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Tunnsfudmringegn (g,) I99AuaNITDATMIIMN IFangunIs

WBINBFIN (Terzaghi) (4317 2.3)

pa—

Unit weight = v
Cohesion = ¢
Friction angle = ¢

gﬂ'ﬁ' 2.3 Bearing capacity failure in soil under a rough rigid continuous
foundation
nacifinnsRewATAT General Shear Failure
@%mﬁ*ugmmﬂﬁimﬁm (Strip Foundation)
g, =c¢N,+gN, +0.5/BN,
ﬁwé’uymmﬁwﬁ'ﬂu%ﬁ‘a (Square Foundation)
q,=13c N, +gN, +0.4)BN,
dm¥ugnunnax (Circular Foundation)
q,=1.3¢ N, +gN, +0.3)BN,
luifle q,= ﬂmmﬁmmiumﬁ’uﬁwﬂfﬂ@mmm@qﬁu
¢ = usaEaulsiuTesAy
q= D,
y= wireniviinaesiu
D, = srazannilomunaliyiugiusn

B = ANNNI9YEIFIUIN



N,,N,,N,= Bearing Capacity Factor u&n General

Shear Failure @700 1& ANANT9T 2.1
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ﬁm%"ugmmﬂﬁimﬁm (Strip Foundation)

q, :ch; +gN, +0.5BN,

q, ﬁwﬁ’ugmmnﬁmﬁﬂu 5% (Square Foundation)

g,= 0.867cN, +gN, +0.4yBN,
ﬁﬂﬂ?ﬂﬁﬁu?ﬂﬂﬂﬁu (Circular Foundation)

q,=0.867cN, +qN; +0.3yBN}',
Tuile

N,,N,,N,=Modified Bearing Capacity Factor luanimn
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gﬂﬁ 2.4 Modification of bearing capacity equation for water table
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Tl N.,N,,N, = Bearing Capacity Factor mlaa a1 2.3
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(Skin friction)

2.4.1End bearing

AmgNAn NI TN e AT aneEn T (0, ) @awnsnmld
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Q,= cN:AP
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NTand N3

Ay

0 10 20 30 4 45
Soil friction angle, ¢ (deg)

gﬂﬁ 2.5 Variation of the maximum values of N and N, with soil friction

angle ¢ (after Meyerhof,1976)
2.4.2 Skin friction

9IN38 @ method AXANNITNWIAT unit skin resistance luRumiien
anann1gsa il
A% o Method

f = o,

We o = empirical adhesion factor
nsulsifasuresdt ¢ awnsnglianngud 2.6 uar dwmiudu
wileaidneuzdu consolidated clays Unfuds A1 ¢, < about 1 kip/ft?

(50 kKN/m?), o =1 fariu

Q. = ZﬁJAL = ZacuAL
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&, (kip/fi')

Q.75

o ()50

0.25

50 100 150 200 250 800
Undrained cohesion, e, (N /m*

g‘i_l‘ﬁ' 2.6 nwianen1lAeuulasen o Wedteuiy undrained cohesion of
clay
2.4.3Negative skin friction
I Tneinll ARz i e AuTaL AzaoeIfinANENN 90 Y
nsfururinaesa @l wilinsanwilanenianduesa fusauiady

azinansgudasnay  uazandduadldfion sinlfiaauanunsnlunisiu

Wuinaasa@duanae Fundn Negative skin friction

= &
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AYTHAINITN NN URAINY a9 wuaili 2 egnaduiy Aa
1. Anuaun s lunisiusihwinuessmseflaneiduda (End bearing)
2. AMNHATEIETRLRIed A T NAs e nA NEN IR AN AU UM I8
{Skin friction)
2.5.1End bearing

o 5?0, [ ::ll = 9
ANNATNNTD luNsT Ut viTnaeanedaneadn 0,) WUl

ANNANNTAIN

QP = q!NfIAP

2.5.28kin friction
AnedtzespNtlareLRazeuandunsannuandiianadludiune( £ )

auenunldann auniesail
f =Ko, tané

e X = earth pressure coefficient
o, = effective vertical stress at the depth under consideration

o = soil-pile friction angle

Pile type K

Bored or jetted ~K,=1-sing

Low — displacement driven ~K,=1-sing to 14K =1.4{(1-sing)
High — displacement driven ~Ky=1-sing to 1.8K =1.8(1~sing)

AR TLUIF s RN B A (Effective vertical stress) o, luginnisdng
v o X oA o 4 @ 2 A o e = P
AuaziinluiiaeuiuauanedddNaunadndingaganiaINEn 15 — 20

wirrsaidusiugudnatasdin usendsanniufiazaaiidegli 2.7 asdndngs,

a
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o

L' A naueeiuAl Factor uaneisia e Soil friction angle , Compressibifity

Iz Relative density aglaiinrlszunniduazaund Wildminfu L= 15D

Linit
a= frictional
resistance,

1

L
[

¥
(a) Depth

fu
]

(k)

L1}

23J3} 2.7 Unit frictional resistance for piles in sand

dwusn 5 anmsuaiinaiaest dinginesiienegluges 054 fe
0.84
Ay
Q, =pLf,

2.6 WANNGN
Tunsiipseniandudungy  wazefnusiaziuaelndme  nzwhzuseiu

Taatdnufarianaasdouiu fugii 2.8
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2.7.2.1 ausuaaain TURAUAZ NI (excess pore water pressure) T4
HuamANIAINANIANLNNIZANFaRAY wWiANAIesinTazanadatinema
wazaziAndusagdnluszaenelscuind 16 whresaunaandy  sasndau
ATNAUIRUN RN AR ULMIN U 2 A nE R aTasAuIafaN NN T LE Tae
l=i s 6" as G’I ot oo [~
Wratieniuanuduiuiiusseenannanduuasiatunaadn  (va) dou
[ 90’ cdl anl ¢:9§ cgljd r = 9/
nsnsraneuie laesp AN IANaIwides 3 fidn1e SODERBERG (1962) 14
Ursliulngiansnn 2 fianisaaani i uvisawndan wazlifiansonly
-=; =4 I L7 2// -El) -2 a6 8 o = = I
waRansznadtesnn willFanyd lisruuimaradaauwnann 3 e 5 Wi

eaFATIETN (R/a = 3.5)

=X e

2.7.2 2tFumrrassudegnunuiineanidinaca liinnnisluasa e sfiv
wilenanaaznaliiig soil heaveﬁﬁlqﬁﬂﬁmLﬁu@ﬂﬁuu@zmuﬁ’qamﬁ?mﬁ;ﬂﬁqﬁ@
11 BnAudauiive sty ldineduauazdimalaanisineann st
939 Luﬁi"l,é’mmﬁlLLmﬂﬁmﬁ’u@faﬂiﬂmmﬁmwm'mLLﬁﬁwamﬁumﬁmuﬂmﬁmm
GRSy

annsSanseAeuiTafuduiuig Sulufiumilen  HARGERTY and
PECK (1971) ﬂqﬂﬁdﬁmm?{@uﬁmm sensitive clay {tiaandn insensitive clay
m?wmﬁwmﬁqﬁuﬁﬁ%uaﬁuﬁ’ummﬁumﬁmLmeﬂmzﬁm%uﬁ@ﬂﬂfiwm
insensitive clay LAMBE and HORN (1965) wuqnilnnswassinaasduluaniemnan
LmﬁuLLﬁiﬁm@wgmﬁquﬁqmnmséu@mmiﬁmﬁwLL@z”l,ﬁ’mwa%%ﬂwﬁmqmﬁ@m
Furnuaenanlagld stress path method |

27.2.3 ﬂmmlﬁﬂqLLa‘wmﬁmmmmwﬁ’qmm'ﬂﬂLmr‘ﬁmuﬁi%ﬁﬂmLff‘\iumﬂ
%ummm %’qﬁmmzmmzm@mmﬁmﬁfu undrain shear strength 1A4ARAZAA
Nauvuauss Tarvaiiesiuseauddn ( andawdinderzay 2 Wi 9999199
WuINTAAIN9) axgn remoulded ﬁqamm%umﬁ uﬁ’qmnﬁfumﬂmﬁqmw:

ANNINTUNTIZHAAINTNIZANEI BN AN AL Inaeanlilkas thioxotropic
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ANLINLINTDY sensitive clay ﬁuwudwnﬁuﬁuzﬁﬁw@mmﬂ?zmm 9 ABUNAINIT
pangfuilatsrasvinathy 4 V1789711801 (ORRJE and BROMS 1967)
AU TENG (1962) nanadnaduudausaazaunduld 00% i 30 T4 50 54 1wanss
ﬂﬁ\h'ﬁﬂﬁiLLﬁuﬂuImﬂ%ﬂ’ﬂfQjﬂﬁuﬁqLLﬂ‘a"‘éduj%ﬂéﬂﬂ SODERBERG (1962) l6uanqli

G = w & o G = = X -
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1 1 ] 2
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l e = = Q.
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211 NManannmnand (Standard Penetration Test)
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A13197 2.5 Relative Density of Sand in Term of the Standard Penetration Test

(SPT)
SPT Blow / ft Density Angle of Internal Friction
N (Terzaghi) (1)
0-4 Very Loose Less than 28.5
4-10 Loose 28.5-30.0
10 -30 Med.Dense 30.0-36.0
30-50 Dense 36.0-41.0
Over 50 Very Dense Over 41
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R1379% 2.6 Consistency of Clays and Approximate Correlation to the Standard

Penetration Number,N

Standard penetration Consistency Unconfined compression
number, N strength, g, (KN/m?)
0-2 Very soft 0-25
2-5 Soft 25~ 50
5-10 Medium stiff 50 -100
10-20 Stiff 100 - 200
20-30 Very stiff 200 - 400
>30 Hard >400

dauauduiugszndnedn N Aurnauamningtdaingi 2.20 uaz 2.21
doupuduiugseming SPT N — VALUE  ua2 Unconfined Shear
Strength A99AMMTIU A ¢, MAAN Unconfined Shear Strength azilaanan

4='.l| =4 ]
wanaxInnIwIziun e aeuingm
2.12 MmavasaulagusIdnulylaigninnin (UNCONFINED COMPRESSION

TEST)
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TuRumiizndaunas Runilandunand (Soft uae Medium Clay)inddaeas
Audauluniinazifinann Cohesion anniamaaad Unconfined compression 11

=al 1 . - Faea g dl [ o = d‘
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P.R. = Proving ring reading
K = Proving ring Constant (Ib/DIVISION)
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A19719N 2.1 Terzaghi’'s Bearing Capacity Factor -Eqs.

35

¢ N, Nq Nr ¢ N, Nq N;r

0 5.70 1.00 0.00 26 27.09 14.21 9.84

1 8.00 1.10 0.01 27 20.24 15.80 11.60
2 8.30 1.22 0.04 28 31.61 17.81 13.70
3 6.62 1.35 0.06 29 34.24 19.88 16.18
4 6.97 1.49 0.10 30 37.16 22.46 19.13
5 7.34 1.64 0.14 31 40.41 25.28 22.65
6 7.73 1.81 0.20 32 44.04 28.52 26.87
7 8.15 2.00 0.27 33 48.09 32.23 31.94
8 8.60 2.21 0.35 34 52.64 36.50 38.04
9 .09 2.44 0.44 35 57.75 41.44 45.41
10 9.61 2.69 0.56 36 63.53 47.16 54.36
11 10.16 2.98 0.69 37 70.01 23.80 65.27
12 10.76 3.29 0.85 38 77.50 61.55 78.61
13 11.41 3.83 1.04 39 85.97 70.61 95.03
14 12.11 4.02 1.26 40 95.66 81.27 115.31
15 12.86 4.45 .'I 52 41 106.81 93.85 140.51
16 13.68 4.92 1.82 42 119.67 108.75 171.99
17 14.60 5.45 2.18 43 134.58 126.50 211.56
18 15.12 6.04 2.59 44 151.95 147.74 261.60
19 16.56 6,70 3.07 45 172.28 173.28 325.34
20 17.69 7.44 3.64 46 186.22 204.19 407.11
21 18.92 8.26 4.31 47 224.55 241.80 512.84
22 20.27 9.19 5.09 48 2508.28 287.85 660.67
23 21.75 10.23 6.00 49 298.71 34463 831.99
24 23.36 11.40 7.08 50 347.50 41514 1072.80
25 2513 12.72 8.34

“From Kumbhojkar (1993)




F13997 2.2 Terzaghi's Modified Bearing Capacity

Factors, N ,N,,and N,

36

¢ N, N, N, ¢ N, N, N,
0o | 570 1.00 0.00 26 15.53 6.05 2.59
1 5.90 1.07 0.005 27 16.30 6.54 2.88
2 6.10 1.14 0.02 28 17.13 7.07 3.29
3 6.30 1.22 0.04 29 18.03 7.66 3.76
4 6.51 1.30 0.055 30 18.99 8.31 4.39
5 6.74 1.39 0.074 31 20.03 9.03 4.83
6 6.97 1.49 0.10 32 21.16 9.82 5.51
7 7.20 1,59 0.128 33 22,39 10.69 6.32
8 7.47 1.70 0.16 34 23.72 11.67 7.02
9 7.74 1.82 0.20 35 25.18 12.75 8.35
10 8.02 1.94 0.24 36 26.77 13.97 9.41
11 8.32 2.08 0.30 37 28.51 15.32 10.90
12 8.63 222 0.35 38 30.43 16.85 1275
13 8.96 2.38 0.42 39 32,53 18.56 14.71
14 9.31 2.55 0.48 40 34.87 20.50 17.22
15 9.67 273 0.57 41 37.45 22.70 19.75
16 10.06 2.92 0.67 42 40.33 25.21 22.50
17 10.47 3.13 0.76 43 43.54 28.06 26.25
18 10.90 3.36 0.88 44 47.13 31.34 30.40
19 11.36 3.61 1.03 45 51.17 35.11 36.00
20 11.85 3.88 1.12 46 55.73 39.48 41.70
21 12.37 417 1.35 47 60.91 44.54 49.30
22 12.92 4.48 1.55 48 66.80 50.46 59.25
23 13.51 4.82 1.74 49 73.55 57.41 71.45
24 14.14 5.20 1.97 50 81.31 65.60 85.75
25 14.80 5.60 2.25




A3 2.3 Bearing capacity Factors*

¢ Nc fo NJ’ ¢ Nc N‘! N?’

0 5.14 1.00 0.00 26 22.25 11.85 12.54
1 5.38 1.00 0.07 27 23.94 13.20 14.47

2 5.63 1.20 0.15 28 25.80 14.72 16.72

3 5.90 1.31 0.24 29 27.86 16.44 19.34
4 6.19 1.43 0.34 30 30.14 18.40 22.40

5 6.49 1.57 0.45 31 32.67 20.63 25.99
6 6.81 1.72 0.57 32 35.49 23.18 30.22

7 7.16 1.88 0.71 33 38.64 26.09 35.19

8 7.53 2.06 0.86 34 42.16 29.44 41.06
9 7.92 2.25 1.03 35 46.12 33.30 48.03

10 8.35 2.47 1.22 36 50.59 37.75 56.31

11 8.80 2.71 1.44 37 55.63 42.92 66.19

12 9.28 2.97 1.69 38 61.35 48.93 78.03

13 9.81 3.26 1.97 39 67.87 55.96 92.25
14 10.37 3.59 229 40 75.31 64.20 109.41
15 10.08 3.94 2.65 41 83.86 73.90 130.22
16 11.63 4.34 3.06 42 93.71 85.38 155.55
17 12.34 477 3.53 43 105.11 99.02 186.54
18 13.10 5.26 4.07 44 118.37 115.31 224 64
19 13.39 5.80 4,68 45 133.88 134.88 271.76
20 14.83 .40 5.39 46 152.10 158.51 330.35
21 15.82 7.07 6.20 47 173.64 187.21 403.67
22 16.88 7.82 7.13 48 199.26 222.31 496.01
23 18.05 8.66 8.20 49 229.93 26551 613.16
24 19.32 9.60 9.44 50 266.89 319.07 762.89
25 20.72 10.66 10.88

* After Vesic (1873)




AIT197 2.4 Shape, Depth, and Inclination Factors Recommended
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Factor Relationship Source
Shape*® F =1+ Ei\{q_ De Beer (1970)
B
Fqs =1+ Etan ¢
B
F, =1_-0.4—L—
where L= length of the foundation (L>B)
Depth? Condition (a):Df /B<1 Hansen(1970)
D,
F,=1+04—
B
. 2 Dj'
F, =1+2tang(l —sin g) 2
F,=1
Condition (b): D, /B >1
-1 Df
F,=1+04tan™ —-
B
: 2 -1 Df
F,,=1+2tang(1—sin$)" tan 3
F,=1
Inclination Meyerhof (1963) :

B° s
Fc'i =Ffﬂ' :(I_W)

£, =(- ﬁ;)z
where £ =inclination of the load on the

foundation with respect to the vertical

Hanna and Mayerhof

(1981)

These shape factors are empirical relation based on extensive laboratory test.

The factor tan~' (D, / B) is in radians.
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