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Introduction 
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The Faculty of Optical and Nursing 
is located in An-Najah National 
University – Nablus, which is 
established before 11 years.  
 
This structure consists of a three 
basement floors, ground floor and  
two upper floors. The area of each 
floor is around 1242 𝑚2.  
 
 



Uses of each floor  4 

Floor Area (m2) Height (m) Use of floor 

3rd  Basement 1242 4 Instruments rooms and 

laboratory 

2nd Basement 1242 4 Laboratory and stores 

1ST Basement 1242 4 Class room and laboratory 

Ground 1242 4 Class room 

1st Floor 1242 4 Gests , class room and offices 

2nd Floor 1242 4 Offices 



Codes and Standards 

 ACI 318-08:  American concrete institute provisions 
for reinforced concrete structure design. 

 

 UBC 97:  Uniform Building Code. 
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Structural Materials :  
* Concrete properties  

Property Value Value 

Compressive 

strength (f’c) 

28 Mpa 35 Mpa 

Modulus of 

elasticity (Ec) 

24.87 * 103 Mpa 27.87* 103 Mpa 

Unit weight of 

reinforced 

concrete 

25 KN/m3 25 KN/m3 

Uses  For all elements in structure except 

columns ,shear wall, and footing  

For columns ,shear wall, and footing  
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Property Value 

Yielding strength (fy) 420 Mpa 

Modulus of elasticity (Es) 2.04 * 105 Mpa 

* Reinforcement steel  



Non-Structural Materials 7 

Material γ in KN/m3 

Masonry 27 

Mortar 23 

Block 12 

Plaster 23 

Tile 26 

Filling material 18 

Plain Concrete  23 

Reinforcement Concrete 25 



Soil properties : 

 this structure is constructed on a hard rock 

 Bearing capacity of this soil is 350 KN/m2. 
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Section in Slab 
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Superimposed Dead Load & Live Load 10 

Floor Dead Load (KN/m2 ) Live load  (KN/m2) 

3rd  Basement 4 5 

2nd Basement 4 5 

1ST Basement 4 5 

Ground 4 5 

1st Floor 4 2.5 

2nd Floor 1 10 



Preliminary Design 

11 



Slab 
The slab will be 

designed as 1-way 
and 2-way solid 
slab  

The figure shows a 
plan for one slab 
(second floor slab)  
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Slab Preliminary dimensions 

 The figure below shows a 1-D model for second floor slab   

 

 

 

 

 According to ACI table:  

 h1 (min) = Ln/24 (for one end continuous) = 3.3/24 = 137.5 mm.  

 h2 (min) = Ln/28 (for two end continuous) = 4.95/28 = 176.7 mm.  

 So, h min = 176.7 mm 

 We take h=200 mm  
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The table shows the selected thickness for each slab  

Slab Thickness 

  

Slab 1 (second floor) 

200 mm 

  

Slab 2 (first floor) 

200 mm  

  

Slab 3 (Ground floor) 

200 mm 

  

Slab 4 (first basement floor) 

250 mm  

  

Slab 5 (second basement floor) 

250 mm  

  

Slab 6 (third basement floor) 

250 mm 
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Beam Preliminary dimensions 

 
The figure bellow shows a 1-D model for second floor slab   
 

 According to ACI table:  

 H min 1 = 
6.55

18.5
 = 0.354 m 

 H min 2 = 
12.650

21
 = 0.602 

 We will take H= 800 mm  
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Check for serviceability: 
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The maximum deflection on the beam: 

Δ𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 = 
L

240 
          ACI 318-08 Table 9.5 (b) maximum deflections  

Δ𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 = 
12.625

240 
 = 52.6 mm 

Total long-term deflection: 
Δ= 1.5 Δ𝑙𝑖𝑣𝑒 + 2 Δ𝑑𝑒𝑎𝑑 = 13.875 mm  
 



The preliminary dimension for beams  17 

Beam  Thickness 

  

Beam 1 (for second floor) 

800 mm 

  

Beam 2 (for first floor) 

400 mm  

  

Beam 3 (for Ground floor) 

400 mm 

  

Beam 4 (for first basement floor) 

850 mm  

  

Beam 5 (for second basement floor) 

850 mm  

  

Beam 6 (for third basement floor) 

850 mm 



Seismic Load  
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 Seismic load will be calculated depending on UBC-97. 

 the location of  the structure is (Nablus) .  

 Soil type (rock) , with bearing capacity = 350 KN/m^2 

 According to Palestinian seismic map,  

 seismic zone is 2B thus the value of zone factor is (Z=0.2). 
From UBC-97 table 16-I  

  Soil classification is SB, From UBC-97 table 16-J 
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structure period: 

 T = Ct * (hn)^3/4            → UBC-97 Eq(30-8)  
 
where: hn = height of the building = 24 m  
               Ct = 0.048 

 

  T= 0.52 sec 
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Base shear 
 We use static lateral force method 

 
where V = 

𝐶𝑣 ∗𝐼 

𝑅 ∗𝑇 
 𝑊 → UBC 97 – Eq (30-4) 

 

 W = the total seismic dead load  

 R = the response modifier =  5.5 → UBC 97 – table 16-N 

 I = the importance factor = 1 → UBC 97 – table 16-K 

 CV =seismic coefficient =  0.2 → UBC 97 – table 16-R  

 →  base shear : V = 0.0687 * W 

 According to UBC →  Vmax = (2.5*Ca*I/R)W = 0.09 W  
                                      Vmin = 0.11*Ca*W = 0.022 W 
 
 Where: Ca = Seismic coefficient = 0.2 → UBC-97 table 16-Q  

 V min < (V =0.0687 W ) < V max      → OK. 
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3D Model 23 

 The structure was built using 
sap 18 program 

 

 We define all section for 
columns, beam, shear wall, slab  

 

 We put pin supports under the 
structure   



Compatibility Check  24 



Period and modal participation ratio 25 



Equilibrium Check  26 

Load type  Hand results KN  SAP results KN  Difference %  

Dead  68571 71019 3.4 

Live  33753 33856 0.3 

Superimposed  18207 18314 0.6 



Stress Strain relationship  
slab moment  

27 



Difference between 1-D and 3-D model  

% error = 
17.32−17.72 

17.72 
 * 100% = 2.3% < 10%, OK  
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Beam moments 
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% error = (
942−954.93

942
)*100% = 1.4% which is less than 10%, OK  



3.3.5 Check slab for deflection (Serviceably check):  

 

  *Actual beams deflection = total beam deflection - average axial deformation 
of columns that support the beam.  

    * Actual floor deflection = total deflection - the average axial deformation of 
the four surrounding columns.  

     * Actual slab deflection = Actual floor deflection - the average actual beams 
deflection  
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 Δ (Total dead) = 5 mm.  

 Δ (Live) = 1.9525 mm.  

 The long-term deflection  = 13.928 mm.   

 The allowable deflection = L/240 = 4.35/240 = 0.018125 m=18.125 mm  

 12.928 < 18.125, OK  
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Columns Design  

 In this project, columns will be classified as group 
according to the range of axial load. All columns of 
the building are assumed as squares (40 *40) cm 
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34 

Group 

number  

Column number  Axial force 

range  

KN  

Critical columns  

1  C31,C32,C33 400-1000 C33=659 KN 

2  C1,C3,C4,C5,C6,C7,

C9,C10,C11 

C22,C24,C25,C26,C

27,C28,C29,C30 

1000-2000 C22=1752 KN 

3  C2,C8,C12,C13,C14,

C15,C16,C17 

C18,C19,C20,C21,C

23 

2000-3000 C18=2939 KN 



 Columns are classified into short and long columns according 
to the effect of buckling on each type 

 

 All columns are short columns , and we used the below 
equation according to ACI 318 to  check the columns for 
buckling  

  
𝐾 𝐿𝑢

𝑟
 ≤ 34 – 12(M1/M2) 

 

 For design the columns we take a critical column for each 
group and design it  
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 For computing gross area of the columns, we assume Pu= Ø Pn 

 Ø Pn = Ø 𝜆 (0.85*f’c(Ag-As) + As (Fy)) 

 Ø Pn: Capacity of column in compression axial force. 

 ∅: 0.65 for tied columns and 0.75 for spiral columns. 

 𝜆: 0.8 for tied columns and 0.85 for spiral columns. 

 𝐴𝑔: Gross sectional-area of the column. 

 𝐴𝑠: Area of longitudinal steel → As = ρ Ag → assuming ρ=0.01 then 
As=0.01Ag 

 𝑓𝑐′: Concrete compression capacity in MPa. 

 𝑓𝑦: Steel yielding strength in MPa 
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columns design values  

Group  

# 

Critical 

Column # 

Pu 

KN 

Ag 

mm2 

Dimension  

mm 

As 

mm2 

Reinforcement 

  

Ties 

mm 

  

1 

  

C33 

  

659 

  

40285 

  

300*300 

  

900 

  

8 Ø 14 

  

2Ø10/250 

  

2 

  

C22 

  

1752 

  

107600 

  

400*400 

  

1600 

  

8 Ø 16 

  

2Ø10/250 

  

3 

  

C18 

  

2939 

  

167942 

  

450*450 

  

2500 

  

8 Ø 18 

  

2Ø10/250 
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Foundation design  

 Bearing capacity of the soil is 350 KN/m2. 

 

 we design all footing as single, combined and wall footing.  

 

 We have three group of single  footing according to the axial 
load on columns, the group of foundation are the same of 
columns groups. 

 

 footing are designed as single footing, and if the areas of two 
footing interact to each other or the stress under two footing 
is more than 350 KN/m^2 they are designed as combined 
footing. 
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Single footing design     
 
Footing dimension → A = Pservice / q all   

Footing thickness: 
                 # wide beam shear  

                     Vu = qu (
𝑙−𝑐

2
 -d )  

                     øVc = ø * (1/6 ) * 𝑓′𝑐 * bw * d 

 
                   # punching shear: 
                      Vu punching = Pu – qu (c+d)^2 

                       øVcp = ø*0.33* 𝑓′𝑐 * bo * d 
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Footing  

number  

Columns 

number  

Length *width  

(m) 

Depth  

(m) 

Bottom steel  

(in each 

direction) 

Top steel  

(in each 

direction) 

 

F1 

 

C31,C32,C33 

 

1.5*1.5 

 

0.4 

 

1Ø14 /200 mm 

 

1Ø14 /200 mm 

 

F2 

C1,C3,C4,C5,C6,C7,C9,C10,

C11,C22,C24,C25,C26,C27,

C28,C29,C30 

 

2*2 

 

0.5 

 

1Ø16 /200 mm 

 

1Ø14 /160 mm 

 

F3 

 

C2,C8, C23 

 

2.6*2.6 

 

0.7 

 

1Ø22 /140 mm 

 

1Ø12/150 mm 

 



F2 design  42 



Combined Footing Design  

 We design 2 footing as combined footing  
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Footing  

number  

Columns number  Length (m) Width (m) Depth (m) 

  

F4 

  

C12-C13 

  

4 

  

3.3 

  

0.8 

  

F5 

  

C14-C15 

  

4.3 

  

3 

  

0.7 



F4 Design  44 



Shear wall and wall footing  45 



Thank You For Listening  
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