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ABSTRACT 

The strength characteristics of bottles Here studied 

using returnable, compact bottles, classified according 

to fla't-r intensity. Laboratory experiments consisting of 

drop, impact, thermal shock and internal pressure tests 

Here performed to determine the arithmatic mean height 

( _M,ffi ) of' break, t h errnal shock resistance, impact resis-· 

tance and internal pressure resistance of each of the 

bottle samples. Result sho1red t h at the various strength 

characteristics of the new virgin bottles was significantly 

different from all the other samples tested. E~e impact 

resistance and internal pressure resistance decreased ex.­

ponentially 1·iith increasing flaw intensity. An expression 

for impact energy and internal pressure at failure as ·a 

function of fla·H intensity Has derived. All the samples 

1--.rere able to 1·Jithstand high temperatures in ·the thermal 
..__... -

shock test. 
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CHAPTER I 
INTRODUCTION 

Large runount of glass containers are used in t h e food 

and beverage industries (Fig.1 ). It represents a total of 

41 % of' all glass containers used. In Hhich 70% are vlide 

mouth containers or jars and t h e remaining 30% are bottles 

used for soft drink s and beverages (1 ). 

Properties of glass and ceramics are generally well 

understood. But t h e information on strength charact~ristics 

of glass containers are very limited. Also there is no 

information available on properties and reactions bett,reen 

-glass and its content t h at could affect its strength cha­

racteristics. 

In t h is pap er, t h e streng t h characteristics of g lass 

bo t t l es were studied and the objectives were: 

a) To obtai n t h e arithmatic mean height ( Height at which 

50?b of bottles -v-rill break ) of t h e norm.al bottle san1ple. 

b) To c h ec k if t~ e vari ous sanrples can "t·rithstand t l:"}.e 

. . t 1 1 1.-. k .l- t d. f' ,... . • 1 mlnlmum nerma s1~oc_ 0empera ure l _I eren0la as 

specified by ASTH .Standard. 

c) To determine t~ e ultimate bre ak i ng 

bottl e s b y impact test~ i ( 3,4) • . 

.l- t, s vren g n of the 

d) To determine t h e internal pressure resistance of t h e 

bottles using intern a l pressure testing machine (2). 

T,-Jhen t h ese t es t results a:re obtain ed, t h en it is 

possible t o evaluate t h e streng th char acteristics of the 

returnable c·ontainers at different fla1.-: intens i ties. 

1 
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CHAPTE'rt II 

PROP b""RTIES OF GLASS }:U\TERIAL PJ\fD CONl:Ail\f ERS 

The g lass raaterial used for t h e containers of food 

and beverages was identified as soda-lime glass. It 
~ consists of approximately 70% silica sand, 20% limestone, 

5% "cullets" from recycled product and 5% di:fferent in­

gradients that· give :flint, ·eraerald green, axnber or royal 

blue col or as required. These containers t-Jere blor..:-moulded 

to the designed shape and seperated into t"t-IO categories, 

jars and bottles. 

Glass· usually failed in tension, showing its charac­

teristic brittle fracture like other brittle materials (4, 
5,6,7). Such brittle fracture occurred suddenly without 

previous plastic deformation (Fig.2) and usually originated 

at a hi gh stress concentrated f law or notch on the glass 

surface. It was also found that flaws uere not a charac­

teristic of g lass per se but represented defects of acci­

dential nature as a result of manufacturing processes and 

subsequent handlin g . 

The condition required for brittle fract ur e is that 

the quantity of stored elast i c 

energy caused by stress which 

was released during fracture 

must be greater than the - ener 

-gy absorbed by the crack du-

ring separation. However, in 

ductile material, local - yield 

around the flaw would receive 

h
. , lgn stress concentration so 

that the flaw would havelittle 

influence on breaking stress • 

Fig.2: 
Stress-strain 
Curve of Glass. 

S 7 RA IN 

But as reported, in glass, n o such perc ept ible yield occ urred 

s o that r elative stress concentration at fr a c tu re remained 

unchan ged. 

Shand (4) further stated t hat fl aw sizes were of an 

indefinat e nature, and t h at t h e stress conc entrat ion f a ctor 
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depended ma inly- on its de:?th and length. La1-'J-rence ( 8) gave 

a formula for stress concentration at the tip of flaw as: 

Hhere; 

er n 
A\ 

V 

U'n 

and 

w = 2 re (c/r) 0 ·S c n 

[re -
[' 

n 
c = 
r = 

stress concentration 

normal tensile stress 

depth of crack 

radius of curvature 

Fig.) 

Stress Concentration on 
Glass surface. 

Another i 1nportant characteristics regarding brittle 

material fr a cture was the rapid propag ation of fracture 

crack. Glass fa i l e d a s a result of gro~~h of existing 

crack and not usually g eneration of new ones ~ For exist-
• 1 ,..,1 t .1- h. , t 1 d 1ng crac tr or I a'tt-l o propag ave, __ lgner s ress or _ oa v.ras 

essential. Recent researches (9,10,11) have gone further 

into t h e studies of t h e er.fects of Hater vapor, sodium­

hydrog en ions exch ang e and electrolyte pH on crack propa­

gations in soda-lime glass by using a double cantilever 

cleavage technique u sing microscopic slid_es and all of 

these Here fo un d to have definc:..te influence on crack 

prop a gation. 

The streng th of glass varied very little lJ"i t~ glass 

compositions (4,5). 
In a dc i tion, static f e.tig u e 1-·Ias also common in 

g lass. Its breaking s tress loHered ·t-J-ith til-r1e-durati on an d 

repea ted load ing . Both s~ atic f~tigue and strength could 

be imp roved if t h mo isture in g lass coul d be r emoved. 

4 
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"Variation in the streng th of glass coupled ·t-.rith 

static fati gue, leads to long term practical tensile 

streng th of glass as low as 2000 psi. Using a safety 

factor of two, the usually used design strength of 

glass is about 1000 psi. But careful consideration 

of problems and desig ns can raise this limit to 3noo 
psi for an anne aled p~ocuct and up to 20,000 psi for 

a tempered product" ( 5, 7). 
According t o other sources (1,6), the strength of 

glass could be increased by removing large .surface 

flaws, prestressing and surface coating with different 

kind s of org anic compounds. 

5 



CHAPTER III 

SAHPLING 11ETHODS AlTD SELECTION CRITERIA 

In this project, o~ly the . v;ell designed compact 

bottles, from a recyclable standard stock having a 

capacity of 12 to 13 ozs., commonly kno1--m as ~!beer 

bottle" 1orere used. 

The . bottle samples used ~-~ere obtained from .a 

grocery' store. It had amber color, and 1-:as tempered 

in the lehr. Surface Has coat.ed for abrasion resistance 

and met t h e quality contro"i requirements during the 

manufacturing processes. Dimensions of the bottle are 

sho~m in Appendix A. 

It is known that the flaHs on the glass surface 

could reduce the strength of glass product 0c T:.n.erefor,e 

flaw intensity on t h e glass surfaces~ irrespective of 

trade marks and dates of manufacturing was considered 

for grouping th~ ?amples as sho1·m beloH : 

././.1 . 1r . ~ Normal bottles: bottles having no fla~..rs or 

irisignificant flaws on its 

surface(usually new, used 

bottles)e 

#2 - Slightly flaHed bottles: bottles having flaHs 

less than 2c5 mrn Hide and 

without any deep flaws. 

113 - Heavily fla-L"ied bottles: bottles having flat,rs 

rnore than 2. 5 nun v.ride and 

containing deep flaws. 

In addition to these three, neH-virgin bottles (bottles 

neHly obtained from the manufacturer) ·t-rere also. used tor 
testing and this group ·Has classified as iJL~ - Virgin bottles. 

Current proposed sampling mathod according to flaH 

intensity on the body is still in its early stage of deve­

loument and has not been Hell established, although a some­

what crude "Hodel'' using the "eo- ~cting fla"t·r" concept has 
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been su G" gested for use ( 12). 'I'he standard method o:f sam­

plitig according to ASTM (2) was not us ed for this project. 

Table 1 shoHs t h e distribution of samples in its 

category selected randomly from 10 cases containing 24 
bottles in each irrespective of make ( since chemical 

compositions had very litile effect on glass strength ). 

These shot-red an approximate ratio of' 3 ~4: 3 :for classes 7f1, 
#2 and #3 respectively. 

It is to reminded that there was no cracked or un­

returnable · bottles in the samples. It should also noted 

that Standard ASTH method of sampling Has relevent, since 

it Has meant only for in-plant sampling. 

CASE ://1 -HORI,IAL ''2 s 7:1 ~~ - • £I • #3_-H-.F. 

1 h 5 15 
2 6 9 9 
3 9 7 J8 
h. 19 3 2 
5 h 11 9 

6 5 17 ' 2 
7 6 13 5 
8 7 10 7 
9 5 12 7 
10 10 10 ll _ __...... 

'_;_'olial: 75 97 68 
Percent: 31. 2·5 ·;6 l.tO. h 2% 

I .... I 
28 ~3~-._.. I 

Table 1: Percentage Distribution of' Difrerent 

Bottle Sfuuples in Randomly Selected 

10 Cases of Compact Bottles 

7 



a) Drou Test : 

CHAPTER IV 

RXPERINENTAL PROCEDURE 

The appar~tus designed for drop test con-
- . 

sisted of tHo components (Appendix B-1 ). 
(1) The drop surface: This consists or a 

12"x12"x.25" steel plate, embedded in - an18"x18"x2 11 conc.rete 

base. I 

(2) The drop mechanism: This consists of a 

vacuum pump -that suppli~s vacuum (greater than -1 atm.) i:or 

holding - the bottle on a proper dr.'opping posit-ion _ above the 

centre o:r· the drop surface. The bottle sample for test t,ras 

held against ·a 3" diameter rubber stopper(having a 5-11 hole) 

·t-:hile the stopper 1·Jas connected to a glass tube- that provided 

.the vacuum. The other. end of t h e glass _tube 1-Jas connected by 

a vacuum tube 1.·1hich ·supplied the desired vacuurn - from the 

pump_. The rubber stopper Has .supported against the side. qf 

a ring on the horizontal bar by means of a compressed helical 

spring. :fue stand scaled at 6" interval allowed vertical -move 

·ment for the horizontal bar for diffe~ent drop h~ight needed 

for the tests •. A 3-way ~: stopcock Has located in the vacuum line 

· ror the steady -drop control. 

The test sample of 75 Normal bottles ~-\]"ere - used f'or AI~~IH 

determination using the statistical design called "up · and 
. f - . . 

do\·mrr method of sen·sitive testing (Appendi]( B-1). The 

resulting values are expected to produc~ a curve similar to 

Fig. 4. Next 100 bottles each in -3 other sample groups tvere 

dropped at the determined Al"lli for relative strength vs f~aH 

intensity evaluation. 

b) Thermal Shock Test : 

An autor11atic Thermal Shock Testing 

machine Has used for t h is -test(App endix B-2). Initially, 

among the tHo tanks available, the first one v1as fill.ed 

Hith ;;-Jater for hot bath,at 145°F, 't·.Jh ile t h e other Has 

filled with cold water at 70°F. Five bottles from each 

8 
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sam.ple Here placed upright on the basket and ·t-:ere slovJly 

loHered into the hot bath and Here cornpletely filled and 

soaked in hot Hater for a predetermined tirn.e of 5 minutes. 

The basket was then transferred to the cold bath after 30 _ 
secon d s (15 to 60 secs. rang e) of exposure to air during 

the transfer period. After irnmersing in the cold bath for 

30 seconds, th.e basket Has lifted up to examine for crack 

and failure. Percentage of failure expected should be zero 

at 75°F in order to. meet the ASTM Standard. The above 

procedure Has repeated by setting hot bath temperature at 
: 0 0 

an increment of 5 steps, up to 185 Fo Each time the 

breakage percentage 1,;as recorded. 

c) Impact Test : 

The cora.mon swing typ_e ha.'1ID1.er pendulum 

im.pact machine, SCaled· Hith Veloc1ty of strike and avai­

lable energy, was used to test a total of 10 bottles in 

each group (Appendix B-3 ror machine specification). 

To perforr.1 the test, a bottle r.-ras placed 

in a fixed position such that the pendulum strikes the · 

~ample base at a velocity of 20 ins/sec.(equivalent to 

.1.07 in-lbs of available energy) 

"VJlien the bottle didn't break, it Has 
0 turned 60 .to a new· position of strike 't·ihile the pendulum 

Has readjusted to give an increment of 2.5 in/sec. for the 

velocity of strik e. This 1-;as continued progressively till 

breakage occurr~d. _Impact energy require-d for break vs the 

. f1R'd intensity relat-ionship vJas then examined using the.· 

datas collected. 

·d) Internal Pressure Test : 
' 

The r&~p or internal pressure 

testing machine, equipped ·Hith a digital readout for the 

pressure ·Has used (Appendix B-4). The bottle for test Has 

partially fil1ed vJith vrater and suspended from its "bead 

of finish" but not clamped. Eydraulic pressure ·Ha s applied 

-vilien t h e bottl e was fully filled a nd sealed until t h e 

breakag e point 1./nen t h e p ressure T.-.ras recorded. Hi gher limi t 

9 



for pressure was set at 350 psi. Atotal of 50 bottles per 

sample group \ .. rere tested • .:fith t n e data obtained, ultimate 

internal pressure at brea.:age vs the flaH intensity rela­

tionship was studied. 
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CHAPTER V 
RESULTS Al-ID DISCUSSION~ 

a) Drop Test : 

For the drop test, PJ-IH ·Has calculated 

using· the tabulated data sho't·m beloH: 

Table 2 : Frequency o~ Break Datas 

HEIGHT .NUl'lBER OF BOTTLES I Nill1BER OF BOTTLE: 
Ft m THAT BREAK I DON'T BREA.I( {NO BREAK) 

2.0 0.610 3 I 0 
1.5 0.457 10 2 
1.0 0.305 ( 25 10 

·o.5 0.152 . :~> Q __?5. 
TOTAL: 38 - 37 

S~nce uno break" 
rrno break" is a 

is 

less 

less than 

frequent· 

11 break", . therefore 

event, and its value 
was used. 

Table 3 .. ANH Data • 

i n. in. 
l l 

3 
2 0 0 
1 2 2 
Q ·r'; 10 0 

N = 12 A= 2 

From the Formula, 

X, A1vffi = y + A/N + _{ 1 /2 } d . 

Using "no break" dat as, 

X, ANH = y + A/N - (1/2)d 

~ 1 + 2/12- (1/2)(1/2) 

= 0•92' (11!!) 

:Energy at break at AHH 
- 11" x 8.)/16 ibs 

= 5.84 in-lbs. 

11 



Bottle S?JUples dropped at t h e arithmatic mean height 

(Ar·LB) gave the follo\ving result: (Appendix C-1) 

Table u 
Percentage Failure of Different Sample 

SAI1PLE S.AI•'lPLE DROPPED AT Al':IH (11") 
No DESCRIPTION 

BREAK( ~ ) NO- BREAK ( >b ) 
..ll1 1t NORHAL 50 50 
1'2 tf SLIGHTLY FLA~dED 56 44 
''3 7f HEAVILY FLA\:JED 62 38 
''4 7-f_ I VIRGIN 2 98 

R~erimenta~ results in Table 4 indicated that at 

the AHH of 11 ", only 2 %_ of the virgin bottles broke. ­

About 6.7b increase in breakage 1·Tas seen for sample #2 
and 12% for #3 was obtained based on ·expected 50:50. 
This meant that the .relative strength of glass loHered 

drastically at first ·use and decreased slov;ly as tp.e 

flaH -intensity increased due to subsequent handling and 

repeated use. Obviously, increasing surface flaws was a 

weaken~ng factor for the strength of glass, and the 

.initial minor fla\-.rs 1-·Jeakened the virgin sample in an 

exponential fashon. Fig. · 5 shows the Height-Percentage 

Breakage relationship. 

b) Thermal -Shock Test : 

Result of thermal shock test ·in 

Table 5 gave zero .failure .for all" sarnples testede The 

maximum thermal shock temperature -differential was 95°F, 
this surpassed the minimum of 75°F temperature differential 

o.f ASTN Standard by 20 degree~. The significance of this 

was that the t~ermal shock failure could not occu~ under 

various changes in temperature conditions during hand~ing 

and processing . 
) 

No effort 1~ras made to determine t h e ultimate 

differential for bre2kag e since above 95° of diff~rential 
was seldom encounter e d in practice. Perhaps, interested 

12 
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reader could investigate · the differentials for break o~ 

each sample to complete t~e picture. Fig .6 assumed the 

thermal shoc k failure curve for higher temperature 

differential. It . Has interesting to note that at f2.ilure, 

the relative strength was one. 

Table 5 
Thermal Shock Test Results 

TEHPERATtJRE ~F 
HOT BATH COLD BATE 

1L~5 70(2"1°0) 

150 70 

155 70 

160 70 

165 70 -

c~ Impact Test : 

TEHPERAT"lJRE FAILURE -IN 
DIFFERENTIAL(°F) PERC ENr, % 

75 (4_2°0, Std. ) 0 

80 0 

es 0 

90 0 

95 0 

Irapact test data, each value represent.s 

the mean for 2 bottles (Table 6). 
Fig. 7 sho""·rs the range of' impact energy 

required for break age f ·or each sarnple, arranged· in a 

descending order_. Irn?act resistance curves followed an 

order of #4, #1, -#2 and #3 i -ndicating clearly that · the 

impact- re si stance of bottles decreased vJi th incpeasing 

flaw intens i ty •. This decrease ·Has n ore severe frorn 

virgin to normal bottles. 

The ultimate impact energy curve of Fig.8 
,constructed t·Tith the means of Table 6, shoHed that the 

impact resistance of bottle decreased 1-ri th increasing flaH 

intensity in an 

im9 act strength 

h 71 -~ 1 d muc as 4-.?o an 

exponential 

from. virgin 

from normal 

manner. 

sample 

sample 

The sharp decrease in 

to normal sample ·t-ras as 

to slightly flaHed 

sample, it Has 53>s. The energy required for impact breakage, 

rang ed from 1.5 to 15.7 in-lbs proving that flaw intensity 

of indefinate sizes, density and orientations obviously 

pl ayed its role in 1-·Jeakin g the streng th. of the container. 



Table 6 
Impact · Energy of Breakage of Bottles 

SA1.,1PLE-BOTTLE STRIKING VELOCITY AVAILABLE EHERGY -

(AVERAGE OF 2) (in/sec.) in-lbs) 

#1~- 1 75 8.2 
2 62.5 5.6 
3 55 4.4 
4 ···65 6.1 
5 52.5 4.0 

He an= 61.96 Tv1ean=~.6A s.D:1 .66 

''2 ff -- 1 45 2.9 
2 51.75 3.8 . 
3 50 3.6 ./ 

4 45 2.9 

5 u.1.25 2.1.t8 
Ne an= LL6.6 Ne an=~ .1 U. S.D:.SS 

' 

fJ3-- 1 45 2.95 
2 45 2.95 

3 40 2.3 

4 38.75 2.15 

5 32 1.75 
He an= ·u_o. 75 ll~Tean=2 .Lt2 s.D:.S2 

tL4 Tr -- 1 90 11 • 7 I 

2 97o5 I 1L~.6 

I ·3 82.5 9.85 
4 . 92.5 12.45 

5 90.25 12.~2 

He an= 90.55 Mean=12.21 S .D: 1 ._71 
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An attempt was made to relate the impact energy of 

break-fla'tv intensity curve (Ultimate Impact Energy Curve) 

to a meaningful mathematical function in an exponential 

form. It Has found t hat the relatiQnship to ok t h e .form; 

where, 

S - C ex 
V V -------------(a) 

Sv =Impact · Energy at breakage 

C · = Con~tant, lowest mean energy for breakage · 
V 

= 39 in-lbs (for compact bottle value) 

x =.,::-FlaH intensity, continuous variable 

Limit : 0 = x ~ 1 

Assuming fla1--r intensity as a continuous variable, the 

equation (a) could fit the exnerimental data. 

Therefore, flaH intensity 11x 11
, applicable . to equation . 

(a) for the different samples used in t h is ·project had the 

folloHing values: 

,-.. - ,. • - . ~r . . . -

SAJ1PLE No 

#4 
#1 
#2 
:fl3 

Table 7 
Flav-r Intens"i.tv value 

V 

SANPLE DESCRIP.TION 

VIRG I 1{ BOTTLES 

NORHAL 
. SLIGHTLY FLA!,rJED 

FLA~J INTENSITY,x 

.5 to 1.0 

.25 to ·.s 
0 to .25· 
X- 0 

X The resulting curve of S - C e as sho'tm ~it well on · 
V V ~· 

the ultimate impact energy curve \·Jithin the domai:n of . x. 

Thus it could be concluded that the impact energy 

required to break glass containers took t h e form of equation 

(a) t-rith the values of C and x varied from. one lc ind of 
V 

containers to anoth er. 

19 



' 

! 

l 

' 
: 

: 

~/ 

: 

I 

I 
I 

I 

i 

1 
I 
I 
l 

J 
I 
I ·. i 

~ 

d) Internal Pressure Test 
Exnerimental results for 

internal pressure breakage of all the samples ·Here 

tabulated in Table 8. Each value representing the mean 

of 10 bottles are sho~m (Appendix C-3 for details). 

Table 8 
Internal Pressure At Breakage 

SA1·1PLE-·BOT1'LB PRESSlJRE AT BR2AKAGE 
("p h .Gac Bottle Rep.1 0 values) (psi) 

#1--1 212.3 
2 ' 227.3 
·3 218.2 
h 218.3 
5 241.6 . 

mean =223.54 

i.~2-~1 '185. 7 
2 176.3 
3 183.6 
4 .184.5 
5 190.1 

- 181-t-.04 mean 

' :' ~--1 
· I _/ 142.7 

2 141 ~s · 
3 .. - 147.8 . .... ~ · ·· 

lt 146.6 s 152.9 I 

.. 

=14.6.3 -mean 

"J•--1 32.5.0 . I -t-' " 
2 350 

~ 

3 350 .. 

h. 350 
5 359 

mean 350 
.. 
··'set limit 

• 

l 
., 

I 

I 

I 
J 
I 

I 
I 
I 

··· l 

: 



Fig.9 shows the range of ultimate internal pressure 

required for failure for each srun. le, arranrred in descending 

order. Internal pressure resistance curves followed the 

descending order of #4 , # 1, # 2 and #3 and proved t _at the 

internal p ressure resistance of bottles decreased with 

increasing fla'\-J intensity. The decrease "lvas also v ery severe 

from vir 7in to normal bottle. 

Hithin the set pressure limit for the .experiment, virg in ·· 

sample exceeded t h e normal srunple in n1ean resistance by at 

least 35f . Variation fro1n sample #1 to 1/3 Has fairly uniform 

Rnd is eaual to 20}S decrease in each case. This again in­

dicated that the decrease in t .e internal pressure resistance 

Has of an exponentia~ n~ture, as could be seen in _Fig.10 

(Ultimate Internal Pressure Curve}. A si1niliar exponential 

function as before was obt -ined: 

'\...rhere, 

s p 
c 

p 
X e -------------(b) 

=Internal Pressure at brealag e 

Constant, lowest mean internal 

pressure at breaka e 

11.~5 psi (for compact bottle) 

x = Flaw intensity, continuous v riable 

Limit : 0 ~ X ~ 1 

assuming that t l e flalv intensity as a continu ou s variable, 

the equation (b) could f i t the ex_ eriment 1 datE:t-­

Therefore, flaw intensitj x had the following values 

dorresponding to the different- sample used in the 

experiment: 

Table 9 

Flaw intensity v a lue 

SM1PLE No 

d-~4 11 

-#1 
·ll2 .. . 

!!: 3 
•I 

SAIIP L E DESCRIPTION 

VIRGIN BOTTL ;:s 

NOHNAL 
SLIG ~rrL Y _ LA \·JED 

HEAVILY FLAHED 
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The curve of S = C ex \-ras also dra1·m to fit the 
p p 

Ultimate Internal Pressure Curve, as shown in Fig.10. 

Thus it was found that the internal pressure 

required to break the glass containers could be obtained 

for all the other kind of containers using equation (b) 

if the CP values are knovm. 

Th_e shapes of fragments and characteristics of 

breakage_ due to internal pressure and impact failure -c.,iere 

examined using t h e taped broken bottles obtained from the 

aforesaid tests. ·-=.~The differences 1-:ere shovm in Fig.11. 

Hirror like surface indicated a rapid .fracture at the 

Heakest point, · or at t h e centre .folloHed by rapid .crack 

propagation Hhich resulted in forming such cracks typical 

to internal pressure failure. Impact failure caused many 

chunk-like fragments to .form around the point of .impact . 

Outer t h in slivers were also t h e result of rapid crack 

propagation t h at originated from t h e failure point. 

"Hll. r<" 11 • ..l f.="'-.. . • 

Bottle Failure Pattern 

I 
l 
I 

INTERNAL PRESSURE EXTERNAL IMPACT 



CHAPTER VI 
Sill{t-:IA.BY AlfD CONCLUSIOI,;s 

The AHH, at wh ich '50~ of the No~nal bottles broke, was 

.found to be 11 inch es, Hith the energy of 5.84 in-lb for 

breakage. Dropping at t h e determined AJ:TI-I, t h e de se ending 

order· of f$-ilure . of 2~, 50% (Norraal .sample.), 56% and 62% · 

_respectively Here- obtained for #4, f/1, tJ2 and .#3 groups_. 

This indicated that t h e relative st.rength of bott·le lowered 

t-rith .f.laH intensity in an exponential .form. 

The impact energy required for breakage ranged .from 

1o5 to 15.7 in-lbs, Hhile the internal pressure requirement 

rang ed from 146 .psi to 350 psi and more. According to the 

.Bret-rery Association, impact resistance o.L 1. 8 .in• lbs (30 

in/sec) or mor~ and -minimum internal pressure resistance of 

175 psi Here. con.sidered satisfactory. This meant that highly 

fla-'1-Jed bottle ·Hith :fla1·J intensity o.f x=O was beloH the ASTr•I 

Standard requirement and couldn't be reused. 

Bothtthe impact resistance and internal pressure resis­

tarice decreased exponentially vith increasing flaw intensity, 
. . 

x, and t h e required impact energy and internal uressure at 

- f~ilure were -found to - follow the relationship: 

S · ) = C { ) ex (v,p .v,p (from equation(a}+(b)) 

All samples Here able to "t-ri t h stand. the t h ermal shock 

temperature differential of 95° (in °F), Hhich -v;as 20° higher 

t h an t h e ASTr"I Standard's r11inimum of 75°F. 
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APPE!'-IDIX B 

B-1 ---- STATISTICAL DESIGN 
B.:..2 ---- THERHAL SHOCK rrESTIEG NACHINE 

B-3 ---- I NPACT T~STING HAC EINE 
B-4 ---- INTERNAL PRESSURE THESTIN EACHINE 
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B-1 : STATISTICAL DESIGN 

The determination of AHH employed the statistical 

design o.f 11.up and do"t·m" raethod of sensitive testing. 

At the initial Heig~t of drop, if a bottle broke, 

t h e next bottle was dropped at a heigh t o.f an in~erval 

lower. If the bottle was not broken, then the next ~rop 

would be at · an. interval higher. This procedure l·.ras 

repeated for all bottles. 

Ari ExarnD 1 e: · 

a). l?roc edure :. 

At a suitable height o.f 4', a bottle Has 

placed in its _ p~oper position by using vacuum. Using 

the 3 ways stopcock, the vacuum was released t o _&tmos­

~heric pressure, t hus_ allowing steady upright drop of 

the bottle onto t h e -centre _of t~e metal drop surra6e. 

··Ths above procedure was ~epe~ted acco~ding 

to the above design, t~ll _all bottles ·Here tested. 
-

The interval between the adjacent · heigh~ 

at drop , d, HaS 2 1 . 't,Ji th height ranging from 0 to 15 1 • 

For each drop height, t h e numbe~ _of"break 11 

and 11no-break" bottles Here recorded and tabulated as 

sho~-m: 

HEIGHT 

10 
8 
6 
·4 
2 

. . 

NO OF BREAK 

2 
22 
11 

2 
-o 

TO'I'AL: 37 

NO OF NO~BREAK 

0 
2 

23 
11 "• 

2 

TOTAL:38 

·rhe above· values must conform 1rrth the folloHing:. 

(1) ~ 'I'he · number of break s at any g iven heigh t 

must bo equal to, ·more t r-~an or one less than the number 

of Eo-br e ak a t a heigl1t of one interval lo l·ier. 

(2 '}. If a bottle broke at 2 1 , then t h e next 

bottle 1-.rill be recorded 8_s No-brea'k at 0 1 and i s 

con si dered orouer to set aside as if it had been dropped. 

i 



If the total of breaks is less t h an t~e total o.f do-break, 

~hen the "Breakrr is referred t 9 as rr Less Frequent Event". 

On the contrary,then the " No-break " is t h e "Less Frequent 
Event". 

The data of t ~~e "Less Frequ ent Ev ent" ~·!ere t hen tabulated 
as rolloHs for AliH determination. 

~·ihere, 
i = 
i = 

n. 
l -

A -

i 

3 
2 
1 
0 

o, 
0 

1 , 
is 

break 

n. in. 
l l 

2 6 
22 44 
11 11 

2 0 -
U=37 A=61 

2, 3 etc 
for the loHest height 

start to occur 

f'requency of break (number 
at each level of i 

sum of in. 
l 

at which 

of bottles) 

N - total bottles in less rrequent event 
b.). Calculation of the Ari thmatic J.1ean Height (i\.lvlli) : 

\·lhere, 

Therefore, 

X= y + A/N ~ (1/2)d 

y = lowest height at which Less Frequent 

Event occurs, ft. 

X AHH, ft. 

2 + 61/37 " + {1/2)(2) 

4.65 ft. 

ii 
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B-2 : TriER1·1AL SHOCK 'I'ESTING HACBINE 

The appara~us consists of essentially of a basket 

for holding the glass containers, two tanks, one for 

holding hot ·Hater v.rhile the other for holding cold 

}.Jater, and are timed mean for inL.11.ersing and trans.ferring 

hhe basket from hot bath to the cold bath. 

The ·temperature -of each bath was maintained qr 
a device Hithin ~ 2 (°F) of the sp~cified temperature, 

and the temperatures Here indicated on a dd:al thermometer. 

Any speci.fied temperature could be set manually. · 

Both tanks had the S Et.me size~ The capacity of. each 

tank Has 20 gallons of Hater "Yiith 20 lbs. of glass 

materials approximately. 

rrhe machin.B- :is sho1-m below. 

_.4t -~­
~ -L~-~-- .. 

Automatit Thermal Shock Te-sting :'\hc.hine 

iV: 



B-3 : IHP ACT TESTING l:IACHINE 

The machine used has the following features: 

a) It is a common SHing t·ype hammer pendulum mpact 

testing machine. 

b) Radius to the strike face = 11 9/16 ins. 

c) Radius to centre ~f gravity = 9.41 ins. 

d) Pendulum weight= 1.35 lbs. 

e) Scale Readings : i) Strike Velocity 0 - 500 ins/sec. 

·i ii) Available Energy 0 - 46.15 iq~lbs. 
f) Adjustillent for ·various size bottle sam~ples. 

g) Nanual control .for any setting of velocity o:r energy 

required .for strike. Progressive increments of 

velocity and energy are -also done m2nually. 

V 



B-4 : INT~""'R 1\ AL PR ESSURE TESTI NG 1'-iACHINE· 

The .. machine employed Hater as t h e Hor k ing fl ·uid. The 

pressure pump s.upplied a uni:forril pressure during testing .. 

The apparatus consisted of a fork-like holder on which 

the "b e ad of finish" of the bottle 1-~as susp ended, a manually 

O~)erated resilient sealing raember :· 1·Ihich acted Hi th the 

sealing surface of the container to retain the pressurized 

medium d~ring the period of test and within t h e centre of 

the sealing rnember Has a glass tube. Initially, this glass 

tube supplied water to fill t h e container, then fluid 

pressure Has app lied internally in a prs>gre~sive manner 

· till the container failed. 

As t h e internal p ressure increased, t h e digital coun­

ter g ave a continuous pressure readout till t h e set pressure 

of 350 psi (in this p~oj ect) was reached. If t h e containe~ 
didn't break at this limit, h igh er limit could be set. 

Tb e pressure readout at breakage v1as equ i v a lent to the 

test pressure for a one minute dura~ion. Pressure required 

at any duration could be obtained using the relationship: 

\·Jhere, 

Example; 

t 

- (?.97 '* 1.53 
1 o.69 

log t) P .. 
)_ 

--- - -(c) 

duration or test (3 to 60 secs.) 

P60 digital reado u t pressure, at 1 min. duratlon 

P. - actual pressure at desired duration 
- l 

At P60 = 100 psi, a 3 secs. pressure Pi 1-1ould be 

P - -: p ., ( 7. 97 + 1 • 53) '1 3) .~ 
3 sec s • - " 6 o~( . 1 0 • 6 9 -"\: . og 1 

123 psi. 

vi 



APPE£IDIX C 

.C-1 a---- DATA FOR A}lli DETEPJ"·1INATION 

:; _1.b---- DETAIL DATA OF SPJ.-IPLE DROP AT Mlli 

C-2 ---- EXPERII'·'IENTAL DATA OF I HPACT TESTING 

C-3 ---- EXPE'Ril'IENTAL DATA FOR I NT&-q l·JAL PRESSURE 

TEST 
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C-1 a: DATA FOR Al :LH DETERHINATION 
( NOR1YIAL SA1-1PLE ) 

r- --
HEIGHT .BREAK(-YiN)TBoTTLE -r.ro] HEIGHT BREAK(Y/N) 'BO'TIJJLE No 

l 
I 

1 2 (ft 36 I .s I 11 yes n 
I 
I 2 1.5 37 I 1 y ' y I ,. 

3 1 no 38 .s n I 
4 1.5 39 

I 

1 y I n I 
5 1 40 I .s y Y . I 

I .s 6 n 41 I 1 y I 

I ' 7 1 42 .5 y n 
i .s L~3 8 n ! 1 y 
I 9 1 y 4L~ .5 n 

' 10 .s I 45 I 1 I n ! y 
1 I ~6 . 

I .s 11 y j n 
I .s 47 I 1 12 n j y I 

13 1 y 48 I .5 n ! 
14 .s n 49 I 1 y 

15 1 y so .s n 

16 .s n 51 1 y 

17 1 n 52 .s n 

18 1.5 y 53 1 y 

19 1 n 54 ' .s n 
I 

I : 20 1.5 y 55 1 y 

21 1 y 56 .5 n 

22 .5 n 57 1 y 

23 1 y 58 I .5 n I 

24 .5 n 59 I 1 n 

25 1 y 60 I· -1 .s y 

26 .5 61 ! 1 
I 

n 
n 62 j 1.5 y I 

1 63 ! 1 27 n I y 

1.5 64 .5 n 
28 y 65 I 1 y 
29 1 y 66 .s n 

.s 67 1 y 
30 n 68 .5 n 
31 1 y 69 1 n 

.5 
70 1.5 n 

l 32 n 71 2 y ' 

33 1 n 72 1.5 n I 

34 1.5 73 2 y 
y 74 1.5 y I 

35 1 y 75 1 n I 
I 

.:. -- --~- - - ~-. .. 

i 



C-1 b : DATA . OF SANPLES DROP AT AJ.'ili OF 11" 

(y =break at ANH of' 11" 
n = no-break at AivJH) 

BOTi'L EHo I S.A1·1PLES l'.Jo BO'I'TLE 
,_ 
i'~C 

~ _lL2 
tr ·#3 .-!~L~ ,, ~ . :~2 

i.r -

1 I n -.. n 51 I n .'! 

2 "V y n 52 i V 

I " I ... 
3 y ~T n 53 n oJ I 
~ 

i n n n 5' I n ,, 
'- r· 

I ~ n y n 55 y ? I , y n 56 0 ·n I y 
7 n y p 57 I y 
8 y n ti 58 I n 
9 n y n 59 y 
10 n y n . 60 n 

·/ 1 : 

11 y y n 0 n 
12 V n y 62 n V 

13 y y n 63 .n 
1 I, n y n 6LL y ~ 

15 1Jf n n 65 y 
16 n V n 66 n V 

1 7 y y n 67 y 
~8 y y n 68 y 
19 y n n 69 y 
20 y y · n 70 y 
21 y y n . 71 n 
22 y n n 72 y 
Z3 n y n 73.. .n f'- . 
~ ~ ; y n n . 74 y ~~ 

::>= n n n 75 n --"· 

26 V n n 76 n " 
27 n y n 77 n 

•"'- 28 V -g. n 78 y .., 

29 y n n 79 - n 
y n 80 "') .'} n y ;·_.-- 81 -.-'! y y y · v · j l 

" .. . 
82· 

. """ ,..... y y n y <.-" _..;-
-.- n n · n 83 n .; .... 
_.!_./ 

. - ~ V n n 84 y ~ ~ :· ~ 
: . _r-,- .., 

. • "'\!"""' y y n - 85 n ._.., 
~.,.,-

-. ·' 
;JO n n n 86 n 
13.7 y n ri 87 n 
3·::: ·- · y n ·n 88 n 
39 n y n ·89 y 
40 n • n n 90 y 
l.L1 n y n 91 n 
42 n y n 92 y 
~3 n y n 93 n 
44 n y n 94 y 
45 y n n 95 y 

4 -6 y y h e6 y 
47 .y y n 97 n 
~9- - ' - . ~. -y y ·. · n 98 ·· ... ·- y 

y y n 00 n s·o ,I . ' .. 

":y y n 1 0 ~· n 

ii 

SAJ.IPLE No 

_.'13 
lt 

_.:!_4 
tr 

· y n 
n n 
n n 
n n 
y n · 
n n 
y n 
y n 
y n 
n n -
n .n 
y . n 
y n 
n n 
y n 
y n 
n n 
y n 

y n J . 

y n 
y n 
y n 
y n 
n n 
y n 
n ·· n 
y n 
n · n 
n n 

~ 

b y 
n .. n 
y n 
y n 
y n 
y b 
Y . n 
y n 
y n 
·-y n 
y n 

n n . 
p n 

y n . 
y n 
n n 
n n 
n n 
-y ·b . . . 

n n 
y n . 



C-2 : _EXPERIHENTAL DATA OF I HPACT TESTIJ>IG 

S 'T·o- .__...,,., ·o .t .1..1 ·u ·' J 1:.t --- • o - e ' ..:. • .. ~ _, . , :-- .LJ u l..J 1;-o STRIKil~G V2LOCI·:ry A- r r TL \"Br .,., \~ .. cl ~~ i r J_J_2, i.;"IT ERG Y. 

~ ( in/sec.) (in-lbs.) 

#1-~ 65 6 
- 2 85 10 .!~ 

3 60 5.2 
4 65 6 
~ ,..., ..J 1.!..4 ;> _:,;, 
6 55 4.4 
7 70 7. 
8 60 5.2 
9 50 3.6 
10 55 . 4~4 . 

~!2-1 !P5 2.9 
2 45 2.9 
3 52.5 4 
4 ~0 3.6 _./ 

5 50 3.6 
6 ~0 3.6 
7 45 2.9 
8 45 2.9 
9 47.5 3.2 
10 35 1.75 

#3-1 40 2.3 - 2 50 3.6 
3 50 3.6 
1..L h.O . - 2.3 
5 4o 2.3 
6 b_O 2.3 -

7 .. . 37.5 . 2 . ~ - - -s l.LO 2.3 
Q G2.5 1,5 .I 

10 37.5 2 
•· 

;;t4-1 B5 10.5 - 2 95 12.9 
3 95 12.9 
4 100 14.3 
5 80 . 9.2 
6 85 10.5 
7 105 15.7 
8 80 9.-2 
0 Bo 9.2 / 

10 105 15.7 
• 



C-3 : DETAIL EXPERIHENTAL DATA FOR I NTERNAL PRESSUR:: 

TESTS ( Values in psi ) 

I 
Bottle No ·114 -; t 'L1 fr 1/2 .!13 ;t 

1 350 233 163 146 
2 350 214 1 0/ 121 /0 

3 350 172 176 1 Lr1 r 

4 325 213 195 128 
5 . 350 222 167 147 
6 350 192 164 135 
7 350 174 187 183 " (p 350 244 221 128 .· 

' 

9 350 186 184 145 10 350 273 20~- 153 
1 1 350 18L~ 189 126 
1 2 359 235 161 130 1 3 325 273 133 169 
14 - 350 270 157 137 1 5 - 210 148 148 1 6 - 227 161 123 1 7 - 214 199 ~61 1 8 - 212 159 1_51 1 9 - 230 201 143 20 - 218 203 127 -
21 - 176 184 125 22 - 243 174 188 23 - 232 191 134 a4 - 187 168 163 25 - 226 165 136 26 - 204 152 125 27 - 227 210 147 28 - 225 164 c;144 29 - 264 167 132 30 350 198 233 18h. 
31 

, . _ ... 

189 1h8 - 174 32 - 249 198 171 
3 3 - - 211 22'1 139 
34 - 163 195 149 35 - 301 156 122 

36 - 211 159 129 
37 - 199 204 152 38 - 243 247 1 71 

39 - 193 181 128 
40 - 224 206 131 41 - 239 162 177 1_~2 - 240 173 12$ 
43 - 255 174 147 44 - 261 152 138 
45 - 190 205 140 46 - 264 210 132 
47 - 278 191 1 tb9 
48 - 202 255 172 49 - 200 188 1)8 so 350 287 210 136 

iv 



APP E:NDIX D 

ASTH DESIGNATION LIST USED 

1). Standard Drop Test For Glass Aerosol Bottles 

-- ASTH D-3071 
2). Thermal Shock Test On Glass Containers 

-- AST1·f C-149 
3). s·tandard 1·1ethod Of Internal Pressure Test In 

Glass Containers ASTH C-147 --
4). Standard Hethod Of Sampling Glass Containers 

-- ASTH C-241+ 
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