
Publisher’s version  /   Version de l'éditeur: 

Bulletin of the Seismological Society of America, 56, 4, pp. 793-813, 1966-07-01

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 

pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 

first page of the publication for their contact information. 

NRC Publications Archive

Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 

La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 

acceptée du manuscrit ou la version de l’éditeur.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Wind-induced vibrations and building modes
Ward, H. S.; Crawford, R.

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=3a9e3fc0-11c2-4bf0-a909-dae0eabfc712

https://publications-cnrc.canada.ca/fra/voir/objet/?id=3a9e3fc0-11c2-4bf0-a909-dae0eabfc712







Bulletin of the Seismological Society of  Americo. Vol. 5 6 ,  No. 4, pp. 793-813. August, 1 9 6 6  

This paper outlines the methods that have been used to determine the fre- 

quencies and modes of vibration of multistory buildings from their wind-induced 

vibrations. Three buildings of ten, thirty-eight and forty-seven stories were 

investigated. A simple theoretical model was used to calculate the frequencies 

of vibration of the buildings; the model was based on the assumption that there 

was no joint rotation in the building frames. A comparison of the theoretical and 

measured values of the frequencies showed that this simple model was a 

realistic representation of only the smaller building. It i s  concluded that a model 

that includes joint rotation would be more realistic for the taller buildings. Auto- 

correlation and power spectrum analysis of the vibration records were used to 

obtain an estimate of the damping characteristics of the buildings. The values 

obtained were 1 to 3 per cent of the critical amount of damping. 

I t  is only ill the Illst few ye:irs, as strucaturcs huvc hcc~omc t:illt>r :~titl tlcoiioii~y 111s 

bcconlc more import:~nt, t11:lt str~c.tur:ll designers lluvt> 1)ccii 1il:~clc to rc:diec tlic 

iluportnncv of tldcr~niliilig tlic clynalnic e1l:lr:~ctcristic'h of builclillgs. Xltliougli for 

m:uly year:, hu~lcliligs 11:lve bccii clc.;ig~ictl for n ilicl :uicl e:uthqualie lontl\, tlw :~p- 

pronc.11 11:1s bccl~ hased on cluasi-static* co~ic.cpts, despite tlic obvious fncht t11:~t it is a 

tlyn:\nllc. problcni. Rcforc tl dyllaulic approac.li call I)c clcvelopctl very far tlicrc is a. 

licctl for more i~lfornitttion on tllc actual :i11(1 prctlictt~tl perfor111:~1ic.cs of I)t~ildi~igs. 

Siiicc the 1030'.; tlic Cons1 and C+coclctic. S111,vcy (1936) has bcc,~~ l~sillg II ill(1Li11- 

tlucctl :uld 1n:whinc cac~tctl vibratiolih to nlc1nsurc tllc p~riocls 01' vi1)rat ion of builtl- 

ings, and si111il:u. iliforll1:it ion has been obt:~iliccl ill ,J:L~:LI~ (T:~I.;t~~ic11i S i ~ l i : ~ g : ~ ~ ; t ,  

1960). l\lost of tllc nlc:isiircnicilt to tl:ltc. have l)c,cll ol)lni~iccl by using frccluenc.y 

controlled vibr:itor.: tllut cscrt :ui osc.illatilig force of a fc~v tons. With this llicthotl 

iteady state vibratiouh at a ~ ~ u m b c r  of frcclucnc~ies arc nlc1as11red :l~icl it is the11 110s- 

siblc to tletcrminc thc frccluency req)o~lsc of the struc.ttu.c. The dcvclopmcnt of 

sopl1istlc.ntctl vibration gc11cr:~tors in California (I-luclso~i, 1962) has iuca~lt that tllc 

~ n e n ~ r i l l g  tccliiiiclucs ileccl iiot he too cilaboratc, si~ic*c 1Eie :unplitutlcs of vibratioli 

are ronlp:lr:lt ively large. 

Tlle authors liavc usctl thc incthocl of nriiicl-induc.cd vibraliol~s, n~itl t hey lltlve 

sho11rl1 (Crawford  lid Wartl, lS(i4) that with appropriate ilistrtuncl~t:it ion t~litl ~ 1 1 ~ 1 -  

ysis tcc~hniqucs it is possible to clctcrmillc thc dyiianlic chtwactcrist icas of builtlings 

by this method. Thc object of this paper is lo rcporl seine further results, obtai~icd 

from obscrv:~tio~is of n tcn-story, rcinforccd concrctc builtlitlg :tilt1 two stecI-fr;~111cd 

buildings of 3S ant1 1 7  stories. 

13cc2~usc of tlle late tlcvclopil~c~it of intcrcst in the dyliuinic properties of strur- 

turcs, lhcrc has becil littlc opportunity to col.rclatc t1icorctic:~l ccalculatio~is and 

nlcastuctl valucs of these properties. Bect~usc thcsc properties arc often of the utmost 
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importance i r l  the ~ a r t h ( l ~ : l l i ~  :111d wintl resihtant clcsig~l of structures, i t  is impera- 

tive that every opportunity should be talie~l to try to unclcrstand tho dynamic hc- 

llaviour of buildi~~gs. HOUSILC~  a i d  13racly (19G3) have studied exiitillg information, 

and have co~ic.ludcd that sonic of the existing empiricxl formulae used ill builtling 

codes to determine the periods of vibration of buildings can 1,c in error by as inuch 

as 100 per cent. 

Another c.onclusion was that soillc inoclcrn steel frame builcliilgs behave esseriti:~lly 

as if they had rigid floor girc1el.s. Calculi~tiolls have bee11 made to t,est this assump- 

tion for the buildii~gs dcscribccl ill  this p:~prr, ancl it is sho~vil that fair agreement 

was obtui~lcd for the ten-story building, but that there ~ v a s  an overcstimatiorl of the 

fundamental frequency of the order of 50 per cent for the multi-story structures. 
)p 

Some possible causes for the discrepancy arc discussed, and the measured values are 

comparcd with sonlc of the dcrivccl formulae obt:~ined by Hous~ler and Brady. 

There is perhaps less l ~ n o ~ v n  about the damping properties of buildings t h ;~n  of 

t~ny other clyil:~mic c11ar:~ctcristic. Ail attempt has been made to determine damping 

values froin the rccorcls of the wild-iilducctl vibrations of the building by two meth- 

ods: power spectrum :ulalysis and auto-correlatioll a~lalysis. 111 one instance the rc- 

sults have been compared with those obtained by inail-induced vibrations. The 

incthods need to be applied to illore builclillgs before general co~lclusioris c:~n be 

drawl, but the initial fi~idiiigs iiltlic~atc damp~ng values of the ordcr of 1 to 3 per cent 

of criticsal. 

DESCI~IPTIOS OF TIIE I~UILDISGS 

Thc three buildings investigated have been c.onstructc~c1 ~vithiil the last five years- 

One of the buildings, the Sir Alcsaildcr Cam~~bc l l  Buildiilg is the headquarters of 

the Cunndi:ul Post Office Dcp:u.tilleilt 211 Ottawa; the other two buildiilgs, the Cn- 

nacliail Imperial I3~1lli of Com~ncrcc Builcliitg ant1 CIll IIouhe, arc 1oc.atctl 011 Dor- 

c11estc.r Boulevard i ~ t  3101ltre~~l. 

T h e  Posl O.@iic.e Ru~lrlrnq is 266 f by 74 ft, c~lcvcn bays by thrcc b:~ys ill pl;ul di- 

mcnsio~l, ant1 147 ft Ci in. high. Tllcrc :we trrl floors :~bovc grouncl, including a pent - 

house ancl oile b:lselncilt; arlcl t yl~ical sto1.y height is 12 ft 1 ill. The h:~nic ;lnd floor 

slabs :~i.c rciriforc~ccl conc.i3dc, and the cxtcrnal I\-:dls arc 11011-load-bc:~ri~ig 4 - h ~ .  or 

8-in. bric.1; ~valls. 

Tllc buildii~g rcsls 011 groups of piles 22 in. ill diitmdcr, e:~cl1 of 125 toils capac.it y, 

that pass through 20 f of ( 2 1 : ~ ~  :11lc1 'LO ft of gravel and s:lild to solid liinesto~lc rocsli. 

Tllc colum~ls :we rcc-tar~gular : L I ~  oricutcd so that the stiffest usis is parallel to the 

loilg clinlcnsiorl of tllc builcli~~g; the colu~nils arc s~pprosim:ltcly twicac as stiff about 

this asis as they arc about the one at right angles to it. The c~olum~l stift'iic~ss is ap- 

proximately cdolistalit Roil1 the fou~~tlation lo  the fif h floor, where the values :we 

approximately 11:llvctl a~itl  Illen ~tlnniil  colistailt lo the roof. 

?'he Canatlian Insperin1 Banlc oJ' Co117111el*ce Builclinq i i  140 ft by 100 f t ,  scvcil b:lys 

1,y four bays iri plaii, slid rises GO3 f t  above the street lcvcl. There arc 44 stories 

:~bovc ground lcvcl wit11 a typical story height of 12 ft 3 ill., cxcocpt for the first floor 

aiid the five ~nec~hailic.:~l floors : L ~ O U I ~  the fifteeilth floor level arid the top. A sub- 

structwc thi*cc floors in tlcptll covers thc entire site of '243 f t  by 185 ft. 

1Yic building is f o ~ ~ ~ i d c t l  011 bed r0c.1; 4S ft brlonr street level, with footi~lgs de s ig~~rd  
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for 23 toi~s/scl ft I~caririg capacdity. I t  has :I htruc.tura1 stcrl fr:~ulc. n l t l ~  111gl1 tc.rlhil(. 

11ollecI field c4o~ l~ lec t~o i~s .  I,on-cr co1~1ii11 s~ct io i i s  :~rc co111posedof 320-lh c.clrc s ( > c t i ~ l ~ s ,  

II it11 covcr plateh (11) to 7 ill. thick and 2S ill. ~vitlc. Th(1 surnli~at iou of the c~olumil 

st iffl~csscs clill'cr by :~l)out 20 per cent ahout the two pri~~c*ip:il axcs, : ~ i ~ t l  the (*olui1111:, 

arc :irra~~gccl so that  t hey providc the great cst rcs is l :~~~(*c i i t~out th(\ ;ISIS j)>~r:~llcll to  

tllc long dimci~sioii. Scctiol~s of the c o l u ~ n l ~ s  :ire cha~lgctl evc>ry t11r(~. floors, : ~ r ~ t l  tllc 

sc('oi~d 1110111eilt of ;we:) of the ( ' O I U I ~ ~ ~ I S  bctrve~11 tlic grou11(1 : L I I ~  the [irst floor IS :lp- 

prosini;ltcly 12 to 15 lime:, that of thc c*orrcsl)oi~tlii~g colun~ils I ~ c ~ l n c c i ~  the  forty- 

third floor alttl the roof. 

Typic:ll floor construction (~011sists of corrug:~tccl i11ct:~l cl~('Ii u ~ i i t s  supportc':l by  

~ ) m ' l i ~ ~ s  and toppccl by rci~lf'orcctl co~~c*rcte.  Tile c*urtail~ \.i.:~ll is (~oi~: , t ruct t~l  of 1)l.c- 

c.:~st c~oncrctc f;~cacd with sl:~tc. Es t  crior columi~s a~icl f r :~~~l i i lg  :~dj:~c('iit to ill1 (>I.II:~I 

shafts arc fircploof'c~tl i l l  coi~c*rctc, arid other intcri~al  f r n m i ~ ~ g  has sl)l~:lj~c~cl ash(~stos 

firc3proofi11g. 

The ('lTJ. Ilouse is lCjS ft l ~ y  112 ft, SIX buys hy thrre 11:lys ill p l u ~ ~ ,  :111tl rises 

430 ft :~bovc the strcct Icvcl. There arc thirty-four floors above grotu~d level, n it11 

:L typic.al story height of 11 ft Sg ill., except folk tlic first floor :LII(~ the  111ech:1i1i(*:1l 

floors at the t c i~ t l l  :L~ICI thirty-sccoi~cl floor. X s t ~ b s t r ~ c ~ t ~ ~ r c  4 floors ill tlcl,lh nial,cs 

the total height of thv structure cclual to  47s A .  

T h e  builcli~rg is f o ( ~ ~ ~ d e d  OIL the scl~nc bed rocli :I:, the Cn~indinll 1nll)crial 13a1lli of 

Commcrce Ruiltlillg. I t  has  a structural stccl fra111c \villi ncldctl c*o~l~icctioi~s,  a11t1 

~ v e l d i ~ ~ g  f:~bric.atiori n-:IS also usctl to m:ulufi~cturc the heavy colunl~ls; flange plates 

u p  to 2S ill. by  7$ 111. a11c1 \I-cb plates up to 17 in. by 5 ill. \\-ere usccl. T h e  summation 

of the c~oluimi st iffr~csscs clificr 1)y about, 20 per eelit about t he t\\-o priucirx~l :lsc>s, ant1 

the coluili~is arc arra~igcd so that  they providc tlic. grcatcst r c s i s t a~~cc  :11,out thr  

:=is p:u:lllcl to  the long climci~sioii. Scctioiis of' the colui l l~~s  :ire chai~gctl every two 

floors, and the. secoii~l i l lo~llc~lt  of  arc:^ of tllc (*01(111111s bctn'(~eli t he grou~~cl  floor ;uid 

the first floor :~rc  al~proxililatcly sever1 to  eight tiilles that of t llc c~orrcspoiitli~~g col- 

u ~ ~ l r l s  bct.i.i.ccn tlic 3"lul floor :111d t l l ~  roof. 

I n  thc b:wc~ilc~lts, grountl, inec~hanic~al floors :~licI  roof', the floor colistruvtior~ i~ 

collcrc~tc slabs formed in pl:~(*t,; clsc~vlicrc t hc floors :~ rc  c*oi~struc*tcd of 3-ill. steel d ~ ( ' l i  

~ v i t h  a 23-ill. caoncrctc fill. Tlic curtail1 wall is of light-n.ciglit a l u ~ l l i i ~ u ~ n  c*o~~sti.uctiou, 

supportetl i ~ t  cvclty floor hy st ecl outriggers. B e a ~ n s  and c.ol~umlis for :Ireas nit  I1 con- 

c*rctc slabs arc fircproof(1d n.itll c~oricrctc, :lud ill all o thm areas the  st(.el is fircproofccl 

with 5l)r:~yed :~sbestos. 

All t hrcc structures arc usccl :IS office builtlii~gs and arc. sub-divitlctl by i ~ ~ t ( ' r i ~ i l l  

p a r t ~ t  i o ~ ~ s .  Iii the Canadian Inlpcriul 13a1lli of Commcrc~c 13uiltli11g, tliv pa r t i t~o l~h  

1 ~ ~ e r c  dcsigiiccl so tha t  they wclrc: licpt f r c ~  of t l ~ r  f :~111c tlirough the use of c~sp:u~sioil 

joints. The  pc.riii:u~eut part~tioils  ill tho CII, fIouho arc of light-\\-eight slag nggrcg~~tc  

bloclis. The  partitioils ill the I'oht Office Bu i l t l i~~g  :)re of light-weight iiletal stud c.011- 

struct ioil or 3-ill. hlo('li; thcy arc1 not intr~~tlccl  to  providc :my latcsr;~l s t r c ~ ~ g t h  to the  

builcli~lg. Itough c:~lculi~tio~is sugge\t tha t  purtilioi~s ni:ly covcr ;~l)out 5 per ccilt of 

t he floor :I~C:L of cacll of t11~ buildillgs. 

The  three builcli~lgs arc i l l  arcas tha t  have a history of car th( lu :~l ic~,  ancl thcy :ucb 

dcsigl~ed for earthc1u;tkc loatls. T h e  tlctails of the c;irthqr~:~lic~ tlcsig~l :~rc  not I<IIo\ \  11 

to  thc aiithors, but  tiley would probably b(. bnsctl oil the S:~tioiial 13uildi11g Cotlc 
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of C a n ~ ~ d a  (ill this c8asc the loads ~voultl bc ccloivnlcnt to thc zolic 3 1o:~cIs of the 1961 

Uniforin Builcliiig Codc). 111 the Cnnadi:ui Iinpcrial 13:~nk of Commerce and CIL 

House the 1atcr:ll st,rc~igth llns bccn providccl by thc colunlns a id  ~virid girclcrs. Each 

of the builcliiigs c*ont:~iiis rci~iforced c20ncrcte cores used for clcvntor s11:~fts. 

Six Willinol-c hfarlc I1 seismometers were used to record tllc wind-iruluced vibra- 

t.io11s of the buildings. Thcy arc se~isitivc electromagnetic tr:lnsducers \vit,h n fisecl 

coil and a heavy mngnct t.hat :acts as the moving mass. The seismometer can be set 

to measure in the horizontal or vel.tical direction; in the horizont,al direction thc 

natural period of the susperision can be adjusted in the range 0.6 to 5.0 sec. 

The electrical output fro111 t,he seisnlomctcrs was fed through d-c :lmplifiers into 

a portnblc 7-channel IQI tape recorder. Thc maximum voltage that could be re- 

corded by thc tape recorder nrithout ovedoacling was one volt rms. I t  \vas found 

that nluch of the signal emanated from the fundamental inode of vibration. I n  order 

that this coinpo~icnt should not predonlirlat,c a t  the expense of the higher modes, 

Short Axis 

Axis 

FIG. I .  Loc:~tioris of Willmores a t  wliich measurements were taken in the Canadinn Irnperia 
Bank of Commerce a i d  C.I.L. IIouse. 

the natural period of the trnnsduccr ii7:1s dlohcn so tha t  the freclucncy of the funcla- 

nlerltal inodc lay 011 thc sloping section of thc velocity rcqponsc cllamc~teristic of the 

transducer. 

With thc appropriate natural period n~id electrical claillpirlg. to 0.65 of criti('a1, the 

velocity rcsporise of the transclucer was flat over the frecluency rnngc of the higher 

nlodcs of vibriltion. Gains of froill 2 to 100 betmecn the transclucers ;~llcl the tnpc 

rerorder W P ~ C  0ftc11 : L ~ C ~ U I L ~ C  to obtaiii a recorclccl signnl of one volt rms for thc wincl- 

i~lduced vibrations. 

The program of measurements wa:, arranged so that the torsional vlbrntio~is and 

the lntcral vibrations about the t'ivo main axes of the buildings could bc clctern~inccl. 

I n  the Post Officc Buildi~lg thc scismometers were set up in a central location on thc 

9tl1, Sth, 7th, Gth, -It11 arid 211d floors. The trnnsducers were orie~ited in thc direction 

of each nlaiil ilxis in turn, and rccords of the vibrations were taken for approsinlately 

one hour about each of the two axes. 

Thc scismometers were set up at three typical locations 011 each floor mhcrc Incas- 

urenlents wcrc to be talcell; a cI~:~grammntic skctch of these locations is shown in 

Figure 1. In Loc~atioiis 1 aiid 2 the inail1 signals arc providcd by tlie latersll inodes 

of vibration, and in Locnt,ion 3 a large signal is provided hy torsional vibrations. 



For idclitificatioii of the torsional modes, seismomctcrs were occ~asiotially set up iu 

Lociltion :3 at cach end of a floor and the difference of the signals \vas recorded, t,hus 

elilninating the lateral inodc of vibration from the signal alicl cloublirig the valuc 

for the torsiorial mode. l?hc usual procedurc was to malre sin~ultaneous measurc- 

ments at six levcls, and thcn move down thc building to five nc~v levels, with one 

overlapping lcvcl for continuity between scts of measurcmerits. During thc period 

when measurements were tsllren the wintl speed varied bctwcen 5 :znd 30 inph. 

Analysis Bandwidth was 0.039 cps 

- 

- 

F R E Q U E N C Y ,  C P S  

FIG. 2. Fourier analysis of vibratioils measured on the J3rd floor of the Cnnnclinil Imperial 
Bank of Commerce. 

Deie~.inination y/ 11Iorles ancl I'requency of  Vibr.alion. Thc nlairi objcct of the nforlr 

was to deterininc the frecluencies and modes of vibratiori of the building. This was 

achieved through the usc of an Alnpcs 7 traclr loop-recordel., a Honey~vell-Brown 

alialyser and a few conlporlcilts of an annloguc computer. The Honeywell-Brown 

alialyser I n s  used to pcrfornl ITouricr analyses or porvcr spectrum analyscs of thc 

signals playcd back froln the loop-recorder, and the atialogue coinputer was used to 

cletcrnlille the phasc relation bet~vecn thc vibrations of the dii'ferent flooi-s. 

A typical rcsult of a 1;ouricr arialysis of the 43rd floor vibrations of tllc Canadian 
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1n1l)eri:~l 13iuik of Con~nlcrcc Bl~ilclii~g is sllonril i l l  1;lgurc 2.  T o  bring th(. rccortls to 

:L niorc coil\rc~lic~il frcclucl1c.y r:iilgc for :\~lillysis the  origi11;ll rc(~orc1, talcell ~ v i t h  i~ 

t ape q)ectl of 15 in./scc.,\vas playccl back : ~ t  60 in./scc~, rccortlccl oil thc loop-rcc-order 

at '7; 111./\cc. u~itl t h c ~ l  played at 60 in./scca; tllus :i speed-up ratio of 2.56 was :~c.hic\-etl. 

\\Tit11 this ratio the cf'fcc*tive bailtl\viclth of the :ui:llysCr, rcl:itive t o  the original sig- 

II:L~, (+ot11d bc :1s liarrow 0.00'26 caps, t Iiough a wicltll of 0.04 cps \v:ls gciicrnlly usccl. 

*I c . o ~ n l ~ : ~ r i s o ~ ~  of th(1 a~iiplitutlcs of the sigiial R o ~ n  tllc loo[,-rcc*orclcr aiitl tllosc of 

the o~.igi~inl i~cco~*cl sbo~vc~tl tha t  they agrcccl withill f 3  p c ~  c.crit. 

Wheii the Rc~c~uciicics of thc dif'fcrc~it moclcs h:icl bcc.11 dctcrmi1ic1tl by  I'owicr 

:i11:1Iysis, :L ~l~;~s~-(*oill~jal ' ihOii (.irruit w:\s set up 011 t hc :~i~:lloguc~ c~oiiiput cr. Tllc ob- 

jcct of the cirruit, sl101vi1 in lcigurc 3, was to form the w n i  and the d i f ic~c~lcc  of two 

sig~ials that rcprcsc~itctl the ni~icl-iiidl~c.ecl vibrations of differciit floors. \Vhcli hwitch 

1 was clon-11, the st1111 of tllc sigiialh was formccl; with it up,  the tliSferciicc of the sig- 

nals wa:, 01)taiiiccI. 

DC Operational Ampl i f iers 
Track 1 

/ I \ 

\Track 2 

FIG. 3. Phase-detector circuit. 

The  output fro111 thih c ~ r c t ~ i t  n-:IS fccl into the :~ii:~Iyser :\~lcl :1 S r e ( I t ~ ~ ~ i c y  s~vecp 

carried out uutom:~t ic.:illy so tha t  the plln\c rclatio~is for :dl the inocler : ~ t  u l)art~c.ul:~r 

floor coultl be obtni~lctl. IF the output rccorclctl on the c1i:n.t of the  annlyser n-:~s 

g r c a t ~ r  for tllc sui11iil:~tioii of t lie 1 \vo sigiials ~II :LII  1'01. the clifferellcc, t l lc~i  t he sig~ials 

\vc.rc ill pllusc, :uid vic(~-\rers:~. 111 this ilitiliiier it \vi~:, possible to iilvehtigi~tc the phase 

rel:~t ion for cac.li lllocle a:, n fu~ ic t io~ l  of hr~ilcling height. Ilisplarc~nciit.; were calcu- 

latccl fro111 the veloceity clata, 011 the ashuniptioii of sii~u\oidnl vibrntio~i. 

Dele, rrli7~nlion oj'the L>ccr)~ping oj l?~~l( l irz~/s .  \-cry little is l<~io\\ i i   bout the clalnpillg 

propert of I)~~ildiiigs. ,111 :it tcm1)t was co~isccll~cnt ly nlaclc to  clcternli~~c t he cl:\iilp- 

i ~ l g  of the t h r c ~  hr~ilcliiigh by t\vo hcp:uatc tcc.li~~itlucs for a11:~lysiiig \ v i r ~ t l  rc~orcls. 

Oiic of the ilict hods, basecl on :I ~iarro\rI~ancl frcquc~icy :~i~alys is  of the \vilicl-inc1uc.cd 

vibl,;~t~olis, nssumccl t l ~ t  thc rc~spoiwc of the builtliiigs t o  the n-incl was n r:iiitloii~ 

vibratioii of 11ghtly tlnml~ctl systcm. 111 this i~ist:iilc.c the  clnnlpir~g c:in be obt i~i~ic t l  

from n power spcclrum :~i~:~lysis of thc  sigiial, ~)rovit l i t~g t11r irii~cl c~xcitatioii is ran- 

clo111. 

The  met hot1 is b:~hccl rlpoii t he clctci~ii~iiiatiori of t11r half-pon-cr poiiits of :L reso- 

i1niic.e 1)c:tB i11 the porrer spcc.trunl. Tllis situntion is sho\vii i l l  Icigurc 4 ~rl lerc  the  

half-po\\-cr hai~rl\vicllh is rcl)resc~itcd by  the  tllst:ulcc I ~ c t n ~ e c ~ i  X aricl D :liicI j,, is the  

rcsoi~ant frcclllc11c.y of oiic of tllc inoclcs. T h e  half-po\vcr 1~:~iicIn~icltl~ IS equal to  J',,/Q 

where Q is cclual to  the  inverse value of '2 X (fractioii of critic~:~l clamping.) 111 order 

to  proviclc :idcqllntc rcsolutioil of the  1l:~lf-pon~cr baiicl\\-itltli thc  ponrcr s~ jcc t r~u i l~  

a~inlyhcs were perforn~cd with a band\vidth equal to  .f,,/4Q. I \ ' l lc~~ the an:~lysis band- 
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~ v ~ d t h  \\-as varicd in the r:u~gc from jrf,,/4& to J',,/SQ thcrc \\-as rlo vari:~tiorl ir i  thc  

half-po\~cr bandwidth and this supports the assu~nptiorl that the vibrations arc ran- 

dom. Thc power spectl~um analysis method mas used 011 the three builcliiigs aricl on 

a 19-story buildi~lg that hucl bceil i~lvcstigatcd previously (Crawford ancl \Varcl, 

1964). 

The second tcchniquc, \\-hich looks very promising, 1 ~ : ~ s  ail autoc~orrelatiori al~nly- 

sis of thc wind-induced vibrations. This n :is dorlc for t\\-o of thc buildings. T l ~ e  auto- 

cor~.clution function was obtained hy filtcrilig out all the nlodes escept the one under 

investigation. An analogue-digital converter was then used to provide a digital corn- 

puter with 2000 samples of thc vibration rccorcl. The  autoc~orrcl:ition f~n~c t i on  1 ~ : ~ s  

computed for 200 time increments and a digital-analogue converter permitted the 

results to bc plotted clirectly on graph paper. Thc  atitocorrelatiol~ functioris look lilcc 

esponentially-danlpccl cosine curves, and the clninpilig vdue  \\-as obt:lirlcd by thc 

ogarit hmicfi clccrelnent method. 

F R E Q U E N C Y .  C P S  

I<'IG. 4 .  ~ c t c r m i n a t i o n  o f  damping f rom :I poncr sprc(rum aiialysis 

,2 third mcthod, used only at  the Post Officc Builclil~g, nladc use of a tccl l~~ic~uc 

rcccr~tly reported by Huclsori el a1 (106-1) in \vhich thc building is forced to vibrntc 

ill oric of its 1i:ttural illoclcs by ~nan-irlduccd vibratioiis. This w:ls :~chicvcd by pro- 

viding the illi~rl with a visual display of thc buildiiig vibratioii ill order to eriablc 

hirn to synchroriizc his lllovr~llerlts so that thcy could build up the level of vibration 

of the fund;zmcntnl mode. Thc  visual display was provided by feeding thc signal 

from :L scismomcter into :L portable rccordcr. \Trllcii the vibrntioli had becil built up 

to a suitable lcvel, thc motion was allon~cd to dccny and thc dampingv:\lue was again 

obini~icd by the logarithmic decrement mcthod. The tcchniclue mas successful ~\-I~cri 

the m:in was positioned on thc top floor on n quiet day wllerl there was very little 

wild. 
The final form of analysis used on the vibration rcrorcls mas obtainccl by thc use 

of a Briicl & Kjacr, Type 160, probability clcrisity allalyscr, again using rccordiiig 

tcchriiqucs to bring thc signal abovc thc 5 cps limit of tllc :u~:ilyscl.. This mcthod of 

analysis h:ls sho~vn Ihiit tllc lateral \kind-incluccd vibitations hnvc a gaussiail niulAi- 
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~ I E A S U I < E I I  FRE(/I:ESCIES O F  VIBRXL'IO?; OF THE RUILI)INGS 

. -~-C:LII :~~~:LI~ 1111pcri:~I B :~~ l l i  of Commerce B-C.I.L. 1Io11se 

C--Post Oflice Ruildilig 

B U I L D I N G  C 

B U I L D I N G  B 

vert ical  axis (cps) 

tudc distribution, but in licavy winds llie torsio~ial vibl.atiorls tciicl lo be slinrply 

pe:tltccl. 

In  order to c~nlculate the frequcncics arid inodes of vibration of a sy..;tcin it is ricc- 

essary to lino~\- the distribution of stiffrless arid iuass arid tlie :zniount aiicl type of 

Mode o f  v ib ra t ion  

Frequency o f  la teral  
v ib ra t ions  perpendicular  
to long  axis (cpsl 

Frequency o f  la teral  
v ib ra t ions  perpendicular  
to shor t  ax is (cps) 

Frequency o f  tors ional  
v ib ra t ions  about 
ver t ical  axis (cps) 

l ~ t  

0.215 

0.215 

0.254 

?nd 

0.625 

0.586 

0.704 

d r d  

1.09 

1.03 

1.21 

4 th  

1.66 

1.52 

1.78 

5 t h  

2.07 

1.92 

2.22 

6 th  

2.56 

2. 38 

2.76 



tlaml>ii~g; although if cl~linl~i~ig is s in~l l ,  as it is in this case, it can be ncglertctl. The 

(listributio~h of inass and stiffness ill thc builcli~lgs have bccn cv:duntccl on the basis 

of tllc nssumptioi~s clcsrribecl in the tollon,ing pnragr~~phs. 

In any build~iig, the greatcst pcrcent:lgc of thc wcight of the structure i,s concen- 

trated at cach floor levcl. A fair rcprcsc~itation of thc cllstribution of thc mass in a, 

builc1ing 1s obtained, thcrcfore, if it is assumed that it is :x lumpecl-mass systenl iirith 

Floor Level 

Roof 

Ground 

Foundation 

lSt Mode Displacements 2" d d e  Displacements 3rd Mode Displacements 

I'rc. 5. Node shapes for lateral vibrations pcrl1cndicul~1r to thc sllort axis, C.I.L. Building. 

thc inasscs c*o~lcciilrated at c:~ch floor lcvcl. This assuillptioil was made, togcthcr 

i ~ i t h  the further assuinptioll that a11 thc Inasscs of cach floor for n give11 building 

were eclual. This latter collclitioll is probably true for a11 floors except pel-haps thc 

first floor and the mechanical floors, mherc the mass inay bc as much as twice the 

typical floor mass. 

Housner and Uracly (1963) fouiicl that  for space-frame buildings up to 26 storks 

the best agreement betrnec.11 ineasured frecluencies and theoretical values ivas ob- 

tailiccl ivlxen it was asswnecl that the horizontal ~ncmbers wcre rigid comparcd to the 
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columns. They surmised, ho~vcvcr, tha t  for buildings ~v i th  forty or nlorc storics the 

effect of the flexibility of t,hc girders \\roulcl become more significant. The theoretical 

values for the frcqucnc~ies obtained in tllis papcr were based on thc assumption of 

rigicl girders to see wllcthcr the bchsviour noted by Housrier and Brady did cxtclitl 

to  taller buildings. I n  this i11stanc.c it is possible to sct up a tri-diagonal stiffness 

matrix follon~ing the proccc1m.c described by Sorris et a1 (1939). Thc  coefficielils in 

Floor Level 

1'' Mode Rotations 2" Mode Rotations 

1 4 ' 1 ~ ; .  6. hIotlc shapes for torsional vibrations about the vertical axis, CIL. Builclil~g. 

the inatrix are f~ulctioiis of the sccontl-moment of nrca of the columns, the clistancc 

bdnccn  floors, and Young's modulus of t l ~ c  m:~tcrial nlaliing up the c.olui1111s. No 

allonrallce was made in thc stilr~icss matrlx for tIlc stifiness of the elevator (+ores. 

A ful-thcr factor that affects the stiflf~icss of :L structure is the dcgrce of fixity at, 

the foundation. 111 this \~or l i  it was assumed that the builcliilgs were on a rigid b:lhe; 

this nssunlptioii is probably valid for the two taller builcli~lgs becnusc they  re 

fouildcd on solid rorl;, but it may not be valicl for thc smallcst builcliilg. Another 

effect that was invcstig:ltecl was the anlouut of rotation a t  the base of cac.11 column. 
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Floor Level 

Roof 

Ground 

Foundation 

Frc;. 7. Mode s11aj)es for lateral vibrations perpendicular Lo the long axis, 
Canadian I~nperisl B:u11k of Commerce. 

Ii was foulid that thcrc w:~s lit tlc diffcrcnce bctwccn the ~jcriods obinilled Iron1 :IS- 

sunling fixed or pinned collditiolis. 

The time ~ccluired to evnluatc the eigcnvnlucs using IB1\1 1620 computcr 11:~s 

proportiou:~l io  the cube of the numher of stories; the times talrcn ranged from 5 
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min for the Post Office Building to 3 111. 40 mill for the Cariacliail 1mperi:~l Banli of 

Commerce Building. Calculations of the illode shapes would have tz~liell iicarly twice 

as long arid were riot uiiclert~~lcen. 

I%ESULTS FOR I \ ~ O D E S  AS11 FIEEQUENCIES O F  VIBIEATIOS 

The frequencies of the different illodes observed for the thrcc buildings arc shon-ii 

in Table 1; some of the mode shapes arc plotted in Figures 5 to S. I11 each of these 

the abscissa co-ordinates are relative. Thus for a given figure they indicate the re1:~- 

tivc magnitude of the displacemerlts in the diflercnt modes of vibration. The abso 

Floor Level 

Roof 

lSt 

Ground 

Foundation 

I i 

I 

Mode Displacements I 

i 
i 
i - 

J 
: ./ 

I I 
0 1 2 

Displacements 

FIG. 8. Mode shapes for lateral vibmlions perpendicular i:o the short axis, Post OIIice Buildirlg. 

lute values of the displaccnlcnts depend upon the direction and frecluency coiitcilt of 

the wind, but sonle typical values for the clisplaccnlent and rotntioii in the funda- 

mental mode, of the top floors of the three buildings, arc shown in Table 2. During 

most of the worli the wind speeds were based upon local weather office iriformation, 

but recently it has been possible lo obtain illore precise information 011 the wind 

conditioiis in i\iIontreal by me:tns of an nnenlorlleter installed at the top  of a 235-ft 

radio antenna on the roof of the Calladinn Inlpcrial Usnlc of Comi11erc.e Building. 

The calculated results for the natural frequencies of lateral vibrations of the builcl- 

ings are sho117n in Table 3. ;\lost of these results refer to the vase ~vherc the colunlris 

arc assunled fixed at the foundations; the c~alculations showed that there ~ims very 

little change in the values of the frequencics ~vlihen piilnecl conditions were us~umccl. 
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Thc stiffilcsscs of tllc c~ol~~miis in the stccl buildiilgs were obtained by calrulating 

the sccond momcnts of areas of thcir sections; thc concretc section was uscd in the 

calculz~tioils of the rcinforcccl coiicretc building. Thc wcights of the floors uscd in thc 

calcu!ations wcrc obtainccl froin thc structural dcsign loads. 

TABLE 2 

~ ~ s ~ ~ a c ~ x r ~ x ~ ' s  O F  TEIE TOI' FLOOI~S O F  THE BUILDINGS 

A-Canadian Imperial Barik of Commerce B-C.I.L. House 
C-Post Office Building 

B U I L D I N G  A 

RESULTS FOR THE DAMPING CHARACTEI~ISTICS OF THE BUILDINGS 

* W i n d  S p e e d  R e c o r d e d  b y  A n e m o m e t e r  o n  R a d i o  A n t e n n a  

B U I L D I N G  B 

A power spectrum aiialysis of the output of the anemometer (wind spced) on top 

of the radio antcrlrla, with the wind blowing a t  a steady 15 mph, is shown in Figure 

9. The wind records havc bceil stcacly on each occasion when readings have bccn 

taken froill the aiiemonleter, a fact that could be related to its isolatcd position. I t  

is possiblc than a11 ancmonleter placed a t  roof level might havc grenter power than 

is s l~o~vn in Vigurc 9 for the frcqucncy range from 0.1 to 0.3 cps. A typical p~obabil- 

ity clcnsity analysis of both ~vincl speed arid wind-induced vibrations, shon.11 in Fig- 

ure 10, iildicates that thc mind-ii~clucecl vibrations are random. 

The results obtai~lecl by the power spcctrunl a~lalysis illethod for the dainping 

values of some of the inodes of vibration of four buildings are shown in Table 4. The 

rcsults for a fourth building (Cratvford and Ward, 1964), are also included. 

Wind speed (rn ph) 

Deflection perpendicular to long axis (ins. 1 

Deflection perpendicular to shor t  axis (ins.) 

Angular  rotation about ver t ical  axis (degrees) 

B U I L D I N G  C 

5 - 1 0  

7. 0  x 10'  

6. 0  x 

20- 30 

8. 5  x 

2. 27  x 
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CALCTLA'I'EI) I~RE()UEXCIES O F  \ T ~ ~ ~ : \ ' ~ ' ~ O ~  01,' TllE ~ ~ C I L D I S G S  

h--Cn~~atli:rn I ~ n p e r i n l  U a r ~ k  of Co~ll~llercc 13--C.I.I,. I - Ior~sc C-- Posl Office I3ltlg 

B u i l d ~ n g  

A  

A  

B  

B  

B  

C  

C  

4 t h  M o d e  

CPS 

1 . 7 5  

1 . 3 6  

1 .  98 

1 .  75 

1 .  96 

9. 25 

7. 49 

5 t h  M o d e  

CPS 

2. 38 

1 . 8 0  

2. 57 

2. 29 

2. 53  

1 1 . 5  

9. 16 

M o t i o n  
P e r p e n d i c u l a r  

t o  

L o n g  A x i s  

A x i s  

L o n g  A X I S  

S h o r t  A x i s  

L o n g  A x i s  

L o n g  A x i s  

S h o r t  A x i s  

1 s t  M o d e  

C P  S 

0.  306 

0. 259 

0. 387 

0 . 3 3 2  

0. 384 

1. 33 

1 . 1 1  

B o u n d a r y  C o n d i t i o n  
a t  S u p p o r t  

F i x e d  a t  
F o u n d a t i o n  L e v e l  

F i x e d  a t  
F o u n d a t i o n  L e v e l  

F i x e d  a t  
F o u n d a t i o n  L e v e l  

F i x e d  a t  
F o u n d a t i o n  L e v e l  

P i n n e d  a t  
F o u n d a t i o n  L e v e l  

F i x e d  a t  
F o u n d a t i o n  L e v e l  

F i x e d  a t  
F o u n d a t i o n  L e v e l  

2 n d  M o d e  

CPS 

0.  787 

0.  616 

0 . 9 4 9  

0. 812 

0 . 9 3 3  

3. 76 

3 . 0 2  

H i g h e s t  
M o d e  

CPS 

35. 3  

32. 9  

36. 0  

37. 9  

35. 3  

19. 5  

16.  4  

6 t h  M o d e  

C P  S 

2. 95 

2. 32 

3. 23 

2. 89 

3. 16  

13. 1  

10. 9  

3 r d  M o d e  

C P  S 

1 .  24 

0 . 9 8 9  

1 .  50 

1 .  31 

1 .  48 

6. 6 3  

5.  29 

7 t h  M o d e  

C P  S 

3. 37 

2. 71 

3. 87 

3. 46 

3. 84 

14. 2  

11.  7  
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1;igure 11 shoivs the results of one of the trials pcrfolmcd a t  the Post Office Builcl- 

iilg n he11 ma~i-induced vibratioils were used to excite the top floor of the building. 

Figmc 12 shoivs the ilornlalizccl rcsults for the autocorrelation fuilctioii of the vc- 

locity of vibration of the fulidamcntd lateral illode of vibration perpendicular t,o 

the long axis for the 41st floor of the Cniiadiaii I~npcrial Bank of Coinnlerce Build- 

ing. The claillpirig valucs obtained by these mcthocls arc shoxvn in Table 4. 

0 0 .1  0. 2 0. 3 

F R E Q U E N C Y ,  C P S  

Equivalent  Ana lys i s  Bandwid th  = 0.0026 cps 

FIG. 9.  Po\ver spectrum :t~r:~Iysis of :L stcndy 15 mph wind.  

- 

Tllc ~ncastued and theoretical valucs of the pcriotls of tlic fulidaillclital inodcs of 

lateral vibration of the buildiiigs are sho~vii in the first two lilies of T ~ ~ b l c  5. Tlle 

grc:~tcst dis~'rcp:~ricy bet~veen the two sets of results is of the ordcr of 73 pcr cent, 

2nd the closcst agrcemcnt occurs for the I'ost Office Building for lnotioll perpaiclic- 

ular to the long asis xvhcn the error is of the order of 9 per cellt. Thc Ihcorcticnl 

values of the pcriotls arc greater lh:111 the nleasurecl valucs for the I'ost Office Bulld- 

irlg (this is most lilccly explained by the cffcct of the clevalor cores); the oppo~itc is 

true for thc othcl. txvo builcliiigs. 

The close ag~cemcnt bctxvecn one set of the ci~lculnled and measured rcsults for 

tlie Post, OfFice Building iiiclicalcs that the simple theoretical nlodel considcl.ed hcrc 

- 

- - 

- 

- 
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TIME, S E C  

FIG. 11. Man-induced vibratioils of the top floor of the Post Office Builtling. 

TIME. SEC 

FIG. 12. Autocorrelatioi~ arlalysis of the fulidnme~~tal mode of laleral vibr:ttions for the 41st 
floor of tbe Cttiladian Imperial Barilr of Commerce (motion perpendicular to the long axis). 

high, it is obvious that a illotlel which irlcluded joint rotation ~vould providc better 

~~grcement with the mensurcd values. 

I t  is of iiltercst to compare the i~~casurecl values of frccluency with those obtsinecl 

fro111 soillc empirical and theoretic:~l formulae. The third and fourth lilies of Twblc 



TABLE 5 

CO~IPARISON OF I ~ I I ~ F E R E N T  C,ILCGLA'I'ED VALUES O F  'THE FUNDAMENTAL PERIODS O F  VIBRATION J\.Ir'E1 TIIE MEASURED VALUES 

A-Canadian Imperinl Bank of Commerce B-C.I.L. I-Ior~se C-PosL Office Bnilding 

B u i l d i n g  

F u n d a m e n t a l  P e r i o d  ( s e c )  

M e a s u r e d  

T h e o r e t i c a l  V a l u e  f o r  S h e a r -  
t y p e  S t r u c t u r e  w i t h  F i x e d  
C o l u m n s  

0 . 0 5  H 
U. B . C .  F o r m u l a  T  = - 

fi 

U. B, C. F o r m u l a  T  = 0 . 1  N 

T  = 2nck ( 0 . 6 3  fl) 

A  

P e r p e n d i c u l a r  
t o  L o n g  A x i s  

4. 65  

3. 27  

3. 2 5  

4 . 4 0  

1 . 0 2  

P e r p e n d i c u l a r  
t o  S h o r t  A x i s  

4. 65  

3. 86  

2. 76 

4. 4 0  

1. 38 

B 

P e r p e n d i c u l a r  
t o  L o n g  A x i s  

4. 46 

2. 5 8  

2. 25 

3. 40 

2. 1 0  

C  

P e r p e n d i c u l a r  
t o  S h o r t  A x i s  

3. 93  

3. 0 1  

1. 84 

3. 40 

2. 4 0  

P e r p e n d i c u l a r  
t o  L o n g  A x i s  

0.  6 9  

0.  75 

0.  84  

0.  90 

0.  80  

P e r p e n d i c u l a r  
t o  S h o r t  A x i s  

0 . 5 9  

0.  90 

0.  4 6  

0. 90 

1 . 0 5  



,j contain thc values of periotls cnlcu1:~tctl 1'rom formulae in the Uniform Building 

Code (1961). 

I11 thcsc fornlulne 

H is the height of the builtliiig, in feet, 

D is thc tlimension of the building, in fcct, in t>hc tlirection of the motion, ant1 

i\T is the number of stories in tllc buildillg. 

I t  c:ul be seen t'llnt. the formula 7' = 0.1N gives t i  goocl cstinlatc of the f~untlamcntnl 

pcriotl for the t,wo tall builcli~igs, but 11ot for the Post Officc Buildilig. 

I-Iousuer and Bracly (1963) dcvclopecl fornlulae for the pcriotla of space-fraiilc 

buildings, aiid two of tllcsc are she\\-n in lines 5 and G of Tablc 5. In  thcsc cclu:~tions, 

nl is the mass per unit area of the floors and I<,v is tllc st'iffness of the colunlus per 

unit, area of the top floor. Thc formul~i in line 5 refers to t'llc case whcrc the coluillil 

stJiffncsscs are constzult through the llciglit of the structure, anel in liuc G a lincar 

increase in stiffness is nssunicd \\-hen going from to11 to bottom of the structure. It 

111:y. be see11 tint ~alc~~la t io i l s  for tlle thrcc buildings, using t'he appropriate formul:le, 

clo not give goocl agrecmciit wit11 111c:~surecl values. 

Wit11 tall builcliiigs it, is quite probable that  the highel. nlotles of vibration will bc 

important, i11 the earthqualic clesigil of such struct'ures, because their frequencies will 

be closer tllan tllc fu l~d~~nlen ta l  freclucncy to the peak frccluencics founcl ill strong- 

nlotion cnrLl~clualies (1 to 10 cps). The ~ne:~surecl results in Tablc 1 show that the 

ratios of tlic natural frccluerlcies of vibration to the fundanlentnl freciuency :ire of 

the o~,cler 1, 3, 5 ,  7, etc. 

31oclc shapes of buildings :Ire also inlportant in carthqualic engineering design 

l~ccause they cletermine t'lic manner in which eart'llqualic loatls are distributed 

thl~ougli the kicight of the st,ructure. The funclnmcntal nioclc shapes of the Canadin11 

Imperial Bank of Conlinerc:c Builcling and CIL. House are ol~served to be :LI)I)~OS~- 

nlatcly lincar hulctions of hcigllt. This result is not unespectecl, coiisicleri~lg t h ~ ~ t  the 

st,ifSness varics consiclerably with height. I n  contrast, thc Post Officc I3uilcling, ~vllich 

has less variation in stifli'i~css, shon-s morc nearly tllc llloclc shape characteristic of a, 

shear type building (Figure S). 

Torsional loads have been blnmccl for many failures of buildings tluring cartll- 

qualics, :~nd  most builcling codes require eiigincers to design builcliilgs for such loads. 

Despite this, the methods of clctcrnlining the loacls appear to bc "rulc of thumb", 

since very little information is :~vailablc on the actual torsional characteristics of 

buildings. ilctu:tl measureinents of torsion coulcl be used to alleviate this situation, 

however, because conipamtivcly large :unplitudes of torsional vibration have been 

recorded tluring t'he work. 

The c1:~mping valucs prcsentecl in this pa,per should bc rcgarclcd :LS tentative 11nt,il 

more detailed Iinonrleclge is obtained of tllc spectruix of the wind loads acting on 

builclings. If this spcctruill is nssunicd to be flat over the range of builcling vibrations, 

however, t-llc nlcthods clescribed provide the d:unping characteristics of buildings. 

Finally, it is suggested that a further aspect of t,hc morli nectls to be i~lvcstigatccl 

ill the future: the effect of t'hc ~~illplit'udes of vibration 011 the dynamic charncteris- 

tics of buildings. The amplit~ucles Illat have been measurcd so far :we quite small. I t  
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is coiiceivi~blc that for tllllplitudcs of a higher order of n~agnitucle these character- 

istics nlight changc. 

I t  has bccil possiblc to determine the first fclv modes and frcquencies of latcral 

and torsional vibration of multistoricd structures froill mind-induced vibr:ttions. This 

information is clircctly useful i11 ear thqud~e ellgillccring design, but the prinlary ob- 

ject,ive is to provicle guidancc in t,he dcvclopillent of theoretical nlodcls suit,ablc for 

computation. 

I n  inally of thc attcmpts ~llacle to compare the assunled thcorclical behaviour 

with the actual performance of nlultistoriccl structures, it has been found that there 

is an ~nisatisfactory margin bctweca the two. I'revious worliers (Housner arid Brady, 

1963) have noted that for space-frame builcliilgs up to 26 storics, the best agreelnent 

for thc dyiianlic characteristics of the buildings was obtninccl by assunliilg thc girclcrs 

were rigid. If thc buildings described in this paper are t,ypical, however, it appears 

that for buildings between 40 to 50 stories it is necessary to include the effect of thc 

flexibility of the girders to obtain good agreement. This anomalous behaviour of 

structures shows that there is still a great deal to bc learned about their stiffness 

characteristics. One of the best ways of achicviag this knomledgc is to continue the 

comparison of the predictions of theory with the nleasurecl dy~ ian~ ic  ~haractcristics 

of buildings. 

Damping values of thc buildings obtaiiled froin a~lalysis of the wind-induced vi- 

brations iilclicate values fro111 1 to 3 pcr cent of critical damping. It is thought that 

further work needs to bc done in cletcrnliiiing illore precisely the spectrum of the 

~vind loading and the cffect, if any, of the alllplitucles of vibration on the cly~lamic 

chamctcristics of buildings. 

Thc Divisioil of Building Research, Sationsll Rcsearch Council, is grateful to the 

owners of the three buildings for their co-opcmtion in thc use of thc buildi~igs de- 

scribed in this paper for research study. Thosc responsiblc for the three builclings 

are: 

Building I Orncr  

Canadian Inlpcrial Dorchestcr Corn 

Bank of Con~mcrcc rnerce licalty 

Ltd. 

Architect / ~ o n t r a c t a r  

CIL 

Pcter I>ickinson (Arch.) 

Cliff'ord & Lawrie (Consr~ll- 

irlg Arch.) 

Ross, Fish, I>r~schc~~cs  and 

Barrctt (Supervising Arch.) 

Post OIIice Building 

Pcrirli 

Dorchester Uni- 
versity I-Ioldi~~gr 

L)cpartme~it of 

Public Works 

Greenspoon, Frccdltlndcr & 
U ~ ~ r l n  (Arch.) 

Skidnlore, O~vi~lgs ck Merrill 

(Collsulti~rg Arch.) 

Shore & Mol'fak 

Anglin-Norcross 

Quebec Lld. 

Gco. A. Crnin & 
Sorrs Ltd. 
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