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SE 180 Earthquake Engineering 
 

October 2, 2002 
 
 

STEP-BY-STEP PROCEDURE FOR SETTING UP A SPREADSHEET FOR USING 
NEWMARK’S METHOD TO SOLVE FOR THE RESPONSE OF A SINGLE DEGREE OF 

FREEDOM (SDOF) SYSTEM 
 
We are solving gumkdcvma &&−=++  
with initial conditions of od0)d(t ==  and ov0)v(t ==  
Note that total acceleration or absolute acceleration will be gabs uau &&+=  
 

Step 1 - Define System Properties and Initial Conditions 
 
(A)  Begin by setting up the cells for the Mass, Stiffness, and Damping of the SDOF 
System (Fig. 1).  These values are known. 
 
 
 
(B)   Calculate the Natural Frequency of the SDOF system using the equation 
 

mk=ω  (Equation 1) 
 
 
 
Note:  If the system damping is given in terms of the Damping Ratio ( ζ ) then the 
Damping ( c ) can be calculated using the equation: 
 

c=2 ζ ω m    (Equation 2) 
 
 
 

(C)  Set up the cells for the 2 Newmark Coefficients α & β (Fig. 1), which will allow for 
performing 
 

a) the Average Acceleration Method, use 
2
1α =  and 

4
1β = . 

 

b) the Linear Acceleration Method, use 
2
1α =  and 

6
1β = . 
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(D)  Set up cells (Fig. 1) for the initial displacement and velocity (do and vo respectively) 
 
 

Equation 1

Equation 2

 
 

Figure 1: Spreadsheet After Completing Step 1 
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Step 2 – Set Up Columns for Solving The Equation of Motion Using Newmark’s Method 
 

Base Excitation

Applied Force

Relative Acceleration

Relative Velocity

Relative Displacement

Absolute Acceleration

 
Figure 2: Spreadsheet After Completing Step 2 

 
Place a cell (Fig. 2) for the time increment (∆t). 
Place columns (Fig. 2) for the time, base excitation, applied force, relative acceleration, 
relative velocity, relative displacement, and absolute acceleration. 
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Step 3 – Enter the Time t & Applied Force f(t) into the Spreadsheet 

 
∆ttt i1i +=+  (Equation 3) (Fig. 3) 

 
For the earthquake problem (acceleration applied to base of the structure), the applied 
force is calculated using: 
 

igi um(t)f &&−=  (Equation 4) (Fig. 3) 
 
where, 

igu&&  is the applied base acceleration  
at step i.  (Typically this is the base excitation 
time history)  
 

Check the units of the input motion file.  
They must be compatible with the units 

of the mass, stiffness, and damping! 
 

 
 

Equation 4
Equation 3

 
Figure 3: Spreadsheet After Completing Step 3 

 

d
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Step 4 – Compute Initial Values of the Relative Acceleration, Relative Velocity, Relative 

Displacement, and Absolute Acceleration 
 
(A)  The Initial Relative Displacement and Relative Velocity are known from the initial 
conditions (Fig. 4). 
 

od0)d(t ==  (Equation 5) 
 

ov0)v(t ==  (Equation 6) 
 
(B)  The Initial Relative Acceleration (Fig. 4) is calculated using 
 

o
2
1o dωv2ζ

m
f(t))0t(a −−== ω  (Equation 7) 

 
(C)  The Initial Absolute Acceleration (Fig. 4)  is computed using 
 

m
f(t)au oabs −=&&  (Equation 8) 

 

Equation 7

Equation 6

Equation 5

Equation 8

 
Figure 4: Spreadsheet After Completing Step 4 
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Step 5 – Compute Incremental Values of the Relative Acceleration, Relative Velocity, 

Relative Displacement, and Absolute Acceleration At Each Time Step (Fig. 5) 
 
(A) 
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 (Equation 9) 

 
( ) i1ii1i v∆tαaα1∆tav ++−= ++      (Equation 10) 

 

( ) ii
2

1i

2

i1i d∆tvβ∆ta2β1
2
∆tad +++−= ++     (Equation 11) 

 

1ig1i1iabs uau
+++ +=&&        (Equation 12) 

 
Where, the effective mass, βk∆αc∆mm* 2tt ++=  
 

Equation 9

Equation 10

Equation 11

Equation 12

 
Figure 5: Spreadsheet with values for the Relative Acceleration, Relative Velocity, 

Relative Displacement, and Absolute Acceleration at Time Step 1 
 



Ahmed Elgamal 
Michael Fraser 

7

(B)  Then, highlight columns H, I, J, & K and rows 4 through to the last time step (in this 
example 1562) and “Fill Down” (Ctrl+D).  See Figures 6 and 7. 
 

 
Figure 6: Highlighted Cells 
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Figure 7: Spreadsheet After “Filling Down” Columns H through K 


