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Dynamic Model of a Building Structure
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𝑊 = 𝑤* + 𝑤+ + 𝑤" + 𝑤.

Weight of 
building is 
lumped at floor 
levels

Total Seismic Weight of Building



Equivalent Static Seismic Forces 
and Seismic Base Shear
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𝑉 = 𝐹* + 𝐹+ + 𝐹" + 𝐹.

Seismic Base Shear



IBC Base Shear Expression

𝑉 =
𝐼3 𝑆56
𝑅 𝑊			for			𝑇 ≤ 𝑇6

𝑉 =
𝐼3 𝑆5*
𝑇𝑅 𝑊			for			𝑇 > 𝑇6

𝑇6 =
𝑆5*
𝑆56

Seismic Base Shear (V ) depends on:
1. The seismic weight of the building (W );
2. The fundamental period of vibration of the building (T );
3. The earthquake acceleration at the base of the building (SDS and SD1);
4. The energy dissipating capacity of the lateral force resisting system (R );
5. The desired performance level of the building (Ie ). 



Properties of structures that are important in 
defining vibratory response to dynamic loading 
are:
• Mass (m),
• Stiffness, (k) and 
• Damping or energy dissipation (c).

Fundamental Period of Vibration



Single Degree of 
Freedom System
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Vibration will stop due to damping

Period is the time it takes to complete one cycle 
of vibration

Fundamental Period of Vibration

Building – Multiple Degree of 
Freedom System

𝑇 = 𝐶FℎHI

hn



IBC Estimate of the Fundamental Period of 
Vibration of a Building

hn = average roof height of the building

Ct and x are based on the stiffness and dynamic 
characteristics of the lateral force resisting system

𝑇 = 𝐶FℎHI



bedrock

soil

SMS =	FaSS
SM1 =	FvS1	

Sa

T1	sec

Maximum acceleration at the base of the building depends on the 
seismicity of the site and the soil at the site

Earthquake Acceleration at the 
Base of the Building

SS
S1

Acceleration is a function of the 
fundamental period of the building



SS
S1

Acceleration at bedrock
SS and S1 from 
IBC Figures 1613.5 (3 and 4)

Sa

T1	sec

Acceleration at the bedrock level 
depends on seismicity of the site

bedrock

soil



SS from IBC Figure 1613.5 (3)
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S1 from IBC Figure 1613.5 (4)
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SMS =	FaSS

SM1 =	FvS1	

Site Class of Soil is found from IBC 
Table 1613.5.2 and then Fa and Fv
from IBC Tables 1613.5.3 (1 and 2)

Sa

T
1	sec

Soft soil can 
amplify the 
bedrock 
acceleration

Maximum credible acceleration at the 
foundation of the building depends on 
the seismicity and the soil at the site

bedrock

soil



Site Class from Table 1613.5.2



Fa and Fv from Tables 1613.5.3 (1 and 2)



SDS

0.4SDS

TS	=	SD1/SDS
0.2TS 1	sec

SD1

T	(s)

Sa	(g) Sa	=	SDS
Sa	=	SD1	/	T

IBC Design Response Spectrum

SDS =	(0.67)FaSS
SD1 =	(0.67) FvS1



38.6475°N,	121.54589°W

Site	Class	C	– “Very	Dense	Soil	and	Soft	Rock”
I/II/III

USGS–Provided	Output
SS =	0.602	g	 SMS =	0.698	g	 SDS =	0.465	g
S1 =	0.248	g	 SM1 =	0.384	g	 SD1 =	0.256	g

Although	this	information	is	a	product	of	the	U.S.	Geological	Survey,	we	provide	no	
warranty,	expressed	or	implied,	as	to	the	accuracy	of	the	data	contained	therein.	
This	tool	is	not	a	substitute	for	technical	subject-matter	knowledge.

Can Find Accelerations and Spectra from USGS Website



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.

A high R value is assigned to systems that have performed 
well in past earthquakes and can effectively dissipate 
earthquake energy.

Energy Dissipating Capacity of the Lateral 
Force Resisting System



The Buckling Restrained Braced Frame (BRB) has 
more energy dissipating capacity than the Concentric 
Braced Frame (CBF) and so it has a larger R value

BRBF (More energy 
dissipation – higher R) 

CBF Less energy 
dissipation – lower R) 

Force

Displacement



IeSDS =	(1.0)SDS	=SDS

IeSDS =	(1.5)(0.67)SMS =SMS

The Importance Factor is used to Design to 
an Expected Performance

Residential Building (Ie = 1.0)

Essential Facility (Ie = 1.5)

Sa

T

(1.0)SDS
(1.0)SD1

1	sec
Sa

T

(1.5)SDS	=	SMS
IeSDS =	(1.5)SDS	=SMS

IeSDS =	(1.0)SD1	=SD1

IeSDS =	(1.5)SD1	=SM1

Recall that SDS =	(0.67)SMS

(1.5)SD1	=	SM1

1	sec



𝑉 =
𝐼3 𝑆56
𝑅

𝑊			for			𝑇 ≤ 𝑇6

𝑉 =
𝐼3 𝑆5*
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Seismic Base Shear (V ) depends on:
1. The seismic weight of the building (W );
2. The fundamental period of vibration of the building (T );
3. The earthquake acceleration at the base of the building (SDS and SD1);
4. The energy dissipating capacity of the lateral force resisting system (R );
5. The desired performance level of the building (Ie ). 

IBC Base Shear Expression


