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D= ITMATION O YOJ':'S '0DULUS -7 s SCHIS iy

The method of tecting netevinls ty vivrating

]

the: iz cunite nld, Probvavly ~n~o of tihe net oo mn

e¥s vles is that »f the otsilic enrrency., Coineg wvere
ctruc- nn tne tebhle or rar ta neaye their cenuiress

vy the rincins tone oiven o7, (Prrhers ~re gn in

tire paat roather then in theeo dcva Af the b I

cnd the .‘:l_r‘”pn) Blruvipare of fine "'_lf’f’-”t tenned their

vieres tn detect, [lewe ry *the chereecn-ristic souncs

procncee ny the ond rnd the ned eroacinene,  ‘Y'he wih-

renions of the veed ) the drum, the ~~vir< colwrn ~f

=3

in & vine -- thus visebher rec o nized or net, the

Nes wisyed once

cheracrerintic virration of a tocy

rert in Lent's lives s1nce tice iccemorizsl,

o

yery lik~-ly the paturel frecnency of vibrat
nf & vlucked etrins vae the {irct to te studied, It
wea reletnively eaay tn ree vhe lonwitneins | vrveg et

no in & i'lexible cords,  rem this, the next star g

1 de

the atucy of tThe vibretion ~7 & red ~r viaid oo,

Of the seyeral motheds of hold v o rieid bndy o dhe

Fhrea mnat cnm on o res () the ficc-fre- (1 Or

rer is cueonoarily siq Ly cunvortec ot toe oo L



(9}

rointc. ‘ihe ditrtverence retween the rod ord ctri-g

prations are

Ide

is thet in the cigce of a etring, v
reinteined by tension evierrslly errlied; wacrers n
the rod, tney are meinteired ry hie elocticity nf tne
rod its~it. Due to the veriati-n in the ferces rrouzint
into acuvinn, there 18 » wide veorietiom in vhe kind

and the succceesive retes ot vibretion, uenerally

the grurder, cencer hody will hsve the hi~her recne

of fundeawertal T'recuency of vibratinn,

A

3yir Cherics Whestetone, with ihe 3d o1 his
neleidorhane, etndand tne zcuion o0 & vibroting vixen-
tres per, A bricht sailverec ceea avticnied to Lhe free
era oi' a rod vesg illuinensc with a veea of Li=bht.
“hon tne voc vitrated, the besc ¢rnved oo sn inten-
s~ly britlisnt svot o .d vas ersily ceen, Thus it ves
poacible o recore Lae ~reat voriety cna wesuty of

the cesimne pr-aaced by the —ving hesd, le found
thrt the roa vinreted civoulbeorecaus)y in to phrmon-—
di~ular dirce~ions and the curves ;rrcucad vy the

2y

ijzhtec becd cuie o the coqvinsticrna of

the tvin TeCh-

LAfter Thectotone cone & Lone tane of other
cearchers ior “novledse, Wre vicr:itl n ol ¢ tocy,
the 1 portinece oi the etfecues of those viirations on
teedr law.eciote eurroundincs e ATe fa0 e

cvicrnt, This is in genercl, wu.e essewce ol the proc-

les: o viereti-n #nd tor thet Teoon & brier deacrint-



1en o7 ethod rpd smrerstug ucac 1y R, n, pernni ve
(*~7) haz ree:n included in thic r.er,

Mearly a:L v oericls such #a corarete, Lile,
storne, fLc,, chac-e internsily ith »re rnce fecisue,

I7 the corcitinn of tnece wetrerlals conla oo LecoLTNO

~a

Loy Lise wion o ut csosins cfnoe to bhe sreci.oen
a ¢redt. benec Ll o ooula refuly an Loth ec nosy of tice
and acecnrecy ol ceto, his - a certicuLar subdavisici
ol the seneral (TobLen o vieiollion - then, 1s the

srecicvic owvgnct ot this verper: to Ceseribe ..eithoes

I pecuing et oricls o TO snov She Tmoce T iar

€

To&0 nyneacure,
It will Ye oo oo by s o e gy hero, Thon
youn='e .onulne o7 Hlacurcity iz a mocuion ol e

cive 'nd oo ol The s ecloen, 1uE Conniny, anc orte
Lecursl drocuency of vibredi-on,  Thus i1 e i, e
e cep gy i 8 cresioon colLe pe coo o vitier s 1 he

rTuTCL irowaeney of vieravien eotcroooco ) oo nhe

coCodns g o wlosnanyl T iy we acropenLened, If oSpoce-

ic tre lenstlh o Che s de) her AR oh VRS A GRRF 17

. o . e . - e Bl NN -
it A1) be free to vibiete of fte rotnril Trocmerey.
et if tre eneed ep da wikroted by o on davica

N . . I . s 2 S TR R T
vinee {recnency is crnotle of hodirnn veriad ond which

con cairntain o contiruaous Treeononoy

i s, then it eill e



§

roeoible to reach ¢ corres ondins

reasoront Trecuecncy

in the specirecn. 1f further, = device is attoched

to epeciyien (prelerebly ot the ends since the arrlit

ude there js o

m

xi for the bers ) vhich ia crrahrle

of #nplifyine vidvretiorns praduced -- then it ijill be

5

roarible to select the Mndacentol natural freguency

of trhe ereciven, cince ¢t reconernce the =litude

AMPLITUDE

VARIABLE FREQ-
UENCY DRIVER

METER C

Al 0
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DISCTSESTIOT OF UBRNEUTITHGS

Exveri ents co rleted rove choved tha feroilbil-

ity of cerlculsetins 8 by vibretiong withont toe slow

atress-atrain enmnremente, valies nf

e

chen:ed

quite closely with those nhteined vty stetic nethods

s

and were shovn to te relicnie, Hnue of the atericlis
which rave been tested successrully by tne wonic

method are tile, sletc, brick, lead, ebonite wall borrd,
paireitin wex, rocs agphalt, espnalt restiec, cuartz
bers, stecl, nicele, ¢nd nickle alloys. (¥-11)
Interpsruavion of obeervec eleatic wrve veloc-
ities in rock of the esrth's emust is tie bLirsis ior
irterrins structure ot inaccecscible decths, Snech use
recuires imowleagze of elestic wodulil rhich are cierect-
eristic of tyriccl rncr wher csubiected to the .inute
elternating stresses vroduced by eerthaguakes or exglo-
sion weves., lost imrortent ot the el2stic conastents
to know jg Younes's  odulus of Elasticity. Studies (*-23)
have shown tiefr the stoticzlly determined © varies
appreciebly »with tie siress @t vhicn it is easurec.
uencrallf this ig etiribited to tiny c dcers &nd covilies
vhici tené to increase yislding until they ere cloeed.
This uncertainty, inhiorent in all stetic wethnog, raisns
the cuestion ol now cecnrat=1y goicuiec values of & are
chtained., Jirnece tne mresant trernd ftoverd cdynooic

-

cnthoda for detervinetion of W for rocr o,



ror those 'ctericle with 2 teudeney to cnov a
rerpanent sra vl:eotic Tlow or tive-yield, (com only

celled creer) the hich creec of the dync..ic method

w731l rrove Lo Zive vetui=r viluss for ©., This gecis
to have becn veriiied by the fact that tectes bty Sonic
sethnea resularly found B to he a hirsrer value theon

found hy the ucusl steotic ethod for the g2 e watir-
Yy

L. dersen 5@ <ichert (*-9)

e
m

ir 0 » comrprersinn

studies of concrete, tfound thst .easurrile cree-

O
Q

curred even at loscds Tor a ceried of only o 1ew
srcenae,  Tfence in slover ftests 1t conuld ce recoz-
nized that error enters due Lo creep,

Sometyes 1t beocences unefMmi to knor B oof

%)

sieterizl ymder losd and ate variction 1ronm tie 1 of
the unlocced cpecien, wowerd tois eva, Leon#rd

Cbhert (*-10) inveaticnted the # of buildin: .atericis
under rrecoure. (Yo vors s yet been found te heve
heen done on srecio.Ans uncer eny losd but comyression)
First the % was found vy the Sonic .iethod using the
uniocaded ree-i'ree prr., Tnhen using the g6 apecil-

men, it wec curjecuwed to crescure (see figure) end

its 1 found & ain.,

SPECIMEN
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Tre fisuve et rrecedint o o ateteh of hite Hielle

4

Universal tectinmg rehire uend £n rroduece co - proccion
in serple srecien, ell #vd gocint doinlte iieure e

urifomrm recrins on the cnos o herm, vibretor device

and piclkur ave Yoth locsted &t

[N

but zre oricnted such thet the pickur is revpendiculor

-
7
A

)

[N

to tne plene of vibretion ené to Lo S of bheo.i.

Fith this getun it ves nocseibhle to defermine the 8 of
a eteric]l under lond, i.e., corrreccion, 4he world done

on stone, with the excerti~p of 1i estone, choved b ho

increere rovicdly in tle re-ion of lov vres-urec =nd to

- : | -
arvrosch cnme conct-nt ecoyanhoticolly.,  Thia vwe onite
aixjlar tn tha c¢hronse In conerete bheecwes eveert thet the

chenoe ca oueh larsar», It 22 2lco cshovn thet the no-

lo=d i of atone did mot chec' ith the modulus ceter-

mined uncder leed, sut for concrete the no-losd i
co rerad Toivly vell with thes 4 obteined under lond --

the voariation not exzceeding 100 for noriwrl ~mrades of

concrete ctresced urn to 3 of

the ulti ate stress,
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APPrcss A1) FAOCEDIRES

Directly Torlowing is cunviy wne
tiue resccionsin (derivevion of tue vor-in., ecuai-

10:i1.) bhetwern T, e sauurcl Irecucicy ol virtrocion, snetey

,__
(‘,'\
)
D
o

[
ol
D
2
M}

wcodulus ol siconicluy fad denoity ol

reid L1lonS. S are Whe (ac1e 1or caleulaitis, oduins ol
elasuicity 110 the oti=7 se~tore ¢o'n e ceber yned,  Also
LCLUCRG DL Lim end 1 s eminn0 i earisceion 1or Loe

eLieeLS Ol roleLory S0 Lenerlt L Aneriis viiere rpnraciaule,
ALl meiirocs Locloce 90 o KD 0L 2T RN 0N T L]

e vion of Lrne 1o i he L Lrecuency 00 e

hoce vibrating the greciven lonsitndinelly
and those vitratine it flexnrs1lly. oince mect other
arvporatus is o erely zo . _odificetion of these tio types,
it will be =suflidicient Lo deccribe thase tvio ¢ repreonnt-

ative of their clenc~co,

[
)

Lrraretng for induecins vibreticons in areci . orc is

incinded in {iis roceer, not bhocevuse it Trlls under 'his

rertienler torple directly, but rether heecrnse it i rert-

inent crd hes exsrerely iInterestins roceibilities,

Yot very widely norm is & cuite rovel marner,

of settirg the funderental frecuercy, "rich deoes not foll
into eitior of the abeve rrivary clessificetiona, 1his

is beeed on the relations.in betvern frecuercy of vib-

rotien end the cuelity of tone 'rodnced., 1n thig methad



the gpecinen is struck ¢s to rroduce &n audihle tone,
t

hen thet teone is apvroximated with one of 2 set of

"orchestrz, bells", or tunins Toriz, Thus the ratural

frecuency is ensily deteriined,
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Trlas 'OVRE V1 oRa1008 OF BLaLTIC 1

M M+aM

F—ex —

vraVv

fig. IT

& = cross-cectionsl #rea nf elemant m™n :
delte - incre-ent of exya oian ™n to ~mn' *then ha~ is - ent
Im ipcrti“ nf meas aront neutrel csurfeeoe thru i

= pidvn©

p = denait - of ;raterisl
i = rrdins of gyretion
e = ceflaction fro: tenment tno TA 2t 0 2t & dictsnce

¢x from ecricin
Yy = trancverse onearing Toree
s = moment of horizental snd cormrrescsive forces nclins
roerrandicular to the crocn-cecticn ons c hout NA
inertic of crnss-cection sbout heriz-ntel plore
thru .a. =cains consternt thruout lLensth ~f ber,

]

L

—
A
]

- K"
= Young's rodulus of
= secolarction in tre;
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Rotrtory and Leters]l Inertina

jhe recpective rosition. of the dotted ele:ent a-a' shows

that there is not only translatory -otion but #lso rotot-

ion duringz vibration ot tre berm, ‘I'Te ensle of reotetion

is varistle 2nd is ecusl to the alore of the deflection

curve, ihus for 2 stll cross-section-to-len~th ratio,

effects of rotatory -iotion is = &ll =ndé

cen e cesued

neeslicitvle,  (See ecsu nhtion i

0. 3, Tee 12, £lc0 see

rrocecure for corrections on p-oe 18.)

a Erlereed
- - T T
\ ! h \‘
\ / / .
\ / N v crorgs=-cscctilion
N |
\ ! .
\ / / \ virw of cle-
Y ] 1 \
\ L )
nt e-a
The effrets coveins leteral insrtis con

Ye g n fron the sketeh obove, 50lid lires chor boar in

nentral rosition, »»ile dotted line= enovr z2ctnirl crocs-

srction nf the ele-ert a-a' corresrordins to both nosit-

ione, ‘wius it ¢=mn te gcer tnct as the crocc-section-to-

lensth ratic becoes zrecter, the affacts of leotersl

inertis becoi:e anprecis
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A = nLSU I T000 in ldezl ner
1. T is streicent, of unifeorm dersity end er-aes-section

5, the b:r is not subicct to crmrrecsion or tensinsr

3. "1Thot the #mrlitnde of wibretisn jo anfficiently

L en PP 3 - .- - -
smell that rotapry et feocte ~iy be nezlected,

4, nen ber is hent, its curveture is suTiciently

. o
a1l such thet it wey be represented oy (v = 1
) ! S -

A

5. Lencth of bent ter is ecual rrecticelly to thrt

of ber whrn streisnht,

p = Let r = sunmrtion of forces terdir~ to streteh ol~ ent

w
1. A = gahtrearc = i Then B = Adnlta. al
dnlta train X

f. By ooometry ¢v 4 ol = dx
R+ R
Mhey  Aalts = T Lrd po= Her
£ hl y I =
7. ooent of Foabout cun o= =y mojr
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Let d¢isre reprecent an indefinitely (¥is, LT) cmell
rricnticsl ele ent cut fro» (Fiz. 1) & bar subiscted

to rernding.
Fecuations of iotion
1. 3¥ = 'n Then T = pAdxaly
8 -

¢
£ 3T = I« or (AVEX - Ai) = I é7s
i
ate
hen 4V - Al! = I.3d%v
ax axldt?

t.v
)
ct
(o]
<
]
(o}
<<
b
n
o))
o)
[}
:')1:«_
o
il V]
[0}
[}
[o7] o)
Ml WX
Qu ey
ct
h)

r, ] L 3 3 i C e 2
. Cormbining (1.8) dV - Al = Imd”¥ = piakiddy
1~ 3~ o o - IvPF
ax dx<dt« é¥at
or 4l - &5 = pandchy vhen phadfs - 48 a
x axr Adx2dt? X« Gxc

A ey <o
ey 3 .
dxe cx= gy=ate
. . . . .4
tich simplified, becrmes dfy + et - fvo=

5, aet torm of (4) involves rotary effects and .oy
b2l
8

i | %
be neslected (See A%) 7 -

L e 0 -
Then (4) teco s dgz + gi“d4v = 0
axs P ax T

¢, Let c?m i =w velncity of lorcitadingl el=stic wove
P
o o o

1ren (S) hecnormes A7 & nfc

= C?m

i

S
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N

14~

note:  IKfa= r? for cylinder of radius = r, ra £°

o< ']'_7,'
[
~ o

£
for a rectensuler bor of thicknerss t in plene
vibrztion.
"The constant K¢ ¢ nnot bhe rezevd~d rs a2 velocity

unless wve divice 1t by a cuantity of fthe di-ieneions
of 2 lenoth, viz. A. Ls Releich points out, the
rere ec. iscsion that herrmonic weves crn the trins-
aitted ot 211 is sufficiert to prove thet tne

+ ,

velocity et very inversely #c the wi velornath,

Consesuently we rust hive

"

C(trrneverase) = XC(long.) = K
A A

ol 5!

Frrom (5) 62y + LV' 4y - 0 or pAd?v + EId { = 0

ax: p dx axe dx’
Introducinz acceler: tion of grovity into ecustion.

Let T = sK%  Then pady 4+ EId%y = 0 or
& gadxe arx’t

<
p

C" + a?d4:v =0 vhere ac = :.4:-[{?

dxe ax‘e TA

show trat youns's Indulns, £ - 1 mPﬂL‘

density of the hody

frecuenrncy of vibtrationr

lencth of tihe sp-ciluen

bl = roots of ecuation (D11l) ¢nd depends ~n vode of

vibretion T the sneci -er.



ne

>

et oral i'ode of vibratiop btie such, tiet defleciion
at «ny point veries nar orice ily with ti e.
Let X = f(x), vhere velue of #bscigsa ¥, detersines

cshepe of the nor.el mode of vivtration being studiec,

From (e7) g?x ¥ 82q4y - 0
¢he w1

Lot deflection = y =[x ACosrt + ESinrt]

T = redisns
snhetituting velue of y in (1) vhich second
. 4 2 . o \
then hecoes 47X - I°X = 0 Letting = b, this

B
™
ms

ax-

cen be written d4x - b4 0 7@ is a differerticl

=0

equction whose solution *-1, is

A = uiabx + C?ébx + Czsin bx + U4COS bx

or i + 0.98inh Bx + C.8in bx + ¢,Cos bx

72 3 4

]
Q
=

Q
O
69
13
Pj'
>

in which ¢ Cp are arhitrary conct nts cetrrmained in
ecch case by conditions #t end of ULhie bar.
Crre L Siviply sugrmorted =nd - cdeflection &anc

bendins oment = X - 0 A2y = 0
= 0] s = Yi‘

Cece 1T Built-in end - defl-ction and clove of

doflleciion cnrve - U, X = 0, dy = 0

———

ax
Cree ITII End Tree - lending moment and shear = 0

d?v - 0 dgv - (O

d‘ e ax -%

Rewritine (3). constonts ere rot ident c:ol.
Cq E)og bx + CUosh bx] + GﬁEJo.c, bx - Co=sh hx] -

solin vxow sinn bx] o« o [ote bx - girn b



razing origin of coordinstes 2t one endé, then by

(@3]

"I

Sese 1II, Tor & rer with both ends Tree, there will

re four corditinna:

(1) 7% = (ii) G - 0
X-=s O dx~ X = L Gt
(1ii) 55 = 0 (iv) %% = U
X- axo X = L dx<

[0}

6. When ¥ = 0, (conditiors i, jii), then

1]

(Cos bx - ¢Coch bx) (Sin dbx - ©inh bx) = 0

litence Co = Ca = 0

7. “hen X = C31(Cos bx + Cosh bx)  + Cx(3in by + Sinh bx)

a. ‘ten X = L
Froo il C1(Cosh Dbl

Cos hl) 4 Cx(3inh bl - oin bl)o g
g, From iv ¢1(Sin 1l + Sinh bl) + Cz(Cosh Pl - Cos bl) = U

10. ©olvinz 8, ¢, vhen Cy, Cz, Are not zero

o [»]
Then (Cosh bl - Cos bl)® - (Sinh® bl - 5in® bl) = o

sinplifying (Cos? bl - Sin® bl) - (Cosh€ bl - sinh® bl -
£200s bl Cosh bl = ¢

or 1 + 1 - Zuos Ll Cosh tl = 0

11. Tren Cos bl Cosh bl = 1 vihnge comrsccutive roots

are: *-=1

. lst, ond,
. T(Unr-rl T over— . v . —
Jacental o4 o tonn | : .
a3 .

b1t . bol bzl + b4l , b9l , bt
L] —

0 . 4,730 ¢ 7.59% . 10,968 ., 14,107 , 14,879 °
.




Usin= (¢ (C7) +hence - oI~ P
i a

Thon

r

b?ﬁ' V 0w
boan [l

<
)

[N
)

nee

AR ISR R oo B AdN|

I ™

b

[
J
.

|
3

™

P

py eubetitution 1

—_—
ra)

2 L

Wovr ther, 1 =

VIODES OF VIDRATION

\

Funda~entecl

_~
R

ovartore

-—

7
1=t.

L2PA2L from
645
=0

]

are 0 the en
et end = 1
A

Pl = 40

rodes
amrlitude
he center.

rurdaertal -

endgo

fre O,17°L
10,003 *_5

ovartone - nodes from

o=

[a]
[

and

ja

times thset

in

<
ct

t

Li

center.



¥_3 0 CORRUSTIONS FOR Lel ReL 41T ROV TN 2Is

[

In the derivation of the for ula for Yournz's
oculug, the elfacts of rotary inertiz wore omitted

for si-plicity ond since it wag insrorecishle here the
cross-section is relatively s w11 in correrison with
tho lenzth, Dnit vheve crogs-cnction of tesm 1s ¢
correretively lerce frichion of lersbh, rotery inertice

recores orrecic:ly lorce,  Siailerly, the etiect of

re-lecting affect of lo-erel inertis irntroduces no

for bers of lrr-e crosn-section-to-lensth retio, the
error irtroduced in neslectirg this “erm heconoes
sutrficiently ler-e ¢ Lo desarre cttention,

Followinm is &n exrcet solution, by W. P. Lason,
(See refeorence ¥-5 for moterial on thisz subiect clso)
for frecuency of vibration whore lztercl @nd rotery
inertis eve toten into scconnt, This solntion ~iven
a for uls which in ite~lf ie vepry comrlicrted but the
curve of thre eousction (Wiem, ITI) sir=lifice colution

1y be used,

.

to vhere 1t con resdl

: » . I N
1 - oot 1[Kl + 2 03% ) 4 ot Cosh ) -
coq7 3/ «

. N r " A : ; . ) . ‘b
;»1?-1'{2] "5} + ( .___..__:;’A'-(R + ___c5___n'(1‘l A ) Sln[rr1[l + J:A.—t ) +
1
tak : .. 1
.l?Rf ] j ui]l}l{ .1[ 1+ ‘L““‘ ) - 'K ] ;_}
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o

. . . A
This =solution by : cson, corrocts for rotary
A

irertia vhen the bar is vibr £ing in the fundaiontal
wo0de, prrom the curve in Tirs, 1I1:

4 , ®

Let r1 = velue of 1 fro enrve

1Then corrected Tor lotersl inertin,

E-or( mvr‘.r, )
\{nq ) 2

jav]

ihe inertio effect due to exvérasion erd con-

m

trection of beam :a7 2lso be corrected for, sineult-

. . , © ., . . .

aneously with that for rotery inertic. Since the
A

Torrier 1g prorortional to roircon's rotio, A,

shovs thet:

1.
Let “1 = B(1 + A)*®

Then let correstondin: @ from curve

= Mo
o

oW then, corrected for both rotary #nd lotercl

B - p( new L2 )

11‘-,

inertia,
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Reletiorn hetveen o and o, (Retio of “copth to len-th)
for recteér-mler by vibreting 17t v 11w in the fund-
aqasntel ode,

Frr cxylincers, ~ultizl; ‘ndicrted velue for ) b 1,07

4,6 \

ris. LIT



Sonic apperatus used by ¥. P. Iornitrock in

in iree~ings and thawing studies of concrete for the
united Htaetes ruresu of Standarcs *-4
"ined cirecuit
andio occillstor
Decade ° ° -
sondenser
(A) > ° o
(] ]
ana =
trensforar o o
vscillosraph
[ ] D
z Lommet tyre loudshpecxer

\ /

9
[ ]
p

fa

Specimen

L5 A

imelifier \

rrfrvrr

.
Cryetel vicknp
:

(A) Micas decrde condenser with cerecitonce verieonle

in stercs of .70l ridcrofarsde for & totsl Trince

of fro~ ,001 - 1,11 microfereecs, ALl o

-t

cortsins

¢ vericbhle «ir condenser h=vins & total cannci-

tenece of 009 microftarsos




to a =ix inech =mnet-tvre londeesker, sperker is
riounted on » chermel-iron fra.e having stenderds
ed justevle for sarporting ereciuens a2t the nodeco,
A very lisht aluodinuw rod comanted to voice coil of
sreaker trencaitts vibration to srecimen thru societ
whicn is screwed into nut cast in the corcrete,
riezo-e2lectric vickur is crrented to & li-ht
three-pronzed bacse so that & three-point contact cen

te ottained, tickup is held to side of

grecimen by

: (

rubhrer hind, Pickun outmt is i'ed thru snnlifier
to & cethode vry oscillosrarh,

Frecuency outrit of osecillator mre crlibrr fad

by synchronizing ~vesp circuit of o=cilloc~rsph with
the 60 cyecle rower sunrrly,; the sveep teins syne ron-
ized st #0, 170, 180 cycles per second., rhe dec:de
condencer of oscillator is then #¢justed such thet

Nt s

|92

[N

g 1Tiryed nuter of veves is oo ed on the oscillo-

»

reTh screcn corresyonaing to e [recuency which is &n
ey:ct mltiie of tre cre-n treguency hosoe velue

is «iven bty the number of corplele vinves v

,_-
e
o
™

3

it
]
b~

p
.

In this wey, condenser wes calibhreted over & ren-e

)

of 200 - £000 cyelLe

.\
-~
D
v
9
T2
n
[@]
2
3
P\J
.
oy
Je
n
\‘)
=
1 Je
-
)
)
™
-+
Je
o]
o

vies cnec.td ¢t verious times andé viag nevar fonund

to very ore than one-belf of one rer cent,



Apparatus end procedure used hy . “rive in the
deterwinetion of Young's ..odulus of btuilfing neterinle,

*-6

The escence of this method: lonsitudinel
vibtration excited in a sreci.-~»n -y terpinz one end

-

ig recorded photocravhically with eid ol cathode-ray
oscillngraph and its freaueiicy éetermined by comror-
ison with & surerimposed ti-e ccale,

. o
1. ‘‘hen & = 4 12n,p

o, rrecisely, o = 41 n?p?(l —ﬂ?‘nu?) , but for

o1e
frecuency cdetermination, test speciis=ns are generclly
selected such that the bricketec ter arrroscnes unity.

P

llence (1) is sufticiently accurate for a first arprox-

3

“nelen

where 1 = 1encsitn of s
n = frecuency of lo-gitucinal vibretion
n - denolty

£ = iaiccon's retio

K a rrdius of zyration of cronsc-scction clout

line of centers of nnr 1 secorone.
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ae = treneral Lrren aonent
1. owpeciren, rod or cylinder of unilform crecc-cectionn,
is neld «f ite  idroint ond tarced rith & 1izht

hf -‘91.0

™9

. itlectrow:<netic cetecitor trensior < chrrnicrl

vibretion into eleciricsl volts<e oscille:inn,
which vhen eoplifi=d, c¢controls verticel deflec.ion
of Tluorescent erot of cothode-rs, oseillozrai i,
3. winsle-triverce Linc-bacge « voncs out vibretion
rettern horizontzlly @croos coreen ¢t proover tire,

vih le & t

-2

Lte

me~morier suoerirposss on the reoto-
srarnic record, & btreap of chort durction every

—illisecond,

t

jt

Ly Ly eoaring vibr

~

"m rettern vith the ti-e

mepted ) Trecuercy jo detercineo,

B. - vetailed srrinseents
L. @wxciter and lietector

a., YWooden jevic, J, Secure

)
0N
o}
D
Q
-
=

suiticiorntly
{ir.. e to prevent aprrecianle translatory

rovement vhein siruca oy the light snrinc hao er,

b. wetecior - A, 2 1lizht =oit iron ar otuare, cbout
1/58" thick end ce ented to end of snecy on is

ceneretec vy o .01l giv-ren Ffrom U-she~nd

mer enent ;s aonet B, woud it coils ol Lre

tvre used in crainary tolertone receivers,
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o2t suit:ble 3 e
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Scod in

regunonge

t. AN these experiosnos,

of zood cnrracyuarigni

Cathode-rey Occillognre

cistace-coracity unit ot

vorrere et hle renon
cper sndik]le mEnge

.
¢ direct-conriea & nLifier
ce, velnz evellarle, @z nce

rh and vine-nsce

2, Occilleosrerh orereied o ell, &t c¢node volte. e
o1 6GU=1700, accordins To intensily require .onts,
Potentioreters, P, ecroes hish-tension sun-ly
crevaide control oi dinitial rocation of the fluor-
secent, svob,

. t'hore vern;; mno neac ot & lircar tie-hire, a vary
ciple type 1& usea, concasting of: veoritole

Tnoresicwaice, R, @

rletes cre connected
rleves of osciilosrep
volto- e in the usurl

i

L1rox osc1llosre

c. Jwbhen a yooao”T 1S pre
ie cpor.-circuited by

naoer

relesce,

cerlectec to leit

d. Allo in: reoculn

o iteh o endg

risss, o vVing nne 2o
¢t correct inctsnt to

D, anc

nd concencer, G,

to hnravontolly cellecting

noin series with cicomans
viey,  Condencer 1g ci:1 ed

iich teasion surpnly,

P

recore,

chthoohre

¢ v oe 1lunrescent o, 0t s
~ 01 sareen.,
strize arm, I, reiccnes

FCTOES CcoOr A T

t horazonteily ©roon gcree,
ar—eaa ot the vicrotion
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o

e. recuerncy of tira-rmerker vieas echrocked over o
period of several mopths, ¢orirpst 2 1024 turin-s
for: by suneri-rosing ti e merie on record

ocrtained fron the foriz, Frecuercy wea found to

e constant within 0,255,

a. With a Roaes Xyres £-1.2 1lene fitted to 2
z-plate crere, records ol frecuercies up to
15,000 per sccord can be made without recourse
to Pi:llly sensitive plates

B, ©iX recerds are tsken on each plate by travorsirg

niate=rolcer vertically.

Lde

%, Dersity Determiretiona

a, Dry porous matoriea - bul¥ dencity hy reruler
rrocedure,
T NP s iy 1 Y;Dt 1

b, Wet porons t2t rinle - Thiece have/bLeén worked
vith yet since the pert plsyed by wat=r in the

.

triredicsion of vibration ie yot unlknown,



CENTRIFUGAL FORCES

DYNAMIC TESTS BY MEANS OF INDUCED VIBRATIONS *.7

This method of testing is sed on the princirple
that practically all systems in the field of engineer-
ing cen be set in n.otion by alterneting forces of a
Sine form. Such forces are readily reprroducible by
two revolving nasses, eccentrically supported and
moving in opposite directions. As shown by the diagre
below, (in which the swall solid circles are the
eccentrically supprrted rpvoiv*rf masses) at intearal
velues of pi for the phase engle, centrifugel forces
act in such a wey as to cancel one another, At other
values of pi, resultéant action is such as to produce

a curve of the Sine fora,

GO QO ©0 00 0O WO

PHASE ANGLE
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The Tresuenaer of vihroetion is ve-iccle, oscill-

rs nove teen bnilt for frecuercies un to 100 cycles

E).

per second, Centriiugad forces have heen produced

of Tfrom 1 - 7,007 pounds, &irce Lie unit is att:zched

risidly to the hody, the .exion woriling nree

-

rroduced is nrovortionsl to toe o nliTysive fcchor

of the svste :, rpor cws Tle: in Tridies on fvers-e

fector of ~rliTicetion is 20, thereleore, the o=
i 2lternctins force nroduced will “ecn o 20 hisn

se 40 v 20,000 or 2,000,000 noundg,
Procedure

“fith tre oscillator risidly fived to vibtreting
syste:, the corresponcing pover inmub Tor eacn
uency cim ve deteriined, cnd & {roquency-pover curve
rlotter, ror vest rerults the lrecnerncyr should :o
Teyornd @t leect one reconinee point snd the freocuency-

rower curve ciecicd bty slowly decenains oraad of

occilletor,

1. /An oscille*or is leoas evrensive to'n o otordard
fatime testing - ceoine of conel cerrcity,

o Ic ecsily ovorveted in Jeboratory end dn fiedcd,
Irn ivdescrncernt of - veyrr-ure, wenther, crd ctrer
crbornel eoditiono,

5. rrecuencies end cerntrii{v- l Torren hrve o Uicoe

n
L

rene o



Léventazes continued
A, Dyne ic lorde con e comtin
fotisn cné a-ing econtinued

desiruction, t'mo o aore clon

ural conditinre,

ey fewr avreriance Tecords
S rrerisancae records
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strrdard teeti
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COMCLITSTOW

'rom astudies of 2 muibter of #rticles on the surject,
"Determinetion of Yourg's iodulns by the oonic iethod™,

the following general steterients secemn o bhe d

Ideo

ceted.,

1o
—
-

1. In the derivation-of trhe reletionshin retweon I8 and
frecuency o1 vibretion, ﬂne ceteriel is essued 1erfectly
elestic. by the Jonic method, amriitudes of vitration

up to 1078 incies per inch ere rroduced, whiech seens to

be sufficiently suctl 28 to resin within iLhe elaostic

it

W

for the matorial end thus verify the accurscy of
the assw:ohion,

PN vhet erpeocienn con be tected without destroying,
de o ering, or otnerwise clterin: the s ople, Hence tie
stue hor crn te usfed for nrosrescive tests et 2ll coee,

cince

this is condnerve to arester sccurncy of recults

the nuuter of variacbles in the tect g +vle crn be held

to the chernge in the inteornel stracturs of the bearn it-

e in the [reezing and thowing tests of concrete, tne
lar:est cnange in B occurs coriny the 1iret fer cycies

cne evan # of good concrete rill «..ow a ¢ecrecse,  Poor
sreci ens can usually re detectec witnin £0 cyecles ane

tha & of the 7ood cnd the red evecimens #f thet tLice is
cuite dilverent.,

'here sea g to be Zrecd, nranice in the huilding
o of froe7-

coterial tield vhere foin~s ocourgs thru cye
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[N
3
il

and thaving or some suci: si:ilar cycles,

4. lerperature chiciih €8s

eve little et Tect on rosults,

omell roisture chences in

A

soturetec or near seturated
specisen have littie eliect on the recuite, Ilence ¢
scturatec condition is well suited Tor obta'ning conpar-
cltive .=acure-ents, The Soric odulus is very sencitive
to s:cll enanres of roisture in & relatively ary sc.arvle,
Yeat unexrlained - ‘thet the difiererce in W of the
caturated end the dry cpecinen is seversl ti:es thet due
to the chornce in density, the modulus reine ~reaier {or
the wet sgreciiens,
9. Thet oven dryings will cruse o considénraple chonte

in natnral frecnency. Obert (*=10) fournd thcot uis best

—

~9
@

i
carre

results vere outéineg vinen the g=riple wos cured
in weter, £ days in alir aad then cdried for 24 hours in
rnooven; hthig leet aben being ebsolutely necescevy. for
teating of ©tone, tvo weell orrying et orcinary room te.o-
creturas ven cufticient vo zive congistant rerults,
¢ L5 ening process Tracoer 8, srecioicn hesing to die-
intesrete end coinens trhe Tresonmnce Ter¥ 1o srrend out,
it been es  nre cnd ore citiic.)t o select fandruoentel
frecurocy.

proken or cal:ped rreel.cns, or With s« 7y other irvei-
ulsrrities, tend to inzrecse Lhe rronible error or tie
Tresults,.
7. vhe ¢i-pliclity, coceurdey, e sTeen 0of tha nonic

Lestl (\roubtine tests cou ve run irn s Litole &0 1-
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. there goo s to e pintle it 2.y anfor stion fvsilanle

concerniny the eytects ol various zi7ns ol & "ramsies

in concrete S ¢Cci eng, care < ould e toiten co the =3~
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10, toanavle o ay not alvweys e coii-
meneuretely veluscle ence. vor ianoratory soucies of
covrent-ctrein rejacionshive, siceurate velues 1or o will

vewslly nrove useiul 1 crovidins &0 o0d rou gaTion or

Inves Lo e

& cstewcera routine Sor ve tin vl orinic hy seonic ootioce,
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