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The method of tefiting veteriele by vibrating

that 19' 451.1th ”7317.. PT"'“h-fl§‘iy "‘11,", of tjnr‘. '3th (3,0,1; (an

e313 olesa'is than: of iflie “UftfiljfZ ourwvmdoy, (joingzxjgrp

StTUC“ on TWO tEle 0? FR? tn prove their fianuippgg

by the rietflb: tone given off. (Porhers ~ore en in

a
tiwee beet rather then in these oeye or the r H 1,

end the T-men) Flower? of tine 91399 tented their

weree to Cetect YlFWP by the CHFTPOC“T19t]C sonnoe

DT“CUJCV by the good find the bee erocwwene. ’rhe vib-

Y]

.1. etiozo of tfe reeo, the firum, the Fovirq coluwn of

.5.
FIT in a Line —— thus Whether ren“fini7ed or not, “he

1
—
]
.

L
J
.

' ‘ ' "' h I" . 1‘ ~ ”1 a” f‘ ‘7 . ,»~.~ ‘ o .

Oh?1%MTBPT1CWJ'C v fourtion ri‘cm'toby the; CL¢;?U.EVV e

pfrt in mon'e lives FJPCQ ti~e ir~wrn"riei.

Very likaiy ”Le natural freonercy of vibration

of e FlHQhRH strinfi “an the first to be studied. It

wee reietiveiy easy to Pee the lonjitneinfl “eves *et

up in a flexible core. From this, the next ster Wse

1310 °t7Njg of tbr~1ribr€tfi<fi1 of p vai or rfiéfi(i oofiy,

Of Tflws eevvrel ryfifivv‘e if helfl'r¢::7 rivid_3vwfi;, ibe

three meet com on ere: (F) the fifeo—frefi «er or

wheqwi ore erwi iq fiWHiit-in eflz the fi'flfiN‘Tt end Tfiwé otb“1‘

jg; Tiwee. (13) Tfiie 1353‘ lWIiJJt-iii at; twittw 07%“¢. ((3) T110

”r b3? Tree at Y“th PPflF. The free-frvfi

yer it; one "wt;rily ed :ILy eurnwthoo et.11=e fio(:]-
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is that irxiflue oese of a String, vibrations ere

mainteineo by tension er errelly eprliefl' Whereas in

the r06, they ere mainte red av tbe electioity of toe

rod 5,8“lf. Due to the varieti"n in the forces wrought

into eotion, there is 9 wide vorietion in the kind

and the Successive rates of vibration. uenerelly

‘the sounder, veneer body Will beve the hifiher refie

of fundamental frequency of vibretion.

Sir Uberdxw3‘fiheotetmuwe,xflith the girl.gy hjs

neleidornone, studied the eotion or a vibrating rixee-

lree ber. A brignt Silvereo beeo attached to the free

erml :11” e. 113d. tits i1 Lu 'j11813e(1 VIitli E: tweeil (1f -lifirniz.

When the roo vioretem, the beeo ewowed es en inten—

selgr brfi.ulierfl; symrt eiri‘xassesesjl f oee11. UHUlS 11; ”HS

possible to record toe fireet variety ‘md beauty of

fflle (weeizfnr: pI*“dvu3efl hy"thré *vairig lfieetl. lie iffliNld

tf:at; ttie 'rrmi \rjlrreiief; Sigwrulliget*ern;ej;y '3n tvn: {hfi‘ffibll—

dieulor airoonions and the curves ;roouced uy the

"I

quhtoc bead one to the COJPlfithFNS o7 the two rect—

SCHFCHGTS 10? Knowledfie, Uflxa‘vibrari“n of E boby

the iJPCTtFan of the erteots of those vibrations on

tigrriI‘ i 111e<7izatge SJIP17011P(llllgfi? 7,94352162 G179 fllfl y
.
.
.

"
\

evident Thlfi 1? 1n generfil, bye esseoce of tbe prob—

‘or tflw b rope-112: HTjGT (Memorirt—leg or vimwnrtion end }
.
L
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goreible to reach a corresyonoing resonant freouonoy

ill tlma sgxeoixvorl. LLf flirtlu1r, :3 dwrvirna is: attm7obfiwl

to Cheoiwer (orefer;7lv rt the ends Piroe the U'Tllt-

of emrlify1ng vibfetione produced -— then it "ill be

roseible to select the fnrflemehtel natural freemangy

of the ereoiwon, since wt reconenoe the ewtlitufie of

vibration Will be e mewimnw.
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DISUU‘S IO? 0? UEWFVLUEBS

Experi.ents Co.tletefi have shOWed the feasibil-

jty of oel_oul'tin? E by Vibretions Witho t toe slow
3

Q

suress—strEin weesurenents. Values of b

quite 010991? with those flbtfiired ry static methofis

en: VWBTG shrwui to [we Felifflllé. Ewmue of tfius_weterj1.

t

F
.
.
.

C
'
)

which revs been tested successfully by use sonic

alelliod.z3re txile, sletmz, rUfiiCK5 .leaul, etvuiiteeiiall. borixi,

pert rfir17xex, :roo::.:snrm.lt, aisnhzfilt twistixz, olnxrtz

bars, Steel, niosle, and rm lrle alloys. (*—ll)

Internrvtstion of observed elestio ste veloc-

ities in rook of the eerth's 0“ust is tte nesis ior

'
r
—
1
0

rterrjni structure at incocecsible derths. duoh use

renuires Knowledge of elestio noduli Which ere onereot-

eristic of tyriorl roe? when subjected to the ginute

alternating stresses produced by earthquakes or explo-

on Weves. No.:3t imrortent or the elestic consMntsx
)
?

H
v

to knoW is Young's yodulus of Elestioitv. Studies \ -o
U

have shown tnet the flirti,71V determined 3 varies

'_th tue stress at Whiou it is measured.Q
3

W
1
.
J

-
J

.
2
:

'
D

O :
-

«
4
J

Y r
—
l

c
A

“

d -
<

”
J
.

(ienerrtLly'iuiis is: ettzfilrrtod in: tirty o {MZKS EJNl oevilxies

'on tend to inoressi yielding until tney ere Closed.

This uncertteinty, inherent in all static methots, raises

the cuestion of nOW accurately seismic values of s are

Obteined, Iona e tre Tress“t trend towers oyneuio

*rfi

wetboos for fietefwarnrion of m for TOCVS.



nor those uFtOTiFlS with a tendency to SHOW e

permsreht are rltstic flow or the—yield, (com only

called creep) the high steeo of the Gynshlc method

will prove to :jvc wetter VFlHQS for E. This SPOAS

to have been verified by the fact that tests by Sonic

liet3ru1s ITNflll€UTLy ikmgnd i3 t(>'he e } i§3?3? vs 119 t11xh

founfi by the usual static rethod for the ss;e THTWT-

I
L
J
I

Y‘

1)

Yisl. Jensen and iichert (*—9) so.e compression

studies if concrete, found that leesuretle creee

occurred even at loses for e serwod of only 9 low

M\seconds. Hence in slower tests it should we recor-

I

nixed that error esters due to creep.

bomstices it taco es useful to know E of s

:neterisl uhfler load and its veristion Iron the m of

the UNLOFFPG speciuep. yOWHTF THiQ 9rd, Lenngfd

Obert \*-10) investigetofi the E of builiing wBtDTiTlS

under tressure. (”o Worh has yet been found to have

been done on spec1m .
1
.
)

ns under shy loed but comrression)

First the E was lound my the Sonic method using the

unloemed free-Free her. Then usjns the SImB SD901-

men, it was subjected to pressure (see figure) end

its m found sLein.
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Thfia'FisuTt*,n1st anecefliti: is r? sfetxfii of fute jjffitle

f I ~ - ~ _ 0 _ -.. -. .0 . -‘ t -_ _ O

IdllVQFSEl ifVWLUEQ wachyne xuvwi'to rrofluce (my eressjon

-« . ' ' ”'uvn 7'\ c" ‘a . r‘I ‘ \ I -. .C' ‘N n" ' . ' r- ' n ' 'u .

1u:1fol.L weurijt3 on TT7u (£31: 0. (IOQFM Viblkrtol Chevice

ermi Difficuf'sxve 117th lxica AME 5%; tin? cevdmer (H‘ beenz,

but are oriented such that the pickut is perpendicular

s of been.c
f
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With this setun it was possible to deterhine the E of

s reforiel under Weed, i.e., controssion. Hhe work cone

on stone, uith the excertfier of li~estone, showed a to

w }
_
1

Qincreese reticly in thm refion o pressures end to

;- —- - — ~ ~ I . ' 7V7 ~.e.» , .. - - - . ~ v ["1 . . .I 1‘ V '

siumnjec}: aocwe consul Hilf3uffflgtflthV'llgr. lilis Th e clxlto

siniler to the chenee in concrete beams ercont thrt the

chence Yrs much lerfier. t Wes else shown thet the no-

ioed n of stone fiid not choc? With the modulms fieter—

mineu under lose. gut lor concrete the no-loefi s

E: th=v££ ohtefiiiec Inuier 1 xui —-

the Variation not exceeding 10? for normel eredes of

concrete Stressed up to i of the ulti ate stress.
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eypsrstus lS 'erelv so;c gOdifiCPMiOA of thesn e t'o types,

it will be sufficient to describe those two as represent-

ative of their clesses.

Anrcretus for inducine vibretiens in preciuers is

finest 5rd th e\*ioch interestin: possibilities.

fat very Kjfiply UHCWH is R CUitQ FOVGl TBPDQT,

0T Setti s the fnnflenentel frecnency, Which does not fill

[
J
0

H :to either of the above trimary clessifientions. This

‘is 'hesaed orl‘thCé ITéléftifWTFu‘iT? b.xt“néeii fhcecuiericyr of‘ viii-r

1

retion and the quality of tone rroducefl. in this metnoo



the soecimen is struck as to procucc an audible tone,

then that tone is approximated with one of s set of

"orchestra bolls", or tunins forks. Thus the returel

frecuency is essily deterwinoo.
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Rotatory end Leterel Inertia

 

 

'rhe resrootive position: of the dotted element 8-8' shows

that there is not only trensletory xotion but eleo rotet-

ion fiuring vibration of the teem. Ire ennle of rotation

is vsrieble and is eqnel to the slore of the deflection

curve. inns for e smell oross-seotion-to-lenfith ratio,

effects of rotatory notion is swell Pnfl cen be assumed

neglieirle. (See essu rtion No. 3, pefie 1?. Also see

procedure for corrections on prie 18.)

  

 

a I

“ Enlrreeo

V‘ 1 V I )
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I I

\ , , \

‘ I I \ h .

\ , \ CTOxS-POCthN

| _. -____.. _. ._.__L__.

I

\\ " I \\

I ' p

g f ; \ View OJ Ple-

\‘ L. _‘    
 
 

‘ne effects cousinq leterel inertia can

be se‘n from the sketch above. solid lines who” her in

neutral position, While dotted lines snoW sctnel cross-

section of the elevent e—e' corresponding to both posit-

ions. rkus it CFU be seer that as the cross-section—to-

lenetn retiC'becones greater , the efteots of latertl

inertia become appreciable. (See nere l?)
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-, ”f Unjfcrn density and cross—section

?. rhe bFT 19 not subject to consression or tension

5. 'Ihat the smnlitnde 0L Vibrpfijdp if fl”?fiCientLy

swell that rotsry eCFocts wry be npjlpcfiefl.

4. When bsr is bent its curvstnre is sufficiently

. 0

q;;,:r]_l such thf't It 7:117}; he represented my r. 4v - _1_

. . rcr'1R
5- Length Of bent “PT 18 eoual rraCticelly to tnnt

of her when straiflnt.

n - Let r = sumnetion of forces tendirf to stretch ole ent

  

u

l. I; = stress : E Then 3 = delta. s3

@elta strain dx

 

5 b? Geometry 6v + a

R+r pL

  

'1‘») C31"! AQ]1,¢' = I. 1.n€k l1 = h)( .

 

Q 5
4

I

P
"

(
«
I

,
1
;

Monént of F about :A - -cr --Mer“

C
C
}

tflien sutrgotion_lii II I '2
?

’
1
' '
\

l l

L
T
.

\

.. . r)

EWVTW \Aq} tflN“‘ftirqir. = —EIpl‘fr

(7‘ ‘v‘

And -(. ’“i l - r1]: arl 1 — $.11}er V

U I _ —fi—-—-4—

"‘3‘ (1X ( 3.:



-17)-

 

Let dis re» re;r.sent an definitely (Fifi.

rriswrticel violent CUt fro, (Fig. l) 8 bar °deGCted

to benfiinz.

Fmrln'ticns cfl“1wotion

1, 2F . Hp Then 2v a piaYaPV

UL“

r _ 0

L'o 2T 2 id 01" (AV(X - 41") II I 659
“If?

ctr?

va1 AV - 11- lwdgv

- -0 J7

Lot AV - ov, Am - d: , e = (W, (lee - adv

6X até dxdt9

:2). GUI-’{bfifljng (1.?) GV " (LA I I: 161:) = pith-'90-61:5

ex dWdV dth‘

01‘ d‘] - (3‘01“. = T‘IJH(Av 'l'ilOT! pf‘fl?7 - 1?:3 :3

X }7{F d,.?d1): “XE' (IXV’

pAK’i=*
'r-‘é—Q

rx‘dtn

4 Cor.lininrr (83 ,co) pfid‘v + LET‘EAV - nr“’fl -
.o

' ——‘h
-

de CI oihotc

Eric. simplified, becomes 6'” + n84 - }__:1n - U

drf ! 1 di‘ct“

fr‘)\r

MAL-jlvec rotary effectc rncvst term of (4) invo5. LE

be neglected \See A.)

_,I._,") __

qun \4) becore dgz + nn“d4v =

(73¢; p (1X:

lonvitwflinrl GlHStJC “sveLet 09- E

n

O ~Ag‘r‘r = U
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".‘> O
:0 fl.’ YT + 1‘1L'Cr (1
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when
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Vibra
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"1119

unles

of a

17'" 9 1‘9
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we 0 —. 1 ~-

né: r6 or cylinoer of ‘AQiUS - r, n

tion.

constant he 0 nnot he rcgcrdod PS 8 valocity

S‘we (Elvide iJL'hy a.ruiflntiinf of tlwé dirfwn?inns

length, viz. A. AS Rfileigh points out, the

ac ission that harmonic waves can be trsns-

mittefi at all is sufficient to prove that tne

velocity Aust vary invwrsoly PS the wevelcngth.

Conse

From

quently we LUSt have

C(tTFUSVQFSO) = E£(long.) - " * ¢

A. y
“
:

*
d
l
i
fl I

9- ”’7' 9‘4"
r 0 . WA

‘5) __),d".’ + Ali-~03 - O or {111ch + EI_ m, - O

C: X 'p d X dX‘ dX'.
J

Introduciufi ancalerfitihn 0f HT vity into 99” tion.

Let I

6% :21:

d)“:-

1

my

8 Jr] 0 ‘-‘ ‘-’ t'

denlsi

frequ

lengt

bl -

vibre

,0 . r3 .. _‘ 1

= Ah“ Thom pmdfiz + LIM4V = Q 01

g gdxh die

6",

f.

0

~ u

+ aad4v = Q where a = ET”

d X 7 CA

«- w i._ ‘3

lat inung’s Romulus, E - p flfiflLL

ty of tha body

ency of vitratior

h of tin? Sp cim£q1

roots of etuation (Dll) and dmpcnds bn node of

‘-tion 0? tn? Steel‘et-
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Let Ncrfel.j«mie of vibretion lxésnufin'ttet deflection

at any point varies harmonicslly with ti e.

Let X = f(x), vtoro velue of ebecieee x, determines

Shape of the normal mode of vibration being studied.

From (0?) flag f egd4v - U

, a of 3-; “,1A
!

n (

Lot deflection y -[; ACoert + ESinri]

II H

d

”
X

'
1

:
3

L
.
)
o

‘f
‘
3

fl

_
J

U
)

substituting value of y in (l) which second

[3‘ 9 O 0 ‘ 0

then twwxxues fi“x_ - I“X - C) Lettijngir = YV~ this

dx? 8“ e

be written d4A - b4X a 0 end is e differentielO 0
:
!

H |
.
1

’
4
.

mequation whose solution *-1,

X - uiobx + Cgebx + 038in bx + U4COS bx
V.

or A ”oen bx + U Sinh bx + Cgsin bx + c Cos bx

2 4

ll 0

}
_
.
| C

in which 0 On are arbitrary const"nts fietornined in

each case by conditions et end of the bar.

- Geflection enc:
1
;

Caoe l Simply supported en

t.
.0

benalne moment - c X - O, div - O

A
dxr

ere ll Built-in end — deflection and Slope of

3
.
;

\
‘

oefleCIion curve - U. K = O. ' ‘3 - 0

i
:
1

5
4

Cree III Enfl free — Lending moment and shear = O

(1?,‘7 _ O 6317' _ O

63%: GXu

Rewritinfl (5L consten,s are not identical.

U1 [E309 bx + COSh bX] + UnEQg bx _ COS}! bx] _

co[;in bx + SiLh bx] + cfi[;«u bx — Sinh bx]
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“akin: origin of coordinttee et one end, then by

“X

uHSw ill, for a ber With both enfls free, there wijl

be four confiitione:

(i) dPK = 0 (ii) d3: - 0

x~= 0 dx4 X . L ox‘

(ill) 63A - 0 (iv) 65A - U

X‘I U dLX X -_- L dth

O

5, When x - 0, (conditions 1, iii), then

(Cos bx - erb bx) ll (Sin bx - binh bx) - 0

Hence C? = U = 0

.L
P‘

7. Then X - 01(Coe bx + Uosb bx) + U3(Sin bx + Sinh bx)

8, “he“ X a L

From ii Cl(Coeh bl — Cos bl) + 05(Sinb bl - oin bl): O

9. From iv 01(Sin bl + Sinb bl) + C,(Cesh bl - Cos bl) = U

l0. bolving 8, 9, when Cl, 05, ere not zero

0 ‘3

Then (Cosh bl — er bl)‘ — (Sinb” bl — sing bl) = U

c
0

bittlifyins (0032 bl - Lin? bl) - (Coshfi bl — oinnfl bl -

8008 bl Cosh bl = U

or 1 + l - BUGS bl Gosh bl = 0

ll. Tten Uos bl Gosh bl = 1 whose consecutive roots

are: *-l
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o ' “en t tone 0 130110 .
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O I 4.750 I 7.?ow . 10.99e . 14.137 . 14.279 :

Q 0 . 0 O .
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Univ; (0 (CV) 1[hence e‘ = ml? r“ = r-nn - cA
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pn e Elg

Sjncg narrw-wny g = r one m = bl

3:7,:
my enhetitution 1“." = 7?.

;Furmlav£flrtcl

A /

7 v

let. overtone

flunfiafiental — nodes are 0.??45 from the once-

emnlitude at end.= 1,34: tines thgt at

the center. m - 4.430

let. overtone - nodes fire 0.13? from ends and in center.

4 = 10.995 *-5
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In the derivation of the for nla for loung‘s

.1.

InOdlLLUS, the (affrmrts CH? rotmcry iruxrtie.vwx“o FWtittod

, O . .0 _ ‘ v N. .

V%:e lIUTTTIV‘CIElxle =naettz‘thed
.

for sifiplicity end since i

cross-section is reletively ewflll in conferison with

the lenzth. Pwt Where croes—Pectien of teen in a

cownvratively lance f:€ction of length, rotary inertia

"ecomee e rreci :1y 1?? e. Einilenly, the effect of

nexlectinr effect of lateral ine-tie intnofinces 10

etnrecielle error ThOT~ the crowe—eection in small but

for bane of ler e cross-eection-to-lengtn retio, the

error introduced in neflecting this term heconoe

sufficiently larte 38 to deserve ottention.

L
J
.

Following is an ex ct eolut_on, ty W. P. henon,

(See regerenCc 5—5 for material on this subject 5150)

for frccnency of vibration Where lateral and rotary

inertia eye taken into account. This solution given

a for ule which in itself in very conflicrted but the

curve of the eouetion (Kim. III) Sifltlffiee solution

1(wve 1_. 02?: I ”*diflly'lfiq ‘195V30

. _ V r1" (7 L— , ‘ _ __ ‘.A’_~ 3/1 :1].

— Us[1[l + 5.4.24 ) + m’R‘] } oosh[1[ l + i. > -

G (1 ran. C.
a - .
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Tects for rotary
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inertia When the her is vibr:uing in +he fundeccntel

Let ml - Velme of w irow curve

'rhen corrected for letejel inertia,

 

who inert'e effect due to expeneien 5nd con-

traction of been gay also be corrected for, simemlt-

C‘
. - . w . . . .

aneouely With inet for rotory inertia. ulNC? the
A

former is pronort1o 61 to koi“¢on' efietio, A, Eamon

1

Let H1 =- R(l + A)“

Then let c rreenonding m from curve a mm
C .1

now then, corrected for both rotery end 1+err_] inertia,

Ill - p<fo1fL2>2

(Yn L-B:
(J 1.10

5.1
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Sonic Apparatus used by f. P. Hornihrook in

in ireening and thawing studies of concrete for the

btetee bureau of
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to a x meanet-tvre

chennel-ironr".'mounted on

r.

(:1. . .

SlUmlDUM rod

which is screwed into

three-prongeo that

isicloir

("'

L).snecimons at the node

cemented to voice coil of

be ohteinefi. rickup is held to siie of snccinen ‘y

ruhi‘er hnnrl. Picknn outnnt is i'ed tnru eainlii'ier

to e cethmfleixgrcnmilloirrnh.

fireoiunicy (nitnnt to” oscillzitor “r<9 crlitwv ted

bv synchroniVinq

the 60 nyrClQ Tf‘Os'fPI' SlJITlI/‘W,

izod 60, 130, lRO cycle

condenser of oscillator is

e rixeo Ini tor of“ ‘ves is

greah screen correStonning

erect Ulti?l0 of the EVE”

rgiven by the I11.1‘i'7m9T Of

T
. <

this way Concenser n '3(

!

n

the

e per seconc.

then edjnsted

O O

FlPt?“Ped 0T1

L'Y‘r;
,_ k1 cuencv Wh

n frequency

conplete woven which

calibrated over u r (..

of £00 - 2000 cycles per seconfl. This celihretion

was CManTa zt verious tines enc was never found

to very ore then one-relf of one per cent.

”705D Cilfifllit Of‘CNWIil]O¢ETJfli‘Sith

swoop being sync ron—
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Apparatus and procedure used by u. mrire in the

determination of Young's modulus of building material 0
'
)

he

The essence of this method: longitudinel

vih‘etion excited in a speci on hy tsrning one end

P
.

s recorded photo;renhicelly With aid of cathode—rev

oscillosreph en, its frequency determined by comrfr—

ison vdiiiéasninerimnosed_ij we scele.

., ., 0 0

1, Then H = 4 l‘n‘p

) but for
r ,

g rrccisely, m - 41 n

frequency determination, test spe imens are generally

selected such that the hrscxeted term approscnes unity.

hence \l) is sufficiently accurate for a fire, approx-

Where 1 - length of sneciwen

n - frecuency of longitudinal vibretion

o - density

5 _ yeisson's retio

n - redjus of gyretion of cross-section stout

line of centers of nor ~l SQCtWODP.
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3bpeciren, rod or cylinder of uniform cross—sec.

is hold at its ’idroint end tanned Ylth e li:ht

Electromagnetic detector t'ensror s Ch”hiCTl

Vihretion into electrinl volteqe oscille ion,

which when amplified, controls vertical deflezcion

of fluorescent spot of cetnode-rey oscillogreih.

biflfllQ-chvorse tine-base 8 reads out vibration

pettern horizontally across screen at nroner tine,

[
-
J
o

ne—msrker superimnoses on the rnoto—While a t

. f)

wrennic record, 8 bFQRK or snort duration every

by con ering vihretion pettern Tith the time

wrvrfefi, ‘rrerinencsf is (HTtFTSMlDGfi.
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7
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mXCiter and Detector
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l/S?" thick enl ce-ented to end of seecl on is

(EDIHET{”fPCE htr c 8 Jill- a lT-H;9}3 ?“r(vn II-Ffiiffl‘ed

ner enent ;quH3b H, wou d rfiififi calls or the

tyre used in ordinary telerhone TOCPJVPTF.
l. l
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of good Characteristics, vein; eveilecle *es uSew,
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From stuoies of e number of artiCles on the subject,

"Determination of Young‘s nooulus by the sonic Method"

the following general statements seem to he indiceted.

J
U1. In the derivetion of tne reletionsnin tetween E ena

frequency or vibretion, the materiel is assumed perfectly

elastic. by the Sonic method, emplituées of Vibration

UP to 10“6 incnes per inch are produced, Whisk seems to

be sufi loientlr sushi as to remain Witnin the elastic

li its for the nsteriel and thus Verify the accuracy of

T
1
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. whet Specimens cen be tested Without destroying,

de aging, or otherWise alterinfi the saunle. hence tre
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be used for nrozressive tests at ell sees.

This is conGHCiVe to greater eccurecy OJ results since

the rnynber'cyf vars! bles ill'tbfi tweet sergile cer1lme held.

to the onenée in the intetuel structure of the been it—

o. in the freezing ens thawing tests of concrete, tfle

largest cnange in E occurs curing the Iinst few cyCles
L

l

CFC BVQD 3 0f Eood concrete Will slow a oecneeso. Poor

Speci e s can usually be fletegtec mjtnjn 20 cycles “MN

the 5 of the mood and the bed ereciwens st tnet tine is

quite different.

Ufliziwe SPQMIE'CO in? :vart nifxwise ijl'the lulilfiijt:

heterisl field wtwere 52in? ocours thnu eyeles of free?—
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Specimen have little effect on tte results. Hence e

seturetee condition is Well suited for obteinins center-

stive neasurewonts. fine sonic wofiulus is very sensitive

to s (ll omen es of moisture in e reletively dry sample.

14‘ 5Yet unexrlsined - That the oifrererce in or the

saturated enfi the dry Specimen is severel ti es ttet cue

to the chenge in density, the wofiulus meins frester for

tile tset; STV§ClTLQ ,s.

5. That oven drying will cruse e conniooreole cuanze

(in natural frequency. Obert (t-lO) found tnnt His best

results were ozteinev when the sample was cured

in water, 28 days in air and then dried for 24 hours in

en even; this lest step being etsoluteLy necessary. nor

testins of stone, two week crying st ordinary room eur-

eratures ves suffiCJenp to give consistent results.
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‘ _.‘ "' 3;) l
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it; brute {is . 01“? crni nmirew ci‘tific. it ‘to E?Cli?0tl fiuidelweniu l

frocuency.

.UTOKEW}<QT c Jagnm‘ FFCClwleE or witi11< y ot&MUf irreg-

ulvrities, tend to increase the tronyble error or tne

7. rho sigwxlicicy, accuracy aim;5fix¥wa of the sonicl-
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