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1  Introduction: 

The project consists of three residential stories and as shown below. 

  

 

 

 

2  Materials: 

      Introduction: 

The design was prepared considering the following Materials like reinforcement  steel and Concrete  

Material characteristics: 

The modulus of elasticity is based on the cylinder strength of the concrete based on the formula from the 

ACI 318-08 
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TABLE:  Material Properties - Summary     

Name Type E ν 
Unit 

Weight Design Strengths 

    kN/m²   kN/m³   

FY400 Rebar 200000000 0.3 76.9729 Fy=400000 kN/m² 

F'c=25MPa Concrete 23500000 0.2 25 Fc=25000 kN/m² 

F'c=30Mpa Concrete 25743000 0.2 25 Fc=30000 kN/m² 

      

      
 

TABLE:  
Material List 
by Element 
Type   

Element Type Material 

    

Foundation F'c=25MPa 

Column F'c=30Mpa 

Beam F'c=25MPa 

Floor F'c=25MPa 

 

 

 

 

 

 

 

3 Loads: 

         Introduction: 

For the structural design of this building Dead , super dead loads  

(walls+ finishes), Live loads and their combinations have been used 

3.1 Static load cases: 
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TABLE:  Load Patterns 

Name Type Self Weight Multiplier 

DL Dead 1 

LL Live 0 
 

 

3.2 Load Combination: 
 

TABLE: designing  Load Combinations    

Name LOAD Type 

MAIN 1.4DL+1.7LL Linear Add 

CLASSIC DL+ LL Linear Add 

EX1P 1.4 DL +1.1EX1+0.55LL Linear Add 

EX1N 1.4 DL -1.1EX1+0.55LL Linear Add 

EX2P 1.4 DL +1.1EX2+0.55LL Linear Add 

EX2N 1.4 DL -1.1EX2+0.55LL Linear Add 

EY1P 1.4 DL +1.1EY1+0.55LL Linear Add 

EY1N 1.4 DL -1.1EY1+0.55LL Linear Add 

EY2P 1.4 DL +1.1EY2+0.55LL Linear Add 

EY2N 1.4 DL -1.1EY2+0.55LL Linear Add 

EXX1P 0.89 DL +1.1EX1 Linear Add 

EXX1N 0.89 DL -1.1EX1 Linear Add 

EXX2P 0.89 DL +1.1EX2 Linear Add 

EXX2N 0.89 DL -1.1EX2 Linear Add 

EYY1P 0.89 DL +1.1EY1 Linear Add 

EYY1N 0.89 DL -1.1EY1 Linear Add 

EYY2P 0.89 DL +1.1EY2 Linear Add 

EYY2N 0.89 DL -1.1EY2 Linear Add 

 

 

 

3.3 Loads on various areas 

 

Area  Value (KN/m2)  Area  Value (KN/m2) 

Terrace  LL=3 & SDL=3 Bed room LL=2 & SDL=2 

Stair case LL=3 & SDL=4 
Dressing  
room 

LL=2 & SDL=2 
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4  Model Description: 

 Introduction 

For the detailed analysis of the building a structural model has been made  of the Chalet. The model is used to  

retrieve results for all the structural elements of the building. 

4.1   Procedure: 

The following procedure has been followed for all the elements analysis in Etabs: 

1. Build 3D model 

2. Define all slabs, beams and walls 

3. Reduce element stiffness appropriately. 

4. Define element releases, support conditions etc. 

5. Define loads (Section 3.1) 

a. Self-weight (SW) 

b. Dead Load (DL) 

c. Live Load 

6. Design elements ( floors, beams and columns) 

 

4.2 Model: 

The finite element models are built using Etabs 2016 ver16.0.0 (Fig 1). The model was built as a 3D model  

The following model files are used: 

BUILDING(8).EDB 



Revision 1        Residential building 
 

7 

 

 

 

Fig (1): 3D Model 

 

 

Frame elements are used for all beams & columns, and shell elements are used for slabs. The shell elements 

have a constant thicknesses throughout which are defined in the next table. 
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TABLE:  
Shell 
Sections - 
Slab           

Name Material 
Slab 
Type Element Type Slab Thickness One-Way Load Distribution? 

        cm   

S10 F'c=25MPa Uniform Shell-Thin 10   

S12 F'c=25MPa Uniform Shell-Thin 15   

S20 F'c=25MPa Uniform Shell-Thin 20   

 

 

 

Beam Elements  sections are defined as next depending on framing plans in Etabs as figures (2 to 4 )  

 

 

 

 

 

 

 

 

 

 

 



Revision 1        Residential building 
 

9 

 

 

Fig (2): Ground Floor Framing Plan 
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Fig (3): first Floor Framing Plan 
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Fig (4): second Floor Framing Plan 
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5  Sections Analysis: 

Introduction 

After retrieving all element results from the structural model, every element in the building can be checked 

against the relevant combinations of loads. For the different elements the capacity is calculated and compared 

to the actual combination of section forces as found in the model 

5.1 General methodology for slabs, beams and walls 

As a tool to check the floor slabs, walls and beams in the building , they have to be compared with maximum 

capacity of the section  which calculated as following depending on ACI 318-08: 

5.1.1 Design of Flexure: 

 

Section at Balance case: 

 

 

 

 

 

 

Singly Reinforced  Section  (Tension-Controlled Section) 
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Doubly Reiforced  Section ( Tension –Controlled Section) 
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5.1.2 Design of Shear: 

 

  Concrete shear strength  

 

Check sufficient of section  

 

5.1.3 Design of Torsion: 

              

Threshold torsion 

 

 

    Check sufficient of section size 

 

 

5.1.4 Deflection: 

*Maximum Allowable Deflection  

Immediate deflection due to live load    

 

Total deflection due to sustained loads and additional live load 
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5.2 Floor Slabs:  

There are two types of slabs, which are one way solid slab and two way solid slab. 

All slabs have been checked according to the steps described in Paragraph 5.1,  

Slabs elastic deflections is under service loads and Moment diagrams under factored loads are clarified on 

figures (5 to 13) depending on ETABS 2016 Results as next 

 

 

Fig (5): Ground Floor Deflection Contour (mm) 
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Fig (6): Ground Floor Moment Diagram-M11 (t.m/m) 
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Fig (7): Ground Floor Moment Diagram-M22 (t.m/m) 
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Fig (8): First  Floor deflection contour - (mm) 
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Fig (9): First Floor Moment Diagram-M11 (t.m/m) 
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Fig (10): First Floor Moment Diagram-M22 (t.m/m) 

 

Fig (11): Second Floor Deflection contour  (mm) 
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Fig (12): Second Floor Moment Diagram-M11 (t.m/m) 
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Fig (13): Second Floor Moment Diagram-M22 (t.m/m) 

5.3 Beams: 

      All beams are designed and checked according to the same procedures, which are very similar to the 

      procedures followed for the floor slabs as per Paragraph 5.1. 

Beams Moment and shear diagrams are clarified on figures (14 to 19)   depending on Etabs Results as next 
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Fig (14): Ground Floor Beam Moment diagram (M3-t.m) 
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Fig (15): Ground Floor Shear diagram (Shear2-2-t) 
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Fig (16): 1st  Floor Beam Moment diagram (M3-t.m) 
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Fig (17): 1st  Floor Shear diagram (Shear2-2-t) 
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Fig (18): 2nd  Floor Beam Moment diagram (M3-t.m) 

 

 

 

 

 

 



Revision 1        Residential building 
 

28 

 

 

Fig (19): 2nd  Floor Shear diagram (Shear2-2-t) 
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5.4 Columns  

The columns & walls sections are designed in Etabs Model, and The following column & Walls sizes in 

figures (20 to 30), reinforcement are used throughout in the building. Please refer to the structural plans 

and sections for locations. 

 

 

 

 

 

 

Fig (20): Columns on grid A dimensions (cmXcm)& Column P-M-M interaction Ratio 
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Fig (21): Columns on grid B dimensions (cmXcm)& Column P-M-M interaction Ratio 
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Fig (22): Columns on grid C dimensions (cmXcm)& Column P-M-M interaction Ratio 
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Fig (23): Columns on grid D dimensions (cmXcm)& Column P-M-M interaction Ratio 
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Fig (24): Columns on grid E dimensions (cmXcm)& Column P-M-M interaction Ratio 
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Fig (25): Columns on grid F dimensions (cmXcm)& Column P-M-M interaction Ratio 
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Fig (26): Columns on grid G dimensions (cmXcm)& Column P-M-M interaction Ratio 
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Fig (27): Columns on grid H dimensions (cmXcm)& Column P-M-M interaction Ratio 
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Fig (28): Columns on grid I dimensions (cmXcm)& Column P-M-M interaction Ratio 
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6  Ground Works: 

Introduction 

For ground works the results from the Safe ver 16.0.0 model have been used to check the foundation according 

to provided soil investigation report (Bearing Capacity 40 t/m2), The capacity of the foundation elements is 

compared to the resulting loads and the foundation is designed accordingly. 

6.1 foundation   

Foundations  are  isolated with thickness = 50cm  

(Fig 31), Please refer to the structural plans and sections for locations. 

 

Design for flexure under combination of factored loads, where figures (33 & 34) are clarifying bending moments 

in the foundations.   
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Fig (31): Foundations Thicknesses (cm) 
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Fig (32): FOUNDATION Soil Pressure (t/m2) 

 

 

Fig (33): FOUNDATION Moment M11 (t.m/m): 
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Fig (34): FOUNDATION Moment M22 (t.m/m): 
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