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Soil Classification and Permeability Behaviour Analysis

for Foundation Design in Community Building

Chollada Kanjanakul®
Prasan Jitpat?
Abstract

Disturbed sampler collecting for soil classification in soil laboratory, Soil Water
Characteristic Curve (SWCC CURVE) and unsaturated soil data for deep and shallow
foundation design have significance for a large communication building in case study.
However, error calculation is based on uncertainty parameters that make a mistake
on deep and shallow foundation design. Geotechnical engineer sorting out the
uncertainty problems with enlarge section of structural steel and increase size of
shallow footing but overestimate in foundation design lead to loss budget.

In this study, the ultimate bearing capacity of shallow foundation were
calculated based on finite element analyses. A sensitivity analysis was conducted
and soil parameters (foundation’s depth from soil surface to stiffness soil (df), width
of footing (B), length of footing (L), unit weight of soil (¥), soil cohesion (c), and
friction angle of soil (@) were investigated. Probabilistic analysis was performed to
quantify and analyze the effects of soil strength and geometry parameters.
Parametric study prove the best confidence result in analysis and design of shallow
foundation. The authors present numerical equations and design charts to estimate
the bearing capacity of shallow foundation
A1dRgy : Soil Classification, Permeability Behaviour, Unsaturated Soil, Bearing

Capacity, Foundation Design

lCollege of Industrial Technology and Management., Rajamangala University of Technology Srivijaya.
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(Volume)
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wouda ¢ fAwweuds ! wais@n ! wpamad
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. - Uhinuanutu
Shrinkage Limit  Plastic Limit Liquid Limit (Water content, w %)
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2.2.19AaAMUMaY (Liquid limit, LL)
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2.2.2WAanand@n (Plastic limit, PL)
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2.2.3 Wnawalaan (Plastic limit, PL)
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saturated) tiufe ?J'@&’iﬁﬂumaauﬁﬂ}"fﬂ‘lwmmmmawfwag’iwﬁ'u N15AUTERIN
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P ° v a v & ° U a a o v % A =
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2.4.1Lé’uiﬁaé’ﬂwmmawwﬁuﬁuﬁw (Soil-Water Characteristic Curve, SWCC)
Autsznauluselnseiiflvuiauansiaiuy msizmaﬁwaaﬂmﬂiwsaﬁuﬁadwﬂﬁﬁ
useruAUanad (capillary pressure) mammﬂ%mmmmﬂu finnsAnvwavesU3unani
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UNSODA tfunissausandoyafiugiuvesfiuilidusafeth (Unsaturated soil)
yilan dmduiindneimiansuazining UNSODA fiimquszasdiiies ureainuagaanly
939 TnesaunudeyanisnisninuasaaautinisBuhuesilumafuuagldiinns
weunsiilod w.a.2539 FelAuiiognania 800 wiaansilan UNSODA azgnszyidusiia
Audensuvsussinvesiuazgriiuifugiudeyausazsia saszgniSendn horizon fiu
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finaaeuluawnlsmndoyaillsiifisane UNSODA awnsailSouifisunadnsdmivaud
gnsumunazlignsuniule

Code number: 2232

Code 250 of 790

granular
No data

Hanford, WA, USA
Columbia River basin, Hanford Lab (PNL)
5 No data Celsius

H Mo data Celsius
Laliberte, 1966. Ph.D. Dissertation. CSU. Laliberte et al. 1966, Hydrol. Paper 17. CSUL

S. Lorentz, Dept. Agric. & Chem. Eng., Colorado State Univ., Fort Collins, CO 80523.
Phone (303)401-8413, fax (303)401-8224.

K rords: Soltrol "C*, disturbed
Rating: 7, rated by Lorentz Date: .196445
ﬂ: j Nodatz

1.4 glem3 . Sodium Mmm‘ 10 I No dara [meq/l]1/2

2.6 glem3 | Electrical Conductivity: ] Mo daadSim
Pmﬂ' 7 463 em3lem3 ! e ity: | o data cmolikg
Szwg Witer 2"2"‘: l A63 em3lem3 . Electrol level: I Mo data meq/l
Saturated Hydr. Cond: [ 27.75¢cmid | Exchangeable Sodium %: | Mo data%
Organic Matenial Content: || Mo data % | Mass % of free Fe/Al oxides: ) Nodaua%

—- Comments and Methodology —-

General comment or ki ords: Supplied by PNL at Richland, WA. Soil structure more stable

with Soltrol than with water.

Comments on soil gww‘ measurements: JFor conductivity data; BD=1.42, POR=0.434

Measurement method (lab water retention}): [Tmiometry and gravimetry

Measurement method water reten A

Measurement method ’l_ab mﬁl REN

Measurement method Iﬁeid K saﬁl#]‘ NA

Measurement method Il_ab K uﬂsamrahd!: IDouble plate

Measurement method ’5ﬂd K uniatura‘hdl: I'NA

Number of determined datapairs available for code 2232:

Barticle Size Distribution: ] 0 Dry Aggregate Size:] 0  Mineralogy'] ©
Water Retention(h) | Hydr Conductivity(h) | Hydr Conductivity (0) | Wat. Diffusivity (]
Drying ] Wetting]  Drying] Wetting] = Doying[Wetting] = Doying] Wetting]

w 0 0 0 0 0 o 1] 0
Lab ‘ 16 o 10 0 o o o 0

UM 2.5 fegresianuly UNSODATuansAuandmniluvesdiu
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Code number: 2232

Comments on measurement setup: |

Field: INA

Lab: IWetti.ng fluid is Soltrol C. Disturbed samples were obtained by carefully packing a 3.18 cm dia. and 10
cm long column with porous inflow & outflow barriers and two tensiometers. A mariotte device was
used for liquid supply, pressure head was changed by adjusting the levels of the inflow & outflow
reservoirs. Conductivity was determined from steady flow experiments, tensiometer readings and
measured discharge. For the retention curve, the soil was packed in a 7cm long column. The pressure
was again regulated with the inflow & outflow levels, the fluid content was obtained at equilibration by
clamping of all leads & weighing the column. The experimental information was reported in cm H20
assuming a temperature of 20 C.

JUN 2.6 segasiadiuly UNSODATLansRuautAnilivessiu
Wovinisssuiisunuautinalyvesiuluauiududuly UNSODA wdadan

AAUURNTINIL 5Wa UNSODA 3anssuiaiunsansiuds aaautinisduniuvesiily

wafulaglufasyinnisnageunAduUse@nsnisTusu (Permeability Test)

Code number: 2232 Series: Touchet
Particle Size Distribution Aggregate Size Distribution Mineralogy
particle size fraction aggregate size fraction mineral type fraction
um  cum.%(g/g} mm  cum.%(g/g) %{o'g)
Mo data o data Mo data Mo data Mo data Mo data
—-——oe—-—-— SOIL HYDRAULIC DATA -
FIELD MEASUREMENTS —M—MM———————————————
DRYING CYCLE WETTING CYCLE
Water Retention Hydr. conductivity (h) Water Retention Hydr. conductivity (h)
pres. head theta pres. head conductivity pres. head thata pres. head  conductivity
om cm3lcm3 cm cmiday cm cmilem3 om cmi/d
Modata MNodata Mo data Mo data Modata Nodata Mo data o data
ST Y. W I MEASURERIENTS —— & . S T s
DRYING CYCLE WETTING CYCLE
Soil Water Diffusivity Hydr. Conductivity &) Soil Water Diffusivity Hydr. Conductivity ()
theta diffusivity theta conduwctivity theta diffusivity theta conductivity
emZfem?  ecm2fday em3lcm2 emiday em3fem2  ecmZiday cm3fcm? cmiday
o data Mo data  Nedsta No data Mo data No data Mo data Mo data
DRYING CYCLE WETTING CYCLE
Water Retention Hydr. conductivity (h) Water Retention Hydr. conductivity (h)
pres. head theta pres. head conductivity pres. head thata pres. head  conductivity
om cm3lcm3 cm cmiday cm cmilem3 om ocmild
7 263 3 155 Modata Nodata No data o data
17 463 7 158
37 A6 L] 278
30 AT 19 26.1
&4 433 49 26.8
73 382 65 246
83 319 T2 14
96 23 76 5.14
106 239 91 2.7
118 234 109 B399
134 214
152 198

5UM 2.7 segresiaiuly UNSODATIWaRIAAnuaudRlunsguruvesilunafu
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Code number: 2232 Series: Touchet

------------ DRYING CYCLE WETTING CYCLE - eeeeem
Soil Water Diffusivity Hydr. Conductivity (0) Soil Water Diffusivity Hydr. Conductivity (8)
theta diffusivity theta conductivity theta diffusivity theta conductivity
cm3lcm3 cm2/day cm3icm3 cmiday cm3/em3  cm2/day cm3fem3 cmiday
No data Nodata  Nodata No data No data Nodata  No data No data

UM 2.8 segresiaiuly UNSODATIWaRIAAasauURlun STk uvasiluinafu

2.6 MsTesgvaudasadelunisiuiminlassaiwestuiuiesenuuugiusin
fumeuusnluniseanuuugiusin Ae Melengimidsfuimdnussnvesiuiisesiugu
snuEvete1ns tngldaimesildninnanisinseiduiu ndfuiailusmuamum
YUIALAYIIEazLIuAd U UaIgIUTINGBlY

2.6.1 $7UsINSEAUAY (Shallow Foundation)
FIUIINTEAUAU (Shallow Foundation) ABFIUIING @11150N5818UMUNVD4
dsUgnadiehugiusinasuutuiuiudausane Tuszdv Ussuna 1-3 wesaindauldlay

Y
I

fdoustfunzandall (Feduniuagasns, 2547)

- dudulussudufiazsestugumniinruuduse lnefinnsanaindinisnen
naas (SPT) firn N>20 ads/nln widedien qu (UCS) > 15 fu/msa.

- LifitufumiseuiiagvinliiAanisngasuinvidongadainatussninsguey
Tuduiishnirsedugiusnadly

- Enwurnsindssvestufueuiainausiogluuinaidussduihion
finsfpmnzaudiniisedugusnls

2.6.2 Mylszimdsfuiminusmnuesiuanamautinisimngsy (Estimation of
Soil Bearing Capacity from Engineering Properties)

AANTANITIAINTTUTDIRUY LakA ml,m%mﬁmsvmmﬁﬂﬁu (Cohesion, c) AN
YuoLsudganIun1ely (Intemnal Friction Ang e, ) uag mwmaumuﬂmmmu (Soil Unit
Weight, y) uJumW'ﬁmmaw‘l%mmmmaaiwmuﬂmimﬁuamu wqwgwmmu Y9IN1T
ULF]SW”MUQ”ISUE{ZJZJG]%WUN %msmmmw B LL@”’J’NE]EJUUWUV]‘S”@U?]’J’luaﬂ Dr iy fiAnn
g1 L ezmsmmﬂ%umﬂwwqmmimamummsugmﬁﬂmﬂwmzﬁuaq anuaseadussuud
38U (Plane Strain) uam]Wﬂf‘:é’faé'?aamgagwudwﬁuﬁim%’ugmmﬂﬁ AL ITIFIINAUNTT
AUAduluuLsadeuly



12

saﬂumuﬁ]'mmﬁ:;memmamamumuLuaqmuiuwummmmm (Case Study) m%
loasziiag Laaﬂmﬁaamwumuimm (Shallow Foundation) Bz fuanwiufuiis
mmmmsmwﬂiuumuﬂmmﬂlﬂqa wazpenadulias Inefuramdasuiminuun
MU (qy) MUNOEUeY Karl Terzaghi (1883-1963) FaaunIsi 7

1
dult = cNgsg +ANg + = YBNySy

A
W9
que = AMasumEnLunnIU
c = AAUPBNLLY (Cohesion)
N, Ng, Ny = Bearing Capacity Factor

A = . & a Y
sc = 1, 1.2 1dla gruilanuenunn, gruidudmaeudnia
g = YDr dmtinneiuainvuesnu Lile Y As viledmtinvanu
B, D = AUNI VBT IULATAIUANVBIFINIINEIAY

sy = 1, 0.8 e gulanuenuin, grundudmasuingg

2.7 B/TIATIEMEN TN INAIIBT LAY (Numerical Method)

NFIATIEEde AN ITRaYITasa inadnsTuandeyaneiunis
A vay ¥ a | aa S a 4 U saa 1w ) Y | v v a v a Y]
AURALAazEANINIBUUUALANTINad NS NILASn TduUansulula A Haans IlnALAB 9y
Andusiazinnulaeniegegn we Numerical method @1u130e5unegUkuunis
NUANANTUATININGTINTIR (Itasca consulting group, 2005)

2.8 35N15ATILMADYTNINAYIT Finite element method (FEM)
& aa ~ ) Xy = = ¢ A o 2 v e v
Juisnsignitmuuazyssendldiuiniesneuiunesiiesaindesiutoyanls
Tun1sALINIUIUABUYT1LIN T TTANUIN ANLLAU N1SLARDUATIVDIAIARULALLESIAULN
Toet5uduAte Ut NI VAU NUAIE AT IATITIRUUSAL (Duncan, 1996, Griffiths and
lane, 1999). kA35A15 FEM 8123z iikaulvlunisemuindudaunasldiamuisiuiuninm
Y aca v oo ~ v ] a |
Jannae zlnrnauntnaPgInuduasIuINnI

2.9 MINUVILITIUNTTU/AN5aUNe (information) Mieadas

- gy sty AN (2553) Anwuariisednuauifvesiuluuinadmindedl fe
fuminedordoddnl amgianssudians UsaaI1uensaTIeAnLaTINIATYN
Arnssulesiagusiuuuluaiunvesasiils daaeun1e3snig Atterberg Limits Test
waz Consolidation Test tflaflagnian Compressibility Index, Cc ﬁ'mmmuﬁqm
Empirical LLUU@'NqﬁagjmsfléfﬁaulsusuaﬁuﬁﬁwmﬁﬂmLLaz wUszanalgnuauluusion
Foriadedluiannisnwainfuuinaaiusensadneinumdwiniadvimnssales
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Qe

wilwun Tt ndudiu Transported Soil sfidnwazidufumiesiu aunsaldaunisean
AUANITNAADIADAARBITUNTITAUN5VRY Brazilian Clay Ao Cc= 0.0046(LL-9) dufu
Snalnainandeds iWuduiiAuinangiduualdudndufu Residual soil Fadl
anvauzilufumieudsaunsaldaunisaindeyanisnaassaenndesiunisldaunisves
Terzagi A® Cc = 0.009(LL-10)

Qe

e C

“gan1 NEYauna (2559) lavinsuseiiuanulifiiveinisinsigriainduidfisssuya
VTR NIRRT fmﬂm’mlu'LLﬂiuaqu@mauﬁamaaauLLazmﬁmmmaaﬁmﬂu
swﬁuﬁsimﬂﬁﬁaL{‘]umsﬁﬂmﬁﬁwﬁ’iy dWethundinszdainduithlasanizegiedly
U3nagiaawafoudinsdukiiuvesinuluaafudsnalirussfuinlumafuiuty
wazn1siinnsadsatiosanluainsiu JUswnsy SEEP/W uwag SLOPE/W laiunleiu
s aunIMaIeLiees UEnTEUINNITLR W R LAy ST s Rat e sawlus ety
uiTeduvinisimsedatnausenidu 2 daulnenishnsisiiaiosainvesiuly
AsEiRNEIR LT Sne dva TTAUATASITINTITALHINITIASILINIAINITTURILYES
dvlunaruiinelhindniivanvesus s luinafuuaziaiiosnmuesaniuy Ay
g9arANAIATUYDIALSNBaN19IN STUUATAUmANTiAEaRT (GIS) NansnaaouTiLd
et fuRinisgnihunldiduaiuuslunsiwsgiatesamdiuandudndnvalaes
Auitlddumadaetn (Soil-Water Characteristic Curve) Araa1uaunsatun1sinasusy
vounluniaiu (Permeability function) ﬁqﬂﬂ"wmmimaumi Van Genchten uag
AslALary- 929a0- wazsou 30 Ynsiingn (ntensity-duration-frequency) an
tharldidumfudslunisinsginisduruvesisuluman u Tnglulusunsy SEEP/W
i udnn1sues Finite element analysis unl4g1aosnsasundasiuiausuiin lu
wanusuiewnaniidusarnmsinsednsfiviuresviluilaiu war luldsunsa
SLOPE/W agldmiuimuaionsidiuniiulaoanslaneldisnisves (Bisop ' s
SimplifitedMethod) LLazﬂ"lﬁmﬁmﬂmjwﬁjﬂumaé?u (The antecedent precipitation
index,API) wan1sAnyImuin amduiansiod nedadudauguiulumnaiu ity
380 fadwns lun1sAnwiaulunuusuvesdinlsluswhusssues Arauaindesly
amau (B), Aanunuiluainfdul), sinvesdiu Vet InvesAu (y), AT amien
UszanSna(c), yuvesusudoaniunislu (0), Ayuvsusadoaniunisluidosainuss
ﬁqamaaﬁﬂuﬁu (B7b ), wazArdawUsivun (Fitting parameter) Tuldudndnwalvosiu
flsiuiadsinazaranuannsalunsivaduvosiflumnaiu gninunldlunsiemed
wansEnvIMUIEILUTTiauddyden1sieTgiiaiissnnresaiafufe yuvoIUTs
Foanunielu (@) wazArnuaiadesluainau (B)

“YIYTUNIA SHUSUND WAy WIgsUNa Aeal (2555) lavinnisnagauniandudseansnng
Furruasatdlavinnisnaasulaslddingrsfuusinauniinedudesdlnd Tngvinnisiiu
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Fog19RULUUAIEAIN 2 surilsAauTagudaududanianIsunng Lazsusumas
Aazdenssuansuminedadedml uvinisnageunarduuszannisduniuves
ilufulufesufiRinislagldisnsmaaeunuuFalling Headuazihfiagshuainudiaa
wiennziranssumaniuiunsalaslilaninumuiudy 95% (modify)itadiu dry side
Laz wet side LilonnaounAduUsEANENMsTRHuve s luRuNanIsadaUNUI
fregreiuiumiad ihnsifiufegiauinumundsvesquianududanianisunneg
1@ Liquid limit(LL) = 22.10% Plasticity Index888PI) = 9.13% d1uunvidaauidu SC
(Clayey sand with gravel)%ﬂﬁﬁ’lﬁuﬂizﬁw%‘mi%mmu“uaﬂﬁﬂuau(k) = 8.21x10-4cm/s
Ausunied 2u3namdnaEimnssueansuinInendeidedlag e Liquid GmitLL)
- 22.85% Plasticity Index(Pl) = 9.05% s1uunsdafudy CL(Sandy lean clay)@eiian
FuUszansnisfuriuvosinluau(k) = 5.81x10-6cm/sausunysil 2 ouasad
Wodudiin 49(95% Dry)fiindudssansnisduriuvesiu (k) = 1.22x10-6cm/s waziile
unsalUasidusin 9.8%(95% Wet) SArdudszandnisdurtuosiiu (= 5.03x10-
8cm/sisiiAndouninAnduussansnsduriuvesiuilewsuiouiunsundagiu Dry
side Uszanas 20hfinanumuisiuiieniiu

Sywa awnotud (2555) leAnwifiulUsveaaiosainesanfunielgusunaniily nns
ﬁﬂ’ﬁsuaﬂamﬁuLfluﬂmmﬁ"alﬂﬁwusluu'%nammiuﬁuﬁm%’au%uﬁﬂaﬂ 1MUY
mmm’maammmﬁL‘UasJuLLiJaqm’]mmmmmmuwummwaﬂ%amiLﬂmwumsuaq
GRIaa! Lmmmaaﬁﬂmmaﬂuaaﬂiﬂ%aﬂs zuIUnIsnauiatnfuasinn sAvAT Y
AMNFURUSvoIRuaNTArR 1A Y AU veIUS Iy WA FULUUYDIAIARY GRIGY
avnfineliiAnmnuliviueuvesadssnmuasainfungliusinauiiuandaiy 14
mAtefidunsfnwgaduusanuduiusiinguudideiu vesiunagauidues
U'%mmﬁfmuﬂu{ja%’aiumﬁmUﬂmaﬁmmwmmm@au IummzﬁguLLUUsuaam@auﬁ?uLﬁu
Hasedises uenaniszoznafidunnuazaudusesUSinasiduegradudadeiivialg
ArdnsImulasndandiag

-Joseph R.Williams (1996) ladnyigiianisldeuvalusunsy UNSODA, UNSODA Ju
grudoyaautAvesdudilidudadio (muﬁuﬁ’nﬁ;ﬁ nsurliivesreanas, n1s
un3nsz1svosiuluyn) ﬂmauumamuwwumu (190329182 1890YNIA, A2
wuuty, Msmansdunidlufu wav) wasdeyaiiuduisrfuiutastunounismaaes
aunsaldlusunsuiiile 1.ﬁ]®LﬂULLauLLm?JGZJ@34Ua 2 Aumdoyaniudefuuaifldfosnns
w1 3.a1saidoyadilaluldlugunsaduiieldanudsluld 4.05ursdoyavesiiudly

'
a

BUAINIYUINIBATNThARIHARUUTA
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“wuudassadamanilinareduiideunniulunisideuazaisdanisnsinavesi
1o lesanmsusudsmenduaiuazaniauaslunenfinmes Uselovivosuvudtaouds
favandaniranniu deldmsmimesuaznistdendoyaiigndes fedtunisladu
fodndudenaddnylunisdoudeyalulunaifeiiavresnszuiunisleu vadose
ilsrdumandenatnldlasnsmieiiunisaaagiuandoyailduagyiliieuniude
mslduvuinasaaiiouass wielddoyanauiindreadeiu UNSODA vimthiiduiify
Toyafianunsalfifuunasvesteyadmumsinminaznisussifiuandivesiudludue
Faeih

-UNSODAYMausaufulysunsugiudeya KnowledgeMan(R) dwsudmiudoyalumisng
swauilinmsmniag 4 vesnudnuneiid1dny n13vhaures UNSODA azifiusausia
foyalusUuvurasmsuazszyAasiaulsienasiunistu UNSODA THdesuieids
Anngauifvosduiiliduideiilagldnisiiaondain wiidSudunnaniudds
yaslusunsy Tnslusunsuasiinasidmiunsinuszansnmvesuuudiasanisiva dein
wsiasuazgnifsudulugiuuunes FORTRAN Taegléatuisadivuaguuuunisiva
isinld freg1sazgnarunnliifieligeunsiuiianisviiauves UNSODA Tngazdl 3
Fumou dil 1. Youuazufladoua 2. doyanisdum uar s1e9una 3. Joyauuudiaes

-D.W. Taylor (1948) laWaiuini1snisnsidiutaendslaneisnislau1sn(Stability Chart)
dmsviessilaiosnwvesainiumien faguil 2.4 Tnefvuadeulussqieadiuain
Auwmilen dll

a. andudoslifinsszunetuarliduihanaeuen

b lifiusansgsiuilossnaninniinussyn (Surcharge) vie usadadivilfAnnisunngin
(Tension Crack)

c. énuvaarndudufuieidon (Homogeneous Soil) é?uwimmqwma’mﬁuiﬂw
femudnvosiuaudetuiuuds

d 1 funsdnsAvamdussunulds (Circular Failure)
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11
Definitions —_— o
b ~ \
|
1 I ;
B l 0
7
Shear strength = ¢ D=dxi
Total unit weight =¥
Firm base
Factor of salet: F§ = .\'..#_'” g
Slope
ircles
Slope circle crreles
Toe circle Vilues ol of =
Base circle ! i \ + 4
s -~ s Z
=
T
E Base
Va 5 circles
e s 2/
P // 3
- :
P g 6
- re
e — - - —
———————— T 5353 L_ o =2
3
Slope. b
0.3 0.73 1.0 1.5 = 3 4 6 10 oo
1 1 1 ! 1 1 1 |
F0 GO 30 40 30 20 10 - 4]
Slope angle, B (degrees)

3‘1]1’7; 2.9 Taylor’s Chart for Slope Stability Analysis (After NAVFAC DM-7, 1971)

Wnsldvsa (Stability Chart) @usuitasisiid@desninassainnuniedaziaiudifey
Tudunounisnsrvasuarugniessesnisnidniidiutasn feluniseonuuy Design
Charts 18333 ns1¢ligsBadunuuresminesiifsatesiunisdundiney 1
AN Taylor’s Chart
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FBn1satiunsidegnuiaidu 2 dulvagiq lawn 3.1) n1seenwuugIusin (Foundation
Design) kaz 3.2) N15ATIINGANTIUNIBRELU U lULIaAY (Permeability Behaviour
Analysis) Atuandlusun 3.1 lnednsseusgazideniiuiiuvedduwdazinunin (Diagram)

Aatl 3.1) N199BNKUUFIUTIN (Foundation Design) TUNBUNITIATITINITTUUIMLNLUN
MUVBIFINIIN U5easBunuandosnadl

3.1 Foundation Design

!

3.2 Permeability

Behaviour Analysis

a. Soil Laboratory
Testing

{

! \’

i. Comparison between Soil

Laboratory and Unsoda Code

Limit

b. Atterberg’s

c. Sieve Analysis

d.Grain Size

Distribution

e. Calculate Ultimate

Bearing Capacity, q

u

Jj. SWCC Curve

f. Foundation Design

k. Finite Element Analysis

Geo/studio Program

g. Factor of safety < 1

No

i/ Yes

h. Building and Analyze

Design Chart

g‘l.l‘ﬁ 3.1 Methodology
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3.1) NM392NLkUUFIUIIN (Foundation Design) funounsinnesinssudmdnuunmuses
giun feasiBoauandesdl

a.) ﬁwaﬁlﬁmﬂmiwmaauﬁﬂuﬁmﬂg’jﬂ’ami (b. Sieve Analysis, c. Grain Size Distribution
uaz d. Atterberg’s Limit ) @aainwaainnsnaaeuiulusiesujiinisagi Wgidoaunsa
BaszvinuanTRnewardwunsiinuasiuld (Soil Properties)

) Lﬂu%umaumaaanLLUUgmiﬂﬂﬁm%’u%’uﬁmﬁﬂmmsﬁ%mEJLmﬁy’wmaqmajgmim
uazfudafinnmdnduediebeiifidoasdemnuis vlauazauantBvesiuiioaseiaiiu
AdakunnIu (Ultimate Bearing Capacity, qu) Lﬁa%ﬁ’ﬂﬂaaﬂLLUUImﬂa%fwgmmﬂiﬁLﬁm
ANUUADANEEIER

£) s9nnuUIMvRIgIUTINLazmanlassasslunounin ¢.) n3radeUAIIRTIEUYAOR Y
&ileannnd 1 wanei Yaeaduuazihluldeenuuudmivsessuimdnaneiasteatis
IyognsiiaiosnmaniaauensinnsAwan (Design Chart) agnsdremundndanssa
dieldlunisuiuniuuavessusnuagiandulddenuesdmivimnsuszdlasms (h)
uithiesndn 1 e1adesdeuringnszurumsesnuuugusn () sl iilemaueiivnza
3.2) mﬁLﬂiwﬁwqaﬂssmmi%mmwmﬁﬂumaﬁu (Permeability Behaviour Analysis) &
swasdeauandosdall i) ihdeyaiildarnnisdauuniiu (Soil Classification) snu3suifioy
fiadaseinisiaiu (Unsoda code) arundnanna j.) u°’1€é’fagaﬁvl,§fﬁ1’msf?umu i 311
fuaaam Fitting parameters way a31ansmsndnwalvespuiilidugaseth (SWCe curve)
dioTinzsingAnssunisduriuvesirluinaiu k) Jinseriuilaeld3siassmitne
(Finite Element) TulUsunsu Geo/studio @5U A1uiAIgasIdulaendefu a13a0
1 1 uaneih Uaendtuazneasetmstudeuldesnsfietiosnmiteisainauens
3@l (Design Chart) agnad1emuvanimnssuiieldlunsuuuiuunvesgiusnuag

@ dulasenuesd nsuiainsuszanlasinig () wia1tesnii 1 9138098 uLdnd

Y

a L3 a 1 1 ~ o a sal
ﬂi%U?UﬂWi'&Lﬂi’]%‘lﬂLﬁﬂEJ'ﬁﬂ']‘WFL‘WlI(k.) 11/111 NBATUUANTITIULADINLNNTHU
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3.3 MTIATIERaInAUaaN (Slope Failure Protection) fisiwazidenuangasnail
i) dndeyaiilaainn1sd1sauninunAm1anenIn (Geometry Parameters) lakA A58

(H) AMuN18 (L) kazanuaindes (B) vesiuiainaaud mivinluinsgingAnssunis

ANSIN 3.1 SLELIANYIINITIVY WATLEUNITARUIIUAADALATINITINY

ﬁ ﬁﬂﬂii&l f.a. | N.g. 0.A. | d.A. | NN, ﬁ.ﬂ. 1.8, | W.A. fl.EJ. n.A. | &.A.

1. |9weenauwidwaviiu| X | X | X | X | X
FDY

2. |97 umsivde v X | X | X | X | X | X
AMdUTANI
AAINTTU

3. [A153ASIEY uas X | X | X | X | X
AUTY

4. |agunanisAneiuay X | X | X | X
WWEUTIBU

5. [IWULNTNUITY X | X | x| X




]
unm 4

a o

WaN13338
A338venus HauANAInileiann1s3de senluiidedasvianun 4 du
91989 1uuNUNSAENIURReAlASINTITY fall 1) MueenauINkARINURIENS, 2) 91U
ATIAERUANANURNIIMNTIY, 3) MINATILA LavaiuTeway 4) asunan1sAnwuasloy
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4.1 ueNaUINLALIAUMBE1s (Result from geological properties on study area)
JunsiiududiegislunaaeuluiosdjiRnas laun Atterberg’s Limit, Sieve
Analysis, Grain size distribution wazynsEITIINSAINTIUe MrUALUUTIaeweEan
AuitRdmsuilldlunisieszitazeaniuugiusin lnesvaziBeanisduunauduly
ausieazdualuiite 4.1.1 wagnisdsianidieanssuiie AMuALUUIIA0IUBIAINAY
AvRdmsuihluldlunsiwseiduluauseazdenluide 4.1.2

Foundation Design

]

a. Soil Laboratory

Testing
b N )
b. Atterberg’s d.Grain Size
c. Sieve Analysis
Limit Distribution

e. Calculate Ultimate

Bearing Capacity, g

f. Foundation Design

JUN 4.1 Flow Chart fuUsiieatesiumsliasgiiadesnmeesainiu

4.1.1 s1eaztdean1sdwunaununanisnagauluiesujuifinis (Result from In-situ soil
sampling)

91nn15uIAuReg19lUnaaeuluiesUjURnslaun Atterberg limits laboratory
testing (ASTM D 4318-04) lofn Liquid Limit (LL) fie mudulunafuvasiiviafusy
Wasuanmarnaeamnad (Viscous Fluid) luiuarsuiladluaatuninnaiadin (Plastic
State) , Plastic limit (PL) Ais Anudulusianuvnsuasuaniunimainnaainidus
289uT9 (Semi - solid state) wag Plastic Index (PI) Ao wasnaves LL way P.L gnidud
Lanaderumdlenvesiunasduansenslsenisadsuanunmeoa L ue e Ut
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Faduafiddgylduinlunissiwununadiu annanisaaey Atterberg limits wu3nan
Liquid Limit (LL), Plastic limit (PL) kag Plastic Index (PI) @1%5U Lower layer JA1VINAU
35.510, 30.15 Waz 5.36 (AN51971 4.1LLazgﬂ‘17i4.2) wazd1nsu Upper layer daviniu 36.5,
31.75 wag 4.75 (31991 4.2uaz3Uiia.3) mude

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. Cl C2 C3 Cc4
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 3.920 3.180 4.390 3.330
Moisture loss g 10.690 8.970 12.500 9.730
MOISTURE CONTENT % 36.667 34.452 35.120 34.224

Liquid Limit 35.510%

Plastic Limit 30.147%

Plastic Index 5.363%




70

30

Plasticity index, Pl

20

10

PI=53 CL- gL 7| et
oot
1]

L} I
LL =35.5

"A”-line : Horizontal at
Pl.=4to L.L.=25.5,
then P.I. = 0.73 (L.L.-20)

"U”-line : Vertical at

illite

v

f e s /s
AP € 7 s
//f/é/
J ) 6\&4 / DH

4 /

0 10 20 30

40 50 60 70 80 20
Liquid limit, LL

100

sUTl 4.2 nswleuduiugues Liquid Limit (LL) wag Plastic Index (PI) el uunviin

YOIAUAITU Lower layer

A519il 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. Bl B2 B3 B4
Number of bumps 16 21 30 39

Wet soil & Container g 29.810 27.320 28.030 34.430
Dry soil & Container g 26.800 24.380 25.200 30.580
Container g 19.250 16.460 17.00 19.080
Dry soil g 3.010 2.940 2.830 3.850
Moisture loss g 7.550 7.920 8.200 11.500
MOISTURE CONTENT % | 39.868 37.121 34.512 33.478
Liquid Limit 36.5%

Plastic Limit 31.746%

Plastic Index

4.754%

22



23

70
"A”-line : Horizontal at /
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JUN 4.3 n3mlAuduiusves Number of blows wag Moisture content Litaldduunuiin
YosRudmsu Upper layer

31nnisunAudleglunaaeuluesdjuanis laun Sieve Analysis laboratory
testing (ASTM D422-02) ilo#1 Dio, Do %8 Do 718 BWIAVDIAUATVURALENNTI10%, 30%
waz 60%, A1 The coefficient of uniformity (CU) A ATLanIn1InsEaefveudnfuIng
Ay asnauevsely wazAn coefficient of curvature (CC) AznanfiavuInAagiuIIvLIn
AarAUAnNIoliaINNANITNAEBY Sieve Analysis laboratory WU31A1 Dig, Dsp k8% Deo
d1115U Lower layer fiA111U 0.5, 1.4 wag 3.3 @1%5U Upper layer 4A1vinAv 0.4, 1.3
Wag 3.2 MIUAIRU WAz A1 CU wag CC d1msu Lower layer dAAU 6.6 taz 1.19 dmsu
Upper layer fiAYINAU 7.62 Lay 1.26 ATU810ULAZN1TIIMUNAUA287D Unified Soil
Classification (USCS) #am1519%1 4.3 au15as1uund ndu Lower layer Mindufuwia
Well-graded Sand (SW) kagn1997uunAUA2875 Unified Soil Classification (USCS) 64
a9 4.4 @ uundmsu Upper layer toaifufuefin Well-graded Sand (SW)
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Soil Classification

size

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
98 % retained on No. (More than 12 % fines ) oM F.G.H
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 °) Ans SW graded sand
more of Fines classify as SW !
coarse Ans Cu<6and 1>Cc>3" Poorly
fraction Less than 5 % fines SP graded sand
passesNo.4 | Cu>6and 1<Cc <3 J
sieve size) Sands with fines Fines classify as ML or MH Silty sand ¢
(More than 12 % fines ”) M i
dns Fines classify as CL or CH
75 % passes
SC
No. 4 sieve Clayey sand
GH,I

classification (ASTM D 2487). The soil is classified as Well-graded sand (SW).

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




15197t 4.4 Unified Soil Classification (ASTM D2487) for Upper layer

Soil Classification

size

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<dand 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
99 % retained on No. (More than 12 % fines ©) oM F.GH
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 °) Ans SW graded sand
more of Cu =7.62 and Cc=126 !
coarse Ans Cu<6and 1>Cc>3" Poorly
fraction Less than 5 % fines % SP graded
passes No. 4 Cu>6and Cc=126 sand’
sieve size) Sands with fines Fines classify as ML or MH Silty sand o
(More than 12 % fines ") M o
Ans Fines classify as CL or CH
75 % passes
SC
No. 4 sieve Clayey sand
G,H, 1

classification (ASTM D 2487). The soil is classified as Well-graded sand (SW).

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
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4.1.2n1581579MOIfINssUeNMuAkUUINaesvasatnfuiURdmsuin lulglunisiwsie i
(Slope geometry and soil property of the site)

Tumsinsgimnudemeiiinanssaivilaeldndnuuuiiasmadamans
(The mathematical models) %38 GeoStudio Program wieliins1udsdnwazn1sivives
aniu Tngazulstunsunisiiesssildesnidu 2 wuu Ao msdmmzinginssunisduriu
venruluaniuiiofuaiusinailuanauiiiiaty Tnedenld SEEP/W Application
s whnsiesinatosnnluainiuitemunmsndnlasade Weldluns
Feusfonouiianinssafith viedl Fewhnsiwseflaedenld SLOPE/W Application @4
Husudeniiiloglu GeoStudio Program agudn

LwiLﬁmmﬂiwu%’aﬁmmﬁmmwm;:Iagmﬁmﬁummﬁaqmﬂumiaamw‘ugm
571 {33839veT1a04 Slope geometry lngd148431n chollada (2018) kagaNNaNMIveGeU
AldnsiosfURnsuaznsswunudieds Uscs amnsaduunldinduiuvina Low-
Liquid limit Silt (ML) a1afAuiia111ge 80 WATKATAALAIALDEY 27 B83A1 AUENYMLATN
duluninldlnednevazazifuiudemonfulunasaeninuain (A homogeneous soil
slope)uar A (Rainfall intensity) Tunsdifiuiidnw (Base case) QN919891131N
AUSinaduazaLves Muiidontn uasASsssusan nsmlannududu-daa-ues
50U 30 Tn3iAng nsuvaUsEnu (Thailand Royal Irrigation Department, 2011) Waga
Aty (Rainfall intensity) 6-36 fadwnssedaluadufidefidnsdanain nsmaau
Waru-taan-uarseu 100 Jnsiingn uay Armudury (Rainfall intensity) 71 Rahardjo
et al. (2007) 1flumsAlnnevianfuuinugianaede fui 4.3

Ruiefodl Livtenwity-Duaration-Frequesey Average Curve of

Southern Part
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| WY
1 =41

LU T
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gﬂﬁ 4.3 NTMAAMLTNAU-YINIA-wazTEU 100 Un1siingn wag A1mudusy (Rainfall
intensity) 81984210 Rahardjo et al. (2007)
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4.2. uUATIIERUANANUANISIAINTSH (Result from engineering properties on study
area)

9nldsunsun1siasizinnsduruvesiWuluatnfuasldudnnis Finite element
anaygsuwﬁwmwaiwwwzvﬂwaﬁWﬂWiuﬂQﬁﬁﬁmaauaaauaarnﬂumwﬂwaﬁﬁﬁgﬂﬁrwﬁsuﬁq%a
YUIANIN 0.3 AT 813 0.3 LUNTIUIUNINATY 1000 30 wagfinisivuaiouluveuias
(Boundan/condmOns)ﬁthﬁ'44-ﬁhﬁ’ﬁwu%ﬁqﬁaﬁwauauﬁwudﬂqamﬁwwumTﬁlﬂﬁﬂﬁilwa
muamuaqmmﬂm (No seepage through the base of the soil slope) kae Wummuuu
aeduiinssesulSinamsiiuiduiioanaindnnudus (Rainfall intensity, 1,

31NN1seRNKUUIIaIetaInauieu luiludeya Input data Tu TUsunsu GeoStudio
44' a ¢ a ad A N v & Ay v a ¢
wieldlunsisgiatssnmluainfunsaliiundnwnanald dunailaannn1siesznig
gaideiafgsnmluainfunaznsngAnssunsdusuvesduiemuinaUsinaluaie
AunuaU dsvazpeadsllnsiesgianosninvotainaulagldlusinsy SLOPE/W Wuil
Adnsdiulasndvavanadiiisesauisainfusugyideaissnmndilusi 96, F.S. =
0.98

" In-situ soil sampling geological properties on study area

I (Rainfall intensity)

i i
1 1
1 1
1 1

W W

4____
-

SR
Rz

« rainfal imensity E-36 mmyr
[ < [10F) oures for soutnem part of
h iz vith & return penod
of 100 yers [Minkstry of
\". agriculture and cooperathes
\ Rryal imigation department 2001
d\ 4 Tre rainfall imtersity 6-350 mnghr
b was adophed fom the parametrics
studies by Fanandjo et al, (2007

v P T,
¥ arrlimnrrrieneinrEusine vl
N . R
mIRRUTElEWANNTT Finite element analysis umh
e I n el fineaefus emtiuen

dnefufnfdaudnitrrenii 0.3 wes 313

0.3 WHRTT TR 1000 +R wesdinaiwun
Boundary Conditions:

ab=b\:.——|::1=d.e—q=1 (Famfall intensity)
£21= 0mls (Mo fow boundary)

de J.“.H:'I.Il.“.-il'l I,B-:"IJI'IEEI'\_\. conditions) 7 'IJE'L'W 4.6

- [
Aall ArudnathdeunsRnusnasaieal wiints

e wmdmefudeansomit (Mo seepaps  through

_ P the base of the soil slope) wazfrufifTuuweRdu
a 3 i - . T s .
31]11 1 asAmuaia aaa AR (Boundary conditions) STt e e il g e AT eI

vy (Rainfall inbersity, 1)

SUN 4.4 msfmuneulvvaulws (Boundary conditions)
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mﬂmimaau@mauﬁamaqauﬁlé’ﬁgﬂauau SW soil (Y; = 2.67 t/m? c=10, { =
14°) futiu SW soil (1; = 2.65 t/m?, c=10 t/m?, ¢ = 14°) @ru1saurluniAtndesu
dmdnuunniu (qur) MNNISFUINTIFITT 4.2.1 LLazgﬂﬁ 4.5 TAgATUIUAT g i =
80.61 t/m? ilevlulflunsesnuuugusnluddiudaly

4.2.1 MIAUIUIAT MUILLTINTUEIAATDIFINTIN (Guer)
MAMUIELTIIUGIEAYDIFIUTIN (que) VWA 0.9x0.9 m Elagdn 0.7 m lansieny

(Ve = 2.67 /m°, c=10, § = 14°) Ingawoguudulan (Y, = 2.65 t/m®, c=10 t/m?, { =
14°)

Surface

0.7m

‘/)'.9 m Upper soil

Well — graded sand

»
|

A

0.9m

5U# 4.5 N138@NLUUFIUTIN (Foundation design)

1
qut = SC CNC + Sq qu g S'y E 'YBNy

1
Quit = 0.64x10x11+(1.25%2.67x0.7x4)+ (O.6x§ x2.65x0.9x1.2)
qut = 70.4+9.35+0.86=80.61 t/m?

4.2.2 M3l Design Charts Tun159anuuugIusn

NNTANLIUNIAINUI LT UGIAAVBIFIUIINATLAUN1TVOI Terzaghi a11130
luldluniseaniuurninvesgiunnuazANENTeegIUIINAIINRIAUdAunulaLagldAL
thazdulunsiliR 0.01 faguil 4.6
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dMTUNITPNKUUAIAINNTIIHAZAINETY BXL U9451U5INTTUABUNITORNIUY il
1) usadeyarmafinesidniu wu g, D
2.) donld Py luniseenuuuiimuisay
3.) 1A B ey L mﬂgﬂﬁ 4.6 ficenndasue Py, q . Wae D
4.) AuaeAn B wag L iumiie m

10000
=001
1000 g
B
100
10
D,=07 T
-‘-___.-d-i"" - =
1 D|=G‘E.‘--"'-’--‘“ __I_,_,-"-' _—
L Bros  — T
0.1
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8300 8350 3400 2450 #5000 8550 2 B500 2 Be.50 £7.00

Gure (t/m?)

gﬂﬁ 4.6 M319A UM (Design Chart) U570

4.3 MIAATILY waranusie (Result and discussion)

Inn1seenuudtasswesatnAuiiednlududeya Input data Tu Tusunsy
GeoStudio teldlumsianeiiadssninluaiafunsalinundng) dunanlaannnsiaem
nsgadeianesnmluainfiukazn1sngAnssunsuruves e aA Ty

ANPAUNNLTY TS18aLLDUANIN



30

n1sinsiziatesanvesatnfulagldlusunsy SLOPE/W gnuanady
AnuduiuSsEninnisUasuuatwesdnsiditaon fe (F.S) Pasariiuly 210013
AnzinuihUimaninuiifisdusiilugnisanasmoaidslufu (Soil strength) wagnuin
ﬁhé’mfldauﬂaa@ﬁa%aﬂaﬂﬂL%"aas‘]ﬁluﬁqmmam‘éuq@Lﬁamﬁaimwﬁ%ilmﬁ 96, FS. =
0.98

mﬂmimaammauﬁamaqﬁuﬁlﬁﬁ”’aﬁuau SW soil (Y = 2.67 t/m?, c=10,
¢ = 14°) AuLdn SW soil (Y, = 2.65 t/m?, c=10 t/m?, ¢ = 14°) awsarluniArideiu
dmidnuunniu (que) ANAITAIWIUTITITOT 4.2.1 LLasgﬂ'ﬁ' 4.5 TnUANUIMAT quy =
80.61 t/m? waz léAuua §1us1n e 0.9x0.9 m Hlaegdn 0.7 m limaeay faguil 4.6

0400 0.

FE-DBI2 a.

I3-DBI2 uan
DB-12 . Yesau 0.70 u.

4340 u.

TR TR £

00500 T3 AN T bt ' R «—aauntaniu 135

0100 . 4o udasiu

4+—dudamiu
LR TRATITE = AT
funhwinldiniaunia

090 u. I3-DBI2 S0 anJasal.

g‘dﬁ 4.6 Foundation Design

4.5 aqﬂmaﬂﬂﬁﬁﬂmLLazLG?JEJmWEmu (Conclusion and published research papers)

MTILATITAIRAURTRs TTUREIMTUTEUUNTRRudYlagdl A1ALaIn
WBedluaiadiu(P), Araugaluainsiu (H), ¥liavesdu (Type of soil) wagn15uIHanIs
naaouAuluiesufuRn1sUginamans (C,CoDi0,Ds0,D60) AUNIDDAKUUFIUIINGINITA
asunansvaaslddsil

a

- dwfumsiiesgilunsalvun@nwin o, ndsaiu yuns laslulusunsy
SEEP/W laimann15ved Finite element analysis 1inlgdnassnisivasuniasluaiisanui
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Tuadusuiewnanidutesiinsginsiudurewilumnarunuinauduiugsswing
MsUasuLUaessnsdmlasnds (F.S) Pruafidiuly 91nnsiesisinuinusuna
helufifsduasilugmaanasveatdslufiu (Soll strength) uaznuirArdnsdruasnste
%amaﬂﬂLéaa‘]ﬁ]uﬁqmmﬁuﬁu@ﬁaLaﬁaimwﬁ%"ﬁmﬁ 96, F.S. = 0.98

-é{’m%‘uﬂ'mnmaauqmauﬁamaqauﬁléfuazmsﬁwLLuﬂﬂixLﬂmauImﬁ% USCS visnunu (Upper
layer) SW soil (; = 2.67 t/m’, c=10, (I) = 14°) wazAuiAn (Lower layer) SW soil (Y, =
2.65 t/m®, c=10 /m?, ¢ = 14°) awrsairldmArmdsudmdnuunmiu (qu) 990073

A LAINAT g e = 80.61 t/m? wae laAaua §1usIN Ae 0.9x0.9 m Eegdn 0.7
m lanseay
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- AN 1IN
AN 4.6 WEAAILHUNITANLUIIUIATINITANUYBLEUDLATINIS (Plan / Action) Tag
anunsaagUlidnlalaeieladal

UAUNTS W.Al. 2562 W.A. 2563

AUUUIIY a.n | We. | 5.8 | WA | A | Ua | we | e | B | na. | a@.a. | ne.

1.91ueen | P X X | X | X | X

guinaz | A >

AUFIDE19

297U P X X X X X X

asgoy | A >

AaaNLA

N9

ARINTTY

3.M9 p X X X X X X

eI e A A >

azondsie

saqima P X | X | X | X | X
-

MIANYI A >

Aoy

519911

5AWBLNS P X | X | X | X X

MUY A >

a) 11usenauINLasiufieg1e Wunisinududiedisluneaeuluiesujifinisugi
nafan$ (Cu,Cc,010,030,060) Wagyinnsdrsamdanssanile AuaLuuiassvesain
AunidRdmsuinlulglunsiessieonuuugiusin asadun1aItInIkaunIsUsENW
3 1 fou WdnasadeTud 30 wwieu 2563) emndeanieumslunarstuneu lHun ns
dmnanud, nsveeygaiiesiufiierdndisg, manieugunsallunismeaeudaesng
funaznsdsafiormuanuuitaswssmanaudunuiniteyasugnnmans susa
AU uazanves fufidmtn quns lned1edenann namaraadiny 4199a1-
Lagsau 30 T‘Jﬂmﬁm%ﬂ AsuvaUsenIU (Thailand Royal Irrigation Department, 2011) way
ArAudury (Rainfall intensity) 6-36 fadwunsaadaluaduRdefisnadanain nsvan
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Adudy-taaan-wasseu 100 Unsiingn was Armanudury (Rainfall intensity) 71
Rahardjo et al. (2007) Tdlun1sinseianduusnaginiaeds Tadiliunisudaianou
uusfiunsUszanal 3 eu wdnadaidledud 1 Squiou 2563)

b) MuATIv@UANENTRNIAMINTIY Ao nsinuAumedlunaaeuluiesufufinisusi
nafans Lan Atterberg limits laboratory testing (ASTM D 4318-04) uag Sieve Analysis
laboratory testing (ASTM D422-02) azldandeudresadniunusniunisinals fe 13y
Frafeu Wwey 2563 uagdndunisudnasasieTud 31 nguatay 2563 lnsudlewdieuiiu
m5197l 4.6 Fedmsiiiunsaiudaadamuunuiinmunl’

0) @1UN1TIATIEY wareAUTEAUATUNANTANYILATUTIEIU AINI1LANTUNITUAD
iadangluniusiuiunis fe fATemsiidunadounenuativanysaludiaianigluiui
31 @Ay 2563

Tudouly nandniifivuadn unanuddededldsuifariueuns luenaisduidesainnis
Use3yn1358AUA (proceeding) 9Muiuegatios 1 unauvsegenitlasiieninuily
N15UTEYUIVINTTIEAUIHR PHAYAO RESEARCH CONFERENCE 10 84 UMNINgNaengLen
J9rin wzlen Usze e Seusosudn
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unil 5
A3UNan153Y

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

n1suAtgynaadanssulunugiusniasiuiainoaudnsuuneainwiaig

Y

truseuguvusaig ludnnevuey Jswinuasessssusvausaaulasiall

4 a wva

5.1.1 9nnsiuaudied1slunageuluiesu jURnsugiinarmansuazyinisd15aania
Amnsauflormuauuuiaesessaasuitidviuilulslunmsiesgiosnuuugiusn
AT MUNAUAIEIT Unified Soil Classification (USCS) 195U Lower layer taandudiu
¥ila Well-graded Sand (SW) wagaunsasiuund msu Upper layer laindufusia Well-
graded Sand (SW)

5.1.2 udavideyaniugnnaans s3usaAlSuIMUIHuazauves Nundmin
a ;4 a 1 v 1 a a g
UATAIETINTIY 1AUDNBINI9IN NTINAIAINTUNU-TI9I81-wazTau 30 Un1siAng nsu
¥aUsev1U (Thailand Royal Irrigation Department, 2011) wazA1A1 LTy (Rainfall
intensity) 6-36 TaawmasaedalusduidefNosdwnain nsmaAANUTNRL-YI9a1-uas
58U 100 Un1siing wag A1aNldNdu (Rainfall intensity) 91 Rahardjo et al. (2007) T4lu

NFIATINAINAUUTIIUNLNIALELTY

5.1.3 MUAATIZRNYANTIUNITNIVAIBVBINUNAIAaNNUINAIBATIAIUUAAABIzanadlY

15989 Auismafusugydade sl 96, F.S. = 0.98

5.1.4 3nN1svegeuAuaNtRvesRunlavduauasAuAtansarlumamaasudmin

4' ] [y M Yo 2
LLUﬂVHULW@ﬂqiaﬁJﬂLLUUQ']Uﬂ@aﬁqﬂiu@qﬂqﬁﬁﬂi%usﬂuq@ﬁlﬂi‘glﬂﬂ’muqﬂ FIUIN AY 0.9x0.9 m

=

Haagdn 0.7 m lemseay

5.1.5 fmﬂm':?ﬁWmeﬂﬂ'mﬂ’mLLSQ(;TWQQQWUa\‘igmﬁﬂﬂmmﬁumﬂaﬂTerzaghi GMEMEN)

a

lUldluniseeniuurninvesgiusnuagaudnvegiusnaniaaudaunulalagldaing

nazidulunisiuf 0.01
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5.1.6 Tuieuly wandniiinundl unanuideaesldsuifinimewns lulenaisduiliesnin
N13U58YUTVINNIIEAUBIF (proceeding) I1UIUBE1UDY 1 UNAIIUNTOFININHITY
anfiunslaeidenffiuilun1suseyuivin1sseauyd PHAYAO RESEARCH CONFERENCE

10 &4 UMINeIaenzen 3978 neten Ussne e nefisnvazidensall

5.1.6.1 Kanjanakul, C. and Jitpat, P. (2021), “Reliability-Based on Shallow Foundation
Design: A Parametric Study” The proceeding of PHAYAO RESEARCH CONFERENCE
2021, The tenth national conference, 28-29 january 2021, Phayao University, Phayao,
Thailand.
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113719 N-1 Na Atterberg limits laboratory testing (ASTM D 4318-04) Ustia Upper layer

ATTERBERG LIMITS (ASTM D4318-04)

HYDROMETER (ASTM D422-02)

Project -
Name
Location - Date of 13/04/2020 | Sample Upper
Test No. Layer
Tested by Phan Engineering Soil Sample | - Depth (m) | -
TEST ATTERBERG LIMITS (ASTM D4318-04)
Test Number 1 2 3 4
Container no. Bl B2 B3 B4
Number of bumps 16 21 30 39
Wet soil & Container g 29.810 27.320 28.030 34.430
Dry soil & Container g 26.800 24.380 25.200 30.580
Container g 19.250 16.460 17.00 19.080
Dry soil g 3.010 2.940 2.830 3.850

Moisture loss

g 7.550 7.920 8.200 11.500

MOISTURE CONTENT % | 39.868 37.121 34.512 33.478

Liquid Limit

36.5%

Plastic Limit

31.746%

Plastic Index

4.754%
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U7 -2 deyamsduunfumamanmaaeuluriesfiinisiagldua Atterberg limits
laboratory testing (ASTM D 4318-04) U3t Upper layer

42
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Summary In primary investigation properties, field and laboratory tests were conducted to determine index and
engineering properties of the soil including: Atterberg Limits (ASTM D4318-04) The soil is classified as poorly

Low liquid limit-silt (ML)- (OL).



41

M13719 N-3 Na Atterberg limits laboratory testing (ASTM D 4318-04) Ustiau Lower layer

ATTERBERG LIMITS (ASTM D4318-04)

HYDROMETER (ASTM D422-02)

Project -

Name

Location - Date of 13/04/2020 | Sample Lower
Test No. Layer

Tested by Phan Engineering Soil Sample | - Depth (m) | -

TEST ATTERBERG LIMITS (ASTM D4318-04)

Test Number 1 2 3 4
Container no. Cl C2 C3 Cc4
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 3.920 3.180 4.390 3.330
Moisture loss g 10.690 8.970 12.500 9.730
MOISTURE CONTENT % | 36.667 34.452 35.120 34.224

Liquid Limit 35.510%

Plastic Limit 30.147%

Plastic Index

5.363%
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JUN n-4 Teyanisdnuunfuurantsnaaeuluviosdjuiinisiaeldua Atterberg limits

Y Y

laboratory testing (ASTM D 4318-04) U3ad Lower layer
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- d
o 16 to P.I. = 7, then P.I. = - /6y
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Summary In primary investigation properties, field and laboratory tests were conducted to determine index and

engineering properties of the soil including: Atterberg Limits (ASTM D4318-04) The soil is classified as poorly

Low liquid limit-silt (ML)- (OL).
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M3 2-1 TegamsTwunaununanisaaeuluissuiinisiagling Sieve Analysis (Wet/Dry Sieving)

(ASTM D422-02) ¥89 Upper Layer

GEOTECHNICAL LABORATORY
CIVIL ENGINEERING DEPARTMENT

SIEVE ANALYSIS (DRY SIEVING) (ASTM D422-02)

Project Langsuan Chumphon, Thailand
Name
Location Langsuan Chumphon Date of Test 13/04/2020 | Sample No. | The Upper
layer
Tested by Phan Engineering Soil Sample - Depth (m) | -
Employer Dr.Chollada Kanjanakul
Preparation Dry Sieve
WEIGHT OF SOIL SAMPLE Maximum Size
Container No. B of Particle
Wt. Container+Dry Soil 500 No. 10
Wt. Container 2 No. 4
Wt. Dry Soil g No. 3/4"
SIEVE ANALYSIS
Sieve No. Sieve Wt. Sieve Wt. Sieve Wt. Soil Percent Percent
opening + soil Retained retained passing
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(mm.) (g) (g) (g) (%) (%)
#4 4.75 755.170 883.98 128.800 28.800 74.200
#10 2.00 670.750 825.96 155.200 31.000 43.200
#20 0.85 621.810 737.390 155.600 23.100 20.100
#40 0.43 573.700 626.220 52.500 10.500 9.600
#60 0.25 516.090 550.540 34.400 6.900 2.700
#200 0.075 507.320 518.410 11.100 2.200 0.500
PAN 4.75 484.320 485.500 1.100 0.200 0.000
TOTAL: 498.81 99.8
Diameter (mm) | Passing (%)
ey 0.4 -
= 1.3 -
D,, = 32 -
Cr= Dgy/Dy = 7.619
C,= D, /ADy,*D,)= 1.257
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Particle Size Distribution Report

Project Name | Langsuan Chumphon, Thailand

Location Langsuan Chumphon, Thailand Date of Test | 13/04/2020 | Sample No. | The Upper
layer

Tested by Phan Engineering Soil Sample | - Depth (m) -

Employer Dr.Chollada Kanjanakul

Particle Size Distribution Report

#4 Coarse #10 Medium #40 #200 SILT/CLAY
GRAVEL | sanD SAND | |
| | |

TN

y
N
| N
| i
H H v — ™ m
- T

10.00 1.00 0.10 0.01
Particle Diameter (mm)

I 7 I I B
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M3 2-2 YegamsTwunAununanisaaeuluisauiRnislagling Sieve Analysis (Wet/Dry Sieving)

(ASTM D422-02) ¥84 Lower layer

GEOTECHNICAL LABORATORY
CIVIL ENGINEERING DEPARTMENT

SIEVE ANALYSIS (DRY SIEVING) (ASTM D422-02)

Project Name Langsuan Chumphon, Thailand
Location Langsuan Chumphon Date of Test 13/04/2020 | Sample No. | The lower
layer
Tested by Phan Engineering Soil Sample - Depth (m) | -
Employer Dr.Chollada Kanjanakul
Preparation Dry Sieve
WEIGHT OF SOIL SAMPLE Maximum Size
Container No. C of Particle
Wt. Container+Dry Soil 500 No. 10
Wt. Container 7 No. 4
Wt. Dry Soil > No. 3/4"
SIEVE ANALYSIS
Sieve No. Sieve Wt. Sieve Wt. Sieve Wt. Soil Percent Percent
opening + soil Retained retained passing
(mm.) (g) (g) (g) (%) (%)
#4 4.75 755.730 886.780 131.100 26.200 73.800
#10 2.00 671.580 831.740 160.200 32.000 41.700
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#20 0.85 622.580 737.670 115.100 23.000 18.700
#40 0.43 574.200 626.320 52.100 10.400 8.300
#60 0.25 516.430 550.670 34.200 6.800 1.500
#200 0.075 507.790 513.200 5.400 1.100 0.400
PAN 4.75 484.840 485.720 0.900 0.200 0.000
TOTAL: 499.040 99.808
Diameter (mm) | Passing (%)
D, = 0.5 -
D, = 1.4 -
Dt 33 -
C, = D,/D,, = 6.6
D, /(D,*D,,) = 1.19
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Particle Size Distribution Report

Project Name

Langsuan Chumphon, Thailand

Location

Langsuan Chumphon

Date of Test

13/04/2020

Sample No.

The lower layer

Tested by

Employer

Phan Engineering

Dr.Chollada Kanjanakul

Soil Sample

Depth (m)

GRAVEL

#4 Coarse #10
| SAND

Medium #40
SAND |

#200

SILT/CLAY

"9

¥ Ty,
| N
:

&

10.00

1.00

0.10

Particle Diameter (mm)

Particle Size Distribution Report

0.01
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WAL IR UEIEAYeIgIusIn (Que) v 0.9x0.9 m Heegdn 0.7 m léwsiwan (Y = 2.67 /m’,

c=10, (1) = 140)191831&@&4111@14@11 (Vi = 2.65 t/m> c=10 t/m? (I) = 14°)

Surface

0.7m

/(:9 m Upper soil
A £

»
»

A

Well — graded sand
09m

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

When BxL = 0.9x0.9 m?

B N
S = 1-— (=1)=0.64
L ‘N,

B

Sq =1+ tan @ =1.25
B

Sy =1-0.4~ =0.60

Step3 Find Qu



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

1
qui = 0.64x10x11+(1.25%2.67x0.7x4)+ (O.6><E x2.65x0.9x1.2)

qut = 70.44+9.35+0.86=80.61 t/m?
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