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» Example : Piles,Piers

ITypes of Foundations‘

G agh | Al daatan Ay i LAl ¢ % Ladie § daladia) o A L
s A A Jual S JiS) g5

AV A e oSy V) G jie B0 J Sy B4l gl jlaall ez (39 JA0) SLL
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Types of Foundations

[ Deep

Combmed

Fontinuous




dSingle Footing : isolated footing that supports one column .

dCombined Footing : its is a footing that supports more than one
column , provided all columns share the same axis .

|
] m Aa3) Giaad ¥ LS Bl Gk e

A saling Jlead) O Guaey § A gajall Baslil) ) Lali oy jdia s l® G 1) )3l
St oda Jue cray | A B dalawall ()0 Lasind L ghall g padecil) o Jaad) Sua



d Mat (Raft) Footing

dalue (e €5 %60 <l 13 3508 Jlaa¥l ol aai Ledie Ll sl
A 50 3all 5 53 jiall ac ) il alasin) cpe Yar e ol 138 Jlal | acl @ (o )Y

UAMY.LSAM oducﬁc\myu.d&ﬂ\ K¥
Lial) sale add All g a3l e g Y



P (LOCld) el 3 gaz]) Ao a0l Jaall

o (Stress) = 2
\ Y T e ) G Aalal) daleall
or BC

AgaYy g dalual) : ddaadla
dousSe 4BMe Lagiy

IRl 1A (ja gad
Z . .
P 3sand) (135 (e ¥y

E|

g =
Afooting
1.1P _
% 1 \@Aﬂli}t&e

Afooting

dxaoll dwaiall puudl droual€ il &iaul



= A 1.1P
Afooting - footing — -

l

OSIE £ 3230 (A Lk daluaal Liles

BC

~11P < BC 13 aladin) Lile dalual) cilia) of 1 Aiadla
q = A= cilluall L Ll dasl) el slaie) 5 () il

. "ﬂ:(ﬂir\“
@W ittes
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1 Q(Years). The factor that is used to the column load P for
designing in the single footing ?
Ans. 0.1P

"Choose the maximum “d”

' Wide shear Punching shear

&xiaodl dwaiall paud) daoualK DI aial



B C d)

force shear B q * L * (7— >

Tpys A =
allwide " area resisting d =L
~B2-c2a | A
‘ g | e 7 " | ,, ! sl QY V- Xg) @M\ X
Gty i kY e diag

Jl.a..\‘\J\Z._bum*)j

Y
i
d

Y

; , o , ! ¢ LA 05331-?4,“\ éﬁ\oﬁb
A shcia J) gha¥) Canns Lgpman
] oMo Adluwal) o A g




AJ.AaJ\ 42 9

— B/2 - C/2 -d

-t ) -
N| &

S a gl A g OV Sl g oS g gludia 3 gand) lay) Cuils 1)
S a8 ) LR G gl g Al dgad) (and



SAUa o<l ) g1l ol
Ay gludia J) gha¥) quaess Lgpuns 3sandl 429

L/2 - C/2 -d d
L C
‘ L _ forceshear q*B+(G—35—d)
2 tatwide = Groq resisting d*B



Punching Shear il B jsll daluwal) | jlualdly

i Al g 8 piual) daldl)
B 5 Al Al

C+d

T — Mﬁgejﬁgﬁ\fv#”lﬁ
RS/ :

tPunching = [2(C,+d)+2(C,+d)] xd

'''''''''''''

_q*|L*B— (€, +d)(C; + d)]

MR

»> =7
1W|It ec

auisodl duwaid)l paud) droualsS I aiaul




218 t

“* Example : ton
P-218 r/

Dimensions of column (50%50)cm

BC=15kg/cm”

t wide = 65t/cm?

t . punching =130 1/cm’

Find Area OffOOtfﬁg 7 pdA s La cylalf Ehjgeﬁjg\ JS
Ll s Al A X



Type
equation
here.







4 m



B.Czl.Skg/Cﬂiz:lSr/r’nz d.u;l“z\.d\
“I ‘ kg/cm2 ‘1.5 ‘ kg/cm2
9.8420653098757 | ton/m2 14.7630979648135¢ | ton/m2

P+01=%P 218+ 0.1 % 218
A Afooting

Afooting = 15 98 mZ but we use 16 mZ_/_.————" Qw‘ C'_\J:\M L\A

A=B=x1L, and B = L(Square) — L=B=4m

DA vy Wl 1.1P
la b dall —p—
?Sd ‘..’A‘s ‘.".” \q A

%AJY;\AM\
~ 1.1%218 /

= 98 < 15(0K
q 10 14.98 < 15(0K)

Gilbuad) B Lgaddind G g Al dagdl




L C
forceshear q*Bx(3—35—4d)

tauwide = Groq resisting d+B
_ forceshear  14.98 x4« (%—%—d) »
tauwide = Groq resisting d + 4 b \
d=32cm Jlisad) A ara
dg gluiia dac L8l) SIS 4 , AlaY) L;é ¢ slucia 2 garll O e Gliluald) @ Liad 3aa) g 5 4
14.98 « [4 x4 — (0.5 + d)(0.5 + d)] 130
r . = —=
Punching [2(0.5+d)+2(0.5+d)] *d \

d = 0.455 Sy Aadl) A3 JNgusd) B Jara



M( ) Mhé,o&W\oh&sMﬂ\@ﬁgbﬂ;qﬂaﬁb
y axts gdall g ) jsaall Ao aje Lhal ¢ 6$ Magl) cdlis)

= \ skall ) gaall

|

C H!glli’titie %_g =2 — 075 = 1.75 Moment Arm

auiaoll dwaiall paud) droualS Ul aiall



5 1S pa b g2 21 . L)) A lsa a1 Aol
°Jsf°ﬁuifehud\daﬂ\d§3u¥f A (2 \uﬂl v
q*4

F=q+4+1.75

/ wede— || |||
J Al gall ddlisal) . - A — 1.7500 —_
< ollaall ) gaall ?J’J‘ Gl 458 Yy "> Moment Arm
1.75 F
M=q+x4x1.75* l
1.75 \I
M=14.98%4%1.75+—— =91.75 ] 2 O =

2



Gabad) J) gud! QA’ LaS 22 ya ol L 2 galad) Property line 2

F'Y

|.5m
f 0.6

column = 30 x 60 cm 0.3 _?:
Load = 240 KN 3
B.C =20 t/m 2 « 5 =4

Fv (wB) =I5 t/m 2
wide shear % Fv (ps) = 30 t/m 2

N\

Punching Shear

> =7
6&" i ttee

auiaadl dwasiall paud) drouals Ul aiall



_1.1P S 1.1%240

BC A 20 =13.2 Property line 2
- 0.6
-' ‘0.3 E"
JSEN aaad o a g Ja ghadl) oda DA (g g
3m ?
1.5 2 =
3x2 =6 \ B
A 13.2 el J skl
e S — 4-4

2



268l b e Jeatll J suia dad lua J eld aa g Y A AT al Aaleaall
a el P daliall 4dad LS sUaz all dagdl) iy Cuidy g Lealony Lidd

1.1 % 240 20
=732~
L_C sl slaty) @ day i
~ forceshear q*Bx(3—35—d)
tallwide = Groq resisting d«B
4.4 0.6 3
force shear 20+ 3% (5 —— —d) | n
Tall wide = —y = - = =15
area resisting dx*3 ‘
‘ 4.4m '
force shear 114 — 60d
Taltwide = = = d=1.1

area resisting dx*3



i sl oLy s g

B C
_ forceshear q*Lx(3—35—d)
tatwide = 0 resisting dxL
3m
3 0.3
forceshear  20+4.4x(5————d) -
Tall wide = s g — B - .
area resisting d=4.4 4 4m
_ forceshear  118.8 —88d 15
tawide = Groq resisting = d+4.4 d=0.77



20 % [4.4 %3 — (0.6 + d)(0.3 + d)]

Tpunching = [2(0 6 + d) + 2(0. 3+ d)] —

d =1.13 (Control )

0.6+d

0.3+d

o ncﬂj\‘{?@g
C dlittee

axiaoll dwsiall pundl daoualK U &iall




M (y axis) i

3m
F=20%x3%x1.90 v
1.90
M=20x3%1.9 % Moment Arm = — ——
2 2 2

4.4 0.6

> T = 2.2—0.3=1.90 Moment Arm
M=20%3%1.90 x—— =108.3

2



M (x
F=20+4.4%1.35

axis)

4.4m

1.35
M=20+4.4%1.35x

5T = 1.5—-0.15= 1.35 Moment Arm

M =20%4.451.35 > — §0.2 > T
e cehivinine Cﬂllltt%ee

auiaoll dwsiall pand) droualS DI daiall



dQ(Years). A single square footing shown in the figure , square column
dimension is (50*50)cm , Maximum allowable wide beam shear is

kN : : kN .
62.5 — allowable punching shear is 187.5; and the footing depth

for punching shear and wide beam shear checking is 50 cm, find the
maximum possible area for the footing in m? ?




L C
_ forceshear q*Bx(3—3—d) q*(%—O'TS—O.S)
tauwide = Groq resisting d*B 05 =62.5
X
31.25 =q*[§—0.75]
_q*x[L*B—(C;+d)(C,+d)] q*[x*x—(0.5+0.5)(0.5+0.5)] P
tPunching = T[2(C + d) + 2(C, + d)] * d [200.5+0.5) +2(0.5+0.5)] 0.5

375 = q[x? — 1] X=4,x=2 Area = 4+ 4 = 16



dQ(Years). Column located on the smgle footing as shown in the figure

, the bearing capacity of the soil is 10@ , find the dimension X for
the footing inm ?

Ans. P = 100 KN

A_1.1*100_11
— 5 —

11 = 4x
x=2.75




1Q(Years). A single footing as shown in the figure , the moment about

y-axis is 72.6 aal and the moment about X-axis is 39 N , find the

] ! m m
dimension X for column ?

y-axis

5m

0.6m

3m



2y
72.6=F*3*2.2*7

L

X
2

> = 1.249
> = 1.

X

2.2

72.6=F*3*2.2*7

L

72.6 = 7.26F
L=1.249
78 = 5FL>
= 0.5



DESIGN OF COMBINED FOOTING

Example: CI=40x40cm DL =700 KN
LL =700 KN Total service load = 400 KN.

C2 =50 X50 cm DL =900 KN
LL =1200 KN Total service load =2100 KN

Space between columns = 3m (center to center)
B.C =220 KN/m2

[\

wide shear Punching Shear



1.1« XP

B.C
O Jalaa Ay puaa A Ld Jlaad)
A=1.1*2’.‘1400+2100 (o L yead ) Aalay s

220

1.1+ 21400 + 2100
B 220

C “Adiittes C “ittes

Gxianll Gwsiall pund) dr0u3 [CH ] IF-FENT]]
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Al j) Jany ¥ S diaatiial) 8 o g8l dlaaal) ¢S5 o) a8 Ol

R=3500
I4J-'00 l ZIlOU
= 3!’1’1\
LA 4 O aal) 8 ollana
d8lieall o2

M, =14003 —x) —1200x =0
x=1.2




P, P,

1400 3500 2100
yats i R <
1+0.2+1.8=3 1.24+0.6+0.2+1=3
4 glaa 48lica A slxe A8lia
8 Lols a3 g (¢ Ll a3
Galadl & dll crbadl ¢ Al

A glusie ddlie ) e g el e B (5 g8l Aiana (oS3 ) Cang

B s s J skl o Lia



B=2-1>_392~3
L 6 @ TT¢ T
2 L 3 6—2 Ok)
<E< 3_ (
Adesign=6*3=18 175@5,&J§ﬁaéw‘gd\
BC_I.l*Z'P
A
1.1 « 3500 . 1.1%3500 .
q=—"—""1b5—— =214 q == 6414 | Gl A



T

|.1%1400 KN 1.1¥2100 KN

q\=641.41\t f [I F—F I \

|.2m 3m [.8m

1\?@\@“# & 1%"{5 'S

aaiaall dwaiall puud) droualS il aiaul auiaoll dwsiall paud) droualS il aiaul



2310 KN

1540 kN

T 641.4 KN/m T

0.8 kN 0.8 kN

I l ; —» z(m)

axiaodl dwaid)l paud) droualS il aiaul axinoll dwaidll paud) droualS il aiaul




Shear  (kN)
Force F 3
115468 [ === == === ==& m e e e e e m -

SkyCiv




769.52 1154.68

X 3—X

X=1.20

1 \‘Milﬁ ee

auiaoll dwaiall paud) duoualS il aial

auiaoll dwsiall paud) droualS il aiaul



Type
equation

Shear  (kN) ‘. S kYC 1V here.

Force A
max £ .
SN SGEY 3 gl
1. .Iw'i

1154.68

770.48

Vigrard+ 0.25

5 1
PRE Laila g

-11595.3




1154.68 B Vmaxatd + 0.25

1.8 1.8 — (0.25 + d)

Vmax atd + 0.25 = 994.939 — 641.89d
resisting Area =B +xd =3 *xd

994. 9393—d641. 89d _ d = 0.45m

C Imllttiee

dxa0ll dwaiall paudl droual€ il &iaul




Punching shear

1154. 68 Vmaxat%+0.25
1.8

1.8 — (0.25 +%)
d
Vmax at - +0.25 = 994.939 — 320.872d

resisting Area =4 +d*(d+C) =4+d+(0.5+d)
A0 glucia Lia 3 galad alagl o) autil 5 | 3 534l saclall & gall o gilall Jia () silal) Lia

994.939 — 320.872d
4xd*(0.5+ d)

= 1200 d=0.25m



Moment

462.024

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Lung dlrectlnn

C “ittes

auiaodl awasiall pmnjm [CY I IFENT]]



1 Shear  (kN)
770.48 x 1.2 * o 462.288

1
462.88 — (E * 1.2 * 769.52) = 0.57

1
0.57 + <§ * 1.8 * 1154.68) = 1039.78

1
1039.78 — (E* 1.8 * 1155.3111) =0

@& >»SkyCiv

Jashll olady) A cuia gall dagd




|.25m

RSV agaladl § cali dgale ) A aaay alg Jlged) dlia culh 13

0stlsd =——————> (0.5+1.5%0.45=1.175

[ L3 )akal) 2y LAAT ol 081s 6 sb J skl
0.5

Lol Cdg e
0.5 3m/ / 3 galal) day
0.5=2.5

3 —

- | a3l JS
’ 275=1.25/'°"‘55‘"’A

I.175m



0.5+1.5d

Y
L i

3m

1.25
y Moment Arm = T = 0.625

1.25m P

A
L

1.175m



|.25m

0.5+1.5d

0.5

0.5

P—

1.175m

3m

P=1.25%x1.175+*q

-«

- 1.1%2100

- - i 31
1= 31175 _ 0223

P=1.25%x1.175%655.31 = 962.48

M =P+ Arm = 0.625 x962.48 = 601.55



\
0.5+1.5d — B

} 2293, G b B dgra Gaag Ja B
Aspia i o ghis (19 AL (53t
B C
1
1.1«P . (B ¢\ G—%)

B *B 2 2 2



1.1 \ >~
P oo (B_G G
B +B

3%x1.175

1.1 %2100 3 0.5 (
x 1.175 * *

Cuﬁ

dyia0ll dwsiall puudl Groua KU1 @il auiaoll dwsiall paud) droualS il aiaul




Q(Years). A part of combined footing is presented as shown in the
figure . The total service load for the column (0.5*0.5) m is 1500kN ,
the length moment in the short direction is 631.64kN , find the Arm
that caused the moment in a short direction , Note: the column is
located at the center of the footing .

0.5m

- O-Sm



" 1P . (B C G —3)
— — % * | — — — | %
oment =B 2 "2 2
B 0.5
3164 B1*1500 . (B 05 G —5)
— - * | — — —— | %
' B x B 2 2 2
1.1%x1500 /B 0.5 (B 0'5)
g * D _ D So& o8 B = 4
631.64 = - X (2 > )* ;
B_C 4 0.5
Moment Arm = % = 0.625 Moment Arm = % = (0.875




DESIGN OF WALL FOOTING

53 dal) Bac al) | )8 andyy g Jas Jeu & a9

o L1P -
Afooting Afooting > BC
1.1P L=1 11P

B * L o7 e B_B—C



hear q+1+(G - _a) Bty (2
e force shear - 2 2 M=q*1*(—— w)* 2
aIwiee  arearesisting dx*1 2
T
: i Wall
Ly Wall v - - - -
4 ld fbl
B t,
B . SRR - B 1,
Bl . o Z
2 2 AL 2 s 0 LAY A AN
F ;

L=lm L=Im

N



“* Example :
2. load on wall =20 t/m
r (wide) = 8t/ m’
B.C = 20 kg/cm?
t, =0.2m

Find Area of footing and dimensions?



B = =1.1
20
_1.1*20_20
T~ 711
1.1 0.2
20 1 = —-— -
. G -5 —d)
dx*x1
d = 0.32

Wall

L=Im

|.Im



Moment (Short direction)

1.1 02>*(

M=20x1
* *(2 )



DESIGN OF TRAPEZOIDAL FOOTING

allaiie Gl 2cld o pasale (gl aa g jlaidl] (o3 S4ll

1 %llf eec

apiaoll dwsiall puudl xoualS Ul aiaul

1 f\ﬂillf eo
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B (el Alaaal) 5 g8 Jleal agale 5 (3 sale (gal 2 g
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auiaoll dwaiall puud) droualS il aial



D: dgalallg 2 galad) 38 pa oy La ddLicall

D : AY dsalall g 3 galall Cijpha L d8Lecall

C: oxcldl) b ) 3 68l dluaaa (p La ddlicall T
‘W“t e

&piaodl dwaial paud) drogalS Ul aiall



R=P1+P2

1.1+ R - R p
Ar .. = :
footing BC

B, ci S c2
Ll e D,

Cila gall Gl Gaadal ik o (uS) Aflawa Aoy 7 5 WimE

N e
D\<L<3C J&mdj‘h“f)&sﬁa“?‘*
Ol (i La
24 3C 2A

B —_ ——1 B :__B - aa
TS aadal C%"Iftitie

auiaoll dwaiall puud) droualS il aial



% Example :
PI= 100t , Dimensions of column (60*60)cm
P2=80¢ | Dimensions of column (50*50)cm

BC=17.6kg cm’
Find Area of footing and dimensions!




R =P, + P,

1.1% R
Afooting . 1

IMp,=R+*X+P1+D =0
IMp, =180+xX+80+x3 =0
R . 2

C=08+1.33=2.13

0.6 0.5

3+ 2 + > ol 8120

R=100+80 =180

1.1 180
Afooting = —77 ¢ =11.25
} R\D,\&g\k

C Imllttiee

auiaoll dwaiall puud) droualS il aial



0.6 0.5

3+T+T<L<3*2.13 3.55<L<6.39

L =35
O Aadl g (685 ol da iy dad (gl aadii o) W Sy
Jaall e, Jisadl & el ol (Says

2A 3C
_ . 2*x11.25/3x2.13
2A 2*11.25 -
B, =——Bs B, = — 1.25 , ﬁu(}?
L 5 1\‘%&"&@5

auiaodl Awsiall paud) droualS Ul aiall



1Q(Years). For trapezoidal footing as shown in the figure , bearing
capacity of soil = 15—g find the length of footing ?

cm?2’

= 0 R
| _—TH = 100t
T Pl -sot P2
=
B‘ I ' ‘ ‘ ,)‘ -3.5m
s = . -
oy X1
| D 1
M— '\ ‘ D’ |
Rree s L |
— =



R=P,+P, R =100 + 50 = 150

1.1« R 1.1+ 150

Afooting v BC Afooting — 15 =11
1[B, + BL 1|B,+3.5

A= L = 3
> [ > ] * 11 > > * L

- »w ®

Sl ) 4q s a 68
Use L =3 so Bs = 3.83 (Not Ok) "

UseL =4 so Bs = 0.9 (Ok)



STRAP FOOTING

adde o g Vg dasall sale (pain (e iie] & gin sall 1 1 daly ddiada
Sl 3ale Aaila 58 g dal Y1 sa 5 AN & g sall o anin (V)5 bl
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4S5 Caatiall 8 3 salall (55S5 of s
l dal V) @ e Lo 138 5 Ciuatiall e

Ladd a5 olail 8 cilS da) Y1 ol Jaadl

A. Uniaxial



M
\EP M

ex

<

>

;

B. Biaxial

) seall 8 pemse 58 LS goliall



C
.Moment couple T o all o
Sl J il




P MC
_|_

(+) mean compression

0O — T
A I (—) mean tension
M = Pe
. bL’
12

L
C(Center) = >

_P(, 6\ 01P
CTA\ T A

N\

liaéﬁ(élﬂ (Jjﬁuu\Jﬂs\lh

B/2
Ma

B/2

X tension

o

Max

comp.

L/2

L/2



Safeif < BC

Type equation here.

Safeif < BC and Positive

\

e 68 8 Gl gall O s daa ga (6K Gl Ll L 800 L

Max value for e =

Al 58 e e gt OY)



CASE | ( ;< L/6)

Pmin

Pmax

Kern Boundary

A
v

Jaria aa g saclell S e
baxia 685 QoA a0 Vg
ey J sl

CASE Il ( e;= L/6)

ok
e

2 Kern Boundary

Leall K93y ghadll id.um
Ay a5 ) A e
Y Gl dgall 4 0¥ (al

CASE Ill ( ;> L/6)

e
-

Kern Boundary

dc giaall g3 yhasl) syl
L Gy g Sl

Y (6l Agall 5 DM
e bzl ) S

@) & gas LAL\L}



Example

For 4 x 2 single footing that supports a column with 80-ton load, B.C = 15
t/m? . Check the safety of footing against eccentricity.

1 &K : ] 2m

I m

0.4m

et | |
L

| m




M=Pxe=80x%x04=32

_P(,  6e\_ 01P
°=1 L A

80 604\ 0.1x80
0= 1+ 1 + 3 =17 > 15 (Not safe)

P ) 6e 1 0.1P
CTa\" ") A
80 6+0.4\ 0.1%80 o
0= 1-— 2 + q w—— 5 < 15 and Positive (Safe)



EX :for the shown single footing 3 x4 m, p= 150 ton , B.C = 15 t/m?

A. check the safety against eccentricity.
B. Draw soil pressure on the footing.

2m . 2m

=~ - -

Y

| .5m

I .5m

|l m | m



M=Pxe=150%1 =150

_P(,  6e\_ 01P
°=1 L A

=01+ 20 2 20 3955 15 (Nt
o=75 2 S, (Not safe)

_P(, _6e\ 0.1p
°=1 L A

150 6 * 1 0.1 %150 _
= 1-— + = —5 < 15 and Negative (Not Safe)

°T 12 4 12



-5%3 =15 t/m

N

Soil pressure

kf?l

A A A A

\‘\

3325 = 97.5 tIm

3 Y 3 Ly a1 ddaadle
adluall e 3 ke (o

A 3Y) J dsaadl) 0 alal
S Ja SAy lias Al
sl sadll e dal Yl
4 < plE Y] g Liad




JQ(Assighment) . For the shown single footing 3*2 m, p=100, BC=12
Find :

1- Check the safety against eccentricity

2- Draw soil pressure on the footing
| 1 |




P 1_I_6e +O.1P
0, Mmax =- 7 i

100( 6 * 0.75) 0.1+ 100
= + +

o=——-,11 3 c = 43.33 > 12 (Not safe)

6

o, min =

| o

1 be N 0.1P
L A
B 100

6+0.75\ 0.1%100 ,
0= 1-— 3 + c = —6.67 < 15 and Negative (Not Safe)




p 6e\ O0.1P
g, max = 1+T +T

100( 6 * 0.50) 0.1+ 100
= + +

o=——-,11 > c = 43.33 > 12 (Not safe)

6

O'y min =

| o

1 be N 0.1P
L A
B 100

6+ 0.50\ 0.1%100 ,
0= 1-— > + c = —6.67 < 15 and Negative (Not Safe)




—6.67 x2 = —13.334 x direction

43.33 x 2 = 86.66



_6.67 %3 = —20 y direction

43.33 * 3 = 129.99
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1.Pure tension member

2.DESIGN OF COMPRESSION MEMBER

3.Design of beam and slab




].Pure tension member

Net(Nominal ) Area

A, = Ae — Abolts Jaal) Jualilly cldlual) 038 () 7 85 Al

dwianll awaiall puud) duoualK DI aiaul dwaoll Awaidll puwd) duoual§ Ul daaul
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Apors Y

awaodl Awsidl pwd) daoualK Dl aall

1 \ oy
A . =nx* (1_6 + db) * t oY) 3da g
A, =n#*(0.16+db) * t S i) B2 g
\ h ‘
\ Akl Aasall (0 JBY1 sn)

N

&1l s 2o & ) kot



* Example: ﬁmﬁe

=]

Gwiaoll Gwsiall puud) dxogal§ I aiaul

In the shown truss, cross section of member AD =6*9 cm, member AD is connected to AB and
AC by 3 rows of @5mm bolt. Find maximum load (P) member AD can hold.

(f,=7Mpa, f. = 12Mpa, f, = 11Mpa )




XF, =0
P . 2 : 2 P =FAD(+)

: \

P P S, GAT o) A ga
O — — :_ @\emus&.gmms
An Jaaal) o dualdll

i) o dalAld) dayall
A, = Ae — Abolts

dwaodl Awaidll puud) droualKil aal




AD =6*9 cm,
1 ~ Sl aayl
al) sl

Abolt = Nn * (0.16 + db) * t

A, =40-9.9 =30.1 cm?*

A, = Ae — Abolts

l

5%8

15 (e (B P9 A Alad) @ @laa gl
Ay =3 *(0.16 +!0.5) * 5 =9.9 cm?
5 l

10 B Ml



/= 301+10-% P =21.1kN

15 (s aS) AN a2l g 15 (e B dla) aaf oS S 8 dag cilBiada

AD =9x16 cm
2

14.75

8

awaodl Awaidl pwd) doalK il aiall




“* Example:

Given p=15000N, Ft= 8 N/mm? = 80Kg/cm?
4-raws of 6 mm bolts.

Find a suitable x-direction of R.S timber?




P o _ 15000
A, A

\

A, = 1875mm?* = 18.75cm?*

0o =

An = Ae — Abolts Abolt — N * (0_16 + db) x t

Ay = 4 (016+06)* =12.16

\

SR ) g g duda B o
Jaardl) a0 6$ g A)



A,=An + Abolts = 12.16 + 18.75 = 30.91

e
Ae=t1*t2 3091=4‘*t2 t2=8
A,=4+8 A;j=5%9

o Bl A s i Cilan sl
da) g ciual MM 16

awiaoll dwaidll paud) duogal& il aiabl




5 52 g sl 0 (i o i il J Sl g 8
A, = Ae — Abolts A, =nx(0.16+db) * t

Ay =4%(0.16 + 0.6) * 5 = 15.20
A, = An + Abolts = 15.20 + 18.75 = 33.87

Ae:tl*tz 3387:5*t2 t2:7

A, =5%7 A, =6+8



dQ(Years). In the shown truss , cross section of member AD=5*X,
member AD is connected to AB and AC by 4 rows of 5mm bolt, if the
maximum load P equals to 20kN if you know f=9MPa , f.=10MPa ,
f,=11 MPa , find the dimension X ?




OV Osaad a8 i s gall o Gelad Je Jhgead) Jaii G 1 daga 4d3A0a
Cllana (e 4dd J) ) 65 ATl pda g (4 e 5S 5 g8l

ZFy=O
F,, —P =0 _20 2 ,
P = FAD(4) 9_A_n A, =222cm
A, = Ae — Abolts A, =N (0.16 + db) = t

Ay, = 4% (0.16 + 0.5) x4 = 10.56

22.2 = Ae —10.56 A, = 3276



AD =5xX AD =4 (X—1)

A, =32.76

32.76
X =

1 =28.19



2.DESIGN OF COMPRESSION MEMBER

, L
Slenderness ratio = 5

d<b

141““; S

éy;nllréw;.mll pad) éin.plS]JI aiall



O-tho — L o-tho = L
—~N\2 o
(H) 2.727(;)

L:Effective Length r:radius

o-c — atho

> J59) Lagdl) 32
O-C:f\C

awaodl Awasid)l pwd) doualKll aall




CLASSIFICATION OF COLUMN:

L Medium :
Short: — <10 L
D 10<—-<K
D
Long: \
L .
K < D <50 JNY el
K = 0.64 E
. A




 Example:

awiaoll awasiall puud) duogal& il aiaul

Given f, = 1000psi , E =1+ 10°

Cross section of two columns ( 5.5"%10.5" )—— iV @ claagl)
L,=6ft, L,=12ft.

> Find compression force of each column.

duaodl Awaid)l puud) doualkil @l




Ae=5*10 (e olin 35 ) s3al Cam 2my JS (0 Clial Ua Hha

CLASSIFICATION OF COLUMN:

. GAY) J il (e cilas gl) gy ga
Short : D <10

6 «12

5

= 14.4 (Not Short)

K =064 | = K—O64/1*106—2024
_— n fc\ = n 1000 _ °

10 < 14.4 < 20.24 b gia (33

dwaoll Awsidl pud) duosal§ Dl aall




0.3E 0.3 « 10°

Otho = L Otho — 2
(E)Z (14.4)

= 1446.76

awaodl Awsidl pwd) daoualK Dl aall

1446.76 > 1000 so use 1000

awaoll dwsidl puud) duogal& il aabl




A,=5%10 ) 3 galad) o (M) g

CLASSIFICATION OF COLUMN:

12 x 12
5 = 28.8 (Not Short )
E 1x10°
K =0. 64\/; K =0.64 /1000 =20.24
10 < 28.8 < 20.24 oS oA gdawgia ud oA )

20.24 < 28.8 < 50 S g ()

duaoll Awaidll paud) droualKil aal




1 WMlittee

i _0.3E 0.3 x10° et
tho — L atho = 2 . ) axianll Gwatnll awnd) dxasstEDI dssu)
&y (28.8) ~ s

361.7 <1000 souse 361.7

361.7=="10 P = 18085



DQ(YeaIEs). For the shI?wn timber trLI|{ss , the properties of timber
Ft=70—— , Fc= 120 —= , E=70000 —= .

cm?2 '’ cm?2’ cm?
The x — section of member CH is (7*11)cm and member CH is
connected to Hl and HG by 2 rows of 3.4 mm bolt

For member BG, the x-section of this member 6*7 cm and diameter of
the bolt 3.4mm .

Find :
1- Maximum free high of member BG
2- I:)max




A = Ae

— Abolts
Ay =n*(0.16 +db) =t Aoy =2%(0.164+0.34)x5=5

n

A, =6%5—5=25cm?*

_5000sin45 141421356 > FC
°~="00025 '
0.3 * 700000000
1200000 = 5 L=066

(@03)°



0.3E
Otho = L
(p)*

0.3 x700000000

Oy = S = 1728000

(0.08)"




3.Design of beam and slab

To design flexural member we need to take in to . . & v 4 .
consideration b g 25 5 92 352 94 (158

awaoll dwsidl puud) duogal& il aabl
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1 — Shear force:

wL<2 p: o
— < — % *
2 =3 40%

2 — Bending moment :

wl? \
g =5*Fp

3 — Deformation

SwiL?
<
384 x FE x I

6all

®w  o»

o) g o g

o

|~



Planks (6.5%2.5)in, joist (2.5%6.5)in. F,=200psi, f, =1200psi, f, =1000psi, E=1*10psi, w=60Tb/ ft2
Sa”=0.4iﬂ.

» Check shear, deformation and bending moment for both planks and joists.
| !

| |
| ]
-— = | i
| |
: : joist
| |
| |
| |
& | |
- | |
: ; Plank
| |
| |
l I Post
5 I R .
|

36 (1) dlals Adlocal)



original | 2.5in A, 2in

plank — (12)2 x6.5=2.7 7 —

/ 2.7Ib/in
) sl ey gat nmnnm

W — 6 X 6 5 —— 2 7 jDiSt 18in
BSCOEAN \ N\
. slady o Jats |
Jﬁ”g‘dééG‘.—\‘;—’J@e}; ,:}[“\.dsugd.q;j
o) sl oy sST ST S assl sl

A, =6x2 :
e Zaliad) Y 1388 (o e daluall 3

Ol Jalze calaal a8 o) ST S0 Ladie
daad] ()5S0 3 a5 585 Ladie
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1 — Shear force:

wh _2 2.7 +18
_— — X k
2 =37 A0 2

IA
Wl N

* 12 * 200 Safe

2 — Bending moment :

wL? \
TSS*FI,

2.7 x 182
<4 %1000 Safe

8 e

awaoll dwasidl puud) duogal§ Dl aall




3 — Deformation

awaodl Awsidl pwd) daoualK Dl aall

SwL*
<
384 « E * I

aall

5x2.7 « 18% <04
384 « 106 x4 — Safe

N

i) (B Aara 2850

awaodl Awasidl pwd) duoual§ bl aial




*18 = 7.5 oigin | 65in | A_ | 6in

B 60
W]oist i (17)2 ol
\ 2.51n 21n

A, =6%2 o) o Jiiy Jaal 7.5 Ib/in
g nmmm
1+2+6° ke 180 in

S = =12
12*2 \\

1512 =180



1 — Shear force:

wL<2 p: o
— < — % *
2 =3 40%

2 — Bending moment :

wL? \
TSS*FI,

7.5 x 1807

<12 %1000
8 3

7.5 %180

Not Safe

IA
w |

2

x 12 % 200

Safe

duaodl Gwaidl puwd) droualKil aal




3 — Deformation

SwL? <
384 «Ex ]~
ligaad) (2 Aara 28,0
5% 7.5+ 180%

<0.4
384 « 10° * 36

*If Post with dimensions:2%4 in, check the post.
Where:

0 A =1.5*3.5

0 £, =1200 psi

O L=10f1t

awaodl Awsidl pwd) daoualK Dl aall

Not Safe

awiaoll dwsidll puud) duogal& il aiaul




0.3E 0.3 x10°
O-tho — L 2 atho — 10 " 12 — 4‘6 87
D 35 )’

46.87 < 1200 so use 46.87

t6.87=15.35 P =246

246 < 675 Not Safe
\

7.5 %180




JQ(Years). A timber floor deck as shown in the figure , the

properties of timber , Fb=70 k—gz , Fc=75 k—gz , Fv=28 k—gz )
cm cm cm

E=7000O% , w=1000 % , length of post =4m, x-section of post
= 5*5 cm, if x-section of plank = 3*14.99 cm and x-section of joist
is 6*14.99 cm , allowable deformation of the plank =0.1cm,

allowable deformation of the joist = 0.1 cm.

Find :

1- Check shear , deformation and bending moment for both planks
and joists

2- Check safety of the post.



- -

0.6m

—
- p———

0.1499 m
v
+—b>
1.2 m 0.06 m
I Izo.oam
*~"018%9m
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Stair : gz

duaoll Awaid)l pud) droualk il aal duaodl Gwaidl puwd) droualKil aal




Landing

(A8dy Adluall)da )
(49 galad) Adlicall) L Y)

™ | —=—"—-—= Rise

Pl

Landing

duaodl Gwaidl puwd) droualKil aal




Standard Dimensions for
- Comfortable Stairs

Creddiual) J calia g e z oA 06 (S giaat g g il

»> Steps less than 14 for one flight

» Rise(R) = (15—-17)cm

Rise 1
>

Go 2

> Go = 30 cm or not less than 28 cm



Standard Dimensions for
- Comfortable Stairs

Rise 1 slope 1:2

>Go T2 R=15cm ,G =30 cm 3

v #of goes = #of rises — 1

‘ Wlltt?e

awinoll dwsiall puud) droyal§ I diall



Standard Dimensions for
- Comfortable Stairs

elevation dif ference between the two floors

#of rises = : , :
rise dimension

gt l/ > width of flight = Length of step

b ( width of flight) > Not lessthan1m



ittes

awiaoll awaid)l pud) drouals il aall

B

\ﬂ:lz Rise  Landing
\ B

A

elevation dif ference between the two floors




awiaoll dwasidll paud) dxogal& il aabl

Min space between flight = 15 cm



EFFELTIE SFAR

F 1
¥

Al ol Caatia g oY) ol Cacatia (Lo ddlod)

Ef fective length of flight = Horizontal projection of flight + width of landing



Length of landing
Width of landing

=
| =
=]
| I
=
[ E
E
=
=
=
=N
g
=
3

space  Width of flicht

duaodl Gwaidl puwd) droualKil aal




uozdofoad feandep = ¥ <

2 G = Horizontal projection

duaodl Gwaidl puwd) droualKil aal




Load Calculations for Bending Moment
Calculations

. Dead Load

Total thickness of Slab (h) = tw + 0.5Rise ty:thickness of

\ flight slab

L, Effective Span)
From1.75to2 cm ‘ 20
for each step

SY) Aadl) AL



Weight of Slab = Volume * Density

Weight of Slab =Li*b*hxYy

b = width of flight

total thickness of slab

inclined length of flight

> =T
1 Wlltt?e

awaoll dwaiall puudl droual§ il aiaul



O.W of flight + finishing
Horizontal projection of flight (Span)

O.W flight per meter =

duaoll Gwaidl pud) droualKll aal duaodl Gwaidl puwd) droualKil aal




Given:
1- Space given for stair case in a multi-story residential building = 5m x 2.4 m

2- A ev. Between floors =3.1 m \
N

s Y
Laaldal) &Lﬁ)\ <

P,

awaall dwsiall puwdl dogal§ Dl aial




> Rise(R) = (15—17)cm (g g Lgasd g da )3 JS pUE ) Jiad (A
15 daidlly ctall 138 ¢y La Lga i

elevation dif ference between the two floors

#Hof rises =
f rise dimension
I Fa gt (g} SAal) G Jy 923
. B 3.1x100 B liah
# of rises = 1c = 20.7 for two flight > use 20
10 <14 (Ok) » For one flight = % =10
310
Exact R = — = 15.5 cm—
20 T Y AR g () sl 2l



#of rise ineach fligh = o = 10 rises

v #of goes = #of rises — 1 v #of goes =10—1=9

» Go = 30 cm or not less than 28 cm

» Assume width of flight = Length of step = 1.1 m



Space between flights =2.4—2*1.1=0.2

Take Landing =

# of goes

t

/

(5-9+%0.30)

2

thickness of Go

1.15

— fortwo flight

.

1.1

1.1

AH 2.0
a oy ”

*



Length of flight = /(O R)* + (3. G)?

\/(1.55)Z +(2.7)% = 3.11
|

.

15.5+10 Horizontal Projection of flight =9+« 0.30 = 2.7
100 - 1.55




Total thickness of Slab (h) = tw + 0.5Rise

Method one : From1.75to2 cm Assume 2 cm for each step
for each step t, = 10*x2 =20 cm

L. Effective Span)

Method two =
ethod two 20

Horizontal projection + landing 2.7 + 1.15

20 = >0 = 0.19m = 20cm




Total thickness of Slab (h) = tw + 0.5Rise

15.5
Total thickness of Slab (h) = 20 + — 7 27.75

Weight of Slab = Volume x Density
Weight of Slab=Lf xb+hx*vy,,

Weight of Slab =3.11x1.1x0.2775 « 2500 = 2375 kg

/ \ \ \ N

Length of flight J -
ey width of flight @il dysas



slazall Baa ¢l) (§ 4lii)

.

O0.W of flight + finishing
Horizontal projection of flight (Span)

O.W flight per meter =

e IS ol e SLS g ol e LI G a8 Y Bas g (63 ) g Tl 8 Aala g 53 1a

» Assume finishing = 50 %‘q

0.W flight ter = 257> _ ggo X9
W flight per meter = o -~

kg
ZW=880+50=930§



» Assume finishing = 135 kg

O.W of flight + finishing
Horizontal projection of flight (Span)

O.W flight per meter =

2375+135 kg

93
2.7 m

O.W flight per meter =



Total DL + LL on horizontal projection = 930 + 400 = 1330

v

Sl Al 3 Ll o J3mad) B lana

wl,> 1330 = (2.7 + 1.15)?

B.M Max =
ax 3

= 2464.25kg.m = 236424kg.cm



Q(Years). Space given for staircase in multistory building =
2.6m*5.2m if the space between flight=0.18m , weight of RC=2500,
total thickness of flight =0.3m , vertical projection of the flight =
160cm and G=30 cm . Find :

1- Number of goes
2- Number of steps
3- Number of rises
4- Length of flight
5- Width of flight




6- width of landing

7- length of step

8- Length of flight

O- Thickness of waist slab

10- weight of RC flight

11- Load /m of the horizontal projection of the flight .



Ans.

1 - 5 =9 for one flight 2~ 10 for one flight
_ ' 160
3 — 10 for one flight 4B tn
10
2.6 —0.18
B _ 5.2—-2.7
5 > =1.21 6 — > = 1.25

7 — J(2.7)2 + (1.6)? = 3.138

h= 20+0.5%*16 = 28

2.7 +1.25
8 —tw = 20 =195cmor 10«2 = 20 cm




10 — 2500% 1.21 % 3.138 % 0.25 = 2657.8

2657.8

= 984.4
2.7




dQ(Years). Space given for staircase in five similar stories building .
The elevation of building = 15cm , total number of steps for whole

building =100 steps , weight of RC= 2500 % .

Find:
1- Number of rises in each flight

2- Elevation of rise

3- Number of steps in each flight

4- Number of rises %
5- Number of goes

6- width of go

7- Maximum width of flight

2.45 m



8- Maximum length of step

9- Maximum width of landing

10- Length of landing

11- minimum length of dimension X as shown in the figure

12 —Length of flight

13- Horizontal projection of the flight
14- thickness of waist slab

15- Total thickness of flight

16- Weight of RC flight

17- Load/m of the horizontal projection of the flight .



Ans.

100
Elevation Between floors = T = 3 # of steps for one stories = = = 20
1 20—10 2 3—015 = 15
e 50 = 0 m = 15cm 3 — 10Steps
4 — 10rises in one flight 5—-9goesinone flight
20 rises in two flight 18 rises in two flight

2.45-0.15



9 — 2.45 10—-2.7+2=47 11 — 4/(0.15% 10)2 + (0.3 % 9)2 = 3.1m

2.7+ 1
12 -0.3%x9 =2.7 136 2(-)'_ = 0.185 14 — 185+ 0.5 15 = 26

15—3%1.15+4+ 0.26 * 2500 = 2242.5kg

2242.5 -
2.7 '

830.6 + 50 = 880.6




» Expansion Joints

B gl ey (alfil) gl 30 ad) sy ddalll o 43N Lgd

O =K=xLx*xAT

auﬂ\"d.al.u skl



dQ(Years). Assuming a bridge , made of steel , with an initial total
length of 1500m at —20C , coefficient of steel expansion = 12 * 107°
, calculate the length difference at 40C and its total length ?

O =K =L x*xAT

§=12+10"6%1500 = [40 — (—20)] = 1.08

L =1500+ 1.08 = 1501.08



Depth (d)

Tl -
1 . : . i
A Bearing Bearing f\ Thickness (t)

I
v Bearing 1 = Bearing 2

Ml 9 il



» Dimensions of Lintel

Bearing =4cm for every 30cm opening but not less than 10cm.

 Example : For window with opening (S)= 60 cm, determine
the bearing for a lintel for this window ?

30cm — 4cm
60cm — x

X = 8 cm but you will use 10cm



* Example: For window with opening (S)= 150cm, determine the
bearing for a lintel for this window.

30cm — 4cm
150cm — ?? Bearing= 20cm for each side.
Total length of lintel = 190cm = 1.9m.

\

= 150 + 2 *x 20

/

i) J sk



Depth: allow 15cm for (opening) spans up to 1.2m, for every extra 30cm of span; add
2.5cm to the depth.

» Example: Determine the depth of lintel for opening= 1.8m
For 120cm — d= 15cm.
Extra distance= 60cm. 30cm — 2.5cm

60cm — 77 X=5cm.

Total depth of lintel= 15+5 = 20cm



Thickness: almost thickness of the lintel equals the thickness of the wall, but we
increase the thickness of lintel (t) for beautiful view or protection from the sun.

For stone wall: left (5-7)cm for installing stone on wall.

B ) 9Ss Balally



» Distribution of load on the lintel

i ata dudi gl duliia Jaaldl o< A8
QY\L@A&WJ}JL;SJ@JHU




. : —  oupels Guh e
H=\F~(L/2 =‘EL =

Height above opening > H : Area 1s triangle

Height above opening < H : Area 1s trapezoid

= z

60 A &biall Ll




Height of opening




Example: Determine the area of load above lintel of opening= 1.2m with free
space above opening = 1.5m.

- Bearing = 16cm
- Total length = 0.16*2+1.2 = 1.52m.

- ein—

=1.32<1.5, Area1s triangle

V3L 3(1.52)
22

-A=10.5*%1.52%1.32=1.0032 m?



opening = 1.5 m space above opening = 1.5m
Bearing

30cm — 4cm
xcm — 150cm x=20cm

Total length of lintel = 150 + 2 x 20 = 190cm = 1.9m



1.5

Type equation
here.

1.65



o | ohd Lo
Glalia Aulds

1.65 1.65— 1.5

0.95 X

x=0.09m




2x =0.18

-

1.5

1.9

1
Area = = (1.9 + (1.9 -10.18)) * 1.5



> Reinforcement of Lintels

Most of lintels have standard reinforcement.

Span (m) Upper steel

<1.2 2010 2010
(1.2-2.0) 2012 2012
(2.0 -3.0) 2014 2014

> 3.0 Designed

Stirrups: P8@20cm.



JQ(Years). For the shown lintel in the stone wall, if the W of

mZ
k : . : :
supported wall = SOOm—gz, the wall is built of Jordanian stone with

thickness =6 cm , Find :
1- Cross section of lintel (d*t)
2- Length of bearing
3- Area supported by lintel




1.2+25+25=1.8

N

Add 2.5 cm

Add 15 cm

1.84+020=2m=20cm

30cm — 4cm
180cm — x

X =24 cm for each side

dxt=20x6



V3L V3% (1.8 +20.24)
2 2

H =

=1.97>1.2

12
"~ tan 60°

y

y = 0.69

L,=2.28—-2%0.69 =0.894

1
Area = 5(2.28 + 0.894) * 1.2 = 1.9 2 28



