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1. BEARING CAPACITY OF SOILS. Stresses transmitted by a foundation to underlying
soils must not cause bearing-capacity failure or excessive foundation settlement. The
design bearing pressure equals the ultimate bearing capacity divided by a suitable
factor of safety. The ultimate bearing capacity is the loading intensity that causes failure
and lateral displacement of foundation materials and rapid settlement. The ultimate
bearing capacity depends on the size and shape of the loaded area, the depth of the
loaded area below the ground surface, groundwater conditions, the type and strength of
foundation materials, and the manner in which the load is applied. Allowable bearing
pressures may be estimated from table 1 on the basis of a description of foundation

materials. Bearing-capacity analyses are summarized below.
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2. SHEAR STRENGTH PARAMETERS.

2.1 APPROPRIATE ANALYSES. Bearing-capacity calculations assume that strength
parameters for foundation soils are accurately known within the depth of influence of the
footing. The depth is generally about 2 to 4 times the footing width but is deeper if
subsoils are highly compressible.

2.1.1 COHESIONLESS SOILS. Estimate &’ from the Standard Penetration Test (table

5) or the cone penetration resistance. For conservative values, use @’ = 30 degrees.

2.1.2 COHESIVE SOILS. For a short-term analysis, estimate sy, from the Standard
Penetration Test (table 5) or the vane shear resistance. For long-term loadings,

estimate ®’ from correlations with index properties for normally consolidated soils.

2.2 DETAILED ANALYSES.

2.2.1 COHESIONLESS SOILS. Determine @’ from drained (S) triaxial tests on

undisturbed samples from test pits or borings.

2.2.2 COHESIVE SOILS. For a short-term analysis, determine s, from Q triaxial tests
on undisturbed samples with 03 equal to overburden pressure. For a long-term analysis,
obtain @’ from drained direct shear (S) tests on undisturbed samples. For transient
loadings after consolidation, obtain f and ¢ parameters from consolidated-undrained (R)
triaxial tests with pore pressure measurements on undisturbed samples. If the soil is

dilative, the strength should be determined from drained S tests.
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3. METHODS OF ANALYSIS.

3.1 SHALLOW FOUNDATIONS.

3.1.1 GROUNDWATER LEVEL (GWL). The ultimate bearing capacity of shallow
foundations subjected to vertical, eccentric loads can be computed by means of the
formulas shown in figure 1. For a groundwater level well below the bottom of the footing,
use a moist unit soil weight in the equations given in figure 1. If the groundwater level is

at ground surface, use a submerged unit soil weight in the equations.

3.1.2 INTERMEDIATE GROUNDWATER LEVELS. Where the groundwater level is
neither at the surface nor so deep as not to influence the ultimate bearing capacity, use

graphs and equations given in figure 2.

3.1.3 ECCENTRIC OR INCLINED FOOTING LOADS. In practice, many structure
foundations are subjected to horizontal thrust and bending moment in addition to
vertical loading. The effect of these loadings is accounted for by substituting equivalent
eccentric and/or inclined loads. Bearing capacity formulas for this condition are shown
in figure 3. An example of the method for computing the ultimate bearing capacity for

an eccentric inclined load on a footing is shown in figure 4.

3.1.4 LOADING COMBINATIONS AND SAFETY FACTORS. The ultimate bearing
capacity should be determined for all combinations of simultaneous loadings. A
distinction is made between normal and maximum live load in bearing capacity
computations. The normal live load is that part of the total live load that acts on the
foundation at least once a year; the maximum live load acts only during the
simultaneous occurrence of several exceptional events during the design life of the
structure. A minimum factor of safety of 2.0 to 3.0 is required for dead load plus normal
live load, and 1.5 for dead load plus maximum live load. Safety factors selected should

be based on the extent of loadings, and consequences of failure. Also, high safety
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factors should be selected if settlement estimates are not made. In general, separate

settlement analysis should be made.

3.2 DEEP FOUNDATIONS. Methods for computing the ultimate bearing capacity of
deep foundations are summarized in figure 5. These analyses are applicable to the
design of deep piers and pile foundations, as subsequently described. When the base
of the foundation is located below the ground surface at a depth greater than the width
of the foundation, the factor of safety should be applied to the net load (total weight of

structure minus weight of displaced soil).

3.3 STRATIFIED SUBSOILS. Where subsoils are variable with depth, the average
shear strength within a depth below the base equal to the width of the loaded area
controls the bearing capacity, provided the strength at a depth equal to the width of the
loaded area or lower is not less than one-third the average shear strength of the upper
layer; otherwise, the bearing capacity is governed by the weaker lower layer. For
stratified cohesive soils, calculate the ultimate bearing capacity from the chart in figure
6. The bearing pressure on the weaker lower layer can be calculated by distributing the

surface load to the lower layer at an angle of 30 degrees to the vertical.
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need alteration
the foundation.

Reference should be made to other parts of the Manual when using this table.)

Croup Types and conditicas of rocks Scrength Presumed Allowable
and soils of Rock Material Bearing Pressure
Ton faq ft Remarks
Massive ignecus and metamorphic | High to very high 100 These values are based
rocks (granite, diorite, basalt, oo the sssumption that
gneiss) 1o sound condition ® the foundations are
carried down to voweather-
Foliated metemorphic Tocks Medium to high 30 «d rock.
(slate, schist) in sound
condition®®
Sedimentary rocks: cemeoted Medium to high 10-40
shale, siltscone, sandstoue,
limestone without cavitias,
thoroughly cemented cooglome-
rates, all in sound conditica®’’
Rocks
Compaction shale and other Lov to medium 5
argillacecus rocks in sound
condition®d
Broken rocks of any kied with 10
wmoderately close spacing of
discontinuities (1 ft or
greater), except argillacecus
rocks (ahale)
Thinly bedded limestone, See note ©
sandstones, shale
Haavily shattered or weather- See Dote =
«d rocks
Dense gravel or dense sand and *6 Width of foundation (B)
gravel not less than 3 fe.
Groundwater level
Compact gravel or compact sand assumad to be at a depth
and gravel -6 not less than B below
the base of the founda-
Non- Loose gravel or ldose sand and tiom.
cohesive| gravel <2
soils
Dense sand >3
Compact sand 1-3
Loose sand <1
Very sciff to hard clays or 36 Cohesive solls are
h.terogeneous aixtures such as susceptible to long-term
till consclidation settlement
Stiff clays 1.5-3
Cohesive| Firm clays 0.75-1.5%
soils
Soft clays and silts <0.73
Very soft clays and silts not applicable
Organic Peat and organic soils not applicable
soils
Fill Fil11 not applicable
n

i Situ,

zleane

tneluding

;f atrass, and on

iers than 3 U,

woere the strata or Tolistion are level or nearly
ted strata and their relation Lo nearby
vnowiedseable in this liell of work.

loniins "=sts il necessary, by A4 person anoWiedceable in this

exposare Lo water they are apt toc soften and

Table 1

Estimates of allowable bearing pressure
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Figure 1

Ultimate bearing capacity of shallow foundations under vertical eccentric loads

© J. Paul Guyer 2013

Page 8 of 16




www.PDHcenter.com PDHonlie Course C640 www.PDHonline.org

1.0 -
8 ™, \ \ Va /
03 d
#:30° 25°a 45°
L \ 03
& -6 X /
: N\ I\
¢ \ /
4 e
5 h /
: P NIV4
h"_
. o /\ N / "= TO DETERMINE d,
F - e & ~ i
B L :
PTH OF WATER TABLE, d | e !
o WIOTH OF FOOTING 8 , 1
° 0 20 30 %0 o 2 4 . 8 1.0
DEPTH OF WATER TABLE . 4
ANGLE OF INTERNAL FRICTION ¢, DEGREES DEPTH OF FALURE ZONE  dq

ASSUMED CONDITIONS

I. GROUND WATER LEVEL IS
) HORIZONTAL

— 2. PRESENCE OF GROUND WATER
HAS NO EFFECT ON COMESIVE
SOIL WITH ¢ 20.

L= LENGTH FOOTING
ROUGH BASE
SURFACE FOOTING

SHALLO¥ FOOTING

CONTINUQUS FOOTING: RECTANGULAR FOOTING:
SURFACE FOOTING: D=0 > SURFACE FOOTING: D=0

= - -_ B
Quie =N * Ysue * Flrr -Tsue! 7Ny Quie ™ N (140370 + Y55+ FIY-Tgg) 04BN,
SHALLOW FOOTING: D<B

SHALLOW FOOTING: D<B. IFd<D

IFd<D B
Qe =N * YsuePl * 17 - Tsue!d Ng Qe = N (1 + O.S-CI + YsusPl* Yy - Ysugeld Ng

+ 0-5731)35“‘)- +04 7SUBBN7
IF D<d<{0+d°i |F°<d<(D+d°|

B

Qg = €N *+ DN 5 Qe cN°[1+0.3-L-i+1TDNn

+ + - —_

Ysus * Firr - Tsue) Ny * Ysue *Flrr-Tsys! 04BN,

CIRCULAR FOOTING: RADIUS =R =B/2

SURFACE FOOTING: D=0

Auie ™ 13N+ Tgyg * Flrr -Tsys! 0-6RNy

SHALLOW FOOTING: D<2R,IFd<D

A= V3Nt Yp - TgyurD * (Y1 - Tsyeld Ng+ 0.675ugRNy
IFD<d<(D+d,)

Quie = 1-3cN, + T{ON + Ygug + iy - Ygyg) 06RNy

Figure 2

Ultimate bearing capacity with groundwater effect
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FORWARD ECCENTRICITY: BACKWARD ECCENTRICITY: EFFECTIVE DIMENSIONS OF FOOTINGS UNDER ECCENTMC LOADS:
STRIP FOOTING: RECTANGUL AR FOOTING: CHACUL AR FOOTING:
-, "‘.--. COMPUTE &' AND L'

] %]
STRIE FOOTING UNDER IN- PR L L rong (i _,L) +0.8 yB'N (| ,L) m
CLINED ECCENTRIC LOAD v [] 0, r *
RECTANGULAR FOOTING OR Qcos e » - 3 -
CIRCULAR FOOTING UNDER Q' B — QN‘ 1+ 0..‘——r + ym. 1] -—-) +0.4 ,"ﬂr - i
INCLINED ECCENTRIC LDAD LS L o, L
L3
CIRCULAR FOOTING UNDER Qeose . ) ( 'j'
SN, + 1=—] +08 1-= »
INCLINED CENTRIC LOAD Al bl ) ™ e ' 1.0
WHERE L " VERTICAL COMPONENT OF ULTIMATE BEARING CARAC)ITY L'l-n..
ON EFFECTIVE AREA FOR ECCENTRIC LOADS o8
2 ® INCLINATION 1N DEGREES OF O FROM VERTICAL . \
FOR &> &, ABBUME My =0 [ 4 L'
B = EFFECTIVE WIDTH OF FOOTING T | L]
L' = EFFECTIVE LENGTH OF FOOTING o8
AND L
R
o
L N \
NOTES: 1. FOR BACKWARD ECCENTRICITY, COMPUTE §, USING EITHER (1] NEGATIVE 3IGN FOR « n A,
AND EFFECTIVE FOOTING DIMENSIONS (8° AND L') OR (21 POMTIVE $iGM FOR « AND N \
ACTUAL FOOTING DIMENSIONS (B AND L), WHICHEVER GIVES THE LOWER VALUE. 02 \\
1
2 FOR INCLINED CENTRIC LOADS IN EQUATIONS | AND 2 USE ACTUAL B AND L VALUES : ' Ny
INSTEAD OF EFFECTIVE vALUES (8 AND L'). 1
ob—i L
L] 0.1 [ F] [ 3] o4 [} ]

Figure 3

Ultimate bearing capacity of shallow foundations under eccentric inclined loads
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4. TENSION FORCES. Footings subjected to a sustained uplift force, Tu, should be
designed with a minimum factor of safety of 1.5 with respect to weight forces resisting

pullout expressed as:

W/Ty > 1.5 (eq 1)

where W is the total effective weight of soil and concrete located within the prism
bounded by vertical lines at the base of the footing. Use total unit weights above the
water table and the buoyant unit weight below. If the shear resistance on the vertical
sides of the prism defined above is considered, a minimum safety factor of 2 should be
used. The lateral earth pressure on the vertical sides of the prism should not exceed
earth pressure at rest and should be considered as active earth pressure if the soil is

not well compacted.
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5. BEARING CAPACITY OF ROCK. For a structure founded on rock, adequate

exploration is necessary to determine the number and extent of defects, such as joints,
shear zones, and solution features. Estimates of the allowable bearing pressure can be
obtained from table 1. Conservative estimates of the allowable bearing pressure can be

obtained from the following expression:

Q2=0.2qy (eq 2)

Allowable bearing pressures for jointed rock can also be estimated from RQD values

using table 2. Local experience should always be ascertained.
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(A} SOIL AND LOADING COMDITIONS
Ir—— UNIFORM SANDY SILT: DL + NORMAL LL:
1 y = MZSLB/CUFT =0.0% TON CUFT v = 113 TONS VERTICAL
T | Ysum © SOLB CUFT =0.025 TON CUFT Hg = 11 TOMS LATERAL
1
PLAN VIEW ! | € * 006 TON:SQFT H_ = 23 TONS LONGITUDINAL
SHOWING | ¢ = 2%
APPLIED LOADS |
ABOVE GROUND —— L=y
SURFACE ; : 18] COMPUTATION OF NET VERTICAL LOAD
; : I VERTICAL LOAD ABOVE GROUND SURFACE = vV : 1130 TONS
. i | (8 % 15 x §) (112.5)
: - : | EFFECTIVE WEIGHT OF SOIL ABOVE BASE OF FOOTING = ot 0t (1128] = 405 TONS
[ [
| ' t WEIGHT OF CONCRETE (150 LB CU FT}IN FOOTING IN EXCESS OF DISPLACED SOIL
'-——'—1--——‘ (18 = 18425 +12x 64351150~ 1125 .
= = &5 TONS
NET VERTICAL LOAD = 1v = 1600 TOMS
v
H 1CI COMPUTATION OF ECCENTRICITY (o) AND INCLINATION (gl
TAKING MOMENTS ABOUT O:
0T FT B = B-2, - B8-15-64FT
SECTION 160 .
THROUGH M 23S+ 6
FOOTING " om——z 5t cr s ET L' sL-2e =15-316=11.84FT
iv 160
IH 5.5
iH = -\I”"z + 1207 = 255 FONS a = ARCTAN v = ARCTAN - ARCTAND 159 = 9*
GROUND-WATER TABLE 0
AT BASE OF FOOTING
[
D] COMPUTATION OF VERTICAL COMPONENT OF UL TIMATE BEARING CAPACITY
B a 2 - 2
a, |:<h:(1»035)n,m‘] [1—5) -clil,«awl (u—;)
648 9\ t
:loos-2afrs03——1+ 10.0% =6~ 131 |1 - +10.4-0025 « 648 10) [1 - =
11 B4 2 28,
= 1167+ 4361 (D@1} + (0651 (0411 = 488 + 0.27 = 515 TONS SO FT
PLAN VIEW
SHOMING (E} COMPUTATION OF FACTOR OF SAFETY WITH RESPECT TO BEARING CAPACITY
EFFECTIVE " ]- N
AREA OF L " I 160
BASE OF I ACTUAL BEARING PRESSURE = g, = = = s £ 209 TONS SQ FT
FOOTING
I 9, 515
| FACTOR OF SAFETY = F.§ v TE 25> 20REQUIRED F.5. FOR DL * NORMAL LL
o 2
] L
|

NOTE: COMPUTATION SHOULD BE REPEATED FOR DL + MAMIMUM LL

|
| |
1 THAN 1.5 FOR THIS CONDITION

Figure 4
Example of bearing capacity computation for inclined
eccentric load on rectangular footing
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W‘]W_W BEARING CAPACITY FACTORS, N FOR FOUNDATIONS IN CLAY (¢ = 0%
%

' (SQUARE OR CIRCLE] 9.0
0.5 8.2
hon an 0 {STRIP FOOTING) 7.5
a
- NOTE: BEARING CAPACITY FACTORS BASED ON A SMOOTH BASE AND
A D/B GREATER THAN 4
Q
B = WIDTH OF FOOTING
L = LENGTH OF FOOTING
O = DEPTH OF FOOTING
Q
NOTE: THE SKIN FRICTION, f, , IS USUALLY TAKEN AS ONE-HALF
Q/L = BN + yDB + 20[, ISTRIP LOADING) THE UNCONFINED COMPRESSIVE STRENGTH OF THE CLAY

Q= c8®N_ + yDB? + 4BDf, (SQUARE LDADING}

FOUNDATION. FOR PILES THE VALUE OF f‘ SHOULD NOT
EXCEED THE MINIMUM ADHESION VALUE GIVEN IN PARA-

A A
Q = cnRN, + yOmR? + 20RDI, (CIRCULAR LOADING! GRAPH 46b. BECAUSE SKIN FRICTION, f,, 15 NOT ALWAYS

RELIABLE,IT IS OF TEN IGNORED.

(a) DEEP FOUNDATION IN HOMOGENEOUS CLAY

: -l WEAK OVERBURDEN SOILS
ISKIN FRICTION NEGLECTEDI
OR 28 PM“
L] L]
- -
g fad
Q Q
i A4 e |. . T :
COMPLETE EMBEDMENT IN SAND PARTIAL EMBEDMENT IN SAND
Q/L =yOBN_ + 0.5y e’ N, + 20, [STRIP LOADING) Q/L = yDBN_ + 0.5y BiNy + 2hf_ (STRIP LOADING)
Q= yoa’uq +0.4y8'N, + 48Df, (SQUARE LOADING! Q= yna’n‘ +0.ay8’N, + aBhf, (SQUARE LOADING)
Q = yD#RN, + 0.6y TR*N,, + 20RDI, (CIRCULAR LOADING) Q=yomR?N, +0.6y7R*N,, + 2nRhI (CIRCULAR LOADING)
fy=1/2KyD TAN § fo=Kkylo-h2 TaN

WHERE K = COEFFICIENT OF EARTH PRESSURE DEPENDENT ON ™
DENSITY OF SAND AND METHOD OF FOUNDATION
PLACEMENT (SEE CHAPTER 12)

Mq AND N, = BEARING CAPACITY FACTORS FOR SHALLOW
FOUNDATIONS (SEE FIGURE 6.1)

5 = ANGLE OF FRICTION BETWEEN SAND AND FOUNDATION (8 < ¢)

(b) DEEP FOUNDATION IN SAND

Figure 5
Ultimate bearing capacity of deep foundations
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Figure 6

Bearing capacity factors for strip and circular footings on layered foundations in clay

© J. Paul Guyer 2013

Page 15 of 16




www.PDHcenter.com

PDHonlie Course C640

www.PDHonline.org

RQD Q. (isf)
100 300
90 200
75 120
50 65
25 30
0 10

a - If tabulated value exceeds unconfined compressive strength of intact samples of the
rock, allowable pressure equals unconfined compressive strength.

Allowable Bearing Pressure for Jointed Rock
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