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Foundation Design and Slope Failure Protection for A Large Community

Building in Khanom, Nakhon Si Thammarat

Chollada Kanjanakul®

Thaksakorn Pornbunyanon?

Abstract

In geotechnical engineering, the bearing capacity of soil to support the
building loads applied to the ground and slope failure behaviour analysis have
significance for design protection in important buildings (e.g., roads, dams, soil
embankment), and land filling procedure before construction in Thailand. Frequent
landslides and mistake on foundation design occur in khanom, causing property
damage and loss of human life. This paper aimed to analyze ultimate bearing
capacity of soil and study the influence of unsaturated slope stability on a hill range
in one particular southern part of Thailand (Khanom district in Nakhon Si Thammarat
province). A GIS survey, the area’ s geology, geotechnical laboratory results and
rainfall intensity were carried out and analyzed in order to verify the use of factor of
safety for an early warning indicator. In addition, the research focuses on designing
foundation and calculation ultimate bearing capacity of soil for a large
communication building in khanom, Nakhon si thammarat.

Furthermore, Slope at the site became unstable at 80 hours with the factor
of safety (F.S.) = 0.960. For suitable shallow foundation in this case study, The results
were showing 0.7 x 0.7 m? of square footing put on lower soil (SM) 70 cm the

ultimate bearing capacity 82.54 t/m?.

keywords: Factor of Safety, Bearing Capacity, Foundation Design, Slope Failure

Protection, Finite Element Method
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1.2 Inquszasa
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1.2.2 Jisghiadesnmuasnginssunisianatsvesitufiainaau welildnadndly
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2.1 MmyBaszianuasnielun1ssuiininlasias s usItuAuNe oeNkUUgIUIIN
TUADULINTUNITRBNLUUFIUIIN AB N1TIATIEANNGITUUIMTNUTTNNVOIAUN
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ATLIUITUIALAZIIEAZ DN UBIgIUTINAB LY

¥
v A

2.1.1  gusnTeauaud (Shallow Foundation)
o & 4 a N - Y] a
$1UTINTLAUAU (Shallow Foundation) ABF1UTINY @INNTONTEINYUINUNVBIEIUYN
a5 aWugIuTInasuutuRuNLdusne Tusyiu Ussana 1-3 wnsanfanuldlaeiideusdn
WnzaNasll (Fu3unsuazlsns, 2547)
1) FuauluszivAunazsesiugIusniinuedauss lnefiansanainAinisnen nnass

(SPT) diAn N>20 aSa/am videdian qu (UCS) > 15 du/ms.a.

Dee

2) LifiduRumienseufiagyilfiAnnmansasanaviongasasinstuseninguey Tudu
°wmﬁwm%mimaﬂlﬂ
3) Swasmsindsvesdufudouteadiiae
) ldeglundnaidussiuihiiorafimstaegausinisedugiusnld

2.1.2  mywesgimassuiininussnnvestuanauaudin1eIanIngsy (Estimation of
Soil Bearing Capacity from Engineering Properties)
AaaudRnIeInssuvesiy laun AussBamieasznitalafiu (Cohesion, c) Ay

Yosusudunniunisly (Interal Friction Angle, () LLavﬂ'mﬂwﬁmﬁﬂmaqﬁu (Soil Unit

Weight, y uJumW'ﬁmLmaivﬂﬁammmmaqaummuﬂusimmamu wqwgwmmu UDINNT
’Jmiwvwmv%aummum %msmmmw B LLawmasmumumvﬂmamaﬂ Dfuu Ay
817 L emm’smmuwﬂuwz}mﬂiimaqmumaﬁugmﬁﬂmﬂwmwﬂm Aueseaduszuud
38U (Plane Strain) uaﬂmmfé’faéfaauyagmdﬁuﬁiaﬁugmswﬂﬁ mﬂmﬁumqammums
AURdusuuLsadeuly



Feluitanmsinae wmammuu:uuLuamuiuwumimﬂﬂm (Case Study) maaim
amﬁmLLavLaaﬂmsaamwumuimmu (Shallow Foundation) Sawmsngfuan nfiuauiiil
mmmmsmwﬂiuumuﬂmmﬂlﬂqa wazmenadulias Inefuraimdasuiminuun
MU (qy) MUNGE U9 Karl Terzaghi (1883-1963) FaaunIsi 1

1
qUIt = CNCSC +qu + YBNYSY ..... (1)

qQut = AnmassutvtinuuAuy
¢ = APEOULLY (Cohesion)
N, Ng, Ny = Bearing Capacity Factor
so= 1,120 AU, gmﬁflu?%mﬁw{]’a%’a
= YDr dwiinnaiuanuesiu e ¥ Ao mirethviinvesiu
B, D = AINNNINUBIFIUKATAIINANVBIFIUIINAIAY

[V

= = & A
Sy = 1, 0.8 1l FIUUAMUYTINN, EWUL‘UN&LV@‘UN f3e

2.2 minneiaissnmiufianodudmiunuieatnieinis
Fawezaudnuarlunmiessiaiosnniuiianaaudmiununeaiiseais 4
vangIsmsmetuusdluiit nsieseiluannzauna (Limit equilibrium methods) 433
Anudnvazmnzanigadmivismnsidessauisufisumanaiuisnsiasgnaug
(Duncan, 1996) Tngnsisesiluaniizaugad (Limit equilibrium methods) 113315
Fefilansiatosnimlagerfondnmsaunaduoausasie funseiveniadiegmionun
R nsTnavesaieRuazaugadiiiy wsiiduldaadudeulon (Fun duifnvesnaiu)
zdeadAviniuussiumunisdeulaa  (Idud Ari&udou (Shear Strength) vesiafu
LATTRILAATR) Ardndiuvewssiudeussunmsideulat Fendy “Snsrdruvesanna
Uaende” (Factor of Safety ) §1A1 F.S. fladosndn 1.0 dednaaduduliiaiosnn
vonaniulutiaguildfilusunsunsneufinmeseng 9 o7ty PCSLOPE, GSLOPE,
STABL,GEOSTUDIO {udiu 1ngrslsimsiiasiesiazamnuas sty
daumﬁmwﬁwqaﬂﬁumsﬁwmmaqﬁuﬁmmaa’uﬁ%mﬂiﬁauﬁumﬂﬁqﬂ laun 33
wiafuTuuieg (Method of Slices) (Fouazanglag 2506) Tnsagyinisduanyisuiiey
gnsdusEnIsINaniuLsIsunIY lnsauufuuiiviiduduliweainauudiniana
Fuoonifutugluuuiis Wedumsnsdmuasnde (Factor of Safety) vasiuiiuuians
mmmmawmmﬁmmmuaaﬂumiﬂiwmmmmaﬂu,a w399 IneusananUseanalaan
LLﬁqmauaﬂauwmmvmLLavumuﬂﬁuaqmamu sugfiusuiuszanuldntdadon
yosrunuuliiszunei (Undrained Shear Strength) Iaglan1z35n15 Bishop’s Simplified
Method 1uisfideuarlsidmoulndiAssenundusieiiands Fuvaduduuisqasdoni



mMsuUsdulAarInateondudu TuwuiAwiuag n Ju (Uil 2) wdifwiumsnsd
Uaensy (Factor of Safety) 99nn15ATIUSEUTIBUSRIIE@IUTENINTUUUANS N AUTILLIUA
AUNTUVBILIAAUAIANNITN 2 (Chollada, 2008)

UM 2 nsuusdulAsnsidRvesenateanduiiuuise (Chollada, 2008)

_ 2 Resisting moments
F.S.= 3
¥ Overturning moments

2)

221  mTengianesninvesainaulagly Bishop’s Simplified.

A5 hATERLsainsErdetuuIsvesaniy (gﬂﬁ 2) Iy Bishop’s Simplified Method
amwm%mmumwi’mqaaiz (Free Body Diagram) LLamLmﬁL?‘im%mﬁgwm ﬁmamﬂugﬂ
7 3 (a) mﬂﬁ?ﬁmswﬁlﬁamamamaLLS&I@aﬁgwmamﬁ'ammumﬂ (Force Polygon) i
namsluguil 3 (o)



| kW E n+l

b6

En Enn =
M,N =

Boundary Forces)

] o 1 a =Ty o a A
FUN 3 usainsenneaInnugnustutuuNg (a) Wunwingedase (b) suvatgiaguuwnu

UutnuesuIafuLAazIuninnIsLUIaAu (Slice Weight)

w5IMLART UL NLEUAYLMY  (Pseudo-Static Seismic Force)
599U (Pore Pressure Force)

a

L59USEANSNANLNATUINNNULIARAY (Effective Normal Force on

LSIRDUAUVBILIARUNLAATL (Mobilized Shear Force)

LSILARDUNILULLITIVVBINIARAY (Horizontal Slide Forces)
LSIAIUNIULIBAUNVUIURAZAIRINAULALARAY (Resultant of

91n3U7 3 (a) Whitman and Bailey (1967) lavihnsiiasigiaunaveausslunnifslanadng

AILAAILUALNITN 3

cl+Ptang .
W+ Ncos f -Msinf -Ucos a-P cos a——¢SIna

NFUNTTN 3 S8 NFUNITNBINALTIUTLENTHA



W +Ncosfg—-Msin g-U cow—w
b - g F_ (@)
c05a(1+7a)

31N3UTN 3 (a) Take Moment 58URATILIALIY effective normal force on base WaIUNUKS
P 91n@uN15% 4 @1uns5asleusnsiadiulasnne (F.S.) vadluuud (@1n1si 2) tatunadl

rs - RElclcosa+W -Ucosa+Neosp-Msin pan®)/M, ] )
S. = SMWRsin @ +kWykN_n-M. m] 7
e
M, = cos Oc(1+tan¢$j ..... ©

P=F.S.

2.2.1 Bishop’s Simplified Equation.
VANNNSANUINKTIINANNTSN 5 edndagulnidieazainlunisiuineaianse

wanalARIaNNISY 8 F3UNIT @NAIS Bishop’s Simplified

(cb, +w (1-r,)tang)sece,

>
tan g tan o
1+#
F.S Eo- (8)
j PNt Ny e /T
k)
o ‘;’ 1 ‘NI o 1 a d‘ Ll 1
= FuuBudiihnsulanafunegludiuvessnay (12 3..)
by = ANUAIVBIUIAAUNIINITHU
L= UMUNUDNIARULAATTUTLSIVIIN U
O, = yuszniadumaiusriivesdiulAsdiAiauInLazaudagui 2.3
C = APNUTBULUUYDIAU
¢ = undeaniunelu
u.bn
EERR T

PUIBLTIAULT (Pore Water Pressure)
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agalsimunnisnsiasziatesanlaeldaunavenssasiifenulunismisnsdu
Uasadunilounu Ae Wisuisulss@ounsendnigluniadiu (The shear strength) sie
WsInBUBN (Duncan, 1996) lagagAsaunsai @ulaslunisng (A slip surface) Nauazyi
n13AUIN bsansaLsITuUlngAManelunIaRuIrg nauuRlviinuaInsalunis
sosfuusineuenlinmuanaondiuldinisidludedunarauuilianiulugiwsnd
Laﬁsﬁﬂwwmﬂﬁ?umé’mswd’auﬂaamﬁmzﬁaEJﬂamaqmmmﬁmﬁummmeauaﬂ (The shear
stress) Tngulddunsisoranduduldmielidudnldsildudlnodosiursgnannd
JudaulAs
Tuismsiasematosnmuuusapnadldidusaudslu input data aswuiilduian

¥

Toyanquidn audy deyanldainnisiiudeyawaziumageunaugiinasansuslaiinig

Y
o =®

Ailafadymiasnuliuiusuluaiiosnmueminiuienvasiirndnsdiulaonieiigs
Auluriaian1sinssinadnsiianain (Duncan, 1996) Isdeuszandlininuiiiuway
° 9 ad a ¢ P v sdg v oa Y & a a Y

WuiauIsnsiassnieliladmadnsnlnaifssiuanuduasuaziinnnudasadiy
GG

Y 9

2.3 FBNFIATAMENLININAIEIBIY (Numerical Method)
MyiesziatiosnwneiBidstavazannsalinadné Avendoyaiioaiunsida

TuaafuldaziBoaniiBuuusuiudmadnsidudsnsdiuaonfolaildliamadnsd

IndiAssiumnuduasuaiinaulaoniogegn us Numerical method au50e3une

SULUUEIULATURMIAATUATINNUSTINYIA (Itasca consulting group, 2005)

2.4 FFATIATIEAERYTNINMEID Finite element method (FEM)

HuBSmsignifaunuasUszsgndldfuiniesneuinesilesandeaiutoyaitldluns
fuasuuAoudnnn Tngldfuia anudy msedeusivesainiulas usssui Tne
Sufufideuegunsatsunuiiizn1sinseiuuusais (Duncan, 1996, Griffiths and
lane, 1999). uA33n15 FEM a1aaziideulalunismunadudeunazldinarduinuiuniiug
donine azlammeuiilndlAsernudussannnia

2.5 MSNUVILITIUNTTU/@N5aunel (information) Tieadas

- Kulhawy 1ag duncan (1972) Walu138n153LASIEMLEDTAINA2875 Finite element
method Autdeufiuny (Embank fil) Agnavudliiduuuuuds (Rigid and hyperbolic
mode) WuIMsinzidnwarnsiedeuiifleidnvauelndidsstuanuduaieigidesi
AMsdanALaEnUinds FEM a@mnsavinune fuiinisivadiiesdesiuuseiald (Tension
zones agreed closely with visible tension cracks)

- Potts, 2003 Wﬁmfmﬂzummsnﬂumimmawqmﬂsimaumwmaﬂ (deep pile) A8
FEM Imaammlmuiaumemuaﬂwm%mﬂmmwmmmaamLemmmméuaqLLavmumiﬂﬁ
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woAnssunisszurgiilaedian dilation angle, V = 0° waz V = ¢ = 25° feguil 4 a3
Basehlagimun V = 0° 9wau13arinuien wsanseyingsan (an ultimate load) Tusa
< a o @ ° U = (Y < ! o o (Y =
itz siefowiily 2 was dvunsiedousluladudiudunasiafouiiluaud
0.09 11n3 (9% vowWInELHUANENAINANTN) FulidasiansndeufawnuT T
gnusenseingaan Afle Mianduuinty nuideluandiiiudsdelduiouveansiuim
Y aa = P v aa a & S a .
MEs FEM W3 ulilguiuismMellaseiiuuaiy (conventional method) Ws1zan13e
MunengAnTsuNIsIAdeuRIvenanduante

10000

Soil: ¢' = v=25"

Soil: ¢ = 25°, v+ =10

8000 -

6000

4000

Vertical force: kN

2000

0 0-005 0-01 0015 0-02 1 003 0-08

Displacamant: m Displacemant: m
(a) (b)

gﬂ‘ﬁ 4 Behaviour of a pile in drained soil a) soil with V = ¢ b) soil with V = 0°

- Hammah et al (2005) LUSEULTIEUNITIATIEIAN TAINAIUAUADVD I IINTNADULTIA 1Y
Wazd3 SSR (Shear strength reduction) Fadumaiinn1sf1uauainis finite element
technique AUN1TALATIZAAINAY 30 NSl lneauufal a dilation angle = 0 Tunsdl the
elastic-perfectly plastic #3135 SSR (Shear strength reduction) 3LAs1g%laANIINS
BATRET TN INIIEELAATIISWANAaL SIS T waTeudTn e s iiatia snn
(;hﬂﬁmlasﬂ@\‘iLLNNéJﬂGiEJLLNG’hu%’ﬁUMa’ISJ‘]ﬂ%’jﬂf\]umzﬁlﬂaWﬂaULﬁmﬂﬂiquﬁﬂLﬁaﬂiﬂﬂw
-yt (2547)  L@UANITIATIENLADEININVBIAIUAIAMIENITIATIEIIVBULYAUULUY
Uis‘qmﬁ (Upper Bound Analysis for Slope Stability Problems, UBTMA) SFLEEDET
Usggnildvannisvesnauiveusuusimiunalamsitiuvuiaey wazdesdnguuuutiym
Tegluguveslymnamarfivunzaniign  deanunsoufudimeulslasmadanis
WA uUuBadunse (Linear Programming) Wan1siasizvivestlyminaisquuud
AAvisneds UBTMA azgaivssuiiisufiunanisiesesiiildannisues Spencer dwsu
Uszanamdnaiuninulasnfarensinsziaiesnnainuain nansinszinuinie
tunU3suiieuiuiBinives Michalowski (1995) §alias1eilaeld Stability Number (N)
FBlmiazdanugndousiuduazimuindetolles mnaonadosiunguisegui 5
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- ”
™ rs
o -
5 60 |- . s
" o s0
_;" = -
- - -
— s0 |- ’
3 = 5
3 - e
= 40 |- -
E ~5%
= -
2 30 P
= : “
=2 - ]
= o S5
20 |~
" (=] Upper Bound-F S|
- - Upper Bound-Z S|
10 - — = — — Eqgual Line
C -
| -
o 1 1 1 1 1 ]
1] 10 20 B0 70

1
30 40 50
UBTMA (N r”‘]

€ J

UM 5 uansman1siuSeuiieuilavade sn niinszrinigds UBTMA (U Analytical
Upper Bound a4 Michalowski (Uaydy, 2547)

- Wael A. et al (2008) Anwinansegnuvasnsiuasullasan @ulasni1sida (slip surface)

MuanaeiulunsiwsgimndnlasadelnefiugunsiATIeihuy aunavewss (the

limit equilibrium (LE)) Tnsatatuns 3 nsdldnwilaeiseuiisudulusinsunisiiasigndue

TnefiasaAulIfew LU sNiN TN UAN YL IEINeURIaInAY TALA dnug

VOAUUDAU LazNUINANTUNTEANYIN 2 AAududouneIfunansznursRILlTanyae
dy a 1 dd‘ v d‘

Youllefu UNNINTAN 1 wag 3 AsgUR 6

Example no. Layer no. vl {kN,l"m'E) Cohesion (kPa) @ ()
1 1 17 15 20
2 1 18.2 s0.0 0
2 21.0 0.0 38
3 18.2 10000 0
4 18.0 40.0 0
5 169 95.0 0
6 18.3 95.0 0
3 1 120 300 30

gllﬁ 6 Soil properties for three examples used in this study (Wael A. et al, 2008)
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uni 3
28N13ATUUU
Barsandunisidegnuiadu 2 dwlngq liun 3.1) n1seenuuugiusin (Foundation

Design) wag 3.2) MTAlATIziamALaay (Slope Failure Protection) fauansluguil 7 lned

NssEyTvasBuaiainvasluLAazuNUA I (Diagram) Asil

3.1) NM380NLUUFIUTIN (Foundation Design) TunauUNITHATIERNITTULIMTNLUNIIUYES
U510 U5 wasidenUaneediail

12.1.1 Foundation 12.1.2 Slope Failure
Design Protection
a. Soil Laboratory
Testing
i. Surveying Field
b. Atterberg’s d.Grain Size
. c. Sieve Analysis s
Limit Distribution

e. Calculate Ultimate 1
j- Slope Geometry

Bearing Capacity, q,

f. Foundation Design k. Finite Element Analysis

Geo/studio Program

No No
8. Factor of safety < 1

J, Yes

h. Building

5UN 7 Methodology
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a) dwadildainnisnaaeudulusiesyfUAnis (b Sieve Analysis, c. Grain Size
Distribution WAt d. Atterberg’s Limit ) §s91nuaannsnaaeuiuluiesufifnisassilsigide
#1190 umwmwmawmmqﬂLLaumLLumﬁumaqmulm (Soil Properties)

e.) LﬂwuumaumiaaﬂLLUU:ﬁ’miwﬂammummﬂmmam mmwmwmaqmamm’m
uazdudafiaudduodisdeifidoasdemnuis vlauazauantfivesiiuiiielineinsu
AdaUNNIU (Ultimate Bearing Capacity, qu) Lﬁaﬁ]zﬁﬁlﬂaaﬂLLUUImqa%ngmsﬁﬂiﬁLﬁm
ANUUADANYEIER

£) s9nkuUIMIATRIgIUTINLazanlasiaddlunounin ¢) nTdeuA1nTIdulaen Y

gnfiA1nndn 1 waned1 Yasadeuaniluldesnuuudmiusesiuiminaineinsneasns
Igpgnadiiadiosnin (h.) wideendt 1 evdesdaudidgnssuiunisesnwuugiusin (f)

WDV VUNANLALN S ALl

[

3.2 mMTATgiatnfuaau (Slope Failure Protection) disiwazideauangounsil

i) dndeyaiilaannn1sd1sRunmnunAm1anIen I (Geometry Parameters) takf A58
(H) A9 (L) wazadnuaiatdes (B) vasiufiainaaudmsvinluimszinginssunis

DANVDIAULALHIANDNTIEIUUABANNY

a.) dmailsannisnegeuiuluiesufjiinis ( b. Sieve Analysis, . Grain Size Distribution
wag d Atterberg’s Limit ) 1AM uaAIMIIUsEANTAIWIUAITTUUINEN (Shear Strength

Parameters) lan A1 ANUTBNLUY (C) Bay ARIaIsUksRausuuliszuteul (Sy)

J.) dndeyailaantuneu i 1A muUesNvUEn 1IN mMIesiuia1naau (Slope Geometry)

I

wailudayalulusunsy Seep/w dmsu AuiuAINsBuriuveshluiaiuwazinveyai

Qe

laandumnou a WnuuaA1IIsUsEansanlun1ssudinin (Shear Strength Parameters)

¥

”am‘]u%maiuiﬂmmm Slope/W d@3uU AulA19nIIdulaan ufy

k) Iasiemadesninvesiunainnaulnel93siasesnanineg (Finite Element) Tuluswnsy
Geo/studio @1115U AIUIUAIEASIEIUUABANEAN DTAININNTT 1 LEARIIN UaBANBwAY
neasiomstiuiseulsegrsiliiadesnn (h.) widiteend 1 81adesdauldngnszuiuns

a ¢ | = a ¢l
jLﬂiqgﬁLaﬂﬂiﬂ']WIﬂll(k,) IMN BADNTUUANITIULADINLNRUS TN
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ﬁ ﬁﬂﬂii&l f.A. | N.8. 9.A. | d.A. | N.N. ﬁ.ﬂ LY. | N.A 1.8 n.A. | &d.A. | nN.8.
1. |9ueenawiduaviu| X | X | X | X | X
FDY
2. 4Tumnsiyde U X | X | X | X | X | X
AMdUUTAN
AAINTIU
3. [A153ASIEY uas X | X | X | X | X | X
AUTY
4. |agunanisAneiuay X | X | X | X | X

WYUSIBIU




unil 4
HANI5AY
fiderus nauauAIntildanniside senduidedossianun 4 diu
$r9damuununssdununsonlasinside fil 1) nusenaumuaniuiieds, 2) ¢y
ATIAERUANALURANIIMINTIY, 3) NMTIATIZY LaveiuTewag 4) agunan1sAnwuasiliou
18974

4.1 MueNaUINLAzIAUMBE1s (Result from geological properties on study area)
WunisiivfudreglunaaeuluiesdjuRnas laun Atterberg’s Limit, Sieve
Analysis, Grain size distribution LazyIIA1TANTIINIIAINTIUND MAUALUUINADIVBIAN
funvRdmsuilulgluntsimses lagsiwazidaanisawunauduluausivazidenlu
P99 4.1.14aLN15E15ANIAAINTTULND APUALUUIaDIv9a1nRuny AdmsutinldTaly
a & & a v Y
s iAzdulumus18az8ntuiITe 4.1.2

Foundation Design

)

a. Soil Laboratory

Testing
N N N
b. Atterberg’s d.Grain Size
-y c. Sieve Analysis s -~
Limit Distribution

e. Calculate Ultimate

Bearing Capacity, g

u

f. Foundation Design

JU# 4.1 Flow Chart fuUsieidesiumslinsigiiadesnmeesainiu

4.1.1 gazduan1sinkunfunuranIsnaaeuluieslUsn1s (Result from In-situ soil
sampling)

31nn1sdAufeg1elunaaeuluiesUjURn1staun Atterberg limits laboratory
testing (ASTM D 4318-04) lodn Liquid Limit (LL) Ao mnudulugiafuvasiiniaiudy
WasuanImanvaumal (Viscous Fluid) Widuansuiiasalugatunimwanadn (Plastic
State) , Plastic limit (PL) Ai® auFulusnaduvsiudsuaniun mannnanadniduna
Yo ale (Semi - solid state) uag Plastic Index (PI) Ao wam19wee LL wag P.L Snidus
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wansdesrumilovesiuuarSauaninnlidenisiasuanunmeenutuvesaanuiy
Faduafidrdglduinlunissiwununadiu aannanisadey Atterberg limits wu3nan
Liquid Limit (LL), Plastic limit (PL) wa¥ Plastic Index (PI) @1%5U Lower layer fiAvinAy
36.70, 26.37 W@z 10.33 (AN9747 4.1LLang17i4.2) wazdIMsu Upper layer davinfiu 35.51,
30.15 uay 5.36 (A9 4.2ua3U4.3) Aniddy

A5 4.1 Atterberg limits laboratory testing (ASTM D 4318-04) for Lower layer

TEST ATTERBERG LIMITS (ASTM D4318-04)

Test Number 1 2 3 4
Container no. Al A2 A3 A4
Number of bumps 18 22 28 40
Wet soil & Container g 29.830 29.750 28.350 24.830
Dry soil & Container g 26.580 26.380 26.130 22.760
Container g 18.130 17.210 19.990 16.690
Dry soil g 8.450 9.170 6.140 6.070
Moisture loss g 3.250 3.370 2.220 2.070
MOISTURE CONTENT o | 38.462 36.750 36.156 34.102

Liquid Limit 36.700%

Plastic Limit 26.374%

Plastic Index 10.326%




Moisture content(%)

Number of blows
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gﬂﬁ 4.2 nsANUEURUSURS Number of blows wag Moisture content @1%5U Lower layer

a5l 4.2 Atterberg limits laboratory testing (ASTM D 4318-04) for Upper layer

TEST ATTERBERG LIMITS (ASTM D4318-04)
Test Number 1 2 3 4
Container no. Al A2 A3 A4
Number of bumps 16 24 30 37

Wet soil & Container

g 34.690 29.290 36.530 34.330
Dry soil & Container g 30.770 26.110 32.140 31.000
Container g 20.080 17.140 19.640 21.270
Dry soil g 10.690 8.970 12.500 9.730
Moisture loss g 3.920 3.180 4.390 3.330
MOISTURE CONTENT 9% | 36.667 34.452 35.120 34.224
Liquid Limit 35.510%
Plastic Limit 30.147%

Plastic Index

5.363%
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37

36

35.5

35

WATER CONTENT (%)

34.5

34
10 156 20 25 30 35 40

NUMBER OF BLOWS

JUN 4.3 n3mlAuduiusves Number of blows wag Moisture content Litaldduunuiin
YOIRUEUTU Upper layer

3nnisinAudleglunaaevluriesduanis laun Sieve Analysis laboratory
testing (ASTM DA422-02) \$i0A" Dio, Dso ha¥ Do AD VUIRVBIAUTTVUIALENNI110%, 30%
waz 60%, A1 The coefficient of uniformity (CU) A ATiLEnIN1SNTEAfveudnfuIng
Ay asauevsely wazan coefficient of curvature (CC) AzuansiavwIAAaZiLIITLIN
AaguAnIoliaINNanIsSNA@ay Sieve Analysis laboratory WU31A1 Dyg, Dso WaE Deo
d93U Lower layer Jmvinfiu 2.00, 0.08 ey 0.3 @115y Upper layer d@awvindu 2.00, 0.8
waz 0.25 MINERU ez A1 CU tag CC @15u Lower layer fiA11AU 0.15 way 0.010
d35U Upper layer AU 0.125 waz 1.28 muainuuagn159Lunaua183s Unified
Soil Classification (USCS) #30151971 4.3 anunsasiuundindu Lower layer Teinfufuaiia
Silty Sand (SM) wagn133wunAud83s Unified Soil Classification (USCS) fann51sii 4.4
a1115031uundmsu Upper layer loandufuwiia Graded Sand (SP)



157471 4.3 Unified Soil Classification (ASTM D2487) for Lower layer

20

Soil Classification

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests” Group Group
Symbol Name "
COARSE-GRAINED | Gravels Clean gravels Cu>=4and 1 <=Cc<=3" Well-
SOILS (More than 50 | (Less than 5 % fines ©) GW graded
(More than 50 % % of coarse gravel -
retained on No. 200 fraction Cu<4and 1>Cc>3" Poorly
sieve size) retained on GP graded
No. 4 sieve gravel "
Ans size) Gravels with fines Fines classify as ML or MH Silty gravel
96.4 % retained on (More than 12 % fines C) oM F.G.H
No. 200 sieve size Fines classify as CL or CH Clayey
GC
gravel " o
Sands Clean sands Cu>=6and 1 <=Cc<=3" Well-
(50 % or (Less than 5 % fines °) SW graded sand
more of !
coarse Cu<6and 1>Cc>3" Poorly
fraction SP graded sand
passes No. 4 !
sieve size) Sands with fines Fines classify as ML or MH
(More than 12 % fines ) | Ans SM Silty sand ¢
Ans Fines classify as ML or MH "
94.5 % passes | Ans Fines classify as CL or CH
No. 4 sieve More than 12 % fines SC Clayey sand
size Cu<6and Cc=10.0I Gt

Summary In primary investigation properties, field and laboratory tests were conducted to determine index and engineering properties of

the soil including: natural water content ( ASTM D 2216), specific gravity ( ASTM D 854), sieve analysis ( ASTM D422) , soil

classification (ASTM D 2487). The soil is classified as Silty Sand (SM).




A15197 4.4 Unified Soil Classification (ASTM D2487) for Upper layer
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Soil Classification

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests” Group Group
Symbol Name
COARSE-GRAINED | Gravels Clean gravels Cu>=4and 1 <=Cc<=3" Well-
SOILS (More than 50 | (Less than 5 % fines ©) GW graded
(More than 50 % % of coarse gravel F
retained on No. 200 fraction Cu<4and 1>Cc>3F Poorly
sieve size) retained on GP graded
No. 4 sieve gravel "
Ans size) Gravels with fines Fines classify as ML or MH Silty gravel
92.3 % retained on (More than 12 % fines ) oM not
No. 200 sieve size Fines classify as CL or CH Clayey
GC
gravel nen
Sands Clean sands Cu>=6and 1 <=Cc<=3" Well-
(50 % or (Less than 5 % fines °) SW graded sand
more of !
coarse Ans Cu<é6and 1>Cc>3" Poorly
fraction Less than 5 % fines v Ans SP graded
passesNo.4 | Cu<6and Cc =128 Cu<6and Cc=128 sand’
sieve size) Sands with fines Fines classify as ML or MH Silty sand ¢
(More than 12 % fines ”) M o
Ans Fines classify as CL or CH
74.5 % passes
SC
No. 4 sieve Clayey sand
G, H,1

size

Summary In primary investigation properties, field and laboratory tests were conducted to determine index and engineering properties of

the soil including: natural water content ( ASTM D 2216) , specific gravity ( ASTM D 854), sieve analysis ( ASTM D422), soil

classification (ASTM D 2487). The soil is classified as poorly Graded Sand (SP).
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wa L3

4.1.2n5d5anaimnssuiiormuasuuassvesaafuividsui Ul lunsin e
(Slope geometry and soil property of the site)

Tunrshasziaudemeiiaanssaatilagldndnuuusiasmsedinenans
(The mathernatical models) #38 GeoStudio Program tiieliinsnuiadnuaznisivhives
amiu Tngazulstunsunsiiesesildesnidu 2 wuu Ao msdmszinginssunisfuriu
veairliluampuiiemuaiiiinaniluaeiuiiiuiu Tnedonld SEEP/W Application
MnTFinTnssiniatosanluanpunse fuwamsnduUasase weldlums
Fousereuiianinss@fitR sieil dosimsimseiiaedonld SLOPE/W Application
Husidenitilaeglu GeoStudio Program agudn

wiidlosnnlumiddeiarudesnsvesagerdeidunrudesnslumseeniuugu
571 {39839v831804 Slope geometry 1ngd198431n chollada (2018) LagINNaNMINARDU
AlganesufuRnisuaznisswunfude3s Uscs amsaduunldindufuuda Sitty Sand
(SM) anaRuia3Msa 80 WnThardANaInLees 27 a4 Mmuanvazanaulugnavuey
F¥aunsesssuslnednsarssduiudoioriulunasasrmain (A homogeneous
soil slope)uay Aty (Rainfall intensity) lunsdlftufidnw (Base case) gndnadan
MnASna Wuazat e Ruiidonin uaseSsssusivain nslAAaaduu-gaaaen-
Laz3aU 30 Jn15iAng nsuvaUsemu (Thailand Royal Irrigation Department, 2011) wae
ArAndury (Rainfall intensity) 6-36 Aadiunsretaluafufidefidnsdaunan nsmen
Aududu-g1aat-uazsau 100 In15iine waz ARy (Rainfall intensity) i
Rahardjo et al. (2007) Mlun1siiasgvianafuuinugiiniaeids faguil 4.3

U7 4.3 nywiAALiuru-T9naT-wagseu 100 Inaifnt wag Amnuitsy (Rainfall
intensity) 1994970 Rahardjo et al. (2007)



23

2.4 UaTIREsUANENTRNINIANTTU (Result from engineering properties on study
area)

MnlUsunsuMs T Einssuriuve Wyl miuarldndnnis Finite element
analysis 3yhmsTiszilagynsudsiuiivesnafusenidunineiiuiisudmienina
YUIANTI 0.3 1INT 817 0.3 WATIIUUANINATY 1000 90 wazdnrsimuadoulvveuiun
(Boundary conditions) #s3Ufi 4.4 &fail fudnsiletreuariuansaadmuels lifinslua
Wusuionainia (No seepage through the base of the soil slope) wasiuiiguuy
aeduiinssesuUsnamsiiuihduiioanaindaudusy (Rainfall intensity, I,)

mnmsaaﬂqumaawmammumamlﬂL‘Uusuaua Input data Tu TUsunsy
GeoStudio il lun1s3iasne ‘1/1LfcmEJiﬂ’]WIUﬁ’]ﬂﬂ‘L!ﬂim‘W‘uVlﬂﬂ‘wTﬂ 9. YUY
uﬂiﬂiﬁiimwuumaﬂmmﬂmﬁmewmsqzymaLamasﬂﬁwiuamaul,t,azmiwqamimmi
FunuvesiWuiemurmAiinaitluaiafuiidiady fssasdeadeinisineed
@desnnvesaniulaglilusunsy SLOPE/W wuiiardnsndiutasndearanasliloss
ianfuEugydoiaiosnmditalusil 80 F.S. = 0.96

In-situ soil sampling geological propertics on study area
b} Result from geological properfies on study area

(e
1y = P'
H b
S i
I (Rainfall intensity) ;
2
i I i i i i i i |
i i i i i i i i i !
] ] ] i ] ] /] ]
i i i | i i i i i
YW W W v oW v oy W
2 + rainfall intenalty 636 mayer
e + [1DF) pures for soutnem part of
— B liand vith a return penicd
e of 100 yeos [Ministry of
"-,I agriculture and conperathes:
\ Ryl irriggaticn department 3001}
4 #Tre -ainkall intesity B-380 e
l;l'"- N v ndnpted fom thee parmmietnics

studies by Ranandja et al. [2000)

¥ gl Tunenr e i e ey
ARAUE AN Fnite element analysis wvh
e ey s e e fue e rahuen
ﬁ'aﬁﬁ"gd?wﬁﬂufﬁwnwP'T1~1 0.3 WA 2713

0.3 WwATEIuEnnGt 1000 wa wesdinTiireun

Boundary Conditions:
ab=br—|::1=d.=.—q=1 (Famfall mfemsity)
£=15= 0m's (Mo Sow boumdary)

Feulsneuwn (Boundane conditions) A 4.6

Aatl ArudnatladpuarAuinagaitweali ladins

e Iwmdmefudesrmomit (Mo sespege  through

_ P the base of the soil slope) wasfufifTuuussdu
i 1 o - - P .
31]11 2 mrdmuaiawhaausn (Boundany conditions) fnrrestu i AT e i e AT AT

sty (Rainfall intensity, 1)

JUN .44 nsivuaieuluveulun (Boundary conditions)



nNsvageuauauTRvesAunlaiafuan SP soil (Y: = 2.60 t/m? c=0, { =
25°) Auis SM soil (Y; = 2.68 t/m?, c=10.5 t/m?, @ = 14°) @rwrsatluniaigs
SUhmtinWuAMIU (g ue) MNNISALINAIIITEN 4.2.1 uazguh 4.5 lagAuiuen q

ae = 82.54 t/m? iethllgluniseenuwuugiusinluadudaly

2.41 MIAUIUMAT MIBLIITIUEIEAVDFIUIIN (qu)

24

MAMUIEWTIIUEIEAYDIFIUTIN (que) VWA 0.7x0.7 m Eleagdn 0.7 m lanseay
(Ve = 2.60 t/m? c=0, ¢ = 25°) Tngaeguuauiiu (Y, = 2.68 t/m? c=10.5 t/m?, § =

14°)

""I'--- J___'I---.

T ’ | SP soil (}: = 2.60 t/m”, =0, § = 25°)
0.7m

| |
l ‘ 0.7mx0.7m ‘

SM soil (Y. = 2.68 t/m”, c=10.5 t/m?, (I) =149

JUT .45 MIAUINNAT NUILLTIFUFIFAVDIFINTIN (qu)

Stepl Find N, Ng, Ny (In silty sand soil: §=14°) Ne=11, Ny=4, Ny=1.2
Step2 Find S, Sq, Sy (Shape correction)
When BxL = 0.7x0.7 m?

O ,0Og
Sc=1—(=)=063
15 Q)
O
Sq=l+—tan ¢ =125
O
]
Sy =1-0.4— =0.60
]
Step3 Find quit
1
Quit = SC CNC + Sq qu + SY E YBNY

1
qut = (0.63x10.5x11) + (1.25x2.6x0.7x4)+ (o.6><5 x2.68x0.7x1.2)
Quit = 72.76+9.1+0.68=82.54 t/m?
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4.3 N9ILATI¥IA WaraAUse (Result and discussion)

9nn1seenLUUitaswesatafuiienluiludoya Input data Tu Tusunsy
GeoStudio tital4lun1sinsrziaiosainluainnunsd i ufidne i o. auey
uasAsssTiunafldnmsliesginisgydoafiosnmluaifuwagnangAnsunis
FurhuwesshuiterumiUsinaniluanduiiiinty Sseavdondsd

miliesgiaiesnmvesanfulaglilusunsy SLOPE/W gnuanaduninuduiug
seninmaasuulaswesdndudasnde (F.S) Hraa1fiimly annsinszinuin
Ui ruiiiistuasiilugnisanassesiidslufiu (Soil strength) wagnuirAdasday
UaonfuavanasiuiZesqauisainfuisugndoiaiosnmdidalusil 80 F.S. = 0.96 99nn1s
maauamamﬂaﬂaqauﬁlﬁﬁqaum SP soil (Y; = 2.60 t/m®, c=0, ¢ = 25°) AuLAin SM soil
(Y: = 2.68 /m?, c=10.5 t/m?, ¢ = 14°) annsatlumaridsfuimdauunniu (qu)
PNNsFas et 4.2.1 LLazgﬂﬁ 4.5 1n8AIUIUAT gy = 82.54 t/m? uag laA1un
§1UsIN fe 0.7x0.7 m Hlagdn 0.7 m Timswa faguil 4.6

0.400 .
11-DB12 uu.

18-DB12 1.

MR AL DB-12 uu. Sasau 0.70 u.

0.300 u.

0.050 u. aaundauou 1:3:5

0.100 .

VSItLEUEa UM

Audauuu
USOULAVIUBRIEY

" Smbwinlabidauni
' 0.70 u. 18-DB12 uu. ' 5000 AnJas.

U7 4.6 Foundation Design
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4.4 ?ﬁ;dNamiﬁﬂmuawﬁﬁuswmu (Conclusion and published research papers)

NTIAIIERAIARAURURSITUYIREMSUSTUUNSIRRUABlAgYd AIAINaA
wedluatniuP), Arauadluaindu (H), ¥linvesdiu (Type of soil) wagn15UIHANT
naasuAuluiasufuanisugiinamians (Cy,Ce,Di0,030,060) NUNIDBNLUUFIUIINAINITE
asunanIsnaasldwsil

=]

- dmdumsiasienlunsdiufidnuit 0. vuoy uaseIssusw Tnely
TUsunsy SEEP/W 1gim&nnisues Finite element analysis unlds1assnisiudsuwdasiy
Aruseduinlumnafusuidewnainiidunayisizinisiisduvesislugiafunuin
AnuduTuSsEnInsasunlatvessasidiulasnde (F.S) Yaararfidiuld 9annns
AnsginuiEmnaniduiifisduasiilugnisanaseatidslufiu (Soil strength) wagwnuin
ﬁwé’mmﬁauﬂaamﬁs%amaﬂﬂL%EJﬂauﬁaamﬁuﬁuq@?{aLaﬁaimwﬁ%’ﬂmﬁ 80 F.S. = 0.96

dmunsvedeuanantRvesRuliuaymsduundssinilagds  USCs
Viefuaw (Upper layer) SP soil (Y; = 2.60 t/m>, c=0, (I) = 25°) uavAwAy (Lower layer)
SM soil (Y, = 2.68 t/m’®, c=10.5 t/m? @ = 14°) ansathlumearmassuiminuunviu

(g ur ) NMFAIN TRBAIUIUAT gy = 82.54 t/m? uaz lAA1vUIA §IUIN A 0.70.7
m Heegdn 0.7 m lansway
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- ANV
A1579 4.6 LAAILNUNITANLUIIUIATINISALTDLEUDLATINNT (Plan /
Action) Taganunsaasulidnlalaedglenadl

UHUNTS W.A. 2560 W.A. 2561

AUUUIIY a.n | We. | 5.8 | WA | A | Ua | we. | e | B | o | a.a. | ne.
1314290 P X X X X X

gumuay | A >

HUEI0814

231U p X X X X X X

asyveey | A >

AaaNLn

N

ARINITTU

3.3 P X | X | X | X | X | X
eI EATA A >

azondsiy

sagima P X | X | X | X | X
MIANEN A >
Hazvey

TINTU
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unil 5
#3UNan15IY

5.1 ?ﬁ;dNamiﬁﬂwmawﬁﬁuswmu (Conclusion and published research papers)

N5ATIzTALNUaonAslun1sSuLIMTNLATIE 19U ITURULAT NG ANT TN

nsiamaevesiuaInaay aunsaasulacail

5.1.1 91nnistivAudisgslunaaevluiesufiinisugiinamansuazriinisdisranis
Amnssufiofmuauuuiaeesanfuitidviuilulslunsieseiosnuuugiusn
A1 MUNAUAIEIT Unified Soil Classification (USCS) @195y Lower layer taandudiu
¥in Silty Sand (SM) waganunsadwundmsu Upper layer tadndufusiin Graded Sand
(SP)

5.1.2 udainteyaniugnnatans s1usmAImdduasauves Aufidanta
UASAS5I5USY InedeBanan nsAIAdLHL-F9an-wazse 30 Jn1siinen nsu
¥aUsgn1u (Thailand Royal Irrigation Department, 2011) kazA1AMUL NN Y (Rainfall
intensity) 6-36 fadwnsretaluaduideidnsdaunain nsmlaranuduny-gaaan-was
58U 100 In154ing1 war Aaadur (Rainfall intensity) 7 Rahardjo et al. (2007) 14y

MIATIEaIARLUTINTINALLTY

5.1.3 IUAATIEANGANIIUNIHIVAIE VIR UNaInaaNnUIABRIIdINUABnBIzanasiy

IS Ui IR HaAeLERSA MU 80 F.S. = 0.96

5.1.4 nnsvegeuauanUAvesnunlansfuauwasfuAnaunsadllumamassutmn
LunmuLienIseankuUUieassluamsyusuvalnylada1vuIa §1usN Ao 0.7x0.7 m

Haagdn 0.7 m lsmsgay

Y a ao ! av v Y aa L3 ! = =
5.1.5 Tulouly nandninuunin unauldenealasuinuikewns lulenasduiiieann

Ya o

N13U52YNIVINNTILAUIA (proceeding) I1UIUBENTDY 1 UNANUNTOFININHITY
andunisiagideniiuilun1suszyuivin1sseauuIuly1@ The 9th Intemnational
Conference on Geotechnique,Construction Materials and Environment & Wiag Imunen

(Tokyo / Continental Hotel Fuchu) Usgine @Uuiarn1sussyudvin1sseauuIuigg



28

Inaugural International conference on sustainable engineering and infrastructure

159451 Deevana 3913 ns5eU lnelisieazidennadl

5.1.5.1 Kanjanakul, C. (2019), “Foundation design and slope failure protection for a
large community building in Khanom, Nakhon si thammarat” The proceeding of
Geomate2 0 1 9, The ninth international conference on geotechnical, construction
materials and environment, 20-22 november 2019, hotel continental fuchu, Tokyo,

Japan.

5.1.5.2 Kanjanakul, C. (2019), “Determination of site-specific SWCC from original test
in unsoda: a case study of a site in promkiri, Nakhon si thammarat” the International

conference of IC-SEI 2019 on 2-9 August, 2019, Deevana Hotel Krabi, Thailand
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M3 N-1 AsTeyan1sIkunfumaRan saaeuluiesluiinisingldua Atterberg
limits laboratory testing (ASTM D 4318-04) U3tiau Upper layer
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ATTERBERG LIMITS (ASTM D4318-04)

HYDROMETER (ASTM D422-02)

Location - Date of 1/04/2019 | Sample Upper
Test No. Layer
Tested by UNENUIA VNN Soil Sample | - Depth (m) | -
TEST ATTERBERG LIMITS (ASTM D4318-04)

Test Number 1 2 3 4

Container no. Al A2 A3 A4

Number of bumps 16 24 30 37

Wet soil & Container g 34.690 29.290 36.530 34.330

Dry soil & Container g 30.770 26.110 32.140 31.000

Container g | 20.080 17.140 19.640 21.270

Dry soil g 10.690 8.970 12.500 9.730

Moisture loss g 3.920 3.180 4.390 3.330

MOISTURE CONTENT % | 36.667 34.452 35.120 34.224

Liquid Limit 35.510%

Plastic Limit 30.147%

Plastic Index

5.363%




U7 n-2 deyamsduuniusamanisaaeuluriesfiinisiagldua Atterberg limits
laboratory testing (ASTM D 4318-04) U3t Upper layer

37

36.5

w
a

35.5

WATER CONTENT (%)

345

34
10 15 20 25 30 35

NUMBER OF BLOWS

34

40
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laboratory testing (ASTM D 4318-04) U3aad Lower layer
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ATTERBERG LIMITS (ASTM D4318-04)

HYDROMETER (ASTM D422-02)

Location - Date of 1/04/2019 | Sample Lower
Test No. Layer
Tested by UNENUNA VNN Soil Sample | - Depth (m) | -
TEST ATTERBERG LIMITS (ASTM D4318-04)
Test Number 1 2 3 4
Container no. Al A2 A3 A4
Number of bumps 18 ) 28 40
Wet soil & Container g 29.830 29.750 28.350 24.830
Dry soil & Container g | 26.580 26.380 26.130 22.760
Container g 18.130 17.210 19.990 16.690
Dry soil g 8.450 9.170 6.140 6.070
Moisture loss g 3.250 3.370 2.220 2.070
MOISTURE CONTENT % | 38.462 36.750 36.156 34.102
Liquid Limit 36.700%
Plastic Limit 26.374%

Plastic Index

10.326%




sUN n-4 Va3

Y Y

ansIkunAuuraniImaaauluiesujURNsIagldna Atterberg limits

laboratory testing (ASTM D 4318-04) Uslad Lower layer

MOISTURE CONTENT(%)

39

385

38

37.5

37

36.5

36

355

35

345

34

335

15

20

25 30

NUMBER OF BLOWS

35

40

36

45
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A5 3-1 Yeyanmsduniumunanisnageuluiesujiinisiagling Sieve Analysis (Wet/Dry Sieving)

(ASTM D422-02) va4 lower layer

GEOTECHNICAL LABORATORY

CIVIL ENGINEERING

USCS SOIL CLASSIFICATION (ASTM D2478)

Project Name

Nakhon Si thammarat, Thailand

Location Nakhon Si thammarat Date of Test 1/04/2019 | Sample No. | The Lower layer
Tested by Mr. Panupong Thumtuan Soil Sample - Depth (m) -
Employer Dr.Chollada Kanjanakul
Soil Classification
Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests” Group Group
B
Symbol Name
COARSE-GRAINED | Gravels Clean gravels Cu>=4and 1<=Cc<=3" Well-
SOILS (More than 50 | (Less than 5 % fines ) GW graded
(More than 50 % % of coarse gravel F
retained on No. 200 fraction
Cu<4and 1>Cc>3" Poorly
sieve size) retained on
GP graded
No. 4 sieve
gravel ’
size)
Ans Gravels with fines Fines classify as ML or MH Silty gravel
. GM
(More than 12 % fines ©) hoH
96.4 % retained on
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No. 200 sieve size

Fines classify as CL or CH Clayey
GC F,G,H
gravel
Sands Clean sands Cu>=6and 1<=Cc<=3" Well-
(50 % or (Less than 5 % fines °) SW graded sand
more of J
coarse
Cu<6and 1>Cc>3" Poorly
fraction
SP graded sand
passes No. 4 .
sieve size)
Sands with fines Fines classify as ML or MH
(More than 12 % fines °)
Ans SM _
Ans Silty sand “
Fines classify as ML or MH i
94.5 % passes
_ Ans
No. 4 sieve Fines classify as CL or CH
size More than 12 % fines
SC
Clayey sand
G, H, 1

Cu<6and Cc=0.01

Summary In primary investigation properties, field and laboratory tests were conducted to determine index and engineering properties of

the soil including: natural water content ( ASTM D 2216), specific gravity ( ASTM D 854), sieve analysis ( ASTM D422) , soil

classification (ASTM D 2487). The soil is classified as Silty Sand (SM).
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M3 9-2 TeganisTwunaununanisiadeuluiesUUianslagldna Sieve Analysis (Wet/Dry

Sieving) (ASTM D422-02) 983 upper layer

GEOTECHNICAL LABORATORY
CIVIL ENGINEERING

USCS SOIL CLASSIFICATION (ASTM D2478)

Project Name Nakhon Si thammarat, Thailand
Location Nakhon Si thammarat Date of Test 1/04/2019 | Sample No. | The Upper
layer
Tested by Mr. Panupong Thumtuan Soil Sample 5 Depth (m) -
Employer Dr.Chollada Kanjanakul
Soil Classification
Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests” Group Group
B
Symbol Name
COARSE-GRAINED | Gravels Clean gravels Cu>=4and 1<=Cc<=3" Well-
SOILS (More than 50 | (Less than 5 % fines ) GW graded
(More than 50 % % of coarse gravel F
retained on No. 200 fraction
. . . Cu<4and 1>Cc>3" Poorly
sieve size) retained on
. GP graded
No. 4 sieve
gravel ’
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Ans

92.3 % retained on

No. 200 sieve size

size) Gravels with fines Fines classify as ML or MH Silty gravel
GM )
(More than 12 % fines ©) GH
Fines classify as CL or CH Clayey
GC F,G H
gravel
Sands Clean sands Cu>=6and 1 <=Cc<=3" Well-
(50 % or (Less than 5 % fines ) SW graded sand
more of !
coarse :
_ Cu<6and 1>Cc>3"
fraction Ans
passes No. 4 Ans Poorly
Less than 5 % fines a SP
sieve size) graded
Cu<6and Cc=128 ,
Cu<o6and Cc=128 sand’
Sands with fines Fines classify as ML or MH
Ans b SM Silty sand @
(More than 12 % fines ) .
74.5 % passes
No. 4 sieve Fines classify as CL or CH Clayey sand
size S5C G,H,1

Summary In primary investigation properties, field and laboratory tests were conducted to determine index and engineering properties of

the soil including: natural water content ( ASTM D 2216), specific gravity ( ASTM D 854), sieve analysis ( ASTM D422) , soil

classification (ASTM D 2487). The soil is classified as poorly Graded Sand (SP).
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318015 A-1 5'1EJﬂ’ﬁﬁ'lu'JmﬂWiE]aﬂLL‘U“Ui"l‘LJi’]ﬂ

MAMUILUIIIUEIEAYBIFIUTIN (Quir) WA 0.7x0.7 m Heagdn 0.7 m lemsreau (Y = 2.60 t/m?>, c=0,

O = 25°) Tngnsoguududu (Y, = 2.68 t/m®, c=10.5 t/m? , ¢ = 14°)

i o ey

5Pl (Y, - 260w, Call, ) - 257)

07mx07m ‘

SM 5ol [, = 263 ', Cal0.5 &/, § = 107

Stepl Find N, Ng, Ny (In silty sand soil: (I):14°) Ne=11, Ng=4, Ny=1.2
Step2 Find S, Sq, Sy (Shape correction)

When BxL = 0.7x0.7 m?
o ,0Og
Sce=1—(—)=0.63
=123
o
Sq=1+—tan ¢ =125
o
a
Sy =1-0.4— =0.60
a

Step3 Find Qu



1
Quit = SC CNC + Sq qu + S’Y E ’YBN'}/

1
ui = (0.63x10.5x11) + (1.25x2.6x0.7x4)+ (O.6>r2 x2.68x0.7x1.2)

quit = 72.76+9.1+0.68=82.54 t/m?

44
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