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Abstract

The Structural Design of Villa in Hebron city .
Work Team
Isra Hani Igneibi Manar Abd Alsalam Alyan
Palestine Polytechnic University -2014

Supervisor

Dr. Naser Abboushi

The purpose of this project is the structural design of villa in Hebron city.

This building is consistsing of three floors and roof (consist of green area),with anice

elevation.

On other hand ,no doubt that the structural design at a same level of importance of
architecture one , by supporting the building with a structural element .

The structural design of the building will be carried out according to the Jordanian
code and to the ACI-318.

The project contains the structural analysis for vertical and horizontal loads and the
structural design and details for each member in the project.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

C; = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction, measured face-

to-face of supports in slabs without beams and face to face of beam or other

supports in other cases.
LL = live loads. '

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.



Mn = nominal moment.
e Pn =nominal axial load.

e Pu = factored axial load

e S =Spacing of shear or in direction parallel to longitudinal reinforcement.
e Vc=nominal shear strength provided by concrete.

e Vn =nominal shear stress.

e Vs =nominal shear strength provided by shear reinforcement.

e Vu =factored shear force at section.

e Woc = weight of concrete. (Kg/m3).

e W =width of beam or rib.

e Wu =factored load per unit area.

e @ =strength reduction factor.

e € =compression strain of concrete = 0.003mm/mm.

o &, =strain of tension steel.

e ¢ =strain of compression steel.

p =ratio of steel area .
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Chapter Four
Structural Analysis & Design

4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3 Determination of Factored Load of ribs
4-4 Design of topping.

4-5 Design of Rib.

4-6 Design of Beam.

4-7 Design of two way ribbed slab .
4-8 Design of two way solid slab.

4-9 Design of stairs.

4-10 Design of basement wall ."

4-11 Design of Retaining wall,

4-12 Design of Shear wall :

4-13 Design of column,
4-14 Design of Isolated footing ¢

4-15 Design of shell Spherical,




Structural Analysis & Design

Chaptera:

4-1 Introduction.

In This Project, there are three types of slabs : solid slab , one-way ribbed and twpo-

way ribbed slabs. They would be analyzed
of such as " BeamD, safe & Etabs" to find the internal forces, deflections and moments

and designed by using finite element programs

for ribbed slabs, and then hand calculation would be made to be find the required steel for

some members .

The design strength provided by a member, its connections to other member, and its
cross-sections in terms of flexure, and load, shear, and torsion is taken as the nominal

strength calculated in accordance with the requirements and assumptions of ACI-code .
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Chaptera:

4.2 Determination of Slab Thickness:-

f Ry
i
i i
' = 4
= i
AL | 1l
DR . =150 s et -
»(/-r X3 ":'Z'fh.,‘l.-' Wy it ‘L e _.‘\5:1\—.—...._..;
e L HENS
e o e
b AN
B it ! \~,'\
i [ask i \}
i i 2 |
N} Ei g \ ,‘
P D :
7 R 2 : ;
/ ’* 1\ H
I i A f
i & | | T
i B P 233 B s 0
N I
Sk
~ B
i s .
b =
L
o L] . ,.-i-_, B g
= 2230 e 83,30 £ m 22.:0 [ 83,10 Bl 230 (&) oo g
*
i

Figure (4-1): Rib(3) Basement floor slab

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or

one way slabs unless deflections are computed as follow:
hmin for one-end continuous = 1/18.5
=550/18.5=29.729 cm.
huiq for both-end continuous = L/21
=240/21 =11.4285 cm
huin for simple beam =1/16

=445/16 =27.8125 cm

The controller slab thickness is 29.729 em,

Select Slab thickness j= 32cm with block 24 ¢m & Topping 8cm
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Structural Analysis & Design

b e

4.3 Determination of Loads of ribs :-

4.3.1 Determination of Dead load:-

Type (b h KN/m
Tiles 0.03%0.52*23 0.3588
Mortar 0.02*0.52*22 0.2288

Sand 0.07*0.52¥16 0.59696
Topping 0.08*0.52%25 1.04

Hollow block 0.4*%0.24*10 0.96
Plaster 0.03*0.52*22 0.3432
R.Crib 0.12*%0.24*25 0.72

Partitions 2.38%0.52 1.2376
Sum 5.4853

4.3.1 Determination of live load:-

Nominal Total live load =2 * 0.52 = 1.04kN/m of rib

4.3.2 Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2%5.4853 = 6.58236 KN/m

Factored Live load = 1.6*live load = 1.6*1.04

=1.664 KN/m
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4.4 Design of Topping:-

Determination of dead load of topping

Structural Analysis & Design

Type [Ibh KN/m
Tiles 0.03*1%23 0.69
Mortar 0.02*1%22 0.44

Sand 0.07*16*1 1.148

Topping 0.08*1%25 2
Partitions 2.38%1 2.38
Sum 6.658

Live Load = 2 KN/m.

qu=12DL+1.6LL

g2l

5 Mu = =11.1896*0.4% /12

= 0.149KN.m.

2
> Mn = 0.421/fc'*b—2—

P Mn=055*219=12KN m
$* Mn=12>Mu =0.149KN .

be provided.

No structural reinforcement
ent 1s needed. Therefore, shrinkage and temperature reinforcement must

=1.2%6.658+ 1.6 * 2 =11.1896 KN/m. (Total Factored Load)

i foa x 1000 *80?
=042 v24 *T=2.19KN.m.

OK!
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Chapter4:

For the shrinkage and temperature reinforcement:

p=00018

As = p*b*h=0.0018*1000 *80 = 144mm” /1m.

n=As/100=144/50= 3 bars
S=1000/3 =300 mm
S=3 h = 3*80 =240 mm(control)
S=450 mm
S=300*280/fs-2.5Cc= 300%280%3/2#420 -2.5%20 = 250 mm
S=300*280/fs =300*280*3/2*420 = 300 mm
Use S =200 mm < S max = 240 mm

Use @8 @ 20 cm c\c in both directions.

4.5 Design of Rib3 :-

2 3 4
2 3
A S e
A ke j
0.3 2, 0.5 495 05
=) — |
; 24 : 545

Figure (4-2): Rib3 geometry.
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/ \
* Loading
Toad group no. 1 U"“S!kﬂ,metﬂ
Dead load - Service
545 516
5.45
55 24
e L
Load factors: 1.20,1.2011.60,0_00
Live load - Service
- Ty ! 7 0 e T T T
v ) ¥ 5*},‘ 5 £45 :
Figure (4-3) : loading of Rib 3
voments: spans 1fo 3
-214 -20.6
412 193 479
Ll e
KT H
3. 4
22 2138
. ; ! 12 : 1.2 | 327 21‘.5 218
1 1

Figure (4-4) : Moment Envelop of rib 3.
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_

Shear ——//(

-264
229

44
M8
>

i

188

L3
8.7
122
15. 218

189 26.2

&

Figure (4-5) : Shear Envelop of rib3.

4.5.1 Design of flexure:-

4.5.1.1 Design of Positive moment of rib 4:-

Assume bars diameter of 12mm
d=320-20-8-6= 286 mm.

ber<=520mm. (Control)

<=5500\4 = 1375mm.

<=16 * 80 +120 = 1400mm.

D begr = 520 mm.

¢*Mnf =0.9%0.85%24*(0.08*( 57 *

¢ * Mn > mu
1879>2128

(0.286-0.08\2)*1000 = 187.9KN .m.

—Rectangular section.(b=520mm)

Maximum positiye moments My =

218
Mn 21.8/0.9=2420KN m 8 kN.m=>Span (3)
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Structural Analysis . Desigy

Chaptera: 4-//_7

420 _ 50588

e BB

M= 085* fc ~0.85%24

_ Mn _ 218*1076 _ s694Mmpa
0= Bwq? ~ 520%(286)°

I EU000) 5 g o061
B 420

2
As = 0.001619(520) (286) = 240.8 mm

e L ) (ACT ~10.5.1)

\24 1.4
- =——=(120)286)> ——(120)28
As. =10008<1144

As . =114.4mm>

min
240.8mm* > As,, =114.4mm>

# of bars = As/ As v, = 240.8/153.86= 2 bars * Note Apj4= 153.86mm?

Select 2 @ 14mm.

e Chick for strain :
Tension = compression

As* fy =085 * f *h*,

46




Mo tructural Analysis & Desigy

0*24*a

307.786* 420 = 0.85*52
a=12.1896mm

ooa 12189 14 5amm
7 i

| 286-1434 4,003
14.34
g, = 0.0568 > 0.005 OK

€

4.5.1.2 Design of Negative moment of rib 3:

1) Maximum negative moment Mu= 19.3 KN.m

Mn=19.3/0.9=21.44KN.m

L e <o)
085 o osstza %
Mn  21.44%1076
o e
1
Lo [ BB,
1 i
o= (- \/ 2(2.1847)(20.588
20. 588 420 ) ) =0.005515

As =0.005515 (120) (286) = 189.275 mm>

IS0 e
At 4“( )(wad) (wad)
s i :i
At A1 )(120)(286)>~—420 120X286))
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Structural ﬂnd@si%

Chapter4: //—

As,;, =10008<1144

Asmin =1 14.4”7”72

2
189.275 mm*> Ay, = 114.4mm

b= A+ [iAsh,,— 189.275/113.1 =2/bars

Select2 @ 12 mm .

e Chick for strain :
Tension = compression
As*fy=085*f’ *b*a
226.2*420=0.85%120*24*a
a=38.8079mm

_a 388079
B 0.85

286 - 45.656
gaitim B 0y
e

g, =0.01579 > 0.005

=45.656mm

OK

4.5.2 Design of shear of rib 3 :

1) Vud =22.9 KN->at Support 2

O®Ve= p* %bw*d

p 2
=10750+ g 120*0.286

=21.0166 KN

LI*®DVe= 1.1*21.0166 =23.118KN

g

—=Semgml




Structural Analysis %

.

Check for items:-

Vs=Vn-Ve=(22.9/.75) - 30.824 = 5.303KN

1 3
L = %( £1%120%0.286= 8.58 KN. (control)
@ Vsmin 20.75(5)*bw*d =0.75 (3) 1

V24 5
> 0.75(% Kby * /=075 % S *0.286*120= 7.88KN

®Vsmin = 8.58 KN.
® Ve<Vu<® Ve + @ Vsmin

@ Ve =21.02<Vu=25.3< (® V¢ + ® Vsmin) =29.6 Ok
So item, 3 satisfy
S=d/2=286/2 =143 mm (control)
S =600 mm
Take Av=2 @ 8=2 * 50 = 100 mm?

Av/s= Vs/fy * d

2*50/s = 5.303*1000/(286%420) > s=2265 mm
Take S =150 mm

Use2® 8 @ 15 cm c/c.

i .k T ——

B 38 p Sld T gy )
= R Falesting ;U!mﬂ‘?h-’:;c}z;l

04 i U
£ _ {PPE}

iversity

q i)
B
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tructural Analysis & Desigy

4.6 Design of Beam: > Beam (BB,10)

From Rib Two Way (52))

Chapter4:

Determination of Dead load of beam:- (

Total dead load from S2 =53.3KN ( from safe pro.)

Total live load from S2 =4.77KN (from safe pro.)

Own weight wall =25%0.25 %4.2=26.25 KN/m

RC wall =0.25%3.725%24=22.35 KN/m

Determination of Dead load of beam:- (From Rib One Way (R3))
Reaction From Rib2 /0.52 =

13.58/0.52=26.12 KN/m

Determination of live load of beam:-

Total live load from S2 =4.77KN (from safe pro.)

From Rib one way (R3) = 2.57/0.52= 4.94 KN/m

50




Structural Analysis %

3 4
A
— o~
ﬁ \L‘\I
4.5 0.6
5.1
Figure (4-6) : Beam Geometry
Loadin
load group no. 1 L
Dead load - Service Upits:kN.meter
1256 ; g
533 y258y iy 246
1 261 ! § 241
736 T/ ; ¥
f y 256 i v y \ 246
s ' { 24.1
s 475 \
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Structural Analysis & Desigy

e

Loading

Toad laclo%
Y
weToad - Sevice \ !

o RS

T ]

Figure (4-7) : Load of beam

Moments: spans 1fo 6

5514
4104, 1
50 15-;88.6 18 4704
Y % A25.3 44841 256088 4208 04875
H LA
|
1 'ﬂh\/ 1'23\-/” s\//‘
5.93' 556 0
1) 1445

P ! 0 ?slb 8, ! 18 1|18, am | 18 gj
| | | | |

—

Fi :
1gure (4-8): Moment Envelop for Beam
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Structural ﬂna[y%
_

~ Shear
e 4865
3939
223 : AT6,
4592 2 492 4409 .
624 ,é] '
3 | ; H i
i Ht 17/ l7 60.7
039 128. 1258 1548
: g 1 1934 299
o 293
403

Figure (4-9) : Shear Envelop for Beam

4.6.1 Design of flexure:-

4.6.1.1 Design of Positive moment:-
Assume bars of ® 25

bw=50cm h=60 cm

d=600 -40-10-12.5 =537.5 mm

1) Mu=sps g ¥N m

Cmax=3/7 d=3*537 5 /7=230.3 mm a=0.85 C=0.85%*230 3= 195.8 mm

OMn max =  0.85 f’ 5%}, (d-a/2)

0.82%0.85 *
83 724*195.8+500%(537.5.1 RN 6ot N e s e
. 4 U= . .
Design as sing]y

Mn= Mw/0.9= 524.8/0.9 = 583.11 KN m

53
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Structural Analysis L Desigy

e

Mn _ 5831171070 _, 536 Mpa
b*d?  500%(537.5)

2mRn
= \[/

Rn=

1 2(4.036)(20.6) y _g 0108
il

2
As =0.0108 (500) (537.5) =2902.5 mm

e ) (ACI -10.5.1)
(ﬂ)(b w)d)2 ﬂ(b )a)
o 1.4

As = 4(422‘;) (500)537.5)< 420(500)(537.5))

As,;, =895.83mm*

2902.5mm® > As, . = 895.83mm” OK

# of bars = As/ As por = 2902.5/380.13 = 8 bars * Note Apy;=380.139mm?
Select 8 ® 22mm with As=3041.04>As req ok in two layers.

®  Check for strain:
Tension = compression
As* fy=0.85 * *b*a
3041.04*420 = 0.85%500%24 %4

a=125219mm
a 125219
R )
BT ss 316mm

5375147316
& =—— 7790
5 0003

€,=0.00794> 0.005
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Structural ﬂna[ywq)\eﬁi
n

M

check for bars spacing:
2*10 -8%22) i

=32mm > 25 mm Ok

S = (500- 40%2 -

4.6.1.2 Design of Negativee moment :

1) Maximum positive moment Mu =468.1KN.m

Mn= Muw/0.9= 468.1/0.9 =520.11KN m

Assume bars of ® 25

be = 30cm,h = 60cm
d =600-10-12.5=537.5mm

_ M _ 52011%106 _
b*d>  300%(537.5)°

el _2mRn

p_m(l—\)l i )

sl 2(6)(20.6

P= e 1—(—[)1(20—))=0.0174

As =0.0174 (300) (537.5) =2805.8 mm?>

ﬁ

Ao =N
5 = e (bw)(d) ﬁ (bw)(d) .................... (ACI -10.5.1)

N

A==
(“ )(300)(537.5)s%(300)(537.5))

2
4702 mm* < As,. =537 5mm?
OK

Asmin = 5375mm2

arS

Select 6 ® 25 mm wigp, i * Note Ags=490.9mm’

2945,
2>As Teq ok in two layers

S5




u_//fStructum[ﬂna@%.@
fapter4:

o Chick for strain

Tension = compression

As*fy=085*fc' *b*a
5045.2# 420 = 0.85%300* 24
a=202.12m

& 02 a0

T48511 085

_537.5-2378 4 003
s 237.8
g, = 0.0038 > 0.005

c

&

Check for bars placement:

S = (300 - 40%2 - 2*10 -3*25) / 2 = 62.5mm >25mm Ok

4.6.2 Design of shear

1) Vu =247.7KN-> support (1)

DVe= @* ——Vf'bw*d

=10.75%

2
P 500* 537.5%107-3= 164.57 KN
® Vsn > 0.75 (-;-) *bw *

1
=0.75%(=)*
(377500 #537.5 *1073= 67,1875 kN, (control)

16 by

=075 * @ *

e Bl

DVsmin =67 1875

\56




M/ Structural ﬂ%
1a 3 =

3) (DVc_<_Vu§(DVc+<DVsmin

164.75<247.7<250.75 => ok

Take Av=2010=2* 785 ~157 mm’
Av/s=Vs/fy *d

157/ s =2.44 /537.5*420 > s =299.336mm
§=299.33 < d/2 =268.75 mm < 600 mm.

Select S=15 cm

Use ®10 (2legs) @ 15 c/c for 140cm after the critical section and @10 (2legs) at

(20 ) cm c/c at the mid




LL#”//”*’/,’rwme@mi%m
hapter4:
47 Design of Two Way Rib SIab:

ab-
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Figure (4-10): two-way rib slab.
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Structum[ﬂ%
Sign
hapters:

_ 40*8%4+32*12*16 _ 0 550m
| 40#8%4+32%12%16
40*8+32%12

3
s2x(10.55)° _ (40)x 255, 127 (23 1.45)
In‘b =—""3—"~_' “/"3 T

1, =59609cm’

1,5 Lagne32)® =163840cm*
]b1—14=Ebh —12*60 (32)

=—Dbh’ = 60 : 32 163 cHl
Ibl_6 12 ’ 12 ( )

The direction=11.15m =1115cm

The exterior beam

1115
1, = (59609 ( o 60))/52 = 707856.8cm*

The direction 7.35 m = 735¢cm

735
ILg, = (59609 (T +60))/52 = 490054.75¢c*

The exterior beam

al = i — M
I, 7078568 - 0-2314
@, =I£= 163840

59




Structural ﬂn%
M

163840 _ (2314

st sirs

707856.8

L
[sl
1, 163840
]s2

il

s~

163840 _ 334

490054.75

=

a, =

Ga=mmty o 4

02<a<2=>02< 0.2355<2
According to ACl-code:

_1(0.8+ f/1400)
" 36+58(a s, —0.2)

= el

Ly 35

_ 11150*(0.8 + 420/1400)
" 36+5%1.517%(0.2828-0.2)

=312.8mm

;312.8mm> 125 mm ... ok

First trial thickness h=320mm>312.8mm —ok

Take slab thickness h=32 , 80mm — topping , 240mm concrete block.




Structural f%
M,

4-7.2 Load Calculation:-

4272:1 Determination of Dead load:-

r—’"ﬁe'", [ bh KN/Rib

e . e 0.03%0.52%*23 0.187
Mortar 0.02%0.52°*22 RO

Sand 0.07*0.52**16.4 0.31

Topping 0.08%0.52%*25 0.541

Hollow block 0.4%#0.24*9 0.346
Plaster 0.02*0.52%*22 0119
R.C rib 0.12*0.24*25%(0.52+0.4) 0660

Partitions 2.38%0.522 0.643

Sum 2.927

Nominal Total Dead Load = 2.927KN/Rib

2.927/0.52%) = 10.8247 KN/m?

Nominal Total live Joaq = 2 KN/m?

4-72.2 Determinatiop of factored dead & live load

Factored =
red dead load = 1 2*pegq load =1.2%10.8247 = 12 99 KN/m?

Factored [ jye loa
d=16%jve load
= 1.6%2=3 2 KN/m?

4-7.3Design for Momenpt.

L




Structural Anafyg;
flapter4: \%

all sides , so it will be assume g ,

o Theslab is discontinuous from A

case 1in analysis for moments
e taken as{ (1/3)*M-+ve iy

o The moment at discontinuous € des will b L
PROGUCED BYAN AUTOOEIX EDUCATIONAL PROOUCT w

TEF11 @S en BF1,1 e —
: Ca.neg=0.085 7,

La/Lb=063
i C2.D=0.030 )
" Cb.D=0.009 1
; Ca.1=0.062 ~
| _—_ Cb.1=0.011
- .B ,.,,. - - .':i"’?‘, —cturose v A ——— P et ot - - :
| BFL6 =~ WWes BFLG S BF16 :
11.15

Figure (4-11): Moment Slab
Short — direction (a)

SASsuIne d) 12

=
380-20-10-12/9= s

La . . 5 64
. ...........CaS

Ca povs= 0,050
Caposi=0.062
Ma(+Ve)=

*La’*0.52)
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Structural Anafygi Doc:
M
faptera. 2*7_352*0.52)= 20 KN.m/Rib

ES)
2*052)-}—(0.06
= (0.050*12.99*7.35

s ! = — KN,' L]

420  -206
olss e O

6
n__ 20/09)*10° _ 4 36 Mpa
Rn= "7 520%(344)

2mRn
L R )
p= -";(1 \/;—7

1. [ 2036)206) ), n0s65
P 420

As = 0.000865%520%284 = 127.7 mm >

a = )2 22 ()

4(5) 5
A8,y = 4(4£240)(120)(284)2 %(120)(284)

As i =99.379 <113 .6

So: A%n=1136 mm®
A5 o < A5 =127 Ty 2

select (2) bars @ 12 with areg = 226.08 mm?

Check for strain:

Tension = Compression

4 % =085 f5bxq

\
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Structural %
M 4

226 .08 X 420 = 0.85 X 24 x 520 X a
a =8.95mm
e D 058

0.85

_ _284-1053,,003=0.0779> 0.005...0k
053

The negative moment for a-direction = (1/3)*Ma (t+ve) = (1/3)* 20 = 6.66 KN.m/Rib,

Assume @ 12
d=1380-20-10-12/2=344 mm

15 S P e

m= 1
0.85% fc'  0.85*24

_ (6:66/0.9)*10°
b*d2 120 * (344)?

Rn=

=0.52 Mpa

2mRn

)

L 2(0.52)(2
prea Rl e (20.6
206" ! “W)Fo.omzs

As= 0.00125%120%344 = 51.77 mm 2

P=—1—(1- fie
m

As,, = \/_]T b
4(5) whd)z (bW)(d)
AsH E
min 4(420 120)(344)> — (120)(344)
As

mn =120.37 <137 ¢

\m/




Structural Analysic
flaptera:

AT 1376mm’ —cor!

AS i =113.6>As=51.77mm

Select (2) bars @ 10 with area =157.1mm

Check for strain:

Tension = Compression
A x fy=085x f,xbxa

157 .1x 420 = 0.85 x 24 x120 xa
a=26.95mm

B 26.95 _31.71
5

c

i 344-31.71

£ =
: ETET x0.003=0.0295> 0.005...0k

Long - direction: (case 1)

Assume @ 12

d=380-20- 10=(12)~12/0= 332 mm

LJ/Ly=735/11 15=0.65
Cb pos/di™ 0009
Cb pos/lI= 001 1

Mb(+ve)=(Cb *
WaLE™0 52y 1y, oy *Lb2*0
1 52)

= (0.009*12
99%11 152%
S™0.52)+(0,01 1*3.2%11 152 52)=9.833 KN.m/Rib

\
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Structural Anafys;c T
\w\%
fapters: m/Rib

DA =206
m= 5o 0857

6
wn__ 983310900 _,19 Mpa
Rasosg? | 520%(332)

2mRn
sl e )
p==ll \/7

st \/: 200.19)(206) y _ 5004545

P 206 420

As = 0.0004545%520%332 = 78.46 mm *

As, = i_—J‘E’—(bw)(d) 2

45) jonke)

14
i

_ V24 1.4
AS,y = 4(—420—)(120)(332) > m(120)(332)

A =116.17 <132 .8

A8, =1328 tm? —cont

As,, =132.85 As= 78.47 mm

Select (2) bars @ 10 with greq =157.1mm

Check for strain:

Tension = Compression

AX=085x 1,

~den .



/ Structural Analys;s
Des;
fapters: ‘%'&z

157.1x420 =0.85><24><520 X a

a = 6.22mm

24 26.9 _ 1732
0.85

_332-732_003=0.133> 0.005..0k

2 )
The negative moment for b-direction = 1/3)*9.833 = -3.277 KN.m/Rib
Assume @ 12

d=380-20—10—(10)~12/2= 334mm

m= ﬁ) T = 420 _206
0.85*% fc  0.85*24

_ Mn =(3.277/0.9)*106

SpeaT 120%(334) =0.272Mpa
pa g W )

% iz

= 2(0.272
pr— T R Re A0

20.6 \/ 420 ))=0.000652

As =0.000652*120%334 =3¢ 13mm 2

As,. 4(ﬁ)(bw)(d)21'54(bw)(d)

Smin =£(1
) 20)334) > %(120)(334)
As . =116 .87 <133 ¢
A‘?mn:1336 mmzscg t
1

\
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Structural Anafys;

As_ =133.6<As=26.13 mm

= m
gelect (2) bars @ 10 with ared =157.1m

Check for strain:

Tension = Compression

A x fy=085x,xbxa

157 .1x 420 = 0.85 X 24 x120 x a
a = 26.95mm

26.95
0.85

=31.71

C =

o -3347;3711—'7& 0.003 = 0.02859> 0.005...0k

4.7..4 Design for shear:

Th i
e shear in the slap calculated by using tributary area for shear:

Wu:
1.2DL+16LL =17 * 1299+1.6%32=1207 KN/m 2

Vud = wux bf(In/2 - d)
Vud =20.7x0.57 %
(7.35/2 -
i 1 0.334) =35 96xn
=——yJfcxbwxg
V:;

~3=35.997
Ve = 0.75%35.99 = 56 9 .

Ve =26 99« Vud =35 96

T




L‘/ Structural Analys;
fapters: %
1

1 .
Vs min =%b1vdeTngfgxbvvxd

=13.36

Vs min = %x 120 %334 %1073
ziéxJEZx120x334x10A—3 ~12.27
1

item 3
gVe =26.99 < Vu =35.69 < g(Ve +Vs min) = 37.01

Provide minimum shear reinforcement. ... Us 2 @ 10 for stirrups A, =2*78.5=157mm?2
~ 5 m

Al b e 120
v(min) __ e e
o % =0,
s 3t 3 420 e
157
-s—= 009523 ,,,,,S = 1648 6mm

S < d/2=334/2=167 mm -cont

<600 mm.




ination of Thickness

Determ

WL

} o 2 ER—
osc0r20e79 'Y
gf;:xzcmsssusz.z.,.;.zg
pre >
v [7 »
b (34
¥ ~?
» el
M -
P {2
e &
P et =
s
o) &2
5 25 =
- Ao d
.4
P o .
g r1eT I8 q
. i 11 i o2
ﬂ LA L .||I&
4
o
b %
@ o7
oo
23
v 6 gnd
258900%] F33700<6:
N 7

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

Figure (4-12): two-way solid slab



Structural %
M

@hnbe -
by >= 180

h=15cm

beff <= (8*15)+35 =150
beff <= (2#40)+35 =115¢m

beff =115¢m

= -
O
*
- 1L
o
ey
- Sy
p=
A

7 (5*115%7.5)+ (40*35*27.5)
15%115 +40%35 =iy

1, = 1 1 %
b‘ﬁbh ST H5*(15)° +15%115#8.96*8 96 — 170829 51cm*

1
”'Ebh =17 35%(40) +35% 40493 54%23 54 = 962450 91cm*

I, =1133280.47

The direction 270 m = 270cm

I=(27*0.15% 15
D )=0.06075¢7;

\_/

i1




Structural Analysis Doe:
‘%ﬁg
fapters:

W )= 0.005¢cm’

Isl=( 12
4,95*0.15*0.15) _ 0 00928cr’
e
132—( 12
I, 113328042 _ ¢ 26
=7 =7 0.005
1, 113328042 _ 4 1221
% =7 77000928
I
== 0226

_ Gl SR

&,
02<a<2=>02>0.174<2
takeh = 20

4-7.2 Load Calculation:-

4-7.2.1 Determination of Dead load:-

Type B i KN/Rib
o e 0.03%23 0.69
= 0.02%22 044
= T 0.07°16.4 1148
+ 02%25 5
Pla.* 0.02%22 0.4

Partitiong

— L5 E

e - 9218

s

2



termination of factored dead & live load

4-7.2.2 De
_ 12%10.8247 = 11.06 KN/m”’,

joad = 1.2*Dead load

Factored dead

Factored Live load = 1.6*live load=1.6*2=3.2 KN/m>.

4-7.3Design for moment:

o The slab is discontinuous from all sides , so it will be assumed as :
o The moment at discontinuous egdes will be taken * M+ :
as{ (1/3)* : 3
The moment at ciscontinuous eges W2 S 2o )"M+ve in each directi

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

R R N s e s
" Canep-0084 ¢ i
I %
‘fr BO0D2 3000002 400000550 La/Lb:OSS
§ Cadl=0088 i
| Cbadi=0008 =
e o C 11 D N
et
3

Fi
gure (4-13). Moment Sjap.
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Structural Anafys;c
M ‘%@ﬂ

Short — direction (a)

Assume @ 12
d=200-20- 12 = 168mm
/Ly 27/4.95=0.55 ccoenee ..Case 1
Ca poyd™ 0.088
Ca posi= 0.088

Magve)= ( Ca d]*Wd|*La2)+(Ca 1 *W |1*La2)

= (0.088*1 1.06%2.79)+(0.088*3.2%4.95%)=13.21 KN.m

Positive moment for a-direction = +13.21 KN.m/Rib.

The negative moment for a-direction.

Assume @ 12
d=200-20-12=168mm
Ca pegar= 0.007
Cb negi= 0.084
Macse)= ( Ca *Wy*La?)
=(0.007*11.06%2.72<0 56 KN.m
Mbeve)= ( Ch *Wa*Lb?)

=(0.084*
32%4.95%=6 58 KN 1

Bottom

reinf Orcemen - _

Asr g2
mn = 0.018 *
0 *100
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Structural Analygis
fapters: W@ﬂ

ASn= 36(mm?>-cont

ASin =113.6>As= 113.1 mm

Select (2) bars @ 12 with area =113.1mm

Check for strain:

Tension = Compression
A % fy=085x f,'xbxa

113.1x 420 = 0.85 x 24 x 1000 x a
a=23.28mm

i 23.28
0.85

=27.3

c

: _168-273
: 03

x0.003=0.0154>0.005...0k

4-9 Design of Stairs :

Minimum slab thj
ickness fo o
slab), r deflection is (for a simply supported one-way solid

Minh=
nh=(L20)= 4.40/20=22¢m

Take Min h =25 cm

\—/
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flapter4:

o]

e
{0t
ISR

1
t.
|
r

o —

| P |

1y

(e e ol

S EEREE

Figure(4-14) : Stairs

Load Determination:

Flight dead load computation:

o= tan™(rise/run) = tan™( 160/300) =28.1
Concrete = (25*0.25*1)/c0528.1 =7.1KN/m

Plastering = (22*0.03*1)/c0528.1 = 0.748KN/m

Stair steps = (25/0.3)*((0.16*0.3)/2) =1.999 KN/m

Mortar = 22*((0.16+0.3)/0.3)*0.02*

Tiles =




Structural }l%
Ds;
M h

m
Total Dead Load = 11.65KN/

Landing Dead load comgutatlon:

Concrete = (25*0.25*1) - 6.25 KN/m

2
plastering = (0.03*22*1) = 0.66KN/m

Mortar = 0lp2*22%1 = 0.44 KN/m
Tiles = 0.03%23*1 = 0.69KN/m’
Total Dead Load =8.04 KN/m

Factored Total Dead Load = 1.2*D+1.6L

Live load = 3 KN/m.
For flight: w=1.2*11.65+ 1.6 *3*1=18.78 kn/m

For landing : w=1.2%8.04 + 1.6 *3*1 =14.45 kn/m

e e . oy

Fi
8ure (4-15): Joad Geometric.

\——/
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Structural Anal: s .
flapter4: ‘J’\@Z\e%

Cheek for shear strength' |
main remforcement

Assume bar diameter @12 for

d= 250—20—12/2:224 mm

vu=29.8kn
Take the maximum shear at distance d from the face of the support Vu=35.1kn

VC___ w[febrd = 14 /24#224%1000%10"-3 = 182.89kn

4= 075
$*Ve=075%182.89=137.17kn

¢Ve=137.17>> Vu =29.8KN
The thickness of the slab is enough.

Calculate the maximum bending moment and steel reinforcement:

16): load Geome o

— L




Structural Anafys;s
flapters:

Mu = 43.9 Kn-m
Vi = Mu/0.9 = 43.9/09

b U S
Rfisazrsge 1000+ 224

—48.77 kn.m

420 =206
= fj} R e
T T i 02

Rn
el AT )

m

i | (- 1_M)=0.00237
Pt 420

A'S roq = pbd = 0.00237* 1000%224 = 53138 mm”/m

A's min = 0.0018%1000%250=450mm’
Use AS req = 531.38 mm’”.

Use 5® 12 with or @ 12@200 mm

Steps (s) is the smallest of

Il 3h=3*200=600 mm

s =380 (@) —2.5Cc
fs

= 38 280
; <§x420) —2.5%20 =330 mm

s =300 (@) =30 ( 280
) 300220y
= §x420 00 27 s control
3. 450mm
Select @ 2@200my,

—e .



Structural jq‘na%
Dey;
n

flapter4:

Spacing=1/5.7 =0.170m
Check for spacing

s=5h=5*250=1250mm
S=1 2.5mm-control

Use ®10@175mm

4 -10 Design of Basement Wall:-

4‘ !
= aate.

PR
~~~~~~

ALY

R PD
OSSO IARANR PRSI |
ISR ;ﬁ;&;‘i@".‘v.
XN

Figure
(4-17)
: Ge
Ometry Of Baseme
nt Wall (BW
1)
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Structural Anafys;s
Dew:

= = ’ = a 400 2 — o

y 420 MPa Os 1 SKN/ ms, ! 11 KN/m?, P 30 3 surcharge=5KN/
Fc’ 24 MPa, F Pa, |
wall yyall Thickness =20cm

ider at rest pressure
T 1 —sin30 = 0.50

g =1 sing =
W.=Cqo*xh*V= 0.50 * 3.31 » 18 = 29.79 KN /m?
=
Wemilo¥ P 0.50 * 5 = 2.50 KN /m?
1
; 2
fi e A
| 0.3 L ﬁ iy
1 ¥ L 01
l l 03
lr oo —
20,
100,
A-A
Tota oo
Units




[ 3 1
Structural Anaflysis Qe
fapter4:

0

oments:__spanc

30.8 1.82

’/L’j;_—//;’

ear

-28.

V 34.6

4.9

Figure (4-18) : Loading and Envelope of Basement Wall (BW1)

4.14.1 : Design Of Shear :
Check for wall thickness

d=200-75-20/2 =115 mm

0.75

e
T o s 10 - e

Vu (At face of Support ) =34 6 K
av,

\&——/



/ Structum[ﬂmm\%
faptera:

Mu =308 KN.m
Mn = 34.22

i
R”=b'd2

M:Z.SWG g
‘Rn " 1000*1152

oo
0.85% fc
420
SaaaZlel 2906
" = 085x24
A*
o ey S ol Py P 2'58)=0.0066
m 15 20.6 420
As req = 0.0066*1000*115= 759 mm*/m ... ... ....control

As min ( for bars <16 =0.0012*%1000*115 =138 mm2/m

e V24
A Smin= b e &t 5
i35y D =y 1000115) =335 35 mm’ /m

Sl i
Memipac il
= O = (1000)(15) = 383.333mm? /m (conto

As =759mm?m > As min = 383.333 mm%/m

= 14375 mm?,

Use fo i
I horizonty] bare ¢ 8@15 cm ip h
€ach side

\/
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Structural %
flapters: i
hold the horizontal bares

ical in outer side tO

Use 010@20 cm for vertl
Check for strain:
Tension = Compression
A= 085*fc‘*b*a
753 .9 *420 = —0.85%24 %1000 *a
a=15.52mm
C=—a—-— D 2 =18.25mm
By 0.85
£ w* 0.003 = 0.0159 »0.005 ok...
: 18.25

g, =0.0159 > 0.005 —> ok

Check for step

Smax = 450 mm , 3*h =3*200 = 600mm

note : all steps are less than Smax , So its OK

- 15
p
> o

£3@1S
R RN

fi7020 |

12020
£

L

P x
10810cm in Bolh Diraclion

RSl >
02, é%s @g&s ;;\;".V ‘; Q;‘_'

‘“s'w:;' .......
SESSASS AR

1100257 | ol ) o
! 19230 -
Em@*'f“"“"~cj..!1, \

D IRIORELFR RO

MR LAA 0B aam W

Figure (4.
(4-19): details of basement wa]]
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Structural Analys;

of retaining wall :-

4.11Design

4.18.1 Retaining Wall Design parameters:

¢=30”
;/=18kN/m2

ka = _(_lj,s_mll = _1_'5,1{1,3_0—— =0.33
(1+Sing) 1+ sin30°

(I'SIII¢) 1"'Sill30°

Figure (4-20): retainingy;

@ angel of frection
ea:Ka*}/*H KN/m2

Eazea*ﬁ_
2

eap=Ka*p KN /m>
Eap = eap* H

DS KDYRET KN/ w2

EP=ep*\
2

4-18.
2 Load Calculatiop:
ea= 0.33*18*3,1 = 1841
414
Ea= 0.5*18.414*3‘1 £

eap=0.33*5 i

\—/




Structural %
Deq;
0
g@mﬂE_,,,,,,,,,,,,,/,»~f———f

4.11Design of retaining

: ters:
o sign Parame
4.18.1 Retaining Wall Deslg Pllive log) gy
_iihitsduyheigiim
p=30 bR
2 s b
}/ — lSkN/m b g ; <
; 2z e\ S
4 . s l H \‘~ i
_ (1-sing) _ 1-sin30" _ 33 b 2 by
" (1+Sing) 1+sin30 -Zﬂ-———-—— sl
iy ot S &
. 0 Epl 5 | B =¥y —
o (1+sing) _1+sin30° _ 4 plﬁ?f Fe oS it J g W
(1-Sm¢) 1“‘Siﬂ300 9])]1:3—"; * - — b\ :
Figure (4-20): retaining yy|
& angel of frection
ea=Ka*y*H KN/m?
Ea:ea*E
2
¢ap=Ka*p KN/m?
Eap=eaqp* H
ep=Kp*},*H| KN/m2
Ep:gP*E
2
4.18.2 ¢
Load Caleulatigp.
VSIS = sl
Ea=05%18 4144
eap20.33*5 =165

wall :-

i

-




Structural ﬂn‘a%
{
W

1 kN( for one meter strip)

Eap = 1.65%3.1=5.115 kN/m = 5.1

ep = 3*18%0.9 =486
eter strip)

— 12.15 kN ( for onem

5= 12.15kN/m
Ep= 0.5*48.6*0.
4.183 Estimation of depth footing:
H=0.1h
H=26
hp=0.1*2.6=026m................... Take hp=0.3m

4.18.4 Estimation of thickness of wall:

4.18.4.1 Internal forces calculation:

M =5.11 *1.55+18.414*1.033 = 26.94 KN.m

Mu = 1.6%26.94= 43.1 KN.m
431
Mn=——=4789 .
09 KN.m

max p0.5 = 0.5% 02 = 07,

= G0
0.85% f' m—l%

Kn=.01 (400 (1. 5% 01*19.6)) =3 ¢

k=21 _29.6x106
bd* " 1000x g2 =3-6Mpa

d=91mm

g =91 +75 116 _
eq 5+z\174mm

select h= 25cm
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Structural Anafyg;;
\y\ﬂ%@
cﬁ_api.eL‘L'_—/’/ !

_.1‘2: 67mm
d =250-75-> =1

4.18.5 Design of wall reinforcement :

Mu =43.1

43.1
=—= 4788KNm
Mn 0.9

Mn_ 4788x10°

L = =1.7Mpa
bd*  1000x167 -

kn

S RN
0.85% £z 0.85%24

1 2x20.6x1.7
Sl e d el O XY
P 2. 6[ \/1 00 J 0.00423

ASpeq. = P*b*d = 0.00423*10016.7 = 7.06cm? / m

14 e 14
fy (b)d) W =5:65em “/m........ contro 1
Asmin 2 '\/}07 (b)(d) = ﬂ

4(H) 4(420) (100)(16.7) = 5.1 1¢m2 T
AS

(for shrinkage and
tem tu =
pera re) 0.0018*100*26 =4.68cm?*/m




Structural Anaf; sis
M M’&

Standing moment_s o
= overturning moment

Ms: Standing moment
Mo : overturning moment

* Design overturning

We select the ideal shape and we design the overturning for one e
er

strip:

ea=033*18%2.6=15.5

Ea=0.5*15.5%2.6 =20.2 Kn ( for one meter strip)

eap=033*5= 1.65

Eap=1.65*2.6 =43kn/m = 4.3 kn ( for one meter strip)

ep = 3*18%08 =432

Ep= 432+ 8%0 5=
D =173kn/m = 17.3 kn ( for one meter strip)

Ww = 0.25%2 3% %95 148
S Kn

WE= 03%041405 < 51

RS
3G L-25) = 2061 - g
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M
haptera:

Moment about point B

*Qverturning moment :

43%13+420.2+0866 = 23kn.m

*Standing moment:

1 250 )=
Ms=ww (§L +0.125) + WfF(0.5L) + Wel (5L +0.25 + (3 L 0.25) * 0 5)
=21.951.%48.451-2.05

S'tanding moment
overturning moment
Ms : S'tan ding momeny

Mo: overturning moment

519 M.
Mo =23 kn.m —T; =2 Ms=46Kn. m

46 = 21.95L%8 451, 05

L=120m e Take T 1.3m
418.7 Desigp againgt Sliding
Reaction
TRt

Action <15

89




M

le.S
Ea+ Eap

F=0v *tan®

Ov = wf twwtwel
Ov=50Kn

F;=289 Kn
Ff+Ep=289+173=462Kn

Eap+Ea=202+43=245 Kn

%’4% =1.9,15..........Safe against sliding

4.18.8 Design of bearing pressure :
Omo =23Kn.m
ms=21.95L.%+8.451.-2.05
=21.95%132 4845413 4 2.05
=50.13 Kn.m

Ov :50Kn

- B  OMp-
e‘?-——ﬂ

90
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Structural Angfys;,
\y\(s%m
M

50 M)

qmax = '1‘3'(1 s 1:3

2
= 562Kn/m

6*.10
50 |y

gmin =771 -—73
= 20.7 Kn/m*

...ok
<400 1(’71/m2 L W B et

4189 Design of footing :
Pu=12D+16L
Pu=12(Ww+We) + 1.6 (Wel)

Pu=12(14.849.75) +16(25.53) = 703 kn

MRuc = 20 5 %26

3 ¥1.6+43x13« 1.6 - 2553 « 0.332 %

1.6+ 14.8%0.092 +1.2 =
25kN.m

Eccentn'city

urc
- Mu e 25

v~ 703~ 035m

qmax < @(1 6%.35
1.3
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R
Chaptera:

4Q
gmax = m

% 4 x 70.3 = 156_3
qmax = 3x1(1.3 -2 135)

Ov=0
%(q)(d)(l) - (puw) =0

%(156.3)((1)(1) - (703) =0

d=0.9m

4.18.10 Design of shear:

d=300-75-2=218mm  but(q)atd=

0.9 156.3 =373 ‘but 1563 —37.3 = 119 Kn/m?

o 1
Vu=0215 *1*119+;* 0.215%1%37.3 = 30 kn

g 0.75
4 ‘T‘/}; *b*d=?*w/271*1*0.218*1000=1316Kn

=(We=13 16)> v = 30)= thicknessisg enough=30cm,

Inotherdir yy —
U 0.218) x 1 « 2318 = 14 Kn itis safe for shear

. . i i
n °
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Structural ﬂnah%
e ——

1 =156.3 —75.2 = 81.1 Kn/m?2
0.433 __'ZC__ S x = 75.2 Kn/mz b qS /

e

09 _ 156.3

2
0433y , (1 2+ 1x5%0433) =
Mus1 = (81.1 %0433 +1 *T) + (E* 0433#75.2» 1 x5+ 0433 ) = 123,

h=30cm d=0.218m

=123 _136KNm
0.9

e S o)
0.85% £ 0.85%24

6
e M B
bd®  1000x218

1
2 (1_\/1_2x19.6x0.286)=0.00072

106 400
ASpe, = P*b*d =0.00072%100%21.8 = 1.57cm? /m

A s min= ‘/}F
4(H)

(b)(d)

V24

4
aa00) 100249 =734

As min=

1.4
(400)

As min=

(100)24) =84

AS (for shrinkage qng temperature) =

(0.0018) (100 (30) =
Select D10@20 cm ( ) (30) = 54 cm2 /m




Structural ﬂna@%
e ————

i1l be greater than moment in these Section .

|
£ moment Wi
From previous section (1-1),the value 0

Felect ®12@20 cm \}

4.18.13 Development length of main reinforcement:

XU, X
(L) S o U R TR
d’required e \/— ( o C

dbar

kir=0.0 for footings (no stirrups).
C, =cover+d, =75+12 = 87mm

[kZHC”Jsz.S

d

bar

0487 3
=725 % b S
( 12 ) >25:>”S3( -

bar

1.0x1.0x0.8 400
= (L require = 0 9 \
oo 10xy24 2.5 <12=2822mm

(Ld )available =433-75=135 8mm

(L )avallable = 358 = ('Ld )I‘equirea' = 282 2mm
= So No standarg hook is requar

————




Stmctum[ﬂndl:%
M

4 -12: Design of shear wall:-

Figure (4-21): Shear Wall

Ryof Floor
286.011 X N.m
Fort Tocr
1072.96 XN.m
235719 KN m -
Bzsment Ko
3829.35 K\

Fig. (4-22) Moment and shear diagram
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Chaptera:

Fc = 24MPa

Fy =420 MPa

=20 cm .shear wall thickness
Lw = 2.50 m .shear wall width

Hw for all wall = 15 m

4 -10 - 1: Design of shear

D Fx=Vu=46125KN

4-10-1-1: Design of the Horizonta] reinforcement:

The critical Section is the smaller of*

...... control

=08xh =038 2.50 =2.0m

5
¢Vnmax = (Dg\/-f?hd

= 0.75 % 0.83 » V27 « 200 * 2000 1073 = 1219 815KN > |4
. u

1 — 1
;zc_nghd=3x/E*zoo*2000*1o~3

= 326.5981(N «.. CONt
e =027/fng 4 Nud
4 Vihd 4 22 _ 0.27V24 « 30¢ , 2000 + 0 = 54
= 529.089x N
My, = 235719 4 461.25% (33 _

1.25)

= 3302.752 .

96
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Chapter4: s

L, 3302752 25 o915 00k

Defy 1 e
i 2 46125 7
(o102 %)
___________‘L_
V=[005 i i hd
Vu

[005«/" +35(91—‘/————2J200*2000 521.071KN

Vs =Vn -Ve
= (461.25/0.75) — 326 .598 = 288 .402 KN

=0.343*103m

dv,)_ Vs  288.402*%107°
S8 BEd T 420%2.0

(———Av"“‘i" ) =0.0025 *h = 0.0025 *0.20 = 0..5 *10'3m(Contr01 )
S2

S2 = LTW = 2500 /5 = 500 mm

§2=3*%h=3%200 = 600mm
select —— 2410 — As =1.58cm?2

158
=05—- §2=
S0 82 =314 mm (Control )

Select ....S2 = 30cm < Sreq.=31.4cm
S2selected = 25cm < 75¢em < 70cm

Use D10@300mm in two layer
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Chaptera:

4 -10-1-2: Design fo

Stmctum[ﬂna@sig\@r\%
i R

r Vertical reinforcement.—

hwy A _0,0025)S
Pain = (0.0025+05(2.5 ==X S

250

Avn =0.0025% S, x A,

1 1
=—[L =-x25=833mm
i Bl g

S; =3xh=3x200=600mm
Select 2610 With area As = 158mm?*
158 =0.0025x S, x 200

Sy = 316mm(Control)

Select S, =300cm < 316¢cm

S =300cm

Select @ 10 @300mm. In two layer

4-10-3; Design of bending moment:

Mu = 382935 KN.m

by

g
600 + (5,/h,,
Assume Sn/hw = 0.007

< 2.50

h m = 0.595
Cw = C‘O.IXLW
CW

=0.595-0.1x2 5 0.345p




Structural ﬂnah%

7o S R
T 24(085% * fe*Iw* h)/(As, * FY)

L - =0..06219
w2+ (0.85x0.85x24x 2.5%0.20)/(1580x 107" 420)

Z 1al)=
Mu=0.9x Fyx0.5x As, x Lwx | 1= T

) = 745.5811 kN.m

: 0.06219
0.9%420#0.5#1580 107 x2.50 % (1-=—

Muy,,, =3829.315-745.5811=3083.734 kN.m

Mul¢  3083.734x10°/0.9

Ast = =
Jyx(Lw-Cw) 420x (2500 - 350)

=3794.43mm*>

As =3794.43 + (4 x 79) = 4110.43mm>
= Usep20 —— Select 14920 — As =4396mm?

Usel4 020




Stmctum[ﬂna@%m
Giagterat 8

4-13: Design of column C1):-

4-11.1 Load Calculation:

ble
DL=234.42KN LL=25.54KN ...From Load Ta

p, =12x234.42+1.6x25.54 = 495.634KN

Pn =322.168 /(0.65) =495.643 KN

pg = 0.016 ...... Assumed

Pn=0.8* 4g{0.85* fe'+ pg(fy—0.857)}
495643*107 = 0.8* 4g[0.85%24+0.015(420-0.85*24)]

Ag =0.0.0242m*

Try 0.2%0.6m with Ag = 0.12m?

4.11.2 Check Slenderness Effect:

In direction 0.2

Lu=42m

Long direct;on about x-axs :

............... ACT —Qoip o)

100




In direction 0.6

Lu=4.2m

M1&M2 =1

K=1

Eae o PR ol ~(10:12.2)
o )

I )

03%0.6

Long direction about y-axis .

Long column in both direction

E1I
=0 =—=t=
g,
E, = 4750/ f¢' = 4750 x \/24 = 23270 .152Mpa
o 1.2DL _ 1.2*(234.42)
D 322.168
bxh® 06x023
[g = FS el o i
12 12
g7 < 9:4x23270.15 x 0.0004
=X 452/0.15 x0.0004
1+ 0.8307

=0.873 <1

=0.0004 m*
= 2.0337 MN m?

oA 7*El
cr —(KLu)Z ................ AC[318-—05(Eq 10__13)

p=34 x20337
° (@Oxagp 13784

101
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Chapter4: e e

................ [ACI318 —05 (Egq. 10 —15)]




4 Ml) ..........
Cm =0.6+0. 2
@t =1 According 1o ACI 31

Cm -
= 5 1] e N
O Pu =
T 0.75P,
1
= =1.76 >1
2 e
T 0.75 x1137 .8
Cnin = 15+0.03xh=15+ 0.03x200 = 21mm = 0.021m
e=e,, x6,, =0021x1.76 = 0.0369m
A 0is7 <0l
A 02

P,y = 0-8x Ag {0.85 /' + p_(f, - 0.85 1)}
495.64 = 0.8 x 600 * 200{0.85x 24 + P, (420-0.85x 24)}
P, =0.012 > pmin =1% — ok
As=0.012 * 600 * 200

A s =1440mm*

Use ®16 >> # of bar =120

2%.1=7.1

Use8 @ 16 with Ag = 1608.87mm?2 A8 = 1440mm?

4.11.3 Design of the Stirrups;

The spacing of tieg shall not exceeq the smaljegt -
st of-

Spacing <16 x d,
spacing <48y g4
spacing < least dj

=16X=25-60m
=48x1.0 =48 cm
m.=4()cm

Use 410 @ 25 ¢y

102
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Chaptera: e

Jcl 318 - 05 (Eq.10 —16)
g —05(10.10.6.4)

ACI 318 — 05 (Eq .10 —12)

Because e/h<0.1 we well design as concentrically loaded column:




Structural ﬂm%
Chapter4: e

g ing (F )
4.14 Design of Isolated Footin

4.12.1 Determination of Loads:
Total service load = 2435.98 KN
Total factored load = 2537.65 KN.
Column Dimensions = 65*30 cm.
Soil density = 18 Kg/cm3.
Allowable soil Pressure = 350 KN/m2.
Assume footing to be about (55 cm) thick.
Footing weight = 25 X0.55= 13.75 KN/m2.
Soil weight above the footing = 0.45 X18 = 8.1 KN/m2.
Galow =350 — 8.1- 13.75 =328.15 KN/m?

4.12.2 Determination of F ooting Area:

2435.980

idnee o0 2
328.15

=742m

Try 2.8*2.8 m with area=7.84 m2 > Areq=7.42 m2

determinate g, = 2537.65/2.8*2 8= 323 63 KN/m?

4.12.3 Determination the depth of footin

g based on shear strength:
Assume h=55¢m ..

=550-75-20 = 455 mm

*Check for one-way shegr strength

2.8

= *

Vu =323 68 2.8*(7-0.3/2~o.455)=720.513.KN
dVc = ¢.(é*w/fc' *b, *d)

1
Ve=0.75% "
pVe =075 g 24*2800*0.455=780.162KN

¢Ve =1780.16xN >Vu = 720.513k N
40)

The thick js adequ

ate enough
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punching)

g ar action ( : ,
ck for two-way she jue of the following equations:

; he
4.12.4 Ch mallest va

The punching shear strength is the s

I 2Ry g
W?W€@+m)ﬁ

% ol b,d
o= ¢12[b 3 ) :

¢n=¢§¢23M

Where:
Column Length (a) & @

o =2.167
€ Column Width (b) 30

b, — Perimeter of critical section taken at (d/2) from the loaded area

b, = 2(d+al)+2(d +a2) = 2(0.455+0.65) +2(0.455+0.3) = 3.72m

%s — 40 for interior column

. = ¢%[l+ﬂ%) 7 0'67 2 *(1 v 1267)* 24 #3720 %455 = 1992.57KN

oV = ¢-$(as[: ¢ +2j f, b d= 01;5 (42;24055 + 2) *\/24 * 3720 * 455 = 3571.369KN
0Ve =¢. 1\/? fobd= 24*3720%455 = 2073k N

OV =1992.57N ... Control

Vu=323.368*{(2.8*2.8)~ (0.65 4 ¢ 455)%

(03+0.455) =
BV = 465728Kn > Vi, = 2040, )} = 2040.1kN

........ satisfied
4.12.5 Design of Bending Moment:
Ml =32368%2 8%1 952

/2=70805
Mu =708.513 kN m ki
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d=550-75-20= 455 mm

M _W 1.357Mpa
K= q®~ 2800x455"

Fy __ 40 _90588
085fc  0.85%24

1 2mKn
:——1"' s )
0
S 2x20 588 x1357 , _ 0 003346
o 20588 420

ds,,, =0.00334 x 2800 x 455 = 4263 705 mm* / m

m=

s =0.0018%2800* 550 = 2772mm’" | m

A8, = 2772mm* [ m < As,,, = 4263.705mm* / m

4263.705
201.06

#of bar in on meter = =21.02

Select 21016  with As = 4222.3 mm?

A*fy=0.85*% fo' *p* g
4263.705*% 420 = 0.85* 24 *2800* g
a=31.351

o 3351
Check Strain 33> 5> By 085 85 36.883mm
455-36.883

g
S soun D00 Gioss

€,=0.033> 0.005—s ok
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Chapter4:

. 2 .c
4.12.6 Development Length of main Reinfor

0.24% db _Q;Mm‘: 32.92cm .

Ldiyeq= J}’E N

Ldgyeq = 0.044 xfy xdb = 0.044 x420 x1.6=2
Ld(yeq =32.92cm > Ldgyeq=29.568cm=> control
Available Ld =(550 - 75— 2*16)= 443 m.
Available Ld = 44.3 cm > Ldgyeq=32.920I

Using hook > 16* ¢

Required length of hook > 16* ¢ > 16*2.1 =25.2 cm

Use Hooksy. = 30 cm > Hookreq = 25.2cm

9 B Yt

b =

i* 420 *1*1*0.8
10 1x+24 2.5

Ld avaitable = 550-75= 475mm

Ld avaitabie= 475 mm > ldreq = 395.053mm

9.568cm

db

x 16 = 395.053 mm

ldreq =

Use the column bars as a dowels

> -
[ﬂ

My

R jS——

Fi
1gure (4-23). Footing’s Detail
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_
4.15 Design of Spherical shell ¢

4.9.1 Load Calculation:

Snow loads :

Figure (4-24): spherical she]]

According to Jordanians code:

h—400 _ 900-400 _ 1.5kN | m?
320 320

4.9.1.1 Snow load =

Figure (4-25): Local axis

where:

h: high above sea leve|

4.9.1.2 Self weight of Dom :
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Assuming thickness to be = 10 cm.

4.9.1.3 weight of Finishing materials of Dom :
assuming plaster thickness =2cm,

— 0.01*23 = 0.5kN /m?
1.2%0.5 = 0.6kN /m*

4.9.2 Analyses of internal forces:

for spherical shells

e 60
(cosa +1)
Ny =a(—gcosa+—gﬁ ,
(cosa+1)

For self weight of Dom:

whena:OO:cosoﬂa{Na=N,,=;gg=ﬂz_
2 2

When o= 90° =5 60390 = 0 {Na =—ga=-6%232 = _13.92kN/m
Ny =8a=6%232=13.92/N/m.

=—6.96kN / m.
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Deod lood (self weight)

Figure (4-26): Dead load shell

For snow load:

— = *
when ¢ = 0° :>cosO=1:>{Na = =ﬁ=M=—2,784kN/m.

2 2
N ——FBa  =pa%rgp

= —_— -

1 == RN
when & =90° = ¢0s90 =  — 2 2

P 2.4%)
Ny =70=¥= 2.784%N I m
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Chapter4: e

(=) M —
__—-~'j _____ (=)
!
!
!
I
| (¢)
i A
{ Fil ‘ Pa
( /] Nﬁ=7 Na:‘\Pa
Live Load 2

Figure (4-27): Live load shell

For Weight of finishing of dom:

Tga = 06%242
2 2

N, =-ga=-0.6%*242=—-1452kN/m.

Ny=ga=0.6%2.42=1452kN/m.

whena=0":>cosO=1:>{Na=Nﬂ= =—0.726kN / m.

when o = 90° =>cos90=0:>{

Total factored internal forces:
when @ =072 {N, = N, = ~6.96 4+ -2.78 +-0.726 ~10.466kN / m.
Na
N

=-13.92+2.784+-1457 = ~12.588N /m.

when o = 90° = ¢0s90 = 0 :>{
: 5= 13.92+2.784+1.452= 18.156kN / m.

Note: Negative sign mean that the force is COmpression

Positive sign mean that the force is tension
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4.9.3 Hoop Tension reinforcement :
B LR G = 0695 < oo
shea = g% f 0.65*400%1000

(4g)., =0.0035* 1000*100 = 350mm*
— Number of bars = 27599 = 4.43 = use Sbars

oot 20 18inch *2.54 = 45.72cm
= <
sellect spaces =20CM <1 ¢y . kness = 510 = 50cm

with As = 395 mm?

|
o [

511 '
34,00
17. 55

-17.
-34.
-51.
-68.
-85.;
-102.

-119.| ‘
136t
-153.

Figure (4-28): Tension from prog.sap
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Figure (4-29): Bending moment from prog.sap
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