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The Study of Safety Factor based on the Variation of Soil Property Parameters
in Shallow Foundations in Phitsanulok Area
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Abstract-- Some parameters in the selection of proper
factor of safety for the soundation designs are not always
measurable, €.g., design experiences, nature of soil
composition and itg umcertainty, etc. DBut, some
mathematical tools could be used to take this uncertainty
nto account. '

In this research, the statistical and mathematical
methods are taken to identify an appropriated factor of
safety in which soil data may not know for certain. The
study uses twenty six samplings of existing soil data in
Phitsapuliok downiown areas being tested by other
agencies. The samplings are classified as clay (CL).
Uncertzinties of submerged unit weight and cohesion are
fited in form of probability density functions. A case
study is applied to the design of a square shallow footing

with ultimate limit state and ground-surface water level.

Based on Chi-square, tests have found that the
appropriated distribution function of submerged unit
weight at D¢ = 2.0 meters is exponential, and Ds=2.5, 3.0
meters are triangular. The appropriated distribution
functions of cohesions and ultimate bearing capacities
are exponential. Coefficient of variance of ultimate
bearing capacity i of 0.9 thus the recommended suitable
factor of safety is 3.0

index Terms-- Shallow foundation, Factor of safety,
Variation of Soil Paramster



20 Neresuan University Engineering Jowrnal, Vol 1, No 1, September-December 2008

Lanudifiuarfinvedarsny

=

Tufagtusaniafyylandudoniafiinisg

& =t I

wiyduTamassugiage Inmsteadneimsfsdeain

T o & a & 8
Iy wmzﬂummmmaﬂymmuﬂu %W%ﬂﬁums

o g = '
panuuugIuIn Felascnuiiumsinyininiy

H
=1

5 a4 1 P 6w
uilsdsamvesnmsiiees naawanssnudaafimaun
3
PSR (Ultimate Bearing Capacity,q,) ABIFIUTINAY

a4

yiindManadnid(Square  Foundation) lusrn1zfidul

@ & &

14 t
annzseRuhogfszduifunasinuiamnsiines

]

(€, 7,,,) TnvosfinuszAunnuand 2 was fia 3 was Joya

lumshiasievdsenoudledoyaniinis@1s 1AW

¥ ¥ 1 o 1
FeRusmau e wgu SednaeduiulamiclduTou
ar @ s af o a8 & o] e
JouTaRue lan Aszduanubn 2 mes 93 was 1July
¥

S Usem Low Plasticity Clay (CL) TasanisfiSeay
2 a =t v e ¢
Fnwawzfumilmysean cL i Tasfi%niey
A5 e D S Las AR TR HLNNIUYDIAY (Ultimate Bearing
Cepacity,q,) Tael4 Ty s1nsy mansuRmosdaedias e

aa 4 L] L) éj ol
vmﬁﬂm,wammwm:xmﬂummammugmmﬂﬁm@u

ArNIMINEEY Lazlasnny

2. FunsumsSnninaznagou A
Funounsnagouanuulslsuvesndmeslu

A1TORARUURINISDUEne DMLY 7 a”?umu“lwaj Tt

wisiimedmirhinageuie il emiaeimiin uaz o

3
Cohesion U8 uanssIensfandadieaedl

dumoudl 1 wimnsrwsdeyamaeifivads fihns
o av ¥ v dl o
Hloudoyafiléacly spreadsheet program a1ii WaIndoya
¥
8o atudn, ¥AvDIFUAY, Water Content, Unit Weight
wazA1 Specific Gravity (ndeyalufild 2.70) uagd
Cohesion
1 c{ n =] . . - N
Arfld910n19R1u78t e Dry Unit Weight, Void Ratio,

@,,, , Saturated Unit Weight a1 Submerged Unit Weight

i ¥
Fumeuft 2 uawndoyay,, C auanmanuazaiia

yaefufilFidlugure i 3 nedl

& 1 o E4 '
Fumeufi 3 mimsnszaredivesdoyany . © iaeldns

NaEo1 K-S tests 1482 Chi-Square Tests

Fumaufi 4 111 Standard Deviation (0) 1R MAUWIAT
Taedaurnudantniumsisswuunenfiuees
- 180 Confidence Interval (3zdun 718 T
Tasamsfmnaeiidon 05%
1-w=095 ﬁ'&lfu o= 0.05
- MR K §71915719 Standard Normal Probability

Ken= 4" (1-0/2)
Koos = ¢ (1-0/2)
Koo = §(0.975)
Ko o5 = 1.96

- AUIBHIAT R 910
G/'\/;’; ’K(Zl'z = 1
Jn=196c

sy luavmmefenfiRns

|

&

Foyolummanannidun

N
TegauvoaliRa Tann

. -Water content
-Standard Penetration Test
¥

-AvaBnuasyinvesiuiu

l

-Uneonfined compression sest

-Atterberg's limit

Ao

L. durs s £
wimrnduiuFraedoyed lfs fimed tunseenuuugns iy

&

- . &
ni'mﬂwmmm}sﬂs‘:waamnumBi‘iums%mmuxuaammn

n o

arumislsamsesioya uaunmashadenififns

Sarediidaunmugagn larlfmgufves Terzaghts ]

a 'a P Mo s w 5 = '
mnﬁ12:1491m'zmﬂamaumashiummmm?i\nTmumswwqugmmmwﬂu

T ¥
51 1 uamadumeunALiin Tz NI

b 1
%’umauﬁ 5 ﬁm'zmmmmmmﬁm“lum‘nmnmu (Bearing

Capacity) wosiu Taverfonudufiugves Terzaghi Uae
o W = ° o 4
$rnesnmuutavesdiulnelfuvuiinnaniensuiiamgs
(Simwulations) Taoefainniln Monte-Carlo  Simulation 1oy

anuduRuTuos Terzaghi H1waziBoadsaun1sf 1

*

"—“C’Nc-i-—lz—B;qN?,»&yszNq (1

Guttimate




Naresuan University Engineering Journal, Vol.1, No.l, September—December 2006

#5131 McCarthy, D.F. (1998)
Tao g, 1D MASUMIULINTGIER

¢ fi® Cohesions

B o A7UNTIUBIFTUIIN

D, fio ayEnTEagTUIINTINAIRY

¥, Ao Effective Unit Weight mea@uimszﬂuﬂawuaﬂ
BOAGIUTIN

v, f® Effective Unit Weight ypsAumileszAuANEN
YDIFIUTIN

N, Ny, 480 Nq.ﬁa ?"t_'l Soil-Bearing Capacity Factors

Tﬂaﬁ%m%u%’mgﬁw‘%ugmmmﬁaaﬂﬁﬁﬁmmm:ms

A1579TuaunAIRE 199 1

- a & 9 o o
f1979% 1 aﬂymﬂﬂﬂmﬂﬂmmﬂmm FINIIATIEH
= o . o
avwEn |+ Aunls | Swauvaya HUBIAT
(Dy) 714
A ILRGEE
2.0 Y 1564
2.5 v 247
3.0 e 334
20 C 203* %’mg,amﬂwu
Tupuudiees
] A
2.5 o 256* Yoyafiadredin
Tpundieed
% A &
3.0 c 519% Foyadiadeiiu
Tunuuiienl
¥ = &
2.0 a, 1564 Hoyafadraiin
Tunrdieed J
w 2w 4
\' 2.5 a, 1564 Hoyafiaiaiu
? Tupuudant
+ [ 3
3.0 4, 1564 Foyahadnin -
: Lpudnans
PR

. 44 . &
* ﬁlmauﬁaumqw&’ma%’wa‘lml.umnamma“lﬁ’"iﬁ
confidence interval (Y 95 alesidud

4
o m@wmmﬁmzﬁ‘sﬂmwaamuﬂsummmuu
=1

L4 ]
ﬂﬂ%’%agawﬁwmm‘lé’fﬂmwmmmﬁwmi"lu

JmdeRunlan

y' §io Submerged Unit Weight
C &o Conesion

4, #® Ultimate Bearing Capacity

Funouils ﬁimtm‘gﬂLmumsmmmﬁwmmmm
4150 1UAISHUANTY (Bearing Capacity) Taelddefimun

904 K-8 test 168 Chi-Square Test

§ ) o ¥ 1 o, @
%!uﬂwﬁ 7 ’BLﬂS’IzT‘iﬂ’lﬂ'}'mikﬂ‘iﬂiiuﬂiﬂx‘lﬂ']ﬂ'lﬁflm.]ﬂ"r’i"l‘u

ﬂsmﬂuimam Coefficient of Variances {cov = .,,__)Tﬂﬁi

i1 p Aerundo uaz o Ao AuflgauuInTgiv (Standard

Deviations)

3. Nam-zﬁ%’ﬂﬁhﬂamuﬂ‘sﬂimmmﬁmmﬁma‘?

YoIfu
ﬂam‘s%%’ﬁé”aaﬁau1mﬂeﬁagaﬁmammwzmwﬁmﬂ
WAL 1BRITITY mavadiosiive Tan, wipanles
Fafmnsuvalszniy, Tasamisfodiafivnumnduas
wenuTe WauEeas v lan, AudIne N umvingdy
wesntas auuauedu, Ta5an150DE3199IRTTANIA
AewunEAETIman 1 Hufsunsseld o wmﬂaﬂ oy
Imqmsﬂaﬁmmuﬂmaszi e 6 9. fiwn tan ifioenn
‘Ufiﬁl’ﬁ%vt@!mmﬂ'ﬂZ}ﬁll%?”ﬂﬂ‘i“%ﬂﬂﬁw%wuﬁ gnsziilng
14mﬂammmﬁfmm"ku"immsmum‘sa‘;s'mmamwﬁau
aq1y linefgindie 19 Zawmranundslsiu
Lﬁmmanﬂﬂamu‘ﬂaﬂsaumaaﬁ’s’sgaﬁaﬁﬂszﬂﬂu"{ﬂﬁ’w
Ao3dIUND Real Spatial Vagation 8t Random Testing
Errors, uazﬁﬂymzmmuﬂiﬂ‘;’smﬁmm%mmmﬁﬂwam
wpasTUUnT IR (Systematic Erors) falsznaulfeany
ﬁﬁwam”luﬂ's‘smfhméﬁ (Statistical Error in the Mean) UaE
mmﬁﬂwmmﬁmmmwmumﬁﬁ (Bias in Measurement
procedures) a1l liannanien Spatial Variation pen
970 Random  Testing  Exrors "Lﬂﬁmsuiumi'mu"lﬁ
wmsmwmm"iummawaumumawwm Data  Scatter
L& Systematic Error Lﬂummnﬂsﬂﬁauiﬂﬂ%mﬂm@m
ﬁﬁ'mmm“hlm?uﬁaemmﬂa’mmmmenamﬁjummaa

AnDEAUUIRTIIU LES gﬁuwmsﬂsmwﬁwea%ga



29 Naresuan University Engineering Jowrnal, Vol 1, No.I, September-December 2006

t 1

asnszaedivesiags (y,, , © #alTnghnmIY

wils1521mo ¢ Submerged  Unit  Weight  3ziifiaa1u
g s doa wa W s

pilsdsuduariinundslnamenu waswyiniany
wsilsauweaan Coesion Snamulsdsangunniiodion
Y1 Submerged Unit Weight

madenguuumsasenedafmmealudnnls (v,

= = ar b1 =
. o dlunuarufieumnseaealuosdeyanuling
v f A 1 a v 2
gﬂszwmiﬂsmwmmmmagiquygmmuwssﬁucw
sUnums sz imzaufios Hunumsnszaods
ﬂtawauaﬂwmmmsameﬂuawuu‘lw"lﬂmanmm
’lummﬁjuﬁrsaLmummmﬂsmumsﬂsmwmmnmmm
gﬂ;muw5B”luug‘zjsmu‘lmnﬂiu%qygmmuwmﬂuw
ar g7 o 9 2 Gl

gunsaunumMInszTeAvostoyady 1l Salathnasgv

o & o 8l = Jnﬁ .
s muUaFsnT g 19141 3988A0 Chi-square  Test

1 3 1

ey K-S Test Gedvronnasgwiipluuumsnsenedsf
FoandeFuudmMsNATELILY K-8 Test nssfhiadiond
MInaoUnLl Chi-Square Test

A1 Submerged Unit Weights H3170UNUARYRENS
A52970A R0 UV UNITNTE ALY Exponential  UBY
Triangular  SenagouanuvuizauIngld (Goodness of

., .

Fits) Taufis0e75A0 Chi-square Test Ay K-S Test W

o fal o s = o a
NﬁﬁW‘ﬁWﬂﬁqf}uTﬂﬂui?ﬂa%ﬁm?}ﬂﬁﬁﬁ’ﬁ'NVE 2

M3 2 uamsm TR U RN TI1Yee Submerged

Unit Weights (3dniitu T/m)

a3 ef 3 uememrasUiInI LT TR Cohesions

(wiaedy Tim®)

fodl 1 osvwdn | ogdmauns oL I3 $u | wrndimed
s | AIEDIEEN doge | Tugples

(D) T2

1 20 Exponential 9.1 8.7 263 Beta=8.7
i Sheift(.41

Z 2.5 Exponential 89 82 256 Beta=§.2
Sheifi=0.68
3 30 Exponential { 123 | 115 510 | Beta=1131
Sheift=0.92

nedl | aowde | puwues | p I3 fne b wmifimed
ypagn | rvsned doya | hagns
(D) NILVRA
1 20 Bxpoential | 086 | 02 | 1564 RBeta=2
Sheift=0.66
2 2.8 Triengular | 085 | 0.1 347 Min=0.65
Mikely=0.9
Max=1.1
3 30 Trangalar | 0.88 | 01 334 Miz=0.65
M.Iikely=0.9
Max=1.1

f1 Cohesions 13 ounRu Uiy EMINITZIOAIVEY
3 o . a
Foyadwguuumsnszaredauyy Exponential  Taedl

a4 w =
THDTIDUARIPIT NN 3

Cdmfuniinge %wmmmmmaumnmwmw
(Ultimate Bearing Capacity, q, ) n.lus )i Bxponential ‘VN
3 nedifiny St IS IYBIAURTY R UA LR 2 was
aae 2.5 was denndouezanundsdsiuindifediu Tae
d‘ 44 = P q'
fseduauan 3 way szlinuadouaranuudsdsiugs

] ol O l.wi A ¥ L
A91 2 ATEANE IS A AauaAiHATI1ST 4 Fawua

L
Coefficient of Variance Hif1gee 0.9 Magunsdl

A5 MR 4 LERIRaNTITEAhA WL AMIUYDIAY

(e T/m’)
asd | suAu s G B cov
awdn | nIEendd
(m.)
1 4 Exponential 66,2 70,7 4.3
2 5 Bxponential 5.6 66.5 0o
3 3 Exponential | 91.13 100 09

o ¢ mew 1 o u =

4. INTICHHBNITIDLA N IRLDMNUUBIAY
(Ultimate bearing capacity, q, )

v ldsunsuaiiasisradlsingdn gluuwnis

o
nszanofaszifugilivy  Exponential 14 3 nadifnw M
Ultimate bearing capacity N3sAUnWEN 2 WA uae 2.5
was Seundeuszarmilsysiutndifoeiu Tasfisedy
& o o o s

auand 3 way wdaundeuazanuudsdsiwinniige

amueviiuvesgluuunsnseaed iy Exponential




Naresuan University Engineering Journal, Vol 1, No.d, September-December 2006 23

f wee Px

1.0 e ———

1t 2 prlieuumsnszaiedves Exponential Tt £ Ao
Density Distribution Function 8% Fx fle Curnulative
Density Function

#u7: Ang and Tang (1975)

ﬁ:umsmﬁmmmﬁ‘mﬁimim'g,ﬂt,muﬂﬁmzmeaﬁa
§1151) Exponential

Py >ty=Plx, =0)= e™

Fp @ty =PT<t) = 1-e™

@) =dFldt  =ve >0

Ang W@y Tang (1975) 18narnlunnadan cov
(Coefficient of Variance) Sfiamnat 0.3 uaeeiiiang
' ¥
ulsddsauge Tagluauided 1At muan1y Ang URY Tang
o n!y
B
»
1cov > 0.3 waavhninmilsauveruAiinm
TRIIERIL R
frcov=03 uﬁmawmmmuﬂsmmmwmuumm

nlsulsaudn
“Lumaﬁﬁﬁawé’ﬂ‘lm;ﬁﬂﬂhﬂﬁLﬁaﬂﬁwmmﬂaaﬂﬁa
%uaejﬁu%%aﬁ”lﬁmmmﬁszmmﬁ’]uﬁmm"lé’f I A
%mﬁgﬂjmwaammummﬁﬂsmmu ﬂ‘iwff‘lJﬂ'l‘.iﬂ%ﬂ’.}'l%i
i longRnTTNADIRY auiudefevesdoyadin A
Fru1yunafd1379 mmmmga;aﬂmamwmmmmw
pindan Wy 4 Hedymaitgolfifaanunainyuaiy
“1umsLaﬂﬂmﬂmmlaaﬂnarwaawwmnmﬂﬂﬂa“lmm
araanaelugdead ifludu amwmmwuwmw

gﬂsswmimzmamﬁ‘immu Exponential gans

wiasuuiasvasduds x AoldAamynlfeuniaives
armiesdiy { (x) qdmuﬁﬂﬂugﬂﬂ 2 uazilsenoll
manaﬂuﬂ@mumﬂaamﬂ”luwmmﬁmmumwyﬂﬂaﬂm
Hufumiten dduiuusnadulufwinenniifugns
9 = o o a w9 P P
dranReade i dingAnT TudUYoUNTIANHUEINA 113
E4
zﬁhmmﬁ%’au”ﬁﬂ"&%ﬁ’uu?nmuaﬂmmmﬁmmﬁawwﬁm
Rsaning
3k o ‘ﬁ' & o e B gf

umaem"lﬁﬂmugmimmumu“lmamwymiaﬂmh
rﬂuﬁmsmﬁm‘mmmwummmumam%mwmﬂaﬂ
ppududv dludu uﬂﬂ'éﬂwmﬂmmmgimuammwuﬂ%
manudaoadoninnii 2 arupsuHd iR ud

£y dygf = 24 r [ -
minﬁumwamsmaﬂmﬂaeﬂmmmmuﬂsﬂmwﬂa
Fulsiudygomunnunylsuues - 409
Syfisigaun (Ang ias Tang (1975) SufuSwueh
mmﬂaaﬂﬂawﬂawmmmﬁ 3(F8 = 3) \aaddauun

LA THIUMSOBNULILAIA1T 19 S

v g (destgn) tow danwilnendi

80 t’ —

L. “‘"““D%h'n

60

20 . U

{design)

Alg

*

s e

1l 3 Avdfussznin g (desig) Unz farulaoasy

(Factor of Safety)

A ' = o w & =g P
ATITN S N qdcsign‘ﬂﬂ?‘iclw ™ iﬁﬂﬂﬂﬁ?ﬁﬁﬂﬂimﬂﬂ'}ﬂ'm

Factor of Safety A
F$ Gy T/
Dp2 m. DF2.5m DS m
5 47.13 4433 66.69
2 35.35 3325 5062
2.5 28.28 26,6 2002
3 23.56 22,17 3335




24 Naresuan University Engineering Journal, Vol I, No.1, September-Decembeir 2006

=, 5
5. ayUnamaIog
L 1 o = ﬂa.
snpsanEIAtosrnuniduilsednivesaiy
o
wlsalaunsdidnuata 3 nedit lndifisafufie 0.9 uaasi
o
Fowarfuduluuinadmdaivy Tan Tnerudslsom
b 1
Wi szt 81 Factor of Safety (F.S.) ARdT b iums
c‘.‘f da o d' &
senuuLgUnnAuAiaulaorisigans F.8. =3
AN Gy Tumsoenuuugmsnifinlaoadsige

fordu 225 was narzegUssine 2223 TAMC

A 2

fisedu 3 waT aaseveglsvin 33 TM

6. ToLauaIU

5

or F-Y

é’ L) 25
1. psesnuuuguTmuuiulunuidviiinsunny
& [ i} o
wlsdsuvesdeyaiitor lddenmanulasniy (Factor
of Safety) lundnmswosmaoenuyyTauld Uttimate Limit
»&’ o 9 o 22 &2 e
State IunesnuuLTIUTInAudAesiiilfifladunts
14 . N g o ] -~ e
A1 (Service Functions) WO 1UTINTNAY 1A MY
P
f1'18fsmoglundnnsved Ultimate Limit State
2. Soyafldvradeya Lifquauifuesiiu wu i
AMES N, f1 water content TR ARef MR ldA Tng
whsvmnfnyfinensziwuds
£ & = ot ) g
3. doyavqumedisreanlumsinsdamITines
A o o1 g a4 2 dy & 9
Tiftes 26 nau minddeyafifivaintu sxdrlv ns

] 4
Saviasedaruniudwaziiuilsy Temitsdu

4. Foyangumizmadisaefiufisaurn|d dwlnges

au
]

é’ = < k-3 & ar 1 . u'r 'd o
Hruiunluusnudunadio T linsounguindenia

—

“Ep

weylan
Ed
5. sAne InseuiianyuamizAumiies Yssian CL
o o= a d’ o o
wms1edluriinasafufivanuluszdy 03 wasluwe

JenTafiug laf

7. BITONYATH

[1] wesidios Aesfifion. (2538). narnaniveiudiuinanssy,
¥ [ v » )
Guvaded . euSuniniufsud Wudrse i

(UTIFU).

o,!«“

[2] 2798 suaws. (2545). INTIUFIUIM, HuAng o 6.

drdniuad TrS o,

(3] 2505 1950e, Sedand Tadintns, uay Yrefd arufeu.
o & o o $ <
(2525). afnamaainguFuazUfsing, fukaded 3,

Hinddumod st

[4] Ang, A, H-8. and Tang, W. H. (1975). Probability Concepts

in Engineering Planning and Design, Volume I, Basic
Principles. John Wiley & Sops.

{57 Ang, A. H-S. and Tang, W. H. (1984). Probability Concepts

in Engineering Planning and Design, Voiume I, Decision,
Risk, and Reliability. John Wiley & Sons.

[6] Das, B.M. (1998). Principles of Foundation Engineering,
Fourth Edition. PWS Publishing Company, Boston.

{71 MicCarthy, D.F. (1998). Essentials of Soil Mechanics and
Foundations. Prentice Hall.

[8} Ross, S.M. (1997). Simulation, Second Edition. Academic
Press.




