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Eng.Khleel Karama 
The main idea of this project is to prepare all structural design and executive 

details for a school In Hebron city. 

This building consists of three Stores and it contains all activities required for 

any person. 

This building is a reinforced concrete structure, and it was designed 

according to the ACI-318-08. 

The project contains the structural analysis for vertical and horizontal loads 

and the structural design and details for each member in the project. 
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List of Abbreviations 

o Ac = area of concrete section resisting shear transfer. 
o As = area of non-prestressed tension reinforcement. 

o A,=area of non-prestressed compression reinforcement. 

o Ag = gross area of section. 
o Av= area of shear reinforcement within a distance (S). 

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

cs b = width of compression face of member. 

• bw = web width, or diameter of circular section. 

o C,=compression resultant of concrete section. 

• Cs = compression resultant of compression steel. 

• DL = dead loads. 
o d= distance from extreme compression fiber to centroid of tension 

reinforcement. 
o Ee = modulus of elasticity of concrete. 

o f,=compression strength of concrete. 
• Fy = specified yield strength of non-prestressed reinforcement. 

o 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. 

o M= bending moment. 

• Mu = factored moment at section. 

• Mn = nominal moment. 

o Pn= nominal axial load. 

• Pu= factored axial load 

• S = Spacing of shear or in direction parallel to longitudinal reinforcement. 

• V c = nominal shear strength provided by concrete. 

• Vn = nominal shear stress. 
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• Vs= nominal shear strength provided by shear reinforcement. 

o Vu= factored shear force at section. 

• We= weight of concrete. (Kg/m3
). 

o W = width of beam or rib. 

o Wu = factored load per unit area. 

o fl)= strength reduction factor. 

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

o &,= strain of tension steel. 

o &,=strain of compression steel. 

o p ratio of steel area . 
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Chapter 4 

Structural Analysis & Design 

4 -l Introduction:- 
Concrete is the only major building material that can be delivered to the job site in a plastic 

state. This unique quality makes concrete desirable as a building material because it can be molded to 

virtually any form or shape. 

Concrete used in most construction work is reinforced with steel. When concrete structure 
members must resist extreme tensile stresses, steel supplies the necessary strength. Steel is embedded in 
the concrete in the fonn of a mesh, or roughened or twisted bars. A bond forms between the steel and the 
concrete, and stresses can be transferred between both components. 

In this project, all of design calculation for all structural members would be made upon the 
structural system which was chosen in the previous chapter. 

So, in this project, there are three types of slabs: one way ribbed slab, two way ribbed slab, and 
two way flat slab. They would be analyzed and designed by using finite element method of design, with 
aid of a computer program called "ATIR- Software" to find the internal forces, deflections and moments 
for ribbed slabs and by using the previous program and "STAAD PRO 200A", Etabs, and Safe programs 
to find the internal forces, deflections and moments for One way solid slab, and then handle calculation 
would be made to find the required steel for all members. 

The design strength provided by a member, it is connections to other members, 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. 

NOTE: 
fi' - 2 e *B300 .... c = 30N I mm (MPa) For circular section 

but for rectangular section (Jc'= 30 0.8 = 24MPa). 

o The specified yield strength of the reinforcement {fy = 4¥ • N/mm? (MPa)} 
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4 -2 Factored Loads:- 
Qu = 1.2DL + 1.6L AC! 318 - 08 (9.2.1) 

4 3 Slabs Thickness calculation: 
The overall depth must satisfy ACI Table (9.5.a): 

For rib (Rl), as shown in fig. 
Geo m etry Units:meter.cm 

2 3 4 

2 3 

@ iJ = iJ = C = ~ ~ ~ 
0.5 3.4 0.5 3.6 0.5 4.07 0.5 

I I 3.9 I I 4.1 
I I 4.57 

4 5 6 7 

4 5 6 

: iJ = iJ = iJ 

~ ~ ~ 
0.5 2,76 ,9, 5.T6 I o.s 1 1.9 

I I 
3.26 6.26 2.15 

52. 

-7° 
12, 
A=A 

Fig. ( 4-1) : Spans Length of Rib (Rl ). 

D> From 4C1-318-08 table (9.5a) 

Min h >: 

l_640. 9.345 m 
18.5 18.5 

l=_ = 6.26 = 0.298 
21 21 m 

L_2.15.9.269 m 
8 8 

For Rib (RI), use thickness of slab 35 cm 
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4 -.4 Load Calculation:- 
For the one-way ribbed slabs, the total dead load to be used in the analysis and design is calculated 

as follows: 

• 4.4.1 Calculations of Dead load : 

Material 
Unit weight Thickness 
(KN/m") (cm) 

Tile 23 3 

Mortar 22 2 

Sand 16 7 

Topping slab 25 8 

Hollow block 10 27 

Rib 25 27 

Plastering 22 3 

partition 2KN/m 

Table (4-2) total load calculation for (Rl) 

Tile = 23*0.03*0.52= 0.358 KN/m 
Mortar = 220.020.52= 0.229 KN/m 
Sand = 16*0.07*0.52= 0.582 KN/m 
Topping = 250.080.52= 1.04 KN/m 
Block = 10*0.27*0.4= 1.08 KN/m 
Rib = 25*0.27*0.12= 0.810 KN/m 
Plaster = 22*0.03*0.52= 0.343 KN/m 
Partition = 20.52= 1.04 KN/m 

+ Total dead load =5.467 KN/m/rib 
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·® 4.4.2 Calculations of Live load: 

From Jordanian live loads Table live load for the schools is 5 KN/m?. 

~ Total live load= 5*0.52 = 2.6 KN/m/rib 

4 .-5 Design of Topping : 

·" 4.5.1 Calculation of Dead load 
Tile = 22*0.03*1=0.66 KN/m 
Mortar = 22*0.02*1=0.44KN/m 
Sand = 16*0.07*1=1.12 KN/m 
Topping= 25*0.08*1=2 KN/m 
Partition= 21 =2 KN/m 

D.L tot .. , = 6.22 KN/m 

❖ 4.5.2 Calculation of live load 
L.Ltotal = 5KN/m 

+ Wu= 1.2D.L + 1.6L.L = 1.2*6.22 + 1.6*5 = 15.464 KN/m 

Check DMn> Mu 
w ] 2 15. 646 0 .4 2 

Mu = " = ---- 0 206kN 12 12 = · .m 
Mn = 0.42,/Jes 

bh? 
s= - 

6 
bh? Mn = 0.42,/ye' 
6 

10.08° = 0.42✓24 * ~ *103 = 2.19kN.m 

0=0.55 for plain concrete 
Mn = 0.552.19 = 1.2kN .m 
¢*Mn= 1.2 > Mu = 0.206KN.m. 
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Shrinkage and temperature reinforcement must be provided. 
For the shrinkage and temperature reinforcement: 
p = 0.0018 ACI-318-08 (7.12.2) 

As =p*b*h=0.0018*1000*80=144mnz2 /lm. 

A, (4 8) =50.27mm 
So number of bars =144/50.27 = 2.86 
Spacing= 1000/ (number of bars) =l 000/2.86=349 mm 
Check for max. Spacing 
S=3h=380=240mm......... (Control) 
S=450mm 
S=380(280/£,)-2.5C, =380(280/.667412)-2.520=-337mm 
S=300(280/fs) =300(280/0.667*412) =305.67mm 

4 ..6 Design of Rib ( Rl ):- 

❖ Materials :- 
Concrete B300, Fe'= 0.8*30 = 24 N/mm=24Mpa 
Reinforcement Steel, fy = 420 N/mm = 420 MPa 

Design constant:- 
_b, For T- section is the smallest of the following: 

b,= Ln/4 =2.56/4 =0.64 m 

b, =bw+ 16tr=12+ 16 (8)=1.4 m 

b, = c/c spacing between beams =0. 52 m 
Control 52 cm = 520 mm 

- Requirements For Slab Floor According to 4CI- (318-08). 
bw > 10cm ACI(8.13 .2) 
Select bw=l2cm 
h ~ 3.5*bw ACI(8.13.2) 
Select h=32cm<3.512=42cm 
tf 2: Ln/12 2:50mm ACI(8.13.6. l) 
Select tr= 8cm = 80 mm 
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❖ System:- 
One -way ribbed slab:- 

Geometry Units:meter.cm 

3 4 
2 3 

2 i,l 
iJ iJ = = C = ~ 
~ ~ 

0.5 4.07 o.s 
0.5 3.4 0.5 3.6 I I 

I I I I 4,57 
3,9 4.1 

6 7 
4 5 6 

4 5 i,J 
i,J n = = = ~ ~ ~ 

9s, 2.76 0.5 5.76 ,95, 1.9 
I I 2.15 

3.26 6.26 

52. 7 
12. 
AA 

❖ Loading:- 
By using ATIR { BEAMD) Software we get the envelope moment and shear diagram as following:- 

D.L totaJ = 1.2*5.467 = 6.56 KN/m/rib L.Loa1 1.6*2.6=4.16 KN/m/rib 

Loading 
oa group no. 
Dead load - Service , e .,,.. .,J .,,,... ... 

I I 1 I,5.461 I l l I l El I I 
~ 

I I. l sis I I I ! 3.9 4.1 4.57 

4. 

5.46 5.46 5.46 ., ,. , ., 
I 

., lr ' r 
3.26 6.26 2.15 I 

I 

Live load- Service Load factors: 1.20, 1,2011.60,0.00 

I l I [al I J. ! I I ls] .r I , I I I z.}o .I I I j 3.9 4.4 4.57 

2 0 ,2.60, 
3.26 6.26 2 0 

2.15 
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Mo m en tl Sh ea r En v el o p e (Factored) 

Moments: spans 1 to 

14.4 

-35.1 
-29.3 -28.5 

1/~\~, 
asl 

1.56 2.34 I 2.05 I 2.05 I 
Shear 

-25.5 -23,8 
-19.3 -17,6 

15.3 
26. 

2.51 2.06 [w 1.79 I 3.13 3.43 2.15 
I I 

-35.3 

.25. -29. 
-24.9 

-18.7 -18.8 ./ 

11.4 12.5 
17.6 16.7 / 20.7 18.7 

22.9 26.9 
34.3 

Reactions 

Factored 

H HT I I I I I I H+ HH 

DeadR 10.16 28.66 29.5 22.66 31.66 41.2 

L.ivsB 7.42 19.77 21.25 20.92 27.62 21.91 
MaxR 17.57 48.43 50.75 43.58 59.27 63.41 
MinR 9.19 36.12 37.68 23.12 33.06 51.73 
Service 
Dead® 8.46 23.88 24.58 18.88 26.38 34.33 
L.jive8 4.64 12.36 13.28 13.03 17.26 13.69 
MaxR 13.1 36.24 37.86 31.96 43.64 48.02 
MinR 7.86 28.54 29.69 19.17 27.26 40.91 

Fig.( 4-3) Rib ( Rl) Envelope 

Flexural Design : - 

·e Design for positive Moment for Rib (Rl ):- 

Use Mu max. Positive for span D>Mu= 26 KN.m. 
Determine whether the rib will act as rectangular or T-section: 
assume a= tr= 8 cm= 80 mm 
d = h- cover--dia. ofstirrups-db/2 = 350-20-10-12/2 = 314 mm. 

39 
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Mnf=0.85 f, tr b,(d-t2) 
= 0.85 (24) (80) (520(314- 80/2)10° 

~ Mnf =232.52 KN.m 
DMnf =0,9232.52=209.26 KN.m> Mu =26 kN.m 

~ Rectangular section :- 

Design as a rectangular with b,= 52cm 
As =p.bE .d 

m = fy 
0.85* Jc' 

420 
0.85* 24 

20.58 

R - Mul6_ 2610°/0.9 .0.563 MPa 
b * d2 0.52*(0.314)2 

As= p.be .d = (1.359*10-3 )* (520)* (314) = 221.97 mm?. 

+ Check Minimum Reinforcement A smin... (ACI- 318M-08- (10.5.1)) 

. ffe Asmm=--(bw)(d) 
4(/y) 

As min= l.4 (bw)(d) 
(fy) 

✓?A (120)(314) = 109.87mm2 

4(420) 

= l.4 (120)(314) = 125.6mm2 

420 

D> Then use 2612As; «=125.6".oz l + e 59, ho.·Pl; 

> Check for Strain :- 
Tension= compression 
As fy=0.85 f,ba 
226 . 19 * 420 = 0. 85 * 24 520 a 
a= 8.95mm 
a 8.95 1 c=-=-= 0.53mm 9, 0.85 

(control) 
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~=0.85 fc <28MPa ACI-318M-08(10.2.7.3) 

c,=(@-c)/cxo.005_ 214 -10.53,5 903 = 0.086 
s • 10.53 

&s = 0.086 > 0.005 

❖ Design for Positive Moment Mu = + 15.3 KN.m : 

m= y__ 420 90.58 
0.85 * Jc 0.85 * 24 

Rn= Mu/h _ 15.310°/0.9 03315 Iv1Pa 
b*d2 0.52*(0.314)2 

As= p.be .d = (7.95810 ) (520) (314) = 129.93 mm2
• 

D> Check Minimum Reinforcement A smin... (ACI- 318M-08-(10.5.1)) 

+ A8min= ffe (bw)(d) 
4(.fy) 

1 4 >Aswisfj,ya) 

✓2A (120)(314) = 109.87mm2 

4(420) 

= 1.4 (120)(314) = 125.6mm2 

420 
(control) 

+ Check for Strain : 
Tension= compression 
As * fy = 0.85 * fc * b * a 
157 420 = 0.85 * 24 * 520 * a 
a= 6.21mm 

a 6.21 c=-=-=1.3Imm 
9, 0.85 
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~=0.&5 ..... fe <28Iv1Pa ....... ACI-318M-08(10.2.7.3) 

s,-@-ocxomos- 2]P!yooos = 0.12s 

& = 0.125 > 0.005 
S 

❖ Design for Positive Moment Mu = +8.5 KN.m : 
m = fy , = 420 20.58 

0.85 * Jc 0.85 * 24 

R» uld_ 8,510°/0.9 9.184 MPa 
d? 0.52(0.314)° 

,-3®]-.1f-,f-3-.-·]-4-w p=- 1- 1--- --- 1 1 420 m fy 20 .58 

As = p.be .d = ( 4.410 (520) (314) = 71.85 mm? . 

D> Check Minimum Reinforcement Asmin ... (ACI- 318M-08 - (10.5.1)) 

+ AS min= ffe (bw)(d) 
4(fy) 

D> As a=''(bw)(a)y 
(fy) 

fi4 (120)(314) = 109.87mm2 

4(420) 

= 1.4 (120)(314) = 125.6mm2 

420 
(control) 

D> Check for Strain : 
Tension= compression 
As fy = 0.85 * fe * b * a 
157 420 = 0. 85 * 24 520 a 
a= 6.21mm 

a 6.21 C===],3]mm 9, 0.85 
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~=0.85 ..... f,<28MPa ....... ACI-_318M-08(10.2.7.3) 

314-7.31 03 0.125 s,=(d-c)/cx0.003= 73; %0.0=' 

s, = 0.125 > 0.005 

❖ Design for Positive Moment Mu = +14.4 KN.m : 
m = fy = 420 = 20.58 

0.85 * Jc' 0.85 * 24 

Rn= Mul,jJ _14.410°/0.9 =0.3l2MPa 
bd? 0.52(0.314)° 

-![-£)-.,7 ,2.34-07El],7s ·o p-- 1- 1--- --- 1 1 420 m fy 20 .58 

As = p.be .d = (7.585 10' ) (520)* (314) =123.85 mm? . 

D> Check Minimum Reinforcement Asmin ... (ACI- 318M-08-(10.5.1)) 

+ AS min= ffe (bw)(d) 
4f6/) 

D> As»=-'T(@wya 
(fy) 

'24 aoy14 = 109.87mm2 

4(420) 

= 1.4 (120)(314) = 125.6mm2 

420 
(control) 

D> Check for Strain :- 
Tension = compression 
As * fy = 0.85 * fc * b * a 
157 420 = 0.85 24 520 a 
a= 6.21mm 

a 6.21 
c=-=-=7.3Imm 9, 0.85 
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p=0.85 ..... fc <28I\11Pa ....... ACI-318M-08(10.2.7.3) 

314-7.31 3 0.125 s,=(d-c)/cx0.003= 73; "0.00=9. 

s, = 0.125 > 0.005 

❖ Design for Negative Moment Mu= -29.3 KN.m : 

d = h-cover-dia. ofstirrups-db/2 =350- 20-10- 14/2 = 313 mm. 

❖ Design as a rectangular with b = 12 cm = 120 mm 

m = fy , = 420 - 20.58 
0.85 fc 0.85 * 24 

R, Mul6_ 29.310°/0.9 .9769 MPa 
ba? 0.12 * (0.313)2 

As = p.be .d = ( 7. 11310°) (120)* (313) = 267.18 mm. 

D> Check Minimum Reinforcement Asmin... (ACI- 318M-08- (10.5.1)) 

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

4(fy) 
..fiA (120)(313) = 109.52mm? 
4(420) . 

Asa»-aw@ =[,,82oyxssy =12s.2 
(.fy) (control) 

D> Check for Strain : 
Tension= compression 
As * fy = 0.85 * fc * b * a 
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307 .8 420 =0.85 24 120 a 
a= 52.82mm 

c = .!!._ _s2.82_ 62.14mm 
B, 0.85 

~=0.85 ..... fc <28:MPa ....... ACI-318M-08(10.2.7.3) 

s,=(d-c)/cx0.003 213-62.14 .6,003 = 0.012 
s · 62.14 

& = 0.012 > 0.005 s 

❖ Design for Negative Moment Mu = -24.2 KN.m : 
❖ Design as a rectangular with b = 12 cm= 120 mm 

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

_ Mu I </J _ 24.210°/0.9 
Rn - b * d2 0.12 * (0.313)2 2.287 MPa 

As = p.be .d = ( 5. 79 * 10-3 )* (120)* (313) = 217.5 mm? . 

D> Check Minimum Reinforcement Asmin ... (ACI- 318M-08- (10.5.1)) 

. ffe ✓24 + ASmm=--(bw)(d) ---(120)(313)=109.52mm2 

4(fy) 4(420) 

> Asa»='7-(bw)ay 
(fy) 

= 1.4 (120)(313) = 125.2mm? 
420 (control) 

Ten use 24 12, As.p=226.15 mm2-As.min=125.2mi2] .0K 

45 



Chapter 4 
Structural Analysis & Design - 
~ Check for Strain : 

Tension= compression 
As fy = 0.85 * /0 * b * a 
226 .19 420 = 0.85 * 24 120 * a 
a= 38.8mm 

c =.©_38.8 45.65mm 
9, 0.85 

~=0.85 J
0 
<28MPa ACI-318M-08(10.2.7.3) 

313-45.65 s, =(d-c)/cx0.003= 4555 0.003=0.017 
6,= 0.017 > 0.005 

❖ Design for Negative Moment Mu= -11.4 KN.m: 
❖ Design as a rectangular with b = 12 cm= 120 mm 
m= fy _ 420 =20.58 

0.85 fc' 0.85 * 24 

Rn Mul6 _ 11.410°/0.9 _ 1.07MPa 
d? 0.12(0.313)° 

=-1 ( _ /1_ 2mRn J= 1 (l- /1_ 2*20.58 *1.07 )= 2_636 *l0-3 
p m 

1 1J fy 20.58 / 420 

As= p.be .d = (2.636*10-3)* (120)* (313) = 99.04 mm? 

D> Check Minimum Reinforcement A smin... (ACI-318M-08-(10.5.1)) 

ffe ✓?A + ASmin=--(bw)(d) ---(120)(313)=109 52mm2 
4(fy) 4( 420) . 

> As=-±T(@way 
(fy) 

= l .4 (120)(313) = 125.2mm? 
420 (control) 

For z6i0, As=157 mm2> 125.2, GK 
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+ Check for Strain : 

Tension= compression 
As fy = 0.85 .f.,b * a 
157 420 = 0.85 24 * 120 ,:, a 
a= 26.93mm 

C = .!!._ = 26.93 = 31.68mm 
B, 0.85 

B=0.85 ..... fc <28:tvlPa ....... ACI-318M-08(10.2.7.3) 

313-60.944 
& = (d-c)/cx0 003 =----x0.003 = 0.0124 

s • 60.944 
s, = 0.0124 > 0.005 

❖ Design for Negative Moment Mu= -14.5KN.m : 
❖ Design as a rectangular with b = 12 cm = 120 mm 

m fy _ 420 2=20.58 
0.85 * Jc' 0.85 24 

Rn= Mu I¢ _ 14.510°/ 0.9 _ 1.37 :tvlPa 
b * d2 0.12 * (0.313)2 

![-,-3F®]-.-.ff6-3a sit].s»· p m 1 · fy 20 .58 420 

As= p.be .d = (3.38*10-3)* (120)* (313) = 126.97 mm? 

~ Check Minimum Reinforcement A smin... (ACI-318M-08-(10.5.1)) 

w -✓24 + ASmin=_-..J_Jc.:(bw)(d) ---(120)(313)=109 52mm2 

4(/y) 4(420) . 

D As min =~(bw)(d) =¾fo-(120)(313) = 125.2mm2 (control) 

For 24j0, As=i57 mm2> 125.2, OK 
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D> Check for Strain : 
Tension= compression 
As fy = 0.85 * fc * b * a 
157 * 420 == 0.85 * 24 120 a 
a = 26.93 mm 

c == .!!.._ _26. 93 == 3 I . 68 mm 
B, 0.85 

B=0.85 .... f,<28MPa ....... ACI-318M-08(10.2.7.3) 

313-31.68.9,003 = 0.026 s,=(d-c)/cx0.003 31.68 

= 0.026 > 0.005 s 

❖ Design for Negative Moment Mu= -12.5KN.m: 
❖ Design as a rectangular with b= 12 cm= 120 mm 
m = fy _ 420 20.58 

0.85* Jc' 0.85*24 

_ Mu I (jJ _ 12.5*10-3 /0.9 
Rn - a? 0.12 * (0.313)2 l. 18 MPa 

As= p.be .d =(2.910°) (120) (313) = 108.9 mm? . 

~ Check Minimum Reinforcement Asmin ... (ACI- 318M-08-(10.5.l)) 

re DD Amin=' (bw)(d) 
4(.fy) 

.fi4 (120)(313) = 109 52mm2 

4(420) . 

+ As min =~(bw)(d) =¾fo-(120)(313) = 125.2mm2 (control) 

®or 2410,As=157 mm2> 125.2_, OK 
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~ Check for Strain : 

Tension= compression 
As fy =0.85 f,ba 
157 420 = 0.85 24 120 a 
a = 26.93 mm 

c = .9_26.93 _ 31.68mm 
B, 0.85 

~=0.85 ..... le <28Iv1Pa ....... ACI-318M-08(10.2.7.3) 

313--31.68 
& =(d-c)/cx0.003=----x0.003=0.026 
s 31.68 

s, = 0.026 > 0.005 

Design Rib ( Rl ) For Shear :- 

Vu ( at Face of support) =29 KN (From Shear Envelope) 
Factored shear forces at d=0.313 m = 313 mm from face of support 
Determine shear strength provided by concrete(□ Ve). 
1. 1 V c = 1. 1» /e' w * d 

6 

=1.1* ✓'24 0.12*0.313*103=33.73KN 
6 

DVc= 0.75*33.73= 25.3 KN 
Vs min= Max of : 1) !. bw d = 0.333 120 * 313 10° = 12.52 KN - Control 

3 

as {24 2) ' bwd= j,120+313 10°= 11.5 KN 
Case III is Valid : 

Cl> (Ve+ Vs»)> Vu> @ Ve 

0.75 ( 33.73 + 12.52) = 34.68 KN> Vu= 29 KN > 0.75*33.73 =25.3 KN 

- minimum shear reinforcement is required 

Assume Stirrups 2-leg 08 

Av*fyt*d S= 
Vs 

s = (100.48 412 *313)/(12.52*1000) =1034.944 mm 
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~ Check for Strain : 
Tension = compression 
As fy =0.85 f.ba 
157 420 = 0.85 24 120 a 
a = 26.93 mm 
c =?_26.93 _ 31.68mm 
, 0.85 

~=0.85 ..... f
0 
<28MPa ....... ACI-318M-08(10.2.7.3) 

c,=(d-c)/cx0.003_ 213=31.08.5 903 = 0.026 
s 31.68 
s, = 0.026 > 0.005 

Design Rib (RL) For Shear : 

Vu ( at Face of Support ) =29 KN (From Shear Envelope) 
Factored shear forces at d=0.313 m = 313 mm from face of support 
Determine shear strength provided by concrete (D Vc). 
1. 1 V c = 1. 1 * ffe bw * d 

6 

= 1.1* ✓24 0.12 0.31310° = 33.73 KN 
6 

DVc = 0.75*33.73= 25.3 KN 
Vs min= Max of : 1) _!_ bw * d = 0.333 * 120 313 10 = 12.52 KN - Control 

3 

2) ff bw * d= .J24 * 120 * 313 10° = 11.5 KN 
16 16 

Case III is Valid : 

«Jr>(Vc+Vsmm)>Vu> <ill.>Vc 

0.75 ( 33.73 + 12.52) = 34.68 KN> Vu= 29 KN > 0.75*33.73 = 25.3 KN 

- minimum shear reinforcement is required 

Assume Stirrups 2-leg 08 

Av*fyt*d S = 
Vs 

S = (100.48 412 *313)/(12.52*1000) = 1034.944 mm 

49 

__J 



Chapter 4 
Structural Analysis & Design - 

Check For Sas 

1) s < d = 313/2 = 156.5 mm - Control max- 2 

2) S < 600 mm 
S= 1034.94 mm> Smax= 156.5 mm 

so, Use 2-leg @8 @1so ii 

Fig. (4-4): Two way ribbed slab (R 1) 

✓ Statically system and Dimensions . 

.l'------B.1000-----..,r' 
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Structural Analysis & Design 

Load calculations: 
Dead load calculations: 

Dead load from: . W=yxV 

Tiles 0.03x23x0.52 0.1865 
Mortar· 

Interior artitions 

0.02x22x0.52° 
0.07x16x0.52° 
0.08x25x0.52° 

2x0.52° 

0.1189 
0.303 
0.541 
0.541 

RC rib. 0.27x25x0.12x(0.52+0.4 0.745 
Hollow· Block 0,27x 10x0.4x0.4 0.432 

Plaster 0.03x22x0.55° 0.19965 
3.045 

Table (4.2) Calculation of two way dead load (C.Rl) 

Nominal Total Dead Load= 3.045 KN/Rib 

DL= 3.045/(0.52) = 11.26 KN/m2 

Nominal Total live load= 5 KN/m2 

Determination of factored dead & live load 

Factored dead load= l.2*Dead load= 1.2*11.26 = 13.51 KN/mn. 
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Factored Live load = 1.6live load = 1.6*5 = 8 KN/in
2
• 

W = 13.51 + 8 = 21.51 KN/ 

Flexural Design for (C.JR.1): 
Moments calculations :- 

M,=C, wI,b,» and M,=C, wl bys 

La!Lb = 6.3/8.1 = 0.77 Case 4 

The moment calculation will be done for the slab middle strip. 

*Negative moments at continuous edge : 

Ca,neg (laflb=0.8) = 0.071 

Ca,neg(laflh=0.75) = 0.076 

M. =C *W*L 2*b · =0.074*21.51*6.32*0.52= 32.85 KN.m/Rib ••• ~.'<~·····l!··········l!-··••!!I:? ••••.••••••.••••.•••.•.••.••...•.•..••••.•..••.••••...•••.•.•••••.... 

cb,neg (lallb=0,75) = 0.024 

Cs, (1/14,=0.8) = 0.029 

Ca,neg(laflb=0.77) = 0.074 

C6,, 0/1,=0.77) = 0.026 

Mb-ve=C *W* L?#b, =0.02621.518.10.52= 19.1 KN.m/Rib ..••........• b. .•..•..... h .••• :.nh .•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

*Positive moments : 

C,n (1,/1,=0.75) = 0.034 

C, (/1,=0.8) = 0.039 

Ca,o(lallb=0.77) = 0.0414 

C,,1/1,=0.75) = 0.052 Ca,L (lallb=0.77) = 0.0504 

Ma+ve,L =Ca *W*.J:,./l~~Rri.Q =0.0504""8*6.3 2*0.52= 8.32 KN.m/Rib 
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Structural Analysis & Design - 

cb,o(laflb=0.75) = 0.013 

C, 5 (l/1,=0.8) = 0.016 

Mb+ve,o=Cb*W* J,k~~:\)J:iP. =0.0142*13.51*8.l 2*0.52= 6.545 KN.m/Rib 

cb,o(lallb=0.77) = 0.0142 

C1,(1,/1,=0.75) = 0.016 

cb,L (lallb=0.8) = 0.02 

Ms=CW,J,b»», =0.017688.170.52= 4.8 KN.m/Rib 

Mb1ve..::.M.b1ve,L 1_Mb1ve,n = 6.545+4.8 = _11.345 .. KN.m/Rib 

*Negative moments at Discontinuous edge (1/3 positive moments): 

M b,neg = 113 .45 /3 = 3.78 KN.m/Rib 

Ma,neg = 19.86/3 = 6.62KN.rn/Rib 

6.62 

19,86 

Fig. ( 4-6) Destribution of moment for two way rib slab 
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Design for Negative and Positive moment: 

Short direction 

14 d = 350 - 20 - 8 - - = 315 mm 
2 

Positive Moment: 
Midspan: (Mu=+ 19.86 KN.m/Rib) 

= Mu = 19.86X10
6 

= 1.85 M a. 
Ra7 id? o.9x12oxsis? {P 

m= '2,= 420 = 20.6 
0.85f! 0.85x24 

+(-=) +( p=- - --- =- - m 420 20.6 

As= p.b.d = 0.004625 x120x315 = 174.8 mm. 

Check for As,min . 

A -o 5 /Fe b d 1
·
4 b d s,min - .2 [y w· ~ [y w· 

../24 2 A . =0.25 120 x 315 = 110 2 mm s,min 420 • 

A, . =±420x 315 = 126 mm? 
s,min 420 

8s,car&a = 174.8 mm 

l _ 2X20.6X1.85 ) = 0.004625 
420 

Control. 

Check spacing : 

S 120-40-20-(2X12) 36 d = 1 = mm > b = 12 > 25 OK 

Check for strain: 

hs.fy 174.8x420 
® o.ssi] o.ssx12ox24 F 30 mm 

a 30 c= - = - = 35.3 mm B, 0.85 
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e,= ooos() = o.os ('jj) = 0.02+> 0.905 

Negative Moment: 

Long direction : (Mu= - 19.1 KN.m/Rib) 

R = Mu = 19.1X10
6 = l.78 M a. 

n 0bd2 0.9X120X3152 p 

m=.,'5= 420 = 20.6 
0.85/c 0.85X24 

-±(-.f-)-4( P ! 420 1 20.6 
l _ 2X20.6X1.78 ) = 0,00444 

420 

As= p.b.d = 0.00444 x120315 = 167.8 mm. Control 

Check spacing : 

g_120-40-20-28122 36mm > d, = 18> 25 OK 

Check for strain: 

Ok 

As.fy 226x420 
a o.85b tJ = o.85x12ox24 = 38·77 mm 

a 38.77 - 5, os,+ =45.6 mm 

0 (
d-c) (315-456) s, = 1003 => =0.003 4s%° = 0.0074 > 0.005 Ok 

* long direction 

d=350-20-8-14 =315mm 
2 

Positive Moment: 

Midspan: (Mu =+11.35 KN.m/Rib 
- ,I 

R = Mu = 11.35X106 _ 
n 0bd2 0.9x12ox3152 - 1.06 Mpa. 
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m= _fx_ = 420 = 20.6 
0.85f! 0.85x24 

-
- .!_ (l _ ,1 _ ~ )-f-. 2X20,6X1,06 ) ::: 0.002593 

P m ✓ 420 20.6 - 420 

2 
As= p.b.d =0.002593 x120x315 = 98 mm . 

Check for As.min . 

A - 5 ,J7,c b d 1
·
4 b d s,min -0.2 /y w· > /y w· 

As,min =0.25 ../24 120 X 315 = 110.2 mm2 

420 

. 14 
As min= -·-120 x 315 = 126 mm2 

• 420 
Control. 

As.required= 157 mm2
. 

ss 2 a 1o_isoi±o. .A&,±1s7 il.EA23±E 126 ml; 
Check spacing : 

g_120-40-20-28109 40mm> d, = 10> 25 OK 

Check for strain: 

As.fy 157x420 
a o.85b tJ = o.85x12ox24 = 26.93 mm 

a 26.93 c=-=-=31.7mm B, 0.85 

e, = 0.0os ({) = o.0oa('f,") = 0.0268 > 0.00s ok 

Negative Moment: 
Continuous edge: (Mu= - 32.85 KN.m/Rib) 

R = Mu = 32.85X106 _ 
" od? 0.9x120x31s? F 3.06 Mpa. 

m= '>»_ 420 _ 
ossj] oasx24 F 20.6 

56 

◄



Chapter 4 
Structural Analysis & Design - 
( 

---) l ( . 2X20.6X3.06 ) ::: Q,0079341 
1 j 1 - 2.m.Rn = - 1 - 1 - 420 p== 1 - 420 20.6 m 

2 
A = b d = 0 0079341 x1200x315 = 295.1 mm'. s p. . . 

Check for As,min · 

A%, =0.2s''©,.a =,#,d fy '9 

A . =0 25 ../24 120 x 315 = 110.2 mm2 
s,min • 420 

A . =~120 x 315 = 126mm2 
s,rmn 420 

Control. 

Check spacing : 

S _120-40-20-(2x14)_ 32 mm> db= 10 > 25 OK 
1 

Check for strain: 

As.fy = 308X420 = 52.8 mm 
a 0.85b fJ 0.8SX120X24 

a 52.8 2 c=-=-=6 .2mm B, 0.85 

s, = 0.00s () = ooos(€,'=) =0.012> 0.00s o 

Shear Design for (R 1): 
W,0/1,=0.75) =0.76 W,(/1,=0.8) =0.7 

W,(l,/1,=0.77) = 0.74 

o The total load on the panel being (6.3x8.1x21.51 = 1097.6 KN) 

o The load per rib at face of the long beam is (0.74x 1097.6-0.52/(2x8.1)=26.07 KN) 
Va = 26.07-21.5Ix0.52x0.315 == 22.54 KN 

v.=']/f? ,a = ']/7 x 120 x 315 x 107° = 33.95 N 
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Structural Analysis & Design - 
a V, =0,75x33.95 =25.46 KN. 

0.5 a V, =0.5x0.75x33.95 =12.73 KN 

Case (2) for shear Design : Minimum shear reinforcement 
. ·--~-~ .. ,,• .. ,· ,, .' .·., .-~rl .. •·.-:::z:ii 
Use stirrups U-shape (2 leg stirrups ) 10 A=2 X 78.5 = 157 mm, 

d d 315 
S < < 600mm - == = 157.5mm max77 2 2 

S 
_ 3Avfyt _ 1s1x420x3 _ 1648 5 > S takes== s = 157 5 mm req - - , mm max max · 

w 120 

Control. 

16 Av [yt 157 X 420 X 16 Srea_Jr 5,75f =1435.73mm> SA,, take S = S,,, = 142 mm 
b. r7 150 24 w Jc 

se 2-1cg a 10 @ 140 mom , and 2-Leg a 10 @ 20o mm in he middle space; 

4-8 Design of Beam (Beam): 

❖ Material : 
⇒ concrete B300 
⇒ Reinforcement Steel 

❖ Loading : 
+ Reaction from Rib I 

D.L =31.66/0.52 = 60.88 KN/m 
L.L =27.62/0.52 = 53.11 KN/m 

Fe' = 24 N/mm 
fy = 420 N/mm 

D> Reaction from Rib2 : 
D.L =43.34/0.52 = 83.34 KN/m 
L.L =27.48/0.52 =52.84 KN/m 

D Reaction from rib3 : 
D.L =42.77/0.52 = 82.25 KN/m 
L.L =27.11/0.52 =52.15 KN/m 
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Structural Analysis & Design 

L.L =27.11/0.52 = 52.15 KN/m 

+ Beam Self weight= 25*0.8*0.65 = 11 KN/m 
) Beam Materials : 

Tile = 23*0.03*0.8=0.528 KN/m 
Mortar = 22*0.02*0.8=0.352 KN/m 
Sand = 16*0.07*0.8=0.896 KN/m 
Plastering = 22*0.02*0.8 =0.352 KN/m 
Partition = 2*0.8=1.6 KN/m 
I = 3.728 KN/m 

D> Total Dead load 
Self weight + Materials = 1]+ 3. 728 = 14,728 KN/m 

Factored self weight = 1.2*14.728 = 17.67 KN/m 

- 

Geometry Units:meter.cm 

1 2 3 4 
1 2 

5 

R N 
3 4 

C = 
N A} : = J 

~ ~ ~ ~ 
0.5 3.5 0.5 3.25 0.5 8.25 0.5 4.35 0.5 

4. 3.75 8.75 4.85 

··□80. 
A=A 
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Structural Analysis & Design ' 
ea oa - Service 

,meter - 

10 ,0 10 '.0 

99,9 

78.6 

,. ,, ·r ,, 
' 

,, •r ,. ,. ,, ,, ,, ,, ,, 1 ·r '/ + 8 

,. ., ), 8.75 
" 4.85 ,. 

4, 3.75 - 

Units:kAN 
load group no. 'T 
D di d 

! ' 

1 5 .8 J 5 .8 5.1 52.1 

o! .. ,, " A .. ,, .,, 4> ,, ,, " 1 ., " '/ 

J, 

,, 
' 

4, 
,, 3.75 

J 8.75 " 4.85 ,. 

Load factors: 1.20,1.20/1.60,0.00 
Live load - Service 

Figure ( 4-5): Beam (1) Envelope 
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-___.!S~t~ru~c~tu~r~al~A~n~a~ly~si~s ~&~]))~e~si~g~n ~~-=--=-:--;~~fi Units:kN.meter .. eooos 6w" Moment/Shear 
oments: spans to .4031.1 

.980.1 
.828.9 .787.7 

.836.6 -861. 

366,1 s, I 38 4.38 3.15 I 1.7 

ear 

321.4 
A 

-800.6 

388.6 

791.9 

Reactions 

Factored 

I 1 I I I I I I I I I H 
DeadR 214.79 396.9 733.04 823.95 177,33 
LiveR 173,78 414.41 689.15 682.,29 484.55 
MaxR 388,57 811.32 1422,19 1506.24 361.88 
MinR 197.04 399.36 833.5 1053.52 98.64 
Service 
DeadR 178.99 330,75 610.87 686.62 147.78 LiveR 108,61 259.01 430.72 426.43 115.34 MaxR 287.6 589.76 1041.69 1113.06 263.12 MinR 167.9 332.29 673,65 830.1 98.53 - 
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Chapter 4 

❖ Design Beam For Flexure :- 

Assume bars of <P 25 

bw=80cm h=55 cm 

d=550 -40-10-12.5 =487.5 mm 

1y Mu=. 861KN .m 
C max= 3/7 d= 3*487.5 /7=208.92 mm 

cp Mn max= <P 0.85 fc' ab(d-a/2) KN >Mu= 861 K.N.m ok 
s 58/210-6=947.51 um 0.82*0.85 *24*177.58*800"'(487.5-177.5 

5 C= 0,85208.92= 177.58 mm a=0.8 · 

cI>Mnmax>Mu 
Design as singly 

❖ Design for negative Moment Mu= -861 KN.m : 
m = fy = 420 20.58 

0.85* Jc' 0.85*24 

- Mu/ _ 86110°/0.9 - 5.031v1Pa 
Rn- b*d2 0.8*(0.4875)2 

- 1 ( -.J - 2mRn ) = '- * 20 .58 * 5.03 J = 0.013996 P - -;;; l l fy 20 . 58 420 

As= p.be .d = (0.013996 ) (800) (487.5)= 5458.5 mm? 

~ Check Minimum Reinforcement Asmin ... (ACI- 318M-08-(10.5.1)) 

ffe ✓24 
Asmin=--(bw)(d) ---(800)(487.5) = 1137 26mm2 

4(/y) 4(420) · 

As a»='towway 
(fy) = 1.4 (800)(487.5) =1300mm? 420 (control) 

124 25,As.p1=5890.44 mm2>As.min=1300 mi2 o 
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=::> Check for Spacing : 
800--240-- 210--1225_ 35.36 mm 

S= 11 

S >25 mm 

S>db 

-OK 

D> Check for Strain : 
Tension = compression 
As fy = 0.85 f,b * a 
5890 .44 420 = 0.85 24 800 a 
a= 151 .59mm 

c = 5!:... _1s1.59_ 178 .34mm 
h, 0.85 

B=0.85..... fc <28lv1Pa ACI-318M-08(10.2.7.3) 

487 5 -178.34 03 o 0052 s,=(d-c)/cx0.003= 778.34 0.0='v. 

BS = 0.0052 > 0.005 
OK: Tension Controlled Section <l>=0.9 

❖ Design for negative Moment Mu =-828.9 KN.m : 
== fy = 420 20.58 

0.85 * Jc' 0.85 * 24 

R,- Mul6_ 828,910°/0.9 4.844 MPa 
b * d2 0. 8 * (0.4875)2 

-[,-%]...'1.,-23s%·7e } P n V' f 20 .58 420 = 0.01338 
As= p.be .d = (0.01338 )* (800)* (487.5) =5220.85 mm? 

Then use 11@ 25, As=5399,9 min 

D> Check Minimum Reinforcement Asmin ... (ACI- 318M-08-(10.5.1)) 
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" 
As min~ ffe (bw )( d) ,,/24 (800)( 487. 5) 1137.26mm 

4) 4(420) 

1 4 . = 1.4 (800)(487.5) = 1300mmz (control) 
As ow ,,7,,9@9 o 

or 11ozs , A4s399.9 an"> As iii=isoo mi5 O8 

~ Check for Spacing : 

800-2*40-2 *10-11 *25 s = ---------42.5 mm 
10 

S>25mm 

S>db 

-OK 

D> Check for Strain : 

Tension= compression 
As * fy = 0.85 .f, * a 
5399 .9 * 420 = 0.85 24 800 * a 
a= 138 .96mm 

c = !!_ = 138 ·96 = 163 .45mm 
B, 0.85 

~=0.85 ....f <28MPa ....... ACI-318M-08(10.2.7.3) 

s,=(d-c)/cx0.003_ 487.5-163.47,3 903 = 0.0059 
163.45 . 

&,= 0.0059 > 0.005 
OK : Tension Controlled Section <I>=0.9 

❖ Design for Negative Moment Mu= -195.9 Kn.m : 
m= fy 420 .90.5 

0.85* Jc' = 0.85*24 · 
8 

Rn= Mu/¢ 
b*d2 

195.9* 10-3 /0.9 
0.8(0.4875° l.148Mpa 
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"·""" 
J ( 

2 ,:: 20 .58 * 1.148 J 
p = _1 ( I - I - 2 ,nRn = I I - I - 420 = 0 .00281 4 

m fy 20.58 
2 • 

As = p.be .d = (0.002814 ) (800)° (487.5) = 1097.8 mm < As mm. 

~ Check Minimum Reinforcement Asmin ••• (ACI- 318M-08- (10.5.1)) 

ffe (bw)(d) .J24 (800)(487.5) = 1137.26mm
2 

~ As min= (f) = 4(420) 

>Aw=]j,,(o@ = 1.4 (800)( 487.5) = 1300mm 
420 

~ Check· for Spacing : 

S = 800- 2 * 40 - 2 10--3 * 25 
2 

312.5 mm 

S>25mm 

S>db 

-OK 

~ Check for Strain: 
Tension = compression 
As * fy = 0.85 f, b * a 
1472 .7 420 = 0.85 24 * 800 a 
a= 37 .9mm 

c=37.9_ s, o.ss .58mm 

B=0.85..... f,<28MPa ACI-318M-08( C ••• •" • - - 10.2.7.3) 

8s =(d-c)/cx0.003= 487.5-44.58x0 44.58 .003 = 0.029 

s, = 0.029 > 0.005 

(control) 

OK : Tension Controlled Section <I>=0.9 
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""" 
Design for Positive Moment Mu= +787.3 ]KN.m : 

m = fy , = 420 = 20.58 
0.85 fo 0.85 ,:, 24 

,, Aul@_ 787,310°/0.9 .4.6 Mpa 
b*d2 0.8*(0.4875)2 

(-,e'- 2,f tag]-cw p = - I - 1 - m = -- 1- 'I 420 
m fy 20 .58 

As = p.be .d = ( 0.01258 )* (800)* (487.5) = 4906.64 mm 

D> Check Minimum Reinforcement Asmin ... (ACI- 318M-08- (10.5.1)) 

ffe (bw)(d) ✓2A (800)(487.5) = 1137.26mm2 

+ As min= 4(.fj,) = 4( 420) 

+ As min= l.4 (bw)(d) 
(fy) 

= 1.4 (800)( 487.5) = 1300mm2 

420 

Use 1025, As=4909 mi®> As min. = 1300 m?, OK 
D> Check for Spacing : 

S = 800-2 * 40- 2 * 10--10 25 
9 

50mm 

S>25mm 

S > db ok 

~ Check for Strain: 

Tension = compression 
As* fy = 0.85 * fc * b * a 
4909 420 = o. 85 24 * 800 a 
a= 126 .33mm 

C = ~ = 126 .33 9, 0.85 °\48.62mm 

8=0.85..... f,<28MPa ACI-318M-08( C • • • •• • • • • 10.2.7.3) 

(control) 
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_ 487.5-148.62 X 0.003:: 0.0068 
s,=(d-c)/cx0.003= 148.62 
s = 0.0068 > 0.005 s 

· d)_=0.9 OK : Tension Controlled Section 

• Design for Positive Moment Mu = + 366.1 KN.m : 
m = fy , = 420 20.58 

0.85 * Jc 0.85 24 

6 366.110°/0.9 Rn= Muir ----- 2.139Mpa 
ba? 0.8 * (0.4875)2 

[-03®]-.1,1-2an@®p331 p=-[]- l- =[] [l 420 
m .fy 20 .58 

As = p.be .d = ( 5.392 10°) (800)° (487.5) = 2102.9 mm? . 

D> Check Minimum Reinforcement A smin... (ACI- 318M-08 - (10.5.1)) 

ffe (bw)(d) ffi (800)(487.5) = 1137.26mm2 

D> As min= 4(fy) = 4( 420) 

D> As a=.'©(aw,@y 
(fy) 

= l.4 (800)(487.5) = I300mm2 
420 (control) 

Use 5025 ,As pro.=2454.5 ?> As iii.=1300 ?, 6ix 
~ Check for Spacing: 

800- 2 * 40- 2 * 10-5 * 25 
S = -------- 150 mm 

4 
S>25mm 

S>db 

-OK 
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~ Check for Strain: 
Tension = compression 
As fy = 0.85 .f, b * a 
2454 .5 420 = 0.85 24 800 a 
a= 63. 16nim 
c =_63.16 74,31mm 

B, 0.85 2 7 3) 
~=0.85 ..... f,<28MPa ....... ACI-318M-08(1_0 ... 

_ .487.5-74.31 X 0.003 = 0.01668 s,=(d--c)/cx0.003= 74.31 

es = 0.01668 > 0.005 
OK: Tension Controlled Section <D=0.9 

• Design for Positive Moment Mu =+321.4 KN.m : 
m = fy = 420 = 20.58 

0.85 fc' 0.85 * 24 

=Mu/¢_ 321.4*10-3 /0.9 - I.87MPa 
Rn b*d2 0.8*(0.4875)2 

= _I ( - ✓ - 2 mRn ) = 1 (1 - .J1 - 2 * 20 . 58 * 1. 87 ) = 0. 004677 
P m 

1 1 
Jy 20 . 58 420 

As = p.be .d = ( 0.004677 )* (800)* (487.5) =1824.23 mm? 

D> Check Minimum Reinforcement Asmin ...(ACI- 318M-08- (10.5.1) ) 

ffe (bw)(d) ..fiA (800)(487.5) = 1137 26mm2 
> As min= {(y) = 4(420) · 

> As a= ±"(bway 
(fy) = l.4 (800)(487.5) = l300mm2 

420 

For 4@25 , As=1963.6 iii> As mini.=1300 imi'; o 

(control) 
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~ Check for Spacing : 

800-2*40-2 *10-4*25 -200 mm 
S= 3 

S >25 mm 

S>db 

-OK 

~ Check for §train: 

Tension = compression 
As fy = 0.85 * fc * b * a 
1963 .6 420 = 0.85 24 800 a 
a= 50.53mm 

c ..¢, 50. 53 = 59 .45 mm 
9, 0.85 

~=0.85 •... f, <28MPa ....... ACI-318M-08(10.2.7.3) 

487.5-59.45 s,=(d-c)/cx0.003= 59.45 x0.003=0.021 

€, = 0.021> 0.005 
OK : Tension Controlled Section 

• Design for Positive Moment Mu= +42.lKN.m : 
m = fy _ 420 20.58 

0.85* Jc' 0.85*24 

Mu/ d 
Rn= bF_ 42.110°/0.9 .6.246 MPa 

0.8 * (0.4875)2 

>--[.-#?-.2 4{ -2rs5536 ]. as fy ----_:..::___.:_ = 0.0058 m 20 .58 420 

As =p.be.d=(0.005893*10-3)*(800)*(487.5)=2298 2 . 
. mm .<As min 
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~ Cb.eek Minimum Reinforcement A smin...(ACI- 318M-08 - (10.5.1) ) 

ffe (bw)(d) ../24 (800)(487.5) == 1137.26mm
2 

~ As min= 4(.fy) = 4(420) 

D> As a= ±T(aw@) 
(fy) 

= 1.4 (800)(487.5) == 1300mm
2 

420 

~ Check for Spacing : 

S = 800- 240- 210-4 * 22 
3 

204mm 

S> 25 mm 
S>db 
-OK 

~ Check for Strain: 
Tension = compression 
As * fy = 0.85 * fc * b * a 
1520 .5 420 = 0.85 * 24 800 * a 
a= 39.13mm 
C = ..!!_ = 39.13 _ 

3, 0.gs F 46.03mm 

B=0.85..... f,<28MPa ACI-318M C ... ••• - 1-08(10.2.7.3) 
s,=(d-c)/cx0.003_ #87.5--46.03 46.03 X 0.003 = 0.028 

e, = 0.028 > 0.005 
OK : Tension Controlled Section 

(control) 
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Design Beam for shear: 
Vu=667.9KN 

Ve= ~ • a-#' *800 *487.5 •10-'=318:43 KN 
Vsmm = Max of 

,, le' ,-g s28 spgo =4s7.s10=119.41 KN 
16 16 

2y ± «wad =± 800487.5=130 KN - Control 
3 3 

Vs'= ffe *bw*d= ✓24 *800*487.5*10-3=636.86 KN 
3 3 

Vs= Vu - v% 667.9 318.43 = 572.1 KN 
h 0.75 

<I> (Vs» + Vc ) < Vu< <I> (Ve+ Vs') 
0.75 ( 130+ 318.34) <Vu= 667.9 < 0.75 ( 318.43 + 636.86) 

336.32 KN< 667.9 KN< 716.46 KN 
Case 4 is Valid 

Use Stirrups <I>lO 4-Leg, Av= 314 mm 
_ Av* fyt*d 314*420*487.5 

S= Vs = 572 .11000 =112.3 mm 

S < Smax= 1) d/2 = 487.5/2=243.75 mm - Control 
2) 600 mm 

Take S = 100 mm 

Vu=478 .1 KN 

ffe ✓2A 
Ve= bw d==;800 487.510 °=318.43 KN 

1) -J Jc' *b * = .fi4 * ~- 16 d,,°'800487.510 °=119.41KN 

2) ! bw+a =± #8o0487.5=130 KN 3 3 - Control 

Vs» = Max of 
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y,/« y, 478.1 318.43 =319.03 KN 
s ¢ 0.75 

[,5_, 24 4g0487.510°=636.86 KN Vs'= V/ bwd= · 
3 3 

<I> ( Vsmm +Ve)< Vu< <I> (Ve+ Vs') 
0 75 ( 318 43 + 636.86 ) 0.75 ( 130+ 318.34) <Vu= 478. l < · . 

336.32 KN< 478.1 KN <716.46 KN 
Case 4 is Valid 

2 
Use Stirrups <1>10 4-Leg, Av = 314 mm 

Av* fyt d _ 314 420 487.5 _ 201.52 mm 
S = Vs - 319.03 *1000 . 

S < Smax= 1) d/2 = 487.5/2=243.75 mm - Control 

2) 600 mm 
Take S =200 mm 

Vu=327.3 KN 

Ve= ffe *bw * d= ✓'24 *800 *487.5*10-3=318.43 KN 
6 6 

Vs;» =Max of 1) ffe *bw*d= .J24 *800*487.5*10-3=119.41 KN 
16 16 

2) .!_ *bw*d =.!_ *800*487.5=130 KN - Control 
3 3 

Vs= Vu -Ve= 327·3 -318.43=117.97 KN 
h 0.75 

di) ( V C + V Smin ) > Vu > «I[) V C 

0.75 ( 318.43 + 130) = 336.32 KN> Vu= 327.3 KN > 0,75318.43 = 238.82 KN 
Case III is Valid : 

- minimum shear reinforcement is required 

Use Stirrups <1>10 4-Leg, Av =314 mm 
S= Av* fyt*d = 314*420*487.5 

Vs 117 .97 1000 =544.98 mm 

72 



Chapter 4 

" 
S <S= 1) d/2 = 487.5/2=243.75 mm - Control 

2) 600 mm 
Take S = 200 mm 

Vu = 555.2 KN 

ye @' s,,%, ·a s24 %spgo +487.s®10°=318.43 KN 
6 6 

1) ffe *bw*d = ✓24 * 800 * 487 5103=119.41 KN 
16 16 

2) _!_ *bw*d =_!_ *800*487.5=130 KN - Control 
3 3 

Vs» = Max of 

Vs= Vu .v, 555.2_318.43 =412.83 KN 
t/J 0.75 

Vs'= ffe *bw*d= ✓24 *800*487.5*10-3=636.86 KN 
3 3 

<I> ( Vsmin +Ve)< Vu< <I> (Ve+ Vs') 

0.75 ( 130+ 318.34) <Vu= 555.2 < 0.75 ( 318.43 + 636.86) 

336.32 KN< 555.2 KN< 716.46 KN 

Case 4 is Valid 

Use Stirrups p10 4-Leg, Av= 314 mm 
Av* fyt*d 314*420*487 5 

S= % 412.831006 = 155.7 mm 

S < Smax= 1) d/2 = 487.5/2=243.75 mm - Control 

2) 600 mm 

Take S = 150 mm 
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" 
S < Smax= 1) d/2 = 487.5/2=243.75 mm - Control 

2) 600 mm 
Take S = 200 mm 

Vu = 555.2 KN 

ye @' s,,%, ·a 324 %gpgo +487.s®10°=318.43 KN 
6 6 

1) ffe *bw*d= ✓24 *800 *487.5*10-3=119.41 KN 
16 16 

2) .!. *bw*d =_!_ *800*487.5=130 KN - Control 
3 3 

Vs» = Max of 

Vs= Vu -Ve= 555·2 -318.43=412.83 KN 
h 0.75 

Vs'= ffe *bw*d= ✓24 *800*487.5*10-3=636.86 KN 
3 3 

<I> ( Vsnun +Ve)< Vu< <I> (Ve+ Vs') 
0.75 ( 130+ 318.34) <Vu= 555.2 < 0.75 ( 318.43 + 636.86) 

336.32 KN< 555.2 KN< 716.46 KN 

Case 4 is Valid 

Use Stirrups p10 4-Leg, Av= 314 mm 
Av* fyt * d 314 420 * 487 5 

s= % 412.831006 = 155.7 mm 

S <S= 1) d/2 = 487.5/2=243.75 mm- Control 
2) 600 mm 

Take S = 150 mm 
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" 
4-.9 Design of slender column:» 
4,9.1 (B.C10) : Column in first floor • 

❖ Loading:- 

Reactions 

Factored 

DeadR 214.79 396.9 
LiveR 173.78 414.41 
MaxR 388.57 811.32 
MinR 197.04 399.36 
Service 
OeadR 178.99 330.75 610.87 

LiveR 108.61 259.01 430.72 

MaxR 287.6 589.76 1041,59 

MinR 167.9 332.29 673.65 

823.95 177.33 

682.29 184.55 
1506.24 361.88 
1053.52 98.54 

686.62 147.78 
426.43 115.34 
1113.06 263.12 
830.11 98.53 

Fig. ( 4 - 7)support reaction from beam B.B7 

P.D= 733.04+(13.1 xl.2)=748.76 KN/ m2 

P.L=689.15 KN/m2 

PU=2875.82 KN - - curs 
Assume rectangular section with: 
Use p=0.015 
Pn=0.8* Ag{0.85*fc'+ pg(fy- 0.85 * Jc') 
4.424=0.85*Ag{0.85*24+0.015(420-0.85*24) 
Ag=0.209 m2 

Use .5 x .45 Agreq=0.225 > 0.209m2 

*Check slenderness limit: 
!du < 34 - 12 M 1 
r M2 

............... AC! -(10.12.2) 

Ml/M2 =1.0 - (braced fram with Mmin). 
K=l.0 (for columns in nonsway frames). 

klu <34 -121.0 = 22 < 40 - ~ r Lu=3.5m. 
rx=0.3 h=0.3*0.45=0.135 
ry=0.3b=0.30.5 =0.15 
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klu · - = 25.9)22.0 Slender column for bending about x_ax1S. 
rx 
klu · - = 23. 3 > 22. 0 slender column for bending about y_ax1s. 
ry 

EI 
EI=0.4 '© 1+0, 
E. =4700,[jd =4700*-✓24 =23025.20Mpa 
/ld = 1.2DL 1497.52 

Pu 2875.82 °·52· 
bh? 0.50.45° 

I=------ 
g 12 - 12 
El 0.4 23025.20 3.79 

1+0.52 

3.79 10\9mm 

22964.6KN.m2 

P._ "EI 
" (KLu) 
p = 3 .14 2 * 22964 .6 
c (1.0*3.5)2 18502 .16KN. 

or -as-os,{';) 
Cm =1 

6. = Cm 
"' - 1- (Pu I o.7sP) l.O 

6 = 1 . 
ns 1- (2875 .82 / 0.75 * 18502 .16) 1.26 > 1 

enun =15+0.03*h=15+0.03*450 =28 e = :6. .5mm = 
- e min x ns = 28 . 5 * 1. 26 = 3 5 . 91 mm 

e 35.91 · 
,; = 450 - o. 083 

From lnteractio n Diagram 
gP,_ 2875 .82 * 10 3 * 145 
Ag 500 * 450 lO00 = 0.185 ksi 

r = 450 - 2 * 40 - 2 * 10 16 
450 - 0.74 

P,=0.01 
A,=p A,= 0.01 500 450 = 2250 mm 2 

r--~--~~-~ 
Select 12616=> As, 24754,,,±, L · . Provided - 1214mm2 > As. --- . · ',=2250mm? 

--] 
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"" . _ 16x 16 = 256nun. 
% :d,(Lc itucdinal.bar.diameter)= Spacing <16x:, ongtuar '· · 

d. te -) = 48x 10 = 480mm. Spacing <48 x d, (tie.bar. zame er - 
Spacing < Least. dim ens ion = 300mm 

Use ¢10@250mm 

0 10©25 
L= 178 

I.() 
=i 
Do 

12016 ·-------· 

4-10 Design of Isolated footing :- 

4.10.1 Load Calculation: . 
Factored Load= 2875.8 kN. 
Total services load= 2109.4 KN. 

Soil Weight= 18 kN/ m3• 

Live Load= 5 KN/m2 

Column geometry 50*45 cm. 
Allowable Soil Pressure= 400 kN/m2 

4.10.2 Design of Footing Area: 
Assume footing to be about (65 cm) thick. 

qallow=400 - 5 - 0.6*18 - 0.65*25 = 368 kN/m2 

4.10.3 Determination of Footing Area 

2109.4 
A= 368 = 5.73m2 

A= W*L=5.73m2 

L=2.5m W=2.45m. 
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Determinate q, = 2875.8/6 =479.3 KN/ 

Where: 
A: Area of footing. 
W: Width of footing. 
L: Le nth of footing. 

4.10.4 Determine the Depth of Footing Based on Shear Strength: 
Assume h = 65 cm ......... d = 650-75-20 = 555 mm. 

Check For One Way Action: 

For X- direction: 

Critical Section at a + d 
2 

a 0.5 5,+°=,>+0.555= 0.805m 

Vu = 479.3%(?_ 0.805)2.45 = 512KN 
2 

vo=ge-[e,+ay 
1 ¢.Ve= 0.75* 
6 
*✓24 * 2500*0.555 = 849.7KN 

¢.Ve= 849.7KN > Vu = 512KN 
:. Safe 

For Y- direction: 
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a 
Critical Section at 2 + d 

a+ d = 0.45 + 0.555 = 0.78m 
2 2 
vu = 479.3%(±?_ 9.7892.5 = 533.2KN 

2 

ovc=6.+,[yet,d) 
6 

6.Ve = 0.75±+,5425000.555 = 849.7KN 
6 

¢.Ve= 849.7KN > Vu = 533.2KN 
:. Safe 

o Check for Two Way Action : 
The punching shear strength is the smallest value of 

the following equations: 

Where: 

Column Length (a) 50 Pc=------ 
45 

=I.I 
Column Width ( b) 

Critical section 
for two-way shear 

b, p,a st 3fr+so 5 = erimeer o1 critical section taken at (d/2) from the loaded area 

b ®=2{(a+d) + (b+d)}. 

Inclined crack 

Two-wav shear. 

Tributary area for 
two-way $hear 

b o=2 x {(0.45+0.555) + (0.5+0.555)}=4l2 cm. 
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for interior column 

• -4[ ?\7s.2%- 2,]iao+o.sss = 3946K 
C 'f' 6 f3c "\j j c ' o 6 1.1 

<fJ.V: = </J. _!_(~ + 2J r,f., b d = 0. 75 * (40 * 0.555 + 2) * J24 * 4120 * 0.555 = 5172.8KN 
° '12lb,ia NJ.Vo 12 4.12 

4. 10.5 Design for Bending Moment: 

At X- Direction: 

Mu= 479.3*2.5*1 *0.5*1 = 599KN.m 

Using Reinforced Concrete. 

599 Mn= 
0

_
9 

= 665.6KN.m 

Kn = Mn = 665.6 10° 
bd2 2.5 x 0.5552 - 0.864Mpa 

m = IY _ 420 
0.85* Jc' - 0.85* 24 = 20.588 

p = J (1-.J1- 2 X 20.588 X 0.864) 
20.588I 420 =2.10210° 

4s.,, = p*b*d = 2.110° 25055.5 = . - 29.2cm2 

1Ssnrka = 0.0018b h = 0.001g% 959 ~ -- 65 = 29.2cm? 
As,, = 29.2 = As q. Shrinkage = 29.2cm2 

Select 12618.... As _ Pravided - 30.53cm2 > 29 2 2 . cm ..... ok 

Chapter 4 

-....-.... 
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At Y- Direction: 

Mu = 479.32,4510.51= 587.14KN .m 

Using Reinforced Concrete. 

Mn= 587.14 652.4KN.m 
0.9 

_Mn _ 587.14x10°_ 9,778Mpa 
l(n - bd2 2.45 x 0.5552 

m=. f__ 420 220,588 
0.85*/c 0.85*24 

= 1 (l- 1_2x20.588x0.778J=l,SS9*10-3 p 20.588 420 

4s,, = p*b*d = 1.88910° 24555.5 = 25.7cm 
AsShrinkage = 0.0018* b* h = 0.0018*250*65 = 28.665cm2 

As Shrinkage > As Re q. 
Select 12¢18 .... AsProvided = 30.53cm2 > 28.665cm2 ..... ok 

4.10.6 Check for Strain: 
At X- Direction 
Tension = Compression 

As fy = 0.85 * fc '~ b * a 

3053 * 420= 0.85 * 24 *2500 * a 

a=25.14 mm. 
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wow"" 
s-.4_25.14.99,6mm 

B, 0.85 
_ 555- 29.6 X0.003 

6, 29.6 
e = 0 0532 > 0.005 s • 

At Y- Direction 
Tension = Compression 

As * fy =0.85 f, b a 

3053 420= 0.85 24 2450 a 

a= 25.655 mm. 

x = !!_ = 25.655 = 30.2mm 
B, 0.85 
= 555-30.2 X0.003 6, 30.2 

e = 0.052 > 0.005 s 

⇒OK 
4.10.7 Check transfer of load at base of column: 

.Pn = ¢>.(0.85/c'Ag) 

.Pn = 0.65[0.85 24 (500 450)]/1000 = 2983.5KN 
But Pu= 2875.8 <6.Pn = 2983.5KN 

Dowels are not required for load transfer. 

But use the minimwn reinforcement of dowels: 

As min = 0.005 *Ag= 0.005 * 5045 = 1 l .25cm2 

Use the column bars as a dowels 
Select 6<I>16 

AsProvided = 12.06cm2 > AsReq. = l l .25cm2 

_ 0.24Jy 0.24*420 
Ld(l)req- rz db r;::-; 1.8 = 37cm. lfc N24 
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-
_:s~tr:u:c~tu~r:a~l A:_:na:l:y:si:s:&:D::es:ig~n:_ ==------------ -........... 

( Ld(2)req = 0.043 x fy x db = 0.043 x420 x 1.8= 32.5cm 

7 l Ld(2)req = 32.5cm < Ld(l)req=37cm ~ contrnl 
.:> Ls= 0.071 xfy xdb = 0.071 x420 x 1.6 = 47.7 cm >37cm 

Ls =47.7cm 
Available Ld = 65- 7.5- 21.8= 53.9 cm. 

Available Ld = 53.9 cm> Ls= 47.7cm 

Using hook >166 
Required length of hook~ 16* </J ~ 16*1.6 = 25.6cm 

Use Hooks= 30cm > 25.6cm 

.Q.., n n .. n 

~ EH! 
±:. 

··, -- . -.; ...... .. .. 

·.1 

---------'1.5 Section A.2 ? 23 

Fig (4- Isolated Footing. 
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4-11 Design of One Way Solid Slab : 

7.8 

Fig (4-8) One Way Solid Slab 

Thickness calculation :- 

One end continuous 

h 3900 4 3a =163 m 

Take h =200 mm= 20 cm. 
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-S~t~r~uc~t~u~ra~l~A~n~a~ly~s~is~&~D~e~si!g~l!D.-=--=------===--==-=======-- --......... 

Check whether thick. Is enough for shear 
Vs = 52.1 KN / lm strip 

Assume bar dia. D 12 for min. reinforcement 
d= 200 - 20 - 12 / 2 = 174 mm 
Ve= 1/6 X .../24 X 1000 X 171 X 10"-3 = 142.1 ]KN 
Vu< l /2 <t>Vc = 53.28 KN / lm strip 

Sence, thick is enough 

Slab design for the negative moment : 
Mu= -37 KN 
Assume bar dia. <t> 12 for min. reinforcement 
d=224mm 
Rn= Mn 

bx d? 
37 /0.9 

1000x (0.174)° 

m = fy 420 20 6 
0.85/c' = 0.85x 24 = · 

1.36 Mpa 

_ 1 2(20.6)(1.36) P20.6 (1 - 1- 420 ) = 0.0036 >p = 0.0018 OK 

As= 0.00366 x 1000 x 174 = 636.8 mm2 

MomentiShear Env el O P e (Factored) Units:kN,meter 
Moments: s ans 1 to 2 

45.4 
.37. -37. <u< = " · 

pad= 

tale h 

85 

C 
0.25 
H 
I- - 



C
tural Analysis & Design 

s! Chapter 4 

d calculation : 
" 33 x 0.03 =0.69 
~ t 22 X 0.02 = 0.44 
" 1%xo.07=1.12 
25 x 0.2 =6.25 
, 22 x 0.03=0.66 s 2x1=2. 

I= 9.91KN/m"2 

%4 = 7.5 KN/m2. 

·eiake lm strip from one way solid slab : 

Geometry Units:meter,cm 

2 
3 

1 i! 
2 

C ::: 
,;) J 

~ 
~ 

0.25 3.62 0.3 3.62 0.25 

I I 
I I 

I I 

3.9 
3.9 

Fig. (4 - 9)lm strip of one way solid slab 
M o m e n t / S h e a r E n v e I o p e (factored) 

Units:kN.meter 

-------- 
Shear 

.52.1 

37.9 34.9 

: 
58.2 

eactions 

Factored 

{ 

DeadR 
I I 

I I I 
17.39 

~ 

LiveR 
17.39 

57.97 
20.48 

Max R 
20.48 

58.5 
37.87 

Min p 
37.87 

116.47 
14.47 

Service 
14.47 

87.'22 14.49 

DeadR 14.49 
48.31 

12.8 

iveR 
Max R 

12.8 
36.56 

27.29 

Min p 
27.29 

84.87 
12.67 

12.67 
66.59 
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step (s) is the smallest of :- 
~ -25 *Cc 

$3&0( fs) · :1< ~ -2.5 *20=330mm 
< 380 * ")-2.520 = 380 . ( ~* 420) 
- - [y 3 280 ( 1) 3 2so 300 * ( _ ) = 300 mm contro <300(") =300(r,)° E«zo - fs s'> s 
<3 * h = 3* 200 = 600 m 
<450 mm. 

- Check for strain: 
Tension= Compression 

A, fy = 0.85 fc' b a 
770*420 = 0.85*24*1000*a 
a= 16cm 

a 16 c=-=-=18,8mm 
B, 0.85 
= 174-18,8*0.003 

6, 18.8 

s =0.025>0.005 >ok s 

Slab design for the negative moment : 
Mu=+ 30 KN 
Assume bar dia. <I> 12 for min. reinforcement 
d=174mm 
Rn- Mn _ 30/0.9 
- bx d? 1000 (0.174)2 - 1. 1 Mpa 

m = fy = 420 = 20 6 
0.85 Jc' 0.85 X 24 . 

! py ) 220.66.1j 
p = 20.6 l - l 420 )=0.0025 >p = 0.0018 OK 

As= 0.0025 x 1000 x 174 =435 mm 
r- . ~ . ------·--~- => Use t'.llll / 25 cm ·, Asprov :,; 452.4 m.;i~ 
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-r-• -·· .. -~-. ·:-~:.;.:-;-:r-~------ ........ -i---:-'"-1 
···--•·a·=-•-,-:-,·- ·- i .. -·110 :mm '}cm 

~ Use t1>14 / 20 c:m·_, asprov - ~-=---- _, 

step ( s) is the smallest of :- 
,, 280 2 5C 

:s 380 (ts)- · c ~ ~) _ 2_5 * 20 = 330mm 
. ( 280) 2 5* 20 = 380 . ( 2 420 <380 5 -«  

- 3/y 280 300\ ( ~) = 3001mn (control) 
< 300 ( ~) = 300 * ( ~ f' ) = f42o fs s/¥ 
<3 * h = 3 * 200 = 600 m 
:S450mm. 

- Check for strain: 
Tension= Compression 

A, .fy = 0.85 fc'ba 
770 *420 = 0.85*24*1000*a 
a= 16cm 

a 16 
c=-=-=18,8mm 

B, 0.85 

8 = 174-18,8*0.003 
s 18.8 

e =0.025 > 0.005>ok s 

Slab design for the negative moment : 
Mu=+ 30 KN 
Assume bar dia. Cl> 12 for min. reinforcement 
d=174mm 

Mn 30/0.9 
Rn= bxd2 = lO00x(0.174)2 = 1.l Mpa 

m = _.ry = 420 = 20 6 
0.85 Jc' 0.85 X 24 . 

' (y % 220.67.i =- 1- 1 --.:..._;___.::., - ",.._,. r-.,-.,-., p 20.6 420 )- O.vOL.:, >p =U.0018 OK 

As= 0.0025 x 1000 x 174 = 435 mm2 

s » aii/zs ci",Asro' zsz.a an, 
--= 
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( Temperature and Shrinkage ) : 

>p= 0.0018 
As min=p. *b*h =0.0018*1000*200=360mm

2 

mm 

Structural Analysis & Design Chapter 4 """C' 

(control) 

Use @10 @ 200 mm 
step ( s) is the smallest of : 

<5h=5 200 = 1000 m 
< 450 mm. (control) 

4-12 Design of Shear Wall :- 

Fig. ( 4 - 10) location of h 
s ear wall. 

I 
,' 
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By use ET ABS software program we have: 

I 
c 

j 
j' i 

; ,· I rt 
I~ . ! j 

,& / 1 i I i ) 

} f { .. j.!. · l . 
'4p' 7ff l{1 fa 

I i , . I * . ' " ~ . . /1 ' \Np3 
l f ·' 

Fig(4-11) Shear wall By Using ETABS 

A 

\ 
\ 
\ 
\ 
',~22. 23 kN .m 
\ 
} \813 kN.m 

\ 

\ \2221.53kN.m 
\ 
\ \4167.8kN.m 

__________________ Bending moment 

j 

! 
f 
~ 
f 

3.5m 

3.5ni 

3,5111 

}» [5 
/; . _;"//~.-' _/ .·:/-r,I 
l---e.Slll,13---1 

Fig (5-1) shear and moment j; iagram of wall 
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N xd KN 
V =0.27✓24x250x4720+ 4" L =1560 
~ X w 

(ffe 2xN,,J y 'N®5, ,a "-[E] ® 
V, 2 

= [✓'24 + 5.9(-fiA +O )l x 250x4720 = 2319.21KN. 
20 1.68 ] 

¼>vc = 361.3 KN< Vu= 545.86 KN needs reinforcement. 
2 

Shear reinforcement must be provided in according with 11.9.9. 
V,<dV,=4( V,+ V,) 

Vs= Vu/ <P- Ve= 545.86/ 0.75-963.5= -235.7 KN. 
also ... 
¢.Ve= 0.75*963.5 = 722.625 > Vu = 545.86 

So we take minimum reinforcement .... 

Try D 10@200mm for two layers. 
2 * 78.5 

P = s * 200 = o.oo25 ~ S == 314mm 

Max. Spacing : 

Lw / 5 = 5900 15 =1180 mm 
3h = 3*250 = 750 mm 

450 mm Control. 

9O 

Cril 
NI 

Thi , 
2 
kw 

2 

d= 

V = I 

Ass 
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structural Analysis & Design Chapter 4 

fc'::: 24 !vfpa 
fr::: 420 !vfpa 
)l:::2scm shear wall thickness 

5 9m shear wall width [y= ' 

14m building height 
Jw= 

•Design of Horizontal Reinforcement: 

critical Section :- 
~vn ===0.75 *0.83*fc/\112*h * 0.8 lw = 3598.5 KN> Vu= 545.86 oK 
Thick is enough . 
~::: 5.9 == 2.95m control 
2 2 
hw == 14 == 7m 
2 2 

d=0.8xlw = O.8x 5.9 == 4.72m 
I, =545.86 KN 
Mu= 2221.53 + 545.86(3.5- 2.95) == 2521.753 KN.m 

V = ffe xbxd 
Cl 6 

✓24 ,= x250x4720 = 963.5 KN ........ CONTROL 
6 

'=027,ye «oa A xd 
4x L, 

Assume N, = 0.0 
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*Design of Vertical Reinforcement: 

..l4.237 
L, 5.9 

( hw) ( _ o 0025) > 0.0025 P . > o 0025 + 0.5 2.5-j Pe · vmm · 

Select ct> 10 @200mm. In two layer. 

*Design of Bending moment: 

(
5900) 2 

A = -- * 2 * 78.5 = 4631.5mm st 200 

_ (Ast) [y = ( 4631.5 ) 420 = 0.055 
w - Lwh fc' 5900 * 250 24 

P, 
a=j777= 0 

w Jc 

C w + a 0.055 + 0 = 0.066 La» + 0.85P1 - 2 * 0.055 + 0.85 * 0.85 

[ ~ C] oM, =0jsA,01,77r 
= 0.9[0.5 » 4631.5 * 420 * 5900(1 + 0)(1- 0.054)] =4885.7 > Mu = 4167.8 .. ok 

b;ne D10@200 mm for vertical reinfor 
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Structural Analysis &: Design 

4-13 Po.(ST1A): Design of Stairs 

Figure (5-2) : Stair (STlA) 

NOTE: (Material) 
o * Jc'= 30 N / mm (MPa) For circular section B300 .... 
but for rectangular section (_fc'= 30 * 0.8 = 24MPa). 

o Determination of Thickness: 
height =3.50 m 

Rise= 3.5/20 = 17.5 cm 

heir:ht 
3.5m 17.5 cm 20 cm 5 KN/m2 24 Mpa 420Mpa 

- Minimum slab thickness for deflection is (for simply supported one way solid slab) 
h,min=L/20 

h,min =417.5/ 20 = 20.87 cm take h= 25 cm. 
⇒ Use h = 25cm. 

0=tan'(17.5 /30)= 30.256° 
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h,min (cm) /.. 0 
30.256° 25 

o Load Calculations 

Dead Load calculations of F!ight: 
0.03 X 22 

Plaster=-----:--= 0.762 KN /m cos 30.256 
0.25 x 25 

concrete==7.217 KN/m 
cos30.256 

mortar 93 +0.177 ,62 22 = 0.696 KN/m 
0.3 

0.3 «0.175 2.1875 KN] Stair==25== . m 0.3 X 2 

Tu> _35 +0.179 ,q5 y 27 = 1,4175 KN/m 
0.3 

Total load (DL) = 12.3 KN/m 

Live load (LL) = 5 KN/m 

Dead Load calculations of Landing 
material ama hm bi m KN/m Tiles 22 0.03 1 0.66 Mortar 22 0.02 1 

0.44 RC 25 0.25 1 6.25 Plaster 22 0.03 1 0.66 Total load L 
8.01 Live load L) =5 KN/ma2 

Total Factored load,,,, (W = 1.2DL + 1.6LL) 
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W =1.212.3+ 1.65 = 22.76 KN/m JFor WJ11g1z1 , 

For W,a. • W 1.2*8.0l+ 1.6*5 = 17.61 

T7, (KN/m) pgnr \U±..4 
' .. . .- - ,·. ,·. ·._,, . 

.... 
. ,_· . . , : 

22.76 17.61 

- Structural System Of Flight (FL1): 

22.7 KN/ 

LL JJJ ... LJ-1 .. J _ l J 1 

34.69Kt·I 

l 
35.27KN 
-- 1.02 ----- 2.7 ---- 1.08 -- 

Check for shear strength For Flight: 

Assume 0 14 for main reinforcement:- 
d = h-20- db/2 = 250-20-14/2 = 223 mm 
Vu =47.85KN 

0.75 ,/24 1000 223 
¢Ve = 

6 
= 136.56KN Im 

Vu= 47.85 KN < 0.5* ¢Ve= 68.28 KN. 
Thickness is adequate enough 

db mm 
014 

h(mm 
250 

d (mm 
223 

Vu 
47.85 

¢Ve (KN)._· 
136.56 
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o Design of Flexure: 
· Momeflls: s;>ans t 10 1 

-' ( 

2.4 56.5 
I 

2.4 

(5-3): Envelope diagram Flight (ST1A) 

- Design for Flight: 
Mu= 56.5 KN.m 

Mn =Mu/ 0.9 = 56.5/ 0.9 = 62. 78 KN.m/m 

d =h-20-db/2 = 250-20-14/2 = 223 mm 
Mn 

~ = b-d2 

R = 62.78*106 = 1.262MPa 
n 1000223° 

fy 
m =--- 

0.85xfc' 

m e 420 299.6 
0.85x24 

± F]4f-·me) f;, 20.6\]'V" 420 == 0.0031 
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2 = 450mm /m.... OK 
A = 0 0031 *1000*223 = 692.17 mm /m > Asmin - S4 '· 

4s,, =0.0018bh = 0.0018 1000 250 = 450mm /m 

Use D 14 then, 

Mu .. m 
56.5 20.6 1.262M a 692.17 

. . ·. .2 ·.As·rilin ·_mm . 
450 

-·s .. - . mm 
200 

- Step ( s) is the smallest of : 

1. 3*h = 3* 250 = 750 mm 
2. 450mm 
<380 (")-2.s +c, 
< 380 * ( ~ )- 2.5* 20 = 380 * ( ~ )- 2.5 * 20 = 330mm Ey E42o 

3 3 

< 300 (~) = 300 * ( ;00) = 300 ( 2 280 ) = 300 mm ... (control) fs 5fy Ty420 
3 3 

- Check for strain: 
Tension= Compression 

4,fy = 0.85 c' b a 
753.6* 420 = 0.85* 24*1000* a 
a= 15.52m 

a 15.52 
c = - = -- = 18.25mm 

B, 0.85 
C = 223-18.25,, 

003 
s 18.25 . 

&,=0.0336 > 0.005 >ok 

• Temperature & Shrinkage reinforcement: 

As Shrinkage= 0.0018x bx h= 0.0018x 1000x 250 = 450mm /m 
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- Step ( s) is the smallest of : 

1. 5*h = 5* 250 = 1250 mm 
2. 450 mm - control 

GE?@»j®®» 
450 150 <I> 10 

- Design for fandlinng (LlA): 

18.66 KN/m 

I J l J 1 J 
18.66 KN/m 

J..11.111 
17.61 KN/m 22.7 KN/m f I I 17.61 KN/m 

l J, J J 1 ~ -, --- 1 J. J L 1 
/ .. -.~~-------------./.,,.,· 

-~- 
s 1.8 shl,,% 

- -t-1.8 ----e::,... 

? < y 

Structural System Of Landing (LIA) 
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orients; spans to 

------ 
' .... 

to.r ---. 

1.85 

I 
! 

~ 
i __ t 

(5-4): Envelope diagram Of Landing (LIA} 

Vu = 67.1 KN/m 

- Check for shear strength (LlA): 
Assume 0 14 for main reinforcement:- 

d = h - 20- db/2 = 250 - 20- 14/2 = 223 mm 

¢Ve= 0.75*.fiii *1000*223 =136.56KN / m 
6 

Vu= 67.1 KN Im< 0.5* ¢Ve= 68.3 KN/m. 

- Thickness is adequate enough 

- Calculate the maximum bending moment: 
Mu= 62.075 kN.m/m 

Mn =Mu/ 0.9 = 62.075 / 0.9 = 68.97 KN.m/m 

d = h - 20- db/2 = 250 - 20- 14/2 = 223 mm 

R = Mn 
" b-d? 

R, = 68.9710° 1.386.MPa 
I 1000223° 

fy 
ff] t 

0.85xfe' 
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m = 
420 

=20.6 
0.85x24 

p = _!_(1- )1- 2mR,, J = _1_(1- 1 220.6 ,:c 1.386) == 0.00342 
m\ f, 20.6 420 

As,, 0.00342':11000*223 = 762.74 mm/m> As,, = 450m1112 Im .•.• OK 

4s,,, =0.0018b * h = 0.0018 * 1000 * 250 = 450mm2 /m 
Use @ 1¢ 00 ic/e 

Mut {.m)] m 
62.075 20.6 1.386 

Mpa 
0.00342 762.74 450 200 

- Step ( s) is the smallest of :- 
1. 3*h = 3* 250 = 750 mm 
2. 450mm 
<380 (")-2.5+c, 
< 380 * (:so)- 2.5* 20 = 380 * ( /BO )- 2.5 * 20 = 330mm 

_fy F+420 
280 3 

< 300 (-) = 300 * (")= 300 * ( ~) = 300 ( rs - fiy ~* 420 mm control) 
3 3 

- Check for strain: 

Tension= Compression 

4,fy = 0.85 c' ba 
762. 74420 = 0.85 * 24 1000 a 
a= 15.7 

a 15.7 
c=-=-=18.47mm P1 0.85 

223-18.47 
8s = 18.47 * 0.003 

S, = 0.0332 > o.005 ~ ,..,. F al 

o Temperature & Shrinkage reinforcement: 
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-............. 

Asshri11kage = 0.0018x bx h= 0.001 Bx lO00x 250 = 450mm /m 

Use @ 10 @ 15 cm c/e, As prov = 523.33 iim2/m strip 

- Step (s) is the smallest of :- 

1. 5*h = 5* 250 = 1250 mm 
2. 450 mm- control 

«-?[ S@® [#®» 
450 150 <I> 10 
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Appendix A : Architectural ][})rawings 5.1 

Appendix B : Structural Drawings 5.2 

~l~l._g JJ~I 5.3 
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I. American Concrete Institute (AC.I), Building code Requirement for structural concrete 

(ACI-318M-08). 
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