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1D ErMo 

A program for calculating ground response subject to seismic excitation. 

 

1. Introduction 

Design of earthquake resistant structures requires knowing the motion characteristics at the ground 

surface due to seismic excitations. This manual introduces a software tool called 1D ErMo 

designed for the analysis of ground response to earthquake acceleration and motion through a 2D 

representation of the soil column using springs and dampers. This document provides an 

exposition of the theory behind the software and its application to real life earthquakes. It aims to 

equip users with the necessary knowledge to conduct comprehensive seismic response simulations, 

thereby advancing the understanding and application of geotechnical earthquake engineering 

principles. 

 

2. Theory 

The program uses a 2D representation of the soil medium based on connected springs and dampers. 

These springs and dampers represent soil stiffness and damping respectively. In addition, the 

springs and dampers are attached to mass which represents the soil inertia and resistance for 

movement. For a soil profile like that shown in figure 1-a, the idealized spring-damper-mass 

system is shown in figure 1-b.  

 

Figure 1: Layers of soil and the equivalent 1D model to analyze earthquake response. 
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For the system shown in figure 1-b, the stiffness, damping and mass of each layer is calculated as 

follows respectively,  
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In equation 2, – is the percentage of damping from the stiffness of the spring. In equation 3, Ὣ is 

the gravitational constant (Ὣ ωȢψράȾί .  

Each soil layer can be divided into sublayers to improve accuracy of the model. The stiffness, 

damping, and mass matrices are calculated for each sublayer and combined to form the global 

matrices as: 
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Once the matrices are assembled, the acceleration is applied at the rock base and the equation of 

motion is defined as 

ὓ ό ὅ ό ὑ όὸ Ὂὸ  (7) 

Where, ό, ό, όὸ  are the vectors of global acceleration, velocity, and displacement, 

respectively. Ὂὸ  is the vector of global forces and Ὂ  = ό  zά Ȣ The equation is solved in 

the time domain using a trapezoidal integration algorithm. To find the acceleration, velocity and 



 
 

4 
 

displacement at the ground level. Once solved, these values can be applied in structural analysis 

software to assess the behavior of any structure subject to earthquake motions.  

3. Engineering Manual 

This section demonstrates how to use 1D ErMo to obtain ground motions. The program GUI makes 

it very easy and intuitive to analyze soil layers under any type of motion. The first step is to prepare 

a CSV file the contains the earthquake data. The CSV file should be formatted such as the time is 

in the first column of the sheet and the ground acceleration is in the second column. One source to 

obtain acceleration data can be found in https://ngawest2.berkeley.edu/. 

3.1. Preparing and importing an earthquake motion obtained from PEER 

An example CSV file is obtained from the website for the 1989 Loma Prieta earthquake. you can 

find this file in the application installation folder under the name ñRSN755_LOMAP_CYC285 ï 

Originalò. The data needs processing before it can be used in 1D ErMo. Open a spreadsheet 

program (preferably Excel) and chose File  OOpen and select the file. The program will show a 

window as shown in figure 3. Click on next and make sure the columns separate the data properly 

as shown in figure 4. Once opened by excel make the column empty as shown in figure 5.  Two 

important information should be identified, which are DT and NPTS. These refer to the time 

increment and number of data points respectively. The data is sorted as such the first row contains 

the first 5 points of data and the second row contains the data from 5 to 10 and so on. This 

arrangement can be different from one PEER file to another. In this example, the time increment 

is 0.005 seconds and 7999 datapoints are available. This means that the duration of the earthquake 

is almost 40 seconds. Now choose empty cell in excel and paste the following formula 

ñ=INDEX($B$5:$F$1604,1+INT((ROW(A1)-1)/5),MOD(ROW(A1)-1,5)+1)ò. Two important 

numbers in this formula that need to be adjusted for other data. The number 1604 (in red) which 

the number of rows the data is stored in and the number 5 (in blue) which is the number of columns 

that data is stored in. adjust these numbers accordingly. The excel sheet should look something 

like that shown in figure 5. Drag the formula in this cell for 7999 (NPTS). In the column to the left 

of the new data add time increments. To the right of the data multiply the newly generated cell 

with gravitational acceleration (Ὣ ωȢψρ άȾίͮςȢ  you should have data that looks like what is 

shown in figure 6. A plot of time against acceleration for the Loma Prieta earthquake is shown in 

figure 7. Now the time and acceleration columns are copied and pasted in a new excel sheet named 

ñLoma Pierta ï Processedò. Make sure to remove columnsô headings.  

https://ngawest2.berkeley.edu/
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Figure 2: Window shown by excel once the PEER acceleration file is opened 

 

 

Figure 3: Adjusted column separator to mitigate error made by excel when reading the file 

 

Wrong column separation 
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Figure 4: PEER acceleration file opened in excel for data processing 

 

 

 

Figure 5: Formula to make the data points in one column. 
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Figure 6: Final earthquake motion data after processing. 

 

 

 

Figure 7: Time History record of the Loma Prieta earthquake. 
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The time and acceleration are now ready to be imported to the 1D ErMo application. First 

make sure you add the time increment in time step size entry box. In this example it is 0.005. Then, 

click on the import button shown in the 1D ErMo controls (see Figure 8). This will open a window 

that will allow you to locate and import the acceleration data. Once the acceleration data is 

imported, a plot will appear in the main window showing the acceleration vs. time curve.  

 

 

Figure 8: Control panel of 1D ErMo. From left to right: Import soil profile, delete a soil 

layer, import earthquake motion, and calculate. 

 

 3.2. Preparing the soil profile 

Th second input needed in 1D ErMo is to input a soil profile with the shear modulus in ὑὔȾά  

and the unit weight in ὑὔȾά . This can be done in two ways. Either manually from the program 

interface or preparing and importing an excel sheet with the soil layers info. The first method is 

proper for non-discretized soil layers while the second option is more proper for soil layers that 

are discretized to sublayers to enhance accuracy.  

The soil shear wave velocity data considered in this example is shown in figure 9. The average 

shear wave velocity line is considered for calculating the soil shear modulus as 

Ὃ ” ὺ (7) 

With ” assumed to be ρψππ ὑὫȾά .  The shear modulus can be calculated from the formula and 

is shown in figure 9. The soil profile can be divided into 3 layers and using a ῳᾀ ράȟ 120 

sublayers can be used to descritize the three layers. A spreadsheet was prepared with the the 

sublayers and the corresponding shear modulus. The spreadsheet must be 4 columns and should 

look something like that shown in figure 10.  
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Figure 9: Soil profile showing shear wave velocity and shear modulus. 
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Figure 10: Spreadsheet of soil layers prepared for 1D ErMo Export 

 

All input parameters are ready, the damping is set to 5% at a target frequency of 10 Hz. 

Analysis is run to obtain the acceleration, velocity, and displacement at the ground surface. Click 

on the calculate button and wait until new tabs for the results appear which indicate the program 

has finished solving and the results are plotted on the plot area located under the at surface tab. A 

screenshot showing the acceleraiton at the gorund surface is shown in figure 11.  You can click on 

export and the program will export the results to an escel file which can be used for further 

processing and with other software packages (e.g. structutral analysis software). Another plot can 

also show the plots across the layers at certain time step. 
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Figure 11: Results of 1D ErMo showing acceleration at ground surface. 

 The same earthquake accelration and soil profile are modeled in PLAXIS 2D. the reslts 

of the displacmenet, velocity and acceleraiton compared to 1D ErMo are showin in figure 12. 

Both programs produced similar results. You can view the resuls in the file named ñ1D ErMo vs 

PLAXIS u a vò.  

 

4. Comparison with other programs  

4.1. Comparison with ProShake 2.0 

Proshake 2.0 is a program that is used for the calculation of 1D ground response similar to 1D 

ErMo. However, the 2 programs approach the problem differently. in this section, the two 

approaches are compared in obtaining the maximum surface acceleration, velocity and 

displacement due to seismic excitation. Different earthquake acceleration records are used in the 

comparison and the output of the two programs is presented.  

The soil profile was homogenous and 30 m to bedrock. The shear modulus of the soil was 

7.4E+6 Pascals. The unit weight was 19 KN/m3. In 1D ErMo, the soil was divided to 300 elements 

with each element having a 0.1 m thickness. The damping value in 1D ErMo is applied at 

frequency of 1 Hz. The earthquake acceleration data used for comparison were EL Centro 1940, 

Petrolia 1992, Taft 1952 and Topanga 1994. The records are shown in figures 12. The ground 

acceleration records were inserted in Proshake 2.0 and 1D ErMo and analyses were carried out 

using both programs. Results of surface acceleration, velocity and displacement are plotted 

respectively in figures 13, 14, 15, and 16.  

4.2.Comparison with PLAXIS 

The finite element code PLAXIS Can be used for 1D ground response calculation. A model was 

set with the same soil properties in the previous comparison with Proshake 2.0. The same four 
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earthquake acceleration records shown in figure 12 were applied to the whole soil column. The 

results of the comparison are shown in figures 17, 18, 19 and 20. 

 

 

Figure 12: Earthquake acceleration records used in comparison. top left: El Centro 1940. 

top right: Petrolia 1992.  bottom left: TAFT 1952. Bottom right: Topanga 1994. 
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Figure 13: Results at surface of EL Centro earthquake analyses at 20% damping 
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Figure 14: Results at surface of Petrolia earthquake analyses at 10% damping. 



 
 

15 
 

 

Figure 15: Results at surface of TAFT earthquake analyses at 20% damping. 
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Figure 16: Results at surface of Topanga earthquake analyses at 20% damping. 
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Figure 17: Results at surface of EL Centro earthquake analyses at 20% damping. 
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Figure 18: Results at surface of Petrolia earthquake analyses at 20% damping. 
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Figure 19:Results at surface of TAFT earthquake analyses at 20% damping. 
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Figure 20: Results at surface of Topanga earthquake analyses at 20% damping. 


