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Chapter4 Structural Analysis & Design 

Structural Analysis And Design 

4.1 Introduction. 

4.2 Design method and requirements. 

4.3 Determination of Slab Thickness. 

4.4 Design of topping. 

4.5 Load calculations for one way Rib slab. 

4.6 Design of one way Ribbed slab. 

4.7 Design of two way Ribbed slab. 

4.8 Design of two way Solid slab. 

4.9 Design of Beam. 

4.10 Design of Short Column. 

4.12 Design of foundation 

4.13 Design of Basement Wall. 

4.14 Design of Shear Wall. 

4.15 Design of Stairs. 

4.16 Design of frame. 
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Chapter 4 Structural Analysis & Design 

4.1 Introduction: 

-Many structures are built of reinforced concrete: bridges, buildings, retaining walls, 
tunnels, and others. 

-Concrete is a construction material composed of cement ( commonly Portland cement) as 

well as other cementations materials such as fly ash and slag cement, aggregate 

(generally a coarse aggregate such as gravel, limestone, or granite, plus a fine aggregate 

such as sand), water, and chemical admixtures. 

-Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and 
frequently admixtures. 

-Structural concrete can be classified into: 

• Lightweight concrete with unit weight from about 1350 to 1850 kg/m. 
• Normal weight concrete with unit weight from about 1800 to 2400 kg/m. 
• Heavyweight concrete with unit weight from about 3200 to 5600 kg/m. 

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

ribbed slabs. They would be analyzed and designed by using programs such as Beam D, 

Safe, Stead pro.to find the internal forces, deflections , and then hand calculation would 
be made to find the required steel for some members. 

In this Chapter, we will show the procedure for designing the several structural members 

of our project, so we will discuss the steps that we followed to design the Ribs, beams, 
slabs. 

So, this chapter will contain a sample calculation related to one of the preceding members 

contained in this project. All of these members will be designed according to (ACI-318 
code ). 
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4.2 Design method and requirements: 

The design strength provided by a member is calculated in accordance with the 
requirements and assumptions of ACI_ code (318_11). 

4.2.1 Strength design method: 

-In Strength design method which formally called ultimate strength design method, the 
service loads are increased by factors to obtain the load at which failure is considered to 
be occurring. 
This load called factored load or factored service load. The structure or structural element 
is then proportioned such that the strength is reached when factored load is acting. The 
computation of this strength takes into account the nonlinear stress-strain behavior of 
concrete. 
-The strength design method is expressed by the following, 

Strength provided > strength required to carry factored loads. 

NOTE: 

The statically calculation and the key plans dependent on the architectural plans. 

► Code UBC: ACI 2008. ► Material:- 

Concrete: B300 Jc'= 300 * O. 8 = 24 N I mm 2 (MPa ) For rectangular 
section, 

► Reinforcement steel : 
The specified yield strength of the reinforcement Uy = 420 N/mm (MPa) 

4.2.2 Factored loads: 

The factored loads for members in our project are determined by: 

Wu = 1.2 DL + 1.6 LL ACI-code -318-08(9.2.1). 
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4.3 Determination of Slab Thickness:- 

LAI L1 ±ALSEY ITU I I 

- 

I TT TSAI" ET + 

Fig 4.1: Plan of Ribbed Slab. 

4.3.1 Determination of The thickness of one way and two way ribbed slab: 

- One Way Ribbed Slab :RS. 

Two Way Ribbed Slab :R4. 

40 



Chapter4 Structural Analysis & Design 

Y 

• Statically system for (R 5) :- 

Fig 4.2: Statically system for (R 1) 

• Section in ribbed slab:- 

O8@20 cm 
A 

\, ,::: l gay=] u ,:;:, 

:::I # y: 5 5 

' L; r-- 1/"l ! 
"] 

(Yy I s 
12 cm ,,. ., 40 cm 12cm 40cm 12 cm f Vk--------'----F 

Fig 4.3: Section in ribbed slab 

DL=4.22 

LL=2.6 

The overall depth must be satisfying ACI table (9.5.a) for nonprestressed beams or one 
way slabs unless deflections are computed. 

The minimum required thickness is:- 

1-Maximum span length for one-end continuous : L=6.3 m =630 cm. 

-hrnin for one-end continuous= L/18.5. 

hmi=-i= = L/18.5 = 630/18.5 = 34 cm ( control) 
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2-Maximum span length for both-end continuous : L=6.9 m =690 cm. 

-hmin for both-end continuous = L/21. 

ha = L/21 = 690/21 = 32.85 cm. 

- The controller slab thickness is 34 cm. 

But by deflection checked it was controlled at 35 cm thickness. 

So Select Slab thickness h= 35cm with 27 cm hollow block & 8cm Topping. 

4.4 Design of topping: 

Topping in One way ribbed slab can be considered as a strip of -l_meter width and a 
span of hollow block length (b=40 cm) with both end fixed in the ribs. 

ie....-.- f() (pp------a 

Fig 4.4: topping load. 

4.4.1 Determination of dead load: 

Typical Section In Ribbed Slab 
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Fig 4.5: Typical Section In Ribbed Slab 

Dead load calculations: 

Dead load from: 6xyx l KN/m 

Tiles 
Mortar 
Sand 

Topping 

0.03x23 
0.02x22 
0.07x 16 
0.08x25 
3 

0.69 
0.44 
1.12 
2 

4.25 

Table (4.1):Calculation of one way dead load. 

Live load: 

Lg =5 KN/m? LL =5 KN/m2 x Im= 5KN/m 

4.4.2Determination of factored dead & Hive loads: 

Wu= 1.2 x4.25 + I.6x5 =13.IKN/m. 

*Check the strength condition for plain concrete, 0Mn~ Mu, where 0 =0.55. * 
Mn = 0.42 £../'f: Sm (ACI 22.5.1, equation 22-2). 

bBn> 1000x20° Sm ( modulus of cross section of slab)= 7 = 
6 

= 1066666.667 mm? 

f:JMn = 0.55 X 1 X 0.42 X fu X 1066666.67 X 10-6 = 1.247 KN.m 

W.I 13.1-0.4 
Mu= -- = ---- =0.171 KN.m 12 12 

(negative moment). 

oMn >> Mu = 0.171KN.m 

-No reinforcement is required by analysis. According ACI 10.5.4,provideAs,mmfor slabs 
as shrinkage and temperature reinforcement. 

Psnrinkag,; = 0.0018 ACI 7.12.2.1 

As = p X b X htopping =0.0018 x 1000 x 80 = 144 mm-/m strip, 

Try bars 08 wt h As= 50.24 mm= 
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As 144 
Bar numbers n=--- = -- = 2.87 take 3bars. 

As(©s) 50.27 
Step (s) is the smallest or 

1-3h = 3 X 80 = 240 mm. . control . 
2- .450mm 

3-S =380(~) - 7.SC = 380 (-280 )- 2.5 .20 = 330mm f, - c =420 
5 

but. ...... 

(280) (280) S:S 300 - = 300 = = 315mm •....•••.•..••• ACI 10.6.4 fs -400 

Use 4> 8 @ 200 mm in both direction, As 12rovided =250 mm2 Im , S = 200 mm <S.J1Jax = 
240 mm. 

4.5 Load calculations for one way Rib slab 

One Way RbSLab Shrinkage & Temperature Bars 

Topping 

Holovw Block 

Fig 4.6: one way Rib slab. 

ACI 10.5.4 

-The effective flange width Che), according to ACI 8.12.2 is the smallest of: 
L 2800 

1. e < ;= 4 = 700 mm L: is the min span Of the rib. 
2.be < bw + 16hf = 120+ 16x 80 = 1400 mm. 
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3. be s; center to center spacing between adjacent beams = 400+ 
120 = 520 mm 
....... Control 

Requirements For Slab Floor According to AC/- (318-08). 
• bw ~ lOcnt ACI(B.13.2) 

Select bw =12cm 

• h s; 3.5 * bw AC!(B.13.2) 
Select h = 35cm < 3.5 * 12 = 42 cm_ 

• Unit width(b;)=bw +} block+] block 
b 1 1 y= 12+7 40+7 40 =52 cm 

Select bf = 52cm 

◄ 52cr 

Typical Section In Ribbed Slab 

Fig 4. 7: Section in one way Rib slab. 
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• Dead load calculations: 

Dead load from: KN/m 

Tiles 
Mortar 
Sand 

Topping 
RC rib 

Hollow Block 
Plaster 

0.03x23x0.52 
0.02x22x0.52 
0.07x1680.52 
0.08x25x0.52 
0.27x25x0.12 
0.27x9x0.4 

0. 02x22x0.52 
3 

0.359 
0.2288 
0.582 
1.040 
0.81 
0.972 
0.2288 
4.2206 

Table ( 4.2):Calculation of one way dead load. 

• live load calculations: 

Live load /rib = 5 KN/m2 x 0.52 m = 2.6 KN/m. 

• Factored load calculations: 

Du = 1.2 x4.2206 = 5.06 KN/m 

Lu = 1.6 x 2.6 = 4.16 KN/m . 

. Wu = 5.06 +4.16 = 9.22 KN/m 
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4.6 Design of One Way Rib slab: 

❖ System one -way ribbed slab: 
G e o m e t r Y Units:meter,cm 

1 
1 

~ 

~ 
0.8 4.4 

5.2 
52. .7 
12. 
A-A 

2 

0.8 

3 
2 3 

~ A 

~ ~ 
2.87 0.8 2.43 
3.67 3.08 

Figure(4-8): Rib geometry. 

❖ Loading 
By using BEAMD (A TIR) program we get the envelope moment and shear diagram as the 
following: 

load group no. 1 
Dead load - Service 

Loading 

4.22 4.p22 4.22 

' ' ' ' ' 'I \D ' ' I / ' 5.2 ~ 
3.67 3.08 I ;.,,. ,,... rl." 

] rgr] 4%44pre» 4 9[) 

2. 0 
2. BO 2.60 \I 

T 5.2 I \/ 
3.67 ' 3.08 

Figure(4-9): load service of Rib. 
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Moment/ S h e ar E n v e I o p e (Factored): 

M o m e n t / s h e a r E n v e Io p e (Factored) Units:kN,meter 

Moments: s ans 1 to 3 

' lat =tk# ? «r as 4, ° 
am 

2.08 

-23.7 

ea 

13.4 
19.9 

21.5 
I 3.12 2.02 1.65 1.69 1.39 

-28.5 
-22. 

-15.6 
-9. 

----- 10.7 15.6 
22.1 17.3 

Reactions 

Factored 

DeadR 10.71 27.32 I I 
Live R 9.23 23.32 15.95 6.53 
Max R 19.95 16.9 6.4 
MinR 10.28 50.64 32.85 34.24 12.93 
Service 20.12 5.49 
DeadR 8.93 22.77 Live R 5.77 14.58 13.29 5.44 
Max R 14.7 37.34 10.56 4, 
MinR 8.66 27.09 23.85 9.44 

15.9 4.79 

Figure(4-10): Moment / S h ear En v e 1 ope of Rib. 
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❖ 4.6.1 Design for positive Moment for _Rib (R2Op) 

Mu (max.positive moment) = 21.5 KN.m. 

Assume bar diameter <I> 12 for main positive reinforcement. 

d 12 
d = h - cover - dstirrups ='?= 350 - 20 - 10 - - = 314 mm. 

2 2 

► Check if a>h; to determine whether the section will act as rectangular or 
T_ section, 
- ' I h, M., =0.85.5'.b,.h,.(d=5) 

M,,=0.85x 24 x 520x 80x (s14- ]') x 107 = 232.53 KN.m 

M, M,r,=21.5/.9=23.9KN.m, 

-The section will be designed as rectangular sectionwith b = 520 mm. 

Mu. 21.5 x 10° 
Rn = 0bd2 = 0.9 X 520 X 3142 = 0.47 Mpa. 

m=- ±0 - 29,6 
0.85/; 0.8.iX24 .., • 

_ 1 (· j' 2.·m.R11) 1 ( j 2 X 20.6 X 0.47) p-- 1- 1---- =-- 1- 1------- - m 420 20.6 420 - 0.0011 

As = p. b. d = 0.0011 X 520 X 314 = 179.6mm2 

► Check for As ,min- ,,.._ 

As.min =o.3s±T's5,4 14, ·"· r hw =,b,.d 
ly ly 

,'24 
As, min = 0.25 420 120 x 314 = 109.87mmz 

1.4 
As, min = 420 120 X 314 =125.6mm? .... Control. 

As, required =264.9 mm2.> As, rnin = 125.6mm 
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Use 212,Bottom,As,provided = 226 mmz > As,required 
= 179.6mm2 Ok 

► Check for strain: 

A t 179.6 X 420 a= s. Y = = 7.11mm 
0.85b f!' 0.85 X 520 x 24 

a. 7.11 
c = - =--= 8.37·mm B, 0.8s 

(
d - c) (314- 8.37) s = 0 003 -- = O 003 ---- = 0.1 > 0.005 

:;. • C • 8.37 

► Design for positive moment Mu = 9.1 KN. nz 

Ok 

-Assume bar diameter 4 12 for main positive reinforcement 
d, 12 

d = h - cover - dstirrups---= 350 - 20 - 10 - - = 314 mm. 
2 2 M,,, = 232.53 KN. m 

M,r >>"[9.1\9=10.1 IKN.m, the section will be designed as rectangular section 
with b = 520 mm. 

M, 9.1x 105 
Rn= 0bd2 = 0.9 x 520 x 3142 = ·197 Mpa 

m=--r,- ±0 = 20.6 0.s5;; 0.85x2+ 

= 2_(1- f 1 _ 2.m.Rr.) = _1_ (l - 1 _ 2 x 20.6 x 0.197 m\ {' 420 20.6\ ,' 4z0 I=0.00047 

As = p.b. d = 0.00047 x 520 x 314 = 76.7mm 

► Check for As,min- 

( min control) >As, required =76.7 mm2 

As,min = 125.6 1nm2 . 

Use 2<)>10 Bottom,As,provided = 157.1mm2 > As,required 
= 125.6mm2 •• Ok ► Check for strain:- 
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%. ±fy__ 1s7.18±20 6,22mm 
0.85bf- 0.85x520x24 

a 6.22 
c= - = -- = 7.32 nun 3. 0.s5 

<-6ass([) -sos(';]=)= ±z%> oaos....o 

Note: All spans with Positive moments less than 9.1 KN.m will be 
Reinforced with ©10, 

❖ 4.6.2 Design for negative Moment for Rib (R20p ) 

► Mu =-23.7 KN.m. 

maximum negative moment at the face of support-A CI 8.9.3) 

-Assume bar diameter <I> 12 for main negative reinforcement. 

d, 12 d = h- cover - dstirrups -= 350- 20-10 - - = 314 mm. 
2 2 

M, 23.7 x 10° 
R, = 0bd2 = 0.9 x 120 x 3142 = 2.22 Mpa. 

1 ( / 2.tn.R~,) 1 ( 2 X 20.6 X 2.22 P = - 1- [1- F = -- 1 - 1 m ' 420 20.6 420 = 0.0059 

As = p. b. d = 0.0059 X 120 X 314 = 221.5-nm-12 

► Check for As,min, 

As= 221.S 1nm2 > As,n1in = 125.6mm2 - OK 

Use 2q,14,Top ,As,provided = 307.88mm2 > As,required = 22l.Smm2 Ok 

► Check for strain: 
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f± 307.ssxazo a _ , -----= 52.8mm 
0.S::.b le 0.8SX120x24 

a 52.8 c= - = - = 62.1 nun 3. 0.es 

s, = 0.003 (d - C) = O 003 (314 - 62"
1
) = 0.012 > 0.005 Ok 

s C . 62.l 

DesignforMu = -9. SKn.rn 

Assume bar diameter q> 12 
~ 12 

d = h- cover - dstirrups _.....!!., = 350- 20-10 -- = 314mm. 
2 2 Mu 9.5 X 106 

Rn= 0bd2 = 0.9 x 120 x 3141 = 0.89Mpa. 

1 ( j 2.-rn.R11) 1 ( { 2 X 20.6 X 0,89) p = - 1 - 1 - -- = - 1 - 1- ----- = 0.0022 m N 420 20.6 ✓ 420 

As = p. b. d = 0.0022 X 120 X 314 = 82.89mm? 

► Check for As minimum:- 
As = 82.89 < As,·mtn = 125.6mm2 

Use 24910,Top ,As,provided = 157.08mm?> As,min = 125.6mm 

► Check for strain: 
hs.f» 157.08x420 

a o s-b ,,., = o s- "O .,, = 26.95 ·m:n-1. o Jr 65xle Xe 

a 655 3 c= - = -- = 1. 71 mm 3. 0.&s 

(d - c) (314- 31.71) 
s.s = 0.003 ~ = 0.003 31.71 = 0.0267 > 0.005 Ok 
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·" 4.6.3 Design of Rib for shear 

Shear strength Ve, provided by concrete for the joists may be taken 10% greater that for 
beams. This is mainly due to the interaction between the slab and closely spaced ribs. 
(ACI, 8.13.8). 

From shear envelope diagram: V,= 31.7 KN 

o Vc = 0.75 X 33.84 = 25.38 KN 

1 1 
Vs,m:n = 3b.,,,..d = 3 X 120 X 314 X 10-3 = 12.56 KN - control. 

o Vc=25.38<V,=28.5< o(Vc + V,,,,)=34.8 -Case 3 

minimum shear re inf orcement is required A, ..) 
,2n1121 

Use stirrups U - shape (2 leg stirrups) <p8 Av = 2 x so.26 = l00.53mmz _ 

V,=V - ~ =V/-V=28.5/0.75 -33.84 =4.16 KN 
Then 

d 
Sa <5 < 600 mm 

d 314 
,S max =? = ? = 15 7 mm 

,._, ,._, - control 

> Check for V,,,,·= 

-W, =12.56KN 
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-S,·equ:red = minimum of: 

34yyt_ 3x100.53x420 
b - 

1
,, = 1055.56 mnlr- •••••••••••••••• control w 4O 

164.f,, 16 X 100.53 X 420 
bwffi = 120 X ffi = 1149.15 mm 
Take S=l40 mm 

Use stirrups U- shape (2 leg stirrups)~ 8/14cm c/c 
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4. 7 Design of two Way Ribbed slab: 

4.7.1 Design of two way Ribbed Slab: 

4-7.1.1 Load Calculation 

► Determination of Dead load 
Dead load from: W =y xV KN/m 

Tiles 
Mortar 
Sand 

Topping 
RC rib 

Hollow Block 
Plaster 

0.03x23x0.52x0.52 
0.02x22x0.52x0.52 
0.07x 1680.52x0.52 
0.08x25x0.52x0.52 

0.27x25x0.12x(0.4+0.52) 
0.27x9x0.2x0.2x4 
0.02x22x0.52x0.52 

3 

0.186 
0.119 
0.303 
0.54 
0.745 
0.39 
0.119 
2.402 

Table ( 4.3 ) : Calculation of two way dead load. 

Total Dead Load = 2.402 KN 

2.402 
DL = 0.52 X 0.52 = 8.9 KN /m? Total live load = 5 KN /m? 

► Determination of factored dead & live load 

Factored dead load = 1.2 X Dea.d load = 1.2 x 8.9 = 10.68KN/m=-. 

Factored Live load= 1.6 X li1:e load = 1.6 x 5 = 8KiV/m2 

► Wu= 10.684 8= 18.68KN/2 
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> 4.7.1.2 Design for Positive and Negative Moment:- 

Discontinuous Edge 

Discontinuous Edge 

► Moments calculations 

Ma = Ca wla-bf and Mb = Cb wlb-bf 

la 7.88 
lb = 8.92 = 0.9 

• Negative moments: 

Ca.,,fj=0.9) =0 
M,,,, = 0 

o (#=os)-o 
Mb.neg= 0.0 

• Positive Moments:- 
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c(#=o9)-oos 
M = 0.045x 10.68>< 7.882;,. 0.52 = 15.52KN.m a,pos,dl 

c, (5=o.9) = 0.04s 

M = 0. 045 * 8 * 7.882 * 0.52 = 11.62KN.m a,pos,ll 

M = 15.52 + 11.62 = 27.14 KN.m/rib • C,PO$ - · 

c('=os)-oss 
M = O. 029"" 10.86* 8.922"" 0. 52 = 12.81 KN.m /rib b,.pos,dl 

(la ) 
cb,11 lb = o.9 = 0.029 

Mb 11 = 0. 029x 8"' 8.922 * 0.52 = 9. 6 KN.m /rib. . pos. 

• Mb = 12.814 9.6 = 22.41 KN.m/riB pos _ 

► Nega.tive 1no1nents at Discontinuous edge ( .!. positive moment): 
3 

1 
Ma.neg.edne 527.14= 9.05 KN.1n/ri.b 

1 
Mb,11eg,edges = 3"' 22.41 = 7.47 KN.m/rib 

o Short Direction: 

► Design/or positive moment (Mid Span)Mu = 27.14 KN.m 
► bf = 520 mm 
Assume bar diameter 4>12 for main positive reinforcement. 

d . db 12 d = h- cover - stzrnlps -- = 350 - ?Q - 8 - 316 2 -' 75= imm. 
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R - M_ 27.14x 10° _ 0.581 Mpa. 
11 
- 0bd2 - 0.9 X 520 x 316° 

fy 420 
m = --- = --- = 20.6 

0.85 f c' 0.85 ,., 24 

-+(--FF#)-4.( p m -'lj 420 20.6 
2X20.60XO.S8l) = 0.0014 

1- 420 

As = p. b. d = 0.0014 x 520 x 316 = 230.0Smm2 

• Check for As,min .. 

• As,min = 0.25 "024 
X 120 X 316 = 110.6mm2 

420 

• As,·min = ~ x 120 x 316 = 126.4mm2 •• Control. 420 

As, required = 230.05-,.mn2 > As, min 126.4mm2 

Use 24914 with As= 307.9nnn2 > As, required = 230.05mm? OK 
OK 

lJse 24>14,BottomAs,= 307.9mm2 > As,requ_ired = 230.05m!112~ Ok 

► Check for strain: 

sfs_ sor7sxsso_ 5. 
° osss? oss =2o..±,F 12.19 mm i2, Jg '03xEa Xe 

a 8.96 
c=-=-= 14.3mm • 0.ss 

(d - c) (316 - 14.3) 
~s =0.003_= 0.003 14.3 = 0.063 > 0.005 Ok 
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► Check spacing : 

S _ 120-20x 2-8x2-(2x14]_ 36 ·mm > 25 OK 
1 

Design for discontinuous edge 

·' - !A = ~ ~ 307 .9mm- = 102.63mm2 < As,mi-n = 126.4mm2 
+575sos 3 ' 

min As= 126.4 mm.2 (control) 

Use 2 b10,with As= 158mm. 

0 Long Direction 
► (Design for positive moment (mid span)), Mu=22.41KN.m. 

Assume bar diameter 4> 14 for main positive reinforcement. 
: d, 14 

d = 11 - cover - dstirrups -= 350 - 20 - 8-== 315 -nun. 
M, 22.4x 105 

Sr 55a° 69 x520 x 3s? =9.482 Mpa. 

f 420 m== - = -- = 20.6 0.85 f c1 0,85x24 

p= .!:. (1 _ / 1 _ 2,m.Ri:) = _1 (1 _ f 1 _ zx :o.6x0.482) _ . 
m ~ 420 20.6 ✓ 420 - 0.0012 

As = p.b. d = 0.0012 X 520 X 315 = 196.56mm 

• Check for As,min. 

As, min= 126m m2 

• As,required = 196.56mmZ >As,min == 126mm2 
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Use 249 12 with As= 226.2mm 

----=~-;;:=::-z~:::--:;r;;=;;;;,itlr;~r;;-}~26mm2. 2> As,require Use 2412,B%uom As,= 226.2mm 

► Check for strain: 
As,fy _ 226.2X420 = 8.95 m 

? oss»j! ossxs:ox:+ 

Ole 

a $95_ 10.5 mm c=-=-- . 3. 08s 

(d - C) (315 - 10·5) = 0.087 > 0.005 s,=0.003/_.=0.003 T6.5 

► Check spacing : 
S = 120-zox2-sx:-(2x12) = 40mm> 25mm OK 

1 

Ok 

Design for Discontinuous edge 

A 1
A = ~'"' 226.2mm2 = 75.4mm2 < As,min = 126mm2 s = 3 s,;,os 3 

min As = 126 mm- ( control). 

Use 2 q>10 ,withAs = 158mm2, 

4.7.1.3 Design of Two way Rib for shear 

coefficients value of max shear force Vu(Long and short direction): 

(la ) ~ lb= 0.9 = 0.6 
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wo('; =as)- o» 

.w» (s?) 
Reaction force at support Aua = Wu la "' lb * 

2 
'"' Lb 

os [se, = 18.68 > 7.88 > 8.92 * 2 .s.92 

= 22.96KN 
llud = 22.96 - 18.68 x 0.52 X 0.316 = 19.89KN 

Ve = 
1
·
1 i<JF!b d = l.l v'z4 x 120 x 316 x 1073 = 34.06 KN 6 Y/c 'w' 6 

o Vc = 0.75 X 55.9 = 25.54KN. 

1 
-0 Ve< V. < oVc 2 ii.I 

12.77 Vud =19.89 < 25.54 -Case 2 

NO need for re inf oreement is required ( exception, for joist construction) 

The shear in the slab can be calculated by using a simply supported 

(
l~ 

Vud = wb; "t-d)=18.68*0.52*(3.94-0.316)=35.2KN 

o Vc = 25.54KN. 

1 
-o Ve< Vud < oVc 
2 

Vud =35.2> 25.54 -Case 3 
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1 1 3 KN - control 4 =d=;X 120 x 316x 107° = 12.64 

r;, Vc =25.54< Vud =35.2> o(Vc+ V,,,,) =35.02- Case 4 

"1 !.. ... /Trb .d =0.75x# x24x 120 X 316 x 1073= 46.44K.N 3 V/c \,\ • 3 

35.02 < Vud = 35.2 < 71.9 

1 1 Vs =(V-ud -0 Ve) - = (35.2-25.54)- =12.88KN o 0.75 

shear reinforcement is required (A,) 

Use stirrups U - shape (2 leg stirrups) cp8 A-v = 2x 50.26 = 100.53mm2 

A, Vs - = -- = 1035.9mm 
s fY"' d 

d 
Sa.+ <S5 < 600 mm 

d 316 
,smax = 2 = 2 = 158 mm - control 

Take S=l60 mm 

Use stirrups U- shape (2 leg stirruP,s )cl> 8116cm c/c 
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1 1 3 K11r _ control V , = -b .d = - x 120 x 316 x 10 = 12.64 JV s.man 3% 3 

'-" Vc =25.54< Vud =35.2> o(Vc+ V,,,,) =35.02- Case 4 

'-" :.,,(f:1b .d =0 75x:. xv'24X 120 x 316 x 1073 = 46.44KN 3 " C \II • 3 

35.02 < Vud = 35.2 < 71.9 

1 1 
Vs =(Vud - 0 Ve) - = (35.2-25.54)-_- =12.88KN o 0.75 

shear reinfor-ce-rnent is required (A,) 

Use stirrups U - shape (2 leg stirrups ) 498Av = 2 X 50.26 = 100.53-nun1 
A, Vs - = -- = 1035.9-mm s fyd 

d 
Sa± S5 < 600 mm 

d 316 
,smax =? = -- = 158 mm 2 - control 

Take S=l60 mm 

Use stirrups U- shape (2 leg stirruP,s )♦ 8116cm _c/c 
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4.8 Design of Two Way Solid Slab: 

a 

D 

B 

et 0 D c:,,, 0 

a. 0 D co 0 

CD 0 • 

/ L 
s23 0 / /¥ ' D 

D D 

. • D 

NOTE: 

► Code UBC: ACI 2008. ► Material:- 

Concrete: B300 Jc'= 300 * 0.8 = 24 NI mm 2 (MPa ) For rectangular 
section. 

Fig. (4-11): Place of Two way solid slab. 

► Reinforcement steel:- 

The specified yield strength of the reinforcement {f y = 420 N /mm
2 
( M Pa) 
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Live load(KN/m2) fe 
LL= 5 KN/m2 fe= 24 Mpa ~\JI = 420 Mpa 

► Factored Loads:- 

The factored loads for members in our project are determined by: 
Wu = 1.2 DL + 1. 6 LL ACI - code 318- 08(9.2.1). 

4.8.1 Determination of The thickness of two way Solid slab  
The minimum required thickness according to ACI is : 

h_ clear preimeter _ 6.84+2+6.652 14,99 cm 
mm 180 180 

select slab thickness= 20 cm. 

But by deflection checked it was controlled at 25cm thickness. 

So Select Slab thickness h= 20cm. 

Check h= 25 cm according to ACI for the limitation to deflection, h min is based on t 
he stiffness ratio between beams and slab . 

stiffness of beams : 

For Interior Beam : 
section of beam : 

b eff <8tf +bw = 8*20 +30 =190 cm 

< 2 hw-+bw = 265 4 50 =110 cm (control). 

Ye = 1:A * y 
24 

Ye = {(20 * 110 10)}+ (20 * 40 40) 
(20 » 110) + (20 » 40) = 18 cm 

»-[w.@)-( .) 
12 '75'+(110+20 » 8) + (40 % 30 + 42?) 
= 2490933.3cm+4 
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► stiffness of slabs : 
For Interior Beam L = 684cm. 
d. . (B) L ft= 684cm , teft -In Long lirection ....... • • le 

20° .4 
Is = 684 * 12 = 456000 cm 

o. 2490933.33 
456000 

Cltin = a 1 =5 .46 

where p,>2 

5.46 

0p,5.46 >2 

p In.long _ 6.84_l .O 
ln,short 6.84 

420 6.84 (0.8+ 57,,) 
h =--------- 160mm>lzmin=80mm ''min 36+9(1.0) 

hassumed=20 mm > 160 mm - OK 

4.8.2 Determination of The Loads of two way Solid slab: 
Dead load from: W=yxV 
Tiles 

Mortar 

KN 

r:-~ 
\ Interior partitions 
~ Plaster 

0.03x23 
0.02x22 
0.07x16 
0.2x25 
1.5 

0.02x22 
3 "'---_,/ 

Table (4-4): Calculation of two way dead load. 

0.69 
0.44 
1.12 
5 
1.5 
0.44 
9.19 
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Total Dead Load = 9,19 KN 

Total live load = S KN/m2 

► Determination of factored dead & live load 
d l d 12 X 919 - 11.028KN/m2• Factored dead load = 1.2 x Dea oa = • · - 

Factored Live load= 1.6 X live load = 1.6 X 5 = 8 KN /m2 

Wu= 11. 028 + 8= 19. 028 KN /m2 
4.8.3.Design of two way Solid slab against shear: 

Assume one way shear in short direction: 
d = h - cover - dstirrups = 200 - 20 - 10 = 170 mm. 

Vu =19.028(6.65\2) - 19.0280.72 =49.6 KN. 

1 1 
Vc=;/f2bd =[24 x 1000 x 170 x 107° = 139 KN 

0 Ve = 0.75 x 139 = 104.1KN. 

Vc> V, 
No shear Reinforcement is required . 

4.8.4.Design of two way Solid slab against bending moment: 

► For bending moment : 

Ma = Ca wla2 and Mb = Cb wlb? 

la 6.05 
i 6.a4 997 

Negative moments: 
C la a.neg(j, = 0.97) =0.069 
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Ma,neg = 0. 069 * 19. 028 * 6.05° = 48.1 kN. m 

% (, = osz) = ooc9 

Mb,neg = 0.069 * 19.028 * 6.24"2 = 51.1 KN.m 

• Positive Moments: 

Ca,dl G: = 0.97) = 0.029 
Ma,pos,at = 0. 029 * 11.028 + 6.05° = 11. 7 KN. m 

Ca,ll c: = 0.97) = 0.034 
Ma,pos, = 0. 034 * 8 * 6. 052 = 9. 96 KN. m 

• '&l!J!.s = 11. 7 + 9. 96 = 21. 66 KN. m/_rib 

(,, =9s) =oasz 
M ,pos,at = 0. 032 * 11. 028 * 6.24° = 13. 7 KN. m 

o(,j= 97) =o.osss 
Mb,pos,ll = 0. 0335 * 8+6.24° = 10.4 KN. m. 

• Mb,p_os = 13, 7 + 10, 4 = 24.1 KN, m 

► Design for positive moment 

As = p. b. d = 0.0018 x 20 x 100 = 3.6cm? /m 

Select 4912\20 cm with As= 5.65 cm? /m 
4M,,,- M, 
Tension = compression 

67 



Chapter4 Structural Analysis & Design 

565 420 = .85 24 a 1000 
a=11.63mm. 

<l>Mn = 0.9 565 420 ( 170· {11.63/2)) 
45.1 KN.m 

412\20 is enough. 

► Design for positive moment 

As = p. b. d = 0.0018 x 20 x 100 = 3.6cm2 /m 

Select 4912\20 cm with As = 5.65 cm2 /m 

pM,-- M,, 
Tension = compression 
565 420 = .85 24 *a* 1000 
a= 11.63mm. 

pM,= 0.9 * 565 * 420 * (170- (11.63/2)) 
= 45.1 KN.m 

412\20 is enough. 

► Design for ngative moment 

AS = p. b. d = 0.0018 x 20 x 100 = 3.6cm? /m 
Select 4914\20 cm with As= 7.7 cm? /m 

( Temperature and Shrinkage ) : 

> = 0.0018 
AS min = _ b * h mm 

Use <1>10 @ 200 m 
=0.0018 1000 200 = 360 mm ? 

(control) 
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As= 3.9 + 7.7 = 11.6 
pM, 45.99kN.m 
4M,-- M,, 
Tension = compressjon 
770 *420 =0 .85 24 *a* 1000 
a=23.9mm. 

<l>Mn = 0.9 1160 420 ( 170- {23.9/2)) 

= 69.3 KN.m > 45. 99 KN.m 
412\20 is enou"iii] 
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4.9 Design of Beam ( B,35P) 

4.9.1 Load calculations 

► The support reaction (service) from Dead loads of Rib (R23 ) upon beam ( B35P) 
is(21.6 KN). The distributed Dead load from Rib (R23 ) on Beam ( B35P): 
DL=21.6\0.52=41.6 ► The support reaction (service) from Live loads of Rib (R23) upon beam (B35P) 
is(15.44 KN) . The distributed Live load from Rib (R23 ) on Beam ( B35P): 
LL=15.44\0.52=29.7 ► The support reaction (service) from Dead loads of Rib (R22 ) upon beam ( B35P) 
is(18.14 KN). The distributed Dead load from Rib ( R22) on Beam ( B35P): 
DL=l8.14\0.52=34.9 ►

The support reaction (service) from Live loads of Rib (R22) upon beam ( B35P) 
is(11.4 KN). The distributed Live load from Rib ( R22) on Beam ( B35P): 
LL=11.4\0.52=21.9 

❖ beam system 

Geometry Units:meter, cm 

1 2 
1 2 3 

C 
A A 3 : A : ~ 

~ 0.25 5.35 0.25 ~ 11 11 6.45 0.25 5.6 8.15 I I 6.7 H 
80. I 8.4 

°: 60 

50. 
A-A 

Figure(4-12): Beam · geometry, 
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❖ Loading 

Loading 

load group no 1 
Dead load -Service elf@em 

el 

4' .6 41.6 34.9 
I/ '/ ~ "' \I V 

' ,, ,,, ,,, ' I ft a ' ]/g, mg Py\ / "' / \/ - - ' 8.4 
J,3 

' 5.6 s.7 

Live load - Service Load factors: 

f 
I I + l I t I l ]29,7 l I t I l I ±is I : / \/ 

5.6 6.7 8.4 

Figure(4-13): Loading Beam. 

❖ Moment I S h e a r E n v e I o p e {Factored): 

Moments: spans 1 to 3 
M omen t Is he a r E n v e Io p e (Factored) Units:kN,meter 

-647.8 
-595.9 -592.3 

-407.8 /\ -361.3_-363.6 

"!- r7A 2.07 
tt-------:___.,,......-i+i- 
32. 

317. 223.2 

2.52 3.08 3.02 3.68 ·------ 536.7 

Shear 5.04 

-306. 
-378.6 

190.8 
263.4 ~ 

287.8 7l 360.4 
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Reactions 

Factored 

502.08 DeadR 137.52 388.45 
370.27 LiveR 125.87 350.59 
872.35 MaxR 263.39 739.03 
649.06 Min R 116.04 510.27 

Service 
323.7 418.4 DeadR 114.6 

231.42 LiveR 78.67 219.12 
649.82 MaxR 193.27 542.82 
510.26 MinR 101.18 399.85 

Figure(4-14): Moment /S h e a r En v e 1 ope for Beam. 

4.9.2 Design of positive and negative moments: 

Design for maximum positive moment, 

Mu= 536.KN. m 

Assume bar diameter 4 20 . 

d, 20 d = h- cover - dstirrups -- = 600- 40-8 -- = 542mm 
2 2 

Check whether the section will be act as singly or doubly reinforced section:- 

Maximum nominal moment strength from strain conditions, = 0.004 
3 3 Cmax=-d=--542=232.3 mm 7 7 . 

a=B,C=0.85 232.3 = 197.5mm 

M =08s./.a.,.(a- C) 
2 

M4 =0.85-24-197.5-so0(s42--1±75),,-, 
? "10 = 1428.68A.r 
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M_ = 0.82 ~ 1428.8 = 1171.6 KN.m = 0.82 0. nmax 

........ design as singly M,<OM,= 536.7 KN.m <1171.6KN.m ....••. .xx·w 

536.7 x 106 , = 2.54 Mpa. 
0.9 X 800 x 542 

fy ±20 -29.6m o.ssf ct o.ss .. 24 

p = 2.(1- 1 m 
2.m.Rn)- _1_ (1 - f 1- 2 X 20.6 X 2.54) = .0065 
420 - 20.6 ✓ 420 I 

A b ' = 0.0065 x 800 .x 542 = 2818.4 mm? · s = p .. a 

► Check for As,min .. 

• As, tnin = 0.25 "'24 X 500 X 542 = 790.3 1nn1.2 
420 

• As, min = x 5OO x 542 = 903.33 mm? ....... Control 420 

As,required = 2818.4mm2 > As,min= 903.33 mm OK 

Use <P 18 with As= 254.34nmz2 

2818.4 
---= ---=12 
Asq>18 254.34 

As 

we selected 124918. 

Use 12cp18 with As,= 3052 mm2 > As, required _ 2818.4 mm2. Oh 
• Check for strain 

kfy 3052x420 
oss»] 7 ozsxsos, = 78.544mm 

a 78.544 
c=-=--- B, 0.85 92.4mm. 

<-ooos() = osss(±?924_ 
c 92.4 =0.0145>0.005 ok 

used = 0.9 
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M . = 0.82 1428.8 = 1171.6 KN.m = 0.82 .... ....... .......... 0 nmax 

........ design as singly M.<0M,= 536.7 KN.m < ll?1.6KN.m .. 

536.7 x 10
6 

,, = 2.54 Mpa. 
0.9 X 800 X 542- 

fy .. :o =20.6nI o.£sfc! 0.25-24 

---------, 
2 R 

) 
1 ( I 2 X 20.6 X 2.54 )- 0065 .m. n --- 1-✓1- -. 

420 - 20.6 420 
J p m 

As = p. b. d = 0.0065 x 800 x 542 = 2818.4 mm2 

» Check for As,min .. 
=; 3 • As, ·min = 0.25 ~ X 500 X 542 = 790.3 mm 

420 

• As, min = ~ x 500 x 542 = 903.33 mm? ......, Control. 420 

As,required = 2818.4rnm2 > As,min = 903.33 mm OK 

Use q>18 with As= 254.34mm2 

2818.4 
---= ---=12 
Asq>18 254.34 
As 

we selected 12q>18. 

Use 12cp18 with As,= 3052 mm2 > As,required = 2818.4 ..2 . mnr. Oh 
• Check for strain 

'sfy 3052x420 
oss»7cssxscox±, = 78.544mm 

a 78.544 
c s O.BS = 92.4 mm 

<-ooos(') = osos(E?924_ 
c 92.4 - 0.0145 > 0.005 ok 

·useq> = 0.9 
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Mn =asf,(a-#[) =sos2-4zo(saz-Zif).o° =css.so KN.m 

<i>Mn = 0.9"" 635.56 = 571.98 KN.m > M-u = 536.7 KN.m •·· ...... • .OK 

• Check for spacing: 

500--40 «2--3e 2--12618 • s = _;,__:.::..:..;~ = 17 mm < 2S . not ok so we use two layers 
11 

► Design for positive moment, Mu= 317 KN.m 

Assume bar diameter p20 . 

d = h - cover - dstirnlps - ~ = 600 - 40 - 8 - 2?0 = 542 mni 
.... = 

R. A _ 317x 10 
" 6ba- 0.9x 800 x 545? 1.5Mpa. 

fy ·20 
ossfcr 6ss.±; =20.6m7 

p= ..:.(1- m 
1 - Z.m.Rn) = _1_ ( - 

420 20.6 1 
1 _ 2X20.6X1.S) _ 

420 - .0037 

As = p. b. d = 0.0037 X 800 X 54?. - = 1604.32 mm2 

► Check for As, min 

r As, min = 0.25 s, 1.4 1. ,b..d=--b d 
ly t;. w· 

• As,min = o ?5 v:-. 5 . .,. ~ 00 X 542 =790.25 : 
• As,min - u .... mm- - m X 500 X 542 = 903 l?S 2 . . .... nun ·······c . ... ... ... ... ...olS,required = 1604 ,. ont-t ol . 

. 32mm- > As, min = 903.125 2 · .... ·m·m- 

Use 18 with As= 254.34; • mm- 
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n As = 1604.3Z =74918. 
45d18 254.34 

EA! {go.38mm? > As,required f}se 7<p18withAs,= 

• Check for strain 
As.fy = 1780.38X420 = 45.82mm 

a O.SSb f; 0.85X800XZ4 

a 45.82 c=- = --= 55.87mm 3. 0s5 

- 1604.32 mm2• Ok 

(
d _ C) (542 - 55.87) 005 k s,=0.003 _.=0.003 55.87 =0.026>0. 9 

useq> = 0.9 

Mn = Asf;. ( d -~) = 1780.38 * 420 ( 542 - 4\82) * 10-6 = 388.15 KN.rn 

q>Mn = 0.9 '!I' 388.15 = 349.33 KN.m >Mu= 317 KN.m OK 

o Check for spacing: 

500 - 40 "' 2 - 8-2 - 7 'itC 18 
s = = 46 33 · · >25 k 6 . n1m .., o 

► Design for positive moment, Mu.= 223.2 KN.m 

Assume bar diameter d920 

d = h- cover - dstirn.,ps - db - 600 
40 

20 
2 - - - 8 - 2 = 542 mm 

_ M,_ 223.2 X 106 

Rn - ,..,.b ., - -:-::------- = 1.05M Ovd- 0.9 x 800 x 542: - · JV. pa. 
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±20 --20.6m1 o.£5fc! 0.25-24 

( 
, ) 1 ( ✓I 2X20.6Xl..OS)' = .0025 =± j - 1 - 2.m.Rn = - 1 - ' 1 420 P m 410 20.6 

7 
As = p. b. d = 0.0025 X 800 X 542 = 1084 mm 

» Check for As, min .. 

'f' 14 
As, 1,., ;1, - 0 ? 5 --v C b d :> _·_ b d 

IIL L - ..... T ~,-· - t;. i,·· 

PIT 5 ? • As, ·min = 0.25:::.::..:. 500 X 542 = 790.2 mm.- 
420 

• As, m.in = 1
·
4 x 500 x 542 = 9O3.125mm2 Control. 

420 

As, requi.red = 1084 mm2 > As, ·min = 903.125 1mn2 •·· •·· •·· •·· •·· OK 

Use q> 18 with As= 254.34mm2 . 

As 1084 5q>18 p==. = - 
Ar:;>18 - ~ - • 

Use 5b918 with As,= 1271. 7 mm"Z > As,_require~ . l.084-mm.2. 

• Check for stl·ain 
'sf» 1271.7x420 

a O.SSb 1; = o.ssxsoo X24 = 3 2· 73 mm 

a 32.73 c= - = -_- = 38.5 mm 
3:. 0.8::, 

<-osss(75) - cos(E? - 38s,_ 
c 38.S - 0.039 > 0.005 ok 

useq> = 0.9 

Mn = Ast;. ( d - ~) = 1271.7 "'420 (s42 - 3s __ .3), * 10-6 
·· =278.99KN.m 

q>Mn = 0.9 *- 278.99 = 251.l KN._ > 
.m Mu= 223.2 KN.rn OK 
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• Check for spacing: 

500-40-2- 8 * 2 - 5 '"' 18 ok s = .., = 78.5 ·mm> 25 ... •·· ... · · 
4 

Design for maximum negative moment, Mu = -595. 9 KN. m 

Assume bar diameter q,20. 
d 20 

d = h- cover - dstirrups -~ = 600- 40-8 -- = 542mm. 
2 2 

Check whether the section will be act as singly or doubly reinforced section: 

Maximum nominal moment strength from strain condition s, = 0.004 

3 3 
Crna.x = 7d = 7~ 542 = 232.3 mm. 

a= B,C = 0.85 * 232.3 = 197.5mm 

M, =oss.r: .,.(a ") nmax - .o •Jc .a. t· - - 
2 

=892.93 KN. m 

M, =0.8s-24-197.5-so0(s42-°)-4o7° 

0 =0.82 OM 
..................... • nmax = 0.82 "'892.93 = 73? 7 KN ........ .nz 

Mu. <OM, = 595.9 KN.m < 732.2KN. nz ... ...... d . ··· ··· ... ··· .... esign as singly 
R. A _ 595.9x 10 
n 0bd1 - 0.9 x 500 x 5422 = 4.5 Mpa. 

_ _fL__ -l20 
ossf/c?is; =20.6m 

» AF5) f p= - 1 - 1 - .un.Rn - 1 / ~ 
,r. ✓ 420 - ~ 1 - ✓ 1 _ -X20.6X4.S) _ 

420 0.0122 

As = p.b.d = 0.0122 x 500 • ...,..., . X 542 =3306.2 mm 
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► Check for As,min .. 

If' 14 
As, tnin =o.2s'' <,.d 2 f,. b,.,... d 

f, 's 

• As, min = 0.3s ±-FT 500 x 542 = 790.25mm
2 

.,.., •?O 

• As, min = ~ ;-500 x 542 = 903.33 mm2 Control. 
420 .2 
A · d 3306? mm.2 > As min = 903.33 mm ............... OK s, require .,., , 

Use d918 with As= 254.34mm2 . 

n As = 3306.2 =134918. 
As918 254.34 

Use 14q>18 withAs,= 3560. 76_ mm2 > As,required - 3306.2 mm2. Olt. 

• Check for stra.in 
Se.fy 3560.76x420 

® oes» ;7 ossxsoo±, F 146.62mm 

a 146.64 c= 3:. = ~ = 172.S nun 

-- s) 4(ge-ins s,=0.003._ = 0.003 . 172_
5 

= 0.0064 > 0.005 ok 

·useq> = 0.9 

Mn =asf,(d-f)=3560.76-420(542-.1#66-), ., 
L ..., 

4 
-~ * 10-o = 700.93KN.·nz 

q>Mn = 0.9 ... 700 93 = 630.8KN . . v.m > Mu= 595.9 KN. . . n1 ..•..•..••• 01<. 
• Check for spa.cing: 

,_800-40-2-8-2-14-18 
13 = 34.76 mm > 25 

~ ··· ······ .. ok 
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_ -363. 6 KN. m . ative moment, Mu - Design for maximum neg 

Assume bar diameter 4>20 · db 
40 

_ 
8 
_ 20 = 542mm 

-- =600- 2 d = h - cover - dstirnlpS 2 

Mu 363.6 X 106 = 2.7 Mpa. 
Rn = 0bd2 = 0.9 x 500 x 542 

fy ~20 =20.6m 
OS5fc! 0.£5-24 

( 
-, ,.. ) l ( }. 2X20.6X2.7) = 0.007 1 . ~. - -·

711
-lir. = - 1 - ✓' 1 - ,, P= - 1 - 1 20.s 420 m . ~o - . 

mA, 

As = p. b. d = 0.007 X 500 X 542 = 1913.9 mm 

► Check for As,·nz.in .. 

F'..14 As,min =0.25b,.d2,-b,.d 
f, 

ss · • As, min = 0.25 ::.:_ 500 X 542 = 790.25mm- 420 

• As,min = ~ x 500 x 542 = 903.33 mm2 •.••••• Control. 420 

............... oKAs,required 1913.9mm2 > As,·rnin = 903.33 mm2 

◄

Use d918 with As= 254.34mm2 . 

n ~ = ::13·9 = 8<p18. Asp18 254.34 

Ilse B~lBwithAs,= 2034.72mm2 > As.required _ l9l3.9 mm". Ok 
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• Check for strain 
,. fy__203±.72x+10 33,78mm 

085b f> 0.85x500x24 

a 83.78 c= - = -_- = 98.57 mm 3. 0.85 

(
d - C) (542 - 98.57) 0 005 s = 0 003 _·_ = 0 003 ---- = 0.0134 > · 

s • C • 98.57 

used = 0.9 

ok 

Mn = Asf;. (d-;) = 2034.72 * 420( 542- 8\78) * 10-6 =427.4KN.1n 

q>lvfn = 0.9 x 427.4 = 384.6SKN. m. > M·u. = 363.6 KN. -m ..•......•. OK 

• Check for spacing: 

800 - 40 * 2 - 8 * 2 - 8 -18 
s = ----------- - 80 25 7 - ·mm>~ ok 

4.9.3 Design of shear : 

Vu max = 390.7 KN 

d=542 mm 
1 ,- 1 Vc = {r's d 77V7.' 77V24 x500x 542x 10-°= - 221.27 KN 

~ Ve = 0.75 X 221.27 = 165.95 KN. 

◄

V = V-u - rr - 390.7 s 'c=- 221 - f1 0.75 - ~ .27 = 299.66KN 

Check for section ,r • utmension; 
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a... 

o-3 = 385KN " . z r,:;-;24 X 500 X 542 X 1 - =i {ri».d=-v? • V..,max 3 '/ / c w 3 

e section is large enough. V < V ti s s,max 

Find the max stirrups spacing:- 

If 
, V , -~ fl:b d l' < Vs s - 

3 
v c w s 

0-3 - 442 SKN , - ~ l+"b d = ~/24 X 500 X 542 X 1 - . o Vs' {v'/e ' s 

V = 299.66 KN< Vs' = 442.SKN s 

s < 600 nun max - 

Vu> o(vc+V,) 

Sa. = 271m·m 

Or 

~ d 
5 <. - then max - z 

!i1( vc+V,%) = 0.75( 221.27 + 90.33) = 233.7 KN 

o(Vc+ Vs') = 0. 75( 221.27 + 442.S) = 497.83KN 

Or S,,4 <600 mm 

OK 

d 542 _ l < -< __ = 271mm ..... contro. h%42 =5= 3 
L, ..J 

Clteck for section dimension:- 

. =±7.a = 2-ff4 x 500 x 542 X 107° = 82.97KN • , ±&N/e's ±e 
V . = ~b .d = ~ x 500 x 542 X 10-3 = 90.33KN - control • s,m:n 3 !,\ 3 

~(Ve+ V,,mtn) < Vu S (Ve+ Vs').,.,. case 4 stirrups are required 

Use stirrups U - shape (2 leg stirrups )cj,10 Av = 2 x 78.S = 157mm
2 

. 

s_drfd _ 157%420-542_ 
~ - 299.66* 1000 = 119.266mm 

Vse stirrups U-shape (2leg stirrups )b10 @99 
'I' _ mm <S,,,, 

◄
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4.10 Design of column: 

1 l ul 
- 

i,,fl,p7 I fTIh fit] 0 , IB19<50,3S> - 

['Tuai th + [ if if yin 
•R.!9 I I J I 

<I ' II 11 n-lr i" I ,.. A il jg 

Figure (4-15): Place of column (C44) 

Column Column 

Dimensions 

fe fy 

Col. 44 50cm*25cm 

◄

24Mpa 

420Mpa 

C44: 

DI =414KN 

Ll=268KN 

Pu=925.6KN 

• ln0.5m-Direction(about x-axis) 

klu Ml <34-12 
r M2 ···············ACJ -(10.12.2) 
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Lu: Actual unsupported (unbraced) length. 

K: effective length factor (K= 1 for braced frame). 

R:radius of gyratio» ± [! o.3h ...........For rectangular section 
N7 

Lu= 3.8-0.35=3.45 m 
Ml/M2 =1 
K=I, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be 
permitted to be taken as 1.0. 

klu < 34 -12 Ml ACI - (1O .12 .2) 
r M2 

1 X 3.45 
O 3 O = 23 > 22 . x .5 
.long Column in 0.5m:direction 

• In 0.25m-Direction (about y axis) 
klu MI <34-12 r M2 ACI-(10.12.2) 

Lu: Actual unsupported (unbraced) length. 

K: effective length factor (K = 1 for braced frame). 

R: radius of gyration = g.::::: 0 .3 h 
Lu=3.8-0.35=3.45m 
Ml/M2 =1 
K=I, According to ACI 318-02 (10.10.6 3 . 
permitted to be taken as 1.0. . . ) The effective length factor, k, shall be 

klu MI <34-12 
r M2 
1x 3.45 

0.3x0.3s ° 46 > 22 
:. long Coloumn in 

.............. · A CJ - (10 . 12 . 2) 

0 .2m : direction 
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10- 15 )] 
El = O .4 E I g [ ACI 318 - o5 (Eq . 

1+, 1 
p-,A > 23025 .2Mpa E,= 4700 /ye"= 4700 x /24 

1.2DL 1.2 414 _ 0.54 < 1 
/3 d = Pu = 925 . 6 

b x h 3 0 . 5 x O .25 = o . 00065 m 
I g = 12 = 12 

o .4 x 23025 . 2 x O. 00065 = 3 . 9 N .m 2 
El = 1 + 0.54 

p = 1l
2
EI

2 
....••..•.••••. ACI318-05(Eq. 10-13) 

er (KLu) 

3.142 X 3.92 = 3.2MN. 
~ (1.0 X 3.45) 

Cm= 0.6+0.4(:~) ACI 318 -05(Eq .10-16) 

Cm = 1 According to ACI 318 - 05 (10 .10 .6 .4) 
Cm 

6, = l - Pu 21.0 ACI 318-05(Eq. 10-12) 
0.75 P, 

1 
925. 6 = 1.63 > l 

1----- 
0.75 X 3200 

emin = 15 + 0.03 x h = 15 + 0.03 x 250 = 22.5mm = 0.0225m 
e=ernin xons =0.0225xl.63=0.037m 
e 0.037 
h = 0.25 = 0.1467 

6 = TIS 

D =500-40x 2 -10 X 2- 25=375 

~ = 0.75 

Ox pn P, 145 
=-x- A, Ag 1000 
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Ox pn = 1.07Ksi 
A, 

From the interaction diagram in chart: 

r oxpn 197Ksi 0.01 For; = 0. 75 Ag = · p= · 

Select the longitudinal bars: 
2 

As =p xAg = 0.01 x500 250=1250 mm 

:. use 8014 => A, = 1231.5 mm2 

. 
4.10.1 Design of the Stirrups: 

The spacing of ties shall not exceed the smallest of:- 

spacing ~ 16 x db = 16 x 1.4 = 22.4 cm 
spacing ~ 48x d, = 48 x 1.0 = 48 cm 
spacing ~ least. dim . = 25 cm 

Use¢10@20 cm 

TEI 
8214 

,L 50 > 

10@20 
L=138 

F: igure (4-16) : Detail 
s Of Column ( C44) 
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4.11 Design of foundation : 

t. (Under Col. 58): ► Design of Isolated footing 

I 

f 
fy 

24Mna 420 Mr 

Load Calculation:- 

- From column (50): (DL &LL) 

* Service dead load (DL) = 1214 KN 
* Service live load (LL) = 317 KN 
* Column dimensions =35cm*55 cm 
* Allowable soil pressure = 400 KN/ m? 

► Calculating the weight of footing: 

► - Weight of footing ( assume hfooting = 70cm) 
w footing = 0.7*25 = 17.5 KN/m2 

- Required sizes off ooting: 

A,required = .P» 153 I - 4 m? 
qnet 400-5-(0.7*25) - 

Try 3 3Area =9 m2 

► Depth of footing and shear de . s1gn: 
Pu =1.2DL + 1.6LL = 1 2*1214 

· +1.6317=1964KN 
= 1964 qu ,> =218.2 KN/me 

► Determine the Depth of F . 
ooting B: ·d 

- as: on Shear Strength:- 
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Check for One Way Shear Strength 

(
/ a )* * -(I- o.7 -d)*218.2*3 Vu = - - - - d qu b - 2 2 
2 2 

¢Ve= 0.75,gj+3+a1o 
6 

Let, Vc = Vu 
d = 0.350m 
h = 350+ 75 + 20 = 445mm 

Try h = 600 mm ..... d =600 - 75- 20= 505 mm 

I 
Cuti+cal section or ' 
onc-w.iy shear -[ 

► For Two Way shear Action (Punching). 

-The punching shear strength is the smallest value of the following 
equations: 

w-elf ?\rs, 6l hNhb, 

.-9f,,2\r 12 b,/a c 0 

G ¢.V =d,- f,b d c 'o < 'o 

Where: 

A Column Length (a) 550 
c Column Width (b) = 350 = 1.6 

b O = Perimeter of critical section tak 
=2(0.35+.505)-+2(.55+.505) en at (d/2) from the loaded area 

Vu = ((3 3)-((0.35 4 0.505) os5 o 5 - 3.82m. 
. + . OS))*2I8 =l9I0kN 

a '=40 : ....... 1.or interior column 
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f, 2\,7,4.0744.4]+273820.s0so.5, 
hY,=9.=11+=[lf.b& 6 1 65 

6 9, 
l ( J t7 0.75 *(40*0.505 +2)*-124 *3.82*0.505*103 _ 

0,=6.--1-"++2lf.b4=,,' 3.82 0 12 b,1d ' 

"'V. ="' _!_ {7b d = 0.75 * J24 * 3.82 0.505 10° = 2363 kN c ®-,VJ> P>' 3 

Vu <DVc 
(Two Way Shear is OK) 

► Design for Bending Moment of both directions. 

h(mm) d(mm) b(m) 
600 505 3 l 

d = 600- 75-20 = 505 mm 

Mu =218.2*3*1.25*1.25/2 =511.4 KN.m 
= fy _ 420 

m" 0.85 Jc' - 0.85 * 24 =20.6 
Rn= Mu/¢ 511.4*10-3 /0.9 

b*d2 3*(0.505)2 0.74Mpa 

p = -1c(J. Ji- ZmRn) 
m .fy 

p= _1_ (1 _ ,220.60.74,_ 
20.6 420 - 0.0018 

As min =0.0018*b*h = o 0018 ( . 3000) ( 600) === 3240 2 
A - mm ... control 

S req - 0.0018 (3000) (505) = 2 2 

727 n'<As . = 3240 min mm 

Take 22<1> 14 A ' s, provided = 33.84 
3000 • c~ >A S= - 75 * 2 - 22 * 14 s, required =32.40 cm? 

21 =121 mm 
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- Step(S) is smallest of: 

1. 3h = 3*600 = 1800 mm 
2 450 mm- control _ OK s·= 121 mm< S,max = 450 mm 

_ Check strain 

Tension = Compression 

A,x .fe=0.85x fc ''Xbx a 
3384 X 420 = 0.85 X 24 X 3000 X a 
a = 23.22mm 

C = 23.22 = 27.3 
0.85 

_sos-27.3, 0.003 = 0.052 > 0.005 ... ok 6,° 27.3 

► Development length of flexural reinforcement: 
9 

fy axfJxyxJ., 9 420 lxlx0.8xl 
14
=
3
46mm -x-- x -::----~-x db= - x -- x ----- x W®©] wi" 33 

Available length = ((3000-350)\2)- 75=1250 
1250mm > 346mm ............... ok 

> Load transfer at the column-foundation interface (Dowels design): 
- In footing: 

oPn=a0.8sa [A 
fa 

Ay= 0.55 * 0.35 =0.1925 n? 
Ag=3 3= 9 m? 
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ff =✓0.1~25 =6.9>2 ················ff= 6.9 

<PPnb= 0.65x (0.85x 24x 0.1925< 6.9) x 1000= 17 61KN 
<PPn= 17613- Pu= 1964 ok 
The Dowels are not needed for footing 

As,min = 0.005 * Ac= 0.005 * 550*350 = 963 mm2 

Use 6<1>22 , As, provided = 2280 mm2 > As, required = 963 mm
2 

~ ~ 

' v·. l J " 

" ~ ~ J ir r -, I 

7 I 
[p» 

-~ I .... ~ AL 

;ET6 ii 

~ 
[g 

• 0G ~ 
~ .. u. I..:,!1.c6 

~ ~ ~ 
a'0 
n •n 

... .. --~ ... 0 ,o 

-- . ,. 

Col(SS.S9) 

F" igure ( 4-17) : Geometry Of I I , so ated Footing (58) 

4.12 Design of Ba . 
II { BW1) :- 
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' I 

I 
J .- -~ 
i 

I 

t { 

( 

Wsu=2.5KN/m Ws=36 KN/m 

Figure (4-18): Geometry Of Basement Wall ( BWI ) 

Fc'=24 MPa, Fy=420 MPa,Ys = 1 8KN/m?, qal l= 400 KN/m, o = 30°, 
surcharge ::::: 5 KN/m? Wall Thickness ::::: 25 cm 

Consider at rest pressure 

Cc. == 1 - sin¢ == 1 - sin 30 = 0.50 
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W=C,- h * y = o.50 * 4 ~ 18 = 36KN /m
2 

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

From Atir we have moment and shear envelop : 

G e o m et r y Units:meter,cm 

1 1 
A 

0.35 

A 
3.67 
4. 

uj I 
100. 
A=A 

Figure (4-19) : Geome try Of Basement Wall ( BWI ) 
load group no. 1 
Dead load - Service 

was22 --l; \I 

Load factors: 1. 

----------- 
(Factored) Units:kN,meter 
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Shear 

I 46.4 51.2 

Reactions 

Factored 

DeadR 43.2 
LiveR 8. 
Max R 51.2 
MinR 51.2 
Service 
DeadR 36. 
LiveR 5. 
Max R 41. 
MinR 41. 

Figure (4-20) : Loading and Envelope of Basement Wall ( BWI) 

4.12.1 : Design Of Shear : 
Check for wall thickness 
d=250-50-20/2 = 190 m, 
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Chapter4..,,-3 = 116.35 KN 
0 7 5 r::;;. 1000 "' 190 . 1 y'24 _9,77-%-4=7 V.,Y'< 

) = 62.2 KN Vud - OK Vu (At face of support ·n be greater than 
t So □Ve Wl DV > Vu at face of suppor , 

c all . Adequate Enough The thickness of W ts 

al Analysis & Design Structur a.._; 

4.12.2 : Design for Flexure : 

Mu=66.4KN.m 

Mn=74KN.m 

Mn ®.°%.a 

74*10
6 = 2A1Pa. ~ 1000190° 

fy 
If] t 

0.85xfc' 

420 
m =---=20.58 

0.85 X 24 

p = _!_(1-✓I- 2mR,, J = _J_(l - /1 2 * 20.58 * 2) = 0.00502 
m f, 20.s8('' 420 

As reg= 0.00502*1000*190 = 953.8 mm2/m control 
As min ( for bars< 16 =0.00121000250 =300 mm2/m 

ffe ✓24 
ASmin=-(bw)(d) =~-(1000)(190) == 554 mm2 /m 4(fo) 4( 420) . 

AS min =~(bw)(d) - l.4 (1000)(190) 2 
(fy) -420 == 633 .3mm Im 

As =953.8 mm/mn 

Use @12/12cm As,provided = 1130 mn?,, 

(control) 
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For horizontal bars use the half of the min. in each side 

0.5Ash,,=0.50.002#2501000 = 250 mm/m 

Use <I> =8 

Use for horizontal bare ¢ 8@20 cm in each side 

Use 4 10@20 cm for vertical in outer side to hold the horizontal bares 

Check for strain: 
Tension= Compression 

A, * .fy = 0. 85 * fe' b * a 
1 130 420 = 0. 85 24 * 1000 a 
a= 23 .26mm 

C = _!!_ = 23 . 26 
B, 0.ss ° 27.3mm 

= 190- 27 3, 
6, 37.3 0.003 = 0.015)0.005 0k 

8s = 0.01108 .005 ~ ok 

Check for step 

Smax = 450 mm, 3*h = 3250 = = 750mm 
note : all steps are less than S . max, So its OK 
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es; 

#I", -w ''t][IJJl= 

s-HOOK I 
ass/r? }--{ 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I f - ,>tOQ:z,;lcrn L 

Figure (4-21): Reinforcement Detail of Basement Wall ( BWl) 
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4 .14 Design of shear wall : 
To design shear walls we use ( CSI ET ABS) Software , and this diagram from ET ABS. 

• ,I ~ 
I ~-~ t'' .: #? 

~ ~ 

~ 

~ 

Figure (4-22)· n· · 1agr F am ·rom ETABS 

manual examp] e of sh ear wan d . esign : 
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,r,;,,J,;(4,r .,.. 
Sci Fer 

'F' 

F:vat Fa3r 

"'r 

G:i Far 

r" 

5a; For ,,. 
gh- 

Structural Analysis & Des.1&g 
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Figure ( 4-23): Shear and Moment Diagrams of Shearwall 

Fe (MPa) Fy (MPa) t (cm) LW(m) HW(m) 
24 420 25 5.5 3.52 

4 .14.1: Design of shear 

IFx= Vu= 881.2KN 

4.14.2: Design of the Horizontal reinforcement: 

The critical Section is the smaller of: 

lw 5.5 
2 = 2 = 2· 75 m ... ... control 
hw 20 .92 ,°, =10.46 
storyheigh t= 3.52 
d = 0. 8 x lw= 0.8 x 5 5 - · =4.4m 
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0 Vnmax == 01 ff: hd 
== 0.75 * 0.83 * .fi4 * 250 * 4400 * 10-3:::: 3354.57KN > l1u 

1 !7i 1 Vc = 6" fc hd = 6,/24 • 250 • 4400 • 10-3 = B9B.1KN .... cont 

11c == 0.27fi:hd + ;;: == 0.27./24 * 250 * 4400 * 10-3 + 0 = 14SSKN 

4850 - 3998 Mu - 3998 
3.52 = 3.52 _ 2_75 =» Mu == 4184.37KN. m 

5.5 
2=1.88 

V = [ r.'- o.1Ffc. '+ 0.2 3 c 0.05 f, -1- z h C I W ME_hi hd 
5 

= [o.osv24+ 55(0.1\/24+ o)] 
1.88 250 * 44oo * 10-3 = 1845.9-XN 

Vs = l'n-Vc 

• {@2 
0.75 - 898.1 = 276.83 KN 

As V, 2 
s - == 76.83 

As+d 4; = 0 1 20-4400 ° -..497mm? / 
p== ~ == 0.1497 mm 

Sh 0 0 250 - • 006 < 0.0025 

Use 012 As=113.04 mm? 
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i' 

2 * 113.04 = o.0025 ~ s = 361.73mm 
P = S * 250 

• Max. Spacing is the least of: 

l _ 5500_ 41o0 mm s s 
3h = 3 * 250 = 75 mm 

450 mm cont. 

Use Ol2@250mm in tow layer 

4.14.3 : Design for Vertical reinforcement:- 

h, _ 20.92 _ 
3 8 L. ss° 

Pvmin > 0.0025 + 0.5 ( 2.5 - ht) (Pt - 0.0025) > 0.0025 
► Max. Spacing is the least of: lw 5500 

3 = = 1100mm 

3h == 3 * 250 = 750mm 

450 mm cont. 

Use D 1_2@250mm in tow layer 

4.14.4 : Design of be d; 
en mg moment : 

(5500) A,,== _ 4 
250 2 113.04 = 49737 2 • mm 
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a... 

(
Ast)fy ( 4973.7 )~== 0.0633 

w = Lwh fc' = 5500 * 250 24 

R, 
a= lwhfc' = 0 

C w + a 0.0633 + O == 0.074 
lw = 2w + 0.85/Ji = 2 * 0.0633 + 0.85 * 0.85 

[ 
Pu C ] oM, =0[0sA,,la 7,7°71,P 

= 0.9[0.5 * 4973.7 * 420 * 5500(1 + 0)(1 - 0.072)] » 107° = 4787.56 

M, = 4787.56KN. m < Mu = 4850KN. m Not Ok 

Try 4> 14@200 mm 

(
5500) 

Ast= 250 * 2 + 153.86 = 6776mm? 

«-(#4)( s6 ysao 
Lwh fc' - 5500 * 250 24 = 0.086 
R, 

«7j77= 0 
w Jc 

C -== w+a 00 
lw 2w + 0 85 == . 86 + 0 

. P1 2 * 0.086 + 0.85 * 0.85 == 0.096 
(/)Mn == (/) [o SA t, P. 

· st ylw(l + ~)(l ~ -=-] 4cf, i.9 w 
== 0.9[0.S * 6776 * 

420 * 5500(1 
M, =6367.46y., ·+ O)(l - 0,096)] 1075 6367.46KN.7T 

m > Mu == 4850 - 
use ll4@200 KN. m Ok 

mm for Vertical re. 
inforcement 
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. f Stairs: 5 Design o 4.1 

1Analysis & Dsig Structura ¾ii.. 

Figure ( 4-24): Plan of Stairs 

NOTE: CMaterial} 

► *B300.... Jc'~ 30 NI mm (MP a) For circular section 
but for rectangular section (Jc'~ 30 • 0 .8 =24MPa y . 
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Structural Analysis & D . 

Determination of Thickness: 

height = 4 .5 m 

Rise = 4.5 / 28 = 16 cm 
LL fe' y 

height rise run rd sa 3ssa a ski 
_ Minimum slab thickness for deflection is (for simply supported one way solid 

slab) 

h,min = L/20 

h,min =(0.25+3.9+0.4) / 20 = 23 cm take h= 25 cm. 

⇒ Use h = 25cm. 
0=tan'(16/30)= 28.1° 

h,min (cm) e 
25 28.1° 

Load Calculations 

Dead Load calculations of Flight . 
Plaster = O.o3 X 22 · 

cos 28.1 = 0.75 KN /m 

concr·ete = 0.25 X 25 
cos 28.l = 7.08 KN /m 

Horizontal mortar = 0.03 > 
. X .... 2 X 1::::: 0 6°  

etical mortar = 0, h96 KN/r 
. .03 X 22 x 16/30 = 

Ho·nzontal T ·z 0.352 KN/·n 
V !-es::::: 0 03 . i 

' X23x 33/ 
vetical T; l 30 ::::: 0,76 KN/ els=0.03x 33 'm 

<. X 16/ 30::::: 0,368 • KN /m 
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0.16 = 3.00 KN/m 
Triangle= - X 25 - ..,. 

2 

Total load (DL) =11.97 KN/m 

Live load (LL) = 3.5KN/m 

Dead Load calculations of Landing l 
------------::-:--:----.:;~------=~' 

0.69 

0.66 

5 
0.66 

7 

Material gama h(m) b(m) 

Tiles 23 0.03 1 

Mortar 22 0.03 1 

RC 20 0.25 1 

Plaster 22 0.03 1 
Total load (DL) 

Live load (LL) = 3 .5 KN/m2 

Total Factored load,,,, (W = 1.2DL + 1.6LL) 

For W%, , W=1.211.97+ 1.63.5 = 19.96 KN/m 

For W,,, nang , w =1.27+ 1.63.5 = 14 KN/m 

,, (KN/) WW, (KN/m) 
19.96 

14 
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Of Flight (FLl): - Structural System 

r 
l 

. 0J25 ~ 3.4 

Figure ( 4-25): System Of Flight. 

Check for shear strength For Flight: 

Assume 0 I 4 for main reinforcement:- 

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

Vu=39.6 KN/m At distance d . 

a, 9.75 \/241000223 
r c == 6 =136.56KN / m 

Vu= 39.6 KN <0.5 6Ve 68.28 KN . 

Thickness is adequate enough 

• 40 

19.96 
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Pogo, 
db (mm) 

d (mm) 
223 

014 

d Calculations: Design of Flexure By Han 

- Design for Flight: 

2.135/2=48 KN.m = .44.85 2.135 + 19.69 . Mu-- · 

3 KN.m/m 9 = 48 / 0.9 = 53. Mn =Mu/0. 

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

Mn =%.a 
Rn=53 .310/1000223=1. 07 

fy 
m = 0.85xfc' 

420 m = _ - __ = 20.6 
0.85x 24 

i( ~ =_!__(1- l1_2*20_6*1.01J=o.0026 , sl ' zo 
As,,.= 0.0026*1000*223 = 583.7 mm'Im > As""' = 450mm' Im •.•. OK 

4s,,, =0 .0018 * b * h = 0.0018 * 1000 250 = 450mm? /m 

Use <I> 14 @ 20 cm c/c__, As = 769.6 mm2/m str 

-Step ( s) is the smallest of :- 

1. 3*h == 3* 250 == 750 nun 
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2. 450 mm 

280 ) 2 5 * Cc 
<380 ( ts - · 20 = 330mm 

~ )-2.5 so 95%20 = 380 (E. ±z0 <380(=,)- · 
s > ~ = 300 mm ... (control) 

so 390 (=.±% O 280 - 00 * ( ::-- ) = i'* .. ~ < 300 ( fs ) - 3 -; /y 

- Check for strain: 

Tension= Compression 

A, fy =0.85 fc'b a 
s O* 769.6*420=0.85*24*100 a 

a=15.84m 

_«_15.84_7g.64 5, o.as 
223-18.64 *0.003 5

s 18.64 
e, =0.033>0.005 >ok s 

► Temperature & Shrinkage reinforcement: 

Ass, .nk = 0.0018x bx h = 0.0018x IOOOx 250 = 450mm2 /m m age 

Use <ll 12@ 20 cm c/c, As prov =565.5 mm2/m strip 

- Step ( s) is the smallest of :- 

I. 5*h = 5* 250 = 1250 mm 

2. 450 mm - control 

As Shrinkage (mm? y 
S(nun) dy (mm) 

450 
300 <I> 14 
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Reaction on landing == 37KN/m. 

_ Design for landing (S1): 
qu = 35.3+14= 50.8 KN/m 
vu =50.8 3.3/2- 50.8.223 = 72.5 

- Check for shear strength (S1): 

Assume 0 12 for main reinforcement:- 

d = h- 20 - db/2 = 200- 20- 12/2 = 174 mm 

h Vo = 0.75 * J24 * 1000 * 174 =106.56KN/m 
6 

Vu= 72.5 KN Im < ¢Ve= 106.56 KN/m . 

- Thickness is adequate enough 

- Calculate the maximum bending moment: 

Mu= 69.2 kN.m/m 

Mn = Mu I 0.9 = 69.2 I 0.9 = 76.84 KN.m/m 

d = h- 20- db/2 = 200 - 20- 14/2 = 173 mm 

R < Mn 
" b-a? 

R = 78 *106 
n 1000* 1732 = · 2·6 

m = ' 
0.85 x fe' 

108 



Structural Analysis & Design 

Chapter4 

m 
420 

O.85x 24 
20.6 

.] ,}''7° loo0so 

As,,= 0.00671000173 = 1160 mm/m> As,, = 450mm /m.... OK 

As,, 0.0018 b h= 0.00181000 200 = 360mm / 

Use Cl> 14@ 15 cm c/c 

- Step ( s) is the smallest of :- 

1. 3*h = 3* 250 = 750 mm 

2.450mm 

"80 < 380 ( =--- )-2 5 * C fs ' C 

<380 +(3®9 - ~, )-2.5* 20 =380 * ( 280 -Y --- ) 25*2 " ~•420 - · 0 = 330mm 

< 300 ( ~ ) = * 280 r4 300 (E, )= 300»(®9_ 
s > i'" 420 ) = 300 mm ( control) 
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Check for strain: 

Tension= Compression 

A fy=0.85 f' b a 
1026*420 = 0.85 241000 a 
a= 41.37mm 

c± ®_413,48.6mm 
, 0.85 

e = 223-48.6 *0.003 
s 48.6 

6,=0.01>0.005 >ok 

► Temperature & Shrinkage reinforcement: 

As9Jriilk8ge = 0.0018 x bx h = 0.0018 x 1000 x 200 = 360 mm 
Im 

Use Cl> 10 @ 20 cm c/c, As prov = 393.5 mm2/m strip 

- Step ( s) is the smallest of : 

1. 5*h = 5* 250 = 1250 mm 

2. 450 mm - control 
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4.16 Design of frame: 

u.a.t Geometry of frame and loads: 
;;;; 

0 
•£) 

12. 

D= 62 KN/m 

L=23.8 KN/m 
Weight of Beam= 16.25 KN/m 

Weight of Column = 50 KN 

Fc=25MPa 

Fy=420MPa 

25 - 30 
l!J(l 

Sec±lon of eo 

Result of Analysis: 

121.4KN.m 
[r-r---4 

121.4 

121.4KN. 

121.4 

2290KN.m 

Moment da 
iJure (4,-25) gr@m'Factored resuls 

' ' ' 
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~~~----------~S~tr~u;:.ct~uiiira~l~A~na~l~ys~is~& Des· ~ 
_chapter4 ~ 

SOOKN.m 

46.2 2esiq Column of{ream: - 

Shear diagram'Factor/results figure(4-27J 

Service laad an column: 
Self weight =5□KN 
Dead laad=473KN 

Tata1Deadlaad=523KN 
Live laad=144KN 

-800KN.m 

7=i.Jure( 4-2.8): column of frame. 
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This frame is braced(non sway); nO wind load on frame. 

Check of slenderness of column: 
1 h th 

:ffect of slenderness must be cor id 

According to AC! code for braced long co umn w ere • • 
113

1 eredby 

magnificent of moment: 

Slenderness limit : 
KLu Ml 
- ~ 34 -125 40 
f' 2Gt2c/Nee 

Determine the effective length of column (K) according the magnitude of restrain factor po at each e 

column at bottom and end. d 

At bottom po=co. 

At joint cp (LEI/L)column 
E EI/L)beam 

/eam=0.35 {gbeam 

fcolumn=O. 1 f g column 

bh lg 
12 

/gbeam-=0.036 m 
4 

/g cotunn-s.2o-3,° 

/ column=8. Jm 

I beam=J2.J m 

0 

by sub suite on equatio 1 n we obtain po=0.432 

so that K=0.79 (fr . om Table oifb raced effect [ ':IJ• uve ength) 

the slenderness [i . ·r KLu mit== l, <34, r ° =12,41 575 < 40 then th 
the slenderness Ii . 0.79•a.1 e column is short 

mit=-== 43 0.3•0.S - > (34 12 * 0) = 34 <40then the column is long 
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. the moment: 4KN.m.So there is Magnificent .. t. Mu=121. 
ment at JOID , 

This column affected by _rno /Pu 
· value- Mu 

eccentricity(e) its 1 6(144)=858KN 
Pu=l.2(Dl)+ l.6(LL)==l.2(523)+ . ( 

S -1214/858==141.Snnn 
oe=1 t.- 1<eu 

. . e)==l5+0.03(500)=30mm but the min eccentricity( 

Magru. ficent factor Sns; }.:Pu 
o.755Pcr 

1 

Pu-1.2(523.4)+ 1.6(144)==858 KN 0 
2 2 Ehr .... Pcr for one column! 77,jj7'··-···-·- 

0.4+4750+1g/Fc 
EI l+Bd 

1.2 PD_ 1.2(523.4) =O 73 
Bd Pu 858 · 

EI=28.6 

by sub suite on equation 2 we obtain Pcr-6900 KN 

IPu= Pu for all column in the story of frame= 2(860) 

IPcr=Pcr for all column in the story of frame=2(9600) 
Then Ss=l.14 

Design Moment: 

eu=l41.5mm 

Magnification of eu=Snseu=1.14141.5=161.31mm 
Magnification of Moment=Ma +;;,,, 

agru icatton eu*Pu=0.16*858=138.4KN.m 

114 



I 
iii

~Ch~a!p~te!!r~4~iiiiiiiiiiilii~~~~~~iiiiiiiiiiiiiiiiiiiiiiiiii~S~t~ru~ct~u~ra~I A~n~a~l~ys~is~ & D ~ 
~ 

We obtain rein orcement ratm rom interaction dia ram: 
the ratio between eu=J6J.3Jmm over b=500mum,its e Ua/"iJ.3J 

amalb= 500-2 '400 -2 1 O -25 ,;500=0. 75 and Mulbh2=J38.4/1000* 0. 5 
3 

1 OOO!l4s _ -0.]6 

The ratio we obtain is Jess than min so we take min ratio=0.001. 

Require As=0.001bh-=0.0015050=25cm 

Select 14016, with As=28.14cm 

to.s{esian of Ream of frame t 

{Oesiqn of positive and negative moments, 

4A6.st hosier for madmum positive monenf 

Mu = 2290 KN. m 
Assume bar diameter□20 

d = h - cover - dstirrups ' = 950 - 4 20 2 0-8---=892 
Check wh th 2 - mm 

e er the section will b . . e act as smgly or d bl . 
Maximum nominal m ou y remforced section: 

oment strength fr . . om stram co d. . 
Cmax=°4=2, ondition s, =0.004 

7 - 7 * 892 = 382 3 s • • mm 

a='B c 1 = 0.85 * 382 3 - · - 325mm 

Mnmax = 085 F' ( °-J6a.br(a- $) 
M - 2 

nmax - 0.85 * 24 * 325 * 1000 (542- 197.5 
0=092........ i)10°=29 M.. '- 0M,, 938.7KN.m 

u <©M,= 2290 K nmax == 0.82 * 2938 7 N. m<2410KN.' =2410KN. m .m.. 0 4s4 ...... M ... ... ... de · R, =" 229 ... . sign as singly 
@a? 30x 10 

0.9 x 100 0 X 8922 == 3.19 Mpa. 
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m o.asfc' o.as*24 20.6 

( 

zx20,6X3.19 
1 ( 2. m. Rn == ~ 1 - 1- 420 =.0083 

p =;; 1- 1- 420 20.6 

0 892 === 7408.8mm2 

d = 0 0083 x 100 X As = p.b. - · 

► Check for As, min .. 
2 . - o 25 ../24 x 500 x 892 === 1301mm • As, mm - . 420 l 

87 2 Contro . _500x 892= 14% 'mm ...... · • As,mm - 420 

As,required = 7408.8mm-> As,min = 1487mm 
Use 025 with As 491mm2

. 

As 7408.7 = --= 15 
As025 490 

we selected 15025. 

Use 1525 with As,= 7408mm2 = As, required = 7408mm2. 

• Check for strain 

As.fy 7408 X 420 
0.85 f] 0.85 x 1000 x 24 152.5mm 

a 152.5 
°5, oss = 179.4 mm 

<= ooos (7") = o.cs (®2-- 79.4 
c · 179.4 = 0.0119 > 0.005 ok 

use) = 0.9 
• Check for spacing: 

• we use three layers 

Ok 
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five moment: {2sign for maximum nf@ 
4ti.3.2' rs,-121.4KN.m 

u- 
/ 

Assume bar diameter 020. 
20 d 40 8 __ = 892mm 950- - 2 d = h - cover - dstirrups - 2 

M 121.4 X l0
6 = 0.34 Mpa. 

®» 5i@7 o9 x so x s92? 

fy - 420 =20.6 Tl 6g5fc 0.85+z4 

+( =)-±( p= ;;; 1 -1 - 420 20.6 
2X20.6X0.34) = 0.000814 

1 420 

892 = 363mm2 As = p. b. d = 0.000814 X 500 X 

► Check for As, min .. 

.Jl'c 1.4 
As, min = 0.25 [y hw, d ~ [y hw, d 

• As, min = 0.25 ff4 500 x 892 = 1300.Smm2 420 

• As, min = :~: x 500 x 892 = 1486.7mm? ....... Control. 

As, required <. As, min= 1486.7mm2 oK Use 025 withAs=491mm2. 

As 1486.7 "is if'302s, 

Use 
3 02

~ With As,= 1486, 7mm2 = As, required = 1486.7mm. Ok 
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~ ct,apter 4 ~ l As.fy _ 1486.7*420 
a -- o.s sb 1; - o.asxsoox24 == 61.2, • Check for strain 

C= ..!::__ 61.2 -=7 '.B1 0.85 - 2.5 n-11: 

Es= 0.003 (d; C) = 0.003 (8927;_;2,s) = 0.034 > 0.005 ok 
use□ == 0.9 
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List of Abbreviations 

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

• A,=area of non-prestressed compression reinforcer np men. 
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• Ag = gross area of section. 

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

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

• b = width of compression face of member. 

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

• C,=compression resultant of concrete section. 
• C,= compression resultant of compression steel. 
• DL = dead loads. 

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

• Ee = modulus of elasticity of concrete. 

• Jc' = compression strength of concrete . 
• fy = specified yield strength of non-prestressed reinforcement. 

• h = overall thickness of member. 

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

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

• LL = live loads. 

• Lw = length of wall. 

• M = bending moment. 

• Mu = factored moment at section. 

• Mn = nominal moment. 

• Pn = nominal axial load. 

• Pu= factored axial load 

• S = Spacing of shear or in direction parallel to longitudinal reinforcement. 
o Vc = nominal shear strength provided by concrete. 
• Vn = nominal shear stress. 

• Vs = nominal shear strength provided by shear reinforcement. 
• Vu = factored shear force at section. 

• Wc= weight of concrete. (Kg/m), 
• W = width of beam or rib. 
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• 
• 

Wu = factored load per unit area . 
D= strength reduction factor . 

• €c = compression strain of concrete= 0.003mm/mm. 

• &,%= strain of tension steel. 

o&= strain of compression steel. p = ratio of steel area 
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