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TABLE 4-2

Bearing-capacity factors for the

P-222

Terzaghi equations
Values of N, for & of 0, 34, and 48° are original

Terzagh: values and used to back-compute K,
d. deg N, Ng Ny Koy
0 547 1.0 0.0 10.8
5 7.3 1.6 0.5 E2=2
QA 2.7 12 14.7
< 129 14 2-5 18.6
2 & B 7.4 5.0 25.0
25 251 § 2.7 9.7 35.0
372 225 19.7 52.0
34 52 % 36.5 36.0
57 .3 414 424 82.0
44 o5 .7 81.3 100.4 141.0
45 725 173.3 297.5 298.0
45 ISE > 287 .9 780.1
5C 337 .5 =151 1153.2 000
o = = be > & ’r-.'/.._':';'n (19335, 1 127 ]



Bearing Capacity Equation:

Meyerhof’s Bearing-Capacity Equation:

* Meyerhof proposed a bearing capacity equation similar to that of
Terzaghi but included shape factor s., s, & s, and depth factor
d¢,d; & d, for vertical load.

* Also included inclination factors i, ig& i,

* Up to a depth of D=B, Meyerhof q,;; is not greatly different from
that of Terzaghi value.

* Difference becomes more pronounced at larger D/B ratios.



Mevyerhof (1963)

Meyerhof (1963).* See Table 4-3 for shape, depth, and inclination factors.
Vertical load: g = cN.sd +qNs.d, + 0.5yB'N,s,d,
Inclined load: gy = cN.d.i, + gN,d i, + 0.5yB'N,d,i,

N, = ™% aan’ (45 + -?)

Ne = (N, = l)cotg
o N = (N, - Dtan (1.4¢)




Meyerhof

TABLE 4-3

Shape, depth, and inclination factors for
the Meyerhof bearing-capacity equations

of Table 4-1

Factors Value For
. - |
Shape: se = 1+ 02K, 7 Any ¢
sq=s,,=l+O.IKp-Z d > 10°
Sy =5y =1 =0
ez [
Depth: d. = l+02\,-K,.E Any ¢
d;, =d, = 1+0.1 /K, é > 10
> d, =d, =1 & =
e 0°=y
Inchqatmn_: ‘ i =i, =l - 905 Any &
g° \
sEl=g) 2
i, = 0for8 >0 é =

Where X', = x_\unz(45 + ¢/2) as in Fig. 4-2

)

I

asign; if 8 = 0all i, = 1.0.

angle of resultant R measured from vertical without



Meyerhof Bearing Capacity Equation:
e Table 4-3 for shape, depth and inclination factors.

 Table 4-4 1s for Bearing-capacity N factors for the Meyerhof,
Hansen and Vesic bearing capacity equation.



TABLE 44 ’
Bearing-capacity factors for the Meyerhof, Hansen, and Vesié bearing-
capacity equations caz

Neowe that V. and N, are the same for all three methods: subscripts iden'tify author for N,

o N, Nq N,',(”, Nyan Nyay - N,,/N,, Ztan @(1 — sin b))
0 5. 14 1.0 0.0 0.0 0.0 0.195 0.000
s 6.49 1.6 0.1 0.1 04 0.242 0.146

10 8.24 2.5 0.4 0.4 1.2 0.296 0.241

13 10.97 3.9 1.2 1.1 2.6 0.359 0.294

20 14.83 6.4 2.9 29 54 0.431 0.315

25 20.71 10.7 6.8 6.8 10.9 - 0514 0.311

26 22.25 11.8 7.9 8.0 12.5 0.533 0.308

28 25.79 14.7 10.9 11.2 16.7 0.570 0.299

30 - 30.13 18.4 15.1 15.7 22.4 0.610 0.289

32 3547 23.2 20.8 22.0 30.2 0.653 0.276

34 42.14 29.4 28.7 31.1 41.0 0.698 0.262

36 50.55 37.7 40.0 44.4 56.2 0.746 0.247

38 61.31 48.9 56.1 64.0 17.9 0.797 0.231

40 75.25 64.1 79.4. 93.6 109.3 0.852 0.214

45 133.73 134.7 200.5 262.3 271.3 1.007 0.172

50 266.50 318.5 567.4 871.7 761.3 1.195 0.131

* = 77 + 2 as limit when ¢ — 0°,

Shght differences in above table can be obtained using program BEARING.EXE on diskette depending on com

putzr used and whether or not it has floating point.



Hansen’s Bearing-Capacity Equation:

Hansen proposed the general bearing capacity equation in 1970.
Seen to be further extension of Meyerhof’s equation.

Hansen’s shape, depth and other factors making up the general
bearing-capacity equation.

Meyerhof’s; the additions consists in the introduction of b; that
accounts for the possible inclination of the footing to the
horizontal and a factor g; for inclined soil surface

For footing on a slope, both the Hansen and Vesic', g; factors can
be used to reduce the bearing capacity using N factors.

Hansen’s equation implicitly allows any D/B ratios and thus can
be used for both shallow and deep foundation.



Hansen (1970)

\ / Hansen (1970).* See Table 4-5 for shape, depth, and other factors.

General:t  qu = ¢Nsdiigb, +GN,s d i g,b, + 0.5yB'N,s,d,i,8.b,
when =0
use Qun = 3.14s,(1 +s. +d; —i; —b. - g.)+7

-

N, = same as Meyerhof above
N. = same as Meyerhof above
N, = 1L.5(N, - Dtand




Hansen and Vesic’

FARLE 4-3a
Shape and depth factors for use in either the Hansen
(1970) or Vesi¢ (1973, 1975b) bearing-capacity equations
of Table 4-1. Use s, d. when ¢ = 0 only for Hansen
equations. Subscripts H, V for Hansen, Vesié, respectively.

Shape factors Depth factors
o PE A d: =04k (¢ =0°)
Scomn = 4 QP =
' L d. = 1.0 + 0.4k
Sties 1.0 : - j k = D/B for D/B = 1
N8 k = tan"'(D/B) for D/B > |
W= (g Sl (il _
N AT, k in radians
s = 1.0 for strip
S = 1.0F ;{‘\ind, L dy =1+ 2tund(] - sin )k

¢ defined abc
Sy = 1O+ ;_f;;m,;, k defined above

for all ¢

S = l.u—(mf-_ = 0.6 / 4y =100  forall
Sy = 1.0 — ()‘41—f = 0.6
Nores

1. ™ote use of “effective” base dimensions B8', 1! by Hansen but not by Vesié.

2. Ihe values above are consistent with cither 3 vertical load or a vertical load ACCOMpiL-

med by o horizontad lowd £,

A With o vertca) boud and i Toad Hy G enher H 0w II,.' 0) you may have ta
compute two sets of shape s, and o, as 5, 4. oo dd, wod, ;. Forg, L. subscripts of Ly,
(3-2), presented in Sec. 4-6, use ratio L'/B" or D/L..



Hansen

Notes: g+ n 90" (Both fand 1 have signs (+) shown.)
B ¢

TABLE 4-5b bk &
Table of inclination, ground, and base factors for t

Hansen (1970) equations. See Table 4-5¢ for equivalent
Vesi¢ equations.

[nclim;tion factors Ground factors (base on slope)

;o fi o
e TNy Ve SATG, & WTAR

¢ 3\ 165=10) ___Bo
o= Vian o+c, A S . L = 1.0— -
c / L Nl &8 147
& = friction angle between
For: L/B <2 use ¢, base and soil (5¢<d < P
i lr_15 e : ( ¢ ¢) ; (l.ﬁ”, - \ 8y = 8 = (] _0'5"1“[;)5
use Ppo=1.5¢, - Ay = B'L' (effective area) v { Vb A, cotd
< 34° use ¢, = g
Py = I4%usc ¢y Pos ¢, = base adhesion (0.6 to 1.0¢) 2sa; s S
B Base factors (tilted base)
|
| Ap=B'L i
e B o i (),7‘II.“_‘ 8 B Ul = 0)
| {r Vv Aje,cotd | “ 147° (b
|
- o
e i = [y = ©F=nA500H, 1" be=1-T1=  ($>0)
I 4 V+ A cotd 147
I 7 b, = exp(—2ntan¢)
| L 2=a,=<95
| b, = exp(—2.7ntan ¢)
N 2 7 in radians
M Notes:
6=
o \%4 L. Use M, as either g or My, o bothoat Hy - 0,
2. Hansen (1970) did not give an i for ¢ > 0. The value above is from Hansen (1961)
s\ and also used by Vesi¢.
N 3. Variuble ¢, = base adhesion, on the order of 0.6 to 1.0 X base cohesion. :
\M=H B 4. Refer to sketch for identification of angles 1 and B, footing depth D, location of H,
(parallel and at top of base slab; usually also produces eccentricity). Especially
Hmax 3 V an,

Hmax + Pp 2 SF x (HH)

Vv

V = force normal 10 base and is not the resultant R from combining V.



Vesic’

TABLE 4-5¢

Table of inclination, ground, and base factors for
the Vesic¢ (1973, 1975bh) bearing-capacity equations.
Sce notes below and refer to sketeh for identification

of terms.

Inchination lactors

Ground Factors (hase on slopee)

mill
* il y o {)
s e =9
l -
i, ="—~'.--L’i ¢ =>0)

fg and m defined below

4]

& 504

i rikhians
2  F 1
AAm Oy o S K

iy defined with i,

) H, : \2
g = [I.O Vi el A/l‘..CN'P]. 8¢ =& = (LO~twanpg)
Base factors (tilted base)
H "B b = g
= — .._'._..__.__. B &‘ (¢ T O,
b ["0 V+Asc.cotd : 28
e ey i 2 B F e T
;+ 8117;; by = by = (1.0 - nan )’
+
ety Bt ey 7
Notes:

1. When = 0(and B # 0) use Ny = ~2sin(’>B) in N, term.
2. Computem = mg when H, = Hg (H paraliel to B) and m = my when H, =
Hy (H paraliel wo L). If you have both Hg and H use m = \/mf,+m§_.Noce

uscof Band L, not B', L.

3. Refer w Table sketch and Tables 4-Sa.b for term wdentificaton,
4. Terms N, Ny, and N, are identified in Table 4-1.

Vesi¢ always uses the beanng-capacity equation given in Table 4-1 (uses B
in the N, term even when M, = Hy).

6. M, 1erm = 1.0 for computing 4, ¢y (always),



Vesic'’s Bearing-capacity equation:

* Vesic' equation is essentially same as the Hansen with some
change.

* N, and N, terms are those of Hansen but N, is slightly
different.

* There are also differences in the i;, b; and g;terms.
* Vesic'’s Bearing-capacity equation is somewhat easier to use than

Hansen’s because Hansen uses the 1 terms in computing shape
factors s;.



Vesic’ (1973, 1975)

ea. tﬂﬁl process to obtain desngn base dimensions since width 3 and
ute shape, depth, and influence factors.
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Froblem-2: A footing load test produced the following
results:

D=0.5m, B=0.5m [=2.0m

Y'=931kN/'m?®  @rrigria;=42.7° ¢=0
P,;;=1863 KN (measured)

Determine the ultimate bearing capacity by both Hansen
and Meyerhof equatlons
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Hansen (1970).* See Table 4-5 for shape, depth, and other factors.
General: T Qe = cN.s.d i g.b. + GNysdyizg.by + 0.5yB'N,s,d,i g,b,
when ¢d =0
use g = S. 145, (1 +s. +d. —i. —b. —g.)+q

N, = same as Meyerhof above
N. = same as Meyerhof above
N, = LL5(N, — 1)tan ¢

Sol Quk = CNcscdcicgcbc + aNqudql.ngbq + O.SYB'N,S,dyl.,g\b,

* General equation of Hansen

* Since ¢=0, any factors with subscript ¢ do not need to computing.
* All g; and b; factors are 1.00
* With all this, Hansen Equation simplifies to;

Quir=Y'D Nys,d,+05y'B N,s,d, )]




Hansen

Notes: B+ 11 90° (Both 8 and 7) have signs (+) shown.)
B e

,. }ﬁ

~
HM= V tan 5+C¢,Af

& = friction angle between

For: L/B<2 use ¢, base and s0il (5S¢ <5< ¢)
L/B>2use ¢pp,=15¢,~ 17 A; = B'L' (effective area)
O S 34" use 9, = Pps ¢, = base adhesion (0.6 to 1.0¢)
For: LUB<2use ¢, , =
AF‘:B'L
-
Pu S 34" use P, = ¢,
tos By

\Pp
See
= Chap 11

Hppax + P, > SF X (Hp)



TABLE 44
Bearing-capacity factors for the Meyerhof, Hansen, and Vesi¢ bearing-

capacity equations
Note that N, and N, are the same for all three methods; subscripts identify author for N,

Py N, Ny Ny Noan  Nyw NN 2tand(l - sind)
0 5.14* 1.0 0.0 0.0 0.0 0.195 0.000
5 6.49 1.6 0.1 0.1 04 0.242 0.146

10 8.34 2.5 04 04 - 0.296 0.241
15 10.97 39 1.2 1.1 2.6 0.359 0.294

20 14.83 6.4 29 2.9 54 0.431 0.315

25 20.71 10.7 6.8 6.8 10.9 0.514 0.311

26 22.25 11.8 79 8.0 12.5 0.533 0.308

28 25.79 14.7 10.9 11.2 16.7 0.570 0.299

30 30.13 184 15.1 15.7 224 0.610 0.289

32 3547 23.2 20.8 22.0 30.2 0.653 0.276

34 42.14 294 28.7 31.1 41.0 0.698 0.262

36 50.55 37.7 40.0 444 56.2 0.746 0.247

38 61.31 48.9 56.1 64.0 779 0.797 0.231

40 75.25 64.1 79.4 93.6 109.3 0.852 0.214

45 133.73 134.7 200.5 262.3 271.3 1.007 0.172

S50 266.50 318.5 567.4 871.7 761.3 1.195 0.131

* = o + 2 as limit when ¢ — 0°,

Slight differences in above table can be obtained using program BEARING.EXE on diskette depending on com-
puter used and whether or not it has floating point.



Hansen (1970)

Hansen (1970).* See Table 4-5 for shape, depth, and other factors.
General:t  qu = cN.Sdicg.b. + GNys dyi 8.0y + 0.5yB'N,s,d,i,8,b,
when =0
use Qo = S. 145, (1 +s. +d. —i.—b.—g.)+7

N, = same as Meyerhof above
N. = same as Meyerhof above
N, = L5(N, = )tan¢




Ror L/B <2, use @
For L/B >2, use 0,

@tr S 340 use ®tr — ®ps
(P-227, S-17)
L 20
Here, =T os =4>2, Qps =150 -17°

=1.5x42.7°-17°
=46.75° = 47° (use)

From Table 4-4 (P- 223, S-12), for §=47°; by 1° increment (or
Interpolation), we get, N ,(H)=208, N, (H)=347



TABLE 4-5a

Shape and depth factors for use in either the Hansen
(1970) or Vesic (1973, 1975b) bearing-capacity equations
of Table 4-1. Use s/, d. when ¢ = 0 only for Hansen
equations. Subscripts H, V for Hansen, Vesié, respectively.

Hansen and Vesic’

Shape factors Depth factors
San = 022 (@ =07 ai w04k (@=U)
E d. = 1.0 + 0.4k
SccHy = l.0+%1~% k = D/B for D/B = 1
Nc B k = tan"'(D/B) for D/B > 1
Scqvy T 1.0 + 2l
Ne L k in radians
se = 1.0 for strip
Squny = 1.0 + % sin ¢ d, = 1 + 2tang(1 — sin)°k
Sqv» = 1.0+ % tan & k defined above
for all ¢
SyiHy = L0 = 0.4% = 0.6 dy = 1.00 for all ¢
Syv) = 1.0 — 0.4% = 0.6

Notes:
1. Note use of “effective” base dimensions B’, L' by Hansen but not by Vesi¢.

2. The values above are consistent with either a vertical load or a vertical load accompa-
nied by a horizontal load Hp.

3. With a vertical load and a load H; (and either Hg = 0 or Hg > 0) you may have to
compute two sets of shape s; and d; as s; g, 5, and d; p, d; ;. For i, L subscripts of Eq.
(4-2), presented in Sec. 4-6, use ratio L'/B' or D/L'.



ferom Table 4-53, ( P-226, S-16)

Sqn=1.0+7;sin® = 1.0+ sind7°= 1.1705~1.18

d,= 1.0 + 2tan @(1-sin®)*k
where k=D/B for D/B<1
k=0.5/0.5=1
k=tan—1(D/B), for D/B> 1

dg=1.0 + 2tan @(1-sin@)*k= 1.155



rom Table 4-5a, ( P-226, S-16)

Sy(H)™ 1.0 - — - 2> 0.6 or, SY(H)ZO.9
d,=1.0 for all @
Quie=Y'D Nys,d,+0.5y'B N,s,d,

=9.31(0.5)(208)(1.18)(1.155)+ 0.5(9.31)(0.5)(347)(0.9)(1)
=1812 kPa vs 1863 kPa (Calculated).

Py, 1683
Quit™ 5,1 ~ 05x2.0

= 1863 kPa (computed)



Mevyerhof (1963)

Meyerhof (1963).* See Table 4-3 for shape, depth, and inclination factors.
Vertical load: gun = cNs.d. + GNs.d, + 0.5yB'N,s.d,
Inclined load: guw = cNd i, + GNd,i, + 0.5yB’'N,d, i,
N, = ¢"™* tan’ (45 - %)
N: = (Ng = Dcotd
N, = (N, — I)tan (1.4¢)



TABLE 4-4
Bearing-capacity factors for the Meyerhof, Hansen, and Vesi¢ bearing-

capacity equations
Note that N, and N, are the same for all three methods; subscripts identify author for N,

é N, N, Nyay  Nyay  Nywy  NJN.  2tand(l - sin )
0 5.14% 1.0 0.0 0.0 00  0.195 0.000
5 6.49 1.6 0.1 0.1 04 0242 0.146

10 8.34 2.5 0.4 0.4 12 029 0.241

5 10.97 39 1.2 11 26 0359 0.294

20 14.83 6.4 2.9 2.9 54 0431 0.315

25 2071 10.7 6.8 6.8 109 0514 0.311

26 2225 1.8 79 8.0 125 0533 0.308

28 2579 14.7 10.9 1.2 167 0570 0.299

30 3013 18.4 15.1 157 224 0610 0.289

32 3547 232 208 220 302 0653 0.276

4 4214 294 287 31.1 410  0.698 0.262

36 5055 377 400 444 562 0.746 0.247

38 613 489 56 640 779 0797 0.231

0 7525 64.1 794 936 1093 0852 0.214

as 13373 1347 2005 2623 2713 1.007 0.172

50 26650 3185 5674 8717 7613 1195 0.131

* = o+ 2as limit when ¢ - 0°,

Slight differences in above table can be obtained using program BEARING.EXE on diskette depending on com-
puter used and whether or not it has floating point.



Ror L/B <2, use @
For L/B >2, use 0,

@tr S 340 use ®tr — ®ps
(P-227, S-17)
L 20
Here, =T os =4>2, Qps =150 -17°

=1.5x42.7°-17°
=46.75° = 47° (use)

From Table 4-4 (P- 223, S-12), for §=47°; by 1° increment (or
Interpolation), we get, N =187, N, (H)=299



Mevyerhof

TABLE 4.3

Shape, depth, and inclination factors for
the Meyerhof bearing-capacity equations

of Table 4-1
Factors Value For
Shape: S, = l+0.2K,,g Any ¢
s,-s,-l+0lK,g é > 10°
S' = Sy = | ¢ =
Depth: d, = l+0.2,/l(,,g Any ¢
d¢=d,=|+01,/l(,.§ ¢ > 10
d, =d, = 1 ¢ =0
c 8° \
Inclination: e =g = |1 — 900) Any ¢
R Vv "
o 6° :
= || - — >0
3 b=(1- 4
H i, = 0for® >0 d =0

Where K, = tan®(45 + ¢/2) as in Fig. 4-2
@ = angle of rcsultant R measured from vertical without

asign;if@ = 0alli; = 1LO.

B, [, D = previously defined



Meyerhof Equation: From Table 4-1(P-220, S-3) and Table
4-2(S-4) and 0,,;=47°

From Table 4-4 , we get N =187,
N,= 3506

From Table 4-3(S-8), we get,
kp=tan’(45+ 2)= 6.44  or, Vkp=2.538 ~ 2.54

B 0.5
Sq=Sy = 1.0+ 0.1 kp — = 1+ 0.1(6.44) 2= =1.161

D 0.5
d,=d, = 1.0+ 0.1 Vkp —=1+0.1(2.54) ==1.254



Meyerhof Equation: From Table 4-1(P-220)

qui=cN.s.d. +yDN;s,d,+05y'B N,s.d,

q°q9%q
[gnoring the c subscript term,

qui=V'DNys,d,+05y'B N,s,d, -----------

Table 4-4(P-223, S-12) and @,,;=47°
From Table 4-4 , we get N,=208,
For @ > 40°, we use N,,= 506



lenoring any ¢ subscript terms, Meyerhof equation, we get

Quie=Y' D Ngs,d,+05y'B N,s,d,

=9.31(0.5)(208)(1.161)(1.254)+0.5(9.31)(0.5)(506)(1.161)(1.254)
=1262+1369= 2659 kPa vs 1863 kPa measured.

Py 1683
Quit™ 5.1 ~ 05x2.0

= 1863 kPa (computed)
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