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(Bearing Capacity of layered soils-Stronger soil underlain by weaker soil)

aumsfi g usawnmuvesdinildiulasialy dovunudezeundidauidgm
s1ﬂ€uﬁﬂmﬁuﬁﬁlﬂutﬁmﬁmﬁ'u (Homogeneons) #ulsa1eqiiminsmie museda
imilenvoudlafiu (cohesion <) yuideamuysalinfi (angle of friction ) ngmiwimin
VBIAU(unit weight,Y) ﬂzgﬂﬁmﬁlﬁmﬁxﬁaémdamﬁmswzﬁmﬁumsLmnmﬂmwmﬁu
swﬁuﬂwﬂﬁﬁﬁuﬁ'a%uﬁumwzﬁﬁmugwéﬁq failure surface RENIZUSTSY (Witimate load)
sanReeass i Saidde HoygSeediiing g
audavesiuiulndwasms s ey wazdedlumsnestuiudoshisansd
¥89n13i9 oRans ofmaamisus wu i Taerfszuial ( Meyerhof and Hamna 1978
and Meyerhof 1974)

H 4 T 4 é o g = g
9103U# 2.1 Ha@ITIUTINAUADLTD (strip Foundations) $439951 Taeduau 2 4ulay
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Andurszuiwseniiudageginasly queautddmenaenwifinsaniifs

layers unit weight(y) | friction angle(p) | Cohesion(c,)
fop 7t @1 €
bottom 72 7 @2 c;

gt 2.1 wuhwvanse luns Suus wuanyesRuiian1az s dedenae
fuf (@) wwtuedfuaminvesdufiogldgmnniesie Svd B Tassuanie
indestu B udrazvir IftiamsWauuY punching shear failure Fausuiu dmdudeoziie
ASWALAII general shear failure( 54/ 2.1 2 ) uAg B Ifwnad1 B wnqudafideuunmuyes
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Ca = LIYAHUaIUHUaaU
P, = Passive force per unit leagth of the faces aa’ and bb’
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PNAUANITN 1

C,=cH (2)
5 3 A t
o ¢, = MATIEDIMI( adhesion)

L4 ]
A9 naumsn 1 92ldn

2c.H 2 2Dy Kutand
gy~ dpt +Y H (1+ ) “Y«H (3)
H B
39 Kou = horizontal component of passive earth pressure coefficient
U Kytand=  Ktand, ‘
Lﬁ (i K, = punching shear coefficient
L4
Aty
2caff 2 2Dr Kstangl
q.~ Qut +YH (1+ ) ¢ -¥H (4)
H B
Tawriwes Ks dluiledduans L2 uaz ¢, ve
q:
2
Ko = (2 da
q

e A g o a el o :g ] A é 9!
Tneh q, U8z q, ﬂﬂﬂ'lﬂdLlﬂﬂﬂ'!uﬂlﬂxﬁﬂuﬂﬁﬂ'l’.]xﬂ‘igﬂtl‘ijﬂwﬂﬂ'lui'iﬂﬂuﬁﬂkuﬂﬂ FININT B

5095 uuTs IuUIRe ‘F]ﬂéﬂll‘l]ﬁﬂuﬂﬂﬁUQWLﬂNL‘I—!mﬂU'Jﬂu (homogeneous) 1150

1
Q= 01Nc1+‘2‘Y1BNy1
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e
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9 = Cchz*'EYzBNyz
&
9
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Net, Ny = fuslsz@nfussunamuvasfiuduu 1), arsdi 2.1
a o a o’: A
Nea, Nye  =Fanlse@nsussuunmmuvesiudunu (o), maii 2.1



€ 713197 2.1 Bearing Capacity Factors

NN 1an

2225 1185 1258 053 0.49

6 514 .00 000 020 0.00 26
| 538 1w 007 020 002 2r 2394 13.20 1447 055 451
2 563 L2013 021 0.03 28 25.80 14.72 1672  0.57 0.53
3 580 131 024 022 0.05 X 2786 16.44 1934 0.59 0.35
4 619 143 03 023 0.07 30 3014 1840 2240  06] 0.58
648 157 043 024 0.09 31 3267 2063 2599 063 0.60
6 48l 172 057 025 011 32 3549 2318 3022 065 .62
7 16 188 071 026 0.12 33 64 2609 3519 088 0.65
§ F53 286 0BG 027 0.1 K2 ] 4216 2944 106 070 0.67
8 742 235 103 028 0.16 5 412 3330 4803 072 0.70
10 835 247 122 030 0.13 36 59 AN 36831 075 0.73
11 g0 251 141 0.3} 0.19 37 5563 $292 6619 077 0.75

12 4.28 2497 169 032 2] 38 61.35 48.93 7803 080 0.78
13 9Bl 326 197 033 0.23 39 BIBT HRBE 9225 (B2 0.81
1037 35 22w 435 0.25 40 7A3 64.20 10941 045 .84
5 1098 3 285 036 Q.37 41 438 7390 13022 088 087
16 1183 438 306 037 0.29 42 9371 8538 15555 0491 0.90
7 1234 .77 353 034 0.31 43 10511 9002 18654 099 053
18 1310 33260 407 640 032 44 11837 11531 22464 097 0.97
19 1393 280 468 042 0.34 45 14388 13488 27176 1o 1.00
20 1483 640 539 043 036 46 13210 15851 33035 14 1.04
211582 TOT O 620 045 038 47 ITAGL 18721 40367 108 1.07
21682 732 LI13 046 .40 48 19926 22231 496.0F 112 1.14
23 1303 8,66 820 g48 .42 42 22993 26551 K136 115 L15
24 1932 950 844 030 .45 50 26689 31907 Y6289 LN 119
25 72 ee k38 051 NN

* After Vesie (1973
-

[ Ca 1 o w r 1
MYDY K, = musentidninnswilugif 2.2 uag 23 awdrwud Hildwinndl B ung
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r " =% 2 a‘: 1] q’; é J
YHUI failure surface i]zmﬂﬁmwwmvummummuﬁunfmmﬂ 1‘15\]1ﬂ

1
Q= Q= °1Nc1+qu1+‘£Y1BNy1 (5)
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VAL 4uag 5

2caf 2 2Dr  Kstangl
H+
+YH ( 7, X B

Q= qu* ) - ¥4H < g

AUMIN WLV IUUDIAUNT A Rectangular Foundation A

2caH
B

K 1
) 4y H 1+§)(1+ 25’ X “;""’

B
qQu=gqp + {1+ 'z')(
Taei
A = GNeFesr) + YD H)NgoFasz) + 0.5Y BNy )Frysizy
A = CNgtFostty + Y1DNgt)Fascry + 0.5Y:1BNytyFryeiny

Fost1y, Fasqry, Fys1y = shape factor with respect to top soil layer

Fes(2) Fastz)r Fysiz) = shape factor with respect to bottom soil layer

FYH S

10

(6)

q (7

(8)

®)



€ 7157422 Shape, Depth, and Inclination Factors Recommended for use

Facior Relationsnip Source

Shape* ooy, BN De Beec (1970)
w7 LN Hansen (1970)

where L = length of the foundation
L>8)

Depth® Comdifion {a): D/B =1 Hansen (1970}

2
E( =1+ 0.43

Fo=1+2tan &1 ~ siné)‘%'

Fe=1l
Condition (by: /B > 1

.
Fe=1-+(0d4)tan"' (E)

Fe=1+25an Q1 - sin é) tan (%)
Pd -3 l
Inclination b P - (1 _ ﬁ; ) Meverhof (1953); Haana
),
7(D- E’.)a
F.=(1 2

whepe 8 = fnclination of the Ioad on the foundation
% with respect ta the vertical
These shape factors are empirical relations based on extensive laboratory jests.

b
The facior tan’ {DyB) is in radians.

and Meverhoi (1981}

11
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2.3 Special Cases: NIANH LAY

231 036 1 : Antuvmdudunsends sazdunadvdwntisndengurhan

AUN5 7, 8, 1AL 9

—

Strong sand ¢ $1 . Yy

|
l
:
1

Saturated soft clay (c2, Y2 )

31l 24 urrnedinuas vesduRLuns i 1

= (1+ 0,2%)5.14c2 + Y (Di+ H) (10)

1
A = ViDMNgFosn* > YiBNy)Fysiry (1)

fAauu
A= (1+022)8.140; (1 212 Ly
S Y1DNgyFasn + EY1BNY(1)FY9(” (12
M K, mikongild 2.2
-q__g _ Cz2Ncz - 5.14C: (13)

gt 05nBNu 0.571BNy1



23.2 n5aiA 2: Eumiiengnihnirestimasusailuiudunsounn

=

P

Stronger saturated clay ( C,; . ¥4

c-—-I—-M—-—p E—

Weakor saturated soft clay (€, vz )

' X e d
31# 2.5 uermsanumz sostuauluns din 2

B B . 2cdH
= (1+0.2)5.14C, +( 1+ — + YD =
Ay ( L) 2 *( L)( B ) Y1 r
B
g = (14 0.22)5.1401 + Y40y
dmsunsaill

A S5l >

1 5.14C) 1

Qe

(14)

(15)

(16)

i3
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* 08197 1
wisdsauseIfennuuuea st e WeososfufuySinuniudosms
iosnnuneivesSuanindnmnusaminedousms v. 7w Tan Tastdeonuyuwile
mmimswmﬂugmﬂﬂgwmﬂ 1.5mxim Qﬂﬂq“l%’ﬁmmﬁnm) 1 m INHIAUDY TRUg I
e audehuuudhisudumisnde dnduniiuiuiumiinseu aawdn b
~ 1.00m mmmn‘lwimﬁﬂ mauanmﬂumu
- Auputn
Undrained shear strength = 120 kN/m’
Unit weight = 16.8 kN/m’
- Sunuduing
Undrained shear strength = 48 kN/m”
Unit weight = 16.2 kN/m'

¥ £
wmgwnntimnsoimihmwmdnusign lavaoado 1dwla svuald
SATIIUA MY ABAAB(ES) WY 4.

Solution

MATUAIT (14), (15), and (16) 92 19N

2 H
Q= (1+022)5140; +( 1+ )22 ) 1y 0
B
< (1+ o.zF)ﬁ.mc1 + YD
Tanddmug
B=1m H=1m D,=1m

L=16m ¥ = 16.8kNm

TINGU 1.3, cifo; = 48120 = 0.4, w5l oide, ~ 0.9, dasfu
6. =(0.9) (120) = 108 kN/m’

(1+02(—>(5 14)(48) +( 1+ ( 15 ¢ (2)(1(08)(1) )] + (16.8)(1)

= 279.6 + 360 + 16.6 = 656.4 kNIm.
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Check : 9INAUATTH 15

@ =[(1+ (0.2>(%)](5.14)(120)+ (16.8)(1)

= 699 +16.8 = 715.8 kNim"

- n’: é 3 L B‘ 1] L q'- -
MNUN g, = 656.4 kamz (%’Qlﬂuﬂ']ﬂﬁﬁﬂ'iz“']'ﬁﬁﬂqﬂ'\“ﬂ']u?m) LA
gu 656.4

FS 4

= 1641 KN/im"

Qan =

¥ ¥ o
aarfugunntimusashminussyn Insdeeasildwhiy

@)1 x15) = 246.15kN V
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+ sheehyi 2
- A ar [ = 3/ = o’; = * ;’ ] ey
vngd L1 Fuidieanadiedied 1 doyafudununiiudunsiedmdudriafiudu
wilsigeu wedoyafi Idnnmsdisedadl
Forthe sand: ¥,= 1171t/ ; @, = 40°
For the soft clay (bottom layers) : ¢, = 400MAT; @, = 0°
For the foundation: 8 = 3ft;D, = 3 . ;L =4.6f,H = 41

: ¥ td
wRNuE IR lumsivihminussnlszdgvesg mani
Solution

=i ° w o <l
TINFUMTA (12), (13) uazdndy @1 = 40°, a1 2.1

N?, = 109.41 Rz

@ _  CilNex (400)(5.14)

g O0SPBNa | (@S)AITGK10941)

107

4 A . " . o] N e
1INFUR 2.2 18991 €Nepy0.5YiBNyy = 0.107 usz ¢, = 40°, 32ld

K, & 2.5, t8zangumsi (12)

B B D K 1
a, = [(1+02( P )J6.14C, +y (14 Zxte2 2 )L""T“‘U V1D
e 2 3 (3)
= 2(—)](5. 117 + — ) 1+(2)—
qu=[(1+02 4.5)](514)(400) +(117)(4) (1 4‘5)[ @)
(_(2.5);an40)+ 117 3)

= 2330 + 5454 + 351 = 8135 Ibft

A
B3N

Q= Y1ONgyFas) +0.5Y 14BNyt Fysisy
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AT 2.1, for @ = 40°, N, = 108, N, = 64.20

1NATIT NN 2.2,

B 3
F = 1+ =)t = (1+ —)andd = 14
gs(1) ( I7 )3"¢1 ( 45 )
B 3
F = 1 - 0_4 _ = 1 wn 0_4 — = 0.733
Yeth L [4.5.]

g = (117)(3)(64.20)(1.4) +0.5(117)(3)(109.4)(0.733)
= 45622 Ibit

q. = 8135 At V
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2.4 mudenlimpsauifivesdulun113n 71V 1 Ultimate Bearing Capacity

Empiricat vatues for (,D, ,and unit weight of granular soils based on

the SPT at about 6 m depth and normally consolidated [approximately,
b =28°+ 15p(12%)

Description Very loose Loose Medinm Dense  Very densé
Relative density D, 0- 0.15 0.35 0.65 0.85
SPT N’y : fine i-2 3-6 7-15 16-30 ?
Medium 2-3 4-7 8-20 21-40 >40
coarde 3-6 5-9 10-25 26-45 > 45
¢ fine 26-28 28-30 30-34 33-38
medium 27-28 30-32 32-36 3642 <50
coarse 28-30 30-34 3340 40-50
YwerkKN/m’ 11-16* 14-18 17-20 17-22 20-23

* Excavated soil or material dumped from & truck has a unit weight of 11 to 14 KN/ and must be quite depse to
weigh rouch over 21 KN/m® No existing soil haz a I, = 0.00 nor a vaiue of 1.00.Common ranges are from 0.3 to 0.7,

U7 2.6 116AIAMIT W 3-4 910 Joseph E. Bowles. Foundation analysis and design
5% Ed.1997.p163

Consistency of saturated cohesive soils*

Consistency N, q.kPa Remarks

Very soft 0-2 <25 Squishes between fingers when squeezed
Soft NC | Youngeclay  3-§ 25-50 Very easily deformed by squeezing
Medium ¥ 6-9 50-100 72

stiff Increasing | Ageds 10-16  100-200 Hard to deform by hand squeezing

Very stift ocr Cerhented 17-30  200-400 Very hard to deform by hand squeezing
Hard >30 >400 Nearly impossible to deform by hand

* Blow counts and OCR division are for a guide-in elay "exceptions to the rule” are very common.

31U 2.7 ue99A1579 3-5 970 Joseph E. Bowles. Foundation analysis and design.
5" Ed.1997.p163.
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2.4.1 p3di 1 Autrudusunnends tazfunaih@umiiensouginn

P
4
——e ] =
|
o
|
Strong sand  ( $4 , Yo} T

H
l

Saturated soft clay (cz Y2 )

=1

= v 4 e - ]
Eﬂ"ﬂ 2.8 LLf’fﬂ‘anﬂum:“58@51“@”’31Qﬁ']ﬂq‘ﬂuﬂu1u ﬂiﬂ!'ﬁ 1

24.1.1 71 ¢, Midon1$81989910 #1514 3-4 Uoseph E. Bowles. Foundation analysis and
design.s® Ed.1997.p163) Fe91nm131981 § 984 Sand ﬁaxﬂu%uﬁuﬂumﬁwﬁfimﬂ
s211$1928°-38° (e iden g ¢, — 26° marefinntomduluvi i sand Fadhy

, SuAUnUTATATE UG M En Ty Tiimmzﬁwi%gmﬂﬂ?:u) Fuueldm
o, idenldwoandoauazanonaquiui ¢ Heziduly1fluslusmeions
iness1ede Sudonlda ¢, lumsTiaswiuazoenuuy Wusou 5 ddese i

¢1 = 28° 11lu Loose sand
d)! = 30° 1flu Loose sand
¢| =32° il Loose sand
¢, =34° il Medium sand
¢, =36° il Dens sand
2.4.12 fi1¢, Mfonld §198997n 1519 3-5 (Joseph E. Bowles. Foundation
analysis and design.5™ Ed.1997.p165. ) $10AS WA ¢, Y3 Soft clay UABEIzNIN
1.27 - 5.01 T/ e lde ¢ fAdonldnenndswasanouaguiudiluausiwasiy
wilvdedde dnhuiafenld e, Fanun 3 71 fefide ¢,=1.5,2.0,2.5 T/m’ @@ 1Ay
upmiiees ¢, lup1e 3-5 fmdediukea f e, Hdenlfafidtumiae kpa
daelud o
¢, = 1.5 T/m2 9218 q, = 29 kPa tflu Soft clay
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¢, =2.0 T/m2 92 1# q, = 39 kPa 1¥u Soft clay

¢, = 2.5 T/m2 9% 1§l q, = 49 kPa 11}y Soft clay
2413 @17, fifonld $1959919 #1519 3-4 (oseph E. Bowles. Foundation
analysis and design.5” Ed.1997.p163 }910A13 1981 Y Y83 Soft clay fif1ogsening 1.4 -
20 Tho' elda1 y, Afenldnenndosiannsunmfudiiuaisdas lundsde
$1e8e serusudenid Y, Vana 4 F1 &siiae Y,=1.7 Tim’ 1.8 T/m’ , 1.9 T/m’, 2.0

T/m’ a1ud1ay

Y,= 1.7 T/m’ =17 kKN/m’
Y,= 1.8 T/m’ = 18 kN/m’
Y, =19 T/m’ =19 KN/m’
Y, =26 T/m’ =20 kN/m’

aal a = v e o 27 O oy ]
242 asun 2: ﬂumumwmmmwuumuamﬂmmﬁuﬂaaun‘n

P
!

D

Stronger saturated clay ( C; .Yy

Weaker saturated soft clay (C, ¥z )

b 14 »
11l%1 2.9 HrevudasdnynzvesgunAUINMaguuAu Il ndinz

' P o .
24.2.1 61 ¢, Afonld §1984910 41913 3-5 (Joseph E. Bowles. Foundation
analysis and design.5" Ed.1997.p165 } 91nR 131361 ¢ Y89 Strong clay NA19GIEHIN 1.27 - 5.01

4 qur o o - » a3
T’ e e ¢ idenidaeandowasaasuaquivdiluausSwns lumisded e daiu
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»
o

Fudenlddic, Fevun 49 Saiide ¢, = 15,25 35 45 T/m’ @i e uAniIeuns o, u
a1 3+5 Smizuthy kpa i ¢, Adenldazdenlumiay kpa dede i
¢, = 2.5 Tim2 9216 g, = 49 kPa 1} Soft clay
¢, =3.5T/m2 921§ q, = 69 kPa 1ilu Medium clay
¢, =4.5 T/m2 % 18 q, = 88 kPa tHhu Medium clay
2422 #1, Monl¥ §1484910 11314 34 (oseph E. Bowles. Foundation
analysis and design.53” Ed.1997.p163 ) $IR#A1T19R71 Y 484 Strong clay HA10H551914 1.4 - 2.0
T el 7, fidan¥aenndeunznaounquivailunuelun: lunided1es fadu
Safonldhiny, Famun 2 1 duiifte v, = 17 T, 19 T’ Ay
Y,= 17 T/m’ = 17 kN/m’
Y, =18 T/m’ = 18 kN/m’
Y, = 1.9 T/m* = 19 kN/m’
2423 f1c, Widonld 1989910 #1512 3-5 (Joseph E. Bowles. Foundation
analysis and design.5" Ed.1997.p165. ) 1NA1319A1 ¢, Y94 Soft clay UMagszning
127 - 5.01 T’ e 19 ¢ AidenlFroandnauaransunguivmluisiuas undide
1954 dnfudadonldei ¢, hanum 3 1 duiifie ¢,=1.5,2.5,3.5 T/m” @AY Leivsea9
¢, Wm1319 3-5 Smdaenhu kpa i ¢, Aiden gz iimluniiae kpa dgetalii
c,= 1.5 T/m2 9218 q, = 29 kPa 11 Soft clay
¢, =20 T/m2 1214 q, = 39 kPa 1} Soft clay
¢~ 2.5 T/m2 w'la g, =49kPa dhu soft clay
243 M D,
Weanatizdue mﬁunu‘Iﬂuﬁulﬂtfuwﬁfhatﬁwiu 3 as - 3.5 uAg
safuioIaeandesfumsinmess Sadmualdii D, 2 f1 69l D, = 1 m, 15 m
AU IAL
224 BxL
MB x Lihuiiimsinsigdiis Lﬂmﬁmmﬁﬁnnﬁﬁumlﬁﬂ e Ay
ﬁfugmium‘sﬁuqa 11n smnargin i S lumsieatis nensiniideiilnny
mndwlunsanadis arwamnsetumsiuimnin vidiuvgealunisauyddi B x L
S lumainned dafu B x L AT erua 5 6 desolalil

1x1m,1.25x1.25m, 1.5x L.5m, 1 x 1.25m.,'} x L.5 m. Anidau



A7 2.3: naress g auiRvesAuiido nldlunsdin |

P18 1 : Top layer is strong sand & bottom layer is saturated soft clay

Properties Used Values
3 289 30° 329 34% 36° 38°
¥ 1.7, 1.8, 1.9  towm’
Ca 15, 20, 25 towm’
Vo Depend on type of material (Look table 3.4)

AN 2.4: weressquaviAvsAundentdluasiia 2

n36iA 2 : Top layer is stronger saturated clay & bottom layer is

weaker saturated clay
Praoperties Used Values
cy 2.5, 35, 4.5 tons/m?
¥y 1.7, 1.9 tons/m®
€5 1.5, 20, 25 tons/m®
Yo Depend on type of material { Look at 1able 3.4 )
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