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Example 1-1 : What is the area ratio of 5.08 cm thin wall sample tube,
mside diameter 15 4.763 cm.

Solution :
Ap(%a )- D" x 100
2 _ 1
=(5'03;i ?ﬂ{;}?ﬂ} x100=13.75%
: Sampling Methods : Sliml e Jyaall (3 —a
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Gy il Capdal e (S 5 Al 48 jlaas Lle (33 Adaud 53 4y 5l (B 5R5y )
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Al G
e s Lede Sl 7l a0l 4 gaaall e A8 Ja)l e 4dA 450 58 Laisay
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Standard bl 3 5Vl LA e Ji ciliell sl 8 23 LD s34, (VoY)
+ penetration test
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Where : Cy; = correction factor
N = N-value obtamned from the field
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ililadlly poaetl Lles Vol (Liao and Whitman, 1986) le culy o1

:iy"fl
1
) T | i ietensaeattnsaesnnnasannanssbsannsaennannsnnnenann 1-3
Gy Jn,(kNr‘m’) (13)
((TA=1) UK e Cyy R dad Koy S
Cwn
0 0.5 1.0 1.5 2.0
0
T //
g % =
v /
#
é 100
E 150
>
200

CN O—iind 3(YV-1) JS4
Sada Cilagles lany 4dld LSaV) 158 e Al 2 Slie e Jpeeall AiLDYL,
QLA 2ae daf 0 Jpeana il biaiall Laglia g (pulal ol o oLl S0y Cua 4930 e
EV)XTY) dalas A Cuse 4 LS N
+dapdiall dSudial) 4,550 gl gy N dBle :(F-1) Joia
Consistency of saturated cohesive soilst

Consistency N Remarks

Very soft 0-2 Squishes between fingers when squeezed
Sofl 3-5 Very easily deformed by squeezing
Medium 69

Suf 10-16 Hard 10 deform by hand squeezing
Very stiff 17-30 Very hard to deform by hand

Hard >30 Nearly impossible 1o deform by hand
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v g Ol r’lﬁJN Ot 4B (E=1) dys

Consistency of Cll\él and
Approximats Correlation to the Standard
Penetration Number, N

Unconfined
Standard compreasion
penctration strength, ¢,
number, N  Coasistency (kN/m?)
0-2 Very soft 0-25
. 23 Soft 25-50
. 5=10 Medium siff 50-100
" 10=-20 Suiff 100=-200
20-30 Very ailf 200400
Hard > 400

. »30

¢ N bl : (‘-1) dyia
Empirical values for ¢, D,, and vnit weight of granular soils based on the SPT at
about 6 m depth and normally consolidated

Description: Yery loose Looss Medium Dense Viery demse
Relative density D, 1] 015 0.15 065 D.H-
SPTN : fine 1-2 -4 7=15 16-30 "
medium 2-3 4-7 §-20 21-40 >40
Coarse 3-6 5-9 10-25 2645 >45
#: fine 26-18 28-30 30-34 33-38
medium 27-28 30-12 32-3 1642 <5
Coarse 28-30 30-34 3340 40-50
Yous P T70-100% 0115 110-130 110-140 130-150
(kN/m?) {11-16) (14=18) (17-20) (17-22) (20=23)

t Excavated soil or materis) dumped from a truck will weigh 11 to 14 kN/m® and must be quile dense 1o weigh much
over 11 kN/m®. No existing soil has a D, = 0.00 nor & value of 1.00—commaon ranges wre from 0.1 10 0.7

Dr «p «N dble : (V-1) Jdya

Relation batwaan N-values, Relative
Density, and Angle of Friction in Sands

Approximate Approximate

dpaud) AESH g N ABle 3(1-1) dasa

RELATIVE DENSITY
OF SAND—STANDARD
PENETRATION TEST
(After Terzaghi and Peck’"?)

Swidard relative angle of fricdon
peocustion density, D, of soil, ¢ Relative
oumber, N (%) (deg) Blows Density

” 0-5 26-30 04 Very loose
510 30 28-35 5-10 Loose
10-30 3060 35-42 11-20 i
' 21-30 Very firm
31-50 Dense
51+ V:r;r dense
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N
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400-600 :
N R s
= 800-1000
N = Standard penetration number P

qc = Static cone resistance, kN/m2
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Standard
spliv spoon
barrel

tni Cone 1o replace
shoe on standard

split spoon

Two dynamic Lype cones driven using the SPT or larger

drive weights,

with fiush
coupling

et | -

Tombi type trip release as used in Japan
for the SPT as well as for dynamic cone

iy At
* i

Drop-height
casing 50 ¢cm
(il used)
Packing to form
301l Light” sleeve
=
= = £

Solid steel
poinl

(b) Cone attached to drill rods.

Max. = 100 kg

TPV Iy

po—— 22 mm rods

-22 mm

30-35mm
O—

Swedish weight sounding equipment.

25 mm
1in.

rl-l

= 780"
__‘ J_%ﬁmrn
A In.

Drive cone on
25 mm drill red

L A o

Drop-weight

e SR
e = -

32 mm

d

22 or :

— S0 kg

P4

il

ki

ol

'Ilq - I_

For Area, cm’

25.2

56
437

=

05m
20in.

L

14 in.
36om

}

Dynamic cone penetration tesl.

L

light=to- 50
medium 10.0

heavy 150

o

7hkg=151b

%L:m:

S50 mm=2in,
dd mm = I_li“‘

??””IL I
‘*ijﬁ*-

Dynomic cone
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Dutch cone penetrometer 10 em”® area
Casing Rod (36 mm diameter) 60° cone
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of\ Cone red
CL. Pushing handle

"1} )~ Load ring (100 kg)
. - Sleeve tube

v LJ-— Back mirror
s T L Friction sleeve
pth marks
f/ (100 or 150 mm)
1 16-20 mm
- Smooth I 16-20 mm
screwed joinl Arca: | in?
7
v
36 mm
oA i
Hund held pentrometer for shallow depths. The _Deichdene with
resistance is read in mirror from load ring pauge friction sleave

necessary (o push the cone 50 mm into soil
« SSaikiu) Jag Aall s A1 gl :(Y1-1) i

. Vane Shear Test ol 4a 430 JASS] =3

il Al e #L8) 8 5as (5525 A Y (pa gl A e S
HJLHOJSEQJ'“JJ‘MJ'W%)'N&:J b i peaia gl pall da gl
o gl Jsh Bagy (YV-)) J8& Dy e Algh B3l ) (Say Gl WS B R
sie iy s b ot ) ady adgal B el Aa g pe A 25 AT, A ER IR R
e sy g g ) b g 28 e J ) PETre PSS PR RE S d
;g sise p e oually ¢ G dasng (A plaud) 0S5 e ol

(H D
BTEN 0 | e Ty e B 1-6
r-can’(4+%) (1-6
T
or C, z[f‘f D) (1-7)
D’ —+—
2 6
Where : T = maximum torque applied. D = diameter of the vanes

C, = underained shear strength (¢ = 0 concept), H = height of the vanes
o S At il o genas pans 5 2V

Cou(corrected) = ;"Cu(ﬁald) {1-3]
where : A = correction factor
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Shady Lk 55K a8y (TA-1) JS8 A pall Jalaa pladiuds praasil (S oy

Jo5aY 13 a2 (Y1) U8 Oy Jail slea) Aad I Cu(field) dail Lguia il

b o2l 4 5 Overcosolidation ratio, OCR abiail (3es s A af a0 (Sy
pASY] Adaad ADAAT (30 pigal

om:ﬂr‘”—‘f”‘“} ............................................................................ (1-9)

Where : &', = presnet effective overburden pressure.
B =22(PT)y"48 (where PI = Pasticity index)
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I Incorporating

j-' | seving bulonce
1
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1|I r_ orahky Gy Section
b of vanm
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b comsolidated
A L= clay
T,
LS
0.6 S ?4
Overconsolidated”  ““po
ey | T7T==A
0.2 | | el
0 0.2 0.4 0.8 0.8 1.0
Cultay'h
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Gaall a3 yiall 345 LEaY) 1aa 2 Open End Test 4a gid 4430 jLaal =)
b olgall oda g saldd el (o slaall canay +3 il g ) 3 pula JB ¢ il
o ol G gaaia (53555 s Jaaay olpall i 5380 o piall gl DA Ja b
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5.5rH _

Where : K = Coefficient of premeability.

Q = Constant rate of supply of water to the borehole

r = Inside radius

H = Differential head of water
as (Te1) OS5 A H J LS Slaa sl e g s Y ol i) Alladdy

SV IVE

H=ngawty +Hpmusure ..................................................................
dsad B pda pa ¢ 3 o 02D (Say LY I : Packer Test 5yl J—gal =¥
v5 il e e jall 1A I Gls mu.am,wtm@ummj AL

K= Q log, [L) (for L = 10r) et T
2nlLH T

K=—g-—sinh" (%) (for 10r>L2 r)(i-13}

Where : K= coefficient of permeability
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Q = constant rate of flow into the hole

L = length of portion of the hole under test
r = radius of the hole

H = differential pressure head

G ) Y Lealodnd (Sa LS jaall 8 AN Jalea ) Lalad aasis iy k) o3a

Cofsolidated material; . -, N .
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Plastie
- standpipe

i Impermeahle
T fllr H'-IIJ

i Perforated
' pipe

Determination of ground water fsbls Casagrande-type Sorous stosfe plezomater
(Fr-1) ds& (Y=Y aa

Galgilly 4 gl olpall L giaia (ypa S mly A8 g olpall o guia Cyad
Example 1-2 :
Refer to Fig. (1-34) for a borehole, given : hw+ho = 9.5 m

At =24h

fihl =00m

Ah;=0.70 m

51'[3 =0.54m

Make the necessary calculations and locate the ground water level.
Soltuion : Using Eq. (1-14).
b
h = o = gy =4.05m
MI_M? 0.9-0.?0

€L
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2 2
H.= A = 0:f =4.05m
*" Ah,-Ah, -0.9-0.7
2 2
b= gﬁj_=_o,_54—_=1.82m
Ah,-Ah, 0.7-0.54
85m
405 m
_r_..-___i_"? =
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gt da BU clial) cilaaly Adanadl <l LASYT H(A-Y) de>

Size of
Typesof Sample Type of
Test Soils {gram} Sample Use of Data
Specific All . 100 Augeror Void ratio, minerals.
gravity of split
solids barrel
Grain size Cohesionless 200 Augeror Classification. Estimate permeability,
(sands, split shear strength, frost action, and
gravels) barrel compaction.
Grain shape Cohesionless 200 Augeror Classification, Estimate shear
(sands, split strength,
gravels) tube
Liquid Cohesive 200 Augeror Classification. Estimate
plastic (silts, split compressibility and compaction.
limits clays) tube
Water content  Cohesive 100 Augeror Correlate with strength,
split compressibility, and compaction.
ube
Void ratio Cohesive 200 Split Estimate compressibility and
tube* strength.
Unconfined Cohesive 200 Split Estimate shear strength.
compression tube®
* Sample must be relatively undisturbed.
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where : E = Young's modulus of the medium
y = Unit weight of the medium
g = Aceleration due to gravity
u = Poisson's ratio
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Range of P-Wave Velocity in Various Soils and Rocks

P-wave velocity

Type of soil or rock (m/sec) ftfsec
Soil .
Sand, dry silt, and fine-grained top soil 200 1o 1,000 650- 3,300
Alluvium 500 w 2,000 1,650~ 6,600
Compacted clays, clayey gravel,
and dense clayey sand 1,000 to 2,500 3,300~ 8,200
* Loess 25010 750 BOO- 2,450
Rock
Slate and shale 2,500 10 5,000 8,200-16,400
Sandsione 1,500 1o 5,000 4,900-16,400
Granite 4,000 1o 6,000 13,100-19,700
Sound limestone 5,000 1o 10,000 16,400-32,800

e £ Bleel e Jad5u¥) dalla 45 k) o,

Example 1-3 :
The reusits of a refraction survey at a site are given in the following
table. Determine the velocity of P-waves and the thickenss of the material

Eﬂﬂﬂﬂﬂtﬁl’cd. Distance from the Time of firat
source of disturbance nrrival

{m) (sec x 10%)
2.5 11.2
s 23.3
1.5 33

10 42.4

15 50.9

20 572

25 6.4

30 68.6

b ] 71.1

40 72.1

30 73.5

1y




Selution : Veiocity : In Fig. (1-50) the time of first arrival are plotted
against the distance from the source of disturbance. The plot has three
straight-line segments. The velocity of the top three layers cannow be
calculated in the following manner :

1 tume 23x107°
Slope of segment 0a = — = -
P & v, distance  5.25

5.25x10°
or vi= _2_2?;_ = 228 m/sec (top layer)
=3
Va 11
3
or Vp= 11x10" _ g14.8 m/sec (middle layer)
3
Slope of segment bc = 1 _ 14.75x10
Vi 3.5
v3 = 4214 m/sec (third layer)
HO T T T T 1 I T - ' |
E L ils A e
“T b s -
Ul j H
=1 a i
.E 0k : i
I e
i m.'h Im1 g, = ID5m |
'E s (0] 4 |
583
1 lI i | | \ |
= a 10 20 A alc. ;u A
Distance, x{m) | |
Al g a3l A — Jla :(24-1) g
Example 1-4 ;

Comparing the velocitics obtained here with those given i Table
(1-14) it appears that the third layer is a rock layer.
Thickness of layers.

From Fig. (1-50), x, = 105 m. So
I |v,=v
Z=—“"‘ L x, . 1-16
=9 v, +V, [Eq ]




2\814.8+228
Again, from Eq. (1-17)

Z,=£|:ﬂz-zz""vi_ﬁ]("s)f"z)

So  Z, =1J314'3'223 x 10.5=3.94 m

2 (V;.v;) v:i-v)
The value of T;, can be determined from Fig. (1-44) as 65 x 1073 sec.
_ 2(3.94),f(4214y - _(_2__2_3_}*_]_ (4214)(814.8)

1 a
ST =E[65 X0 (4214)(228)

- % (0.065 - 0.0345) 830.47 = 12.66 m

Hence, the rock layer is located at a depth of Z;+Z, = 3.94+12.66=16.60m
measured from the ground surface.

: Cross-Hole Seismic Survey 4uakiall jdally 5150 pad) ¥
Leiams 58 Ay il e L adia Cilaal e 43300 S-waves Laill Cila e de yu
Logs ALl 4 50l (A O pia il oy Sy (81 1) 8BS cApabatadl iadly ()15 essally
ol sl Al 4 Impulse (4 y<a ) Aas Slaal W o jiall aal g8 iy L 8
Ol y Transducer gulass 48 Jyas Aol g diagl e 423l paill Cila ge Jailid

:Q-lvsu.niﬂﬁhy;ﬁ_p

Where : t = travel time of shear waves
Pl gl Ao s a (Uil Jelas) Al el Julas (s (S LS

E‘I
¥y = e b sttt s et s e s s e ee e enen (1-19)
\\Z
vy
- (1-20)
where G = shear modulus of soil

v = soil unit weight
g = acceleration due to gravity
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J(4214)* —(814.8)
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: Electrical Resistivity Survey 4y 450 dagthaly fasall -
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where R = electrical resistance

S5 ey Ayl L) (s findd o Lol s il 5 a0 )58 A peSD A glidd
Riladl Ay (8 puSal ey A 568 Ba i O ) il culal + s Allaial i1
Laglaad (V1)) Jptany o1 0=Y) s (amyy +dp S Aaglia el Lagd Haal
v gl and 4y <

L cas Electrod ol dey ) paaius 4y Al 4y S0 Aa il QA8 3ok il
s JAY kil y « (Wenner Method) aaly ks e 4l clilus Je 4 7l pda

Y




ol Al N B9 L) Ay g SN A gliall s(V0-Y) Jgaa

Resistivity

Material (ohm-m)
Sand $00-1500
Clays, ssrurated silt o- 100
Clayey sand 200- 500
Ciruvel 1 5004000
Wenthered rock 15002500

Sound rock > 5000

«agiaall y 4y 5l Ay Sl dagliad) (V1Y) Jdn

Resistivity In
Muterisl Ohm-meters
Saturated organie clay or silt 520
Satursted inorganic clay or silt 10-50
Hard, partially saturated clays and silts;
saturated sands and gravels S0-150
Shales, dry clays, and silts 100-500
Sandstones, dry sands, and gravels 200-2000
Crystalline rocks, sound 1,000-10,000
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Elactricel resistivity survey: (a) Wenner method; (b) empirical method for
dqunrdnutirnn of resistivity and thickness of each layer
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Where : B = width of foundation
L = length of foundation
(Note : L is always greater than B.)
Dy = relative density of sand
Dy = depth of foundation measured from the ground surface.

A QLA B=L 558 aaal o,
B* =B [, B=L = , Ll
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Terzaghi's Bearing Capacity Equation
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. THANGUIAT ZONE andi (oA 5500 (Y] C1s3 ACD SR -
oadll hlia Bliidl sda ey Ll o) 43y jla Siniey ADF, CDE  Ghlial -Y
: « Radial shear zones (s kil
+ Rankine passive zones iajlidl ;S ) 3hlia e 4y AFH, CEG SUEJ =Y
J B LS v Al Jala (iay! 445 4 CAD, ACD U3 o Jaadlyy
v HL, GI gyl e & 5l el Zaglia Jaal 8 2055

]
1
J 1 _ S
b g o Srentiianana I RN REIE R i
R 'i,"':-i"-"'-.' L PR e
SRl ST AT M b e A BT Zt e
s d T-L__ = £ "J"_-LY}J:_L_“
T 45— §/2
45— 92 45 = ¢/2
Soil
Unit welght = 5
Coheslon = ¢

Friction sngle = ¢

dian o pd Gabad a3 Jaadl) 5,8 gl (YY) Js
eyl B Jaadh 3 )8 iluad 21 steal )55 o8 Gl Y1 Ad 23 Oy

=cN,+gN, +E"1r,t‘.3t'1\!r (Strip foundation) ......................(2-2)

Where : ¢ = cohesion of soil.
¥ = unit weight of soil.
q=YDr
N¢, Ng, Ny =bearing capacity factors that are nondimensional and are only
functions of the soil friction angle, ¢

s AGY) CYalaadl e i gad Jasall 508 Clalaay
2 (3n/4-¢/2) tang ,
2“,,,2[§+g) ........................................ (2-3)

N¢= coty

T cre-
o 2On/412) [

= - (45+ 5) ........................................................ (2-4)
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~ 2\ cos ¢
Where : KPT = passive pressure coeflicient.
(£-Y) JS& a5 58la Wadlagd (Say D kalxall 038 ) LaS
P ASY) Gl P 4 il P [ PR Y 0 0 PO JO 18
g,=1.3cN,+gN,+0.4yBN, ( Square, foundation)...............cccooeneen. (2-6)
g,=1.3¢N,+gN,+0.3yBN, ( Circular foundation) .........ccoocerviciiinins (2-7)
(2-7)akladll 3 (s Al Gl SLEB (i) alia Jyla 4 (2-6) Adleadl 3B S
Gl Sl plasid 7 28 a5 5 G (Al pailly eV Alad Ay
s dya @’ C' Al o8l

N, "( Ly —!) o PR SR (5.

f:'=3_: C, ¢'=tan’ [é :au¢) ............. S S (2-8)

p AV C¥ e Jasaad oSy
q'1=ﬂ.ﬁﬁ?cNU +gNg + 0.5yBNJ, (Strip foundation) ...................(2-9)
q, =0.867¢N +qN,+04y BN, (Squar foundation)...................(2-10)
g, =0.867cN’ +gN, +0.3y BN, (Circular foundation) ...............(2-11)

plasinls (0-Y) 85 e Aol Jaadll 3 08 COllase S Jladl 23 A 33,
¢ S8 eyl 444 )
e by iiatie Galad ol leliy N'q Jaead Jalaall o8 Josany o 38 18 i,
AN Aaad (50 i (g LS e i (3 o (6-7) S5 o
N'g=("**"* )tan’ (45+% T W — A (2-12)
ol il gl Ula b Janl 508 Dalaa (V=) gt lans LS

:daadll 5,8 e 48 gal) olpal) il
Effect of Water Table on Bearing Capacity i
asday Y alaall LN o) 32V e o 3 da g Jaadl 30 ol ) 5 D lalaa
QS Ulae (gl 0 A @ 8 Ay Jaail iy o 55 2 0 A0S o8 ol 4 ) At
L A0S 3 01 gy SN ¢ Sl (s ol (5 e 38 3300 5 B 0 A 0
t ounli) O gute Jiud 320 g
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Bearing capacity factors, N.. N'., N,

—
=

0.1

0 10
Angle of friction of soil, ¢ (deg)

20

30

Terzaghi's bearing capacity factors for genersl! shear failure-

(M wallly Jlgd) Jaadl 538 CBlalaa (ypni (i—"') Jed -

Bearing-capacity fulnrs for the Terzaghi equations
Values of ¥, for ¢ of 34 and 48" are original Terzaghi values

and wied 1o back-compute K, twide
¢ dey N, N, N, K-
0 in 10 0.0 i} |
5 13 Lb 05 122
10 96 ri | 1.2 147
15 12.9 a4 pE] 186
P 1.7 74 50 250
25 251 12.7 9.7 350
X 32 2.5 197 20
H 28 3.5 %0
33 L8 414 d1d 110
40 1.7 Bl 100.4 1410
44 1723 1733 ™S b Ji)
] 15863 13719 TROI
L] M7s 4151 11532 #00.0

oAl Jaadll § b CBlalas :(V=Y) Jyaa

11A

45
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Bearing eapacily factors. N, N, N,

0.l

0 10 20 a0 4 45
Angle of friction of soil, ¢ (deg)

Terzaghi's modifisd basring capacity tactom: N, N, N ; and Veuic's N

(rtaal) ally SLagV1) Alsadd Jasih 5,30 Blalan s 1(0-Y) JS&

qu =cN, + qu + .‘; y BN?.
caldydl dubd) s dady s b e Jind 40 85
d_ulall ¢ ja) gdaaYl (GBand ¢ 32) (upualih el ¢ ja) ol
DFH ¥l b o q=v,D (Gl s,y

LA oW sany b 7 ouelid capuia AL G Y By A 7y O i 1
Ldgad oL seay pilid o Caiy Bl LSS o) 3 5 CVSleay ¢ puddll G i il
S onaelil Gy G538 Ll slpal gy (1) ¢ Qupurlil o guaia Jidd 5 08 lac e
vl ) Qe S 5 e i dia B

t oapdil Gupuda (39d L gadl olyall 339 -

A g gl 5 Ve A Q 5SSy (1Y) S D <Dp iy

q = effective surcharge = D1y +Dy i MWL R B S s AR (2-13)

Where : yg5¢ = saturated unit weight of soil.
Yw = unit weight of water

Hy I P | O P‘.‘l"l ._ﬁ.ﬂ u’Ul.JJ{ﬂ ih‘,gﬁj
SN ¢ 1 V')
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p asald) puiie Jid 48 g2l oluall 343y

: sl By Haa O 7o i ol Qgusia e Bac o A gall slaall (4S5 Laigs
O<d<B

sl SVl 8 00 ¢l 20 Y AL oda L,
: K L N SR S WO SO VO o Y . | )

Lally o 5591 53ay e ey COEN 6 50 S Laiy

7 ' d '
y=y +—B(y-;r e e ey e O (2-16)

'BEJLﬂJ‘JJﬂMukMHJﬂhMW'M4ﬂJ‘+
Jasll iﬁu?&hauh@ﬂ-wﬁLMdaHgiw@'

o iy

*Grnund water io®
..--L".":_t--- 25 Case |

4
=]
L ]

d
j Cround
_-..J_...._.._..___-..-‘_".'_"!’_!.'.‘.’]_’_1. ...... — Case 1l

Y ™ saturated
unit weight

Jaadl 3 4b e A pad sl ol s(1-Y) Jes
Example (2—1)

A square foundation is 1.5 m x 1.5 m in plan. The soil supporting the
foundation has a friction angle of ¢ =20°and ¢ = 15.2 KN/mZ. The unit
weight of soil, 7, is 17.8 kN/m3. Determine the allowable gross load on the
foundation with a factor of safety (FS)of4. Assume that the depth of the

foundation (Dg) is 1 m and that general shear failure occurs in the soil.
Solution :

From Eq. (2-6)
Tu=13cN, + gNg+ 04yBN,
From Figure (2-4) for ¢ = 20°

\Y.



Nc=17.7 Ng=74 Ny=35
Thus -
qu=(13)(152)(17.7)+ (1 x17. 8)(74)+({]4}(]‘? 8) (1.5) (5)
=34975 + 131.72 + 53.4 = 534 87 » 535 kN/m2

So, allowable load per unit area of the foundation =
335

=4u _ 2% _ 133 75kN/nr
Thus, the total allowable gross load
Q = (133.75) BZ = (133.75) (1.5 x 1.5) = 300.9 =~ 300 kN
Example 2-2 :
Repeat Example (2.1): Assuming that local shear failure occurs in the soil
supporting the foundation

Solution :

From Eq. 2.10

From figure (2.5) for ¢ = 20°
Nc=12 N'q=4 Ny=1.7
So :
qy = (0.867) (15.2) (12) + (1 x 17.8) (4)+ (0.4) (17.8) (1.5 (1.7)
=158.1+71.2+ 18.2 =247.5 kN/m2

i =61.9kN/nt

Qs =

Allowable gross load = Q = (q ) (B2) = (61.9) (1.5%) = 139 kN
t Sl 3000 i ga yla dlslas

Meyerhof's Bearing Capacity Equation
N alan paly o dy s oAy acy sl y a8 JSBY Y sLas SIS ol ) 5 a8
phe Jsls e padl daglia Ua et o8 3805 o) calaal of LaS + pliadd) (ubac]
aily +ABLY Jlaat Vs L el (b 3ak o Ll LS il o gusia 30 Jlaed)!

Jaadll 5538 il dle Adlaa paiy o(V=¥) JE5 ¢ pall o2a JS Cigh pla Sy
q,= cNSdgn+qNqurq+IyBNS:ff;, ............................................. (2-17)

Where: ¢ = cohesion
q = effective stress at the level of the bottom of foundation

¥ = unit weight of soil
B = width of foundation (= diameter for a circular foundation)

Sc. 8g, Sy = shape factors, JSa) D alne
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i)
R ” d
I:;-:? _____ TSI !rﬂ : AVETLE ...--""H#:I
1™ 3 d=y0 .0 [ ) gu=g e /
| P I I
¥ 1w 7
i | F‘hrn;il-l--ﬂlll'lﬂ ,,,
. ‘4 r, ..-"‘"#J
™ eyt
Terzaght and Hansen
*rﬂ-{:}m th: Fﬁrl-llnuﬂ.hl:nrhn'f::-4!+;
ot = log e or $5. Tompcsix$
n=%0 -9
g el Gl 3500 gt 1(V-Y) Je
dc, dq, d-Y = dEpth fﬂ,ctﬂrs, d—-ll] Cilales
ic, iq, 17 = inclination factors Jgall @D lales
wlan
Ny=df ¢)m2(45+%).....,.............___._,.,.......................(2—18}
N¢=(Nq——1)mra S s R s e
Ny =(Ng=1)E0(LAB) ...ooooeoeseeseeeresecoeeseeeee (2-20)

‘LMJ MJM G.Dl.-l.u 'o...IL.l:hl i:l‘}.'-:l'l.l.l :[T—?) d_j..'l:ln ‘_-.LI!.I‘J
+ i gh pila Astaal Adlisa) cOalaal) :(Y-¥) Jgan

Shape, depth, and inclination factors for the
Meyerhol bearing-capacity equation

Faciors Value For
Shape; s = le02k,2
’ 'y Any ¢
a,-§-|+mx,g $> 10°
CREE ¢=0
Depth: do=1+ m,,a’x_,'.-’ . Any §
&
ﬁ-ﬂ-l+NJ~i é>10
dymd, =1 é=0
. ey
Inclination: by g - (l - E) Any ¢
[ T
b -(! -—) =0

T ’
I =0 $=0

Where K, = an' (45 4 471
= angle of resuliam messured from sertical withoul § sign
. LD = previowsly defined
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((Y=Y) Osta o olane ed Janill 58 COLalea o L
v &by (13 g Cigh le i dleal Jaadll 548 CBlatas i(F-Y) Jsia

Bearing-capacity factors for the Meyerhof, Hansen, and Vesi¢ bearing-
capacity equations ¥
Note that N, and N, are same for all three methods; subscripts identifly author for N,

@ N, N, N ams N Ny NJN,  2tan il - sin ¢)}
0 5.14 1.0 0.0 0.0 0.0 0.195 0.000
5 6.49 1.6 ol 0.1 04 0.242 0.146

10 8.34 2.5 0.4 0.4 1.2 0.296 0.241

15 1097 19 1.2 1.1 26 0.359 0.294

20 14.83 64 29 29 54 0431 0.315

28 0.7 10.7 6.8 6.8 10.9 0.514 0.311

26 22.25 11.8 19 8.0 125 0533 0.308

28 25.19 147 109 1.2 16.7 0.570 0.299

30 30.13 18.4 15.1 15.7 224 0.610 0.289

n 15,47 23.2 208 220 302 0.653 0.276

H 42.14 294 28.7 3.1 410 0.698 0.262

36 50.55 3717 40.0 444 56.2 0.746 0.247

38 61.31 459 $6.1 64.0 79 0,797 0.23)

40 75.25 64.1 79.4 9316 109.3 0.852 0214

45 13373 1M7 200.5 262.3 271.3 1.007 0.172

50 266.50 18,5 5674 871.7 761.3 1.195 0.131

Hansen's Bearing Capacity Equation Jaall) 5 il ¢ jila dlslas
t ey Baey JSS SV Jaatll 508 Giluad Lale Adlaa (VAVe 20) 5
q ; : I
u=CN; Sedlic8e +INgSqdaiaq +5 ¥ BNy Sydyiy 8ypemmmen(2-21)
N = same as Meyerhof = Ng-1) cot ¢
N = same as Meyerhof = tan® (45 +—g)e“"’*

NY =15 (NG-1) LB P (2-22)
Jara 8 slaed cdllaad (B Ll (A-Y) U3 Jf (Y=Y) Jgan b sllans COLalaad o3

Uslae LgadY | a3y o abiadld Aanailly (g Y1 el Jpe il p4d g Dalead Ll o (£-Y)
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(Y o=Y) (A=) JEIY e UyDlalas coglael 38l L pee cYaladl €H LY o 5l
(F=Y) Jaa o(0=Y) Jaan g (YY-Y) o(V)-Y)
: Jaadll 3.__:.'@1 L.,:LA.AAJ tﬂ_}:ﬁ Allea
Vesic's Bearing Capacity Equation
Jaaaill 5 08 EDlalaa (b D yany Jany (VAVE Liu ) AVY 2i) 3 6
Pl sadll o maaii Ny e 4l (2-21) o ola Aol daladial o2

Ny=2(Ng+1)tan¢.. .. -(2-23)
o ollans L‘JL-S(E T)d_,an.u:nLhn.-M-ﬁuﬁhh.-J L.h_gs,;‘-ﬂNc,quJ

f(T=Y) sy (YY) Jata 8 slhea b cBlaladd 30 L o(V-Y) Jgaa
: J—anil) 348 Alalea LA

Sy o Ay el 538 Giliaad Sgea b S3 Gl 3 00 (A-Y) Jpan sl
tgaritg of e 35D sl a5 58 Ul i (A0 aigal

58 Glua e Jaakiy Ckalaall AL LY pn 5y 33505 G La ol § 5 Alskaay
Laba (el oIS+l dumisiin 5l 8 il o ) s 4ile Y Jes
» B2 = 2B (o £ o) 55 A L glae Dl ae 085

e Ll ks dale y Al diiay 0050505 Ll 2 jla g Caga e <N lea U
hid 8 Ladia (o (9-Y) st (o oldandd cOUladd plasiad ¢ iy 0 il e
Ulsleay 33080 Loy 0 155 1 586 002505 Y Ledlh o 3 ol L+ Lgalaiind igail] ) gacl
ol SV il

Jaadll 3 38 CYdlaa plasiit die b Leslel ja iy
o3 10E0 BSYN ga (dal ¢ ja) cVsladdl e IS 6l 00 ALl A0 3 e

Jastl 5 55 Ao
s S oh (Band 0 5n) aladdl o (N @ Sl 085 Al il 30 3
¢ Gandl 33l Jaadl 3508 3 5 Cua

LAY Cre ol 138 Gpph ok ASulia 380 2 30 e e ) iy i Y o
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factenrs
Shape Deptin (nctors . Inclimstion factors Grownd factors (besr o shope)

2 :
£=02-— o, = 04k i -u.i-mjl—i i

[ - i‘,rrl ‘-ﬁ_

N, 8 mH . 3
-ﬂr-lf"hf.'z b= |+ 04k ;’I-E_-__ﬂ‘;(.ﬂ HHHH!"_I""E‘#-.
% = | for strip o e=l-—

"r'l'.—"—_il'lﬂlltllﬂ?ﬂl W
.,-nf;." do= | + 2uan §(1 ~ sin $)k fom = Fum = (1 - Q51
vI.nn.-(l-——__'tillllr ) Fots = By = 1 ~Tom
:,-l-:u--'. d, = 1,00 for all § VA, cotd
L R Base factors {rifud basel -
p_ D H =
= — for — =l —— B
teglrgs! ¥ ( *’*Jﬁ.mi) s
Kaf—Y

D
l-.u."-ihr-gp”nd}

147

Whare A, = eloctive footing oree 5 u [’ .
€, = sdhesion 1o bise = toleson or 8 reduoed ralug
D-Mih&qirnﬂhﬂ-ihl—dﬂﬂ

L -“ﬁdmﬂmumdmum

H-mmdmumﬂs Fiomd + 4,

¥ = ivinl wertical load oa
l-lmdnnﬁm:mh-ﬂh—-d-“l
# = fricsion angle berwarn bese and soil — grually § = & for

CONCTTNE o ol

.-iiu*dh.i-hr“-‘ﬂh}ﬂ-

sl Copc

Groeral: | Do sol wix o, i combinstion with |,
L Cu-l.'-nﬁu--ﬂin-..-dh.

L Fou /B 52w,

Feoe L/B> 2w gy = 1.5, — 17
Ford g wmi.=d

] (l —————‘J" g
iy T PPy (r=0)

I n(l _ 07— 5% /el
o F+dr,colg

>0

Bom = exp( -2y lan &)
By = c1p(~ 2Ty tan &)

b-.-*-,-. = {: - !'.." "-'

Notex: § 4 5 < 90
fseé

B e | | A
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oAy O Y tae b Lpaladied OSay JOd Clalaad 4y 5 pd :(0-Y) Jgan

Shape factors for shallow foundations (p>0)

Shape of footing 5, " s,
Strip 1.00 ' 1.00 1.00

B\/N, B 048
Rectangle 1+ (EXE) 1 +(1— an ¢ 1 7
Circle or square H:UT. 1+tang 08

After DeBeer (1887) and Vesi¢ (1870)

QI Jandll 308 CBlalas 3(1-1) Jpia

Baaring capachy factors {v>0)
L N, N, H‘, L N, N, N, n N, Ny N,

614 100 o000 16 1.0 384 142 30 301 184 181
538 109 0Do00 16 18 434 172 3 27 208 212
863 120 o001 17 123 477 208 22 356 232 249
£90 131 o003 18 131 626 249 33 386 261 293
618 143 006 19 139 680 287 34 422 294 s

649 157 009 20 148 640 384 35 461 333 407
681 172 o014 21 168 707 418 38 606 378 481
718 188 (019 22 189 782 496 37 568 429 Beo
763 208 027 23 18.9 888 685 3p 614 489 674
782 225 036 24 153 960 @689 139 679 6560 801

10 834 247 047 25 207 107 811 40 763 642 956
1 880 27 o080 26 223 N9 863 4% BiS 738 14
12 828 297 o078 27 239 132 n20 a2 937 854 137
13 981 326 094 28 268 147 1310 43 106 889 165
14 104 2369 118 29 279 164 1540 44 118 116 199

L-R--NN- W L N -

45 134 138 241
46 182 159 24

Values of N, aher Prandti 47 174 187 389
N, atier Reisaner 48 1889 222 442
N, sfier Hansen 48 230 266 BB
For ¢=0 soil wee Fig. 11.5 80 267 319 -e82

N, and N, together with Hansen’s values of N,.

\TY




I ull Jaadll §ab cHlalaa :(V-Y) Jyia

Bearing Capacily Faclors®

¢ N, N, N, N,IN, man ¢

0 5.14 1.00 0.00 0.20 0.00

1 5.38 1.09 0.07 0.20 0.02

2 5.63 1.20 0.15 0.21 0.03

3 5.90 1.31 0.24 0.22 0.05

4 6.19 1.43 0.34 0.23 0.07

5 6.49 1.57 0.45 0.24 0.09

6 6.81 1.72 0.57 0.25 0.11

7 7.16 1.88 0.71 0.26 0.12

8 7.53 2.06 0.86 0.27 0.14

9 792 225 1.03 0.28 0.16
10 B.35 247 1.22 0.30 0.18
11 8.80 2.71 1.44 0.31 0.19
12 9.28 297 1.69 0.32 0.21
13 9.81 3.26 1.97 0.33 0.23
14 10.37 159 2.29 0.35 0.25
13 10.98 194 2,65 0.36 0.27
16 11.63 4.34 3.06 0.37 0.29
17 12.34 4.7 353 0.39 0.31
18 13.10 5.26 4.07 0.40 0.32
19 13.93 3.80 4.68 0.42 0.34
20 14.83 6.40 3.3% 0.43 0.36
21 15.82 7.07 6.20 0.43 0.38
2 16.88 7.82 7.13 0.46 0.40
23 18.05 B.66 8.20 0.48 0.42
24 19.32 8.60 9.44 0.50 0.45
25 20.72 10.66 10.88 0.51 0.47
26 22.25 11.85 12.54 0.53 0.49
27 23.94 13.20 14.47 0.55 0.51
28 25.80 14.72 16.72 0.57 0.53
29 27.86 16.44 19.34 0.59 0.55
30 30.14 18.40 22.40 0.61 0.58
3 32.67 20.63 25.99 0.63 0.60
32 33.49 23118 30.22 0.65 0.62
33 38.64 26.09 35.19 0.68 0.65
b | 42.16 29.44 41.06 .70 0.67
35 #6.12 931.30 48.03 072 0.70
36 50.59 37.75 56.31 0.75 0.73
7 55.63 42.92 66.19 0.77 0.75
38 61.35 48.93 78.03 0.80 0.78
3» 67.87 55.96 92.25 0.82 0.81
40 7531 64.20 109.41 0.85 0.84
41 B3.Bé 73.90 130.22 0.88 0.87
42 93.71 85.38 155.55 051 0.90
43 105.11 29.02 186.54 0.94 0.93
+ 11B.37 115.31 224 .64 0.97 0.97
45 133.88 134.88 271.76 1.0 1.00
46 152.10 158.51 330.35 1.04 1.04
47 173.64 187.31 403.67 I.0B 1.07
48 199.26 222.31 496.01 .12 1.11
49 229.93 265.51 613.16 .15 1.15
50 26689 319.07 762.89 1.20 1.19

" Aler Veuic [1973)
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Bearing-capacity equations by the several authors indicated

Terzaghi (see Table 2-1 for typical values and for K, values)

ﬂ.l

= 2cos? (45 + ¢/2)

a = l!lllll..'.l' Sr=g@gfl)ang

Qun = cNs. + §N, + 0.57BN s, N,

N, = (Nyg=1)cot ¢

l K,y
Lo )

For. strip round square
=10 L3 1.3
s5,=10 06 08

Meyerhol (scc Table 2-2 for shape, depth, and inclination faciors)
Vertical load:; Qun = cNsd, + §Nsd, + 0.5vBN 5.4,
Inclined load:  qui = cN.dii; + N A, + 0.5yBN i,

Ny = """ ¢ an? (45 + %)

N, = (N, = l)cot ¢
N, = (N, - 1)tan(1.4¢)

Hansen (see Table 2-4 for shape, depth. and other factors) :
General: Qun = NS difb, + GNSE i by + 0.5:BNs,d i y.b, .
when =0 f
use QS s (l + s +d, =i = b =g)+§

N¢ = same as Meycrhof above
N, = same as Meyerhol above
N,= 5N, - 1)ian ¢

Vesi¢ (see Table 2-4 for shape, depth. and other factors)

Use Hansen's equations above

C——

N, = same as Meyerhol above
N, = same as Meyerhofl above
N,=2AN,+ 1)1an ¢

—
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Ultimate qy; s il Jaail 5 08 e c¥Alaadl (e D)) Janid 5 08
CS A A el s Gl p U e e K Slgal B 4, Bearing Capacity
Net Ultimate Bearing Capacity 48l s yuaill 43 3 Jaa3 5 338 Ll » ailly L)
Gnu=qu-49 coail Ll iy Aa ead B gd gy,

dalas (o Zlall (5 gral 2 jall 5508 Lus (pe 201 ALY 2y 30 5,88

v ot
Ans = dnu/F
F = Factor of safety A ) alaa
dns = Net safe bearing capacity
O Safe bearing capacity qg 4iaY! Jaaill 5 38 (oS0 LS
O™t =AY D R R (2-25)

Oy sh Lplall g gl Janill 5 3085 5 il Jaal 638 oy 30 o A iy
el 5yl 35 s oy ¢ ugualill G puaiad (a1 prlais g (g = YD) Gl 3 gee
wrd deaadl 5 08 el eBlbaa Y990 Zi 4 aliad 2 0 1005 il Lds,
| : Y1 aylal
DA e 53358 Ll JaaS sl 1Y FS = 2.5 ol e 3y 5(1) Alad
4 il JlaaWy 40 daiiay oLl iy Bl JeaaYly el Janyl e all
«RalKa’S: fanil

bl e 5,55 Li’l.ﬂl‘Hﬁd.:;lx'iiﬁi“&jFS=20L.‘:'|¢Lhaﬁh:(T)m
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Example (2-3):
A shallow strip footing of breadth 3.5m is to be founded at a depth
of 2.0 m in a soil which has the following properties :

¢ =12 kN/m?2 @ =25° y=19.0 kN/m3
Determine the safe load/m run.
Solution :

First determine the net ultimate bearing capacity.
From Table (2-6): Ng =20.7 Ng = 10.7 Ny=8.11

F -
So Gutnery = CN,+YD(N,~ ”"‘ETBNr
=12x207+190x2x97+%x190x3.5x8.11
= 886 kN/m2

From eqn 2-25, putting F =3

Safe bearing capacity, ¢, =E'i*';_"ﬂl +yD

= 8—§E+ 19.0x 2.0
=333 kN/m?
Therefore safe load =333 x3.5=1166 kN/m
Example (2-4):
Determine the safe uniform load intensity for a rectangular
foundation of breadth 8m, length 12 m and founded 2.4 m below the surface.

= 25 kN/m?2 ou = 10° y= 18 kN/m?
Solution :
From Tabel (2-6). N. = 8.34 Nq=247 N’Y = (0.47

B/L = 8/12 = 0.667

Then from Table 2-5

Sec=1+0.667x2.47/8.34=120

Sq =1+ 0.667 tan 10° =1.12

Sy=1-04x01667 =0.73

80 Guout)=6N.S,+YBN,s,—yD
=250x834x120+18x24247x1.12

+Yx18x8x047x0.73-18x24

=351 kN/m2

™




Therefore the safe bearing capacity, q¢ = 3%1+ 18 x 2.4 = 160 kN/m?

Example (2-5):
A square footing vertically and concentrically loaded is to be placed

on a cohesionless soil as shown in Fig. (2-12). The soil and other data are as
shown ;

| L e ez
I L4 ¥ = 18.10 kN/m*

L)
E
s xaim o=

Fig. (2-12)

Required. What is the allowable bearing capacity using the Hansen equation
and a SF =2.0?

Solution :

We should note that B would, in general, not be known but would
depend on the column load and the allowable soil pressure. We could,
however, compute several values of q, and make a plot of q, versus B. Here
we will compute a single value of q,.

Step. 1. Since the effective soil unit weight is required, let us find these
values. Estimate the "wet" soil has W, = 10 percent and G5 = 2.68.

Y 18.10 3
= Yo _ = 16.45 kKN/m
Ydy™ 11w 17010
Vs =— & 1645 =2.626m>

G,(9.807) 2.68(9.807)
Vv =10-Vg=1.0-0.626=0374 m3
The saturated unit weight is the dry weight + weight of water in voids
Ysat = 16.45 + 0.374 (9.807) = 20.12 kN/m3
From Fig. (2-12): we obtain d=0.85 m
Y = (Ysat - Yw) = 20.12 - 9.81 = 10.31 kN/m3
y = 10.31 +(0.85/2.5) (18.10 - 10.31)
= 12.96 kN/m3
Step 2. Obtain bearing— ity factors for the Hansen equation using D,
not cnmputa ¢ps, since footing is square. Computing,
; Ny =34

vy




B _ B _
Sq-—1+Etan¢-1.?0. ST_]'U'4I_U'6

L1
dg=1+025—=1.11 =
q >3 dy=1.10

From Table (2-1): and dropping any terms that are not used or are 1.0,
9u=YDN,5,d +0.5y BN S8 d,

Substituting values,
Quit = 18.10(1.1)(33)(1.70)(1.11) + 0.5 (12.96)(2.5)(34)(0.6)(1.0)

= 1240 + 330 = 1570 kPa

da = : 5;0 = 785 kPa (a very large bearing pressure).

Yolohss sl€ 0vv e AVl Jaaill 5 08 3y 5 Yl sy Cugm apanaill 5 508 daf ol
o e Sl iy LS Al e G @ Sl Jlaal (S JB 130 iy (Y pusfpeS)
vd; I gania Ungon et aracadd 633 ekl Jassl 5 58

Example (2-6):

A square column foundation has to carry a gross allowable total load
of 150 kN. The depth of the foundation is 0.7m. The load is inclined at an
angle of 20° to the vertical (Fig. 2-13). Determine the width of the
foundation, B. Use Eq. 2-21 and a factor of safety of 3.

Solution :
With ¢ = 0, the ultimate bearing capacity [Eq. 2-21] becomes.
.1 :
%= NS 9+ VBN S 4 &=1)
q =(0.7) (18) = 12.6 kN/m2
y = 18 kN/m3
From Table (2-6), for ¢ = 30°
N;=184 Ny =224

From Table (2-9)
B
Sq= 1+ (-I—J tang=1+0.577=1.577

Sy=1-04 (—B) =0.6 e [
V& 0.7 m
= A
dq_1+2tm¢(]-sm¢) _g = v = |BkN/m"
I B
=14 (0-232(0- 7) _ g 40202 S

'Yy



) ]—— *—0_605

¢' )2 =(l—%] =0.11

0.202

Hence :

qu=(12.6)(18.4)(1 .57?)(1 +
44.68

)(ﬂ.ﬁﬂﬁ)ﬂﬂ.i)(l B)(BX22.4)(0.6)(1)(0.11)

+13.3B (a)
14.68

=212.2+

Qall= EBL =73.73+ +4.43B (b)

Given Q = total allowable load = q41) x B? or q411 = ]—BSEE (c)

Equating the nght-hand sides of Eqs. (b) and (c)

0 9
% =73.713 + 5 +4.43B

By trial and error, B 1.3 m
Example (2-7):

Refer to Example 2-6, Determine the net allowable load for the
foundation using the definition of factor of safety. Use FS =4,
Solution : From Example (2-6).

Qy = 535 KN/

q =(1)(17.8) = 17.8 kN/m?2

_q,-q_535-17.8 _ ;
Anet(all) e =129.3kN/m
Hence : *

Qnet(all) = (129.3)(1.5)(1.5) ~ 291 kN
Example (2-8):

A footingload test. Produced the following data :
D=05m B=05m L=20m

Y =9.31 kN/m3 dtriaxial = 42.7° cohesionc =0

Pyit = 1863 kN (measured)  qu) = P - 1599 _ 1863 kpa (WmPuted]

BL 0.5x2

Required. Compute the ultimate bearing capacity by both Hansen and
Meyerhof equations and compare computed with measured values.

1ve



Solution :
(a) Since ¢ = 0, any factors with subscript ¢ do not need computing. All g;
and b; factors are 1.00; with these factors identified, the Hansen equation
simplifies to :

9 ="' DN,S,d,+0.5yBN 8 d,

2 o

L/B = o5 4 = bpg = 1.5 (42.5) - 17 =46.75°, Use ¢ =47
From a table of ¢ in 1° increments obtain ; N, = 186.9 | Ny =299
Using linear interpolation of Table (2-3) gives 208.2 and 347.2. Using Table
(2-4) get the 2 tan ¢ (1-sin ¢)? part of dq term from Table (2-3).

B B
Sqg=1+—tand=127 Sy=1-04—=09
q I () Y I
D

.q
=1+0.155 2_) =1.155
0.5

With these values obtain :
Gult = 0.31(0.5)(186.9)(1.27)(1.155) + 0.5(9.31)(0.5)(299)(0.9(1)
=1902.5 kPa vs 1863 measured
(b) By Meyerhof equations of Tables (2-8) and (2-2) and bps =47°
Step. 1. Obtain Nq = 186.9 Ny=(Ngq - 1) tan (1.4¢) =413.6

Kp = tan2 [45+%)=ﬁ.44—+‘,-'l(p =254

B 05
Sq=8y=1+0.1Kp —=1+0.1(6.44) — = 1.16
q=Sy B ( ey

dg=dy=1+0.1 .JKP %= 1+0.1 (2.54)-3'—: = 1.25

Step.2. Substitute into the Meyerhof equation (ignoring any ¢ subscripts)
9u=Y'DN,5,d, +0.5(BN,5,d,
=0.31(0.5)(187)(1.16)(1.25) + 0.5(9.31)(0.5)(414)(1.16)(1.25)

= 1262 + 1397 = 2659 kPa
tJaad) 438 pa el bl
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Gmax = 3 7 e S (2-29)
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B' = cffective width= B-2e..............coooevviiiiiii, it (2-30)
L' = effective length=1"

AR AV sV b S ,a s oS 1Y

L'=L-2e
ey Jas el J LB, L' Alaill slay) ooty Al gy Jaadll 558 il
toe ey Qult )

QU = Qg Al et itiiniirane st ieemsonessesesssasseransessenorsasesesesson e mensensas (2-31)
A' = effective area = B'L'... ....(2-32)

My, My A 4Ll jyan da *ﬁf- ..!i :.H'-L'-"ﬁ" P JSJ“-' 2 uﬂuﬂ LJJsﬂ' oo
. \_.I..u:n.ﬁ{\ﬁ-—f) L!S-“'

M M
e, = "[’ - ___ Y
X~y AN
B' = B-2e,

L'=L1L-2
A'|=BIL%

Aiie 3 Chpun Janll 50 538 o ey 134y BY) L aladialy Jaadll 5,8 iy
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Qult = Qult- Re- oo (2933)

Re=1-2 % (cohesive soil)............cccoerivicnreniiicrenienn. (2-34)

Re=1- (—E)E (cohesionless soil).........................................(2-35)

(0<e/B <0.03)
Example (2-9):
A square foundation is shown in Fig. (2-16) assume that the load
eccentricity e = 0.15 m. Determine the ultimate load, Q4.

Soltuion ;
With ¢=0, Eq. 2-21 becomes
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; . : !
9u= NS0y +SYB NS g (8=D

q=(0.7)(18) = 12.6 kN/m?2
For ¢ = 30°, from Table (2-7) Nq = 18.4 and Ny =22.4.
B'=1.5-2(0.15)=1.2m

¥
L Fuki
.__I.E.._J[ ¢ :;
I A
|
e =
AT V= gulB'L'VF
M M
t' - ?’ .l'. - -F'

L .'-

» Re= |
1] H.I‘

K_t"'_“"'“ f; [

[ 4

s el B S e Al Gl (VoY) J2d

L'=15m
From Table (2-9)

ol Sand

2 oy = 18 kN/m®
¢ = 30°
c=(

Fig. (2-16)

Y ; _ 1.2 2
sq_1+Etan¢—1+[E)tan3u = 1.462
; D (0.289)(0.7)
do=1+2tand (1 -sind)2 —L=1- =1.135
q b "5 1.5

B 1.2

Sy=1-04 [f) =1-04 (ﬁ) =0.68

YA



dy= 1| So ;
q'y = (12.6)(18.4)(1.462)(1.135) + % (18)(1.2)(22.4)(0.68)(1)

=384.3 + 164.50 = 548.8 kN/m2
Hence

Quit = B'L' (q'y) = (1.2)(1.5)(548.8) = 988 kN

Example (2-10):

A footing 1.8 x 1.8 m square is loaded with an axial load of 1800 kN
and Mx = 2 o kN.m, My = 160 kN,m. Underained trixial tests give ¢ =36°
and ¢ =9.61 kN/m?.The footing depth D = 1.8 m; the soil unit weight is 18
kN/m3, the water table is 6 m.

Solution :
Step 1. Compute eccentricity and adjusted dimensions.
My 160 e
= —L=—— =(0.089, 2¢, = 0,178, L= 0,08
%~ 7P "1800 * B
270 €
=——=0.15 2ey=03,—=L=008
Y~ 1800 <y B
B'=18-03=15m,L'=18-0.178=1622m
and N =51 Ng=38 Ny =40 (Table 2-3)
D=ty
B 18
N, B D
Se=1+—2L—=169 d.=1+04 —=14
B ; D
sq=1+-5mn¢=1.57 dq=l+213n¢(l-sm¢)2§=l-25
g
SY=1-U.4—E—0.63 d7—1.00
Al i=g=b=10 (noteif H>0all Si=1.0)

9u=CcN.SA.+GN,S,d,+2 1 B M8,

=9.61(51)(1.69)(1.4)+(18)(1.8)(38)(1 .67%(] 25)+0.5(1.8)(18)(40)(0.63)1.0
= 1158 + 2568.5 + 338.1 = 4064.6 kN/m

With SF=3,  g= 40534"5: 1354.9 KN/m2

The allowable load is based on the effective footing area to obtain
Py =1354.9x 1.5 x 1.622 = 3296.5 kN.

1800
= 1354.9 x = 739 8 kN/m2
Gact 3296.5 b
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By the alternative method using Meyerhof's reduction factor :

Use factors for cohensionless soil, as ¢ is very small
1

- !
Rex=1- (EB&T =1-(0.05)7 =0.78

: |
Rey=1- [%T ~1-(0,08) =0.72

Recompute gyt as for a centrally loaded footing; the depth factors are
unchanged; the revised shape factors are

N,
N, L

B

SY= 1 '0,4§=060

=

Qu1=9.61(S1)(1.75)(1.4)+18(1.8)(38)(1.73)(1.25)+0.5(18)(] 5)(40)(0.6)(1.0)
—1199.1 + 2660.8 + 386.2 = 4246.1 KN/m?
Q= 42:6‘1 = 1415.4 kN/m?
Pa=qa(BL)RexRey = 14154 x 1.8x 1.8 x0.78 x 0.72 =2575.4 kN
The reduced allowable pressure is

qa = 25754 _ 794.9 kN/m?
18x1.8

The actual pressure is approximately 794.9 (1800 /2575.4) = 555.6 kN/m?2
pAA yayiad a iy 3 (530 da gigl Clua gy Agfle Jaal 3 508 Lga 7 yasnal) Laill 038
Ber o ppanad) b paiind I Jeadd i s £ smuadd a5 V] sy v
H(YpufpaS ©) Yol cha S
: Foundation on Clay (sl A& Slalad))
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5 8 (bl Ao 43 s Skempton OsiSa g2 2l o = 0 el e il I

sy cphall o G Jaadd
Qult = ONG F YD (2-36)
Grueit wlt ™ CING:-i-erormssrsuamsinmsamionsaseansusssassassansonseasesaseossassanutsenessissss (2-37)
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Example (2-11):
A rectangular footing of breadth 6 m and length 15 m is founded at a
depth of 4.5 m in a cohesive soil having the following properties:
Cy = 40 kN/m2 Oy =0 y= 18 kN/m3
Determine the ultimate bearing capacity for the footing.
Solution :
D/B=45/6.0=0.75 B/L = 6/15=0.40
Using Skempton's N, from Fig. (2-17) (interpolating). N¢ = 6.7
So: qu=cyNc+yD

= |
circle or square
B/L=1 1
n I .’ﬂ_
)/ Intermadiate
/ values by
B 7 . | interpolation

: // i fi::n

Skempton's velues of N; when ¢ =0

voplal) o Gl st Jalaa ((VV-Y) S84
=40x 6.7+ 18 x 4.5 = 349 kN/m?
Using eqn [2-38] :
Nc=6.2 (0.8 +0.16x 0.4) = 5.6 =
So  qu=40x56+ 18 x4.5=7305 kN/m?
Using the Hansen eqn [2.2] and factors from Tables 3.2 and 2.4 "
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No=5.14, Ng=1, Ny =0
sc=1+o.4oﬁﬂ1.073, Sq=1.0
So ; Sq=40x5114xl.O?S+le4.5=3ﬂ3kNr’m2
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Ng = tan® (45 + i) .............................................................. (2-40)
Nc= 5tan? (45 + —) ............................................................ (2-41)
Ny = N+ Beoernerssismssesesssessrsresonssssssessss st e (2-42)

£ @¢&¢DYLM,MM,MMML»M¢,¢@J
. MPa JSoudaa Y0 8 ¥,0 GuC gyl idy (a0 00 I £0 (e saall§) 20
b =45° day el el iy o5 gl JaaTh 6500 Lle L and ol 55 S dlaay
VAllis AaiS ¢ =5 MPa 355 LS ® £0-TA (e Jhyd 5 el sl le Lo

4 Rock Quality Designation RQD siual 325 Jalna aaaliy AN,
t oa it il A sllaal Jaadll 3,8 s
CRIEEIEAL 1 .10) ) £ e (2-43)
i e < RQD h‘iﬁﬂhﬁw‘wuﬂuﬂﬂu‘imwh}&-ﬂuﬁqmtw

o a5l Climl 2 g (a An i Tdld il gl yane

RQD =
Cligall 4 plaud 5k
el b (0 pua) TV Ldshe e gt g i pan 100 il A st dgle O 51 00y
b A a ) ¢ G SYI Al el 9 gkl g gana Sy 0 I3y Aadd
RQD = 89/150=0.59
((VV=Y) Uy b (s 92 LS RQD Aail e sl el oSy
ROD 4al b jdal) uigiuas (11-Y) Joas
RQD Rock describtion |

<0.25 Very poor
0.25 - 0.50 Poor
0.50-0.75 Fair
0.75-0.90 Good
>0.90 Excellent

Example (2-12) :
A drilled pier with a diameter = Im to be founded at a depth of 3m.
in a rock mass. From the cores the average RQD =0.50 below the pier

point.
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Solution : Assume from inspection of the rock cores that :
¢ = 45° and take c =5 kN/m?2
The Terzaghi shape factors are Sc = 1.3 and Sy= 0.6
Assume the unit weight of the dense rock ¥ = 25 kN/m3

N = 5 tan (45 + i;-)= 170

45
N = tan® (45 + ?) =198

NY= Nq+ l - lgg
Gun=EN,S.+qN, +0.5YBN, 5,
~§5x170x13+25x3x198+05x25x1x 199 x 0.6

= 17447.5 kN/m?
Use FS = 3 and for RQD = 0.5 obtain the reduced allowable bearing

b 2
. [ (RQD) e 17447';(0‘5) =1453kN/m’ =1 Skg!cmz

3
:Lmhﬂ#ahm&dﬂﬂ
Bearing Capacity for Footings on Layered Soils :
Libia o o) 488 ps 2 gled ikl 4S5 gy Alia Sl o Gl pua gy Wi
b Jad o cin (5 gl Jaaih 538 8 Q! and JalSIy Y
gl 2y Al Ll WG o oSa 4831 Y,

¢ (= 0) Al Lk 45 o i) =)

¢ €y < Cp gl gl pa cimaial 2y 5lall 22 |

v G > 6y L Tighal) oy 5 98 g plad il 0
ik G Ala )y Al 45 e il =Y

oo adivd Ja )y -

s day i ol —0
v (C-9) ke a4, 5 e Sl =T

Vi) Tk (e i) gsled Al -

Vil Al G 5 8 Al Gl —0
L = 0 Al Ak 45 e bl 1 Y

355 Lgie Ayghad Gfiida (yfiisls (3a 43080 358 o oo e (VASY) 820 O

C € 5 Y B AN ALy il G guie Jid H B )

capacity as: (,
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Lajl'f-'r Il Cu(2)
$2=10

dde L5k 45 e a1 (VA-Y) g
Ak i L8 Gk didh ke 5S35 ClLLYY ol Cu(1yCu(2) > 1 <515 138
Ay g el a4l el Gl L 5 paa H/B cillS 13y 1A dah
b s 3 50 H/B 2ol 13 L (Al Zad 3 ol (pily s aglall il 33l YL
(V=) IS cia 9h LaS By gl Al 3 S e Sy )

i B
]
el SO T . R L D A ot 4 :E:n:',_ vl fl-ll-:-,51';{5:11,_?‘\....;-;_"_Rll.l..'_;‘ AN R S RS
Stronger clay 4 ¥
1 - -
rl:al -{], Cutly -?f a :'.;‘I 15':.-"_1![:’; Width B
Thinner | 7
top layer ¥ |
LD R T e s

Weaker clay
rPa=0, 0

Thicker
top layer

] L" i i A i tﬁﬁ _'I"I. I"‘,'_ A :.m.“'

‘Weaker clay

i Bl e 4 gh ol Al Jaadl) 5,48 (V4-Y) Je&
2 Oa Jdaadll 358 s Sy

L/ =|:f+ 0{%]] C,&J; h’;"‘( f+'%)[2£;ﬂ) +v ;Df
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vl il Oa G Y Gl G
il il Ll alad Lyl Wl e

5[;+ a_{%)] Gy NAY 1Dy e (248)

Gyl ddall e pladl el gl (e
Where B = width of foundation
L = length of foundation
N = 5.4 (bearing capacity factor for ¢ = 0)
C, = adhesion along the interface aa'
Cu@yCu(1) & Ca/Cy(1) * 23 (Y+—Y) JS& Gauy
Lagh Ll L Ak Adds o 395 5 clulul) i Cu(1)/Cu(2) < 1 culs 13 Ll
: on el oda A Jaadll 5 aeat y 4598 ke

2
qu=9qt+ (b - qp) (1-—%] - e (2-45)
Where
qs = [!+ 0{%)] oYy v vl s il (2-46)
1.0 T
0.9 )l
| 08—

0 02 04 06 08 10

Cu(2)
Cu(l)

Cu(2)/Cu(1) & Ca/Cy(1) S sAdd (YY) Jss

qp = [f+0.2[—i]] CunyNoF Y 1 Dpciiicvinniinsiinnensisisminesnn{2o41)
He=~B
Note that N; = 5.14 since ¢ = 0
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tpel cub dliad 3 Sgasall Jal o bl ;L8 |

Loose or Compacted ijiie o &lgade Jay e clullll 355 5 Lais
gl Ol Lsad s il Jid o) Jad e 8 Lo Al 3 A ol (k¢ piie
S S Qe it Ja i Aide CllS 1 (YY-Y) JC8 ¢ el ol Gide ) Sy gl
PO Jandll 58 Gy s Jagl Dghs (8 a8y Caga Sl e (8 Lasad

] Z.Df I&th =
=cN, +yH"| 1- YDy 2-48
quf-ﬂ?[ﬁ)fég?f (2-48)
(§ y—sal A_afhy g
i
qungBﬂk; i 4 £/ 7 IR ICRRE S R ORIt
Where ¢ = angle of friction of top sand layer
¥ = unil weight of sand

= punching shear resistance coefficient |

Ng= 3555 ¢ = 0 055 Ladie 5 +Clgiaiad 5l Jyfanl (e § a2 Ny « Ny iy
¢ Qb Gl 2y Ul 5,14

B B 2D tan
=| 14+ 0.2= |C N.+| 1+—= |yIF A @i ML 5 [ESSE :
q, ( b L) : r+( +L)ﬂf (J+ H)K’ - +y D, (2-50)
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Example (2-13):
Refer to Fig. (2-18) a foundation 1.5 m x 1 m is located at a depth
(Dp) of 1 m in a clay. A soft clay layerislocated ata depth (H) of 1 m
measured from the bottom of the foundation Given:
For top clay layer :
Undrained shear strength = 120 kN/m2
Unit weight = 16.8 kN/m3
For bottom clay layer :
Undrained shear strength = 48 kN/m?
Unit weight = 16.2 kN/m3
Determine the gross allowable load for the foundation with a factor of safety
of 4.
Sclution :
Given : Cu“? = 120 KN/m2; Cyy(2) = 48 kN/mZ. Since Cyy(1)/Cy(2) > 1, E4.
Z2-44 will apply, or :

B B\ 2¢c H
o0 B como{ -2 o0

g{n (0.2{%)] CyN.+Y Dy

Where: B =1m 3
L =15m

\o-




Df=1m

H=Im

N.=5.14

y; = 16.8 kN/mj
From Fig. (2-20) for Cy(2)/Cy(1)= = 48/120=0.4, the value of Ca/Cu(1) = 0.9
So: Ca=(0.2)(120)=108k /m?

So [}-1- (0. 2{—) (“#‘.,,M+(I+—‘g)(zc§f)+?,ﬂ,

[1 +(0 z)( 115:](43)(5.14)+(1+ - 5)[(2)“[’3)“)] 16:8)()

=2796+ 460+ 16 8 =656.4 kN/m?2
Now check :

g.= [H' (02{'2)] CyyN.+Y Dy

[H (0. 2,( )](LZ&'X5 14)+(16.8X1)

=699 + 16.8 = 715.8 kN/m2
So, q,;=656.4 kN/mp (that is, the smaller of the two values calculated above)

qu,r-‘in—ﬁj—"- 164.1kN/ uf

FS
Total allowable load is

(qau)(1 x 1.5) = 246.15 kN
Example : 2-14
Refer to Fig. (2-21) Given :

For sand . For clay :

y=18.6 kN/m? Cy = 19.15 KN/m?

¢ = 40°
For foundation :

B=1m L=15m Dg=1lm H=12m
Determine the gross ultimate bearing capacity of the foundation.
Solution :

Since the foundation is rectangular, Egs. 2-50 and 2-51 will apply.
For ¢ = 40°, from Table (2-7) Ny, = 109.41.

CN, _1915x514 _
yN,  18.6x109.41

From Fig. (2-22) for CyN¢/yNy = 0.05 and ¢ = 40° , the value of Kg=3.1
Using Eq. (2-50):
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B B\ ... 2D\ ., tang
‘i’u—[”m—f-{z)]qﬁﬁ(“E)TH (H = )K, = +vD,

~ [J’+ (0.2 {i]] (19.15)5.14 )+{ I+ %‘J (18.6X12)

L5
X [f+ (‘?;)](SJ)MT#&+(J3.6){!)
= 111.56 + 309.8 + 18.6 = 439.96 kN/m?

Again, from Eq. 2-51
/ B
q, :-Ii!-» ( D.J_)[E]]?BM +YD,N,

2
For ¢ = 40°, Nq = 64.20 (Table 2-7).

So :qy =(0.5) [;- (0.4 7’3)](‘;3. 6 X1X109.41)+(18.6 X1)64.20)

= 74618 + 1194.1 = 1940.3 kN/m2

Hence :
qy = 439.96 kKN/m?2

oy A5 A lally Jaal 5 58 Caald o g piie Ol (e 5355540 bl gy U

v oahe alind Jay e 3389 500 Gluludl Lia) Lealasnud ¢Say

! Gya H Aol s -

H=0.5B tan (45 + %)(252)
vy glall 4 1 ¢ pladSiady Gl

Dol WS g n (YT=Y) JS3 AH > dp cils ) -

vAglad Gl iy plastiulyy A8y peall ¥ Saad e Alaa b gyl e o

il d] e g2 q) BN 0y saelil bmay Loyl 318V el of s e
] A M ] Al g 325 OSazsr Bunall 138 sladiuly Ail Akl gy )y
v s g e

tiad gl 2335, Qs Quit 0B

: A Asleall Lhan 5 oS il il ghasll o

| " I:: !ﬂn C"
qult = q ult'+ P K_:i{ ¢‘+p:;f Eqult. ...(2-53}
'

Where :
gyt = bearing capacity of top layer from equations in Table (2-8).
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q'ult = bearing capacity of lower layer computed as for qult but using.

B = footing dimension, q = yd|; c, ¢ of lower layer.

P = total perimeter for punching [may use 2 (B + L) or = x diam.]

Pv = total vertical pressure from footing base to lower soil computed
as [ dyh(dh)+ qd,

K¢ = lateral earth pressure coefficient which may range from

’umE = (45+¢/2) or use Ko.
tan ¢ = coeflicient of friction between P, Kg and perimeter shear zone wall.
Pd|c = cohesion on perimeter as a force.
Ags = area of footing (converts perimeter shear forces to a stress).

A sl paand S o (e Al ey
F
——|—
| S 3
\I\hﬂ
-

el J G g9in cal o Sl H(Yr-Y) Jes
: (C- ¢ soil) dale Llkd 4,5 Je cludl) @ GG
Sl 7 L bl y Adle Ak 45 5 Ll Jeatd 3508 lad 20a5a (3 e olia
P! il Abadl § C o8
Aty HY o ®
H‘=O.5Btan(45+g~) ........................................................... (2-56)

¢l Tkl i
b WS Al  Gef s H' > d1 S 1Y ®
=R, (2-55)
7L
P 0 e yanll ¢ Ly G (0 A8 Hlal iy Usaall C iniad
c=4 "’*"ﬁ'd)cl ............................................................ (2-56)
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: om oSH st 1 C, ¢ sl imad Al 40 calS 1Y
Quit =4 CH YD S .. ||

Ll Ayl AT s aa gy el all Gl e Ssial Y Ay sl 008wl
Claladl aal dasiul o5 ikl o3¢d Uau id C, ¢ 3l dag ) Cilih (e A3 ySall Aald

t el 1o 5 S3d
_CH+CH,+CH+...+CH

. = 800 e (2758)
/

H,tan$, H,tand,..... { |

$,,=tan’’ jmnd, g vl (2-59)

SH,
where :C; = cohesion in stratum of thickness H;; ¢ may be 0
¢; =angle of internal friction in stratum of thickness H;.¢ may be zero

: Aghlal) Ay l) Jaath 5 y0b cbuad dy S Ayl 1 ey
LA A dal Al A lie Oa el o 2 e A i 3 Al ikl s 1
dan i i fo 3o o ism Al il idall Jass 2l 50 o385 36 Q) e S5y
Jaah 3l 6 52 108 JaaT o Ll Jead o 0085 ey il IS ) Sl L g ebas!
W
P gl s il S Jass @ i lidall ciS 1 L
Ve Y A Lphud y ) e s 3 e sl sl ol Jaa g 50 *
(YE=Y) IS A oS il Akl s Sie il Al Guedy
e Byl shy A Aalis Glo gl doslpl Jaadl et e 4l 23kl quit e ®
Lty B Vg 55580l ilaaall 350
G net = "ﬂ;;‘f‘—"' 2 AB oottt (2-60)
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(g = AD. L R I S W (2-61)
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Bearing Capacity of Footing on Slopes :

Jaaal 08 aBlEy Ly A o Gl piaia o Cluba) 565 L Jaadl 3,8 JE
58 mj;asumﬁuﬁmgﬁmﬁmmjﬁg\m@mw
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Example (2-15):

Given : A strip footing near the edge of a slope. The angle of
internal friction is obtained from interpretation of the reference figure of ¢
versus confining pressure.

Slope =1 on 2 (P = 26.5°) and "compact sand"

by = 36° c=0 y = 14.85 kN/m3
Casel:b/B=0.75, D/B=1.50
CaseI1: b/B =150, D/B=0.0
Required : gt
Soltuion : Case 1 :

(a) By cited method, Qult = €N, +}f YBN,

and Nyq=120
Qult = % (14.86)(120) B =891B

(b)  Using the Hansen Ny. Do not adjust ¢y to ¢ps. For strip footing
Sq =Sc=s-r=dvy= 1.0
D =15B

101




1
Quit = ?DNq + > BNy

N'q =27 (obtained and not direct linear interpolation)
Ny = 38 (direct computation of Hansen value)

- 1
Quit = QN + ETBN-,; -

= 14.85 (1.5B)(27) + .;_ (14.85) B(38)

=601 B +282B = 883B < 891B

Case II: For a footing on the surface (D/B = 0) and at 1.5B from the edge of
slope (b/B = 1.5).Experimentally.

Qult = %(14.85)([5)(3 5) = 200B kpa
By Bowles, q =0and Ny =38 (computed)

Qult = % (14.85)(B)(38) = 282B kpa

The largest difference is obtained at D/B =0 and b/B = 0. These
experimental results will be greatly influenced by tack of confinement at D/B
= 0 and produce results which are different from theory. Note, however, no
one would place a footing at D/B = 0 on sand.
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: Bearing Capacity from SPT Uil 3 5a¥) Ladl e Jaadll 5,38
5 oL w8yl s a3 B Aaled il LAY e ekl § SV )
Ly Gigan el o LEaY] 138 i e Jeadl 550 Cund aall) e S il

. HTQ nJ'l_"li.l
ForB<12m:Qpet al =11.98N  KN/M2 ... (2-64)
3,28B+1Y
ForB>12m:qpetal)=788N [W} KN/m2.........(2-65)

N = corrected standard penetration number
1os e Ju Y JJaia L s dilall Jaatlh s pdsaly ) Bowles  dy iy

S
ForB<12m :Qpetall = 1916 N Fy (m) KN/m2 ... (2-66)

|
3.28B+1 S
- =11.98 N | =——— | Fq | — | kN/m2..(2-67
For B> 1.2m: qpet all = 1 [ 3258 } 6(25.4) (2-67)
D
F4 = depth factor = (1 +0.33 —Bi)ﬂl.fi'j

'I....AS(_?. u.__IJ 'f'i.—'f) &u@‘whtMMMiﬁ@hﬁj

ForB<12m: g, = 0—1‘;-5 Fg KN/MZ ..o (2-68)
N (B+0.3Y
ForB >1.2m:qg)= 0,08 [ -; ) Fg kN/mZ ... .........(2-69)

P R0 e YO Galiag b gl Clual Al
S
8 dagia sV Qg = P e (2-70)

S =*Shettlementin mm.
O Adiale ass LS B ¢ N piil Lida YV =Y (S8 4 ciliiesdd o vy Gl (Say LaS
vie U Slagaaa of ja) 3y N 4 Sliabiall i Aidul Gl 8 Laasiuadl N
: Aale Ablea Parry (s )L o8 LS
Quit=30N KN/M2(D<B) i (2-T1)
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Bearing Capacity from CPT
O Jeaadll 3 508 Eﬁ@ugjgﬂ@@yﬂ,@;&s‘f\ﬁldﬁmyu
* Qu JL."-"E':}” 13 ap
D/B < 1.5 kb, dSulde yall 45

i) G g =28 - 0.0052 (300-q,)"  kglem? ... (2-72)

e plud gy = 48 - 0.009 (300-q,)"’ kg/om? ..o (2-73)
Akl 4, 5l

hesl Gl g =2+ 028 q¢ kglem? ...............(2-74)

Al Qi g1 =5+ 0.34 q¢ kg/em? ...........c.....(2-75)
t e Agiliall LiaY| Jaadll 5 508 ua (Say LS

For B < 1.2m, qpet all = %;— N bRl e O ET A AT SRR (2-76)

2
_q. [3.28B+1
B>1.2 o Al [ el B e e (2-77)
For m, Qnet all Y ( 3288

S=254mm la jiials g il i,
b Oa b 7 smmeall Jasdl 3538 el S LS
B < 1.2m S Wiy Agday il g day pall 2ed ill
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qu(F) - qu(P) g':" ................................................................. (2—83)

where : Bg = width of the foundation
Bp = width of the test plate
qu(F) = ultimate bearing capacity of proposed foundation.
qu(p) = ultimate bearing capacity of the test plate.
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Sp=S8p % (for clayey soil) .......c.coovvvviceiiecncn e (2-84)

P
2, 2
B. Y (328B, +1 _ _
Sp=8 i for sandy soil)... ... . 2-85
g P(Bp)(lEBBPHJ ( %828 (&%)
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D AR o e e e e T R B (2-86)
PSR B L R e e e e S e (2-87)
where : /A], Ap = areas of the plates No. 1 and No 2, respectively
P1, Pp = perimeters of the plates No. 1 and No.2, respectively.
m, n = two constants that correspond to the bearing pressure and
perimeter shear, respectively, °
P OsSs i e g gl Y gt palted] Jag olias noam il
™ A PR s i s S e A e (2-88)
where @ A = area of the foundation
P = perimeter of the foundation
t adal o ol e s oSa Waladl 038 ey
Example 2-16 :
The results o1 a plate load test in a sandy soil are shown in Fig,
(2-29), The size of the plate is 0.305 m x 0.305 m. Determine the size of a

square column foundation that should carry a load of 2500 kN witha

maximum settlement of 25 mm. Load /unit area (kN/m")
200 400 00 800

=
. \\\
) \
‘ \
: \

10

Fig. (2-29)

Settlemest (mm)

Solution :
The probiem has to be solved by a trial and error procedure. Use the

following table and Eq (2-85).

Awsume =L g S, corresponding 8, from

0. wikhB, “"B weinCll Eq (116
(kN) (m) I'INIII ) »(mm) (rmun)

()] @ (4) (5)
2500 . 40 156.25 40 13.80
2500 30 277,80 8.0 26.35
2500 32 244,10 o8 22.70
2%0 310 260.10 23.86

'So,:mhunnﬁwdn.withdmhuuﬂlmul.lmwﬂlbuppuprine

* So, acolumn footing with dimensions of 3.1 m x 3.1 m will be appropriate.
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Example 2-17 :
The results of two plate load tests are given in the following table.

Plate
diameter, B Totul load, Q Sertdement
(m) (kN) (mm)
D.305 32.2 20
0.610 71.8 20

A square column foundation has to be constructed to carry a total
load of 715 kN. The tolerable settlement is 20 mm. Determine the size of the
foundation.

Solution :
Referring to Egs. (2-86) and (2-87)

322 = %(0.305)’ (030500 (@)

71.8 =% (0.610)’m + T(O.610)0 ..eoovvrrrrerrcninnn (b)

From the preceding two equations,

m = 50.68 kN/m?

n=29.75 kN/m
for the foundation to be designed

Qyp=Am+Pn
or Qo= Bim+4Bgn
Gien: Qg =715 kN. So,

715 = B} (50.68) + 4 B£(29.75)
or 50.68 B + 119 Bg-715=0
From the above equation, Bp~ 2.8 m
Example 2-18 :

A footing 3 m x 3 m is existing over a sandy soil. The maximum
settlement allowed is 15 cm. Two load tests are made of the site, one with a
1 m x 1 m test plate and the other with a 2.0 m x 2.0 m plate. For 1.5 cm
settlements. the corresponding loads for the two tests were found to to be
10 tonnes and 30 tonnes respectively. Calculate the bearing capacity of the
soil. What load the 5m x 5 m footing shall be able to carry on the same soil?
Solution ; Following equation has been given by Housel to determine
bearing capacity of the soil.

W=Ap=Am+Pn
where ° W = total load in kg,
A = areain m2.
Po = perimeter in metres.
p = bearing capacily in kg/mz.

1€



m = comp. stress on soil in column directly below the
foundation in kg/m2.

n = perimeter shear in kg/m.
For 1 m x 1 m test plate

A=1x1=1m2
P=4x1=4m
W=Am+Pnor 10,000 =X+ 4y .......ocoooreeeirerarreanrn. (1)

For 2.0 m x 2.0 m test plate
A=20x20=40m2
P=4x20=80m

Taking 2nd case

30,000=4m+8n

Solving formandn ..........cccooooii e B (2)

and 20,000 = 2m + 8n
For which, we get m = 5000 and n = 1250
Now for 5 m x 5 m footing

A=5x5=25m2
and P=4x5=20m?
Now, we have AP = Ax + Py

P
or P=m+—n
A

= 5000 + 22 x 1250
25

= 5000 + 1000 = 6000 kg/m?

The maximum load which the footing of 5 m x 5 m size can take with

a maximum settlement of 1.5 cm.
W=pA=6000x5x5
= 6 x 25= 150 tonnes.

Hence, bearing capacity of the soil is 6000 kg/m? and the given
footing will be able to take 150 tonnes of load.
Example 2-19 :

A structure was built on a raRt foundation. The raft rested at the
ground surface on a stratum of uniform soft clay (¢ = 0) which extended to-a
depth of 50 m. If failure occurred at a uniformly distributed load of 25
tonnes sq. m, and size of the raft was 20m x 20m, calculate the average
value of ¢ for the clay.

Solution : From equation 2-6 bearing capacity for a square footing is given

by
q=13cN +ydN, +0.49bN,

1o




Since the foundation is at ground surface d = o and hence 2nd term
of the equation will vanish.
Again for ¢ =0, bearing capacity factors N, = 5.70, Ng = 1.00 and
Ny = 0 hence we are having above expressmn as q = 1.3 cNg.
Since at stress of 25 tonnes/m? failure occurred hence this may be
taken as ultimate value of bearing capacity.
25=13¢cx5.70

25
- =337t 2
57%x13 Sap

.. Average value of cohesion for the clay = 337 t/m2.
Example 2-20 :

Size of an isolated footing is to be limited to 1.5 metres square.
Calculate the depth at which the footing should be placed to take a load of
200 tonnes, with a factor of sofety 3. The soil is having angle of interncl
friction ¢ = 30°.

Given : Weight of the footing 5% of the external load.

Weight of the soil 2.1 gm/c.c.

Bearing capacity factor for ¢ =30, Nq =22 and Ny =20
Solution: The soil is sandy, therefore, it is assumed that there is no cohesion
in the soil.

From equation (2-6) allowable bearing capacity of a square footing.

qa= l [y.d (Nq - 1)+ 0.4 yb Ny] + v.d.
200X 5

Now total load = 200 +

. 210 1
" 15%x15 3

=%[2.1x21xd+25.2]+2.1d
=[147d+84+2.14d]
or 168d=934-84=85

d= S—S-E—SrE||1'u-‘:trest

16.8
. The footing will be placed at 5.6 metres below the ground level.
Example 2-21 ;

A load test was made with a 35 cm square plate at a depth of one
metre below the ground level in soil with ¢ = 0. The watertable was located
at of depth 5 metres below the ground level. T#ilure occurred at a loade of
5200 kg. What would be the ultimate bearing capacity per unit area fora 1.6

= 210 tonnes.

[2.1xd(22-1)+04x21x15x20]+21xd

1M



metres wide continuous footing with its base located at the same depth in the
same soil? Unit weight of soil was 1.9 gm/c.c. above watertable. For ¢ =0,
Nc=5.7Ng=1and Ny=0,
Snlutinn For square footing ultimate bearing capacity
=[1.3 ch+Tqu+U4Tb Ny]

Taking the: case of load test.

b=0.35m,d=1andsinced =0, Ny=0
and hence the term containing Ny of the above equation will be zero.

qu = 1.3 cN¢ +vyd. Ng

2200 =57 x13¢c+1.9
1000 x 0.35x 0.35

or o =57 x13c+19

0.35x 0.35
742¢=425-19=40.6

=0 e o

7.42
Now taking the case of continuous footing of width 1.6 m. Ultimate
bearing capacity.

1
Qy =cNg-yd Ngq + 2 ¥b.Ny

=5347x5.7+19x1x1+0
=31.2+ 1.9 =33.1 tonnes/m2.
Example 2-22 :

A 3.0 metres strip footing rests 2.5 metres below grou:nd level over
sandy clay having unit weight of 2250 kgz‘m3 Quick tests in a shear box
apparatus gave she,ar strength of 2 0.37 and 0.50 kg/cm? for normal stress of
0.75 and 1.5 kg/m? respectively. Find out the cohesion and angle of internal
friction. From Terzzzhi's formula calculate the ultimate load per metre run of
the foundation.

Given that Nc =9, Nq =35and Ny=2
Solution : We have ihe Coulomb equation t = ¢ + o tan ¢. For first case of
shear test.

037=cC+0T751a0 0 ..ocoovviiirierrieecrieeeeiseeiees e, (1)
and for second case shear test
B0 =+ LN G ()

Solving Eqs. (i) and (ii) for ¢ and ¢
tan ¢ = 0.1733 . ¢ =9.83° and ¢ = 0.25 kg/cm?.
From Eq. (8.11) ultimate bearing capacity




1 1

_ 0.25 x 100 x 100 G 2250 x2.5x3,5+l
1000 1000 2
X 2259 x3x2

1000

=25x9+225x25x35+225x%3

=225+ 19.7 + 6.75 = 48 95 tonnes/m2.
Ultimate load per metre run of the foundation.

=4895x3.0

= 146.85 tonnes per metre length.

: Presumptive Bearing Capacity Jaslll 3 il Agald o) agb
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Nt (Standard
Penetration
Material® Resistance) kN/m? kips/ft? kg/em?

Loose sand, dry 5-10 70-140 1,5-3 0.75-1.5%
Firm sand, dry 11-20 150-300 3-6 1.5-3
Dense sand, dry 3150 4 00-600 8-12 4-6
Loose sand, inundzsted 5-10 40-80 0.8-1.6 0.4-0.8
Firm sand, Inundacei 11-20 BO-170 1.6-3.5 * 0.8-18
Densc sand. inundaicd 31-50 240+ S5+ 2.5+
Soft clay 2 30-60 0.6-1.2 0.3-0.6
Firm clay 5-8 70-120 1.5-2.5 0.8-1.2
Stiff clay 9-15 150-200 345 1.5-22
Hard clay 30+ 400+ B+ 4+
Locse mica silty sand, damp 5-10 120-200 2.5-4.5 1.2-2.0
Firm mica silty sand, damp 11-20 200-350 4.8-7.5 2.2=18
Badly fraciured or partially -

waeathered rock S0+ 300-1200 10-2% 5-12
Hard rock, occasional soft

seams RODt = 50% 1500-5000 30-100 15-50
Massive hard rock RQD* = 90% 10,000 + 200+ 100+

1A

e




sl 3080 A U gl Jaadl 6l Aol i o (1Y) iy

e BN 0% T Jasill 5 0 8 a gl Al g g
(Yo p2S) Yofciies SUS
Yuaonw —Buns ) u_..ﬁ_jﬂ_\_.“‘-)sul_g_,s.i
(Yer =23). gl e [ A )l )yl
A il
h[i -:} daglu jyiia| Ugale il Hyhia
Y0uew — Yo ) P‘*J‘“JJJ""“
(Te - \4) ada jyia | - ey e - b
(o goa
pLaL‘ﬁL"ﬁ(_;Sjrﬁ.- e — Da 4_-:}‘5)_,_;.‘5
(""—"') Bya ) Jsiaa | el J—l pall
Gkl ) yadl
VRS R —y VR O PR [T S MR W
O S ;HEM - fuis Rkt P T TP
J;,."l,m I...F'd‘i:‘ I-Y) £ - Yo o S— “}PL""J!J'L"'.}]"
{n—f’)n =¥ faa A0S | das e I 83 o
Y-1,2) Yeeo s Y e gt u—dd—}lic—-ld-‘_;j
{T—"’I}T —Y e "1-'—-—-1“ {'I}_U
wd"‘—"‘ﬂt}'ﬂ_}-" iir'_Tr'Ei“‘\'“ laa aiiS J‘"Jhtrlﬂf"hd‘
g Ve ey Y,0=\,0) You=\o. Al Yl e J._.._,‘:\.d.._.}j
"I,ﬂ—‘-h - 1.__1_"|L._.| 'u__—':ﬁ
(s
WA ‘,:u*;‘-'ﬂ 1.5-;'— (Y=1) Yooton Sy pi Nk
L] a J
1—:—_,&-]‘!.45 {i.*{:i ‘5 A la| g2 il 2% gk
iamdyelliase [ (£,0-Y, 0] €00, A 335 | ) Gyt o (5 guine
JLJL#-LI}-L-;IH Yor=Y,0) ¥uu—=Vus ciflaldia u.nh _,‘u,u.h‘_gh_’lll
(-L!JJ‘H %‘.i—.-ﬂ'}\!l‘—ﬁt "ﬂ—u!-‘ﬂ-h—l-l_’h (T)“_"*L
e - ,Yo)o. -Yo T
(,Yo >) Yo laa Cigaias

Al 22 '-i—ﬂhjﬂJ-M 22 A0 Ala (5 e Jaaall I 353050 580 (V)

+dguin 01 olgal o gucia Jiad 5y pane Ll il 1Y L Wa b

d gl ALS 4 ll Ala (8 (5 gl Jpaad 13a B33 )0 ol (Y)
: Settlement of shallow foundation Akl Clulull) b gs

U | REPORTY IO Y- AT R § NPCIRURE NP JCTRPRE 1R 0. | NN

Ty g (TY=Y) ((T1=Y) OS5 Ll Clilgal) 5ol 5 Aas Casay g 0 clivh Ly

Aaly e 50y ailiaall y ol W (s Sy P Alle Thay Ganeay (o iy LY




ot o 5 g o a8 o (14)

(a) Strip foundations not exceeding 3 m wide, length not more than 10
times width, bearing on surface of rock

Rock group Strength grode Discontinuiry  Presumed allowable
spacing (mm) bearing value (kN /m?)
Pure limestones and Strong 60 1o > 1000 > 12500'
dolomites, carbonate Moderately strong > 600 =10
sandstones of low porosity 200 10 600 7500 1o 10000
60 1o 200 3000 1o 7500
Moderately weak 600 to > 1000 > 5000"
200 to 600 3000 10 5000
60 10 200 1000 1o 3000
Weak > 600 > 1000'
200 10 600 750 1o 1000
60 1o 200 25010 730
Yery weak 2
Igneous, oolitic, and marly Strong 20010 > 1000 10000 t0 >12500'
Jimestones; well-cemented 60 to 200 5000 to 10000
sandstones; indurated Moderately sirong 60010 >1000 800010 > 10 000!
carbonate mudstones. « 200 to 600 4000 (o 8000
melamorphic rocks 60 10 200 1500 to 4000
(including slates and schists Moderately wenk &00 (o > 1000 3000 to >
with flat cleavage/folintion) 200 10 600 1500 to 3000
: 60 1o 200 500 to 1500
Weak 600 10 > 1000 750 10 >1
<200 2
Very weak Al :

(b) Foundations in non-cohesive soils at a minimum depth of 0.75 m below
.ground level

Description of soil N -value Presumed bearing value
in standard (kN/m’ or kgifem® % 100)
penerration fest for fuundnti.fn of width
1m 2m 4
Very densc samls arcd gravels >50 600 500 400
Dense sande and gravels 30-50 350600 300-500 250400
Medium-dense sands and gravels  10-30 ¥ 150-350  100-300  100-250
Loos: sands and gravels 5-10 £0-150 50-100 S0=100

Motes. (1) Corrections to N-values 10 be applied to observed N-value belore using this
tabliec (2) The water tsble s assur * not 10 be close 1o base of
foundation. If the water table is at the basc of the foundsion or within a depth equal 10 the
width of the foundation then these presumed bearing values should be halved.
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() Foundations in cohesive soils at a minimum depth of | m below ground

level
Diegcr
i : Presumed bearing value
f::':::;‘r' {kN/mE or kgfjem?® % 1)
widih
(kN/m? or jor fnundmfu 9

kgihiem®x100) " 1lm Zm am’

Hard boulder clays, hard fasured

clays (e.p. deeper London nnd

Guull clays) =300 .11 4) 600 400

Very still boulder elay, very siill

‘blue” London Clay | 50300 400-E00 JOO-500  |50-250

S1T Nasured clays (e, stiff ‘bloe’

end brown London clay), sull

weathered boulder clay T5-150 200-400 150-250 15-12%

Firm normally coasolidated cleys

(a1 depth), uvio-glacial and kake - ”

clays, upper weathered “hrown’

London clay 40-75 100-200 75-100 50-15

Soft normally consolidated alluvial

clnys (e.g. marine, river and

estuaring clays) 2040 $0-100 25-50  Negligible

Gl (B "R A LGS LS (e a3 sl a gigd ¢ guin gl Liia
e R

clige de Ll daall o ASENY Jaall 2y T dugugl tasag Lasile
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Slo il Sleat L3 st Gl ie Jagagdl Giaay G o3 0 e dlea) saly ) il
sl byl oa gl D0 da gl y v GV pabiall Jlael 3 Giaay Ladia 4 0 il
O BN £l £ yane s S Jogd 05%05 205 58N da gy bl Jo gaa (0 4T)
+Ja gg)
: Immediate (Elastic) Setilement, S; ({ual)) s sil) &g -

On ol s ol ok olgiily ey nald 305 13 g 05l ol (s sl L)
paaind A (Harr, 1966) Jla 3 s gda ¢ 5al Jagsed) lussd (3 5k 330 a0 45 0038
2 (TT=Y) S8 odipal clluld

sj;z—%i‘l( I- p.:? }% (corner of the flexible foundation)............ (2-89)
5
s; =-‘-’§ﬂn- 12 ) (center of the flexible foundation) .......... (2-90)
5
1 J1+m? +m 1,}1+m‘+l
wherea= — |In +mln
L J1+m’—m ;;1+m2—l
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m = B/L
B = width of foundation

L = length of foundation
Ol G (5 il Jaysgd s (g LS (TE=Y) JS2D 3 Aigpa L/B ey ot ADe
b
8; =£§‘=’»( jnuf )t:tr (rigid foundation) ........................ (2-91)
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S; :E'Eg( I- p-;ﬁ’ )Ftav (average for flexible foundation)
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_ z1
5= GG, (q— q)ﬁf-m e (2-94)
where : I, = strain influence f':ctn-f
Cj = a correction factor for the depth of foundation
embedment = 1-0.5 [q / (E —q)]
(7 = a correction factor to account for creep in soil
=1+ 0.2 log (time in years/0.1)
q = stress at the level of the foundation
q =vDf
NI LW S PSS o na gl il Baall g Jaiidl 53l Jalaa ysisy
2 oS s iy gad
I,=01atz=0
I,=05atz=2;=0.5B

Iz=0.23‘t3=‘0 D ON ]_JBEI{}«JL;&IL,-L#IM_,

I,=0atz=2,=4B
where : B = width of the foundation and L = length of the foundation,
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SN OAD 3 Y (8 ol Ay pal Jalae o das #laled 00 Sy (WV-Y) da=
aad ) LD (YY) (VA=) ((VA-Y) b iy Qe Jassiad (3 b Lo slia
P8 AS i Ay filly + ) sl i Lilyad Lgman LS g N (a IS5 Ay el dalaa i
v Cu il daliay 4y yad Jalae o i I S ladd (V1Y) Jstn F ilsad
s AV Aslaall (s i o
Eg (kN/m2) = 766N ............... . eereernennnn(2°95)

cgndly S ay AV Aliladd (V44Y) Calpa o,
Eg (KN/m2) = 15000 + 900 N _ooocccriomssnmnssmsssimrsscss e (2-56)

: Qe Eg ol AY1 DAY aal yall s 036
R T P ceerarenrennee(2-9T)
where : qc = static cone penetration resistance

:tﬂﬂyﬂjﬁjﬁlwm;}dﬂﬂ@

Eq = 3qc (for sand){l—QT)
: 5 A Ay gl o ABY) DA p

Eg=5 —> 6 q (for coarse sand and gravel)...........oceieneiee (2-98)
Eg=1—4qc(for SIltY SANA)....ciiovnemiiiiseinnimians s (2-99)

Eg =3 —» 6 qc (for clayay sand)(Z-]DD)
E = 1.8—3 q¢ (for clayay :».11t)(2— 101)
E =58 gc(forclay).......coommmncense e eeneeneren(2-102)

t n Bg g loatl dpdle Ayl 45 5l

E¢ = 250c to 500 ¢ (for normalty consolidated clay)............. (2-103)
Over consolidated clay  walsiad (35 opklly
Eg = 750c to 1000C ................ erieresnnnee(2-104)

(17=¥) dyad (5 ymal 2,80 o8 LS Gﬁ‘ Sidle iy o8 (Y1-Y) date oy
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Methods for computing the elastic settlements .

Method No I References Relationship
1 - ut
1 ' Steinbrenner , 1934 S;=q, B !—!LJ- 1,
[ ] [}
2 Bufsman- De Beer s, w 223 qo0 Jotbo
1965(9,10) t .2 0 "oy
‘ [ ] _ILF-
(A 9
g =1 for meduim sand.
B = 1.5 for all sand ( De Deer
B = 1.9 for all sand. (Meyerhof

e
3 Schmertmann, 1970 S; = €;Cp 80 S50 —f-.oH

€y = depth correction factor
C2 = creep factor.

4 Parry, 1971, 3¢ = 100 CoCy Wy. qp B {liﬂil

Co = coefficient depends on breadth and depth
of foundation.

Cy = coefficient depends on the thickness of
the layer below foundation,

W.. = correction factor for water table.

5 D'Appolonta, 1971 Sy = 100 Co €} g, B (F4-)

Co = coefficient depends on breadth and depth
of foundation.

C1 = coefficient depends on the thickness of
the layer below the foundation.

q
6 Giroud ,1972, S, = -“E—B Phim

.PHm= dimensioniess coefficient depending on p,
L/B and B/H

7 Winter korn ,1975, S, = Cg G B (—3—)
' Eé . sﬁapg and “rigidity factor
q. B
8 Christian and Carrier 5; = —-EL—
1978, pi Ho W]

o scogfficient depends on breadth and depth
of the foundation

¥y "coefficient depends on the thickness of
the layer below the foundation
9 Burland and S, = fe.fyifelal -4 oo ) X 80.7 L3 P
Surbridge , 1985 rl = shape factor ;

fg== correction factor for depth
ft = time factor.
Ic = compressibility index.

10 Bowles,1987, S, ® Oy B t‘—?"—) Iel¢

Ig = Steinbrenner settiement influence factor.
I§ = Fox depth correction factor,

\YY
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Young's modulus, F,

Type of soil MN/m? Poisson's ratio, u,
Loose sand 10.35- 24.15 0.20-0.40
Medium dense sand 1725 27.60 0.25-0.40
Dense sand 34.50- 55.20 0.30-0.45
Silcy sand 1035~ 17.25 0.20-0.40
Sand and gravel 69.00-172.50 0.15-0.25
Soft clay 207- 5.18
Medlum clay 5.18- 10.35 0.20-0.50
Suff clay 10.35- 24.15

Example 2-23 :
Fig.(3.26a) shows a shallow foundation on a deposit of sandy soil

that is 3 m x 3 m in plan. The actual vanation of the values of Young's
modulus with depth determined by using the standard penetration numbers
of Eq (2-95) are also shown in Fig. (2-38a). Using the strain influence factor
method, estimate the settlement of the foundation five years after
construction.

Solution : By observing the actual variation of Young's modulus with depth,
one can plot an estimated idealized form of the variation of Eg as shown in
Fig. (2-38a) Fig. (2-38b) shows the plot of the strain influere factor. The
following table can now be prepared.

B A
7= J60kN/m! -
i1 T-lT.l'I:me:Iltm [mh) g 0102 04 08 I,
4,000 12000 20000 ' g I

------------ :1_5--.- o . s

Idealized L, =05
i == - -T--ﬁ—— ‘----—-
64 6
8§+ 81
| L
Degth; 2 {m) Degih, x (m)
(a) (k)

¢ YP=Y Jla (PA-Y) Jod

1YA




I

Depth Ax B, Average F" CAr
tm)  (m)  ONjmY 1, (mfkN)
0=1 1 £,000 0.233 0,261 = 10=*
10-15 05 10,000 0.433 0.217 x 10°*
1.5 25 10,000 0.38] 0903 « 10°*
4.0-8 2 16,000 0.111 013 x J0o~*
E=155= 10"
178x15

Ci=1-05 [-n—q-—]‘-: 1-05%
9-9

C2=1+0.2log (ﬁﬁ_l) =1.34

Hence :
= 2B
Se=C1.C2(7-9) 3 Az
8

160-(17.8x1.5)

J-os

= (0.9)(1.34) [160 - (17.8 x 1.5)] (1.55 x 10~%)

=249.2 x 1004 m =~ 24.9 mm

(AN 20 g1 g gl bl i ) ol (1Y-Y) i

Esl-u.:u"il,_}..h.. I "
i ¥
Tou/onS | Y/ o0l brem G
Nl & = .,0 ! i
.= Y LI Y ) o)l da s
S [ V.- ¥,0 BN b
You = _l'- Y. = ] d—h‘aﬂ*ﬂ :
Eoaia A o |
F.- ¥ r.- r b
Ya. = \.. Yo = \. 'lln"-ll 5
Yo. =~ Yo Yoe- Yo L)) Ja y2a &y
Ve . = Ve, Voo - Yo iglf
Looe = \0 £.- - \o. | P AT ¢
-L -\l l -‘ll Hj
| - ' Y - ' ,Iiu..s:u'l
LAy Ll
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Rel,No Soil type Relationship Remark
1 sand E =500(N+15) kpa
2  sad B _=18000+750 W kpa NCS
3 sand E_=41600+1050 ¥ ocs
4 sand E_=1200(N+6) kpa
5 sand E-5% kg/en®
6 sand E_=13500 ¥ kpa
7 sent Ee1.5(1 -)F) ¥ kg/on”
8 sand E =(15200 to 22000)1n ¥ kpa
9  grevel with sand B = 12(N+6) kg/on® WL15
10 gravel with sand B _=40+12(N-6) kg/en® N>15
11 dry sand E-v 6052 0<6 < 1.2
V =246.2 log ¥ = 263.4 60*375-5: 57.6
12 silty sand E_=300(N+6) kpa
13 pilt with mand E = 23(N+6) kgfmz N5
14 silt with sand B _=40+3(N-6) kg/oa’ W15
15  clayay sand E =320(E+15) kpa
16 olayay sand E.-3.33(H+5] kg’mg

S o g deal! 49 20 Oa (Es) Blicad) Jalaa puaki (Yo-¥) Jyan

‘ & lialdl Lo las L llg
Es = 1.5 9cone Jous b

=2 Gcone G dayza S,

=3 Geone At L,

=4 Qcone Wiy Ju)

Es = (3-8) qcone i

YA
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Rel.¥No Soil types Releticnship Romarks Reference
1 coarse sand E (1.5 %0 3) 4, Trofimenkof,
2 coarse and,sandsgravel I.-, Ehq b Schmertmann,
3 sandy gravel, gravel B - 6 q, Schoertimann,
4 sandy gravels B =1.5q, Trof imenkov,
5  sandy gravel, E-(5 % 7)q,  q,>40 ke/oa® * Bogdanovis,
—— Frawely sand =
6§  dry sand I.:‘;‘ 3? ST T -&;ﬂ:{-&;’;z- -Su;.l.ﬁl:-l:d-
V =301,110g ¢ - 0 =OT78f0r 90 Meleer,
lﬂi-fgﬁﬂ.hﬁﬂ.l tonts
7  Submerged sand X ~2.5(q,+30) /e’ i

. 8 suboerged sand I‘- 2 {qo-rzf;} | Schmertmann,

9 fine sama $e(15t02)q, - Trorimemeer,
10 fine to meduim eand  E_~2.5(q_+3200)/a° Bouth African pr. Da Baer,

1" fins to meduim sand 3.5 q, Sohmertuann,
12 fine to meduim sand Ea( 2t 4) 4, Trofimenkov,
13 silty sand l.-[ 11 2)q, Vesio,
14 silty sand B-( 240 4) q Trofimenkov,
15 silty sand B (1.3 to 1.9) A, Bachelisr and
Fares,
16 silty sat, sand B=(1.5 to 1,8) Q, 20<q <40 Bogdanovie,
" silty sand n_-t 2 to 3.5) g, Schmertsann,

98T olaysy sama CRa(Y 6 g, T T T Veste, T

19 olaysy sand 3.-(3.8 to 5.7) q Bachelier snd
Parek,

20  olayay sand 3,=1,67(q +1600)17/n" 1,<15 % Da Deer,

21 sub, olaysy sand E =1.67(q +15) Webb,

T T W T T T T T RIG W s T T T T T T Frotimeniey,
4 8il; sandy silt Be 24, Bobmertannn,
24 olayay silt ° 1'.:1.!! to 2.5) g, 10<gq <2 Bogdanovio,
25 clayay silt I'-('E.j to) ) q, 5<4,<10 Bogdanovie,

T2 T uandy olay,wtaff olay Eo( 5 o1 )4, U..8.R practios Trofimskev,
71 olay E~T4q, U.8.8.R practios Trofimenkov,
20 seft olay Be(6t 8 )g, Yesio,
o) l soft olay l.- 1.7 ‘, Bachelier und
Fares,

1A
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Rel. No Soil types Relationahip Refarence
1 olay B, =( 500 to 1500) € BjsrTum,
2 lean organic olayh B, =(1000 to 1500) € D'Appolonis ot al,
3 soft senaitive d:g- B, - 500¢ MRC of Canada,
4 fine to stiff oluys B, = 1000 ¢ NEC of Canads,
g very atiff olays £ - 13500 ¢ NRC of Canada,
6" clay '!‘:r}n, or crganioc 2 o 100 to 500) ¢ " Bowsles,
7 = 1;30. or stiff E, =( 500 to 1500) ¢ 28
] v 1<OCRC2 X = Boo to 1200) © e
9 e OCR > 2 E, =(1500 to 2000) € ¥
Ao jally all) 4y 595 dhud gy Cu duladll 5 gh ANy Jlicaly) Salaa (YY-Y) Jdata
Blida! Jalaa A ¢ g—d
E =50 (cy) ol G opla
E =100 (cy) ulda ) dulall b i (phe
E =150 (cu) e e o

Lo g agll AiliaWl Lo Covay 4l (5 380 b Jaad A paall ciluslu§l Al i L
lad 2aY) 33y (VAAA) ol iy Guolsa jse g il 2l t ol ps Se ol ) 5l
D sal s de gl
f(TA-Y Jeit, Se dagd wpthdly e 41 Y1 Q Jaall o84 -
s o) dlaady o (K Quit(e) Jas puall aneny -
s 3Soe il Jaall Gl el gy =Y

e=0 S 3 LS Ll el Quit (e = 0) s =1
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Quilt(e=0) _
T F =Q

 FS =F gl Jalaas (il 4 2 gassall Jaadl (a Qe = o)
.4 Se{e =¢) L.FJJH‘ -L‘J-.'ij CE':"Q(E=U) i"':"s‘:""'l" =3
P ety S Ol oS Y1y =Y

(=0} " i ~%

T 8=
t = tan] [cs{%%)] e e o ] (2-106)

where : C =[] Bp
B1, B2 = factors dependent on the L/B ratio
+(£+ =Y) &2 32 C 4 By, By oamiy
Example 2-24 :

A square foundation is shown in Fig. (2-41).1t is subjected to a load
of 180 kN and a moment of 27 kN-m. Determine the settlement of the
foundation (Se and t) according to the presented method. '

Solution :

Step 1: Given : Q = 180 kN and moment = M = 27 kN-m, load eccenrtricity
=e=M/Q=27/180=0.15 m.

Step 2 : The magnitude of Qult(e) has been calculated in Example 2-9.

Quilt(e) = 988kN
Step 3 : Determination of factor of safety, Iy :
IV /Fnlr::::fﬂ?:a = i d
| app
L '
1.5 A1
)ard
B, (Whitman and - v
N e
‘l.ﬂ_—_ _;"'L_f_..— -T
Lo B, (Lze, 1963, Whitmar
> and Richart, 197) T
0.5 ’ J 3
—~=y> I 15 2 3 4 5 678910 .8
Jaall ¢ 3850 & Gukd : (P4-Y) JS& C 5 P2 ¢« P1 iz (£--Y) J8&

1AY




180 kN

L send
oo oy e 18 kN/m?

¢ = 30°
c=0
u =03
E, = 15,000 kN/m*
Fig. (2-41)
Factor of safety = F) = Qu(l;(e) = %IBEEN =549

Step 4 : Determination of Quh(e = o) : From Eq. (2-17), because ¢ = 0,
9U=GN,Sd+ VNS, . qy =126 kNim?
From ¢ = 30° (From Table (2-7), Nqg = 18.4 and Ny = 22.4),From Table 3.4,
e B e 18 _
Sq=1+tan¢=1 +(Gc)tan30- 1.577

: D (0.289)(0.?]
dg =1+ 2tan ¢ (1-sin $)2 —L t—_— 7 =1.135
q an ¢ ( $) B 15

1.5
Sv=1-04 =1-04 0.6 ; dy=1
! (L) [1.5] v

= (12.6)(18.4)(1.577)(1.135) + (21)(13)(1_5)(22_4)(0,5)(1 )

= 414,97 + 181.44 = 596.4] kN/m2
So : -nuit(e o) = (596.41)(1.5) x 1.5) = 1342 kN
Step S : Determination of Qe=0):

=5 Qulll:u.-.u} ]342 _
Qe=0)= E 549 2H44 kN/m?2

Step 6 : Determination of Se(e=0):

C-,
le(e=n)‘ EEIZ'B i(f‘liaﬁ

For L/B = 1, oy ~ 0.82 (Fig. 2-35). Given jig= 0.3 and Eg = 15,000 kN/m2,

1A




__ (15)2444) 1 (3%)0.82 = 0,0081 m=8.1 mm
Se(e =0) = (15,000)(1.5x 1.5) (1-0.390.

Step 7 : From Eq (2-105)

2
esue-of (5|

= (8.1) [1 - (2)(0.1)}? = 5.18 mm
From Eq. (2-106)

t =tan~!|CS 52)]

For B/L=1,C= 3,95 (from Fig. 3.28). So

- tan-] 5.18 mm 01 ) ~0.078 d
1 _(3'95)[ 1000 (1.5)(1.5) i

. Consolidation Settlement qiluad) g —
saall 5L 3 Lguin yad 2ie Aapial gl Ayl (o pe Siday sl o gt
Primary mmﬁdmionfﬁﬁwmhﬁhﬂdﬁiwhm“haﬁih#
Lk s1¢d 5 « Secondary consolidation settlement s S0 bl da pé : settlement
Ala 5 iS00 i) da gl 0558y i N Ja gl Sapan olgil dmg Ciany (5 530
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P oa (EY-Y) Jo cbaill daga cluay

3: =IE“ dz
where : g, = vertical strain
__Aec

I+e,

Ae = change of void ratio
=f(Pﬂ,P¢,Mdﬁﬁ

So
S = f:f:: log ‘E’+:Pﬁ’l (for normally consolidated clays)....(2-108)

_ CGH, log L +AR, (for overconsolidated clays)............(2-109)
I+ e, P,

s. =Gl jog & 1 G 1gg BotBle
I+e, P, I+, g
(for overconsolidated clays with Py <P <Py + APyy)
where : P,=average effective pressure on the clay layer before the
construction of the foundation.
AP, = average increase of pressure on the clay layer caused by the
foundation construction.
P = preconsalidation pressure.
eg = initial void ratio of the clay layer.
C = compression index,

a

Sc

el 1)

0.007 (LL-10%) ol 503 5 4y
0.009 (LL - 10%) aleaill Agale 4 gll
LL = Liquid limit i gl 450
Lw = water content
Cg= swelling index,
1= thickness of the clay layer.

;MJMMMJM;M}JEM%L@ AP agaY 3345,
: On A giall AgaY)

APy = — (AP +AAPG + APY)....oooooeoovervseissessssressionens (2-111)

2
6
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T

oty Ly Ay AT A e el A5 A AP, APy (AP S
LaS "3, il 1S01S0a" S e uabaall ol () a0 il 038 liasdy v i e Lgeld
P oa eanall patl Jalaa alasiuly bl Gilus (Sa

8= Jf+e %In{a’iﬂ“dz(Z-llZ)

where : S = consolidation settlement
AP( ) = vertical stress increase
my, = volume coefficient of compressibility

o pladiul Sl e Y e LeSanw Y Al 5 sl Cladally
e 1 g R« e (2-113)
(Blu sl L4 Creep vaa 3V ‘iJAUnJl‘-JhJ)LE,iMLMLJ (dislall e g H Sua

toaty=1] + At s ks (paae (ja) 2 s

l +£n!
H_,'CnE log ! .(2-114)
i
Hi = thickness of laboratory sample FUTN
AHs = change in laboratory sample thickness from tl, to t2
H #= thickness of field consolidation stratum.
AH,/H,
o !ﬂgt /K
(£7-Y) IS8 3 Uil DAl At S0y Cot Jalaall o 33 5 pre Ala
vl Slall (5 siaal sladiuly

i B T PO O P

il A g Sama (pe

L - l!

LT T VO Y e, oo 55 toa

(w ) pnasladl Al g gama
AN ¢ slaad) Cn Cor s 2(47-Y) Jo
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. Differential Settlement < glilal) 3§ (i) b gl

3 QJ&BLMJJFWGJWJPLJ&#WU 3 (e iy Lavic
J1wu?lJ1uMLmQu o) 381 e 5 gl Juaal) CDIEA! Capuy IS Ddagy igies
S Ll ey ay ) el pa DY S o) Jsal J ded f Glee] sy e
Lanal a1t Qapuss Y U (g glutall L gagd) (AS 13y ¢ o LAY (5 5 NGRY
Joei 35 ey S el (Baly @ gliiall ) el o gugd (8 e s S E 580 S
olaal mﬂjmuh.ﬂﬁjyﬁwswwz.,@gsmu v JalS) ey A
o5 3ola® Y a4l (V49)) (g omaal 2550 33y, W ane Liiad sedaay 5 el
(YY) Uyind 355800 ol Fnlandd LS IS gt o

Lk Clubudll 49 7 sama S Jagb ual 2 (YF-Y) Jgde

(o) Byt ool | Al f 50 | o
Vs k) 4 Sulde ilaiis el o
o Agle ) ASulaie b Uiaiia 2e! 8
Yoo d, Lol ana L'__M

1) g Gl a8 s o gitall Ja gl g SU Ja gl o O A0 223 Llae
Ala) LIS (€ Bl g3l 5830 Ja gl ol LS 5415 pae (s Lagamy Ly
g yead i da gl oA Liad (s pemad 3480 Jaeyy + ) el (3 il Ja g
o gl da gl Ly sl Al Ga o5 g Aihiaad cliadl o sal 4yl ) ANy
MHC@MAP@‘J@J(‘E.—T)djhimmuhhpﬁlﬁ-wlﬁ
g pat LS 1 Legs 7 gasall Cgliiall dagagd g o sl piil (Yo-) Jyaal eladed pany
Jsdl may 4 Lo Jpanall y L o sansdd {..._GJJ(TH-—T) L(w_*r) oY1) dalaad t_-_.'u).l
v Al Lo gl g da gyl

Example 2-25 ;

A foundation 1x 2 m in planis shown in Fig. 2- =stimate the total
settiement of the foundation.
Solution :
Flastic Settlement

The clay layer is located at a depth of 2 m thatis, 2B below the
foundation. From Fig. (2-44), it can be seen that the soil located at a depth
2z > 78 has very litile influence on the elastic sett!=ment Hence, if Eq. (2-91)
is used tor the elastic settlement calculation.  is reasonable to use the
Young's modulus and Poisson's ratio values of the sand layer. Thus :
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Allowable average
scttlement,
in inches
Kind of building (millimeters)
Building with plain brick walls
LIH=125 3
(80)
LIH<15 4
(100)
Building with brick walls, reinforced with reinforced concrete or
reinforced brick 6
(150)
Framed building 4
: (100)
Solid reinforced concrete foundations of smokestacks, silos, towers,
and go on 12
(200)
* After Wahls, 1981
byl L4 7 saia Hi :(\'V-—'f} Jasa
Typa of Movemant Limiting Factor Maximum Setrfament
Total setllement Drainape and aceess 0.15tc06m(0.5t02M)
Probability of difierential settlement
Masonry walls 2510 50 mm (1 10 2 in.)
Framed buildings 50 10 100 mm (2 to 4 in.)
Tilting Tower, stacks 0.00481
Rolling of trucks, stacking of goods 0.0157
Crane rails 0.0035t
~ Curvature Brick walls in buildings 0.0005S to 0,0025%

Reinkirced conerete building frame  0.00551
Steel building frame, continuous 0.0025t
Steel building frame, simple 0.0058t
Maximum permissible Front slab, 100 mm thick 0.025¢
seitlement

® 8 ie bess widin: 5 i eolumn spacing,
T2 M erential senbement bn distance B o 8,

A.



35N (yang (b sl U € yamial ) 1(YA-Y) dgia L

All values to he multiplicd hy L = length between two udjacent points under consideration, H =
htl.:_!ll of wull above foundationt

On sand or On plastic Average max,
S1F85 1urr hard clay clay setthement, mm
Crane runway Q003 o063
Steel and concrete frames 0.002 0.002 100
End rows of brick-clad frame 0.0007 0.001 150
Where sirain docs not oocur 0.005 0.00% :
Multistory brick wall 3 LiMHz221S
LMl 0.0007 0.0004 00 LiH<I1S
Mulrisiory hrick wall
LN aver 3 Q0003 0.0007
One-stnry mill baildings 0.00] 0.001
Smokestacks, water lowert,
Ring fsunclations 0,004 e 300
Structures on permafrost
Reinfovrced concreie 0.007-0.0015 150 ar 40 mm/year?
Masonry, preciat concrele 0003-0.002 200 at 60 mm year
Sicel feames 0.004-0,00258 250 at 80 mm/ycar
Timbar On07-0.003% 400 al 129 mm; year

- lEﬂ I:hfm' [nut lm Iincrease)

\ .I e : .BXL.-lmKI!.rn i ‘Eln.ﬂ
e .. e e oy = 165 kN/m'
e e MR '- '. R (e ", E, = 10000 kN/m"

- ou, =04

‘!‘. H orma 1 13 consolidated c lay
: = 0,32, Cy = 0.09

Fig. (z- 44)

—giff'-u;)-'l

Given : qo = 150 kN/m2, E3 = 10,000 kN/m2, p3 = 0.3, and ~ 1.2
(Fig. 2-34). So
= D050 632912y = 0.0163 m = 16.38 mm
10.000
Consolidation Settlement
The clay is normally consolidated.




CH,6 P+AP,
= log—
l+e Y o

Po =(2.5)(16.5) +(0.5)(17.5 - 9.81) + 1.25 (16 - 9.81)
From Eq. 2-111 :

ﬂPa\,t == % {ﬁPt <+ 41'1]:'"1 e fﬁpb)
Using the 2 : 1 method
__g,xBxL
(B+z)L+z)

For the top of the clay layer, z = 2m, so
Py = (150)1X2) _ 25 kN/m?2

Se

(1+2)(2+2)
Similarly :
= BOMD) __ _ 43 45 g2
(1+3.25)(2+3.25)
and

(150)(1}2) _ 2
= : = 8.39 kN/
AP = ras)2+45) F
Thus
AP,, = %[25+4(13.45)+s,39)] = 14.53 kKN/m?2

So

Se = (032)(2.5) ]DE[52-84+14-53) = 0.0469 m = 46.90 mm
1+0.8 52.84

Hence, total settlement =S = Se + Sc = 16.38 + 46.90 = 63.28 mm

Note : The total settlement just calculated may exceed the tolerable

settlement of the foundation. In order to reduce the settlement, the

foundation size may be changed so that it will carry the same total load of
300 kN but cause less settlement.
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Design of Isolated Footing
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Example (4-1);

Design a square footing to support acolumn 0.4 x 0.4 m reinforced by 8 § 16
carries 4 load of 801. The net allowable soil pressure is 1.25 kg/cm?. Use working stresses
method. Take [, = 55 kg/em?, f, = 1400 kg/cm?, g, = 6 kg/em? g, = 8kg/em?, and 20
cm plain concrete.

Solution :

8]0
= —— =64 m?
12.5

B= A =v6.4% 253
take B=26m

80
q=———=11.83 t/m?
2.6x2.6

B-b 26-04
C= = =Llm
2 2
Maximum bending moment al the column face

c? 111)?
Mmuzqﬂ—i——lllﬂxiﬁx( }

= 18.6 mt

o i
K, (American codes)
s

18.6x10°

=(.334 V-— =28.2¢cm

iy
d=k, V (Confenental codes)
b

}15:';.l5:~:1l2l:T

=(.334 =588 cm

| (40+20)

take t = 50 cm
andd=50-7=43cm
M 18.6x10
AS = - 313‘-’-‘1!12
sz 1227 x43

Choose 18 ¢ 16 in each side (36.2 cm?),
Check minimum percentage of steel
Ay A; 3591
g === ————— =0,0032 > 0.002 safe
A. Bd 260x43
Check punshing
Q, = [B?-(b+dp
=11.83 [2.6%-(0.4 +0.43)%] =71.82 ¢

YAG




Qp 7182 x1000

Q.= = = 5.03 kg/ cm? < 8 kp/em? safe
P odb, 43(40+43)4 & ¥
Check bond
Q=qxBxC=1183x26x1.1=33831(
Q 3383 x 1000
Oy = A = 9,99 kp/cm?®

087dZe 0.87 x43 x 185.03

If L - shape reinforccments is used, q 2 kg fem? . This reinforcements mean 7 ¢ 16 in
each metre of breadth in two directions.

Al 2.01x1400
Anchorage length d , =——= = 55,98 cm < 110 ¢m

p.qb pxloxl0

Check shear -

Q,, =q[B" - (b+2d)°]
= 1183 [(2.6) - (0.4 +2x0.43)%] =61 191

61.19 x 1000 : 5
Gy = Qu/db, = _ =182 kglem™ <8 kg/cm” safe,
43x4 (40+2x43)

Details of the footing are shown in Fig, (4-5).

Example 4.2 :
Redesign the footing required in example 4.1 using 40cm plain concrete,
Solution ;

80 .
Agp=—=04m"
125

= J64=25Im

take Bc = 2.6 m

=11.83 ¢ m <125 t/m’

26x26
——--nd =0.425m
3f Ix1183
take C,, =0.4 m

ERC_I 6-2x04=18m
use RC footing 1.8x 1.8 m

q between plain concrete and reinforced concrete.

=24 .69 t/m?

| ExI 8
Cpe= 18-04=0Tm
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HD$ Una=l.25% kglem?
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Mo = 24.69 x 1.8 x (0.7)/2 = 10,89 ml

Jmar_}xms
d =033 —— " =259 cm

180
5
1089 x 10
d =334 |—=45cm
(40 + 20)
take d =43 cmand 1= 50 cm
1089 x 10° .
=— ——=225¢cm”
1227 x 43

take 12 § 16 in each side (24.12 cm’)
check minimum percentage of steel !

L= As—: A =0.0031 > 0.002 safe
A, 180x43
Check punching :

Qp="1,[B’- (b +dy] .
=2459[18x18-(0.4+043)]=62991

62 949 x 1000 .
q, = Qu/db, = = 4.41 kg/em” < 8 kg/cm safe
43x4(40+43)
Check bond :
Q. =l xBxCre=2469x18x07=3111t
5
LI x10
q, O = 13,78 kg/em?* > 10 kg/em

 087dZo  087x43x12x5.03

take 17 ¢ 16 in cach side (L-shapc). that means 9 ¢ 16 in each metre of breadth in each
side.

3
3111x10 %
q, = y - 9.73 kg/em < 10 kg/em”
087x43x17x503
A 2.01x1400
Anchored length dy = = = 5598 cm < 70 cm

P4, 7 x16x10

Check shear ;
Qsh = fn [B* - (b + 2d)*]
=2469[18x1.8-(0.4+2x0.43)°|
= 4081
 40.8x1000 , )
Qo = Quy/db, = = < 1.88 kp/om” < 8 kg/em”
43x4 (40 +2x43)

Details of the footing are shown in Fig. (4-6).

YAA




— ._-.PJI.*.EL'! t
- | v ) I -
0.4%0,4 an-I.Zﬁkg.’mz
= 1.5n!
t
L ;
9 G A G T e -.'__ R = lain econcret
EJ'["" ':_1- - " .. " L - ".- = e . r 4 " M P l
A L ; ' 3 " S " - .
. — e - -
o
),
-+

-,-L
4
&0
1.8m 12416 4o
)
12 16
= =3
| te=—=i
*

(Y-¢) Jua (1—.1) s

TAA




. Ultimate Strength Design (USD) & gl A glial) ddy jhy Huaﬂ’!

pay 45 sl e gl 22 paanadl Aok A Aasiial) gyl e LK g
e AR sy Y Bp g s by Ay yhll 0dgy pranalll Jpalds A g8l e
ST L 5563 85 a g +(5 gealll A glaal 25y phay asanal Y Jalnl) St Ay sl praca]
Juactill slgat Adyok ay il (B g Lo ASSH 5 Ayalall CllSAY! ol g a3l
bl L Ly pracad Jlach S 3 (5 puall 20 5121 aay sk Lglae Jadly
: Loads J—aa)

Gash e s el Juaad! L Jidl Juaal s g5 (Ll (5 guaill da glidl
b LS U el Jaall canangy 0258 OS 3aa3 Load factors Jaaad Cidalas plaidud

: ACI uﬂ_{y‘i"ﬂhﬁ! .‘q.:.-.}ﬂu.}h

U=14D+17 T R R N L)
U=075(14D+17L+17W) R L
U=09D+13W (IF L=0)

Dead load 330 Jaall =D =

Liveload ) Jaadi=L

Wind load gL Jas = W
: 3334 (BECOP) VA dalual) dglus ol H25a 3405y poasadl (g praall 35SV Ll
U=14D+16L ..ccooceene. e 1 2Y

05 G 4D | AL TEWD et et OAS)
U=09D+ 1.6 W(IFL=0) ccooonne o 1)

14 e Yy 1.5 Jabaad 38 ol sl 3480 e (5 ) gl 35S Calisg Laiy
» 1.6 i_;-i\llu'ﬂ 1.8 Jalnall y

La gty Juiill ol e Al jall da glia Lk (5 gaitl daglially ppasally
Dy o b aniddl Jelaa pladiuly
ACI S »Y! 3580 : Design strength = ¢ (theoretical strength)
ECOP s sl 3581 ¢ Design strength = theoretical strength /Y
VAl el g pd (VE) de S




¢ Qamaddll) Salav pd (V-8) Jia

Condition Valucof ¢ |

a. Axial tension; flexure with or without axial tension, 0.9

b. Shear or torsion, bond, anchorage. 0.85

¢ Axial compression mth or without flexure, spiral 0.75
reinforcement,

d. Axial compression with or without flexure, tied 0.7
rcinforcement.

¢. Bearing on concrete. 0.7

f. Flexure in plain concrete.

558 il il g, el Calialy y, @il AT da il cais Claa 3808 (5 yuadd) 3480 U
Slalailly JLS s (Aly padll (55355 eliad¥l e g 4558 100 alll (5485 4y ) yaall 230

Ye=15,%=115 A TR .S
Edlalae 3845 (5 9ma Y ias) &) pne Jabin (6 gis &y gasaall sliat) g fe Alla 3 U

P gk LaS 5 juaall 43 HlRall | yais
To= 175 =050 (C) 2 1.5 ocooiiiiiiiiaiiiiomsmmmmmenssissnsanssissssspismmrmssisssk HO Lokl
K= 130 = QA3 (O E 115, . o ressasshsuinns sissninammireressirseantamt (4-16)

¢/t 2 0.05 il TS
Ye=%=1 D 0sSs gl JSEN a0 200,
Pl Edlalaa (g (S a1 35S pa Lap g8 6 pel 38D By
2 agall 1 s Slu Al g Uall) pasual il glie) —
Ak CValas (o Aaaiiadl el 4le Lo jae e s aile (V-£) JSE o
v ACT o e 248 USD (g sealll Zagliall

Compressive force &
Tensile force T
C

P Mu g gmall pyall o Juanl i Jalaa b g pally oy jadl 83y
VI NS A . B N (4-18)

n= -ﬁ- Gy b a ypaadl A o ol iy
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M o] Mu
—r—F4 u (3 y
| i
Tennon tieel
4!4 - —i— T =T 4 AT

S i) Lagliad) Ay A Al gl (V-f) Jod

f f,
M, = ¢ bd’ £, %{Lu.sy ’t;, .

[51] tu

A1,

)

M'Ll o ¢hd=+l- f}r {l v 0.59

P T el € B

R Cus vagiall o DU d Baadl Gilas Aolaall 638 e oS p gl Aai yia ji g
KL S B Riinainiinb s v 20)
uf,

Where: R =¢.pf,(1-959 )

v

M,

R

e gl Jyiay Bl Al adeh (aliall jlagil) Gasg a8 ol )3 sk

0.003 5b (uad¥) Juadi¥l o Jliie! oy py (A O S 33ad R (5S35 - guad)
t 0553 200 MN/mM® 5 pealudll Cllial &5y pall Jalas 3304

da = oo (4=21)

0856y , | _ 600

fy 600+
y

Ho =

fu, £, in MN/m*
DAl (2 gaalll subudll ags dud Mg p3sh 93 ealiall LN il
Mas = 0.76 135
* foun By AN (5 gall il g Lo o8 (Y—£) Jsdpd) ghanyy
b pgaall e el saall o jally Aalill (4-18) Adsladdl paiil Al (5 peaall 380 L
AST‘V
(d-a/2)—=M,= : 45y

’s
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Mo ptd (Y= 1) dg22
ﬂ_ £, £ I
MN/m*

21 MN/m® | 28 MN/m° | 35 MN/m
276 0.0284 0.0378 0.0445
345 0.0209 0.0279 0.0329
ii 414 0.0163 « D.0217 0.0255
p =085 f =085 f=0.80 p =075
£ f
a= Ady RO G ) OO ott L7 )
Ys Yc

Agn Aaluue Al 5 pli 3 e o) ol sy Mo 930l Ld 2 pmune o ey
3 u.l i'l..'\.'-:l" .l-_jlj i.l-'ﬂ_}l-l_’ ..'hi.l Al
M s = Rouaxe f:ubdszc
A
P = ﬁ = [0.67 (E/1) (/1) (/)

4= MyYe
Rm«fmtb

vl 3l 5 jaall Jaiadall Aaglis o = [ 1 G
vialeall g padll dgal 54 = f
d A ey (9-1) Jsds e 0003 Z o(£-1) (V1) Jsfaadl O 095 onar, Reme

('l" =4 } Jyi—a

f'-.’..,'u b‘-‘jﬁ = Xumas/ts Hmasy Rmars Pﬂ

(kg/em®)
2400 0.5 8.56 x 107 f, 0.214 1
2800 0.48 7.0 x 107 £, 0.208 I
3600 0.44 50%10° fo, 0.190 ﬂ
4000 0.42 431 x 10° £, 0,187

4200 0.41 165 x 10° £, 0.180
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N e JA i sy

s
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=

P = 4 ¢ for steel 24/35
P = 6 ¢ for O nm through 25 mm high grade stecl.
P = 8 ¢ for more than 25 mm high grade steel.
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414

b. Reinforcement with £, > 414 2-
’ ik Ly (MN Im?)
c. For lightweight concrete, 1.33
d. Reinforcement spaged at least 152 (.8
mm on center and at least 76 mm in
from all sides.
¢ Reinforcement in excess of that [M]
required as provided

glaad 8 bl Sl Wl v pute oo Ld eluball Job Jiy Y cass s 6f i
P om magh (Claba 5 3aae Y1 e S Ba) bl
025 £d/ y[f,, or0.044£d, or 200 mm
Lal cclalid) 8 aale andiuy ¥ (el 580, oLd dad paid® hisd sl (S,
plad el sall e dae Ly il Jpk liunt 3o o) g Alilas JJael 5l (5 puadll 5480
P pealadll Adlisal LS

La= ¢.0..p.m [{’-’—J /4 £y,

gl g e ol el ol Whtic Giaay Al A5l aliall e iy gk 13a
P s Flaall e s gl ) Al

gl eyl LA = ¢
Lgiad A preaall il sal) o 8y 5y (A i ) bl il g plall Lo V€ =
PR S

sl aleal gAY VLA aaad V.00 = g
O sy y bl Cilis g ks jaT0 gl Gl Sga) = f,
fu=087 JE, /7, kgfem®
daan (o ey (Uhin (30 o Glia) duudl Gl (S5 e Uil iy prgaal Jalaa i 0
f(V-£)
dora (b (anay Sl 53 33 ol pael) sl o B i e i 5y pamacll Jalaa £ B
‘(A=)
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b A e leall e a3 Vo pig

V,=0.174f f‘_' bd (for member subjected to shear and flexure)
and i
V.=0.34 1'} fc bd (for member subjected to diagonal tension)
where : f, is in MN/m’, V. is in MN, and b and d are in m.
. 1_'1‘ M_J
V,
Vo= = criimesssissrens U (- 5/ k)
bd

where, v, is the shear stress

s g yasall pall o lin o Jumai ol e elity

Permissible shear stress =V, = %:— =0.17 ¢ 1’_}‘; ONC-WAY.......cnvrrirrrranerens($=24)
v, =034 ¢ 1/ vl Two-way shear .............(4-25)
s il sl J Vi o (1-8) st anyy
Vo/p a8 (V1) Jesp

Equation f (MN/m?)

number | 21 28 35 |42

Eq (424) |078 |090 |10 |11
Eq. (4-25 1.56 1.3'2'_2.0 2.2

e Al yall Jlaaiil aid p DU Jshll g8 Development length clulal Okl dguailly Ll
e Al yaad bl Job ACT 358 gy Ll Al SaY da el pludll #lud
: uff'l ,;.‘\11

». 35-mm bar and smallerbut 0.019 Ay §/+/ 1,

not less than 0.058d,
b. £3-mm bar 26 I;.r" J};
¢= 57~mm bar 341,/ .J}’

welire A, = area of the individual bar (mm®)
d, = nominal diameter of the bar (mm)

b o o e Ll Jpda py Siadalls L 1A BMN/m? s g fo, £y 3530
D Gkl AiSas 583 A8V COLLeal
a. top reinforcement. 1.4

YAl




(£-t) Jpaa ’
AT f-ij @jﬁ i-‘h:'! Adla u‘i Ximar/0y Pnaxs Rimas H§
Ir —— ——
Type of F, Kona/d e Ronax
steel (kg/cm?) -
24135 2400 0.4 6.85x 10° £, 0.18 £
28/45 2800 0.38 5.58 x 10° £, 0.178 1
36/52 3600 0.34 3.88 x 107 £, 0.157
40/60 4000 0.32 3.29x10° f,, 0.15
45/52 4200 0.30 274 x 107 £, 0.142

b il el o el a el 3 Ge £ £, a4 gaai N
vadyy (fo < 280 kglom®) foy < 28 My, (s LS Ll ¢ (£, < 210 kg/em?®) £, < 21 My

Uanial Aaal JSYE G Y Gla &N LSS (pa sl daisiall da g5l o e pdadl 4
pranai sic Ll vAdle Belua et St lilan clabad e Jgeaall g il a0l daglie

(f, ~ 4000 kg/em’) f, ~ 400 Mpa ans | LAY 3aall €15 (5500kg/em?) 550 Mpa

cabiall Lal cile g 43 393a10 (4000 kg/em?) 400 Mpa o £, 2.5 Y1 (5 jeadd) 3580 aaayy

vllld (ya S Le il sV kel B s (£ = 2400 kg/em?) £, = 240 Mpa 3345 (bl
Z pemid Ol (0~ 1) Joia

ba’ & |0.044]0.054/0.063(0 072(0.081 |0 0642|0095 |0.v00[0.708)0.118]0.121 0. 72810133 |p.137]0, 144

Z/dq 09481093610 924|0012{0.900 |0 s8p{oB80 0870 0.860 0644 0 840 0. 8301 0.62010.812]0.800

X/d 0.130|0160)0.190{0.220(0.250 |0 290{0.300 |0.320]0.250 }0.990§0.400 | 0.4301 0.450 |0.470]0.500

b redistribution  0- 10% smfar— No reciistribution —f

! O and dld VLl 4 kil el daglia Gl Uil duatly L
Vo=V, +V,
where . Ve = nominal shear strength of concrete,
Vs = nominal shear strength of reinforcement.

Ve=¢Vi=9 (V. + V)
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Column A,
l__t!_J |1 | 4dowels and
| A, > 0.0054,
g SS_1V:2H -
o o i
. [E—
1

within footing
as shown

B

ﬁgﬁ o Ay = (h+ 4d)c + 4d) 1 !}’ 1"“1|‘i—‘|i_4
7 Ay =hxi i p—;:‘-—'—.-l-u—i-"
..f & + i B
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f¢ =().85 ¢fm 1‘&2 fﬁl

Minimum area of steel = 0.005 A,
where A, = area of column
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~¥) Jai (e two-way action shear stress Vi, L £ sasall 25U (yaill 4o glia Clus =¥
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ACT agsll U (5 guallll Lagliall 43 by ppacadll il glidel (Vo= ¥) Jyin

Summary of AC1 318-83 Code Requitemants (Fevised 1988}

Principlea Design ircms Code requirements scction
General Load U=14D+ 1.7L 23
Um0.75%1.40 + L7L + 1.TH)
U=poD 4130
Lond fecior. ¢ Flexure: 0.% 8.3
Shesr and rorsion: 0,83
Bearing ; 0.7
Flexure in plain eoncrete: 0,65 |
Flexure M, - M.f,[.t-——_t“";‘:" ] o
i
Maxdnum fckure B, = 0.75, 103.3
reinforcement
Minurnen Bexure J 1.4 105
einforcement— Tl ™ f EMHfm'}
steel percenmge 4
Uniform thickness ; use secl pereentage
equal to that required for shrinkage
apd (emperature
Shrinksge and remper- For /= 275 MN/m® (40 kai) or T2
sture reinforeemens— 349 MNm? (30 ksl);
steel peroonitage 5, = {0.002)gross sonerete mrea)

For f, = 414 MN/m* (60 ksi):
g, = {00018} gros concrete area)

f factor = 0.85 for /, < 20 MN{m" (4000 10.2.7
Ibjin.?) and reduces by 0.03 for .
every 7 MNfm? (1000 Ibjin.” in
excess of 28 MN/m?). Mimimum

 value = 0.85
Shear reinforcement Refer w0 ACI Code l;—;‘
Development See Secrion '
length, L,
Reinforcement spacing Clear disance pot less than diamerer of 761
bar or 25.4 mm (1 in.)
Walls and alsbs: 6ot 1 be farthers 143

spart than 3 times the wall or alab thick-
ness or 457 mum (18 ja)

Minimum reinforces 76 oum (3 in.) for concrets east against and 7.7l
ment covet pernanently exposed 10 carth =
Modulua of clasticity 51 sysiom: e T
of ‘H";“ml By E, tMNIm™) = {P}"xﬂ.m}q’f, (MHIr“I: !
12, = density of concrene (far 1440 kglm
to 2480 ka/m?)

B jmY) = 473077, TMN ;") {{r
lm welght soncrete,

g2 £ samall yaii) Ljiayl('.i V=) dada
¢ =085 20 225 25 275 30 325
I 200) | @25) | @s0) | @75) | ooy | (325)
Wide beam 065 |0685 [ 0722 |0758 | 079 |0.824

0174 iy

Two-way action 130 | 137 | 1445 | 1516 | 1.58 | 1648 | 1.7

0344 Ty




ACT 3958 Ui (g guadl) 4o gliall 45y yhay asanailt i jlis) (Vo= ¥) Jyip

Principles Design items

Code requirements

Shear strength

FOUNDATIONS

Footings General considerstions
Maximum moment
Shear

Minimum footing
depth

Transfer of force at
bese of column or
reinforced pedestal

Round columns

L ¥ Greneral considerations

Minimum thickness

Grade beam
Reinforcement

V,

bd
Wide beom:

v, (MN/m?) = 0.17,/7; (MN/m’)
v, (Ibfin.?) = 2./f; (bfin.%)

Diagomal senvion:

v, (MN/m?) = 0.34./f. (MN/m")
v, (Ib/in.*) = 4./f, (Ibfin.”)

nmm." nnrmgthT = 0.85¢f. A,

Buceptions: when supporting surface is
wider on all sides than the loaded area,
the bearing strength on ed area
is equal to 0.85¢f. A,./A,/A,. Limit of

AJA, <2 A, = loaded area; 4, =

area of the portion of the supporting sur-
face thar is concentric and geometrically
similar to the loaded arca

Bee ACI Code
See ACI Code

4

v, (MN/m?) = 0.08% 2 + F

< 034/f; (MN/m")

B, = ratio of long side to short side of
concentrated load or reaction arca

Not less than 152 mm (6 in.) above the
bottom of reinforcement for footing on
soil, Not less than 35 mm {12 in.}
for footing on piles

Area of reinforcement > 00L.005 gross
area of supported member

Treat as square columns with same
grea for location of critical sections
for moment, shear, and development
of reintorcement in foolings

Refer to ACI Code

Not less than Y, the supported
height or length, whichever 13
shorter; not less than 102 mm
{4 in.)

Exterior basement walls and
foundation walls not less than
191 mm (7.5 in.}

See ACI Code

Horizontal: A, > 0.00254, of wall
Vertical: A, > 0.00154, of wall
A, = area of reinforcement
A, = gross area of the wall

VoY

1.3

1111

10.15

15
154

11121,
15.5

15.7

15821

15.3

14
14.5.3.1

14.5.32

14.7

1433
1432
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Example (4-3):
Figurc (4-11) shows a squarc column foundation with the following conditions :
Live load = 450 kN. Dead load = 350 kN
Allowable gross soil-bearing capacity Q. = 152.5 kN/m*
Column size =05x0.5m
f, = 22.5 MN/m? (225 kg/cm®). fy = 240 MN/m? (2400 kg/cm?)
Design the foundation according to ultimate strength design (USL)
Solution:
Let the average unit weight of concrete and soil above foundation level be 22 kN/m’
Qnetall = Gall = Yo D = 152.5 - 1.25 x 22 = 125 kN/m?

D+L 3504450

Qpeqall 125
LJse a foundation with dimensionof 26 x 26 m
The factared load U=14D+16L (ECOP)

=1.4x350+ 1.6 x 450 = 1210 kN
q=U/A=1210/26x2.6 =179kN/m* =0.179 MN/m*
Punching (two-way action shear).
V. =0.85 (0.34) I,
=0.85x0.34 225 = 1.37 MN/m®
for square fooling

& Verdyrd(vor yp=(a-a 2
4 2 4

0.179 0.179
}+d{13‘?+-?—}u5 (26%26- u5~;u5)—:—

o 0.179
da - (1.37+
4

141d*+0.73d-0.29=0
d’>+0.52d=0206

mmp!eﬂng the square

(d + 0,26)° = 0.206 + 0.26> = 0.2736
d+026 =4 02736

d= +0.523-0.26
=0.263 m
Not necessary to check wide-beam shear :
The approximale footing depth is .
@+bd =P g/4 V.

X 262 x 0.179
E+05d= =0.221
4x137

Completing the square :
{d+ 0.25)° = 0.221 + 0.25° = 0.284

(] d = 0.233 ﬂ'l
take t=050m and d=043m




26-05

c= =105m
Mu=qB C2/2=179 x 2.6 x 1.052/2
=256.6 kN.m
Agf
o= lsly
0.85f,, B

A, =085af,B/f,=085x22.5x26a/240=0207a
Mu=¢ A, [, (d-a?2)
with  ¢=0.9 and A,=0207a

M, = 0.9 x 0.207 a x 240000 (0.43 - a/2)
256.6 = 19226.2a - 22356 a°
a*-086a+00115=0

086 +(086)2 —4x00115
2

a=00136
A, =0.207 x 0.0136 =0.0028 m* = 28 em°

Check percent steel :

A 00028

p=—"_= = 0.0025
Bd 26x043
> u min = 0.0018 (ACI code)
use 14 ¢ 16 in each side
(=% L&[;,Jr.,l,;.

checl-; development length :

[
Ls=0.019 Ab —— = 0.019 x 201 x

240
e V225
also  Ly=0.05dbfy =0.058 x 16 x 240 = 222.7mn
So Lamia = 300mm controls
Actual Ly=C - over = 105 - 0.075 = 0.975m > 300 mm

= 193.2 mn

Check for bearing strength and dowels :

A,  [(05+4x043)
Ay Y o0sx05

So use Jﬁz !A] =2and $=0.7,
The design bearing strength = 0.85 ¢ {, A, 1’52 /A,

=085x0.7x225x05x0.5 42
= 4733 MN = 4733 kN
The factored column load u = 1210 kN < 4733 kN

=29

Y0




So. a minimum area of dowels should be provided a cross the interface of the column and
foundation. Minimum area of steel
= ().005 (area of column) = 0.005 x 40 x 40
: = 8 ¢cm use 4 $ 16 as dowels
The final design section is shown in Fig. (4-11).

Example (4-4):

Redesign the footing given in example (4-3) using 40 cm plain concrete.
Solution :

et sl = Guit = Ya D= 152.5 - 1.25 x 22 = 125 kN/m’

350+ 450 2
pc = ————="64m
125

Take plain concrete 2.6 x 2.6 m and C,. = 0.4
BRC=2.6'23{}.4= 1.8 m
Usc RC footing 1.8 x 1.8 m
The factored load. U=14D+16L
=1.4 x350 + 1.6 x 450 = 120 kN

U 1210
= = =373.5 kN/m* =0.3735 MN/n
Apc 18x18
Punshing (two-way action shear)
V, =085034) 4f,

=0.85x 0.34 ¥22.5 = 1.37 MN/m®

q

For square footing :
a? (Vo + )+ 4(Vg 4 %}h =(Af -AG)%

0.3733 0.3733 0.3735

a21.37+ V4d(L37+ ) 0.5=(18x18-0.5x0.5)

146 d°+0.78 d =0.28

187 ¥ 03735

d+050= = 0.221
4 xL37
S d=0283m
If we take t= (.5 m and d=0.43

18-05
— =875 m

=
9

M, =qBC/2-3735x 1.8 x0.875%2 = 2574 kN.m
A, =085af. Bf,=085x225x184a240=0.143 a
MH =¢-ﬂhf}'(d‘m}




e,
0.5x0.5
Df= | 1.5m
'+}5
q -1_52-5 —i.F":._'. om -:'Jl!” -'.i.'gl, ; K = . - :i} o7 ey ...;_._ I_'I_s
all kpa
¥
Al spa/m’

0.5

+
T
uiﬂﬁ 2.6} 2.9m
14 16
i -q'-
;‘ 2!5‘
' ="
b 2.9 "
i !

(r-t) Jia (V1-¢) Jsd

Y.V




with ¢ =09 and A, = 0.143a
M, = 0.9 x 0.143a x 240000 (0,43 - a/2) = 257 .4
15444 a° - 13281.8a + 2574=0
Solution of this equation gives |
a =0.0199
A, =0.143 x 0.0199=0.0028 m’ = 28 cm’

Ag 00028
p=—2= =0.0036 > i = 0,0018
Bd 18x043

use 14 ¢ 16 in each side

Check development length :

f, 240
Ls=0.019 A, ——=0.019x201 x

=193.2 mm
Jf. V225
also La 2 0.058 dof, = 0.058 x 16 x 240 = 222.7 mm
So Lamin = 300 mm controls

Actual L4 = c-cover =(.875 - 0,075 = (.8 m > 300 mm

Check for bearing capacity :
A 0.5+x043
2 it s) L0y
Ay 0.5x0.5
As
Souse (— =2and¢$=07
Al

A
The design bearing sirength =085 ¢ [, A, f
i

- 0.85x0.7x22.5x 0.5x0.5 4/2
=4.733 MN =4733 kN
>U=1210kN ok.
So, a mimmum area of dowels should be provided across the interface of the column and
foundation :
Mintmumni area of steel = 0.005 Al =0.005 x40 x40 =8 cm
So. use 4 4 16 as » dowels.
The final design scction is shown in Fig. (1-12),
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D=350kN, L=450kN
=] .*:_d" ﬂsixﬂ.ﬁm

14416 14416
14416
1.8
14 & 16
,,dr..
; 1.8m "
'_f !

Z.6m
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Example (4-5) :
Design a rectangular footing to support a square column 40 x 60 em reinforced by

8 ¢ 19 mm carrics a load of 100 t. The net allowable bearing pressure on the soil is 1.5

kg/em® Assume f, = 60 kg/lem®, f, = 1400 kg/em®, q, = 7 kg/em®, g, = 10 kg/em®, use

working stress method. Plain concrete is taken 40 cm, depth of foundation 2.0 m. i

Solution :

Ay =100/15=667 m*

take plain concrete 2.3 x 3 m and C,, = 40 cm

Use RC footing 1 5x22m

100

Stress between plain and reinforced concrete is g = =30.3 <50 t/m;
15x2.2 -
Pl el dga oS BB aill g el abildl o el oy
P-A., 100-04x06x303 -
gi=—— == = A5 i

3 b, xq, 2(0.4 +0.6) x 100

el G da jadl plaliall die p g jall gy
M, =30.3 x 2.2 x 0.552/2 = 10.08 mi = 4,58 mt/m’
M, =30.3 x 1.5 x0.82/2 = 14.54 mt = 9.69 mt/m'’

0.69 x 100000
d,,,=ﬂ.313J 5 = 30,81 cm
100
s = 0315 P 00 e e
(40 + 20)
as L > B it is preferable to compute the depth required for shear
- O
bxq,sh A
{ﬂ.ﬂﬂ—dsh}x 1x 303
il S d=024m
1x70
take d = 53 cm and t=53+7=60cm
steel in long direction,
My  1458x10° . ,
Ag = = =22.5cm take 12 ¢ 16 (24.12 cm”)
kzd 1217 x53
24.12
percentage of steel y = =0.003 > 0.002

150x53
Check bond stresses : Q,=30.3 x 0.8 x 1.5 = 36.36 t/m’,

YY) -




%
0.87xd Zo
36.36 x1000

087x54x12x x16

increase the reinforcement to 14 ¢ 16 by U-shape.
36.36x1000 10.99 kg/om?
L e = x ¢m'
% 087 x54x12x x16

= 12.82 kg/cm’ > 12kg/em’

Afe  2.01x1400 '
Anchorage lengthdy= ———= = 50.9 cm < 80 cm.
Pqp mxl6xll

Steel in short direction :
My  1008x10

- = 1581 cm
k,d  1217(54-16)
minimum A, = 0.002 x 54 x 2.20 = 23,76 cm®

5

2
E= —={ Rl
(22/15+))
Area of steel in central zone of width B = 0.81 x 23.76

=19.25 cm’
Use 10 ¢ 16 in 1.5 m middie zone.
Use 2 ¢ 16 in each 0.35m end zone.

Check bond stresses :
Q=303x055x22=36661

36.66 x 1000

0e = =
087 x526x14m x16
use 14 ¢ 16 in U=shape

Af, _ 201 x 1400
£ 4y 087x526x14x L6
Details of the footing are shown in Fig. (4 -15).

Anchorage length dy = =50.9 cm < 55 cm

Example : (4 6); :
Design a rectangular reinforced concrete footing for the following
D = 1160 kN, L = 1000 kN at foundation level at 2m
footing : B = 2.2m. q, = 240 kPa, f, = 21 Mpa. f, = 400 Mpa
Solution :
P=1100+ 1000 = 2100 kN

2100 2
A=——=8"75m

240

TYY
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UseL=40m
U= 14 x 1100 + 1.7 x 1000 (ACI code)
= 1540 + 1700 = 3240 kN

3240

22x4
Depth for shear (wide-beam action)
V.=017¢ |ffo =0.17x085 ¥21=065MPa

TF =0 ona | m wide section on right end of footing

=368.2 kPa

qf

. 40-045
gWﬁ:d{l.{}}Vu- [ » -—d] q=o0

0.65d+0.368 d=0.654
1.018 d = 0.654
d=0642 m taken 0.65
Usc this value of d to check the two-way action :
Perimeter of two-way action block = (0.45 + 0.65) 4 = 44 m

P, = Perimeter x d X Ve = 4.4 (0.65) x 0.34 x 0.85 J21

= 3788 kN > 3291 4 kN
40-045
C=—— = 1775 m
2
2 368.2x 1775
M,= M, =qCj /2 = —*-2—— = 580.03 kN.m

AgAy  400Ag
a = =
0.85[.B 085x21x]

M, = ¢ Af, (d-a/2)
580.03

1000
Cleaning up, we oftain
A?-0058A +0.0014=0

A, = 0.0025 m’fm’

=2241 A,

2241
= (.9 A, x 400 (0.65 - TA-]

0.0025

1x0.65

iotal stecl A, =0.0025 x 2.2 =0,0055 m* = 55cm’
Use 20 6 19 as a longitudenal reinforcements.
Check development length

Lo=0019 A/ T, =0.019x284 5 200/ {21 =471 mm
also  Lg20058 df, = 0,058 x 19 % 400 = 440 8mm

Check percent stecl : p=- = (,0038 > 0.0018 < 0.016

Yit




Lg actual = C-cover = 1775 - 75 = 1700 mm > 471 mm |

Short direction :
Assuming short bars also ¢ 19 mum
d=065-0019=0631 m

22-045
=0.875m

2=

3682 x 08752
- = 140.95 kN.m

a= same as before = 22.41 A,
M., = ¢ A, (d -a/2)
2241

n.|4095-=u.ga.x4mw.631-—1— A) }
l
|

A?-0,0563 A, +0.000035 =0
A, = 0.00063 m*/m of width

2 0.000998 < 0.0018 |
1x0.631
A, required=0.0018 x 1 x 0.631=0.0011 m*m | |
A, total = 0.0011 x 4.0 = 0.0044 m’ = 44 cm” |
usc 16 ¢ 19 or 24¢ 16
This reinforcement may be distributed by ; | |

2
lnthcccntralzom:of2.2m=A,xs—-l-ﬁ..x(2!2—42-+l}m1?¢16andlnm¢hmn |
+ .

Check percent steel : p=

side zone of 0.9 m=4¢ 16

it is not necessary 10 check L. _

Check bearing and design dowels : . Y
A; =0.45 x0.45=0.2025 m* :
A, =(0.45+4 x 065/ = 9.30 m*

9.30 .
JA, /A = |——=68>>2 i

0.2025 |

50 use 1-’A1 /A; =2and $=0.7

design bearing strength = 0.85¢ f, A1 A, /A, |
=085x07x21x02025x2 I
= 5.06 MN = 5060 kN |

The factored column load U = 3240 kN < 5060 kN !
minimum area of dowels should be used across the interface of the column and
foundation:
Minimum area of steel = 0.005 A, = 0.005 x 0.2025 = 10.1
50, use 6 ¢ 16 .
The final design section is shown in Fig. (4-16).
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p=1100 kn, L=1000 kn
- 7vry |
M}cﬂ.ﬁ5m
q, =240 kpa Zm.

! L A dk
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Eccentrically loaded bases. In all cases e S G- H = shear from col.
moments or other
P loading
M
i ] = i E
A= BL.
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1
n
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Example (4-7);
Design a reinforced concrete footing for a column 30 x 60 cm carrying a load of

80 t and reversible bending moment of 24 mt. The net allowable soil pressuze is 1.2

kg/om® Take

£, = 55 kg/em® (fu, = 250 kg/fem®), f, = 1400 kg/em’, g,= 9 kg/em®

q,= Ykg/em® (use working siress method).

Solution :
e=M/P=24/80=03m
L o et
275 L
e L
80 6 x03
12= (1% )
BL L
Lx18 I
B=6.67 (1% 2 )
L I
| I 51:1
|
z 5.0 m -
s (V=) J—Sa (V4-¢) Js
By trail and error .
j B LB
2 6.34 12.68
25 459 11/48
3 3.56 10.68
35 2.89 10.12
e R 7y R o068
4.5 2.08 9.36
5 1.81 9.05

via




Take 4 x 2.5m
80 6.03 %
q, = (Hr )=ll.ﬂtfm“

4x25 3
80 6.03

q,= (1 - —J =44 tm’
4x25 4

q at any distanse x from maximum pressure is given by :
q=116-18(x)

q at the centre of column = 11.6 - 1.8 x 2 = 8 t/m’

q at the face of column=11.6-18x1.7= 8.54 t/m’

P-A.q 80-03x06x854
dp= = =(.436m
bu qn 2(0.6+0.3)x100

Long direction :

; 107 2
Mo = 8.54 X 2.5 X 10772+ (116 -8.34) x 2.5 x ——x_ x 17

=30.85+737=38.22mt

do=k YM/b =0334 /3822 x 10° /250 =413 cm

Ifwetakeb= bc+20=30+20=50cm

4o = 0334 3822x10° /250=92.3 cm

take t=70cm and d=63cm

3822 10

63x1227

take 18 ¢ 19 L-shape.
Since the moment is reversed the area of steel is placed in both direction, so 18 ¢
19 or run through out the length of the footing.

= 49,44 cm’

4944
po= =0.0031 > 0.002
250 x63
Check bond stresses

17
Qattheface of column =854 x25x 1.7+ (11.6-854)x2.5X -2—

=363+65=4281

3
428x 10
w =727 kg/em’
% OB7x63x 18 7 x19 9’

Check shear
Critical section of shearatx=17-063=107m
q at critical section of shear = 11.6 - 1.8 x 1.07 = 9.67 /m

Yy,




1
0,=967x25x107+(116-967T)5 IO7TX25X —
2

1845%10° R
T —= ], cm”
G S0r63

Asfe _ 2835x 1400
P 4, 5.98x10

19.36x10° :
M= | ————— | =25.04cm
1227 x63

min, A, =0.002 x 400 x 63 = 50.4 cm® > 258  take 25 ¢ 16
check of bond stresses
Q,=8x4x11=3521

19 .
d=63-— --I-E =61.25cm
2 2

Anchorage length dy = =66.4cm<17m

352x10 5% kg!cmz
% 087 x6125x25m x16 '

AT 201x1400
Anchorage length dd = - =559cm < 1.1mm
) qh 503x10

Details of the footing ar eshown in Fig. (4-20)

Example (4-8) : :
Design a footing for a concentric column load and a reversible moment. Given

data :

P =800 D + 800 L = 1600 kN, M = 800 kN. m, q,, = 200 kpa, £, = 21 Mpa

f, = 400 Mpa (use ullimate strength method).

Solution :

_ P (l:l:ﬁe)
& S TA

e =M/P =800 /1600 = 0.5m

1600 6x0.5
200 = (l:l: )
BL L

e

by solving for B
8 3

B= —(1:1:-":)
L

5
for e < -E—,Lmusta:im

v




24 mt

- YOTWUFrTF
q =1.2
”ﬂkgf:%
O,.1lm
1.1 m
2.7 0.3m :@-—1.?-—*
0.6 m
L 4.2 m ,
" ¥ 3
1 10 40
0.7 0.63
.07
0.1
\ 1.6 m i
8 =
.1 L1
25 lﬁI
\
C 2.1
18 19 l
- T _1L
-
L h!u m N1
'l' L]

(V=) Jhmia (Yo —£) Joi
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Lm Bm LxBm

0.4
0.6

3 5.33 16
4 3.5 14
N 1“
5 2.56 12
6 2 12
suggested footing size :
B=30mL =45m
1600 6x05
qy = 1+ .
17 3245 45 _ 1.85 -
39.11(37.04) |

[ —

4.% m

L

44 .77

q|=19?gkpa ,q;=3gllkpa fq.=2{]0kpﬂ

P,=0.75 (1.4 x 800 + 1.7 x 800) = 1860 kN (ACI
P 6
- ,=_u.[li_“)._..lli”"u
ult , BL L/ BL pi?
1860 6x1020
= i 2
. Ix45 3x45
q,,, ™= 238.52 kpa
Q= 37.04 kpa

Depth for shear (wide - beam action)
Ve=0.17¢ fr, =0.17x0.85 ¥21 =0.65 Mpa = 650 kpa

code)

IZF =0 on a Im wide section on right end of footing gives :

45-06
d(1.0) V, - ( : -:l)q=0

P, 1860
=Xy  =13778
17 BL "3 xe5 kpa
650d-(1.95-d) 137.78 =0
787.78 d = 286.871
d=0.36

d fortwu-v.'ayactinnusingappm:dmawequaﬁnnmbefoundfw

Ve=034 ¢ fr; =034 x085 21 = 1.32 Mpa

rYy

197.9(238.52) ] (A=£) Jlia (Y1-¢) s



; B
48 +20b+c)= b
VC
Ixn4.5x137.78

1320

4d°+2(0.6+04)d=

4d° +2d = 1.41

d+0.5d=07352

(d+0.235) = 0.352 +025° =041
d+025=4 J041 = (.64
d=064-025=039m

used=0425m
and t = 0.5 m (cover = 7.5cm)

185 Cun (gAY Al e check 38U Jae y Gl o phll aaly d ey oS 08
A, Jiad¥y) & laa g wide-beam shear Je g .:gSh Jasl 5 two-way (e Asiaall d

For wide beam shear V, = 1.32 Mpa = 1320 kpa
for a pressure diagram varying from 37.04 to 238.52 in 4.5 m, the shear V, for a strip Im
wide at d from column face :

V.= 1525 [238.5 - 1.525 (44.77)] + 1.525 (44.77) L
2
=SS kDA b 1.95 d (1.525
Vp 3116 ' =t
= Vo S11eS .. I
bd 1x0425 o .
<V, =1320 >
o h.s m

el (A=£) gl (¥¥-t) Jed

Determination of A, for side with large toe pressure, 1.95m usc integration because of
pressure diagram.

195 195
4477
M, = Idez j (233.52 X~ "] dx
0 0 2 :
185
2385252 44,77 x°
= - =398 16 kN.m
2 6
0
ae Asly _ 4004,
085f,B 0.85x21x1
M,=¢ A, f, (d - a/2)
398.16 224
= 0.9 As x 400 (0.425 - A;
1000 2
cleaning up, we obtain
Y'Y ¢




A2. 0.038 A, + 0000099 = 0
A, = 0 0028 m*/m

0.0028

1x0.425

= 0.0066 > 0.0018
<0.016
total steel A, =0.0028 x 3 = 0.0084 m* = 84cm’
use 30 ¢ 19 as a longitudenal reinforcements.
Check development length :
Ls=0.019 Abf/ [fr; =0.019x 284 x 400 421 = 471 mm

also L, 20.058 ddfy = 0.058 x 19 x 400 = 440.8 mm
L scuat = C - cover = 1950 - 75 = 1875 mm > 471 mm
Short direction :
Assuming shor bars also ¢ 19 mm
d=0425-0019=0406 m
3-04

2

3852+37.04
Qg = 2: = 13778 kpa

check percent steel p=

Ca= =]13im

=
M, = 137.78x 13 il AN

2
a =same as before = 2241

M, = ¢ A, (d-a/2)
2241
0.1164 = 0.9 A, X 400 (0.406 - ——4;)
Cleaning up, we obtain
AZ-0036 A, +0.00029=0
A, = 0.00082 m*/m'

0.
Check percent sieet @ p = = 0.002 > 0.0018 .

| x 0406

<0.016
A, total = 0.002 x 4.5 = 0.009 m* = 90 cm’
use32¢ 19
Check bearing and design dowels
J'hl =06x04= 0'-24 II'Iz
A, = [(0.6 + 4 x 0.425) (0.4 + 4 x 0.425)]
=23x21=483m°

r".-
|
| =
|m
l
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D=B00 kN, L=B00 KN

'ﬁ‘

=800 kN.m

ﬂ.i n
3.0 0.4m 1.85 m
1-3 m
L
15 &.5 0.1
6 16
0.%
{I.I'__":"
3z 19
1.0

30,

19

4,

5 m

>

4

B m
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n
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ﬂz 483
2 = (I =495
.41 24
A
ase |—==2and¢$=0.7
Ay

A
design bearing strength = 0.85 ¢ £ A, ’f—
1

=085x07x21x024x2
= 5.998 MN = 5998 kN > P, = 1860 kN
A minimum a rea of dowels should be used across the interface of the column and
foundation :
Minimum area of dowels = 0.005 Al = 0.005 x0.24 = 12 cm’
so.use 6 ¢ 16
The final design section is shown in Fig. (4-24)

Example (4-9):
Design a footing for a column 40 x 60 carring a load D =400 kN, L = 500 kN
and a permanent of M = 130 kN.m, M, = 140 kN.m in plane parallel to the longer side
of column and it a lways acting in one direction. The net allowable soil pressure is 150
kpa. Use ultimale strength design (USD) and take :
Column : f, = 28 Mpa, [, = 400 Mpa, stecl 8 ¢ 25
Footing : f. = 21 Mpa, f; = 400 Mpa :
Solution * P = 400 + 500 = 900 kN
A=900/150=6 m’
take L/B=60/40= 1.5
A=6 =15BxB=15F
B=2m.L=3m

M =M, +M, = 130 + 140 = 270 kN.m o6
0.4 @

1.5 L.5m

—1-

e =M/P=270/900 = 0.3 m < L/6=3/6 = 0.5m
q = 1.4 (400) + 1.7 (500)/2 x 6 = 235 kPa
Depth for two-way (use approximate equation) H
4d°+2@®+c)d=BLg/V.. V.=130Mm | T
4d +2 (0.6+0.4) d=1410/1300 '
d+05d=0271
d=033m dag (4-4) Jha (Yo-t) Jsi
Depth for wide-beam shear at d from column for strip 1m wide. We could of
course. chmkd=0.33mbulitisaboutaseasymmmpmethemquimdd'
d()(Vao=1(.5-d)q
V. =0.65 Mpa = 650 kPa
650d=1(1.5-d)235
d=0398m
take t = S0em. dix =0.425 m

rYv




M, =g l'i-'?-'l.?'i\li'fl'-lb]:t kKN m

a -ALIBSEB=400A, 70852182 L1 2A,
M, = ¢ Adf, td - a/2)
263 4 /1000 = 0.9 A, x 400 [0.425 - (11 2 A, /2)]
Cleaning up. we obtain

AZ-0,076 A, +0.00013 = 0
A, =0.0018 m/m’

0.0018
Check percent steel * p= =0.0042 > 0.0018
Ix0425
< (0016
total steel A, =0,0025 x 2 =0.005 m’

=50 cm”
use 18 ¢ 19 as a longitudenal reinforcement check development length

Lo =0.019 Ay f, /ff; = 0.019 x 284 X 400 21 =471 mm

also  Lg=0.058 d, f, = 0.058 x 19 x 400 = 440.8mm
L st = €= cOVEr = 1500 - 75 = 1425 > 471

Short direction :
Assuming short bars also ¢ 19 mm
d =0.425-0.019 = 0.406 cm

2-04
2
—2
M.=235x 08 [2=752kN.m
a = gamc as before = 11.2 A,

M, = ¢ A, (d -2/2)
75.2/1000 = 0.9 A, x 400 (0.406 - 11.2 A, /2)

A2 .0.0725 A, +0.000037 =0
A, =0.001 m*/m’

=08m

=

0.001

1 x 0406
A, total = 0.001 x 3 =0.003 m*= 30 cm’

use 11 19 or 15 ¢ 16
check bearing and design dowels
A =06x04=024m’
A,=(0.6+4x0.425) (0.4 +4x0425)=4.83 m’

4 _ [483
2 - | ——=449>2
4 Vo4

Check percent steel : 1= = (),0025 <0.0018

YA




n=4a00kN, | =500kN
<1 30kN m
D M, =140KN w
— I —7rrry

~150 kpa
qnﬂ &

- u Lad H
BJG m1-5 m 1
qh
20 o N
U-ﬁ_J___ _1.5m
1.5m
& 16
0.5 |-
ﬂ.l.’t LT x = i - o
18 19 11 19
. 3.0m £q
T
11 19
1
2m AL
18 19
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A
souse |—— =2and¢$=07
A4
A

design bearing strength = 0.85 ¢ [ A, fT:
1
=085x07x21x024x2
= 5,998 MN = 5998 kN
the factored column load U = 1.4 (400) + 1.7 (500)
= 1410 kN < 5998 kN
A minimum area of dowels should be used across the interface of the column and
foundation.
Minimum area of steel = 0,005 A,
= 0,005 x 0.24 = 12cm®
Souse 6¢ 16
The final design section is shown in Fig. (4-26).

Example (4-10):

Redesign cxamplt by using the wnrkmg stress methu-d take :

£, = 550 kN/ m® (£, = 2500 kN/ m ). f, = 140 MN/m’, q, = 90 kN/ m’
Solution :

e=MP=270/900=03m

A = 900/50 = 6 m’

| s
take — = —=15m
B 40

q=——=150 kN/m
3x2

Long direction
M,, = 150 x 2 x 1.5%/2 = 337.5 kN.m

dn =kl YyM/Db

=0.334 4/3375x10* /200 = 43.4 cm

900 -200x 06 x 0.4 + t
d,= =0.426 m =42.6 cm +
2 (0.4 +0.6) 1000
Take d=55c¢m and 1=48 cm l
4 L1
0 -
A= 337a%1 =573 cm’ ..._,_.__._. f——t—
1227 x 48 |
take 21 ¢ 19 mm (59.5 cm”) ,
A 595 [——}—}— N
p= —S= = ().0054 > 0.002 L
bd 200 x 55
check of bond stress s (Vo —t) JHa (YV-£) Jed

Y.




Q=150x2x15=450kN
450

Qv = = 860 kN/m’
087 x048x212x0019 +
usc L - shape reinforcement
0.02835x 140000
Anchorage lengthdy = A, f,/p Qs = 2 =66.4 ¢cm < 90 cm
0.0598 x 1000
Steel in short direction 'II
M, =150 x 3 x 0.8%2 = 96 kN/ m’
96x10% ,
= = 16.3 cm
1227 x 48
A, = 0.002 x 300 x 55 = 33 cm®
use 17 ¢ 16
Check of bond
Q=150x3x08=360kN
360 .
G = = 1008.8 kN/ m*

087x048x17x 0016

da = A, / pgy = 2.01 x 140000 / 5,03 x 1000 = 55.9 cm < 80 cm
Details of the footing are shown in Fig, (4-28).
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Example (5-1):
A 25 cm concrete wall supports a net load of 50 t/m the depth of the
footing below ground level is 1.5 m. The net allowable pressure is 1.5
kg/cm” Design R.C. footing for this wall, using f. = 50 kg/cm’, f, = 1400

kg/cm?, gsh = 6 kg/cm®. Use plain concrete equals 20 cm.

Solution : A=P—“=E=3.33m’ '

q, 15 '
B=333/1=333m |'
B.:=335m
net stress q = 50/3.35 = 14.9 t/m?
c=(B-b)2=(335-025)/2=155m
M= qc’/2 = 14.9 x 1.55%2 = 17.9 mt/m’

M 17.9x10°
d,=k; .J— =0.36] ,]——— =483 cm
w5 \B i

Qu=(1.55-dg) 14.9
e =Qulbxa= (1.55-d,)14.9

1x50
dg=034m
take t = 60 cm
d,a =60-7.5=52.5cm.
As =M/ky. d, = 17.9 x 105/1237 x 52.5 = 27.6 cm”
take 10 ¢ 19/m’ (28.4 cm®)
AJA. = 28.4/100 x 52.5 = 0.0054 > 0.002

A, =0.25x284=71cm’
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take 6 ¢ 13/m’
Qy,=149x155x1=231
23.1x1000

G~ 587x52.5%x10x598

take L-shape reinforcements
2835x14
dd=h‘f‘— 835x 00=U.66m{c‘

0q, 5.98x10
Details of the footing are shown in Fig, (5-5).

= 8.46 kgk/cm’

Example (5-2):}

Redesign the footing required in example 5-1 using 50cm plain concrete.
Solution :

Age. = 50/15=3.33 m’

For plain concrete : Bact =3.35 m

4
Cp=t At _so =47.14 cm
4q 3x1.5

take Cp=45cm
B,-=335-2x045=245m

245-025

C= 1.1m

net stress q = 5{].-"3.45 =20.41 t!mz (between P.C. and R.C.)
M=qC/2=2041x1.1/2=1235mt/m

dn = K, YM/b=0.361,/12.35x10°/100=40.12cm

shear force  Qu= (1.1 - du) 20.41
do =Qu/b gm=(1.1 - dg) 20- 41/50
=032m
take t =50cm
do =50-7.5=425cm

5
K,d,, 1237x425
take 9 ¢ 19/m’ (25.5 cm’)
AJA,=25.5/100 x 42.5 = 0.006 < 0.002
Ag=025%x255=64cm’

take 5¢ 13/m’
Q,=2041x1.1x1=224511
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q = 22.45x1000
® 087x425x9719

take U-shape for main renforcement
Af 201x1400
== 2 T _055m<C
7q, 503x10
Details of the footing are shown in Fig, (5-6)

= 1128 <12 kg/em’
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Example (5-3):
Design the wall footing for the following data |
Wall load consists in 100 kN/m (D= 60, L = 40 kN/m) including wall floor,

and roof contribution, wall of concrete block 20 x 30 x 40 cm.
f.=21Mpa ,f,=414Mpa,q,=150kpa

| blocks
wall
&CMi ] ® ™ o »
Bem ‘ ¥ v
. main Rim. secondary Rfm |
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Solution :

B= LS 0.67m
150
take B=0.70m
We will arbitrarily make the depth of footing 40 em deep overall (d = 32¢m).
The ultimate soil pressure ¢ = 1'4};605_; LI E 217 14 kPa (ACH)

Check wide - beam shear at the face of the wall as :
V,=02x217.14=43 4kN

i = D8 isset << 650 kD
1x032 ~
C’=0_2+0—f=0.275m
M=qC2f2-
~217.14x 0275 /2=821 kN.m
Af
qa = ——2 =400 A/085x21x1=23.19
sty O ' 2
M. = ¢ A, £, (d-a/2)
M
4= A, (d - a/2)
¢ f,
821
— A (032-116A,
ApEpTIEETT L )

A -00276 A,=1897x10-0
A,=0069x%x 10° m’
For shrinkage A, = 0.0018 (0.32) = 0.58 x 10™ m” > 0.069 x 107
=58 cm’
use 5 ¢ 13/ width B
Minimum reinforcement should be furnished in the long direction to offset
shrinkage and temperature effects.
As = 0.0018 Bd = 0.0018 x 0.7 x 0.32 = 4,032 x 10-4 m’
=4.032 cm’
use 5 ¢ 13 with 3 ¢ 13 at 4 cm from top, 2 ¢ 13 at % cm from bottom,
Details of design are shown in Fig. (5-9).
Example (5-4):
Design a concrete footing for a load - bearing wall with the following
characteristics .
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Dead load D = 50 kN/m , live load L = 30 kN/m Gross allowable bearing
capacity of soil =110 kPa
f, = 400 Mpa, f. = 21 Mpa
anit weight of soil = 17 kN/m’
uriit weight of concrete = 25 kN/m’
thickness of wall = 0.3 m
Depth of foundation =1.5m
Solution :
The thickness of foundation is 30 cm, and the steel bars to be used
are assumed ¢ 13 mm, 80 !

d=0.30-0.075 - %1—2 =0.224 m

weight of foundation = 0.3 x 25 =7.5 kN/m*

weight of soil above the foundation = 1.2 x 17 =204 kN/m’

Quatan = 110 - 7.5-20.4=821 kpa
B=(d+L)/q.au=(50+ 30)/82.1=0.974m

take B=1.00m
U=14D+16L=14x50+1.6x30=118 kN (ECOP)
q= L 118 kN
1.00x1
Check wide - beam shear where the shear occurs at a distance d from the
face of the wall |
0.35 0.35
V,= (0.4 - 0.224) 118 = 20,77 kN —
V.=0.17 4ff, bd ..
=0.17 4/21x 0224 x 1 =0.175 MN ]E 2l
¢V¢=U.85x0.1?5=0.,149MN=149kN?*Vu g
118(0.35)° —1.00—
M. = =723 kN.m vl 2(V0-0) Y8
a=Af, /085 f.b=400 AJ085 x 21 x 1 =22.41 A,
M
L= A, (d - a/2)
¢f,

7.23 =ﬁ.(0-224—22'41»‘1.)
0.9%400x 100 2

A’ -001999 A, =1.79x 10-6

A, =0.891 x 10-4 m”
For shrinkage A, = 0.0018 (0.224) = 0.4032 x 10° m>0.1122 x 10%
=4.03 cm® |
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D=50kaml

L=30kN/
_I”J YrYY |

0.3 m

.:L';.

= 110 kPa
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use 4o Iy m
Development length of reinforcemem bars

la 0019 A F

=0019x 133x400 21 =2206m
Ldpin =0 058 x 13 x400= 30 16 cm
take Ld=3016<40-75=325cm
The final design sketch is shown in Fig. (5.11)

b pLial s da puall Ay 1) il
Lldas uSaiall g aloB¥l afla cLiail o jal & peall dyday pbl) olusbd) ks
cagall eagd A el 58 ka) cilulayl

Example (5-5);
Design a strip footing to carry concrete wall subjected to vertical
load with 25 t/m and reversible moment S mt/m Given the following data

Allowable bearing capacity = 3 kg/cm’ 25 t/m
Depth of foundation =12m M = Smt/
f. = 50 kg/cm®, f, = 1400 kg/cm?
Solution :
take y, = 2 g/em’ vy '
- 5 P D' 6?5'1 30 cm
Pp=——F7—4q, 1
q, - Dy, ——
25 0. ﬁ{ 1: } &
= 2 x30=772m z 1
30-1.2x2
1.7m
e =M/N=02m — 4

P, ( ﬁe)
— ] ——
% Bxl ’ B

30= 1

27.2( 6:{0.2)
-+
B

30B%2-272B-39168=0
Solving this equation gives B =168 m
takeB=17m
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]

g 2729 vm
Q. 4 71 vm’

75 2
M= IB32x 062_‘. + szC}TxﬂﬁTSxﬂh?ﬁx i

=4 174 + | 36=554 mt/m

5
d =0 361 .JM = 2687 cm
100

taket=40cm,d=33 cm
_ 554x10°

~ =13.57 ¢m®
1237x33

Ay = 0.002 x 33 x 100 = 6 6 cm’
take 11¢ 13 /m (14 63 cm’)
A =03x1463=439cm’

take 46 13 /m (53 cm?)
check bond  Q, = 18.32% 0675 %x 897x0675=15391

i
1539%10°__ _ 11 93 kg/em? > 10 kgfen”

b 087x33x11x1 37
take 12 ¢ 13/m (L-shape) and t =45 cm, d = 38 cm
q,=95 kg/em’ < 10 kg/om’
check shear Qg = 2337 (0675 -038)x 1+ (2729 - 23 37) x (0.675 -

0 38) ; =689+0578 +0578 = 74681

7468%10°
= 77 " = 197<6kg/em’ 0K
" T38x100 ¢

check the anchorage bond

4= M=4456¢6?50m
10x1 3xp

Details of the footing are shown in Fig. (5-13)
Example (5-6):

Design a footing for a wall carrying a load 30 t/m and moment of 15
mt/m always acting in one direction The net allowable soil pressure is 1 5
kg/om’ Take f; = 50 kg/em® £, = 1400 kg/cm’
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25 t/m
M = Smt/m

—r7 — FrT |
0.6754 =30 cm
A 1.2m
0.45[ 1:1=
I 5
1./m
— —

r 12013 /m '\
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Solution :

A=30/20=15m’ 30 t/m
take B=15m 15mt /m
0
q= 3 ot
boxl —rYYRYYT || [P7
12’ w04 1.5m ,0.75 ¢ | NN
E—E—" =u4am . m U. e _+ ._+
e=0.4m ! 0.15

M=20x 095 /2=9.025t/m .
5 |
d =0.361 JM=34.3 em | l : 1
- 751 0.75
FQ' : - —4
r——el.S-———+

taket=45cm,d=38 cm

9.025%10°
A= 222 2192 em?

Sl P INEREERE ]

i s 2
use 10 ¢ 16/m a
A, =03x19.2=576cm’ 54 13/m « dagd i(Ve-0)Jsa
q, =20x%095=19tm’
19x10°
= = 11.43 kg/cm® < 12 kg/em?
% " 087x38x10x1.6x7 4 o

use U-shape reinforcement
Details of footing are shown in Fig. (5-15)
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Example (5-7):

Design a footing for a buliding core carnrmg aload 301/ m Flg (5-16).
Net ..-llluwable bearing capacity 18 1 5 ke/em® Take f.= 50 kg/em?, £, = 1400
kg/cm®.

Solution :

Total load =276 x5 x5=6901

take the area of footing as shown in Fig. (5-16)

1,15 m
.0 m
A
A=73x%x73-27%27=46m’
690 —
= — =15 t/m* = G ' m
46 : i
M=15x 1%2=17.5 mt/m’ Jels 5.0 m L3

) ‘?_sxmf‘ » : | -
d =0.361 100 =31.25¢cm JL—’.,‘!‘I("-"'_G) .

taket=40cm,d =33 cm
Ay = 153;105 =18.37 cm”
1237x% 33
A = 0.002 x 100 x 33 = 6.6 cm’
take 10 ¢ 16
A, =1837x03 =551cm’ take 5¢ 13/m
Qp=15x1 =15t/m

15x 1000
= = 10.39 < 12 kg/em’
% 0.87x33x10x1.6x7 gl
use U-shape reinforcement

Details of footing are shown in Fig. (5-17)
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Example (5-8) :
Design a footing of row of columns shown in Fig (5-18) Net
allowable bearing capacity is 1.5 kg/om® Take f. = 60 kg/em f, = 1400

kg/cm’
Solution :
Design of slab :

Area = 31120+2x30=360+lﬁﬁ=529 = 34.67 m?

15 15 5
B =34'67=1.44m,tasz=l.Sm, takeB=15m
4x6
520 -
=—="__ =1444 t/
1 sxdxt m

C=(15-04)2=055m
M=1444%x0552/2=2.18 mt

5
d. = 0315 JM- 14.71 cm’®
100

Q. = (0.55 - dsh) 14.4
_Q, _(055-d,)

bxq, 1x50
da=0.123 m
taket=30cm,d=0.23m
A, =2.18x105/1237 x 23 = 7.66 cm®
Aumia= 0.002 x 100 x 23 = 4.6 cm’
take 6 ¢ 13/m' (7.96 cm?)
A = 025x7.66=1915cm’

take 4 ¢ 13/m’
Q,=144x0.55=7.92t

- 7.92x1000
%= 087x23x67 1.3

take 8 ¢ 13/m’ with L-shape, then g, = 9.17 t/m’
Design of beam
The beam is designed as a rectangalr section load /m’ = 52270: 21.67 tim'
the moment calculated by

=12.23 t/m’

riv




M = ql*/12 = 21.67 x 62/12 = 65 mt
d=0315cm ,d= 128 cm

5 -
S mn e 41.73 cm’
1217x128
use 11 ¢ 22
The critical sect. of shear is at d from the face of edge column
Q,h = 4793 t
47.93x1000
= =936 kg/cm2
B 40x128 ¢
use 4 branches stirrup ¢ 10 at 15 cm in shear zone
4x0.785x1400
= RO TEORATE g 33 kg’
15x40

The reminder can be resisted by bent up bar 4 ¢ 22.
The details of footing are given in Fig. (5-18)
Example (5-9):
Design a continous strip footing for the three columns given in Fig. (5-19).
The net allowable bearing capacity is 1.3 kg/cm, fe =60 kg/cm?, f, = 2000
kg/em’, qu = 6kg/cm’
Solution :
R=120+80+1000=3001
120x5+100x11
= =567Tm

300
e=5.67-500-0.67m
A = 300/13 = 23.08m’
FromFig. (5-19)L =11.94m

0

_ 2308 _ 1.93m taken 2.0 m
11.94 ‘
11.94x2

Design of beam

If the footing is very nigid, the contact pressure can be assum a¢
uniformly distributed and the beam is statically determined. The interna
forces are shown in Fig. (5-19). The beam is designed as a T-sec. The
effective width B of T-section equals the smallest rate the width of slab or 4
times breadth of beam web or 1/4 of smallest span.

For span 6.0 m.

Bslab=2.00m ordx05=2000r6/4=15m

take B = 1.5 m (the smallest value),

Yi¢
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4br .P10  4br. 4br.
/15cm. $10/20c @10

6.0 m _* . 6.'” m

“ ’}15{:m 1 / AL @22
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] T T N IANEE HaEa ‘——H—L— i i
ri—:—: m I —{»—- v-N-mir*r-.{, il j r I*l—r tt Lol ']
3 @ 25 11 ¢ 22 ,
T 11022 e
1.0 m | 3 2 m 10
; 2 @ 10
3+ | 2 @ 10
Qo3 m ] [“
- 4 @ 13/m.
6 0 13/ Mk

Jsuali g dla)l (A-2) JBa :(VA-8) J8& g8

M = 13337 mt
d=0347 J133.3?x10' =103.5 cm
150
taket=110 and d='105cm
133.37x10°
As= =70.4cm’15 ¢ 25
105x1804
For span 5.0 ms
B=5/4=125m
5
dz&M?sznxm =99.28 ¢cm

take the same thicknesst = 110 ¢cm, and d = 105 cm

i1




102 32x10
: 2220 - 54 om 1§25
A 80ax105 ¢ A

The critical section of shear 1s at d from the face of edge column. }
Qu max =57 53 1
57.53x1000
- = 10.96 kg/em’ |
T S0x105 g/em :
use 4 branches stirrup ¢ 10 at 15 cm in shear zone |
4x0.785x 2000 9
— =8
W 15x50 Yk
The remainder can be resisted by bent up bars.
Design of slab
C=(25-05)2=075m

M=1256x07572 =353 mt :

’3.531 10
dm =(0.347 T = 20.62 cm I

Qu = (0.75 - dg) 12.56 i
da = __Q__L= (0.75-d_)
bxq, 1x60

da=0.13m

take t =30 cm, d=0.23cm

As =353 x 105/ 1804 x 23=4.6 cm’

take 7 ¢ 13/m’

A,=025x85 =2.125 cm’

take 4 ¢ 13/m'

The deformation bars will be safe in bond. The details of dimensions
and reinforcements are shown in Fig. (5-19).
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Example (6-1) :
Design 4 combined footing for an exterior column 40 x 40 cm carrying a

load of 90 tand interior column 60 x 40 carrying 140 1. The distance centre 1o centre
of column is 45 m, The outside edge of the footing can be extension 40 c¢m beyond
the outer face of the exterior column. The net allowable soil pressurc is 1.3 kg/em”

Data : [, = 50 kg/em’, £ = 1400 kg/em?, qa, = 6 kg/em’, g, = 8 kgfom’, k; = 0361

and k; = 1237
Solution :
From Fig (6-14)
0.6 90t 4.5 m. | 140t
; l Fig. (6-14)
F : =1
L/2 = 3.34m 1./2 =3.34 m.
+ E
Taking moment about the centre line of exterior column gIves '
230 X =140 (4.5)
X =274m
L =(274+02+04)=668m
A =230+15= 15333 m*
B =15331+6.68= 2.295m taken 2.3 m
q=230/(23 x6.68)=14.97 t/m’ .y
Shearing force and bending moment diagrams are drawn and shown in Fig. (6-15),
To find the location of zero shear .
(1497x23) x = 90
x =900%3443=2614m
M = 34431 X 2.614/2-90(2.614 - 0.6) = 63627 mt
4, =0361 /63527x10° /230=60cm
Critical section of shear is at d from the face of intenior column .
Qu = 75272 - 34.431/d,,
75272~ 34431d
da = __sn
087x60x23
120.06 d, = 75.275 - 34.431d,,
dg = 75.275/ 154491 = 48.72 cm
d, > dsh
take d = 60 cm, t =65 cm
Longitudenal reinforcement :
A, top = M/kqd = 63.527 X 10571237 x 60 = 85.593 em’
22 422
A, bottom = 28.2 x 10°/1237 X 60 = 37.995 cm’
20 ¢ 16
Transverse direction
Load under interior column/m’ = 90/203 = 39.31 fm’
C, = (2.3 - 0.4)12 = 0.95m
= 1766 mt

M, =39.13x095°/2
Y'Ae




A, = 17.66 x 1071237 x 60 = 23.79 cm®

13¢16/1.4 m
Load under interior column/m’ = 140/2.3 = 60.87 tm’
Ca=(2.3-0.4)2 =0,95m

M, = 60.87 x 0.95%/2 =27.47 mt
A =2747 x 1071237 x 60 =37.01 mt

20 ¢ 16/1.08m
OS caad A gdaall § Sl e pe cobuad 3gaal) gy o4 d Al Gial G Ga Ja
iz..l_,i.ﬁnl‘ \;ﬂ_’.‘&“ uir.'l-'h:hﬁ‘l! C:LLJ.“ Jﬂﬂhi._}“ﬂ;_ﬁﬂ &llaj 3 pac.

Check punshing for interior column (P = 140 1)
Q= 140 - 14.97 (1.2 x 1L.UK) = 12204 1

122.04 x10°
qp, =
T 60x2(120+100)

Check punshing f{or exterior column (P = got)
Qp, =90-14.97 (L. x 1)=75.11
751x10° LT
At =3 cm’ < cm
1" G0x2(100+ 100)

Details are shown in Fig. (6-16)

=4 .62 kg/cm” < 8 kg/cm

Example (6-2) :

Two interior columns each 30 x 50 cm and carries a load of 90 tand
reinforced by 8 ¢ 19 mm, are Lo be supported by a rectangular combined footing of
width equal to 2.5 m. The distance centre to centre of columns 1s 4.5 m. If the net
allowable pressure on soid is 1.2 kg/cm’, design the footing using the following data

aq, = 6 kg/em®. q, = 10kg/em’, f. = 50 kg/om®, and f, = 1400 kg/cm.

Solution @
R=490x2= 1801t
A=180/120=15 m’
lake B=25m
L=1525=06m
q=180:i5x6=12 Um*
Shearng force diagram :
Q. =30x05=151, Q=90-30x]=601
Zero shear i ot mid of foundation,
Bending moment diagram
M, =30x0,52/2=3.75 mi
M.=90%x025-30x12/2=225-15=75mt
Mo =20x2.25-30x32/2=202.5-135=67.5 mt

To find dg,
Qn=60-25x 12d=60-30d
~ 60-30d,,
' 60x2.5

YAR




.90t 90t ' 140t

0.4 = 40x40cm 60x40 cm —= 0.6

SAENEEEIERESEREEERENESZIEIE 1 T
14.97%x2.3=34.43 t/m'

20.66 s

6.98

2.75

(Y1) Ja A pally (el 3(V0=Y) Jod
150 d, = 60 - 30 d;,
d,, = 60/180 = 0.33 m
Take critical section of punshing at the face of column
Q=9-12x05x03=8821

882 x10°

= =55.125cm
10x2(30+50)

d,=0.361 /67.5x10° / 250 = 59.32 cm

take { = 70 cm, d = 63cm
Longtudenal reinforcement
A.10p = 67.5 x 105/1237 x 63 = 86,62 cm’
23 ¢ 22
A, bottom = 3.75 x 103 /1237 x 63= 4.8 cm”
Take 5 ¢ 13/m (as a minimum)

Short Direction :
Load /m' =90/2.5 =3 t/m'
C, =C;={2.§—0.3}f2= 1.1m
M; =M,=36x1.12/2 =21.78 mt/m’ :
Ay =A,n=21.78 x 105/1237 x 63 = 27.94 i’ 14 ¢ 16/163 cm
Design details are shown in Fig. (6-18)
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Example (6-3):
~ Redo example (6-3) using plain concrete 40 cm thickness Data f, = 65
kglem® f, = 2000kg/cm’. qu, = 9 kglem?® q, = 9 kg/em”. k; = 0.324 and ko = 1782
Q=9 kg/em®, k; = 0.324 and k, = 1782,
Solution :
R =90+ 140=2301
230 x =140 (4.5)
X =274m
Le=2(274+02+04)=668m
An=230/15=153332.295m
B..=15333/6.68=2.295 taken 2.3 m
q =230/2.3x6.68=1497 vm’

c =14/133/qa=04+133/15=038m taken0.4m

L. =668-04=628m
Bp.=23-2x04=15m
Contact stress between plain concrete and rienforced concrete
= 230/6.28 x 1.5 = 24.42 Um" < 50 Um’ ok
The eccentricity e=(6.28/2)-(04+0.2+2.74)=02m

230 ( 6:02)
s 1+
4= 28 x15

628
=24.42(110.19) '
qQ = 29.06 /m’
Q: = 19.78 U'mi

The maximum field moment Mmax lics at point of zero shear which lies ata
distance x° from the left edge of the footing :
1967 X _(43.59-2967)x /628 .x /2=90
2967 x' + 1.11 x =90
x=27m

M = 90 (2.75 - 0.6) - 29.67 x 2.75/2 - (43.59 - 29.67) 275/6.28 % 2.75/3

=T75.72 _{ul = 75.72/1.5 = 50.48 mt/m’
M =2967x04/2+(4359-2967)04/6.28 x 0.4/3 = 2.26 mt

Ma=90x48+140x03-2967x 5.4°72 + (43.59 -2967)54/628x54 /3
=19.87 m

\/ 75.72 100000
dm=02324
150

take t = 80cm , d=73cm
shearing forces ;
Qu =29.67 x 0.4 + (43,59 - 29.67) 0.4/6.28 x 0.4/2
=2967x04+1.11 x0.42=12311
Q:=2967x48+1.11x482-90=77991
Q:=2967x54+1.11x542-90-140=-37411
Qu:=2967x08+111x082-90=-37.551
Critical section of shear is at d from the face of interior column
Q. =29.67x4.07+1.11x4.072-90=49.141
4914x10*

e i et e i
" T 50x73 Wi om

=728 cm

i)




Longitudenal reinforcement

pop 13727100000 i
- = 58.2 cm
TSI TN
19.87 x100000 4
A, bottom = =15.27cm” 8¢ 16
73x1782

Transverse Direction -
Load under exterior column/m' = 90/1.5 = 60 ¢m’

C, ={].5-U,4;ﬂ =0.55m
M; =60 x 0.55%2 =9075 mt
d=73-22-1312 =T70.15 cm
9.075x10000 :
7015x1782

take 6 ¢ 13/1.13 m
Load under interior colomn/m' = 140/1.5 = 93.33 t/m’

2=93.33 x 0.55°2 =14.12 mt
d=73-22-162 =70 cm
14.12 x100000 :
- =11.32cm”
T0x1782

take 6 ¢ 16/1.13 m
A, 0 =0.0002 x 73 x 100 = 14.6 cm® 11 ¢ 13/m'
lake 6 ¢ 13/m’ upper and 6 ¢ 13 /m" lower,

Igwe IS S Alghaall 5 a8 yage ciluad 3geall ga g e d/2 Uaal Ll U sy
v giaall Ol el odh L aastiuall sl AT Sl

Check punshing :
Check punshing should be checked on a perimeter section a distance d/2

around the column
Qp =90-21.0(04+0.73Y=66.271

66.27 x1000 ;
Qet = =201 <9kglem* ok
73x4(40+73) -
Q=140 -27.32 (0.4 4 073)(0.6+073)=98941
98.94 x1000

g = - = 9394 i
73x 2[(40+73)+ (60 + 73)]

Details of design are showin in Fig. (6-20)
Cipadal) 40l A idial) ao) B apasat
Combined Trapezoidal Footings
dan s Sl A0 3 el e 558 Laign 5 S 2l o) i)yl aie
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P, =90t e  P,=140t
14m i 2.26m

e 4.5m .! R AL el A
v & Snm—
40x40 ; 40x60cm ,9- LBl

4 3 2

3.14 m _4

6.28 m +

; I

19.78t/m2 i j J
(zg_ﬁTt;m)‘21(31t5m}_§££§§§£29§§l_ b d—4 27.32 29.06

2.75 —-f 77.99 (40.97) (43,59

12,31 \
Y
x 4 \LULUU*F
37.41
65.55 _SFD_
Mmax=75.72 mt
TV | A =4
£+ 28 mt BMD "19.87mt
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Q= j gdx=q, x(g. —q,)x* /2L+C

Alslaal) 03 (6 Q = 0 puiny (5 sl il S0 ased Sy Aid) Askad)
I’J-}'JII Lﬂ@ uﬂiH Al JAEIJ! ;L}}}.}_,

M= - | Qadx=-(q,x* /2~(q, ~q,)x*/6L)+Cx
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v okaeY!

pe SV (apmall alaall il ot e M3 pIall pgliall Baall Gpuas aic ¢
v 5 Juall | gaill e

VR )= iudlie (o Co. € liluall 3355 My, My s ol g jeadl s 23 @
T A § W (O (R

dpa adl pgiall £ 5 (YT-N) Jed
Example (6-4):

Two columns 45 x 45 and 30 x 30 cm carrying loads 80and 50 t. The
distancc centre to centre of columns is 4.25m. Design a trapizodal combined footing
if the net allowable soil pressure is 1.2 kg/cm®. The footing should not project beyond
the outer faces of the columns, Take f. = 50 kgfcmz_ f, = 1400 kgk/cm®, q,, = 6
kg/em® and q, = 8 kg/cm®,

Solution :
The length of footing L =4.25+0.15+0.225=4625m
R=80+50=130t
Moment about column (2);
X,.130=50 x 4,25

Yav

e ———— e DT




X, =50x425/130=1635m

X =161540225=1%m
A =130/12 = 10833 m°

X =1ge= 302 28,48, (1)

3 B, +B,
A =10833=DB1*Bs x4625. i (2)
2
By solving equations 1 and 2 we get .
E: =372m. B1, =0.97m s Flg (6-24}

Long Direction :
g 097x12=11.64 /m'

q,=3.72x 12 = 44.6 Vm'

The stress per metre (as a load) at any distance (x) from B, :
G =44.64 - X/4.625(44.64 - 11.64)
G =4464-7136x .......c.cc0ivienve... (load equation)
at x =045 m, Q = 44.64 (0.45) - 3.568(0.45)° - 80 = -60,631
at x = 6.475m, Q = 44.64 (6.475) - 3,368 (6.475) - 80 =+ 39.451
To find the location of zero shear

Q=0=44.64 x - 3.568 X" - 80

3568 X" -4464x+80=0

Solving this cquation gives x = 2. |68m
To get Bending moment diagram.

M = _[ Qdx=(44.64x"/2+7.136x" / 6)+ Cx

M=-(22.32 x +1.189 x") + Cx ..... (bending equation)
at x =0.45m,M = - [22,32 (0.45) " - 1.189 (0.45)*] + 80 (0.225) = 13.59mt
atx=3.0m M=-[22.32(3)" - 1.189(3)"] + 80 (2.775) = 53.22m1
at x =4.325 m, M =-[22.32 (4.325) °-1.189(4.325) *] +80 (4.1) = 6.6%mt
at X =4.00, M =-[22.32 (4)” - 1.189(4) ] + 80 (3.775) = 20.98mt
at X = 2.168m, M = -{22.32(2.168) *-1.189 (2.168) *] + 80 (1.943)
=§2.43ml

(4.625-2.168)

B at max. bending moment =097 + 27§ =243 mt

4.625
5
o =061 62655105 _ oo
243
take t=65 cm, d = 58 cm
Check punshing ¢
Qui = 30 - 12 (0.88 X 0.59) = 43.77 1
4B377x1000 o
i — : cm”
T 58(2x59+88)
QP: =80-12(1.03 x0.775)=69.7T1
69.77x1000 _ . _ g bt
.= =4 cm”
2 S8 (2x775+103)
|
| T4A

L e




L=4.625 m |

= i

3.74m

) E.J qy =k . 64-7.136x
4.64

2.168m |

1

§2.60mt o5 99mr

20.98mt
13.59 6. 68mt
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Check shear :
Width of footing B, and d from the
Column (1):

088
B,=097+275 ——= 1.499m
; 4625

Q,, = 44.64 (4,625 - 0.88) - 3.568 (4.625 - 0.88)° -80=137.14

3714 %1000 q
- = 43 <6 kg/em’
B = e X149

for column (2}

B, =097+275 G103 53 4y
) 4625

Q.- = 43.64 x 1.03 - 3.568 x 1.03° - 80 = 37.811

Qo = ?7 Elxl_ﬂ“{_l= 1146 kg'jm-'
58x 311

265x10°

Ay wax =~ = = 87.32cm’ use 23 § 22

58x1237

Agal3m=
58x1237

k]
A.atd m= w=19.1¢cm: use 8 ¢ 22

58x1237

5



shon Direction

alumn
wodth o beain at column <2+ 45 0 8K
av-eap ength of the beam ar nuddle of the vy m
4625 103 )
(N ] 'L.'l- 4 bt | v 4 m
4625
L.oad per metre of the beam = 80/3 41 = 23 46 Um
2346[(341 042)/2)
M= - [ 32} =26.22 mi
2
) -
d =58- 22 . E— = 558 cm
2
G.""
- 2622x1 e
1237 x558
Asmin = 58 x 103 x 0.002 = 11.95 cm’ usc 10 ¢ 22 -
Column (1)

Width of beam at colum (1) =030 +0.58 = 0,88 m
Average length of the beam at middle of the 0.88

=097+275 O—BE =149 m
4625

Load/m of the beam = 50/1.49 = 33.56 U/m
.. 3356[(149-03)2F
2

_ 5% x10°

1237x558

Ay mn = 58 x 149 X 0.002 = 17.28 cm’ take 5 ¢ 22 .
A, i 10 Other parts = 58 x 100 x 0002 = 11.6 ¥
take 10 ¢ 13 (1327 cm®) 5 ¢ 13 upper and 5 ¢ 13 lower %
Details of design are shown in Fig. (6-26) |
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Design of Combhined Footings by Ultimate Stresses Method :
b Ve (5 goalll g A yhas S bl e il pransi il sl il
skl o Jlaa¥) Alase i3 Al o -
! Cua Soil pressure 43 5l 3 (3825 S daluall las Y
q=R/A
2l dalese 3€ 5e AR Jlaal! Aiaas 5585 Ladic

R be
= —=({lx—
4 A( L)

;i lalaal e (6 gaaill Jlaa¥) I Jlasl by gas -7

U=14D+17L
U=0.75 (14D + 1.7L + 1.7 (Wind or Earthquake)]
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Example (6-5):
Design a rectangular combined footing using the ultimate stresses method given
fo =24 MN/m", fy = 420 MN/m". guy = 170 kN/m®. colnmns spacing = 5m

Column 1 :0.40x0.40 m, D =600 kN, L = (M) kN

Column2 : 0.5 x0.5m 6 D=800KkN. L =500 kN
Solution :
Compute the footing dimension
R = (600 + 400) + (800 + 500) = 2300 kN
£ M column (1) =0

2300 X =5x 1300

X =282m
L =2(2826+02)=6.052m
To avoid computational errors the actual computed footing length will be
used for all computation.

B= & _ 200 _ssim use actual B = 2.25m

4., 170x605
Conven soil pressure to an equivalent ultimate load value
U;=14d+1.7L
= 1.4 (600) + 1.7 (400) = 1520 kN
Uz = 1.4 (800) + 1.7 (500) = 1970 kN
Factor = (1520 + 1970)/2300 = 1.517
qu = 170 (1.517) = 257.89 kN/m’
Shearing force and moment diagrams, Fig. (6-30):
Load/m of beam q'= qu.B = 257.89 x 2.236 = 576.64 kN/m’
or q = (Uy + Ua)/L = (1520 + 1970)/6.052 = 576.67 kN/m*

She.aer*I qdx=576.6x+C

- Where ¢ = column loads at the lift of the considered sec.
atx=04m Q, = 576.6 (0.4) - 1520 = -1289.36 kN
al x = 4.95m Q, =576.6 (4.95) - 1520 = 1234 17 kN

atx=545 Qs = 576.6 (5.45) - (1520 + 1970) = -347.53 kN
Location of zero shear 5766 x-1520=0
SLoXx=264m

Moment My = [ Qdx=576.6 x*/2 + Cx = 288.3 x* + Cx

al x =0.4m M = -288.3 (0.4)% + 1520 (0.2) =+ 257.87 km.m
alx=495m  M=-288.3(4.95)7 + 1520 (4.75) = -155.93 km.m
atx=545m M=-2883(545)"+ 1520 (5.25) =+ 583.23 km.m
ax=264m M., =-2883 (2.64)7 + 1520 (2.44) = -1699.46 km.m

To find depth for wide beam shear at the location of largest shear the
allowable concrete stress is :

V=017 Jf. =0.17v/24 = 0.833 MN/m? = 833 KN/m’

Qbean = 133417 - 576.67 d
Qmm =Bd Ye ™ 2.25 {d} 833=1874.25d
Equating - 576.67 d + 1874.25 d = 1334.17

£.0




245092 d=1334.17
d=0544 m
Check diagonal tension
V.=034

At column (1) the /T, =0.34+/24 = 1,666 MN/m’ = 1666 kN/m’

At column (1) the perimeter in shear is
P=2(04+0544/2)+ (04 +0544)=2288m
Quieer = pd v, = 2 288 x (1.544 x 1666 = 2073.62 kN
> 1520 kN (0.k)

dganll dslua (b Ac Sy Acq Aaf 2gaall Jas (3o b o 4l die yin i
t L U5 Janl gy
Al column (2) the perimeter in shear is
P=4(0.5+0544)=4.176 m
Quner = 4176 x 0.544 x 1666 = 2784.7 > 1970 kN (0.k)
Take actual d =058 m, t=065m
Compute negative steel
a=Af,/085£b=20 As/085x 24 x2.25=9.15 A,
M,/ f, = A, (d-a/2)
1699.46/0.9 x 420000 = A, (0.58 - 9.15 A,/2)
4.575 A -0.58 A, +4.496 x 10° =0
A, =733 x10°=7328 cot®

use 15 ¢ 25 /B (73.65 cm®)
Compute positive steel in cantilever pan
583.23/0.9 x 420000 A, (0.58 - 9.15 A/12)

4575 A? -058 A, +1543x 10-3=0

as = 2.607 x 10° m* = 26.07 cm®
A, = 2.607 x 10° m* = 2607 cm®
Ay = 0.0018 x 58 x 225 = 23.49 cm®
use 10 ¢ 19/ B (28.4 cm?)
Run 5 ¢ 19 (A, /2) full length of footing,
Design transverse steel (short direction)
g, = (1520 + 1970)/ 6.052 x 2.25 = 256.3 kN/cm®
For column (1): width of beam under column (1)
=04+d2=04+058/2=069m
d=058-0,019-0.019/2 = 0.55
M =256,3 x0.95°/2 = 109.65 kN.m
From previcus computations

4575 A, 055 A,+29x10"=0

A, =52cm’
Ay = 00018 x 69 x 55 =683 cm®
Use 3 ¢ 19

For column (2) width of beam under column(2)
=05+d=05+058=108m
M=256.3 x0.8752/2=98.11 kN.m

4575 A7 -0.55 A, +2.59%6 x 10" =0
£




A, =47 cm’

A, 1 =0.0018 x 1.08 x 55 = 1069 cm’

use 4 @ 19mm
Shrinkage bars for other parts = 0.001 x 100 x55 = 9.9 cm’
take 4 @ 13mm/m’ top and 4 @ 13mny/m’ (10.6 cm”)

r  D=600kN R D=800kN
T1T L=400kN 1 L=500kNT 1T
o ., O [om
I
|
0.2 2.626m 2.826m
& . 4
b 6.052 ’
.925 0.875 e |
== f r '1|
[ I
2425 L 10.4+d 0.5+d { . i
|
T ey ) I 1
0.4+d/2 0.5+d
.’
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Example (6-6):

Design a strap footing to supporl an exterior column 40 x 40 cm carrying a
load of 80 t and an interior column 40 x 60 cm carrying a load of 1451. The distance
centre to centre of columns is S m. The outside edge of the footing should not project
beyond the outside face of exterior column. The net allowable so1l pressure is 1.6
kg/cm’ take I, = 60 kg/em’. qq, = 7 kg/om'. g, =10 kg/em’®

Solution :

Assume L=2m
e =(2/2-04/2)=08m
S =5-08 =42 m

R, =80x50/4.2=95241
R, = (80 + 145) - 95.24 = 129.76 1
Area of footing 1 = 95.24/16 = 5.95 m*
LR B, = 5.95/2 = 2 975 taken 3m
Area of footing 2 = 129.76/16 = 8.11 m"

B, = 4/8.11= 2848 m2 taken 2.85m,
q =95.24/2 x 3 = 15.87 Um’®
= 129.76/2.85x285 = 15975 t/m
Qi Q2 <Qs . So.the assumption of L is reasonable
q tm' =1587x3=47.61tUm
=15975x285=4553 t/m
Shear force and bending moment diagrams are drawn and shown in Fig. (6-36)
Zero shear 1s at (x) from left edge
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47.61 (x) -80 =0
x=1.68 m
Mo = 80 % (1.68 - 0.2) - 47.61 x 1,68%/2 = 51.21 m.1. Design of strap beam
Take the breadth of the strap = 50 cin

d=0.313 /512110’ /50 = 10017 cm
take t = 110 cm, d =103 cm

o 5121x10°

1217 x103

= 40.85 cm*

take 11 ¢ 22

Take bottom reinforcement 4 ¢ 16 (8cm®)

To satisfy the diagonal tension take 4 branches 6 ¢ 8 mm/m and 4 ¢ 22 bend bars.

Design of the exterior fooling (designed as a strip footing).
C=(30-05=125m .
M=1587x1x1252=124mt

o =0.31312.4x10° /100 = 34.85 em
4, - 15870125 d,)

100x 70

Ay = 19.84 - 1587 d,

de, =023 m

taket=45cm, d = 38 cm

A, =124 x 10°/1217 x 38 = 26.81 cm’
use 10 ¢ 19/m’

A, =0.2x26.81 = 5362
or A, min =0.002 x 100 x 38 = 7.6 cm’

use 6 ¢ 13 /my’
Qu=1587x1x1.25=19.6251

19.625x10°

T 2881x10° /285

Qo=145-15975x 1.725x0.5=131.22 t
Perimeter =50+ 2x 172.5=395cm
d, = 131.22 x 10°/395x 10 = 33.22 cm
15975(1.125-d_ )2 .85

31.5¢m

:!hn e —

2.85x60
60 €y, = 17.97 - 15.975 d,,
Gy =0.24d m
lake t=45cm, d = 38 cm®
2881x10°
As = —‘-hi= 62.3 cm”
1217 x38
use L-shape 31 ¢ 16 over width 285 cm both direction
22x10° ,
e el =9.94 kpg/cm’ OK.
087 x31716x38

Details of dimensions and reinforcement are shown in Fig. (6-37)
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Example (6-7):

Reda example (6-6) 1if the strap 1s extended to the right side of interior
footing,
Solution :

The design 15 performed by the same manner except the following steps !
For strap beam

103 = K,+/28.81x10° /50
K, =043, K,=1254
A, bottom = 28.81 x 105/1254 x 103 =22.31 cm
take 4 $ 22 +4 ¢ 16
For interior footing |
The interior footing is designed as a strip footing
C =(285-05/72=1175m
M =15975x11752/2=11.03 mt

d., =0.313 ¥1103x10° /100 = 32.87 cm’
_ 15.9751.175-d,,)

da,
1.0x70

70dy,=18.77- 15975 da,
dy, =02l m
taket =45cm.d=38cm
A, =11.03x10°1217 x 38=2385cm’
use 9 ¢ 19 /m' and A, =6 ¢ 13/m’
O =15975x1x1.175=18771t

18.77 x10°

= 10.557 t/m’'

W T 08759719238

use L-shape 10 ¢ 19 /m
Details of reinforcement are shown in Fig. (6-38)
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E = modulus ufa.las!i.city of the soil

B = width of foundation
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where E'Ib = flexural nigidity of the foundation per unit length at right angles to B
L E'ly =flexural rigidity of the framed members
I (E'ah’/12) = flexural rigidity of the shear walls
a = shear wall thickness
h = shear wall height

s s ® Al K Aad e lolael
0 = Differential settlement/total settlement
Py LYW P
1-1F K, > 0.5, it can be treated as a rigid mat, and & = 0

2-1fK,=05.then~0.1.
3-IfK, =0 & = (.35 for square mats (B/L = 1) and & = 0.5 for long
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Example (7-1):

(-V)

Design a continuous footing raft for columns shown in Fig, (7-5). The net
allowable soil pressure 1s 52.5 kN/m®, £, =50 kg/em®, f, = 1400 kg/cm”, q, = 800

kN/m”.
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Solution :

Longitudenal direction .

P, = 400 + 500 + 350 = 1250 kN

P. = 1500 + 1500 + 1200 = 4200 kN

P, = 1500 + 1500 + 1200 = 4200 kN

P, = 400 + 500 + 450 = 1350 kN |

R = 1250 + 4200 + 4200 + 1350 = 11000 kN

X,:= (4200 x 7+ 4200 x 14 + 1350 x 21) 11000 = 10,595 m
e=105-10595=0.095m

R ( 6:)
gy ==—| 1=
2 BL L

_ 1100 [1: 5:9.095)
165x215 215

q,= 31.83 kKN/m® = 31.83 x 16.5 = 525.195 kN/m’
q.=30.19 kN/m* =30.19 x 16.5 = 498.135 kN/m’
The stresses.stress load, shearing forces and bending moments are given in Fig.(7-6).

Short direction :

P: =400 + 1500 + 1500 + 400 = 3800 kN

Ps =500 + 1500 + 1500 + 500 = 4000 kN

P; = 450 + 1200 + 1200 + 350 = 3200kN

R = 3800 + 4000 + 3200 = 11000 kN

X.= (4000 x 8 + 3200 x 16) /11000 = 7.564 m
e=8-7564=-0436m

11000 ( 5:0.435]
g, =——| 1%
1 165x215 16.5

q, = 35.92 kN/m® =35.92 x 21.5 = 772.28 kN/m'
q,=26.09 kKN/m* =26,09 x 21.5 = 560.935 kN/m’

The stresses.stress oad, shearing forces and bending moments are given in Fig. (7-7),
from Figs. (7-6) and (7-7), it is clear that
Mu = 8090.42 kN.m

= 8090.42/21.5 = 376.3 kN.m/m

d=0361 3763x10* / 100 = 70.03cm

taket=080m . d=073m
check punshing fig. (7-8):
b,=2(0.5+d/2)+ (0.5 +d) =152d
=15+2x0.73=29m
A,=(0.5+d/2) (0.5 +d)=(0.5+0,73/2) (0.5 + 0.73)
=0.865x1.23=1.064 m
qp = 1500- 1.064 dx 35.92 = 1461.78 kN

4= % =062m
q,b,

4
A, Top short = 2703¥10 =41 67 om?
1237x73

£Yy




P1=125[l P2=ﬁ200 11000 g-ﬁZOD Pa=1350kN

. W e

— X,= 10.595m
* im 4 7m 4+ im "

1250 ; 4200kN 200 1350
(2 1 ! 2 3 1)
501.28 511.72 | 521.95
iy 524 .88
498.135(30.19) B
2Bt .28 516.07 525,195
_Loads(stress)_ (31.83)
2393.44 775.1 .
' . 25 1218,74

1125.44 1806.56 . 2624.7

3601.6 3490.9 -BHR-
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take 9 ¢ 25/m’ and S ¢ 16/m’ in bottom (min.)

Mmax (-ve) = 1481.67/16.5 = 89.8 kN.m/m’

Astop long =898 x 10*/ (1237 x 73) =994 cm® 5 ¢ 16 /m’ |
Mmax (+ve) = 3490.16.5 = 211.57 kN/m/m’

21157
1237 x73
Details of design are shown in Fig. (7-9),

As bottom long = =2343 KkNm/m'

800

l 4000kN 3200
=

D.iﬁ 8 , 8m 25
' |
3800 000 3200
706. 44 | 29.78
769.08 564,14
e — T 560.935(26.09)
772.28(35.92) s)
2149.58
92.67
1850.42 -SER..
3607.33
xn=5.14 . X1=5.375m
""—2'_'——‘ ] A

8090.4

7634.13
TN

96.3 4185.83  70.3
_BMD.
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Example (7-2) :
Design the raft foundannn for, columns slmwn in Fig. (7-13) The net
allowable soil pressure is 0.52 kglem®, £, = 50 kg/em’, £, = 1400 kg!cm

Solution :
Tload=3x80+1x%+2x 100+ 2x 1O+ 120=8701t

take i4.3x 11.7m
q=2870/143 x 1L.7=35.2 Vm’
The columns strips are shown in Fig. (7-13)
p=50.=55x52=286 tm’
long d:rectmu
= “72:{45}:5511’12 58.98 mt

d =0.361 ﬁﬂsxlﬂﬁ /150 =71.59 cm®
taket=80cm.d=73cm
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take 14 ¢ 25/1.5 m or 10 ¢ 25/m’
Short Direction

M =55x52x4.5712=4826 mt
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o - 4826x10°

= 53 44 cm’
73x1237
take 11 ¢ 25/1.5 m or 8 ¢ 25/m’
Middle strips '
g=352um’

Mo = gl /12 = 5.2 x 4%/12 = 6.93 mt/m’

A = 0.002 x 73 x 100 = 14.6 cm®

take 6 ¢ 19/m’

Check of punshing
Q=120-52x05x05=118.71

o= 118,7 % 10/50 x 4 x 68 = 9,42 kg/cm’ safe
The details of design are shown in Fig, (7-14).
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Example (7-3): |
The plan of a mat foundtation with columns loads is shown in Fig. (7-16).
The size of the mat is 16.5 m x 21.5 m. All columns are 0.5m x 0.5 m in section.
Given | Qg = 60 kKN/m® £, =20.7 MN/m’. f, = 413.7 MN/m" and Design the given

mal.
Solution :

(V1Y) J85 LS G o el 3y Al gl el i (I ARl
Area of raft A = (16.5) (21.5) = 354.75 m®
I.=BLY12 = (16.5) (21.5)’/12 = 13.665 m"

I, =LBY12 = (21.5) (16.5) (16.5)*/12 = 8050 m"
R =350 + 2 (400) + 450 + 2 (500) + 2 (1200) + 4 (1500) = 11000 kN

X=Px1+P3x2+P3x3+ ../R
= (8.25) (500 + 1500 + 1500 + 500) + (16.25) (350 + 1200 + 1200 + 450)
+ (00.25) (400 + 1500 + 1500 + 400) / 11000
=7.814 m

e,= X -B2=7814-825=0436=~-044m
M, = R.e, = (11000) (0.44) = 4840 kN.m
Similarly
Y=PIY1+P2Y2+P3Y3+ .. . ./R
= (0.25) (400 + 500 +350) + (7.25) (1500 + 1500 + 1200)
+ (14.25) (1500+ 1500 + 1200) + (21.25) (400 + 500 + 450)/ 11000
= 10.85-21.52=0.1m |

e,= Y -L/2=1085-2152=0.1m
M, = Re, = (11000) (0.1) = 1100 KN.m

M, x
E:t ¥ :th'y
XL |

11000 (4 (1100
:I:( 840) x :I:[ )y

35475 8050 1.3665
=31+0.6x +0.08y(kN/m")

q=
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Calculation of soil pressure :

i S ————
| Poinl X, ¥ RIA |06 x| 008y [ q(kN/m)
A 8.25,10.75 31 4.95 0.86 36.81
B 0 L1075 31 0 0.86 31.86
C 8.25,10.75 3l 4.95 0.86 26,91
D 825,10.75 | 31 495 | 0.86 2519 |
E 0 ,10.75 31 0 0.86 30.14
F 8.25,10.75 31 4.95 0.28 35.09
Ik 825,35 31 | 495 | 028
M 8.25,3.5 31 4.95 0.28
| L 825,35 31 4.95 0.28
N 8.25.3.5 31 | 495 0.28

Determination of internal forces :
Strip EDSR

Average soil pressure = q., = (q_+q,)/2 = (35.09 +35.19)2 = 30/14 kN/m’

Total soil reaction = 30.14 x3.75 x 16.5 = 1864 913 kN

Total column loads = 400 + 500 + 350 = 1250 kN

Average load = (load soil reaction + column loads)/2

(1864.913 + 1250)/2 = 1557.457 kN

modified average soil pressure = g, (modified)

= q_ (1557.457/1864.913) = 25.171 kN

The column loads can be modified in a similar manner by multiplying factor F =
1557.457/1250 = 1.246

Total soil | Total col. | Avcrage

reaction loads load
30.14 | 1864.913 1250 1557 25.171 | 1.246
35.95 | 4152 225 4200 4176.115 36.157 0.9941
26,03 | 3006.465 | 4200 3603.23 31.20 0.8579
31.86 | 1971.34 1350 1660.67 26,84 1.23
15,95 | 3285 JR00 35423 38.768 0.9322
31.0 | 5332 4000 4666
26.05 | 2380.32 3200 2790.16

The shearing force diagrams and bending moment diagrams for all strips
are shown in Figs. (7-17) and (7-18). Determination fo the thickness of the raft : the
critical section for punshing shear will be at the column carrying 1500 kN of load at
the edge of the raft Fig. (7-19).

b = (0.5 +d/2) + (0.5 + 4/2) + (0.5 +d)
=15+2d

U = (bed) (6) (0.34 Vfc)
= (1.7) (1500) = 2550 kN = 2.55 MN

2.55 = (1.5 + 2d) (d) (0.85) (0.34 +20.7)
(1.5+2d)d=194 d=0.68m

to.
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taket =08 m
the thickness of this raft will satisfy the wide beam shear condition across the strips,
Detcrmination of reinforcement :
From the moment diagrams, it can be seen that from the moment diagrams, it can be
seen that the maximum negative moment is located in strip QPSR.
M-ve max =4019 82 kN.m
M/m = 4019.82 / 7 =574.26 kN.m/m
Similarly, the maximum positive moment is located in strip ICDJ and its magnitude
1S
M tve= 1727 57T kN.m
Mim = 1727 57/4 25 = 406 5 kN.m/m
a = A, (413.7)/0.85 (20.7) (1) = 23.51 A,
A, =004250
M =(574.26) (1.7) = (0.9) (0.0425a) (413.7 x 1000) (0.68 - 0.04250./2)
976.242 = 10760.337 o - 336,260
336.26 o’ - 10760.337 o + 976.242 = 0

o =0.09]
A, =0.0425x 0091 = 0.0039 m*/m = 39 cm®
take & ¢ 25/m

Provide 16mm diameter bars at 400 mm centre - to - centre as a lower :remf‘urcamml
in short d:racugn For the long direction upper reinforcement ;
= (406.5) (1.7) = ¢ As (413.7 x 1000) (0.68 - w/2)
¢ =0.9

Asly (Ag)(413.7)

o = =23.51 A,

0.85f, b (0.85)(20.7) (1)
A, =0.0425 o
M, = 691.22 = (0.9) (0.0425 ) (413700) (0.68 - 0.0425 o/2)
o =0.0645
A, =(0,0425) (0.0645)=0,00274 m*m’ = 27.4 cm*/m’
take 6 ¢ 25/m’

Lower reinforcement |

M, (281.5) (1.7) = ¢ A, (413.7 x 1000) (0.68 - «/2)

¢ =09, As=0.0425a,

So 478.38 = (0.9) (0.0425 w) (413.7 x 1000) (0.68 - 0.0425 o/2)
Solution of the preceding equation gives

a =0.045

A, = (0.045) (0.0425) = 0.001913m’/m = 19.13 cm’/m

take 4 ¢ 25/m’

Arrangement of the reinforcement is shown in Fig. (7-19).

Example (7-4):
Design a rigid mat for the 6 columns shown in F:g,{'f-!ﬂ} All columns are
40 x 40 cm_ The net allowable soil pmssurelsﬂ 7 kg/cm’, the area of mal is given,
f.=55 kgic:m f, = 1400 kg/cm’, Qp = Skgﬁ:m
Solution :
Properties of mat .
A=7x12=84 m’
R=2x80+3x70+60=4301

foy




X =1 (80 + 70)+ 6 (80 + 60) + 11 (70 + 70) /430 = 5.884
e, =6-5884=0.116m
M, =Rex= 430 x 0.1 ]fl =49 88 = 50 mt

Y =1 (70 + 60 + 70) + 6 (80 + R0 + 70)/430 =3.674 m
gy =33~ 3.674=0.174m

M, =R, =430 x 0.174 = 75 ml

I, =12 x73/12=343 m’

I, =7x123/12= 1008m’

R My M
A Iy Iy
430 75 50

= —t+—y+—X
84 3437 1008

q=5.12£0219y £ 0.0496 x

[T Point X,y P/A | 0219y | 049%x 1

A 6,35 -512 -0.767 -0.2976 618
B 6,35 -512 -0.767 + 0.2976 559
B 6.3.5 -512 +0.767 + 0.2976
D 6 . 3.5 =512 |-+ I}.TEF I 0.2976

In the long direction the rafi will be divided into three equiv. alcnt beams
(strips) of : strip AB with a width 3.5 m and soil pressure of q = 6.18 /m” (using the
max soil pressure along one edge of the strip).
My = WL /8

=6.18 x 5°/8

=19.31 mt/m’

d_=0334 41931x10° /100
=46.41 cm
take t = 55 cm, d = 48 cm
Check punching : \
Q, =80 - (6.18) (0.9 x 0.9) = 75 1
75x10°

= =4167 kg/i® <8 ok
1 50x4x90 Y

Determination of reinforcement :

3
1931x10
Strip AB : A, = ————=132.79 cm*/m’ 9 ¢ 22/m’
48 x 1227
use 9 ¢ 22 top and bottom.
Strip DC : q=qA +qD/2
=(6.18 + 4.65)/2 =5415 t/m*
M=5415x52/8=16.92 mt/m’
1692x10° : .
A= ——— =287 cm’/m’ 8¢22/m
48 x1227
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{D : 0.4+d

L1 =0.9 m

D.4+d=0.,9m

i) o i) (TT—'H'] Jss
For sho_t“t direction we can take the maximum stress for the three strips.
g =6I18tm°

6.18x5°
= —— = 1931 mt/m’ (one - span)
8
19.31x10° \
= e—=3279cm/m" 96¢22/m
48x1227
The details are shown in Fig, (7-23).
Example (7-5);

Design a matl for columns shown in Fig. (7. 24} All columns are ‘iﬂxsu
cm, take f, = 60 kg/em’, f, = 2000 kg/cm’, g, = 10 kg/em?, Qe 1 = 0.64 kg/em®
Solution :

Properties of mat :
R=5x100+3x110+3x9+1x80=11801

A = R/gnet all = 12180/6.4 = 184.375 m’
Take area of mat 15 x 12.5m

A=1875m
q = 1180/187.5 = 6.29 t/m’

(100 + 100+ 100) 4.5+ (100 + 100+ 100)2 x 4.5+ (80+ 110 + 90)3x 4.5
1180

X=

=§#T5m

Y = (110 + 100 + 100 + 110) 5.5 + (90 + 100 + 100 + 90) 2 x 5.5 /1180 = 55 m
E;=ﬂ .=5|-=ﬂ .,.M;=ﬂ' 1My=0
Determination of depth :
From short direction Mmax = gL*/8 = 6.29 x 5.52/8
= 23.78 mt/m’
dy =0.347 4/2378x10° /100 =5351cm -,
From punching g, =120-6.29x0.5x0.5=118431

118.43x10°

10x4 x50

taket=70cm,d =63 cm
Determination of reinforcement

= 5921 cm
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23.78x10°

Short direction A, top, bottom = - =21.05cm’
63x1793
Long direction, M = qL¥/10 = 6.29 x 4.5*/10 = 12.74 cm’
5
12.74x10
. boltom = ———————=11.28 cm®
i 63x1793 - e
Details of design are shown in Fig. (7-25)
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:_ Design of Ribbed Raft 4 yadl) A5 apasss : Lo

Al A Iyl LI (e o pliall i a5 aS RS
i oA Ly Las 5 e ol gl a ) sny g 301 Jlas] 555 Laigs p2d5
Anbsa (Ao Lagaida (oall (59 5 slutip ag il Aakilie lolga¥! 58 Eua 1Y
abus ol O q A e clilgal dand Camy AN daban s Cingy 2ALD
‘4z panall Ay 5 g

3= e Sl QUL panall Sy vl Gt Ay paSl AN ppaad
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Pk LS aal Ll uBy, By Jie gl S S0 L il e
qL’ = By i palll o i JSI ol Jaal
qLY2+Ly) ~ B 55a80 e e JS plidiall Jaal
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P Oe K lua Sy 4l
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POl 39355 (55§ pana o A ) Y1 Ablea e geasll Ky,
2R, +8R, = 2P, + 2P,
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Example (7-6):

Design a ribbed raft for the columns given in Fig. (7-29). All columns are
30 x 30 cm, the net allowable soil pressure is 0.52 kg/cm’. Take f, = 50 kg/cm?,
f, = 1400 kg/cm’
Solution :
Design of slab.
long. cantilever - M= 52 x1.65%2=7.1 mt/m’

d=0361 {7.1x10° /100
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P, p,|| % P, P,
b
T T“* ‘H = =
2 Pol | B3 Py Py
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LSI‘“& W e
+—— 3+ ‘nl+
¢ Ly Pt S +

v glia LS AS (YY) JSG

iﬂi&f:_ 1_= 40¢cm, d - 33 cm

E
7.1x10° 2
A= - 11.6.cm? 9§ 16/m
1237 x33 .
Short cantilever : M= 5.2 x 1.35%2 = 4. 74 mt/m’
71x10° .
- {7 S’ 6 6 16/m'
1237 x33

intermediate slab : M = 5.2 x 1.5%/12 = 0.98 mt/m’
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1.65

5.5

945

1.65

B,

-J‘. dine

pladfed.s 4 1.5 4 1.5 4 1.5 4 1.5 gl.s 41.d5
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5.2%x1.5 =7.8 t/m'
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098x10°

= =24cm’ 5 ¢ 13/m
1237 x33
Design of secondary beams Fig. (7-30)
15/2+1.35
BRI e — 1.4
L5
3.2 (1.5/2 + 1.35) = 10.92 t/ml
R, =14R2...(])
52x15=780Um
2R, +5R, = 100 + 120 + 110 (2)
Solving eqns. 1 and 2 gives
R =35923 1. R;=42.311
Similary :
R, =30st R, =2181
SFD and BMD are shown in Fig_ (7-31)

d=0361 42 6x10° /150 = 60.84 cm (T.sec.)

To reduce reinforcement take beams B, and B> 920 x 50d =83 ¢cm

426x10° )
A, = ———=41.49 cm’ (9 ¢ 25)
1237 x83
A, =02x4149 =83 cm’ (54 16)
30.5x10° ’
For beam B, A= — 2971 em® (7 ¢ 25)
1237 83

Al =02x29.71 =594 cm’ (3 ¢ 16)
For diagonal tension use min reinforcement 5 ¢ 8/m’
Stirrups and 2 ¢ 25 bent bars, Fig. (7-32).
Main beam B, :
Loads, SFD, BMD are shown in Fig. (7-33)
d=0361 {658x10° /10 = 130.96 cm’
taket = 140cm, d = 133 cm
_ 658x10°
1237 x133

Al =02x40=8cm2 (4 ¢ 16)
Diagonal tension diagram for B, is shown in Fig. (7-33). Use stirrups 4-branch ¢ 8.
0.5x4 x1400
36 B i Lk
50xS

Spacing between stirrups S = 15.55cm take 746 8 /m’

725-6.6)x150x 50
br:ntbarsA.bem=( Jatnx =34Bused ¢ 25

1400

= 40 cm® (9 ¢ 25)

(A, st =0.5)

£11




29,615 _SFD_
o 0.5 42.6 42.6
2.6 _BMD_
21.155 21.8
21.5 21 . 155 _SED_

[32 30.5 30.5

1.93 BMD

- ———

o g8 ) pasll Z080AN (5 B (YA -V) Jod
Main beam Bs, Fig. (7-34)
M = 65.8 mit

 65.8x10°
1237x133

=39.99 cm’ (9 ¢ 25)

gy




5.93t 6.1

6.1 5.93

4.31 4,36

4.36 4.31

g il5 i pasl] aill @iilgal (YY-V) Jed
49.5x10°
140 x50

use stirrups and bent bar as in By stirrupe 7 ¢ 8/m” (4 branch)
bent bar 4 ¢ 25
Details of design are show in Fig, (7-35)

Maximum shear stress = =39.99 cm” (9 § 25)

£TA




40,77 /7.68 ¢ 50,77

| —HOADS |
42 31142, 31 e 2

7
_ 6.6
stirupps
Q.22 3
. g
3 4 shear strepht
3,8 4.8
B, boadl) : (Yr-v) Jod
46.5 88.2 49 .5
| Y L
LTI T ! ITTT T QL]0
' 8.58t/m" ‘ et
21.8 el 8 21.8 21.8

B dpadll @ (FE-v) J<d
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Numerical Analysis of Foundations
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M/1=ER (Beam Theory)
Where M = Bending moment
E = Modulus of elasticity of the material comprising the beam.

I = Moment of inertia of the beam.
R = Resulting radus of curvature.
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H=1an B =dy /dx
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(—do 3
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do / ds is -ve and 1/R = -db/ds

ds = dx
- MR=-d0/ds=-d0/dx=-d (dy/dx) /d X
-~ - M/EL=dy / dx
)
do
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1 1
fdx=— | Mdx= — [
dy EIJ op M Al
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where: vs = Poisson’s ratio for soil
Vi = Poisson’s ratio for foundation material
E:. Ex = Young's modulus of foundation material and soil, respectively.
b half - width for strip foundation
radius for circular foundation
T = Thickness of foundation

'1 .1':1:\:1.1 15
Perfectly flexible foundation Lela () ye ot o G Kr=0
Perfectly rigid foundation Lls teuls i) o) on K, =e0
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Applied load = g/unit area

R S s e o L et
Contact stress = q - - : )\‘
Sertlement
profile

{a)
Appied load = glunit srea
RN .
P Ty A R dTaald g e
‘"\ _ _ _ _‘_'r
T Sattlemnent
profile
Contact stress =
Qe(max) l
{{+]]

Flexible (a) and rigid (b) foundations on clay.
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Applied load = q/unit area
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Cantact stress profile
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Flexible {z) and rigid (b) foundations on sand.
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Poisson’s ratio, p.
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Values or value ranges for Poisson’s ratio u

Type of soil i

Clay, suturated 04-05

Clay. unsaturated 0.1-0.3

Sandy clay 0.2-0.3

Silt 0.3-035

Sand, gravelly sund ~0.1-1.00
commonly used 0304

Rock '0.1-04 (depends somewhat on

type of rock)

Locss 0103

Ice 0.36

Concrete 0.15
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: Modulus of Subgrade Reaction K, 43 80 Jaé 3 Jalzs —2
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k,=q/A kN/m’ ; s L il

q = intensity of soil pressure.
A = settlement under intensity q .
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Definition of coefficient of subgrade reaction,

1% gad 3 Jalsa (1 0-A) g

2
B+03
kt :"I'CU.Z! 3 -
2H

where ko3 and k = coefficients of subgrade reaction of footings measuring 0.3 (m) x
0.3 (m) and B (m) x B (m), respectively (unit kN/m?*).

(0.3(m)
B (m)

P Om ey A Jad 3 dalas 8 &0 Gl BXL JS30 ik il

B
kEExEJ 1+ E

for foundations on sandy soils

K, (kN/m?) = k5 (kN/m*) ]i :' for foundation on Clays

k. =
15
Where :
k, = Coefficient of subgrade modulus of the rectangular foundation (L x B).
ke ym = Coefficient of subgrade modulus of a square foundation having dimension
of BxB

ot B o i dagh bl 400 Jad ) Jaben e o s Rl Asleal
OH A 2 5l Gaall e 3y 55 gyl (Jales Aa of LSy + 0,67 kep ) s sl
Ailsse 2505 1y Luad il 2 0 Boanll e Lt 5y 2 01 k3 (Jule Bl

voula¥! 3B e JBY

et |

K—sizK:u“-l_ }EEK-I

Where : K,; = Coefficient of subgrade modulus at foundation level.
K. = Coefficient of subgrade modulus at grouns surface.
D; = Foundation depth.
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Where N = Corrected standard penetration resistance
3y Jel=a luus The US Corps of Engineering g_‘-g__p‘ﬂ Caadigall =Sl = 3l LS
oa ! e e 0.7 kglom® s 58 Slgay JiEal b gagl) (e &y il Jad
k= 0.7 /& kg/cm®
CBR L yuiallS Jalase (pe & 5l Jad 3 ) Jalaa (il (Say LS
k. = q,,,,/0.25
AL A 1 Jand 65 (pa g 5 3y 30 i 3y ela cilusn st 58 LS
f0e
k, = 40 g, (FS) kN/m’
Where . g, = qu /FS

S P S TR TS T I B8 A LS oI L jiadiin ¥,0 0 338 o gagl a1 Jalxa FS
whﬂ\MaJLhungLnMCJﬂLﬁﬁ-u.\"l‘t.\'hc__uqi-riji&}i

. ;..i_’)lﬂ Cilalas
k, =Bk, =0.65 1 EB' _E,
T VE I 1-4°
or
E_B* E,
k., =065 -
E;J; B(l-u")

Where : E, = Young's modulus of soil.
B = Foundation width.
Ex = Young's modulus of foundation material
Iz = moment of inertia of th ecross section fo the foundation.
p = Poisson’s ratio of soil

b ) Al Aslaal) |y pa Sy Aglaall gl 2

E,
k=——"3
B(1-47)
: S sosill Jagagd) e Ayl Jad 3 ) Jalas s A0S mal pall (yany 3595 LS
k, = Aq,/§;
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Tigpe o Srlass o pSal 5Sa LS + il e Flexible dijal 5l Gl sl (o
t N gall e Ay Jad 3y Jalae Ay bl

For rigid footing AL<m
Intermediate nfd<iL<n
For flexible footing AL>n
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where A= 4_|——
4E .l
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E.. 1= Young's modulus and moment of inertio for footing material
2l A gaaa s AU A U1 o phall G 0y Jgeadll LAY dglladl diiSEN ) s
Lyl Jad 5 Jabaal Aap )i Lagi essaall o Caa 8l aal pall ol Jo gl G0
H(TA) e (e G gi Al &y 0 1 48

8 e o GBI K, o8 (F-A) dsta

Soil State K.MNm’ |

Dry or moist sand loose (N < 10) §-25
Medium (N =10-30) 25 - 125

Dense (N > 30) 125 - 375
Submerged sand Loose (N < 10) 10-15
Medium (N = 10-30) 35 - 40

Dense (N > 30) 130-150
Clayay sand Medium dense 32 - 80
Silty sand Medium dense 24 - 48
Clay Suff {q. =100-200) 12 -25
Very stiff (q, =200-400) 25 - 50

= Hard tgu > 4U[}z > 50 ==

(Note g, = unconfined compression strength)
A0 Jub 3y Jabaal Aa Jiie (6 580 Lash (£-4) Jpaa 0 LS

A e 3y Jalaad 5 a0 o (£-A) Jede

Soil Unified classification K, kg/em
Gravel, pravelly GW loose 5-10
gensc 15-20
GP loose 5-10
densc 10 - 20
GC g8-15
GM 3-15
Sand, Sandy SW loose 1-3
dense 5-15
SP  Joose 1-3
dense 5-8
SC 6-15
SM i-8
Clay, Silt Sot  q.=0.1-1 kg/cm® 3 -5q
Medium g, = 1.5-4 kg/cm’ 3-5q
Hard q, > 4 kg/cm® 3.
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Uy 4 f o Bpadd Al Ja
The Hetenyi Solution of 2 Beam on an Elastic Foundation
aaiay Jall 1aag e ol Glo b 38 Lol Sts (Hetenyi, 1948) s o8
U=d JJL-JS.JEI%uhﬂiﬁiﬂjtq&jfdmhiﬂmmﬂimuh
' v U Jab 3y Jalae plasialy g o4 i
q=k.y
ALl Alalaall 56554
d*y
El =q=-K.Yy
dx*
e b Gt 4 5 o e (3 Winkler Sy (yapd o ey Jall 1y
Lnd ) n a0y Alalis Adolea 8 A5l slall g Springs U e de pana
S 1 3l NLa Ga oS D, € BA o i a6 plal Jall

Y= (A cos dx + Bsin Ax) + e *(Ccos dx + Dsin Ax) ° Jeall i3,

l::‘.EEE
\J-ﬂlEl

B, E, | = Footing width, elastic modulus of footin gmaterial, and moment of inertio

t ol JSE ol Gy

dy /dx =6 = slope Ja gl J Y1 Jual@ill = 4l 5 gall
d*y/dx* = M = bending moment Al Ll = 5 jal
d*y/dx’ = Q = Shear BN Jatisll = a)
d'y/dx" =P = load a Sl = Jaal

b b Aigpall Jpanil) VLAl A Laliil e slaall Ja (0-A) Jsax O
s asaall Ci¥la oli (Yo—A) JS35 & x=0 aiey +5 58 5l dLu.'.'ﬁJ(\n—h)

atx= Shear Moment Slope Deflection
0 ., D C unknown unknown
a (load) T - M, = -M, 0y, =By unknown
L 0 0 unknown unknown
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PA
| o -
| kg (sinh” AL—sin™ AL)
— sin AL cosh Aa cos Ab) + (cosh Ax sin Ab)
+sinhﬂxmilx}[sinhﬂL[5inJamshAb—msja sinh Ab)

3 {2 cosh Ax cos Ax (sinh Aa cosh Ab

+sin AL (sinh Aa cos Ab — cosh Aa sin 4b) ] }
P
M = 2 )
| k¢ (sinh® AL-sin” AL)
| — sin AL cosh Aa cos Ab) + (cosh Ax sin Ab)
+ sinh Ax cos Ax) [ sinh AL (sin Aa cosh 2b —cos Aa sinh Ab)

{2 cosh Ax cos Ax (sinh Aa cosh 4b

+sin AL (sinh Aa cos 4b — cosh Aasin Ab) | }
s Oh okl o Bagaaa b §aS Jola (0-A) Jsia

Concestrated load at end Momeni sl end
} H‘,AD . -JM.J.'C
y l:; s K Ax
l —3.12 aM 12
= 1*_. Ay f= k; D
=i
M- HJ- M-Mﬂ‘u
F
Q=—VFiCu Q= ~2MiB,,
Coacentrated lond at center Momeni sl cenler
Pa Myt :
}"E';'Au y= I.: B, dechlection
- PaA? M?
b= B p=——0C
K ax K, 1w slope
| P M
' M-EE,. Ha-—;n.. momenl
—P -M
I E-Tnh Q'_I"“'I" shear

The A. B. C. and D cocfficients are:
| Ay, = € **cos ix + sin dx)
l Bu-!-hﬂ-ﬂh
Co = ¢ *oos dx — sin Ax)

DM -r"'mh'
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e s very long i
L P e T
E 1 q§=ky

ﬁ_!_ = k)
H-L,_i k, = k,B (includes efiect of B)
X
-"——'-\-r__h“ I"'_..nl-""""""'l-n y ‘u f_
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Dflection curve "'!"‘I
L ——
— — — ———— H
0 curve (k) Finite length beam on clastic
loundaton.
e el
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\[/ * g .
A =1
Moment curve —X X |
a — H
-"11 i |
ey e ..-"‘ 2 —n ] =
q = kBy
Shear curve
(@) Infinite length beam on an
clastic foundation (c)
s okl B 3 pagl) (Yo-A) Jsa
. P .
Q =————————{ cosh Ax cos Ax (sinh Aa cosh 25
(sinh™ AL - sin™ AL

x (sin AL cosh Aa cos Ab —sin AL cosh Aa cosAb)
+sinh Ax cos Ax) [sinh AZ (sin 4a cosh 4b - cos Aa sinh 15)
+sin AL (sinh Az cosAb — cosh Aa sin Ah) ] }
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Example (8-1):
Solve the heam shown in Fig. (8-20) using Heteny solution, B = 3.048m,
k, = 1.540 kN/m’, E, = 22408756 kN/m
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Av3

Functions A, B, C, D, E, and E, lor use with the Winkler model

D, C.B, A <l &) el (VA Jgsa

ix A B c D E, E, Ax A B c D E, E,
0 10000 O 10000 10000 o o 16 —00366 -00121 —00124 -0.0245 10256 09771
0.1 09907 00903 08100 05003 27634 1492537 17 —0031 -0011] -00079 -00210 10276 0975I
0.2 09651 0.1627 06398 08024 15265 213645 1B -003i4 -00137 -00040 -00177 10287 09738
03 05267 0.2189 04888 07077 11249 746826 39 —00236 - 00140 —00008 —0.0147 10292 06732
04 08784 0.2610 0J564 06174 09323 I4ET97 40 —00258 - 00139 00019 -00120 1029 0.973)
0.8 0231 02908 02415 0532) 08239 197941 40 —002)1 -00136 00040 - 00095 10282 09718
0.6 07628 03099 01431 045)0 07584 126565 42 —00204 -0OII1 00057 - 00074 10271 09747
0.7 06997 03199 00599 03798 07178 68028 43 ~00179 -00I25 00070 =-000%4 10258 097s8
0. 06354 0.322) -00091 02131 06931 65147 44 —0DIS5S —-00117 00079 =00038 10241 Q977
09 03712 03185 ~00657 02527 06795 40382 45 —-001)2 -00I08 00085 - 00023 10222 09790
10 05083 0309 -01108 01988 06739 40740 46 -00II1 -00I00 00089 —00DI1 1.0205 ©.9808
L1 04475 0297 -01457 01510 06745 313807 47 —00092 —00091 0009 +00001 [.OIB6 09822
1.2 03899 02807 -0.1716 01091 06800 28746 48 -00075 —00082 00089 00007 10167 09839
1.3 03355 02626 —0.1897 00729 06892 24967 49 -00059 —00071 00087 0004 10149 00857
14 02849 02430 -02011 00419 07017 22066 S0 -0.0066 —00065 0DOS4 00019 10122 09872
1.3 02184 02226 -02068 00158 07166 19802 S| -0003) —00057 00080 00023 10115 098N9
16 0.1959 02018 - 02077 ~00059 07338 17997 52 -0002) —00045 00075 00026 10099 0990}
17 01376 01812 -02047 -0.02]5 0.7524 15550 53 =-00014 —00042 00069 00028 10084 09918
18 0.1234 01610 -01935 ~0037 0.7724 15369 54 -00006 —00035 00064 00023 10071 0991
19 00932 01415 -0.1899 -00484 0.793) 14396 55 00000 —00029 00088 00029 10059 0994)
20 00667 0120 -01794 -0.056) 08145  1.35%63 56 00005 -00023 00052 0002 10047 [99S)
2.1 0.04)9 0057 -0.1675 -00618 08338 12927 57 0000 00018 00046 00028 10036 09964
2.2 00244 00894 —-0.1548 -~ 00652 08571 12365 $8 0001 —000I4 0.004] 00027 10028 D992
23 00080 00748 ~0.1416 -0.0668 08775  LISCO 59 0001 —-00010 0.0036 00026 (0021 09979
24 -000% 00611 ~01282 -00669 08974 11505 60 00017 -0.0007 00031 00024 10014 09986
24 -00166 00492 —-0.1149 - 00638 09160 11175 61 0008 -0.0004 00026 00022 10008 0992
24 -0.0254 008 -0.1019 -00636 09336 10899 62 00019 —00002 00022 00020 10003 09997
2.1 -0.0320 00287 -00895 -00608 09498 10660 63  000I3 400001 0001 0008 09999 10001
28 -0.0369 0024 -00777 -00573 09642 |0466 64. O0O0IF 00003 000iS 00017 09997 | 0003
29 ~0.040) 00132 -00665 - 00534 09772  1030) 65  0001f 00004 00012 00015 09994 | 0008
30 =0.042) 00070 -00363 -0.0493 09383 10057 6& 00017 00005 00009 000!} 09992 |0008
3 ~00431 00019 -00469 -0.0450 09982 10059 67 000l 00006 00006 000!I 05990 10010
12 -0.04)] -00024 -00383 - 00407 10064 09959 68  000I5 00006 00004 00010 09989 10011
3.3 - 00472 ~00058 ~00305 - 00364 10131 09899 69 00014 00006 00002 00008 05988 10012
14 -0.0408 -00083 -00237 -0.032) 1.0I84 09844 70 00017 00006 00001 00007 05988 | 0012
3 - 00389 =00ID6 -00177 -0.0283 10226 09501
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Note alternate coding and metric units
(V) Jltia s (YemA) L&

Solution : :
1=3.048 x 0.5083/12 =0.0332982 m

kB _ \/ 75405 x 3.048

=(.29623
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: The Finite Differences Method 8agaaasll i 8l 45k
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Example (8-2):

A simply supported beam of uniform EI carries a central load W. Assuming the the

beam is split into four equal sections determine an expression for the central

deflection of the beam. Asusme that supports 1 and 5 do not yield. The beam is
illustrated in Fig. (8-23).

w
v 2 L 4 5
(e gten i)
(Y-A) Ja (YY-A) Je&
The two reactions are equal to W/2andy =y, =0
W Wa [y.-in-m]

e e

(1)

(2)

y, =2y, +
"Ma=—“;l{2n=-“’a=ﬂ][y2 3’;3 }'4]

0.




W
-M,=——x3axWa=——=El (3)
2 2

Wa "}fsmz}"q +Y.‘-“
az

Buty =y, =0~ equations can be rewritten

Wa’

2EI
wa’

}’3_23'14'?4:_F (2)

=2y, Y3 =- (1)

Wa®
2EI
_Wa'® wa® .

+== and from 3),y,= ——+—
a5 g ARmOLy,= ot

Y3 +2Yd='—

From (1), ¥

Substituting in (2)

3 Wa’
Buta=1/4 . y;=—
128 EI

Wa?
48E]

Note : Theoretical solution 1s y; =

Example (8-3):
A simply supported beam of uniform cross section has a span of 16m and 1s subjected
to a clockwise moment of 16kNm at the point shown in Fig. (8-24).

Considering bending effects only determine an expression, by fimte
differences, for the deflection of the beam at the pont of application of the moment. It
can be assumed that the supports of the beam are unyielding,

First find the reactions at the supports and then determine the bending
moment diagram.

Taking moments about the left hand support :

Qs x 16-16=0 < Qs = 1kN upwards.
Taking moments abont right hand support
Qx16+16=0 *. Q) = 1 kN downwards.

The bending moment diagram can now be obtained and values assigned to
each nodal point :
M;=-4 kNm; M;=-8 kNm; M;=1/2(4-12)=-4 kNm

~ 2%, +
M,=4=p] L2227 (1)
i
‘M, =8=EI 22 _2};34_?“ (2)
a




(Al Looding f,f/’p!jl é % B ;W
l_ 2 m ! am _JL
1kN I6kNm
iB) Feoctions L _{
rlliM

(C) Banding Moment
Diagram

= |2 kNm

(T-A) Ja (Y£-A) Jui

-2y, +
M, =4=F] 22" =Ys? :;4 s 3)

Bul ¥i =}r5=0

2 2
i.l Fm{l) }rzt ___&__'__'}"_3

El 2

Substituting in (2) for y,

232 Ra*’
: —+h‘- 2}!3 -*»‘ji"4 T —

El 2 El
232 3}'3 N aaz

B 2 T E
and substituting for y; :

22 3 422 3x2y, 8a>
El 2 El 2 El

2 2
8 8x4 128 .
o - =——(an upward deflection)
El El El
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Example (8-4):
Assume that fig. (8-26) represents a typical foundation beam subjected to the loading
shown and that it is required to obtain the bending moment and shear force diagrams
for the beam. The subgrade can be assumed to be a stiff clay.

So that the values obtained from each method can be compared it will be
assumed taht the beam is of reinforced concrete and has a constant cross section of
500 mm deep by 700 mm wide. The beam carrics a uniform load, including its own |
weight, of 16 kN/m run.

320 xiw 400 kN i
J ~Tu160 kNm |
i |
— - - = 1
=TT =TT -
im | &m Im
]

t(i*:‘i) JUa : (T"E—p"ﬁ) Jsd
(a) Solution by rigid method ;
The procedure is as follows :
Determine R, . the resultant vertical force of the applied loading
Determine e, the eccentricity of R, about the centre line of the foundation.
Determine maximum and minimum bearing pressures from standard formulac
Determine shear force and bending moment values.
R, =400+ 320+ 116 x 8 = B4R kN,
Taking moments about left hand edge of beam :
2

RX=16x ?+32Dxl+4ulli 7+ 160

Where x : distance of Rv from left hand edge
x= 3792

848

=4472 m

=4472 m
and R, acts at ¢ = 0.472 m to the right of the centre line of the foundation. the
maximum and minimum bearing pressurcs can be obtained from standard formulac
available in most soils text books.
In this case with is within the middle third and

b e
J"Bf’]iﬂ‘ﬂ”z)g_l.
g8 \ 8 0.7

2.0

: ]
e e R .



= 205,02 and 97.83 kN/m"
In order to draw the shear force diagram 1t 1s best to think of q. not as a pressure. but
as a uniformly varying load beaneath the foundation. Maximum upward foree = 0.7 x
205,02 = 143.52kN/m.
Minimum upward force = 0.7 x 97.83 = 68 48 kN/m.

The P and Q" force system, the downward and upward reactive forces al
relevant sections along the beam, can now be evaluated and the bending moment and
shear force diagrams obtained (Fig. 8-27).

20 kN 400 kN
r £
16 kN/m 160 kiNm
(A Applied Looding = i : 1
{B) Reoctive Looding  |68-48 kN/m C[_- 143.52 kN/m
134-14kN/m
Iz??-z kN
57.2 kN /I
(C) Sheor Forcae Diogrom -
o -122.8 kN 1
~562.8 kN |
| o 62.2 kNm
127 8kNm N
(D) Bending Moment 97-8 kNm
Diogram -
446.2 kNm

v e lil) Jadl £ (YV-A) Jsd

The calculations are straighforward and only typial ones will be shown.

Shear force-conventions is :
Positive shear i@

Negotive sheor ;ﬁ
Shear force at point A :

Considering forces to the right of A (i.e. without the 400 kN load)

M (14352 + 134'14).,; 10+ 16x1.0=-122.83 kN

Considering forces the left of A (i.e. with the 400 kN load)
F=400-122.83 =277.17 kN,

O\




B —

Bending moment-convention 1s
Pesitive bending (.________ >

Negotive benﬁng( e )

Bending moment at A ¢
Considering forces to the right of A (i.e. without the 160 kNm moment),

1 938 2 1
M=1341 —4+—x—=16x— =622 kNm
2 2 3 2

Considering the effect of the 160 KNm moment will give

M=622-160=-97.8 kNm.

Various points along the beam can be selected for evaluation of bending
moments and the resulting diagram is as shown in Fig, (8-27) Maximum bending
moment 15 446 kNm.

(b) Solution by elastic foundation with a simplified elastic subgrade :
Depth of beam = 500 mm

Width of beam = 700 mm

The following properties will be assumed

Modulus of elasticity for concrete, E, = 20000 MN/m®

Modulus of subgrade reaction, K. =30 MN/m’

vt b gy Johl Ayl plilie 4508 ) () iy @ gine i85 e guaal
ebbie da )l () L s g Rasitnal 45,0, LS praum il g Lia LSl

2= 2m ghie JS Jok s iy (A-YA-A) JS8 6 LS Lii uas
Bias O88 Y, Yo Yy Yo ¥y 95 deflections S sl ol (ya i dysial) Bl ai) e

q=ky
q, = kyy,

stiff clay wabiall pukll k, Ooks Guad Gy LS

There are five nodal points; let their deflections be Yi+¥:. ¥y, and y,.
Then g, =Ky, : 2=k, y»....elc,
Yor a stiff clay ks = (ks1/b) x 0.305 = 20/0,7 x 0,305 = 12 MN/m3
Moment of inertia of beam = (1/12) BD®
EI=20000 (1/12) 0.7(0.5)° = 145.75 Mnm"*.

Assume that the contact pressures act as concentrated upward reactive
forces, Q,, Q,, Qs Q; and Qs at the nodal ponts 1,2.3 4 and 5.

Q_1=II]J X area = ; xaﬂxB=k,}'] a2 B

' =13(2/2)0.7xy,=9.1y,

Similarly, Q; = 18.2 y,. _etc.

There is no applied moment at either end of the beam so it can be assumed '
that points 1 and 5 are not fixed and that M, = M, = 0, é
Expressions for M,, M; and M, can be evaluated

My=Qix2-320x1-16x222=182y,-352 (1) |

e.Y

f
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320 kN 400 kN
j. 16 kNI m rf‘lao kNm
5

- Iz £ L
(A} Looding : '1,.1,1 | S B T 1 (R O 2 A
Ba.4 kN MLO kN/m
§2SSkNIm .
2014 kN/m
214 kN

(B} Sheor Force /

Diogram

" =185 kM

126 xNm

EEkNm 3 kNm
\ B
{C) Bending: Moment

gt HEET

- 277 kNm

{closure error should be adpaisd by
chering vomes)

(sl ¢) Ugual e 4dad Ly bl By (YA-A) S

Mi=264y, +36.4y,- 1088 (2)
My =546y, + 728y, +36.4y; - 1888 (3)
we know that - M =El d/dx
-2y, +
and, from Appendix ITT ; dy/ dx* = 21 :-’;. 4
a
hence, equation 1 may be rewritten as :
145,750
-18.2y = 4 O - 2y2 +y3)
ie 15y, -2y, +y, =066 (1)
Similarly for equations 2 and 3 :
10y, +20y,-2y,+y,=29.86 (2)

15y, +20y,+20y,-20y,+ 1.0y, = 5181 (3)

(Note that EIl is expressed as 145750 Mnm’ so that they values will be in
millimeters).

oA




There are five unknowns (y, to y,) so two further simultaneous equations are
required  These can be abtained by equating M, (or M,) to zero and equating IR to
210,

IM, = 0 gives

728y, +1092y, +728y, +264 v, = 2992

91y, +182y, +182y +182y+91y =848
Expressing in matrix form :

(4)
(3)

1.5 -2 1 0 0 ¥ 9.66
1.0 2 -2 1. 0 Y: 29.86
1.5 2 2 =2 .1 Ys| = 51.81
728 1092 28 364 0 Ya 2992.0
9.1 18.2 18.2 18.2 9.1 | Ys | 848.0
By inverting the matrix we obtain ! - ; .
" 0.3687 02581 0.0829 00020 —0.0091| | 9.66 i
- 02396 0.0323 0.0461 0.0042 — 0.0051 |29.86 Y
- 0.0323 — 03226 - 0.0323 0.0053 0.0035] [51.81| = | y;
0.0461 0.0323 - 0.239 0.0003 0.0263 ) |2992 Y
| 0.0829 0.2581 0.3687 = 0.0215 0.0694 | | 848 | | ¥s |
Note © To reduce rounding off errors it is imporiant to work to at least four decimal
places in the inverse matrix.
Multiplying out leads to : Corresponding
Defiection Q values q values reactive forces/m
(mm) (kN) (kN/m?) length of beam
Y= 13.8 Q =129 q = 179.8 125.9
y = 93 Q, = 168.9 @ = 120.6 84.4
= 7.2 Q, = 131.2 Q= 93.7 65.6
ys = 12.2 Q, =22.0 q = 158.6 111.0
ys = 22.1 Qs = 201.4 qs = 287.7 201.4
Check X = 849.4  (Round off error = 1.4)

B o o yain Juialyg q el Jaia plasid i) cyad el g pg jall il
Jsds e gl jie JSI S0 SLSIL JasS Jad 5 (chad 0.7m i jall o8 eladll
v oY

O (o] a5 58 gy (5 53l 550 SO ypmi Jal) A A8 500y 31
Lol gl (J ghall Ay glusie alalie

and Q, =91y, etc The expressions for the bending moments M, to M, are :

M, =455y, - 8

M, =91y, +9.1y, -352

M, =13.65y,+ 182y, + 9.1y, - 712

M =182y, +273y,+ 182y, +9.1y, - 1088

M =2275y, +364y, +273y, +182y, +9.1y, - 1480
M, =273y, +455y, +364y,+273y, + 182y, +91y,-I1888
M, =3185y, +546y,+455y, + 364y, + 273y, + 182y, +91y, - 2232

0«9




Note. M, 1is taken to be the average of the two moment values that occur at point 8
when the applied oment of 160 kNm is allowed for, i.e. when calculating M, either
take moments of all the forces to the lefi of point 8 and add 160 /2 kNm or take
moments of all forces to the rigt of point & and subtract 160/2 kNm.
The remaining two required simultancous equations are obtained from

M,:r = ( and ZR = 0 The final matrix form of the cquations 18 *

[ 1.0012 - : 0 1.0 0 0 0
0.0624 - 2.0 10 i} (1]
0.0977 u 1249 10624 =20 1.0 0
01249 0873 G248 10624 =20 L0
01561 02497 01873 0,149 10614 =20
01873 0012 027 01873 01249 10824
07185 0346 032 027 0183 0.1249
%4 &7 4.6 45.5 3%.4 .3
| 455 9. 9.1 91 9.1 9.1
The inversion of the matrix leads to :
04533 0.8486 0.7804 0.5909 0.35724 0.1812
= 10,2290 0. 1784 43310 0.3263 0.2412 0138
“0137 -05182 -0.1429 00431 00983 00775
- 0058 -0290 -0.6862 —0.2970 =0.0828 0.00%
-0044 =-01092 -03351 —-07%] -03351 -0.100
0.0136 0003] -00828 =-0290 =-06863 - 0.2790
0mo0 00775 0008  0MI 01429 03182
0.0a07 0.1322 D.2412 0.3263 0.3310 0.1785
00499 0811 03724 05909 07806  0.8486

LU
0
o
0
]
=10
1.0624

2.1

= 01317
- 0w
0.6533

0 0

0 o

(] 0

] 0

0 0

1.0 ]

=20 1.0

9.1 )]

L' N da.55
0000 — 0.010
D0 = 0.0089
D07 = U.D06H
0.0056 - 0.0030
oosT  0.0032
D.oUIz D01

- 0.0008  0.0289
- 00ip4  0.0503
- 0029 0.0762

vl [ 005l
Vi 2415
¥i 4 Bus]
yil= | Ta8]
¥s 10,1544
¥a 12.9537
¥y 15 RA2K
Yi IWL0
¥y B48.0

0.0549 ¥

24151 ¥

4 8851 '_r-

7. 4648 ¥
10,15 | = | ¥
12.9537 Y5
15.8628 ¥r

Fa's ¥
ﬂl rq-l

Note : The calculations should be worked through using four figures r.:tf dlec:mals
This involves little extra effort when using a calculator and considerably reduces the
closure errors in the bending moment and shear force diagrams. After the final
values have been evaluated (hey can then be rounded off.
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{A] Loading
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=167 kN

108 kNm
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Solution by the Elastic Foundation and Subgrade Method
AB e 58l As ja A3 el AL elaY) it Le Ak peS Al sl 3a
I o )y pafiall okl y ) ghuall Jgtea ya il 134y Winkler JiSh, lgaa 3
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vl 32 dguy E,
Liphy A5 el A ¥ 4 Ak phass o Jigy P 3S)all Jaall gl il
b oo LS laad Ayl Aal 5 i (¥e—A JS.5) Boussinesq <y j g

P(1-4%)
y=—
xrE,
where p = Poissonn’s ratio

E, = modulus of elasticity of the subgrade
r = radial distance from P to the pont considered

5 jgpa u.h: Sy Le sale Liﬂ.ui'l uaill

¥ JP
= P
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y.—
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Where ] is a dimensionless number equal to
s
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i = B I B 1 _B 1_B 1.0
3 ¥y PET TR FE e h
B B 1 _ B 1_B
1l x = 3 i WL e W
a T2 PRl R g .
J|1_B B B 1_B
b4 BE,-E_xT 11; 3 l:l-:T i Q,
| Ya | = . . ‘ . S Q‘:J
P 0% Q 8l o Ay gl ablia ey )l ) g 5 a8 o a8 e
3Q]
Settlement at point |, dueto Q, = Q,
EB
. J
Settlement al point 2, due to Q, = —
Er
: B
Where r = distance fromQ, =a=ax —
J B
Hence, settlement at point 2, due to Q1=Q—I-xlx =l
- a
Settlement at point 3, ducto Q, = QJ_QJ _Q) x}-x*[—;

Er E2 EB 2 a
P peay A ghaadll Ciua (liy, dally Jia

B 1. B =128
— - X— - X— ...
[3 lx‘ 2 R RN ]
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M1=”
M:":}.Q| - 352
M; = 40, + 2Q; - 1088

My =60} + 40, + 20, - 1888
M_t.;'[}

M = - EI (d% / dx?)
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M) -2 1 0 0 d [y]
M: EI l ""2 ] {]' D }';
M‘; e - e U 1 "'2 l 0 ¥a
M, 5 0 o 1 -2 1 Y.
[ 0 -2 % EI 145.?5
Lt | ¢ @ e >F T T4

Ja¥ Cheall Giday o e aladd O 155 Ll ) jhea (g il Mo M e S s

W s

M, =2 1 o 6 EA
r _75 1
M, 0 0 1 -2 ||y (A)
Ya
E, =20 MN/m*. L=(5 1_',1‘ o s g
1=02387
H:zm : B=0.7mc—hj‘J
Pomai Qy by i A A gheaall 8
[y, 3 035 0175 01167 0.0875] [Q]
Ys 02387 (035 3 035 0175 o167 [qQ
¥ = X0 <g7 |07 035 3 0.35  0.175 Q,
Ys 000 % 0.7 15 1167 0,175 035 3 0.35 Q.
¥ 0.0875 0.1167 0.175 035 3 Q,J

(A) daleall by ne oy pailly,y

_ _ 0.2387 x 145.75 é *f 10 9
20:{{}.7,&:4—0 0 _f __2] ?
3 035 0175 0.1167 0.0875] [O]
035 3 035 0.175 0.1167, |Q,
e |0.175 035 3 035 0175 | |o,
0.1167 0.175 035 3 0.35 Q,
0.0875 0.1167 0.175 035 3 ] 1@
Q)]
M, 2475 =53 2475  0.1167 0.0291| |q,
M| =-06213 |0.1167 2475 —_s1 2475 0.1167] |Q,
M, 0.0291 0.1167 2475 -53 2.475 Q,
(9]
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5.694
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2.475
- 53

5.694
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0.1167 0.0291] [Q,] [ 566.6]
2475 0.1167] |Q, 1751.2
~-s53 2415 | Q| = [30388
2 0 Q, 2092
1 1| |o] | 84
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S ZR=0

Q)+ Qe+ Qs +0Qy+Q; =348
:&Mhﬁ.ﬂ[lz&_’i‘dl r!ﬁm‘-.]_,

Q, 0.0798 00535 00192 0,008 - 0.0561 566.6
O = 01062 00041 00150 0058 - 0.0M6 1751.2
h)=| -0007 =-01151 =00079 0.1053 0.0332 388
Q, 0.0150 0.0041 =-0.1062 0.0818  0.261Y 992
Q¢ 0.0192 0.053 00798 =-0.253% 0.795 B4B

P Qs pf o Jymand sy

Q =1739; Q= 137; Qs = 113.2; Q, = 159.8; Qs = 263.0 kN.
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Example (8-5):
Details of a proposed reinforced concrete foundation slab are given in Fig. (8-32).

The slab i1s of constant 125 mm thickness and the subgrade consists of sand with
k, = 15 MN/m’. E. = 20000 MN/m’.

IIm I : ,;

E_m ‘ | us ¥, '5

o PN
= it

(Al Flan (8] Saction A=A (looding)
Fig. (8-32) Foundation of varying width

The loading diagram, along centre line of foundation, is as shown in Fig,
(8-32)B.
For sands k, =k,

Average width of foundation, B (for determination of k)=20m

i
k, = 15 (ﬂ) = 5.0 MN/m?.
2x1

Divide slab into four equal sections, to give 5 nodal points (see fig. 8-32).
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| Nodal ponit | Width (m) [ (m") El (kNm")
| 3 0.0004883 9765
2 25 0.0004069 8138
3 20 0.0003255 6510
4 1.5 0.000244 1 4883
5 1 0.0001628 3255 - 1§

By considering Fig. (8-32) B. the reactive forces, Q at the nodal points are
given by :

Q, =k, y, xarea=5x2.875x 1.5/2=10.781 y,

Q,=5x25x15xy,=1875y,

Q,=5x2x15xy,=150y,

Q,=5x15x15xy,=11.25y,

Q. =5x1125x152xy,=4.219y,

From fig. (8-32) B the expressions for the moments at the nodal peints are

M, = Q, X 1,5—:5;:%-3:::-‘-‘35—'-1.50.—19.125

¥
M,-Q|3¢3+O;KI.E-WKI.S“IEH?fﬁH3
=3Q, + 1.5Q,- 972
4*&.
M, = Q, X 45+ Q, X 3.0+ QX 1.5~ 600 % 3.0 — 9 x—

2
4.5
) M e
? 3

=45Q,+3Q,+ 1.5Q, - 1951.875
M, = 6Q,+45Q, +3Q, + 1.5Q, = 3152.

Mow — M:"E'_II"()H - 1}'1"' }'l]...ttﬂ.

1.582
- o - 19.125) = - -2y + %)
M, STAR (16.175y, ) (v, ; t ¥

ie. 1.00447y, — 2y, + y, = 0.005287 (1)

1.5° }
M, = e (32.343y, + 28.125y, — 972)
= - (y,=2Y,* W)
L. GO1I178y, + 1.009721 y, = 2y, + ¥, = 0.3359
Similarly (for M, ):
0.02235y, + 0.02592y;+ 1.010367 y, = 2y, + ys = U.BWSEFE.-]']

The remaining two equations can be obtained from the facts that
M, = 0and ER = O:
64.686y, + BA.375y, + 45y, + 16875y, - 1152 (4)

10.871y, + 18,75y, + 15y, 4 11.25y, + 4219y, = 872. (5)
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Expressing equations (1) to (5) in matrix form gives:

1.0045 =2 | 0 0 i 0.0053
0.0112 1.0097 =2 1 0 ¥a 0.3359
0.0224 0.0259 1.0104 - 2 1 | = |0.69M
64,686 84375 45 16,875 0 Ya 3152
10.781 18.75 15 1125 4219 ¥ | ;™
By inverting the matrix the expression becomes:

i 04618 03666 0.1262 00132 -0.m99] [o.00837
¥ - 03203 -0.0512 00082 00053 -000m9| |033s9
| =|-0.104 —04707 - 0.1103 - 0.0026 0.0262| |0.89%
Ya 0.1095 0,1062 — 0.2304 - 00107 0.0546| | 3152
Ys 03224 06812 0.6477 -0.0193 o00835| |87

Leading to the values:
¥, = 15.77 mm Hence: Q, = I70kN

¥y = 15.04 Q, = 28
y, = 14.39 Q, = 216
y, =137 Q, = 154
y, = 12.79 Q=54

The longitudinal bending moment diagram can now be obtained and is
illustrated in Fig, (8-33A). 230mvm

€
| 4 kNm 3

f
N | I T 7 T Tr2entad
=70 kihm ! Im im |

{A} Bending moment diogram (B] Contoct pressure ot point
for kengitudingl direction 3 (tor tronsverse moment)

Fig. (8-33) : Foundation of varying width
As both thc bending moment values and the foundation width vary, it is
necessary to determine the requried reinforcement at several points along the beam.
For exampie, at nodal pont 2 the total moment is 230 kNm, i.e., moment/metre
width al point 218 230/2.5 = 92 kKNm/m.
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v3 05 1  3aB3 1 0.5 .||l

yA|=JaE, 033 05 1  3aB4 05 .. .| Q4

yS 025 033 05 1 3aBS .|| Qs

] I

[y ] =JaE [A] . [ Q] (A)
ot My (3 Dl Ll

MI1/EIl 21 0 0 yl

M2/EI2 1 21 0 y2

M3/EI3 6 1 -9 1 V3

M4/EI4| =-1/2°[0 0 1 -2 .| v4

MS/EIS 0 0 0 0 y$

Mn/EI6 2| | yn

( MEm] =12 [ B1.[ y ] (B)
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Example (8-6) :
Dctails nf a proposed reinforced concrete foundation are given in fig. (8-36)
E, = 20000 MN/m* , E, =25 MN/m’, J = 0.305.

For 111ustmuve purposes, the foundation will be divided into four equal
sections and five nodal points, ie. a=2.5m. and B =2m fig. (8-36) the moment of

inertia at nodal points are :
n=0115m , EI1 = 2390 x 10* Mnm’
12 = 0,0628 m* . EI2 = 1256 x 10° Mnm’®
13 =0.026 m* , EI3 = 537 x 10’ Mnm®
14 =0.0628 m* . EI4 = 1256 x 10° Mnm?
15=0.1195 m* , EI5 = 2390 x 10° Mnm?

The expressions for the moments at nodal points arc *
Ml=0

M2=25Q1 -2500
M3=5Q1 +25Q2-500
M4=75Q1+5Q2+25Q3-11250
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t(0-A) Jdaz (rV-A) ged

MS =0
The matrix expression (A) can be formed as

M1 and M5 arc both equal to zero and can be removed from the matrix
expression (B) provided that the top and bottom rows of the matrix are also removed.,

yl 375 | 05 033 025
y2 1 37 1 05 033
y3 | = {0.305/2.5x25x1000 3] 0.5 | 375 1 0s|.
y4 033 05 1 375 1

% 025 033 05 1 375

The expression then becomes !
1
M2/1256x1000 Il 22 1 0 0 :z
M3/537 x1000| = {-125x253{0 1 .2 1 ol y3
M4a/1256x1000 0 0 | -2 1 y4
y5
Hence, the expression (c) can be oblained
175 1 035 033
M2/1256 1 21 0 0]l 375 1 0.5
M3/537 | =7808x1000|0 | 2-1 0FO05 1 375 1
M4/1256 00 1 -2 1]]033 05 | 3.75
025 033 05 1
Multiplying out this latest expression gives : ol
M2/1256 225 -55 225 033 009 Q2
M3/537 |=-0.0007808 |0.33 225 .55 225 033|103
M4/1256 009 033 225 -55 225 Q4
Qs

ovy

Ql
Q2
Q3
Q4
Qs

0.25
033
0.5

3.75

Ql
Q2

Q3

QS5




Substituting the expressions for M2, M3 and M4 three equations relating
the five Q values. are obtained. The remaining required two equations are obtained
from:

M5=0=10Q1+75Q2+5Q3+25Q4-17500

ZY=0=0Q1+0Q2+Q3 +qgd4 +Q5-3500
Then, the final expression is .

4702 -55 225 033 0,09 Ql 2451.712
4054 4112 -55 225 033- Q2 3724416
7445 5233 4702 -85 225| .| Q3|=| 11032.704
10 J3 3 25 0 Q4 17500
1 1 1 1 I Qs 3500

Leading to the values

Q1 =832.1kN Hence : M2 =-419.75 kNm

Q2 = 585.9 kN M3 =352.05 kNm

Q3 =663.9 kN M4 =419.75 kNm

Q4 =3585.9kN

Q5 = 832.1 kN

Obviously much greater accuracy is obtained if the analysis is carried out
with the foundation divided into a greater number of sections.
Example (8-7):

Fig. (8-37) shows the details of concrete trapizoidal foundation. The slab is
of constant 0.125m. thickness and the subgrade consists of sand with E, = 10
MN/m?, E, = 20000 MN/m° and v = 0.2. The contact pressures and deflections are
required to be determined.

J=(1-v")/n=0305

The slab foundation is divided to four sections to give five nodal points, a =
1.5m, fig. (8-37) the following data can be obtained.

Nodal | Width (m) I(m" EI (kNm")
ponit

1 Bl =3 [1=4883x 10" Ell = 9765

2 B2=25 12 =4069 x 10 EI2 = 8138

3 Bi=2 13=3255x 10 El3 = 6510

, 4 B4=15 | 4=2441x107 E14 = 4883

i 5 [B5=1 5= 1628 x 107 EIS = 3255

By considering the loading diagram, along cenire linc of foundation, and
the reactive forces, () at the nodal points, the exprossions for the moments at the
nodal points are

Ml=0

M2=150Q1-19.125

Mi=3Q1+1502-972

M4=45Q1+30Q2+1.5Q3-1951.875

M5=0
The expression (4) can be formed as :
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yl| 1.50 1 0.5 033 025] |Q
y2 1 180 1 05 033 [Q2
y3 | = {0.305/1.5x10x1000 }] 05 | 225 1 05| |o3
v4 033 05 1 300 1 Q4
ys 025 033 05 1 450| [Qs

Removing M1 and M5 (M1 = M5 = 0) from the expression (5), the top and

bottom rows of the matrix are also removed.

The expression then becomes :
yl
M2/8138x1000 1 2 1 0 0]y
M3/6510x1000 | = {-1/1.5x1.5} [0 1| 2 1 0} y3
M4/4883x1000 0 0 1 -2 1||vy4
y5

The expression (6) can be obtained as :
375 1 05 033 0.25

M2/8138 (1 21 00|f1 3751 035 033
M3/6510| =-9037x10 |0 1 -2 1 0Ofj05 1 3751 0.5
M4/4883 00 1 -2 11033 05 1 375 1|

0.25 033 05 1 3.75
Multiplying out the previous expression gives

Q1
M2/8138 - 0 =16 075 033 009] |Q2
M3/6510| =-9037x10" (033 030 -25 150 033 Q3
M4/4883 009 033 075 40 3.00| o4

Q5

.Q?,

QI
Q2

Q5

By substituting the expressions for M2, M3 and M4 three equations relating
the five Q values, are obtained. The remaining required two equations are obtained

from M5 =0 and £Y = 0 as follows °
M5=0=6Q1+45Q2+3Q3+ 1.5Q4 -13152
LY=0=Q1+Q2+Q3+Q4+Q5

The final expression is :
20408 <16 075 033 009 Q1 260.204
5135 2581 .25 1.50 0,33 Q2 16530
102 68357 34764 40 3.00 Q3 | = | 44260.204
6 4.5 3 1.5 0 Q4 31520
| l 1 | 1 Q5 872

Leading to the values
Ql =498 kN , Q2 =539.78 kN, Q3 = 74 36 kN
Q4=1339KkN .Q5=74.12 kN

Substitution these resulls in expression (4) gives
yl=14.5 mm ,¥2=241mm ,Y3=1833 mm
y4 = 16.98 mm ,¥5=14.11 mm

Accuracy is increased if the beam is divided into a larger number of

sections.
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Example (8-8) :

Figure (8-36) shows three different reinforced concrete foundations (a), (b)
and (c) respect to the moment of inertia. All these foundations are solved by using
the present method for E, = 10 MN/m” and E, = 25 MN/m°. E. = 20000 MN/m°. The
procedure of analysis was previously illustrated in example (8-5). The results are
listed as follows

Foundation Es Q1.Q5 Q2.Q4 Q3 M2Md4 M3 ylLyS y2y4 3
MN/m® kN kN kN  kNm kNm mm mm mm

(a) 10 8522 5303 7349 3695 5869 210 200 227
(a) 25 8321 5859 6639 419.8 3521 219 208 219

(b) 10 8393 5250 77129 4020 5090 217 210 233
(b) 25 7996 5849 7308 -3501.0 4603 212 209 212

(€) o 10 8419 5261 7640 -3953 $24.7 2] 201 230
) 23 8235  5B57 6817 4413 5818 215 208 222

(c) . 8625 7175 5825 -8450 2910 600 2.87T 233
* Hetenyi solution, ks = 5000 kN/m®

Comparison the tabulated results indicates :

e The bending moment distribution for foundation (b) seems much better than that
obtained for foundation (a).

e The positive bending moment increases as well as the negative bending moment
decreases for the increasing in the value of E,.

= Both foundations (a) and (c), almost have the same results for a constant value of
E,.

e For foundation (c), the solution obtained in this study indicates better bending
moment distribution than that obtained by the Hetenyi solution.
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Example :(8-9):
Referring to Fig. (8-45) obtain a finite -clement solution,

Solution ;
Beam depth = 0.508 m, Beam width = 3.048m

oYo

e




k. = 7540.32 kN/m">

P = 13787 kN
E = 22408750 kN/m?
Divisions = 10

The output results are shown in Fig. (8-46) and Fig. (8-47).

r 'PJ:&.? kN | 13787 kN
r]'“ 4877 m o
Y + 4 + 4 4 ;5 3 1.
S08 m
6096 m

(3-A) Jha: (E0-A) g
Example (8-10):

Given the general footing data shown in Fig (8-48). Assume the loads are
factored and as might be obtained (without end overhang) from some tvpe of tank
structure where the loads are from the walls, Take k,=LF xk,= 1571 x 14000 =
220000 kN/m’ obtain the fimile element solution.

Solution :
Comments based on Fig. (8-48)

1- ZF, = 0 (3377.7 versus 3375) within computer round-off, single precision, and
seven digit.

2- Far end of 9 and near end of 10 : 468.8 - 549 ~ 81 versus 81 kN m applied

3- Far end of 12 should be 0.00 (versus 0.000).

4- If largest soil pressure 259.79/LF = 259.8/1.571 = 165.4 < qa this footing would
be satistactory.

5- Largest translation = 0,01181 m = 11.8 mm (at node 1)

largest rotation = -0,000251 rad.

Selected additional output interpretation and checks are shown on Fig. (8-49),

The output results are shown in Fig. (8-50).

: Mat Foundations 154 clubul aseas
s Lgia 4800 ;.L..LJM&_).LE.:; L g

dng b (IS paaly Rnin gy Ayl ol 58 0 Al gy £ Ay 0 3,0 )
0352 L) Baae V1 (555 Laisa (3Rl 038 paaiaty o s o o kel gl e
e L5l 09 S5 Lt 5 5dall o3 L pasiay 4 5l of 43 glutia Jaal
Gl S 8 3L 03h pasl G iy 5oLl

o) Ly 43 kil sl &y Approximate Flexible Method Ay yill & 5 yal 43 yh =¥
(S hase) Ba LU e 3 gane e e e 5 ke 4l

oy
e p——



BEAM DN ELASTIC FOUNDATION BY DISPLACEMENT METHOD

WiswasD T §
10 D 0 D I b= e

[=l=l=la]lslslslsle]=]
L3 ol 2D oD D D DD

WoODDOO o000

AlM weyg)

=@l D D D DA & e
=goorooecroo
G P P S Dl Dl Dl Pl S
Ll a1 P Rt T o T pi ot oy |
X B Ay TR P P P
Ll =lnimislelo slals =]

4% 5 B F T8 F B

[ =l=l=lalels =luls

AOMENT O

=Pt W @O
E

COQQ OoODC0
ELTTXIZXTTTE

LMD IO UND
el et L e i Wl
S e

. 0.0 KN=H

COL HWOMENT

P » 1378.70 KN

Fd

COL NDOE PCINT

KN

0.0

COL MOMENT =

1378.70 KN

i0

COL NDDE POINTY

e D000 O F DD
- P P e e B

A OOOCC DO DO 0 — O Ml P sy iy P =
= T T T T P )

L] o« +«

: o

=,

L

-

[ sjajalslelsloafalelslelalalslolalalelslsls]s]
= s = B Bog % i g E WM WS EE P pE s g

= DO OC o000 OOTDDD0

501L m

- 00040000000
. P B P P P o P P B e
EOQOCC OO0 0O — MEre™ iy P Py —
= g " "R E R SE R NN W

O OO O O RO O = Pl i i Pl P g =
P Pl P P P PP

M

e ) gt e et et P g

L)
—

[ %]
SO0000D00000 000000000
mﬂﬂJsﬂﬂuﬂﬂﬁﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂn
- --i-i‘-iIn-.-ll-l'-l!t-
_5353ﬁ]53535353E35353
bty et ETETETBTHTETQﬂﬂﬂQﬂUﬂﬂﬂ#
e L s L B e e
Hﬂﬁﬂﬁﬂﬁaﬁaﬁaﬁabaﬁﬂﬁaﬁ
iGQﬂQﬁ94QQQﬂ9ﬂqﬁ9ﬁgﬁq
D D 0 o D D LSO W g D
B T o T Pl O o P oF P P o BT T

WLLL-LLL-..t.-..u.;.lin-ﬁtlil
ey PR AP TN AW N D OO0 OO0 O OO0
FfETﬂ?ﬂT&TﬂTBTHTETHT‘mlllmli
= =0 = O O 3 = D=0 = O D =~ O S 000000 D000
= LD LW-D0 DD L0 IO DD OD-DO LD T F AT T A
i g -+ B - S S S, S g S e
D o D D o D D T 0 D D o D

O DS T T PN P T T P T

Al TN D 00 R ) W 0 e TP I e 50 P o L DP G0 O D et
T et il e ] ettt ] % P P PP P o) PP
T

H

111—&)

. (‘. -JI.J dﬁ..

oty



THE FOALCE MATR[X
Ol EN-M)

[EN

|
A D IR D A DO N OO SO0 § LGP P4 8 — 2
b el P 1 T S T o O i O B o D
WDy AT Pl = = W0 = oD ol P o ol ol
AT o P et e ol o T D D e U il O et P i P
-------------------------------
O3 P e gyl W0 D — O a0 g QO P o O D
P o iy g P T G o o 0 D P SO D o o oF e S
e e o O DT PN s g P Py T g Pl T
1 P R B R A S FREERN RN RN

Fi L D D BT o e B L P o W O B D
——— o e gt il Pl P o P T T Pl Pd P

e i e B i e s e . s .
TTEFFTFIEII ITTETELIITEE D T e e sl anas
Lo PR ! Sk Pk el i ol NPl Pl L U R B LR AL L)
ITEITEZ I ILIT XN IIEf I oo

mnl
SBGDEESEU%GEUEE
IFEIESLEIETENEENEE N 6 wil bl id i i W il

o oD P e P OB Ol B P o [ O P
O of e Gr et B A = S DD e
O P gy il =0 T e P O P P 0
W (S g DT SR P e O P OO
e B e PP (o T D TR T
e i) (v O AP P P O O
GQED%U AT 0 ol et et et i e g Pl
[Flera o = DO DO O DD OO

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

CoOOoo O OO DOoOQOODDD O
U

T D OO e o g OO D =
= bl it i il ol it P P P

llllllllllllllllllllll

e S ———— s S

coaooot DoDDDGE00 0000 Ok

= e e i o o e . o B o o o e
FTXTFrFrIZIIFXIIZIZIEIIZEZX
s —
L&) (=] 20
69555535599955393525393

o o
............

iiiiiiiiii

WLF, » JYM 14 4477 % 687 7 (6a1 4"

oy o gy = BT D e P o S DO
i e e et et et Pl P

--------------------

o
V]
Ohasbing | § M, = M0 44/ 354 = 7 A{iM 7 £7-13)

EDEEBDDD
“-U“m w-nrnnhm ol - -

Eab o e et

son smegiin

101 REACTION T
PP 1T ST

SSA TR 2L Shoap I

EACH
EMN

AT
NT

Wikeal,

BT O e D o T e
D Py f B P
SLE o TP
nnnnnnnnnnn
LBt el "ot sl -1 ]
O o PR O
e e ———

llllllllllll

=2 Pl ot g el e
PN P T Pl Pl Pl PO
e |

IL BEACT|ONT =

Q0 O3 i O OHD O
O D g e
W P T PP P S PPl

LRl B B L e R TF

(=0 ol ol abe g clwlo T ot
Lot el o Ll
=P DD O

U B v

== i PR O RO
L

o o Pl il )
ol DO D

(8-A) JBa s(EV-A) Ji

== E
e S| m ;
m. 5 n.:__u..
SuEl
= <
o
ux‘
3
;Juu
rd
E
Wy
[¥=T1 |

P,=1350kN

ft\u.- 108 kN m
rJ—rWlﬂmqumn
040
Fﬂ =

o o
N3 4

ge=1

k, = 14000 k Pa

LF = PP, = 1571

B=264dm
E, = 21700 MPa

(Ve—A) JUai(EA-A) Jb

eYA




Pﬁ'xh Pl‘jr*

F:"‘ .x‘ 1350 kN P.'-x, P-—x-
f___":: =y iR ) MNote moment balamx
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B O (—% m .
Al ( Gj j 1 @ (J?
g — 27 -83 + 296
[y
i= [ 7 s E[ 296 — 83 _— R=X,K,=001081{14 520
0.2 02 - 1565 LN
R=1312kN A SR 1 ¢ =kX,
IF, =0 = 22000(0.010¢ 3
=221.8kPa
Check g = kXq

= 220008001081 m)

LF =13541372 + 1065 = 13372 = 135% OK. = 237.8 kPa

IM. =108 -27-8320 OK

e 2.64(0.6)°
= T T 0.047 520 m* —momean of inertia of any clement

0.2
K -1.‘..'0001—- 264M2y = 11616 kN . _
: 2z )‘ Az) MJ Soil spring computations for first 1wo nodes

K; = 220000(0.20(2.64) = 11616 kN/m
R = node spring force
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E_ = Young's modulus of foundation materia!
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pi?
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8D (at load)
PL? .
AH = D Za (at distance r from load)
s

i = Poisson’s ratio for mat (use 0.15 for concrete)
x = distancc ratio r/L
Z, = laclors

M,, M, = radial and tangential moments per unit of width
V = shear per umit of width of plate
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Example (8-11):

Compute the bending moments of the reclangular spread footing (metric)
shown in Fig (8-56) use agndof 0.3 x 0.3 m, Take E. = 22.408.730 kN/sq m. The
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allowable soil pressure is Zkg/sq cm from which one can compute k, = 23 S36kN/cu
m. Conerete unit wieght (y,) gives 23 56 kNjcu m. Poisson's ratio is taken as 0 15
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