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ISTROUl:C fl O-"
Tberon:aJ~ 'R.lI~is of ri"ll r.nucturn anln'·ol\-e

thc oJPPliatlOOof morTllOUlo foKftiUC!l U Cl ploY",do'ir=.

and n....,lel ftISine& I(l "cite dam .. . Us I ll. b~ IllW)

~tric .....-.s l~ 12) 10 "cite honrontaImotion in

Ibc llppcr 1c.. : f sJ,;~(a .. ... UloCd"'lnlthr SM

Franc N.-o Tn _ America Pynmid bu ildlnl (3)1.1<'1 n:bri.ely
mlall fon:C'S §uch .s • J'Cl"'t"O'l ......lkinl f'M,.... ("'c i....ion
method has lb ad ...anl.lge5 and d".a,h l lllllgn and r"n,,,: I
lime charac1<.'fi"ti<,.,. lh.:r.l In: ....ited tol panicul..r struc1ural
tl.:iUI;on problem. f unlk:rTTIOR:, vihn li...n an. I),..... ha,'<:
I"'=I"OMI pld~nccs and t ..n justi!) why thl:ir dlO_Tl ~thod
~ rr.weal,hanlllg<:'lJU§ than . "' Ilh<:r.The f,'I."US of the' "on.
practllcd in this 1"Ipt... is the method,u.;ed 10 induto: , il>nllion
inbu i ld inp usj nl rel.li ,ely 'tl1laJlron:es imra'1<"d b)aslcd~

bammer. Ahemali.emo:thodsmightbe!l<:t:n. ... .Y dq .......J.nl
onlhl:l)J'C' of ,ibrd lionanal)'sislhil l .. iII be t ondud t'd

Then: lll'e several OOInm<:ftially available inotrul1......IW

~kdge ba/tlltll;l'S !hat ~ ....itahle for vIbration and modal
anal)";, uf btJ il di n g~. bowever thc'y "..n c......t in ('l en.' of
S5000. An elcc uc megnet k ~ha k~.. for modal 1I,,",1~;s of
buildingswi l1CU'>tinelct.., ofSI O,IMIO,Ac bt:o.a pt"l" lIltt1nati.'e
disc ussed here is the cons uuction "f an in, ltun,enl u. ing
a sledge hammer purchased frum a h.rtl wan: store and an
aeeele.....meler fiR'<.Iln lhe backof the hammer h<"at!, which is
, uilal>1c for some ty pes orv ihruli"l1analyw _ufbui ldings

The' fir-I pan of lhis paper drscu.•ses the construction
of Ihis Oo-lt·Ynursd f (DIY) in-muncmcd sledge h:lmmer
Comparison. between ilS perlOrDlanC" and it "" mnH:reially
ava ilable iMtrum.:nrcd h"mmer are used 10 demonstrate Ihul
the DIY hammer ha.s Ihe!>a1TlC rnulls " Ihc "" mmerd ally
available hammer. The 5«000 p.anof this paper contains
... perim.....lal "",uIISof\ ibnllion m.."Lsun:mcnls~'OndU<.1Cd in
a lImlirooouetor manufaclurinll facilily using lhe I>IY slcdgt
hammt1 and 11building !>haLt1 ~)"'I,'TJI. Thf m ults ~"""". that

tho: "'" of the sledge hamlTlfl" I!" f sinuw Of betlCl".",.,1b

lNnthesha1er sysh:m. 'Thf la....p.uto(thl:roaflCrronla irtS.
diSoCmSiooofaddit~t f'lll.:lon lo '''''fhidc:fbef''~ flClcetini

Ihc clcitation mt."tbod for . vibnt lOOanal)"iii ofabuildmll;
such Ulhc .. eighlOf wC<l uipmtnl.ndlhc numh.:r of JlCT'J'k
faj uirt'dlOoon<tuetth.:lc<b

R"Y""ld. and ....vic (41 ha~e coodu.: a similar
comparison of . rommr.-n:Wl ) a,ai lablc iMt Io:d .1t:dF
hall1lTlerandanda:t mrn:agncticshakt1. and coadudedthal
the use of the ela:trDmaltoo ic w Ler p se bett'" quality
measuremerns than lIM: inslrUmmkd hall1lTler,~ on a
single hammer ;;Irile. TIle .ul",,", should ha. e compared
lhc a,·erag.: of multiplc of hamlTlfl" WU.C'S Io Ihc ' \ er&@:e of
muhipk: tnInsfef fUnclit' M using lhl: shal t1 iy olem. lky
SUIlll'o."St that a hamm.... can be u...:11.... "slartn" nOli. modal
k"l.llnllsySl...m III ,>blain ",,~u l ls of limited qualily . They al."
claIm thaI u.... shaker "yolem can itllJlllf1 c. dt ali.... """'llY

lhal IS many ordc... uf ITlagni lwJc hillher Ihan from hammer
impulse excitation. This slat,..",enl might be lrue fur n eitali"n
;al • s ingle fn-q.....""y. however fOf bmad"'md n cilatKMlthe
"""ults in lhi. paper ~hllw the ''I'l''",ile lu their lindings. TIte
\1."'-' of a sledge h:Jm~r i~ al>l" 10 iml"'n gn:ak.. excitali"n
force 10 Ihe l>\ruI:lu"" than the shale . system. ~i n"... Ihe
shaker syssern is limiled 10 vibnll in.: the n:a.:li,MlmlL" to Ig"
othcrwisc lhc shilk", ,,'ill hn ,, rrlh eno.x v,h,lst lt iopo<;.'oible
10 bolt t hc shaktrlll l he l1' .". l his i._J1 ~ "", pemll ll<-d by

buildings O"'rH:rs. Greater cxcitation e.....'}:) ('.n t...·"pplicd
by the skul!e harnmcr I>ym<:~ry S"Itl¥-llllj II .....rdcr. (If

obtauung a 5ledge hamn...' wilh • bcsvicr ml~~ [2). Clearl) .
there is I pl1lclieal 1imilfor i rtCrea~ in g lhe impact frne unlil
the hammct stnke cen damagc lhe srrut.1utc. in ..,hiehca.se
an alternative excitation melh"d mUIII he employed sUt:h a~

an electrodynami" , hakef The findinll' of ll.ey.....lds 100
Pa, ic are funht1 diiit.1lSS<.-d al lhc end"flhi, p;,per. lli.
SUrprisinl!lha 1 in an e.arlit1 p;1pe' I'a,'ic. ct.al. 15) d.:scribr:
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hamm er leslin g as an " exce llent invest igalive too L.': . T ile

us.: of iml'"ct hamrrlt''' for modal analysis o f buildin gs i~ wd l

es tablished 12. ~)and th is papcr shows how one can bllild a

Inw<O!It instrumen ted sled ge hammer.

I:"STRUME:'IiU :O "'I PACT HAM:\ IEKS
There are a number of commercially ava ilab le illSUlJlTII:lltro

impact harnll'lCBthat are suita bk for ind ucing vibra tion in

buildings , Vell<lor>include Brut.-l.and Kj"' :f . PCRPie-.r£Itronics.

Oytran.and E.nde\'oo.Aoommercial-olf·!he:·~fi!L<,u\lmcnled

~gehammercan eOSl:inex~ofSA5000.Anilll:xpees i ....,

Do-lt ·Y..u~lf ino.trumen ted ham rroer ca n be con"'ructed

usinga ~edge ham lTll.'1" purcha.sc-d fr"m a ha"",are stoo: and

an..xeleromc:te1'gluedlOlbeback oftllema.~ ofllleslcdge

hammCl'. The ftllkwoing di<;<,:ussioo!Jlo»slh.allhc DlY sledg e

hammer will prov>de resul ts W I arc o f 1m- sam e Qual il)'

as a mn" .. eApcnsive com mercially a\'a ilable insuumemcd

hammer. at II fra<.1ion of the 00.; 1. The (M,inl impedance of

a concrcic floor wa' measured u.sing both a ccm n....r eial

and DIY hanu n<,;,and il is show n that sirmlar resu lts were

obtained.
A DIY instrumented hammer was buill Ircm a sledge

hammer purch ased frum a hardware ' lore, The mas~ of the

sled h<ad on the ham mer was 7.95kg. An aluminium bloc k

was glued toooeend of asledgehammer using epo xy glueand

a 8 rue l and Kja.T t)l'" 4394 acce1cmmel er wus sere......'e.... nnlo

lhealumilliurn bloc k. Previous le<>ting using eyano-at:l)' late

(su pt.T·ll lue ) ",as unsuccessful as this typ: o f glue is loo briul e

for imp;ll"tloads. 11le a.",el o:romeler can alsol>c aUac hed to

the hamlTlCr head wnh I threaded stud . h' '''' 'C\er can: must

be taken .. hen lapping irtrothc steel iM:aoJ u lhemalC'lial is

case hardo."t"--d and it i$ \ery easy 10 break a tap in Iltc heiod
A long micro-dot: ~abk .. as connected to the lCCCl.;rum,;ter

and taped alonll !he: length o f the handle:. The cable: ""IS

oonn«ltd lO aBrueland Kj.a."'l)"pe 26J~eharge ampliflel".A

BIUeI and Kpcr l) 'pe 113 111..xelerorr>e'ler""1lSesed 10 IDt,'IW~

Ill<' \i bnll ion respon se of a COIlCreIe slab-o n·vade lloo r and

"'1lS ronnecl('d 10 a Brue l and Kja~T charge amplifisT, Botb

~ha"ieamp ti fiers " ere set 10 me asu re a.:ce lertlt ion and lheir

OlJtJlOl~ were cenrected to a tW'<H,'hanno:l Data Physics AC E

signa l anal)"'Cr. Tile sledge hammer was used 10 st rike two

ru~rpad,.placednntopof eacholber. th.aI"" l'rc n.""l ingon

a eoncrele slab-on-grade noo,. Thc rubber pads had a 10Uli

thickncss uf abou t 50mm and a duromctcr raling [the units

used 10 defi ne the stiffness of rubbe r) of 50. The pUIJ>V>e

\>flh e rub ber pads is to mec hanically fillcrthe impact load

so thai only low fre<.J u~ney force is epphcd rorhe structu re,

which in lhis case is the concrete 11001', Lower duromeler

(so fter) rub~r pads thal are lh in ner arealsosuilab le for

impa ct testing, howe,' er care must be taken 10 ens ure lbat the

hammer does nut pierce the soft rubbl.T. whic h will deg rade

the n::po:au bilily o f the measure men ts after severa l strikes.

1llc u...:ful fretluency rmg.;'for a hammerand rubhe rpads is
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a functio n of the systcm resonance freq uency which is given

by the "'Iuar e wot Oftbe ....lllUCIsti lTness divided by the masS

of the hammer head (2). and can be chec ked hy exa mining

lheallt~po:e1rum or t he fllrtepulse.for frequencies abovc

the sys tem reso""n~. il is difti cult for the hammer 10 imparl

o:nergy inlo lhe slnK:turc. As a guide . doubli ng the u..: ful

frequency r1Ingo: woul d cu m"SfM>OO approx imate ly 10 one­

QU3ru:rthepad lhick~s(forcon>Unlmalerialpropcr1in)

The magnitllllc of the impac t U.tktcnnined by the mass of the

hammer bead and the v"k'Cily "'ith " hich it is mov inll ",hen il

strikes the rubho."l' pad. (2J. Thcop.'r1Itor control!;the velocity
rat hcr th.an !he: fon:e Icvel.

The commercially uaiLo blc haRlll1Cf that "'IS US<d for

!he: comparisce was 11 PCB Mode l 086D20 instrume nted

impact ham mer that hasa 1.I kg head. an Icr powerOO fore"

trnnsd uce r hetwe.;nt hc !<lce l head andint<"r-chan geable rut>bcr

tips of van"". stiffnesses. The force transdu cer on the PCB
ham mer was cu nnccned to the PCB le p voltag e amphfleT. A

Bruel and Kjaer type 83 18 accelerometer was used to measun:

the vibration response ofthe floor.

lt i, l1eyond the sco pe of this paper 10 discuss the Signill

proccssingmcrhods npprop na tc for impacl tesno g. The re an:

man y rcCerenccs lhlll discu ss app ropr iatelesl ing mclhvds till'

moda l anal ysis using lln impact hammer [2. 5· 101.

Figure 1 shows the measured "",cek mrl<,:e orme e<lncrclc

~Iab-on-grlldc n.l<"r using lbe 1"'0 types of hamm ers. The

accelc rance is lbeaccelerarion respo nse of the floor , in mls1•

divided l:1y ee joreeapph ed by the hamm er. in New10ns.

10 100
Frequency (Hz)

Figu"" l :C"mp,ri...,n" f lhemcasured >lC\",lcranecof lhc n"ur
using lhe . l.-dgc hamlller "lid the r c B hammer.

The results show thar the acceleranccs arc similar from

6Hz 10 100 Hz. Note the ex pec led 40dB f decade increa se

o\ 'cr lhe fn:<Jueney runge. Th<,;n.""ponse arnond IOO-2001lz

is the contact 1'eS!"IflSC, Th is is a funclion of the hammer

mass and rubber st illhc:ss . The commercia l imflllCl hamme r

has a low." Quahty fad or (which is des irab le) dlJl' to lhe

prudenl ,;,ele\."tion of materia.1. The d ilr~ hetW«rl lhe IWO



systems occurs abllve llKlIl1 which i~ due III lhe di IT",, -nl

forecimpul'ol:sprovidcdby ea"h llilmmer."ThcI'UJ llamm er

coot ains a calibrat ed 1'1R.~ lranwu cel Illal meas ured lho:

force ap plied during lhe imflllet evCT\1 dtrtclly. Tlw DIY

s....-dg" Ilammer has an 1,:l;c l~'cr allu il..-d 10 the he;l(J

romcasun: thc;ll, :«ICl1Ilinnllf tho:ho:ad"1bc: imract foo.-e

from tho: hammer is e_kulalN by muh iplying lhe ma:ss of

the ham mer h.:ad(7 .95lt.g)by the n.."lI .... ro,:d...:.:dcu ,lion. The

mass of the hamnt<.,. head is mn<UrC'd by plac ing the Ilamnt<....

head on ",·cigh onll <;Ca .."'S"' hik: ..... d lDg tlw.-nd nfthe handle

hori zontaJ. l'i llurc l mo "' thc COlTlpmson of theimptet fon:es

app lied lO lh<ooncn:1elloor.

1,E+02

10 100 1000
FIeQU8f'q (Hr)

Fi,," 2.1mpuloc prwntcd hyw okdF"-'-'r andtbo
0'<0_

rigure l ~ lhll l he fon:c c>;.'T1o.'d by' the sledllC

hamme r has _ .harp m il o lT hcg inn ing I' 30Hz as il

approaches a resoee ece " I 220Ht . Thi s~man.-e is caused

by the inleraet ion of lhe l"'o rubbcr p.ooh and thc hammo:r

head . Thi~ i. nul l i ~dy III he: a ll lseue for the Sll'Ul'tural

e\'a luat ion ofbu i ldmlP "s l hcf~llcneyrange ofi ntert'st is

heln", I OOllL.l f thc f~ucncyrang<.:nf i n1creslis grealer lhan

lOOl lz, an I llemalive stifi"" orihinner rubber pad can beused

10 gcncr;l l C a dilTc""nl impul se respon se spec trum

n.c..c n:"u lts s1>o.... tha i the DIY slcdlle IIiImlt'l'-'r "" n

he: lIscd to ICCurale ly meas ure the " ibra tiun ropo n'IC of

~tf\ICtll rt'S ~uo;h " , 1>oildings

The: MI ""'i nll: sec1 inn\ks( ribc's lhccomparisonnrlhc

"'I"'rimental l'C'oult s ohtain<.'d l"inll: a il lY instrumcn,.,.j

sledge hamlll ..,r and an clec tromegncnc . halt.er tu induce

vil>r-.Ilion in a 'IClniconduo;lormanurael\Jring raci lily.

CO:\I PARISO N WITtI A RllILIlING SH AKER
SYST E\.
The shaler u...-d 10 cxcitc buildin gs in th i~ study "' ll-~ ~ " AI' S

Oyna' nil"S F lccln~sei~ M"dd 113 shsker . tha t comp rises a

13.3kg reecuon mass which i< ~U <rendl'(j by ...la,li e hand s.

and allalmagnclanddectri cal eoila, SC'mhly lhat i$uSC'dl o

mOH' the ma~ aklflll b.:arings. T he shaker ....a_ ekx:lric alJy

connec led to an A PS Model 114'[P p<''''cr amp hfier , which

wa~ purpose buill 10 pn....ilk hillh cu m-nl leve ls al 10""

frequcn e"-'Slo thee lmrical l'o il ' lfl the shakcr. Typ ical poy,er

amplifie rs lor audio apphca 'ions are not do:siJUKd10 gencnlc

high cu rreTlI]e, els al fraju,:nc ;'-sbclov>aboo l20llz .

A ccmparison", q made o f lho:~ullS obuin<.-d from the

" ihrat ..... ~....re 1TlCfll ' in _ w mirorwlU<.1or manufacturi ng

fd(;ility using Ihis sha ker ~)',Io,-,m and _ DIY ill$TfUmen lC'd

slcdgc ham lTk." . ...."hilsllhcbuiloJinll .k-sign o rscrniconduc lot"

man ufac:tunn ll facili , ies is in a special clan of its own. lho:
same commenls art' ;1150 arrl icab lc 10 bu ildings tha I use

typica l wot 'llrUCli"," meth" ds using steel "nd coec rete frames

for o llke bu ilding... htn pillll... sponi ng stadiu ms. and cal

parks.

Semiconductor mlllufaeturi ng fac il ities art' uniqUC'typ""

of build , ng~ lhal are purpose bu ilt for Itotr<ing c>.tnmely

vibol tioo :<cnlitivc ..-ufaetwi nS C<luipn,.:n l. Tbese build ings

4fCtk:signcdlolul'en'l")''''i lf lloort.COlT1pln.-d lOoon~tiooal

buildings. This i:s dtwoc 10 w pp Jrt lhe \ 'ibnlioo lIC'Donivc

cqUlpmcn l and .II"" m", 'm '"" vilqtioo transmi"Ut throu gh

the bu ilding from v,bralinn soum:s suo:h IS mcdtanical

equipment (for eumpk punt", and all"Iwt<Jhns lID' ts ). and

fromlhc,·ihntionindllCftlbypo."fIJ'k ...alking on ll...urs .

F~un 3 sbo"" a I)--poc:a l des ignlOf a bu ilding for a
scrnicvndoctor IIllIn"faetun n, facilif)'. A typica l dc"jgn of

the procc:» floor ~ I\Oo--"'ay ' grill.oF (al.., klltJ'oll n as '"

.-a ffic n....lf. beca use of Ihc:~imillll!)' to a cook ed .. all1c) of

MJcmIInck eoocn:te bea ms and suppmed on t\"",:ly >peed
«o lumm . Tbe sub-fab lclel coola ios nt<."Chanicalnjuipmcrtl

thal gc nerat e5 vibra lion. such u pumps.

See CIos,eup Process-Floor

TdTTTTT ~fiJ]T ~ T T ~IT~T
Su b-Fe b

Colllmn _ l evel

. Rigid Ground

'= S"= "6"""E?' g=~p
Sectional
v_

Figure l: Typical building dc,ig" for I ""m,cn..t1 ~.tur
manufa.lUring facihly.
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During the commissionin g phase uf lhe facil ities,

often a stru ctural evaluanon is colldllClcd lo enslirelhc
vibration environme nt wilh in lhe huildi ng [JI~TI S the design
sp~'Ci fical i"n ,; . TYI'i cal i nvest i g.oli"ns i IlV()lve lhe meosu rcmcnl

of lhcrcsonancc frequcncies nf thet1oors,lh e amhient vibraliu n
amplitude induced by upo:ruling m~'C hanica l ~~u i pmen t , the
vibration attenua tion between diffe rent l1" ur levels, and the

vibration atte nuation with distance alvng the Iloors [12]. For
mosl ci vil slruclu~, i f lhe vibral ion le vcl§areloo h igh, the

btJilding owner lI,;ually don not care I l ij. tluwevcr, for this

rype of building ifthe vibration 1c\"Cls are 100 high then the

man ufaeluri ngo:quipme"ltwi llnotfullCtion
l1>caulhorllasconduclednumeffiU'\sl"Klu rnl investigali(On§

(Ofsemico nductor manu fae:t urillg facililic-; using an electrica l

shaker system and an instrumemed h<cn1l11Cf, BUlb excitation
systems were escd al one manulacluring facility 10 cum"" re
lheadvanL1~anddi!<ad valltab'e§ of eaeh sy§tem.

Figure 4 sh"' .... a sketch of lhcexperi"...,ntal set up fin Ill.:
vib",l ion measurements in the semico nductor manufacluring

fac ility.

portable~
Spectrum
Analyser .

Accelerometers f;1 f;~ C har~~
~.~ ~~ Amplifiers

Sledge
Hammer

Rubber
Pads

r igu", 4; Skelch uf lhe ~xrcrimenl. 1 "" up for the vil>mlinn
mca,urcmcnl, in a $CnliconduClurm anufm.1uring faci!ily

Th", top of a ",,, Iumll " n the pror~"Ss l1\1or was driven by
a vibrat ion source and the vibralion response was measured

at Ihe mIse uf the column in the sub-fab. Thi s measurement
was conducted using both Ihe shaker system and the sledge
hammer as excna uon sources. When the shaker was used as

the exchanon source. the ACE signa l analyser was uso.das a
signal [ler>eraIOf10 oUlput a swept sine wave in the frequcocy
range 511z Ie' 95117.into the power amplifier.l1>c shaker' s

f'owc:r amplifier "' as set 10 the max imum amp liliealio n such
Ihal lhc mov i llg ma.~s d idllOt sl ri ke the ends sl0p5 0rcallSC: lhe

shaker lo lifl otTthc:lloor. Thc:limitations on the opc", tion of

Ihe sllakcr are tllat Ihc:accelcration has 10 be kept to less Ihan
Ig , olher wi"C lhe , haker wil1 lift off the lloor, and the slroke

o r til.: mewing mass has to be kept belo w 150mm peak-to-peak
otherwise n will strike the end Slops. Heocc, when using a
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swept sine wave as a control signal.th e maxim um displacement
ofthe shaker 's moving rnass is go\ 'cTlled by thc acccjcrano n
al the highest frequency oflhe analysis range, which mlJ.SI
be kept below 19. The analyser was configured to collec t 30
lincarly avera ged sp..'Ctta and ine recording y,a$ tngg crcd by
thc sta ri o f a sinc swcepfrQm lhe signal gencrator.

The measurement, u,ing the DIY instru mented hammer

were conducted usillga force-expon emia l window 10 capture
lhe dynamic respon <,C o r lhe slruelure. The exponenlial
wmdow applied to the signal fOr lhe fC<;po nse of lhefioor was

made as loog as powible so as 00110 distort the results and
give the impre:<..io n of lin lIr1itk ially highly damped stru<:ture
Th is measuremen t involved collectin g 10 linearly averaged

spectra. However, usuall y the results arc very repeatable
and only 5 linearly as-erolled spectra arc c.. lI.....,led fnr most
strucruralevaluatien v

Figure 5 shows the a,:c:c1er.loce mca,u red using the IWO

structural excita tion methods. fk>th methods clearly , huw

thatihc reso nancc freq uency ofthe colu mn system is about
4411z. Nolelhat lhehamm er rcsp"n ,ecompal"C!>wcl1a gaiml
rhc cXp<.'Cled 40dB I decade nee, whereas the shakcr dri \'~n

response docs not. The results differ at fro:q u<:n cic~ below

3011l, which is due to the loss of ~iglla l coherence in Ihe
shaker sys tem. The corresponding eohcren<;e bel"' « n Ihe
signals fcr thcsc two structcml cxcita non meibods is shuwn in

Figure f>. Figurc 6 shows thatlh c cohereoceusing the hammel
is ~vnsislentl y irealer lhan using Ihc sbakcr and eXlends 10 a
IQv,cr freq uency range . The reas on for tbe drop in cohe reece

forth e shaker system is the loweramplilllde inl heexcitatiun
force compa red to t he sledge haml1l<.'T, wh ich is fUrlh<:r
disc us....-dbelow,

10 100
Frequency (Hz)

f igure S:Accd erancc:bcl",ttn\'i NatiOllexc;talion onl op ortho
columna ntl ","",suring thon'SflUll$<'al thooo.e ofthc column in
th<:mb.fab. using the shalrr and t!><: ham"",r as cxcilalioft



1 , : :HM;,'i : - f ~ : : '"
,

" 0 '

o.e 0 '

0.7
, i+-it ' .7

ce
, ,

'I ' .., , ,
"es

I ,

I r+" ' I
4

0.'
0' , I , - ....... 02
0.2 I- .v 1\ 1 , 1-· ...... h-,

"0 1 0
0 ,

"1 10 100 f~(Hz,

FNq.lWq IHZ)

F igu~ 6: CohcTnll:c~ ...ilhlhc _ "".
ill Fi,...: ~

AnoIh~r Com~"'tlVIr mo:a, ..r~cnl ...as conduc ted
bctvo·«II thc two u"~lioom.:d.. l<hby .m.linl!tN.mid-bay
of lhe prol"l"U f1OOI" and ma~unnil l~ vibntion rrspoo >.cat
tht mid-bayinlhewb-fabdim:t lybcloll, c'ci ta tion point

fi~n: 7 sho..",. !he Kalen "" 1T1C'U\lI1'd w;ing thc two

c\Ciwion nx tho.b . lInd lhc R"!l\l,"arc d,ffm:n IM fn;q~

bd", ... :!OtLt:aoo abln c SOlll'

h gu'" 7: ACU'kr :c "" ',>uk<! t..1W«lI n eil. ,ion of the

mid·"")' " n I~ pa "' n ""in K ,'''' . Iedge twnm ..... nd lht
shaker ' f , Iem, ~n<J " ' ring'.... VI" " U,," 1nf'OII'" of II><
mid·h. y ;n thc wh f. h

Figure II ~h(l "''' the cohcrcncc for this measurement
am! reveats tll " l g n' :l t..r coherence is obtained using the
instrumental . I cd~ IIolmmcr than the shaker system

t~l:l.~ ............- -*'d .. LIhF'Il""" 7.

t"ipn: " shcN.s tbe c:\ciution force thaI _ D appliedat tile
m~yoflbe Jl'OCC"'$ flox,.. .. hich ",._iakd . ilhthcft'WIhs
5hown in Ficun:s 7 .008. The amplilude uf\hc f..-ttarP1ied
bylhc skdgc harnmcr 10 the l100r i~ srcatn lhan thewl "

~. n... ~ noI'~lng l'C'W 1I becauic~"1cf (OR:C

em be imparted by the skdgt' h:arnn>er~Iy by awinging

han:kf. ..h..~ the wl" is l i ml1cd lo lhc{..m:~cd b)

Ihc n:actionma."5mo ...ingat ..na.ccelcflll..... u{ lg

'OOO~1~rr_~ 1# ':\~

"F~(tll)

fi llu", 9: Thcncil..ti""fDrce fmmlh" .lcdl\e h.o'11.... , .odtht
"'.l«inlO a mH.\·bay r>nth"I"o el'.. n"",

l1M:!oC measure ment s d,:mo nSlrate IhJI an inl'opc:n_ivc
DIY im,lrumenled , ledge IIammcr can ee u-cd III conduct

struc lurnl evaluation s of bul ld ltl l.l~ .nd. in Ihi. C","",. yi..-ldro
better resull~ lhan using lhe , "' ,l e<system. Th is is b«aus.::. in

Ihis ca>e, lhc sk dgc hammcl provicicdll", alel e. ciuu iun fQll;e
Ihan the shake r system The accck ratio.. o f lhe .hilkel system
hil.' 10 be kept below 18. olhc,..,.·;!iC' it 1Ia~ In be ph ysica lly

atta,-hcdlo lhc slru<;llIn:. ll wOuld hc r<>"l',blc' loinclea 'IClhe

lorec (lulpUI from the sh..ker by using a fccdha~k co ntrolle r
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lu m:n imi'Cl l1cfllll:I: UUlplll al each frcqlll:ocy. hu...t;Vef this

",u ," >l av~ilable for lhe tesli ng

Allhuug h R"I\llls hue no! been PfnCnted in this paper.

thu ~k<l gc ham,""," s~lem has be-.:n u......d ~sfuny 10
measure 1M mode sb:ipcsof ~<:1}' stiff tloors lhal Mlpp<>rt

photoli lhogTllr/ty .. ....s in sem icond uctor factorin. o t1lCeand

lahuralo'f)' fKl<Jf'I and obIa in mea Mlrnnents o f the: h<x1Ln"tal

st; ffnessof bui klmgsi>lll:h .l.S laboralofi..-s and !il."Tlli~...",dllClt""

fao:lories . l1lt:u.wofan dccuodynamic shakefcooldal~

prt>Vlde lhe sa~~lts.

AI>DlTIONAI. FACTO RS TO CO:\S IDE RS
1bc: corn hi....-d .. cighl ort he sha ker S) '>ICm . ... .... ee amplifln.

C'UT}' caoes.and instrumcnwion ;s in n cnl of In g . nd

is iIotboedin Itmx (I f four largc ca ll)" cases, Thi s hea~"y load

requires two people 10 ClIfT)' the:equipm<....L The Ctlllipm.....1

has 10 be courittcd 10 lho: bui lding she ...ell in ad vance

or the IOlin g. Upun amval al the dcsI inalion airpon . lhe

C<juipmt....t bas 10 be tra nspceted in ~ large vchic le. Vimtion

mea'U~lsnnhuiltlingsllsuallyO<.'Cur la le al n il!:htoncc

alloonstrueliun •••.-I;,·i1in ha' -ece a....,.J for lhc.uy. l>urlRgl his

lime co nslruction lilh are unavailable so people have 1(1 earry

lhe eq uiprm-nl up and down nighls of slairll

Reynold s and Pevic (4) describe a si milar com panson

"-' I......,n bu ilding cxchauc n systems using an el~....uic al

vibral "' nshakerandaninsln"nrn tcdhamn....,.nd~hnt

lhc:" f'f.",ilc prefenmcc 10 thai d<s.1ihcd here . Ihal lhe shaker

sylok"Tllis the preferable meawremrnl method . Rd-"'n:~ (13)

.hoIU a phologra ph of their M pomblc mc--.:rno:nl sY'tem~

Ihal~,lw:I",-","nO.OOO (4Jand£70.000 rI 3Jll'ldrcqu,ro;s

Ihm:pcuplelOoperaleetTlf;iemly [4~

1bc: Ctluipmcn t for the DIY inslnl men...-d sledge 1'I.lmrnet'"
e.nlilinlO a hardcaSC'dgolfcarT) , ..' .ndlra""I"........thyair

...;thin the luWg\' IimilS of most airl ines . TbeeqU11""C11'l can

be carried by ,1Of;'~. II ~ rerommcndcd.... 1t...o pe<>pk
..reinn. lvedfOflhe effJCi..'1llop.. tionl)f~uremc'"" (4J.

The ~"<fuipmC111 B rd a lively 1i~JlI· eighl OOlllrared 10 sha kef

,)stml andi, e3Sily ca rricd up and do..wn ni~hls"f Sl&i... by

asi" s.k pcf'SOfl
It is left 10 thejlldicious rad<:r 1<> dccide M hidl

method i~prefenbk based 01\ lhe cap ,tal and labou r ls.

mca.~un;mcnt cfflCirnC)'. man ual hand ling, time ~"."Irainls.

and des ired ll\l&lityor results.

CO:\CLUSl()~S

T his pape r descri ht.~ Ihe ~onsl rudi"n uf a I'\"lali\'e ly

inexpensive instrume nted sledge hoimmer fOf u>Cin vihflllillo

analy,i, of build ing structuln. 1bc: il lY sledge h~,"mer

""M w mpan,d ...·ilh a f;OfT1 tnereiall y nailahlc inslrumcnl~oJ

hammer III ellSure thai ilI.'Cura le "'mllon fe'\lIl l~ e""ld be
ohta ined . The ill Y sledge ham mer ...'~, al.o rompan.-d ....ith

anelcclromllJPIclie shaker syste m f"re,citlOlll'lU,loJing• . ToLs

....ere ronduc1ed in a semiconduc1Ofmanufac lurinS f....ihly

thai has ~ay SI,n· floon compllred k. oonvrnl ionlll buikJinp.
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l~ res.u lls show lhal (lrca lerl"orl:e collld bc impan~'d lO lhe

bu ilding slnlCtuo: by I..... sk.-dge hamme r than the shakef

S)'SICm. Th is n.-,wll "' u n"l surpri sing as the greater exc iulIlion

jorcc can be applied by ' ''' lOging thc lwnmcr ha rdc r. ...bereas

the shakCf .ysto.'TIl ~ lim ited 10 a maxi mum .......-.:lcntioo of

Ig bef""" the !'haker 11th olTthe floor . From his nperieoce.
il is ,he op inion of thIS au, ..... thai I..... DIY instru men ted

sledge tt..mm<'f i.ehcap.:f. pnMtks higha- ll...lity ~lts.

~ eas ily tnnspor1ed. requ ires bs propk 10 pcnomt
measurements. and '" ...........Cf '" u>e -.-SlIC compared '" an
dcdr"rfl.lgnctic~. Iw...-c,er. inlOlTC siluatiom .. bere
tooalexciullionis ~\Af)".lhe w.cofand«troma~ic

shaler may be:prr fcnbk
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