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Abstract 

Training center Structural Design and Details of 

Project Team 

Shadi Dawoud Al-Sharif 

Rawhi Abu Kamel 

Palestine Polytechnic University-2013 

Supervisor 
Phd. Muhammad T Alsayyed 

The main idea of this project is to prepare all structural design and 
construction details for two components of a training center in Hebron city. Which 
are: 

• A Festival hall and class rooms with span exceeds 20m. 

• A Workshop with spans longer than 40 m. 

This project consists of two buildings of one floor 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, Jordanian Cod and Indian Cod. 

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

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

• As=area of non-prestressed compression reinforcement. 

• Ag = gross area of section. 

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

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

• b = width of compression face of member. 

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

• 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. 

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

• h = overall thickness of member. 

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

measured face-to-face of supports in slabs without beams and face to face of 

beam or other supports in other cases. 

• LL = live loads. 
• Lw = length of wall. 
• M = bending moment. 

• Mu = factored moment at section. 

• Mn = nominal moment. 

• 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. 

• Vu= factored shear force at section. 

• We= weight of concrete. (Kg/m3). 

• W = width of beam or rib. 

• Wu= factored load per unit area. 

• <I>= strength reduction factor. 

• Ee= compression strain of concrete= 0.003mm/mm. 

• &,=strain of tension steel. 

• &,=strain of compression steel. 
e ratio of steel area . 
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Structural Analysis & Design Chapter4 

4 -1 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 form 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 few types of slabs: one way ribbed slab, two 
way ribbed 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. 
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NOTE: 
• B30 ➔ Jc'= 30N / mm (MPa) For circular section 
but for rectangular section (Jc'= 300.8 = 24MPa) . 

• The specified yield strength of the reinforcement {fy =-4 '\' • N/mm2 (MPa)} 
4 -2 Factored Loads:- 
4u = 1.2DL + 1.6L ACI-- 318- 08 (9.2.1) 

4-3 Slabs Thickness calculation:­ 
~ From 4CI-318-08 table (9.5a) 
Min h > : 

l_4700, 9.254 
18.5 18.5 

_5000, 9.238 
21 21 

Use thickness of slab 28cm 

4-4 Load Calculation For the Workshop:- 

For the one-way ribbed slabs, the total dead load to be used "in the analysis and design is 
calculated as follows: 

❖ Calculations of Dead load :­ 

Table (4-1) Dead load Calculations for toping 

34 



Structural Analysis & Design Chapter4 

Topping = 25x0.08 =2.00 KN/m 

Block =22x0.03 = 0.66KN/m 

D>Total dead load = 2.66 KN/m/rib 

•!• 4.5 Live load calculations:- 

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

> Total live load = Sx \ = ° KN/m/Iib 

D>Wu=1.2D.L+ 1.6L.L 
= 1.2x2.66 + 1.6x5 = 11.2KN/m 

ACI-- 318- 08 (9.2.1) 

Check <I> Mn > Mu 

Mu w *12 II 

12 
11.20.4° _ 9,15kN ----. .m 

12 

Mn = 0.42,/ye's 
bh? 

S== 
6 

b? Mn =0.42/fe 
6 

=0.42,/05, I0.08 3j° = 2.24V.a . 6 

0 = 0.55 for plain concrete ( ACI 9.2.2) 
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h Mn = 0.552.24 = l.23kN.m. 
h Mn = 1.23 > Mu= 0.15KN.m. 

No Reinforcement is required by analysis (ACI 10.5.4) 
Shrinkage and temperature reinforcement must be provided. 

For the shrinkage and temperature reinforcement: 

p = 0.0018 

As = pbh = 0.0018100080 = 144mm /m. 

1\.s (cf> 8) =50.27mm 

AC1-318-08 (7.12.2) 

So number of bars =144/50.27 = 2.8 

Use 3 cf> 8\ Im with As = 150.8 mm 

Spacing= 1000/ (number of bars) =1000/3 =333.34 mm 

Check for max. Spacing: 
S=3h=3x80 =240mm (Control) 

S=450mm 

S= 380(280/£)-2.5C, 
=380(280/.667x420)-2.5x20 = 337mm 

S=300(280/fs) =300(280/0.667x420) =305.67mm 
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4-6 Design of Rib ( R:­ 

❖ Materials :­ 

Concrete B300, Fe'= 25MPa 

Reinforcement Steel, fy = 420 N/mm =420MP a 

> Design constant :­ 

- bE For T- section is the smallest of the following:.3 

b, =Ln/4= 5000-800/4 = 1050 mm 

b E = bw + 16 tf= 12 + 16 (80) = 1292 mm 

b, = c!c spacing between beams = 520mm 

Control 52cm = 520 mm 

► Requirements For Slab Floor According toACI- (318-08). 

bw > 10cm ACl(8.13.2) 

Select bw=12cm 

h ::5 3.5xbw ACI(8.13.2) 

Select h= 28 cm<3.5x12=42cm 
tr2:: Ln/122::50 mm : ACI(8.13.6.l) 

Select tr= 8cm = 80 mm 
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❖ 4-5,ISystem :- 
❖ One -way libbed slab :- 

Material 
Un.it weight Thickness 

Be (cm) hx Yxbe (KN/m3) (cm) 
Topping slab 25 8 52 1.04 

OX 53a Y Y 3 52 0.3432 
R.CRip 25 20 12 0.6 

Hollow Block 10 20 40 0.8 
Plaster 22 3 52 0.3432 

Table (4-2): Dead _load calculations for rib 

Sum ofDead"Loads = 3.13 KN.M 
Live loads= 5 x 0.52 = 2.6 KN.M 

Mom en tl She a r En v e Io p e (Factored) Unlts:kN,meter 

MarMnt,: ,pan, 1 ta I 
-20.7 18.8 19.8 -11.4 .49.4 -19.4 -11.4 .19.4 

16.5 

[tr,zA As, As[2E,Ls ]H,As 2E,2s A,As[±, z [±B , As ] 

Fig (4-1): Moment Envelopes of Rib in KN.m. 
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IIINI 

-18.1 -21.8 -21.5 -21.5 -21.6 -21.6 

21.6 21..15 21.5 

fig (4-2): Shear Envelope for rib in KN.m 

Rtaotsan5 

Faolared 

II II I II I '" I II II I 111 II I II DNCIR us 20.6 18.45 18.19 1&.76 18.78 18.7S 18.7S 18.78 LveR 8.83 ZU-6 23.83 :2,4.M 24.21 24.27. 24.:26 24.27 2A.27 MuR 16..71 44.16 42.33 43.34 43.02 4$.08 ~ 43.05 43.05 lllnR U7 4o.2 ~ 21ES 2T.3T 27..46 :27..44 :27..46 %7-46 
lff'lloo 
DeadR 6.73 17.08 16.28 ' 16..7(; 1U.Z 16.66 16.85 1'-U 1U;6 ll'ltR 6.52 16.!Z 14..fl 16..ff 16.17 1&.17 1&.18 1&.17 1&.17 
MuR 11.26 ~ 0o.28 $1.02 30.78 $0.83 30.81 ®..8:2 40.&2 MlnR 4.88 M.14 2.0..fl %1.18 21.01 21.07 21.08 21-07 21.07 

Fig (4-3): Moment Envelopes of Rib in KN.m. 

4-6.1 Flexural Design : - 

Design for positive Moment for Rib (R):- 

Use Mu max. Positive for span Mu= 15.5 KN.M. :· 

Determine whether the rib will act as rectangular or T-section: 
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assume a = tr= 8cm = 80 mm 

d = h-cover--dia. of stirrups-d/2 
= 280-- 20--10- 12/2 = 244 mm. 

@.Mnf=0.9x0.85 f,x tr b, x(d- t/2) 

=0,9X 0.85 (25) (80) (520)(244- 80/2)x 10 

>40.Mnf =162.3KN.M 

<l>Mnf=162.3 KN.M >Mu= 15.5 KN.M 

❖ Rectangular section 

Design as a rectangular with b E = 52cm 

As=p.be.d 

fy 420 m =, = = 19.76 0.85 fc 0.85 25 

Rn= Mu/ _ 15.5x10°/0.9 0 56MP . . a bd? 0.52x(0.244)° 

{-.f-®®]-\- ,-3me 7i]-goos p m l l Ji 19.76 412 

As= p.be .d= (0.00135 ) x (520)x(244) = 171.3mm2• 
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• Check Minimum Reinforcement A min (ACI- 3181M-08 - (10.5.1) ) 

ffe ✓25 
Asmin=--(bw)(d) --(120)(244) = 87.lmm2 

4(/y) 4(420) 

As min =~(bw)(d) =~(120)(244) = 97.6,nm2 (control) 

412, As=226 mm">j7£.3ui, _O] 

❖ Check for Tension steel yielding:­ 
Tension = compression 

As xfy = 0.85 x fc x b x a 
226 * 420 = 0.85 * 25 * 520 a 
a= 8.59mm 

c = .!!_ = 8·59 = 10.1mm P, o.85 

B=0.85 f,<28MP a ACI-318M-08(10.2.7.3) 

s, =(d-c)/cx0.003_ ?44 -10.} ,9,903 = 0.069 
s 10.1 

e, = 0.069 > 0.005 

•:• Design for Negative Moment Mu= -12.6KN.M: 

•:• Design as a rectangular 

m= f __ 420 19.76 
0.85 X Jc 0.85 X 25 
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Mu/h 12.6x10°/0.9 
Rn= -- = ----- l.96MPa bx d? 120x(244)° 

-4 @][,-79m7196]-ca m fy 19.76 412 

As = p.be .d = ( 0.00489 ) x (120)x(244)= 143.17 mm2• 

llten use 2C> 10, As=157 mm2 

❖ Check Minimum Reinforcement As min (ACI- 318M-08- (10.5.1)) 

ffe Asmin=--(bw)(d) 
4(/y) 

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

25 2oy2449 = 87.lmm2 

4(420) 

= l.4 (120)(244) = 97.6mm2 (control) 
420 

For 2410\rip, As=157 mm2>143.17, OK! 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 x f,b x a 
157 x 420 = 0.85 x 25 X 120 x a 
a= 25.858 mm 

c = !!:__ = 25·858 = 30.42mm 9, 0.85 

8=0.85..... f,<28MPa ACl-3 l 8M-08(10.2. 7.3) 
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244-30.42 
8 = (d-c)/ ex 0.003 = ----x 0.003 = 0 021 

s 30.42 . 
& = 0.021 > 0.005 s 

4-6.2 Design Rib ( R) For Shear :- 

Vu( at Face of support) =18.7KN (From Shear Envelope) 

• Factored shear forces at d=0.244 m = 244 mm from face of support. 

• V c, provided by concrete for the ribs may be taken 10% greater than that 

for beams.(ACI, section 8.13 .8) 

Determine shear strength provided by concrete ( <I> V c ). 

1.1 Vc= 1.1x {/Jje' bw x d 
6 

=1.1 25 ,0.12x 0.244 10° = 26.84KN 
6 

pVc= 0.75x 26.84= 20.13KN 

1 @Vc=20.13+ 2=10.06 <Vu= 18.7KN 
2 

- No shear reinforcement is required. 
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4-7 Design of Beams (Primary Beam):­ 

❖ Material :- 

=> concrete B300 

> Reinforcement Ste.el 

t 4-6.1 Loading :- 
❖ Total Dead load : 

Fe' = 25 N/mm 

fy = 420 N/mm2 

. l 
. l 

0.03x22x0.8 0.528 

Beam 2x25x0.8 40 

Plaster 0.03x22x0.8 0.528 

Table (4-3): Dead loads for Primary beam 

❖ Sum of service Dead Loads= 41.056 + (17.1+ 0.52) = 73.9 KN.M 

❖ Total live load: WcL.L) = (15.22 + 0.52)+(5x 0.8) = 33.26 KN/m 

Assumed that h = 2000 mm to analyze the beam using (Stad Pro ) Software to get Shear &Moment 

.54e+004 kllm 
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Envelope: 

Fig (4-4): Moment evelope for primary beam 

Beam no. = 13, Section: Rect 2.00x0.80 

Length = 39 

Fig (4-5): Primary beam Dimensions. 
► Determination of Beam dimensions : 

po=32 

d = 2000 - 40 - 10 - 32\2 = 1934 mm 

c= 24= 2193.4 = 82.88 cm 
7 7 

a= P1 c = 0.85 x 82.88 = 70.45 cm 

❖ 4 .. 7.2 Design Beam For Flexure :­ 
b = 800 mm , h = 2000 mm 

• Design for Positive Moment Mu= +11600KN.M: 

M;a= 0.85x fc'ab (d- "y 
2 

= 0.85x25' x 704.5 800 (1934. 704.5., 19° = 18943.66 KN.M 
2 . . . . . . . . . .. . . . - 

But, Mu= 11\00 KN.M 
DM,= 15533.7 KN.M > Mu= 11600 KN.M 
~ Design the section as singly reinforced. 

Rn= Mn 
b a? 

Rn= 11600 x10° _ 4.3 MPa 
0.9 x 800 x 1934 2 
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m = fy I _ 400 19, 76 
0.85 x fc 0.85 x 15 

o=±a- hr.2us,s lg. [/.2FI9.76x43,- o.o11s 
m fy 19.76 " 420 

As req =px b x d = 0.0115 x 800x 1934 =17792.7mm? / m 

. (0.25)./l:(b)d As mm= __ .;__ __ 
fy 

_ (0.25 \/25 (800) 1934 =4604.76 mm? /m 
420 

Not less than, As min= l.4(b)d 
fy 

_1.4(800),1934_ 5157.3 mm? /m 
420 

N = 17792.8 + 804.2 = 22.1 
~ Use 2t <I> 32 ( 2 layers) 

As = 19300.8 mm? /m> As rcq = 17792.8 mm? /m pro» 

❖ Check for Spacing : 

s_ 800--2x40--2%10-12-32. 98.27mm 
11 

S>25mm 

S> d, 
-OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 
As x fy = 0.85 x fc x b x a 
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19300.8 420 = 0.85 25 * 800 a 
a= 476 .84mm 

c =©_476.8 _ 561mm 
9, 0.85 

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

1934-561 e = (d-c)/cx 0.003 = --- x 0.003 = 0 0073 s 561 · 
&,= 0.0073 > 0.005 

OK : Tension Controlled Section 

" Design for Negative Moment Mu= -15400KN.M: 

M;a=0.85 fc'ab (d- 'y 
2 

= 0.8525'x704.5x800 (1934. 70#.5,,j° = 18943.6 KN.M 
2 

But, Mu= 1 ° f 00 KN.M 

<l>Mn= 15533.7 KN.M > Mu= 15400 KN.M 

~ Design the section as singly reinforced. 

Rn= Mn 
bd? 

Rn= 15400 10° _ 5.72MPa 
0.9800 1934° 

m= fy _ 420 19.76 
0.85 * Jc' 0.85 * 25 

P = _I_ (I _ ✓I - 2mRn ) 
m .fy 

= a. hj, 219.765.72,= 0.0162 
p 19.76 420 

As req = p X bx d = 0.0162 x 800x1934 = 25091.8mm2 / m 
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. (0.25),Jl (b)d 
Asmm= fy 

(0.25 /25 (8o0) * 1934 
= 420 =4604.76 mm2 /m 

1 tl A . l.4(b)d Not ess nan, .s mm= -- 
fy 

_1.4(800) 1934 
5157.3 mm2 /m 

420 

N =25091.8 + 804.2 = 31.2 

4s,,= 25734.4 mm> As ea= 25091.8 mm2 /m 

❖ Check for Spacing : 

800--240--210--1132 
S = 10'34.8 mm 

S>25mm 

S> d, 
-OK 

❖ Check for Tension steel yielding:­ 
Tension = compression 
As x fy = 0.85. x fc x b x a 
25734.4 420 = 0.85 25 800 a 
a= 635 .19mm 

c =¢_635.79_ 747 .98mm 
B, 0.85 

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

s,=(d-c)/cx0.003. 1934-- 747.98,5,003 = 0.00475 
747.98 . 

s, =0.004 <0.00475 <0.005......OK 
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4-7.3 Design (Primary beam) Ror Shear :­ 

Fig (4-6): Shear envelope from Dead load on the Primary beam. 

Fig (4-7): Shear envelope from Live load on the Primary beam. 
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Vu(at Face of Support) = 2353.22 KN (From Shear Envelope) 

• d = 2000 - 40 - 10- 32\2 = 1934 mm 

• Factored shear forces at d=l934 mm from 

face of support. 

y _2770,3137.62 
• 19.5- 2.934 19.5 

⇒ y = 2353.22 = Vu 

• 'Vn = Vu = 2353 .22 = 3137 .62 KN 
ct> 0.75 

•!• Determine shear strength provided by concrete ( <I> V c ). 

V c = JTci bw x d 
6 

_ /d5 800 1934 10° = 1289.33 KN 
6 

<I> Ve= 0.75x 1289.33 = 967 KN 

_!_ <I> Ve= 967+ 2 = 483.5 < Vu=2353.22 KN 
2 

•!• Check for Section Dimensions : 

V, V,-V,=3137.62- 1289.33 = 1848.3 KN 

2770 

2.934 

y 

19. -2.934 

19.5 

Fig ( 4-8): Vu calculation at distance 
From the face of support. 

2-[R x bwx d = 2.J25 x 800x 1934 l0-3 = 5157.3K.N V-max=' X ' 3 3 
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V ffe x bw x d ✓25 x 800 x 1934 .-3 
s,min= 16 = 16 X 10 = 483.5.KN 

V , _ ffe x bw x d ✓25 x 800 x 1934 _3 s 3 = 3 x}Q =2578.66K.N 

Vs :S Vs.max➔ 1848.3 < 5157.3 ➔ The section dimension is large enough. 

V, <V,'> 1848.3 <2578.66 > 

Smax :S d\2 < 600 

➔ 1934/2=967 > 600 mm 

Take Smax = 600 mm 

V, = 3137.63 > Ve= 1289.33 

•!• Try minimum shear reinforcement: 

{re x,s 
Av min - f but not less than, 16x 

yt 

Asy,min 
b,s 

3x f 
yt 

-Control 

- Control 

Use stirrups U-shapes (4 - leg stirrups) <1>12 with As = 4x113.04 = 452.16 mm 

_ 3A,, f yt _ 3 X 452.16 X 300 __ 508 68 S = 
600 s - -----'--- - ------ . mm < max mm b, 800 

Take S = 500 mm 

ax A,» f yt 
Vs (4 4012)= 

s 
= 1934 x 452.16 x 300 x 10-3 = 52468.4 KN 

500 
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Check Case 4: 

D(Ve+ V4as)< V, < @(V,+V,') Stirrups are required. 
0.75 ( 1289.33 + 483.5) < 2353.22 <0.75 (1289.33 + 2578.66) 
1329.6 < 2353.22 < 2901 ➔ Case 4 

dx 4,x f 
yt S=---- 

~ 

1932x452.16x300 x10-3 =141.93 mm< S =600 
1848.3 max 

Use (4-Leg) @,5@140mm <S, =600 
Changing S" to S>" = 2S,= 280 mm for another region. 
Take S; = 250 mm. 

9. .4d4,, 
n ¢ s C 

2770 

19.5 

-3 452.16 x 300x 1934x 10 
= 

250 

=2338.7KN 

Fig (4-9): Distance that the spacing of 
stirrups will be changed 

2338 2770 
----=-- 
(19.5- X) 19.5 

45591 = 54015- 2770 X 

> X=3 m 
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•:• 4-8 Design of Beams (Secondary Beam):­ 
❖ Matel'ial :- 

=> concrete B300 

=> Reinforcement Steel 
Fe'= 25 N/mm2 

fy = 420 N/mm 

4-7.1 Loading :- 

· ❖ Total Dead load: 

hxYxbe KN\n 
0.03x22x0.5 0.33 

Beam 0.28x25x0.5 3.5 
Plaster 0.03x22x0.5 0.33 

Table ( 4-4): Dead loads calculations of Secondary beam 

❖ Sum of service Dead Loads= 4.16 + (5.73 + 0.52) = 15.17 KN.M 

❖ Total live load: Wa.)= (5.52 + 0.52)+(Sx 0.5) = 13.1 KN/m 
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Assumed that h = 280 mm to analyze the beam using (Atir ) Software to get Shear & 
Moment Envelope : 

M o men t IS h ea r E n v el o pe (Factored) Units:kN,meter 

.795-84.1 -84.9 -85. -85. -85. -85. -84.1.795 
~ ~ 

®r ? va s vu ? .l s oss' o.oz'' o'oz' o.oz" 6's' s»"®' /osz""/6.zs' 
41.2 44.4 44.5 44.5 44.5 44.5 44.4 41.2 

I 2.35 I 2.35 I 2.5 2.5 2.5 2.5 2.5 2 5 2.5 2.5 2.5 2 5 2.5 2.5 ! 2.35 I 2 35 I 
-96.5 -99.9 -100. -100. -100. -100, 

-77.3 -80.8 -B9.9 
-70.7 

70.7 
89.9 80.8 80.8 

-80.8 -80.8 -80.5 

80.8 80.8 80.7 

-99.7 

77.3 
99.7 100. 100. 100. 100. 99.9 96.5 

Fig ( 4-10): Moment and Shear Envelopes of Secondary beam 

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

Factored 

II tH ii HE HI #H # #I H 

DeadR 40.79 90.22 91.08 91.02 91.02 91.02 91.08 90.22 40.79 
LiveR 49.1 105.95 108.77 108.91 108.92 108.91 108.77 105.95 49.1 
MaxR 89.9 196.17 199.85 199.93 199.94 199.93 199.85 196.17 89.9 
MinR 38.67 139.41 141.5 141.34 141.36 141.34 141.5 139.41 38.67 
Service 
DeadR 34. 75.18 75.9 75.85 75.85 75.85 75.9 75.18 34. 
LiveR 30.69 66.22 67.98 68.07 68.08 68.07 67.98 66.22 30.69 
MaxR 64.68 141.4 143.88 143.92 143.93 143.92 143.88 141.4 64.68 
MinR 32.66 105.92 107.41 107.3 107.31 107.3 107.41 105.92 32.66 

Fig ( 4-11 ):Factored reactions on Secondary beam. 
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Geometry Units:meter,cm 

2 3 4 5 6 2 3 4 5 ~ 

B,-~L:::5.86 

~ 

a.-:::::5.86 

~ ~ ~ Ja B:~L:::5.86 B;~L=S.86 ~ ~ ~ ~ A ~ Pg 4.2 9s 4.5 s 4.5 .¢ 4.5 9s 4.5 0.5 
4.7 5. 5. 5. 5. 

6 7 8 9 6 7 8 
A 

B;~L:::5.86 

~ 

B;:.-L=5.86 

~ 

B;J=5.86 B,:L:::5.86 ~ ~ ~ 
9¢ 4.5 9s 4.5 s 4.2 8 5. 5. 4.7 

2af J 
50□50. 

A A 50. 
B B 

Fig (4-12): Beam Dimensions and spans lengths. 

Determination of Beam dimensions : 

p=18 

D = 280 - 40 - 10 -18\2 = 223 mm 

C =Ia='}__ x 223 = 95.5 mm 
7 7 

a= ~1 c = 0.85 x 95.5 = 81.2 mm 
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•!• 4-8.2 Design Beam For Flexure :- 

b =500 mm , h = 280 mm 

•!• Design for Positive Moment Mu = ±44.5 KN.M: 

M»ax= 0.85x f'a b (d- ") 
2 

= 0.85x25' x 81.2x 500 (223 _81.2 )x 10·6 = 157.4 KN.M 
2 

But, M,= 44.5 KN.M 
cI>Mn= 129.06 KN.M > M,= 40.SKN.M 

➔Design the section as singly reinforced 

Rn= Mn 
b*d2 

Rn 44.5x10° _ 1.988 MP a 
0.9x 500 x 223° 

m= J __ 420 19.76 
0.85x fc 0.85x15 

p =±a _ 1 _ 2mRn ) 
m fy 

=__a. hj, 2x19.76x1.988,% 90498 
P 19.76 ( 420 

As req = p x b x d = 0.00498 x 500 x 223 = 555.27 mm2 / m 

As min= (0.25)ft(b)d 
fy 

= (0.25) * .fE * (500) * 223 =331 _84 mm2 /m 
420 
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I th A . I.4(b)d Not ess an, s mm= ---'-- 
fy 

_1.4 * (500) 223 = 371 67 2 420 . mm Im 

N = 555.27 + 153.86 = 3.6 
> Use 4<I> 14 ( I layer) 

Asprov = 615.44 mm2 Im> As req = 502.86 mm2 /m 

❖ Check for Spacing: 

500- 2 X 40- 2 X 10-4 X 14 
S=-------- 114.6 mm 

3 

S>25mm 

S> d, 
- OK 

Check for Tension steel yielding:­ 

Tension = compression 

As X fy=0.85 x f,bx a 

615.44 420 = 0.85 25 * 500 a 
a= 24.327 mm 

c = .!!_ _24.327_ 28.62mm 
B, 0.85 

=0.85 
08(10.2.7.3) 

s,=(d-c)/cx0.003. 223-28.62 ,,9,003 = 0.0203 
28.62 

le <28MPa ACI-318M- 

es = 0.0203 > 0.005 
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OK : Tension Controlled Section 

•!• Design for Positive Moment Mu= -85 KN.M: 
Determination of Beam dimensions : 

p=20 

D = 280 - 40 - 10-20\2 = 220 mm 

3% 3 
C = 7 = 7 x 223 = 94.28mm 

a= ~l c = 0.85 x 94.28= 80.14 mm 

M;a= 0.85x fc'a b (d - ©y 
2 

= 0.85x25 x 80.14x 500 (220 - 80·14 )x 10°= 153.21KN.M 
2 

But, Mu= 85 KN.M 

<I>Mn= 125.63KN.M ~ Mu= 85 KN.M 

➔Design the section as singly reinforced 

Rn= Mn 
b*d2 

Rn= 85x 106 = 3.798MPa 
0.9 X 500 X 2232 

m= J_ 4202 19,76 
0.85x fc' 0.85 X 25 

p ~ _!_ (I _ ✓I- 2mRn ) 
m fy 

= (e). 2x19.76x3.798,2 6.01004 
P 19.76 420 

As req =px bx d = 0.01004x 500x 223 = 1119.46 mm?/ m 

As min= (0.25)llc(b)d 
fy 
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co.25) 25s (500) * 223 
= 420 =331.84 mm?/m 

1 th A . 1.4(b)d Not ess an, s mm= _ ___;__ 
fy 

_1.4 * (500) 223 371.67 mm2 Im 
420 

N = 1119.46 + 314 = 3.56 
> Use 4<I> 20 ( I layer) 

Asp,ov = 1256 mm2 Im> As req = 1119.46 mm2 Im 

❖ Check for Spacing : 

500--2x40-2x10-4x 20 S= --------- 106.667 mm 
3 

S>25mm 

S> d, 

- OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 x le x b x a 
1256 *420 = 0.85 *25 *500 *a 
a= 49.65mm 

c =._49.65 _ 58.41mm 
B, 0.85 

B = 0.85 

08(10.2.7.3) 

f,<28MPa ACI-318M- 

220--58.41 6,=(d-c)/cx0.003= x0.003= 0.0083 
58.41 

&, = 0.0083 > 0.005 

OK : Tension Controlled Section 
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• 4-8.3 Design ( Secondary beam ) For Shear :- 

Vu( at Face of support) = 81 KN (From Shear Envelope) 

• Factored shear forces at d=0.223 m = 233 mm from face of support. 

• Vn = Vu = _!!__ = 108 KN 
Cl> 0.75 

Detennine shear strength provided by concrete (d Vc). 

Ve= ffe bw x d 
6 

= ✓-is x500x223x 10·3 = 92.91 KN 
6 

(I> Ve= 0.75x 92.91 = 69.68 KN· 

.!.. (I> Ve= 69.68 : 2 = 34.84 <Vu= 81 KN 
2 

Check for Section Dimensions : 

V,. V,-V,=108- 92.91 = 15.1KN 

2.Jfeixbwxd 
Vs»aa= 5 

[je xbwx d 
Vs,min= 

16 

2/25 x 5o0 X 223 X 10-3 = 371.66KN 3 

5 z so0x 229 .,j°= 34.84KN 
16 . 

Vs'= ffe x bwx d _9as» 500x 223 x} o-3 = l85.83KN 
. 3 · 3 : · 

V, < V,,,, > 15.1 <371.66 > The section dimension is large enough. 

V4<V,'>15.1 <185.83 

Smax < d\2 < 600 
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>223/2 < 600 = 111.5 mm - Control 

V, = 108 > Ve= 92.91 

Try minimum shear reinforcement: 

{re «,s 
Ao js f 

yt 

but not less than, 

Asy,min 
b,s 

3x f 
yt 

-Control 

Use stirrups U-shapes (double leg stirrups) <1>10 with As =2x78.5 = 157.1 mm 

Check Case 3: 

3 X 157.1 X 300 = 282.78 mm > S, = 111.5 mm 
500 

Take S =Sax 111.5 mm 

dx4,x f 
v yt 

Vs(2<1>10)= ---­ 
s 

= 223xl57.lx300 xl0_3 =94_26 KN 
111.5 

<l> V c < V, < D(V c + V s,min) - Stirrups are required. 

0.75 (92.91) < 81 <0.75 (92.91 + 34.84) 

69.68 < 81 <95.81 ➔ Case3 

223xl57.lx300 xlo-3 =696 mm >S,, =111.5 
15.1 

Use D,a@100mm <S,, =111.5 
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Changing "S" to S," = 2S1 = 200 mm for another region. 

4-9 Design of column as a beam: 

Design of Section (1-1) : 

4-8.1 Loading :- 

Assumed that h = 2000 mm to analyze the beam using (Stad Pro ) Software to get 
Shear & Moment Envelope : 

Fig (4-13): Moment evelope for on the Column. 

Determination of Beam dimensions : 
• p=32 

• d = 2000 - 40 - 10 - 32\2 = 1934 cm 
3 3 • C=-d=-x 193.4 =82.88 cm 
7 7 

• a=B; c = 0.85 x 82.88 = 70.45 cm 
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4-9.2 _Design Beam For Flexure (Section1-l)_:­ 
b = 800 mm , h= 2000 mm 

• Design for Positive Moment Mu= ±11600KN.M: 

M;a= 0.85x fc'a b (d- "y 
2 

= 0.85x 25' x 704.5x 800 {1934- ?04.s )x rn·6 = 18943.66 KN.M 
2 

But, Mu= 11600 KN.M 

DM,= 15533.7 KN.M > Mu= 11600 KN.M 

~ Design the section as singly reinforced. 

Rn= Mn 
b a? 

Rn= 11600x10° = 4.3MPa 
0.9x 800x 1934? 

m fy , = 420 = 19.76 
0.85 X fc 0.85 X 25 

o=-±a- hr2mu,,- lq. ff.219.768435- o.0115 
m fy 19.76 " 420 

Asreq=px bx d=0.0115x 800x 1934 = 17792.8mm2/m 

As min= (0.25)#c(b)d 
fy 

_ (9.259/\/25(8o0y'1934 4604.76 mm?hr 
420 

Not less than, As min= 1.4(b )d 
fy 
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= 1.4 * (800) 1934 
420 =5157.3 mm? /m 

N == 17792.76 + 804.2 = 22.1 
Use 24 4 32 ( 2 layers ) 

4s,, 19300.8 mm? /m> As req = 17792.8 mm? /m 

❖ Check for Spacing : 

800-2x40--2x10--12x 32 
S = 11 = 28.72mm 

S>25mm 

S> d, 
-OK 

= As = 803 .84 X 24 = 0.0l6l OK 
A, 1500 x 800 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As X fy = 0.85 x fc x b x a 

19300.8 * 420 = 0.85 * 25 * 800 * a 
a= 476 .84mm 

c = !!..... = 4 7 6 · 8 = 561 mm 
B, 0.85 

8=0.85 ..... fc <28MPa ....... ACI-318M-08(10.2.7.3) 

1934-561 
8s = (d-c)/cx 0.003 = ---x 0.003 = 0.0073 

561 
8s = 0.0073 > 0.005 

OK : Tension Controlled Section 

> Design for Negative Moment Mu= -15400 KN.M: 

M,=0.85+ fc'ab (d- "y 
2 
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' 704 5 = 0.85*25 X704.5x-8Q0 (1934- -f- )x1Q3 == 18943.6 KN.M 

But, Mu= 15400 KN.M 

@M,= 15533.7 KN.M > M,= 14500 KN.M 
D) Design the section as singly min forced. 

Mn 
Rn ,,»j7 

- 15400*106 = 5.72MPa 
Rn- 0.9*800*19342 

fy 420 19.76 
m 0.85* fc' 0.8525 

lg. y. 2mR, j" + 
= _1_ 1 - /1 2 *19.76* 5.72) = 0.0162 

P 19.16 < V 420 

As req = p x bx d = 0.0162 x 800x1934 = 25091.8 mm2 Im 

. (0.25)llc (b )d 
Asmm= fy 

= (0.25)*✓25 *(S00)*1934 =4604.76 mm2 Im 
420 

. 1.4(b)d Not less than, As min = fy 

1.4*(800)*1934 = 5l57.3 mmUm 
420 

N =25091.8 + 804.2 = 31.2 

so sa.(7 rs) 
Asp,o,• == 25734.4 mm> As reg= 25091.8mm2 /m 
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❖ Check for Spacing : 

800--240-- 210-1132 
S= 10 =38.4mm 

S> 25 mm 
S> d 
.OK 

A, 803.84 X 33 
p - Ag= 2000 X 800 = 0.01657 ---- OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 x le x b x a 

25734.4 420 = 0.85 25 * 800 a 
a= 635 .79mm 

c =®_635.79_ 747.98mm 
, 0.85 

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

8s = (d-c)/ ex 0.003 = 1934-747·98 x 0.003 = 0.00475 
747.98 

8s = 0.004 < 0.00475 < 0.005 

OK 
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"" 4-9.3Design Section (B-B) in Column : 

Determination of Beam dimensions : 

b == 800 mm , h = 1500 mm 

D,=32 
D == 1500 - 40- 10- 32\2 = 1434 cm 

c= 2z= 2x143.4 =61.45 cm 
7 7 

a=c = 0.85 x 82.88 = 52.23 cm 

❖ Design Beam For Flexure :- 

Design for Negative Moment Mu= -7700 KN.M: 

vlnmax= 0.85* Jc' ab (d- :!_) 
2 

= 0.8525'x522.3x800 (1434 - 522·3 )xI03 = 10413 KN.M 
2 

3ut, Mu = 7700 KN.M 

I>Mn=0.82xl0413=8538.66 KN.M > M,= 7700 KN.M 
> Design the section as singly reinforced. 

tn= Mh 
b4? 

7700*106 

'n = ----~ = 5.2 MPa 
0.9*800*14342 

n= fy_ 420 19.76 
0.85* Jc' 0.85*25 

=±a _ ✓I - 2111R11 ) 
111 fy 

·=-{_a. [2-197655.2,2 9.0144 
19.16 v 420 · 

~s req == P x bx d = 0.0144 x 800 x1434 = 16519.68 mm2 Im 

67 



Structural Analysis & Design 

- Chapter 4 

(0.2$),7.04 
As min= .fy 

(0.25) * .fis * (800) * 1434 
= 420 = 3414.28 mm? /m 

. 1.4(b)d Not less than, As mm= _ ___;_,_ 
.fy 

1.4 (800) *1434 = '=3824mm?/m 
420 

N =16519.68 + 804.2 = 20.54 bar 

D> Use 224 32 ( 2 layers) 

Asp,ov = 17692.4 mm> As req = 16519.68 mm2 /m 

❖ Check for Spacing : 

800--240--210--1132 
S = --------- = 34.8 mm 

10 

S>25mm 

S> d, 
- OK 
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❖ Check for Tension steel yielding:­ 
Tension = compression 

As x fy = 0.85 x f, b x a 

17692.4 420 = 0.85 * 25 800 a 
a= 437 .1mm 

a 437 .1 
c = -= --= 514.24mm 

B, 0.85 

B = 0.85 f,<28MPa ACI-3 l 8M-08(10.2.7.3) 

s, =(d-c)/cx0.003_ 834-514.24 .9,903 = 0.0053 
s 514.24 . . 

& = 0.0053 > 0.005 s 

OK : Tension Controlled Section 

4-9.4 _Design of Shear in Column (Section A-A): 

Vu(_at Face of support) = 2570 KN (From Shear Envelope) 

• d = 2000 - 40 - 10- 32\2 = 1934 mm 

• Factored shear forces at d=l934 mm from face of support. 

• Vn= /@ _2570 3426 .66 KN 
<I> 0.75 

♦
••• Determine shear strength provided by concrete (<I> Ve). 

Ve= ffi bw x d 
6 

is 800 1934 10° = 1289.33 KN 
6 

<I> Ve= 0.75x 1289.33 = 967 KN 
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_!__ <I> Ve= 967+ 2 = 483.5 <Vu= 2570 KN 
2 

·° Check for Section Dimensions : 

Vs= Vn - Ve= 3426.6- 1289.33 = 2137.33 KN 

2-JTc' x bwx d 2/2s» 800x 1934 _
3 Vs,max= 3 = 

3 
X 1 Q = 5157.3KN 

ffc' x bwx d {s» 800 x 1934 -3 
Vs,min= 16 = 

16 
X 1 Q = 483.5KN 

ffc' x bwx d /2s» 800 x 1934 -3 
V.'== x]() =2578.66KN s 3 3 

V, <V, > 2137.33 < 5157.3 ➔ The section dimension is large enough. 

V, < V,'>2137.33 < 2578.66 ➔
Smax :S d\2 <600 
➔ 1934/2=967 > 600 mm 

Take Smax = 600 mm - Control 

V,= 3426.66 > Ve= 1289.33 

" Try minimum shear reinforcement: 

ffe x bws but not less than, 
Av,min = 16 X f 

yt 

A%= 8 
3xf 

yt 

2 Use stirrups U-shapes (6 - leg stirrups) <1>10 with As = 6x78.5 = 1884 mm 

-Control R .5! is % 3 

,_J _3x1884x300_ 3719.5 mm <S,, =600 mm 
b, 800 

Take S = Smax = 600 mm 
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dx4,x f 1934 V yr _ X 1884 X 300 
s«@o2)- , 600 5x10° =1821.8 KN 

Check Case 4: 

D(Ve+V,,)< V, <@(V,+V!) -Stirrups are required. 
0.75 ( 1289.33 + 483.5 ) < 2570 <0.75 (1289.33 + 2578.66) 
1329.6 <2570 < 2901 3 Case 4 

d x Av x f yr 1932x 1884x 300 
3 s= j 213733 10°=510.9mm<S,=600 

Use (6-Leg) 46 @500mm <S,,,=600 

4 -9.5 Design of Shear in Column (section B-B); 
Vu( at Face of support) = 2570 KN (From Shear Envelope) 

• d=l500-40-10-32\2=1434mm 

• Factored shear forces at d=l434 mm from face of support. 

• Vn = Vu _ 2570 _ 3426 .66 KN 
<I>. 0.75 

Determine shear strength provided by concrete (D Ve). 

Ve= ./fa' bw x d 
6 

= ✓25 x 800x 1434x 10° = 956 KN 
6 

cl> Ve= 0.75x 956 = 717 KN 

.!..cI>Ve=717+2=358.5 $Vu=2570KN · 
2 

·% ♦
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•!• Check for Section Dimensions : 

V,. V,-V,=3426.6- 956 = 2470.6 KN 

2f€' x bwx d 2\/25x 800x 1434 
V- 5= ·xlO°=3824KN 

[fe' xbwx d /25x800x1434 , 
Vs,min= 16 = 

16 
X 10 =358.5KN 

-fjdxbwxd -fisx800xl434 _3 v'= 3= 5 lO'=1912KN 

V, <V,a > 2470.6 < 3824 ➔ The section dimension is large enough. 
>1434/2 = 717 > 600 mm 

Take Smax = 600 mm - Control 

V, =3426.66 > V,= 956 

·"P Try minimum shear reinforcement: 

A . = ffe x bws but not less than, 
v,mm 16xf 

yt 

A..., b,s 
v,mm 3xf 

yt 

2 Use stirrups U-shapes (6 - leg stirrups) <1>10 with As = 6x78.5 = 1884 mm 

-Control 

S = 3A,, f yt = 3 x1884 x 300 =2119.5 mm <S,,,= 600 mm 
b, 800 

Take S=S = 600 mm 

_ 1434 x 1884 x 300 x10°= 1351 KN 
- 600 

d x A, x f yt 
Vs(4<I>I2)= ----­ 

s 
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° Check Case 5: 

@(Ve+V,')< V, <@(Ve+Vs) -Stir 
' irrups are required. 

0.75 (956+ 1912) < 2570 <0.75 (956+ 3824) 
2151 <2570 < 3585 ➔ Case 5 

dx4,x f 
yt s = ,;..__ 

~ 

1432x 1 884x 300 
= 2137.33 10°=378.7mm<S,,=300 

Use (6-Leg) <l>10@300mm = S = 300 max 

4-10 Design of Isolated footing: 
The following subsections describe the analysis and design of footing 

Fig (4-14): Shear envelope from Dead load on the Frame. 
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$2.570 

52.470 } 

.5 

...... --------=======<===-=--·==========~ 
Fig (4-15): Shear envelope from Live load on the Frame. 

4-10.1 Load Calculation: 

Weight of Column= V x Y'= [ [0.5(2+1) x6] xQ.8] x25=180 KN 

Total D.L = 1440 + 180 = 1620 kN 

L.L=648·KN 

Surface Service Surcharge = 5 K.N\m2 

Allowable soil pressure = 280 K.N/m2 

Soil unit weight = 18 KN/m 

fc = 28 MPa Fy=420MPa 

Assume h (footing)= 50 cm 

W(footing) =0.50x 25 =12.5KN\m 
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W(soil) =1.5x 18 = 27KN\m? 

W total = 5 + 12.5 + 27 = 44.5 KN\m? 

qa,net = 280 - 44.5 =235.5KN\m? 

_ Pn _1620+648.6 9.6 m° 
A qa,net 235.5 

Assume B = 3.1 m 

A=I>L=9.6 = 3.1 m 
❖ TakeL=3.lm 

Pu =1.2 x1620 + 1.6 x 648.6 = 2981.76 KN 

q, = 2981.76 / (3.1-3.1) = 310.2kN/m 
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4-10.2 Check for One Way Shear :­ 
Critical Section at a + d 

2 

ut·t = q x b ( L Foundation. a ) rw ,37¢ u 2 

Vu = 310 .2 x 3.1 <\1 
- 

0
~
8 
- d) = 1105 .86 - (961.62d) 

1 . 
6.Vc=.(-/fc'xb xd) 

6 w 
1 ,-;;;::;- . "> 

¢.Vo =0.75% ;/28 % 3100 x @ x 10° = 2.05d 

.Vc = Vu 
3 2.05d = 1105 .86- (961 .62d) 
=>d=1.14m 
h =114 + 7.5 + 2 = 1.235 m 
Take h = 1.3m 
d = 130 -7.5-2 = 120 .5mm 

4-10.3 Check for two way shear action (punching):- 
The punching shear strength is the smallest value of the following equations: 

Vu, =[A-{@+d)(a+@)}]q, 

Vite= [3.lx3.l-{{I + 0.35) x (0.8 + 0.359}] 310.2 = 2_99.4KN 
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Where: 
Column Length (a) 1 

Pc = Column Width (b) == 0.8 == 1.25 

ho = Perimeter of critical section taken at ( d /2)from the loaded area 

bo = 2 (I + 0.35) + 2(0.8 + 0.35) =5 m 

0, = 30 for edge column 

According to ACI section 11.11.2 ¢.Ve = 

w-[-] \l'sa (}raws0orosas" =over 6 Pc 6 1.25 

¢V, =¢,_!_(__5_+2)fZb d= 0.?5(30*l205 +2)xmxSOOOxl205xl0-3 =183915KN 
• C 12 b Id C 

O 12 5000 
0 

ov,4! [;'al2.[p5-s000-120510° = 79705 'I'• C 'f'• 3 VJ C ' 0 3 

h.,= 1970.3KN .. ... Control 

¢.Ve> Vite ⇒ Satisfied 

4-10.4 Design for flexural in long direction : 
hoy= 20 mm 

b=3.1 m 
h=1.3 m 
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d =1300--75--10= 1215mm 

Mu =310.2x 1.15 x 3.1 x ]? = 635.8 KN.M 

Mn 635.8x10° 
R,77 .9x3100%12137 9154Mpa 

fy 
111 == 0.85 * Jc' 

p == _!_(1- 1 
111 

420 
0.85 2s '76 

2xmxRnJ 
f, 

= _l_(l- 1 2x 17.6x 0.154 J = 
p 17.6 420 0.00036 

As,, =pxbx d = 0.00036 x3100xl215 = I355.94mm2 

Check As,,, 5 

As shrinkage = 0.0018 xbxh= 0.0018 x 3100 x 1300 = 7254mm 
:. As = 7254mm 

d, · 2 2 Select 24.,,20 ⇒ AsProl'ided = 7536mm > 7254mm ..... ok 

Check Spacing : 
3100-75x2-24x20 

❖ S = --------= 107.4 mm 
23 

1- Smax =3h = 3 1300= 2600 mm 

2- 450 mm ➔ Control 

❖ 107.4 < Smax = 450 mm > OK 
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4-10.5 Desi n for flexural in Short direction: 
D,= 20 mm 

B=3.1 m 

H=1.3 m 

d = 1300- 75-20- ~O = 1195mm 

Mu= 310.2 x 1.05 x 3.1 x 1·;5 = 530.1 KN.M 

Rn= Mn_ 530.1x10° _ 
bd2 0.9x3I00xl 1952 -O.I33Mpa 

fy 420 
m= 0 8 * fi., = 17.6 . 5 . C 0.85*28 

[-.l-@xi] 
f, 

p = _l_(l- ,~ _ 2 X 17,6 X-0.133) = 0.00032 
17.6 ' 420 

4s,,, = p x bx d = 0.00032 x 3100 x 1195 = 1185.44mm 
Check As . : mm 

AsSl,ri11kage = 0.0018 X b X h = 0.0018 * 3100 * 1300 = 7254mm2 

:. As = 7254mm? 
Select 24620 => As aa F 7536mm2 > 7254mm2 

..... ok U Provide 
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"" 3100-75*2-24*20 
❖ S= 23 '=107.4mm 

❖ Smax = 3h:::: 3 * 1300=== 2600 mm 

❖ 450 mm ➔ Control 

❖ 107.4 < Smax = 450 mm➔ OK 

4-10.6 Check for Dowel : 

L+[so - 2(4»] 
[ · · 100 ] Ls%- [100-26,9 

0.Pn= .(0.85 fc'4g) 
-·· . 

= 28 mm 

=34mm 

?_,l'n 0.~~- x {0.85 x 25x340 x 380 x10°}= 1314.95KN 
But Pu- 2981.76 < ¢.Pn = 131495 

> Dowels are not required. 

L _ 0.24/Ydp 
d - 'le 

_ 0.24 x420x32 _ 645.1 mm .... Control· 
has 

(ACI section 12.3) 

> 0.043 fy db 

> 0.043 x 420 x 32 = 577 .92mm > ok 
Available development length 

Ldcavg= h - C -2d, 
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"""° =1300 - 75 -2x20 =1185 mm 
Take Ldc = 1185 > Ldcreq= 645.2 

For ls tension 
L,= the greater of Lctt or La, 

9 f Y '¥t.'¥e.'¥s 

l- ii he Sy 

o.24'¥e.fy d La 777 
A✓ fc' 

( ACI section 12.2.2) 

9 420 1 X 1 X .8 
==10 -.fis (2.S) X 2O=483.84mm 

ACI section l 1.4.5+ACI section 11.4.6.3 

_0.24 x 1 x 420 X 20 = 403.2 mm as 
❖ Take Ls= 483.84 mm 

81 



Structural Analysis & Design 

"""" -ti Load Calculations for the Restival-;h ··- , · ;_. , ,_ . .- . . , .. 
all and the Classrooms : 

From stad pro : 
~ 

sinall dome stress 
sx== o.3698/mm. 
sgy= -0.2698N/mm. 

Where 
Sy(N):Meridian stresses 
sx(N8) :Hoop stresses 

I
r~:---- ,, 

~ , .. 
s } • .. ~.. _;. : . 

. :· .·; . 
.i. 

A' 

Check for maximwn tensile strength of concrete 

"t k» . ·-~1 ~' i;i a.4 5 
;' 

~ ~ 
,\ --~~\.~~-• / I 

Fig (4-16): Moment distribution 
in the dome 

Tc= .1 x 0.4 x fc' 
Tc= .1 x 0.4 x 25 =1N/mm2> O.3698N/mm2 

Because the maximum tensile strength of concrete is greater than maximum hoop stress, only 
nominal reinforcement of 0.2% is provided. 

Design of steel : 
As =0.2%xtx1 m=0.002x1bOx1000=200mm2 Im 
Use08 

# of bars/m = As = 200 = 4 bars/m 
Area of p8 bar 50 

Spacing = 1 o~i;m . = ~50mrn .......... - .. 

Provide 08@25Omm c/c . (hoop direction) 

Provide 08@2SOmm c/c (meridian direction) 

f'llt1C«1u9'o11tt 
Sax (focal) 
id 'j Max.sx 

0.0121304 
±xvi&-ii!" 

/mm 2 

. Fig .(4-17): Max Moments 
Fron Stadbro 
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Sttuctural Analysis & Design 

""""" ¢} Design of ring beam(beam) 

::::> concrete B300 

::::> Reinforcement Steel 

~ max .positive moment =6.59 KN.m 
max .negative moment =-2.54 KN.m 
Dimensions=(30x30)cm 

d=14 
4=300- 40- 10- 14\2 = 243 mm 

c-?4= 2 x 243 =104.143mm 
7 7 

a== p1 c = 0.85 x 104.143 = 88.52mm 

❖ Design for Positive Moment Mu= +6.59KN.M: 

M, =0.85x fc'ab(d- ) 
2 

' 88.52 -6 = 0.85x25 x 88.52x 300 (243- --)x 10 = 112.lSKN.M 
2 

@M,= 100.936KN.M> M,= 6.59KN.M 

> Design the section as singly reinforced. 

Rn = Mn 
b d? 

6.59 x 10° Rn==-----= 0.414MPa 
0.9 X 300 x 243° 

m= fy = _4_20_ 
0.85x Jc' 0.85 X 25 

Fe' = 25 N/mn? 

fy = 420 N/mm? 

19.76 

P ~ _!_{l-✓J-2mRn) = __!_(1- 1 2x19.76x0.414 )=0.001 
m fy P 19.76 - 420 
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~ 
Chapter 4 

::::p>< bx d=0.00lx300x243=?29 sf ·9mm? 
(0.25)[l ( b )d 

s mi fy 

(0.25) \/25 (300) 243 
== 420 =216.96 mm? 

A 
. _ 1.4b)d 

Not Jess than, s min= fy 

= 1.4 * (300) * 243 
420 

N==243 ~ 113.04 = 2.15 
,+ Use3<l> 12 

As, = 339 mm?> As req = 243 mm2 
prov 

243 mm? 

❖ Check for Spacing : 

300- 2 X 40- 2 X 10 - 3 X 12 
S=---------- 2 82mm 

S > 25 mm 

S >d, 

-OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 f. x b x a 
339 *420 = 0.85 25 300 a 
a= 22.33mm 

c = !!__ _22.33 26.28mm 
h, 0.85 

B=0.85 ..... fc <28MPa 
....... AC-318M-08(10.2.7.3) 

®=(@-c)/cx0.03_ 243-26.20,3,003= 0.02474 
26.28 

cs== 0.02474 > 0.005 
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" OK : Tension Controlled Section 

❖ Design for Negative Moment Mu = -2.54KN.M: 

= 0.85 fc' ab (d - a) 
Mrs 2 

88.52 
::::: 0.85*25 x88.52x300 (243- 

2 
)x103 = 112.lSKN.M 

oM,= 100.936KN.M> M,= 2.54KN.M 

) Design the section as singly reinforced. 

Mn 
W,%7 

, 254-10° 0.159MPa 
0.9x 300x 243° 

m = fy , 420_ 19.76 
0.85x fc 0.85 x 25 

- 1 p;mRn - 1 ( 1- 2 x 19. 76 x 0.159 ) = 0 00038 p--(1- 1- )p--1- ----- . 
m fy 19.76 420 

As req = px b x d = 0.00038x 300x 243 = 27.757mm2 

0.2$),7@ )d 
As min= fy 

= (0.25)*✓25 *(300)*243 =216.96 mm2 
420 

Not less than As min= l .4(b )d 
' fy 

1.4(300) 243 943 mm 
420 

N=243 + 113.04 = 2.149 
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" 9 vss 3 @0.12 .(1 losers) 
.339.12mm > As req = 243mm? /m 

4Sro 
Check for Spacing : 
♦

300--2 X 40- 2 X 10- 3 X 12 
s= 2 =82mm 

S>25 mm 

S >d% 

.0K 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 f, b x a 

339 * 420 = 0.85 * 25 * 300 a 
a= 22.33mm 

8_22.33 26.28mm 
, 0.85 

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

243-26.28 cs= (d -c)/ c x 0.003 = ---- x 0.003 = 0.02474 
26.28 

e, =0.02474 > 0.005 

OK: Tension Controlled Section 

♦4-11.2 Design (beaml) For Shear :- 
Max. Shear =11.55KN.m 

Vn = Vu 11 .55 
- == -- =15.4KN 
<l> 0.75 

••• " Determine shear strength provided by 

concrete ( <I> V c). 

I 
1116 

1---------:::::~~---------13542 
37 

\ -7.32 

Fig (4-18): Max Shear on Beam 1 
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"""" Vc== ffe bwx d 
6 

=== J25 x 300x 243 x 10°= 60.75 KN 
6 

<I> Ve= 0.75x 60.75 = 45.563 KN 

_!_ <I> Ve= 45.563 7 2 == 22.78152".:Vu == 11.55 KN 
2 

(No shear reinforcement is required) 

But we well use minimum reinforcement 

[re' «,s 
Ams j5 x f but not less than, 

yt 

b,s 
°5r yt 

ffe 5 1 - Control (-- = - < - ) 
16 16 3 

Use stirrups (2 leg stirrups) <1>10 with As = 2x78.5 = 157 mm 

_34,f yt _ 3 X 157 X 300 _ 471 S. =600 s---- ------- mm< - mm 
b, 300 m® 

Take S = 500 mm 

dxAvxfyt _243xl57x300xl0-3 =22.9 KN 
Vs(2<1>10)- s - 500 

2 Or Use stirrups (2 leg stirrups) <1>8 with As = 2x50.24 = 100.48 mm 

S= 3A.,f yt _3x100.5x300_301.5 mm <S,, =600 mm 
b, 300 

Take S = 350 mm 

d»A,xf, 
Vs (2 <1>10)----­ 

s 

243x 1 oo.5 x 300 x 10-3 == 20_94 KN 
- 350 
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s"" """" 
1_3 Design of ring beam2 44.0 

The ring beam 2 most design for tow moment about z (Mz) and moment 
about y(My). 

we found that My have greater value Because of its location in the dome 
and the presence of the impact loads resulting from the columns and dome above 
it. So it will be designed rebar on all faces. 
1 ' 

It will be the largest reinforcement is present in the side faces 

F om stad pro 
J- . moment(-ve.Mz) =-3.45 KN.m ax .negative 
in ·rt·ve moment (+ve.My)=20.65 KN.m max,pos1 KN 

. moment(-ve.My) =-34.35 .m max .negative 

Dimensions=(30x30)cm 
<1>=14 
d=300- 40- 10- 14\2 = 243 mm 

C= id= Ix 243 = 104.143mm 
7 7 

a=Bc=0.85 x 104.143 = 88.52mm 

? 2%\ 

I 
I 

~<- 

~---- / 

Fig ( 4-19): Ring Beam Moments Distribution 

M = +20 65KN.M: ❖ Design for Positive Moment uy . 

®y Mnmax= 0.85 x Jc ab (d - 
2 

88.52 )x 10-6 = I 12.15KN.M = 0.85x 25 X 88.52x 300 (243- 2 

©M,= 100.936KN.M> M,= 20.65KN.M 
. 1 reinforced. ~ Design the section as smg Y 

»- M 
b*d2 

Rn=== 20.65 x 10
6 = l.295MPa 

0.9 X 300 x 243° 

m= fy = 420 = 19.,76 
0.85x fc 0.85 x 25 
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,,.2B,,- \_a..h.215.76-1,26s 
rfj' 1976' " 42)=0.00s2 

=x b x d = 0.0032 x 300x 243 = 233.3m ? ~~- · m 
o.2s)7@4 

sin fy 

(0.25)*✓'25 *(300)*243 
:::: 420 =216.96 mm? 

A . _ 1.4b)d 
Not less than, s min fy 

1.4 * (300) * 243 _ _____.:_____.:___:__ __ = 24 3 mm2 
420 

y=243 + 113.04 = 2.15 

) Use 3 4 12 

As = 339 mm2 > As req = 243 mm2 
prov 

❖ Check for Spacing : 

300--2x40--2x10-3 x 12 
S = ----------= 82mm 

2 
S>25 mm 

S >d, 

-OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 x Jc x b x a 
339 * 420 = 0.85 25 300 a 
a= 22.33mm 

c = 3-_ = 22 ·33 = 26.28 mm 
h, 0.85 

~ === 0.85 ..... fc <28MPa 
ACI-3 18M-08(10.2.7 .3) ······· 

89 



Ctural Analysis & Design str 
~ 

Chapter 4 

I 0 003 = 243 - 26.28 ,-(d-c)/€XU! 26.2g 0.003=0.02474 
.0.02474> 0.005 

OK : Tension Controlled Section 

♦:♦Design for Negative Moment Muy = -34.35 KN.M: 

.=08sf@'ab (- ") 

88.52 
== 0.8525 x88.52x300 (243- 

2 
)xl03 = 112.ISKN.M 

0M,= 100.936KN.M> M,= 34.35KN.M 

~ Design the section as singly reinforced. 

Rn= Mn 
bd? 

Rn= 34.35 x 10° _ 2.15MPa 
0.9 X 300 x 243° 

m= y_ 420 219.76 
0.85x fc 0.85 x 25 

1 PFR 1 2x19.76x2.15 )=0.00542 
P = - (I - 1- m n ) p = --(1 . [1- 420 

m fy 19.76 

As req =px b x d = 0.00542x 300x 243 = 395.122mm
2 

(0.25).fI (b )d 

As min= fy 

= (0.25)*.fis *(300)*243 =216.96 mm2 

420 
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A 
._ 1.4b)d 

l ss than, s mm - yotl5 .f 

_1.4 * (300) * 243 
420 243 mm? 

395122 + 153.86 = 2.56 N"' . 

~ 3 <1> 14_ (1 layers j 

As 
::::461.58mm > As req = 395.122mm2 /m 

pro 

❖ Check for Spacing : 

300--2x40-2x10--3 X 14 
s= 2 =79mm 

S> 25 mm 

S>d, 

.0K 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 x Jc x b x a 
461.58 * 420 = 0.85 * 25 * 300 * a 
a= 30.4mm 

a 30.4 c = -= -- = 35 .76mm 
#, 0.85 

~ == 0.85 . . . .. f, <28MP a ....... AC-318M-08(10.2.7.3) 

cs::: (d - c)/ c x 0.003 _243-35.76, 0.003 = 0.0174 
35.76 

$,=0.0174 > 0.005 

OK: Tension Controlled Section 
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""" ❖oesign for Negative Moment Muz = -3.45 KN.M­ 

:::: 0.85 * Jc' ab (d - a) 
Mrs 2 

~ 0.85* 25' x88.52X30O (243- 
8\52 )x 10°= 112.1 5KN .M 

oM,= 100.936KN.M> M,= 3.45 KN.M 

3 Design the section as singly reinforced. 

Mn 
,+j 

3.45 xl06 ----~ = 0.2164MPa 
! p 9x 300 x 243° 

»- h__ 420 219.76 
0.85x fc 0.85 X 25 

~ _I_(! - ✓!- 2mRn) = _l_(l _ l- 2 x 19.76 x 0.2164) = 0_00052 p m .fy p 19.76 420 

As req = px bx d = 0.00052x 300x 243 = 37.9lrnm2 

0.2$),7@ )d 
As min= fy 

= (0.25) * -J25 * (300) * 243 = 216.96 mm? 
420 

Not less than, As min= l .4(b )d 
fy 

1.4 * (300) 243_ 943 mm 
420 

N =243+ 113.04 = 2.15 

Use 3a12 @ leers) 
5,,, =339.12mm > As req = 243mm2 Im 
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• Check for Spacing : 
i¢ 

300-2x40-2x10--3x 12 
s=== 2 =82mm 

s> 25 mm 

S >do 

.OK 

❖ Check for Tension steel yielding:­ 

Tension == compression 

As x fy == 0.85 x f c x b x a 

339.12 * 420 = 0.85 * 25 * 300 * a 
a= 22.34mm 

c = !!:._ = 22 .342 = 26 .3mm 
/J1 0.85 

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

243-26.3 
6s = (d -c)/ C X 0.003 = ---x 0.003 = 0.0247 

26.3 
,= 0.0247 > 0.005 

OK: Tension Controlled Section 

♦4-11.4 Design (beam2) For Shear :- 
Max. Shear Vu.z ==57 .252KN .m 

Vn== Vu = 57 .252 == 76 .336 KN 
cl) 0.75 

♦Determine shear strength provided by concrete 

f es \\} 
J ~- 
). 
,, / • l ,~, ,, 
r i' \ /-T 
: 8 

',. 

'.sir, 

(4 Ve), 

Ve==- ..ffei bwx d 
6 
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stru€ 

"" is 300x 243 x 10-3 = 60.75 KN -:::-- 6 

a Ve=0.75x 60.75 = 45.563 KN 

t '1> Ve== 45.563 + 2 = 22.7815<Vu = 57.252 KN ><ll Vc =45.563 KN 
2 

ffe X bwx d _\25 300 243 -3 . 
Vat= 16 16 X 10 =- 22.78KN 

<I> (Ve+ Ys,min)=0.75 (60.75+ '\''\' .VA )=i '\' .i i>Vu = 57.252 KN 

Case3 :Minimum shear reinforcement is provided 

{7€«,s 
Av,min== 16 X f 

yt 

b,s 
Av,min== 3 X f yt 

but not less than, 

ffe 5 1 -Control (° = - < - ) 
16 16 3 

2 Use stirrups (2 leg stirrups) <1>10 with As = 2x78.5 = 157 mm 

S= 3A,,f yt = 3xl57x300 =47lmm <S,,, =600 mm 
bw 300 

Take S = 400mm 

dx A,x f , 
Vs (2 <t>lO) - ;...._ 

s 

243 x 157 x 300 10° = 28.61 KN - 400 
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,4.11.5 Design of Second dome: 
♦----- . 

'[hree range for Sx: 
1) -5.27 to -2.32 N/mm 
2) -2.32 to -1 N/mm 
3) -1 to -0.0083 N/mm 

syvalue (-0.046 to -1.39) 
1) For -5.27 to -2.32 N/mm 

Mu=7.56KN.m 

Check for maximum tensile strength of concrete 
Tc= .1 x 0.4 x f c' = 
Tc= .1 x 0.4 x 25 =1N/mm2 < 5.27N/mm2 

The maximum tensile strength of concrete is smaller than maximum stress 
Design as beam ( .1mx m) 
Mu=5.27KN.m 

Use08 

d=h-cover-0/2 

d=100-10-8/2=86mm 

Rn= Mn - bd? 
Rn- 5.27x10° =97918MPa 

0.9x 1000 x 86° 

m= fy 
0.85x fc' = 

420 19.76 
0.85 x 25 
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5trt1C ------------- 

~ ------ --------- 
1mRn 1 ✓.±d- 5°%4®> h 2819.760.7915 

p //1 • -~ )- 420 =0.001922 

q:::: px b x d = 0.001922x 1000x 86 = 16 As1v 35.3mm? 

(0.25)#c (b)d 
ya f 

(0.25) * J25 * (1000) * 86 
= 420 = 255.95 mm? 

h A . 1.4(b)d 
Not less t an, s mm= fy 

1.4 * (1000) * 86 
420 

~ = 0.85 ..... fc <28MPa 

286.67 mm2 -+-~ controlled 

Use 08-tAs=50.24 

N==286.67 + 50.24 = 5.706 bars 

Use608/m with A,=301.44mm/m 

Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 x f c x b x a 

301.44 * 420 = 0.85 * 25 * 1000 * a 
a= 5.96mm 

a 5.96 
c=-=--= 7.011 mm 

9, 0.85 
....... ACI-318M-08(10.2.7.3) 

=(@d-c)/cx0.003_ B6-7.01l , 9,903 = 0.033 
7.011 

5,=0.033 > 0.005 

Pro 'd Vt e 08@150mm (Bothe direction) 
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strU© ~----------------­ ----- 

( 2 32 to -1) N/mm2 

or " 
«,-2.88 KN.m 
fr maximum tensile strength of concrete 

Aeak ® 
... 1 X 0.4 X f c' = 

ft· 
... 1 x o.4 x 25 =1N/mm2 <2.32N/mm? 

re ... ' 
aximuIU tensile strength of concrete is smaller th . \em0 1an maximum stress 

·gnas beam (.tmxlm) 
Des! 

Mu===2.88KN .m 

Use08 
d==h-cover-0/2 
bH oo-10-8/2==86mm 

Mn 
3-4 

2.88 x 10° 
Rn=----- =0.432MPa 

0.9 X 1000 x 86° 

m = fy , 420_ 19.76 
0.85 x fc 0.85 x 25 

p = _!_(I -✓I- 2mRn )p ~ _l_(l - l- 2xl9.76x0.432 )==0.00l04 
m fy 19.76 420 

Asreq==px bx d=0.00104x 1000x85=88.4mm2 

As min= (0.25),JI (b)d 
fy 

= (0.25)*✓'25 *(1000)*86 =255_95 mm2 
420 

Not less than As min= l .4( b )d 
' fy 

1.4 * (1000) * 86 986.67 mm?>> controlled 
420 

Use 8-->As=50.24 
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6 67 
~ 50.24 === 5.7 bars 

e 2 'sm with As===301.44mm /m 
® for Tension steel yielding·- ches 

Tension === compression 

s x fy =0.85 X f c x b x a 

301.44 * 420 = 0.85 * 25 * 1000 * a 
a== 5.96 mm 

a 5.96 
c==-==-= 7.011 mm , 0.85 
R= 0 85 .. ... f,<28MPa ACI 3 JJ • .. ..... - lSM-08(10.2.7.3) 

86-7.011 
6 ;;;;(d-c)I ex 0.003 = --- x 0.003 = 0 033 
s 7.011 . 
, -0033 > 0.005 
s 

Provide 08@150mm (Bothe direction) 

3) For (-1 to -0.0083) N/mm2 

Check for maximum tensile strength of concrete 
Tc= .1 x 0.4 x f c' 

Tc= .1 x 0.4 x 25 =1N/mm2> 0.3698N/mm2 

Because the maximum tensile strength of concrete is greater than maximum hoop stress, only 
nominal reinforcement of 0.2% is provided. 

Design of steel : 
,=0.2%xtx 1 m=0.002x 100x 1 000=200mm/m 
lse 08 

% _200, 4 bars/hi 
# of bars/m = Area of p8 bar 50 

Spacing _ 1000mm ---- =25Omm 
4bar 

ovide ag . ) e @250mm c/c (hoop direction 
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~ 

,.q8@250mm c/c (meridian direction) 
rit1'1de 

1 4 l l-6 The second ring beam (D==3 l' 4.6m) 
circular Beams. 
~ 

J 0.5 ~ 

~ l' 

~ 

r----.. c:, 

cs ......... 

{ 1 
l ,, 4) . 3?" 

Fig (4-2 I): Second Ring beam Dimentions and Moments Distribution 

From stad .pro 
z» · ax(+ve)==l465.27KN.m 
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(-ve)=-754.884KN.m 
~~t!Z,111 

1,f z max{+ve)= 1465.27 KN.m 
~ 

h kif the depth of the compression block within th hi 
1. C ec e t ckness of the flange. 

-h then computeMnf-the total moment capacity fth fl Let a- r, 0 e ange. 
,000-40-10-16-30/2=9 1 9mm 

Mn=0.85 fc .b.hf ( d - ';) 

Mnf=9.85 x 25 x 500 x 300 (919 - 3~0 ) x 10-6=2451.188 KN.m 

188 KN 
Mu 1465.27 

Mnf=:2451. .m > - =--- 1628~~ a< hf 
ho 0.9 

The section will be designed as rectangular section with b=500mm 

fy = m = . , 
0.85x Jc 

420 19.76 
0.85 X 25 

Rn= Mn 1465.27 x10° 23.86 MPa 
d? 0.9x 500x 919° 

·Jg] 
== 1 (1 _ l _ 2 * 19.76 * 3 .86 ] == o .01044 

19.76 412 
4800 53mm > >(control) 

As =p.be .d=(0.0104 ) x (500)x(919)= · 

ffe J25 (500)(919) = 1367.6mm2 
As min=-:''" (bw)(d) 

4(.fy) 4( 420) 
2 

A 14 1.4 (S00)(919) = 1531.66mm s min=" (bw)(d) 
(fy) 420 

Use 3032 + 3028 in two layers with 
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5trll ------------- 
~ -- -------- 

t,..s~ 2412.7+2412.7=4825.4mm2 

aeck for Tension steel yielding:­ 

·Tension = compression 

As x fy == 0.85 x f c x b x a 

4825.4 420 = 0.85 * 25 * 500 * a 
a== 190 .745 mm 

a 190.745 
c == - == --- == 224 .4mm 

h, 0.85 

g=0.85 ..... fc <28MPa ······· ACI-318M-O8(1O.2.7.3) 

d,=d+s/2+d,/2=919+30/2+ 32/2=950mm 
950-224.4 s,=(dt-c)/ C X 0.003 = 

224
.4 x 0.003 = 0.0097 

c,= 0.0097 > 0.005=> OK 

Check for bar placement in one layer: 

g_ 300--2x 40-- 2x10-3x32 52mm>d,,=32> 25 mm - OK 
2 

ForMuz.max(-ve)= -754.884:KN.m 
Design as rectangular section because that the compression zone is within the web dep

th
. 

d=] 000-40-1O-16-3 O/2=919mm 

m == fy 
0.85x fc' 
420 219.76 

0.85 X 25 

Rn = Mn 
b d? 

6 754.884 x10' 23.31 MPa 
0.9 X 300 919° 
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.±{g } P » y' 6 
l (1- 1- 2.*19.76 *3.31 J 

po7%' 412 = 0 .0088 

As ::: p.be .d = ( 0 .0088 ) x (300)x(919) = 2426 21 2 · mm · -+--4(control) 
._ffe _✓-25 

Asmm- 4(/y) (bw)(d) - 4(420) (300)(919) = 820.53mm2 

As a,--'aoa (fy) 
1.4 
- 420 (300)(919) = 919mm 

Use 8020 in one layers with 

As=2512mm2 

Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 x fc x b x a 

2512 * 420 = 0.85 * 25 * 300 * a 
a= 165 .5mm 

a 165 .5 c=-=--=194.7mm 
0, 0.85 

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

919-194.7 116 6,=(d-c)/ex0.003= x0.003=0.01 
194.7 

cs =0.01116 > 0.005 ➔ OK 

Check for bar placement in one layer: 

_500-2x 40-- 2x10-820 54.3mm>d,y-20> 25 mm- OK 
7 
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411_ 7 Design (ring beam) For She he' ar 

t Face of support) =432.34 _KN(From Sh . E ~ eat nvelope) 

! l I I 
] jp 

Fig (4-22):Shear Value at the critical Section 

d= 919mm 
Factored shear forces at d=919 mm from face of support. 

y = 432.34 
2.263-0.919 2.263 
⇒y=256.76KN, = Vu 

'Vn= Vu = 256 .76 = 342 .36 KN 
<l> 0.75 

♦••• Determine shear strength provided by concrete ( <p V c ). 

Ve= ff bwx d 
6 

= ✓'25 x 300x 919 10° = 229.75 KN 
6 

<l>Vc=0.75x229.75= 172.31 KN 

II> Ve= 172.31 KN< Vu = 256.76 KN 

, f@ x bwx d _ \/s 3003919 49°= 86.16KN 
16 = 16 

+ V,,,,)-0.75 (229.75+ 86.16 )-236.93<Vu = 256.76 KN 
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It) bwxd fB x300x919 _3 ~== 3 XlQ ==459.SKN 
' 3 

9,75 (229.75+ 459.5 )=516.93>Vu =256.76 KN->>Case 4 V')- . l+ ' 
. rups (2 leg stirrups) <1>10 with As =2x78.5 = 157 mm2 vse stir 
y = 342.36-229.75 = 112.61 KN V,-V» c 

Jx/4,X f yl = 9!9x!57x3QQ x!0-3 = 384.4 mm< Smox = 600 
s== ---V.-- 112.61 

s 

Use (2-Leg) <l>10@200mm <Smax = 600 

dx/4,xf yt _ 919x226x300 xlo-3 =3ll.5 KN ok 
Voto)= s - 200 
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11_g Torsional Reinforcement 
l'" 

t 
rsion reinforcement is in addition to that . The o required for moment d 

. the longitudinal steel areas for moment d . an shear . 
~ desigtl, an torswn and the link · 

d torsion are calculated separately and comb' d size and spacing for at0 9lnea. 
e a reinforced concrete beam has cracked in t . . one d . d 1 . ors10n its torsio 1 . . ·1y by close stirrups an ongitudinal bars locat d ' na resistance is provided ma. e near the surface of the member. 

to resist torsion : o : ~y Closed stirrups. 
) By Longitudinal bars. 

Closed Stirrups 

Jt.6.3.8-Reinforcement required for torsion 
shall 
be added to that required for the shear, moment and 
axial force that act in combination with the torsion. The 
most restrictive requirements for reinforcement spacing 
and placement shall be met. 

Rll.6.3.8-The stirrup requirements for torsion and 
shear are added and stirrups are provided to supply at 
least 
the total amount required. Since the stirrup area Ay for 
shear 
is defined in terms of all the legs of a given stirrup while the 
stirrup area At.for torsion is defined in terms of one leg only, 
the addition of stirrups is carried out as follows: 

It shall be permitted to neglect torsion effects if the factored 
Torsional moment must be less than: 

Concrete ~ .....__ 
compression 
diagonals 

Space truss analogy 

Fig (4-23): Shear Torsion Reinforcement 

2 mo ye/ AD 
P­ 

At= SxT,, 
·Ao fy¢ Cot0 
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. ,m torsion reinforcement wi 
6 5 
j A minimum area of torsional reinfo 

ti · · d d · 11 · he rcement _e provided in al. regions where Tu exceeds 
recslold torsion given in 11.6.1. 

11
_6,5,2 - Wh

6
er
5
et 

1
or~ona~ r_einforcement is 

uired by 11. . . ' t e minimum area of transverse 
~sed stirrups shall be computed by: 

smary of Design Procedure for Members Subject d t B . gio endmg Moment, Shear and 

~ 

1- Check if torsion may be neglected. Torsion may be neglected if 

Tu <4 0 ,27 J['; (A;:)>> >(Ifthis is the case, proceed on with shear design) 

[r, ?cP) If Tu > <p 0.27-y J c P >>>(torsion must be considered as shown in the 
cp 

following steps) 

The critical section for torsion is located at distance d from the face of the support if 
no torques are applied within this distance. If torques are applied within distance d 
from face of support, critical torsion is located at face of the support. 

2- Check the adequacy of the size of the cross section in terms of preventing brittle mode 
of failure resulting from diagonal compressive stresses due to shear and torsion 

combined. For a solid cross section to be adequate, 

(1)2 + ( TuPh )2 :::; 0 (~ + zJFc) 
bw d 1.7A2oh bw d 

❖ If E · · 1 d' · s need to be increased 
q is not satisfied, cross sectional dimensions .Ar ., 

3 
· .c. • • terms of. Since T,= T, when 

· Determine the required area of stirrups 10r torsion m e s 

~ is taken as 45° can be written as 

A, T, 
S 2A0 ; yt 
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oesides, compute maximum stirrup spa . b cmng based 

l
· uited to the smaller of p/8 or 30 cm on torsion. Ma . . 11 • • ximum stirru s . . 

4
- Determine combined area of stirr . P pacing IS ups required f 

f
Av or shear and torsi At, 

terms o s on. -;is expressed in 

for two-legged closed stirrups 

% #l-#fa) 
where({')_should be equal or larger thanO 2 ffcbw s T ."">35wS fye f yt 

5-. Select stirrup size, and compute stirru • • P spacmg based on th 
step 5. Maximum stirrup spacing mu t e amount detennined in . s not exceed the ll 
evaluated in steps 3 and 4. sma er of the two values 

6- Calculate the longitudinal reinforcement r · d c . A f eqmre 1or torsion 
4=(') € -9C? L s Ph [y ot 0>>>lf fyt =f,,and e is taken as 45° 
then -> > A,=(')p s 
The longitudinal reinforcement Al» is not to be less than the value given by 

AL,-0.4VT&Ace (4po,e'" 
fy S [y 

were "> 0.175° 
s [yt 

7- Size combined longitudinal reinforcement. The longitudinal reinforcement is to be 
uniformly distributed around the perimeter of the cross section, and must have a 
diameter not less than 0.042 of stirrup spacing or 10 mm, whichever is larger. Flexural 
reinforcement determined in step 2 is to be added to the longitudinal reinforcement 
required for torsion at the flexural steel level, and the reinforcement is chosen at the 
tension side of the section. Also, the reinforcement is chosen at the compression side of 
the section. If the vertical distance, center-to-center, between the top and bottom 
reinforcement exceeds 30 cm, middle layers are added until the spacing is satisfied. 
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1ear.z T 
k ·ors Ion Moment-Y Mom 

.~~2 .. 183. 91.623 kllm kll 

·-'~'-----"·'" l ~,,,-.----,, E/ g 3%;} \g] @iii] .as 
t\ tf:" set g ......... ~~... .112 I 6.856 1 19 
-9.036 I .161 I 6.863 I 19 

❖ uesign for torsion : 

The values of shear change linearly from (91.623~~- 
91.623) 

torsion =91.623K.N.m 
at' rrr (@cs) 
h kif Tu> 4 0.083-y f c P 

(Chet 'cp 

A == (OJx0.7)+(0.3 x0.5) = 0.36 m2 

NP 2 
,,-(281)+(20.5) =3 m 

us,pr{4cs) 9.75% 0.083,/25 S60009 j9-©= 13.446 
'f • VJ c Pep 3000 · 

Check for probability of brittle failure of concrete. 

(!Q._)2 + ( TuPh )2 :S 0 (~ + 0.66 rr) 
bwd 1.7A2oh bw d VJ C 

Fig (4-24): Max Vakue of torsion · 

d= 100-4-1-3 .2/2=93 .4cm 

Xo(l) =30-2x4-1=21 

Xo(2) =S0-2x4-1=41 

Yo(1) 100-2x4-1=91 

Yo(2) 7 30-2x4-1=21 

p,=21+21 +41 +91=174cm 

Aa = (Xo(l) X Yo(l))+(Xo(2) X Yo(2) ) 

== (21x 91)+(4lx 21 ) =2772cm2 

( 256.76 )z + (91.623X1740X106)2 
300x934, 1.7x277200° 

0.01219 N/mm2 < 

(
229.75X10

3 +.66/25) 
:S 0.7S 300X934 

3.01N/mm2 

At- SXTu 
2xAofyt Cote 

At(riq) 200X91X10
6 

2X277200X300XCOt45 

2 
109.42111l1l 
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V,xs _ 112.61x 200 
Av(riqt=== dxf - 919x300 xl0

3 
==81.7mm2 

yt 

Afea of sti1rops= At+Av =109.42+81.7=191,12mm2 

. ups (2 leg stirrups) <1>12 with As=2x113=22 .2 esif" 36mm 

_A21740""9cot?45=452.4 
AL 300 420 

. :::: 42 ../25 360000 - (109.42)174 300 = Ah» > zo soo €,,) 
=1800-475.98=1324.023mm2 

Use <1>20---),-), 1324/314=4.2 
use 6<1>20 with As=1884 mm2 

❖ 4.11-9 Design of (beam 4) for, 
Oexure: 

Dim(50x3O)cm 

L==S m 

d==S00-40-10-14\2 = 477 mm 

C:::: 3 3 ,/==x 477 = 204.43mm 

a==~, c == 0.85 x 204.43 = 173.76mm 

Max +ve moment(z)= 24.433 K.N.m 

LJ\ 
~ 3.38 36191 

Fig (4-25): Moment distribution for beam 4 
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""" moment(z)= - 9.874 KN.m 
yew 

y pesign for Positive Moment Mu = +24.433 KN.M: 

:::: o.85 x Jc' ab ( d - a ) 
Ms' 2 

:::: 085x25'x173.76x300(477-173,76) l0-6 . 2 x = 432.14KN.M 

oM,= 388.93KN.M> M,= 24.433 KN.M 
~ Design the section as singly reinforced. 

Mn 
,-j 

24.433 x 10° 
Rn==----- = 0.398MPa 

09x 300x 477° 

m == fy , = 420 = 19.76 
0.85x fc 0.85 X 25 

p=_l__(l-~l-2mRn)p ~ _l_(l- 1_2xl9.76x0.398)=0.00l 
m fy 19.76 420 

Asreq = px b x d = 0.001 x 300x 477 = 143.lmm2 

As min= (0.25).fi (b )d 
fy 

= (0.25) \/25 (300) * 4 77 = 425.9 mm 
420 

Not less than As min= 1.4(b )d 
' fy 

1.4 * (300) * 477 -477 mm2 
420 

N=477: 200.96 = 2.66 

Use316 
As Prov ::::: 602.88 mm.2 > As req = 477 mm 
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• Check for Spacing : 
'¢ 

300--2x40--2x10--3x 16 
s= 2 = 76mm 

s> 25 mm 

S>do 

.OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 x f c x b x a 

602.88 * 420 = 0.85 * 25 * 300 * a 
a= 39.72mm 

a 39 .72 
c = -= -- = 46.73mm 

h, 0.85 

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

477-46.73 
&s = (d -c)/ ex 0.003 = ----x 0.003 = 0.0276 

46.73 
6,= 0.0276 > 0.005 

OK : Tension Controlled Section 

♦% Design for Negative Moment Mu= - 9.874 KN.M: 

Mnmax= 0.85 * Jc' ab (d - a) 
2 

=oss+2s'x17s.76-300 «. l27 yo®= 452.15KN.M 

ll>Mn== 388.93KN.M> Mu= 9.874 K.N.M 

~ Design the section as singly reinforced. 

Rn::: Mn - b a? 
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~=0.16MPa 
,9x 300% 477 

420 19.76 
Ill - Q.85X fc 0.85 X 25 

I I 2mRiz ) - 1 I 2 x 19 76 x 0 16 ::: -(1- 1- P - -(1 - 1- · · 
P 111 \ fy 19.76 ' 420 ) = 0.0004 

As req =px b x d =0.0004x 300x 477 = 57.24mm? 

(0.25hUc (b )d 
fy 

As min= 

(0.25) , 25 (300)4 77 
=== 

420 
= 425.9 mm2 

th As 
. 1.4(b )d 

Not less an, mm= fy 

1.4 * (300)477 ------- 477 mm.2 
420 

N =477 + 200.96 = 2.3 7 

I+ Use 3<1>16 (1 layers ) 
Asp,ov = 602.88mm > As req = 477mm2 

❖ Check for Spacing : 

_300--2x 40--2x10-3%10_7c,m 
2 

S>25mm 

S >d, 

-OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 
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>< fy === o.85 x f c x b x a 
As 

02.88 420 = 0 .85 * 25 300 a 
, 2 39.72 mm 

a _ 39.72 = 46 73 ____ . mm 
' g, 0.85 I • 

p=0.85 ..... f,<28MPa ··..... AC1-318M-08(10.2.7.3) 

477-46.73 
(d-c)I ex 0.003 = ----x 0 003= 0 0276 s,- 46.73 " 

,-0.0276> 0.005 
s 

OK : Tension Controlled 

Section 

❖ 4-11.10 Design (beam4) 

For Shear:- 

Max. Shear = 18 KN .m 
At d=477mm>Vu=15.31 KN 

I 10.25 

3598~ 1.~36 

I -18.00 

10.25KN. 

Vn= Vu = 15 .31 = 20 .413 KN 
<l> 0.75 

Detennine shear strength provided by concrete ( <I> V c ).shear 

Ve= ffe bwx d 
6 

== -✓25 x 300 477 10° 
6 

=119.25 KN 

ti> Ve= 0.75x 119.25 = 89.44 KN 

V ==15.31KN ! @ Vc=89.44+2= 44,718>''U 
2 

d 

18KN.m 

Fig (4-249. Shea Value at critical section 
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:. mmshear reinforcement is required (A . ) Nfit11JJ1U v,mtn 

,pc' x bws b t t 1 h lJ-_ vu no ess t an, 16x f, 
{r s 1 - Control (-- == - < _ ) 
16 16 3 

Use stirrups (2 leg stirrups) <1>10 with As =2x78.5 = 157 mm2 

34,f yt _ 3 X 157 X 300 = 471 S = 
600 - ----- mm < max mm s= 300 b. 

Take s == 400 mm 

d»A,xf, 477x157x300xl0-3=S6.166 KN 
Vs(2o10)= s - 400 

~ 4.11-11 Design off 
beam 5 and 6): 

Dim(40x30)cm 

L=5 m 

b=14 

d=400- 40-10--14\2 = 377 mm 

C== Ia= ~ x 377 = 161.6mm 
7 7 

=, c=0.85 x 161.6 = 137.4mm 

Fig ( 4-25): Moment Distribution For beam 5 and 6 
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om the wall above the beam =18KN/ 
d" /mn 

~ f: ctored load ( distributed) =2 l .6KN/m v 
4° oment= 47.51 KN.m r®! 

.,,,0ment=== - 23.0KN.m 
©" 
pesign for Positive Moment Mu= +47.SIKN M· b ' • • 

.=0.85x fc' ab ( d - a ) 
r' 2 

, 137 .4 
::: 0.85x 25 x 137.4x 300 (377- 

2 
)x 10°= 270.lKN.M 

4lMn==243.07K.N.M> Mu= 47.51KN.M 
~ Design the section as singly reinforced. 

Mn ,­ 
47.51 x 10° Rn=-----= l.24MPa 

0.9x 300 x 377° 

m= fy 420 19.76 
0.85x fc 0.85 x 25 

_ 1 ~mRn 1 _ 2xl9.76x1.24 )=0.00305 
p - - (1 - 1- ) p = - (1 - 1 420 

m fy 19.76 

Asreq = px b x d = 0.00305 x 300x 377 === 345mm
2 

As min== (0.25).fI (b )d 
fy 

= (0.25)*✓25 *(300)*377 ===336_6 mm2 

420 
Not less than, As min= l .4(b )d 

fy 

1.4 * (300) * 377_ ===377 mm2 
= 420 
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,153.86 = 2.45 3fl ? 
I vse3014 
.461.6 mm > As req = 377 mm? 

Jr 
• Check for Spacing : 
¢ 

300--2 X 40- 2 X 10 - 3 X 14 
s= 2 = 79mm 

s > 25 tnm 

S>ds 

.0K 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As x fy = 0.85 x f c x b x a 

461.6 * 420 = 0.85 * 25 * 300 * a 
a= 30.42mm 

c = !!:._ = 30 .42 = 35 .77 mm 
h, 0.85 

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

es =(d-c)/ ex 0.003 _377-35.77, 0.003 = 0.0286 
35.77 

es= 0.0286 > 0.005 
OK : Tension Controlled Section 

♦
' Design for Negative Moment Mu= - 23KN.M: 

Mnlllax:::: 0.85 * Jc' ab (d - a) 
2 
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""" 
8S*2S'x137.4x300 (377- 

137.4 )xto-6 == 270 ~ 0. 2 .O5KN.M 

3 osl(N.M> Mu= 23KN.M ,-3 
~~ r ign the section as singly reinforced 3 51 

M 
w yr 
~ = 0.59935MPa 
j9300x377° 
y_ 420 19.76 

/ll::: Q.85X jc' 0.85 X 25 

I ✓_2mRn ~_1_1_ / 2x19.76x0.6 _ p==;(l- 1 fy )p 19_76( ~1- 
420 

)-0.00145 

Asreq==px bx d=0.00145x 300x377= 163.995mm2 

(0.25)Jl (b )d 
fy As min= 

_ (0.25) * ✓25 * (300) * 3 77 = 336_6 mm2 

420 
l.4(b)d 

Not less than, As min = fy 

1.4 * (300) * 377_ 377 mm 
420 

N::377 -s-153.86 = 2.45 

tf Use 3 <I> 14 (1 layers ) 
®,,,= 461.6mm > As req = 377mm2 

••• Ch • eek for Spacing: 

,_300--2x 40-- 2x10-3l+ q9mm 
2 
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Check for Tension steel yielding:­ 
• 
Tension = compression 

As x fy == 0.85 x I c x b x a 
461.6 420 = 0.85 * 25 * 300 * a 
a== 30 .411 mm 

a 30.41 
( = -- == 35. 77 mm , 0.85 
~==0.85 ..... fc <28MPa ....... ACI-318M-O8(10.2.7.3) 

377-35.77 s,=(d-c)/cx 0.003 = ----x 0.003 = 0 0286 
s 35.77 . 
c.=0.0286 > 0.005 s 

OK : Tension Controlled Section 

❖ 4-11.12 Design (beam6) For Shear:­ 

Max. Shear =55.82 KN.m 

Atd=377mm--> Vu=47.66 KN 

Vn= Vu = 47 .66 = 63 .55 KN 
<I> 0.75 

❖ Determine shear strength provided by concrete ( V c ). 

Ve-=- ffe bwx d 
6 

= @s 300 377 10° = 94.25 KN 
6 

<l>Vc= 0.75x 94.25 =70.7 KN 
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1 
a Ve=70.7+ 2 = 35.35<Vu == 47.66 KN 

2 

,.,..•nirnumshear reinforcement is required (A . ) Ill v,min 

{re xb. 
As 16x f yt 

but not less than 
' 

b,s 
Av,rnin==- 3 X f yt 

- Control ( ffe = 2- < ! ) 
16 16 3 

Use stirrups (2 leg stirrups) <1>10 with As =2x78.5 = 157 mm 

34, f yt 3 X 157 X 300 
S= ' ====4d]]mm < S =600mm bw 300 max 

Take S = 400 mm 

dx A,x f yt 
Vs (2 <1>10)- 

s 

= 377x157x300 xl0_3 =44_391 KN 
400 

❖ 4.11-13 Design of (beam7)---+{Ground Beam): 

Dim(50x3O)cm 
L=Sm 
~ == 14 
d=S00-40-10-14\2 = 477 mm 
C- 3 d 3 "5°4x 477 = 204.43mm 

@=hjc= 0.85 x 204.43 = 173.76mm 

~ax +ve moment(z)= 22.07KN .m 
ax-vemoment(z)= - 46.67K.N.m 

❖ D · ~,... == 22.01KN.M: !sign for Positive Moment IM! 
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65sx25x173.76x 3007. 3.76,,% :: · 2 x == 432.14KN.M 

388 93KN.M> Mu= 22.07KN.M 
yr " ~ . . 1 ~ Design the section as smg y reinforced. 

Mr »,a 
107x10° 0.359MPa 
,2 300» 477° 

fy == _4_20_ 
'is»fc' 0.85x 25 

19.76 

- 
1 -✓l- 2mRn = _1_ 1 _ l 2x 19.76x 0.359 

p- ;(1 fy ) p 19.76 ( - 420 ) = 0.00086 

Asreq== px bx d = 0.00086x 300x 477 = 123.066mm2 

. (0.25)fl (b )d As mm= _ __:.... __ 
fy 

= (0.25) »,/25 (300) * 4 77 ,42s.9 m 
420 

Not less than As min= 1.4(b )d 
' fy 

1.4 * (300) * 477 =477 mm2 
420 

N == 477+ 200.96 = 2.66 

Use3016 

®,,, = 602.88 mm?> As reg= 477 mm2 

'» Ch • ieck for Spacing: 

S== 300-2x40-2xl0-3><16 ===76nun 
2 
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❖ Check for Tension steel yielding:­ 

Tension == compression 

As x fy= 0.85 x fc x b x a 

02.88 420 = 0.85 * 25 * 300 * a 
a = 39.72 mm 

a 39.72 c == -== -- = 46 .73mm 
h, 0.85 

....... ACI-318M-08(10.2.7.3) 

477-46.73 s,=(d-c)/cx0.003= x0.003 = 0 0276 
s 46.73 . . 

&
5 

== 0.0276 > 0.005 

~ == 0.85 ..... fc <28MPa 

OK : Tension Controlled Section 

♦••• Design for Negative Moment Mu= - 46.67 KN.M: 

MG=0.85 fc'a b (d- e) 
2 

~ 0.85 25x I 73. 76x300 • )X 10°= 432.ISKN .M 

0M,= 388.93KN.M> M,= 46.67KN.M 
> Design the section as singly reinforced. 

Ra Mn - b a? 
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~ = O.7597MPa 

y [yx 300 477 o. 
420 19.76 

//1:::: Q,85>< /c 0.85 X 25 

, .!.(1- fi- 2mRn) p ~ _1_(1 - ✓1- 2x 19.76x0.76 - 
p n f» 19.76 420 )- 0.00184 

-p>< b x d =O.OO184x 3OOx 477 = 263.304mm? 
Asred ' 

(0.25)llc (b)d 
fy 

As min 

(0.25)*✓'25 *(300)*477 
== _;__-------- = 425 9 mm2 

420 . 
. 1.4(b)d 

Not less than, As mm= fy 

= 1.4 * (300) * 477 _ 477 mm? 
420 

=477 + 200.96 = 2.37 

ft Use 3<!>16 (1 layers ) 
Asp,ov = 602.88mm > As req = 477mm2 

❖ Check for Spacing : 

300-2x40-2xl0-3X16 -?6mm 
S=-=----=--..:=----:=---~----- 

2 
S>25mm 

S >d, 

-OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 
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>< fy:::: 0.85 x f c x b x a 
AS 

.88 420 = 0.85 25 300 a 
,-39 .72 mm 

a - 39 .72 46 73 --- . mm 'B, 0.85 
a=0.85 · . . .. f c <28MPa ACI 3 ' ' .. ... - 18M-08(10 2 .. 7.3) 

477-46.73 
,-(d-c)/cx0.003=' 46.73 x0.003==0.0276 

,-0.0276 > 0.005 
s 

OK : Tension Controlled Section 

4-11.14 Design (beam7) For Shear :­ 

Max. Shear =56.47K.N.m 
td=477mm-->Vu=46.19 KN 

Vn= Vu = 46 .19 = 61 .6KN 
(1) 0.75 

Determine shear strength provided by concrete ( V c ).shear 

Ve= ffe bwx d 
6 

= .fis x 300 477 10°= 119.25 KN 
6 

<I> Ve= 0.75 x 119.25 = 89.44 KN 

<I> Ve= 89.44>Vu = 46.19 KN 

M. · . t is required (Av mm) inimumshear reinforcement 
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fl?_ x b~ but not less than, T6» f, 
f.R 5 1 -Control ( ~ ~~ === <-) 
16 16 3 f 3 f ' yt 

. (2 leg stirrups) <1>10 with As =2x78.5 = 157 mm2 Use stirrups 

3A,f y, 3xlS?x3oo =47\mm < S =600mm 
S= 300 max b. 
rake s == 400 mm 

dx A,x f yt _ 477 x 157 x300 xl0-3 = 56.166 KN - 400 Vs(2<1>10)- s 
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· drical Shells : 

" 3e= 90 (own ADB 
" % - 2.5m l® 

the followin results: 
go!! : 

• Max positive moment M11 m the direction 
parallel to the shell = 600 N .m 

, Max Negative moment M;; in the direction 
Parallel to the shell= -700 N.m 

, Max positive moment Mo in the direction 
Perpendicular to the shell = 2.1 KN .m 

, Max Negative moment M22 in the direction 
Perpendicular to the shell= -2.45 KN.m 

90 

Fig (4-26): Moment Directions on the Shells 

faun Mi1 Dgrarr (UDCON7) 

ram and assumin the followin 

600.~ 500. 

400. 

300. 

200. 

100. 

0. 

:::::r~ -300. 

-400. 

-500. 

-600. 

.700. 

1.40 
,.os 
0.70 

o.35 
o.oo 

Distribution on the Shells 
Fig ( 4-27): Moments is 
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""" 
b
eck for maximum tensile strength of ~ concrete 

Tc=.1x0.4x f c' 
Tc:::: .1 >< 0.4 X 25 =1N/mm2> 0.3698N/mm2 

Because the maximum tensile strength f . o concrete is greater than . 
ly nominal reinforcement of0.2% is provided. maximum hoop stress, 

pesign of Reinforcement : 
a 
, =0.2%xtx 1 m=0.002x 100x 1000=200mm/m 

Use08 

# of bars/m = As 200 
Area of cp8 bar= 50 = 4 bars/m 

S 
. 1000mm = 250mm aang assr 

Use mesh 08 @ 250mm in both directions. 

❖ 4.12-2 Design of Beam 8 under the shells: 

From Sap2000 and Stad Pro : 
• max live load= 7.5 KN.m 
• max Dead load = 22 KN .m 

~ we assume Dimensions = (50x130) cm 

= 18 
d=1300- 40-10-18\2 = 1241 mm 

c= 27= ?x1g41=531.86 mm 
7 7 
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sr# 
~ 

Jl
iaximum tensile stren th of con t fol' ere e 

C~eCI\ Tc == .1 X 0.4 X f c' 
,,. 

1 
>< o.4 x 25 ==1N/mm2> 0.3698N/mm2 

ft Because the maximum tensile strength of . concrete Is greater th . 
inal reinforcement of 0.2% is provided an maximum hoop stress 

~~w , ' 

. n of Reinforcement : 
~ 
,432%ts1m=0.002x 1 00x 1000=200mm?/m 

pe 08 

# of bars/m = As 200 
Area of p8 bar 50 = 4 bars/m 

. 1000mm Spacing= = 250mm 
4bar 

Use mesh 08 @ 250mm in both directions. 

❖ 4.12-2 Design of Beam 8 under the shells: 

fu!m Sap2000 and StadPro : 
• max live load = 7.5 K.N.m 
• max Dead load = 22 KN .m 

ij we assume Dimensions = (50x130) cm 

t:::: 18 

d::: 1300 - 40-10 - 18\2 = 1241 mm 
C::::I _ 3 

7d-? X 1241 = 531.86 mm 
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_ 0 85 x 531.86 = 452.1 mm Ac- · 
8:::: "'' 

» Design for Max Negative Moment Mu== _ 813.3 KN.M: 
Q 

M,ax 0.85 x fc ab (d -1) 
= 0.85x 25' x 452.1 x 1300 (1241 - 45~ ·1 )x 10·6 == 12675.98 KN.M 

oM,=0.9x 12675.98 = 11408.38 KN.M > M,=813.3 KN.M 
-+ Design the section as singly reinforced. 

Mn 
R,»4 
snsl', 0.45 MPa 

Rn;::: Q.9 X 1300 X 12412 

~ 
~ ~ 

V ~ 

V 
,} .. .. lu 
~ Max: -808 .2HkNm 
~ 
[ I ' 

~~ ~~ 
A% es &s 

m== fy , = 420 -19.76 
0.85x Jc 0.85 x 25 

2x19.76 %.45 , = Q.0011 
_ 1 ~ = _!_(1- l 420 

P - m (I - v1-fe) P 19.76 , 

o 1241 =1774,63 mm Asreq == px bx d = 0.0011 x 130 x 

D~7bution on beam 8 
. Moments Fig (4-28). 

08,585 l 
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""" (o.2s,[f@@ 
jsmi fy 

(0.25) /25 (1300 *1241 
= 420 =4801.48 mm? 

A 
:_ 1.4(b)d 

Not less than, s min f, 

= 1.4 * (1300) *1241 
420 

= 4337,47 mm? 

e Use Asreq = ASmin = 4337.47 

y= 4337.47+ 254.47 = 17 
) Use 18 <I> 18 ( 3 layers ) 

As,, = 4580.46 mm2 > As req = 4337.47 mm2 

❖ Check for Spacing : 

1300- 2x40-2 X 10--18x18 
S = 

17 
= 51.53mm 

S>25mm 

S> d, 
-OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 

As, fy = 0.85 x f c x b x a 
4337.47 X 420 = 0.85 25 1300 a 
a= 65 .945 mm 

c = !!_ = 65 ·95 = 77 .58mm 
9, 0.85 

B=0.85 ..... f c <28MPa 
AC-318M-08(10.2.7.3) 

······· 
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1300 - 77.58 
_(d- c)/cx 0.003 =----x 0.003 ==O 05 c, 77.58 ' 

,-0.05> 0.005 

OK : Tension Controlled Section 

❖ Design for Max Positive Moment Mu== + 112.37 KN.M: 

a .=0.85 x fe'ab(d- ') Mrmax 2 

= 0.85x 25' x 452.1 x 1300 (1241 - 45~ ·1 )x 10°= 12675.98 KN.M 

oM, =0.9x 12675.98 = 11408.38 KN.M > Mu= 112.37 KN.M 

) Design the section as singly reinforced. 

Mn Rs,j7 
813.3 x10° = 0.062 MPa 

Rn= 0.9 X 1300 x 1241° 

m= fy , = 420 = 19.76 
0.85x fc 0.85 x 25 

R l 2Xl9.76X0.062 )=0.00015 
= _!_ (1 - 1- 2m n ) = (1- [l- 420 

P m fy p 19.76 

Asreq = px bx d = 0.00015x 1300x 1241 =238.5 mm? 

As min= (0.25)-fJ: (b )d 
fy 

(0.25) * f25 * (1300) * 1241 =4801.48 mm 
420 

Not 1 h . 1.4(b )d esst an Asmm= --- 
' fy 

1.4(1300)1241 4337,47 mm 
420 

~ Use Asreq = Asmin = 4337.47 
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"""" 337.47 -;- 254.47 = 17 y­ > Use 18 18 ( 3 layers) 

.4580.46 mm? > As req = 4337.47 mm? 
l5, 

❖ Check for Spacing : 
1300--2x 40--2x10--18x18 

S= 17 =51.53mm 

S> 25 mm 

S> d» 
.0K 

❖ Check for Tension steel yielding:­ 

Tension = compression 

Asreq x fy = 0.85 x Jc x b x a 

4337.47 X 420 = 0.85 * 25 * 1300 * a 
a= 65 .945 mm 

c = !!._ _65 .95 = 77 .58 mm 
9, 0.85 

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

8s = (d-c) I c X 0.003 _1300- 77.58 X 0.003 = 0.05 
77.58 

6,= 0.05 > 0.005 

OK : Tension Controlled Section 

4.12-3 Design of Beam 8 for Shear : 
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"""" 
shear===183.78 KN.m 

,fa 
Vu _ ~ = 245 KN w % 0.7s 

❖ petennine shear strength provided by concrete ( ~ V c ). 

Ve:::: ffe bwx d 
6 

_fs 500x 1241 x 10°= 517.1 KN 
6 

<t>Vc=0.75x517.l =387.8KN 

_!_ <I> Ve = 287.8 + 2 = 193.9 > Vu= 183.78 KN 
2 

(No shear reinforcement is require<1), 

But we well use minimum reinforcement 

{ 2,s 
Aas 4, x f but not less than, 

yt 

b,s 
Amin ' 

3xf yt 
2 

Use stirrups (2 leg stirrups) <1>10 with As = 2x78.5 = 157 mm 

S = 3Av f yt = 3x157 x 300_982.6 mm <S,,, =600 mm 
b. 500 

-Control (ffe = 2-- < ~ ) 
16 16 3 

dx A,x f 1241x157x300 xl0-3 ==116.9KN 
V y1 == s (2 <1>10) 500 s 

Take S = 250 mm 

d x Av x f 1241 x 100.s x 300 x 10·3 == 149.66 KN 
V yt == s(2410)= 250 

s 
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4 4.12-4 Design of beam 9 for Flexure 

~ we assume Dimensions = (30x50) cm 

%-12 
d==500 -40- 10- 12\2 = 444 mm 

c- 2a= ? x 444= 190.3 mm 
7 7 

a-Bc=0.85 X 190.3 = 161.74mm 

❖ Design for Max Negative Moment Mu= -5.75 KN.M: 

Mnmax== 0.85 x Jc'ab (d- a) 
2 

= 0.85 x 25'x 161.74 x 500 (444. 161.74 )x 10-6 = 624.1 KN.M 
2 

(l>Mn=0.9x624.1 =561.6K.N.M> Mu=S.75 K.N.M 

-¼ Design the section as singly reinforced. 

R»= W" 
b * d2 

Rn 5.75 x 10° 
= ----- = 0.062 MPa 

0.9 X 500 x 444° 

m = fy = 0.85xJc' 
420 = 19.76 

0.85 X 25 
1 ~ 2><19.76><0.062 )=0.000174 

P = -(1- 1- 2mRn) = _l_(l - 1- 420 
m Jy P 19.76 

S req= x b x d= 0.000174x 500x 444 =38.7 mm 
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oas[[@4 
.Y" 

yoi" fy 
(0.25) * J25 * (500) * 444 
_. 420 =660.7 mm? 

. _ l.4(b)d 
NOi \ess than, As mm - fy 

_ 1 .4 * ( 500) * 444 
420 ·= 740 mm? 

e) Use Asreq == Asmin = 7 40 mm 

y-740 113.1 == 6.54 
~ Use 7 <I> 12 

;, =791.7 mm? > As req = 740 mm2 

prov 

❖ Check for Spacing : 

500-2x40--2x10--7x12 S = -------- 52.6mm 
6 

S>25mm 

S> d, 
-OK 

❖ Check for Tension steel yielding:- 

Tension = compression 

Asreq x fy = 0.85 x f c x b x a 

740 X 420 = 0. 85 * 25 * 500 * a 
a= 29 .25 mm 

c = ~ = 29 .25 = 34 .4mm 
9, 0.85 

B=0.85 <28MPa •... f, 

cs-== (d - c) I c x 0.003 = 500 - 34.4 >< 0.003 == 0.04 
34.4 

©,=0.05> 0.005 
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QI( : Tension Controlled Section 

pesign for Max Positive Z Moment Mu= +2.04_KN.M: 

g= 0.ss3% e'a b (@d-;O 

= 0.85 x 25 x 161.74 x 500 (444 - 161; 74 )x 10-6 == 624.1 KN.M 

$Mn::::0.9X 624.l = 561.6 KN.M > Mu= 2.04 KN.M 

~ Design the section as singly reinforced. 

Mn W,,j 
2.04x10° = 0.023 MPa 

! p9x 500x 444° 

m= fy , = 420 = 19.76 
0.85x fc 0.85 x 25 

=_!_(l-✓l-2mRn) = _1_(1- 1-2xl9.76x0.023)=0.000055 
P m fy p 19.76 420 

Asreq=px bx d= O.OOOO55x 5OOx444= 12.21 mm
2 

As min= (0.25)fI (b )d 
fy 

= (0.25) +25 (500) * 444 = 660.7 mm? 
420 

Not less than As min= 1.4(b )d 
' fy 

1.4 * (500) * 444 = 740 mm2 
420 

2 
~ Use Asreq =ASnin 7 40 nun 

N=749 + 113.1 = 6.54 

~ Use 7 <I> 12 

134 



ctural Analysis & Design 

~ 

_791.7 mm? > As ,) = 740 mm? 
lire 

• Check for Spacing : ... 
500--2x40--2x10--7x12 

S= 6 =52.6mm 

g> 25 mm 

s> d» 

-OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 

Asa fy = 0.85 x fc x b x a 
740 X 420 = 0. 85 * 25 * 500 * a 
a= 29 .25 mm 

c = !!__ _29. 25 == 34 . 4 mm 
/J1 0.85 

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

es= (d - c) I c x o.003_ 500-34.4, 0.003 = 0.04 
34.4 

Ee,=0.05 > 0.005 

OK : Tension Controlled Section 
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"""" Desi n of beam9 for flexure in yd. . 
❖ irection Torsion : 

. for Max Negative Y Moment Mu = -10.61_KN 
y pesig" '! CM: 

' ::: o.85 x Jc, ab (d - ~) 
\l 

• 0.85 x 25' x 161.74 x 500 (444 - 161; 74 )x 10-6 == 624.1 KN.M 

_09x624.l == 561.6 KN.M > Mu= 10.61 KN.M 
yl,= 

~ no+ Design the section as singly reinforced. 

Mn 
Rn:: b*d2 

5.75 x 10° 
]ln:: Q.9 X 500 X 444 2 

= 0.12 MPa 

fy _ 420 19.76 
m== o.ssx Jc' 0.85 x 25 

1 ~) == _1_(1- 1- 2xl9.76x0.12 )=0.000287 
p == m (1 - ~1-T p 19.76 420 

Asreq=px bx d=0.000287x500x444=63,6mm2 

. (0.25)fI (b )d 
As mm= --'------ 

fy 

= (0.25) *ill* (500) * 444 == 660.7 mm2 
420 

N tl h . 1.4(b)d 
o esst an As mm=---'--- 

' fy 

1.4*(500)*444 == 740 mm2 
420 

2 
s» Use Asreq =ASn = 7 40 nun 

N::::740 "'""113.1 = 6.54 

~ Use 7 <I> 12 
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_91.7 mm? > As ,» = 740 mm? 
}r" • Check for Spacing : 

•l 
500--2x40-2x10-7x12 

s=== 6 = 52.6mm 

s> 25 mm 

S> d» 

-OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 

Asreq x fy = 0.85 x f c x b x a 

740 X 420 = 0.85 *25 *500 *a 
a= 29 .25 mm 

c = !!__ = 29 ·2' = 34 .4 mm 
B, 0.85 

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

500 -34.4 
8s = (d - c) I c x 0.003 = --- x 0.003 = 0.04 

34.4 
8s = 0.05 > 0.005 

OK : Tension Controlled Section 

♦••• Design for Max Positive Y Moment Mu= -9.38_KN.IM: 

Mnmax== 0.85 x fc'ab (d- ~) 
2 

161.743, 10°= 624 1 K.N.M 
== 0.85 x 25' x 161.74 X 500 (444 - 2 X . 

0M, = 0.9x 624.1 = 561.6 KN.M> M,=5.75 KN.M 
'+ Design the section as singly reinforced. 

ln= Mn - b a? 
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5,38x10° =0.11 MPa 
~~~ 

, 420 = 19.76 
~~ Q,85>< Jc Q.85 X 25 

, I (l · f- 2mRn )p = _1_(1- /1- 2xl9.76xO.Oll p~;; iY 19.76 v 420 )=0.00026 

q:::: p>< bx d = 0.00026 X 500x 444 =52.52 mm? 
Ass " 

(0.25).fI (b)d 
jsmin.° fy 

(0.25)\/25 (5o0) * 444 :::: 
420 

= 660.7 mm2 

. l.4(b)d 
Not less than, As mm = fy 

= 1.4 * (500) * 444 _ 740 mm? 
420 

Use Asreq =ASin 7 40 mm
2 

N= 740 +113.1 = 6.54 

) Use 7 <I> 12 

Asp,ov = 791.7 mm2 > As req = 740 mm2 

❖ Check for Spacing : 

,_ 500--2x40--210-712 52.6mm 
6 

S>25 mm 

S> d, 
-OK 

❖ Check for Tension steel yielding:­ 

Tension = compression 
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,, xfy=0.85% f X b x a 
ASred < 

740 X 420 == 0. 85 * 25 * 500 * a 
a ::: 29 .25 mm 

a 29.25 
c--== --== 34.4mm B, 0.85 

=0.85 ..... fc < 28MPa 

OK : Tension Controlled Section 

······· ACI-318M-08(10.2.7.3) 
500 -34.4 

,-d-c)/cx0.003= 34.4 x0.003=0.04 

,-0.05> 0.005 
s 

❖ 4.12.6 Design of beam9 for shear: 

Max. Shear = 4 KN .m 

Vn- Vu 4 %ans>534KN 
♦i Determine shear strength provided by concrete ( <I> V c ). 

Ve= ffe bwx d 
6 

= Fs x 300x 444x 10° = 111 KN 
6 

<I> Ve= 0.75 x 11 = 83.25 KN 

.!..<I>Vc=83.25+2=41.6 2:Vu==4 KN 
2 

. ·d) (No shear reinforcement is requtT©» 
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sr" """" ~ 

well use minimum reinforcement 
But w© 

ffe x bws but not less than, 
A 16% f yt 

b,s 
A g X f yt 

{r s 1 - Control (-- == - < _ ) 
16 16 3 

t. rups (2 leg stirrups) <1>10 with As =2x78.5 = 157 mm Use stir 

u.f. _3 X 157 X 300 =471mm <S,, =600 mm s == b 300 
w 

d»A,x f 
yt 

Vs(2<1>10)- s 
_ 124lxl57x300 xl0-3 =l16_9KN - 500 

Take S == 300 mm 

dx A,x f yt = 1241 X 100.5 X 300 x10°=124.7 KN 
Vs (2410)= s 300 
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• ,4 ,12.6 Design of beaml 1 (Tie B ) •lt!---- eam : 
me Dimensions =(30x40) cm qw 

,-9 
0 

_ 4o-1O- 12\2 = 344 mm 
j--+ 

3,- 2x 444 = 147.43 mm 
c::: - 7 7 

A ::: 0.85 X 147.43 = 125.3 mm -hi 

❖ Design for Max Negative Moment Mu= -2.27 KN.M: 

11 ::: o 85 x Jc ' a b ( d - a ) 
lllo!!13X ' 2 

= 0.85 x 25' x 125.3 x 300 (344. 125.3 )x 10°= 224.7 KN.M 
2 

oM,=0.9x 224.7 = 202.3 KN.M > Mu= 2.27 KN.M 

~ Design the section as singly reinforced. 

u- M_ d? 

Rn= 2·72 x l0
6 

= 0.085 MPa 
0.9 X 300 X 344 2 

m= fy _ 420 =19.76 
0.85x fc 0.85 x 25 

1 
~R 

1 2X19.76XO.O85 )=0.0002 
P = - (1 - 1 - m n ) = (1- 1- 420 

m fy P 19.76 

As req= p x b x d = 0.0002 x 300x 344 = 20.9 mm 
. T - 66.7 x103 = 176.4 nun.2 

Remforcement from Axial = --- - o 9 x 420 0.9 xFy ' 2 
d . 1-20 9+176.4=== 197.35 mm 

Total re uired reinforcement from bendin an axia - · 

As min== (0.25).Jfc (b )d 
fy 
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"" (0.25) * fis * (300) * 344 
420 =307.1 mm? 

:_1.4(b)d 
I 5 than As mm - 

ywl " .fv 

= 1 .4 * (300) * 344 
420 ·=344mm? 

e Use Asreq = ASmin = 344 mm 

y-344 +113.1= 3.04 
~ Use 4 <I> 12 

As == 452.4 mm2 > As req = 344 mm2 

prov 

❖ Check for Spacing : 

300--2x 40--2x10-4x12 
S = 

3 
= 50.66mm 

S>25mm 

S> d, 
-OK 

❖ Check for Tension steel yielding:- 

Tension = compression 

As,ca fy = 0.85 x Jc x b x a 

344 X 420 = 0.85 25 300 a 
a= 22.66mm 

c = !!__ = 22 .66_ 26 .66 mm 
, 0.85 

~ = 0.85 ..... f c <28MPa 

cs::: (d - c) / c x 0 003 = 344 26.60 ,9,003 = 0.04 
·' 26.66 

¢,=0.04 > 0.04 > 0.005 

.. .. ... ACI-318M-08(10.2.7.3) 

OK 
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, shear== 8.48 K.N.m 
yf@ 

VII -~ = 11 .3K.N 
\Ill"" cD - 0.75 

❖ Determine shear strength provided by concrete ( <I> V c ). 

Ve= ffe bwx d 
6 

== $ x 300x 344x 10-3 = 86 KN 
6 

<I> Ve== 0.75 x 86 = 64.5 KN 

.!_ <I> Ve== 64.5 + 2 = 32.25 > Vu=8.48 KN 
2 

(No shear reinforcement is required) 

But we well use minimum reinforcement 

{re »,s 
Av,min== 16 X f 

yt 

but not less than, 

b,s 
Ay,min 3xf yt 

2 
Use stirrups (2 leg stirrups) <1>10 with As = 2x78.5 = 157 mm 

{re s 1 
-Control(- =-<-) 

16 16 3 

,_®%J _31s7x300.mm <S,, =600mm 
b. 300 

d X Av X f 344 X 157 X 300 X 10-3 ::: 32.4 KN 
V ~ == S (2 <1>10)- 500 

s 

Take S = 300 mm 

ax 4,» f V yt 
S (2 <1>10) - 

344 x l oo.s x 300 x 10-3 == 34.57 KN 
300 

s 
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n of beaml O Ground Beam for Shear : 

shear= 125.21 KN.m 
y,f@ 

V11 _ ~ = 166 .94.KN 
w % 0.7s 

❖ Determine shear strength provided by concrete ( <I> v c ). 

vc= ffe bwx d 
6 

_is 400x 444x 10°= 148 KN 
6 

<I>Vc=0.75x 148= 111 KN 

_!_ <I> Ve= 111+ 2 = 55.5 > Vu=125.21 KN 
2 

Check for Section Dimensions : 

V,V,- V,=166.94- 148 = 15.1 KN 

Vs max= 2.f.Tc' X bwx d = 2✓'25 X 400 X 444 X 1)°= s92KN 
' 3 3 

V . f.fr'xbwxd _ ✓25x400x444xlQ-3=55.5.KN 
s,mm= 16 - 16 

v, Nie'bwx d _/2sx 400%444,7 ° = 296KN 
3 3 

V. <V,a > 15.1 < 592 

V <V'> 15.1 < 296 ➔

Smax :S d\2 < 600 

➔444/2 <600 = 222 nun 

➔ The section dimension is large enough. 

_ Control 
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""" q,= 166.94> Ve= 148 

TrY minimum shear reinforcement: 

7ex.s , 1 ✓ Jc.; ut not ess than A 16 f 
yl 

Av,min=== 
b,s 

3xf yt 
-Control {e s 1 

(-16 =-<-) 16 3 

Use stirrups U-shapes (double leg stirrups) <1>10 with As =2x78.5 = 157.1 mm2 

Mf, 
s== b. 

Vs (2 <I>lO) = 

3xl57.lx300 =353.48mm > S,, =222 mm 
400 

Take S=Sax = 222 mm 

dx/4,xf 
yt 

s 
_ 444x157.lx300 xl0-3 =94_26 KN 
- 222 

Check Case 3: 

St. ps are required. my V < m(V +V •)- 1rru \l' c < u - w c s,mm 

0.75 (148) < 125.2 <0.75 (1 l 1+55.5) 

111 < 125.2 :S 166.5 ➔ Case3 

dx A,, X f 444x157.1x300,j9° = 222 mm >S,, =222 s- yt 
- == 94.26 

~ 

s -222 Use <D10@200 mm< max - 

145 
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• 4 12-8 Design of beaml O ( Gro d un _Bean) : 

S
sUI11e Dimensions= (50x40) cm 

3 w® 

-9 -40-10-12\2= 444 mm 

.3,- 2 x 444 = 190.3mm 
;' 7 
23,c=0.85 x 190.3 = 161.74 mm 

❖ Design for Max Negative Moment Mu= -103.4 KN.M: 

Momax== 0.85 x Jc· ab (d- ~) 2 

:::: 0.85 X 25° X 161.74 X 400 (444. 161.74 )x 10-6 = 499.26 K.N.M 
2 

oM,=0.9x 224.7 = 202.3 KN.M > Mu= 449.33 K.N.M 

) Design the section as singly reinforced. 

- 6 bad? 

Rn= 103.4x10° 1.46 MPa 
0.9x 400x 444° 

m= fy = 
0.85x Jc' 

420 = 19.76 
0.85 X 25 

l ~ 2x19.76xl.46) === 0.0036 
p= -(1- 1- 2mRn ) = __!_(1- 1- 420 

m Jy P 19.76 

ASreq==px bx d= 0.0036x 400x 444 =640.17 TI 

But, Asmin == (0.25)x✓25x( 400)x4~ === S28.57 nun2 

420 
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G[I oo 
~ - Chapter 4 --- 

. _ 1.4b)d 
{an, As min 

a®' " fv» 

_ l Ax( 400 )x444 
420 ·=592 mm? 

~ vse ASrt.'q == 640.17 mm
2 

64017-,-113.l == 5.66 y=' 
~ Use 6 <I> 12 

A 
::: 678.6 mm2 > As req = 592 mm2 

Jo 
❖ Check for Spacing : 

400- 2 X 40 - 2 X 10-6 X 12 
S == -------- 45.6 mm 

5 

S > 25 mm 

S> d, 

.OK 
❖ Check for Tension steel yielding:­ 

Tension = compression 

As,ca fy = 0.85 x fc x bx a 

640.17 X 420 = 0.85 * 25 * 400 * a 
a= 31.63mm 

a 31 .63 c = - = -- = 37 .2mm 
/31 0.85 

P = 0.85 ..... fc < 28MPa 

Gs:: (d -c)/ ex 0.003 = 444-37.2 x 0.003 == 0.041 
37.2 

E,= 0.04 > 0.041 > 0.005 

OK 
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s" """t 
~ 

. for Max Positive Moment Mu== 52.3KN.M: 
, pesig® 
W' a s% e'ab(d-;) :::: o.s 
fr» 

, " o.ss x 2s· x 161.74 x 400 (444 - 161;74 )x 10·' = 499.26 KN.M 

224.7 == 202.3 KN.M > Mu= 52.3 KN.M M :::: 0.9>< 
~

1 0 ·gn the section as singly reinforced. ~ DeSl 
to the small Moment, we will design it at the minimum reinforcement required for 3 Due 

this beam 
Mn 

3 Rn= bd 
__ 52_.3_x_l_0_

6 
~ = 0. 74 MP a 

Rn== 0.9x400x4442 

fy 420 _ 19.76 
m == 0.85x Jc' - 0.85 x 25 

• [,» 1.4.4211"""y-oms 
''% w 

d = 0 0018X 4QQX 444 == 318.56 mm2 ) As req == p x b x · 

. (0.25),.JI (b )d 
Asmm= fy 

(0.259x /25x(400)x444 528.57 rnm2 

= 420 
. 1.4(b)d 

Not less than, As mm = fy 

1.4x(400)x44# 592 mm 
= 420 

2 
s» Use Asreq == Asmm = 592 mm 

N=592 + 113.1 = 5.23 
~ Use 6 <I> 12 
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5trUC ----------------- ~ -- Chapter 4 

::: 678,6 nun2 > As n."q = 592 mm? 
{iy 
· check for Spacing : 

' 400-2 X 40 - 2 X 10 - 6 X 12 
s=== 5 = 45.6 mm 

g> 25 mm 

S> de 

.OK 
❖ Check for Tension steel yielding:- 

Tension = compression 

As, fy = 0.85 x Jc x b x a 

592 x 420 = 0. 85 25 * 400 a 
a== 29 .25 mm 

a 29 .25 
c == -= -- == 34 .4mm 

B, 0.85 

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

444-34.4 
e =(d-c)/cx0.003 ---x0.003=0.041 
s 34.4 
es= 0.04 > 0.041 > 0.005 

OK 
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S~U ------------ 
~ 

4 13 .. t Design of column(l) 
' e 

. \\oad::::46.958 KN. 
~x1a 

d
. ginoment=l 1.86 KN.m & -7.32KN m w®S 
r.TN 
. ~(25><25)cm pin1~ 

Length::::2.35lll 
Byusing coLW .Program 

we ed 8012 whith As=904 mm 
usestirrups 01O@15cm(2 leg stirrups) 

ibear(y) 

Bending moment(z) 

❖ 4.13-2 Design of column 2 

Dim(60x3O)cm 

From stad.pro 
D.L(Service )=907 .407 KN 

L.L(Service)=l63. l 72 KN 

Pu=1349.9636 

Mu(y)=lSl.O15 KN.m 

Mu(z)=87. 44 KN .m 
Vu(y)= 13 .46 KN 

Vu(z)=23 .l 7KN 

Use 16018 with As=4069.5mni2 2 

Use stirrups (2 leg stirrups) D10 with As = 2x78.5 = 157 mm /25Clll 
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""""" , 4.13-3 Design of column 3 . -- 
,,pus20)cm 

pit 
.,, stad.pro [roll! 

p.L(Service)=287.91 KN 

L.L(Service )=2.218 KN 

pu::::349.O41 KN 
yay)=8.449 KN.m 

Mu(z)==7 .O56KN .m 

Vu(y)===2.63 KN 

Vu(z)=== l .495KN 

Use 8012 with As= 904mm
2 

Use stirrups (2 leg stirrups) <1>10 with As =2x78.5 = 157 mm/1 5cm 

❖ 4.13-4 Design of column 4 
D= (40)cm 

From stad.pro 

D.L(Service)=271.107 KN 

L.L(Service)=-.941 KN 

Pu=323.83 KN 

Mu(y)=(-22.314~3 l .443) KN.m 

Mu(z)=0.042KN.m->0.0 

Vu(y)=0.025 KN 

Vu(z)= 17 .92KN 

Use 12012 with As=l356.Smm
2 

2115 U • :. =2x78.5= 157 nun cm 
se stirrups (2 leg stirrups) <I> 10 with As 
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"" ❖ ~-5 Design of column 5 : 

. pad= 584 KN. 
t@ 

d
. a moment=90.34 KN .m 

gad» 
are 15.6KN 

pim===(30x30)cm 

jegth= om 

ysing COLW.Program 

weused 12016 whith As=2412mm
2 

use stirrups 24010@25cm (2 leg stirrups) 

❖ 4.13-6 Design of column 6 : 

Axial load= 122 KN. 

Bending moment=6.98 KN .m 

Shear- 1.15KN 

Dim=(30x30)cm 

Length= 6m 

By using COLW.Program 

We used 8012 whith As=904 mm 
Use stirrups 4O01O@15cm (2 leg stirrups) 
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~ 
Chapter 4 

s 4,14-1 Design of Isolated fo f • o ing(major) 
,9014071KN 
a.I72KN 
~nowable soil pressure = 280 KN/m2 

j unit weight = 18 KN/m3 

So 
fc:::zsMPaFY == 420 MPa 

sume h (footing) = 50 cm 

W(footing) == o.sox 25 = 12.5KN\m2 

soil) =1.5x 18 = 27KN\m
2 

Wtotal == 5 + 12.5 + 27 = 44.5 KN\m2 

qa,net == 280 - 44.5 =235.5KN\m
2 

Pn _1070.58 _ 4 55 2 
=7 = II - qa,net 235.5 · 

A==L2➔ 1===✓4.55 = 2.13 m 

❖ Take L = 2.2 m 

Pu=1350 KN 
4,= 1350 /(2.2x2.2) = 278.93K.N/m

2 
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5trll ----------- 
~ - 

for One Wa Shear :­ 
(gs 

1 
distance d from the face of support' 

' , b( 1Foundation _ ~- \ s\? 5"] 
2.2 0.3 

I'll;:: 278 .93 X 2.2 (2- 2- d) = 582 .964 - (613 .646 d) 

/.Ye,¢.(~ x fJc' x bw x d) 

/.Ye, 0.15 x ~ x -J25 x 2200 x d x 10-3 = l.3?S d 
fVc == Vu 
➔ 1.375 d == 582 .964 - ( 613 .646 d) 

⇒ d == 0.947 m 
j- 94.7 + 7. 5 + 2 = 104 . 2 m 
Take h = I.Im 
d ::l 10 - 7 .5 - 2 = 100 . 5 cm 

Check for two way shear action (punching):- 
The punching shear strength is the smallest value of the following equations: 

Vue= (A-{(b + d) x (a+ d)} ]x q11 

Vue = [2.2 x 2.2 _ { (1. 005 + o. 6) x (1. 005 + 0.3)}] x 227 .27 = 666. 7 KN 

l#N» 
"-4[,®4a\E 12 b Id ✓JC 0 

0 
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5ru€ 

""""" 
pw Column Length (a) _ . 6 

----:- . --=2 
/c ~ Column Width (b) 0.3 

~ p n·meter of critical section taken at (d /2)from th 1 uo ::: e e oaded area 

Do:::Z(l.005 + 0.6) + 2(1.005 + 0.3) = 5.82 m 

4, 230 

According to ACI section 11.11.2., = 

for edge column 

1( 2 \ r7 0.75 ( 21 /Ye ='¢•(j 1 + pj fc bod =6 x 1 +2 f .J25x 5820xl(X)Sxl ~3 = 73113 7 ~ 

1 ( a ) r7 0.75(30*1005 ) AY, _,i._ ~+2 vfc bod=- --+2 x✓25x5820xl005xl0-3 =131247.KN 
yc-r·12 b Id 12 5820 

0 

Jrr ==/4 ! f7 b d = 0.75 x -J25x 58'.!)xl00Sxl0-3 =7311375KN 
r,r c r· 3 ~ 1 c o 3 
We== 7311.3.KN .. .. . Control 

¢.Ve> Vue ⇒ Satisfied 

Design for flexural in long direction : 

y= 14 mm 

h==2.2 m 

h==l.l m 

d == 1100- 7 5 -1 O == 1015mm 
Mu==227.3x 0.95 x 2.2 x 0·;

5 =22S.6SKN,II1 

Mn 225.65 10° 9.11Mp@ 
bd2 0.9x2200xl0152 
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struc ------------------- ~ Chapter4 ----- 
% ?\_19.76 

~~ o.ssx25 [3-/ r,,, y ) 

l ( _2xl9.76x0.llj- 
,___.-: 1- 1 420 - 0.00026 

P' 19.76 

As 
::: px bx d == 0.00026 x 2200 x 1015 =586.355mm? 

Req. 

ceck 4Spa 

A 
== O.OO18 x bx h = 0.0018 x 2200 x 1100 = 4356m 2 

S Shrinkage m 
2 

:.As::: 4356mm 
Select 14¢20 ⇒ AsProvided = 4396mm

2 > 4356mm
2 
..... ok 

Design for flexural in short direction : 

4,y 14 mm 

b=2.2 m 

=1.1 m 

d=ll00-75-2O-2O\ 2=995mm 
Mu=227Jx 0.8 x 2.2 x o.s = 16O.O2KN.m 

2 

Rn=Mn = 160.02xl0
6 

==O.OSlMpa 
bd? 0.9x2200995° 

m= fy = 420 = 19.76 
0.85* Jc' O.85x 25 

« 
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5trll ---------------- 
~ 

1 
( _2xl9.76x0.081j ,d' V «zo [=9.00oiss 

~ pX bx d == 0.000193 x 2200 x 995 == 42 s 22.97mm? 
eck Ao 

:::: 0.0018 x bx h = 0.0018 x 2200 x 1100 
AsShrinkage == 4356mm2 

2 
.,, - 4356mm 
•' 
select 14¢20 ⇒ AsProvided = 4396mm

2 
>4356mm..... ok 

, Check Spacing: - 2200-75X2-14X20 ❖ S 
13 

136.15 mm 

3- Smax ==3h = 3 * 1100= 3300 mm 

4- 450 mm ➔ Control 

❖ 136.15 <Sax 450 mm ➔ OK 

❖ Check for Dowel : 

~.Pn = ¢.(0.85 fc'Ag) 
fPn = 0.65 X {Q.85 X 25 X 600 X 300 X 10-3} = 2486.25.KN 

But Pu= 1100 <h.Pn= 2486.25 
s» Load transfer between column and footing can be done through concrete alone 

Dowels are not required. 

As.min= o.oosxArea,column = 0.005X600X300 = 900mm 
select 8016 with As= 1607.68 

Lsc.req = 0.071xfyxdb = 0.071X420x16 == 477,12mm 

Select L.=. 7m > Lsc.req = 4 77 .12IIlIIl > Lsc.min === 300 

L, 4 24_fy a,, ~ (ACI section 12.3) 

['© 
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""" 
0.24 ~ == 322.56mm .... Control as 
,3 fydo 
; o.043 x 420 x 16 = 283mm ➔ ok 

Available development length 

:::: h- c - 2db 
Ldcava 

===l 100 - 75 .2x20 =985 mm 

pie La. = 985>-La&4= 323 

❖ 4.14.3 Foundations design (By using saf - .s: 1e program) 
1) Design of isolated footing (F2)(minor column)Dim(20 x 40}cm 

subgrade modules=l20xqall =33600 KN/m3 

D.L=288.266 KN. 

L.L=2.2 l 7 KN. 

Then we get ~(h=400mm)&(L=l.6m)&(b=lm)are satisfied ASl-cod requirement 

reinforcement bottombar (X-direction)> O14@200mm 

reinforcement bottom bar (Y-direction)> 12@250mm 

2) Design of isolated footing (minor Circular co!umn(F3))D=(40)cm 

subgrade modulus=120xqall =33600 KN/mn 

D.L=261.953 KN. 
L.L=-0.937 KN. 

- )&(b=lm) are satisfied ASI-cod requirement 
Then we get ~(h==400mm)&(L-1-6m 

(X-direction)~ 0 14@250mm 
reinforcement bottom.. bar . \4@250mm (y-direction)> Ol 
reinforcement bottom bar 

158 



tural Analysis & Design 

Stl'U ----------------~~~-~ ~ Chapter4 

J) oesign of compound footing(F4) [major 1 co umn(60x30)and . mmor column{30x30)l 

subgrade modules=120xqall =33600 KNmn 

from major column D.L=907.407 KN. 

L.L=163.1 72KN. 

from minor column D.L=16.983 KN. 

L.L=7.291 KN. 

Then we get ~(h=600mm)&(L=2.7m)&(b=2m) are satisfied ASI-cod requirement 

reinforcement bottombar (X-direction)~ 014@150mm 

reinforcement bottom bar (Y-direction)> O1 4@200mm 

4) Design of compound footing(F5) [minor column(40x20)& minor column (30x30) ] 

subgrade modulus=l20xqall =33600 KN/m
3 

from minor column{40x20) D.L=288.266 KN. 
L.L=2.217 KN. 

from minor column {30x30) D.L=26.41 KN. 
L.L=l0.66 KN. 

&(L
=2 )&(b==l.2m) are satisfied ASI-cod requirement 

Then we get>(h=450mm) !ml 

· ·(-direction)> 014@200mm 
remforcement bottom bar y-.direction)-> O12@200mm 
reinforcement bottom bar '- J. 

(=40cm)&2 minor column 
4. 76) [minor circular columll! 

5) Design of compound footing!'®0 [ 

(30x30] .3 11 -33600 I(N/m 
subgrade modules=l20xqa - 
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gruel! 

"""" 
om minor circular: column(D=40cm)D.L==261.953 KN. 

L.L===-0.937 KN. 
ln1·110r column: (30x30) D.L=66.776 KN 

frol11 · 
L.L=26.199 KN. 

Then we get ~(h=800mm)&(L=2-5m)&(b==2.2m) are satisfied ASI-cod requirement 
reinforcement bottom bar (X-direction)~ 014@2OOmm 

reinforcement bottom bar (Y-direction)~ 014@2OOmm 

reinforcement top bar (X-direction)~ 010@3OOmm 

reinforcement top bar (Y-direction)~ 01O@3OOmm 

' ,/ x 
/ < / glA; 

,, 

/ 

bined footing 
.i:: the corn 

Fig (4-29): 3D J.Of 
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Appendix A : Architectural Drawings 5.1 

Appendix B : Structural Drawings 5.2 

!ls \al)l 5.3 
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