
�MEASUREMENTBCOMPUTATI0N advances from Hewlett-Packard 

Modal analysis of scale models 
accurately predicts structural 
response to earthquakes. 

Investigators at ISMES rely heavily on Hewlett
Packard's computerized modal analysis system 
to study the response of geomechanical scale 
models to simulated earthquakes. The results of 
these tests help them to predict the safety of the 
full-scale structure more accurately than by con
ventional means. 

Becaus'e large architectural or engineering struc
tures are likely to be complex, dynamic tests on 
simulation scale models are often essential to ver
ify their behavior under dynamic loads. To which 
end, the Hewlett-Packard 545 1 B  Fourier Analyzer 
with modal analysis package is being used exten
sively at ISMES (Istituto Sperimentale Modelli e 
Strutture-or Experimental Institute for Models 
and Structures), in Bergamo, Italy, for performing 
dynamic tests both on scale models and full-scale 
structures. 

Modal analysis, briefly, is a technique for i dentify
ing modes of vibration in a structure when sub
jected to dynamic loads. One characteristic of each 
mode of vibration is called a mode shape-a spatial 
description of the relative motion of each point on 
the structure. The mode shape reveals important 
information about behavior at each resonant fre
quency, helping the designer locate weak points in 
a design that could result in structural failure . 

One important test area is the interaction of dam 
foundations and dam reservoirs under varying re
servoir conditions, in terms of their response to 
seismic and hydrodynamic loads. Of critical in
terest are vibration modes in the frequency range of 
0-1 5 Hz, which represent the structure's response 

136 

Dam model at left is .775 meters (30.5 inches) 

high. Accelerometers (1) placed at pOints along 

the structure's surface monitor its response to 

earthquake-simulating vibrations produced by 
an electrodynamic exciter (2). Modal informa

tion thus generated is analyzed by the HP 
5451 B (below), which displays the animated 

mode shapes on a CRT screen and/or records 

the shape on a plotter for tutu re reference. 

to earthquake. In one dam design test typical of the 
method, the HP modal analysis system measured 
transfer functions between the input point, where a 
broadband excitation force is applied,  and numer
ous response accelerometers mounted at points of 
interest on a 1:100 scale test model. These transfer 
functions contain all structural modes within the 
excitation bandwidth and can be used to define the 
response at each measurement point. 

With this HP 545 1 -produced information, ISMES 
investigators can accurately visualize the dynamic 
behavior of the model, identify its weak points, and 
thus suggest to the designer where the full-scale 
structure should be strengthened. 

The 545 1B Fourier Analyzer, with modal analysis 
package, has a basic cost of $81,440* with a com
plete operating system including all necessary 
hardware, software, and peripherals. 

Mode shape of the undeformed dam (gray) is compared with a 
typical mode shape (black) showing deformation at one mode of 
vibration. 
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A new line of small computer 
systems with all the facilities needed 
to become departmental servants. 

Now you can afford a "departmental computer" :  
The HP 1 000. A s  a fadle servant, it can be confi
gured to handle scientific computing, instrumen
tation control, and operations management. 

In a few words, the HP 1 000 family of computer 
systems can manipulate large amounts of data in a 
variety of ways concurrently, with fast response to a 
number of users. Consisting of a new, high
performance computer, fast, rugged disc memory, 
and CRT terminal (its basic configuration) , the HP 
1000 represents the kind of price/performance ad
vance that makes the "departmental computer" an 
economic practicality. 

With the flexibility characteristic of the perfect ser
vant, the HP 1000 effectively plays a number of roles: 

• A system for scientifidengineering computing; 

• The controller in an instrument system for auto
mated measurement, control , and testing; 

• The central system to control an entire computer 
network; 

• A complete data base management system for a 
virtually unlimited number of applications. 

Each member of the HP 1000 family has the ability to 
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perform as a multiterminal , on-line, interactive sys
tem serving several users concurrently-and it does 
batch processing at the same time. Each has multilin
gual capabilities that include FORTRAN, ALGOL, HP 
Assembly, and Multi-User Real-Time BASIC. 
Dynamic microcyc1e timing, a singular HP technical 
concept, allows the processor to executa most in
structions in 1 7 5  ns while taking 280 ns for the oc
casional slower functions. 

New enhanced user-microprogr amming is a second 
design innovation that allows you to increase the 
computing power of the HP 1000 system as the need 
arises. For example, a user can improve FORTRAN 
performance in a given application by 2 to 20 times 
over conventional techniques: the sine X function, 
e.g. , is executed 20 times faster; and a typical shell 
sort operation, 9 times faster. 

The HP 1000's versatile real-time operating system 
manages the computer hardware so efficiently that 
several users can access the system to perform dif
ferent tasks simultaneouslY'-and they'll all think the 
computer is their own slave. (For the countless 
thousands who have resented serving the computer, 
this turnabout is fair play.)  

Prices * for the HP 1000 systems range from $33 ,500 
for the cabinet-mounted Model 31 , to $37 ,500 for the 
Model 30 , housed in a contemporary desk-style work 
center (pictured above) , to $61 ,200 for the Model 80 
and $62 ,200 for the Model 81 data base management 
systems. "Domestic U.S.  prices only. 

Mail to: Hewlett-Packard, 1505 Page Mill Road. Palo Alto, CA 94304. 
Please send me further information on 

) HP 5451B Fourier analyzer/modal analysis system 
) HP 1000 computer system 

Name ____________________________ ___ 

Company ____________________________ _ 
Address ____________________________ _ 

City ________ State __ Zip ___ __ 
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