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Strucrure Footprint Areu for Each

Subsurface Conditions Exploratory Boring
(m’) (It
Poor quality and/or erratic 100-300 1,000-3,000
Average 200400 2.000-4.,000
High quality and uniform 300-1,000 3,000-10,000

— T

Minimum Depth of Borings
{§ = number of stories;

Subsurface Conditions D = anticipated depth of foundation)
(m) (-
Poor 65" +D 2085 +D
Average 58*+D 1587+ D
Good 3SY+D 10" +D
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TABLE 2.7 Guidelines for Boring Layout

Areas of investigation

Boring layout

MNew site of wide extent

Space preliminary borings 60 to 150 m (200 to 500 ft) apart so that area between any four
borings includes approximately 10 percent of total area. In detailed exploration, add borings
to establish geological sections at the most useful orientations.

Development of site on
soft compressible soil

Space borings 30 to 60 m (100 to 200 ft) at possible building locations. Add intermediate
borings when building site is determined.

Large structure with
separate closely spaced
footings

Space borings approximately 15 m (50 ft} in both directions, including borings at possible
exterior foundation walls, at machinery or elevator pits, and to establish geologic sections at
the most useful orientations.

Low-load warehouse

building of large area

Minimum of four borings at corners plus intermediate borings at interior foundations
sufficient to define subsoil profile.

Isolated rigid foundation

For foundation 230 to 930 m2 (2500 to 10,000 ft2) in area, minimum of three borings around
perimeter. Add interior borings, depending on initial results.

Isolated rigid foundation

For foundation less than 230 m2 (2500 ft2) in area, minimum of two borings at opposite
corners. Add more for erratic conditions.

Major waterfront
structures, such as dry
docks

If definite site is established, space borings generally not farther than 15 m (50 ft), adding
intermediate borings at critical locations, such as deep pump well, gate seat, tunnel, or
culverts.

Long bulkhead or wharf
wall

Preliminary borings on line of wall at 80-m (200-ft) spacing. Add intermediate borings to
decrease spacing to 15 m (50 ft). Place certain intermediate borings inboard and outboard of
wall line to determine materials in scour zone at toe and in active wedge behind wall.

Cut stability, deep cuts,
and high embankments

Provide three to five borings on line in the critical direction to provide geological section for
analysis. Number of geologic sections depends on extent of stability problem. For an active
slide, place at least one boring upslope of sliding area.

Dams and water-
retention structures

Space preliminary borings approximately 60 m (200 ft) over foundation area. Decrease
spacing on centerline to 30 m (100 ft) by intermediate borings. Include borings at location of
cutoff, critical spots in abutment, spillway, and outlet works.

Source: From NAVFAC DM-7.1, 1982.
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Areas of Investigation Recommended Boring Depth

Bridge Foundations®
Highway Bridges

l. Spread Footings For isolated tootings of breadth L, and width = 2B,, where L, = 2B,, borings shall
extend a minimum of two footing widths below the bearing level.

For isolated footings where L, =5B,, borings shall extend a minimum of four
footing widths below the bearing level.

For 2B; < L; < 5B, minimum boring length shall be determined by linear
interpolation between depths of 2B, and 5B, below the bearing level.

2. Deep Foundations In soil, borings shall extend below the anticipated pile or shaft tip elevation a
minimum of 6 m, or a minimum of two times the maximum pile group dimension,
whichever is deeper.

For piles bearing on rock, a mimimum of 3 m of rock core shall be obtained at
cach boring location to venfy that the borng has not terminated on a boulder.

For shalls supported on or exiending into rock, a minimum of 3 m ol rock core,
or a length of rock core equal to at least three times the shaft diameter for 1solated
shafts or two times the maximum shaft group dimension, whichever is greater,
shall be extended below the anticipated shatt tip elevanon to determune the
physical characteristics of rock within the zone of foundation influence,

Retaining Walls Extend borings to depth below final ground line between .75 and 1.5 times the
height of the wall. Where stratification indicates possible deep stability or
settlement problem, borings should extend to hard stratum.

For deep foundations use critena presented above for bindge foundations.

Roadways Extend borings a mimimum of 2 m below the proposed subgrade level,

Cuts Borings should extend a minimum of 5 m below the anticipated depth of the cut
at the ditch line. Bormgs depths should be mereased in locations where base
stability is a concern due to the presence of soft soils, or in locations where the
base of the cut 15 below groundwater level to determune the depth of the
underlving pervious strata.

Embankments Extend borings a minimum depth equal to twice the embankment height unless a
hard stratum is encountered above this depth. Where soft strata are encountered
which may present stability or settlement concems the borings should extend to
hard material.

Culverts Use criteria presented above for embankments.

*Note: Taken from AASHTO Standard Specifications for Desion of Highway Bradaoes
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Geotechnical Features Boring Layout

Bridge Foundations For piers or abutments over 30 m wide, provide a minimum of
two borings.

For piers or abutments less than 30 m wide, provide a minimum
ol one boring.

Additional borings should be provided in areas of erratic
subsurface conditions.

Retaining Walls A minimum of one boring should be performed for each retaining
wall. For retaining walls more than 30 m in length, the spacing
between borings should be no greater than 60 m. Additional
borings inboard and outboard of the wall lme to define
conditions at the toe of the wall and in the zone behind the wall
to estimate lateral loads and anchorage capacities should be
considered.

Roadways The spacing of borings along the roadway alignment generally
should not exceed 60 m. The spacing and location of the borings
should be selected considering the geologic complexity and
sotl/rock strata continmty within the project area, with the
objective of defining the vertical and horizontal boundaries of
distinet soil and rock units within the project limiis,

Cuts A minimum of one boring should be performed for each cut
slope. For cuts more than 60 m n length, the spacing between
borings along the length of the cut should generally be between
60 and 120 m.

At critical locations and high cuts, provide a minimum of three
borings in the transverse direction o deline the existing
geological conditions for stability analyses. For an active shde,
place at least one boring upslope of the shding area.

Embankments Use criteria presented above for Cuts,

Culverts A minimum of one boring at cach major culvert. Additional
borings should be provided for long culverts or in areas of erratic
subsurface conditions.

*Also see FHWA Geotechnical Checklist and Guidelines: TTIWA-ED-88-053
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Geotechnical Feature

Minimum Number of Bori ngs

Minimum Depth of Borings

Structure foundation

O per substrecture unil for
widih <=30m

Two per substructure it for
width »30 m

Advance borings: [ | through
unsuitable foundation soils
{e.z., peat, highly organic soils,
sofl fine-gruined soils ) nto
compelent material of suitable
bearing capacity: (2) 1o a depth
where siress increases doe o
estimuted footing koad is less
than 10r% of the existing
effective soil overburden stress;
ar {3) o minimum of 3 m into
bedrock if bedrock is
encounlered at shallower depth

Retmining walls

Borings alternutively spaced
every 30 to 60 min fron of wnd
behind wall

Extend borings to depth of two
times wall height or a
minimum of 3 m into bedrock

Culverts

Two borings depending on length

See structure foundutions

Bridge approach embankments
over soff ground

For approach embankments
placed over soft ground. one
haring at esch embankment 1o
determine problems associnted
with stability and settlement of
the embankment (note: borings
for approach embankments are
ustally located ot proposed
ubutment Jocations (o serve 4
dual function)

See structure foundistions

Additional shallow explonitions
at approach embank ment
lncatinns are an economicel
means to determine depth of
unsuitable surface soils

Cuts and embankments

Buorings typically spaced every 60
{erratic conditions) o 150 m
{uniform conditions) with ot
beast one boring token in each
separate landform

For high cuts and fills, two
barings along a siraight line
perpendicular to centerline o
planned skope face (o establish
geologic cross section for
analysis

Cut: (1} in stable materinls, extend
bonings o minimum of 3 0 5 m
below cul prade

{2} in weak soils, exiend

borings below cut grade to firm
materials, or 1o the depth of cut
below zrade whichever oocurs
first

Embankment: extend borings to
firm material or to depth of
twice the embankment height

Source: Modified after FHW A, 1993, Soils and Foundations, Workshop Manual, 2nd ed , FHW A HI-28-009, National
Highway Institute, NHI Course No. 13212, Revised, July.
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SPT Hammer -

Standard Penetration Test (SPT)

63.5-kg Drop
¢ Hammer Per, ASTM D 1586
Repeatedly
Falling 0.76 m ¢ L
Need to Correct to a Reference
Anvil ¢ Energy Efficiency of 60%
{ASTM D 4633}
Borehole
it Rod
Lﬁ, 1‘.’" Note: Occasional
ype) Fourth mumam Used
to prowi additional
Spiit-8 ' soil materfal
4 /(Drilfs} Sampler
" IThick Hollow
Tube]:
0.D. = 50 min
LD, =35 mm
L= 760 mm
g ‘l i'—-' E .5 a i
3 vi. E _§ E |
R e e
goll E g E SPT Resistance (N-valua)
B § I E E—g SRS e seaieat or “Blow Counts” ia total
5 A ] number of blows to drive
g il e 38 Second Increment sampler last 300 mm [or
i | o 22 blows per foot).
2 yh.f =0 ; e foe AL

Third Increment

Page 13 of 71



(c) ketabton.com: The Digital Library

(Hsm0) waallae il -1 S355S i 5
Ol o agS 1) sanan

]

Donut Hammer

Slip or Guide ———»—
Pipe

Anvil

Drill Rod ———]

Ground Surface

Crown Sheave(s)
or Pulley(s)

Typically 1-in. (25-mm}
Diameter Manila Rope

Cathead

1 30-in.
‘r(?62~nun} Fall

® Obtair
® Simpls G —
® Suitab -
® Can p¢ "I ! T :
® Avails :[j.___ \:"‘—" Bore Hole
I
o
63.5-kg Drop Standard FPenetration Test (SPT)
t Hammer Per. ASTM D 1586
Repeatedly ¢
Falling 0.76 m
Need to Correct to a Reference

Anwvil t

Borehole

Energy Efficiency of 60%
{ASTM D 4633)

/ (Drive) Sampler
[Thick Hollow
Tubej:

Drill Rod
("N" or
“A" Type)

Split-Barrel
0.D. = 50 mm

LD, = 35 mm
L= 760 mm

Note: Occasional
Fourth Increment Used
fo provide additional
soil material

SPT Resistance (N-value)
or “Blow Counts” is total
number of blows to drive
sampler last 300 mm (or
blows per foot).

EM) & =2
"‘v{_.ﬂi s B
i T S5
éé i I _"Ez_ i? First Increment
s E - E"‘ = S WL =7 -
= I E = § Second Increment
HiE
i o @
= et = T e

Third Increment
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Standard Split Spoon Sampler
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SO'I Dl‘ ¥ KD OCR ST Su ¢ E,G M G“ k Cp
Type

Sand | 34| 4 5 34|45 45

Clay S S 4 |5 (345 1455 (45155

| = high: 2 = high to moderate; 3 = moderate; 4 = moderate to low; 3 = low:
Blank = no applicability

Where:

D Relative density 0  Friction angle

Y State Parameter Ky In-situ stress ratio

E.G Young'sand Shearmoduli G,  Small strain shear moduli
OCR Over consolidation ratio M(orm,) Compressibility

s, Undrained shear strength S Sensitivity
g Coefficient of consolidation  k  Permeability
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Type of Soil Pile Bearing Settlement | Compaction | Liquefaction
Design Capacity Control

Sand 2-3 1-2 2-3 2-3 1-2

Clay 3-4 3-4 4-5 4-5 1-2

Intermediate Soils 3-4 2-3 3-4 4-5 1-2

Relilabilit}' rating: | = High: 2 = High to moderate: 3 = Moderate: 4 = Moderate to low:

5=low

O r— —/ O

1000 —i 50
2000 =
= —{ 100 2
kb'-

=

=1

3000 =
— 150 =

0

2 i
5 4aooo e
S000
— 250
G000 |
0 1c Z0 30 240 50 60 70 S0

SPT Wanp Value
Schmertman(1975) -
.34
| Neo
12.2+20.3| Zo
P.

o, = effective overburden stress

¢ = tan~

p, = atmospheric pressure in the same unit as o,

( =100 kKN/m” or 2000 1b/fi*)
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__,_,..—--QH} ;. D_ (%% ) | consistency
ek 04 a-15 anytoaes
4-10 15-35 loose
10-30 35-65 medium
30-50 65-85 dense
=5S0 85-100 very dense
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Fochos mxple = o
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AREPR G L5 6 6 ed IS8 JSS a2 sl 2180
2 Qg

o " 1 .
pitiass g 2 (Y B) 2 43 ﬁJi le_p _'I BN RPRTES uéL:xb\.\(q) 143 51 90
\\ | ..0
J \ I
G A d P
"'x_t 'I:'r o ."-_._-- : ‘f= TIJ __..""
Nt vk v Nt v b Vo
H 7&//,. =y A~ G
45—a'2 45— /2 45 — &'2 45 —'/2
F . E ol
= : Unit weight =y
’ Cohesion = ¢’

G e 3 (C) 245 Jg |

Friction angle = o'

635 S alilas (S 4S a4y
1
q=C+q+§y B
e e dibia a0 Jaga oS CullE Gl 2 asd ¢ Jgd Jad g GO ey (S alabaa 4 4y
52003 G (N) 2 s 58S 5 0l oy (2150 W ¢ sh ula 5l Jsi a5 Hhad 4y S8 55l
JSi a4y (Dalee ) a4 (sl ) SSadaial o jhida o S s i (S s 4ol A

S o=
o 5 s1agh Juudusa ) Jalalina 8 g, = ¢'N. + gN, + %}rBN? (continuous or strip foundation ) (3.3)
s sislagd e q. = 1.3c'N, + gN, + 04yBN, (square foundation ) (3.7)
L gl galags ) z : ;
PO SN sl g = 1.3¢'N, + gN, + 0.3yBN, (circular foundation) (3.8)
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3.3 Terzaghi’s Bearing Capacity Theory 139

Jable 3.1 Terzaghi's Bearing Capacity Factoes—Eqgs. (3.4). (3.5). and (3.6) a From

Kumbhojkar (1993)

& N, Ne N & N. N, N,
0 5.70 1.00 0.00 26 7.0 14.21 0.84
1 6.00 1.10 0.01 by 2023 15.90 11.60
2 6.30 1.22 0.04 28 3161 17.81 13.70
3 6.62 1.35 0.06 2 1424 19.98 16.18
4 6.97 .49 0.10 0 37.16 22.46 19.13
5 7.34 .63 0.14 3 4041 25.28 2265
6 7.73 1.81 0.20 2 4404 28.52 2687
7 8.15 200 0.27 33 4809 3.2 31.94
8 8.60 221 0.35 u 5264 36.50 38.04
9 9.00 2.44 0.44 3§ §7.75 a4 45.41

10 9.61 260 0.5 % 63.53 47.16 $4.36

T 10.16 298 0.69 37 7001 53.80 65.27

12 10.76 3.29 0.85 1§ 77.50 61.55 78.61

13 1141 3.63 104 R0 §5.97 70.61 95.03

14 12.11 402 1.26 40 95.66 8$1.27 115,31

15 12.86 4.45 1.52 41 10681 9185 140.51

16 1168 <.92 1.82 42 119.67 108.75 171.9

17 14.60 5.45 218 43 134.58 126.50 211.5%

IS 15.12 6.04 2.59 4 151.95 147.74 261.60

19 16.56 6.70 3.07 15 17228 173.28 325,34

20 17.69 7.44 1.6 196.22 204.19 407.11

21 18.92 $.26 131 47 224,55 24150 51284

2 2027 9.19 5.0 258.28 287.85 650.67

23 2175 10.23 6.00 19 298.71 144,63 $31.9

24 2136 11.40 7.08 0 147.50 415.14 1072.50

25 25.13 12.72 S

*From Kumbbojkar (1993)
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y=16_5%0jje;;h\jgcg)juq 25:¢4ﬂ\)«$\5¢.1=.4\3

e KN .o .
SF=3 cu pa Cnigpasns (= ZOW o e (5 sA 2
D1.5m Gee lagh o

(Q)uss8 o= sene 153l (55 A 2 5L Clagi 4y sl (qair) DL s )l 550 b Clagi 4
USRI

g, = 1.3¢'N, + gN, + 0.4yBN, :da

Table 3.1 Terzaghi’s Bearing Capacity Factors—Eqs. (3.4). (3.5). and (3.6) a From
Kumbhojkar (1993)

&’ N, N, N® &’ N, N, N
20 17.69 7.44 3.64 46 196.22 204.19 407.11
21 18.92 8.26 431 47 22455 241 .80 512.84
22 20.27 915 5.09 48 258.28 287.85 650.67
23 21.75 10.23 6.00 49 298.71 344.63 831.99
24 23 ). Z2.08 50 347.50 415.14 1072.80
KN kg
N¢=25.13 C' =202 y=165-2
m m
Ng=12.72 SF=3
q G, = 1.3¢'N, + gN, + 0.4yBN,
N,=8.34 De=1.5m
g, = (1.3)(20)(25.13) + (1.5 X 16.5)(12.72) + (0.4)(16.5)(2)(8.34)

53.38 + 314.82 + 110.09 = 1078.29 kN/m’

I
o)
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q,  1078.29 KN
qail = SF 3 =~ 3595@

sA el 68 e sanad

Gau = Gqu X B? 359.5 X 22 ~ 1438KN
o ld Culld ulily g ) JA 3 (dalea (e gae) il &) 55 - Cagl e a2

A3l g (hae ¢ S 3 lagd 3 Cig) e ¢ s Sy 5 LIS (il e 43 lobaa 21 ) 55 2
A daalae 550 53 g0 Pl 4y (£ )82 (alaa 5l s (o L S Ll (S alalas

s ds suY
L iy 1
qy — € *'wchchdFri G quFququqi ) }FBN}'F}':;F}'JFY{ (3. 19)
In this equation:
¢’ = cohesion
g = effective stress at the level of the bottom of the foundation
y = unit weight of soil
= width of foundation (= diameter for a circular foundation
B 1th of foundation (= diameter f lar foundat
F.. F,,. F,; = shape factors  <ua JS& 5 Gl
Foa F = depth factors s e 2 Qlag
Ffd qu F.ﬂ' dlﬂf i a 2 ‘Aﬁ—’
F.. F,. F,; = load inclination factors o sl dae 3 58
N.. N,. N, = bearing capacity factors Cu pom Culld il ya
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0 2l pa sl ) Jac 3580 5l Bee Qlagd oSG Qlagd o (ol g0 0
A el 4y skl 5 )

=1+ (B)(%) S
Shape 5 = L\W. ul ya .

Fp=1%F (%) tan ¢’

B
F, =1-04 (I)

s3d saY 4 a sl Al 5 ul e 222

ﬂf‘:l case Qlagi a s (Dr)dee gl 3 clls
For ¢ = 0. . B~ SlSadaal 3 5l (555 m 1 3 (5 sua b i S (B)
! S50 a3 (5 sbue 4l )
Ep=1+ 0.4(—) 7 T
B
qu
Df =
- : Jaed 3 3 Jagd 2 Calla 2
For ¢’ > 0: Bi:l Uaoe Qlagia y (Df) Bee lagd o . A 5
| F Salaal 3 5 550w 1 3 5 sbae b i S (B)
F,dzpf_—qd G5y 4ad jhadlas)
‘ " N.tan ¢

( Dy
F.=1+4+2tand' (1 — sin tf;l'}" (?)

F}.d:l
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D
S
—>1
For ¢ = 0: B &}Q\J@’J#(Df)&cg\_\@jdjiﬂbﬁja
D Mﬂ@}\)d&&\d}\&}ld&}l (B)
Fa=1+04 '[E111_1< Bf) G35 S sban o s
radians
Hos=1
Ea—1
FDr-(b’}'D‘ ﬂf . Jagd o 3 fagd o calla A p
: NERN o2 Qagia j (Dy) Bee Qlaghi o =S
Fo—F I — Faa B e )y SBakal s 5l 512635 (B)
« = Tad TN an ¢ S5 S sbua o
] 3 —1 Df
Fu=1+2tan¢'(1 —sind’)" tan F
radians
Foa=1
Cul padggl ja 58 -3
Sy [ 3l ds il nia 55 (55350 ik Qlagi 4y (55848 1
- ch'l 2
Inclination B =F.=|1 =
ci qi ( 90.;.)

B = inclination of the load on the
foundation with respect to the vertical
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- KN .o .
SF=3 cu pa Cuigpasy (= ZOW o pia Sl (54D
D=1.5m Gee lagia

= oxa |53l 55 A 3 b Qlagi 4y sl (qan) D8 sl 550 b lagi 4y
L8 1w (Q)u

o S T+ T+ VBN il
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Table 3.3 Bearing Capacity Factors

(ﬁr N, Nq N‘r @’ N Nq N'y

20 14.83 6.40 .39 46 152.10 158.51 330.35
Zl 15.82 7.07 6.20 47 173.64 187.21 403.67
22 16.88 7.82 7.13 48 199.26 22231 496.01
23 18.05 8.66 8.20 49 229935 26%5:51 613.16
24 19.32 9 60 0.44 50 260.89 319.07 762.89

T 2072 1066 1088

N=20.72 , N=10.66 , N,=10.88

Sl Ayl padisl j 5B S ie B

Since helond s ertien, = Fy = Fy = Ly o 55 i i -
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D
Jﬁd%?fﬁﬁ\-ﬁ Jdsl:1

Dr 15 _ 475 <4
B 2

s s Allaar sk bl G

cul g IS lagi o]
B Nq) (2)(10-66)
=14+ |— =1+ (= = 1.
Foe =1 (L)(NC 1 2 /\20.72 1.514

B , 2
F.._=14+{—Jtang =1 + | —]tan 25 = 1.466
= (L) ¢ (2)

B 2
Fouo=1— 0-4(—) =1 — 0-4(—) = 0.6
L 2

Gl pm Bee 3 lagi o]
’ A Y2 Df — : 2 1.5 —
Foe =1+ 2tang’ (1 — sing’) 3 =1+ (2)(tan 25)(1 — sin 25) - = 1.233

F,=F_ ;———F=1233 —
cd qd thanqﬁ |:

1-1233 ]
(20.72) (tan 25)

1.257

S 5S poaay S Aalra e se G2V 4y (o (sl s oy ul

1
Qu = C'Nchchchi + quFququqt + E'YBN?Fy:F‘dey!

g, = (20)(20.72)(1.514)(1.257)(1) +(1.5 X 16.5)(10.66)(1.466)(1.233)(1)

1
+ 5(16.5)(2)(10.88)(0.6) (1) (1) = 788.6 + 4769 + 107.7 = 1373.2 kN/m’
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q. 1373.2
FS 3

Q = (457.7)(2 X 2) = 1830.8 kN

a1 = = 457.7 kN/m2
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Design of footing

Ol e lagd o
S ool ol (A ga SV 2 da 5343 el 5] pald g AL 3 Clags
(2alia) (A s Qlagh 3
4L A S od Ay o2l daps 43 s Db Gl o a pala 4l e Qlagia -]
s 5aA% vl sl LAl gHla 4 S e Ky dae g2l adalib g
‘SA.LL\AJJ.C U\L;ad:;wdmwm«ﬁdemuq@mugywﬁgu@g-;z
(S5 (6 s (o) HiuligS
G naadan Jal 2ol glaialis 3 lagi:3
2433 su il ol Al (D) oS plaiala s pu ol 861 4g alagh 2 (S 4Ses 4014

(SS (5 aida

4 gl 9d lagd 2

(S Jd s 4d n s34 0 (oesee 4 lagd

45 galagh ada 1D 4 galagh H95-1 1
A galagh ) -:1

&8l ga¥ 4ax i 0S5 43R g4l Super Structure 2 Olaiilb o (ilagd a 4lS
A S dva sislag 5533 Pile, pier, well ¢ xS Jb lags 55 28

4 gl Ad -2
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(Spread/single Footing)4 siagi 4i8laa by Jyse -:1
(Combined/Continuous Footing)4 slaed Judua by S ja -:2

(Raft/Mat Footing)4 salagh (o y8 -:3

A gilags A Al 80

4500365 (5 g2 pa e —13 Adsalagh (g 9m e 12 Aislagd (s b Juidiss 1]

4 salagh Al Qe Jile 16 40 50lagS 4l Jidalione -5 A salagd (5 9m je (24 -1 4

A galags (A gua -:1
il o )l sl g3 (55l Db e o) sl s (sl b plaiali 3 4d galagd ) s
S JsS a0 Ll 5l sy (ol 3 lises ) (5,8

Wall footings are used to support structural walls that carry loads for other
floors or to support nonstructural walls.

|
i
i
--/’/ |
ol | 4
L el L g &7
~~ oot
Sl FRRRR O "

—

(@) Strip or wall footing.

Wall footing.
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Isolated or single footings are used to support single columns. This is
one of the most economical types of footings and is used when columns
are spaced at relatively long distances

Column

s

—

- —

Co1umﬂ CO|Umn
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Combined footings usually support two columns, or
three columns in a row. Combined footings are used
when two columns are so close that single footings
cannot be used or when one column 1s located at or near
a property line.

Column Column

F:':,:} Elevation
<P
:
[

~l <
fodt {c) combined footing Footing

% Plan
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Continuous footings support a row of three or more columns. They

have limited width and continue under all columns.

A - 4
At e o e
Columns
Elevation
Footing
w ¥ & r
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Rafted or mat foundation consists of one footing usually placed under
the entire building area. They are used, when soil bearing capacity is low,
column loads are heavy single footings cannot be used

A
[ l

| ~

‘ Loliumns
\

|

J

| L l Elevation
£
£
- Footing
{d) mat or rafi or floating foundation
Plan

| %) A |
|
L
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Pile caps are thick slabs used to tie a group of piles
together to support and transmit column loads to the
piles.

it
Column
S
o
Pile cap
- /f
s
Elevation
Jl J \4 [ J Piles
! ! )
IIIII
/
Y fa i /
5\ \"-.J" \_\_ ’.!
o7 Column
% Plan
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Column

Column
Footing

Soil pressure distribution in cobesive
sotl.

Column

Footing

Soil pressure distribution in
coheszonless soizl.
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Dbsle 1Al (ha o) g 18F18in bl (b 2 4s 5 S Gl e lagd sy b -l
Soss 3 s o) ¢ 55 6 S dee P=235.64 kip Uk u=la ¢ P,=300.54Kip
=0.1KIb/fe 0l e s03B 5555803 sk 55 q,=2.204kip/f?  Culld Cudly
Clagd 3 48y sl ) BSaiSga Hhi sy =0.15kip/f? U5 e sSSS S )y
el J A aY (S5ft il ashadd Sl dlad s ysmsic 5 18in gla)

fy :401{81&“_\.6‘5\3.0&.@5‘94&» LSJY} J}‘ K fC :3ksl L;LA}\&A LQJL&S E)S\_!\S J@

S
-da
(Given Data) 2@} 554 S
P,=300.54Kip f, =3ksi
P=235.64 Kip f,=40ks1
qu=2.204kip/ ft* Ds=5ft
vrn =0.1kip/ft h=18in
Ye =0.15kip/ft’ Column size=18*18in
Step-1
DL palla g5l o
qe=Ga-Ws
we=yan(Drh)+y *h = 0.1(5-1.5)+0.15%0.15
ws=0.575

Qe=qa-Wws = 2.204-0.575=1.629kip/ ft*
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p  235.64

g. 1624

= 144.63ft2 ~ 144ft?

S A $ s JSh m e s A8
B=1L and BxB so B?=144ft> =B =144
B=12ft
Step-2
(Two way shear or punching shear)s sl 0¥ 4 (i 4dh 50 (S als je 50 4
Vi=Pu-qa(lctdavrage) * (et dayrage)

daverage:h—3"one bal’—dla

if we use #8 50 daverage=14in

14 14
Vu=30054 2.087 (1.5 + E) (1.5 + E) — 285.69kip

A gadbe (o s sl Y e f Sl e daglia sl
PV, =075 4 Jf. by duerase

14
bo = 2(l; + b, + 2d)or 4(b. + dayerage) = 4 (1.5 + E) = 10.67ft = 128in

294455.64
1000
Ghga Lgsd Qi Gy d o seadh) Vu < Pl pise) a4

sgara (h) gl

dV. =0.75 4 /3000 128 14 =

= 294.45kip
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5 15 14

> E) 12 = 14.609kip

[ d

Vu-g = 4qq (T daverage>B = 2-087(

s Y ol S e daslias jsan yu s sl

¢V, =0.75 2 \/z B daverage
331262.6
1000

oD 5 IS e clagd G g G o s OB 8 L2 49A

¢V, = 0.75 4 3000 144 14 =

= 331.263kip

Step-3
939 oY 4 e e gl

(L L)
8

M,_g = 480.18kip in
M, g 480.18kip in

(5 1.5) ,
M, 5 = q, B =2.087(————) 12=3834kip ft

My_p = n 09 = 511.315kip in
R My _g 511.315kip in 1811P5S]
h_B — — — .
B davemgez 12 12 142

_0s52|1 T A P T
P = 8 A Sesr | = %% A 385 3000
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Footing Design
Part I1I
Combined footing
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4 120KN ) 2L Cp 42 800KN oy i i 4y o~ s f A=) 40*40cm ¢ 6m s
=200 S slia LS gy SIS 3 5l ¢q,=200Kpa  <obld sy o s 5 A 3 5l LGy
Jaga aS JSG a4 o £,=420 N/mm? Gl (ilS gl o gl ¢ fo N/mm?2

-~

S

Design a combined footing As shown

Gty = 200/ m* =200kPa [/ =25N/mm* [, =420 N/mm?

@
) 7
Property 40 cm 40 ¢
limir \ ¢ / "
0 em 40cm
3}
C6.0m
i |P=80¢ B=120t
4% N
’ /7 A | 7z
3y
€4
) X
 6.0m
¢ A
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Dimension calculation S 5S I alald °§§ (£ 59
The base dimension to get uniform distributed load

2000kN
800 kN 1200 kN

l

x1=0.2m <
< Xx2=6.2m

x 800(0.2)+1200(6.2)=2000/(x)

x = 3.8m
800 kN 1200 kN
l l Try thickness
I -
< 2x =7.6 m "
Area required

d it (net) = 20t/ m?* =200 kPa,
P, =1.3(P)=1.3(2000) = 2600 kN

3
4, =L 20097 _yg,0 76418
9 a1l (net) 200 x10

P, (2600 )x10°
7T T 7618

=190 x10° Pa =190 kPa
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Check for punching Shear JS 13 (s 4d )k g3 3
d =730 mm > S ga B &g

7.60.m v
1

N N

b)
(

)
S

...................

@ : : :

___________________

.............

s
[ 4

.><_

Column A
b, =2(765)+1130 = 2260mm

PV, = ¢\/f7bd 0.75x% \/§_S><730x2260/1000=2062.3kN

SV, ¢( “bd)\'f b,d = 075(2 30X7§0j><‘/122_5x730x2260/1000=6027k1v

V, =800(1.3)-1.13*0.765*190 =875.8kN < ¢V, oK

Column B

b, = 4[(730+400)|= 4520mm

PV, = ¢“f b,d =0.75x J§_5x730x4520/1000=4124.4kN

j“f b,d = 075(2 40X730j><\/1§><730><4520/1000=13322.5kN

Ve ¢(

V, =12001.3)-1.13*1.13*190=1317.4kN < ¢V, oK
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Draw S.ED & B.M.D

Stress under footing L8 5y 5s[3 2
= 190 *1.8 = 342 kN/m

(. <f)

KN

(Asm) paallae yiaad) 1SS s i
Ol o agS 1) sanan

l !G.SG m

ILITT 111711 E2]

JP; 800 JP=1200KN
c\(\ e S — —_— — —
; {4 o = o
ANl SEEEEEEEEEENEEERIEE
m{s 56m  We0idi .20 m
f:'if:’
762 34
~ /
0. 73y ,// t
/ = I =
— .73 ,_-F"F i
11,2
//'E‘i-.:}’..i-.i
903,27
2625 m 2.975 m
L1300
r/ﬁ’rm \
~i_ S -
T 12467
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Check for beam shear
b = 1800mm, d = 730mm

J25
6

x730x1800/1000 =821.25kN

¢V.=0.75x%

Max. —V,; at d from column face = 762.34kN
VU < ¢VC

Bending moment Long direction (S (siSaw (A sh 4y ia ga

—ve M =1366kN.m
b =1800mm,d =730mm

6 3%
p=085+ 2|1 1. 2x10 71560 —0.0039
420 0.9(0.85)25* 7307 *1800

A, =0.0039x 730x1000 = 2847mm’* = 28.5cm> use 9¢20/m Top

+ve M =246.7TkN.m
b =1800mm,d =730mm

6 x
p=085* 2|1, [ 210772967 =0.0007< p__
420 0.9(0.85)25*730% *1800

Ag . =0.0018x800x1000 =1440mm* =14.4cm> use7$l6/m Bottom

S min
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-

Bending moment Short ditection (S (wSom (a8 43 Guia ga

P ()(; 7.60 m ¥
N )
N S8
@ | ®
: Lo :
1.80m 40 cm: : Fl 140 L‘HFE
/4 ) em : i 40 L!H
— | a— [» LS L )I
F0cm+73 ) 2crm=76.5cm 40+73=113¢m
Under Column A
2
1040 0.765(1.8—-04
— X =141.6
(1.8%0.765) 2 2

b=765mm,d =730mm

085 25 | [ 2x10°*141.6 §
PR 00 0.9(0.85)25%730% 765 | ™"

=0.0018%x800x765=1101.6mm" =11cm” use Tpl4/m

A

S min

Under Column B
1560 X1.13(1.8—0.4

C(1.8%1.13) 2
b=1130mm,d = 730mm

o5+ 2 1., 2x10°*212.33 Py
P2 00 0.9(0.85)25* 7307 *1130 Pomin

2
j =212.33
2

=0.0018 x800 x 765 =1101 .6mm*> =11lcm” use 1414/ m
Page 52 of 71

A

S min



(c) ketabton.com: The Digital Library

(Hsm0) waallae il -1 S355S i 5
Ol o agS 1) sanan

Shrinkage Reinforcement in short direction

A . =0.0018x800x765=1101.6mm> =11cm” use 714/ m

S min

Under Column B
2
_ 1560 X1.13(1.8—O.4j 91233
(1.8%1.13) 2 2

b=1130mm,d =730mm

085+ 25 1. | 2x10°*212.33 g
P= 420 0.9(0.85)25*730% *1130 Pmin

Ao =0.0018x800x765=1101.6mm> =11cm® use 7¢14/m

S min

Shrinkage Reinforcement in short direction

2 2
Ag . =0.0018x800x765=1101.6mm"~ =11lcm” use7¢l4d/m
\s 4av
7¢14/m 9920/m
™\ U
)Y 1/\1 — — Sy
° e ‘o ° [] [] ° o [ [] ° o ) ] ° i
f().(‘i’() m
|
\—v—l—v—v—r ye o o o o o o ~ww—t o g‘y—'v—'r- e o o i
WS X -
\\ \|  7pl4’m "\j/-';_ 7014/m \\\l' [/ 76)}4 m
T 750em _7916/m A~ 110.0 cm
2 '“'—?><} 7(0 . . e/
'Y m
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Footing Design
Part 111
S oS il AT () 5948 sigllia gl suai¥ 4y gl
Combined footing, strip footing, & Mat foundation
Example 2

Design a combined footing As shown

ooy =181/ m> =180kPa  f=25N/mm’ f, =420 N/mm’

@ ®

P,iIZOI J\fz=75t

I T S S T ST S * T
0.75 m

o

| : 0.75m

| %4 L )r
0'.'2'lfn 4.0m O.Xfm
I |
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Dimension calculation
The base dimension to get uniform distributed load

1950kN
1200 kN 750 kN

>

=
|

V__

-ﬂ2=42hf

]
1
1
1
1
1
1
|
|
1

——

X —»

ok i

7504.2)+120000.2)=1950 (x)
x=1.75m

L, x =1.75m L
02m 4.0m 015 m
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Area required

qall(net) :20t/m2 = 200 kPa R

3
4 P 1950 x10° oo

: qall(net) 180 X103

B, + B,

— 5 L =10.8

B, + B,
2

(M ~ 75
2

B, +B,=5
m— x:(31+232j£:(5+32)4.35
B, +B, )3 5 3
1.75 =1.45 + 0.29 B,
B, =1m
B,=4m
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Check for punching Shear
h= 750mm

d =732 mm
40 cm //4/{/ 55
0.732° //// 0.6325 m
B1=4m / B2=1m
Column - A

b, =2(732)+1065 = 2590mm

oV, ¢“f b,d=0.75x \/?x665><2590/1000=2160.4kN

N ¢( ij bd - 075(2 30X665jx@x665x2590/1000=5222kN
b )12 2590 ) 12

V, =1200(1.3)-1.065*0.733*235=1376.6kN < ¢V’ oK

Column - B
b, =2(633)+965 =2231 mm

J25
3

x665x2231/1000 =1854.5kN

SV, = ¢J7bd(ﬂw

j “1]; b,d=0. 75(2 3(;2(;65j>< V25 x665x2231/1000 = 5273kN

¢VC=¢(2 12

b

V, =800(1.3)-0.965*0.633*235=896.5kN < ¢V, oK
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Draw S.ED & B.M.D

P, ,=1560 P =075
F ]
qyx 235
040 | L1—A—"
g
X
i 2.05m ’ 668/ 940
1 7
187
/ / 0.815m
Iz /
135
0.865 m
/ 670 I
1385
| 1260
|
{ t
| 187 (26
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Empirical S.ED & B.M.D

Convert trapezoidal load to rectangle ,I, , ‘“ RSN URPAP . |
w,=235+2(940—235) =705 L

) 2 ¥ g ¥
M, = WSZ 705665 74 kvm

Clear distance between column V 0.815

B in moment design = ave. width = 2.5m

Check for beam shear

d = 665mm
potednes v

at x=0.815+0.15
1+2(822)x1.5=1.7m =1700mm

V25
6

4m

v

¢V.=0.75x% x665x1700/1000 = 696kN

Max.— V,; at d from column B face ( the most critical) = 668kN
Vi <@V
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Bending moment Long direction

b=1+2(22)x1.5=2.60m = 2600 Top
—ve M =1260kN.m
d =730mm

2 2x10°*12
p=085%2|1- |1 x10" 71260 =0.003

420 0.9(0.85)25*665” *2600
A, =0.003x665x1000 =1995mm” = 20cm® usel0416/m Top
Bottom
A, =0.0018x750x1000 =1350mm* =13.5cm” use9¢14/m Bottom
Bending moment Short direction

Under Column A e T _y
o° ... \\!\\\
=1+2(32)x1.5=3.5m=3500mm . S
: o ! ' —
...... 278 Do
b=22F% 0 3.75m = 3750 mm -
b'=1+2(%55)x1.5=1.44m =1440mm e
2
__ 1560 0.733(3.75—0.4] 5836
(3.75%0.733) 2 2
d =665mm
6 %

085+ 25 25 ||, 2x10 583.37 0,005

420 0.9(0.85)25* 665> *733
A, =0.005x665x733=3325mm” =33cm” use10420

Page 60 of 71



(c) ketabton.com: The Digital Library
(Hsm) eallaue yiad) -1 S5 96S i 53
Ol o agS 1) sanan
Under Column B

=1'44+1m:1.22m=1220mm 920-8“%

{— (1 i
|7 T 09%086xbxd

2

v 975 XO.633(1.22—O.3) _gue
(1.22%0.633) 2 2

b=633mm,d=665mm

0 %
p=0.85*£ [ 2x10 84.26 cp
420 0.9(0.85)25%665 *633

=0.0018x750x633=854.6mm" =8.6cnm’ use6pl4

b

A

Smin

Shrinkage Reinforcement in short direction

A; - =0.0018x1000x 750 =1350mm* =13.5cm” use 914/ m

S min
Reinforcement details

0 @I10cm(T)

-

/
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Example 3 (Strip footing)

Design a combined or continue footing as shown

Quiinery =20t/ m*> =200kPa  f!=25N/mm*  f,=420N/mm’

SO0KN 1280kN QB0IN

critical
section for |
beam shear |
% '
- L". .
! % 40 cm L f
-ifl":! cm Cood
f i |
4.5 m 55m >
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Dimension calculation
The base dimension to get uniform distributed load

SOOEN IZ2E0EN DeOEN
. oy ) '
- . L —
F % 4.5 m 35 m il 7
_)_ a“
| |
! 5 DT critical :
Z) i d2| (B @ sectionfor | @
o -L—./ S ' beam shear | %—.—
bk i . ot A
140 : ZEEE N i 77,
% g : % &7 —1 P
L e ; | X : d [
R R ‘
! _
*_ ; - i L |
1 4.5 m i .5 m . B ) 2

3040kN

Assume e — . I ' .
IPE VS ) p— 2!
i x2=10.6m Lo

X '

800(0.6)+1280(5.1)+960(10.6)=3040 (x)
X =5.65m,

2(x)=11.3m
[.2=11.3 - (10.6)=0.7
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Dot nery = 18/ m* =180kPa, 23 g s
3
A, = P :3040><1(1 —16.9m? ~11.3mx1.8m
Gatnery 180 x10

P, _1.3(3040)x10°

3
g, == =195x10° Pa =195kPa
A 11.3x1.8
e cal
(@ /2| (B ®
T g 1 shear S
=1.8m -"/1:/'/;1 (! cn ////zj = }
72 %2 nmy 1
-‘r.l__ " | - a L
s 3 —_— S — — - _I
L] |
.6 m d5m | - i ; Sm i ._3'?1_7 n
| 11:3am '

Check for punching Shear
h =700 mm
d=630mm

Column B
b, = 4(630+400)) = 4120mm

V25
3

x630x4120/1000 =3244.5kN

PV, = ¢@bod =0.75x%

PV, = ¢(2+ﬂ)—Vbeod = 0.75(2+ 40X63O)x V25 63041201000 = 6584kN
b ) 12 4120 )" 12

V, =1280(1.3)—1.03* *195=1457.1kN < ¢V, oK

You can check other columns
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Draw S.F.D & B.M.D Stress under footing
=195 *1.8 = 351 EN/m

351.0085Iiﬂﬂ+ka?n + + + + + + + + }[351.£'J+Uﬂk'b+lfm+ + + + + + + + + 351.000 kN/m

742.030 kN

A
TV58.338 kNm ; Y81 63450m
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Check for beam shear
b = 1800mm, d = 630mm

V25

oV, = 0.75><T x630x1800/1000="70875kN

Max —V,, atd fromcolumnface~ 0.7(1009) =706.3kN
VU < ¢VC

Bending moment Long direction

s M
=085x—|1—- |1-—
—ve M =1366 kN .m ’ fy[ J 0-9><0-86><b><d‘
b=1800mm,d = 730mm
6 %
p=085* 2 |- [j. 2x107 71363 = 0.0053
420 0.9(0.85 )25 * 630> *1800

Ag =0.0053 x 630 x1000 =3362mm> =33.6cm” use 9¢22/m  Top

+ve M =246.7kN.m
b =1800mm,d =730mm

6
p=085%22 |11 2x10°781 <p
420 0.9(0.85)25*730” *1800

A

=0.0018x700x1000 =1260mm> =12.6cm” use8414/m Bottom

S'min

Design Short direction as example 1 (ecture 17)
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Reinforcement details

e

_1¢2/m

e L 0.7
sp14/m | \L

Spl4/m

—
#

=

by

s

=
dREEEEE

Page 67 of 71



(c) ketabton.com: The Digital Library

(Hsm0) waallae il -1 S355S i 5
Ol @lagh 210y ganine

Mat Foundation

S

— 1
N
+ Y | Y | Y | )
ﬂ" # ' 1 ' ™ ® [
X _ = 2 .,
| Cl | cz | c3 Ci C2 C3 L;
' | | L i e e e i m cad
| |
[ ] 1 g
L |c4 | _C\‘iz&{ c6 L (l . | L
y 4 ( C6
I P 194 : |
| .'C.( = == = - & ,..(" [-‘ - ey
3 g.__ o" -
—_— : Cly : 7 > c.g e L-‘
| |€7 | C8 ! Y — i s —~——m — =
C7 s 9
| | | R
[ |
n ». i
| €10 € Ci2 - u A I
i | | Cin Cil Cl
| |ci3 | crq4 | CI5 i T |
“ [ ] |
| ! L *I _ - X Cl3 Cl4 Cls [
B
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R 10.01 tv/m?
e o
i J
| g
12.28 t/m-? D H F ’ & 10.01 t/m?
\Q_‘r
\ 6.5!"
,§ E - X
\ 6.5 m
\TI
12.28 t/m? A B 10.01 t/m?-
“2.50m "
I o N
o 10.01 t/m~
12.28 t/m-

Check for punching Shear

............................

 5p . B[~
<> i%q{/{? <> &ﬁf <>

............................

interior cofumn side column
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621 1801 1801 621
l ! l l

[ ' ] 1
Ref. 3 35.82um’ t |J
General Example, '
}r ﬁlr ,[l" ﬂLf 41/ ,1[{
05m " 4.0m 40m 4.0m 0.5m
: (1)
60.825 1 176.591 176,59t 60.825 (
|

MO dlﬁed 10 ad 36.525 tm'

103537 (2)

73.053¢
81441 42.563 1
18.262 t t A
Vi ’ u 8
L‘/ Xisos o] V
- N 18.2621
42,5631
73.053 1

3) 103.5371
20228 tm ' 20.228 .m

/N A\

”
T 'l /

4.565 tm
126,535 tm (4) 126.535 tm

4565 tm
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L.

020 @ 10 cm \
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