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D l r I I I I l ' I O  01: T H E  KAVl'UltAIJ I'EItIODS 01; I3UII,DIS(;S 

131- R. Cna'i~n-oar) a m  I-I. S. WAI~I) 

1t:rndorn wind excitation lias been used to  firltl t hc  first three   nodes of vibration of a niilctcc~l- 

st80ry 1)uiltling allout thc  l,mo major transl:~tio~l:rI ~ L S C S  and thc  torsional axis of the  I~uilding. 
\ ' i l~ration rccords werc obtained wit11 Willmore clcctrolnagnctic seismomct,crs fcecli~lg into a 
~nr~ltiohanncl ~rl:rgnctic t spc  recorder. A h:rrmonic r~nalysis was then performed n.it.li t hc  :Lid 

of a11 nn:~logue co~npul,cr to tlet,errni~ic thc  first f c ~  vil)r:~tion modes. Cot~crirrcntly wit11 t h e  

esperi~netrt:~l progruln t,hc building modes were cornputcd t,\vo ways using different. s i~upl i fy ing 

:rssuu~ptions regarding t h c  lnt,cral s t i i f ~ ~ c s s  of tllc structure. 

This study was prompted by the liced for accurate informatio~~ 011 the. ~ ~ a t u r a l  
pcriods of vibratioii of buildings for cotnparisoii with valucs predicted froill iiiatllc- 

t~iatical modcls. Studies of this type wcrc initiated soiile ycars ago by tllc U. S. 
Coast and Gcodctic survey but it was bclicved that  inorc accuratc and extclisivc 
inforination about wind-excited structures could be gained using modcrii iiirthods 

of analysis. Accordingly, a trial prograin was undcrtalie~i oil one buildi~~g. 

The building was a new Fcdcral Governiilcnt building, built for thc Depar t~~ic i i t  

of Public Works to  house thc Dcpartincilt of Natiorial Health and Wclfare, located 

a t  Tuniicy's Pasture in Otta'i'ira. Tlle buildii~g itsclf is situated on an  csposccl parli- 

lalid arca with vcry few trees or buildings nearby. Conlprisirig 19 storics (17 floors, 

ground level arid basement) and shapcd like a rccta~~gular prisin, it is 140 by 88 f t  

by 23.5 ft high. The structural steel columns of the building run thc full hcigllt with 

the iliaill structural changes occurrilig a t  thc 4th arid 14th floors. In tllc c*clitcr of 

the structure is a stccl aiid coilcrcte core that  llouscs thc elevator sliafts aiid stair- 

ways. Of ii1oi.e iilassivc coiistructioi~ t l ia~i    no st modcrn office blocks, the 1)uilding 

has 11-ill. rcinforc-ed concrctc floor slabs arid outsidc walls coiliposccl of I i c ~ ~ v y  
precast co~icrctc wirido\\r scc t io~~s ,  each wcighirig approxiinatcly 2 tons. The  weight 

of tllesc window sections a t  each floor level is horne by the floor slab itsclf so t ha t  

the outsidc walls are not cao~~sidercd as a siriglc structural uiiit. Figurc 1 shows a 

general view of thc bu i ld i~~g;  figure 2 indicates thc layout of th r  s t ruct~ur .  

The Ileait of ally ~ilcasuri~ig systenl is tlic serisii~g clnilellt. Siiicc tlic pcriods of 

vibration of sti~ucturcs that are of iiitcrcst lie in the same rangc as tllosc pcriods 

obscrvcd in eartliclualics, gciierally in thc range 0.05 to 10 secoiids, it \\-as obvious 

that a traiisduccr such as is uscd for 1-ccordi~~g carthc~uakcs could bc uscd to  record 

structural vibrations. Not only is it sciisitivc ill thc  correct freclucncy rangc, but  

becausc of its high scilsitivity it is idcal for i.ccording sillall liiotioi~s of buildi~lgs 

induccd by 1vi11d escitatioii. 

The Willniore JIarli I1 scisinonlctcr was uscd in this study. This is ail clectro- 

inagnctic transducer with a fixed (.oil aiid a heavy irlagilct that  acts as thc niovirig 

nlass. I t  (*an bc set to  ineasurc in either t h ~  vertical or horizoi~tal direction. T h c  
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natural period of tile suspc~~sion ran bc adjusted from 0.6 to 3.0 scc, and it \vas set 

a t  2.5 sec to mcasurc horizontally. Whcli da~upcd electrically to O.(i5 of critical 

damping the velocity rcspo~lsc is flat over the desircd period ra~lgc of 0.03 to  2.0 
scc. 

FIG. 1. The Xntionnl I-Iealt>ll :~ntl Flrelfal.r, Ilcad(lu:lrt,ers I3clildi1lg, Tcmney's Past,ure, OL- 
tawa. Co~~s~rt l l in(g :Li~chilecls: 13nlh:lrrie, Ilcllller a~lcl Associates, Ot,t,axv:l; (;rec~~spoon, Freed- 
1:ultler a ~ l d  I ~ I I I I I I C ,  Mor~t.re:~I. Consc(/ting Sl~,r~cl~ci.cl/ E.ngi7aeci.s: ~ : ~ r s h : ~ I l  :LILCI Marshall, 
h.lontrea1. Colrsrtlling E ' n y i ~ ~ c c r  I n  Cfhn),ye O j  S u p c ~ r o i s i o ~ ~  clntl Con,strllrt,ion: $11.. C;. Pncl;, B:L~- 
h:lrrie, Ilelluer and Associntes. 

The electrical outputs fro111 the IITill~norc scisnlonletcr \\-cl.c fed through dc 

nlnp1ifiei.s iuto a portable 7-challllcl FA1 tapc rerordcl.. I'apcr rccaolds using a multi- 

rl~annel galva~lolllctcr recolder \\.it11 direct \\-ritii~g papel. nrcrc obtai~iecl sil~lul- 

tallcously with the tapc rccordings so tha t  a chcrli could be licpt on the vibration 

levels. 
r 7 I h e  ~ l ~ a g ~ l e t i c  tape rccordings so obtained cxolitaill tllc vibratiou data en lnassc 

in the building in the fl-ecluency range of thc transducer; the problclu is to  deter- 

mine the a ~ n o u ~ l t  of energy present a t  each frecluenc.y and also its origin. To  this 

cud a harn~o~tic  wave al~alyscr. giving a I;ourier arlalysis of a colllplcs 11~avcCo1~11~ was 
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( a )  P L A N  

I b )  FRONT E L E V A T I O N  

FIG. 2. (a) I'1:~n view of the Nation;~l  Health and Welfare Building showing columns, core 
and  transtlucer locations. (h) Fron t  e lcvat io~l  sho\\.ing floor levels, colunlns, core, a n d  trans- 
ducer locations. 



cniploycd. 111 this study, pomclr spcctral density curvc.s u-ere obtai~iccl for eac.11 

rcc.ordi~ig, givi~ig a incasnrc of tllc average distribution of vibratio~i c~icrgy per u l~ i t  

halid \\~icltll over the frequc.ilcy spcctr11111 for tllc lciigth of thc rcco~cling. The origilial 
recoldillgs obtai~led froill thc structural vibratioils could not he allalysed clil.cc+tly 

as tlic frequeilcics i~lvolvcd mcrc outside the fcclucilc~y raligc of the liarnlo~iic 

a~ialyscr. To  rectify this, thc. origir~al records, talccn wit11 a tapc s p c ~ d  of 1; ips, 

~vcrc played bacl; at  30 ips and re-recorded a t  1; ips on a tapc loop. This loop was 

ill t u r ~ i  played back a t  30 ips, giving a final speed-up factor of 256, a ~ l d  the output 

fcd to tllc hanllonic analyscr. Thus a typical struchwal vibration of about 1 rps 

appears as 2.5G cps to  the wave analyscr. The nlaxinluiil baild nridtll used was 20 
cops ~rhicll correspollds to  0.08 cbps in real tinle. The block diagranis in fig. 3 i~~dica tc  

F I E L D  R E C O R D I N G  F M  T A P E  
RECORDER 

WILLMORE M K I I  

SEISMOMETER D C  A M P L I F I E R  

G A L V A N O M E T E R  

RECORDER 

A N A L Y S I S  

F M  T A P E  F M  T A P E  LOOP H A R M O N I C  

RECORDER M A C H I N E  ANALYSER 

FIG. 3.  13locli c1i:~grams of the  instrurncut:tl systerlls 

the recording and analysis systcnls. Figures 5 to 7 sho~\r thc typical power spectral 

dc~lsity curvcs for thc~ structural vibratio~ls f ro~n  ~ v i ~ i d  cscitation. 

The preli~lii~iary c x p ~ r i 1 ~ 1 ~ 1 ~ t a l  work O I L  this buildi~ig provided lllally useful results 

indicati~ig the best approach for future studies. Initially, transducers nrcrc placcd 
011 thc 7th floor a t  various locatiol~s 2nd si~nultaiieous rccordiiigs nladc parallel to  

the short di~lic~isioll of thc building and the11 parallel to  the long di~llc~isiou of thc 

buildilig. I:igurc 2 shows the tra~isduccr locations, nulnbcrcd 1 to ( 3 .  Typical paper 

rcco~ds (fig. 4) sho\v the vibratio~is a t  locations 1, 2, 3, 4, and (i parallcl to the 
short di~ilc~lsion. The ~llodcs of lateral vibration wcrc ohtailiccl by placilig thc trans- 

duccrs a t  locatiolls :! arld 3 mar  thc center of tllc building ailcl tllc rotatioilal illodes 

vTcrc picked up toxvard thc outer c~lds of the building a t  1oc.atio11s 1 aud 4. l'owcr 

spectral density curvcs for so~ilc of tllese recordings arc s11o11r11 ill fig. 3, aiicl it call 

he see11 that  thc distinct peal\-s a t  certain frcqucncics c~0r1~csponcl to  the various 

~iiodcs of vibration. Latcr, the tl-ansduccrs a t  locatiolls 1 and 4 n1cl.c c~o~i~icctcd ill 

series but oriented 180" out of phase, so that  the translatiolial ~not io~l  of tllc buildi~lg 

~vould tcilcl to  cancel out lcavi~ig the rotational ~llotioll. Tllc hotto111 curvcs ill fig. 5 

s h o ~  the valuc of this tcchniquc iu acbcclltuatillg the rotational ~nodcs. 



V I B R A T I O N  AT D I F F E R E N T  FLOOR L E V E L S  - STRONG W l N D  E X C I T A T I O N  

TRANSDUCERS AT LOCATION 6 O R I E N T E D  P A R A L L E L  T O  T H E  SHORT D I M E N S I O N  OF THE B U I L D I N G  

5 SECONDS 

0 V I B R A T I O N  OF FLOOR L E V E L  7 - L I G H T  WIND E X C I T A T I O N  

TRANSDUCERS AT LOCATIONS 1,2,3, AND 4 O R I E N T E D  PARALLEL TO T H E  SHORT D I M E N S I O N  OF THE B U I L D I N G  

1'1~. 4. Typic:~l paper vil)ratio~l rccords. 



I 
V) 

J LY 
w m  
J w  J V) 

= L 4 - 
- 0. 

Y) Y  
m + 
W V  
U w  
3 2 
0 Z  
Y) 0 Z V W  

u V) 

, "z -2  - e 0. 
* "7 

- 5 %  
5 = + 
- z =  

0 

L + 
o g b  
; r m  - 4 "7 
V  C 
0 0 3 
J + m  

L 0 
- 
+ 
4 
C 0 

- m 

w  

- 

I 



SZITUR.~L PERIODS OF BUILI)ISGS 1740 



1730 BULLETIN O F  T I I E  SEISAIOLOGIC.1L SOCIETY O F  I h I E R I C 1  

.I0 1.0 

V E L O C I T Y  S Q U A R E D  

5.5 X ( I N C H E S  PER SECOND ) ' 

r I 

:I----- 
:--..- 
]I'------ 
.>-:-- 
> 

VELOCITY SQUARED 

0.2 x I INCHES PER SECOND) '  

0 .01  . I 0  

I I 

7- 
1 

W 
> 
W 1 

n 

0 
0 
1 LL 

> - 
I 



S.LTUR.IL PElZIODS O F  BUILDINGS 1731 

Siniultaneous recordings were obtaiiicd a t  floor levels 1.5, 11, 7, aiid 3 with the  

transducers a t  location 3 (fig. 2) ~vhen the cxciting forcc was a light niiid. Thc  

power spectral dcnsity curves sllo~v thc nlotioii parall(11 to tllc short diiilensioii in 

figurc 6.  (Iiitercst should bc linlited to the freclueiicy spcctra siiicc thc rccords arc 
iiot coniparable with cach other on an absolute basis.) lcig. 6 shon-s that the higher 

illodes of vibration presciit in thc lonrcr floors are not evidcilt to  thc  saiiic dcgrec i11 

the upper floors. The relativc power b c t ~ c e n  the first three lllodes is obtaincd for 

each type of motion-two lateral conlpoiicnts and torsioil. With this typc of cxcita- 
tion it is see11 that  the po~vcr dccreases rapidly with incrcasiiig iuode. Table I lists 

thc natural pcriods of the first thrce nlodcs of vibration of thc  building excited by  

light randoin wind excitation. The building is less stiff in tlle short diiilcilsioii thaii 

in the long dimciisioii, and the observed ~iatural  pcriods along these axes are con- 

sistclit in that  the longer pcriod is associated with the lcss stiff direction. 
lci80nl thc ~vorlc so far, it has beeii foulid tha t  thc ccntcr of thc buildill& 0 1s ' liiore 

suitablc for obtaining inforiliation about the iilodcs of one particular traiislational 

vibration. Siinultaiieous recordings wcrc iiladc a t  thc centcr of tllc building bctwceil 

the elcvator shafts (fig. 2) on floor levcls 17, 14, 11, 8,  5, 2, and a t  ground levcl. T h e  
~vind,  ii~easured a t  a height of 30 f t  above ground lcvel a t  the  Ottawa Airport, was 

strong, gusting to  30 iilph for this set of recoi.dings. l'arts of the calibrated power 

spectral dciisity curvcs for the vibi~atioiis parallel to thc short dinleiision arc sllonril 

in fig. 7 plotted vcrsus floor levcl. Virtually only thc fundailleiltal illode ~vas  escitcd 

nrith vcry littlc ciicrgy ill thc higher nlodes, a fcaturc apparcntly related t o  wind 

strength. 
X illodc sllape for this set oi recordiiigs was d ra~vn  by taking thc squarc root of the  

licigllt of this first nlode pealr to  get R l I S  valuc of velocity converting this to  dis- 

placcnicilt and plotting against floor lcvcl (fig. 8).  This givcs a nicasurc of thc  lU1S 
displacciilcnt of thc vibration on cacall flooi. avcragcd over the length of the record- 

ing. I n  this iilstancc, because of thc. strong siuglc frcqucncy sllo\ving i11 this rccord- 

iiig, tllc' sanlc niodc shapc could also be drawn visually by taking iiistantancous 

valucs ol tllc largcst pcaks on the papcr rccords (fig. 4). Tllc shapc of thc  curve 
rclatcs to thc changes ill cross-scctioii of the colunins, which occur basically a t  the  

4th and 14th floors. This lcads to  a cliaiigc i11 coluinn stiffness resulting ill niorc 

iiiotion as thc building gcts lcss stiff toward thc upper floors. 

The calculation of the natural pcriods of vibration of this building is a compli- 

cated problcni becausc it coiilbiiics two distinct typcs of construction: a rcinforccd 

corirrctc core incorporated within a stccl-fraiilc structurc. Tllc pcriods of vibi-ation, 

basccl on soille siillpliIicd assuiilptions, were obtained for t ~ v o  conditions. Il'irst it 
nras assuincd that the lateral rcsistancc was provided by thc fi,anling systelil only. 

The sccond ass~miptioii was that  the fraiiic and (#ore systciil perforincd i11 an iritcgral 

manlier. 
For the first sct of calculatioiis the follo~ving assunlptioiis wcre also madc. T h e  

structurc was considered to  perforill as a shear-type structure; this ineaiis tha t  t h e  
horizontal nleiiibers of the structure arc considered to bc iiluch stiffer than the 





whcrc A is thc a~ilplitudc of vibratioii aiid w is the angular frequency of vibration. 

If ecj. (2) is substituted in ( I  ), thc follo\\.iiig systein of cquatiorls is obtaiiiecl: 

111 eq. ( 3 ) ,  [XI, is a coluiliii ~ilatris,  [P] is a tricliagoual inatris and [(Ti~/~)w']  is 

a cliagoi~al 1llatri.u. If there is to  be other than a trivial allsrvcr, [XI = [O]; then thc 

eigc~ivalues w' are clefiiiecl by thc following equation, 

1 4 ' 1 ~ .  $1. C:~lculatlon of stil'l'ness 111:~trix for ~ ~ : L I I ~ C  : L C ~ ~ C ) L I  OLI~J . .  

r 7 I hesc cigriivalucs for lateral inotion about thc two principal axes of the builcliug 

n.clSc obtaiiicd by digital computation. Thc iesults arc sho~vii in table 11. 
Por the sccolid set of calc~latioiis the actioi~ of thc reinforced concrete corc was 

included. Again ccrtain assuillptio~is wcrc iiiadc that si~ilplificd the approach. The 

sailic assuiilptiolls \\-crc illaclc rcgardii~g thc fraiiic action as nrerc iiladc in the  first 

set of calculations. It was also assu~iicd that thc corc clcfornled ill sllcar oilly ancl 
that thc lateral clcfor~uatioil of thc corc was equal to  that of the fra~ilc. The stiffliess 

of the core in this casc is clircctly proportioi~al t o  the plaii area of thc core. Under 

thcsc idealizccl assuillptioiis values of the stifiuess ~i la tr is  call be obtaincd fro111 the 

espressioris ~110~~~11 in figurc 10. 111 thesc esprcssiolis E,  is Young's ~ilodulus of steel, 

G, is the sheai. iilodulus of c o n c r c t ~  aiid rl is the cross-sectional arca of thc  core. 

The value of was assuilled to  bc colistaiit thl-oughout the hcight of thc buildiilg. 
The natural periods of vibration for this sccolld systenl arc found froin thc solu- 

tioil of ey. (4) with the appropriate valucs of P found by usiiig the esprcssioiis in 

figluc 10. The periods for latcral iiiotiori about the two principal axes of the building 

arc shon-ii ill table 111. 

Comparison of thc calculated values aiid cspcrinlental results ill tahlrs I to  I11 
shonr ccrtaiu featurcs about ~vllich a few reiila~lcs niay be nladc. 
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Fi.an~e Action Onlg 

Thc closest agrccnlerit with thc experimental ~vork  is in the fu~idalllelital ~ilode 

parallcl to the short dilnension of the building. The calculated value for this pcriod 
is 1', = 1.39 sec n~hich colnpares favourably with the observed period To = 1.28 

sec. l'arallel to the long diinensio~i of thc building, T ,  = 1.40 sec compared with the 

observed pcriod To  = 0.99 sec. The othcr calculated inodes are higher thau thc 

corrcsponding obscrvcd lllodes by a factor of almost 2. 

T A B L E  I 

N \ T ~ R . \ I ,  I-'~nror)s o r .  FIRST TIIREE ~IoDE!, 01,' ~ ' I B R I T I O N  OF TIIE BLII,I)IK(; 
EXCI,I-ED sr LIMIT R,\NI)OM W I N )  ESCIT.~TION 

/ Parallcl to  S l ~ o r t  Dimension 1 Parallcl to  Long Dimension / Rotational 

1 Period, r c  / Frequency. CIIS Period, sec 1 I ~ r c c ~ ~ ~ c t ~ c y ,  cps 

I I 

Parallel to  S l ~ o r t  Dimension i Parallcl to Long Dimension 

Mode 

F r a ~ i ~ e  ancl Core Corizbirzed 

1st 

2nd 
3rd 

The cliscrcpancies for this case comparcd wit11 thc observcd valucs are largm than 
for the fl.aiuc actio~i alone, a factor of allllost 3 being iuvolvcd. Tllc framc lllodcl 

llas periods that are too high and thc franlc and core illode1 llas periods too low com- 

pared to the observed values. In  addition, the ratios of the first threc lllocles of 

vibratio~l are not in good agrecmelit with thc obscrvcd ratios. 

number of hypotheses call be conjectured to explain thc discrepancies a t  least 
to soille clcgree. Thc windo~x- scctio~ls 011 each floor forming the outsicle walls havc 

been considered as contributing to thc mass of each floor and not to  thc shcar stiff- 

ncss. If tllc nlalls do contributc to the shear stifflless then, according t o  thcir geo- 

metric shapcs, the building would be stilrcr in thc long di~llensioii than ill the short 

dimension. This would lead to  the ratios of thc calculated lliodes approaching those 

of the obscrvcd. 
Thc co~llputatior~s d o ~ ~ c  on the core indicate that its stiff~less is great compared 

with thc stiff~lcss of the franle structurc so that the stiffness of the colnbi~lcd fra~nc 

Period sec 

1.39 

0.05 

I'requcncy cp, 
--- 

0.72 
1.54 

0 .40 2.49 0 .  3(i ! 2.75 

Period sec 

1.40 

0 .  (i0 

F r e q u e n ~ >  ells 

0.71 

I 
1.68 
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and core structurc is ~ilostly attributed to thc core. This leads to thc lo~v values of 

the periods of free vibratioil ill  tablc 111. Thc bea~lls in the calculatio~ls havc beell 
assumcd to  be i~ifirlitely stiff'. If they arc riot the11 so~iic flexure will occur. 111 the  

light of these observations it appcars that thc core does not dcforill i~ltcgrally with 
the structure of the column and floor slabs. No nleasurcn~cr~ts werc taken si~llul- 

taricously in the central core arld on the colum~i aiid floor slabs structure to  confirm 

this hypothesis. 

F r o .  10. C a l c u l a t i o n  of stitl'ness r ~ l a t r i s  f o r  f r a r n e  and core combined. 

TABLE I11 

EIGENVALI-ES F O R  1'IIE I,.\TERAL hlOT10h'  A B O I ~ T  T H E  IJONG ANI) QIIORT AXES FOR 

F R a ~ r n  a N r )  CORE C O ~ I B I N E U  

1 Parallel t o  Short  Dimension 

Xlodc -- ~ 

~ - 1 Perioci ser 1 ~ r e c ~ u e n c y  cps 

P;lrnllel t o  Long Dimension 

- . . 

Period ser / i'requency cps 

It is intcrestiug to  note that  the empirical fornlula cnlployed by the U. S. U~liforlll 
Building Code (1) relates thc fundallie~ital period of vibration of a rectangular 

building to its height and breadth: 

1' = fundanlcntal period, sec 

I1 = height of buildiiig, ft 
D = the dirllerisio~l of builc3ing, ft, ill a direction parallel to  the applied forces. 

Substituting the values for thc Satiorlal Health and Welfare Building in this 
forinula givcs pcriods of 1.25 scr parallcl to the short dirllcllsio~l arid 0.99 sec parallel 

to  the lorig dinle~lsiorls. Thesc values arc \\rithiu :i % of the observed values. 
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Tlle results of earlier ~~rorlici*s (2) i r ~  the iicld were limited by the difficulty of 
visual ailalysis of the co~liplcx vibi.ation wavcfornls ohtailled fro111 wind excited 

structures. With the advc~lt  of inoderrl rccordiilg ancl ailalysis ccluip~ueilt the state 

of the art  has been g~.catly adva~ic*cd. Tllc incthod reported ~llakes it possible to use 

raildoill wiild excitation for the dctcrilliilatio~l of the ~iatm,al periods of vibration of 

buildiilgs in the inajor tra~lslatiorial a i d  torsiorial axes up to the 3rd mode. The 

saillc pon-e~. spectral dci~sity cui~vcs uscd for the period dctcriuinatio~ls inay bc uscd 

to o b t a i ~ ~  illode shapcs sho~vi~lg thc defornlatio~l of the building during wind cxcita- 

tion. 

Oilc obsc.~.vatioil that  is well established is that  st1.011g wiilds tciid to excite illaii~ly 
the fundainciltal inodcs, ~vhel-eas lighter winds also excite the higher illodes. T h ~ s  is 

ilot i ~ l c o i i s i s t ~ ~ ~ t  xi th  ~ v h a t  is l<nowii about the prope~.tics of nriild gusts (3). 

Gcile~,ally, as tllc. Illearl ~ v i ~ l d  velocity i~lc~*eases, the broad spectral peali of wind 

cricigy tcl~ids to  illovc froin very loiig periods to~vards shorter periocls. For light 
\\rinds the various riatural periods of the buildirig lie or1 a flat part of the spectral 

ericrgy curve, rcsul t i~~g in siiililal cxcitatioii of liiaily illocles. As the ~vinds ir~crcase 

in strcilgth the broad spcc.t~.al peak illovcs upnrard t o ~ t ~ a i d  the furida~l~crital natural 
periods of the building, ~vllich coiisecluc~ltly arc. excited nlorc. thail the higher rnodcs. 

The sciisitivity of thc Willinore scis~~~oillcter is high ellough that the sillall ~llotiol~s 
of the building in light ~t~i i ids  call readily be 1.c~cordcd and the higher rnodcs dc- 

tc~,~niiicd. 
Kom that  the lllethod has bee11 established a sul.vcy of the imtural periods of 

vibratioll of diffcrc.~lt types of buildings is procccdi~ig concurrently ltrith a prograin 

of ~ilodcl and mathclnatic.al studies. 

Thc  I)ivision of Building Itcsc:irclr, NRC,  is gr:~tcfnl to t h e  1)ep:irtnient of Public Works, 
C:~n:~tla (.I. :I. Lnligfortl, Chicf Arcllitcct) for t,hc privilcgc of being allowed t o  use the buil(1ing 

dcscrit)etl in this 1):ll)cr for this rcscarch s tudy .  'rlic aut,hors thanks  :we duc to t hc  Scisniologicul 
1)ivision of Ilic 1)onlinion Ot)servatory, Ot,t:itv:l, for thc  1o:i11 of sevcr:~l Willmore seisn~orlleters 
ant1 to  the  Analysis Scct,ion of the  1)ivision of &Iccht~nic:~I Engi~leering,  N ~ t t i o l ~ a l  Iteseurch 

Council of Can:~da, for tllcir nssist:~ncc \\.it,h t hc  :~ni~Iysis.  This  Impel. is a contribution fronl tltc 
1)ivision of Buildi~ig Itcsc:~rch, National 1tese:~rcll Ctru~lcil, Can:itln, and is 1)nl)lishcd with the  

:ipprovnl of tllc Ijircctor of thc 1)ivision. 
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