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Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and foundations,
walls and other structural elements.

It is worth mentioning that we have used the Jordanian code to determine the
live loads, and to determine the seismic loads use of (UBC-97), As for the structural
analysis and design of sections has been the use of the U.S. Code
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(ACI_318-08), It must be pointed out that he was relying on some computer
programs such as: Autocad2013, Office2013, Atir v.11.5.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete.

After designing this project it's expected to gain a various results and to link
the information that have been studied in the different courses , and the analysis and
design of all structural elements and the statement of the impact of each of the
elements on the other, and then the work of structural plans of the Executive are Full
and detailed for each.

God grants success.
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List of Abbreviations

 Ac = area of concrete section resisting shear transfer.

 As = area of non-prestressed tension reinforcement.

 Asٓ= area of non-prestressed compression reinforcement.

 Ag = gross area of section.

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

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

 b = width of compression face of member.

 bw = web width, or diameter of circular section.

 Cc = compression resultant of concrete section.

 Cs= compression resultant of compression steel.

 DL = dead loads.

 d = distance from extreme compression fiber to centroid of tensionreinforcement  .

 Ec = modulus of elasticity of concrete.

 fcٓ= 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 in direction parallel to longitudinal reinforcement.
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 Vc = nominal shear strength provided by concrete.

 Vn = nominal shear stress.

 Vs = nominal shear strength provided by shear reinforcement.

 Vu = factored shear force at section.

 Wc = weight of concrete.

 W = width of beam or rib.

 Wu = factored load per unit area.

 Φ = strength reduction factor.

εc= compression strain of concrete = 0.003.

εs= strain of tension steel.

έs= strain of compression steel.

 ρ = ratio of steel area.
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5.0المستشفیات3

4المباني التجاریة4

5.0المطاعم5

2.5المباني السكنیة6

٥.٠المباني التعلیمیة والكلیات7

٤-٣-٣:-

:

١-٤-٣-٣ :-

 .1997
)UBC (

1997)UBC.(

٢-٤-٣-٣ :-

:

.
.
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.ي

.قيمة): ٣-٣(

)H(علو المنشأ عن سطح الأرض 

)بالمتر(

أحمال الثلوج

)KN /M²(

H < 2500

500 > h > 2501000) /h-250(

1500 > h > 500(h-400) / 400

2500 > h > 1500(h – 812.5)/ 250

٣-٤-٣-٣:

عنها 

عملي
1997)UBC(.

٤- ٣ :-

جميع مبنى،

) Bearing Capacity(تحمل 
ك٤٠٠

 .
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١..
٢..
٣..
٤..

فإنهفي
:حسبما

)Solid Slabs (:

)One way solid slab.(

)Two way solid slab.(

Composite slab)(.

)Ribbed Slabs (:

). (One way ribbed slab

)(Two way ribbed slab.

:مثل

Flat Plat.

١-١-٥-٣):(One way solid slab

)٢- ٣:(
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)٢-٣ :(.
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)٣-٣ :(.

٣-١-٥-٣composite slab).(
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. فيما. 
.فيبما

معامختلفةلافي
.عمل.هيكليةجهةمعاتعمل

.

)٤-٣ :(.

٤-١-٥-٣)(One way ribbed slab:

)٥- ٣.(
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٥-١-٥-٣)(Two way ribbed slab:
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)٥-٣ :(.

٥-١-٥-٣)(Two way ribbed slab:

)٦- ٣:(

)٦-٣ :(.
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-: الجسور٢-٥-٣

١.) (.
٢."Dropped Beams "

)Down Stand Beam ()Up
stand Beam (L –section،T-section.

٣.

.



.
:

)٧-٣ (.
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)٩-٣ (.
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)١٠-٣ :(.
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)shear wall.(
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)١١-٣ :(

٥-٥-٣ :-

.

.

.مع ئ
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) ١٣-٣(ع)١٢-٣(

)٣(، )١٣–٣-12 (
للأحمال

.

-: الأدراج٦-٥-٣

.
.

 ،
 .
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-: EXPANSIONS JOINTS)(فواصل التمدد ٨-٥-٣

 .40
 . :

١-
:يلي

(40m)في .
(36m)في .
(32m)في .
(28m)في .

٢-cm 3.
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4.1 Introduction:

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

Reinforced concrete is logical union of two materials: plain concrete, which
possesses high compressive strength but little tensile strength, and steel bars embedded in
the concrete, which can provide the needed strength in tension.

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

Understanding of reinforced concrete behavior is still far from complete, building
codes and specifications that give design procedures are continuously changing to reflect
latest knowledge.

Structural concrete can be classified into:

 Lightweight concrete with unit from about 1350 to 1850 kg/m3.
 Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
 Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4.1.1 Design method and requirements:

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318_08).

4.1.2 Strength design method:
In ultimate strength design method, the service loads are increased by factors to

obtain the load at which failure is considered to be occure.

This load called factored load or factored service load. The structure or structural
element is then proportioned such that the strength is reached when factored load is
acting. The computation of this strength takes into account the nonlinear stress-strain
behavior of concrete.

The strength design method is expressed by the following,

Strength provided ≥ strength required to carry factored loads.
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4.2 Factored loads:

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

Wu = 1.2 DL + 1.6 LL ACI-code-318-08(9.2.1).

Materials:-

Concrete    B300, Fc' = 0.8*30 = 24 N/mm2 =24Mpa

Reinforcement Steel, fy = 420 N/mm2 =420 Mpa

420 , will be used in design and calculations.

4.3 Slabs Thickness calculation:-

According to ACI-Code-318-08 table 9.5(a), the minimum thickness of non-
prestressed beams or one way, slabs unless deflections are computed for one end
continuous for  one-way rib slab given as following:

Fig 4.1 Section in one way Rib slab
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Fig 4.٢ Span of rib.

The minimum required thickness is :

. =
. . =0.237 m                       for one end continuous supported(C 0,105).

. =
. . =0.368 m                       for one end continuous supported(C0,108).

=
.

=0.237m                       for both end continuous  supported(C0,106) &

(C0,107) .

Note : from Atir the deflection =L/240 and acceptable

So :

Select 27cm block  and 8  cm Topping

Select h min = 350mm
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4.4 load calculation :-

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

4.4.1 Calculation of Dead load For 1m strip:

table (4-1) calculation of the Dead load for topping

Dead load from: δ×γ×1 KN/m

Tiles 0.03×23×1 0.69

Mortar 0.02×22×1 0.44

Coarse sand 0.07×16×1 1.12

Topping 0.08×25×1 2

Interior partitions 1.5×1 1.5

∑ 5.75

Fig 4.3 Typical section in ribbed slab
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.

Fig 4.4 Typical section in Topping

4.4.2 Calculation of live load

Live load :

LL =5 KN/m2 LL =5 KN/m2 × 1m= 5 KN/m

Factored load :

WU = 1.2 ×5.75 + 1.6×5 =14.9 KN/m.

4.5 Design of Topping:-

Check ΦMn > Mu

Ø=0.55 for plain concrete

Mn = 0.42 λ Sm (ACI 22.5.1, equation 22-2)

. . .

øMn =0.55×0.42×1×√ × . = . .
Mu = . . (negative moment).
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Mu = . . (positive moment).

øMn= . . >> Mu = . .
No reinforcement is required by analysis. According ACI 10.5.4, provide A s,min for
slabs as shrinkage and temperature reinforcement.

Shrinkage and temperature reinforcement must be provided.

ρs hrinkage = 0.0018                                               ACI 7.12.2.1

As = ρ×b×h topping =0.0018 ×1000×80 = 144 mm2/m .

Step (s) is the smallest of:

1. 3h = 3×80 =240 mm. control ACI 10.5.4

2. 450mm

3. =380 . . . but

S≤ ACI 10.6.4

Take ø 8 @ 200 mm in both direction , S = 200 mm < S max = 240 mm … OK

 Design  of  shear reinforcement :

Vu =
. . .

Check  øVc ≥Vu

øVc =0 . × × ×b×h

=0 . × ×√ ×1000×80=48.99

øVc = 48.99 >>> Vu=2.98

No shear reinforcement is reqired.
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4.5 Design of Rib (R0,05) :-

Fig 4.5 Span length of Rib (R005)

 4.5.1 Requirements For Ribbed Slab Floor According to ACI-
(318-08) .

bw ≥ 10cm………………………………ACI(8.13.2)

Select bw=12cm

h ≤ 3.5*bw  ………………….…….. ACI(8.13.2)

Select h=35cm<3.5*12=42cm

tf ≥ Ln/12 ≥50mm …………………….ACI(8.13.6.1)

Select tf=10cm

 The effective flange width (be), according to ACI 8.12.2 is the smallest of :

 be ≤ L, is the clear span of the rib.

 be ≤ bw +16hf = 120+16×10 = 2800 mm.
 be ≤ center to center spacing between adjacent beams = 520 mm. Control
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 Statically system and Dimensions for R0,05

 Fig( 4-6) Statically system and Dimensions for R0,05

 4.5.2 Load calculations:

Table(4-2) calculation of the Dead load for(R0,05)

Dead load from: δ×γ×be KN/m

Tiles 0.03×23×0.52 0.3588

Mortar 0.02×22×0.52 0.2288

Coarse sand 0.07×16×0.52 0.5824

Topping 0.08×25×0.52 1.04

Interior partitions 1.5×0.52 0.78

RC rib 0.27×25×0.12 0.81

Hollow Block 0.27×15×0.4 1.62

Plaster 0.02×22×0.52 0.2288

∑ 5.65

ive load /rib = 5 KN/m2 × 0.52m = 2.61 KN/m/rib
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Factored load :

Du = 1.2 ×5.65 = 6.78KN/m.

Lu = 1.6 ×2.61= 4.176 KN/m. m

Wu = 10.96 KN/m.

 Fig( 4-7) Dead & live load service

 4.5.3 Flexural Design for (R0,05) : -

 Fig( 4-8) Moment for R0,05
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Desig of span three :

4.5.3.1 Design of positive moment  :

Mumax = 43.7 KN.m.

Assume bar diameter ø 12 for main positive reinforcement.

d =h- cover - dstirrups .
Check if  a > hf to determine whether the section will act as rectangular or T-
section,

Mnf = . . . . .
= . . .

Assume Ø=0.9

Mnf≫ = 23.55KN.m, the section will be designed as rectangular section with  be = b

= 520 mm.

Rn
.. . .

m . . .
ρ . . . . . .
As,req = ρ.b.d = 0.0023 ×520×314= 375.54 mm2

*Check for As,min .

As,min is the maximum of :-

As,min = . . . .
1. As,min = . √ .
2. As,min =

. .
As ,required = 375.54 mm2> As, min = . .
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Use 4ø 12 , As, provided 452 mm2 >  As ,required 375.54 mm2.         Ok

Tension steel yielding :-

Check for strain:

a =
.. . .

c
.. .

. . .. . 0.005 0
4.5.3.2 Design of Negative moment.

Mu = 35.5 KN.m.

Assume bar diameter ø 12 for main negative reinforcement.

Rn
.. . .

m . . .
ρ . . . . . .
As,req = ρ.b.d = 0.0087 ×120×314= 327.8mm2

*Check for As,min .

As ,min is the maximum of :-

As ,min = . . . .
1. As,min = . √ .
2. As ,min =

. .
As ,required = 327.8mm2.

Use 3 ø 12 , As ,provided = 339 mm2 >  As, required = 327.8mm2.         Ok
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Check for strain:

a =
.. . .

c
.. .

. . .. . 0.005
 4.6.3.3 Shear Design for (R0,05):

 Fig( 4-9) Shear for R0,05
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Vu max = . KN

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

Vc =
. . √ .

ø Vc =0.75×33.8 =25.38 KN.

→Check for Cases:-

.
ф

Case 1 : Vu ≤-1

36.6≤ .
= 12.69…....Not satisfy

<  Vu ≤ ф Vcф
Case 2     :-2

12.69 ≤ 36.6≤ 25.38……Not satisfy

)s,min+Vc≤ф(Vu<VcфVCase3 :-3

Provide minimum shear reinforcement

Vs,min ≥ * bw*d = √ *0.12*0.314*103= 11.53KN.

фVs,min = 8.65

≥ = . . *103 = 12.56 KN

фVs,min =9.42………….. control

фVc = 25.38KN < Vu 36.6KN ≤ ф(Vc+Vs,min ) =38.8KN  ……  satisfy

) is satisfy → shear reinforcement is required.IIICase (
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Use 2 Legф8 for stirrups with  Av = 100.52 mm2

ф ф ..
. . .

S ≤ = = 157mm.

≤ 600 mm.

Select 2 leg ф8 @ 15cm

 Fig( 4-10) Design for (R0,05)

Chapter 4 structural analysis and design

61

Use 2 Legф8 for stirrups with  Av = 100.52 mm2

ф ф ..
. . .

S ≤ = = 157mm.

≤ 600 mm.

Select 2 leg ф8 @ 15cm

 Fig( 4-10) Design for (R0,05)

Chapter 4 structural analysis and design

61

Use 2 Legф8 for stirrups with  Av = 100.52 mm2

ф ф ..
. . .

S ≤ = = 157mm.

≤ 600 mm.

Select 2 leg ф8 @ 15cm

 Fig( 4-10) Design for (R0,05)
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4.6Design of Solid slab:

4.6.1Slab thickness:

For one end continuous =
. 0.18

For both end continuous=
. 0.158

For both end continuous=
. 0.143

For both end continuous=
. 0.136

For one end continuous =
. 0.165

Take h = 35 cm.

Assume use ɸ18 , d= 350 -20- 321 .

Fig (4- 11): solid slab.
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4.6.2 Load calculations:

Material ∆×h×1 Load (KN/m)

Tile 0.03×23×1 0.69

mortar 0.03×22×1 0.66

sand 0.07×17×1 1.19

partition 2.3×1 2.3

Self weight 0.20×25×1 8.75

∑ 13.59

Live load = 2×1= 2

Fig (4-12 ): geometry of solid slab.
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Fig (4-13 ): loading of solid slab.

Fig (4-14 ): envelop moment and shear diagrams of solid slab.

4.6.3 Check whether the thickness of the slab is adequate for shear:

Vu,max = 41 KN.

Vc = √24 1000 321 10 262.1
ø Vc = 0.75×262.1 =196.57

Vu,max < ø Vc

No need to increase the slab thickness, its adequate enough.
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4.6.4 Design for flexure:

4.7.4.1 Design for positive moment:

For Mu =+29.2 KN.m

Rn .. 0.31
m .
m . 20.59
ρ 1 1 . .
ρ . 1 1 . . 0.00074
As = ρ.b.d =0.00074 1000 321 237.5 2
As,min = 0.0018 0.0018 1000 350 630 mm2 > As,req

nɸ18 = . , ɸ18@250.

Step (S) is the smallest of:
- 3×h =3×200 =600mm.
- 450mm.

- S= 380 2.5 = 330mm

S 300 300 .
S=250mm <Smax Ok
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For Mu =+9.9 .
Rn =0.107 Mpa.

ρ = 0.00025

As =81.8 mm2< As,min .

nɸ18 = , 18@250mm
For Mu =+20.9 .
Rn =0.23 Mpa.

ρ = 0.00054

As =173.2 mm2 <As,min .

nɸ18= , 18@250mm.
For Mu =+9 .
Rn =0.097 Mpa.

ρ = 0.00023

As =73.83 mm2< As,min .

nɸ18= , 18@250mm.
For Mu =+24.8 .
Rn =0.267 Mpa.

ρ = 0.00064

As =205.7 mm2 <As,min .

nɸ18= , 18@250mm.
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4.6.4.2 Design for negative moment:
For Mu = -20.4 .
Rn =0.22 Mpa.

ρ = 0.00053

As =169.04 mm2 <As,min .

nɸ16= , 16@200mm.
For Mu = -15.1 .
Rn =0.16 Mpa.

ρ = 0.00039

As =124.9 mm2 < As,min .

nɸ16= , 16@200mm.
For Mu = -14.9 .
Rn =0.16 Mpa.

ρ = 0.00038

As =123.3 mm2 < As,min .

nɸ16= , 16@200mm.
For Mu = -16.3 .
Rn =0.18 Mpa.

ρ = 0.00042

As =134.92 mm2 < As,min .

nɸ16= , 16@200mm.
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4.6.5 Temperature and shrinkage reinforcement:

As,min = 313.2mm2

nɸ12=
.. , 10@250mm.

4.7 Design for beam (B031):

 Fig( 4-15) Span of beam
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4.6.5 Temperature and shrinkage reinforcement:

As,min = 313.2mm2

nɸ12=
.. , 10@250mm.

4.7 Design for beam (B031):

 Fig( 4-15) Span of beam

Chapter 4 structural analysis and design

68

4.6.5 Temperature and shrinkage reinforcement:

As,min = 313.2mm2

nɸ12=
.. , 10@250mm.

4.7 Design for beam (B031):

 Fig( 4-15) Span of beam
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Fig (4-16 ) :geometry of B031.

Fig (4-17 ) :dead +live load for B031

. Fig (4-18 ) :moment diagram of B031.
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Fig (4-19 ) :Shear diagram of B031.

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

d= = 550 40 10 490 .
c d = × 490 = 210 mm.

a= . c = 0.85 × 210= 178.5 mm.

Mn, max = 0.85× fc' × a × b × (d - )= 0.85 × 24 × 178.5 ×600( 490-
.

)

Mn,max = 919.7 KN.m .ø = 0.82 , ø Mn, max = 754.17 KN.m > Mu= 240.7KN.m.
Design the section as singly reinforcement section.

4.7.2 Flexure design:

4.7.2.1 Design for positive moment:

For Mu =+78.8 KN.m

Rn . .. 0.607
m .
m . 20.59
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ρ 1 1 . .
ρ . 1 1 . . 0.00146
As = ρ.b.d =0.00146 600 490 429.24 2
As,min =0.25 . . .
As,min =0.25 √ 600 490 857.32
As,min =

. 600 490 980
Let use ɸ20,with As=314.15 mm2 . 4 ,1256.6 .

Check for placement of bas :

S= 140 25
Check for the strain:

a =
.. .. 43.11

c
.. 50.71

0.003 0.003 .. 0.025 0.005 0
Ø=0.9,

Ø Mn = . 0.9 1256.6 420 490 . 222.5
For Mu =+263.6 .
Rn =2.03 Mpa.

ρ = 0.0051

As =1499.4 mm2 > As,min .

nɸ20 =
.. 520 As 1570.75 mm2
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check for placement :

S = 100mm > 25 mm       ok

Check for strain :

a = 53.89mm ,        c =63.4 mm.

ɛs = 0.020 > 0.005          ok ,

ø=0.9

ø Mn = 274.93 KN.m > Mu .

4.7.2.2 Design for negative moment:

For Mu = -240.7 .
Rn =1.85 Mpa.

ρ = 0.0046

As =1352.4 mm2 > As,min .

nɸ20 =
.. 520 As 1570.75 mm2

check for placement :

S = 100mm > 25 mm       ok

Check for strain :

a = 53.89mm , c =63.4 mm.

ɛs = 0.020 > 0.005          ok ,

ø=0.9

ø Mn = 274.93 KN.m > Mu .
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4.7.3 Design the beam for shear:

Vu,max = 245.1 KN.

d= = 550 40 10 490 .
Vc = . √24 600 490 10 240.05
4.7.3.1 Check for section dimensions:

Vs =
.. 240.05 86.75

Vs,max = . √24 600 490 10 960.2
Vs < Vsmax so the section is large enough.

4.7.3.2 Check for the case of shear:

Vs,min = . . .
Vs,min = √24 600 490 10 90.02
Vs,min = 600 490 10 98 .
Ø(Vsmin +Vc ) = 0.75(98 +240.05) =253.53 KN.

Vu < Ø(Vsmin +Vc )       case( III). for shear design

Smax 245 mm     OR   Smax 600
Smax =245 mm     cont.

By using ɸ 10 double legs stirrups, Av = 157.1 mm2
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. . 372.69
Use 2 leg ɸ10 @50mm

For all spans 2 leg ɸ10 @50mm will be used for stirrups.

Fig (4-20 ): detail of B031.
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4.8 Design of Short Column:

Column (C04) in the Ground Floor of the Medical College.

4.8.1 Load Calculation:

Pu = 6000 KN .

Pn = Pu (ø=0.65 for tied column) .

Let ρ =0.025

As =0.025 Ag

Pn,max = 0.8 0.85 0.65 0.8 0.85 24 0.025
. 1 0

6000 10 =15.8 nb9

Ag,req = 379746.8 mm2.

Ag = a Take a =650 mm             h = 584.3 mm

Take h =650 mm             , Ag = 422500 mm2 >   Ag,req ok .

4.8.2 Check Slenderness Effect:

In both direction:34 12 . .
Lu : Actual Unsupported Length .



Chapter 4 structural analysis and design

76

r: Radius Of Gyration = 0.3×h =

K = 1.0, According to ACI 318-08 (10.12.2) the effective length factor (K) shall be
permitted to be taken as 1.0

Lu = 3.75 m.

= 1.0

r =0.3 0.65 0.195
. .. 34 12 1.019.2 22 , short column in both directions  .

4.8.3 Select the longitudinal bars:

Pn,max =0.65 0.8 0.85 24 422500 420
, = 7306 mm2 , try ɸ25 with As =490.87 mm2

Use 18 ɸ25 with As =8835.7 mm2 > , ok

ρ = . 0.0209
4.8.4 Design for ties:

use ties ɸ10 with spacing  shall not exceed the smallest of :

- 48 48 10 480 .
- 16 = 16 20 = 320mm. Cont.
- The least dim. Of the column = 500 mm.

Use ɸ10 @300 mm.
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4.8.5 Check for code requirements:

- clear spacing between longitudinal bars = 80
80 mm > 40mm

>1.5 db = 30 mm . ok
- gross reinforcement ratio = 0.0209 , 0.01 < 0.0209<0.08      ok

- NO of bars = 18> 4 bars for square columns.
- min ties diameter : ɸ10 for ɸ32 longitudinal bars and smaller.

Fig (4-21 ):C04 detail
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4.9 Design of long column (C02):

Pu = 1234 KN

Pu = 560 KN

Pu = 1794 KN

4.9.1 Check the slenderness effect:

(non sway system)

34 12 10.12.2
r = 0.3 0.3 0.5 0.15

Lu = 3.75 m.. 25 34 12 22
So the column is long at x and y directions.

4.9.2 Calculate  emin ,Mmin:

emin =15 +0.03h =15+0.03×500 =30mm.

Mmin= Pu × emin=1794×0.030 =538.2 KN.m

Ec =4700 = 4700√24 =23025.2 Mpa.

Ig =
.

= 3.13 ×109mm4.

βdns = =
.

=0.69 <1.
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E.I =
. . . .. 17057.72 .

4.9.3 Determine of Euler buckling load:

Pc = =
.. 11971.8

4.9.4 Calculate the moment magnifier factor:

Cm =0.6 + 0.4 1
δns = . . . 1.24 1
The magnified (e) and (M):

e = δns emin =1.3 ×30 =39 ≈ 40mm

M = δns Mmin =1.3 ×538.2 = 699.66  KN.m

4.9.5 Select the column reinforcement:

 compute the ratio e/h:

0.08

 compute the ratio :γ

γ = 0.772
 Use interaction diagrams A-9b and A-9c to determine ρ g for the selected

dimensions : h=500mm, b=300mm. The interaction diagrams are entered with
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1794 103500 300 0.145 1.73
Diagram A-9b (for γ=0.75) , ρ g=0.01

Diagram A-9c (for γ=0.9) , ρ g=0.01

ρ g( γ=0.75) =0.01

4.9.6 Select the reinforcement:

Ast = ρ g ×Ag = 0.01 ×(500×300) =1500 mm2

nɸ14 = . 1014
Use 1024
4.9.7 Design the stirrups:

The spacing of ties shall not exceed the smallest of:

- 16× db = 16×14 =224 mm                         cont.
- 48×ds =48 ×10 =480 mm
- Least diminution of the column = 300 mm

Use ɸ10@200mm.

Fig (4-22 ): C2 detail
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4.10 Design of stair:

Fig(4-23) stair plan

4.10.1 Determination of Slab Thickness:

For Flight:

L = (1.1+3.3+0.4 ) = 4.8 m.

hreq = L/ 20.

hreq = 4.8 / 20 = 0.24 m

In the case presented here, where the slab end is cast with the supporting beams and
additional negative reinforcement is provided, minimum thickness can be assumed to be:

hreq= L/28 .

hreq = ( 4.8/28 ) = 0.17 m

Take h = 25 cm.
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For Landing:

L = 5.80m.

hreq = L/ 20.

hreq = 3.80/ 20 = 29 cm.

Use h= 35 cm.

4.10.2 Load Calculations:

The stair slope by θ = tan 29.53.

For Flight :

Dead Load for flight:

concrete =   (25*0.25*1)/cos29.54 = 7.183 KN/m

plastering = (22*0.03*1)/cos29.54= 0.758 KN/m

stair steps = (25/0.3)*((0.17*0.3)/2)= 2.125 KN/m

mortar = 22*((0.17+0.35)/0.3)*0.02*1= 0.762 KN/m

tiles = 27*((0.17+0.35)/0.3)*0.03*1 = 1.404 KN/m

Total Dead Load   = 12.232 KN/m

Live Load = 5 1 = 5 KN/m.

Total Dead Load For Flight = 1.2 12.30 + 1.6 5 = 22.76 KN/m.
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Landing Dead load computation:

Concrete = (25*0.35*1) =8.75KN/m

Plastering = (0.03*22*1) = 0.66 KN/m

Morter = 0.02*22*1 = 0.44 KN/m

Tiles = 0.03*22*1 = 0.66 KN/m

Total Dead Load   = 10.51KN/m

Live Load = 5 1 = 5 KN /m.

Total Dead Load For landing = 1.2 10.51 + 1.6 5 = 20.61 KN/m.

By using ATIR program use b = 100 cm.

Fig(4-24) Loads on Flight.
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Fig(4-25)Moment and Shear on Flight.

4.10.3 Design of Shear for flight:

 Assume Ø 14 for main reinforcement:

So, d =250 – 20 - (14/2) = 223 mm.

 Vu =42.2 KN .


6

**' dbf
Vc wc

 

 KNVc 6.136
6

10*223*1000*24*75.0 3






 Vu = 42.2 KN < Ø.Vc = 136.6 KN. .

Depth of  flight is ok. So, there is no shear Reinforcement required .
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4.10.4 Design of Bending Moment for Flight:

Mu =57.5 KN.m.

Mn req = Mu / 0.9 = 57.5/ 0.9 = 63.88 KN.m .

Assume bar diameter 14 for main reinforcement.

d = 250 – 20 – ( 14/2 ) = 223 mm.

2db

Mn
Rn 



.28.1
)223(*1000

10*88.63
2

6

MPaRn 

'85.0 fc

fy
m




588.20
2485.0

420



m













y

n

f

mR

m

2
11

1
 00315.0

420

28.1*588.20*2
11

588.20

1











As req = 0.00315 1000 223= 702.45 mm2…………..control

Asmin=0.0018 1000 250= 450 mm2

S=153.9/702.45 =0.178 m.

Use Ф14 @ 20 cm. Use 5Ф14.

 Check for spacing:

3h=3 250 =750 mm.

S=450.380 2800.667 420 2.5 20 330
300 . 300 …… control. Ok
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 Secondary Reinforcement:

For shrinkage & Temperature As provide equal :

As min = 0.0018  B  h = 0.0018 1000 250 = 450 mm2

Use 3 Φ14 /m or 1 Φ 14 @ 300 cm.

4.10.5 Design of landing(S2):

thickness =35 cm.

Total Dead Load For landing = 1.2 10.51 + 1.6 5 = 20.61 KN/m.

WR = RS1(per meter) / B = 36.1/2 = 18.05 KN/m

Fig(4-26) Loads on Landing.
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Fig(4-27) Moment and Shear Diagram.

4.10.6 Design of Shear for Landing:

 Vu = 90.2KN.


6

**' dbf
Vc wc

 

 8.197
6

10*323*1000*24*75.0 3




Vc KN

 Vu = 90.2 KN < ØVc = 197.8 KN.



Depth of  flight is ok. So, there is no shear Reinforcement required.



Chapter 4 structural analysis and design

88

4.10.7 Design of bending moment for landing:

Mu = 154 KN.m.

Mn req = 154 / 0.9 = 171.11 KN.m.

d=350 – 20– (14/2) = 323 mm.

2db

Mn
Rn 



.64.1
)323(*1000

10*11.171
2

6

MPaRn 

'85.0 fc

fy
m




588.20
2485.0

420



m













y

n

f

mR

m

2
11

1
 00407.0

420

64.1*588.20*2
11

588.20

1











As req = 0.00407 1000 323= 1314.61 mm2. … control

Asmin= 0.0018 1000 350 =630 mm2

Use Ф14 @ 12 cm.            Use 9Ф14

 Check for spacing:

3h=3*350=1050 mm

S=450380 2800.667 420 2.5 20 330
300 . 300 …… control .

Use 1Φ 14@ 8 cm.



Chapter 4 structural analysis and design

89

 Secondary Reinforcement :

For shrinkage & Temperature As provide equal :

As min = 0.0018  B  h = 0.0018 1000 350 = 630 mm2

Use 5Φ14 /m or 1 Φ 14 @ 20 cm.

Fig(4-28) Reinforcement Detail for Stair
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4.11 Shear wall (No 5) design:

Fig (4- 29): the shear wall.

Fig (4-30 ): moment and shear  for the shear wall.

Shear wall thickness, h = 25 cm.

Story height, hw = 4.10 m

4.11.1 Check max shear strength permitted:
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øVn,max =0.75 ×0.83× ×h×d

let that d= 0.8 Lw =0.8 ×7.5 =6m

øVn,max =0.75 ×0.83×√24 ×250×6 =4574.4 KN > Vu =984.22 KN                 ok .

4.11.2 Calculate shear strength provided by concrete:

Critical section for concrete is the smallest of:

-
. 3.75 .

-
∑ . 8.2

- Story height = 4.10m.

Vc is the smallest of :

- Vc = √24 250 6 1224.7 , .
- Vc =0.27 . 0.27√24 250 6 0.0 1984.08
- Vc= 0.05 . .

Mu at critical section = 6102.2+984.22*(4.68-3.75_=7017.52KN.m

. – . 3.38 0.0 .
Vc= 0.05√24 . . √ .. 250 6 1998
4.11.3 Determine required horizontal reinforcement:

Vu =984.22 KN.
0.5øVc = 0.5×0.75×1224.7 = 459.2 KN.
Vu > 0.5øVc need reinforcement.

Vs = Vn – Vc= ø Vc =
.. 1224.7 =87.59 KN.
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ρ = . , . . 0.035
ρ = . 0.00014 0.0025
by using ɸ12

ρ = .
= 0.0025 s = 362mm.

max. spacing is the smallest of:

-
. 1.5

- 3h = 0.75m.
- 450mm             cont.

For horizontal reinforcement use ɸ12@250mm.

4.11.4 Determine required vertical reinforcement:

∑ .. 2.73 .
ρv,min > 0.0025 + 0.5 2.5 ∑ ρt – 0.0025) 0.0025.
take ρv= 0.0025.
max spacing is the least of,

-
. 2.5

- 3h = 0.75m.
- 450mm             cont.

Use ɸ12@250mm.

4.11.5 Design for flexure (uniformly distributed flexure reinforcement):

Check moment strength based on required vertical reinforcement for shear,
The uniformly distributed vertical reinforcement ɸ12@250mm.

Ast= 2 113.1 6785.8. 0.063
=0.0
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. . .. . . 0.074
øMn=ø 0.5A f 1 1

=0.9 0.5 6785.8 420 7500 1 0.074 10 =890.07 KN.m

øMn < Mu ,

the uniformly distributed vertical reinforcement ɸ10@300, is not adequate for flexure
therefore the amount of vertical reinforcement must be increased.

Try ɸ14@150,

Ast= 2 153.9 153900.239.. . . 0.199
øMn =0.9 0.5 15390 420 7500 1 0.199 10 =17474.07KN.m >Mu

Use ɸ14@150  for vertical reinforcement.

Fig (4-31 ):top view for the wall

4.12 Design of Isolated Footing (FD):
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Fig (4 -32 ):detail for the footing

PD = 2680 KN (service).

PL 1460KN  (service).

PU =5552 KN ( factored).

Column Dimensions D = 75 cm.

Allowable bearing capacity  qall= 400 KN/m2.

4.12.1 Area of Footing:

Soil Density = 20KN/ m 3

live load =5  KN/ m 2.

assume   h = 80 cm.

q all.net = 4000 - 5 –0.7 25-0 .8 20 = 359 KN/m 2

Area
etqal

PLPD
A

ln


 = 53.11

359

14602680




Use  L = 3.65m, B = 3.65 m,    A = 13.3 m 2

4.12.2 Depth of footing:
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Assume  h = 80 cm.

 Check one-way shear:

Fig (4-٦٠):one way shear.

Area

P
q u

tul  =
3.13

5552 = 417.4 KN/ m 2.

d 8 – 75 – 10-7 = 708 mm

dbfV wcc


6

1 =
KN49.15821000*708.0*65.3*24*

6

75.0


Ld
aB

qVu ult 





 




2

KNVud 8.118665.3708.0
2

07565.3
4.417 
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øVc =0.75 ×1582.49 = 1186.8 KN > Vud = 1130

 Check two-way shear:

Fig (4-٦١ ):two way shear.

354 .
To calculate Vu at the critical section which take circular shape with radius equal

0.375 +0.354 = 0.729m

Inner area =( radius) 2× = 0.729 2 × = 1.668m2

Outer area = area of the footing = 13.32m2

Vu = qu (outer area – inner area) = 417.4 ×(13.32 - 1.668) =4863.5 KN

According to ACI , Vc shall be the smallest of :
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dbfV oc
c

c













2

1
6

1 = dbf oc
5.0

dbf
db

V oc
o

s
c










 2

/12

1  = dbf oc
585.0

dbfV occ


3

1 …..Control

Where:

c = a / b = 80 / 80 = 1

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

= Π ( 0.75 + 0.708)= 4.58m

s = 40             for interior column.

KNVc 7.39311000708.058.42433.075.0  3931.7 4863.5
SO h not 70 cm , h=90 cm

4.12.3 Design of flexural reinforcement:

Mu = 





 














 

22
5.0

22

aLaL
Wqult

= 





 














 

2
8.0

2
6.3

5.0
2
75.0

2
65.3

65.34.417 = 1601.6 KN.m

Mn = 1601.6/0.9 = 1780 KN.m.

Rn = 2*db

Mn
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Rn =
2

3

)808.0(*65.3

10*1780 

=0.746 Mpa

m =
'*85.0 fc

fy
=

24*85.0

420
= 20.59

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
59.20

1
(1 -

420

)746.0)(59.20(2
1 ) 0.0018

A req = ρ b  d = 0.0018  3650 805= 5308.5mm²….. control

As min = 0.0018 3650 900 = 5916 mm2

So ,    Use 39 Φ 14with As = 5852 mm² > As req =5308.5 mm²… in both directions .

4.12.4 Development length of flexural reinforcement:

Ld for Φ 14:

dL = mmdb

db

ckcf

fy

tr

5.44418
5.2

18.011

24

420

10

9

10

9











 









Available length = ((3650-750)\2)-75=1375

= 1375mm > 444.5 mm ……………ok

4.12.5 Development length of column reinforcement:



Chapter 4 structural analysis and design

99

Ld for Φ 22 :

dL = db
cf

fy

4
= mm47222

244

420


dL = fydb 043.0 =0.043 22 420 = 398  mm

472 dL mm

Available embedment =900– 75 – (2 x18) = 789 mm > 472   mm

 OK.

4.12.6 Load transfer at the column-foundation interface (Dowels design ):

)85.0(.
1

2
1 A

A
AcfbPn 

A1 = Π (D2/4) = Π(0.752/4) = 0.44m2

A2 = 3.65  3.65 = 13.32 m2

25.5
44.0

32.13

1

2 
A

A

2
1

2 
A

A

okPuPn

KNbPn

.........55528.11668

8.116681000)244.02485.0(65.0.




In column:

)185.0(, AcfbPn 

KNbPn 4.5834)100044.02485.0(65.0, 

øpn,b = 5834.4 KN > pu = 5552 KN

and the minimum reinforcement of dowels:

As = 0.005  (Π  ( 0.752 /4)) = 2207 mm2
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4.12.7 Lap splice of column:

Ls = 0.071 fy . db = 0.071  420 22 = 656 mm. Use 660 mm .

Fig (4 -33 ):detail for the footing
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3. Building Code Requirements for Structural Concrete )ACI 318M-08 (and

Commentary, USA, 2008.

4. Uniform Building Code (UBC).
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