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Abstract 

The Structural Design of Villa in Hebron city. 

Isra Hani Iqneibi 

Work Team 

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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Bending moment from prog. sap 

List of Abbreviations 

• Ac= area of concrete section resisting shear transfer. 

• As = area of non-prestressed tension reinforcement. 

• As= 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. 

• Cc= compression resultant of concrete section. 

• Cs= compression resultant of compression steel. 

• DL = dead loads. 

• d = distance from extreme compression fiber to centroid of tension reinforcement. 

• Ee = 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. 

xv 



• Mn = nominal moment. 

• Pn = nominal axial load. 

• Pu= factored axial load 
• S = Spacing of shear or in direction parallel to longitudinal reinforcement. 

• Ve= nominal shear strength provided by concrete. 

• Vn= nominal shear stress. 

• Vs= nominal shear strength provided by shear reinforcement. 

• Vu = factored shear force at section. 

• We= weight of concrete. (Kg/m). 

• W= width of beam or rib. 

• Wu= factored load per unit area. 

• <I>= strength reduction factor. 

o £,=compression strain of concrete = 0.003mm/mm. 

• £,=strain of tension steel. 

o £,=strain of compression steel. 

o p =ratio of steel area. 
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Chapter Four 

Structural Analysis & Design 
---- - .,.._ .. ~ -- 

/ I -j , . 
. . ~ ..... ~ . 

4-1 Introduction. 

4-2 Determination of Slab Thickness. 

4-3 Determlinatiollll of JFacto:redl Load of rd.lbs 

4-4 Design of topping. 

4-5 Design of lli.b. 

4-6 Design of Beam. 

4-7 Design of two way ribbed slab . 

4-8 Design of two way soilJidl sllalb. 

4-9 Design of s11:ai:rs. 

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 :n:sohntedl footing . 

4-15 Design of shell snh : lerical. 



Cfapter A: 
Structural Analysis &/ Design 

4-1 Introduction. 
In This Project, there are three types of slabs : solid slab, one-way ribbed and two­ 

way ribbed slabs. They would be analyzed and designed by using finite element programs 

of such as " BeamD, safe & Etabs" to find the internal forces, deflections and moments 

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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Chapter A: 

Th; :kaness:­ 4.2 Determination of Slab 1 uc! " 

Structuraf Jl.nafysis ef(, (J)esian 

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: 

hmm for one-end continuous= L/18.5 

= 550/18.5 = 29.729 cm. 

hmm for both-end continuous = L/21 

= 240/21 = 11.4285 cm 

hmm for simple beam =L/16 

= 445/16 = 27.8125 cm 

The controller slab thickness is 29.729 cm. 

Select Slab thickness h= 32cm with bl k 24 . 
ocl cm & Topping 8cm. 
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Cfiapter 4: 

. L id: of ribs :­ 4.3 Determination of oals 

4 3 1 Determination of Dead load:­ . . 
KN/m 

Type l 
0.3588 0.030.5223 Tiles 

0.02*0.52*22 0.2288 
Mortar 

0.07*0.52*16 0.59696 Sand 
0.08*0.52*25 1.04 Topping 
0.4 0.2410 0.96 Hollow block 
0.03*0.52*22 0.3432 Plaster 
0.12*0.24*25 0.72 R.Crib 

Partitions 2.38*0.52 1.2376 

Sum 5.4853 

4.3.1 Determination of live load:­ 

Nominal Total live load= 20.52 = 1.04kN/m of rib 

Structural Analysis &/ Design 

4.3.2 Determination of factored dead & live load 

Factored dead load= 1.2*Dead load= l.2*5.4853 =6.58236 KN/m. 

Factored Live load= 1.6*1ive load= l.6*1.04 = 1.664 KN/m 
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Cfiapter 4: 

• (J'- 4.4 Design of Topping, 

. . f dead load of topping Determination o 

Structura{ 11.na{ysis <t(, <Desig,n 

Type [l» l 

0.03123 Tiles 
0.02*1 *22 Mortar 
0.07161 Sand 
0.08125 Topping 
2.38*1 Partitions 

Sum 

KN/m 

0.69 

0.44 

1.148 
2 

2.38 

6.658 

Live Load= 2 KN/m. 

qu = 1.2 DL + 1.6 LL 

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

I? 
Mu h =11.18960.4° /12 ➔ 12 
= 0.149.KN.m. 

bh? >Mn =0.42,f€'; 

' 1000 *802 

=042 ~ *---=2.19KN.m. . 6 

¢*Mn= 0.55 * 2.19 = 1.2KN.m. ➔
¢*Mn= 1.2> Mu = 0.149KN.m. oz, 

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement mu5t be provided. 
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Chapter 4: 

· c. ment· For the shrinkage and temperature reintorcet 

Structural Analysis &Z Design 

p = 0.0018 

As = p * b * h = 0.0018 1000 80 = 144mm
2 
/lm. 

n= As/I 00= 144/50= 3 bars 

S=l 000/3 =300 mm 

S= 3 h = 3*80 =240 mm(control) 

S=450mm 

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 <1>8 @ 20 cm c\c in both directions. 

4.5 Design of Rib3 :- 

1 2 3 4 
1 2 3 

C 
il il ~ : = J 1 ~ 0.4 5.15 ~ 

I I 0.3 2 0.5 I I 4.95 0.5 
5.5 24 

I I I I 
I 5.45 

52. I I =; 
12. 
AA 

Figure (4-2): Rib3 · geometry. 
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Cfiapter4: 
.Structura( Jl.na{ysis ef(, <DesilJJ1 

I e et loaa group no. ~ - Dead load - Service 

5.k45 
5.}45 

5.45 ,, . ~ 
\ ' 5.45 ' " ~ 

2...4 5.5 

- 
Load factors: 1.20,1.2011.so,o.oo 

Live load - Service 

t 
I ~~4 I , ;I I I k I I I 

~ , I I I i,4 I I I 
5.45 2...4 5.5 

Figure (4-3): loading of Rib 3 

Moments: spans 1 to 3 

-20.6 
-17.9 

2.2 21.8 
I 3.3 I 1.2 1.2 I 3.27 21.5 

I 2.18 

Figure (4-4): Moment Envelop of rib 3. 
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Cfiapter4: 

Shear 
.26.4 

Structural JTnaysis el. Design 

26.2 
21.8 

4.5.1 Design of flexure:- 

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

5tj oment of rib 4:­ 4.5.1.1 Design of Positive m 

Assume bars diameter of 12mm 

d= 320-20-8-6= 286 mm. 

b n<= 520 mm. (Control) 

<= 5500 \4 = 1375mm. 

<= 16 * 80 +120 = 1400mm. 

3>bar= 520 mm. 

6 Mnf = 0.9 *0.85* 24* 0.08 0.52 (0.286-0.08 \ 2) * 1000 = l87.9KN.m. 
h Mn > mu 
187.9 > 21.8 

~Rectangular section.(h=520mm) 

Maximum positive moments Mu= 21.8 kN.m>Span (3) 
Mn 21.8 I 0.9 =24.22KN.m 
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Cfiapter 4; 

fy == 420 == 20.588 
m == 0_85 * Jc' 0.85 * 24 

Mn 21.8106_ 9.5694Mpa 
Rn ,%7F 520(286) 

1 2(0.669)(20.6) ) == 0.001619 
p== -(1- l- 420 20.6 

2 
As== o.001619(520) (286) = 240.8 mm 

re , l.4 ( Xd) (ACI -10:5.1) As,, = N! (bpw\d)> (bw! y.-.....c...,, 
mm 4(Jy) fy 

,,_.s28.po(ss)> !© (iaa(2ss) 
"" 4(420) 420 

As . = 100.08<114.4 mm 

4s,, = 114.4mm2 

240.8 mm2 > As min =II 4.4mm2 

# of bars= As/ As bnr = 240.8/153.86= 2 bars 

Select 2 cf> 14mm. 

Structura{ Jf.na{ysis ef/, (J)esifJ!l 

Note Ao= 153.86mm? 

• Chick for strain : 

Tension= compression 

As* fy = 0.85 * /c' * b * a 
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Chapter 4: 

307.786 420 = 0.85 52024@ 
a =12.1896mm 
c = ..!!..... 12.1896 == 14.34mm 

B, 0.85 
286-14.34 X0.003 

&, 14,34 
s =0.0568 > 0.005 OK s 

4.5.1.2 Design of Negative moment of rib 3: 

1) Maximum negative momentMu= 19.3 KN.m 

Mn= 19.3/0.9=21.44KN.m 

m= 0.85* Jc' 
420 

20.588 
0.85*24 

Rn= Mn _21,4410\6 
bd? 120(286 ?1847MPa 

' p=(l- 'l-) 
m fy 

p = l (1- 'I- 2(2.1847)(20.588) 
20.588 420 ) =0.005515 

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

Structura{ Jlna{ysis ¢!, (J)esfell 
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Cfapter 4: 

= 100.08 < 114.4 As,, 

Structural Analysis &/, Desiqy 

A =114.4mm 8in 
2 

3 A = 114.4mm 189.275 mm > smin 

1 -2 bars =189.275/113. = As . / As bar 

# of bars= m=m~----- -===~----~--~- ........... -..___ 
• Chick for strain : 

Tension= compression 

fc' b a As fy = 0.85 

226.2 *420 = 0.85* 120* 24* a 
a= 38.8079mm 

a 38.8079 = 45.656mm " oas 
286-45.656 X0.003 

6,= 45.656 
8 = 0.01579 > 0.005 OK s 

4.5.2 Design of shear of rib 3 : 

I) Vud = 22.9 KN>at Support 2 

ffe <I> v c = <I> * __ bw * d 
6 

= o 75 * .fii, 120*0.286 . 6 

= 21.0166 KN 

1.1 d Ve= I.I *21.0166 = 23.118 KN. 

<l:>Vnmax ~5 <l:>Vc ~ 105.083> Vu~ 22.9 The Section is large enough 
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Check for items:- 

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

ao Vsmin >0.75 (-)bwd =0 .75-)1200.286= 8.58 KN. (control) 

~ 0.75 ( ffe * bw * d = 0.75 * J24 *0.286*120= 7.88KN 
16 16 

<l>Vsmin = 8.58 KN. 

@ Vc<Vu<d Vc+do Vsmin 

<l> Ve =21.02:SVu= 25°.3< (<I> Ve+ <I> Vsmin) =29.6 Ok 

So item, 3 satisfy 

S = d/2 = 286/2 = 143 mm 

S=600mm 

(control) 

Take Av=2 4 8=2 50 = 100 mm 

Avis= Vs/fy*d 

2*50/ s = 5.303*1000/(286*420) 

Take S= 150 mm 

Use 2 <I> 8@ 15 cm c/c. 

>s=2265 mm 
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Chapter4: 

4.6 Design of Beam: ➔ Beam (BB,10) 

Determination of Dead load of beam:- (From Rib Two Way (S2)) 

Total dead load from $2=53.3KN ( from safe pro.) 

Total live load from $2 =4.77KN (from safe pro.) 

Own weight wall =250.254.2=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 

Structural Analysis &, Desiga 

so 



S.t-ructura( Jl.nafJ.sis e1, <Des'!:BJ1 

Cfapter4: 
3 4 3 2 2 N 

1 1 iJ : C iJ :2 C ~ ~ 

~ 3.74 0.6 4.5 0.6 
0.6 I I 

7.34 I I 4.34 
5.1 

0.6 
I I 7.94 

7 

5 
6 6 

4 5 ! 4 iJ J jJ = = = ~ 
~ ~ 3.65 0.6 

3.2 0.6 I I 0.6 3.6 0.6 I I I I 4.25 I I 4.2 3.8 

I so. 

3 o. 
30. 

A-A 

Figure ( 4-6) : Beam Geometry 

load group no. 1 
Loading 

Dead load - Service 

' v , 25.6 I \ 

53.3 I \ , 25.6, 
' I '/ 21 6 I , I 

' I I \ 26.1, 
I ' 24.1 •It I V I 

A Y26 I 
X23% ' '5.'f' f 

I !, 25.6 25.6 bi , 23,5 I I ~ ' I 

,, It 26.1 26.1 ' ,, 26.1 I l I w h .. \' \ 
I = Jg£ 

3.8 i.is if 
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Cfiapter4: 

uve toad • Se1Y1ce 

Structura( Jlna(ysis ef{, (J)esiaJl 

Loading 
Load lactors: i.20,1.2~ 

1BI 

t 
fli t r 1N 

I I I h t 1 
I 
=? 

I I ~ 

Moments: spans 1 to 6 

Figure ( 4- 7) : Load of beam 

3. 524.8 4.49 

.% · 

556 I 33,5 29 I 

142, •98 I o, 1. 144, 

3.69 .6 2.3 2.8 2.52 1.68 1.52 2.28 2.85 1.9 

Figure (4-8): Moment Envelop for Beam 
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Cfapter4: 

shear 
486.5 

Structural Analysis el, Desan 

-------------- 

247.7 189.3 
340.3 

-222.3 
-139.2 -110.9 -176. 

-39, 62.4 

125.8 
193.1 

4.6.1 Design of flexure:- 

4.6.1.1 Design of Positive moment:- 

Assume bars of <l> 25 

bw=50cm h= 60 cm 

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

1) Mu=-524.8 KN m 

Cmax= 3/7 d= 3*537.517=230.3 mm a=0.85 C= 0.85*230.3= 195.8 mm 

pMn max = <I> 0.85 fc' *a*b (d-a/2) 

0.82*0.85 *24*195.8*500*(53 7.5-195.8/2)*1 QA-6= 719.92 KN.m>Mu =524.SKN .m ok 
Design as singly 

. (4 9) . Shear Envelop for Beam Figure -: . 

Mn= Mu/0.9= 524.8/0.9 = 583.I I KN m 
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Cfiapter 4; 

Mn 583.ll*l0/\6 ===4.036Mpa 
Rn=== b*d2 === 500*(537.5)2 

1 anti .l' 
l 2( 4.036)(20.6) ) ===0.0108 

p=(1- [l- 420 
20.6 

2 
As= o.0108 (500) (537.5) =2902.5 mm 

As,.;,, = Zi (bw Xd)?. ~ (bw Xd) ( A Cl -10.5 .1) 

As,,, s?A (soosszs)< !"(soo(ssz.s) 
4(420) 420 

As . = 895.83mm2 
mm 

2902.5 mm > As min = 895.83mm2 

# of bars= As/ As hnr = 2902.5/380.13 = 8 bars 

OK 

suuctura{ fl.na{ysis ef(, ([)es.in!J 

* Note A1>22=380.139mm.2 

Select 8 <l> 22mm with As=3041.04>As req ok in two layers. 

• Check for strain: 

Tension= compression 

As* fy = 0.85 * Jc' * b * a 
3041.04420 = 0.8550024 
a= 125.219mm 

a 125.219 
g, oss =\47.316m 
s _537,5-147.316, 

s 147.316 X0.003 
&3 = 0.00794> 0.005 
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Cfiapter 4: 

check for bars spacing: 
s = (500- 402 - 2 • 1 o -8*22 ) I 7 =32mm > 25 mm Ok 

4.6.1.2 Design of Negativee moment: 

1) Maximum positive moment Mu =468.1KN.m 

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

Assume bars of <l> 25 

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

Rn= Mn _520.11106 
b*d2 300*(537.5)2 -

6
Mpa 

1 p = -(1 _ 1- 2(6)(20.6) _ 
20.6 420 )- 0.0174 

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

Structura{ Jlna{ysis cg; (1'\ • 2wesg 

As _ffe( X 14 ii,y»f@)> '? (wf(a jy) fy ). (AC/-10.5.1) 

As _ 2i "6/37s,,(oofssz spy 
470.2 mm <As min = 537.5mm2 

4s,, =537.5mm? 
OK 

# of bars= As/ A Sr = 2805.8/490.9 = 5 b 
Select 6 <I> 25 . ars 

mm with A s == 2945 2 . ..2>As req ok in two layers. 

* Note Aas=490.9mm 
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Cfapter 4: 

• Chick for strain 
Tension = compression 
As * fy = 0.85 * fe' b * a 
2945.2 420 = 0.85 30024a 
a= 202.12m 
c- @, 202.12_ 937.8mnm 

B, 0.85 
_537.5 -237.8 xg.003 

8,= 237.8 
e == O 0038 > 0.005 s • 

Check for bars placement: 

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

4.6.2 Design of shear 

1) Vu=247.7KN support (1) 

<I> Ve= <I>* ffe bw * d 
6 

✓2A 
= 0.75°, 500 537.510-3= 164.57 KN 

Structura{ J.f.nafysis §7; (])es . 
~ 

1 <I> Vsmin 2: 0.75 () * bw d 
3 

= o .75*( ½ )*500 *537.5 *10"-3= 67 1875 KN ( 
· • control) 

> 0.75 ( ../24 * b * d 16 w 

=075 * ../24 * " I7 500537.5°103 · = 61.72 
DVsmin =67.1875 
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l
~~~-------------~·=£t=ro=ct=u=m={~ft~n~a~fy~~~u~~©· ~ 
Capter4: 

3) @ Ve <Vu<@ Vc+@ Vsmin 

164.75<247.7<250.75 ==> ok 

2 
Take Av =24010 = 2 78.5 =157 mm 

Av/ s= Vs/fy d 

157/ s = 2.44 /537.5*420 ➔ s = 299.336mm 

S=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 <PIO (2legs) at 

(20 ) cm c/c at the mid 
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~L---------~St~roc~tu_m_~~na~fy~ru~~(J)· 

~ 
Cfapter4: 

Rib Slab: 
4- 7 Design of Two Way I • 

:. tion of Thickness for Two Way Rib Slab: 
Determma 1 . 

. -----=--·--- --- BFI.I tsar. BFI.I cr. 

±±i tdt IBo□□□□□□□□□□□□□□□□□□□□o b 1 □□□□□□□□□□□□□□□□□□□□□o ~ □□□□□□□□□or~fJ□□□□□□□□□□o ~ · fH#LLB : □□□□□□□□□□□□□□□□□□□□□DQ i ~oo□□□□□□□□□□□□□□□□□□□□o '. ~□□□□□□□□□□□□□□□□□□□□□DO : --□□□□□□□□□□□□□□□□□□□□□DO 
I□□□□□□□□□□□□□□□□□□□□□□□
{±#W±.+TT+ 

!;.;ii 

11.15 

Figure (4-10): two-way rib slab. 

52-- __ _,,, 
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Cfiapter4: 

Structura{ Jl.na[ysis ~ 

- LA.Y 
Y== LA 
_ 40*S*4+32*12*16 ==10.55cm 
Y == 40 * g + 32 * 12 

52x(I0.55f - (40)x2.55' + J2x(2;.45)' 
I»= 3 3 

4 J rib == 59609cm 

±pr > ±+6o(32)° =163840cm 
Ibl-14 - 12 12 

I == l_bh3 = l_ * 60 * (32)3 = 163840cm4 

-6 12 12 

The direction= 11.15 m = 1115cm 

The exterior beam 

1115 
Isl= (59609 x (- + 60))/ 52 = 707856.8cm4 

2 

The direction 7.35 m = 735cm 

735 
ls2 = (59609x (2 +60))152 == 490054.75cm4 

The exterior beam 

a,= ±» 163840 
', 7078s65 9-2314 

a,=±_ 163840 
1,2 490054.75 - 0.334 
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Cfiapter4: 

I» _ 163840_ 0.2314 
6 7 707856.8 

sl 

Jb2 _ 163840 :::: 0.334 
a,=7 490054.75 

s2 

<;tructura{ J1.na[ysis ct[. IT\es • . ~ 

0 2314+0.334+0.2314+0.334 = 0.2828 
ca,+as+a,+hi_'" 4 

a,= 4 
0.2<a <2 ==> 0.2 < 0.2355 < 2 

According to ACl-code: 

1(0.8+ jy/1400) 
hm:::: 36+5/J(afm -0.2) 

f}= La =1115 =1.517 
L, 735 

11150 (0.8 + 420/1400) 312.8mm 
h, = 36 + 5 * 1.517 * (0.2828- 0.2) 

312.8 mm> 125 mm ... ok 

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

Take slab thickness h=32 , 80mm - topping , 240mm concrete block. 
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Structural Anaysis &f,s, 

tculation:- 
4-7.2 Load Ca . n of Dead Ioad:- 

1 Determinat10 4-7.2. 

KN/Rib _____.-- 
0 bh Type 

0.187 Io, 0.030.52°23 
0.119 

Tiles 
0.020.5222 - 

0.31 
Mortar 

0,070.5216.4 
,----------- 

' Sand 
0.080.52725 0.541 Topping 
0.42*0.24*9 0.346 Hollow block 

0.020.52°22 0.119 ' Plaster 

0 .12 *0 .24 *25 *(0 .52+0 .4) 0.662 R.Crib 

0.643 2.38*0.522 Partitions 

2.927 Sum 

Nominal Total Dead Load= 2.927KN/Rib 

2.927/(0.522) = 10.8247 KN/m2 

Nominal Total live load= 2 KN/m2 

4-7.2.2 Determination of factored dead & live load 

Factored dead load = 1.2Dead load = 1.21 0. 824 7=12. 99 KN/m 2. 

Factored Live load = I. 6 *live load = 1.62 = 3 .2 KN/m? 

4-7.3Design for moment: 
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[fiapter 
4
, Structura{ l!na~ ct/'. rn •. _ 

~ 

• The slab is discontinuous frolll all sides• so it will be assum d e as• 

(case I in analysis for momentsl "" 

• The moment at discontinuous e des will be taken as 
1/3 *M+v . e in e h 

PROOIJ(EO av P.J; Alll'OOEIJ\ E01JCAOOW>.l pp_:x;,·- ac dt'r ...... ecr 
,....----------- --------- IOo, 

BF1,l !.&Ei .c:.n BFl,1 ~c•-· ------- 7" ck&yooss BEL.1 4,5, ".cE, 

Ca.D=0 050 

. Cb,D=0.009 

Ca,lF0.062 

Cb,L==0.011 

~ I 
..., I 

0 I 

3 2: 
~ : :_ I 'I, - . ,-, ~- E,7 

I 
! 
I I 

I ! ! I I . 
I , 
I ! : I 
[s 

BFl.6 Bfl.6 

11.15 

Figure (4-ll)· M · oment Slab 

Short-d" . rection (a) 

5Assume (J} 12 

d==380-20 - 1 o -12/2== 344mm 

L/L, = 7.35/1 1.15 = 0.65 
Ca Case 4 

pos/dl::: 0.050 

Ca ,,a= 0.062 

Mase)= ( Ca * a"W,1,-% a 0.52)+(C an] W , .2 
11 La *0.52) 



cfiaJJter4: Structura{ ;i , . analysis &/.a.. 
~ 

= (0.050*12.99*7.352*0.52)+(0.062*3.2*7.35
2
*0.52)- 20 KN m/R' n .ib 

Positive moment for a-direction = +20 KN.m/Rib. 

m= fy = 
0.85* fd' 0.85 24 

420 20.6 

Rn= Mn (20/0.9)10° 
b * d2 520 * (344)2 0.3

6 
Mpa 

p= _!_(l -✓l- 2mRn) 
m fy 

p = _l_ (1 _ l 2(0.36)(20.6) 
20 .6 420 ) = 0.000865 

As= 0.000865*520*284 = 127.7 mm 2 

As. = ffe ( 1 iiny®@)- ';' @ox@) 

As - ✓24 "a@)> ]" (2of2s) 
As · ....: 99 3 mm - • 79 < 113 . 6 

So: A4nn = 1136 2 mm 

As . < A min s = 127 .7mm 2 

select (2) bars cl> 12 with area== 226 
Check for str 5.08 mm? 

am: 

Tension=c ompressior 

4,x fy=0.85 'OX f , e OX q 



Structura[ tf.na[ys~ Dy; 
t 

Cfiapter4: 

226 ,08 X 420 :::: 0.85 X 24 X 520 X a 

a:::: 8.95mm 

..82 • 10.55 
0.85 

_284-10.53.6 903 = 0.0779 > 0.005.. ok 
6, 10.53 

The ne ative moment for a-direction= 1/3 *Ma +ve = 1/3 * 20 = 6.66 KN.m/Rib, 

Assume fl> 12 

d = 380-20- 10-12/2=344 mm 

m= .fy 
0.85* Jc' 

420 
0.85 * 24 

20.6 

Rn= Mn (6.66/0.9)*106 
b * d 2 120 (344° '9.52 Mpa 

P = _!_ (1 - 1- 2(0.52)(20.6) 
20 .6 420 ) = 0.00125 

As= 0.00125*120*344 - -51.77 mm 2 

As. _Jfei 
""ii,r@> ',f 6a) 

As. == .Ju " (6a\?)> 14( - 420 120 X344) 
As = 120 

min - .37 < 137 .6 
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6 2-cont 
A == 137. rnrn fin 

3 6> As= 51.77 mm == 11 . 
As, ,,=157.1mm 

ti> 10 with are Select (2) bars 

Structura{ J1.na{ys~ 

Check for strain: 

. = Compression Tens1on 

Ax fy=0.85x f,'xbxa 

0 85 X 24 X 120 X a 157 .1 X 420 = . 
a= 26.95mm 

26.95 = 31.71 
C = 0.85 

344-31.71 x0.003 = 0.0295> 0.005 ... ok ,= 31.71 

Long - direction: ( case 1) 

Assume ti> 12 

d =380- 20- 10-(12) -12/2= 332 mm 

La/Lb= 7.35/11.15 = 0.65 

Cb pos/dl= 0.009 

Cb pos1u= 0.011 

bee)= ('C aW,180.52)-+(Cs 4 w,1.36. 5,, 

~ (0.009+j 2.
9
9• I I.! 5 '•o .52)+(o .0 I 1#3.2 • I 1.150.52)= 9 .833 KN .mJRib 
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4
. .~ m/Rib . .cfi,apter · . ::: 4 9,833l60. 

direction ent for b- • {tive mon Pos• 1 

fy 420 == 20.6 
I :::: 85 * 24 m= 35 fc o. 0.8 

(9.833/0.9)*I06 =0.19Mpa 
Rn= Mn i == 520*(332) 

b*d 

) - 1 (1 - p- - 
m . 

2(0.19)(20.6) ) = 0.0004545 
p= _1_(1- 1- 420 

20.6 

2 As= 0.0004545*520*332 = 78.46 mm 

As,,, 

Structura{ Jlna[ys~ 

.NF ya> '±@ya) As "" 4() fy 

s24.sys)> !! 0zo)ss2) 4(420)' 420 

As. ==116.17<132.8 mm 

A-tun= 13 28 mm2 -cont 

Asmin == 132.8 > As== 78.47 mm 

Select (2) bars Cb 10 with area ==157.lmm 

Check for strain: 

Tension== Compression 

/4 xjy:::0.85xfc 'xbxa 
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cfiaptet' Clfiapter4: 

157 .1 >< 420 === 0.85 >< 24 >< 520 >< a 

a = 6.22mm 

..2%6.%. 7.2 
0.85 

332-7.32 o 005 k & =---><0.003::0.133> . . .. 0 
s 7.32 

Structura{ Jl.na[y . 
~~ es; 

The ne ative moment for b-direction = 1/3 *9.833 = -3.277 KN.m/Rib 

Assume @ 12 

d = 380-20-10-(10)-12/2= 334mm 

m-- fy 420 =--- 20.6 
0.85* Jc' 0.85 * 24 

Rn= Mn = (3.277 /0.9) * 106 
b*d2 120*(334)2 =0.272Mpa 

P = 2~ (1 - 1- 2(0.272)(20.6) 
·6 420 ) = 0.000652 

As== 0.000652*120*334- -26.13 mm 2 

As. - ffe "ii @- ";' 6ea) 

As. - ✓24 
nun - 4(420) (l20 X334) > 1.4 ( 55 20534) 

As · - 116 mm - 87 · <133.6 

44,, =1336 a mm -cont 
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structural Analysis &f no,, 

613 mm == 133.6 < As:::: 2 . As,,, 
=157,1mm cf> 10 with area 

select (2) bars 

Check for strain: 

. - Compression Tension 

Ax fy=0.85x f,'xb»a 

157. 1 x 420 = 0.85 x 24 X 120 X a 
a= 26.95mm 

C = 26.95 = 31.71 
0.85 

_ 334-31.71x0.003= 0.02859> 0.005 ... ok 6,°' 31.71 

4.7 .. 4 Design for shear: 

The shear in the slab calculated by using tributary area for shear: 

wu == 1.2 DL+I.6LL == 1.2 * 12.99 + 1.6* 3.2 = 20.7 KN/m 2 

VWud = wux bf(ln/2- d) 

Vud == 20.7x0.52x (7.35/2-0.334) == 35_96KN 
r.r I.I rz vc= /fexbwxd 6 
Vi I. 1 r;::-; 

e == 6-v24 X 120 X 334 * 10'"'-3 == 35,997 KN 
<)Ve== 0. 75 * 35.99 == 26_99 

¢Ve =26.99< Vud =35.96 
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Structura{ tf.na{ysis 
~ 

.cfiapter4: 

r~ • - 1 bw x d ?. }_ x ffe x bw x d 
Vs min7' 16 

.l.120 334 x 10--3 = 13.36 
Vs nun == 3 >< 
l40ix120x334x10-3 = 12.27 
- 16 
item: 3 
¢Ve== 26.99 <Vu== 35.69 ~¢(Ve+ Vs min) = 37.01 

Provide minimum shear reinforcement. .. use 2 <I> 10 for stirrups 4, =278.5=157mm 

4as , 1,120. 0,09523 
s 3Fyt 3 420 

157 
-
8
- = 0.09523 ,,,,,s = 1648 .6mm 

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

S600mm. 

Use 2<1> 10@170 F mm. or a distance lm from the face of b eam • ______ :__~-- 
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Cfapter4: 

Y solid slab . -8:Design of two wat"" 4_- 8 :Design . 
Two Way solid Slab: 

. f Thickness for 
Determination 0 

/ / 

Structura{ Jilna(y~ 

/ / 
sata ~ 

/ i 
O 

lab 
/ 

/ 

4.95 

Figure (4-12): two-way solid slab 
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Structural Ana(sis &f0.,, 

(2*4.60+2*6.8~ == 0.127 
h, >= 180 ,n 

h=15cm 

beff <== (8*15)+35 == 155cm 
- (2 * 40) + 35 == 115cm beff <- 

beff == 115cm 

y (15*115*7.5)+(40*35*27.5) = 
16
A
6
cm 

15*115 +40* 35 

lb= J_bh
3 

= J_*l 15* (15)3 + 15 * 115 * 8.96* 8.96 = l 70829.5lcm4 12 12 

1 3 1 4 
lb= 12 bh = 12 *35*(40)

3 
+35*40*23.54* 23.54 = 962450.91cm 

, =1133280.42 

The direction 2.70 m = 270c 

I - 2.7*0.15*0.15 5)=00607s 
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Structura{ Jl.na(ysis~ es 11 

4 
2.7 * 0.15 *0. !2) === 0.005cm 

1,=€= 12 

4 
4_95* o. 15*0.15) == 0.00928cm 

I,=¢ 12 

1, 1133280.42_ 9,226 
bl - a=-- 0005 I I . 
sl 

h 1133280.42 ::: 0.1221 
a =-- 00928 2 I 0. s2 

a = ]bl ::: 0.226 
3 I, 

a.= ' =0.1221 'L, 

_a,+a,+a,+04 _0.174 0,,= 4 
O .2 < a < 2 => 0 .2 > 0 .17 4 < 2 
takeh = 20 

4- 7 .2 Load Calculation:- 

4- 7 .2.1 Determination of Dead load:- 

Type 
0 bh KN/Rib 

Tiles 
0.03*23 0.69 

Mortar 
0.02*22 0.44 

Sand 
0.07*16.4 1.148 

Slab 
0.2*25 5 Plaster 
0.02*22 0.44 Partitions 

1.5 1.5 Sum 
9.218 

------- 
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Cfapter4: 

Structural Anayis efo, D n 
2 

d Load =9.218KN/ m 
Nominal Total Dea 

2 

Nominal Total live load = 2 KN/ro 

: ·tion of factored dead & live load 
4-7 .2.2 Deter mm a 1 

d 
== 1 Z*Dead load = 1.210.8247 = 11.06 KN/m

2
. 

Factored dead loa · 

d L
. 1 ad= 1 6*live load= 1.62= 3.2 KN/m. 

Factorec 1ve IO · 

4-7.JDesign for moment: 

• The slab is discontinuous from all sides , so it will be assumed as : 

• The moment at discontinuous egdes will be taken as{ (1/J)*M+ve in each direc~ 

----..!~L _J 4.95 

Figure (4 13 - ): Moment Slab. 
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Cfapter4: 

fillort _ direction (a) 

Assume <I> 12 

d === 200 - 20 - 12 === 168mm 

L,/L, =2.7/4.95 =0.55..........Case 1 

Structuraf Aafyis ef po, D s I! 

Ca ar= 0.088 

Ca,,n= 0.088 

Ma(+ve)== ( Ca d1*Wd1*La2)+(Ca ll *W n*La2) 

== (0.088*1 l .06*2.?2)+(0.088*3.2*4.95
2
)=13.21 KN.m 

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

The negative moment for a-direction. 

Assume cl> 12 

d=200-20-12 =168mm 

Ca ar= 0.007 

Cb ucg111= 0. 084 

Mac-ve)= ( Ca *W dl*La2) 

= (0.007*11.06*2.72}==0.56 KN.m 

Mbc-ve)= ( Cb *W *L 2 di b) 

=(0.0843.24.95,­ · -6.58KN.m 

Bottom 
reinf orcement :- 

As. -oo min 5 <018 9 O * 100 :::: 3.6 
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-36mm-con! A$,» 

6 > As:;:; 113.1 nun A == 113. S,a 

'th area =113.1mm cl) 12 WI Select (2) bars 

Structura{ Jl.na{ys~ 

Check for strain: 

. _ Compression Tension 

A,x fy=0.85x f,'bx a 

113.1x 420 = 0.85 x 24 x 1000 x a 
a= 23 .28mm 

C = 23.28 = 27.3 
0.85 

8 =
168-27.3x0.003=0.0154>0.005 ... ok 

s 27.3 

4-9 Design of Stairs : 

Minimum slab thickness for deflection is (for a simply supported one-way solid 
slab). 

Minh== (L/20) == 4.40/20==22cm 

Take Minh ==25 cm. 
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Structura{ )lna(y~ 

1 :.,·~ , ... 
> »; ,.,., 
I ,,. ,, ,--. ,- T -,- -r I I I I I 

r--r -r I I I I I I I 
.,,.. -,- I I I I I I I I ! I I) 
I I I I II I~! II II I I I I 
I I I I I I I I I 
I I I I I I I I I I I I I • 
I I I I. I I I I I I I I I 
I I I I I I I I ..J .J.._1.....__, 
I I I I I I .J. _1- J. __ 1.... __ -_ - -7 I !!A-kd-a7, ,..J-..L--____ I r­ I I I 1
1 I I I ·, I I ; L --- I ' I I + 

=r+-1Tl j! ;1 i i i 
I I I I I I I I I I I 11 I 
I I I I I I I I I I I I I 
I I I I ~I I I I I I I I . 
I I I I I I I I I I J I I : . 

: : : : : : : : ! ! J!,,Lu_; I 
I '' '. L .. , .. !::·;;;;;;m;,,.,:m·;: ··;: 1 Eiia g --- 
--- -·------~---- 

Figure(4-14): Stairs 

Load Determination: 

Flight dead load computation: 

a= tan (rise/run) = tan (160/300) =28.1 

Concrete = (250.251)/cos28.1 = 7.1KN/ 

Plastering = (220.031)/cos28.1 = 0.748KN/,, 

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

Mortar= 22*((0.16+0.3)/0.3)*0.02*1= 0.675 KN/m 

TIies = 23*((0.16+0.33)/0,3)*0.03*l = 1,
127

KN/m 
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Structural aysis &f,po,, Dy n 
fiapter4: 

d -1165KN/m 
Total Dead Loa - · 

Landing oead load cornoutation: 

t 
• (250.251) = 6.25 KN/m 

Concre e - · 

Plastering= (0.03*22*l) == O.GGKN/m
2 

Mortar = 0.02221 = 0.44 KN/m 

Tiles = 0.03231 = 0.69KN/m 

Total Dead Load = 8.04 KN/m 

Factored Total Dead Load= 1.2*0+1.GL 

Live load= 3 KN/m. 

For flight: w= 1.2*11.65+ 1.6 31 =18.78 kn/m 
For landing: w= 1.2*8.04 + 1.6 31 =14.45 kn/m 

lll l 1 I l 11 il ·r I l 1 l 11 l ~ 

Figure (4-15 ). load Geometric. 
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Structura{ Jl.na r_ • "gos, 

cheek for shear strength: 
Assume bar diameter 12 for main reinforcement 

d= 250-20-12/2=224 mI 

Vu= 29.8 kn 
Take the maximum shear at distanced from the face of the support Vu =3S.lkn 

e ±+,[ea - ±»@i»224100010--3 = 182.89kn 
6 6 . 

6 =0.75 
tp*Ve = 0.75*182.89 = 137.17kn 
¢.Ve= 137.17 >> Vu = 29.8KN 
The thickness of the slab is enough. 

Calculate the maximum be di . n mg moment and steel reinforcement: 

I.TIl:I.III 

F tgure ( 4~ 16)' . load Geometri C. 
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C[apter+. 
Mu === 43.9 Kn.ID 

43 9 lo 9 =48.77 kn.m 
Mn=== Mu/0.9 === • • 

Mn 48 77 10 6 == O 972 mpa 
R.-3.a == Tooo * 224 

2 

Structura{ Jl.na{ys~ Dec s n 

m === !Y 
0.85 fc 

420 == 20.6 
0.85 * 24 

= _1_(1- 1- 2(20.6)(0.972)) == 0.00237 
p 20.6 420 

As req = pbd = 0.00237* 1000*224 =531.38 mm/m 

As min= 0.0018*1000*250=450mm2 

Use As req = 531.38 mm2
. 

Use 5@ 12 with or © 12@200 mm 

steps (s) is the smallest of 

1. 3h=3*200=600 mm 

(
280) s == 380 - - 2 SCc fs · 

= 380 (r) fkaao, 2.5 % 20 = 330 mm 

·-oo (#7) = so .(es_) 
fs Z- == 300 5x420 ······»%. control 

3. 450mm 

Shrinkage and 
A temp s - 0 00 erature r . - . 18*I000*2 emfoecment: 
Number of bar's:::::450; 50 == 450mm2 Im 

78.5::::: 5.7 
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Cfapter4: 

Spacing=1/5.7 =0.170 mn 

Check for spacing 

g=5h=5250=1250mm 

S=== 12.5mm-control 

Structura{ Jlna[y. . 
~ 
, 

Use 4l10@17Smm 

4-10 Design of Basement Wall:- 

Figure (4 ·17) G : eomet ry Of B asement Wall ( BWl ) 

- 



cfapter+ OKIN6klTdL.Analysis 
~ 

Fe'= 24 Mfa, Fy ~ 420 MPa, Os= I gJ{N/Jn
3
, qal j= 400 KN/m, po = 30° 

, surchar ge = 5 y 
Nh 

wall Wall Thickness=== 20 crn 

Consider at rest pressure 
Ca == 1 - sin¢ ::::: 1 - sin 30 = 0.50 

Ws ==Ca* h * Y == 0.50 * 3.31 * 18 = 29.79 KN /m? 

W,,,=C,% P = 0.50 5 = 2.50 KN /m? 

1 
pJ 

==== 
==
;_==:-100. __ I 

-=-----=~A-A load grounijo,:,---==-=-=-=-=-=-=-==========-=-=======--------- Totalloacis "0· 1 =====--======== 
Units: 
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Structura Ana»is &,o, 

30.8=====================-----­ I 
1.82 

-26, 

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

4.14.1 : Design Of Shear: 

Check for wall thickness 

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

d 0.75 -3 - 70.422 KN pV.=!/p)%d=,92H»1000 » 115» 10° = J. '° gNhe 6 
Vu (At face of support) =34.6 KN 

IV, > Vu at face of support , So DV, will be greater than Vud - OK 
The thickness of Wall is Adequate Enough 

4.14.2 : Design for Flexure : 
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fy 

Mu = 30.8 KN.m 

Mn = 34.22 

Mn 
R,3.a? 

34.22*10
6 =2.58MPa. 

R,, == 1000* 1152 

m - 0.85xfc' 

420 20.6 
m = 0.85 X 24 

.44 34F].35 m ~ l - - /y 20. 6 

Structura{ Jlna[ys~ , 

2 * 20.6 * 2.58) = 0.0066 
l 420 

As req = 0.0066*1000*115= 759 mm/m.......... control 

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

{ 
As min=--( bw )( d) 

4(.fy) 

1.4 (b As min=- w)(d) 
(fy) 

s24 oooy1s) = 335.35.mm2 Im 4(420) 

= l.
4 
(1000)(115) = 383.333mm2 Im 420 (control) 

As =759mm/m > As min =383.333 mm-/m 

Use t)J2/15 cm As,provided = 753.9 mm2/m 

F h · or onzontal bars use the half f th . . . 
0 e min. in each side 

0.5*Ashmin=0.5*0.0025*I I5*I0OO- 
=143.75 mm/m 

Use p =g 

Use for horizontal b 
are cf> 8@15 cm in each side 
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fapter#: llH6HI ~ 
Use □ 10@20 cm for vertical in outer side to hold the horizontal bares 
Check for strain: 

Tension= Compression 

A, fy = 0.85 * fc' * b * a 
753.9*420 =0.85*24*1000 *a 

a= 15 .52mm 
..4.10.52, /Ji 

0
_
85 

- 18.25mm 

,_11s-18.25., 
s 18 .25 0.003 = 0.0159 )0.005 ok ... 

s, = 0,0159 > 0.005 ~ ok 

Check for step 

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

note : all steps are less th S an max ' So its OK 

610010 --._.:m in 9 1 o h Dir«clion 

rsets [[?A2So ? 
'=- 

f 

F
. . lgure ·5°544 e (4~19)· ·•· •, ofS:=m1r::\\·~ 

. detail s of base ment wall 
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4,110esign of retaining wall:- 

4,18.1 Retaining wall oesign Parameters: 

¢= 30° 
y = 18kN /m 

ka 
_ (1- sin¢) 1- sin30° - ---- 033 
(1 + Sin¢) - 1 + sin30° = · 

kp = (l + sin¢) = 1 + sin30° 
(l - Sin¢) 1- sin30° = 

3 

F' igure (4-20): retainimn 1-<UlllLl g We 

0 : angel of frection 
ea= Ka*y*H K N/m2 

Ea=ea* H 
2 

earp - v * =Aa p KN/m? 
Eap=eap* H 

ep=Kp y H' KN/m? 
Ep = e,+!" 

2 

4.18.2 Load Calculati on: 
ea-o - .33*18*3 1 =18,414 

Ea=== 0 5* . 18.414*3 1 - =28.5 
eap===0.33* . kN Im 

5= 1.6 . 5 

- 



4: 

. wall :- . f retaining 4,11Design 0 

meters: . n para . . wall oes,g 
1 Retammg 4.18. 

-30° r= 18kN Im 

. "') 1- sin30° = 0.33 (1-sin@)_. 4fj® 
ka= .s;9) 1+ sin3 (1 + lllv, 

id) 1 + sin30° = 3 (1 + Slllv, = . o 
kp = s· ¢) 1-sm30 (1- Ill 

.Structural taysis ef,, 

le lady ;, 
I 

'1% 
I 

Ii!! I 

: ' ,. i . ~'-'-..__-L 
lH' <.,!-::-:----:--- i~ • ' , . • : : .. : •· ! _ .. : . 1 / i Ep

l ·•• ,., ........• ,. . 
. " . . • • - t 't t· • '- . , ., ;_ <' • • • • . i , • ~ eph 

Figure (4-20): retainingwall 

0: angel of frection 
2 ea= Ka* r * H KN Im 

H Ea=ea*- 
2 

eap=Ka* p KN lm2 

Eap=eap* H 

ep = Kp * y * H' KN I m2 

H' Ep=ep 
2 

4.ts.2 Load Calculation: 

ea==0.33*18*3.1 ==18.414 

Ea==0.5*18.414*3.l ==28.5 kN/m 

eap==0.33*5 == 1.65 
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Cfiapter4: 

Eap = 1.653.1= 5.115 kN/m = 5.11 kN( for one meter strip) 

ep = 3*18*0.9=48.6 

Ep = 0.5*48.6*0.5= l2.15kN /m = 12.15 kN (for one meter strip) 

4.18.3 Estimation of depth footing: 

H= 0.1 h 

H=2.6 

h_p = 0.1 2 6 = 0 26 m · · ··· ··· •·· •·· Take hp= 0.3m 

Structura[ Jl.na{y. . 
~~ es, 

4.18.4 Estimation of thickness of wan: 

4.18.4.l 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 

Lr. 43.l in==47g9A7 0.9 · 'IAIN ,I 

max p0.5 = 0.5* .02 = .01 p 

m= [y _ 400 
0.85* Jc' - 0.85*24 = 19.6 

Kn=.01 (400 (1-.5 
· .01 *19.6)) = 3.6 

n 4_ 29.6 10° 
ba? 10007? =3.6Mpa 

d=91 mm 

ha, =91 +75 41£ 
2 -174.nun 

select h == 25cm 
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Capter4: 

~ == 167mm d == 250-75- 2 

ement: 11 reinforc 4.18.5 Design of wa 

Mu =43.1 

Mn= 43.1 =47.88KNm 
0.9 

Mn 47.88xl0
6 
= I.7Mpa 

kn= bcf = IOOOx 167 

y _ 420 = 20.6 
m 0.85* Jc' 0.85*24 

.]]cars =I]- l 420 20.6 

As = p*b*d = 0.00423*100*16.7 = 7.06cm2 Im Req. . 

structural @uasis e, 

1.4 _ 1.4 =5.65cm /m............contro l fy (b)(d) 420 (100)(16.7) 

As •• <'. ffJi (b)(d) = 4:) (100)(16.7) = 5.1 Icm2 Im 

A, (for shrinkage and temperatu re) = 0. 00 I 8 * I 00 * 26 = 4. 68cm 2 Im 

Select <I> I 2@20 cm 

4.18.6 Design against . 
overturning; 
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Q

~t!flL--------------S"'"'"t..;..:ru=c=t=u=ra~{..Ltf~n~a:U[Ysis caters "", 
standing moment ~ 2 

17 == overturning moment 
Ms: Stan ding moment 
Mo : overturning moment 

* Design overturning 

We select the ideal shape and we design the overturning for on ¢ met, 

strip: 

ea= 0.33182.6 =15.5 

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

eap=0.33*5= 1.65 

Eap =1.652.6 = 4.3kn/ = 4.3 · m - · kn (for one meter strip) 

ep = 3180.8 = 43.2 

Ep =43.20,80.5 = 17 3k I . n,m= 17.3 k . n (for one meter strip) 

Ww == 0.25*2.3*1 *25 == 14.8 kn 

Wf== 0.3*L*l *25 == 7.SL 

We1 =182.33, s 25)= 27 6L · =10.35 



Moment about point B 

*Overturning moment : 

4.3 » 1.3 + 20.2 * 0.866 = 23 kn. m 

*Standing moment: 

Ms= ww(}L + 0.125) + Wf (0.5L) + We1 (¼ L + 0.25 + (~ L - 0.25) * 0.5) == 

=21.95L+8,45L-2.05 

Stan ding moment I]=''2_] 
overturning moment 

Ms: Stan ding moment 
Mo : overturning moment 

Mo = 23 Kn.m tr. , 
23 Ms =46Kn. m 

46 = 21.951L+8.451-2.65 

L=1.29m 
· · · · · · · · · · · · · · · · · · · · · · • .. Take L =l.3m 

4.18.7 Design . 
against sliding : 

Reaction 
2]5 Action - · 

Structura{ J!na~ ,, 



Cfiapter4: 
Structural harts ef no,, s, 

Ep+ >1.5 
Ea+Eap 

F,= DT y tan@? 

Ov == wf +ww+we I 

□ v== 50 Kn 

F,- =28.9 Kn 

Ff+ Ep = 28.9 + I 7.3 = 46.2 Kn 

Eap +Ea= 20.2 +4.3 = 24.5 Kn 

~ = 1. 9 > l.5 Safe against sliding 
24.5 

4.18.8 Design of bearing pressure : 

□mo=23Kn.m 

ms= 2 l .95L 2+8.45L-2.05 

=21.95 » 1.32 + 8.45 * 1.3 + 2.05 

= 50.13 Kn. m 

□v == 50 Kn 

e=2_ □MR-□Mo 
2 Dv 

e == ~ 50.13-23 
2 so 

= 0.10 m 

v 6 mar = j a+", 

9O 



so 6+.19, 
--(l + 13 qmax4.3 .. 

2 = 56.2Kn/m 

50 - 6-.10, 
qmin = 1.3 (l 1.3 

2 = 20.7 Kn/m 

2 c400 Kn/m 

Structura{ )fna~ 
&i, 

.. ok ..................... 

4•18•9 Design of footing : 

Pu= I.2D+ 1.6 L 

Pu= 1.2 (Ww+Wf) + 1.6 (Wel) 

Pu= 1.2( 14.8+9.75) + 1.6(25.53) = 70.3 Kn 

MRuc ~ 20.2 •:• • 1.6 + 4.3 • 1.3* 1.6- 25.53 • 0.332 • 1.6 + 14.8 • 0.092 • 1.2 = 
25kN.m 

Eccentricity 

Mu 25 
e=--;;- == ~ == 0.3Sm 

.#( .s;± 
1.3 1.3 == 141.5 kn/m2 

o.-f2(, ox3s, 1.3jal=-33kn/? 

, 400 Kn/rn' ok 

..... Since qmin ;,% negative Val .. 
Ue , the flextura1 fo . 

Tmula is not applicable , then we use 
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Cfapter 4: 

4 * 70.3 = 156.3 
qmax=, * 1(1.3 - 2 * .35) 

□v =0 

! (q)(d)(l) - (pu) = 0 
2 

t as6.3)@9D)- (70.3) = 0 
2 

d=0.9m 

4.ts.10 Design of shear: 

d=300-75 -~4 = 218 mm 

jH IH 
Eg = JG 

0.215 IH -=-➔0.9 156.3 

4Q 
qmax = 3l(B - 2e) 

but ( q) at d = 

Structural Anaysis &, Design 

2 IH = 37.3 but 156.3 - 37.3 = 119 Kn/m 

Vu=o_215 *1*119+½* 0.215 * 1 * 37.3 == 30 Kn 

-P,[pg+y-a P%454-1-0218+1000- 13 16k» C 6 6 

⇒(¢Ve= 131.6) > (i;;, = 30) ⇒ thicknessis enough= 30cm 

Jn other dir Vu = (0 .616 - 0.218) • 1 • 2.3* 18 = 14 Kn it is safe for shear. 

4.18.11 Design of bottom reinforcement at section 1-1: 
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h=30cm 

K:c/m? 0.433 -~ -,x = 75.2 n 2 )- 

- - 156.3 1 5 2 * 1 * - * 0.433 - 12.3 Kn. 0.9 0.433) + (- * 0.433 * 7 . 3 
( 1 * 0.433 * l * 2 2 Mus1 = Bl. 

d=O .218m 

Mn= 12.3 = I3.6KN.m 
0.9 

fy _ 420 = 20.6 
m ossf& - 0.85*24 

Mn 13.6xl0
6 

=.286Mpa 
"5F 1o00- 218 

1 ( ✓ 2xl9.6x0.286J= 0.00072 p=- I- I 400 
196 2 

- *b*d=0.00072*100*21.8=1.57cm Im As,, =P 

ffe As min=--(b)(d) 
4(69 

As min .fjj, (100)(24) = 7.34 4(400) 

As min=-±" (1oy24y = 8.4 (400) 

1.3 * 1.57 == 2 cm2/m 

suuctura[ Jl.na[ysis efl ~ 

56 3-- 75.2 = 81.1 Kn/m2 but qS1 == 1 . 

AS (for shrinkage and temperature) = (0.0018) (100) (30) = 5.4 cm2/m 
Select <I> 10@20 cm 

4.18.12 Design of top reinforcement at section 2-2: 
0.616 

Mus?=j0616%1 %2.3»18 = 7.85,,,, 
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Cfiapter 4: 

Structura{ Jl.na{ysis <tl (J) . 
~ 

1 
f oment will be greater than moment in these s . 

From previous section (1-1),the va ue of'm ·ection s, 

I Select <1> 12@20 cm, 
L-. ------------J 

4.ts.13 Development length of main reinforcement: 

(L ) -0 x I/It Xlf/e Xlf/s fy 
'd requirea .9 Jxffe x[:+CbJ xdb 

bar 

ktr = O.O for footings (no stirrups). 

(

C;::~:eJr+db = 75+12 = 87mm 
d, I52.s 

"")±=#] d -2.5 
bar 

⇒ (LJreq11ired = 0.9x l.Oxl.0x0.8 400 
l.0x✓24 x 3 sl2= 282.2mm 

(Ld )available == 433- 75 = 358mm 
L,h. =358> (L,), ,-3 ⇒ s N d required - 82.2mm 

o o standard hook . . 1s requar 



Cfapter4: 

Structura{ jl.na(ysis ef(, ~ 

f h ar wall:- 4 -12: Design o s e 

Figure (4-21): Shear Wall 

:, I 

461.25 V 

- 
_________________ _,:::::,_ __ 3829.35 KV.m 

Fig. (4-22) Moment and shear diagram 
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CMpter4: 

Fc=24MPa 

Fy =42OMPa 

ll thickness t=2O cm .shear wa 

all width Lw = 2.50 m .shear w 

all wall = 15 m Hw tor 

4 -10 -1: Design of shear 

_LFx= Vu= 46125KN 

Design of the Horizontal reinforcement: 4-10-1-1: 

The critical Section is the smaller of: 

lw = 2.5 = l .25 m... ... control 2 2 

hw = .!_?__ = 7.5m 
2 2 

d = 0. 8 x Jw = o. 8 x 2. 50 = 2. 0 m 

.3£ma 011nmax - 0 
6 
V fc 

Structura{ Jlnafysis efl (J)~ 

= 0.75 • 0.83 • V24 • 200 • 2000 • 10-3 = 1219.BlSKN > V,, 

1 1 

=.j/fa =' #Ni»200+2000 -10° = 326.s9aw...,,, 
[p,, Nd ,­ 

V, = 0.27/f-'hd + 4i; = 0,27v24* 200 2000 4 0= 529.089y 

M,= 2357.19 + 461.25 3.3-1.25) = 3302.752 ky, m 
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Cfiapter4: 

Mu lw 3302.752 -~ = 5.91 > 0 ok 
-- 461.25 2 Vu 2 

[ 
lw(o.1JTci+o.2:V~)) hd 

V = [0.05f+ @w 
Va 2 

[ 
. r,:;-;; 2.s(o.1../24+0)] 200 * 2000 = 521.071KN ='0.05/24 + s.9 

Vs= Vn- Vc 
= (461 .25 /0.75)-326 .598 = 288 .402 KN 

Structural 7naysis el, Desi, 

(
Avh) = ~ = 288 .402 * 10-3 = 0_343 * 10-3 m 
S2 Fy * d 420 * 2.0 

( A;h
2
mm) = 0.0025 * h = 0.0025 * 0.20 = 0 ..510°m(Control ) 
Lw 

S2 = - = 2500 /5 = 500mm 
5 

S2 = 3 * h = 3 * 200 = 600mm 
select >2010> As =1.58cm2 
Av sa 0.625mm 

158 
82 = o.5 ➔ S2 = 314mm(Control) 
Select ....82 = 30cm < Sreq. = 31 .4cm 
S2se/ected = 25cm <75cm <70cm 

Use DI 0@300mm in two layer 
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cnapter4: 

ent·- tical reinforcem . 4 -10-1-2: Design for Ver 

hw..Ah_9,9025))S,h, 
. = (0.0025 + 05(2.5 - -, )( S h 

Pa» /w 2 

hw _ _E_ = 6 > 2.5 I2s0 w 

An = 0.0025x S, x h, 

S 'L= .!.x2.5 = 833mm 
l 3" 3 

S = 3 x h = 3 x 200 = 600mm 
I 2 

Select2¢10WithareaAs = 158mm 
158 = 0.0025 x SI x 200 
.:.S, = 316mm(Control) 
Select S, = 300cm < 316cm 
S =300cm 

4-10-3: Design of bending moment: 

Mu= 3829.35 KN.m 
l C> w 

7600 +(S,/h,, 
Assume Sn/hw = 0.007 

2.50 
C ~ 600 * 0.007 = 0,595 

C ==C-OixL w . w 

C, =0.595--0.1x 2.5 = 0.345, 

C 0.595 50 5 -929» 
Select The boundary element == 

35 3 cm > $4.5cm 

4s,-4, 2so 
t sl V ~==-xl58-J58Q 2 0.25 - rnm 

Structura{ Jlna{ysis efl (})~ 

~--­ --------- 
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Cliapter4: 
Structura{ .11.na{ysis e;z; (J) . 

~ 

Z 1 
Lw = 2+(0.85*P* fc*Lw*h)l(As, *Fy) 
~ _ 1 _6 = 0 .. 06219 
Lw - 2+(0.85x0.85x24x2.5x0.20)/(1580x10 x420) 

Mu= 0.9x Fy x 0.5 x As, x Lw x(1-(fw 12 ))= 
0.94200.51580x10°x 2.50+(1 9.96219\ 745,5811kN .m 

2 

Muntsign = 3829.315-745.5811 = 3083.734kN.m 

Ast= Mu/¢ 3083.734x106 /0.9 _ 2 
fyx(Lw-Cw) = 420x(2500-350) -3794.43mm 

As= 3794.43 + ( 4 x 79) = 4110.43mm 
. ·. Use ¢20 ~ Select14¢620 > As =4396mm? 

Usel4 020 
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Cfapter4: 

4-13: Design of column (Cl):­ 

4-11.1 Load Calculation: 

DL=234.42.KN LL=25.54KN ... From Load Table 

p
11 
= 1.2x 234.42 + 1.6x 25.54 = 495.634KN 

Pn = 322.168 /(0.65) =495.643 KN 

pg= 0.016 ...... Assumed 

Pn = 0.8* Ag{0.85* fc'+ptg(.fy-0.85/c')} 
495,64310° 0.8 * Ag[0.85 * 24+0.015( 420- 0.85 * 24)] 
Ag= 0.0.0242m2 

Try 0.20.6m with Ag= 0.12m2 

4.11.2 Check Slenderness Effect: 

In direction 0.2 

Lu=4.2m 

M1&M2 =1 

K=l 

klu M 
- < 34 - 12 __!__ 
rx M 2 
l * 4.2 

0 .3 * 0 .2 = 70 > 22 

·········· ..... ACJ - (IO .12. 2) 

Lona direction about X-axis, 

Structural Analysis &, Desiq, 

woos»a ---- 109 ------- 



Cfiapter 4; 

In direction 0.6 

Lu=4.2m 

MI&M2=1 

K=l 

klu <34 _12 MI AC! -(10.12.2) 
ry M 2 

14.2 23.33 > 22 
0.3 * 0.6 

Long direction about y-axis . 

Long column in both d1rect1on 

El 
El= 0.4-c _g [ACI318 -05 (Eq. IO -15)] 1+8, 
Ee = 4750 /je' = 4750 zi = 23270. l52Mpa 
pd = l.2DL = 1.2 * (234.42) = 0.873 < l 

Pu 322.168 
I = bxh3 = 0.6x0.23 _ 4 g 12 12 - 0.0004m 

El = 0.4 x 23270 .15 x 0.0004_ .2 
1 +0.8307 =2.0337 MN.m 

EI 
~r (KLu)2 ACl318-05(Eq. 10-13) 

3.14° 2.0337 
~ (1.0x4.2)2 =I.1378MN 

Structural Analysis e, Desi, 
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cnapter4: 

( 
1) ACI 318 - 05 (Eq .10-16) 

Cm = o. 6 + 0. 4 :: 2 .......... 

to ACI 318 - 05 (IO .10 .6.4) 
Cm = 1 .. .. .. . According 

..... ACI 318- 05(Eq. 10 -12) Cm o 6,=p, >\ 
1---- 

0.75 P, 
l = I. 76 > 1 6, = 368 .276 

'o.7s X 1137 .8 

e =15+0.03xh =15+ 0.03x 200 = 21mm = 0.021m mm 

e = emin X Ons = 0.021 X 1.76 = 0.0369m 
€_0.0369 _ 9,1847 <0.1 
h 0.2 

Structura{ Jlna{ysis cg',(])~ 

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

Pn(mnx) = 0.8xAg{0.85 Jc'+ Pg(fy -0.85_{)} 

495.64 = 0.8x 600 * 200{0.85 x 24 + pg ( 420-0.85 x 24)} 

P,= 0.012 > pmin =1% - ok 

As= 0.012 * 600 * 200 
As= l440mm2 

Use 4916 >> # of bar =~=71 
201 · 

Use8 @ 16 with As = 1608.87mm?>A,__ 14a,,so.a» 6Sr&4 1440mm? 

4.11.3 Design of the Stirrups: 
The spacing of ties shall not exceed th 

e smallest of- 

spacing <16 x d == 16 - 2 
• b x - 5.6 cm 

spacing <48x d == 48 
• s x 1.0 == 48 cm 

spacing <least, dim - 40 ·- cm 
Use ¢10@25 cm 
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Cliapter4: 

Footing (FT) : Design of Isolated 4.14 
. • of Loads: 4.12.1 Determination 

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 xo.55= 13·75 KN/m2. 
Soil weight above the footing= 0.45 X18 = S.l KN/m2. 
q -350- 8 1-13 75 = 328.15 KN/? allow - · · 

4.12.2 Determination of Footing Area: 

_2435.980_ 7.42 ? 
A 328.15 

Structura( Jl.na{ysis ~ % 

ifry 2.8 2.8 m with area= 7.84 m2 > Areq = 7.42 m2 

determinate q, = 2537.65/2.8*2.8= 323.68 KN/m2 

4.12.3 Determination the depth of footing based on shear strength: 
Assume h =55 cm ..... d =550-75-20 = 455 mm 

Check for one-way shear strength 

Vu = 323.682.g * (~8 
-0.3/2-0.455) == 720.513.KN 

we-9-[re-,+a 
1 

9'c =0.75-+/24 +2800 +0.455 = 780.162c 
.c = 780.16KN > Vu = 720.513; 
:.OK 

The thick is adequate enough 

~---­ ~~------------ 



Structura{ Jl.na{ysis §2; (J)e~ 

Cfiapter4: 

» hear action (punching) 
4,12.4 Check for two-way SI value of the following equations: 

gth is the smallest v 
The punching shear stren 

4go 
¢V =¢.2.(~+2JJZb0d 

· c 12 b,/ d 

1/.> o,=9=N/.bd 
Where: 
Column Length (a) _ 65 = 2.167 c Column Width (b) 30 

bo = 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 

as =40 for interior column 

w.-4\o3 \Ea-·[.7,[-isno4ss =199a.sza 6 Pc 6 2.167 · 

s<+y7 .us.svss .3 ¢.Ve =¢.12 -b -+2 "-Jfc bod=---* ---+2 *-fi4 *3720*455 =3571369KN 
0 12 3720 . 

_ 1[.7, 0.75 
,=h=\f.bd=='/243720455 = 2073 

¢.Ve = 1992.57 N .... Control 
Vu= 323.368 * {(2.8 * 2 8)-(0 65 . . + 0,455)(0.3 4 0.455)} = 2040. lkN 
¢.Ve= 4657.28Kn > Vu = 2040.K: . 

c n. · · · · • • • satisfied 
4.12.5 Design of Bending M oment: 

Mal = 323682.81.25/2 = 70805 13 
Mu= 708.513 kN.m .m 
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Cfiapter4: 

Structuraf Jl.nafysis e1, (J)esffJJl 

d == 550-75-20 == 455 mm 
Mn 708.051/0.9xl0

6 
==1.357Mpa 

J(n, == b * F 2800x455° 
Fy 420 20.588 

m = 0.85/c' 0.85x24 

aka 
W' .","] 
_ 1 l- l- 2 X 20.588 X 1.357 ) = 0.003346 

p - 20.588 ( 420 

As = 0 00334 x 2800 x 455 = 4263 .705 mm 
2 
/ m 

req • 

4s,,, = 0.0018* 2800* 550 = 2772mm2 Im 

4s, = 2772mm2 Im< As = 4263.705mm2 Im req 

# ,+b . 4263.705 o1 ar zn on meter = --- = 21. 02 
201.06 

Select 21<1>16 with As= 4222.3 mm? 

Check Strain » » » » 

A, fy = 0.85 *Jc' * b * a 
4263. 705 * 420 = 0.85 * 24 * 2800 * a 
a=3l.35I 

c = ?_31,351 p
1 
- 0.85 = 36.883mm 

s,155-36.883, 
36.883 '0.003= 0.033 

&s = 0.033 > 0.005---...l.'> ok 
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Structura{ Jl.na{ysis eflt (J)e . S1BlJ: 
Cfi,apter4: 

4.12.6 Development Length of main Reinforcement for Mul: 

L
,L = 0.24.fy db= 0.24 * 420 I 6'= 32 92cm. 
U{ I )req f[c . ✓24 . . 

L~2)req = 0.044 xfy xdb = 0.044 x420 xl.6 = 29.568cm 

Ldn, = 32.92cm > Lday,-29.568cm control 
Available Ld =(550-75-2 * 16)= 443 mm. 

Available Ld = 44.3 cm > Lda,=32.92cm 

Using hook >160 
Required length of hook~ 16* ¢ ~ 16*2.I = 25.2 cm 

Use Hookse1. = 30 cm> Hook, = 25.2cm 

a,,=?. _,a,, 
10 1 rT ktr+cb "' 

A.-\/ Jc db 

lA _ 9 420 1 * 1 * Q 8 ""Teq - - "' . 10 · 1 * ffi * 2.5 * 16 = 395.053 mm 

Ld available= 550-75= 475mm 

Ld available= 475 mm> lds, = 395.053mm 
Use the column bars as a dowels 

./\ 
Lui1 eve 

I tC::: -- 1 I 

Fi igure (4-23)· F . 
. OOhng' s Detail 
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&lll~L------------~S=t.;..;;ru=c---'tu __ rc ci~{ Jl.:..=na=:;F~yszs~·~ctl~JQ . r. el6Sq Cfapter4: 

4.15 Design of Spherical shell : 

4.9.1 Load Calculation: 

Snow loads: 

According to Jordanians code : 
Figure (4-24): spherical shell 

9 
h-400 900-400 l.SkN/m2 

4 .. 1.1 Snow load= 320 320 

Figure ( 4-25): Local axis 
where: 

h: high above sea level. 

4.9.1.2 Self weight F 0 Dom: 
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Structura{ Jl.na{ysis effr (J)esfon 
Cfapter4: 

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 I m2 

1.2 * 0.5 = 0.6kN /m 

4.9.2 Analyses of internal forces: 

for spherical shells 

N = ga 
a (cos a+ 1) 

{-c-{ ,] cos a+ 1 

For self weight of Dom: 

when a= 0° ⇒ cosO =I⇒ {N _ N _ - ga - 62.32 
a ,= o =-6.96N/m 

when a= 90° ⇒ cos90 = Q ⇒ {Na = -ga = -6 * 2.32 = -l3.92kN Im. 
N,= ga=62.32 = 13.92kN/m 

ga N,=­ 
2 

-ga N =- a 2 
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Cfapter4: 

I 
I 
I ---------~-------- 
' I 
{-= 62 

For snow load: 

CL 

---- 

Structura{ Jl.na{ysis ef[, <DesifJ!l 

(-) 

N, = g@ 

Deo.ol loo.cl (self vveight) 

Figure (4-26): Dead load shell 

when a=Oo ⇒cosO=I⇒{Na =N =-Pa= -2.4*2.32 
P 2 2 = -2.784kN / m. 

N =~- -2.4*2.32 
when z =90° =>cos90=0s 2 - 2 =-2.784kN/m. 

N, ,P_242.32 
2 2 = 2.784kN Im 

-Pa N,= 
2 

N,=-ga 

Pa 
] = 

a 2 
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Cfiapter4; 
Structura{ Jl.na{ysis ef(, ©esilJll: 

__ ...!---- 

' 

I 

Live Loaol 
Figure (4-27): Live load shell 

For Weight offinishing of dom: 

(-) 

0 
{ _ _ - ga = -0,6* 2.42 = -0.726kN Im. when =0° =>cos0=1=3{N,=N,=' , 5 

{
N = -ga =-0.62.42 =-1.452kN / m. 

when a= 90° => cos90 = 0 ⇒ N: = ga = 0.6* 2.42 = I.452kN Im. 

Total factored internal forces: 

when z = 0° = {N,= N,=-6.964-2.78-4 -0.726= -10.,466kN /m. 
0 {Na =-l3.92+2.784+-1.452=-12.588Nlm. when a= 90 => cos90 = 0= 

· N,= 13.92+ 2.784+ 1.452 = 18.156kN Im. 

Note: Negative sign mean that the force is compression. 

Positive sign mean that the force is tension. 

(-y 
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4.9.3 Hoop Tension reinforcement : 

(
A) = (NPtax = IS.156 ::6.983*10-5m2/m.=0.698cm

2 = 2 

s "' ¢ • fy 0.65 4601000 >70mm 

(A,), = 0.0035#1000100 = 350mm 
350 ⇒ Number of bars= - = 4.43 ⇒ use 5bars 
79 

fl 20 {
18inch 2.54 = 45.72cm 

se ect spaces = cm < 5 * thickness = 5 * l 0= 50cm 

with As = 395 mm2 

Figure ( 4-28): Tension fr om prog.sap 

68. 

51. 

34. 

17. • 
0. so 

-34, 

.51, 

-68. 
-85. 

~~~!:§' -: 
-136. ' 

-153. 
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Cfapter4; 
Structura{ jl.na{ysis ef{, (J)esiB!J: 

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