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Seismic Forces- Methods of analysis

• Equivalent static method: the seismic force effect on the
structure can be translated to equivalent lateral force at the
base of the structure which can be distributed to different
stories and thus to the vertical structural elements (frames
and/ or shear walls)
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• Dynamic analysis: the analysis shall be based on an
appropriate ground motion representation and shall be
performed using accepted principles of dynamics. The main
methods of dynamic analysis are response spectrum analysis
and time- history analysis
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• Response spectrum analysis: an elastic dynamic analysis of a
structure utilizing the peak dynamic response of all modes
having a significant contribution to total structural response.
Peak modal responses are calculated using the ordinates of
the appropriate response spectrum curve which corresponds
to the modal periods. Maximum modal contributions are
combined in a statical manner to obtain an approximate total
structural response

Hatem Alwahsh



• Time history analysis: an analysis of the dynamic response of
a structure at each increment of time when the base is
subjected to a specific ground motion time history
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Selection of Analysis Method (UBC 97 specifications):

1. Any structure may be, and certain structures defined below
shall be, designed using dynamic lateral-force procedures; 
methods.

2.  Static method:  The static lateral force procedure of Section 
1630 in UBC 97 may be used for the following structures:
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Static method:

a) All structures, regular or irregular, in Seismic Zone 1 and in 
Occupancy Categories 4 and 5 in Seismic Zone 2.

b) Regular structures under 240 feet (73 152 mm) in height 
with lateral force resistance provided by systems listed in 
Table 16-N, except where Section 1629.8.4, Item 4, applies 
(point d below).
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Static method:

c) Irregular structures not more than five stories or 65 
feet (19 812 mm) in height.

d) Structures having a flexible upper portion supported 
on a rigid lower portion where both portions of the 
structure considered separately can be classified as 
being regular, the average story stiffness of the lower 
portion is at least 10 times the average story stiffness 
of the upper portion and the period of the entire 
structure is not greater than 1.1 times the period of 
the upper portion considered as a separate structure 
fixed at the base.
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Selection of Analysis Method (UBC 97 
specifications):

3. Dynamic analysis:  The dynamic lateral-force 
procedure of Section 1631 of UBC 97 shall be 
used for all other structures, including the 
following:
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Dynamic analysis:

a. Structures 240 feet (73 152 mm) or more in 
height, except as permitted by Section 
1629.8.3, Item 1 (point a in step 2).

b. Structures having a stiffness, weight or 
geometric vertical irregularity of Type 1, 2 or 
3, as defined in Table 16-L, or structures 
having irregular features not described in 
Table 16-L or 16-M
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Dynamic analysis:

c. Structures over five stories or 65 feet (19 812 
mm) in height in Seismic Zones 3 and 4 not 
having the same structural system 
throughout their height except as permitted 
by Section 1630.4.2 (some specifications 
dealing with story stiffnesses).
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Dynamic analysis:

d. Structures, regular or irregular, located on 
Soil Profile Type SF, that have a period greater 
than 0.7 second. The analysis shall include 
the effects of the soils at the site and shall 
conform to Section 1631.2, Item 4(Possible 
amplification of building response due to the 
effects of soil-structure interaction and 
lengthening of building period caused by 
inelastic behavior shall be considered)
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Regular and irregular structures:

• Regular structures:  
Regular structures have no significant physical 
discontinuities in plan or vertical configuration 
or in their lateral-force-resisting systems such as 
the irregular features described in UBC 97 
Section 1629.5.3.
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Regular and irregular structures:

• Irregular structures: 
1. Irregular structures have significant physical 

discontinuities in configuration or in their 
lateral-force-resisting systems. Irregular features 
include, but are not limited to, those described 
in Tables 16-L and 16-M. All structures in 
Seismic Zone 1 and Occupancy Categories 4 and 
5 in Seismic Zone 2 need to be evaluated only 
for vertical irregularities of Type 5 (Table 16-L) 
and horizontal irregularities of Type 1 (Table 16-
M).
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Irregular structures: 

2. Structures having any of the features listed in 
Table 16-L shall be designated as if having a 
vertical irregularity.

EXCEPTION: Where no story drift ratio under design 
lateral forces is greater than 1.3 times the story drift 
ratio of the story above, the structure may be 
deemed to not have the structural irregularities of 
Type 1 or 2 in Table 16-L. The story drift ratio for the 
top two stories need not be considered. The story 
drifts for this determination may be calculated 
neglecting torsional effects.
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Irregular structures:

3. Structures having any of the features listed in 
Table 16-M shall be designated as having a 
plan irregularity.
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Equivalent lateral force method 
(Static Method)- UBC 97:
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Equivalent lateral force method 
(Static Method)- UBC 97:
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Equivalent lateral force method 
(Static Method)- UBC 97:

Where: 
• Z= seismic zone factor, Table 16-I
• I= importance factor, Table 16K
• R= numerical coefficient representative of the 

inherent over strength and global ductility 
capacity of lateral- force- resisting systems, Table 
16-N

• Ca=acceleration seismic coefficient, Table 16-Q
• Cv= velocity seismic coefficient, Table 16-R
• Nv= near source factor, Table 16-T
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Equivalent lateral force method 
(Static Method)- UBC 97:

Where: 
• W= the total dead load and applicable portions of 

other loads listed below:
1. In storage and warehouse occupancies, a minimum of 

25% of the floor live load shall be applicable
2. Design snow loads of 1.5kN/m2 or less need not be 

included. Where design snow loads exceed 1.5 kN/m2, 
the design snow load shall be included

3. Total weight  of permanent equipment shall be 
included
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Soil profile type:

Soil Profile Types SA, SB, SC, SD and SE are defined 
in Table 16-J and Soil Profile Type SF is defined as 
soils requiring site-specific evaluation as follows:
1. Soils vulnerable to potential failure or 

collapse under seismic loading, such as 
liquefiable soils, quick and highly sensitive 
clays, and collapsible weakly cemented soils.
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Soil profile type:

2. Peats and/or highly organic clays, where the 
thickness of peat or highly organic clay 
exceeds 10 feet (3048 mm)

3. Very high plasticity clays with a plasticity 
index, PI > 75, where the depth of clay 
exceeds 25 feet (7620 mm).

4. Very thick soft/medium stiff clays, where the 
depth of clay exceeds 120 feet (36 576 mm).
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Structure period:
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Structure period: (Method A)

Where: 
• hn= height of structure in meters
• Ct= factor given by:

Ct=0.0853 for steel moment resisting frames
Ct= 0.0731 for reinforced concrete moment 
resisting frames and eccentrically braced frames
Ct=0.0488 for all other buildings

• T= is the basic natural period of a simple one degree of 
freedom system which is the time required to 
complete one whole cycle during dynamic loading
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Structure period: (Method A)
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Structure period: (Method A)

Where:
• ω= angular frequency of the system
• m= mass of system
• k= spring constant and damping is not 

considered
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Structure period:

• Method B:
The fundamental period T may be calculated using the structural 
properties and deformational characteristics of the resisting elements 
in a properly substantiated analysis. The analysis shall be in accordance 
with the requirements of Section1630.1.2 (The mathematical model of 
the physical structure shall include all elements of the lateral force-
resisting system. The model shall also include the stiffness and strength 
of elements, which are significant to the distribution of forces, and shall 
represent the spatial distribution of the mass and stiffness of the 
structure. In addition, the model shall comply with the following:  1. 
Stiffness properties of reinforced concrete and masonry elements shall 
consider the effects of cracked sections. 2. For steel moment frame 
systems, the contribution of panel zone deformations to overall story 
drift shall be included). 
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Structure period: (Method B)
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Structure period: (Method B)

The values of fi represent any lateral force 
distributed approximately in accordance with 
the principles of Formulas stated in code 
(equations  (30-13), (30-14) and (30-15) for Ft 
and Fx) or any other rational distribution. The 
elastic deflections, δi, shall be calculated using 
the applied lateral forces, fi.
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Vertical distribution of forces:
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Vertical distribution of forces:
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Vertical distribution of forces:

Where: 
• Fx= design seismic force applied to level x, 
• Wx= that portion of weight, W located at or 

assigned to level x
• Wi= that portion of weight, w located to or 

assigned to level i
• hx, hi= height in meters above the base to level 

x or i, respectively
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Horizontal Distribution of Shear:

The design story shear, Vx, in any story is the 
sum of the forces Ft and Fx above that story. Vx
shall be distributed to the various elements of 
the vertical lateral-force-resisting system in 
proportion to their rigidities, considering the 
rigidity of the diaphragm. 
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Horizontal Distribution of Shear:

Where diaphragms are not flexible, the mass at 
each level shall be assumed to be displaced 
from the calculated center of mass in each 
direction a distance equal to 5 percent of the 
building dimension at that level perpendicular 
to the direction of the force under 
consideration. The effect of this displacement 
on the story shear distribution shall be 
considered.
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Horizontal Distribution of Shear:

Diaphragms shall be considered flexible for the 
purposes of distribution of story shear and 
torsional moment when the maximum lateral 
deformation of the diaphragm is more than two 
times the average story drift of the associated 
story. This may be determined by comparing the 
computed midpoint in-plane deflection of the 
diaphragm itself under lateral load with the 
story drift of adjoining vertical-resisting 
elements under equivalent tributary lateral load.
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UBC 97 Design response spectra 
(Dynamic analysis):
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UBC 97 Design response spectra 
(Dynamic analysis):

Figure 1: UBC 97 Design Response Spectra
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Principles of dynamic analysis-
response spectrum:

A mathematical model of the physical structure shall 
represent the spatial distribution of the mass and 
stiffness of the structure to an extent that is adequate for 
the calculation of the significant features of its dynamic 
response. A three-dimensional model shall be used for 
the dynamic analysis of structures with highly irregular 
plan configurations such as those having a plan 
irregularity defined in Table 16-M and having a rigid or 
semirigid diaphragm. The stiffness properties used in the 
analysis and general mathematical modeling shall be in 
accordance with Section 1630.1.2 
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Principles of dynamic analysis-
response spectrum:

The requirement of UBC 97- Section 1631.4.1
that all significant modes be included may be 
satisfied by demonstrating that for the modes 
considered, at least 90 percent of the 
participating mass of the structure is included in 
the calculation of response for each principal 
horizontal direction.
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Principles of dynamic analysis-
response spectrum:

For all regular structures where the ground 
motion representation complies with Section 
1631.2 Item 1 (design base shear equations), 
Elastic Response Parameters may be reduced 
such that the corresponding design base shear is 
not less than 90 percent of the base shear 
determined in accordance with Section 1630.2.
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Principles of dynamic analysis-
response spectrum:

For all regular structures where the ground 
motion representation complies with Section 
1631.2, Item 2 (structural period calculations), 
Elastic Response Parameters may be reduced 
such that the corresponding design base shear is 
not less than 80 percent of the base shear  
determined in accordance with Section 1630.2.
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Principles of dynamic analysis-
response spectrum:

For all irregular structures, regardless of the 
ground motion representation, Elastic Response 
Parameters may be reduced such that the 
corresponding design base shear is not less than 
100 percent of the base shear determined in 
accordance with Section 1630.2.
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Principles of dynamic analysis-
response spectrum:

Hatem Alwahsh



Principles of dynamic analysis-
response spectrum:
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Principles of dynamic analysis-
response spectrum:
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Principles of dynamic analysis-
response spectrum:
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Principles of dynamic analysis-
response spectrum:
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Principles of dynamic analysis-
response spectrum:
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Principles of dynamic analysis-
response spectrum:
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Principles of dynamic analysis-
response spectrum:
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Equivalent lateral force method 
(Static method)- IBC2009:

The following information related to seismic loads shall be 
stated:
1. Seismic importance factor, I, and occupancy category
2. Mapped spectral response accelerations Ss and S1
3. Site class
4. Spectral response coefficients, SDs and SD1
5. Seismic design category
6. Basic seismic- force- resisting system(s)
7. Design base shear
8. Seismic response coefficient (s), Cs
9. Response modification factor (s), R
10. Analysis procedure used
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Design parameters of equivalent 
lateral force method- IBC2009:

The design parameters that are used in this method 
are illustrated as following:
• Site class:
A classification assigned to a site based on the type 
of soils present and their engineering properties; in 
accordance with Table 1613.5.2. When the soil 
properties are not known in sufficient detail to 
determine the site class, site class D shall be used 
unless the building official or geotechnical data 
determines that site class E or F soil is likely to be 
present at the site
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Design parameters of equivalent 
lateral force method- IBC2009:

• Mapped acceleration parameters:
The parameters Ss and S1 shall be determined from the 
0.2 and 1 second spectral response accelerations shown 
on country maps
Where S1 is less than or equal to 0.04 and Ss is less than 
or equal 0.15, the structure is permitted to be assigned to 
seismic design category A
So,
S1= the mapped spectral accelerations for a 1- second 
period
Ss= the mapped spectral accelerations for short period
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Mapped acceleration parameters:
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Mapped acceleration parameters:
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Design parameters of equivalent 
lateral force method- IBC2009:

• Seismic Design Category:
Structures classified as occupancy category I, II, III that are 
located where the mapped spectral response acceleration 
parameter at 1-second period, S1, is greater than or equal to 
0.75 shall be assigned to Seismic Design Category E.
Structures classified as Occupancy Category IV that are 
located where the mapped spectral response acceleration 
parameter at 1-second, S1, is greater than or equal to 0.75 
shall be assigned to a seismic design category F. 
All other structures shall be assigned to a seismic design 
category based on their occupancy category and the design 
spectral response acceleration coefficients, SDS and SD1 as 
shown in Table 1613.5.6 (1) and 1613.5.6 (2)
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Design parameters of equivalent 
lateral force method- IBC2009:
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Seismic base shear:
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Design parameters of equivalent 
lateral force method- IBC2009:

• Effective seismic weight:
The effective seismic weight, W, of a structure shall 
include the dead load above the base and other loads 
above the base as listed below:
1. In areas used for storage, a minimum of 25% of the 

floor live load shall be included
Exceptions:
a) Where the inclusion of storage loads adds no more 

than 5% to the effective seismic weight at that level, it 
need not be included in the effective seismic weight

b) Floor live load in public garages and open parking 
structures need not be included

Hatem Alwahsh



Effective seismic weight:

2. The actual partition weight or a minimum 
weight of 0.48kN/m2 of the floor area whichever 
is greater shall be included

3. Total operating weight of permanent equipment
4. Where the flat roof snow load, Pf, exceeds 30 

psf (1.44kN/m2), 20% of the uniform design 
snow load, regardless of actual  roof slope

5. Weight of landscaping and other materials at 
roof gardens and similar area
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Effective seismic weight:
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Effective seismic weight:
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Effective seismic weight:

• Note (ASCE 7-10     12.8.1.3):
For regular structures five stories or less above 
the base and with a period T, of 0.5 seconds or 
less, Cs is permitted to be calculated using a 
value of 1.5 for Ss.
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Design parameters of equivalent 
lateral force method- IBC2009:
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Period Determination:
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Design parameters of equivalent 
lateral force method- IBC2009:
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Vertical distribution of seismic forces:

Where: 
• Cvx= vertical distribution factor
• V= total design lateral force or shear at base of 

structure
• wi and wx= the portion of the total effective 

seismic weight of the structure located or 
assigned to level i or x

• hi and hx= the height from the base to level i 
or x
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Vertical distribution of seismic forces:

Where: 
• k= an exponent related to the structure period as 

follows:
1. For structures having a period of 0.5 seconds or 

less, k=1
2. For structures having a period of 2.5 seconds or 

more, k=2
3. For structures having a period between 0.5 

seconds and 2.5 seconds, k shall be 2 or shall be 
determined by linear interpolation between 1 
and 2
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:

Where a design response spectrum is required 
and site specific ground motion procedures are 
not used, the design response spectrum curve 
shall be developed as indicated in Figure 2
below and as follows:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:

Figure 2: IBC 2009/ ASCE 7-10 Design Response Spectrum
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:

Hatem Alwahsh



IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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IBC 2009 (ASCE 7-10) Design Response 
Spectra:
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Example 1: Intermediate moment 
resisting frames lateral force resisting 

system
Figure 3 below shows the frames layout of an office building. 
Given:
• Number of stories = five
• Story height= 3.5m
• Materials: concrete cylinder compressive strength at 28 

days, f’c= 28MPa
• Steel yield strength, fy= 420MPa
• Soil: soft rock, Sc type in accordance with UBC 97 

provisions. Site class C in accordance with IBC 2009
• All columns are square with side length equals to 500mm
• All beams are 300mm section width and 600mm total 

thickness
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Example 1: Intermediate moment 
resisting frames lateral force resisting 

system
• The slab is one way solid slab of 200mm thickness
• Shear walls thickness is 250mm (Not for this example, 

used in next examples)
• The live load is 3kN/m2

• The superimposed dead load is 4kN/m2

• The perimeter wall weight is 3kN/m
• Importance factor =1 
• Zone factor: Z=0.2 in UBC 97, Ca= 0.24, Cv= 0.32 
• On lack of a map of spectral accelerations of S1 and SS, 

the following can be assumed: S1= 1.25 Z           SS= 2.5 Z  
(amendment no. 3 to SI 413 (2009) )
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Example 1: Intermediate moment 
resisting frames lateral force resisting 

system

Determine the seismic lateral forces in each 
frame at floor levels using UBC 97 and IBC 2009 
Code provisions
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Example 1: Intermediate moment 
resisting frames lateral force resisting 

system

Figure 3: Frames layoutHatem Alwahsh



Solution- UBC 97:
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Solution- UBC 97:
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Solution- UBC 97:
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Solution- UBC 97:
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Solution- UBC 97:
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Solution- UBC 97:
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Solution- UBC 97:

• Step 3: vertical distribution of base shear

Story wx (kN) hx (m) wx hx (kN.m) Fx (kN)

5 5964 17.5 104370 (5/15) V= 924

4 5964 14 83496 (4/15) V= 739

3 5964 10.5 62622 (3/15) V= 555

2 5964 7 41748 (2/15) V= 370

1 5964 3.5 20874 (1/15) V= 185

0 5964 0 0 0

313110 kN.m 2773 kN

Table 1: Distribution of forces to stories
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Solution- UBC 97:

• Step 4: horizontal distribution of story shear 
to frames

The slab is assumed to be rigid, thus the force in 
each story is distributed equally to the frames. If 
the slab is not rigid or flexible, the force in each 
story is distributed to the frames based on 
tributary area principle. Table 2 summarizes the 
force distribution to the frames in x and y 
directions.
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Solution- UBC 97:

• Step 4: horizontal distribution of story shear 
to frames

Story hx (m) Forces to frames in 

y direction

FY1 to FY6

V/6

Forces to frames in X direction

FXA , FXD

V/2

5 17.5 154 462

4 14 123 370

3 10.5 93 278

2 7 62 185

1 3.5 31 93

0 0 0 0

sum 463kN 1388kN

Table 2: Distribution of forces to frames
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Solution- UBC 97:
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Solution- UBC 97:
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Solution- UBC 97:
• Step 4: horizontal distribution of story shear to frames
Where:
• Vyi= shear force to frame i
• Vy= shear force 
• Kyi= stiffness of frame i
• Xi= distance from frame i to center of gravity of the 

floor in x- direction
• Yi= distance from frame i to center of gravity of the 

floor in y- direction
• e= eccentricity 
• Kt= torsional stiffness of resisting frames
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Solution- UBC 97:
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Solution- UBC 97:
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Solution- IBC 2009:

• Step 1: weight of the building

Total weight of one story= 5964kN

Total weight of building= 5964 x 5= 29820kN
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Solution- IBC 2009:
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Solution- IBC 2009:
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Solution- IBC 2009:
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Solution- IBC 2009:
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Solution- IBC 2009:
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Solution- IBC 2009:

• Step 3: vertical distribution of base shear

Story wx (kN) (hx )1.06 (m) wx (hx ) 1.06

(kN.m)

Fx (kN)

5 5964 20.8 124051 814

4 5964 16.4 97810 641

3 5964 12.1 72164 473

2 5964 7.9 47116 309

1 5964 3.8 22663 149

0 5964 0 0 0

363804kN.m 2386 kN

Table 3: Distribution of forces to stories
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Summary:
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Sap2000- notes- UBC 97 response 
spectra:

• Case 1: section modifiers are used
Section modifiers are used to take into account 
effective moment of inertia:
• Columns: 0.7
• Beams: 0.35
• Slabs: 0.25

Total mass= 2998 ton
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Sap2000- notes- UBC 97 response 
spectra: ( Case 1) 

Support reactions:
• Dead= 17942 kN
• Superdead= 11880 kN
• Live= 7875 kN
• Dead+ superdead= 29822 kN (29820 kN by 

hand calculations))

First mode- movement in x- direction
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Sap2000- notes- UBC 97 response 
spectra: ( Case 1) 

• Periods:
mode Period (seconds)

1 1.500391
2 1.403013
3 1.152456
4 0.457011
5 0.432011
6 0.358311
7 0.238352
8 0.23001
9 0.19331

10 0.186297
11 0.181055
12 0.17404Table 4: Structure period

The period in hand calculations is 0.625 seconds (UBC 97)
Hatem Alwahsh



Sap2000- notes- UBC 97 response 
spectra: ( Case 1) 

The mass and support reactions are equal to that in hand 
calculations
Response spectra factors: Ca= 0.24, Cv= 0.32, scale factor= 1: 
• Seismic force in x- direction= 569.21kN
• Seismic force in y- direction= 602.114kN

Response spectra factors: Ca= 0.24, Cv= 0.32, scale factor, 
gI/R= 1.784: 
• Seismic force in x- direction= 1015.47kN
• Seismic force in y- direction= 1074.172kN
The base shear in y- direction in hand calculations= 2773kN

Hatem Alwahsh



Sap2000- notes- UBC 97 response 
spectra: ( Case 1) 

• Mass participation ratios: mode period Sum ux Sum uy

1 1.500391 0.80924 4.377E-20

2 1.403013 0.80924 0.81467

3 1.152456 0.80924 0.81467

4 0.457011 0.92066 0.81467

5 0.432011 0.92066 0.9236

6 0.358311 0.92066 0.9236

7 0.238352 0.96807 0.9236

8 0.23001 0.96807 0.96885

9 0.19331 0.96807 0.96885

10 0.186297 0.96807 0.96885

11 0.181055 0.96807 0.96885

12 0.17404 0.96807 0.96885Table 5: Mass participation ratio Hatem Alwahsh



Sap2000- notes- UBC 97 response 
spectra: ( Case 1) 

• Distribution of seismic forces to stories and 
frames: Story Shear force to 

exterior frame (kN)

Shear force to 

interior frame (kN)

Total shear force for all 

frames (story shear) (kN)

5 65.86 73.23 424.64

4 103.76 113.18 660.24

3 129.34 141.47 824.56

2 152.65 166.12 969.78

1 174.18 181.43 1074.08

Story Lateral force to 

exterior frame (kN)

Lateral force to 

interior frame (kN)

Total lateral force for all 

frames (story shear) (kN)

5 65.86 (154)* 73.23 (154) * 424.64 (924) 

4 37.9 (123) 39.95 (123) 235.6 (739) 

3 25.58 (93) 28.29 (93) 164.32 (555) 

2 23.31 (62) 24.65 (62) 145.22 (370) 

1 21.53 (31) 15.31 (31) 104.3 (185) 

Table 6: Distribution of 
shear forces to frames
*values between brackets 
are from hand calculations 
Notice that the distribution 
of forces to stories is not 
linear as defined in UBC 97.
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Sap2000- notes- UBC 97 response 
spectra: ( Case 1) 
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Figure 4: Distribution of forces to stories, UBC and equivalent static 
method, section modifiers are usedHatem Alwahsh



Sap2000- notes- UBC 97 response 
spectra:

• Case 2: section modifiers are not used
• Periods:

mode Period 
(seconds)

1 1.007548
2 0.945492
3 0.78894
4 0.319625
5 0.302472
6 0.253947
7 0.177836
8 0.171018
9 0.144941

10 0.121255
11 0.120044
12 0.118572

Table 7: Structure period
The period in hand calculations is 0.625 seconds (UBC 97)Hatem Alwahsh



Sap2000- notes- UBC 97 response 
spectra: ( Case 2) 

Response spectra factors: Ca= 0.24, Cv= 0.32, scale 
factor= 1: 
• Seismic force in x- direction= 823.6 kN
• Seismic force in y- direction= 884.5 kN

Response spectra factors: Ca= 0.24, Cv= 0.32, scale factor, 
gI/R= 1.784: 
• Seismic force in x- direction= 1469.3 kN
• Seismic force in y- direction= 1578 kN
The base shear in y- direction in hand calculations= 2773 
kN

Hatem Alwahsh



Sap2000- notes- UBC 97 response 
spectra: ( Case 2) 

• Mass participation ratios:
mode period Sum ux Sum uy

1 1.007548 0.82833 0

2 0.945492 0.82833 0.8334

3 0.78894 0.82833 0.8334

4 0.319625 0.93317 0.8334

5 0.302472 0.93317 0.93651

6 0.253947 0.93317 0.93651

7 0.177836 0.97438 0.93651

8 0.171018 0.97438 0.97589

9 0.144941 0.97438 0.97589

10 0.121255 0.97438 0.97589

11 0.120044 0.99342 0.97589

12 0.118572 0.99381 0.97589

Table 8: Mass participation ratio

Hatem Alwahsh



Sap2000- notes- UBC 97 response 
spectra: ( Case 2) 

• Distribution of seismic forces to stories and 
frames: Story Shear force to 

exterior frame (kN)

Shear force to 

interior frame (kN)

Total shear force for all 

frames (story shear) (kN)

5 82.92 92.22 534.72

4 145.43 160.00 930.86

3 192.06 211.68 1230.85

2 227.04 249.78 1453.2

1 254.48 267.17 1577.64

Story Lateral force to 

exterior frame (kN)

Lateral force to 

interior frame (kN)

Total lateral force for all 

frames (story shear) (kN)

5 82.92 (154)* 92.22 (154) * 534.72 (924) 

4 62.51 (123) 67.78 (123) 396.14 (739) 

3 46.63 (93) 51.68 (93) 299.99 (555) 

2 34.98 (62) 38.1 (62) 222.35 (370) 

1 27.44 (31) 17.39 (31) 124.44 (185) 

Table 9: Distribution of forces 
to frames
*values between brackets 
are from hand calculations 

Hatem Alwahsh



Sap2000- notes- UBC 97 response 
spectra: ( Case 2) 
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Figure 5: Distribution of forces to stories, UBC and equivalent static 
method, section modifiers are not usedHatem Alwahsh



Example 2: Shear Walls Concrete 
Building Bearing System 

Hatem Alwahsh



Example 2: Shear Walls Concrete 
Building Bearing System 
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Example 2: Shear Walls Concrete 
Building Bearing System 
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Example 2: Shear Walls Concrete 
Building Bearing System 

Determine the seismic lateral forces in each 
shear wall at floor levels using UBC 97 and IBC 
2009 Code provisions.

Hatem Alwahsh



Example 2: Shear Walls Concrete 
Building Bearing System 

• Seismic Load:
This load affects structure vertically and horizontally. The 
horizontal component is more dangerous than vertical 
component because it produces shear forces in the 
columns of the structure.  Thus, it should be considered 
in analysis to achieve safety.
Seismic load effect varies with the magnitude of the 
earthquake, structural system, soil type, site seismicity, 
and structure period. The seismic zone is 2B with Z=0.2 as 
shown in the Figure 6. (Palestine seismic zones map).

Hatem Alwahsh



Example 2: Shear Walls Concrete 
Building Bearing System 

• Seismic Load:

Figure 6: Palestine Seismic Zones Map

Hatem Alwahsh



Example 2: Shear Walls Concrete 
Building Bearing System 

Figure 7: Building layoutHatem Alwahsh



Solution- UBC 97:
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Solution- UBC 97:

• Step 3: vertical distribution of base shear

5 6858 17.5 120015 (5/15) V= 1520

4 6858 14 96012 (4/15) V= 1216

3 6858 10.5 72009 (3/15) V= 912

2 6858 7 48006 (2/15) V= 608

1 6858 3.5 24003 (1/15) V= 304

0 6858 0 0 0

Table 10: Distribution of forces to stories
Hatem Alwahsh



Solution- UBC 97:

• Step 4: calculation of eccentricity due to 
seismic forces.

: the real eccentricity is the distance between the 
CR( center of stiffness and the CM and center of 
mass).

: accidental eccentricity

L : the floor dimension perpendicular to the direction of the
seismic action .

Hatem Alwahsh



Solution- UBC 97:
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Solution- UBC 97:

• Step 5: horizontal distribution of story shear 
to walls.

7.15 7.15 7.15 7.15 2.6

5 1520 1520 328.3 252.3 247.8 243.2 11.6

4 1216 2736 591 454.2 446 437.7 21

3 912 3648 788 605.5 594.6 583.7 27.8

2 608 4256 919.3 706.5 693.7 681 32.5

1 304 4560 985 757 743.3 729.6 34.8

0 0

4560 kN
Table 11: Distribution of forces to shear wall at each story .
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Solution- IBC 2009:
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Solution- IBC 2009:

• Step 3: vertical distribution of base shear

5 17.5 120015 (5/15) V= 1143

4 14 96012 (4/15) V= 915

3 10.5 72009 (3/15) V= 686

2 7 48006 (2/15) V= 457

1 3.5 24003 (1/15) V= 228

0 0 0 0

Table 12: Distribution of forces to storiesHatem Alwahsh



Solution- IBC 2009:

• Step 4: horizontal distribution of story shear 
to walls.

The distribution of the total seismic load, to 
walls are will be in proportion to their rigidities.. 
The flexural resistance of walls with respect to 
their weak axes may be neglected in lateral load 
analysis. Table 13 summarizes the force 
distribution to the walls in y direction.

Hatem Alwahsh



Solution- IBC 2009:

• Step 4: horizontal distribution of story shear 
to walls.

7.15 7.15 7.15 7.15 2.6

5 1143 1143 247 190 186 183 9

4 915 2058 445 342 335 329 16

3 686 2744 593 455 447 439 21

2 457 3201 691 531 522 512 25

1 228 3429 740 569 559 549 26

0 0

Table 13: Distribution of forces to shear wall at each story (IBC).Hatem Alwahsh



Summary:

Hatem Alwahsh



Example 3: Shear walls concrete 
building frame syste
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Example 3: Shear walls concrete 
building frame syste
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Example 3: Shear walls concrete 
building frame syste
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Example 3: Shear walls concrete 
building frame syste

Determine the seismic lateral forces in each 
shear wall at floor levels using UBC 97 and IBC 
2009 Code provisions.

Hatem Alwahsh



Seismic Load:

Hatem Alwahsh



Example 3: Shear walls concrete 
building frame syste

Figure 8: Frames layout
Hatem Alwahsh



Solution- UBC 97:

Hatem Alwahsh
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Solution- UBC 97:

• Step 3: vertical distribution of base shear

5 17.5 (5/15) V= 1449

4 14 (4/15) V= 1159

3 10.5 (3/15) V= 869

2 7 (2/15) V= 580

1 3.5 (1/15) V= 290

0 0 0 0

Table 14: Distribution of forces to storiesHatem Alwahsh



Solution- UBC 97:

• Step 4: calculation of eccentricity due to 
seismic forces.

: the real eccentricity is the distance between the 
CR( center of stiffness and the CM and center of 
mass).

: accidental eccentricity

L : the floor dimension perpendicular to the direction of the
seismic action .

Hatem Alwahsh



Solution- UBC 97:
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Solution- UBC 97:
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Solution- UBC 97:

• Step 5: horizontal distribution of story shear 
to walls and frames .

The distribution of the total seismic load, to 
walls are will be in proportion to their rigidities.. 
The flexural resistance of walls with respect to 
their weak axes may be neglected in lateral load 
analysis. Table 15 summarizes the force 
distribution to the walls in y direction.

Hatem Alwahsh



Solution- UBC 97:

• Step 5: horizontal distribution of story shear 
to walls and frames .

0.07 0.07 0.07 0.07

5 1449 1449 279.6 279.6 279.6 279.6 82.6

4 1159 2608 503.3 503.3 503.3 503.3 148.6

3 869 3477 671 671 671 671 198.2

2 580 4057 783 783 783 783 231.2

1 290 4347 839 839 839 839 247.8

0 0

Table 15: Distribution of forces to shear wall at each story Hatem Alwahsh



Solution- IBC 2009:
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Solution- IBC 2009:

Hatem Alwahsh



Solution- IBC 2009:

Hatem Alwahsh



Solution- IBC 2009:

Hatem Alwahsh



Solution- IBC 2009:

• Step 2: base shear
From Table 1.5-1 ASCE 7-10 the Risk Category is 
II and from Table 1.5-2 ASCE 7-10, the 
importance factor, Ie= 1
From Table 12.2-1 ASCE 7-10, factor R= 4.0
The base shear is given by:
Response Coefficient R = 4.5 Shear Wall with 
ordinary Reinforced Concrete Frame , Table 
12.2-1 (F).

Hatem Alwahsh



Solution- IBC 2009:
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Solution- IBC 2009:

• Step 3: vertical distribution of base shear

5 17.5 (5/15) V= 902

4 14 (4/15) V= 722

3 10.5 (3/15) V= 541

2 7 (2/15) V= 361

1 3.5 (1/15) V= 180

0 0 0 0

Table 16: Distribution of forces to stories.Hatem Alwahsh



Solution- IBC 2009:

• Step 4: horizontal distribution of story shear 
to walls and frames

The distribution of the total seismic load, to 
walls are will be in proportion to their rigidities.. 
The flexural resistance of walls with respect to 
their weak axes may be neglected in lateral load 
analysis. Table 17 summarizes the force 
distribution to the walls in y direction.

Hatem Alwahsh



Solution- IBC 2009:

• Step 4: horizontal distribution of story shear 
to walls and frames

0.07 0.07 0.07 0.07

5 902 902 174 174 174 174 51.4

4 722 1624 313.4 313.4 313.4 313.4 92.5

3 541 2165 418 418 418 418 123.4

2 361 2526 487.5 487.5 487.5 487.5 144

1 180 2706 522 522 522 522 154.2

0 0

Table 17: Distribution of forces to shear wall at each story (IBC).Hatem Alwahsh



Summary:

Hatem Alwahsh



Summary:
UBC 

97

IBC 

2009

0.07 0.07 0.07 0.07

UBC IBC UBC IBC UBC IBC UBC IBC UBC IBC

5 1449 902 279.6 174 279.6 174 279.6 174 279.6 174 82.6 51.

4

4 2608 1624 503.3 313 503.3 313 503.3 313 503.3 313 148.

6

92.

5

3 3477 2165 671 418 671 418 671 418 671 418 198.

2

123

.

2 4057 2526 783 487 783 487 783 487 783 487 231.

2

144

1 4347 2706 839 522 839 522 839 522 839 522 247.

8

154

.

Table 18: Distribution of forces to shear walls at each story 
UBC 97 and IBC 2009.Hatem Alwahsh



Structural Details (Ordinary Frames)

• Beams
• At least two top and bottom bars extended ld in the columns as shown in 

the figure, where: ld = development length of steel bars in tension.

Hatem Alwahsh



Structural Details (Ordinary Frames)

• Columns
Columns with h/c1 < 5 shall be designed as in 
intermediate frames, where: h = clear column 
height, and c1 = maximum column cross 
sectional dimension.

Hatem Alwahsh



Structural Details (Intermediate 
Frames)

• Beams (Pu ≤ 0.1 Ag f’c)
The beam shall be designed to resist Vu taken as the larger of:

The value computed as in the figure below

where: Mnl and Mnr = moment capacities at left and right ends of beam, respectively, 
computed at face of beam-column joints in the direction shown in the figure above.
The value computed by taking twice the earthquake load in the load combinations

Hatem Alwahsh



Structural Details (Intermediate 
Frames)

• Beams (Pu ≤ 0.1 Ag f’c)
• Bottom steel at face of joint ≥ 1/3 top steel at face of joint
• Bottom or top steel at any section ≥ 1/5 top steel at face of joint
• Stirrups shall be computed based on shear force Vu and shall have a 

maximum spacing as shown in the figure

Hatem Alwahsh



Structural Details (Intermediate 
Frames)

• Columns (Pu > 0.1 Ag f’c)
The column shall be designed to resist Vu taken as the larger of:

The value computed as in the figure below

where: Mnl and Mnr = maximum moment capacities at top and bottom ends of column, 
respectively, computed at face of beam-column joints in the direction shown in the figure above.
The value computed by taking 3 times the earthquake load in the load combinations.

Hatem Alwahsh



Structural Details (Intermediate 
Frames)

• Columns (Pu > 0.1 Ag f’c)
• Lap splice of bars shall be used at mid-height of the 

column with lap splice length, ls = 1.3 ld.
• Stirrups shall be computed based on shear force Vu

and shall have a maximum spacing as shown in the figure

Hatem Alwahsh



Structural Details (Special Frames)

Hatem Alwahsh



Structural Details (Special Frames)

• Beams (Pu ≤ 0.1 Ag f’c)
• The beam shall be designed to resist Vu taken 

as shown in the figure:

where: Mpl and Mpr = maximum probable moment capacities at left and right ends of beam, 
respectively, computed at face of beam-column joints in the direction shown in the figure 
above using steel strength = 1.25 Fy.

Hatem Alwahsh



Structural Details (Special Frames)

• Beams (Pu ≤ 0.1 Ag f’c)
• Bottom steel at face of joint ≥ 1/2 top steel at face of joint
• Bottom or top steel at any section ≥ 1/4 top steel at face of joint
• Stirrups shall be computed based on shear force Vu and shall have a 

maximum spacing as shown in the figure

Hatem Alwahsh



Structural Details (Special Frames)
• Beams (Pu ≤ 0.1 Ag f’c)
• In computing stirrup spacing,

concrete strength shall be
ignored if:

– Shear due to earthquake ≥ 
½ maximum ultimate shear
force in the beam, and 

– Pu < 0.05 Ag f’c
• In the region where congested

stirrups are used, longitudinal 
bars shall be supported by 
crossties. The distance between
supported bars shall not exceed
450 mm. Details are shown in the
figure below.

Hatem Alwahsh



Structural Details (Special Frames)

• Columns (Pu > 0.1 Ag f’c)
• If c1 and c2 are the dimensions of column cross section,

c1≥c2, then:
– c2 shall be ≥ 300 mm
– c2 shall be ≥ 0.4 c1

• The column must satisfy the following 
equation:

Mnc > 6/5 Mnb

where:
Mnc: sum of flexural strength of columns at face of joint
Mnb: sum of flexural strength of beams at face of joint
Otherwise, the column shall be ignored in computing the strength and 
stiffness of the structure.

Hatem Alwahsh



Structural Details (Special Frames)

• Columns (Pu > 0.1 Ag f’c)
• The column shall be designed to resist Vu taken as shown in the figure below:

where: Mpr3 and Mpr4 = maximum probable moment capacities at top and bottom ends of 
column, respectively, computed at face of beam-column joints in the direction shown in the 
figure above using steel strength = 1.25 Fy. Hatem Alwahsh



Structural Details (Special Frames)

• Columns (Pu > 0.1 Ag f’c)
•  shall be between 1% and 6%.
• In circular columns, the number of bars shall be at least 6.
• Lap splice of bars shall be used at mid-height of the column with

lap splice length, ls = 1.3 ld.
• Stirrups shall be computed based on shear force Vu and shall have

a maximum spacing as shown in the figure

Hatem Alwahsh



Structural Details (Special Frames)

• Columns (Pu > 0.1 Ag f’c)
• Within area of congested 

transverse reinforcement 
(ends of columns), crossties
shall be used as shown in the
figure below:

Hatem Alwahsh



Structural Details (Special Frames)

Hatem Alwahsh



Example:

Compute the minimum amount of transverse 
reinforcement required in the congested transverse 
reinforcement for a concrete column in a special frame. 
Assume the following properties for the column:
• Column cross sectional width = 500 mm
• Column cross sectional length = 700 mm
• Cover to center of stirrup = 45 mm.
• Stirrup spacing = 100 mm
• f’c = 28 MPa
• Fy = 420 MPa.

Hatem Alwahsh



Solution:

Hatem Alwahsh



Beam-Column Joint

Hatem Alwahsh



Example:

In the above figure, check the adequacy of the 
joint dimension to transfer an ultimate shear 
force of 1500 kN. Assume the following:
• b = 400 mm
• h = 500 mm
• x = 100 mm.
• f’c = 28 MPa

Hatem Alwahsh



Solution:

Hatem Alwahsh



Structural Details (Shear wall)
• Once shear wall is analyzed, 5 internal ultimate forces 

can be computed; namely, P, Vx, Vy, Mx and My. The design 
for these forces can be performed as follows:
– Proportion the wall such that Vx ≤ Vc.
– Design for Vy in a way similar to beams.
– Design for My can be carried out by assuming two

equal areas of steel on both faces of the wall 
working as a couple (one is in tension and the
other is in compression).

– Design for P and Mx in a way similar to columns.

YP

X

Hatem Alwahsh



Structural Details (Shear wall)

Hatem Alwahsh



Example:

Design an intermediate reinforced concrete wall to 
carry the ultimate loads given below:
• Pu = 2700 kN
• Muy = 20 kN.m
• Mux = 750 kN.m
• Vuy = 450 kN
• Vux = 20 kN
Assume: f’c = 24 MPa, Fy = 420 MPa, wall thickness = 
200 mm, wall length = 1.5 m and wall height = 3.5 
m. 

Hatem Alwahsh



Solution:
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Solution:
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Solution:
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Thus, total area of steel on each side is 1017+ 441 = 1458 mm2

Assume 14 mm Use 1014 mm on each face.Hatem Alwahsh



Structural Details (Foundation:)

Column 

footing 

Hatem Alwahsh



Structural Details (Foundation:)

Hatem Alwahsh



Structural analysis and design

The structural analysis of building frames or of 
the building three dimensional models can be 
achieved using a commercial computer program 
like Sap2000.  
In this section an interior frame of the building 
in example 1 will be analyzed and designed 
using Sap2000 version 14.2.4.
Figure 9 shows the structural model of the 
frame and the applied lateral seismic forces.

Hatem Alwahsh



Structural analysis and design

Figure 9: Lateral seismic forces to interior frame in example 1
Hatem Alwahsh



Structural analysis and design

The loads on the slab are:

Slab own weight= 0.2x25=5 kN/m2

Superimposed dead load= 4 kN/m2

Live load= 3 kN/m2

Hatem Alwahsh



Structural analysis and design

The interior frame carries a tributary width of slab 
equal to 5m, therefore

Dead load on the frame= 5x(5+4)= 45 kN/m (beam 
weight is not included)

Live load on the frame= 5x3= 15 kN/m

Figures 10 and 11 shows the loads on the frame.

Hatem Alwahsh



Structural analysis and design

Figure 10: Dead loads to interior frame in example 1
Hatem Alwahsh



Structural analysis and design

Figure 11: Live loads to interior frame in example 1
Hatem Alwahsh



Structural analysis and design

• Frame properties:
Columns are 500x500mm
Beams are 300x600mm rectangular section

• Material properties:
Concrete, f’c= 28 MPa
Steel, fy= 420 MPa
Concrete, Ec= 24800 Mpa
Concrete unit weight= 25 kN/m3

Hatem Alwahsh



Structural analysis and design
• Load combinations (ACI 318-08):

1. U1= 1.4D
2. U2= 1.2D+1.6L
3. U3= 1.2D+1.0L+1.0E
4. U4= 0.9D+1.0E

• Frame type:
Intermediate moment resisting frame

Note: weight of beams and columns will be considered in 
dead loads by Sap2000

The following pages show Sap2000 analysis and design results.

Hatem Alwahsh



Structural analysis and design
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Structural analysis and design
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Structural analysis and design
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Structural analysis and design
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Structural analysis and design
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Structural analysis and design
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Structural analysis and design
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Structural analysis and design
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Structural analysis and design

Other frames can be taken from examples 2 and 
3 and can be analyzed and designed using 
Sap2000
Frames can be braced by end shear walls or by 
infill concrete walls. 
Examples will be taken on these subjects during 
the training course

Hatem Alwahsh



Notes (ASCE 2010): (Direction of 
loading: )

• ASCE 12.5.2 Seismic Design Category B:
For structures assigned to Seismic Design 
Category B, the design seismic forces are 
permitted to be applied independently in each 
of two orthogonal directions and orthogonal 
interaction effects are permitted to be 
neglected.

Hatem Alwahsh



Notes (ASCE 2010): (Direction of 
loading: )

• ASCE 12.5.3 Seismic Design Category C: 
Loading applied to structures assigned to 
Seismic Design Category C shall, as a minimum, 
conform to the requirements of Section 12.5.2 
for Seismic Design Category B and the 
requirements of this section. Structures that 
have horizontal structural Irregularity Type 5 in 
Table 12.3-1 shall use one of the following 
procedures:

Hatem Alwahsh



Notes (ASCE 2010): (Direction of 
loading: )

• ASCE 12.5.3 Seismic Design Category C: 
a) Orthogonal Combination Procedure. The structure shall 

be analyzed using the equivalent lateral force analysis 
procedure of Section 12.8, the modal response spectrum 
analysis procedure of Section 12.9, or the linear response 
history procedure of Section 16.1, as permitted under 
Section 12.6, with the loading applied independently in 
any two orthogonal directions. The requirement of 
Section 12.5.1 is deemed satisfied if members and their 
foundations are designed for 100 percent of the forces for 
one direction plus 30 percent of the forces for the 
perpendicular direction. The combination requiring the 
maximum component strength shall be used 
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Notes (ASCE 2010): (Direction of 
loading: )

• ASCE 12.5.3 Seismic Design Category C: 
b) Simultaneous Application of Orthogonal 

Ground Motion. The structure shall be 
analyzed using the linear response history 
procedure of Section 16.1 or the nonlinear 
response history procedure of Section 16.2, 
as permitted by Section 12.6, with 
orthogonal pairs of ground motion 
acceleration histories applied simultaneously. 
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Notes (ASCE 2010): (Direction of 
loading: )

• ASCE 12.5.4 Seismic Design Categories D through F:
Structures assigned to Seismic Design Category D, E, or F shall, 
as a minimum, conform to the requirements of Section 12.5.3. 
In addition, any column or wall that forms part of two or more 
intersecting seismic force-resisting systems and is subjected to 
axial load due to seismic forces acting along either principal 
plan axis equaling or exceeding 20 percent of the axial design 
strength of the column or wall shall be designed for the most 
critical load effect due to application of seismic forces in any 
direction. Either of the procedures of Section 12.5.3 a or b are 
permitted to be used to satisfy this requirement. Except as 
required by Section 12.7.3, 2-D analyses are permitted for 
structures with flexible diaphragms.
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Notes (ASCE 2010): 
(Modal Response Spectrum Analysis 

(ASCE SECTION 12.9) )
• ASCE 12.9.1 Number of Modes:
An analysis shall be conducted to determine the 
natural modes of vibration for the structure. The 
analysis shall include a sufficient number of 
modes to obtain a combined modal mass 
participation of at least 90 percent of the actual 
mass in each of the orthogonal horizontal 
directions of response considered by the model. 
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Notes (ASCE 2010): 
(Modal Response Spectrum Analysis 

(ASCE SECTION 12.9) )
• ASCE 12.9.2 Modal Response Parameters:
The value for each force-related design parameter 
of interest, including story drifts, support forces, 
and individual member forces for each mode of 
response shall be computed using the properties of 
each mode and the response spectra  defined in 
either Section 11.4.5 or 21.2 divided by the 
quantity R/Ie. The value for displacement and drift 
quantities shall be multiplied by the quantity Cd/Ie.
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Notes (ASCE 2010): 
(Modal Response Spectrum Analysis 

(ASCE SECTION 12.9) )
• ASCE 12.9.3 Combined Response Parameters: 
The value for each parameter of interest calculated for 
the various modes shall be combined using the square 
root of the sum of the squares (SRSS) method, the 
complete quadratic combination (CQC) method, the 
complete quadratic combination method as modified by 
ASCE 4 (CQC-4), or an approved equivalent approach. The 
CQC or the CQC-4 method shall be used for each of the 
modal values where closely spaced modes have 
significant cross correlation of translational and torsional 
response. 
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Notes (ASCE 2010): 
(Modal Response Spectrum Analysis 

(ASCE SECTION 12.9) )
• ASCE 12.9.4 Scaling Design Values of 

Combined Response: 
A base shear (V) shall be calculated in each of 
the two orthogonal horizontal directions using 
the calculated fundamental period of the 
structure T in each direction and the procedures 
of Section 12.8. 
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Notes (ASCE 2010): 
(Modal Response Spectrum Analysis 

(ASCE SECTION 12.9) )
• ASCE 12.9.4.1 Scaling of Forces:
Where the calculated fundamental period exceeds CuTa in 
a given direction, CuTa shall be used in lieu of T in that 
direction. Where the combined response for the modal 
base shear (Vt) is less than 85 percent of the calculated 
base shear (V) using the equivalent lateral force 
procedure, the forces shall be multiplied by 0.85V/ Vt : 
Where:
V = the equivalent lateral force procedure base shear, 
calculated in accordance with this section and Section 
12.8
Vt = the base shear from the required modal combination
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Notes (ASCE 2010): 
(Modal Response Spectrum Analysis 

(ASCE SECTION 12.9) )
• ASCE 12.9.4.2 Scaling of Drifts
Where the combined response for the modal 
base shear (Vt) is less than 0.85CSW, and where 
Cs is determined in accordance with Eq. 12.8-6, 
drifts shall be multiplied by:

0.85 CS W/Vt. 
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Thank you for your 
attention 
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