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ABSTRACT

" The .ambient ‘vibration testmg of the structures s, a. dlrect and'

practrcal method of determmmg the dynamlc characterrstrcs of structure‘

c such -as natural frequencres ‘mode - shapes and dampmg I'n this te‘stl_ng,

'structure is3f excrted by ‘natural mrcr.otremors, wmd», traffic' ,lc‘)adf‘»“an__d,

machme or man made blast

The cable stayed brtdges have proven to be economrcal tor medrum to
long spans. Cable stayed brrdges posses low welght and reduced ablhty to'.

absorb energy by slldmg frlctlon So the mertla torce generated in- the_
'» structure rs very low as* compared to external loads As the cable stayed

brrdge has compllcated structural systems because ot dn‘ferent strffness,--

.structural members it ds- lmportant to carry out elaborate dy_namrc .

analysrs and compare w1th experrmental data

-~

1

Thrs thesrs presents the results ot amblent vrbratron testmg of two"“
. cable stayed bndges (1) across Ganga canal at Roorkee and (n) across"
- Ganga ca_nal at Hardwar The vibration produced were plcked up . by;-

seismometers and recorded Cin solid state recorder ~ The expernmental-ly

meas’ured time ' perlods were. compared wrth the values ~ obtained frcim

mathematlcal . models. for the two brldt’es A reasonably close agreement m |

the fuudamental tlme penod between theoretrcal_ and experimental - val_ues

have been observed for ‘both the brtdges
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~ CHAPTER |
INTRODUCTION

1.1 BACKGROUND -

The terrn "Ambient 'Vibration" covers. any klnd of’ uncontrollable
'mput such ; as wmd waves, moving vehlcles and so “on. The advantage ot
relymg on, thls type of input 1s that "the test: procedure is consnderably
s1mphf1ed ' as the only equlpment requrred durmg the test IS for the

data acquxsmon

Now a days the amblent vibration measurement surveyt 1s the most
apphcable method to determlne the dynamlc propertles of a structure at
‘any’ stage of construct:on or occupancy The main goal of dynamlc

analysns or testlng s’ to determme the natural frequency, mode shapes_

and’ dampmg of structure Knowledge of - these propertles 1s to. understand‘:_-’_’ o

3+

and mterpret structural response : durmg ' wmd excrtatlon or
mlcrotremores or earthquake and compare observatlons w1th theoretlcal_
results The above propertles -are’ used 1mprove the- exxstlng
earthquake ;'resis-tant Adesrgn' practices. The techmque : can be . used to_

verify mathemat‘ical “models and . mvestlgate changes ivn” res_ona,nt

frequency before and after earthquake

s
1

In amblent v1bratlon survey (AVS) prototype structures are exc1ted'_

by natural mlcrotremores wmd traffic - load and machme or man made

blast. Typlcal surveys  have include suspenslon bndgesr, rotatl_ng'{ -

machinery ‘supports, earth dams, urban areas, floors, -nuclear power

“facilities, offshore platform, higlf rise huildings.v



1.2 PURPOSE OF AMBIENT .VIBRA,TION SURVEY’

" The codes of practice often provide some empmcal formula tor ;

determmmg time PC“Od “of . tall butldmg The selsmrc coeffrcrents are 5
. .worked out usmg response spectrum from these tlmea perrods It 'is e
| F,p0s51ble to arrive at the more reasonable expresston of “time- perlods-;::"‘f-“":Vr"."
'from the results of ambrent v1bratlon testmg There are poss;bmt,es;'fj"

of obtammg followmg mformatlon from ambient vrbratton testmg

i) Data base on dynamtc charactertstlcs of dlfferent type of structures
i) Experrmental verlfrcatron of theoretrcal mathematlcal models

iii) Study of sorl : structure mteractron B .veffect- Lon -'dyh'amic

characterrstlcs.

'-'A typical test setup" of such _a test of canttlever -structure is e

shown ‘in frg 1. The an‘ y ,1s} of data is carrred out by

S :A..'. -

software to determme dynamlc characterrstlcs .
1.3 OBJECTIVES OF AMBIENT VIBRATION SURVEY': . |~ & - " .

The followmg are: the objecttves ot carrymg out ambrent vrbratlon N

testmg of two brtdges

i) To carry out the AVS testmg of the cable stayed brtdges across Ganga' Lo

canal at Hardwar and-at Roorkee
ii) To ana]yze the data obtamed experlmentally

i) To carry out analyttcal studxes using mathematlcal models for"

determmmg dynamic characteristics of the cable stdyed b'ridges.

iv) To' compare the experimental- and analytical results.



1.4 SCOPE OF THE INVESTIGATION

The amblent vibration survey was done for two brldges at Hardwar-
. and at Roorkee Both brldges were. tested for mlld trafflc excrtatlon and
K recorded by Kmemetrlcs Solld State recorder(SSR l) through Ranger‘f “
selsmometres (SS 1) The time pernod of the bndges were experlmentally
determmed and - compared with, the theoretlcal result whlch was obtamed -

vby modellmg of the brldges and analyzing by space trame program
1.5 COMPOSITION OF THESIS

Chapter 1: Introduce Amblent Vibration Survey (AVS) objectlves and
scope of testmg 7 l ' ‘ | B

Chapter 12t ln this “chapter ‘the  past AVS t'e_stln'yg‘.l on - di,_féfé_m
bridges are; discussed. | | | A :

| Chapter 3: Describes the brief descrlptlon “and fea'tureh of --AVS

measuring equipment - '

Chapter 4 Descrlbes the ‘software which ‘s used for the analysrs olt |
-recorded data A

Chapter 5_:, l)escri.bes. the analytical‘ 'techﬁlque, for analyzingf 'mﬁ-ﬁ
| Chapter 6 Descrlbes the steps followed for the AVS testmg'of two_" |
: ‘brldges - ' . . O
| Chapter '_"‘7: Descrlbes 'the . steps followed for analytlcal .'
mvestlgatlon of the two brldges -mder consrderatlon | | .

Chapter 8: Descrlbes the summery and concluston drawn after the

' testmg of bndges



CHAPTER 2

REVIEW OF PAST WORK

In. past all over the world, ambient vrbratron ‘testing had bemg done on
vartous types of structures Department of- earthquake engmeermg, itself
conducted few tests SO- ror includes three storyed burldtng ot department of
‘earthquake engmeermg commumcanon tower of electromcs and 'computer
-l science department - water storage tank near Saropm bhawan water storaoe
tower near G P. hostel Some of the other tamous ambient. v1brat:on testma
work all over the world are, Maxrcall general hosprtal, a mne_storyed
bu1ldmg and a large no. of suspension bridges. In all ;-tho'se :testirtg a
reasonably nclose agreement ‘in  natural frequ'ency' b-etween theoretical and

experimentally measured values have ‘been»-observed,’ 'i

.

'2.1AMBIENT VIBRATIONMEASUREMENTS OF THE GOLDEN GATE BRIDGE [ 1]

The Go]den Gate bridge lies across the. entrance to the F[‘aIIClSCO Bay and
- joins the Northern and Southern peninsulas, - The brldge was' opened to trartrc‘

_in 1937 The brldge conslsts of a ma:nspan of 1 28@ m. and two srdespans ot g

343 m. each The spans are suspended trom the main c,able whrch is supported

'by the two towers Both towers are 210 m. high trom the pler to base of the
»saddle castlng, and rise 227 m. above the water, - An elevatlon is presented in -

-Fig: 2. Figure 3 shows a typrcal span cross-section.



2.1.1 Ambient Vibration Instrumentation

SENSORS Typrcally selsmometers have been used m ambrent v1brat10n 3
measurements because of their hlgh sensmvrty and ease of use. However most_
selsmometers have flat response “down to only one’ or two hertz lrmrtmg thexr '

usefulness at low frequencres Large ﬂexrble structures often have modal

frequenmes below one hertz Also ‘long - cables can attenuate the sersmomet

' outputs and 1ncrease the norse level as the voltage output is, very low

Servo accelerometers were chosen for use m thls prOJect'

, 'frequencres well below one -hertz  and several thousand foot ' cables

expected Bndge response was measured using Kmemetrlcs Modal‘FBA 1 and FBA-f‘_ L
11 force balance accelerometers _ Their dynamrc range 1s 100 dB allowmg

- -
5g to be measured, Cable lengths of thousands of teet‘

vrbratron as low as 10
wrll not affect the output ot these Sensors. Up o' 12 accelerometers were
used to measure srmultaneously motron at various locatrons Wrnd speed was':}-_

- measured with bridge response usmg an anemometer system

CABLING The cable system was desrgned such that the . reference"
'j'accelerometers (wlnch remamed in the same place throughout the sparr[_f"‘
measurements) were connected by short cables to a Junctron box. This JLlllCthll,‘_j

box was connected by a 1,000ft. cable to the central recordrng station,

2.1.2 ,Measurements

MAINSPAN AND SIDESPAN MEASUREM ENTS 12 channels ofaccelerometers were

used to measure vertrcal longrtudmal (along span) and transverse (across

L



span) motlon At each 18 stattons shown in ftg 2 stx accelerometers were

~ installed. The posrtlon and “sensitive dtrectton of thes e :::_tx accelerometers

are shown m flg 3 Stx accelerometers ‘were. ﬁxed at. reference statlon 8 The
-other six movmg statton accelerometers were m tern mounted at locattons A

through F at each of the other statlons

¢

TOWER MEASUREM ENTS The motton of the San Francrsco (south) tower of the

Golden Gate Brndge was measured usmg 9 channels of accelerometers

was the reterence statlon

7213 Conclusion

mountmg, cable desrgn and protectton from envrronment

-

'_quallty data were acqurred durmg the tleld measurements

- 2.2 AMBIENT VIBRATION MEASUREMENTS OFTHE H,'UMBER' BRIDGE[ 3] -
Flgure 4 is the schemattc representatlon of the complete Humber Brtdge

"and th 5 provrdes detatls of ‘the box ' gtrders showmg the typtcal

‘”accelerometer locatlons at E W B and T Except for -the end boxes of each span. .

and one box at. the center of the mam span the.. 124 box-: gtrders 'are

long, 22m 1w1de and 4 5 m deep The footpath/cycle traces are 3 m w1d v panels

' cantrlevered out’ from the edges of the boxes The boxes are welde'

and stlffened torsronally




2.2.1 Natural Frequencies and Mode Shapes

F_inite element models - of three basic kinds were produced. :li»irst ;’fo'ne ‘in
~ the " vertical plane' which had three nodal degree of freedom, t/ertical(i),
longitudinal(y) translations and rotatidn about the x-axis- Second 'a' .model _,
in the honzontal plane whlch had lateral(x) and longltudmal dtsplacements
“with rotatlon about the z-axxs as nodal degrees of freedom Into thlS model
rotation “about y was mtroduced mto the tower only, as an varlable for some
,,'calculatlons but 1t had no 51gmf1cant effect on the modal charactenstlcs

~

Nelther of these two models is able to produce torsnonal modes, and for thls
purpose a thll’d tully three-dunensronal model was produced which - had srx_
noda] ~variables For the two- dlmensmnal models all parts of bndge were.

__represented by beam elements tor whlch both an elastlc stlftness matrtx and
a geometnc stlffness matrlx were obtained.. For the three dtmens:onal model
‘4 cables hangers ‘and towers continue t be represented by beam elements butA
deck s replaced by plate elemems 'A_ lurmped mass mat.rlx was used in all

i

calculattons.
©.2.2.2 Test Planning and Program

' ;I;he instrumentatio’n used consi‘sted of three:‘ t‘o’rce 'balance 's‘ervo;
accelerometers A four channel FM tape recorder was used .to. record the
sxgnals from the three accelerometers and a Slgnal Processor was used for
on- sne spectral analysrs The aim was to calculate the values ot trequency,

"’dampmg and spectral” amphtude the type of mode, i.e. torsmnal lateral or

ver,ttcal



i

- Al i‘the' ',s"i'g'nal-'s. were replaced mto the - th‘e 31gnal processor To

determi'ne resonant frequencres and amplltudes each srgnal ;'--a‘nalyz_ed.

-separately usmg the auto power tacrllty ’I‘he term auto power 1s used
because 1t is a functron avallable on the srgnal processor _the auto- ‘power )
'spectra are' smgle slded and each spectral value ) is_' an, acceleratron

l

amphtude determmed directly “from the - square root of the modulus powei

) spectrum. '; ' . 'j

P

2.2.3 Comtparisonfof'Measured:_and Predicted Modal t.l?rope_’,l,'fties:. '

Verttcal Modes For most the modes agreement is” wrthm the varlatlon of

measured values Also good agreement is found w1th the three drmensronal

‘mode].

Lateral Modes Because ot the low srgnal for the lateral acceleratton

the -auto power spectra are clear hence the modal charactertsttcs for the

lateral modes are “with’ some exccptlons poorly detmed : '.Il]'f‘:f. any zot the

R

spectra there is a. peak at about 0. 004 Hz whlch has no clear .mode} shape and

,conclusnon must be that thrs

of the brldge ltself
224 Concltlsions
The tWO dtmensronal mathemattcal model of the complete brtdge lS able to

predtct accurately the natural frequencres and mode shapes of the m:-p'lane

span modes. ' The esttmated frequency values are. rellable

not o
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2.3 AMBIENT VIBRATION MEASUREMENT OF BOSPORUS BRIDGE [4] -

BOSPO”’S b”dge across the BOSporus me’r- is in, Istambul Tarkey,
havmg a maln span of 1074 m. lt has steel towers wrde shallow box grrders

-";:‘srde spans of roughly equal length but whlch are supported on the co]umns"

"-",',',"fj.';:,rather than bemg carrted by the cable and smgle hmged hangers throughout;_“ g

] "‘f,'_the center span. Brrdge is- saturated by more than 140 000 vehlcles per day‘f", ‘

T Frgure 6 shows the general arrangement

402,31 Testing Procedure - -

Three force balance Servo accelerometers were used these have an' o
.operatmg range of -l-/ 025g m the trequency band of 0 - 30 Hz Flgure 7‘_- '
-shows two dlmensmn ﬁmte element model and the stattons Wthl‘l measurements.f A

- were taken The objective is to tmd trequency, dampmg spectral amplltude

All sxgnals were replaced to the stgnal condmonmg which analyzed' :
o separately and also performs cross - spectral analysrs Resonant trequencres,
_amplrtude ratios were obtamed from inspection of - the. acceleratlons .auto.i'

h power spectra for each measurement

2.3.2 Cdnc_lusions ‘
1) thhm the range of 0 to 11 Hz the measurements 1de"nt,iﬁed."tl8 o

- vertrcal modes and 20 lateral modes in the main span

(o]
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n) The expertmental trequencres and mode shapes were compared to those
“obtained by two and- three dimensional analysrs In: general the compared and'
measured natural trequencres and ‘mode shapes were in done agreement

- 2.4 AMBIENT VIBRATION OF FAITH SULTAN MEHMET BRIDGE [ 5]

' Farth Sultan: Mehmet brtdge is- second Bosporus rrver lnghway brtdge at_

” . Istanbul Turkey, open for - tratttc 1n 1981, It. has a box gtrder deck 394 m.

wrde overall and 1090 m. long steel towers rise llO m. above GL The deck -

roadway 1s 8 m. above toundatron level at the towers where an- arrangement otﬂ

rocker and: expansron are provrded Figure 8 shows the general arrangement

2.4.1 'Mathematlcal ‘Modelling

Two. dimensional model: The vertical plane model has only three degrees
. of freedom (DOFs) ass:gned to each nodal pornt these betng two translatron
degrees ot freedom in the vertical and longrtudrnal axes: and one rotatlonal,
degrees ot treedom about the lateral axrs l*rgure 9 shows arrangement ot
nodal points for 2-D model used tor the verttcal plane and lateral analysls

it has 139 nodes and 196 elements wrth 393 DOFs m the vertical plane model

Three 'Dimensional modellmg Wrth six degrees freedom allowed tor edch
node ln thrs model it is possible to obtam not only vertical and lateral
modes, but also torsronal modes.” The main difference between 2 D and 3D
models is in the representation .of - the deck which: i now represented by beam
elements m 2 D model and one in 3D it s represented by equivalent plate

elements wnth similar bendmg, torsional and members properties to those of

10 - -



the box gtrder deck. The ﬁg 10 shows the general 3-Dr arrangements of nodal
: pomts for the three dimensional model, it has 280 nodes 276 beam elements )

61 plate elements and 1586 DOFs.
i 24442 Objectives and Ins'trument‘ation _

The objectrve of the test were. to ‘determine- modal propertres ot the
'__v bridge in terms of its natural trequencres mode shapes and dampmg ratros ml
:"order to validate the 1nathe1nat1cal modellmg descrlbed above - and Lo
mvestlgate “the. relationship between the - loadmg and . response amphtude The
_acceleratton were sensed by up to five servo accelerometers and amphtude by

power supply/conditioner umts

‘2.4.3 Conclusio_ns :

i) The measured vertlcal frequencres and mode shapes match the p[‘edlcled

_values for a mathematrcal model

n) The vertlcal modes of the deck are clearly deflned whtle the lateral
modes are weak sparse ‘and poorly detmed 5 ! -
| lll) The longltudmal tower modes clearly show. the effects of the cable
restramt as they have maximum amphtude between the tips and the deck level

relatrvely high natural frequency

11



CHAPTER -3
AMBIENT VIBRATION MEASURING INSTRUMENT
s §¢CEIjERAiTIoN '?Lém,_ N ST,‘.‘,UCTIJRE s

The v1bratron amplltudes to be plcked up 1rr structure lS usually qulte '
‘ low The natural trme perrods of masonary burldmgs and concrete gravrty dams ‘
s of the order of 025 sec or low, the acceleratron levels }r these
. Structures under amblent vrbratron is. of the order of 105 g to. lO3 In
»ﬂexrble structures like - multistoried burldtngs ’,and tall !structu’res.,-‘the
'natural trme penods are of the order. of 105 sec -or more, th‘e acceleration
levels under ambrent vrbratron is of the order lO4g to 102g The ranger '
sersmometers wrth “high sensrtrwty -are surtable for measurmg frequencres of
."'.strff structures in the range of 1 Hz o, 100 Hz.. Force balance accelerometers

- are su1table for makmg> frequency measurement of ﬂexrble structures m the

range of DC to 50 Hz

Ambrent vrbratron measurrng mstrument avarlable in’ the departrneilt of

earthquake engmeermg lS descrlbecl below
3.2 SOLID STATE RECORDER (SSR-[45] |~~~ -

The'SSR'-' is _a hrghly ﬂexrble dlgltal sersmographrc event recorder
Wthh records into solld-state RAM It utllrzes a 16 blt A to D converter to

provrde 96 dB of dynamlc range

12



» It can support up to six sen'sors which' can be passive or’active. sarnple-
Arates of 1000 sps for a signal channel 500.'s_ps for 3 channels and 200 sps

‘for all ‘six channels can’ be selected

g The low power desrgn of the SSR 1 offers thé user. a selectlon between
. tv’vo 12 volts 65 amp hour sealed lead dloxlde batterres or 27 D-srze
.} alkalme/manganese cells, or any external 12 - volt supply Accurate tunmg 1s'

. ‘provrded usmg TCXO clock The whole system is housed in a rugged alummum

'cas'e | and sealed agamst dust and morsture Separately housed »ag

polyethylene box the battenes and luses are accessrble w1thout openmg the' ‘

mstrument compartment All l/O power and tlmlug connectlons are recessecl i
o into a. front panel for protectlon Because of its deslgn the SSRl caf - be_-'

vnormally operated w1thout openmg the housmg

- 3 2. l Specrficatlon of SSR 17

RAM . 4MB
; Dynamic range 96 dB wrth 16 blt accuracy
" Sampling size 200 sps

3 3 OPERATING INSTRUCTIONS FOR RANGER SEISMOMETER (S8- l)

‘ 3 3.1 Brlef Descnptlon of SS 1 U

The SSl Ranger Selsmometer lS A versatrle hlgh sensttrve portable -

selsmometer specrally desrgned for a varlety of selsmlc fleld appllcattons: o

under adverse env1ronmental condltrons The ranger combmes high sensrtmty,.,.eﬂj

field selectable mode (horlzontal or vertrcal) ~and rugged water—ught; EaE

13
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corlstructiolr, in a -package.measuring only 5.5 "in(‘:h’es -in diaam_eter',by" 12 “inches -
long and? weighing only 10.9 pounds. -.Figu_r",e_. 12 shovt{s 'th__e ."‘q‘igtail of. :

seismometers.

The ranger is sprmg mass instrument wrth electromagnetlc transductton -

s permanent magnet assembly lS the setsmrc mass whtle the corl

1o the frame The ranger can be used etther hortzontally or vertrcally and is
fwell surted to fteld or laboratory use The mass 1s”v:supported by two crrcular
ﬂexures whnch constram it toa smgle degree of freedom A helrcal sprmg -

is used to suspend the mass When the sersmometer 1s used horlzontally, the 3

spring is controlled by posltlonmg a hanger rod attached to the sprmg The
basic natural perrod of the mass, tlexures and suspensmn sprmg 1s extended
| by the addttron of small rod magndtes mstalled around the mass There perlodr
extendmg magnets mteract with the magnetlc fteld ot the mass, errectlvelv
producmg a negatlve restormg torce In" order 0 aclueve the destred perlod
the field - strength and posrtlon of - he perlod-extendmg magnates_z' are

caretully adjusted at the lactory

3.3. 2 Specrficatlon of Ranger Selsmometer(SS 1)

Posmonmg D Longttudmal Transverse

e S and,"'

Vertical direction

Natural pbriod . o - -1 sec. .
Coil resistanc'ew o 5500 ohms
s 'Crmcal damptng resrstance. - 6500 ohms-» |
'Cenerator constant . B 34() volts/m/sec '
Total mas:s travel;; SRRRE '2 mm o
Weight , ‘ 1.45 kg
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3.3.4 Adjustment of SS-1

The fSS-l 'ranger seismometer should not. be installed within six inches of ‘
any steel or magnenc object. To- unclamp the mass, turn the transport lock g
'vfully counter clockwrse Apply full tmger torque to .seat the transport lock' '

i agalnst tts gasket msrde the case. Tlns makes the selsmometer weather proot .

in its operatmg mode.

The mass is brought to the center of its span of travel by means of the . '

sprmg hanger rod at the top of the . mstrument Aiter unlockmg the Imass by‘

turnmg ‘the transport lock tully counter clockwrse make thrs adJustment as

' follows

. i) Unscrew and remove the access cover/handle- 7 _ _
'-V'n) Whlle holding the sprtng hanger knob w1th one hand l:oosen.ii the 'é_one&'
~:,_nut wrth the other hand ' _

iii)  Move - the sprmg hanger rod wrth the mass is farrly near center '

Centermg lS determmed by the comcrdence of two hnes whrch are visible’

N vthrough the viewing. part thh the mass reasonab]y centered ttghten the

E _collect nut,

tv) Fine centermg of the mass 1s now achreved by means of the mass centermg_"l s

Turn thls ‘nut untll the two- lmes as’ seen through the vrewmg port

comcrde

V) Replace the access - cover/handle betng sure that its. gasket 1s properly

- seated

15



3.4 ADVANTAGES ‘AND LIMITATIONS OF AMBIENT VIBRATION SURVEY .

3.4.1 Advantages .

There are followmg advantages which makes thls method partxcularly_'

attractive over the other methods:

i) The mstrumentatlon is- hght wexght and portable.".

ii) Tlns pernms data to be recorded at a. large number of locatlons w1th -very -
little mterference w1th the normal flow of act1v1ty ‘ | _'

i) There ls ' No reqmrement tor attachment of eqmpment to the structure
with the resultmg patchwork which have . to be done. -

iv) The" level of v1brat10n _recorded are those that the owners have no fear

of damage durmg the testing. .

v) The mstrumentatmn ‘will cover a wide frequency range.

vi) This method is also economical over other methods.

3.4.2 Limitations

1) The dlsplacement due to vibration should be small w1thm elastlc Imnt
When the dlsplacement goes beyond the e]astlc hmlt xit glves mlsleadmg
results. .

ii) The second limitation depends upon mstrumentatlon whlch are used in the

testing as Tor example the Kinemetric SSR-1 has a trequeney range | Hz to 100
Hz |
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CHAPTER 4

© VIBRATION SURVEY SOFTWARE |

4.1 INTRODUETION

The Kmemetrrcs ‘Sersmrc Workstatron Software is a. collectton of the".:"
programs wrttten for the lBM PC and designed to provrde the user w1th€:., '
commonly requrred data processmg programs and to - provrde a softwaref";
core to whrch custom programs are centred around a common data format‘;;
(CDF) for multr channel time series data so that’ programmrng redundancy-}

is mmrmrzed The block dlagram of the program relatlonshrps are slrown~'

in fig .13.

4.2 H\ITRODtUCTION TOQUICKTALK (QT) (SSR-1 CVOMMUNICAf‘I‘I.QlI,\l_‘I;’.RdGRAMS)Ci 3
QutckTalk (QT) is an mtegrated enwronment for commumcatron wrth

Kmemetrlcs SSR I Sohd State Recorder usmg an IBM PC. It provrdes for

-drrect commumcatlons as well as remote access over telephone hnes and

modems A spreadsheet lrke parameter Worksheet lS burlt mto the program -

to ease the - setup ol expernnents Wthh requtre perlodlc changes m the

v confrguratlon of the recorder Quicklook, is also avallable from w1thm

| Qurcktalk to provrde graphtcal drsplay of recerved event ftles

What Qurcktalk really does that standard PC commumcatrons programs ;

“dont’s is to. mamly "msulate" the user from the snnple (and often tunes ,

17



. crypic!) SSR-1 two—character commands and 187 numeric parameters Many

- of these commands are accessed from the ‘user frtendly" pop up complete

' w1th on text sensitive help in many areas.

Since QulckTalk dlrectly access the  PC’s serlal port mterrupt S
controller and dtsplay screen memory 100% hardware compatrbrhty ‘with
. the IBM -PC. is absolutely requrred Also the BIOS (Basrc Input Output.‘
System) ROM  must be compatlble Quicktalk supports_‘ _color. dtsplay
v adapters mlcrochrome adapters and  monitors as well as the »[‘,iqu:idl‘.‘

Cr.ystal and Plasma dlsplays ‘used ‘on many ‘-Laptop | computers,j:"

Commumcatlons at speeds up to ll52 kilobaud are supported on faster

computers
4.3 INTRODUCTION TO QUICKLOOK (QL16)[1] |

Qutcklook (QL16) glves ‘the field user a qurck vrsual presentatlon"

. of sersmtc waveform data recorded on Kmemetrlcs SSRl recorders

Maxnmum amplltude event duratlon and predommant frequencres can all beg:"{.jv_..f_ O

kreadlly determmed

It provtdes an. 1mmed1ate vxsual presentatton ot the data w1th

‘addltlonal processmg It 1 also especrally helpful in QU,ICkv,v

-'-determmmg, whrch records requrre further analysrs Fmally, QLl6 can‘

- be used during perlodlc mspectlons to dlsplay ‘runctlonal test” records

’ to venfy proper operatlon on the spot

18



The program QLl6 is provrded with Kmemetrlcs SSRl dlgnal sersmlc : ,
recordmg mstruments The program allows sersmlc records to be__:ff' i
drsplayed graphrcally on the screen of an IBM PC (or lOO% compatrble)". >
computer The program- is - compatlble w1th both 12 brt(SSR 1) data: and 16':

, blt (SSR-l) data The event  can be v1ewed as, soon ‘as they 'arel_’k«*

" transferred to the PC.

QL16 lautomatrcally scales the event to f1t on the screen 1n both X'- :
and Y axes Once mmally dlsplayed channels Wthh are temporarrly not

wanted can be removed from the drsplay and areas of mterest can be. o

H

. quickly exammed in greater detaxl by workmg with the cursor and} S

-‘default flle extensron "D16")

zoommg it

4.4 TIME SERIES FILE PROCESSING

The ﬁrst step in data processmg on the selsmlc Workstatron '1s "/to_ Y

.,'acqu1re raw ! mstrument data and convert it mto the Workstatlon common":'
data. format (CDF) Thls stage of processmg is handled by the lnstrument' '
Interface .Sortware as shown on tlre block dragram in Fig: 13
: » A A
Once the raw mstrument data has’ been convcrted tova CDF hle (wnth

the - next rew processmg steps are to‘

1

'decode the serlal tlme code (lf necessary) and to edlt the raw data--w

down to a subset for processmg by the Vlbratlon Survey programs



4.5 SPECTRAL ANALYSIS

The program for spectral ‘analysls lnclude FFT and QF-FT~ Botlt
-' programs perform non- averaged fast Fourler transtorms on up to four

- Tchannels of data from CDF ftles The programs FFT dlffers from QFFT only‘

- m the respect that FFT allows 4 tlmes larger trans‘rorms to be computed, C

"v,"compared to QFFT However FFT utlllzes dlSl\ files | tor storage “of the

mtermedlate results thus slowmg down processmg

' _TheQFFT program is describeéd in the following: sections. However °
.the_ command ‘descriptions are ‘equally " applicable to ‘the FFT program A

' commands.
4.6 INTRODUCTION TO QFFT [15}"

 The lterattve spectral analysrs program QFF l provrdes the user with

the ablllty to view pre—recorded data graplucally n tne frequency

i \domam QFFT also provrdes the user wrth the Cap'tl)lll[y for graphlcally

) _.izoommg dlsplays for the dctalled viewing, and producmg labeled hard-
copy output on the optlonal prmter or pen plorter Detailed frequency

- auto-plots are scaled both honzontally and vertleally.»-Time series

- plots have umts of volts and seconds Frequency amplitude lplots . ltave:"v"‘

- units of Fourier amplrtude and Hertz



4.6.1 STARTING THE ANALYSIS SESSION . -
QFl:T is -started with a command of the form:

QFFT file name | .

: where f|le name 1s -the hame. of the CDF time serles data flle o -
be processed The program then responds wrth a series of questrons to ;
determme the processmg _parameters wutch are to be used in‘ the

processmg.the file are shown in fig 14,

As Ai'ndicated in fig 14 the 'first questlon requests o 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- 1nteger .-
format (no decrmal point_ is allowed). ln the example the acceptable
range -is l through 4 channels and - the user. has elected smgle—channel’_

processmg mode Note that - the larger the number of channels to be}‘- :

processed the smaller the allowable transform slze Thls

array space lumtatlons of QFFT

"data pomts Wthh wrll be used in the FFT computatlon Thus a selectlon
of I means that 2048 data points wnll be processed Yleldmg an’ mput’ul,
| spectrum w1th 1024 pomts from 0 Hz (DC) to the Nyqulst frequency (1/2 *
sampllng rate) Note that the upper lnnlt of the acceptable range whlch o

is drsplaced is . adJusted for the number of.,channels which has___»b‘een

selected in the precedmg questlon
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The third question requests to select the transform window desired,
‘Refer to 'any “digital signal processing text for an explanation of the
theory and approprlate use. of a window tuncuon At thts points, QFFF -
searches for the speutled data, tile, reads the header information, and
' dlsplays the comment, sample rate used, and the -assigned channel names.

Next QFFT requests the number of data ftle channel to be processed
for each ot the’ QF FT analyzer channel selected

The fmal ‘question requested by QFFT 1s to determtne the pomt
'-_thhm the data ﬁle at which processmg is - to . begln ThlS 1s useful tor"‘

- comparlng transforms ot data at dn‘ferent pomts w1thm a glven ftle as

‘ _well .as for sktpplng past a bad section of the file. The maxnnum tlme"v R

offset which QFFT wnll accept is 300 sec. and‘ the user mput may
contam a decimal point. |
- At this pomt the initial dialog is complete, and QFFT proceeds to

'read the mput data flle and to execute the operatlons specnfled Atter

FFT calculattons “are complete the : SelsmlC Workstatton ) 'screen ‘_"is,_ B

‘ ‘cleared and the mmal plot 18 dtsplayed as shown. in ttg 20.

‘The . initial QFFT plot .consists ot two: "frames ~in Whlch functions . -
are dlsplaced The upper frame (trame #1) is a lmear lmear auto-scaled,
- plot of the lnput ttme sertes tor analyzer channel L, whlle the lower'

frame (frame #2) contams an auto scaled semi log plot of - the amplttude

(]
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spectrum 0:.f the data. In the case of fra'me.m#.l,'l“the ‘hlorizonvtal ‘ailc‘iis;f
- (time) is sfcalecl ‘in seeonds while ‘the amplitude is normallzed»to ;lu.ll-"
scale. For - frame #2 the horlzontal axis is’ frequency in Hertz Note
that the top of the plot 1s also ’ labeled (form left 10 rlght) w1th the:‘.

data tlle name the cox 1ment tound ‘- the header of the tlle and

the analyzer chamtel number



© CHAPTERS
' ANALYTICAL TECHNIQUE FOR CALCULATING MODE SHAPES
5.1 THEORY éroii ANALY;SISk 'oi«* .'DA'AI‘.A‘C‘-]_ R

The acceleratlon response -of. a physrcal structure can nearly always be
'characterrzed as a mrxed random process a composrte of random process and a‘ e
determmlstrc shapmg functton The determlmstlc shapmg functton results from,,i.
‘Ji-_i,the response of the structure in 1ts normal modes to the random mput provrded by j
: the natural process of wmd and micro tremor The random portlon results trom thef'.-x L

' nature of the mput as well as extraneous nonse present in the measurements B

The random process is descrtbed by exphcrt method These mclude the'

‘probabrllty dens1ty functron ~the autocorrelatron functlon, .and the power"

L spectrum

One property of the spectrum ot a random process is that each segment of =

v the mfmlte duratlon t1me hrstory, bemg dtfferent from any other segment lnakes:_'.

_‘_a umque contnbutron to the spectrum Thus the spectrum resultmg from any frntte
time * measurement is only an approxrmatton to the. true spectrum of the complete
' process Thts propertles presents the greatest problem m the rneas ng the

- spectrum of a- random ‘process. - The solutlon is. accomplrshed by spectrum averaglng v,

The average of the many mdependent measurements is a better stattstlcal estnnate _
. 'ot the true value than any single - measurement In- the process of averagmg, the

random components of  the’ srgnal are dlmmlshed and the systematlc components are e




enhanced.’ ' S _ o R

Durmg the ﬁeld program, measurements are . taken at dlfferent posmons off:_ :

the structure m the several dlfferent orlentatxons These . data are . analyzed by:

determmmg the relatlon between each ‘signal and a reference s1gnal The reference
"locatlon lS chosen so that it contams mformatlon for all’ the modes of -the
mterest Consrder ‘the generahzed measurement situation shown in ﬁg 15 “with two

' access1ble pomts on the structure X and Y.

vvvvv

X and Y are related by lmear quantlty H and Yois contaminatedby some

' ;uncorrected nonse source N S Lo

The recorded tlme functton sngnals x(t) y(t) are Fourier transformed mto_

- lmear spectra

s, = Fx) S )
Sy = Fyod )

From these lmear spectra three power spectra can’ be computed These are'.

T

- the - mput power spectrum

Goo =0088% 0 )

Gy =88t | SR




and the cross power- spectrum,

v 8,8 ' - (5
Where the asterisk in‘l thése equations indicate a complex conJugate The
output power spectrum can be - -expressed w1th two parts one due 10 the mput and

one due to the uncorrelated noise source:

S, | = L OHS, + S, ..(6))
subst»itu»ting (6) into (5), the cross spestrsrs can ',pe written

G, ='. HG, + th' | | - () ;
Aft;c,r signal -ayéréging tl]‘éise ferms _becomé - " '

E;x = HE;(X- + G, | ‘ o - .(8)

Assuming - either that S, is small or that Gy, has sufficientl.y ‘sﬁlbothed

through averaging to make Gm negligible, the CrosS Spectrum terms are glven by

HG, | Lo

Q
l

)’X-

The transfer function is given directly calculated:
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xq};ot |

10y

To measure the degree to whrch one srgnal is dependent on the other msteadv

S0

a of the another uncorrelated source the coherence functronf rs evaluated The

' coherence functron is defmed by

I8 NITT I
=gt Ly
'Et';uati'on (11) can be rewritten in the conventional form: . ‘
, HPPG, R e s
¥ = = .. s -..(12)
- |HI'G_+ G
XX un .

At a grven frequency, ¥y i the fraction of power at the system. output rsf_.: '
due to the mput If Gm, is zero 72 = 1. This mdrcates a perfect lmear non-' -
norse contammated relatton between mput arld output. If |H|*G,, (the output term'.i:"- |
due to the mput) is small compared wrth the norse 72 wrll be close to zero 7;-

" s lymg between 0 and 10 that grves a posrtrve rndrcatron of the relatronshrp o

‘between mput and output

Consrder the structure shown in trgure 16 representmg the plan vrew of .

the crest of a concrete arch dam Structural coordmates are rndrcated for radlal

v

v1bratron of the arch. The set of trme serres x,(t)'z xz(t),» x(t) x,,(t rs

transformed to the frequency domam
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S](ﬂ = F{xl(t)}
S,(f) = F{x,(t)}
0 = Fx®} S ,.f‘('lé')

S.0 . = F{x, ()} -

Modal frequency of the structure — appear as the peaks in .the amphtude'
spectra |S,,(f)| The amplitude spectra of figure 17 , “shows the three lowest ‘modal

frequencres

The i" mode shape coefficient Hjj at each natura] frequency f- normahzed

to the value at coordinate 1, is si'mply

a‘j'(fr‘) ‘ o (14)
. : C (e o
i G” () - | . - | _ . :.;

The reIatlve phase of the complex product Sq (f)s (f) glves the mode shape
deflection. ’ -

Damplng estlmates are obtained from the wrdth of the. peak correspo‘_ 1

the modal frequency of the mterest
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€= _2"{’_1 BW I | R (R

‘Where £. 1s the crrttcal damplng ratio. and BW is the peak ‘width (bandwndth),f

in Hz measured at 1/ 2 of the amplltude spectrum value S(f). -

It can’ be shown that the length of - time serles requtred to give reasonable

" estimate of the dampmg is
(x=§_f"r_» g | | ...SIO)

Where T is the length of records E, is the dampmg ratlo in lowest mode ofu'- =

’mterest f1 1s the correspondmg frequency and n is’ the number of averages e

' requtred for a sufﬁcrently smooth spectrum Experlence has shown that ar maxrmum}".f‘

of 32 averages are required for most civil structures . -

52 FIELD PROCEDURE DATA ANALYSIS AND INTERPRETATION

Most amblent or shaker exc1ted butldlng v1bratton tests assume that the
: structure can - be approxrmated by a. damped lmear dtscrete or conttnuous system*l

<.whose propertles vartes wrth reference o a line. Two srmultaneous veloclty

'recordmgs are made tn each run One ot the transducer (the reference mstrument) s

'Y,'ts left m place whlle the other 1s Shlfted up and down or srdeways measured All |

o 'the transducers are ortented parallel at the same locatlon on the structure to

record rdenttcal structural motton Thls measurement provrdes a’ relatlye'
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calibration between channels of the entire transducer “amplifier, filter, '«-‘,re'gq‘rder

and analog to digital conversion system.

5.2.1 Selection of time for recording

The length of recordmg for each measurement is- very 1mportam Too short a
period of time wm result in unreliable spectra, and thus hmlt the- usefulness of
mode-shape and dampmg estunates Too long of a recordmg mcreases pr03ect etfort.

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 6

i
i
!
'

EXPERIMENTAL ANALYSIS OF BRIDGES

' 6.1AMBIENTYIBRA‘TIONTESTINGOFBRIDGEACROSS GANGA‘CANAL’_A-TROORK’EE[7]

6.1.1 Desc_ription of Bridg‘e‘

Ambtent v1brat10n testtng of Roorkee brtdge was carrled ‘out . on 12”1' of

.December 1995 The cable stayed pedestram bndge at Roorkee was bu11t ] ;;““1981

~over the Ganga canal lt is’ w1thout any mtermedtate support to keep waterway free

for m1lttry trammg exerctses It is a single span bridge.

3

I‘nlportant data .lfoe the Roorkee bridge are follows:

Span . | | ' 73,60 m. - :
l-lelght of towers above. base | S 10-.9_0 ln.,: .
Clear’ roadway Wldth ' | .. | _ l67m

.Center to center dlstance between glrders | | _' N » ':- 2084m )

| vNo. of cables connectmg glrder to tower top Lo 3 | ‘
(In one plabe)v I , Co RS N o

) No of cables used for’ back stay L - ‘ ‘. 5
(In one plane for one tower) S
Materlal used for tower and. glrder Mtld steel‘;f?,l-} ”

.‘Dtameter of cables - 35 mm .
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6.1.2 Instrumentation For Testmg of Bridge |

" Two K1nemetncs 1 sec selsmometers SS l and one Kmemetrlcs SSR -1 portable -

dlgltal event recorder were used m the testmg The selsmometers were. placed at;«

,' ) 'mld span of the brtdge One selsmometer was placed along longltudmal drrectlon S

one transverse and one along vertrcal direction. -
© 6.1.3 Description of Test

The. .bridge was tested for mild'traffic which were recorded by Kilrelnetrlcs’
»SSRl recorder in drgttal form The dlgttal data was then transferred to hard dlSl(:
of PC Note bool( us1ng software utllrty QUICKTALK (QT) whlch is already discussed
Cin section 4. 2 SlX events were recorded and amongst them event no 4 was analyzed
Usmg optlon QL16 exe the plot shown in fig 19 was obtalned for channel nol
- which is the complete graphlcal representatlon of dlgml data recorded earher m

three channels of event number 4 -(Flle name rbr00004.ssr),.

o For gettlng natural frequency, Opthll fd exe was used Two points werel

B ;selected on trequency plot of channel no.2 (as channel’ no 1- 1s time channel) ts_'

shown m ﬁg 21, by markmg the plot through entering character Tat twov'-"

. f“drfferent pomts After entermg the no. of cycles between the’ above two selected _;' .
pomts the value of natural frequency is dtsplaced on the screen plot by typing

the character 'F’-on the plot.” The value of natural frequency was obtained as
- 2.952 Hz.

~* The plot of ,QFFT from samplesof the recorded data of event
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7 were ‘placed at the center of the span along the three dlrectlohs 1e

" no 4 are shown in fngOStBPS have already been deSEribed‘inf'secti'onﬁ_ 4.6. '

" 6.2AMBIENTVIBRATIONTESTING OF BRIDGEACROSS GANGA CANALATHARDWARL£]

- 6201 Description of the Bridge’

L T

The cable stayed brldge at Hardwar was bu11t over new supply channe; y
I "'state hlghway lmportant data for l-lardwar brldge are follows
: Span 2 * 65m
| Roadway | _
Footpath at erther srde .
Bed level of channel(R L )
Full supply level (R L)
Wldth of-canal- at’ bed' l’eVel :

Materlal used for deck tower well cap and well.. '~

- Dlameter of hlgh tensrle steel series for cables o 4 7 mm‘ L
- Liveload : = . o ) --~IRC loads -

' '6.2._2 Instrur_ner]-tation. For,' Testing Of Bridge

Three Kmemetrlcs l-sec (natural perlod) selsmometers SSl and Kmemetrlcs
. SSR-1 portable dlgltal event recorder were used m the testmg The selsmometers_
longttudmal s

- 'transverse and vertlcal d1rectlons The selsmometers were placed on footpath : .-hlch

'r"“rs L5 m; w1de
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6. 2 3 Descnptlon of the test | :
Descrlptlon of the test had already been discussed in the sectlon 6.1. 3. The

/
o QL16 exe plotvof fn'st channel of the three selsmometers for the event no. 1 (flle'_-.

name HBOOOOOl SSR) 1s shown in. the ftg 26 . The frequency plot for the channel no )

, 1 of the event no. l is shown in fig. ’)8 The value of natural frequency whlch has o

bemg obtamed is 2. 316 sec The results of the test are tabulated m table

6.3 RESULTS OF THE TESTING

The experlmentally measured values of the fundamental .time . penods of the two.:"'_'

brldges are tabulated below .

e Table?:".Expetitne'ntal :‘Tim_e. Periods_foft]il}r"'ic:l‘ge"

~ [BRIDGE[TIME PERIODGe0)]
~ |Roorkee | 0.338 sec
Hardwar | 0.451 sec
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The first three mode shapes for longitudinal direction are shown in fig nos,

129, 30, 31,

7.4 MATRIX METHOD OF ANALYsIs[9] - = .

7.4.1 General

The analysrs of ‘stru‘ctuﬂre‘s static- or ‘dynamic' requires . the solutlon of -
' " algebrarc equatrons or calculatlons of the elgen values of the system ln elther
"case the problem can be- handled in a systematic manner in compact matrrx notatton
vThe structure is rdealrzed mto a skeletal structure whlch retams the propertres
of the orlgmal structure The -stiffness matrlx of the structure as’ a whole rs
3 assembled from the stlffness matrix I‘ot the rndrvrdual members The resultmgll

equatlon can be solved tor time pertods and modal amplrtudcs m dynamlc amlysrs

7.4.2 Assumptions

“ The assumpttons 1nvolved are essentrally such as 1o facrlltate mathematrcal -

modellmg of a real system m such a manner that the behavror of the prototype _
structure can be srmulated The assumptrons mvolved ir lmear elastrc analysrs- .
are: "

E l) The structurallmaterial is 'hom_ogeneous and isotro_pic.'
i) All special members are replaced by line member oriented along the. cent:roid:al '
axis of the original member. B

iii). The -line members, hoWever retain all propertres ot the orrgmal member Le.

' length mclmatlon area and moment of inertia.
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stlffness matrlxI of a member

~iv) The member mtersectlons are mﬁmtesrmal in size.
v) Members havrng a common junction are assumed to be- concentric,

vi) The structural matenal has a well defined linear relationship between apphed

and resultant dtsplacement

7.4.3 Member;Stiffuess M‘atrix

)

The sttffness matr1x method of analysis is one in whlch compaubtllty of
drsplacements 1s assumed and the equrllbrlum equatlons at the nodes are formulated
in terms of the nodal dlsplacement components the method proceeds from part to

whole 1e member stiffness. matrlces are’. generated and contrlbute to the assembly

of the overall sttffness matrix of the structure. T

~ The stiffn'ess matrix' of ‘a rigid frame arbltrarlly orlented in a. 2D space
'havmg three degrees of freedom at each node namely translatlon along X,y axrs and
»rotatlon about z axis. Member stiffness matr1x thus generated are’ then contrrbuted

© to the assembly of the overall StlffneSS matrlx of. the structure.

" 7.4.4 Transformation Matrlx_

{

In order to estabhsh the equrhbrlum equatxons it. "is essential that force :

components at nodes of the members meetmg at a node .be m the same dlrecttons s

"'Thls transformatton of force components from local coordmates system to the'-‘

global coordmate system s aclneved by means of a transformatxon mat X. The

1s originally - derrved i local coordmate system and

then modified so as to represent the stiffness in global coordmate system by

 using equation:
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- Kg = stlffness in global coordmates
Ky, = Sttffness m local coordmate system :

| ;R' = Transformatron matnx
.7.4’.5 'Free Vibration Characteristlcs‘ :

The global snffness matrrx [K] is obtamed as explamed in earher secnon
| . -The generahzed ‘mass. matrtx 1s assumed to be dragonal and the the dtagonal';‘ T
elements at each node correspond to the two translatton and one rotattonal degrees M

of freedom

S The 'equation-of motio'n for .ffee_—vibration,can' be expressed in“the form ., -

[K]{¢} = p2 [M] t¢} ,
' where pis undamped natural frequency and ¢ is the mode shape factor Above o :

equation can be expressed in- the followmg form i.e.

AX =
whtch represents the eigen value problem whose solutlon leads to- evaluauon‘{_'

. of natural frequencres and correspondmg mode shapes The torm adopted are

] (K] fo }'="2 oo
K] (M) {6} = (L) {0}
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equation is  generally preferred for the sequential _determination of- eigen

pairs.

7.5 COMPARIsoN OF RESULTS
- The experunental and theoretical lundamental time period of the’ two bndges -

- are shown in the table below o

Table :éTheoretleal“and Experimental Time Peri_od‘Flor First M‘(ld?‘f:uf‘ I

.. |Bridge |Theoretical Experimental

.|Raorkee {0.310 sec. |0.338 sec.
‘(Hardwar |0.470 sec. |0.451 sec.

i

The theoretlcal tlme perlods of the brldge at Roorkee 1s slightly less than
~ the expenmentally found value Where as -that of Hardwar brldge it “is. shghtly

. more - than the experlmental values These dlfference may be" due to approxnmatlon _

3

taken for mathematlcal modellmg

The obtamed flrst three time perlods for Roorkee brldge and Hardwar brldge

_' -.’ are tabulated below :

~ Table :-First Three Time Peri.od,s Of The Bridges as Calculated Theoretically (sec)

Bridge |First |Second|Third]

'|Roorkee [0.310[0.112 [0.056
Hardwar[0.470/0.398. 0.236|
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CHAPTER 8

SUMMARY AND CONCLUSION
: 8.1 SUMMARY

The cable  stayed - brldge has comphcated vibrational systems due to drfferent‘
structural properttes, it is tmportam to carry out elaborate dynamic analysrs In
- this study ambient vrbratton testmg of two cable stayed bridges were done The

objectlve of thrs study is to determme tundamental tnne perlods for both the

)brrdges L S S

CIn order to carry out dynamlc analysrs a Iumped mass model of the brtdges -are

' made. For Hardwar bridge sorl sprmgs are also taken into account_.f-or« ‘the

o flexibility of the foundatlon and surrounding soil,

The time perrod “of the brtdges are determmed from the measured response

under mtld trafﬁc excntatlon The vrbrauon were picked up by Ranger sersmometers

.(SS 1) and by Sohd State Recorder (SSR- l) The recorded data was then analyzed by

' usmg seismic workstatron software (SWS)
... 8.2 CONCLUSIONS ~
Following eonclusions canbe drawn ffromthe study":

L) Tlme Period mo} igiudinal v1brauon shows‘vtasonably close agreement between

‘.expenmental and theorettcal value for both the brldges
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"‘;:ii)v Most'.of the time .verticai' vibration exceeds the .max. limit durmg the testmgr

}of Roorkee Bridge ThlS is ‘the major limitation of the mstrument itself.

. iii) It is not possnble to get the time period ior vertical and transverse ‘

direction from the Vibration record as record does not shows dommance ot smgle

frequency
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