diameter D(mm)

3UN 2 N13n5218MY0INIIE KMUTT sand W3euiflsuiunse
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mmsgwuaumﬂaﬂ

Augnitaedlaenslinge KMUTT sand naeviindanainnse
wdhihludminsoys Uszinalne ld38soununzunsalagriu
ATKNTAUBS 40 (0.425 Tadiums) wavAeazunsauas 100 (0.150

o o

fiadwns) dwandluguil 2 uwaziiemifanilddndusminduuas

a

wInansdunidenn nseazHumsiaiuareuiigumgi 110 °C
Hunan 24 $3las vevdadiidaudssime Gs) whitu 2.64
yundusihugudnaradafuiads (050) winfu 0.285 Tadluns M
Huuszandauasitiaue (Coefficient of Uniformity, Cu) t¥11AU
1.879 Ardudszananaulds (Coefficient of Curvature, Cc) Wiy
0.946 AEnsduTeIINgIdaLazigaladsIviiiy 1.06 uag 0.67

AUFIAU

2.1.2 i@andudiaos
viewedlaflanaslsd (Polyvinyl Chloride, PVC) lagniunldly

o
' o o =

nssaeuandugevuindmandluguil 3 JanlifewsTudunsiei
(Synthetic resin) NdaudfvnaUsgnisaatee1aiaiiujisense
a1sndl audivesninedhilanaelsduwandumsnd 1 lun1sfnwiass
& < o Y < A o 3

iandudnassligninluguuuuianduied lnedvunliszeg x
Wiy 0 figpansgavesandunaziintuios aufsUarsianiud x
Wiy 90 lwudluns laediiduiugudnansnigueniazaigluwiiu
20 uay 18.4 fadunsmuddu anunuvewiuadudiassinty

1.6 Taduns AlLLNUAALULRBE (Moment of Inertia) LM1AU

3.94x10°m*
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Property Test Value Unit

Standard

Tensile Strength ASTM D638 51.40 MPa

Tensile Modulus of Elasticity ASTM D638 4.10 GPa
Specific Gravity ASTM D792 1.40

Poisson’s Ratio 0.41

2.2 mMsmSeunIsadey

5@9‘18‘1«4?1%51‘1114'1@Lﬁuﬂﬂuﬁ]uﬁﬂa’m 100 LYUALIAT a 98 LYUALIAT
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anldidun1vuglunissiasaandunlvusansesinniudely
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t

Hownans lassasamanidlunissesfudinaunsnuazsoasunse Tu
XY % a ' <, ~ ~
maneaesidunigldgninseunisegrudusyideuuaziinisauay

ANUMUILUUYDINI8HIUN19N5LUTENS18[8] TaeTiasiiainy

wunwiuUszana 1.55 glem’ Tnefnsusanssvhsudiminedesde
Wfl,l,i\i‘ﬁQﬂaﬂé’wumaviﬂiﬂa%’ﬁdL‘I/lﬁﬂ \3osdielusanunsalius
Isigaan 20 Aladadu szezmagegn 30 wuAins wazmEad 0.1-
1 fadiunssoundl suandluguil 4 uas 5 lwadinuse (Load cell) 1
gnldlumsiausanssridudnsiinssvindolaniudaes 1uwesin

¢y (Linear variable displacement transducer, LVDT) VLﬁIQ ald

o Y = v v 9 =
dwfunisianaideguinudne daaadlugui 6
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U7 5 Tasundnuazdanounin

3UN 6 wadTnusmasduweiinssey

2.3 3Fmsiesieviea

2.3.1 anuauius sewinluudnauazmanwiug

aInAsAneATiRIuLT Pathak et al.[9] l@sausaun1swanInig
furamanuaaIniuUsane quinune nisludufed? Strain
Wedge method [10] Tng3aiidunisihauduiudveduauddn
AUIUMUTIEDY ANMUATUNIUTDIAY (Soil resistance) LagnIside
sUlunuaudng deluduumarainiuavesiu (Soil Stiffness)

Aawandluguil 7 uae 8

Strain value

M =C.F.x&

Bending moment

Y=$”Mdz v-

dz
Displacement

Subgrade reaction

31]‘7; 7 Strain Wedge method

GTE28-3



A N5UsEYAINTIANTIULYSWNIIR ATeN 25

The 25t National Convention on Civil Engineering

LANCCERS"  duil 15-17 n5ngnAs 2563 2.vaU3 July 15-17, 2020, Chonburi, THAILAND
risUsyUEISIASNSsUTESIHENG Ador 25
» oy &y g, 24 HANFENUINTUINYOUVUTIAEY
/\ft:’: y S-or MoELbo5 VoEhgs poEhys

d D

31]17; 8 Deflection (y), slope (dy/dx), bending moment (M),
shearing force (V), and soil reaction (p) for elastic

conditions[11]

2.3.2 maupmwvinalaglylusunsu

TunsAnunifldlusunsu MATLAB® Tumsiiasigvimenafiniua-
vosiu  InsiFuanmstadeyalusuddaiinindansuainamsy
\19 (Strain gauges) Wl ilesanvhnisiaslumnsan (M) $1uau
9 shumisnuanuemvenEdy (U 3) dnvaimsiundsues
Tusnidanszaned (Scattered) - feuidieliinisiinszian n1side
U AAnudu usadeu uasusajite1vesiu (Uil 8) fnnuseliles
naamaLiudsiodimslémds spline Wiefindeya lag  spline
interpolation Aevildluiznsuszanadeyaniglutisiifmuniild
piecewise polynomial fuﬁawnuwuﬁﬂixﬂauﬁwﬁaﬁ‘i'i’usiaa (Sub-
function) wanevilaUsgnauiu mﬁqa1ﬂﬁu§aﬁwﬁagauwﬁwmmm
ALsdouY uazAUIIUATE VR MEIsNsmenius
(Differentiation) wikaSuaransadinudiiy wdsniudionen
nadegudensihluuddaunmenjoniusaeseds  (Double
Integration) Tughuvesmsliusauuuiging iesniimstuing
Fnunkasaeining Jresinsweniadenitaziginsuitiu

v & = a A o @ | a . =
AN AstudsinsifinAdsludiuiiaiia (Pick-peak) uden

o

AANGALALEIGAINAITEELNNGNEA TINAINTSITONATELEN LAY

5

a v a ° o a
LIVENFANLANANNU ATUVINTTNATDININUA ﬂﬁLLﬁﬂ\ﬂ.‘uz‘U‘V} 9

Read Data Choose CDR

Extrapolate
(for x=0.9)

Remark: CDR = Cyclic Displacement Ratio

Pick-peak

JUN 9 nMsdeusialusunsulagee

INNYA1380VUA (Scaling Law) 115197 2 UAAIAIAMIUIN

wuUT1a84 (Scaling factor) lnapadutl “General” WanIAFIRMININ
(Factor) M#ipan1sld maduti“1, (laboratory)” uag “n, (centrifuge)”

LAPIFITUIARNIE TR ADNASNEVDINITOBNLUY

A3 2 dgauuinuuuiaes (Scaling Factor) [12]

Quantity General 1, ng
(laboratory) (centrifuge)

Length n, 1/n 1/n
Mass density np 1 1
Acceleration ng 1 N
Stiffness ng 1/n* 1
Stress npng n, 1/n 1
Force npn, n? 1/n* 1/n?
Force/unit length npn, n? 1/n? 1/n
Strain npng ny/ng 1/nt® 1
Displacement npn, n2/ne 1/n*® 1/n
Pore fluid viscosity nu 1 or *nt"%2 1or*n
Pore fluid density npy 1 1
Permeability npn/ Ny 1 or *1/nt"%2 nor *1
Hydraulic gradient np/ npy 1 1
Time (diffusion) nunZ/ng 1/ 2% or *1/ nt %2 | 1/n? or *1/n
Time (creep) 1 1 1
Time (dynamic) ndnp/ne)"? 1/ nt-%2 1/n
Velocity ng n{np/ng”? | 1/ n*%? 1
Frequency (np/ne"’/ ny nt®?2 n
Shear wave velocity | (np/ng)"? 1/ n%2 1

Wesanngnisgesuiavienedliianaslsa (Polyvinyl Chloride,

PvC) Falehunlfiduandusrasssanandunised 3

GTE28-4



A N15U529uAvINTIAINTIUIESWNIYIA ATSR 25

NELEE =

ASUSUIIIASIAINSSUTER

Fuil 15-17 nsngreu 2563 2.vau3

The 25% National Convention on Civil Engineering

July 15-17, 2020, Chonburi, THAILAND

A51991 3 WisusvantRlazvuisvenaduduLuL wdude

N

up 1g uazanduiid (PvC) Mdlunuudians

Property Value Unit
Prototype | 1g pPvC
Length (L) 18 0.9 0.9 m
Diameter, outside (D) | 0.4 2x102% | 2x102 m
Diameter, internal (d) | - - 1.84x1072 m
Wall thickness (t) - - 1.60 x10® | m
Moment of inertia (1) 1.25 x10° | - 3.94x107 m*
Stiffness (K) 1.95 x10* | 50 65 N/m

3. Naﬂﬂﬁaﬂ%ﬁgaﬁﬂiflﬁlﬂa
3.1 MsaousiguanIudIaed

TunsfsuAiamsuainawmsuinanandsvuanduduen

Tunwuddntivetihlulslunisduamadufinaiunluiided 2.3 4

v ]

audnduiiszdesiauamesnisiuieuiiisy (Calibrate factor)
Jududuusnlaednismeliuansduguil 10 lnggaaisgaues
< Sy P ' . . A = v < IRV
L duvziidenauuudauiu (Fixed Joint) iadalvianduegiui
' =l 13 4 I3 =l A
WazarAINABENITNIENNIINAReY neivualianduseuiaiiou
A1UBY (Cantilever Beam) wa3luseafiszay 90 LwuRlunsaINgn

' < = ~ a ' A v <o
awzjmaumwm ATRISIEHNY LWEJUﬂ’]ﬁL(ﬂﬁuWIﬂﬂUIJJLMUG\ﬂﬂ

8t .
2 61
R* =0.9987
C.F.=0.00105 N-m/2u& 44
€ 24 o
=3 e
= 8000 -6000 -4000 -2000 2000 4000 6000 8000
IS & ol
o
= Wl
64
8 Pile 1

Strain (2pe)

3UN 10 avwdviuslnauddnduaansy iemAunnnesnig

Y5uiiieu

3.2 nsldusematidoaiianiaies (Monotonic Loading)

v

Tunsaifazunistiusainseyirdrudnasetandusganatiles
uNTEReTzesdanduiidy 55 fafuns 9nuazA1uIAn
Tuddn wsadeu Aussfisenvesiu uarAndeguiudiavesdiu

nmsisenldsianulusinsy MATLAB® dawanslugu 11 U7

11(n) wanarnlusuddamuuuaady sUi 11(0) Wuusadeudadd
Foyavedhuuusidn (GUA 11() ivhnsmeyiusvilsads 3uil 11(
A) wsUsorlufuinnnmemeyitusvewusadeudnuileads lu
dauvesguil 11(9) Arnsideguiinainnistideyalumuddauvh
nsmufeuitusassads (Double integration) wédwinmsmsie

AluwudauReswayAlugdaveuaiudiao

08— v : 08 : :

0.7

Eosf
=
=
2
g04r
) |
03k Ultimate Load [
|
021 1 02r 1
011 1 04 r 1
0 | | | | 0 | | | |
20 10 0 10 20 400 300 200 -100 O
Moment, M (N-m) Shear, V (N)
(n ()
0.9
08F 7 1
07 1
06 Ultimate Load g
Eos| E ]
* *
= ) =
B ) Ultimate Load B
0 1 904 1
03f 4 03 1
z2f 1 02 1
I
04| | 1 0.1 1
N L
2000 1000 0 1000 0 2 4 [
Subgrade reaction, p (N/m) Deflection, y (cm)
(m) ()

FUR 11 waunWuanInsRIL:
(M Taadda () wsadeu () wseUisenluiu uaz) Andesy

ielsiusansgyidudredeiaiduegisoiiossy Y, =55mm

IN3UN 11(0) uansAndeguarutrsildaannisdialagnis

Sonldlusunsy MATLAB® fessavasanilivindu 55 fadiuns
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usagegaTiinsuwad Iausawindy 323 iy Anvazvedlusuddn
usadeu wsaUfiseluiu uazAndesumunuaunuandy ) e
WSINSTYIPUINRBLEdLwINTU 50, 100, 200, 250 way 323 6y
wansdegUdt 11 edunsnsieaeuszeznisideguilldansidlu
TUsunsu MATLAB® an5197 4 uananisiuieulfisudiszoznis
Ao o Aunisdansiandu (yatx=0.9m) fifuamann

Tuudsniinldanamsunatuduwesinseey (y,)

= = a - a o IR 3
A5199 4 ASIHUTEUNIUTEEENITHARDUN (yo) NALAUIAILALVY

Applied Force Deflection (cm)
(N) ;
Strain gauge LVDT
(P,)
0 (yatx=0.9m) (y,)
50 0.2945 0.2555
100 0.8994 0.8404
200 2.1183 2.0796
250 4.2995 4.1833
Unlimited Load 55914 5.5097

Weon1smiaainiuavesiuduldsiaong (p-y curves) s11du
avdosgnuden Taenisthauswiisenlufusazanisdeguvesiv
svhnswdenuarmanudy lunsdlildinuiisegegauasdnde
sUgsgaummudusazldidudafiviua lnaduldainnewazen

aﬁWmamaaﬁuuam’Lugﬂﬁ 12 uag 13 guansu

350
300
250 _ A |
200 ‘ VY RRY.

150

100

Subgrade reaction, p (N/m)

x=03m
—x=04m

50 l——x=05m|

0 ; i ; ; ; ;
0.00 0.02 0.04 0.06 0.08 0.10 0.12

Deflection, y (cm)
(n)

2000

1800
1600
1400
1200 : : : : ya r"""é ,,,,,,

1000 : j . — S »

800 f— i :

600 g R ¢

Subgrade reaction, p (N/m)

——x=0.6m
—x=0.7m|
. L —x=0.8m| ]

400 |

200
o | 1 1 1
00 02 04 06 08 10 12 14 16 18
Deflection, y (cm)

()

31]17; 12 EuUlAT fi-ne (1) #mSU x=0.3, 0.4 wag 0.5 WS

() @YU x=0.6, 0.7 @y 0.8 LA

Length, x (m)
o
o

0 500 1000 1500 2000 2500
Soil stiffness, k (kN/m?)

U 13 Aafviuavesiuaduiios

U7 12 uansmduiusseninsenu fisenvesiufudnnude
sUudrsvesiundagiumiaioandesuiiuaU e Aiiunu
wiflanududitosasuansirduiisenfiumuandegusiedasni
anas ledunmansziunrmantasansweaadufe x=0.3 i1 0.5
dildaimeasifnuarlndifety uidogunniuddndiufiunu
Fuvesnsmaziiasmnn 903Ul 13 sxiiuldidaiviuaisudures
Auasiiutununudnuesiu Suinainuavesszduauaion
(Strain-level effect) Aifin1snanfdlunanisnaassussdnanudiama
fisviumnueioamuosiu [13] dufeifioniuaioadanfintuasy
danalvirlugdadeu (Shear Modulus) Siranasfauandluguil 14

war3uTl 15 Aetudlornudninniu Alugdadoufziiutudenali

=

AraRrluaiudy szanunsadiuldifisziuanudngs (x 3160 A

sz (U 13(9) Asalushe
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JUR 14 andiiusseninsmanuiAuTINLasAeSEaEeu

,r?iooo ] T T

< | Full-scale behaviour P Triaxial

= 800} .AqF \ compression 1
H &, i

[0} ' gg&gﬁgma. tests ;smg LDTs

- V4L og%og &)

g st & mooﬁgoaaaeeggségéﬂﬂ@ﬂﬁ“

5 50004] 9500

‘g do0f {F 7 L)

1S Pressure-meter tests

& 200+ 1} (Linear interpretation of Y

2 L primary loading curve) L)

m A 1. 1 A,
[ 0.0001 0.001 0.01 0.1 1.0 10

Strain &, (%)

Shear wave velocities
(Suspension method)

JUN 15 MmafSeuidisusgnimainiualuguiuuanuesen

INNTNAFDULTIBAAULAY [13]

3.3 nrshiusnseyvirwuuiiuipnng (Cyclic Loading)

miﬁﬂmiﬂumﬂﬁmnﬁzﬁﬂ%ﬂmui’g%’ﬂﬂmmugmmeﬂ
R Lﬁaé’amqmsLﬂ?iaulmiﬂm’;mmswzmslﬂﬁauﬁﬁaLm
Araziiuldinfmunszagnieit 0.005, 0.010, 0.015 uag 0.020 Vo3
§nsndruszerauennady (anduenn 9 was) Adudedan
JEeEniU 4.5, 9, 13.5 way 18 Tadluns aud1du dandlugy

7 16 uaz 17

20 T T T T

0.02CDR
18 -

16 - -

14 | 0.015CDR

12 .

10 |- 0.01CDR -

8+

Wl

1 1 1 1 1 1 1
0 20000 40000 60000 80000 100000 120000

Time, t (Sec)

Displacement, d (mm)

I

3UN 16 UseTRnannisbiusslaemiuanainssesnisindiewd

200 0.02CDR

M-ML-DC-1x1-ANOO

0.015CDR

150 /’

0.01CDR el p _ y
~ 100 - / 4 f 4
£ Y 4 /
o 0.005CDR 4 / 3 )
3 50 |- / 7L 4
I ?
a2 7

0.005CDR | 4
0.01CDR ~—Forward
-50 - 0.015CDR —~— Backward

0.02CDR | gt

Load, P,(N)

Displacement, y,(mm)
JUN 17 Avwduiussenineszegnansindeuiivasus il

orunsFenldsiariulusunsuy MATLAB® Tnsmsudsdeya
auviinyesnisnaassdanndaiuludiunisauguusiainssey
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