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INTRODUCTION 

Every structure has a fundamental freque ncy wh ich is s ometimes 

r e ferred to as its first natural frequency. If a periodic force acts 

on the structure whose f requency is equal to that o f the natural fre-

quency o f the structure, a vibrati on is set up whose amplitude would 

approach infinity if it were no t f o r the pre sence o f damping.l 

l Fre b e rg, C. R., and Kemler, E. N., Elements of Mechanical 
Vibrati on, 2d ed., New York, John Wiley & Sons, 1955, p. 56. 

S ince damping is always present, steady state cond iti ons will finally 

be r eached provided that the applied force is n o t so g reat that it will 

cause the structure t o fail. The amplitude of the vibrati on will be 

a function of the applied force and the damping capacity o f the structure. 

Steady state conditions will also be finally obtained if a periodic 

force acts on a structure whose frequency is not equal to the natural 

f reque ncy o f the structure. In this case, the amplitude of the vibration 

will be a functi o n of the magnitude of the appli e d f orce, the damping 

capacity of the structure, and the rati o o f the fr equency o f the appli ed 

force to the na tural f requency. The max imum amplitude is obtained when 

the rati o is equal t o l. 

An impuls e will excite vibrati ons als o , but n o steady state harmonic 

conditions will be obtained . Eithe r the structure will fail o r it ''ill 

return back t o the initial s tate o n account of the presence o f damping. 

The mining engineer is interested in the impact l oading of structures, 

because this is the type of force supplied by the acti o n of explosives. 

This is a preliminary investigati on of the strain time history in 

a small hydro-stone beam due to a suddenly applied force. The impact 

loading was obtained by dropping steel balls from various heights on 
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the beam. The purpose of the first part o f this project was to d etenmine 

the influence o f a number o f variables on the strain. The factors which 

were studied are: a variation in the height of drop and in the weight of 

the balls; and the effect of the size of the variable resistance wire 

strain gage on the dynamic strain record. The object of the second part 

of this project was to investigate the strains present in a small hydro

stone beam when it is subjected to an impact loading which is sufficiently 

large to cause the beam t o fail. 
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EQUIPMENT 

The type of e quipment used for this invest igati on and the way 

in which the various instruments were connected i s shown in the form 

of an over-all blo ck diagram in Figure l. The outputs o f three d i ffe rent 

circuits were fe d into t he oscilloscop e . The three circuits will b e 

referred to as the strain gage circuit, time calibrator circuit, and 

the trigger circuit. 

STRAIN GAGE CIRCUIT 

Variable resistance wire strain gages of the Baldwin bonded type 

were used for measuri ng the strain in the beams . A grid of fin e wire 

is the active constituent of this type of gage . After the gage has 

been cemented to a surf ace, any strain in the same will d e f o rm the f ine 

wire o f the gage, and thus change its resistance . Within limits the 

change in resistance of the gage is proportional to the strain in t he 

structure. 2 

2Lee , G. H., An Introduction t o Experimenta l S tress Analy sis, 
New York , J ohn Wiley & Sons, 1950, pp. 11 3 - 117. 

A Du Mont Type 335 S train Ga ge Cont r o l was used t o measure the 

change in resistance of the gage . A Wheatstone b ridge circuit and 

means by which the bridge circuit can be balanced are inco rporated 

within the instrument. Thus it was possible t o obtain a zero output 

v o ltage with unstressed gages . I n addition, the strain Gage Contro l 

p r ovided supply voltage s and a circuitry for the calibrati on o f the 

variable resistance wire strain gages . A schematic diagram of the 

type of circuit used for this investigati on is shown in Figure 2 . 
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Strain Gage Oscilloscope 

n Beam Sync Beam 
"A" IN "B" 

Timer 
Calibrator 

Strain Gage - .. •• -- ' Control - A~ ---- l 
ll5 V. AC ·I 1: 6.3 v. -Power -- Pulse - Photo 

Suppl y 225 V. DC - Shaper 
~ 

Cell --

Time: Calibrator: 
Oscilloscope: 
Strain Gage: 
Gage Control: 
Pulse Shaper: 
Power Supply: 
Photo-Cell: 

Description of Equipment 

Du Mont Type 300 Time Calibrator 
Du Mont Type 333 Dual Beam Cathode-Ray Oscillograph 
Variable resistance wire strain gage of the Baldwin bonded type 
Du Mont Type 335 St rain Gage Control 
Built in laboratory after circuit in Du Mont Type 300 Time Calibrator 
Heathkit Variable Vo ltage Regulated Power Supply, Model PS-3. 
Allied Radio Corporation Knight-Kit Photoelectronic Relay 
modi f ied as shown i n Figure 3 

Figure 1. Over-all block diagram of equipment 

4 

-- 115 V. AC 

-- ll5 V. AC 
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Bridge 
Balance 

From Battery 
Supply 

+ 

Note: 

R1 and R2 are equal precision resistors 

A is the active gage 

B is the temperature-compensating gage 

Output 

Figure 2. Schematic diagram of strain gage circuit 

5 
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Strain gages we r e used for the resistances of two oppos ite arms o f the 

Wheatsto ne bridg e . One gage was the active o r strain-measuring gage 

and the other was the temperature-compensating gage. 3 The output of 

3Lee , G. H. , op. c it. , p. 1 20. 

6 

the strain Gage Contro l was fed into the "A" beam of a Du Mont Type 333 

Dual Beam Cathode-Ray Oscillograph. The strain indications were recorded 

photographically with a DuMont Type 296 Osci llograph Record Came ra . 

TIME CALIBRATOR CIRCUIT 

A Du Nont Type 300 Time Calibrator was used f o r the supe rpositi on 

of timing markers on the trace o f the "B'' beam of the dual b eam oscillo-

scope. 

TRIGGER CIRCUIT 

An additional circuit was n e ce ssary f o r trigge ring a single swe ep 

on the oscilloscope at the instant when the ball struck the beam. The 

output of an Allied Radio Corporati on Knight- Kit Photoel e ctronic Re lay 

was fed into the external synchroni zing terminals of the oscillos cop e . 

The r e lay was activated when the fa lling ball inte rrupted a b eam of 

light. The inade quacy o f this c ircuit b e came e vident during the f i rst 

trial runs . 

A s u itabl e circui t was d e signed af t e r consid erable expe rime nta ti on. 

The circuitry of the Alli ed Radio Corporation Knight-Kit Photoe l ectronic 

Re l ay was r e vi sed s o that a n output signa l o f a rapid vo ltage rise was 

obta ined whe n the lig ht b eam was broken. The f irst interrupti on of the 

light beam provid ed the synchronizing pulse . No outpu t was obtained 

from any further interruptions unle ss the circuit had previ ously been 
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manual l y r eset . The de l ay time o f the i nstrume nt was made c o n stant by 

r eplacing the a.c. v o l t age supply for the thyraton by a d .c. s upply . 

Th e circuit diagram of the photo-cell used fo r i nitiating the impulse 

is shown in Figure 3 . 

7 

The output of the photo-cell was fed into a pulse shaper which was 

b uilt for this inves t i gati on. This was nece ssary in order to reduce the 

rise time o f the pul se so that only one swee p would be obtained on the 

fluorescent s creen of the oscilloscope . The circuit of the puls e shaper 

is identical to the on e f o und in the Du Mont Type 300 Time Calibrato r. 

The operati on o f the pulse shaper is based on the Schmitt-trigger 

principle . The 6 . 3 vo lts alternating current and the 22 5 volts direct 

curre nt r equired for the operati o n of the pulse shaper were s uppli ed by 

a Heathkit Variable Vo ltage Regulated Power Supply , Model PS-3. 

MISCELLANEOUS EQUIPMENT 

A coil conne cted t o a 6 volt battery s e rved as an electro mag n e t. 

The steel balls we r e released f r om the magnet by t hrowing a switch which 

op e ned the circuit . The b eam to be t es t ed was supported on the edges of 

two triang ular shaped steel prisms which in turn we r e attached to a large 

steel block . A Heathkit Decade Resistance , Model DR-1, in s er i e s with 

a sufficie ntly l arge preci s i on resis t o r was used f o r calibra ting the 

strain gages . An additional Wheatstone bridge with a circu it diagram 

as is shown in Fig ure 2 was built so that the strains measured by two 

gages coul d be recorded simultaneous l y , if d e sired. The v o ltage supply 

f o r the bridge c ircuit was obtained from batteries . 
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Switch 

----~' 
115 V. AC 

Switch 

Photo-Cell Y-1 

X 

X 

100 K 

10 K 

1 5 

7 

+ 
Output 

1 MEG 

Thyra ton 

39 K 

45 V. Bat tery 

-------------~I II~~------------' 

Figure 3 . Photo-cell circuit diagram 

8 
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TEST PROCEDURE 

A period of approximately 30 minutes was allowed for the instruments 

t o warm up before any testing was done. Then they were checked t o obtain 

prop e r adjustment. Special care was given the y-axis multiplier balance 

of the o scilloscope, because different voltage amplification scales were 

used during the tests. 

The Wheatstone bridge circuit was balanced with unstressed gages 

by adjusting the p o tenti ometer on the strain Gage Control . The cali-

bration of the strain gage was the nex t step in the test procedure . 

This was done b y s hunting a known r esistor across the strain gage which 

reduced th~ e ffective resistance of the strain gage by a g iven amount. 

The same unbalance of the bridge circuit may be obtained by a certain 

compre ssive strain in the structure. The following equati on gives the 

relationship between the strain and the calibrating r e sistor: 4 

e = Ra 

4Lee , G. H., op. cit. , p. 136 . 

i n which: 

Ra r e sistan c e of active gage in ohms . 

Rc r esistance of calibrati on r e sisto r i n ohms. 

e strain in inches p e r inc . 

GF gage f a cto r . 



www.manaraa.com

The equati on was solved fo r the calibrati on resistance in terms 

of the other variab l es , as is shown: 

Ra (l - e • GF ) 
e • GF 

10 

Thus on e was abl e t o obtain a g iven strain equal t o a deflection of 

o ne maj o r division o n the oscilloscope at a specific voltage amplification 

scale. A few trial runs were carried out next to determine if a proper 

deflection was obtained on the screen and if the photo-cell was at such 

a he ight that the initial strain was b e ing recorded on the sweep. The 

deflection f o r a given strain may be varied by using a different cali-

bratio n resistance or by changing to a different amplification scale o n 

the oscilloscope. The height of the pho t o-cell was adjusted by trial 

and error until the initial p o int on the strain-time curve appeared on 

t h e screen. 

The sweep rate was adjusted by trial and error until satisfactory 

pictures we re obtained. Timing markers at an interval of 1 00 micro 

seconds were us ed fo r all t e sts. The came ra was then attached t o the 

oscilloscop e and the e quipme nt was ready f o r the inve stigati on. Tri-X 

f ilm wa s used exclusively. The diaphragm opening was set at f/ 2.8 and 

the shutter at " Bulb." A picture o f the grid on the fluorescent screen 

was obtaine d with an exposure time o f approximately five seconds, due 

to light from the fi lame nt of the cathode-ray tube. 



www.manaraa.com

ll 

TESTS 

The variables which we r e taken into c onsiderati on in the inve sti

gati on were as foll ows : 

l) we ight o f the balls 

2 ) h e ight from which balls are dropped 

3 ) type of strain gage used 

Other variabl e s which could be investigated in future work, but 

were held constant during any one of thes e tests are: 

1) the dimensi ons of the beam 

2 ) spacing between supports 

3 ) boundary conditions 

4) point at which load is applied 

The length of all beams tested was equal to l 2t inches and the ir 

width was equal t o 2 3 /4 inche s. The re was a variati on in the thicknesses 

o f the b eams. The refore, the thicknesses of the beams we re held constant 

only f o r a particular s e ries o f tests. The distance between supports was 

h e ld constant at lOQ inches. 

The b eams we r e ti ed d own t o the supports with rubber bands. This 

gave b oundary conditi ons which resemble tho se o f a s i mple supported b eam 

close l y , because the re will be little, if any, moment and displaceme nt 

a t the supports. Th e fir s t pictures showed that great variati ons in 

results would be obtained, i f the balls were not dropped exactly on the 

ge ometric center o f the beams. During all the f o llowing tests, the 

g e ome tric c e nter o f the beam was marked and great care was taken s o t hat 

the ball would strike the b eam at that p o int. 
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TESTS WITH BALLS OF VARIOUS WE I GHTS 

I n the first part of the investigatio n all the variables were held 

c onstant but the weight o f the balls. Records of the se t e sts are shown 

in Figure 4 and Figure 5. Fr om these pictures and others which we r e 

stud ied it was p ossible t o determine a qualitative relati onship b e twe en 

the weight o f the ball used and the magnitude o f the strain obtained . 

The l e ngth o f time required fo r the strain t o reach its first peak and 

i ts max imum value ; a nd a l so t he c orre spond ing magni t udes o f stra i n a r e 

g iven in Tabl e l f o r a series of tests on a beam. 

Table l. Re s ults o f t ests with balls o f va ri ou s we i g hts . 
Me a surements are g ive n o f time inte rvals r equi red f o r 
the strain t o r e a c h i t s first p eak and its maxi mum 
value; and also the c o rresponding magnitudes of strain. 
The balls were dropped from a height o f 42i · inches on 
a 0.88 inch thick hydro-stone b eam. A Baldwin t y p e 
C-8 gage wa s used. 

Wei g ht Time to S train at Time t o Max strain 
o f ball lst peak lst p eak max strain 

l o- 6 l 0- 6in / in -6 10-6 i n /in oz s e c 10 sec 

0. 41 * ) 53 1 26 3 87 186 

0 . 59 50 160 37 9 232 

0 . 77 70 206 399 274 

0 .88 63 242 388 336 

1. 58 * * ) 66 410 387 568 

* ) Dynamic s tra in r e c o r d s h own in Fi gure 4 . 
** ) Dynamic strain r e c o r d s h own in Figure 5. 
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Interval of timing markers is 100 micro seconds 

Figure 4. Dynamic strain record obtained with a Baldwin type C-8 strain 
gage by dropping a 0.41 oz. steel ball on a 0.88 inch thick 
hyd ro-stone beam from a hei t of 42l inches (Drop No. 6-12-0A). 

Figure 5. Dynamic strain record obtained with a Baldwin type C-8 strain 
gage by dropping a 1.58 oz. steel ball on a 0.88 inch thick 
beam from a height of 42i inches (Drop No. 6-12-SA). 
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The values of Table 1 s h ow that the r e is a c onsiderable increase 

in the strain within a beam as the weight d r opped o n it becomes l arger. 

There was n o apparent r e l ati onship between the weight o f the ball d r opped 

and the time interval from the time of impact until the s t rain r eache s 

any particular point on the strain-time curve . 

The o sci llatory motion which made it difficul t t o obtain quanti -

tative value s fo r the rate of strain was inve stigated next. The assumption 

was mad e that the motion i s of a harmonic fo rm. The equati o n for the 

natural frequenci e s o f a unifo rm beam simpl y suppo rted at the ends is:5 

n 2 · 1f . g •E•I -~ cycles / sec 
f w-14 - c 

N"L4 2 

n 2 ·1T lT , 4 ·1f , 9 ""lr, e tc . 
c == 

2 2 2 2 

5f r eberg , C. R. , and Kemle r, E. N., op. ci t., p. 1 40. 

in which 

g acce l e rati o n o f g ravity in inche s p e r second square 

E modulus of e lasticity in p ounds p e r s quare inch 

I mome nt of ine rti a of beam secti on i n inche s t o the fourth powe r 

w beam we ight in p o und s p e r inc h 

L beam l e ng th in inche s 

n == mode of vibrati o n 

For the b eam t ested : 

g == 3 86 in / sec2 

E 2 . 5 . 106 lbs/in2 

I 0 .1 54 in4 

w 0.151 l bs /in 

L == 1 2-i inches 
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The equat i o n fo r its na t ural f r e que nci es becomes: 

f = 284 ·C cycles / sec 

The peri ods of the various harmonic frequencies we r e determined 

theoretically so that they c ould b e c ompared with the p e ri ods of t h e 

vibrati ons on the strain record s . The p eri od is equa l to the inverse 

o f t he f r eque ncy. The r esults o f the calculati ons are shown in Table 2 . 

Table 2 . Periods o f the fundamental frequency and of highe r harmonics 
of a s imply supported hyd ro-stone b e am - the d i mensions are 
0.88 by 2 .75 by 10.50 inches. 

f r eque ncy Pe ri od 
in micro sec ond s n 

Fundame ntal 2240 l 

first harmonic 560 2 

Second harmonic 250 3 

Third harmonic 140 4 

When the calculated periods were compared with the wave mot i o n on 

the pictures , it could be seen that the second harmonic f r eque ncy was the 

most prominent one. This vibration is sup e rimposed o n the fundame nta l 

mode . The dynamic st r ain r eco r d shown in Figure 6 gives a good represen-

t ati on o f this r e lati onship. A number of higher frequency vibrati ons have 

to b e present in addi ti o n t o the fundame ntal fr equency and the second 

harmonic t o account fo r the distortion of the s e cond harmonic which can 

b e seen on all dynami c s train r eco r ds . 

These vibrati ons a r e caused b y the same type of loading and the same 

b o unda ry conditions as the fundame ntal a n d the second harmonic vibrati on s . 

Highe r harmonics which will satisfy these c onditions are the sixth, tenth, 
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and f ourteenth harmonic f r equencies . No attempt -vms made during t his 

inve stigati o n t o identify any vibrations \.-Jhos e frequency is g r eater than 

that o f the secon d harmonic. 

TES'IS WITH DROPS FROM VARIOUS HEIGH'IS 

In the second part of the investigation a ll the variables were 

held c onstant but the height from which the ball was d r opped . 

Tabl e 3 . Resul ts of tests with d r opping a ball f rom va r ious heights . 
Measurements are gi v en of t he time i n terva l r eq uired for 
the strain t o r each its f i rst peak a n d the co r re s ponding 
magnitud e of strain . A 0. 77 o z steel bal l was d r opped on 
a 0 . 98 inch thick beam. A Ba l dwin type C- 5-1 gage was us ed . 

Height Time t o Strain at 
o f drop ls t p eak l st peak 

in l o- 6 sec 10- 6 in / in 

8.1 * ) 67 117 

13 .8 57 170 

1 8. 2 61 17 5 

29.5 56 205 

3 5 . 4 44 25 8 

41.4 44 284 

46.9 ** ) 46 300 

*) Dy namic strain r e cord shown in Figure 6 . 
** ) Dynamic strain r e c ord shown in Fi gure 7 . 

Not e ; \..Veight o f b a lls wa s va ried by selecting stee l ba l ls 
with di ff e r ent diameters . The effect of diffe rent 
radius o f curva ture was incl uded a s part of the 
weight par~eter . 
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Interval of timing markers is 100 micro seconds 

Figure 6. Dynamic strain record obtained by dropping a 0.77 oz 
steel ball on a 1.00 inch thick beam from a height of 
8.1 inches. Baldwin type C-5-1 gage was used for 
measuring strain (Drop No. 6-19-12B). 
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Figure 7. 

Interval of timing markers is 100 

Dynamic strain record obtained by dropping a 0.77 oz 
steel ball on a 1.00 inch thick beam from a height of 
46.9 inches. Baldwin type C-5-1 gage was used for 
measuring strain (Drop No. 6-19-lSC). 
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A 0 .77 o z steel ball was d r oppe d and Baldwin type C-5-1 variable res i stance 

wire strain gages we r e us e d to measure the strain. The results for a 

seri es of tests on a l. 00 inch beam are shown i n 'i'a b l e 3 . The dynamic 

strain r ecor ds obtained b y dropping a 0.77 o z steel ball from a height 

of 8.1 inches is shown in Figure 6 and from a height o f 46.9 inches in 

Figu r e 7. 

The results obtained from tests with dropping the same ball from 

vari ous hei ghts are similar t o tho s e obtained in the first part o f the 

investigati on. The same harmonic vibrati ons are present. On e c a n s ee 

by c omparing Figure 6 and Figure 7 that balls dropped from greate r 

hei g hts excite the higher harmonics to a grea t er extent. This can b e 

seen especially well for the fundamental wave, wh ich is obscured. 

TESTS WITI1 DIFFERENT SIZES 

OF S'IRAIN GAGES 

Tests were carried out in which all the variables were held consta n t 

but the size o f gages us ed. A 1.58 oz steel ball was dropped from a 

h e ight of 42 . 2 inches on 1.0 inch beams. Table 4 g ives the resu lts o f 

a typical test run. The dynamic strain reco rd obtained with a Baldwin 

type C-8 variable resistance wi r e strain gage is shown in Figure 8 a nd 

with a Baldwin type A- 3 gage is shown in Figure 9. 

Th e results o f this Les t demons tra t e tha ~ the size o f the va ri able 

resistance wire strain gage used has an influence on the magnitude o f the 

recorded dynamic strains. The Baldwin type A- 3 gage recorded a smaller 

strain than the o the r types o f gages used, which were shorter in l e ngth. 

There was no apparent difference in the dynamic strain records obtained 

with the Baldwin type C-5-1 and C-8 gages. An attempt will be made to 
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Table 4 . Measur ements of st rains with d i ffe r e nt sizes o f gages. 
The strain was obtained by the impact l oading of a 1. 0 
inch beam by a 1.58 oz steel ball r e leased fr om a hei ght 
o f 4 2 . 2 inches. 

Type of 
Baldwin gage 

C-8 

C-5-1 

A- 3 

Leng th of 
active element 

in inches 

0.12 

0.44 

0.80 

Strain a t 
lst peak 

in micro in/in 

408 

410 

3 50 

explain the similarity in readings obtained with the two gage s , although 

there is a considerable difference in their lengths. The vibrati ons 

within a beam will caus e a maximum deflection at some instant at the 

p o int where the particular gage is attached. To either side of this 

maximum point, the value s of strains would be somewhat smalle r. S ince 

the strain recorded by a variable resistance wire strain gage is pro-

portional to the change in the length of the gage to its original l ength, 

t h e measureme nt obtained fr om the gage will be the average strain over 

its total length. The r efor e , the shorter the gage is the greater should 

be the r ecorded strain, since the maximum strain is alway s l o ca ted at a 

point along the beam at any instant; and the error in reco rding the strain 

will become increas ingly g r eater as the length of the ga g e becomes large r. 

The Baldwin t ype C-5-1 gage was small e nough t o give sufficiently accurate 

readings, as indicate d by the agr eement with the smaller C-8 gage reading. 
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Interval of timing markers is 100 micro seconds 

Figure 8. Dynamic strain record obtained with a Baldwin type C-8 
variable resistance wire strain gage. The record was 
obtained by the impact loading of a 1.0 inch beam with 
a 1.58 oz steel ball released from a height of 4 2. 2 

0 
+' 
..... 
~_;; 
Q) tt1 

1--1 
!Il-l-' 

-.-f !I} 

J::"H 
0 0 

- ,...f 

!I} ~ 
-.-f -.-f 

>
-.-f J:: 
'"0-r-f 

1--1 0 
0 1--1 

..,....., t> 

~1:1 
Q)O 
J::o 

OG"J 

Figure 9. 

inches ( No. 6-12-13 • 

Same dynamic strain record as in Figure 8 but obtained 
with a Baldwin type A-3 variable resistance wire strain 
gage (Drop No. 6-19-llA). 
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FAILURES OF BEAMS 

In this part of the investigation, an attempt was made to determine 

what takes place within a beam when it is subjected to an impact load 

which is large enough to cause the beam t o fail. A record of such a 

loading is shown in Figure 10. This picture was obtained by increasing 

the weight of the balls gradually until one finally caused the beam to 

fail. The beam broke through its center and thus at the place where the 

strain gage was attached . As can be seen from the dynamic strain record, 

the beam did not fail at the first or second peak of maximum strain. 

One may conclude that the time at which failure will take place is depend-

ent on the superposition of all the harmonic frequencies present when the 

impact load is just sufficiently large to break the beam. 
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Figure 10. 

Interval of timing marke rs is 100 micro seconds 

Dynamic strain record obtained with an 
just large enough to cause the beam to 
No. 6-4-8). 

impact loading 
fail (Drop 
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Interval of timing markers is 100 micro seconds 

Figure 11. Dynamic strain record obtained with an impact loading 
considerably in excess of the minimum required to cause 
the beam to fail (Drop No. 6-l2-4B). 
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Interval of timing markers is 100 micro seconds 

Figure 12. Dynamic strain record of the failure of a beam. The 
lower curve was obtained with a strain gage mounted 
at the geometric center of the beam. The upper curve 
was obtained with a gage mounted 2 inches from the other 
along the axis of the beam" (Drop No. 6-13-ll). 
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The c ombina ti o n o f all t he harmonic vibrati ons present may cause the 

maximum s train t o o ccur at the second, third, or a lat e r peak in spit e 

o f damping which i s alway s present and which could l ead t o the e rroneous 

c onclusi o n that the max imum strain will occur at the first peak. 

The type of failure obtained d u e t o a l oa d ing which is considerably 

greater than the minimum nece s s ary t o break the beam is shown in Figure 11. 

The fracture went through the center of the beam and through the gage as 

can b e see n from the record. One may c onclude from this test that the 

beam will fail a t, o r b e f ore, the stra in r eaches it s first peak, if the 

impact l oa d is sufficiently large . 

The strains in the remaining parts of the beam immediately afte r 

failure we re also investigate d. A test was carri e d out in which two 

Baldwin t ype C- 7 variabl e resistance wire strain gage s were attached t o 

a b e am. On e strain gage was cemented t o the geome tric center of the beam 

and the o the r one two inches from the first one along the axis of the 

beam. A dynamic strain record of the failure of the beam is shown in 

Figure 12. The fracture miss e d the strain gage at the c e nter o f the beam 

b y 0. 2 inche s and the othe r strain gage by 2 .2 inches. One may c onclude 

f r om this picture that an immediate strain relief tak e s place in the close 

vi cinity o f t he fracture only . The vibrations at a d istance from the 

f ra c t ure are n o t a ffected. This explains the p ossibility o f a beam f a il

ing at mo r e t han one place . This happened t o a numbe r o f beams which 

we r e brok e n. 
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CONCLUSI ONS 

Impact l oading of hydro-ston e beams will excite harmonic vibrati ons 

the instant a t which the l oa d i s being applied. The e ff e ct c f a change 

in weight o f the balls and of a change in the height fr om which they were 

dropped on the resulting harmonic vibrati ons was investigate d . S i mi l ar 

r esults were obta ined in b o th t ests. An increase in the mag ni tude of the 

s train i s recorded if the height is increased and if the weight o f the 

ball is increased. On the o the r hand, it was n o t p ossible t o obtain a ny 

relations hip b e t ween the time it take s f o r t he strain to r each the f irst 

peak , o r any o ther p oint, o n the strain-time curve s and the hei ght o r the 

weight of the bal ls u sed. Since the magnitude of the strain incre a ses 

and the time int e rval changes ~nly a small amount , if at all , o n e may 

c onclude that the time rate of strain within a b eam increase s wi t h a - ~ 

increase in the height o f drop and in the \ve ight of t he ball used . 

This investigatio n furnished qualitative results on l y . The r e for e , 

the t y p e of variabl e resistance wir e strain gage us ed was n o t t oo s ignifi

cant , because they all ind icated the vibra t i ons present. The leng th o f 

the strain gage used has an influence on the magnitude of the reco r d e d 

dynamic strains and should b e given considerati on if one is inte rested 

in obtaining quantitative value s . The results of this investi gati on show 

that l ong gage s will record smal l er read ing s f o r the same strains than 

sho rt gage s. On the basis o f this inves tigati on one may c onclude that as 

s hort a variabl e resi s tance wire strain gage should b e used for recording 

dynamic strains a s is practical . 

The time at which f ailure will take place in a beam and the l o cati o n 

o f the fracture are depe ndent on the supe rpositi o n of all the harmonic 

vibrations present when the impact load is just suffici ently large to 
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break the beam. An exc ess ively large impact l oad will cause the beam t o 

fail at, o r before, the strain r e aches its first peak. An immediate 

r e li e f of stress takes place , in the clo s e vicinity o f the fracture only, 

wh e n the beam fails. 

The write r would like t o make a few recommendati ons which might b e 

helpful in futur e investigati ons. A cathode-ray tube with a short 

persiste nce fluorescent screen should be us e d in the oscilloscope so that 

pictures can be taken at a faster sweep rate of the oscilloscope. A 

c omplete record of each drop could be obtained if the output of the strain 

gage circuit were fed into the x-axis amplification of the oscilloscope 

and a high-speed continous moti on camera were used for recording the 

dynamic s train. 
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