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CHAPTER 6

BEARING-CAPACITY ANALYSIS

6-1. Bearing capacity of saoils. 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 6-1]on the basis of a
description of foundation materials. Bearing-capacity
analyses are summarized below.

6-2. Shear strength parameters.

a. 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.

(1) Cohesionless soils. Estimate ¢ from
the Standard Penetration Test (table 4-5) or the cone
penetration resistance. For conservative values, use ¢ =
30 degrees.

(2) Cohesive soils. For a short-term
analysis, estimate s,, from the Standard Penetration
Test[(table 4-F) or the vane shear resistance. For long-
term loadings, estimate ¢ from correlations with index
properties for normally consolidated soils.

b. Detailed analyses.

(1) Cohesionless soils. Determine ¢ from
drained (S) triaxial tests on undisturbed samples from
test pits or borings.

(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 ¢ 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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6-3. Methods of analysis.
a. Shallow foundations.

(1) Groundwater level (GWL). The
ultimate bearing capacity of shallow foundations
subjected to vertical, eccentric loads can be computed
by means of theformulas shown in For a
groundwater level well below the bottom of the footing,
use a moist unit soil weight in the equations given in
If the groundwater level is at ground surface,
use a submerged unit soil weight in the equations.

(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 il figure 6-2|

(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 andlor
inclined loads. Bearing capacity formulas for this
condition are shown in An example of the
method for computing the ultimate bearing capacity for
an eccentric inclined load on a footing is shown in figurel
6-4.

(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
factos selected should be based on the extent of
subsurface investigations, reliability of estimated
loadings, and consequences of failure. Also, high safety
factors should be selected if settlement estimates are not
made. In general, separate settlement analysis should
be made.

b. Deep foundations. Methods for computing
the ultimate bearing capacity of deep foundations are
summarized in 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
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Table 6-1. Estimates of Allowable Bearing Pressure

(These presumed values of the allowable bearing pressure are estimates and may need alteration
upwards or downwards. No addition has been made for the depth of embedment of the foundation.
Reference should be made to other parts of the Manual when using this table.)

Croup Types and conditions of rocks Strength Preaumed Allowable
and soile of Rock Material Bearing Pressure
Ton /sq £t Remarks
Massive igneous and wetammorphic |Migh to very high 100 These values are based
rocks {(granite, diorite, basalc, on the assumption that
gneiss) 1in sound condicion® the foundations are
carried down to uwowesther-
Foliated metsmorphic rocks Medium to high 30 ed rock.
(slate, schist) in sound
condition® P
Sedimentary rocks: cemented Medium to high 10-40
ahale, siltstone, sandstoue,
limestone without cavities,
thoroughly cemented coaglome-
rates, all in sound conditlona"b
Rocks
Compaction shale and other Low to medium 3
argillaceous rocks in sound
conditiond:d
Broken rocks of any kiod with 10
wmoderately close spacing of
discontinuities (1 ft or
grester), except argillacecus
rocks {shale)
Thinly bedded limestone, See note ¢
sandstones, shale
Haavily shattered or veather- See pote °
ed 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 assumed to be at a depth
and gravel 2-6 not less than B below
the base of the founda-
Non- Loose gravel or ldose sand and tionm,
cohesive| gravel <2
soils
Dense sand >3
Compact sand 1-3
Loose sand <1
Very stiff to hard clays or 3-6 Cohesive soils are
h.terogenéous mixtures such as susceptible to long-term
till consolidation settlement
Sctiff clays 1.5-3
Cohesive; Firm clays 0.75-1.5
soils
Seft clays and silts <0.75
Very soft clays and silts not applicable
Organic Peat and organic soils not applicable
soils
Fill Fill not applicable
% raund rotk clniitions allow Tiadr 2racks at spacing noct aess than 3t

Tie ntrine vialues for scedimentar; iz TOTKS 1y wnere the strata or “eliation are level or nearly
3 Tiited strata and their relation to neardy

, and, t @ area
ULIpRs Or / 1oshall te s

PO %o A les3e: I lowdins tests if ne:essary, by 4 person xnowledgeadle in this
el of work,

d

Theze »

el

examiration (. Si1tu, includiug

5 swell on velease of #tress, and on exposdre to water they are apt tc soften ani
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Figure 6-1. Ultimate hearing capacity of shallow foundations under vertical, eccentric loads.

6-3



TM 5-818-1/ AFM 88-3, Chap. 7

1.0 \ =
\ 10 /
8 N AN \ y. /
0.3 4
#230° 25°8 45°
. . \ 0.3
« ’ h /
o
s 0.2
t N
4
£ T/}
g \ 0.1 : \ H
3 /\ /
i | i \\ ;“ TO DETERMINE d
DEPTH OF WATER TABLE _ d : ™S~ ]
*a 1
° WIOTH OF FOOTING 8 , i
o 10 20 30 4 Jo 2 ) 6 8 .0
DEPTH OF WATER TABLE . 4
ANGLE OF INTERNAL FRICTION 4. DEGREES DEPTH OF FAILURE ZONE  dy
8— ASSUMED CONDITIONS®
L= LENGTH FOOTING SHALLOWV FOOTING I. GROUND WATER LEVEL IS
ROUGH BASE 7 _ HORIZONTAL
SURFACE FOOTING —_— 2. PRESENCE OF GROUND WATER
; HAS NO EFFECT ON COMESIVE
SOIL WITH ¢ 30.

CONTINUOUS FOOTING: RECTANGULAR FOOTING:
SURFACE FOOTING: D=0 5 SURFACE FOOTING: D=0
= - 2 8
Guir=Ne * Ysus * Flrr -Tsus! 7Ny Quie™ N (140370 + 15,0+ Fly-T5yg) 04BN,
SHALLOW FOOTING: D<B
SHALLOW FOOTING: D<B. IF d<D
IFd<D
_ B
Que =Nt Tsuel* (1 -Tsue!d Ngq Quie= SN (1 #0371+ Y5480+ 1y - T5upld Ng
+ 0'57SUBBN')’ +04 'YSUBBN.y
IF D <d<(D+dg) IFD<d<(D+d,)
8
qu“=ch+‘yTDNq Ay = N *0'31’*71-0"‘:.
+ +Flys - —N
Tsus * FiY7 - Tsus!) Ny + Ysus* Flrr-Teyg) 04BN,

CIRCULAR FOOTING: RADIUS =R =B/2

SURFACE FOOTING: D=0

Q= 13N + Ygyg * FlYr -Tsug) 0-6RNy
SHALLOW FOOTING: D<2R,IFd<D

Ay = 13N+ Tr-TgupD + (Y7 - Tsuald Ng* 0.675,gRNy
IF D<d <D +dg)
Quie = 1-3eN, + Y1ON + Y5y * F¥r - Ysup! 0-6RNy

U. S. Army Corps of Engineers

Figure 6-2. Ultimate bearing capacity with groundwater effect.
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EPFECTIVE DIMENSIONS OF FOOTINGS UNDER ECCENTRIC LOADS:
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Figure 6-3. Ultimate bearing capacity of shallow foundations under eccentric inclined loads.

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).

c. 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 6-6. | 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.

6-4. 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

15 (6-1)
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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.

6-5. 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
Conservative estimates of the allowable
bearing pressure can be obtained from the following
expression:
0a=0.2qu (6-2)

Allowable bearing pressures for jointed rock can also be
estimated from RQD values using Local
experience should always be ascertained.
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L' =114

(A

SCIL AND LOADING CONDITIONS
UNIFORM SANDY SILT:

y = M2SLB/CUFT =005 TON.CU FT
Ysum = S0 LB CUFT =0.025 TON CU FT

€ = 0.06 TON/SQ FT

¢ = 25

18) COMPUTATION OF NET VERTICAL LOAD

VERTICAL LOAD ABOVE GROUND SURFACE =

EFFECTIVE WEIGHT OF SOIL ABOVE BASE OF FOOTING = ———————— =
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DL + NORMAL LL:
V = 113 TONS VERTICAL
N° = 11 TONS LATERAL

H_ = 23 TONS LONGITUDINAL

WEIGHT OF CONCRETE (150 LB-CU FT} IN FOOTING IN EXCESS OF DISPL ACED SOIL

(18> 15x2.50 + 12 x § x 3.5 (150 - 112.5]
B 2000

¥ = 113.0 TONS
(B x15x6)(112.5)
40.5 TONS
= 6.5 TONS
NET VERTICAL LOAD = 1V = 1600 TONS

(C] COMPUTATION OF ECCENTRICITY (¢) AND INCLINATION fa)

TAKING MOMENTS ABOUT O:

IMg 1S+ 6
= == ————— =076 FT B'
e T IV T e
M, 23S+ 6) o
6, = — =——— = 1%FT
iv 160
IH = V(1112 4123 - 25.5 TONS a

B-~2e5:=8-152-648FT
L-2¢ =15-316=1184FT

K 25.5
ARCTAN — = ARCTAN —— - ARCTAN 0,158 = 9*
v 160

(D) COMPUTATION OF VERTICAL COMPONENT OF UL TIMATE BEARING CAPACITY

9 -

B’ a \? w\?
N 1’0,3; +yONg I-;‘ ¢ 0.4yB'N, I—z

6 48 9\ Ay
= |006x28 (1 +03—— )+ (0.056 %6 x13) =— 1 +10.4 %0025 %648 = 10] -
11.84 90 25,

= (1.67 +4.36) (081} + (0.65) {0.41) -4.88 +0.27 - 515 TONS SQ FT

(E) COMPUTATION OF FACTOR OF SAFETY WiTH RESPECT TQ BEARING CAPACITY

v 160
ACTUAL BEARING PRESSURE =q, =—— = ——————— = 2,09 TONS SQ FT
B'L' 648 x 1184
q, 515
FACTOR OF SAFETY = F.§. T 25> 2.0 REQUIRED F.5. FOR DL + NORMAL LL
. 2.

NOTE: COMPUTATION SHOULD BE REPEATED FOR DL ¢+ MAXIMUM LL. F.5. SHOULD BE GREATER

THAN 1.5 FOR THIS CONDITION

Figure 6-4. Example of bearing capaclty computation for inclined eccentric load on rectangular footing.
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WIW BEARING CAPACITY FACTORS, NC FOR FOUNDATIONS IN CLAY (¢ = 0%
Zi

B/L Ne

' (SQUARE OR CIRCLE) 9.0

0.5 8.2

hOR am 0 {STRIP FOOTING) 7.5

NOTE: BEARING CAPACITY FACTORS BASED ON A SMOOTH BASE AND
D/8 GREATER THAN 4

D> 48

H

B = WIDTH OF FOOTING
L = LENGTH OF FOOTING
O = DEPTH OF FOOTING

NOTE: THE SKIN FRICTION, f‘. 1S USUALLY TAKEN AS ONE-HALF
THE UNCONFINED COMPRESSIVE STRENGTH OF THE CLAY
FOUNDATION. FOR PILES THE VALUE OF fs SHOULD NOT
EXCEED THE MINIMUM ADHESION VALUE GIVEN IN PARA-

Q-= cnﬂlNc . yDrrRz + ZﬂRDf‘ (CIRCULAR LOADING) GRAPH 46b. BECAUSE SKIN FRICTION, f' , 1S NOT ALWAYS

RELIABLE,IT IS OF TEN IGNORED.

(a) DEEP FOUNDATION IN HOMOGENEOUS CLAY

Q/L = ¢BN. + yDB + zof’ (STRIP LOADING)

Q= ¢8?N, + yDB? + 4BDf, (SQUARE LOADING}

I tr WEAK OVERBURDEN SOILS
ISKIN FRICTION NEGLECTED)
jpoR 2N oR 2M
a L]
- <
A A
Q Q
. a |. . l
COMPLETE EMBEDMENT IN SAND PARTIAL EMBEDMENT IN SAND
Q/L=yDBN, + 0.5y8% N, + 20f, (STRIP LOADING) Q/L = yDBN, + 0.5yBINy + 2hf, (STRIP LOADING)
Q= yDBZNq +0.4yB'N, + 48D, (SQUARE LOADING) Q= yos’nq +0.4yB°N, + aBhf, (SQUARE LOADING)
Q= yDﬂRqu +0.6ynR’N, + 2nRDf, (CIRCULAR LOADING} Q= )’DﬂRqu +0.6y 7R, + 27Rhf (CIRCULAR LOADING)
fg=1/2KyD TAN § f,=ky(m@-h2TANS

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

Nq AND N'y = BEARING CAPACITY FACTORS FOR SHALLOW
FOUNDATIONS (SEE FIGURE 6.1)

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

(b) DEEP FOUNDATION IN SAND

U. S. Army Corps of Engineers

Figure 6-5. Ultimate bearing capacity of deep foundations.
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Figure 6-6. Bearing capacity factors for strip and circular footings on layered foundations in clay.
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Table 6-2. Allowable Bearing Pressure for Jointed Rock

RQD Mot
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.

U. S. Army Corps of Engineers
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