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2.1 Introduction of shallow foundation
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37U NAY (Shallow Foundation)
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{b) Cross - section
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2.3 1919999814519614 (Shape of shallow foundation)
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2.3.2 Reciangular foundation ﬁﬁlg‘luﬁ’mﬁuﬁﬁgﬂﬁ’lq(shape)‘im plan view
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1 3
2.3.4 Circular foundation ﬁ@ ;ﬁ?uﬂﬂﬁuﬁﬁgﬂﬁw(shape) VU plan view
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2.4 Mode of Bearing Capacity Failure in Soil

3
Mode of Bearing Capacity Failure in Soil fie JaluuunIRmaovesuauf
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311 2.6 luunmsienmisussAusesfiniminnszhdomang s nau

(shallow foundation ) 3 VRS (a) General Shear Failure , (B) Local Shear Failure JLiag
{c) Punching Shear Failure



2.4.1 General shear failure
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2.4.2 Local shear failure
ﬁ o :: = & o ar dy = [}
dumsmmsvesduay  deausosfugmanaudinnunuuiuunans
; @ a o o4 2 e o = Y o
dwrnlvarudsiuivesmnied Amutuasmizaitinaszing AmuTy Tinuuss
weraslugui 2.6(e) nafD
g 3 H 3’ & o =y g E] o o
vaiildmiwdmiinasging fidwasgnmnaullifesy mengadafe:
dinna Tasanudufuiees load — setlement curve wdaduinnnT myiamy
. 2 o i :’ o o 1 1
General shear failure Havusieamsngaiutlssnmiminnssydiaunn
¥ ] & ko b
diofumieimiinnsshaumugadngddudulumsfinhainusmnves
Aufe el q,,, W30 first failure of the bearing capacity (3U#l 2.6(c) ) fmsnIadaTIAMIIY
¥ 4 v
miinnsziheginaludasgein wufams3Rludn e utimate bearing capacity .,
anyuzmsaannsauras idde dufduduiiu luplizen) adnfe
x o« 1o o o ¥
LUINSIATOUNS (failure surface)  zaBOAUINNIET U udveelUfmAu wazduls
o, .dy F-S N 1 e = 1:; o :%‘ a 1 1:’(:.\ :1:; T
wansYainvedmiAu uilsunavesduigrduledumeedesniifidaluns @i 1 mszh
¥
suauldgnmnifansnzadi lidewnnud  slduSinasveduminsavensastdiuds

1490

13



-y

2.4.3 Punching shear failure
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2.5 NMIRDTINNEN Mode of Bearing Capacity Failure

FWittersio Tow Vesic (1973)

Tasofarnuinmsvanes wnaue AW tuuumsiia  anasdy
£1Hﬁﬂviiﬂﬂ (mode of bearing failure) DuhuiunTy Taverdenudaiutas g relative
density (D,) ¥04W318 it D/B Aguaastugidudan

anunusiuduNutvemse
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D, = szAuAMEneIg T INAY Tnefanniaudsiugusn
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L
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AIMUETIVTIFIUIN
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T F1d
dmSugrusrndmten e Sw ntazgusnenay , B = L #iadu B*=B

4
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#9luNH 9z ¥0na 1A URNNIY General shear failure
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2.6_Terzaghi’s Bearing Capacity Theory

4
a1 Idauenguidminldmisanumwisalumssmimh
[ . . s o a 3 o q Ao X
U33NNUszdu(ultimate bearing capacity,q) VouuAn Nyosfugusndudlifuidmls
& A Yo a £ 2 e = a - ¥ ¥ '
vgusz Wudelfiddmingnsnauignmeseduanudnvesgusinviniaau  leond
3/
wiewhAuaunnvesun®) ehelsiow msdaaemendmuigmnndy o1ve
5By s Infigniaae b, < 3-4B
3
duuAguvemgugnan i szduamnudnvesiiidau(Ground  water
o
table, D) oglésedunnudnvesgusn( p,) hhnn whidaudnvewhildaulidinade
94
anuannsatumsiviminussynalseds (g
. r d{ = 1 . =} . .
Terzaghi t@usN mﬂgmimungﬁimmu contintous N30 sirip foundation
HuAD wide to length ratio (B/L) ﬂiﬂﬂﬁ'm‘i‘lﬂﬁﬁwﬁﬂﬂﬁ'ﬁuﬁ BN A (failure surface) #
1 4 2 a9
wevulududusesfugunniy @ansoauudliiigUs iUy general shear failure mode
9t
unzdaldmuanaunagnadlaumsWanit bearing capacity theory  8ndatl

b3 .
1. WiewilewhhifidieAueghsedunmuinnnfionu odu ) fuedy

[ o
- ATINANYBIgIUIIND, tas Inaunumansznufifanmiminvedusend1i8as effective

equivalent surcharge fio
q=7Y D, (ML)
Y = effective unit weigh of soil from surface to D, (M/L’)
D, = depth of bottom of shallow foundation measure from ground
surface (L)

= QS’ _y Y i = Aé} -
2. HaNEUNAL I 91nde 1 1arRaRIN T 1 A(failure surface)iAaiivlufy

3 9
t v o 2 Y

AogganiszAuiuvea D) 1Tufe Tusium shear resistance YoIEUALUUIATITA
Gl fiu HI  Whaefuusensei
g+ = = e oo . Q’J’J =y 2 . =4 .
3. WuonuSnmifians 38 (failure zone) luduAnuld continuous ¥3e strip
shallow foundation D8Rl 3 dau do
. =§ a T s
3.1 Triangular zone “ACD” #eAnogiuldgiusin
. & .
3.2 Radial shear zone “ADF” ua2 “CDE” %41l DE uae DF §ludau
H o o . . N

Wefueraeldauanuduiusuoseums logarithmic spiral

3.3 Rankine passive zone “AFH 1ag “CEG”

16



4. Wshweagy O (yu CAD uA2 yu ACD) S W@y angle of internal
friction () voedu

c; ar L3 sy d'l o & o :‘ ar P 13 &
E‘ﬂ'ﬂ 2.8 aﬂymzmmaumuminﬂﬂTmsumﬂuﬂiﬂﬂmaﬁgmﬂﬂmmmu,u‘u Rough rigid

continuous foundation
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2.7_General Bearing Capacity Equation
5
Meyerhof  (1963) "lﬁ’muaﬁumﬂums%’uﬁmﬁﬂmmﬂﬁizﬁa(ultﬁnate
: ] - w 4 a - o o ¥ '
bearing capacity,q)¥osausassug N Feuuagmildlumsfanmgudil Taodwning
sifluuiReafuves Terzaghi myzraminaaeyludsalfidosuas lumny  uaash
v ¥ 3 ¥
failure surface” ¥ Terzaghi ierweiinugndos it ausdpufidude
LAy o gl 390 45+ g2 amsfives Terzaghi, 00— ¢
2. 99U Shearing resistance FUINAUUHINTIUA (surface failure) tlpsza D,
o s a =§ o 4 . . .
ferdud i unisd i Famindoundulilgludu “C. Terzaghi Bearing Capacity”
WHNLT L'ﬂuff'mﬁgﬂﬁMﬁﬁgTﬂﬁﬂBﬂﬂ1ﬂ1u Terzaghi’s Bearing Capacity Theory
¥
3. Wl uemmsminns furhmidnussyndsede (utimate bearing capacity.q,)
Y84 Terzaghi ING NI 0TIUNAATENLIVES 71319(shape) ¥D43 I IAVY plan view TzHUAITL
= = : o ¥ ' I r 3
anrvIgzIusIn (DY wasuuwvsIvenmnusnn Inveaderiunis ¥ factor gl

TUATILSY  Terzaghi 3 ﬂ;’ﬂﬁﬂ shape factor , depth factor,lta® load inclination factor

b4
=y

waz I M auns fatl

4, = CNchchchi + qN F FE i + %YBNYFYS F'Yd F’Y 1 2.1

q a5 qd” g
NC,Nq N, = 1 bearing capacity factor (HuAIMsBeuaua angle of internal friction

a oo wt ] '
VOIAU AdueadlumIN 2.1 upgaunsn 2.2 2.4 smﬁ‘lummuamm Tae

Meyerhof
F F F, =  shape factor wia1ldluased 2.2
cs, gs, Is

F o FaFy = i depth factor wimidtumsiedi 22

F_ FtiYi = # inclination factor ¥ 18Tums1ed 22
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2.8 Bearing Capacity Factor for General Bearing Capacity Equation
¢

MNFULATIUN O = ase2 W1¥ Bearing capacity factor 71 Terzaghi 191t

wue Pidmiy o = ¢ fenlfunffen uagnnaumming Ng, Ny b dndy o = 45+% ”

k'
1Aeratt

N, = (N,-1cot 2.2)
N, - " an’(as+ % ) 23)
Ny = (N-Dtan(1.4¢) (2.4)

#13199 2.1 1ieAA1 Bearing capacity factor

514 L0 DOD 0.2 0.0

2285 1185 1254 053 048

tH 26

i 53 L9 00 O 002 & ed 1120 1447 055 051
2 B8y LB 635 o 0403 | B T2 18R 057 .53
30 AW LB Q24 08 045 28 28 1644 .34 059 0.55
§  63% 143 6% 023 07 3 30 1840 2240 061 (.38
5 648 LT 045 034 8.0 A 6T 20835 B 043 .60
8 68 1R 03 025 613 82 &54F 231 I Q45 .82
7OTi6 w8 b7l 036 $32 #1868 809 351 088 6.85
% Y o 0BG 027 f.14 M 4216 294 4108 070 257
% A 22 L0 IR 936 35 4812 3330 4883 072 4,70
W0 83 247 122 03 P18 36 3008 BNYE 3631 075 0,73
SRR K. - A S O .19 3 863 4282 BBIY 47T 073
928 A§T 168 032 821 B 6135 4BEY O3 0X0 UNES

B O9s1 426 187 033 23 39 BT8T 5596 9225 042 0.81
1§ MR asM 23w 033 D25 40 Y331 &420 10941 085 G.84
1B H0AR BB 285 038 027 41 B3RS YIS0 13000 08K 0.87
16 116 434 308 O GG 42 WITI 8538 15555 0o 0.9
13 477 351 a% O30 43 10831 %02 18854 04 (.93
IR I 526 407 hsb 032 44 1157 1531 22464 097 G497
W 1283 580 468 042 034 45 IBBR 1488 9176 1 LO0
20 & 640 539 643 636 46 15220 1585 3303 144 1.04
21 1582 747 620 045 63% 47 17364 18721 40357 108 1.07
9 B8 TET Y13 048 G40 48 10026 28231 §96.01 112 1.11
251803 8B6  B2H 048 BA2 49 22993 26551 61336 LB .15
2432 060 944 O30 45 5O S66.8Y 31007 VERA9 120 119
23 T OIN6E LSS 051 047 :

A A A Al otk b P PN PRI b
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2.9 Shape, Depth, and Inclination factor

° ' . <3
Das (1995) g ldm Shape, Depth, and Inclination factor &mqmmm%

ildulusnistssiname o, TnsGeneral equationsiaieue 13 ua1s 14 2.2

A1919% 2.2 uernae Shape, Depth, and Inclination factor

© Refatanship ' B Source

Shape* Bl o, De Buer (1970)
a X Hazser: (19703

B
Fa=1 "'4,{‘

where L = fength of the fuundation

(L > B
Depth® Condition fay: I B < 1 Harsen (19703
i
R S| . e
Fu=1+04 %

L}f
Fa= 1+ Btan i1 ~ sin 'c,‘:)ﬁ-if.-'

LR
Cendition by D78 > §

L £3;
Fom e bt ( E}

Fre= 1+ Ztan 44} - sin é}*m*i%}
Fyot
Inglination Aty Meverhof (1953): Hanma
Fim By = { 1 %»} and Meyerhof (1981}
= {q. 87
£o={1-)

where 8 = jndlination of the ivad on the foundation
with respect ta the vertical

*These shape factors are enmitical relations based on exterstve aboratory teds.
*The facter @ (I8 b in s




2.10 Modification of General Bearing Capacity for Ground Water Table

WUOUAITUNUATUTY Terzaghi’s Bearing Capacity Equation 31NHANTZNY

13
o

Aseduiilédau (Ground Water Table) erumsdszunamn q, Ta8 General Bearing Capacity
: v

Equation Assgniliuuden ¢ uaz ¥ Idaesndesfumaniznuvesseduridsy (Ground

Water Table) Tuvihwoadenfufie

e S
“Crronrad water ! % ;
o e s Sebable R O L
mmmmﬁmmx«:mmmm%m> i vt A i 0 S e e ot 300 0050 ‘r:x-w«»««:_ ‘{:‘_{9};\.; §
{3,
& 314 e g
e %
2
d
Croond
k) waler table

v

¥ salurated

untt weight

L3 T o
U 2.9 astifdu 118 dwmiumsdy (Modification) msldaumsfimdsfimiminusmn

= d’! ar c? oy,
YBIAU (q,) tUBINNANIE NV AT AR



NN Terzaghi’s Bearing Capacity Theory Tl WABIRNITBNTN NS
Maousseluaum aneatieigms e lnssadugnunn Nidusiandels fszgui
185y (Ground Water Table) szfiullamauyfgniih p,,, > DB malils ums
PONUUUFIUTINGZABIIATWIMIAT g, Trefrilsdmansznuvesssauihiday (Ground
Water Table) #19 4, #19m3 14 Modification of ’i"erzaghi’s Bearing Capacity for Ground Water
Table 114%11‘5111?1'1 q

Tumsilsu (Modification) 'nqyfjamq general bearing capacity Lﬁﬂx‘l'ﬂﬂ
HANTETILYBY Ground Water Table Nanumzadiefiuuey Terzaghi Feernnsousnoonidy 3

=t é) (X% = Qs g’ e~ ar = 3
ATA YHBENUANUANYBITLALIUT (D) NILNUAINAN (D) UDSANAN (B) 99951150

fio
Dy, <Dy (Casel g‘ﬂ‘ﬁ 2.9
D, € D,,, < D#B (Case 11 §3/fi 2.9)
DAB < D, (Case TII 511 2.9)
2.10.1 nsﬁszﬁ’nﬁﬁé’fﬁugamﬁi:ﬁ’ummﬁnmmgm‘ﬂn(ncm <D)
sﬁ"msﬁuﬁyﬂé’fﬁuag}mﬁaﬁsﬁuﬂamﬁﬂﬁmagmam (D) #3 Case 1 30 2.9
vwdanald

L. Effective surcharge Mifasndudiuitogmtlogiusn saaas vu

fiD A1 Effective surcharge YiJen g Tuauwes general bearing capacity iy

q = YDgwr + (Ysar - Yo X De~ Dyyy) (2.5)

. 1
2. a1y Tunarives 0 YBNY YBIUNIT general bearing capacity

o £ L =
wasud (Yo, - Y.) $9PAD Y’ %30 submerged unit weigth Tagil

Year = Saturated unit weight

1

il

Water unit weight
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v

2102 asdiszamirlddveginiszdbgumnhiBunmunhevesgiusa

(D, £ Dgyr < DAB)
. W +
wessAunhlfAuagsznie b, v DAB &3 Case 1T uguil 29 wanszmy
ar 3’ [V 1 ] = o dy

vouseAUldAuAnMs 1 general bearing capacity Tidedi

1. i q 30 effective surcharge  1WANNITUD4 general bearing capacity

L] at 3 o @ 13 é
higawansgny dviulifealfus q & - b,
' 1
2, m Y Tunnd E YBNy YOIAUNIT general bearing capacity

waswdua y w301 unic weight Hvl80I0NIMEIHANTENLYDY ground water table

HuLfUATY (linear averaging) M98 Dyyy = D, MAY D, =D,+ B tife

- . ADGWT-Df)
y =Y+ B
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2.11 Modification of General Bearing Capacity for Eccentric Loading
@ dslv ar : Y c§’ o . . a Q) =
mﬂ‘ifgm*s‘mﬂu'sum‘rmﬂm‘mﬂwmﬁuﬂ(eccenmc loading) Wihiifa
s g o = 4 = = o
Tumudseuununavesgusinau furastugtd 210 Sernmeds 9199zl luuudsa
a 4 & A Y Y & e o v o & o
navUniany 3o dosunui 14 TBgnUanyuzvewsvinseios llnnguinanves
2 o . . 3 1w = 4
FMIIN MilanTodeaunuiell  eccentric loading MHOADNITULIIIT 909U INAY 2
sgmshe
1. 113032 M0VBUInssiIag s n luasiweus(on-uniform
pressure distribution)
14 14
2, A alumsiinhminussyndssdemeldnsfus atoagud
ar 3 a o 3/ Qs rdy o
(@) annsnnaamaso lumsfuiminussynlszdomoldns fuuss hidosgud (q,)
2.11.1 1IN EIBTINTIIAg s hlmivawe
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Lﬁagm‘nﬂsmmﬂszﬁuﬁmg{ué MINILIWUITINTE A Wpressure distribution)
= v = [} ° . o' e 4:? 1
ngunndemasiuez limihewe (mon wniform) mse Tumudfiiady nagiusind s
tssnszisequé (o Mlidmvegmmnduiidosiniminnantdmds e, Q/A)
v b b4 1 1)
unzenguTInd i iilusanssdibesguih Winninnseiiinnannsiwiesnminse
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s A a 3 3 9/ s T o ar qy
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Qe = UTIRTER W TUITIA mmﬁmﬁﬁumﬂixﬁnﬁyﬂaﬁuﬁ (M/L?)
Q= Li.'i\‘iﬂ‘izﬁ’lﬁﬁ}’luﬂﬂ vosd it hitlussnseiniiog gl (M/LY)
Q =1f:mﬁ’ﬂmﬂ‘[maﬁ§'w (M)

M = Iumuﬁ’ﬁﬁﬂﬁunugmﬂﬂ=w agfi 2.10 (ML)
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Qo= L2 [1 ] muﬂ’lunmam“mwmaua fagilii 211 2.10)
P P dl o = c? 1 ar 1 = o c?
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o
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2.11.2 mmmmiﬂ"lums%'mi’;mﬁ’hmmnma”!ﬁ'usemxﬁu?”mﬂnﬁ

Meyerhoft (1953)1Aiaua 193 effective area  FIMTUNIA q H3e
ﬂ'ﬂllﬁ"lll”ﬁﬂsl'umi‘Sllu’muﬂ‘]ﬁiﬂﬂﬁi“’ﬂﬂ(ultnnate beanng capacxty)mmmm"mmu {shallow
foundation) mﬂ‘lmmssmmgmuwmﬁuﬂ Hi’flkllmm’}]mﬂﬁuﬂﬂﬂ1\‘ILL§’~3ﬂ‘3°"ifI113JN1H‘i}ﬂ
ﬁuﬂﬂmwmmu‘ﬂﬂﬁu(center of foundation) U4 (plan view)

M ¢, 10078 effective area lumssaumansznuense EJ“’LEJ'ENPEHEJ
vousniet W llunsld  general bearing capacity equation @98A1UUAR RS (A)
LU plan view UDIFIUIIN(area of foundation) wumuiumﬁmmmxm Q THoamae
e effective area A’ Tﬂﬂmﬁ

WSuaa width (B) ity effective width (B")

Uiunq Length (L) Sy effective Length (1.")

waelAA=BxL waz A’ =B’ x L’

ﬂ%’u@lBuﬂ’l'i‘ﬂiSiJ’iiu‘Pﬂﬂ?’l‘iJﬁ'lﬂJ'leliuﬂ’li%1]‘51‘1413'1‘111‘3i?}ﬂ 15880 (ultimate

bearing capacity ,q",) 1678 effective area fi 3]

9
1. WIszesigogud cocentricity () ¥0IMIINTLININ

M

g = _QB— (2.11)
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&, ¢ = sztzioeguiluficmavesanuneuasanugn

YBIGIUIMN
M, = Tuudfidaluuua B
M, = Tumsuafidalunun L

2. M effective dimension fAin anuAduazaueIUseTning (B uag 1)
0
=B-2¢, <L’ (2.13)
L'=L-2¢ <B’ (2.14)
Tagfis (B — 2e, ) fmetdoundien (L-2¢,) Wude Tuszwine 2 A1 a
lafideuniie gnifmﬁu effective width (B”)
3. mwumﬁsgﬁmma effective area 910
A'=B'xL’ (2.13)
4, mmmmmm“lumsmumunmswmh vdo dlogsinTuusanszi

LEIENF(UEJ (q )Tﬂﬂhwqymm Meyerhoft(1963) 158 General bearing capacity equation

q, = CNchsF chci + qN FF qu = YB ‘N FYS F'Yd FY

oFos  (2.16)

¥ oW
o

Vel 11517 Shape factor ( F F Fy) Tsauwansentves effective area

ICY

19 effective width (B”) Ui B (48 effective Lehgth (L) uvu L

1un1511 depth factor ( FoFeaFy) Tld B uae L swdiy miounsdish
lluummmﬁua

¥

:‘ al o [ g oy o dsi’ LT T |
5. mumunns::m‘l}izaﬂmﬂmﬂj}ms1n5ummmg{uﬂsu Lﬂ fiD
Q= ¢, B'L’ (2.17)

6. midadaTmnensy (factor of safery) lasarums

Quh‘
F.S.= = (2.18)
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AR 2.3 Empirical value for ¢, D, and unit weight of granular soil base on the SPT at about

6 m depth and normally consolidate (approximately, ¢ =28% +15° D, (*+2%

Empirical values for ¢, D,, and unit weight of granular soils based on
the SPT at about 6 m depth and normally consolidated [approximately,
¢ = 28° + 15°D, (+2°)]

Description Very loose Loase Medium Dense ¥Yery dense
Relative density D, & 0.15 £.35 .63 .85
SPT ¥}, fine -2 -6 T-15 1630 !
mediem 2-3 4-7 8-20 2140 > 40
coarse 36 3-8 1325 2643 =45
é: fine 26-28 2830 30-34 1338
medium 2728 -2 3236 3642 < 50
TOarse 28-30 3034 33403 4350
Ywer. KN/M® Hi-16* 1418 20 1722 20-23

* Excavated soit or maseriat dump'.d from a Imn.k has a unit weipht of 1 1o 13 KNy snd must be guite dense
W weigh muchover 21 kN/m?. No cxisting soft biis ¢ D, = (.00 nor 2 valueof LOO. Common canges ure from
I3 i7
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#1519 2.4 Consistency of saturate cohesive soil

Consistency of satum#:d_ cohesive soilg®

30

Consistency N Gy, kPa Remarks

Yery sofl < - 2 -2 <23 Squishes borween fingers when squieczed
Soft z § = 3-3 25~ 50 Very easily deformed by squeezing
Medium S S S ¥ S S 0

S1iff 2 . 2 Hi-16 G- 200 Hard to deform by hand squeezing

Very stiff ‘é‘ %l g g 13-30 200~ 460 Very hard 1o deform by hand squeczing
Hard EViT g >3 »HR Nearly impossible 1o deform by hand

* Blow ceunts and OCR division are fur gt chay “Exoeptions 1o the rile™ are VOIY CONItH.
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AL anTdunsdnnn
c Mm) | o 25 5 7.5 10
¢ (deg) 28 30 32 34 36
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B (m) 1 1 1 1.2
L (m) 1 1.2 1.5 12
D¢ (m) 1 1.5
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@'y = ONFEF, + ANFF o+ - YBINF, By,

¢ s q qs qd q

NN WA 2.1 die § =20 'l

N, = (N,-Deotd) = 14.83

N, = & Par’tas+ & = 640
2

Ny = (N,-1tan(1.4) = 359

NN, = 04

tand) = 0.36

? 3 ¥ ¥
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c = 0 T/m
Y. = 182 T/m’
D, = 1 m
= 1.5 m
€y = 0.1 m
B’ = 1.5 -2e= 1.3 m
L = 1.5



INAITNN 2.2

Shape factor
F, = 1.37
F., = 1312
F, = 0.65

Depth factor : DB < 1

F, . 1.66
F o = 1.21
Fy, = 1

Inclination factor

F. _ !
,Fqi, = !
Fp, = 1
1214
T, = (L6T/m')14.83)(1.37)(L.66)(1)+(1.82T/m N1)(6.4)(1.32)(1)+
. 0.5(1.82 T/m')(1.3)(5.39X0.65)(1)(1)
= 559 T/m’
Q. = QL
= 539x13x15
= 1200 T
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