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CE 160 Labs 9 and 10 
Lateral Force Load Path and Lateral Force Resisting Systems for 

Wind and Seismic Loads 
 
 
 
The Lateral Force Resisting System (LFRS) is comprised of horizontal and vertical 
elements 
 

 
 

 
Horizontal Element (Diaphragm) 
 
 

 
 

Horizontal element carries wind or EQ load in bending to vertical elements  
(acts as a deep beam) 

wind or EQ load 

Horizontal Element 
(diaphragm) 

Vertical Element 
• Moment Resisting Frame 
• Braced Frame 
• Shear Wall 

Reaction from vertical element 
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Common Vertical Elements 
 
 

Moment Resisting Frame 
 

 
 
 
Shear Wall 
 

  
 
 
Concentric Braced Frame Eccentric Braced Frame 
 

  
 
  

Force from  
horizontal element 
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IBC Equivalent Static Seismic Force  
Procedure for Buildings 

 
Dynamic Model of a Building 

 
Weights of walls are lumped at floor/roof levels 
 

 
• The weight of each level, wi, is the weight of the floor or roof level plus half 

the weight of the interior and exterior walls above the level and below the 
level (regions shown dotted above).  

 
• The seismic weight, W, is the sum of the weight of all of the levels which is 

the total dead load of entire building.  This is why the dead load table (Lab 
#4) is one of the first things a structural engineer constructs when starting to 
analyze a building. 

  

w4 

w3 

w2 

w1 

(W = w1 + w2 + w3 + w4 ) 
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Equivalent Static Seismic Forces 
 
 
 

 
The Base Shear (V) depends on: 

• The fundamental period of vibration of the building; 
• The maximum earthquake acceleration at base of the building; 
• The energy dissipating capacity of the Lateral Force Resisting System 

(LFRS); 
• The expected performance level of the building due to earthquake loads. 

  

Actual deformation  
due to ground acceleration 

Approximate deformation  
due to equivalent static forces 

(V = F1 + F2 + F3 + F4 ) 
Base Shear V  

F4 

F3 

F2 

F1 
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Estimating the Fundamental Period of Vibration of the Building 
 
 
Period of Vibration of a Single Degree of Freedom System 
 

Properties of structures subjected to vibration that are important in defining 
their response to dynamic loading are: 

• Mass (m), 
• Stiffness, (k) and  
• Damping or energy dissipation (c). 

 
Consider two types of Single Degree of Freedom Models 

 

 
 

 
The period of vibration (T) is the time in seconds it takes to make one 
complete cycle of free vibration. 
 
The deformed shape when the system is vibrating called the mode shape. 
 
From a dynamic analysis (CE 165, CE 212), it can be shown that the period 
is: 

𝑻 = 𝟐𝝅
𝒎
𝒌

 

 
So we can see from the relationship and from our model that if: 

• The mass increases then the period is longer (vibration is slower); 
• The mass decreases then the period is shorter (vibration is faster); 
• The stiffness increases then the period is shorter (vibration is faster); 
• The stiffness decreases then the period is longer (vibration is slower); 

 
The vibration eventually stops due to damping. 

  

m = mass 

k = stiffness 

vibratory shape 
(mode shape) 

c = damping 
(energy dissipation)  

m 

k 
vibratory shape 
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Vibration of a Multiple Degree of Freedom System 
 

A four-story building has four vibratory mode shapes with four associated 
periods of vibration  

 
 

 
 
The fundamental period tends to dominate the dynamic response to 
earthquake loading and is the most important property of the building 
for seismic response. 
 
IBC Estimate of Fundamental Period of the Building 
 
The estimate of the fundamental period depends on the total building height 
and type of lateral force resisting system: 
 

𝑇 = 𝐶!ℎ!!         (in seconds) 
 

where: hn = average roof height above base of building in feet 
x = exponent based on type of lateral force resisting system 

= 0.8 for steel moment resisting frames 
= 0.9 for concrete moment resisting frames 
= 0.75 for eccentrically braced steel frames 
= 0.75 for all other systems (shear walls, concentric frames, 

etc.) 
Ct  = coefficient based on type of lateral force resisting system 

= 0.028 for steel moment resisting frames 
= 0.016 for concrete moment resisting frames 
= 0.030 for eccentrically braced steel frames 
= 0.020 for all other systems (shear walls, concentrically 

braced frames, etc.) 
  

First mode shape 
Longest period of vibration  
(Fundamental Period, T) 

2nd mode 
shape 

3rd mode 
shape 

4th mode shape 
Shortest period of vibration  
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Earthquake Acceleration at the Base of the Building 
 
The acceleration that the building will experience is found using the Response 
Spectrum of the earthquake motion. 
 
A response spectrum of an earthquake motion is a plot of the maximum 
acceleration that a series of single degree of freedom systems will experience when 
subjected to that earthquake motion. 
 
Example of the 1994 Northridge Earthquake Response Spectrum 
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IBC Design Response Spectrum 
 
The building code contains a simplified response spectrum that is compiled from 
and represents the characteristics of many known earthquake motions.  This is 
known as the IBC Design Response Spectrum and it can be constructed for any 
site based on the seismicity of the site and the soil conditions at the site. 
 

 
 

 
 
SDS = Design Short Period Spectral Acceleration 
SD1 = Design One-Second Period Spectral Acceleration 
 

SDS and SD1 are computed from the seismicity and soil conditions at the site. 
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Finding the IBC Design Response Spectrum for a building site 
 
The figure below shows how design response spectrum is constructed based on the 
seismicity of the site and the soil conditions at the site. 
 
 

 
 
The Design Response Spectrum is found by multiplying the Maximum Acceleration Response 
Spectrum values by two-thirds (0.67) 
 

 
  

bedrock(
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SDS#=#(0.67)SMS##

SD1#=#(0.67)SM1##

Sa#

T#
Ts##=#SD1/SDS#



 

CE 160 Vukazich Lateral Load Path, IBC Static Seismic Forces [L9, L10] 10/28 

Finding the design earthquake acceleration for a building 
 

Once the response spectrum is found for the site based on the seismicity and 
the soil conditions at the site the design acceleration for the building can be 
found using the occupancy category of the building and the fundamental 
period of vibration of the building.   
 
Recall that the fundamental period of vibration of the building is found 
using: 

𝑻 = 𝑪𝒕𝒉𝒏𝒙  
 

An importance factor (Ie ) is assigned to a building based on its occupancy 
category.  An importance factor greater that 1.0 is assigned to buildings that 
we would like to perform better in the event of an earthquake. The 
importance factor for different occupancy categories can be found in IBC 
Table 1604.5 and ASCE 7 Table 1.5-2. 
 

The figure below illustrates the process for a standard occupancy building (Ie = 1.0)  
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Note that the largest importance factor is 1.5 for essential facilities 
(hospitals, fire stations, etc.); which, in effect, sets the design accelerations 
to the maximum credible accelerations (SMS or SM1). 
 

𝐼!𝑆!" = 1.5
2
3
𝑆!" = 𝑺𝑴𝑺 

 

𝐼!𝑆!! = 1.5
2
3
𝑆!! = 𝑺𝑴𝟏 

 
 
The figure below illustrates the process for an essential facility (Ie = 1.5)  
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IeSDS(=((1.5)(0.67)SMS(=(SMS(

IeSD1(=((1.5)(0.67)SM1=(SM1((

Thosp = Cthn
x
 

soil(

Sa(

T(

Hospital(

SMS(

SM1(

Ts(

Shosp(((=((SMS''((((((((((((((((((if((Thosp''<'Ts'
( ((=(SM1'/'Thosp((((((((if((Thosp'''>'Ts'
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The USGS website now calculates SMS , SDS , SM1 , and SD1 and shows 
the response spectra for specific sites 
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Energy Dissipating Capacity of the Lateral Force Resisting System 
 

The base shear is adjusted for the earthquake energy dissipation of the 
Lateral Force Resisting System by dividing by a Response Modification 
Coefficient, R; 
 
The Response Modification Coefficient is a measure of the energy 
dissipating characteristics of lateral force resisting system based on test 
results and performance in past earthquakes. The Response Modification 
Coefficient can be found in ASCE 7 Table 12.2-1. 
 
A high R value is assigned to systems that can effectively dissipate 
earthquake energy. 
 

 
 
  

BRBF	(higher	R)		

CBF	(lower	R)		
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IBC Base Shear 
 

𝑉 =   

𝐼! 𝑆!"
𝑅

𝑊       𝑓𝑜𝑟 𝑇 ≤ 𝑇!

𝐼!  𝑆!!
𝑇 𝑅 𝑊     𝑓𝑜𝑟 𝑇 > 𝑇!

 

 
 
where: 

 
W = Total Seismic Weight of Building 

Dead load plus portions of snow and live loads when appropriate by code. 
 
Ie = Importance Factor:  IBC Table 1604.5 and ASCE 7 Table 1.5-2 
 
Ts = SD1/SDS    Control period from IBC design spectrum in seconds 
 
T = Estimated Fundamental Period of Structure in seconds 

 
SDS  and  SD1 = Design Spectral Response Accelerations 
 

SS = Maximum Short Period (0.2 sec) Acceleration at bedrock:  IBC Fig. 1613.5(3) 
S1 = Maximum One Second Period Acceleration at bedrock:  IBC Fig. 1613.5(4) 
 
SMS = FaSS = Maximum Short Period (0.2 sec) Acceleration at base of structure  
SM1 = FvS1 = Maximum One-Second Period Acceleration at base of structure  
 
Fa = Soil Amplification Factor: IBC Table 1613.5.3(1) 
Fv = Soil Amplification Factor:  IBC Table 1613.5.3(2) 

Note that Soil Amplification Factors depend on the  
IBC Site Class (IBC Table 1613.5.2) and SS and S1. 
Linear interpolation of Tables 1613.5.3 is OK. 

 
SDS = Design Short Period Spectral Acceleration:  SDS = (2/3)SMS 
SD1 = Design One Second Period Spectral Acceleration:  SD1 = (2/3)SM1 

 
R = Response Modification Coefficient:  ASCE 7 Table 12.2-1 
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CE 160 Lab #9 Problem 
 
 

𝑉 =   

𝐼! 𝑆!"
𝑅

𝑊       𝑓𝑜𝑟 𝑇 ≤ 𝑇!

𝐼!  𝑆!!
𝑇 𝑅 𝑊     𝑓𝑜𝑟 𝑇 > 𝑇!

 

 
where   TS = SD1/SDS 

 
From the USGS Design Maps website the design response spectrum for a building site (site class 
C near Sacramento, CA) is found (see page 12 of your Lab 9 and 10 notes).   
 
If the fundamental period of vibration of the building is estimated to be 0.90 seconds, the 
building is in occupancy category II (Ie = 1.0), the lateral force resisting system is a steel 
concentrically braced frame (R = 6), and the seismic weight of the building is 2150 k, find the 
design seismic base shear for the building. 
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Example problem to illustrate the process of finding the IBC base shear 
 

Our CE 160 Lab Example Building is a retail building located in 
Sacramento, CA.  The geotechnical engineer has determined that the soil at 
the site can be classified as Site Class C.  Recall that the roof weight was 
determined in Lab #4 to be 29 psf.  In addition, the non-structural exterior 
curtain walls weigh 15 psf (including the concrete walls) and it is estimated 
that the interior partition walls will add 14 k to the seismic weight. 
Determine the IBC base shear for earthquake acceleration in the East-West 
direction for our example building. 
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Find the Importance Factor  
 
IBC Table 1604.5 and ASCE 7 Table 1.5-2 

 

 
 
 

 
 
Our example retail building is a Category II building so: 
 

Ie = 1.0 
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Find the IBC Estimate of the Fundamental Period of the Building 
 
 

𝑇 = 𝐶!ℎ!!         (𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑠) 
 

where: hn = average roof height above base of building in feet 
x = exponent based on type of lateral force resisting system 

= 0.8 for steel moment resisting frames 
= 0.9 for concrete moment resisting frames 
= 0.75 for eccentrically braced steel frames 
= 0.75 for all other systems (shear walls, concentric frames, 

etc.) 
Ct  = coefficient based on type of lateral force resisting system 

= 0.028 for steel moment resisting frames 
= 0.016 for concrete moment resisting frames 
= 0.030 for eccentrically braced steel frames 
= 0.020 for all other systems (shear walls, concentrically 

braced frames, etc.) 
 
For our example building in the East-West Direction the Lateral Force 
Resisting System are Moment Resisting Frames on lines A, B, C, and D and 
the roof height is 20 feet. 
 
 

𝑻 = 𝑪𝒕𝒉𝒏𝒙 = 𝟎.𝟎𝟐𝟖 𝟐𝟎 𝟎.𝟖 = 𝟎.𝟑𝟎𝟖 𝒔𝒆𝒄𝒐𝒏𝒅𝒔 
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Find the Design Spectral Accelerations SDS and SD1 
 
 
1. Find the Maximum Short and One-Second Period Ground Accelerations at 

Bedrock  
 

SS = Maximum Short Period (0.2 sec) Acceleration at bedrock:  Fig. 1613.5(3) 
 

 
 

For site use SS = 0.60 (from USGS website) 
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S1 = Maximum One-Second Period Acceleration at bedrock:  Fig. 1613.5(4) 
 

 
 

For site use S1 = 0.25 (from USGS website) 
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2. Effect of Soil Amplification of Bedrock Accelerations: Find Fa and Fv 
 
 

Fa = Soil Amplification Factor:  Table 1613.5.3(1) 
Fv = Soil Amplification Factor:  Table 1613.5.3(2) 

 
Note that Soil Amplification Factors depend on the  
IBC Site Class (Table 1613.5.2) and SS and S1. 
Linear interpolation of Tables 1613.5.3 is OK. 

 
 
For our Example -- Site Class C (from the geotechnical investigation of the 
site) 
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Find Fa 
 

 
 
Site Class C and SS = 0.6 so linearly interpolate between 1.2 (SS = 0.5) and 
1.1 (SS = 0.75) from Table 1613.3.3(1) 
 

0.75 − 0.6
0.75 − 0.5

=
1.1 − 𝐹!
1.1 − 1.2

 
 

Fa = 1.16 
 
Find Fv 
 

 
 

Site Class C and S1 = 0.25 so linearly interpolate between 1.6 (S1 = 0.2) and 
1.5 (S1 = 0.3) from Table 1613.3.3(2) 

 
 

0.30 − 0.25
0.30 − 0.20

=
1.5 − 𝐹!
1.5 − 1.6

 
 

Fv = 1.55 
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3. Calculate the Design Accelerations; SDS and SD1 
 

𝑺𝑴𝑺 = 𝑭𝒂𝑺𝑺 = 𝟏.𝟏𝟔 𝟎.𝟔 = 𝟎.𝟔𝟗𝟔 𝒈 
 

𝑺𝑴𝟏 = 𝑭𝒗𝑺𝟏 = 𝟏.𝟓𝟓 𝟎.𝟐𝟓 = 𝟎.𝟑𝟖𝟕𝟓 𝒈 
 

𝑺𝑫𝑺 =
𝟐
𝟑
𝑺𝑴𝑺 =

𝟐
𝟑
𝑭𝒂𝑺𝑺 =

𝟐
𝟑
𝟏.𝟏𝟔 𝟎.𝟔 = 𝟎.𝟒𝟔𝟒 𝒈 

 

𝑺𝑫𝟏 =
𝟐
𝟑
𝑺𝑴𝟏 =

𝟐
𝟑
𝑭𝒗𝑺𝟏 =

𝟐
𝟑
𝟏.𝟓𝟓 𝟎.𝟐𝟓 = 𝟎.𝟐𝟓𝟖 𝒈 

 
Checks with USGS website on page 12 (Now the website calculates 
SMS , SDS , SM1 , and SD1 ) 
 
 
 

We can now calculate Ts: 
 

𝑻𝒔 =
𝑺𝑫𝟏
𝑺𝑫𝑺

=
𝟎.𝟐𝟓𝟖
𝟎.𝟒𝟔𝟒

= 𝟎.𝟓𝟓𝟕  𝒔𝒆𝒄𝒐𝒏𝒅𝒔 

 
Note that: 

 
𝑻 = 𝟎.𝟑𝟎𝟖 < 𝑻𝒔 = 𝟎.𝟓𝟓𝟕 

 
so: 

 

𝑽 =
𝑺𝑫𝑺
𝑹 𝑰𝒆

𝑾 
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Find the Response Modification Coefficient 
 
 

 
 
For our building in the East-West Direction the Lateral Force Resisting 
System is a Special Moment Resisting Frame 
 
From ASCE 7 Table 12.2-1:   
 

R = 8 
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Calculate East-West Base Shear 
 
 
 

𝑽 =
𝑺𝑫𝑺
𝑹 𝑰𝒆

𝑾 =
𝟎.𝟒𝟔𝟒
𝟖 𝟏.𝟎

𝑾 = 𝟎.𝟎𝟓𝟖 𝑾 

 
 

CE 160 Lab #10 Problem 
 
Lab 10 -- Exercise 1 
 

Find Seismic Weight, W, and then find East-West Base Shear, V. 
 
 
Note that:  
 

W = weight of roof + weight of perimeter curtain walls + interior 
partition walls 

 
 

 

2 ft 

10 ft 

10 ft 

exterior wall whose 
weight is associated 
with the seismic 
weight of the roof 
level 

First floor level 

Roof level 
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Lab 10 -- Exercise 2 
 

Find the seismic load to the moment resisting frame on line B and 
construct Shear, Moment, and Axial Force diagrams for the 
frame.   

 

 
 
  

A 

B 

C 

D 

1 2 3 

22’-0” 22’-0” 1’-6” 1’-6” 
1’-6” 

18’-0” 
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W14x22 

W18x65 

W18x65 W14x22 

W14x22 

DO 

DO 

DO 

DO 

DO 

DO 

DO 

DO 

W
18

x5
0 

W
18

x5
0 

W
18

x5
0 
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x5
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 6
x6
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Assume that the shear force in each column is equal to half the 
earthquake force to the frame as shown below.   

 
 

 
 
 

Draw your diagrams on the outline of the frame below and clearly 
choose a sign convention for each diagram. 

 
Shear Diagram 
 

 
 
 

 
 
 

2 Í"3 

20’-0” 

22’-0” 

roof level 

1st floor level 

P 

P/2 P/2 
? ? 
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Moment Diagram 
 
 
 
 
 
 

 
 
 
 
 
 

Axial Force Diagram 
 
 
 
 
 

 


