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(i) 
PRUFAOE 

This is the fifth of a series of reports to the Water 
Research Foundation of Australia Limited on an investigation 
into the use of plastic films for seepage control in farm dams 
and small reservoirsi 

This research programme was commenced early in 1957 and 
was substantially completed in I96I, Some handling tests and 
long-term durability trials are continuing. 

The investigation was supported by grants from the Water 
Research Foundation of Australia Limited, which were made 
possible through the generosity of Imperial Chemical Industries 
of Australia and New Zealand Limited. It was initiated by 
Professor J,P. Baxter, Vice-Chancellor of the University of 
New South Wales, 

Valuable assistance in this study of the properties of 
plastic films was provided by officers of I.C.I^A.N^Z, Limited, 
Moulded Products (A'asia) Limited, Plastalon Limited and 
Freydis Limited, v/ho made samples of film and welds available. 
The co-operation of Professor M, Cxbaiken of the School of 
Textile Technology, University of New South Wales, v/ho lent 
the facilities of his testing laboratory, is gratefully 
acknowledged. 

Laboratory studies in connection with the plastic membrane 
research programme were made at the Water Research Laboratory, 
Manly Vale, N,.S,W» The programme is under the direction of 
Mr^ J,R. Burton of the Laboratory Research staff. The 
mechanical tests reported in this paper v/ere conducted by 
Mr» T«R, Fietz, who was then a Research Pellov/, Mr. Fietz is 
now a member of the Laboratory Research staff. 

H,R, Vallentine 
Assoc, Professor of Civil Engineering 
Officer in Charge of the Water 

Research Laboratory, 

January, 1962, 
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(iv)' 
SHEPAG-S CONTROL WITH PLJ^STIG IICMBRANSS : 

REPORT NO. 3 

PHYSICILL PROPERTIES OP AUSTRALIALT 

PLASTIC I'LIINB SUITABLE 

FOR DAM LINII^. 

Summary: This report describes the results of physical 
testin^^ carried out on Australian-made polythene and polyvinyl 
chloride films to determine their suitability ror use z-.s dam 
liners. Tests included tenbile, tear and burstin^i strength 
tests on new materials and matc^rials exposed to sunlight for 
varying periods up to 2 years. Tensile and tear tests were 
conducted on a variety of seams and weldy. The report also 
describes a simulated handling damar^e test and v/eather ageing 
tests4 

Tentative v/orking stresses are given for the materials 
tested. 



rCTION 

The object of the investigation was to examine 
the relevant î hysical properties of Australian-made plastic 
films likely to "be used for lining farm dams and irrigation 
canals in order to ascertain:-

(i) Working stresses for design purposes 
(ii) Variation of physical properties v;hen exposed to 

weathering agents 
(iii) The efficiency of various jointing tcchnigues before 

and after weathering 
(iv) Resistance to injury when subjected to a soil 

covering test 
The following properties were investigatedj-

(i) A,3,T.M, tensile strength, B.S. tear strength, 
Elmendorf tear resistance, bursting pi/essure 
of new and weathered specimens, 

(ii) A.S.T.M, tensile strength and B.S. tear strength on 
edge of v/eld for vcarious welds and seams for both 
new and weathered material, 

(iii) Behaviour of new material and various seams when 
subjected to accelerated wetting and drying conditions. 

(iv) Resistance to injury when subjected to simulated 
soil covering test. 

2. METHODS OF' I'SSTING 

The follov/ing testing techniques v/ere employed:- . 
2.1 A.S.T,M. Tensile Test:- All tensile strength and % 

maximum elongation at break tests were carried out 
according to A.S.T.M. designation D882-56T "Tensile 
Properties of Thin Plastic Sheets and Films", 
Method Bi (Ref.l), with the following deviations 
from thti code:-

(a) Laboratory conditions v/ere 7 0 a n d 63% Hel. Humidity 
cf. 73.4 F and 50% Rel. hamidity required. 

(b) No suitable apr)aratus was available for measuring the 
elongation of the gauge length under load and hence the 
grip separation was taken as the gauge length. 

All SDecimens were cut uaing a brass tê iplate 
and lino knife (See Fig.i), (specimen size long x 
1" wide) and tested in a "Baer" textile testing 
machine. Most specimens failed within the 0-201b. 
range on the machine v/hich read directly to 0.2 lb. 
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Y/hilst a few had to be tested in the 0-100 bis4 range 
which read directly to i To.. As the ma::, elongation at 
break was.100^o for all cases an initial grip separation 
of or 2-' and loading rate of 20" per minute was 
used» A recording load deformation device fitted to the 
machine was used to obtain typical curves for various 
materials« 

2.2 B.Sj 'Tear Testt- Tear tests v/ere carried out according to 
British Standard 1763, 1956. "Thin P.V.O. Sheeting (F'lexible 
Unsupported)" (Ref»2), The following deviations from the 
standard were necessary 

(a) The conditioning and testing temperature was 70 E, not 
73*k F as specified. 

(b) Specimens were cut using a brasg template and lino knife, 
not a die as specified. The 90 notch produced using a 
templfcite and a sharp knife was found to be quite sharp, 
however. 

The "Baer" te:.ctile testing machine used for tensile 
testing above was also used for tear strength tests. The 
loading rate was 11" î er minute. A sam.ple of polythene 
under test is shown in Fig. 2. 

2.3 Elmendorf Tear Resistance;- This test v/as carried out 
according t̂o A.S.T.M. designation D.689-44 "Internal Tearing 
Resistance of Pajjer" (Ref.l), using the "Baer-Elmendorf" 
machine. The following deviations from the code were 
necessary 
The conditioning and testing temperature v/as 7o'̂ F, , 
The work scale on the machine was graduated in gm. cm. x 10 ̂  
not in units of 1/l6th of work done as specified. The 
Elmendorf machine is shown in Figs. (3) and {k)• 
Bursting Test;- The b. sting strength and height of dilation 
at failure were determined using a "Frank" textile testing 
machine with an orifice area of 10 sq.cms. and a loading 
rate of 1. A photo of the machine is shown on Fig, (5), 
A.S.T,M. Tensile Test of Seams and Welds;- Specimens with 
the weld or seam running normal to the direction of pull 
and situated equidistant from the two grips were tested 
according to method (1) above. See Pigs. (6) and (9) 
showing various welds and seams under test. 

2.6 Tear test on Edye of Weld;- These were carried out in a 
similar manner to (2) above with the 90° notch r̂ iaoed on the 
edge of the weld. 

Ssi 
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2.7 Accelerated WeatberinR Test;- A concrete weathering 
macbiiieT used at the Concrete Technology section of the 
University of New South Wales was empioyed to test 
the relative durability of film specimens of various 
thickness and several types of joints• The follov/ing 
cycle of wetting and drying was being used in the 
machine at the time of test:-

Samples flooded with tap water 
Tank empties 
Time lapse for drainage 
Heating by infra red lamp © 
Time lapse before flooding 

27 
3 
1 

26 
i 

mins» 
mins, 
min. 
mins. 
min. 

6o mins. 

2.8 

2.0 

A fev samples of various^membranes were also exposed 
to infra red lamps (î  2kO for 5 minutes and the effect 
noted. 
Test to Simulate Gov •>rinp: of Films v/ith Soil in the 
Field;- This test w~as carried out using the apparatus 
shown in Fig. (iO) where one cubic foot of soil 
consisting of 75^ of river sand and 25^ of f̂ ^ crushed 
basalt was dropped from, a height of ^ ft. onto a sample 
of plastic membrane rusting on of^sand. A pinhole 
test according to 3,3. 1763; ^956 (.-ief.l) was then 
carried out to detect an̂ r puncturing. 
Microscopic Sxamination;" Several specimens were examined 
under a lov/ poY/er (6x) microscope using both reflected 
and transmitted light. 

3. DETAILS OF IliTERlALS TESTSD 
Material Test Used 

colour 
.008̂ '. 

(1) I.G.I. *Visqueen' Polythene. 
Blackj(contains 2% carbon black) 
thickness .0015''% .002'% .006'' & 
New material. 
(2)Moulded Products *Nylex* 
Polyvinyl-chloride (P.V.G.) 
Thickness .008", new material 
(3) I.G.I. Black Visqueen .OOî -, 
exposed at dam at Horrox* farm, North 
Richmond, N.S.W, on sides and bottom, 
of dam for k months. Not covered with 
soil. 

A.S.T.M. Tensile 
B.3. Tear Slmendorf 
tear. Bursting. 
Pinhole examAnation 
after soil 
covering test, 
Micx^oscopic 
examination. 
Behaviour at 
elevated t emper-
ature and accel-
erated Y/e^thering 
(for (1) and (2) 



M a t e r i a l 

(¿4-) A s a b o v e , u s e d a t Ou^^en, V i c , 
e x p o s e d f o r 1 2 m o n t h s ; N o t 
c o v e r e d v / i t h s o i l i 
( 5 ) B l a o k ' v i s Q u e e n * ,008^ ' t h i c k 

T e s t U s e d 

u s e d f o r s i d e s and b o t t o m o f dam a t 
C h a r l t o n , V i c . o r i g i n a l l y c o v e r e d 
w i t h s o i l b u t had b e e n u n c o v e r e d 
when s a m p l e was t a k e n ^ E x p o s u r e 
t i m e 2 3 m o n t h s , 
( 6 ) P l a s t a l o n h e a t Y i e l d on b l a c k 
V i s g u e e n p o l y t h e n e . T h i c k n e s s e s »002^% 
¿ O O i " , - . 0 0 6 ' ' and New m a t e r i a l 
( 7 ) M o u l d e d P r o d u c t s e l e c t r o n i c v/e ld 
on N y l e x P . V . C » " T x h i c k n e s s . 0 0 6 ^ ' , new 
m a t e r i a l . . 
( 8 ) P l a s t a l o n h-eat w e l d on b l a c k 
V i s q u e e n P o l y t h e n e , t h i c k n e s s .004^' e x 
K a r r o x * dam. 
( 9 ) F r e y d i s h e a t v / e l d on b l a o k 
V i s q u e e n p o l y t h e n e . T h i c k n e s s e s ,00^}.'% 
. 0 0 6 ' ' and . 0 0 8 " , new m a t e r i a l . 

( i O ) F r e y d i s t a p e seam on b l a c k V i s g u e e n 
p o l y t h e n e , t h i c k n e s s e s .00/+"^ . 0 0 6 " and 
. 0 0 8 " , new m a t e r i a l . 

A . S . T . I v u T e n s i l e * 
B . S . T e a r M i c r o s c o p i c 
e x a m i n a t i o n . 

A . S . T . M i T e n s i l e . 
A . S . T . M i T e n s i l e on a 
s p e c i m e n p a r a l l e l and 
a d j a c e n t t o v / e l d i 
B . 3 . t e a r w i t h 9 0 
n o t c h on odae o f w e l d * 

A . S . T . M , T e n s i l e 

T S S T M S U L T S . ; 

i + . l . A . 3 . T . M , T e n s i l e S t r e n g t h and % Max . S l o n g a t i o n a t B r e a k . 

Sample 
L o n f ^ i t u d i n a l T r a n s v e r s e 

U / T . S . ^ E l o n g * . n . ^ . E l - o n g ^ n R e m a r k s 

A . New M a t e r i a l 

P o l y t h e n e b l a c k . 0 0 2 " 
" " .OOl i - " ' 
" " . 0 0 6 " i 
" " . 0 0 8 " ? 

P . V . I , g r e e n , 0 0 8 " | 

B . W e a t h e r e d M a t e r i a l ^ 

E x . H o r r o x dam , . 0 0 i + " 
'' Ouyen dam .OOij-" ^ 
" C h a r l t o n " . 0 0 6 " ^ 

2270psi.; 135% 
i 8 5 0 p s i . i 2 2 0 ^ 
i 6 9 0 p s i . ! 330% 
l 8 2 C p s i i 33S% 
2 2 i 0 p s i . ; 3 6 0 % 

I 8 3 0 p s i . j i20>^ 

1 6 8 0 - p s i . ' 28 

2 6 0 3 p s i ¿156^ 

! l 6 1 + 0 p s i 
' i 6 6 0 p s i 
i20Ì4-Opsi-

1 9 6 0 p s i 

5 3 7 ^ 
337^0 
458^0 

190^0 
D i r e c t i o n 
d o u b t f u l 
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U.2 Tear Streiigth and k.3 Elmondorf Tear Resistance 
Sample B.S. Tear ngth ¿ilmcndü 

T;.;ar Ro sLt 
A. Hew Material 1 
Polythene black .0015̂ ' ; 468lb/in 482 lb/in i 

.002" • 441 SI 353 187 gmg . OOlx" ̂ 394 il 340 " 1 666 " • 

.006'* ; 433 ;t 383 " 1 656 " ; 

.008" I 435 Ü 372 ' 980 " ! P.V.O. Green .008" : 256 u t 275 St 1399 " ' 
B. Weathered Material , } 
Ex, Horrox dam .00A|" 434 if 1 455 t; ^ 310 " " Ouyen " .004" 416 i ,. Direction 
" Charlton .008" ^86 tt ^ Doubtful 

Bursting Strength and Height of Dilation at Break 

Sample Bursting Pressure 
on 10 sq.cm» orfice 

A, Nevv Mat,erial' 
/ 

Polythene black ,002" kg/cm' 
^006" .1.614- " 
,008" .2.265 " 

P^V.C. green .008" 3.42 '' 
B. Weathered Material 
Ex liorrox Dam .OOU" ;0.82 " 

Height of . 
Dilation a ti Remarks 
Failure j 

6.65 ram. ! 
8.3 " I 
Ö.73 " , 
10 " ! 
29 " 

{ Small cut 
' opened. 

NOTE:- Valve setting of 1 (one) Tor all bursting tests. 



k.^ A. Tensile StrenMth of Welds and Seams 
3ample , ü.T.S» % Slong'n. Remarks 
A, New Material 

Spec, parallel to " 

Spec,parallel to '' 
Plastalon .008" black P 

Spec,parallel to " 
P.V.G, .008" Slectronic 
Spec, parallel to " 
5'reydis ,00ii" tape seam. 

Black P 
Spec, parallel to above 
Freydis ,006" Tape 
Spec, parallel to above 
Freydis ,008" Tape 
Spec, parallel to above 
Freydis ,004" wold,Black P 
Spec, parallel to above 
Freydis ,008" weld 
Spec, pax'allel to above 
Freydis ,008" clear \7eld 
Spec, parallel to above 
B, Weathered Material 
Plastalon ,00̂]." ex Horrox 

P. 1895 psi. 1 298% 
1805 

1 
psi, ; 316% 

p. 1626 psi. ' 273^ 

1715 psi. 1550 psi. 

1670 psi, 
2090 psi. 
3220 psi. 
2014-0 psi, 
2020 psi, 
1770 psi. 
1680 psi, 
1630 :JSi. 
1̂1.95 psi. 
17ii0 psi. 
1850 psi 
97Ó psi 
1510 psi 
966 psi 
1548 psi 

1880 psi 

k^lfo 

253% 
288^ 
179^ 
; 179^ 
311^ 
505^ 158^ 
310% 
29;̂  
238^ 
30^ 
359^ 
30% 

U-25 

W/o 

Failed on Edge 
of '̂ eld. 

¡Failed when 
I necking 
reached weld. 
Failed when 
necking 
reach weld. 
Fail'dd on 
edge of Y/eld. 

Failed on 
edge of weld, 

(Failed v/hen 
'necking 
reached weld. 

4,6 B.S. Tear Stren̂ >:th on Sdp:e of Weld 
Sample B.S. Tear Strength ' Remarks 
A, New Material I 
Plastalon .004" Black P. 326 lb/in 

,006" " 342 tt 
,008" " 362 It 

P.V.G, ,008" Electronic 295 it 
B, Weathered Material 
Plastalon ,004" ex Horrox 333 ! 



km7 Accelerated Weathering tests^ A. Using V/Gathering Machine 
Sample Sxposure Remarks 

Hours Submerged Hours Keatud 
Black Visqueen .002" 
.OQli-", ,006" and ^005" 
thick 115 1i0 To visible change. 
Also P.y^C. Nylex .008'» thick 70 65 iio visible change. 
Plastalon and ITreydis 
tape seams. 

The above tests will be continued until some change is apparent. 
3. Tests at Elevated Teir/.̂ eratures. 

The appearance of Polythene and P.V.C, samples after 
exposure to infra red lamps at 2kO for 5 minutes is shown 
in Fig. (II). 

The P.V.O, T/-.IS unaffected while the polythene was rendered 
useless for any sealing purposes. The thinner the polythene 
sheet the more holes produced by the elevated temperature. 

i|..8 Test to Simulate Covering of Films with Soil in the Field. 

Sample ITo. of drops 
from 

^ Elong'n at 
time of pin-
holo Examin-
ation. 

Black Visqueen .002" 1 39 Black Visqueen 1 U 21 
.006-» 2 20 3 to k 
.008-' 2 20 3 

Nylex P.V.C. .008" 2 20 1 

km9 Microscopic Sxamination 
The light source available v/as not bright enough to 

penetrate black polythene of thickness ,00i+'' and above. 
Some light was transmitted thus the black polythene .002" 
thick, however, and streaks and spots of carbon black were 
clearly visible. Some light T/as also transmitted through the 
green P.V.C. .008" thick, and the material appeared to be 
homogeneous. 



section, Figs^ (12) and ( 1 3 ) . " 
Olixu 

5• DISCUSSION OF TEST lŒl̂ ULTrl 

S j J Derivation of Working Stresses for Design Purposes 

5>11 Lining^ farm ponds and irrigation canaJLs 

Typical load deformation curves indicate an ultimate 
extension of about 350^ in the lonp.itudinal direction and 
about 500% in the transverse direction for both pol^-thene 
and P .V .G . (at normal room temperi^ture.) For polythene 
most of this eloni;ation occurs^at creep ^.fter the^lJ.T.L. 
is reached, whereas a more linear load-deformation curve 
is produced by P .V ,G , 

It is conceivable that cracking due to drying shrinkage 
could occur under some dam liners, in which case the liner 
would be forced, by the hydrostalic pressure above, into 
the crack. Polythene, due to its initial stiffness, would 
be more^ suitable than P.V.G. in resisting such deformation, 
but both materials Y/ould be capable of considerable distortion 
before failure and subsequent loss of v/ater from, the dam, 

5*12 Flexible dam walls, flexible water tanks and other 
structural applications. 

Kinney (Ref,i+) states that " In general, creep considerations 
eliminate plastics from consideration as material carrying 
primary stresses and restrict their application to those in 
v/hich 
p ) The materials carry secondary stresses only, or 
( 2 ) the materials need only to be self supporting." As 
plastic films have already been used structurally in this 
country ( e . g . in con;iunction r/ith A .R .C . mesh to form silo 
walls and floors) it is considered that further research is 
needed before the above quotation is taken as read. 

In the absence of comprehensive creep tests at normal 
and elevated temperatures, the creep detected in the A.S .T .M. 
tension test (especially that of polythene) would indicate 
that a conservative factor of safety is necessary if the 
materials are to be used for primary stress apxDlications. 

A tentative factor of safety of 3 is suggested on the 
U .T . S . derived from the A .S .T .M. tension test and this would 
yield a v/orking stress, f̂ ^ of 



Material Working Stress f^ 
LoHRitudinal Transverse 

Remarks 

Black Visqueen 56O psi 
Thickness .002" 
to .008" inclusive 
Nylex .008" 7kO psi 

350 psi i/3rd of lowest 
U^T.S, in range 
¿002" to .008" 

680 psi 

When the above stresses are used then all of the 
v/eld and seam types tested ax'e satisfactory, with the 
possible exception of the Freydis heat weld for thicker 
films, 
5«2 Variation of Physic.al Properties of Polythene with 

Sample Exposure 
Time 

+ 
Variation of Property W.R.T, New Matl. 
U.T.Si ; % Max Slonghi; B.S. Tear 

Bursting 
Press 

.00i4" ex Horrox 
• OOi;" ex Ouyen 
.006" ex Charlton 

k months 
12 months 
23 months 

I 
+ 5fo 
-15.2, 

-27% 

It is important to note that the above variation 
figures apti based on test results from batches manufactured 
at a later date. Keeping this in mind, thz obvious 
variations are the reduction in % elongation at break for 
all specimens and the reduction in bursting pressure for 
the sample from. Horrox* dam (due to L:any small razor like 
cuts which reduce the thickness of the film). 



M l i ' i o i e E S y o f Y a r i o u s J o i n t i n / ^ T e c h n i q u e s 

V a r i a t i o n o f P r o p e r t y V / . R . T . N e w M a t l . R e m a r k s 

U . T 4 S . % M a x . E l o n g ' n . B . i B * T e a r o n 

e d g e o f v / e l d 

t 

P i a s t a l o n W e l d n e w ! + 3 $ ^ - 5 . 7 / 0 

) 

i "ii-.V/o 
H ¿ 0 0 6 " " ! 

i 0 0 8 " " ! 

- 1 / 0 
H ¿ 0 0 6 " " ! 

i 0 0 8 " " ! -0^6% - 3 8 . 3 ^ - 2 . 7 / 0 

P l a s t a l o n e x H o r r o x - l i ^ - 1 9 ^ - 2 6 . 8 % 

P . V . G . E l e c t r o n i c . 0 8 8 " n e w ^ - 2 i 3 % 
- 3 7 : ^ + 7 * 3 f o 

P r e y d i s t a p e . 0 0 l } . ' ' n e w + 1 0 . 3 ^ - 1 8 4 6 ^ 0 

. 0 0 6 " " + 7.9% - 7 3 ^ 

" . 0 0 8 « * » 

P r e y d i s w e l d . 0 0 / + ' ' n e w 

u i t , 0 0 8 " •'kU2fo -9k. 5% j 

T h e V a l u e s o f % m a x . e l o n g a t i o n a n d t e a r s t r e n g t h 

f o r n e w m a t e r i a l v / e r e o b t a i n e d f r o m d i f f e r e n t " b a t c h e s t o t h o s e 

u s e d f o r m a k i n g t h e w e l d a n d t c - p e s a m p l e s . C o m p a r i s o n s h e t v i / e e n 

s a m p l e s f r o m d i f f e r e n t b a t c h e s a r e o f d o u b t f u l v a l u e , h e n c e t h e 

a b o v e f i g u r e s s h o u l d n o t b e t a k e n a s c o n c l u s i v e . 

5 m h C o m p a r i s o n o f P r o p e r t i e s o f P o l y t h e n e a n d F . V . G . o f S i m i l a r 

N o r m a l T h i c k n e s s 

P r o p e r t y . 0 0 8 " B l a c k P o l y t h e n e 0 0 8 ^ ' P . V . G . 

U . T . S . L o n g i t u d i n a l 

U . T . S . T r a n s v e r s e 

% m a x * e l o n g * n l o n g 

" ' ' t r a n s . 

B . 3 . T e a r s t r e n g t h l o n g . 

' ' ' ' t r a n s . 

E l m e n d o r f t e a r S t r e n g t h 

B u r s t i n g s t r e n g t h 

H t , o f d i l a t i o n a t b r e a k 

B . S . T e a r o n e d g e o f 7 / e l d 

N o , o f p i n h o l e s a f t e r d r o p 

R e s i s t a n c e t o i n f r a - r e d t e s t 

l a m p s @ 2 i + 0 P . 

1 8 2 0 p s i i 

1 6 6 0 p s i i 

5 3 7 % 

¿ 4 - 5 3 l b / i n 

3 7 2 l b / i n 

9 8 0 . g m s . p 

2 . 2 7 k g / c m ^ 

1 0 m m 

3 6 2 l b / i n 

3 / f t V c i r o p 

M e l t s , h o l e s a p p e a r 

2 2 1 0 p s i 

2 0 i | . 0 " 

3 6 0 / 0 

2 3 6 l b / i n 

2 7 5 l b / i n 

1 3 9 9 g m s . 

3 . ^ 2 k g / c m s 

2 9 m m . 

2 9 3 i ' ^ A ^ 

1 / f t y d r o p 

S o f t e n s b u t 

w i l l n o t r u n . 



Difference in the proporties of P^Y.O. and polythene 
of similar nominal thickness were not great. P.VtC* v/as 
superior inU.T.3*, Elmendorj? tear resistance, bursting 
strength and dilation v/hile Polythene was superior in % 
maxi Elongation, initial stiffness and B.3. Tear strength, 

P^V.C» is more flexible than polythene and hence 
v/ould "be more easily installed and less likely to damage 
when covered by soil« The possibility of migration of the 
plasticiser in P»V.C, y/hen exposed to natural weathering 
agents should not be overlooked, and some investigation on 
this is necessary, 

6, G.ONCLUSIONS 
6.1 Working Stresses for.Design Purposes. 

a. The maximum elongation at break for the polythene 
and P4V.O, films tested indica tes that they Y\fould be suitable 
for lining farm ponds and irrigation canals when small earth 
movements are to be expected^ 
b. A significant property of the films tested was their 
anisotropy. In general a higher U,T,S. and B,S, tear strength 
was evident for the longitudinal direction, while a higher 
% elong'n was observed in the transverse direction. 

The properties tested were also found to vary from batch 
to batohi 
c» The figures quoted for structural design in the 'Results' 
section are tentative only and should not be u.sed where there 
is any possibility that failure of the structure would cause 
life and property loss. A series of creep tests at normal 
and elevated (say about 150 P) temperatures at about l/3rd 
U.T.S. would be necessary before such films could be 
confidently used structurally. 
d. As there is no machine available locally for testing film 
at elevated temperatures, the manufacture of the inexpensive 
bench mounted tension testing machine shoY/n in Fig. is 
recommended. When used in conjunction with a hot air blower 
the machine would be capable of testing the properties required. 
6.2 Vaj?j.ation of Physical Properties when Exposed to 

Weathering 
6,21 Natural Weathering 

As the properties of the exposed samples v/ere compared 
with those derived from new material of later manufacture it 
is difficult to arrive at a confident conclusion. The 
following changes following exposure in the field were 
indicated, howevers-



AU/ Tiie ¡̂  max, exongation at failure was considerably reduced« 

(b) Very sni&cH razor like cuts in the eiK:posed nieiiibrane 
from Horrox* Dam reduced the "bursting strength by 
about 4rd. These cuts were probable caused by the 
flaky rock particles on v/hich part of the liner rested. 
It follows that it is essential to cover the bottom 
and sides of a dam to be lined with sand or some other 
material which can be readily smoothed. Some tests 
using sawdust for this purpose would be worthwhile. 
As there are few material weathering test results 
available, it is recommended that exposure racks for 
both exposed and buried samples be set up at the 
following places in Hew South Wales:-

(i) Bilanly Hydraulic Laboratory:- This would represent 
the County of Cumberland, 

(ii) Armidale or Alstonville:- I'ew England or North Coast, 
(iii) Orange: Central west 
(iv) Griffith: M.I.A^ 
(v) Broken Kill: Far West. 
A suggested design for exposure racks is shown in figs.(15) 

and (16), Control samples would also have to be stored at 
standard conditions and tested simultaneously with the exposed 
tuples« 
6132 Accelerated Weathering:-

No apparent changes v/ere detected by visual examination 
of the samples placed in the wetting and drying machine. These 
tests will be continued until some change is obvious. 
6»3 The Efficiency of Jointing Techniques before and after 

Weathering. 
The plastalon weld, freydis tape seam and freydis weld 

for polythene and the electronic weld fot P.V.C. were all of 
adequate efficiency for dam sealing work. The % max. elongation 
at break was considerably reduced for most cases, particularly 
the Freydis heat weld. This means that extreme care would have 
to be exercised in installing a liner fabricated with Freji-dis 
welds - it may not be economical to take such care. 

The B^S. tear strength on the edge of most welds was not 
a^reciably reduced, except those welds taken from Horrox dam 
'̂ l|>osed 4 months), where the tear strength was reduced by about 

? V̂ m This was probably due to the many stress reversals caused 
wind action. The 3 to k inch overlap left by some f.-bricators 
assembling a membrane appears to have a detrimental effect 
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in practice as it tends to flap in the wind and eventually 
tears away along the edge of the weld^ An overlap of or 
less would appear adequate. 

There v/as no apparent change in the weld and seam samples 
exposed to accelerated weathering conditions in the wetting and 
drying machine. 

Resistance of IVlaterials to In.iur.v when sub.iected to a 
soil Covering Test> 
These tests demonstrated that thin plastic films are very 

prone to damage "by the impact of soil^ P.V.C, ?/as more suitable 
than polythene of equivalent nominal thiclOiess (being more 
flexible and hence able to assume the shape of the underlying 
surface) but even this material would be punctured if soil were 
dumped on it from a tipping truck. Polythene below ,006»' thick-
ness should not be used v/here it is intended to dump soil on it 
from a height of i+ft, or more, 
6^5 Items for further investigation 

The following research would aid the evaluation of thin 
plastic films as dan liners 
(a) Long terra tests on exposed and buried samples 
(b) Trials to indicate resistance to root penetration, 

marine 'organisms, eels, yabbies and fish, likely to be 
found in farm dams and canals, 

(c) Trials to indicate chemical resistance to soil 
sterilizers if it is decided to eliminate plant growth 
in the vicinity of the liner, 

(d) Investigation of the effect of dumping and spreading of 
covering soil on membranes. Covering of the membranes 
initially with a crust of cold emulsion and sand may 
permit a fairly vigorous soil covering operation, 

(e) Some tensile and tear tests at elevated temperatures 
O-ikely to occur under an exposed membrane in western 
regions) are necessary. Also a fatigue test of various 
joints at elevated temperatures v/hen exposed to a wind 
which causes them to flap is necessary. This appeared 
to be one of the contributing causes, to the failure of 
the liner at Horrex« dam, 

(f) Testing of newer materials such as P»V,0, Laminated 
with terylene cloth and Teflon (Polytetrafluoroethylene) 
should be attempted. The latter is extremely chemically 
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inert and very strong« Membranes of er.trerne thinness, 
may "be practioaiole usinc teflon. 

(g) Some tests to determine the optimum "batter required on 
a dam wall to enable a thin plastic film to remain 
covered v/ith sand are required» 
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?ig« 1. Templates used for cutting test specimens* 



B.S. tear test on Polythene, 



Fi^.3* SL̂ iendorf Tear Testing; Machine set up ready for 
testing. 



31cionclorf Tear Test Completed. 



The "I^aril:" "bursting strength testin¿J Machine. 



Fig.6. Plastalon weld imdor A.S.T.M. tension test . 



Fig.7# l^cydis tape scam imdor A.S.T.':, tension test. 



Fig.8. Frcydis weld under A.S.T.M, Tension Tost, 



P.V.C. Electronic v/eld under A.S.T.K, tension test. 



Pig, 10, Drop "box apparatus used for soil covering test. 
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Fig.11 
Plastic samples after exposure to 

infra-red lamps. 
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initially 3" lonr x 1" v/id3o 

PROPOSZO jWCB TJOUTiTSD TENSI02Ì TESTIIT̂  mCllim 
FOR THIN PLASTIC METvIBRANSS. 



9L/&-
BLACK POLYTHORA PS VEOI 

' oo^" OOS" / - / r 

? I ' 7 / V 

^ FMÜIS @TCO 

! i 
I / I 

JU 

— ^ / J : 

i 
« 

P ^ ^ G Q ^ J I M I N ETO 

R» 

ISREV.VOLT 

h 

ÖJ 

F» UNI-'^OIIATC^ ETC« 
! \ 

SSCTIOÜ A=A. 

FL/JI OY SPACIMI2II LOTIITXLIG PALI:5L. 

[;XP0SÜLTI5 MCAC F-JR V/ÜLATIMUITG T I ^ T S OH PLASTIC FILLLS. 

F I A S I 5 . 



Black Polytherio ^̂  

JL.-JV/i.uL-Vj VXiv.7, 

PLAIi OF TRAY. 

Note : - Al l ourfaces to be painted with 1 coat 
o f "Silver^jlow" aluminium iDaae paint 
"beforo orootion» 

NOT TO SCALE, 

^Perforated etcc 
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