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عقذاث ٔرسٕس انتصًٛى الإَشبئٙ نزًٛع انعُبصش الإَشبئٛت انتٙ ٚحتٕٚٓب انًششٔع، يٍ انًششٔع فٙ عًم ًٚكٍ تهخٛص ْذف 

 ٔغٛشْب يٍ انعُبصش الإَشبئٛت. ٔأعًذة ٔأسبسبث ٔرذساٌ

ٚتكٌٕ يٍ "" انخقبفٙ ٔ انًبُٗ ""  طٕابق حلاثيبُٗ خشسبَٙ ٚتكٌٕ يٍ  ْٕٔ""انًكتبت"" يببَٙ 3يٍ  ٚتكٌٕ انًششٔع

انتٕصٚع انًعًبس٘  إٌحٛج  يشافق يتعذدة رٔ  بَٙيبعببسة عٍ  ْٕٔٔ ٚتكٌٕ يٍ طببقٍٛ ,  ""انًتحف  ""انًبُٗ ٔطببقٍٛ 

 بُٛت انخشسبَٛت. فٙ انتصًٛى الإَشبئٙ نلأ ببنتُٕع ٔ انشًٕل يًب أكسبُب انًعشفت انٕاسعت نٓزِ انًشافق ٚتسى 

نهسٛبساث أسفم  ٔ كشادكبفت انخذيبث انلاصيت  ٚحتٕ٘ نًشكض حقبقٙ بٛئٙ تتهخص فكشة ْزا انًششٔع فٙ انتصًٛى الإَشبئٙ 

 .يبُٗ انًكتبت 

تى اختٛبس انعُبصش الاَشبئٛت انًختهفت يٍ قذ ٔنهًخططبث ,  بنتذقٛق انًعًبس٘بتتًخم بذاٚتً  عذة يشاحمٔٚتكٌٕ انًششٔع يٍ 

يٍ حٛج  انخقبفٙأٌ ٚشاعٙ كبفّ أيٕس انتطٕس  اعًذة ٔرسٕس ٔعقذاث بشكم لا ٚتُبقط يع انًتطهببث انًعًبسٚت نهًششٔع

 .تانًسبحبث ٔانحشكت ٔيتطهببث انسلايت انعبيت ٔأيٕس أخشٖ يع يشاعبة إيكبَٛت انتًذد انًعًبس٘ انًستقبهٛ

الاَشبئٛت ٔعشض َتبئزٓب عهٗ  تانبشايذ انتصًًًٛٛسبعذة بعط بالاَشبئٙ نهعُبصش الاَشبئٛت ًشحهت انتصًٛى ُب بقً.ٔبعذ رنك 

 شكم يخططبث تُفٛزٚت. 

( ،أيب (U.B.C- 97ٔيٍ انزذٚش ببنزكش اَّ تى استخذاو انكٕد الأسدَٙ نتحذٚذ الأحًبل انحٛت ,ٔنتحذٚذ أحًبل انضلاصل تى استخذاو 

,ٔلا بذ يٍ الإشبسة إنٗ اَّ تى (ACI_318- 14)ببنُسبت نهتحهٛم الإَشبئٙ ٔتصًٛى انًقبطع فقذ تى استخذاو انكٕد الأيشٚكٙ 

 .Autocad2007, Office2010,  Atir11.5, ,EtabsٔSAP, Safe:الاعتًبد عهٗ بعط انبشايذ انحبسٕبٛت يخم 

فٛق .ٔالله ٔنٙ انتٕ  

 

  



 

 
VII 

 

Structural Design of Environmental cultural center 

 
Prepared by 

Israa Jpour                           Raeda Almashni  

Huda Atawnah                     Niveen Sieed 

 

Palestine Polytechnic University -2017 

Supervisor 

Eng .Mohammad Mezher 

 

Abstract 

The objective of the project can be summarized in the structural design work of all the structural 
elements contained in the project, such as nodes, bridges, pillars, foundations, walls and other 
structural elements. 
The project consists of a three-building. These buildings have multiple facilities. The architectural 
distribution of these facilities is diverse and comprehensive, giving us extensive knowledge of the 
structural design. For concrete buildings.   The project consists of a number of stages, beginning 
with the architectural inspection of the plans. The different structural elements of columns, bridges 
and contracts were chosen in a way that does not contradict the architectural requirements of the 
project. It takes into account all aspects of Environmental development in terms of space, traffic, 
public safety requirements and other matters. 
. And then we have been in the stage of structural design of the structural elements with the help 
of some design programs and the presentation of the results in the form of executive plans. 
 

 

   The design will be based on the requirements of the American Code (ACI -318-14), and the 

Jordanian Code of  loads and  It must be pointed out that  we was relying on some computer 

programs such as: Autocad2010, Office2010, Atir11.5, Etabs, SAP ,SAFE. 
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 أهداف المشروع المعمارية   : 1-4-1 

 

 

 أهداف المشروع الإنشائية   : 1-4-1
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Week 

Mission 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

project selection                                 

Site  study                                 

Data Collection                                 

Architectural study                                 

Structural study                                 

Preparation of project 

introduction 

                                

Project introduction                                 

Structural analysis                                 

Structural design                                 

Prepare project plans                                 

Writing project                                 

Project presentation                                 

Complete structural analysis                                 

Complete structural design                                 

Preparation of project plans                                 

Writing project                                 

Project presentation                                 
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-: انطابق الأرضي 2-7-6  
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الأرضي( : مسقط طابق 7-2)انشكم   

 

-:ولالأانطابق  2-7-7   
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الرقم 

 المتسلسل
 المادة المستخذمت

الكثافت المستخذمت          

(KN/m³) 

 32 البلاط 1

 33 المونت 2

 32 المسلحت الخرسانت 3

 01 الطوب 4

 33 القصارة 5

 01 الرمل 6
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: 
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3-3-4   - 

3-3-4-1   

3-3-4-2     

 

  

 

 (Hعلو المنشأ عن سطح الأرض )

 بالمتر()

 أحمال الثلوج

(KN /M²) 

H < 250 0 

500 > h > 250 1000 ( /h-250) 

1500 > h > 500 (h-400) / 400 
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Chapter 4 

Structural Analysis & Design 

“Environmental cultural center" 

4.1    Introduction. 

4.2   Factored Loads. 

4.3   Load Calculation. 

4.4 Design of Topping. 

4.5   Design of Rib (R0-(2)).  

4.6  Design of Beam (B0-(7)). 

4.7   Design of Column (C2 ) 

4.8  Design of Stair  

4.9   Design of Basement Wall 

4.10   Design of Shear Wall (SW 3) (Research Center) 

4.11 Design of Mat Foundation 

 

 

 

4 
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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. 

 

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 (318M_14). 

 

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 occur.  

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-318-14(9.2.2). 

 

Materials:-  

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

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

 

            , will be used in design and calculations. 

 

4.2-1 Slabs Thickness calculation:- 

According to ACI-Code-318-14 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 slabb given as following: 

 

Hmin=L/18.5=5.95/18.5=32 cm" One end continuous " 

Hmin=L/21 = 5.7/21 = 27.14 cm" Both ends continuous " 

select : 32 cm thickness with 24 cm block and 8 toping .  
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4.3 Load Calculation:- 

For the one-way ribbed slabs, the total dead load to be used in the 

analysis and design is calculated as follows: 

 

 
 

Fig( 4.1): topping load and moment diagram. 

 

 

4.4 Design of Topping:- 

4.4.1 Calculation of Dead load For 1m strip 
 

الرقم 

 المتسلسل
Unit weight(kN/m3) Material 

1 23 tile 

2 22 mortar 

3 16 sand 

4 25 toppting 
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5 10 block 

6 25 rib 

7 22 plaster 

8 2.3(KN/m2) partion 

 

table (4-2) calculation of dead load for topping. 

4.4.2 Calculation of live load     

From Jordan's Code  

 L.L total = 4KN/m 

Wu = 1.2D.L + 1.6L.L                                                       

= 1.2*6.55 + 1.6*4 = 14.3 KN/m 

  

Design of shear :- 

 

Used fy  = 420 MPa& cf  = 24MPa  

* Vc = 
*N86.249001.0801000

6

1
2475.0 kKN 

 

 

No shear reinforcement is required. 

 

CheckΦMn> Mu 

mkN
lw

Mu u .19.0
12

4.0*3.14

12

* 22

  

sfcMn *'42.0  

6

2bh
S   

6
*'42.0

2bh
fcMn   
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mkNMn .19.210
6

80*1000
2442.0 6

2

   

  Ø=0.55 for plain concrete  

..195.0.204.1

..205.119.2*55.0

mkNMumkNMn

mkNMn








 

 

No reinforcement is required according to ACI-Code -318M-14, so As min for 

slabs as Shrinkage and temperature reinforcement . 
 

 Shrinkage and temperature reinforcement must be provided. 

For the shrinkage and temperature reinforcement: 

0018.0  

ACI-318-14 (7.12.2) 

As =  * b * h = 0.0018 * 1000 * 80 = 144 mm2/ m 

As (ɸ 8) =50.27mm2 

So number of bars =144/50.27 = 2.86 

1/N =350 mm 

The step is the smallest of:- 

1_ S=3*h = 240mm.                             control 

2_ S =380( 
fs

280
)2.5Cc= 380(

420)3/2(

280


)-2.5*20 

         = 330 

 

Select mesh ɸ 8/20cm, As.prov = 2.51 cm²/m >Asmin=1.44 cm²/m 
 

Then use Ф 8 @ 20cm for practical purposes in both directions. 

 From practical consideration, the secondary reinforcement parallel to the rib 

shall be placed in the slab and spaced at distance not more than half of the 

spacing's between ribs (usually two bars upon each 40 cm width block). 
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4.5  Design of Rib (R0-(02)):-  
 

 

Fig (4-2):Rib(R(2)) at the ground floor(Research Center) 

 

4.5.1 Design constant:-  

- Eb For T- section is the smallest of the following: 

 Eb =Ln/4= 3.6/ 4 =0.9m  

Eb  = bw + 16 tf = 12 + 16 (8) = 1.4 m 

Eb  =  c/c spacing between adjacent ribs =0.52 m ------Control 

- Requirements for Slab Floor According to      ACI- (318M-14). 

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=8cm 
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4.5.2 Calculation of Dead load:- 
 

Dead load Calculation 

Tiles 23*0.03*0.52 = 0.3588 KN/m  

Mortar 22*0.02*0.52 = 0.2288 KN/m 

Sand 16*0.07*0.52 = 0.5824 KN/m 

Topping 25*0.08*0.52 = 1.04 KN/m 

Block 10*0.27*0.4 = 1.08 KN/m 

Rib 25*0.27*0.12 = 0.81KN/m 

Plastering 22*0.02*0.52 =0.2288 KN/m 

Partition 2.3*0.52 =1.196 KN/m 

Table (4-3) calculation of the total load for (R(2) ground. 

 

Total dead load = 4.9 KN/m/rib 

4.5.3 Calculation of Live load:-` 

From Jordanian live loads table live load for malls is 2 KN/m²  

Total live load = 2*0.52 =1.04 KN/m/rib 

Material :- 

concrete    B300                Fc' = 24 N/mm
2 
 

Reinforcement Steel         fy = 420 N/mm
2
 

 

Section :-  

 

b =12cm                       bf=52 cm                

         h =32cmTf=8 cm    
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Fig. (4-3) Geometry of Rib (R2) ground (Research Center) 

 

Fig. (4-4) :Service load of Rib (R(2)) 

 

Fig. (4-5) :Rib Envelope((R2)) 
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Fig. (4-6) :Rib Reactions(R(2)) 

 

 

4.5.4 Design of flexure:- 

4.5.4.1 Design of Positive moment of rib (R(2)) 

d = depth - cover – diameter of stirrups – (diameter of bar/ 2) 

    = 320– 20 – 10 –
  

 
= 283 mm. 

→Mu max = 20.3KN.m 

 

bE ≤ Distance center to center between ribs = 520 mm………… Controlled. 

     ≤  Span/4 =5640/4 = 1410 mm. 

     ≤  (16* tf) + bw =(16* 80) +120 =1400 mm.  

→bE= 520 mm. 

→            
        (  

  

 
) 

            =                   (      
    

 
)                  

фMnf = 0.9 * 206.22 = 185.60KN.m 

→фMnf =185.60KN.m> Mu max= 20.3KN.m. 

  Design as rectangular section. 
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1) Maximum positive  moment Mu (+) 
 = 20.3KN.m 

Mn = Mu /ф =20.3 / 0.9 = 26.22KN.m 

  = 
  

       
  = 

   

       
 = 20.6 

   = 
  

     = 
          

              
 = 0.63MPa 

  = 
 

 
    √  

      

  
   

   = 
 

    
(   √  

           

   
)= 0.0016 

→As =   * b *d = 0.0016 * 520 *283 = 235.456 mm
2
.  

       
√  

 

      
         

   

  
        …………(ACI-10.5.1) 

           = 
√  

     
           

   

   
         

           = 99.03 mm
2
<113.2 mm

2
 ………….  Larger value is control. 

→Asmin = 113.2 mm
2
<Asreq = 235.456. mm

2
. 

  As = 235.456 mm
2
. 

 2 Ф14= 308 mm
2
>Asreq = 235.456  mm

2 
.  OK. 

  Use 2 Ф12 

→ Check for strain:- (        ) 

       Tension = Compression   

       As * fy  = 0.85 *   
  * b * a 

308* 420 = 0.85 * 24 * 520 * a     

     a = 12.2  mm. 

  
 

  
 = 

    

    
 = 14.4  mm.                       * Note:   

  = 24MPa< 28 MPa→    = 0.85 

   
   

 
 * 0.003 

     = 
        

    
 * 0.003 = 0.056>  0.005    ф =0.9 OK 
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4.5.4.2 Design of shear of rib (R(2)) 

1) Vu  =  15.9 KN. 

фVc = ф * 
√  

 

 
 * bw * d 

            = 0.75 * 
√  

 
 * 0.12 * 0.284*10

3
  = 28.87 KN. 

     1.1* фVc = 1.1 * 28.87= 31.5.5 KN. 

→Check for items:- 

1-  Item 1 :  Vu  ≤   
ф  

 
 .  

15.9 ≤  
     

 
=.16…... satisfy  

  Item (1) is satisfy →NO shear reinforcement is required.  

 

Fig (4-7): Reinforcement of Rib(R(2)) 
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4.6 Design of Beam (B0-(7)):  

 

Fig (4-8) Location of beam (B0- (7)) Research Center 

 

 

Material :- 

concrete    B300                Fc' = 24N/mm
2 
 

Reinforcement Steel         fy = 420 N/mm
2
 

Section :-  

         B =60cm 

         h =32cm 

 

Fig (4-9) : Beam  Geometry (B0- (7))  
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Fig (4-10) : Service  Load of Beam  (B0- (7))  

 

 

  Fig (4-11) : Beam Envelop (B0-(7)). 

4.6.1 Check whether the section will be act as singly or doubly 

reinforcement section: 
→Mumax = 126.5KN.m . 

bw = 100Cm.  ,  h =32 Cm. 

d = depth - cover – diameter of stirrups – (diameter of bar/ 2) 

    = 320– 40 – 10 –
  

 
= 264 mm. 
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Cmax = 
 

 
 * d = 

 

 
 * 264  = 113.14 mm. 

amax =  1* Cmax = 0.85 * 113.14= 96.17 mm.       *Note:   
  = 24MPa< 28 MPa→ 1 = 0.85 

Mnmax = 0.85 *    
  * b * a * (d - 

 

 
 ) 

           = 0.85 * 24 * 1 * .096 * ( 0.264 – 
    

 
  ) * 10

3 

           = 423.01.m .  

ф=0.65+
3

250 *(0.004-0.002) = 0.816 

→фMnmax = 0.82 * 423.01 = 346.9KN.m .                 * Note:  s = 0.004 → ф = 0.82 

→фMnmax = 346.9 KN.m>  Mu =126.5KN.m . 

  Singly reinforced concrete section. 

4.6.2 Flexure design: 

4.6.2.1  Design of  Positive  moment:-  

1) MaximumPositive  moment Mu (+) 
 = 126.5KN.m . 

фMnmax = 215.39KN.m> Mu = 126.6KN.m → Singly reinforced concrete section 

Mn = Mu /ф= 126.5 / 0.9 = 140.6KN.m . 

  = 
  

       
  = 

   

       
 = 20.6 

   = 
  

     = 
         

             
 = 0.74MPa. 

  = 
 

 
    √  

      

  
   

   = 
 

    
(   √  

           

   
)= 0.0017  

→As =   * bw *d = 0.0017 * 600 *294 =1226  mm
2
. 

       
√  

 

      
         

   

  
        …………(ACI-10.5.1) 

           = 
√  

     
           

   

   
         

            = 428.66 mm
2
<490 mm

2
 ………….  Larger value is control. 
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→Asmin = 490 mm
2
<Asreq =1226 mm

2
. 

  As = 1226 mm
2
. 

# 0f Ф18 = 
     

    
 = 

    

     
 =4.83→ # of bars = 5bars. 

  Use 5Ф18 → As =5*254.5= 1272.5 mm
2
>Asreq = 1226 mm

2
 .  

 

→ Check for strain:- (        ) 

       Tension = Compression   

       As * fy  = 0.85 *   
  * b * a 

565.45* 420 = 0.85 * 24 * 600* a     

     a = 23.3mm. 

  
 

  
 = 

    

    
 = 27.4  mm.                       * Note:   

  = 24 MPa< 28 MPa→    = 0.85 

   
   

 
 * 0.003 

     = 
        

    
 * 0.003 = 0.029>  0.005    ф =0.9 OK 

  Use 5Ф18 

1) MaximumPositive  moment Mu (+) 
 = 126.5KN.m . 

фMnmax = 215.39KN.m> Mu = 126.6KN.m → Singly reinforced concrete section 

Mn = Mu /ф= 126.5 / 0.9 = 140.6KN.m . 

  = 
  

       
  = 

   

       
 = 20.6 

   = 
  

     = 
         

             
 = 0.74MPa. 

  = 
 

 
    √  

      

  
   

   = 
 

    
(   √  

           

   
)= 0.0017  

→As =   * bw *d = 0.0017 * 600 *294 =1226  mm
2
. 

       
√  

 

      
         

   

  
        …………(ACI-10.5.1) 
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           = 
√  

     
           

   

   
         

            = 428.66 mm
2
<490 mm

2
 ………….  Larger value is control. 

→Asmin = 490 mm
2
<Asreq =1226 mm

2
. 

  As = 1226 mm
2
. 

# 0f Ф18 = 
     

    
 = 

    

     
 =4.83→ # of bars = 5bars. 

  Use 5Ф18 → As =5*254.5= 1272.5 mm
2
>Asreq = 1226 mm

2
 .  

 

→ Check for strain:- (        ) 

       Tension = Compression   

       As * fy  = 0.85 *   
  * b * a 

565.45* 420 = 0.85 * 24 * 600* a     

     a = 23.3mm. 

1) MaximumPositive  moment Mu (+) 
 = 126.5KN.m . 

фMnmax = 215.39KN.m> Mu = 126.6KN.m → Singly reinforced concrete section 

Mn = Mu /ф= 126.5 / 0.9 = 140.6KN.m . 

  = 
  

       
  = 

   

       
 = 20.6 

   = 
  

     = 
         

             
 = 0.74MPa. 

  = 
 

 
    √  

      

  
   

   = 
 

    
(   √  

           

   
)= 0.0017  

→As =   * bw *d = 0.0017 * 600 *294 =1226  mm
2
. 

       
√  

 

      
         

   

  
        …………(ACI-10.5.1) 

           = 
√  

     
           

   

   
         

            = 428.66 mm
2
<490 mm

2
 ………….  Larger value is control. 
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→Asmin = 490 mm
2
<Asreq =1226 mm

2
. 

  As = 1226 mm
2
. 

# 0f Ф18 = 
     

    
 = 

    

     
 =4.83→ # of bars = 5bars. 

  Use 5Ф18 → As =5*254.5= 1272.5 mm
2
>Asreq = 1226 mm

2
 .  

 

→ Check for strain:- (        ) 

       Tension = Compression   

       As * fy  = 0.85 *   
  * b * a 

565.45* 420 = 0.85 * 24 * 600* a     

     a = 23.3mm. 

  
 

  
 = 

    

    
 = 27.4  mm.                       * Note:   

  = 24 MPa< 28 MPa→    = 0.85 

   
   

 
 * 0.003 

     = 
        

    
 * 0.003 = 0.029>  0.005    ф =0.9 OK 

  Use 5Ф18 

 

2)Positive  moment Mu (+) 
 = 50.1 KN.m . 

фMnmax = 215.39KN.m> Mu = 126.6KN.m → Singly reinforced concrete section 

Mn = Mu /ф= 126.5 / 0.9 = 140.6KN.m . 

  = 
  

       
  = 

   

       
 = 20.6 

   = 
  

     = 
         

             
 = 0.74MPa. 

  = 
 

 
    √  

      

  
   

   = 
 

    
(   √  

           

   
)= 0.0017  

→As =   * bw *d = 0.0017 * 600 *294 =463.2  mm
2
. 

       
√  

 

      
         

   

  
        …………(ACI-10.5.1) 
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           = 
√  

     
           

   

   
         

            = 428.66 mm
2
<490 mm

2
 ………….  Larger value is control. 

→Asmin = 490 mm
.>

Asreq =463.2 mm
2
. 

  As = 490 mm
2
. 

# 0f Ф14 = 
     

    
 = 

   

   
 =3.2→ # of bars = 4bars. 

  Use 4Ф14 → As =4*153= 612 mm
2
>Asreq = 490 mm

2
 .  

 

→ Check for strain:- (        ) 

       Tension = Compression   

       As * fy  = 0.85 *   
  * b * a 

        612* 420 = 0.85 * 24 * 600* a     

     a = 23.3mm. 

  
 

  
 = 

    

    
 = 27.4  mm.                       * Note:   

  = 24 MPa< 28 MPa→    = 0.85 

   
   

 
 * 0.003 

     = 
        

    
 * 0.003 = 0.029>  0.005    ф =0.9 OK 

  Use 4Ф14 

3)Positive  moment Mu (+) 
 = 120.5KN.m . 

фMnmax = 215.39KN.m> Mu = 126.6KN.m → Singly reinforced concrete section 

Mn = Mu /ф= 126.5 / 0.9 = 140.6KN.m . 

  = 
  

       
  = 

   

       
 = 20.6 

   = 
  

     = 
         

             
 = 0.74MPa. 

  = 
 

 
    √  

      

  
   

   = 
 

    
(   √  

           

   
)= 0.0017  

→As =   * bw *d = 0.0017 * 600 *294 =1226  mm
2
. 
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√  

 

      
         

   

  
        …………(ACI-10.5.1) 

           = 
√  

     
           

   

   
         

            = 428.66 mm
2
<490 mm

2
 ………….  Larger value is control. 

→Asmin = 490 mm
2
<Asreq =1226 mm

2
. 

  As = 1226 mm
2
. 

# 0f Ф18 = 
     

    
 = 

    

     
 =4.83→ # of bars = 5bars. 

  Use 5Ф18 → As =5*254.5= 1272.5 mm
2
>Asreq = 1226 mm

2
 .  

 

→ Check for strain:- (        ) 

       Tension = Compression   

       As * fy  = 0.85 *   
  * b * a 

1272.5* 420 = 0.85 * 24 * 600* a     

     a = 23.3mm. 

  
 

  
 = 

    

    
 = 27.4  mm.                       * Note:   

  = 24 MPa< 28 MPa→    = 0.85 

   
   

 
 * 0.003 

     = 
        

    
 * 0.003 = 0.029>  0.005    ф =0.9 OK 

  Use 5Ф18 

 

4)Negative  moment Mu (_) 
 = 115.4KN.m . 

фMnmax = 215.39KN.m> Mu = 126.6KN.m → Singly reinforced concrete section 

Mn = Mu /ф= 126.5 / 0.9 = 140.6KN.m . 

  = 
  

       
  = 

   

       
 = 20.6 

   = 
  

     = 
         

             
 = 0.74MPa. 

  = 
 

 
    √  
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   = 
 

    
(   √  

           

   
)= 0.0017  

→As =   * bw *d = 0.0017 * 600 *294 =1226  mm
2
. 

       
√  

 

      
         

   

  
        …………(ACI-10.5.1) 

           = 
√  

     
           

   

   
         

            = 428.66 mm
2
<490 mm

2
 ………….  Larger value is control. 

→Asmin = 490 mm
2
<Asreq =1226 mm

2
. 

  As = 1226 mm
2
. 

# 0f Ф18 = 
     

    
 = 

    

     
 =5.83→ # of bars = 6bars. 

  Use 6Ф18 → As =6*254.5= 1527.5 mm
2
>Asreq = 1226 mm

2
 .  

→ Check for strain:- (        ) 

       Tension = Compression   

       As * fy  = 0.85 *   
  * b * a 

1572.5* 420 = 0.85 * 24 * 600* a     

     a = 23.3mm. 

  
 

  
 = 

    

    
 = 27.4  mm.                       * Note:   

  = 24 MPa< 28 MPa→    = 0.85 

   
   

 
 * 0.003 

     = 
        

    
 * 0.003 = 0.029>  0.005    ф =0.9 OK 

  Use 6Ф18 

5)Negative  moment Mu (-) 
 = 109KN.m . 

фMnmax = 215.39KN.m> Mu = 109KN.m → Singly reinforced concrete section 

Mn = Mu /ф= 126.5 / 0.9 = 140.6KN.m . 

  = 
  

       
  = 

   

       
 = 20.6 

   = 
  

     = 
         

             
 = 0.74MPa. 
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  = 
 

 
    √  

      

  
   

   = 
 

    
(   √  

           

   
)= 0.0017  

→As =   * bw *d = 0.0017 * 600 *294 =1043  mm
2
. 

       
√  

 

      
         

   

  
        …………(ACI-10.5.1) 

           = 
√  

     
           

   

   
         

            = 428.66 mm
2
<490 mm

2
 ………….  Larger value is control. 

→Asmin = 490 mm
2
<Asreq =1043mm

2
. 

  As = 1043mm
2
. 

# 0f Ф18 = 
     

    
 = 

    

     
 =4.83→ # of bars = 5bars. 

  Use 5Ф18 → As =5*254.5= 1272.5 mm
2
>Asreq = 1226 mm

2
 .  

 

4.6.2.2Design of shear:- 

1) Vu = 171.3KN . 

фVc = ф * 
√  

 

 
 * bw * d  

            = 0.75 * 
√  

 
 * 0.5 * 0.294 * 10

3
 = 90 KN.  

Check for section dimensions: 

фVc + (  
 

 
 * ф * √  

   * bw * d)  = 119.4 + (  
 

 
 * 0.75 *√    * 0.5  * 0.294 * 10

3
 ) 

                                                    = 119.4 + 360.1= 479.47KN >Vu = 171.3 KN. 

  Dimension is big enough. 
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4.6.2.3 Check for the case of shear: 

1-  Item 1 :  Vu  ≤   
ф  

 
 .  

171.3>
  

 
= 45….... no  satisfy.  

  Item (1) is no satisfy →  

(
  

 
 )min     ≥   

 

  
  

√  
 

   
 * bw = 

 

  
  

√  

   
 *0.12= 8.75*10

-5
. 

                ≥    
 

 
 

  

   
  = 

 

 
 

    

   
 = 9.52*10

-5
…………….Control. 

Try Ф8   (2 Legs): 

         

 
  = 9.52*10

-5
  → S = 1.05 m  

S  ≤  
 

 
 =  

   

 
 = 147 mm.    ≤  600 mm. 

  Use Ф10@ 12Cm  

 

Fig. (4-12) Detail of Beam and section (B0-(7)). 
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4.7 Design of Column(C2):- 

4.7.1 Load calculation:  

DL= 282 KN       LL= 34.5 KN 

Pu = 821 KN   Pn,req=         1263.1 KN 

Assume rectangular section with = 1.38% 

Pn = 0.8× Ag× (0.85× fc'+ g×( fy - 0.85 fc')) 

7862 = 0.8× Ag×(0.85× 24 + 0.0138× (420 - 0.85× 24)) 

Ag = 1330 cm
2
 

Use 50*30 cm with Ag = 1500cm² >Ag,req = 1330 cm
2 

4.7.2 Check slenderness effect: 

Lu: Actual unsupported (unbraced) length. 

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

R: radius of gyration =√             

Lu = 3.75 m 

M1/M2 =1 

In 50cm -Direction 

     < 34- 12 (       )  < 40 

                     = 20<22    =>Short 

In 30cm -Direction 

     < 34- 12 (       )   

                      = 16.73 > 22   =>  Short 

Short in Both Direction  
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→Here we can solve this column as short tied column 

Pn = 0.8× Ag× (0.85× fc' + g×( fy - 0.85 fc')) 

Pn = 0.8× 500×300× (0.85× 24 + 0.0138 × (420 - 0.85× 24)) 

    =1270 KN >Pn,req=1263.1KN …….OK 

4.7.3 Design of the tie reinforcement : 

S ≤16  db (longitudinal bar diameter) 

S≤ 48dt  (tie bar diameter). 

S ≤ Least dimension. 

spacing  ≤16×db=16×1.6=25.6  cm …. control 

spacing  ≤48×dt=48×1.0 = 48  cm 

spacing  ≤ least.dim=30 cm 

 Use8@16 cm 

For UingSbCoulmn We have using  816 . 

 

816 . 

Fig. (4-13): Detail of Reinforcement of Coulmn (C2) 

 

 



Structural analysis & design                                                                                                            Chapter 4 
 

 
77 

 

4.8 Design of Stair. 

4-8-1 Minimum slab: 
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4-8-2 Loads Calculation of stair case (1): 

          
    

   
          

  

  
        

       

         

   
             

        

   
             

  

   

        

 
         

         

         
      

         

        
    

∑         
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∑
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4-8-3 Design of flight (Slab S1 is supported at the centerline of beam and 

L1). 

       
[         ]

 
        

 

   

       
  

 
        

  

 
      

                         

      
√   

 
     

  
√  

 
                              

ф                                  

             
 

 
 ф                                                           

                         
    

 
          

         ф                            

                                           (           
   

 )

           
  

 
          

 
  

       
 

   

       
      

  
  

    

          

                 

 
 

 
    √  

      

  
  

 

    
(   √  

           

   
)        
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1-               

2-      

3-      (
   

  
)           (

   
 

 
   

)               

     (
   

  
)     (

   
 

 
   

)               
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4-8-4  Design of slab L1 (landing): 
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4.9 Design of basement wall :- 

4.9.1  Load Calculation:-
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Figure (4-20):Moment and shear diagram  

Fc = 28MPa 

Fy = 420 MPa 

t =25cm .shear wall thickness 

Lw = 6.20m ,shear wall width 

Hw1 for one wall = 3.00 m 

Hw2for one wall = 5.1 m story height 

Hw3for one wall = 3.3 m story height 

  KNVuFx 374
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The critical Section is the smaller of: 

mlwd

controlmHwstoryheigh

m
hw

m
lw

96.420.68.08.0

30.3)(

65.10
2

30.21

2

10.3
2

20.6

2











 

        
 

 
√      

                          √                              

 

  is the smallest of :  
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√                           

 

 

           √      
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 *    √   
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Vu = 374KN< 2

1

*0.75*935.25 = 380.8 KN       No need reinforcement 

 

- Minimum shear reinforcementis required: 

Take   = 0.0025 

 

- Maximum spacing is the least of : 

 

5

Lw

 = 
5

6200
 = 1240mm 

3*h = 3*250 = 750mm 

450 mm ……. Control 

 

Try ϕ12 (As = 113.1 mm2) for two layers 
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  = 2*Sh

Avh

 = 
2*250

1.113*2

S
 = 0.0025 

S2 = 455.1mm   ,    ϕ12@250 mm  

 

→useϕ12 @250mm  in two  layer  

 

3430
20.6

30.21


w

w

L

h
mm 

3

Lw
 = 

3

6200
 = 2066.67mm 

450 mm ……. Control 

 

3*h = 3*250 = 750mm 

Anv=0.0025*S*h 

Try Ф 12 (As = 113.1 mm2) 

113.1*2=0.0025*S*250 

S=452.4 

Select Ф 12 @250mm In tow layer. 

    (
    

   
)                     
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 (
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Select Ф 12 @250mm for vertical reinforcement
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4.11 Design of Mat Footing  

Design done by using SAFE. 

4.11.1 Load calculation: 

Density of soil = 18KN/   

Allowable soil pressure = 200kN/m2 

Fc'= 24Mpa 

Fy= 420 Mpa 

Cover= 7.5 cm 

Take the reaction of columns and walls from ETABS. 

 

4.11.2 Determine the soil pressure: 

 

 
Figure (4-21): Soil pressure diagram 

 

 

Subgrade Modulus of soil = 120*200 = 24000KN/   

 

From column group 3:- 

DL= 923.96 KN 

LL= 518.37KN 

Factored load = 1975.14kN . 

Soil weight = 18 kN/m3. 

Allowable soil pressure = 200kN/m2. 
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Fc' = 24 Mpa 

Fy = 420 Mpa 

Cover = 7.5 cm 

4.11.1Determine the net soil pressure: 

use steel bar  18 

Assume h = 70 cm ………d = 700-75-14 = 611 mm 

Weight of footing= 0.7*25= 17.5 KN/    

Weight of soil= 1*18  = 18  KN/    

Total surcharge load foundation: 

W= 17.5+18  =35.5KN/    

qall.net  =200 –35.5= 264.5 KN/    

4.11.2 : Design of the footing area:  

A=                 =                 = 7. 5    

A= b*l 

Take b= 2.80 m  

 l= 7.25/2.80= 2.6, take l= 2.80m 

qu=                  = 121. KN/  
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4.11.3 Check for one way shear: 

For X- direction 

Vu ((2.800.50)*0.5 0.611)446.22.80 

Vu 673.4  KN 

For Y- direction: 

Vu ((L  a)*0.5 d)qub 

Vu ((2.800.5)*0.5 0.611)446.22.80 

Vu 673.4  KN 

Vc,x= √        *bw*d) / 6 

= 0.75 * √   * 2800*611*10
-3

 / 6 

      = 1047.6  KN>Vux = 673.4 KN    => OK 

Vc,y= √        *bw*d) / 6 

           = 0.75 * √   * 2800*611*10^-3/ 6 

           = 1047.6 Kn>Vuy = 673.4 KN    => OK 

4.11.4 Check for two way shear: 

 

Figure (4-22):punching shear diagram 
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Vu,x = qu*(b*l - (a+d ) (c + d)) 

446.2(2.80*2.80 - (0.5) (0.5 + 0.611)) 

= 2506.7 KN. 

 

=           = 1.0 

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

bo= 2* (a+d+c+d) 

= 2 *(0.50+0.611*2+0.5) 

  = 4.444 m 

Vc the smallest of: 

     =
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4.11.5 Design for bending moment: 

 

Figure (4-23):Bending moment diagram 

 

4.11.5.1 Design flexure for long And Short direction: 

use steel bar  14 

b =2.8m   , h =550mm ,  d       

              
      

 
              

  =                =               = 20.59.  

    =               =                                      = 0.17MPa. 

  = 
 

 (  √  
      

  
)
 

   =            √                       = 0.00041 

As =   * b *d = 0.00041 * 2800 * 611 = 701.428mm2. 

                                           

Asmin = 3528 mm2 Asreq = 701.428 mm2. 

  As = Asmin = 3528  mm2. 

n=                   =               = 25 .2 
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  Use Ф18 @ 20 

                               

Step S is the smallest of 

3h = 3*550=1650mm 

450………control  

S = 91.44                 

 

Figure (4-24):Horizontal sections of mat footing 
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Figure (4-25):  Vertical sections of mat footing 
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