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Abstract 

Structural Design and Details for the suggested building of 
college of applied science 

VGBRDXµ wDz+ y 

Eman Mohamed Rashed Evana Sudqi Salhb 

Sona Mosa Abu-Shkhidem 

bFEDGW[KBG 

Dr. Haitham Ayad 

Palestine Polytechnic U niversity-2008 

wMD + z[= [5Dz B} µM[K EGBRDXµ [K µB EGDEzGD z88 KµGFXµFGz8 5DK[/ =K z=5 5Dµz[8K }BG µMD 

KF/ / DKµD5 2F[85[=/ }BG XB88D/ D B} zEE8[D5 KX[D=XD& 

wM[K XB88D/ D XB=K[KµK B} }[WD 8DWD8K O[µM µBµz8 zGDz 1S1Sa&! + DµGD KxFzGD µMzµ XB=µz[=K 
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List of Abbreviations 

• a ' 5DEµM B} DxF[Wz8D=µ GDXµz=/ F8zG KµGDKK 28BX7 
> + & 

• As ' zGDz of non-prestressed tension GD[=}BGXD+ D=µ& 

• Ag ' / GBKK zGDz B} KDXµ[B=& 

• Av= zGDz B} KMDzG GD[=}BGXD+ D=µ O[µM[= z 5[Kµz=XD (S). 

• b ' O[5µM B} XB+ EGDKK[B= }zXD B} + D+ 2DG& 

• BW ' OD2 O[5µM" BG 5[z+ DµDG B} X[GXF8zG KDXµ[B=& 

• Ca ' KD[K+ [X coefficient.(table 16-Q). 

• Ce ' XB+ 2[=D5 MD[/ Mµ" D«EBKFGD z=5 / FKµ }zXµBG XBD}}[X[D=µ zK 
L[WD= [= Table 16-G. 

• Cq ' EGDKKFGD XBD}}[X[D=µ }BG µMD KµGFXµFGD BG EBGµ[B= B} KµGFXµFGD 
° =5DG XB=K[5DGzµ[B= zK / [WD= [= Table 16-H. 

• Ct= =F+ DG[Xz8 XBD}}[X[D=µ / [WD= [= KDXµ[B= 1sf S&Q&Q [= t° Yj XB5D•& 

• Cv ' KD[K+ [X coefficient.(table 16-R). 

• DL ' 5Dz5 8Bz5K& 

• d ' 5[Kµz=XD }GB+ D«µGD+ D XB+ EGDKK[B= }[2DG µB XD=µGB[5 B} µD=K[B= 

GD[=}BGXD+ D=µ& 

• Ee ' + B5F8FK B} D8zKµ[X[µ? B} XB=XGDµD& 

• Es ' + B5F8FK B} D8zKµ[X[µ? B} GD[=}BGXD+ D=µ" 
> Vz& 

• EI= }8D«FGz8 Kµ[}}=DKK B} XB+ EGDKK[B= + D+ 2DG& 
Mm?-N. 

• Fy ' KEDX[}[D5 ?[D85 KµGD=/µM B} =B=,EGDKµGDKKD5 GD[=}BGXD+ D=µ& 

• fc'= specified XB+ EGDKK[WD KµGD=/µM B} XB=XGDµD" 
> Vz 

• fs ' Xz8XF8zµD5 KµGDKK [= GD[=}BGXD+ D=µ zµ KDGW[XD 
( Bz5K" >Vz& 

• Ft= µMzµ EBGµ[B= B} µMD 2zKD KMDzG" < " XB=K[5DGD5 XB=XD=µGzµD5 zµ µMD µBE B} µMD 
KµGFXµFGD& 

• h ' BWDGz88 µM[X7=DKK B} + D+ 2DG 

• hx ' MD[/ Mµ [= feet (m) above µMD 2zKD µB 8DWD8 ["= BG « GDKEDXµ[WD8?& 

• Iw ' [+ EBGµz=XD }zXµBG / [WD= [= table 16-K. 

• 4 ' + B+ D=µ B} [=DGµ[z B} KDXµ[B= GDK[Kµ[=/ D«µDG=z88? zEE8[D5 }zXµBGD5 8Bz5K& 

C4 



• Ln ' 8D=/µM B} X8DzG KEz= [= 8B=/ 5[GDXµ[B= B} µOB, Oz? XB=KµGFXµ[B=" 

+ DzKFGD5 }zXD,µB,}zXD B} KFEEBGµK [= K8z2K O[µMBFµ 2Dz+ K z=5 }zXD µB }zXD B} 

2Dz+ BG BµMDG KFEEBGµK [= BµMDG XzKDK& 

• LL= 8[WD 8Bz5K& 

• Ld ' 5DWD8BE+ D=µ 8D=/µM& 

• Lw ' 8D=/µM B} Oz88& 

• M ' 2D=5[=/ + B+ D=µ& 

• Mu ' }zXµBGD5 + B+ D=µ zµ KDXµ[B=& 

• Mn ' =B+ [=z8 + B+ D=µ& 

• P ' 5DK[/ = O[=5 EGDKKFGD& 

• Pu ' }zXµBGD5 z«[z8 8Bz5 

• Pn ' =B+ [=z8 z«[z8 8Bz5 

• qs ' O[=5 Kµz/= zµ[B= EGDKKFGD zµ µMD Kµz=5zG5 MD[/ Mµ B} f f }DDµ& 

• R ' =F+ DG[Xz8 XBD}}[X[D=µ B} µMD [=MDGD=µ BWDG KµGD=/µM z=5 / 8B2z8 5FXµ[8[µ? 

XzEzX[µ? B}8zµDGz8,BWDG }BGXD K?KµD+ K" KDµ [= µz28DK 1s ,3 BG 1s ,V& 

• S ' bEzX[=/ B} KMDzG BG [= 5[GDXµ[B= EzGz88D8 µB 8B=/ [µF5[=z8 GD[=}BGXD+ D=µ& 

• w ' D8zKµ[X }F=5z+ D=µz8 EDG[B5 B} W[2Gzµ[B=" [= KDXB=5K" B} µMD KµGFXµFGD in µMD 

5[GDXµ[B= F=5DG XB=K[5DGzµ[B=& 

• V ' µMD µBµz8 5DK[/ = 8zµDGz8 }BGXD BG KMDzG zµ µMD 2zKD / [WD= 2? }BG+F8z tf S,a• 
tf S,e•" tf S,s •& 

• VC ' =B+ [=z8 KMDzG KµGD=/µM EGBW[5D5 2? XB=XGDµD& 

• Vn ' =B+ [=z8 KMDzG KµGDKK& 

o Vs=nominal shear strength provided by shear reinforcement. 

• Vu= }zXµBGD5 KMDzG }BGXD zµ KDXµ[B=& 

• WC ' OD[/ Mµ B} XB=XGDµD& t) /i + 3). 

• W ' O[5µM B} 2Dz+ BG G[2& 

• Wu= }zXµBGD5 8Bz5 EDG F=[µ zGDz& 

• <I>= KµGD=/µM GD5FXµ[B= }zXµBG& 
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Chapter Four 
Structural Analysis and Design 

4.1 Introduction 

In This Project, all of the design calculations for all structural members would be

made upon the structural system which chosen in the previous chapter.

So, In This Project, there are two types of slabs: one-way ribbed slabs and one way

solid slab and other type that may be using through the final project. They would be

analyzed and designed by the aid of al -"ATIR- Software" to find the internal

forces, deflections and moments.

The design procedure started from the top to the bottom of structure, so, numbers

were being given to each member to simplifying and classifying these members.

The key plans for each level which show the keys for each member can be shown in

the Figures in appendix "B", and then the calculation started step by step from the

roof to the foundation.
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4.2 Determination of thickness:

1- Determination of thickness for one way rib slab:

The main loads acting on the structure are dead & live loads. Dead Load is

calculated based on the density for each material used in the slab; the value of the

load depends on the structure type and the intended use.

The overall depth must satisfy ACI Table 9.5.a:

For rib (R 9) in the base floor, as shown in fig (4.1)

(simply support) 

Span (I):

h min = L / I 8.5 for exterior span

h min = 450 / 18.5 = 24.32 cm

Span (2):

h min = L / I 8.5 for exterior span

h min= 470 / 18.5 = 25.4 cm

:. Use an overall depth of 32 cm (with 24 cm blocks). 
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!bl/ ls 2.710° 0.467.05 10 
lb2/ls 2.710° 0.4

67.0510' 

a,+a, 0.4+0.#_9.4 
a111 2 2

/3 = La =_!_!2_= 1.07
Lb 10.93

1,(0.8 + FY /1500) 
h,,, 

36 +5Ba, -0.2) 
ACI-318-02(Eq: 9-12)

h
111 

10.9(0.8+420/1500) 0_3lm
36 + 5 * 1.07(0.4-0.2)

We select from one and two way rib slab, the thickness rib slab =32cm.

3- Design of one way rib slab: 

2 
1 2 

C is = A 

A A 0.4 4.1 0.4 4.3 
4.5 

4.7 
52. ~· 3 

12. 
A A 

Fig. (4-1): Spans Lengths of R9 (base).
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2- Determination of thickness for two way rib slab:

.se co 
C)

C)

"i"" 
U 
Do 

0.2 0.12 0,2 

y=--- 

Yrib 
( 0.12 * 0.32 * 0.32/2) +(2 0.2 * 0.04 * 0.08) 7.424 * 10-3

(0.12*0.32+0.2*2*0.08) = 70.4*10-3 =0.105m =I0.5cm 

o  3
0.105° 0.52=----- 

3
0.4*0.0253 + 0.2153 *0.12

3 3 
5.9610'm?/b 

5.9610 
0.52 * 5.85 = 67.05 * 10'm 4 

bh? 1 
Ib1== 0,70.32° =210° + 12 12 · · - m 

bh? 1 
Ib2==- 0,70.32°=210° + 12 12 · · - m 

lslah 
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!bl/ Is 
2.710° 0.467.0510 

Ib2/Is 2.710 0.467.0510 

a,+a, 0.4+0.#_9.4 
&, 2 2 

1,(0.8 + F, /1500) 
hm=------ 

36 + 5/3(a111 -0.2)

,, 10.9(0.8+420/1500) _, 31 
" 36+51.07(0.4-0.2) 

We select from one and two way rib slab, the thickness rib slab =32cm.

ACI-318-02(Eq: 9-12)

3- Design of one way rib slab: 

2 3 
2 

C:--------:----.=====================: ===========
0.4 4.1 0.4 4.3 0.4 

4.5 
4.7 

52. 

I.7 
" LI 

12. 

Fig. (4-1 ): Spans Lengths of R9 (base).
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• Live load: 
2

Service Live load = 5 KN/m
Service Live load per meter rib = 5(0.52) =2.6 KN/m 

• Dead load of the slab: 
Coarse Sand Fill = (0.1)(0.52)(18) =.93 KN/m of the rib.

Tile= (0.03)(0.52)(23) =.36 KN/m of the rib.

Concrete Rib= (0.24) (0.12) (25) =0.72 KN/m of the rib.

Block= (0.24)(0.40)(10) = 0.86 KN/m of the rib.

Topping= (0.08) (0.52)(25) = 1.04 KN/m of the rib.

Plaster= (0.02)(0.52)(22) = 0.23 KN/m of the rib.

• Total service Dead Load =0.93 +0.36 + 0.72 + 0.86 + 1.04 + 0.23

• Total service Dead Load ~ 4.14 KN/m 

• Total Factored load= 1.2(4.14) + 1.6(2.6) = 9.13 KN/m

4- Topping Design: 
Live load = 5 KN/m 2

Dead load of the topping: 

Sand +Tiles =2 KN/ m 2 •

Topping =0.08*25= 2 KN/ m. 
O CBo -@g.2@39=-2.16 yz»i, 

Plastering= 0.02*22 = 0.44 KN/ m.

4.3 Dead load= 2+2.16+.44+ =4.6 KN/ m 2 

W, =1.2 (4.6)+ 1.6 (5) =13.52 KN/mn 

Assume the slab is fixed at support points (ribs):

«4] 
/ 
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• Live load: 

Service Live load = 5 KN/m 
Service Live load per meter rib = 5(0.52) =2.6 KN/m 

• Dead load of the slab: 
Coarse Sand Fill= (0.1)(0.52)(18) = .93 KN/m of the rib.

Tile= (0.03)(0.52)(23) = .36 KN/m of the rib.

Concrete Rib = (0.24) (0.12) (25) =0.72 KN/m of the rib. 
Block= (0.24)(0.40)(10) = 0.86 KN/m of the rib.

Topping= (0.08) (0.52)(25) = 1.04 KN/m of the rib.

Plaster= (0.02)(0.52)(22) = 0.23 KN/m of the rib.

• Total service Dead Load =0.93 +0.36 + 0.72 + 0.86 + 1.04 + 0.23

• Total service Dead Load= 4.14 KN/m 
• Total Factored load= 1.2(4.14) + 1.6(2.6) = 9.13 KN/m

4- Topping Design: 

Live load = 5 KN/m 2

Dead load of the topping: 

Sand + Tiles =2 KN/ m 2 
• 

Topping =0.08*25= 2 KN/ m 2 •

Block =0.24 *9 = 2.16 KN/ m 2 •

Plastering = 0.02*22 = 0.44 KN/ m.

4.3 Dead load= 2+2.16+.44+ =4.6 KN/ m 2

W, =1.2(4.6)+ 1.6 (5) =13.52 KN/m 

Assume the slab is fixed at support points (ribs):

f;"] 
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-[PE®']-o.1s N» For 1 m wide su 

fc' = 0.8 fc'(cupic) =0.830 = 24 

,_bh_1.0x(0.08 .9.90107m' 
6 6 

Mn = 0.42\ffe' s =0.42 * ✓'24 * 0.00107 = 2.45kn .m 

<I> Mn= 0.55*2.45= 1.35 kn.m

D =0.55 for plain concrete.

pMn = 1.35 KN.m> Mu=0.18 KN.m

So reinforcement is not required.

:. Provide Shrinkage & Temperature Reinforcement:

For fy = 420 MPa, p = (0.0018) 
According to ACI (7.12.2.1): 

As=0.0018(1009(8)=1.44 cm/m 

• Use <I> 8@ 30 cm on center both ways.

As Provided= 1.67 cm /m 

5- Design of shear topping: 

qul 13.520.4 · 
/'g=====Q]kn 2 2 . . 

·-sf s's] =2 7, [(0.049(1000) = 24.5KN 
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Category (2):

0.524.5KN =12.35>V» = 2.7KN 0.5W= « · 
:. No shear reinforced is required.

6- Design for Positive Moment: 

Moments: spans 1 to 2 

3.6 

16.5 18.3 

1.8 2.7 2.82 1.88 

Fig (4-2) moment envelope of (R9) 

Effective Flange width (b, ) according to ACI 8.10.2: 

b For T- section is the smallest of:E 

L / 4 = 642 / 4 = 160 cm

b + 16 t = 12 + 16 (8) = 140 cmw

C/C spacing = 52 cm

..b,= 52 cm= 52 cm. 

Use Mu max for all spans= 26.5 KN.m

Mn= Mu/ <D = 26.5/ 0.9 = 29.4 KN.m

• Check of section behavior: If the section behaves as a rectangular or T 
section (if (a) is less or greater than thickness of flange). 
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Category (2):

0.5¢% = 0.524.5KN =12.35 >V% = 2.7KN 

:. No shear reinforced is required.

6- Design for Positive Moment: 

Moments: spans 1 to 2 
-26.4 

-20.9 -20.8 

3.4 3.6 

16.5 18.3 

1.8 2.7 2.82 1.88 

Fig ( 4-2) moment envelope of (R9) 

Effective Flange width (b, ) according to ACI 8.10.2: 

b For T- section is the smallest of:E

L / 4 = 642 / 4 = 160 cm

b + 16t = 12 + 16(8)= 140cmw

CIC spacing = 52 cm

..b,= 52 cm= 52 cm. 

Use Mu max for all spans= 26.5 KN.m

Mn= Mu/ D = 26.5/ 0.9 = 29.4 KN.m

• Check of section behavior: If the section behaves as a rectangular or T 
section (if (a) is less or greater than thickness of flange).
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For a=t= 8 cm

C=0.85xf'xbst 
= 0.85x24x0.52x0.08x 1 000 
=848.64KN

d =h- Cover - d/2 = 32 - 2-2/2= 29 cm

Mn available = T or C (d--0.5 a)

= 848.64 (29-(8/2)) / 100 
= 212.16 KN.m

Mn available= 212.16 KN.m > Mn required= 29.4 KN.m

:. Design the section as a rectangular section with b,= 52 cm.

a. _NE g,oa>' a Smin - 
4
(fy) . W . - fy (bw )( ) (ACl-10.5.1) 

(4 1.4 
=

4
x
420

x12x29~
420

x12x29

Asmin= 1 ~ 1.16 cm
2

2
• Asmin = 1.16 cm
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Span (1): 

Mu = 16.5KN.m 

m= fy . = 420 =20.58
0.85fc' 0.85 X 24

Mn _ 16.5 X 1 0-
3

2 - 0 .4 2 Mp a Rn=-- obd? 0.9x0.52x(0.29) 

±] 
1 ( ,---2-x_2_0_. 5----:g=-x---=o=-.--=-4 2=--] = O . 0 0 1

= 20.ss '> 1- 420 

As = 0.001 (52) (29) = 1.51 cm2 > A smin = 1.16 cm2 

o Use 2 410. 

Span (2): 

Mu= 18.3 KN.m

fy 420m== =29.58 
0.85fc' 0.85x 24 

Rn= Mn _ 18.3x10° .=0.465 Mpa 
6bd? 0.9x0.52%(0.29)° 

=fi-°l 
= 1 (l- / 1_ 2x20.58x0.465 ]-20.58 '/ 420 -0.00112

As = 0.00112 (52) (29) = 1.7 cm2 > Asmin =1.16 cm? 

• Use 2 412. 
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7- Design for Negative Moment: 
Design of T-section for negative moment done as rectangular section with (b=bw)

The minimum reinforcement is determined according to ACI (10-5.2) as follows:

b=bw=l2cm.

Support (2): 
Mu= 26.4 KN.m

m=20.58

R,-.Mn 26.4»10° 
obd? 0.9x0.12x(0.29)° 

£- =] 
=-l -(1- l _ 2x20.58x2.9 )-

20.58 420 I=0.0075 

As= (0.0075) (12) (29) = 2.61 cm®> As min= 1.164 cm? 

2.9 M pa 

Use 2414 
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8- Design of Shear :

Shear 

Vumax=57.3kN.at face of interior support (3)

<I> v. = 0.75 .J7j' bd =0. 75 ~ (0.12)(0.29)(1000) = 21.3KN 

.26.3 -28.3 
.47 4 -19.A 

Fig. (4-3): Shear envelope for rib(R9)

Category (3):

w..4-0.120.291000 = 21.31+8.7 <V% =57.3KN <..¢±240.120.291000= 
3 3

S <D/A 

S <29/2=14.Scm.

S<60

• Use IO @ 10 cm.
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Dee 10@10 

(2) 2¢10 
8 8y , 
v 52 V 
II II 
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9- Design of two way rib slab: 

s the loads?' 

• Live load: 
Service Live load = 5 KN/m

2

Service Live load per meter rib= 5(0.52) =2.6 KN/m 

• Dead load of the slab: 
Coarse Sand Fill= (0.1)(0.52)(18)(0.52) = .487 KN/m of the rib.

Tile= (0.03)(0.52)(0.52)(23) = .187 KN/m of the rib.

Concrete Rib = (0.24) ((0.12.52+(0.120.2)2) (25) =0.662 KN/m of the rib. 
Block= (0.2)(0.2)(4)(0.24)(9) = 0.346 KN/m of the rib.

Topping= (0.08) (0.52)(25)(0.52) = 0.541 KN/m of the rib.

Plaster= (0.02)(0.52)(22)(0.52) = 0.119 KN/m of the rib.

• Total service Dead Load =2.34 KN/m of the rib

• Total service Dead Load= 2.34/0.52 =4.5 KN/m. 
• Total Factored load= 1.2(4.5) + 1.6(2.6) = 9.6KN/m?. 

10- determine the value of moment and shear :

By table of the two way to determine the value of moment and shear :

Lx=6.4m.

~ = 8.4 = 1.3
l, 6.4 

Ly=8.4m.

67 



quL,° 
k, 

9.86.4° 
M FX - 22.4

M _9.8+6.4° 
FY 51.8 

17.92KN .M 

7.7KNM 

M -9·8*6.4
2
=414KNM 

SX - ' 9.7
quL, 
k,, 

9.8*6.4 = 25KN 
2.5

r _9.86.4 36KN 
AY 2.4

11- Design of positive reinforcement: 
(Design in X-direction) 
M, = 17.92KN .m 

M, = 1.165*17.92 = 20.88KN .m 

4.3.3.1 determine BE :

BE = Lx = 6.4 = 1.6
4 4 

BE =b, +161 = 0.12+(160.08) = 1.4 
BE <Lc =0.52 
:.BE =0.52 

Check if a<<t

Assume a= t

C =0.85*fc'*t *be 

= .85 24 * 80 250 = 848.6KN. 
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t 
Mn =Cd-,) 
= 848.6 * (290- 80 / 2)
= 212.15KN. 

¢Mn= 0.9*212.15 = 1912:Mu=20.88 kn.m

a <<t :. design as rectangular section.

Mn = Mu = 20.88 = 23.2KN .M 
h 0.9 

fy 420m=--=---=20.58
0.85/c' 0.85x24

Rn= Mn
6bd 

23.2x 10° 
0.52(0.29)° 0.53 Mpa

t{ +) 
= I (I-/ I- 2x20.58x0.53 J- 20.58 y 420 -0.0013

As = 0.0013*29*52 =1.93 cm2 

Use 2 <1>12 

Design in Y-direction: 

MFy =7.7KN.m 

M,, =1.1057.7= 8.5KN .m 

Mu 8.5
Mn=,,j ,,5=945KN M 
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fy 420m= = =20.58 
0.85fc' 0.85x24 

.'-] 
_ I ( ✓~--2-x_2_0_. 5-8-x--:0:-.=--2 2-:::-J = 0 . 0 0 0 5 3
--- 1- I------- 

20.58 420

As = 0.00053*29*52 =0.8cm2 

As shrinkage= .0018*52*32 =3 cm? 
As= 3 cm2• 

Use 2 414 

12- Design of negative reinforcement

M,=41.41.165 = 48.23kn.m 

Mn = Mu _48.23_ 53.59KN M 
¢ 0.9

m= h _ 4202 20.58 
0.85/c' 0.85x24

Rn Mn_ 48.23x10° 
6bd? 0.12x(0.29)° 5 .3 Mpa

={ sF; 
= I (I-/ 1_ 2x20.58x5.3 J-

20.58 '/ 420 =0.0149 

As = 0.0149*29*12 =5.2 cm2 

Use 2 4020 
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13- Design of Shear: 

[ffeJ - (ffi]co.12)co.29)(1000)=2I.3KN<I>V = o 75 - bd - 0.75 6C • 6

Category (2):

,I,* I* 0 12*0 29*1000 == 21.3+8.7 == 30¢Ve== 21.31 <W% = 26KN <W'-"7' ' · 

S <D/4 
S :S29/2=14.5cm.

S <60 
Use 8@ 15 cm.

□□□□□□□□DDS □□□□□□□□□□□□□□□□□□□□□~ 
TL]gl ca □□□□□□□□□□~ [ILL]ls 
UBL_L_if » □□□□□□□□□□□
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4.3 Design of a Beam 

1. Calculation of thickness and dimensions: 

• Determination of beam thickness:

Span (I): 
h min = L / 16 for simply support .

h min= 500 I I 6 = 31.25 cm

:. Use an overall depth of 32 cm (with 24 cm blocks). 
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:. (B32)in first level: Design of Beam 

0.4 

2 

1 : 
0.4 4.6 

5 

70. 

32CJ., 
30. 

Fig. (4.4) spans length ofBeam (32)

== --------- 2.5 109.3 
I 2.5 

Fig. (4.5) Moment diagram ofBeam (32) (kN.m)

Shear 

.69.4 65. 

Fig. (4.6)Shear diagram ofBeam (32)(KN). 
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iti; moment: 2- Design for positive 

b - 70cm b = 30cm' h = 62cm ,TJ = 32cm 
J - ' ll'

a =62-4-1-1-±? =4.75cm 

Mu= 109.3 KN .m

_Mu = 109.3 = 121.4 KN .m
Mn-~ 0.9

Assume that T, =a 

Mn, =0.85f,b, h, (@-h, /2) 

= 0.85*24*0.7*0.32 (0.5475-0.16) 10° 
= 1770 KN.m

Mu <Mn, 
<I> 

>> Section behaves as a rectangular.

Mn Rn=- b a? 

Rn = 121.410° _ 0.6 Mpa
700(547.5)° 

m = fy = 420 = 20.58
0.85 * Jc' 0.8524 

p ~ _I_ (I _ ✓I _ 2mRn ) 
m fy 

Ip=--(1- 
20.58

2(20.58)(0.6)) = 0.0015
420

A req = p * b d = 0.0015 * 70 54.75 = 5.75cm2 

Use <I> 20 >>#of bar= 5·75 = 1.83.14

Then we select (2) bar <I> 20
As provided= 23.14 = 6.3cm? 

' illllllllll»{ sis@@,ass&bh 2.all,ill»»»ab 
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3- Check for yielding in bottom 

Tension = Compression:

A,fy =0.85fc'b a 
2314420 = 0.8524 700a 
a= 0.185m = 18.5mm 

a 18.5x =-=-=21.73mm 
B, 0.85 

6 
= 547.5-21.73*0.003

s 21.73
s. =0.07 > 0.005->ok s 

And not least than 0.004 >>> singly reinforcement.

As . = ffe (bw )(d)~ l.4 (bw )(d) (ACI -10.5.1)
mm 4(fy) fy 

«.-3#, esoessre ],, ors+rs) 
As min= 4.78cm2 

~ 5.5cm 2 ......... the larger is control 

As min = 5.5cm 2

As required = 5.75cm > As min = 5.5cm >ok 

4 - Design shear of Beam: 

Vu=69.4KN

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

424 = 0.75, 30 54.75100/1000 

= 100.6 KN

(From shear Envelope)

<I> Ve> Vu (100.6 > 69.4)

Minimum reinforcement is required for beams 

a, Bgs mm v = ---"--
3 *f Y 
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Select <I> 10 with two legs .

S: spacing stiruups

n(l 
. A =2legs 

v 4 

A, =1.6cm. 

Select (I) 10/25 cm

S = d/2 = 54.75/2 = 27.375 cm.

S <60 cm. 
Use S = 25 cm Then we use <I> 10@25 cm 

#10@25 
('== 200 

66 

26 
#1 0@25 

4 C:.=180 
7 
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4.4 Design of Column : 

1. Design of short column: 

Designing the cross sectional area of the column will give small dimensions which are

not practically executed, so a (50cm x 50cm) cross sectional area column is suitable

for this interior column!

Pu= 1.2 DL + 1.6 LL
= 3000 KN 

Pn req = Pu/ Cl> (where D = 0.65 -------- ACI9.3.2.2) 

= 3000/0.65 = 4615.4 KN 

Use p=p,=1 % and Ag= 2500 cm?. 

Pn = 0.8 {0.85 fc' (Ag-Ast)+ fy Ast}-------ACI Code 10.3.6.2

=0.8 Ag {0.85 fe'+ p g (fy- 0.85(fc' ))} = 0.8 (2500) {0.85 (2.4) + 0.01 (42.0- 0.85(2.4))}

Pn = 4879.2 KN. 

Pn available= 4879.2 KN > Pn req = 4615.4 KN 

:. ~e dimension of the column is sufficient for carrying the loads (as d
previously). 3assume 

2. Design of reinforcement: 

Using pmin=0.01

Ast req = (0.01) (2500) = 25 cm? 

• Use 10@20 

3. Slenderness effect: 

• Check of slenderness ratio ' Klu
r
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Ml
( Klu ) ~ (34-12 ) M2 )

r
~ 40

ACI 10.12.2 

Where:
Lu: Actual unsupported length. (Ml/M2) ===l
k: effective length factor (K= I for braced frame). 

R: radius of gyration = ff =0.3*h.

I= bh3/J2 =50(50)3/12 = 520833 cm" 

A= 50*50 = 2500 cm 
r = 0.3*0.5=0.15

Klu I x 3 m = 20 ~ 34 -12 * 1
r 0.15

4. Lateral Ties Selection:

For <I> 10 mm ties: according

S<16d,=(1682)=30cm ...use 
<48d,= (48x1.0) = 48cm 
<smaller dimension of the column= 50cm

• Use<!> 10 tie @ 25 cm.

~ ®I 'e 
25 

ACI 7.10.5.2

4 1020 

010@25/L=8g 
0

30 7 

lf) 
(\J lf) u 

30 

D10@25/L =12 4 
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5. Design of long column: 

1 n will give small dimensions which are
mnal area of the co um

Designing the cross sectio ) ross sectional area column is suitable
d (25cm x 30cm c

not practically execute ' so a

for this interior column!

Pu = 1.2 DL +1.6 LL 
= 700 KN 

Pn req = Pu/ <I>
= 700/0.65 = 1077 KN 

(where D = 0.65 -------- ACI 9.3.2.2)

Use p=p, = 1 % and Ag = 750 cm?. 

Pn = 0.8 {0.85 fe' (Ag= Ast)+ fy Ast}------- ACI Code 10.3.6.2

=0.8Ag {0.85 fc'+ p g(fy-0.85(fc'))}

= 0.8 (750) {0.85 (2.4) + 0.01 (42.0- 0.85(2.4))} 
Pn = 1464 KN. 

Pn available= 1464 KN > Pn req = 1077 KN

•. The dimension of the column is sufficient for carrying the loads (as assumed

previously).

Pn max = 1077 /(0.8) = 1346 KN

Pncmax) =Ag[ 0.85(fc') +pg (fy-0.85*fc')] (For minimum eccentricity).

1346 KN =Ag[ 0.85(2.4) +0.01 (42-0.85*2.4)]

Required Ag =552 cm, 
Try 25cm30cm.=750 cm 

K =I 
KL 
r 

1*3 40>34-15, 
0.3*.25 M 

2
:.Long Column. 

EI 0.4.4, 
1+B, 

EI=0.4 0.3 * (9.2s)', 
1 +750,/24/1+0.4=2.6MN ,° 
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'EI r? 2.9_9,85MN . 
"(ka )2 == (1 *3)2

cm ~o.6+0.4(i}o.6
ACJ(I0.12.3) Cm >1 .

6,= 1-(P. /0.75P,) - 
__o.-=6__-1.13

1 6, 
l 0.75 * 2.85

,=0.010 
As =750mm2 

check hP,> P,, 
Try 8¢16

6P,-0.65{0.8\[0.85/,'(4,-4,)+5,4.]} 
=0.65{0.8['0.85 * 24(0.25 * 0.3-1608.5 * 10-6) +420* 1608.5 * 1 o-6]}
=l.13MN >0.7MN OK 

6.Design Of The Tie Reinforcement: 

Spacing < 16d, (Longitudinal bar diameter)=} 6* l .6=25.5cm

48d, (tie bar diameter)= 48* l .0=48cm.

Least dimension=25cm

Use 010 ties@25cm spacing. 

The design column is shown in Fig.(4-14), 
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4 8¢16 

30 

~ 

=! 
20 

¢10@25/L=78 

7 
15 

20 

¢10@25/L =84 
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4.5 Design of Isolated Footing (Footing F2) 

e Total factored load = 1000 KN. 

• Soil weighting = 17 KN/m. 
• Allowable soil pressure = 500 KN/m? 
• Column dimensions =30 cm x 25 cm. 

1. Bearing pressure design: 

Estimate footing to be about 40 cm thick in addition to about 10 cm of blinding

concrete and let the base elevation to be 80 cm.

• Footing Weight= 0.5 m (25 KN/m3
) = 12.5 KN/m?. 

• Overburden Weight= 0.3 m (17 KN/m3) = 5.1 KN/m?. 

P net= 500- 12.5-5.1 = 482.4 KN/m. 

Required area (A)= Total Weight/ Net Soil Pressure

= 1000 KN / 1.4 (482.4) KN/m? 

=1.48 m 
Use ...... L=1.25m,B=1.25m, A=1.56 m?. 

2. Thickness of the footing design: 

Pu= 1000 KN.

P net (factored) = 1000 KN / 1.56 m?= 641 KN/» \2 m.

• One way shear: 
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0.75( _!_)(,/24 x I O)(J25)(d) ;,: 6.41 (125)(30 - d)

6
765.5 d = 24037.5 - 801.25 d 

:. d=20 cm 

Total depth h =20 cm + 8 cm (cover) + 2 cm ( <l> of reinforcing bars)= 30 cm 

Minimum h (practically executed)== 40.0 cm.

:. d=40.0 - 8 - 2 =30.0 cm 

• Two way shear: 

V,=P,,«[(B)(A) - (a+d)(b+d)] 

V, =6.41 [(125%125) - (55x60)]10/1000 

V, = 790 

The punching shear strength is the smallest of:

·-l'- # 

Where:

/Jc= long side of the column
short side of the column

= 30/25 = 1.2

b -p . o - enmeter of ..critical sectio= 2 [ n taken at (d/2
- (30+30) + (25+30)] ) from the loaded area

-230.0 cm.

a.s = 40 (for int .enor column) 
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I( a v.=-yf.b, 
C 3 

use

00 =l 115.5 KN 
V === 0.33(J24 )(2300)(300)/10

<I>CVC === 0.75 X 1115.5 === 837 KN

@oV, =837> V,= 790 

. : 10 cm as a blinding concrete
t tal depth in addition to. Use 40 cm as a 0 

3. Dowels design: 

pPn=4(0.85fc')Ag > Pu 

<I>Pn=0.65(0.85x ~~ )(25x30) = 1036 KN> 1000 KN

Dowels are not required for load transfer.

:. Use the minimum dowels area,

As min= 0.005 x (25 x 30) = 3.75 cm2

Use 4 <I> 12 dowels with A = 4.5 cm 2
s 

The <I> 12 dowels must be developed above and below the base of the colum
of footing), as below:

• Development Length (L,): 

Ld for D 12: 

L, 420 
=-Xd, = 4/24 ' 420 

4,5,2 =25.7 cm > 0.044 (ab) (fy) = 22 cm
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-37 '6 B, 

•. use 

V = 0.33(✓24)(2300)(300)/1000 =1115.5 KN
C 

<I>V = 0 75x1115.5 = 837 KNC • 

<I> V = 83 7 > V = 790
C U

:. Use 40 cm as a total depth in addition to 10 cm as a blinding concrete

3. Dowels design: 

<I>Pn=<I>(0.85fc')Ag > Pu

<I>Pn=0.65(0.85x 24 )(25x30) = 1036 KN> 1000 KN
10

Dowels are not required for load transfer.

.:. Use the minimum dowels area,

As min= 0.005 x (25 x 30) = 3.75 cm2

Use 4 <I> 12 dowels with As = 4.5 cm 2 

The <I> 12 dowels must be developed above and below the base of the column (to face
of footing), as below:

• Development Length (L, ): 

Ld for <I> 12:

• 420., 
4/54 "® 

420
46,7'2 =25.7cm> 0.044 (@) (fy)= 22 cm 
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:.L, =25.7cm = 30 cm. b d {=40- 8(cover) - 2(1.2) (footing bars)= 29.6 cm = 30 
Available em e men crn:. OK 

4. Design of Bending Moment: 

The critical section for moment is at the face of the column, the design of th b .¢ endin» 

moment will depend on the larger value of 40 cm (since the column is not square, the

other value is less; 35 cm).

»-[.»«}5,}64¥3] 
fa a.j" "#]as'F "homoo 
={(6.4 1x 125x47.5)x0.5(47.5)} /1 OOOO

=90.4 KN.m

Mn= Mu _90.4<I> - 
0

_
9

=100.44 KN.m

Required Rn = Mn _ 100.44x10° 
bd2 1250x3002 _= .89 MPA

fm= ?' 
0.85f'

C 

= 420
0.85(24) = 20.58

®·r![-{E] 
= 20

1
58 (l - ✓ l- 2(20 .5 8)(0.&9) J 

=0.0021 420 

Required A, = 
s -o.0021x12!5x30 
=7.87 cm? 

85 



. -00018(125)(30)
As mm - · =6.75cm 

. A, = 7.87cm . . s

• Use 7~ 12 
A, =8 cm z (In each way)

s

Development Length ( Ld ):

Category (A), item 2 applies,

Ld for <I> 14:

2.4Baa, =.9,111x1.4 =60cm > 30cm 
24 2/2i 

:.L, = 60 cm.

Available embedment = ( l .2S-0.3) - 7.5 = 40 cm < 60cm
2 

:.extend the bar using a 90° standard hook

Required length of the hook= 60- 32 = 28 cm = 30 cm.

re 47 Id =0.24*-*db =0.24*--*12 =30+7 5-37 5fy 420 = · 
:. select 40cm. 
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"-! L us lru
7oi2 L=1.55 

@20 
I

(- 
r l 

-U, TI)

;= ~ 5 +. ._wi 5! 

I 
I 

I/
/I 

1.85 

.2 

.2 
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4.6 Design of strip footing: 

1- Load Calculation: id 
. - . ht * thickness of wall * 1 m wt e yconcrete 

Weight of wall=he1g 
=== 25* 17.5* 1 *0.3

=131.25 KN/m. 

wa = 1.2(131.25)+1.6(5)= 162 KN/m 

2- Determine the footing width: 
Estimate footing to be about 40 cm thick in addition to about 1 O cm of bl" .indite 

concrete and let the base elevation to be 80 cm.' 
• Footing Weight= 0.5 m (25 KN/m3

) = 12.5 KN/m
2

•

Assume soil pressure = 500 KN/m
2

Net soil pressure =500-(0.5*25).

=490 KN/m2

Footing width = Total Weight/ Net s 1P 01 ressure

= 162 KN/m I I .4 (500) KN/m? 
= 0.257

Use ...... 70 c m width st . ~ . rip footing 

P net = Pu _ 162 area 0.71 230KN / m 2 

Vu -Vi 1 G:;- c =-
6
-vfc'bwd Ve = Vu 

o.7s·!45.4 6 (l00)*I0*d == 180(1-0.3 ) 
d == 0 127 1 d ·} m=sd= 2 
Total thick,, 2.7cm 

ness = 12.7 
Select thick . + 8 +1.6 = 22.6c ness of st . · m 

rip footing = 40 cm, 

88 



t strength: 
t for momefl {nforcemen . 

3- Determine re footing width-wall wzdth 
. ·dth-wall widt!!_) *( 4 ) 

footing WI 
Mu =(Pnet) ( 2 

=162(0.4/2)(0.4/4) 

=3.25 KN.m . 
M. 10° 

II

Required Rn == ¢ * b * d2 

3.25 * 10
6

== 0.05
Required Rn== 0_9 * 1000 * 3042

fy == 420 == 20.58
m = 0.85 * Jc' 0.85 * 24

·!-F 
1 220.5899.05), 0.00012:5 pmin = 0.0018.

p == 20.58 (1 - 1 420

Areq = p * b * d = 0.0018 * 100 * 30.4 = 5.472 cm? 

Use 12 @15 cm 

4- Development length of main reinforcement: 

fy Ld= 7,=@8yd, 
2✓fc' 

For ¢14 bars 

420
Ld = 2✓241 *I *I *1.4

Ld == 60 ~ 30cm 

Available Ld =30 < Requi :d Ld _ire - 60 cm
So a standard hook of (20

cm) must be used to provide Ld.
ld == 0 24 * ffe' * r;;:-;24· db=0.24%¥-, 

fy 420 14==40+7==47cm 
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J bars· 5- Design of dowe s . 2 
. - 012 * JOO* 30.4 == 3.648 cm 

As mine = 0.0 

Use ¢ 12 @25 crn 

La =P-apBz@ 
2✓/c' 

For ¢14 bars 

Ld ==- ~ 1 * 1 * 1 * 1.254 
Ld =51.44 2 30cm 

:. OK 

6- Design for secondary reinforcement: 

As min= 0.0018 * 100* 30 = 5.4 cm 

Use 12 @20 cm 

¢12@25 ~ 

012/15cm

I ?O I 30 I 20 I 
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4.7 Design of Shear wall:

}-Calculation of loads :

, =(DLArea+LLArea.25) 
foronefloor 

W ==(~*1225.44+8.65*98.28) == I0653.6KN. 
forbasement 0.52 

wfi d ==(~*I400+8.65*274.s)=l3574.SKN.
orgroun 0.52 

W fo,j)rsl == ( 4· 14 * 1665 .32+8.65 * 79 .s) = 1401 OKN . 
0.52

w-[]'«ss2vs.ss+79.s]=1Mo1ov . 

W,-[,' soss2s.cs+79.s]=14010xv. 
WTOTAL = 66258KN. 

"..=(N0.,A,7.) 
W ofcolumn = 436 * 150.3 * 0.4 * 24 
WW, =18835.2KN. 

W TOTAL = 66258 + 18835 2=8 · - 5093KN. 

2- Calculation of sh
From Uniform B ear force on "shuilding Cod ear walls" .

e 1997(UBC): ·

v_IC, 
- R*T W 
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"3"z:::::0.3 zone
R=5.5 
I=== I
Ca=0.24 
Cv=0.24 
hn=27.6 
Ct:::::0.0488
Where:Z= seismic zone factor as given in Table 16-I.

R= numerical coefficient representative of the inherent over strength and global
Ductility capacity of lateral force resisting systems, as set forth in Table 16-N or

16-P.

I= importance factor given in Table I 6-K.

Ca= seismic coefficient, as set forth in Table 16-Q.

Ct= numerical coefficient given in Section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the base to Level i no ., r x, respectively.

y _IC, RT W 

WTOTAL = 85093KN. 

T =Co 
T = 0.0488*(15¾') = 0.37 

v 2IC, 
R*T W 

V = l*.24
5.5*0.37 *85093:::: 10035.SKN

F, =0.07+p *V 
F, =0.07*0.37*IOO

35.5 = 260Ky 
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- 
_ -ryw," 

F,=", 
3 ' ;,'1

Wh
ere w w. ~Portion ofW at x,1 ]eve!.

x.' I
h. .h, =Height to x , i level.
x The design shear at any story, , equals the sum of the forces ,tw. *h. ==[(3.8*10653.6)+(7.6*13574.5)+(1 l.4*14010)]

,,, ' ' +(15.2 * 14010) + (19 * 14010)

and abovethat : 

IIJ»,h, =782506KN. 
i=l 

i=I 

f'iiarement = (10035.5-Z60)*10653.6*3.8 
782506

f'iiareme/11 = 506KN . 
F = (10035.5-260)*13574 5*
ground • 7 .6 
F 782506
ground = 1289KN. 
F (10035 5-260fir.;/ = . ) * 1401 0 * 11.4
F 782506
firs, = 1995KN. 
F (10035 5second= • -260)*140l0* 

7 
~_.15.2

F 82506
second = 2660KN . 
F. - (10035 5th11rl - • -260)*14010* 
r 7wss " 

third =3325.4KN . .
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y-rw,h, 
F,I{ :::: 11 S » 

i =l 
Where w,,w, =Portion of W at x, i level.

h. h, =Height to x , i level.
x 1 The design shear at any story, , equals the sum of the forces ,tw. * h === [(3.8*10653.6)+ (7.6*13574.5) +(II .4* 1401 O)]

7a' I +(15.2*14010)+(19*14010) 

and above that story.

n ,, = 782506KN. 
i =l 

(V -F)*w * h I X X 

j =l 

F,,,,00035.5- 260)10653.6 3.8 
782506

~a5ement = 506KN. 
F - (10035.5-260)*13574 5*
ground - • 7 .6 
F 782506
ground = l289KN. 
F - (l 0035.5- 260)fim - * 14010 * 11.4 
F. =1 782506 
n =1995KN 
F _ (10035 5 2second ' - 60) * 140 l 0 *

7
_ 15.2

F 82506
eoa = 2660KN 

F,,,ilti = (10035.5-260)* 14010*19
F. 782506 

thilti = 3325.4KN . .
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ach wall: 
3. Ratio calculation fore

RATIO CALCULATION -NO. OF 
WALL + - 0.207 , -~ 0.196 , 9 -~ 0.195 

3 0.037 } a 
0.078 i--- 5 0.165 -- 6 0.031~ 7 0.0015,------ 8 0.0213 -- 9 0.0012~ 10 ~ 11 0.0214
0.22312
0.39513
0.28314

p 

15 0.0225
16 0.0205
17 0.0226

4- Ratio calculation for wall N0.2 IN X- direction:

F xi= 506x0. l 96 = 99 .17 KN at basement floor.

Fa= 1289x0.196 = 252.6 KN at ground floor.

F s= 1995x0.196 = 391 KN at the first floor.

F.. = 2660x0. l 96 = 521 KN at the second floor

F .= 3325.4x0.196 = 652 KN at the third floor
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376.85 KN.M 

1713.5 KN.M 

4536 KN.M 

9338 KN.M 

4140 KN.M 

2[420NM L L------ 

99.17 
(l) 
(') 

252.6 

(l) 

391 ci 

(l) 

ci 521 

(l) 

ci 
915.75KN 652 

(l) 

ci 

Fig. (4-7) Moment and Shear Diagram of the Shear Wall 

5- Main stairs shears wall design : 

The design shear at any story, V,, equals the sum of the forces , F
I 
and F x abO\-elr.:

story.

Horizontal shear reinforcement spacing shall not exceed:
s_ Avx Fyx d 

Vs 

Where: Vs =Vn- Ve 

S <3h 

S <18 = 450mm 
Note· S mi · 

· mnimum value controls
ph(min) == 0.0025

Vertical shear rein£
orcement spacin

g shall not exceed:
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S <3h 
s <18" = 500mm 
- . . value controls .

Note: S mm1mum h 11 not be less than.
• c. cement s a. I shear rern1orpn ofvert1ca

( 
hw)(ph-0.0025) y = 0.0025+0.512.5-,, pn(mm - • w 

ph(min) == 0.0025

6-Design of shear: 

fy =420MPA 

h=30 cm. Shear wall thickness.

Lw=4.5 m. shear wall width.

Vu= 1915.8 KN.

Vn=l915.8/0.85=2254 KN. 

d=0.8xLw =0.8x4.5 = 3.6 m.
1 ,..

</J Vc=0.75x6x.J24x3600x300=661KN.

h6 Vc+6 V, >V,, 

661+</J V, > 1915.8 
¢ V,=1255 

Av (l)*V 
-- s 
Sreq 0.75*Fy *d 

~= 1255*103

Sreq 0.75*420*3600 == 1.11mm == 0.11cm 

Av Areq > (:Y . s 7', 'in=0.0025j, 
) (ACI 11.8.4)

96 



(ACI 11.8.4) 
A
v Av · ::::0.0025xh) .
req2(1min 

s s

2 1 13 30
_..... o 0904 ~ 0.075 DK 

X • 2: 0.QQ25X - ' 
25

8-Design of Moment: 

• Design as light loaded shear wall. 
So the Vertical reinforcement of (<I> 12@25), will not be considered.

Mu= 14140 KN.m

Mn 14140xl06 

Rn= b xd2 0.9x300x36002 4
Mpa 

I #] 
p=-1-(1- /1 2x20.58x4.0)-

20.58 v 420 - o.o 1

Asreq = 0.01x25x360 = 90 cm? 

As min s/f'«bxd_ 1,4xbxd 
4xf = » f, 

= -✓24. x 250x 3600 I
4x420 ~ .4x250x3600

=26.2cm? > 30 2 420- cm 
:. As min = 30cm? 

• Use 10425 
' s Provided == 96 5. cm? 
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..... (ACI 11.8.4)
Av · ::::0.0025><h) .

Av >(-nun OK
-req- s O 75 IDJil............... . . 
s 1.11mm? 

0 002sx300 ⇒ . I.I 1 2: ·

(
Lw J==~==90cm 

S5: 5 5

,1z(!)I ➔ 3 * 3 0 == 90cm s 5:3h 
ycontrol S ~ 1 g" == 450mm 

• So, use 2<!>12@15cm.

2 
2 Me 52612=2.26cm AV(¢12)=1.13cm r 

Av 
Av_ 2.26 -0 15cm ~ O.l lcm(--) -- Sreq S 15

7-Design of Vertical Reinforcement: 

Minimum Vertical Reinforcement:

hw t thanltc9% 0.0025+0.5(2.5- Lw )(ph-0.0025) nor 0.0025, but need not be grea er

required horizontal shear reinforcement (ACI 11.10.9.4).
ph= Horizontal reinforcement ratio.

(2x(l.13)x IOO)
ph= 15.25,-193 

100x30 - X 

P ,= 0.00254 0 5(2 5 30 ) . . -450 (0.005-0.0025) == 0.0055.
As req =0.0055 x 360x 30= 59. ,> 
As = .4 cm (For Both Faces).2:, =0.0130100 = 30,,a 

cm for both side
• As _ h 30

tEq - 2 -==- 2 === 15cm z 
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) (ACl 11.8.4)

A
v AV · :::=o.002sx h ··················· 
-req 2: c-mtn

s s

113 0 0 
0904 2: 0.075 DK 

2xl.lP > 0.0025x30"" 
25 

8-Design of Moment: 

• Design as light loaded shear wall. 
So the Vertical reinforcement of (@12@25), will not be considered.

Mu= 14140 KN.m

Mn 14140xl06 

'n=- ±gfr b xd2 0.9x300x36002 - Mi a 

!)#] 
p=-l-(1- /1 2x20.58x4.0)

20.sg v 420 = o.o 1

Asreq = 0.01x25x360 = 90 cm 

As min = .Jr: xbxd > 1.4xbxd
4xf -

> f, 
= ✓24x250x3600

4
> l.4x250x3600

x420 ----~~
= 26.2cm 2 > 30 2 420

. A - cm 
. . s min = 30cm? 

• Use 100025 • As provid v1 ed == 96 5· cm2 
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~ 

912/25 ¢12/25 : 3 3 

a10025 I ¢12/25 11
50c

] [ 
I 90 I 

0 ...
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4.8 Design of Basement Wall 

Case A: design against Earth load 

, =18 KN/m3 (Unit weight of the soil)

8 = 30° (Assumption)

H = 3 m (Height ofretaining wall)

K, =0.5 

1. Calculation of loads: 

• Dead load calculation 

e,=yx Hx K 
0 0 

= 18x3x 0.5 = 27 KN/m2

E, = 0.5 x H x e
0 

= 0.5 x 3 x 27= 40.5 KN/m

• Live load calculation

€,=pXK, 

=2x0.5 = 1.0 KN/m2

E, =Hxe op

=3x 1=3.0 K - · Nim (for Im strip)

2. Thickness of th . .e retaining wall: 

L Mb (positive clockwise)

Ax X 3 - 40.5 X I + 3 X 1.5 = 0.0
Ax= 15.0 KN
Bx=28.5 KN

Determination of z ero shear p .omt:

100 

: }

~ 
!

s- 

\< '®»-» 

~ 

- \ 
e 

~ e 

\

I» \ 
!

~ \ 
1 

" 

- 

'. 
P> 

# ®Ag 
~ 



by 

Ax
27 

1.29
X=1.71 

15 

X= 

27 =sz= 9x 
3 X 

15=0.5xxx9x+x 

15 = 4.5x2 +x 

4.5x2 +x-15 = 0.0

- B ±WB?- 4 X AX C 
2xA 

-1±hi?=44.5x-5_].71,, 
X 2x 4.5

:.Z = 9 x 1.71 = 15.39 KN/m2 

L Mx (positive clockwise)

15 x 1.71 - 0.5 x 15.39 x 1.71 x 1.71 x ..!.. - 1 x 1.71 x 1.71 x 0.5 = 16.89 KN.m
3

Mu= 1.6 x Mx = 1.6 x 16.89 = 27.02 KN.m
Use,

p=0.5(pmax) 
p=0.01935 

p= pmax = 0.0097 
Use p 0.01 
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m =20.58
Mu= 27.02 KN.m 
n,..:ill = 30.02 KN.m 
Ra=(f,(1-0.5 m)=3.77 MPa 

[E; [5so.0210 _go mm 
¢/-sis.r/iooo 

If@20 loors are used:

h= {89+. 21))+1(!)) = 179 mm 

:. Use .h = 250 mm. 

3. dlesign of shear:

¢ Vc=0.75x.2.x✓24x300x250=46KN.> V0 

6

:. Use h = 250 mm.

4. Wall Reinforcement: 

• Main reinforcement

d = 250- (20 +70) = 160 mm

Rn= Mn = 30.02x106 
2

bd 1000 * 1602 - 1.17NI mm 

3'- ®] m Fy 

p=-1-(1- /1 2x20.58xl.17J
20.58/ V' 420 == o.002s1 

A, = 0.00287x 1 00x 16=4.6 cm/m 

As min = jf; xbxd > 1 .4xbxd
4xf, f 

y

= ✓24x1ooox160 I 4
4

> · x1ooox160
x420 = 

=4 66 , 420· mm-> 5 "3 '- ·-' mm-

:. As min = 5 33 ,cm/m 
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m = 20.58 

Mu= 27.02 KN.m

Mn= 30.02 KN.m
Rn= (f,(1- 0.5 p m) =3.77 MPa 

~ 30.02xl0
6 

==89 mm
d% yiR '3.77-1oo0 

If 4020 bars are used:
h = (89+20+70)= 179 mm 
:. Use h = 250 mm.

3. design of shear:

,1, Vc=0.75x1-x.J24x300x250=46KN. > V ~ 6 u

:. Use h= 250 mm.

4. Wall Reinforcement: 

• Main reinforcement

d = 250- (20 +70) = 160 mm

Rn= Mn = 30.02x106 

bd 100016° -17N/mm 

ET 
p=-

1-(1- /1 2x20.58xl.17J
20.58\ y' 420 =0.00287 

A4 ° 0.00287x I OOx 16=4 6 3 • cm m

As min == Jr: xbxd > I .4xbxd
4xf - f

y y

= ✓24x lOOOx 160 I 44x426 ·>.-81000x160 
=4.66mm? > 5 33 420

- · mm2

:. As min = 5 33 2• cm /m 
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:. 5.33cm /m 
2 I > Asmm == ·As req =1.3 x 4.6 cm m - 

As selected = 5 .33 cm 
2
/m 
t re reinforcement, 

Check shrinkage and tempera u 
00 25 = 4.5 cm? /m As shrinkage = 0.0018 x 1 x ·

As req =5.33cm /m > As shrinkage =3cm/m 

Asselected =5.33 cm/m 
• Use <ll12 @ 20 cm As prov. = 5.65 cm? /m 

• Secondary Reinforcement

The required secondary reinforcement is equal to shrinkage and temperature
reinforcement.

As shrinkage = 0.0018 x 100 x 25 = 4.5 cm? /m. 

Use <Dl2@ 25 cm As prov.= 4.52 cm? /m 

Case B: design against Water load: 

Y water =IO KN/m3 (Unit weight ofwater)

H = 3 m (Height of retaining wall)

1. Calculation of loads: 

• Deal load calculation

w=yxH 

=10x3 
=30 KN/m2 

W=0.5 x Hx w 
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=0.5x 3x 30 

= 45 KN/m 

he retaining wall: 2. Thickness oft 

}] M (positive clockwise) 

Ax x 3- 40.5 x 1= 0.0 

Ax= 15.0KN
Bx=28.5 KN

Determination of zero shear point:

30 =sz=10 
3 X 

15 = 0.5 XX x 10x 

15 = 5x 
X = 1.73m 

:.Z= 10 x 1.73 = 17.3 KN/m2 

I Mx (positive clockwise)

15x1.73-0.5x17.3x 1.73 1.73% ! = 17.32KN.m 
3

Mu= 1.6 x Mx = 1.6 x 17.32 = 27.68 KN.m
Use,

p= 0.5(pmax)

p= 0.01935

p= pmax =0.0097 
Use p =0.01 
m= 20.58

Mu = 27.68 KN.m 

Mn = 30.76 KN.m 

Rn= p(fy (1-0.5m) = 3.77 Mp, 
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(so 
d re /p 

30.76>< I 06 =82 mm
3,79x 1000 

d: If <1>20 bars are use .

20 +70)= 172 mm h=(82 + 
:. Use h =250 mm.

Wall Reinforcement: 3. 

• Main reinforcement

D=250 - ( 20 + 70)= 160 mm 

Mn 30.76%10"_j.2 N/mm 
Rn ,,7° j9oo-160° 

.#I 
1 ( ~2-x-2-=--0.--:--:58:;-x-;-l ~.2 J = 0.00295

p=~--- l- l 42020.58

=0.00295x 100x 16 = 4.7cm / m Asreq- •

,_fr«d1.4xbxd 
As min. 7F] f, 

✓24 X 1000 X 160 > 1.4 X 1000 X 160
= 4x420 - 420
=4.66mm2 :2'.5.33mm2 

:. As min = 5.33cm/m 

Asreq = 1.3 x 4.7 cm /m> As min= 5.33cm2 Im 

As selected = 5.33 cm / 

Check shrinkage and temperature reinforcement 

Asshrinkage= 0.0018 x 100 x 25 = 4.5 cm
2 
/m

As req = 5.33cm
2 /m> As shrinkage= 4.5 cm2 / m 

As selected= 5.33 cm2/m

• Use <1>12 @20 cm As prov. =5.65 cn? Im 

• Secondary Reinforcement
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The required secondary reinforcement is equal to

shrinkage and temperature reinforcement.

• Use<I>12/ 25 cm 

BASEMENT FLOOR-Level 

2 
co 
0 

0 
0 

0 
Cr') 

p 

0 

¢12/20-V 1 

¢12/25-H 2

1 ¢12/25-V

WATER 1 

30em Slab 

Rocle Layer 
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. f Stairs 4.9 Design O 

3c» 
2cr-, 
6c 
15c n 
2cr 

Fig. ( 4.8): Section in stairs. 

l. calculation of load: 

• Dead load: 

0=tan·1 
( ~ )=26.56°

30

(DL) H - plate= 0.03 x 22 x ., 726 KN/m2.
0.30

(DL) V - plate= 0.03 x 22 x ~ = 0.33 KN/m2.
0.30

(DL) Concrete plat~ (0.1 Sm)(25kN/m') 4.2 kN!m' 
cos26.56 

0.15m
(DL) Steps= ("")x 25kN/m'=1.875 ,,, 

107 



22 === 0.44 KN/m2
(DL) H - mortar=== 0.02 x - 0.22 KN/m2 

15/0.3) x 22 = (DL) V- mortar = 0.02 x (0. .
(DL) Sand =0.06x 16.4 = 0.984KN/m2 

(0.02m(22 kN/m) 9,74kN/m 
(DL) Plaster cos26.56 

Total dead load=== 9.5 KNlm
2 

Factored dead load = 1.2(9.5)= I I.4 KN/m
2
• 

• Live load: 
Live load = 5 KN/m2

• 

Factored live load= 1.6(5)=8 KN/m2. 

Wu= Factored dead load+ Factored live Ioad ..... for 1-m ofthe stair slab.

Wu= 11.4 + 8
Wu= 19.4 KN/m.

2. Design for positive moment:

• Main reinforcement:
Support reaction in stair:

Ay =wax '=19.4x 2] =26.2 KN. 
Using <I> 14 bars

d=15-2-0.7= 12.3 cm. 

Max. Moment by using th h .
Mu= € shear diagram: 

=26.2 x0.4+0.5x1.35 . X26.2 == 28 KN 
Mn =28.0/0. «m . .9=31.11 KN.m

Rn == ~ _ 3 I. I I x 10° 
bd2

- (1000)(123)2 ==2 MPa
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f 420 
Y == 85x24m= 85xf, 0.0. C 

m=20[.58 2mR"] 
I I 1--_ p= f, m 

[
2x20.58x2]

I I- I- 420p = 20.58

p =0.005 

A, =p.b.d s 

Jfu' ~ = 0.003 ~ 0.0033
P min= 4(fy) ~ fy

..p min = 0.0033

0.0033 < 0.005 
2As= 0.005 (I 00)(12.3) = 6.2 cm

~ Use D14 @ 20 cm 

• Secondary reinforcement: 
2 As= 0.0018(15) (100) = 2.7 cm

• Use <1>8 @ 15 cm. 

3. Design of shear: 

1 @V, =0.75''F bd = 0.75--x\/24x1000 123 c 6 6 

DoV_= 75.32 KN >Vu= 25.65 KN (o.k.)

The depth is satisfied for shear requirements.

4. Development length of the bars:
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La--"7, a.pg.yd, 
2,/f2 

For <I> 12 bars:

420 I x 1 x 1 x 1.2Ld= = 
2x/25.5 

Ld =50 cm

5. Landing Design: 

=0.44 KN/m? (DL) mortar= 0.02x 22=. 
(DL) Plate= 0.03x 22 = 0.66 KN/m? 

/
3)=5 50 KN/m2(DL) Concrete plat=(0.22 m)(25KN/m · 

(DL) Plaster =(0.02m)(22 KN/m")=0.44 KN/m? 

Total dead load per 1- m = 7.04 KN/m

Live load= 3.5 KN/m.

Factored dead load= 1.2(7.1) =8.52 KN/m 
Factored live load= 1.6(5)= 8 KN/m2.

Reaction of the step's slab = 26.2 KN/m 

Wu = Factored dead load+ Factored live load+ Reaction ofthe step's slab (for 1-m of 
the stair slab)

Wu = 8.52 + 8 + 26.2

Wu = 42.72 KN/m. 

W xL? 
Mu=" 

8

Ma = 10,1652)' 31,36 KN.» 
8
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Mn= 21.36/0.9 = 23.7 KN.m 

Mn 23.7x 10° 21.6 kg/em? 
Rn ,j7 (1000y123) 
m = 20.58

[
2x20.58xl.6]

p= 20~58 1- I- 420

p =0.004 

A,=p.b.d 

p min .,~ = 0.003 ~ 0.0033
4(fy) fy

0.0033 < 0.004 
2 As= 0.004 (100) (12.3) = 4.92 cm

• Use <!>12@ 20 cm.

6. Shrinkage and Temperature Reinforcement: 

As = 0.0018 (I 00) (15) = 2. 7 cm 2

• Use <I>8@ 15 cm
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project 



Appendix (B)

Structural Drawings

[his appendix is an attachment with this project 
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·r-· __l\i li-n-ii_n_u_n_1_t_b_i_cJ_rn_cs--s-,-l-1 --.-------- -7
L----+---;.~--,/-~B;;:o:-;jth~-7r--~c::· =:--- Simply One antili:,·cr 

end continuous , ends continuous 

I Supported 

Member not supported or attached to partitions or other construction
likely ro bi; damaged by large deflection_S_o_h-'d_O_u_e W_'a_)_' --'------- ! ' ------,, ---------"

Member 

slab 
L/20 L /24 L /28

Beams or ribbed 

one= way slabs 

L/10

L/ 16 L/ 18.5 / L/21

For F, sir atar aoo » ie aw. sins atnan s oar, oo,' 
L ,' 8 

Minimum thickness ofone slab

; = 6oa psi 
®, {0.75 

maximum r .
cimnforcement ratio 




