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ABSTRACT 

Ambient Vibration testing of structures is a:- experimental 

method of determining the periods, damping j-atios, mode-shape 

coefficients of the structures. These values can be used to 

validate/calibrate the mathematical model of the structure. This 

method does not require artificial excitation of the structures. 

Only natural excitation mechanisms are used. 	These are natural 

micro-tremors, wind or traffic induced excitations,. shortly known 

as "Environmental Noise" or "Ambient Vibration". 

This thesis deals with Ambient Vibration measurements and 

analytical studies of structures. The recently procured 

instruments, Solid State Recorder (SSR--1 ), Ranger seismometer 

(SS--I) and the associated software SWS'has been used for analysis 

of data. 

Two typical structures were chosen for ' Ambient Vibration 
testing namely (i) the Building of the Department o 	Earthquake 

Engineering, and (ii) Communication Tower of the Electronics 

Engineering Department. Observations were taken with suitable 

positioning of the sensors. 

Natural frequencies, damping ratios upto some extent and the 

response spectra (floor spectra) were obtained from the analysis 

of experimental dat-&.. 

These two buildingss were also modelled mathematically 	for 

determining dynamic characteristics. The thrnparisun between 

experimentally measured time periods an 	analytically computed 

values have also been made. The analytically obtained values of 

natural time periods are found to be'-'about &OY higher than 

experimentally measured values. 

1. 



CHAPTER--I 

NTRODUCTION 

1. 1 BACKGRQUNDi- 

Tbday', the "mWthac! } of finding the response of the  structure 

experimentai`ly has become an accepted one for determining. its 

dynamic characteristics.' The most important information of the 

structure is essentially its natural frequency, mode. ,Shapes ,and,, 

damping of the structure. Since these properties belong to the 

mathematical modeling of the structure rather than the structure 

itself 	ii caW'riot be'measured directly. Usually the structure, 
is excIt•ad~-'a•t ce ` ain - iai1ts and its dynamic response is observed. 
The frezlter+cyr"'"epai~s fvnctiaris are calculated by means of Fast 
Fourier' I.ahl.fbrm techniques and parameters of an associated 
mathematical+..: model"" `Olktural frequencies and response of the 
structure - >,.=are estimated Although this method has been strongly 
advanced over the years, it has a serious drawback which becomes 

obvious when the large-scale structures such as high-rise 

buildings ar'Jbri 	re'to be analyzed. The art:.ficial excitation 
of the structure by means of shaking or impact is often not 

appropriate for la cJt tale structures. The huge amount of energy 
necessar.y,;toi. induce 'struc, tural vibrations may cause local damage 
and the measurement of the exciting forces usually is not a simple 

task.  

Because.of this, problem Civil Engineers become interested in 

experimental techniques, which 	do 	not 	require 	artificial - 

e:ecitation. The method of Ambient Vibration Testing of structures 

use excitation by natural micro tremors, wind or traffic: loads, 

which are available every where at any time. Of course, no 

quantitative inf. r.mation .?bout the exciting 'forces can be used in 
this case. 

The Ambient Vibration Tc tinq of. structures is carried out to 
rieter•mine the dynamic char a r n r i - F.ic~;. of prototype structures. 
The prototype struticturres re 1- HOWn to vibrate With lour amplitude 



Building and (ii) Communication Tower of Electronics Engineering 

Department. 

* To analyze the data obtained experimentally. 

* To carry out analytical studies using mathematical model 

for determining dynamic characteristics of the structur*s.- 

# To compare the experimental and analytical results. 

1,4 SCOPE OF INVESTIGATION 

The ambient vibration testing was done for two typical 

structures namely (i' Department of Earthquoke Enginearinq, 

Building and (ii) Communication Tower of Electronics Enginoorinq 

Department. The (i) was tested in transverse direction while (ii) 

w.s tested in transverse and longitudinal directions. The 

recording was done in SSR-1 (Solid State Recorder) through 55-1 

(Ranger Seismometer). Both the buildings was testod for wind 

induced vibration, the building (i) was also tested for oxciting 
force (generator started in the ground floor of the building). 

1.5 COMPOSITION OF THESIS 

Chapter 1 describes the introduction to ambiont vibration 
testing of two structures under consideration.  

Chapter 2 describes the review of literature in which a case'° 
for ambient vibration testing of Golden Gate Suspension Bridge is 

also discussed. 

Chapter 3 describes the different fe.atures -of . tho measuring 
equipment. 

Chapter .4 describes the, use vibration survey.. software usad ., 

for the analysis of the recorded sate. 
Chapter 5 describes the analytical techniques for; analyzing 

the recorded data. 

Chapter 6 describes the steps followed for the ambient 
vibration testing. of two typical structures.. , 

Chapter „? describes, the . steps • followed for. .:,analytically 
investigatirkg c#(.h:e. two. tructt,re,s.,under considerat.ion-.- 

Chapter 8 describes the conclusions drawn. 

4 



CHAPTER •I I 

REVIEW OF LITERATURE 

2.1 PROTOtYPE" TESTING OF STRUCTURES 

Dynamic tests of full-scale structures provide a unique 

opportunity to verify the validity of analytical 'models used in 

the analysis for design and to build a body of information on 
dynamic character-istics and behavior that could be used in design 

of future` structures. Because of some limitations of model tests, 

the prototype tests provide additional. information . on dynamic 
5 	' 

behavior. Full-scale testing involves a means for applying a force 

and a method of measuring the resulting response. A lot of useful 
data on 'natural periods, mode-shapes, damping and earthquake 

behavior' f io obtair ed from tests. Earthquakes have  . provided 
ful'i-scaie tests an structures in many places,. in the .world..., 	M . 

2.11 Types of Tests In Prototype 

1. AMBIENT VIBRATION TESTS : These include the wind- induced 

a d ; •tra~rf ic-F +_ duced: • ~y ibrat idns. These 	tests 	provide 	basic 
information on natural ,fr gLencies, mode shapes' `and ' 'dampinq of 
structures . 5 

2. STEADY STATE VIBRATION TESTS : In these' tests, the 

structures: arse. exc-iced. intasinusdidal" vibration  by 	 fwet,ful 
electro-hydraulic vibrators or counter-rotating type weighs- 

e;• rriter..-' hes;e Resist provide` information on ' natural' frequencies, 
mode shapes and damping in different''' modes" of - vibration. The 
frequency of ` e:tcitation  could'--'var~y` -"f from ' -1 to -20  Hi and load 
intensity may range from _i to 20t. 	 X"., 

3 . RANDOM VIBRATION TEST- ` .i The e<citatiàn in tPiese- '- types  of 
tes:ts,isj ndom.: arse .:i`s controlled 	th rdugri -w `servo by raulic 
actuators. Thes.e.t-.t,e.sts p'rov•id& zin'for *at•isa ar? 4a the dia# e" response 

5 	 , 



and behavior. 

4. PSEDODYNAMIC TEST : The computer-actuator on-line system 

as employed for models has been successfullyóiflpltyOd for 

determining earthquake response of some full-scale structures. 

	

.. 	 ... 
5. EARTHQUAKE WITHSTAND TESTS ON PROTOTYPE EQUIPMENT AND 

SiSTEMSCerin prototype electrical equipm-ant and systems are 
., 	_.;. 

tested dn hake table for seismic qualification purppses. 

6 J  OBSERVATION I EARTHUAKES ON PROTOTYPE x Certain 
,.... 	.. 	. 	. 	 . 

strüturèsárè instrumented to study its performance and behavior 

- 'in real e art hcakes. 

The tests 1 to 6 has been largely carried out so far in 

	

Japan, 	Yugoslavia. The multistoried buildings, suspension 

'bridges, towers and dams have been tested in large numbers in .  
?' 	 ,. 	 . 	 . 

tieSe countries. 

In India very few attempts have been made to test prototypes. 
• . •f. . 	. 	 .':. 	. 

Attempts have also been made in the past to obtain vibration 

chariscs of water tower structures. The earthquake 

	

01 	.•. 	 . 	,. 	. 	-. 
withstand tests on prototype equipment have been succooafully - 
conducted in the laboratories of Department of Earthquake 

•1 
Engineering, Roorkee. 

2.2  AMBIEtiT VIE RATION MEASUREMENTS OF THE GOLDEN BATE 8USPENION 

BRIDGE t A CASE STUDY 

The Golden Gate Bridge lies across the entrance to the San 

Francisco Bay and joins the northern and southern peninsulas. 

Cor.structionbegan in,  1933, and in 1937 the bridge'*was oponad to 

traffic. In 1952, the additional modifications were lade to the 

lateral bracing system to increase the rigidity' -of the roadway 

after a strong wind storm in 1951 caused some structural damage to 
the bridge. 

6 



oBridg. 

The bridge consists of a main span of 4,200 ft (i2805 m) and 

two side spans of 1,12 ft (342.9 m) each. Thespans are suspended 

from the main cable, which is supported by the two towers.Both 

towers are 690 ft (210.36 in) high from the pier to the bise of the 
jf 	- 

saddle castings and rise 746 ft (227.43 m) above water. An 

elevation is presented in figure 2. 

cross-section, and figure 4 details 
anchorages approaches and tower 

symmetrical about mid-span. 

figure 3hii.a typical  span : 
one of the towers. Except for  
footings, ,,the bridge is 

Extensive measurements were made of the wind and,traffic 

induced vibrations of the main span, one side span and one tower. 

the purpose of these measurements was to experimentally determine 

modal parameter of the structure. 

• i 1 	 ••- 	 rtt' 

The wind traffic induced ambient vibrations were rnesured, by 
F 	 Z7 

a team from both the Princeton University Civil Engineering 

' Department and Kinemetric, Inc. Observation for vibrations were 
Of 	 .- 	. 

tmade,  at 13 stations on the main span and side span and 10 stations 
on one of the two towers. Wind speed was also measured 

concurrently with the vibration data. Analog data 	recorded on 

m 	ctp were ratr digitized for compute? 

2.22 Instrumentation of Bridge 

Most seismometers have flat response down to only one or two 

hertz, limiting their, usefulness 

flexible structt.es often have ,modal 
;--; 

Also the long cables .can, attenuate.  

increase the noie level, as the vol 
. 	. 	 4 

Servo acc€ierometers were chosen for use in this project, as 

modal frequencies well below one hertz and several thousand foot 

cable were e:<pected. 

ridge response was measured using Kinemetrics Model FBA-1 
and FBA-11 force balance accelerometers. The site where the 

at low frequencies.. 

frequencies below one hertz. 

he seiernpmeter outputs and 

age output, is very-low. 

7 



seismometers were to be installed was almost always wet aeGataww W. 

the salt-laden fog, therefore plaster of paris was used for fixing 

up the seismometers, and this way no damage was done to the paints 

and metal of the b'l'fdge asj  we`i Z .  

Wind speed was measured simultaneously with the ,.. bridge 

response using an R.M.Young UVW anemometer system. Only two axes 

of this tria'xial devic , "were 	used;' 	'these 	i bra= -oriented 

horizontally.' 

If individual cables had been.used,to connect each of the. 12 
accelerometers to its control/power panel in the recording 

station, over 1EY;DQO #t. (548T.8 m) of cable would havo been 

requi i46 for -th'4 math and't"he side span measure ien'ts. Ueing " the 

cabling system as ̀̂shaven in figure :5,  or1'ly sIightiy-more than 4000 

ft. (1219.5 m) of cabie was required for = the aceel'erometers. For 
'tower measurements, a combination of this cable ' system and 

individual sensor cables was used. 

2.23 Signal Conditioning 

Sigmal.s •frc m -the; accelerometers were amplificoC :• and ,. filtered 

bung .Kinemetr•ics Modeal:..,SC-..1 .signal.- Condit.<ioners. - The wind 5pood 

data were no.t.=coedit, Qped.., . as both the signal level and frequency 
content were adequat.e••fo.r direct recording. 

2.24 Data Recording 

because` cif th ` "e tme environmental c'a'ndi`t"ions and the,  need 
i  ditedat 	view-, an "analog recO d'i gig-  system  was chosen 

over an equivalent digital system. Up to 12 channels of data were 
recorded simultaneo!isly on a honey well Mode'I 5600E -  '14- cha►nne ,ls "FM 
tape recorder. 

2.25_. Fiend Program fo.r PPata Recording 

The field work began an June 14, 1982 and during the next ten 
days me:asut.emen,ts;;ursr:e made- .o.f. both: span, and . towe=r, vibrations. In 

M 



order to reduce the amount of data required. symmetry,, of the ,bridge 
response was assumed. Only the South half of the bridg 	,aa 

s~9,sc9xed. 

The br,i ,,F~ wa .A~s,aiyzea,,using 12 channel accelerometers, at 
each of the 18 stations shown in figure :2 six accelerometers. were 
installed. The positions and sensitive directions of these 

accel.ercas~►eters are shorn ir"figure t. 

Station r S was the reference station . car all the span 
a'easur.ements . OnA,.hour. rof ambient ,vibration data i ere recorded at 

:each, of. the m in span,- stations. Thirty minutes of data. were 
,recorded.t. each-of the side-span stations excppRt station .17, for 
,j%;hich -one# hot,~.r ; af, recording was, ,,done a ,- 

The motion of the San Francisco (south) tower of the Golden 

Gate Bridge was measured using 9 channel of accelerometers and 

thirty minutes of data recording was done. 

the ar+ mo 	t 	as then mov;,•d- to` the highest'> -point, of the 
ist saddle o'n- the ' t'owf r.''`Th0_sL3; Wind 4er,sor, .,vere now, .the. .. hia hest 

: t r on ...the bridgb. 'the t so wired spes'd signi... 'were. moved = to 
channels 10 and 11 of the 14-c- .anhe'l rcorder.A  

Accelerometers I through 6 were then moved.to -the various 

locations on the tower. Three or four tower stations were included 

,, âc► each of. the,,.fou,r data run.?,~~ in ale, 5. camp n an 	~ ► .t,ower, motion 
were measure.d.. Thi rtv. minutes of., data were recorded .for, each.,• rain ;. 

,,~ 
	 .i 	.. 	 .rr.~ 	 .r  	 `• 	 ' P''.. 	s":' a. 	4 	,,;'('1 a 	z.7r, 	• X. . 	. 	e,,,,. 

.L26 ,Digitizataon o,f EData-..  

To facilitate computer processing of the vibration data, the 

analog data recorded on the `twa 'tape re' oorci r' `aver° °-" "di'y ;t;ized' °•mot 
Kinemetrics following the field program. 

r anc I i &ld =On 'tibn•~o-f t i =Ambient° Vibr-a-t 	es er:tfi 
the Golden Gate Bridge, many problems were encountered in the 

design of the instrumentation and in the data acquisition. These 

4 



included sensor choice, sensor mounting, cable design, and 
protection from the environment. The solution of these problems 
have already been discussed. 

.Extensive, high-quality data were acquired during the field 
measurements. These data are expected to provide researchers and 
analysts with information of exceptional quality for years to 
come. 

10 



CHAPTER III 

DESCRIPTION OF VIBRATIO1 MEASURING EQUIPMENT 

.1 ACCELERATION LEVEL IN STRUCTURES 

Stiff structures such as masonry buildings and concrete dams 
5 

(f>5Hz), experience accelerations on the oder of 10- g to 10 ' 

due to wind and micro seismic ctivity. Flexible structures, such 

as multi-storied buildings offshore structures (f<lHz), experience 

accelerations on the oder of 10~ g to , 1d g -under wind and wave 
forces. 

3.2 DOMINANT FREQUENCIES IN STRUCTURES 

Seismometers with high sensitivity and 1 to 100 Hz frequency 

response, is used to measure the response of stiff structures. The 

force balance accelerometers with DC to 50Hz frequency response is 

used on flexible structures. 
} 

During Ambient Vibration Survey, these sensitive 'transducers 

are positioned at numerous locations on the structure and 

connected to a portable recorder through a multi-channel. signal 

conditioner. The signal conditioner applies low-pass filtering and 

amplification to the signals. 

3.3 AMPLIFICATION--FILTERING OF SIGNALS 

A key element for successful Ambient Vibration measurement is 

an amplifier/filter module with sufficient flexibility to meet 

differing field conditions of structure type and ambient forces. 

The ability to reject high frequency vibrations beyond the 

interest of strvctureta is necessary. Sometimes an amplifier 
capable of 30,400 gain is necessary to obtain signals suitable for 
recording. Also, the ability to integrate the transducer output to 

enhance lower modes is very useful. These features can be used in 

the amplifier filter modules. Multi--channel systems can he 
constructed using amplifier panel. 

A suitable recording system must have sufficient dynamic 

11 



ran a to ca ture the structural response of modes with small g  
participation. Other important features includes multiple 

recording speeds or sample rates, visual data monitoring capacity 

and, event ';, _i•~ien,toificati.on ,' .- field 	portability, 	and ' rugged 
construction. Four channels FM record/reproduce is a normal 

minimum. 

3.4 . OPERATING--INSTRUCTIONS FOR SOLID STATE RECORDER (MODEL- _S$R-1) 

3.41 Brief Description of SSR-1 

Modern digital 16-bit recorders, such as Ki.nemotrics, Model 

SSR-1, permit very high dynamic range (96 db) triggered event 

recor'ding or continuous recording with high speed interfaco to a 

lap-top PC. 

The SSR-1 offers additional features such as pro--programmed 
window turn-an for unattended operation, triggered event turn-an 

for event related response measurements, battery operation for 

reml to applications, and time tagging and labelling of files for 

easy identification. Best of all, the data is acquired and stored 
digitally for the ease of analysis, field evaluation of data, as 

well as control over the SSR-1, is accomplished using a portable 

lap-top PC. 

The SSR--1 'is a good choice for measuring Dense Arrays: local 

effects and excellent choice in case of Dense Arrays: source 

mechanism-and wave` propagation as well as for after shocks. 

3.42 Sp.oci:f.ications- of SSR-1 

Recorder :Solid State 4MB memory RAM 

Processor :1MB . RAM, 3.5 inches floppy drive and 20MB 

memory hard disk with EGA 

Features :Dynamic range 96dB with 16 bit accuracy 

Provides pre-programmed window 

Battery operation for remote applications 

Time tagging and labelling of files 

Data acquired stored digitally 

12 



3.5 OPRATINGIiJSTUGIIONS FORrRANGER LEUIOMETER (MGDLL 66-1) 11 

3 51 Brief Descrption of SS-i 

Se.ismometer is a vii'satiie, hhersitivity,' 

portable seismometer speci f ically designed for a variety of 

seismic field applications under 	environmental conditions, 

Figure :6 shows the seismometer and case  assembly. The, Rangr 

combines high sensitivity, field selectabL made and riqqLd 

watertight cOflSrUctLoP, in a pack age masurtnn ocly 5 inches in 

dime fir by 12 i,cftes long and weighing only 1O9 pound. A 

separate calibration coil in the base provides a sample means of 

field,caliratin' 	he R.ng.er using only a khoiin-voltage battery 

and a. fi.xtdprecision ,'es.istcir. 

1he Pancr Is 1 spring-mass instrument with electrornaqtLc 

transduction tt permanent magnet assembly is the seismic 'as 
iiTe the cjiI 	- t ached to the frame 

The Ra-ger can be user eihther horizontall/cr vertically and 
is well suited td field or laboratory use. The relationship 
between major parts is shown schematically in Figure 7. The mass 
i supportedby two circu'ar lie ures which constrain i'- 	a 

 degree' ere of f r 	-D m A helical spring is used to suspend t e 
mass. When ?tNe?ismomter  is used vertically,, the suspension 

spring is fully-. <tended, when, uied ho t'onta- i'. the • zip ring is 
unstressecL The  force of  suspension spring it contro;i.led by 
Positioning a hncjer tod attached ro ihc spring, he baic natural 

anii UnsiOn sprirq is eteithd 5y 
the add itr '- f 	na-I-I r'd-iaçjhets irstealled around the mass. These 
perio-td-in rn'açre 1 	int rc 	i th the magnetc field of 	e 
mass, effec:tivei 	dc i 	a'neoati've restoring force 	In ardor 
to 	 pei-ioJ ttie field strength and position if 

the peniod€te ir 	ints are 	areful lv 	i'uted at 	the 
factory. 



3.52 Specifications of SS-1 

Natural Period, Try 	 1 second 

Coil Resistance, Rc 	 - 	5500 ohms 

Critical Damping Resistance 	- 	6500 ohms 

Generator Constant, G 	 = 	340 volts/meter/sec 

Total Mass Travel 	= 	2mm 

Weight 	 = 	1.45 Kg 

Motor Constant of the 	 = 	0.4 newtons/amp 

Calibration Coil 

The SS-1 Ranger Seismometer may be used either vertically or 

horizontally. The seismometer should not be installed within six 

inches of any steel or magnetic object. To unclamp.the mass, turn 

the lock fully counterclockwise. 

3.53 Adjustments of SS-1 

Mass centering is required while changing the position of 

SS-1 Ranger Seismometer from vertical to horizontal or 

otherwise. For mass centering the mass is brought to the center of 

its span of travel by means of the spring hanger rod at the top of 

the instrument shown. in figure :7, after unclamping make this 

adjustment as follows: 

1. Unscrew and remove the access cover/handle. 

2. While holding the spring hanger knob with one hand, 

loosen the collet nut with the other hand. 

3. Male the spring hanger--rod until the mass is fairly near 

center. Centering is determined by the coincidence of two 

lines, visible through the viewing port. With the 

mass reasonably centered, tighten the collet nut. 

4. Fine centering of the mass is now achieved by means of the 
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mass centering nut. Turn this nut until. the 	two 	 cvZ  

as seen through the viewing port, coincide. 

Since the mass of: the sensors does not changes with time, the 

natural freqvvricy and damping measured from this record can be 

used to assure that the essential sensor characteristics 

determined at the time of calibration remain unchanged. 
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CHAPTER IV 

VIBRATION SURVEY SOFTWARE 

4.1 BACKGROUND 

The Kinemetrics Seismic Workstation Vibration Survey Software 

is a set of programs designed to aid the scientist or engineers in 

processing data recorded by Kinemetrics vibration recording 

systems. This application program package is intended to 

supplement the general purpose time series processing utilities 

provided in the basic Seismic Workstation software package. 

4.11 Time Series File Processing 

The first step in data processing on the Seismic Workstation 

is to acquire raw instrument data and convert it to the 

Workstation common data format (CDF). This stage of processing is 

handled by the Instrument Interface Software, as shown on the 
block diagram in figure :8. 

Once the raw instrument data has been covered to a CDF file 

(with default file extension ".DAT"), the next few processing 

steps are to decode the serial time code (if necessary), and to 

edit the raw data down to a subset for processing by the Vibration 
Survey programs. 

Time code decoding is accomplished using one of the decoding 

programs TSTCG or TSDATUM which decode the Kinemetrics TCG-1A or 
TCG-1B time code and the Datum bi-level slow code. 

Each converted time series (CDF file) may be edited using the 
program TSEDIT. This allows the user to mark channels for removal 
from the file as well as to mark the beginning and end of a 
segment of the file for later processing steps. 
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If it is desired to reduce the size of the edited file by 

actually removing channels marked for deletion and discarding data 

beyond the beginning and end markers set by TSEDIT, the program 

XEDIT may be used. 

4.12 Spectral Analysis of Recorded Data 

The program for spectral analysis include FFT and QFFT. Both 

programs perform non-averaged fast Fourier transforms on up to 

four channels of data from CDF files. The program FFT differs from 

QFFT only in the respect that FFT allows 4 times larger transforms 

(6K transform, single-channel mode) to be computed compared to 

QFFT. However, FFT utilizes disk files for storage of intermediate 

results, thus slowing down processing. FFT is best used with a 

winchester disk or RAM disk. 

The QFFT program is described in the following sections. 

However, the command descriptions are equally applicable to the 

FFT program commands. 

4.13 QFFT of Data 

The interactive spectral analysis program QFFT provides the 

user with the ability to view pre-recorded data graphically in the 

frequency domain. QFFT gives the user the option of processing the 

data with a power-of-two fast fourier transform up to order 11 

(1024 point spectrum output) for single-channel mode, or trading 

resolution for multi-channel processing capability (up to 4 

channels with 256 point spectra). In addition, rectangular, 

Nanning, or Hamming windows may be selected. 

QFFT also provides the user with the capability for 

graphically zooming displays for detailed viewing, and producing 

labeled hard-copy output on the optional pen plotter. Detailed 

frequency auto-plots are scaled both horizontally and vertically. 

Time series plots have units of Volts and seconds. Frequency 

amplitude plots have units of Fourier amplitude and Hertz. 
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4.14 Starting Analysis Session for QFFT -  

QFFT is started with a command, of the irilm 
QFFT Filename 	 "s  

where "filename" is the name of the CDF time series data file 

to be processed. The program then responds with a series of 

questions to determine the processing parameters which are to be 

used in processing the file. An example of this is shown in figure 

:8. 

As indicated in figure ;4, the first question requests the 

user to enter the number of channels to be analyzed. The 

acceptable range of values are shown in square brackets, and the 

user response must be typed in integer format (no decimal point is 

allowed). In the e:<ample, the.  acceptable range is I through 4 

channels, and the user has elected single-channel processing mode. 

Note that the larger the number of channels to be processed, the 

smaller the allowable transform size. This is,due to data array 

space limitations of QFFT. 

The second que tion pointed by QFFT requests the transform 

order (size) to be entered. This is the power of two of the. number 

of input data points which will be used in the FFT computation. 

Thus, a selection of 11 means that 2048 datapoints will be 

processed, yielding an output spectrum with 1024 points from 0 Hz 

(DC) to the Nyquist frequency (1/2 x sampling rate). Note that the 

upper limit of the acceptable range which is displayed is adjusted 
for the number of channels which has been selected in the 

preceding question. 

The third question requests the user to select,the transferrm 

window desired. 

At this point,,QFFT searches for the specified data file, 
reads the header information,.,and displays the comment, sample 

rate used, and the assigned channel names. 



Next, QFFT request the number of the data file channel to be 

processed for each of the QFFT analyzer channels selected. In the 

example above, since only 1 analyzer channel was selected, only 

one date channel needed to be entered (channel 2, "AIDL", was 

entered. 

The final question is used by QFFT to determine the point 

within the data file at which processing is to begin. This is 

useful for comparing transforms of data at different points within 

a given file, as well as for skipping past a bad section of the 

file. The maximum time offset which QFFT will accept is 30.0 

seconds, and the user input may contain a decimal point. 

At this point the initial dialog is complete, and QFFT 

proceeds to read•the input data file and to execute the operations 

specified. The progress of the computations are indicated as shown 

in figure :9. Note that a transform of order 10 (1024 input 

points) will take approximately 20 seconds. After FFT calculations 

are complete, the Seismic Workstation screen is cleared, and the 

initial plot is displayed as shown in figure :10. 

The initial QFFT plot consists of two "frames" in which 

functions are displayed. The upper frame (frame ''' #1) is 	a 

linear-linear auto-scaled plot of the input time series for 

analyzer channel 1, while the lower frame (frame #2) contains on 

auto-scaled semi-log plot of the amplitude spectrum of the data. 

In the case of frame #1, the horizontal axis (time) is scaled in 

seconds, while the amplitude is normalized to full-scale. For 

frame #2, the horizontal axis is frequency in Hertz. Note that the 

top of the plot is also labeled (from left to right) with the data 

• file name, the comment found in the header of the file, and the 

analyzer channel number. 

When the initial plot is complete, the terminal cross-hairs 

appear, signaling that QFFT is now at the second input phase. This 

is described in the sections which follow. 
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4.15 Interrupting and Terminating QFFT 

The analysis session is terminated by two methods, depending 

on the current input mode of QFFT. When QFFT is requesting, input 

during the initial dialog, the program may be aborted by typing a 

:control -c> as the first character of the input. If QFFT is 

requesting input via the graphics cross-hairs, typing the 

character <Q> will "quit" the analysis session.  

During actual plotting of data, whether the plotting is on 

the console terminal screen or on the plotter, the plotting of the 

current trace may be interrupted by depressing the <esc> (escape) 

key. If further plotting was pending, the program will immediately 
continue with the axis labeling and plotting of the next frame. 

Thus, plots in progress may not be completely aborted, but may be 

shortened by using the <esc> key. When the plotting finally comes 

to a halt, the .,Q> command may be used to terminate QFFT 

execution. 

4.2 INTRODUCTION TO QUICKTALK (SSR-1 Communications Program) 

QuickTalk, QT, is an integrated environment for communicating 

with the Kinemetrics SSR-1 Solid State Recorder using an ISM or 

100% compatible computer. It provides for direct communication as 

well as remote access over telephone lines and modems. A spread 

sheet-like parameter Work sheet is built into the program to ease 

the setup of experiments which require periodic changes in the 

configuration of the recorder. QuickLook, is also available from 

within QuickTalk to provide graphical display of received event 

files. Also, parameters can be readily loaded into, the SSR-1 by 

sending them as a standard ASCII file. Parameters can also be 

transferred to the user's PC as an ASCII file which can later be 
edited using ̀ a word processor or text editor. 

What QuickTalk: really does that standard PC communications 

programs don't, mainly "insulate" the user from the simple SSR--1 

two-character commands and 187 numeric parameters. Many of these 
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commands are accessed from the "user friendly" pop up Work sheet 

complete with context-sensitive help in many areas. 

Since QuickTalk directly accesses the PC's serial port, 
interrupt controller, and display screen memory, 100% hardware 

compatibility with the IBM PC is absolutely required. Also, the 

Bias (Basic Input Output System) ROM must be compatible. QuickTalk 
supports color display adapters, monochrome adapters and monitors 

as well as the Liquid Crystal and Plasma displays used on many Lap' 
top computers. Communications at speeds up to 115.2 kilobaud are 

supported on faster computers. 

4.3 INTRODUCTION TO QUICKLOOK (12/16 Bit SSR-1 Display Utility) 

QuickLook (g116) gives the field user a quick visual 

presentation of seismic waveform data recorded on -Kinemetrics 

SSR-1 recorders. Maximum amplitude, event duration and predominant 

frequencies call all be readily determined. 

It provides an immediate visual presentation of the data with 

no additional processing. It is also especially helpful in quickly 

determining which records require further analysis. Finally, g116 
can be used during periodic inspections to display functional test 

records to verify proper operation on-the-spot. 

The program q116 is provided with Kinemetrics SSR-1 digital 

seismic recording instruments. The program allows seismic records 

to be displayed graphically on the screen of an IBM PC (or 100% 

compatible) computer.. The program is compatible with i6 bit 

(SSR-1) data. The events can be viewed as soon as they ire 

transferred to the PC. 

q116 automatically scales the event to fit on the 

both x and y axes. Once initially displayed, channels 

temporarily not wanted can be removed from the display 

of interest can be quickly examined in greater detail 

with the cursor and zooming in. 

screen in 

which are 

and areas 

by marking 
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RAM memory is dynamically allocated to the program and all 

that is available will be used for data. If the event will not fit 

in the available memory, it is truncated. 

4..4 INTRODUCTION TO MAC/RAN SOFTWARE 

4.41 Time Series Analysis 

A group of data values that are compiled with respect to 

their chronological occurrences can be considered -a time series. 

More often, one is concerned with a transformation of time 

series data into another domain so that a more involved 

investigation can be made. The most common of these transformation 
is the Fourier transform which computes a function in the 

frequency domain corresponding to the time series that it operated 

upon. The transformation is a very powerful tool and is used 

extensively for many purposes, including power estimation,. 

spectral display and analysis, certain types of correlation, and 
even mathematical integration and differentiation, among many 
others. Thus, time series analysis is a very broad term that 

includes many frequency domain techniques to deal with a wide 

spectrum of phenomena. These techniques are also applicable to 

situations that do not involve a time basis, if an analogy can be 

made with a time series. 

4.42 MAC/RAN as a Time Series Tool 

MAC/RAN incorporates sophisticated algorithms and data 

preparation techniques in its processors. This minimizes the 

signal processing expertise and computer coding necessary to 

analyze data correctly. All data entered into MAC/RAN remains in a 

standard data format that allows continuous processing through 

various modules or selective output at any time during a program 

run. In addition MAC/RAN processes multiple channels 

simultaneously for greater throughput. 



MAC/RAN allows 	any 	one, . several, 	or 	all 	of 	its 

state-of-the-art processing procedures to be specified within the 

same program run. MAC/RAN driver and management software handle 

the delegation of tasks and data to the necessary modules by way 

of a control language. Thus, a control file stored on disk can be 

easily edited to after existing sequences of procedures„ 

parameters, or input data. This avoids the rewriting of special 

software that is required to accommodate any adjustments needed to 

obtain the desired results. 

MAC/RAN is not a programming language nor a set of 

subroutines from which one constructs his own data reduction 

system ; instead, it is a self-contained data reduction system 

that provides flexibility in the choice of any specific processing 

procedures required at any given time. 
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CHAPTER V 

ANALYTICAL TECHNIQUES OF ANALYZING THE RECORDED DATA 

5.1 THEORY FOR ANALYSIS OF DATA 

The acceleration response of a physical structure can nearly 

always be characterized as a mixed random process„ a composite of 

a random process and a deterministic shaping function. The 

deterministic shaping function results from the response of the 

structure in its normal modes to the random input provided by the 

natural processes of wind and -  micro-tremor. The random portion 

results from the nature of the input, as well as extraneous noise 

present in the measurement. 	" r  

One property of the spectrum of a random process is that each 

segment of the infinite-duration time history, being different 

from any other segment, makes a unique contribution to the 

spectrum. Thus, the spectrum resulting from any finite time 

measurement is only an approximation to the true spectrum of the 

complete random process. The property presents the greatest 

problem in measuring the spectrum of a random process. The 

solution is accomplished by spectrum averaging. The average of 

many independent measurements is a better statistical estimate of 
the true value.  than any single measurement. In the process of 

averaging, the random components of the signal are diminished and 

the systematic components are enhanced. 

During the field program, measurements are taken at several 

different positions on the structure in several different 

orientations. These data are analyzed by determining the relation 
between each signal and a reference signal. The reference location 

is chosen so that it contains information for all the modes of 

interest. Consider the generalized measurement situation shown in 

Figure :11, with two accessible points on the structure X and Y. 

X and Y are related by some linear transfer quantity H, and Y 
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is contaminated by some uncorrected noise source N. 

The recorded time-function signals x(t), y(t) are Fourier 

transformed into linear spectra : 	- 

S = F {:<(t)) ... x 

S = F {y(T))...  (2) 
y 

From these linear spectra, three power spectra can be 

computed. These are the "input" power spectrum, 

Gxx = SxSY , . , . 	 (3) 

and "output" power spectrum, 

G = SS yy y y ~,  

and the cross power spectrum, 

Gyx = SyS x ... 	 (5 ) 

Where the asterisk in these equations indicates a complex 

conjugate. The output power spectrum can be expressed with two 

parts, one due to the input and one due to the uncorrected noise 

source . 

S = HS + S ...  (6) y 	x 	n 

Substituting (6) into (5), the cross power spectrum can be written 

G 	= HG 	+ G 	.. yx 	xx 	nx 

After signal averaging, these terms become. 

(7) 

G 	=H6 	+ G' .. 	 (6) yx 	xx 	nx 

Assuming either that S 	is small or that G 	has been n 	 - yx 
sufficiently smoothed through averaging to make Gnx negligible, 

the cross spectrum terms are given by 

tt1J 1. . G 	= HG 	.. 	 e1̀ ''~, 	 (9) 

(1) 
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The transfer function is then directly calculated : 

G 
H = 	yx 	 (10) 

G xx 

To measure the degree to which one signal is dependent on the 

other instead of another uncorrected source, the coherence 

function is evaluated. The coherence function is defined by 

2  

Y2 _ 	Gyx 

G G 
- 	xx yy 

Equation (11) can be rewritten in a more convenient form : 

2  H Gxx = 	 ...(12) Y 

H y GxX 	 nn 

At a given frequency, y is the fraction of power at the 

system output that is due to the input. If Gnnis zero, Y2  = 1. 

This indicates a perfect linear, non-noise cohitaminated relation 
between input and output. If JI2G 	(the output term due to.  the 

xx 
input') is small compared with the noise, r2  will be close to zero. 
y2  is a value lying between 0.0 and 1.0 that -gives a positive 

indication of the relationship between input,and output. 

Consider the structure shown in Figure :12. representing the 

plan view of the crest of a concrete arch dam. Structural 

coordinates are indicated for radial vibration of the arch. The 

set of time-series xi(t), x.(t),.. k.(t),...xn(t) 	is transformed 

to the frequency domain: 

S1(f) = F {x1 t} 

S2(f) = F  
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Si (f) = G I x. (t)l 	 ... 	(13) 

. 	 • 	 P 

9
n
(f) = F f x n(t) 

Modal frequencies of the structure appear as peaks in. the-

amplitude spectra 
I 
S 
n 
(f)j. The amplitude spectra •of Figure :13 

shows the three lowest modal frequencies. 

The ith mode shape coefficient Hid at each natural frequency 

fJ , normalized to the value at coordinate 1, is simply 

G. . (f.) 
H..=  13 	3 

J 13 G11 (f~) 

The. relative phase of the complex product S1(f) Si(f) gives 

the mode shape direction. 

Damping estimates are obtained from the width of the peak 

corresponding to the modal frequency of interest 

BW 
= 1/2 

f. 
i 

Where 	is the critical damping ratio and BW is the peak 

width (bandwidth in, Hz) measured at 1/12 ~of the amplitude 

spectrum value S(fi ). 

It can be shown that the length of time—series required to 

give reasonable estimates of damping is 

2n 
T = 
a 	~1 f1 
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Where T is the length of record in seconds, 	is the damping 

ratio in the lowest mode of interest, f1  is the corresponding 

frequency and n is the number of averages required for a 

sufficiently smooth spectrum. Experience has shown that a \minimum 

of 32 averages are required for most civil structure. 

5.2 FIELD PROCEDURE DATA ANALYSIS AND INTERPRETATION 

Most ambient or shaker excited building vibration tests 

assume that the structure can be approximated by a damped, linear, 
discrete or continuous system whose properties varies with 

reference to a line. Two simultaneous velocity recordings are made 

in each run. One of the transducer (the reference instrument) is 

left in place while the other is shifted up and down or sideways 

along a line suitable for the defining of mode-shape that is to be 

measured. All the transducers are oriented parallel at the same 

location on the structure to record identical., structural motion. 

This measurement provides a relative calibration between channels 

of the entire transducer amplifier, filter, recorder and analog to 

digital conversion system. 

5.21 Selection of Time for Recording 

The length of recording for each measurement is very 

important. Too short a period of time will result in unreliable 

spectra, and thus limit the usefulness of mode-shape and damping 

estimates. Too long of a recording increases project effort and 
cost. As a rule of thumb one hour of recording time is required 

for each second natural period corresponding to the lowest mode of 

interest. 
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CHAPTER VI 

AMBIENT VIBRATION TESTING OF STRUCTURES 

6.1 AMBIENT VIBRATION TESTING OF DEPARTMENT OF EARTHQUAKE 

ENGINEERING 

6.11 Description of the Building 

The Three storied building (ht. 11.Gm) was tested for Ambient 

Vibrations on 1 th  1 Sept., 1993. Figure :14 shows the front 

elevation of Department of Earthquake Engineering Building. The 

building is a framed structure building with reinforced brick 

columns and reinforced cement concrete beams. There are two stair 

cases in the building_ One expansion joint is also provided in the 

building as shot-in in figure :28 (first floor plan of the 

building). 

6.12 Instrumentation of Building 

Six Kinemetrics 1-sec (natural period) seismometers SS-1 and 

a f::inemetrics SSR-1 portable digital event recorder was used in 

the study. The si:: channels scanned data were sampled at a rate of 

200 SPS (Samples per second) per channel with 16-bit accuracy to 
provide 96 dB of dynamic range. A PC-XT was used to 	display and 
process the data. 

6.13 Excitations in Building 

Wind induced vibrations were recorded, additional 
measurements were made to study the response of the structure by 

starting the generator in the ground floor of the building, 

several times during the recording a below was also given in the 
vicinity of the sensors. 
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6.14 Description of Tests 

The limited number of instruments available dictated an 

experimental scheme in which simulations measurements were made at 

few locations at a time. During the test of 11th  Sept 1993 SS-1 

(Ranger Seismometer) were placed at different floor levolt. (io) 
Iat ,2ndand at the roof level as shown in figure s15 and recording 
was done simultaneously. The placement of seismometers; duringJha 

tests conducted is listed in table :2.  

Post processing of data included instrument corrections, 

transformation from velocity to acceleration and calculation of 
discrete fourier transform from long samples of the recorded 
motion. 

6.2 AMBIENT VIBRATION TESTING OF COMMUNICATION TOWER • OF 
ELECTRONICS ENGINEERING DEPARTMENT 

6.21 Description of the Building 

The Thirteen storied building (ht. 42.60m) was tested for 

Ambient Vibrations. Figure :16 shows the front elevation of 

Communication Tower of Electronics Engineering Department 
Building. The tower is having a coupled shear wall in longitudinal 
direction and is provided with a lift and a stair case. The 
foundation of tower is consisting of a raft supported by piles (26 
numbers).  

6.22 Instrumentation of Tower 

Six Kinemetrics 1-sec 	(natural period) seismometers SS-1 
and a Kinemetrics SSR-1 portable digital event recorder was used in 
the study. The six channels scanned data were sampled at a rate of 
200 BPS (Samples per second) per channel with 16-bit accuracy to 
provide 96 dB of dynamic range. A Lap-Top PC was used to 	dioplay 
the records, these data were stored in SSR-1 (Solid State 

Recorder) and latter transferred to a PC-XT for processing. 
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NAME OF THE BUILDING 

Department of Earthquake Engineering 

<i) Transverse Direction 

Communication Tower of Electronics 

Engineering Department 

(i) Longitudinal Direction 

(ii) Transverse Direction  

TIME PERIOD 

(second) 

0.308 

0.685 

0.795 

' 	Using option gL16(exe) the plot shown in figure •:18 is 

obtained. It gives information about the event time, plot 

parameter . shown in figure :19 can also be obtained. For getting 

natural time period of structure the record of one channel a as 

shown in figure :18 is selected and the portion of interest is 

magnified by zooming the plot as shown in figure :18(a). 

6.32 Damping and Natural Frequencies of Building 

Using option fd(exe), natural frequency and damping ratio 

were found out. To find natural frequency two points were selected 

on the plot as shown in figure :20 then program asks for number of 

cycles chosen, count the number of cycles and put,for finding out 

the damping ratio three points are chosen on a plot. Then ,  on 
asking for the information of the plot the figure :21 is obtained 

which gives values of frequencies and damping ratio's. 

6.33 Vibration Recording of Different Floors 

For getting uncorrected accelerogram make use of SWS main 

menu option 4 Cie) Strong motion data analysis, and then choose 



option 1 (VOLIDS) of this menu, this will convert .D16 file to..vl 

and then making use of option 4 V1PLOT uncorrected accelerograph 

shown in figure :22 is obtained here acceleration on y--axis . in 

terms of 6 and on ;<-axis is time in seconds. 

For getting the plots shown in figure :23 which gives 

acceleration vs  time, velocity vs  time and displacement vs  time as 

well as the peak values are also written is the top. Using option 

2 (VOL^DS) which convert file with .v 1  extension to file with .v,2 
extension which is required for getting this plot. Here, we have 

corrected acceleration, velocity and 'displacement on Y-axis in 

cm2/sec, cm/sec and cm resp. v time (sec) on X-axis we can also 

have quick look on peak values of acceleration, velocity and 

displacement with respect to time. And these positions are 

significantly marked on the plots shown in figure :23. 

The results obtained for both the buildings are tabulated as 

shown in table 2 & 3.- In these tables peak values of acceleration, 

velocity, and displacement Vs time are presented which may be of 
great use to identify the structural behavior. 

6.34 Response Spectra of Floors 
j 

For getting response spectra (floor spectra) use option 3 of 
Strong motion data analysis menu this will convert file with .v2  

extension to file with .v3  extension which is, required for J 

calculating the response spectra. Then choose option 6 for getting 

spectra. This is a plot as shown' in figure :24 on log-log scale. 

On Y-axis is PSV (Power Spectral Velocity) in (inches/sec) and on 

X-axis is time (sec). As seen from the plot two more axis are 

there, on one is SD (Spectral displacement) in inches and an 

another is PSA (power spectral acceleration) in terms of 	. This 

types of plot is very useful for finding SD, PSV and PSA at a 

given time for a known value of damping using the plot 

accordingly. Such plot are of great significance in structures 

like nuclear power plants where the response of a floor is 

required for validating with that of the instruments to be placed 



at that floor level. 
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CHAPTER VII 

ANALYTICAL INVESTIGATION OF STRUCTURES 

7.1 BACKGROUND 

The two structures namely ti) Department of Earthquake 

Engineering and (ii) Communication Tower of Electronics 

Engineering Department, were considered as planner structures and 

analyzed by plane frame program. Both the 	building 	tested 

experimentally were modeled for analytical analysis as shown in 

figures :25-27, Figure ':25 shows the mathematical model of 

Earthquake Engineering Department Building in transverse 

direction. Figure :26 & 27. shows the mathematical models of 
communication tower of Electronics Engineering Department in 

longitudinal and transverse directions respectively. As shown in 
figure :26 & 27 the foundation of the tower is replaced by two 

springs (ie) horizontal I(,<and rotational K0, the values of these 

spring constants was calculated by considering elastic half space. 

7.2 MATHEMATICAL MODELLING 

Mathematical models of the two structures studied namely 
(i)Department of Earthquake Engineering Building and (ii) 

Communication Tower of Electronics Engineering Department are 

shown in figure :25-27. Figure :25 shows the mathematical model 

for the department of earthquake engineering in transverse 

direction in which the wall has been replaced by strut (diagonal) 

members. Figure :26 & 27 shows the mathematical models of 

communication tower of electronics engineering department in 
longitudinal and transverse directions respectively, the beams 

were considered with rigid ends for modelling. 
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7.3 PLANE FRAME PROGRAM 

Free vibration characteristics, that is, the natural 

frequencies and corresponding mode shapes of the system are 

determined as described in the following steps : 

CM] ix] + [k] is<3 = n 	n 	n 	n 

LM] 	= mass matrix 

Ch] 	= stiffness matrix 

;x} 	= acceleration vector 

Cx) 	= displacement vector 

n 	= order of matrices and vectors 

If the solution of the above equation 

XSinpt, the above equation is converted into 

(i)F: X = P` m x 

	

n n 	n n 

(ii) K'--1 M X = 1,~ X n n n 	n 
py 

is assumed as X• = 

The above equations are the forms of standard eigen value 

problem whose solution leads to evaluation of natural frequencies 

and corresponding mode shapes. There are several methods of 

solving the eigen value problem. The inverse iteration method with, 

shift of origin was employed in this study. 

The mode participation factor is given as, 

fo)T CM) CL.) 

(r ) 
3 	0)T CM] C ) 

where 	CL •)T = ti,~~,t~} 	for j = 1 

A 

JO 



7.4 COMPARISON OF ANALYTICAL AND EXPERIMENTAL RESULTS 

The experimentally and theoretical values of time periods are 

NAME OF THE BUILDING 	EXPERIMENTAL TIME 	THEORETICAL TIME 

PERIOD 	PERIOD 

(second) 	(second) 

1StMODE 2ndMODE 3rdMODE 

Department of Earthquake 

Engineering 

(i) ,Transverse Direction 	0.308 	0.34 	0.12 	0.08 

Communication Tower of 

Electronics Engineering 

Department 

(i) Longitudinal Direction 	0.685 0.81 0.17 0.07 

(ii) Transverse Direction 	0.795 0.97 0.21 0.09 

On comparing the 	results 	obtained from experimental" and 

analytical analysis 	it 	seen 	that 	the values of 	time period 

obtained from analytical analysis are of the order of 	10 to 	15% 

higher than those of experimentally obtained. This may be due 	to 

crude modelling of the structures, aimed only to compare/validate 

the results obtained experimentally. 

The mode shape coefficients were also obtained from 

analytical analysis and are shown in table :4. 



CHAPTER VIII 

SUMMARY AND CONCLUSIONS 

8.1 SUMMARY 

Study 	have 	been made 	for 	Ambient 	Vibration testing 	of 

twostructures studied namely 	(i) 	Department 	of Earthquake 

Engineering and 	(ii) Communication 	Tower 	of Electronics 

Engineering Department, Ranger 	Seismometers 	SS-1 (velocity 

pick-up) were used and recording was done in Solid State Recorder 

SSR-1 RAM. memory, recorded data were latter transferred to PC 	and 

were analyzed using SWS software. 

To validate/compare the experimentally obtained results 

analytical analysis was done for both structures using suitable 

mathematical models. 

8.2 CONCLUSIONS 

Ambient Vibration testing was done for two structures and the 

results obtained are : 

1) Time period of Earthquake Engineering Department in 

transverse direction is 0.308 seconds. 

2) Values of peak acceleration, velocity and displacement for 

wind induced vibrations in Earthquake Engineering Department were 

obtained as shown in table :2 for event 1 & 2. 

3) Values of peak acceleration, velocity and displacement for 

generator induced vibration (placed in the ground floor of the 

building) in Earthquake Engineering Department were obtained as 

shown in table :2 for event 3. 

4) From analytical analysis of Earthquake Engineering 

Department the time period was found 0.34 seconds. 

5) Time period of Communication Tower of Electronics 

Engineering Department in transverse direction is 0.795 seconds 

and. in longitudinal direction is 0.685 seconds. 

6) Values of peak acceleration, velocity and displacement for 

-TB 



wind induced vibrations in Communication Tower of Electronics 
Engineering Department were obtained as shown in table :3 for 

event 1 & 2. 

7) From analytical analysis of Communication Tower -of-

Electronics Engineering Department the time period in 1st  modein 

transverse direction is 0.97 seconds and in longitudinal direction 

is 0.81 seconds. 
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TABLE :1 

ELEVATION OF STORIES 

FLOOR W  
ELEVATION IN METERS 

GROUND .0.00 

1 2.35 

2 5.53 

3 8.89 

4 12.24 

5 15.59 

6 18.94 

7 22.29 

B 25.65 

9 29.00 

1u 32.35 

11 35.70 

12 40.30 

13 42.60 
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TABLE :2 

AMBIENT VIBRATION RESPONSE OF DIFFERENT FLOOR LEVELS (Peak values) 
for Department of Earthquake Engineering Building in transverse 
direction : 

EVENT 1 (File Name AD500005) 

Date Channel 
No. 

Acceleration 
(cm/sec) 

7.88 

Velocity 
cm/sec 

disp 
cm 

Sensor 
Position 

Floor 
Level 

11/9/93 2 -0.09 0.01 V 3 

3 -4.89 -0.22 -0.02  H 3 

4 -7.10 0.08 -0.01 V 1 

5 7.14 -0.08 0.01 V 2 

6 -3.57 -0.17 -O2 H 2 

7 -3.08 -0.14 -0.01 H 1 

EVENT 2 (File Name AD400076 

Date Channel 
No. 

Acceleration 
(cm/sec) 

Velocity 
cm/sec 

disp 
cm 

Sensor 
Position 

Floor 
Level 

11/9/93  2 -6.90 -0.21 -0.02 V 3 

3 -6.57  -- 0.21 -0.01 H 3 

4 -5.10 -0.19 0.02 V 1 

5 -4.76 0.12 0.01 V 2 

6 -4.R5 -0.19 o .02 H 2 

7 -4.91 -0.12 0.01 H 1 

4 ._ , 



EVENT 3 (File Name ,D400003) 

Date Channel 
No. 

Acceleration 
(cm/sect ) 

Velocity 
cm/sec 

disp 
cm 

Sensor 
Position 

Floor 
Level 

11/9/93  2 —3.35 —0.17 —0..02 V 3 

—322 —0.17 —0.02 H 3 

4 —2.34 —0.14 —0.01 V 1 

5 —2.1c)  —0.09 —0.01 V 2 

6 -2.36 —0.13 —0.01 H 2 

7 —2.1(3 —0.09 —0.01 H 1 



TABLE :3 

AMBIENT VIBRATION RESPONSE OF DIFFERENT FLOOR LEVELS (Peak Values) 
For Communication Tower of Department of Electronics Engineering 

EVENT 1 (File Name AD600001) 

Date Channel 
No. 

Acceleration 
(cm/sect ) 

Velocity 
cm/sec 

disp 
cm 

Sensor 
Position 

Floor 
Level 

11/9/93  2 5.17 0. 5a 0,06 T 7 

3 2.58 -0.14 0.01 L 6-7 

4 3.93 -0.29 0.03 L 5-6 

5 5.11 -0.43 -0.06 T 5 

6 3.09 -0.21 -0.02 L 4 

7 4.32 -0.36 -0.05 T 3 

EVENT 2 (File Name AD600011) 

Date Channel 
No. 

Acceleration 
(cm/sect ) 

Velocity 
cm/sec 

disp 
cm 

Sensor 
Position 

Floor , 
Level 

11/9/93 2 -2.65 026 0.03 T 7 

3 -1.73 -0.08 0.01 L 6-7 

4 -2.20 0.14 -0.02 L 5-6 

5 -3.42 -0.30 0.04 T 5 

6 -1.99 -0.13 -0.02 L 4 

7 -3.00 -0.24 0.03 T 3 
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TABLE : 4 

Dimensions of various elements of E & C Tower 

Member 	Breadth 	Depth 	Area 	Moment of Inertia 
M 	 M 	M 	 M4  

Wall 1 	0.3937 	2.7813 

Wall 2 	0.3937 	3.6576 

Beam 	0.2286 	0.457 

1.095 0.7058 

1.440 1.6053 

0.1045 0.00182 

Modulus of Elasticity 	 - 2110000.00 T/m2  

Shear Modulus 	 -- 879166.0 T/m` 

Shape Factor 	 - 1.? 

Value of Soil Springs 

Horizontal Sprig 	 29770.0 T/m 

Rotational Spring 	 - 145000.0 T-m/radian 
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FIG :4 	San Francisco tower with measurement 
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Engineering Department - in Transverse 

direction 
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