


 The Gateway Building is a multi-functional 

structure located in Ramallah, Al-Irsal ST. 

 

 Number of stories is 13, of which are: 

• 4 basement floors. 

• 2 floors serving as store spaces. 

• 5 floors serving as office spaces. 

• 2 uppermost floors serving as restaurants. 

 

 Total area of the building is 14,000 Sq. meters. 



 All floors have a height of 3 meters each. 

Total height of the building is 42 meters. 





4th Basement floor plan 



Upper stories plan 





• The purpose of this project is to provide 

analysis and design for both static and 

dynamic loads. 

• Static loads investigated include self-

weight of the building, live loads and 

lateral backfill pressure. 

• Dynamic loads considered result from 

potential earthquakes. 



• The goal is to use reinforced concrete to 

resist forces and fulfill both safety and 

economy. 

• As per dynamic loads, the goal of design 

is to prevent any threat to life. Plastic 

deformations may occur but will not affect 

life safety. 



• Analysis and design are carried out using 
ETABS 2013 and SAFE V12. 

 

• ETABS 2013 is used to create the 
numerical model and provide reinforced 
concrete design for columns and walls. 

 

• SAFE V12. is used for designing slabs and 
the foundations. 



• Codes used in Analysis and design 



• Materials Used: 

All materials are linear, elastic and isotropic 



 The design loads are: dead, superimposed, lateral 
earth pressure, snow and live loads. 

 

 Dead load is the self weight of structural elements. 

 

 Snow load is calculated assuming a potential snow 
height of 70cm with snow density of 300 kg/cubic 
meters. 

 

 Superimposed, lateral earth pressure and live loads 
comply with the ASCE code. Each floor carries a load 
according to its function. 



• For lateral earth force, the backfill soil is 

silty gravels with a design lateral load 

value of 5.50 kN/m2 per one meter of 

depth. (ASCE Table 3.2-1) 





• Load Combinations Used: 

Comb5 is used for design 



• Soil Conditions: 

   The Structure is built on rock that has a 

bearing capacity of 250 kN/m2. Soil is 

treated at linear and elastic material. 



• ETABS 2013 is used to create the building 

model. This version is the latest one that 

CSI Berkley has produced. 

 

• The model is three-dimensional and finite-

element based. 



 Model is created in partial conformity with the 
original architectural plans. 

 

 The main challenge is eliminating some columns 
that were deemed superfluous, thus having 
longer span lengths. 

 

 Metric SI units are used in the model. 

 

 Both Cartesian and cylindrical grid-systems are 
used in the model.  









• Two types of elements are used in the 

model: 

 

– The frame element, used to model columns. 

 

– The shell element, used to model  the mat 

foundation, walls and slabs. 



 The frame element:  

 

• modeled as a straight line connecting two 

points. 

• Activates six degrees of freedom at both of its 

joints (three translational and three rotational)  

• Includes the effects of biaxial bending, torsion, 

axial deformation and biaxial shear 

deformations. 



Frame element local axes 



• Frame elements used in the model: 

 

Columns at the base have pin connections, and also have rigid 
connections with the slabs 



 Soil Springs: 

• Soil is modeled as springs with stiffness in the 

Z-direction. Stiffness in X and Y is zero.  

 
• Spring stiffness= 40*safety factor*soil allowable pressure 

                               = 40*2.5*250 = 25000 kN/cubic-meters 

 

• Soil property is assigned to all shell elements that 

compose the mat foundation. 



• The Shell Element: 

– An area element that requires 3 nodes at 

least. 

 

– Most shell-elements in the model have 4 

nodes, 3-noded elements were used at some 

locations. 

 

– Does not have to be planar. 



Each node has 6 DOF’S 

Combines both in-plane 
and out-of-plane behavior 

Shell-elements used are 
thin; means we neglect 

shear deformations 



 Local axes of shell-elements were made 

uniform, this facilitates load assignment and 

retrieving analysis results (forces and stresses) 



• The Mat Foundation: 

 

– Modeled using shell elements. 

 

– Has a thickness of 25cm with 60cm drop 

panels. 

 

– Concrete used has f’c= 35 Mpa. 





 Exterior walls: 30cm, 

resisting backfill forces. 

 Interior walls: 20cm, 

acting as elevator cores 

and staircases. 

 Are pin-connected at the 

bottom. 

 Doors and windows are 

accounted for as 

openings.  



 

RAMPS 

 

 Thickness of 25cm. 

 

 Adequately 

connected with 

surrounding walls 

 

 Modeled as shell 

elements. 



Ramp-wall connection through nodes 



STAIRS 

 

 Modeled as shell elements. 

 

 Have thickness of 20cm. 

 

 Adequately connected with slabs, 

and having no connection with 

surrounding walls. 



 

SLABS 
 

 Modeled as shell 

elements. 

 

 Have thickness of 25cm. 

 

 Adequately connected 

with walls. 



• Bottom floor is created with high accuracy. 

 

• Upper floors are not replicated until the single floor is 
checked against errors. 

 

• Errors are checked using ETABS 2013 “Model Check 
Option” that checks area overlaps and nodes 
connection. 

 

• A “RUN” is carried out for the single-story model, if 
there are errors, they had to be corrected, then upper 
stories were replicated.  



• Types of errors encountered: 

– “Lost digits of accuracy”, mostly to 6 or 7 
digits. This was treated by carefully 
connecting elements through nodes and by 
avoiding ill-conditioned angles. 

 

– “Instability”, means that ETABS cannot solve 
matrices due to singular matrix formation. This 
means the whole structure or some elements 
are unstable. 



• Using the law of equilibrium, we applied 

100kN test point load at some location in 

the model in the 3 directions. 

 

• ETABS output for the base reactions: 



• All slabs having the same load values are 

selected together, then load is assigned as 

an area uniform load in the gravity 

direction, except for basement walls, were 

backfill load is applied in the negative 

local-3-direction. 



• Punching shear is a concern, so it was 

checked in the preliminary stage of design. 

• Punching shear is checked using SAFE 

V12. 

• SAFE uses the following equation:  



• Concrete shear capacity is checked against 
ultimate shear stress. 

 

• Vc= 1/3 *√f’c *b◦*d , where b◦ is effective perimeter of 
the section. 

 

• Punching shear ratio is Vu/ Vc. 

 

• This ratio should be less than one, otherwise, drop 
panels should be added. 





• Preliminary design of slabs required the 

use of drop panels with 40cm thickness for 

all slabs except the basements. This is 

necessary for resisting punching shear. 



• Maximum slab deflection is found using 

SAFE. It has found that maximum 

deflection occur at the longest span of 

length 11.3 meters. 





• Column Design: 

– Multiple concrete sections were added to ETABS. 

Largest is 80x80cm and smallest is 30x30cm.  

– The selected concrete frame sections were 

added to an “auto-select” list. 

– The main goal of this is: 

• Optimization: selecting minimum dimensions to resist 

loads. 

• Uniformity: keeping number of section to a minimum to 

ease the construction process. 





Forces in some columns in the 4th basement 







• The governing forces in walls are M22 and V23. 

 

• Maximum M22 value found = 115 kN-m/m. 

 

• Maximum V23 value found = 128 kN-m/m.  

 

• These values occur at the bottom of the wall. 



Basement walls are supported by slabs 



M22 diagram for external wall 

This equation provides a steel ratio of 

0.31% for the maximum bending 
value. 





• The “Uniform” reinforcement option is 

chosen in ETABS 2013, means that steel 

ratio is constant along the wall. 

 

• Rebar preferences are selected in ETABS 

in order to generate steel detailing. 







• Slabs are designed using SAFE V12. 

 

• SAFE finds forces acting on slab strips, 

provides reinforcement ratios and rebar 

detailing. 

 

• Design is based on the Ultimate Method 

and complies with ACI 318-08 Code. 







B4 Slab forces 



• Using service combination D+L, the base 

reaction is equal to 162,500 kN. 

 

• Area of foundation= 162,500 kN/ 250 kN/m2 

                                 = 650 sq meters. 

 

• Punching shear required increasing drop panel 

thickness from 60cm to 120cm. 

              



Soil pressure values are 
below the maximum 
allowable limit of 250 
kN/m2. 

 
No uplift force was found. 

 
 

 
 
 





 We want to investigate the dynamic behavior 

of The Gateway Building, then re-design the 

structural elements. 

 

 The UBC-97 Code is used for earthquake 

analysis and design. 

 

 The purpose of design is to maintain life 

safety under potential earthquakes. 



 Geology: 
• The building is located in Ramallah and is 

built on a rock layer. 

 

• This zone is classified as 2A, which is 
considered a moderate-risk zone. 

 

• Ca and Cv are both equal to 0.15. 

 

• Soil is classified as SB. 



• Seismic Zone Factor Map: 



• Modal Analysis: 
– Eigenvector modal analysis is used to determine the 

vibration modes of the structure. 

– Available modes are equal to the number of mass 
degrees of freedom in the structure, but we are 
interested in the first modes only. 

– Modal analysis results are reported as Eigen-values. 

– An Eigenvalue is the square of the circular frequency 
(ω). 

ω= sqrt(K/M) 
Where K is stiffness and M is mass. 



 The mass participating in the dynamic behavior 

of the structure comprises of self-mass of the 

structure plus superimposed dead load and a 

portion of live load; 0.3. 





• The UBC-97 code states that at least 90 % of the 

participating mass of the structure is included in the 

calculations for each principal horizontal direction. 

 

• 20 modes had to be investigated in order to satisfy this 

code requirement. 



• Equivalent Lateral Load Method: 

– This method replaces dynamic loads with 

equivalent static loads. 

– ETABS 2013 is used to find these loads, using 

the following input: 

T, structure’s SDOF period (sec) 
R, Overstrength factor. 
SB: soil profile type for rock. 
Ca: Seismic acceleration factor. 
Cv: seismic velocity factor. 
I: importance factor. 



• UBC-97 has an equation to estimate T: 

 

 Ct= 0.03 

  hn= 140 (building height in feet). 

   So, T= 1.22 seconds 

 

 
ETABS 2013 result for T is 1.1 sec which is not significantly 

different than UBC-97 equ. Result. 
 



• R, overstrength factor: this factor 

considers ductility of the lateral-force 

resisting systems. 

 

• For concrete shear walls R=4.5 

 

• R factor reduces the design forces. 



• ELL in the X-direction 



• ELL in the Y-direction 



• Response Spectrum Analysis: 

• ELLM may be not enough to predict lateral 

forces specially for irregular structures. 

 

• Response spectrum analysis utilizes the peak 

dynamic response of all effective modes. 

 

• The RS curve is taken from the UBC-97 Code for the 

location studied in this project. 





• Modal combination had to be defined because 

peak responses occur at different times. 

 

• CQC (complete quadratic combination) method 

is used for modal combination. 

 

• For directional combination, the SRSS (Square 

Root of the Sum of the Squares) 



• Response spectrum curve is scaled up by a 
factor. 

• Scaling factor= ELLM force/RS force 

 

• RS in X-direction is scaled by 2.7 

• RS in Y-direction is scaled by 2.8 

 

• The scaling procedure is taken from the 
UBC-97 code. 

 



Response Spectrum story shears due to scaled RS curve 





• Story Drifts: 
– The lateral displacement of one level of a 

multistory structure relative to the level below. 

 

– UBC-97 limits inelastic drift to a maximum of 
0.02. This if for building with period greater than 
0.7 seconds. 

 

– Design level drift ratio ΔRS  = (Δ2 – Δ1)/h 

 

– Inelastic drift ratio = 0.7*R* ΔRS  

 

 



Story Drift X 
(mm) 

Drift Y 
(mm) 

Drift Ratio 
X 

Drift Ratio 
Y 

 

Stair Case 0.9 2 0.0003 0.0007 

Roof2 1.3 2 0.0004 0.0007 

Roof1 1.5 2.2 0.0005 0.0007 

F5 1.5 2.3 0.0005 0.0008 

F4 1.5 2.3 0.0005 0.0008 

F3 1.5 2.2 0.0005 0.0007 

F2 1.5 2.1 0.0005 0.0007 

F1 1.4 2 0.0005 0.0007 

MEZZANINE 1.3 1.8 0.0004 0.0006 

GF 1 1.3 0.0003 0.0004 

B1 0.3 0.4 0.0001 0.0001 

B2 0.2 0.3 0.0001 0.0001 



• Max. inelastic drift ratio= 0.7*0.0008*4.5 

                                        = 0.003 << 0.02 

 

• Drift ratio are within the allowable limit 

according to the UBC-97 code. 



• Mat foundation design: 

– Lateral forces resulted in soil pressure that 

exceeded the maximum allowable, uplift 

forces were found as well. 

Mat thickness is increased to 60cm, uplift forces are gone 
and the pressure on soil is within the allowable limit. 



• Slabs Design: 

– Slabs thickness of 25 cm is adequate for 

resisting both static and dynamic forces. 

– For static loads design, all slabs required 

40cm drop panels except for the basement 

slabs. 

– Under dynamic loading, all slabs required 

drop panels for resisting punching shear. 





• Mat foundation thickness is 60cm with 120-
cm drop panels under columns. 

 

• Largest column section used is 80x80cm, 
and the smallest is 30x30cm. 

 

• Underground external walls have a thickness 
of 30cm, while interior walls that serve as 
staircases and elevator cores have 20cm 
thickness 

 

 



• All slabs have thickness of 25cm and drop 

panels protruding 15cm below slab. 

• Maximum inelastic story drift ratios are 

within allowable limits. 

• Local failures in some structural elements 

may occur, but this cannot be determined 

using this type of analysis. Performance- 

based analysis could be used. 



 Flat-plate slab systems are very efficient and can be used for 
relatively long spans in commercial buildings. This practice is 
proven by eliminating numerous columns that were considered 
superfluous. 

  Column-drop panels are good for both increasing punching 
shear capacity of the section and for negative moment 
resistance. They have also been found to reduce deflection along 
the span. 



 For numerical modeling, the shell-element is 

best used for modeling shear walls and slabs for 

they take into consideration both in-plane and 

out-of-plane bending behavior in addition to axial 

forces. 

 The soil supporting the structure did undergo 

excessive pressures and tensile forces at some 

locations due to the lateral forces induced by the 

earthquake, therefore, the mat thickness had to 

be doubled. 


