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PACIFIC SOUTHWEST REGION=AMERICAN CEMENT CORP., 1500 RUBIDOUX BLVD., P.O. BOX 832, RIVERSIDE, CALIF. 92502 (714) 683-3660 

M r .  L. D. Miles 
Miles Associates 
P. 0 .  Box 4740 
Washington, D. C. 20020 

Dear M r .  Miles: 

Enclosed i s  t he  f i n a l  repor t  on bags submitted by 
our Packhouse Value m i n e e r i n g  Team. 

We d id  receive word back t h a t  t he  Sales Department 
took a good look a t  the  draf't of t h i s  repor t .  

We would appreciate any comments you might have on 
t h i s  study. 

Sincerely yours, 

Pacif ic  Southwest Region 
AMERICAN CESIENT CORPORATION 

JAH 11 
enc . J A. Herring J 

Plant Engineer 

cc: CWBush 
RCEntorf 
F i l e  
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INTER-OFFICE CORRESPONDENCE 

RIVERSIDE DIVISION :AMERICAN CEMENT CORPORATION May 14, 1969 

To: 

From : 

Subject : 

R. C. Entorf 

J. A. Herring 

Packhouse Value mgineering Study 
Cement Bags Project 2-3451~2-25 

Attached i s  the  bag section of the Packhouse Value Engineering 
Study. Though there  are  no actual  recommendations i n  the re -  
port ,  t he  recommendation i s  made here t h a t  we take a very close 
look a t  t he  moisture bar r ie r ,  and a t  embossing. 

Though t h i s  report  completes the  study, the project w i l l  remain 
open and as recommendations of t h i s  study are  implemented they 
w i l l  be handled as subsections of t h i s  project.  

JAH 11 
attachments ( 3  page&) 6. A. Herring, Coordinator 

MWBlack BGPres ton 
CWBush JPRoberts 
RSFlynt RWSearle 
PGFryer ENShull 
WAFranz NFTShurr a,ger 
COHall MDSmith 
JLHendrickson *WRTrudgen 

*REKyche JVarren 
AHm2aJ-l CAW0 0 d 
MfJlertens F i l e  2-345 
WENitze V2-25 
NPeckham 
RBPeterson +LDNi l e  s 
@Pet z a r  Miles Assoc. 

+a r t i c l e ,  "Water Va r Transmsslon 
Through !? acks and Sack papers" attached 



PACKHOUSE VALUE ENGI-ING STUDY 
BAG SECTION OF REPORT 

Page 1 of 2 
&Y 14, 1969 

The following i s  the  report  on the bag sect ion of t he  Packhouse Value Engineering Study. 
I ' 

Due t o  the impact on sa les  of any vaxiation i n  our packwing and as there  were no se les -  
men on our Committee t h i s  report  mkes no recommendations. This study developed and pre- 
sents  information which controls bag cost  so t h a t  aesthet ic  factors can receive current 
evaluation. 

Based on the 1963 forecast  t h i s  year we w i l l  spend approximately $550,000 for  bags, not 
counting the export order. A fbnctional breakdown of t h i s  cost follows: 

Basic package------------------------------------- $340, 000 
Additional s t rength of package-------------------- $ 69,000 
Embossing f o r  antiskdd properties----------------- $ 12,000 
Moistwe barrier----------------------------------t *,104,000 
One-color identification-------------------------- $ 23,000 
Second color fo r  identification------------------- $ 1,400 
Semi-bleached outside ply fo r  sa les  promotion----- $ 7,000 
4th ply added s t rength (white only)--------------- $ 8,000 
Larger s i z e  bag (p l a s t i c  and gun plastic)--------  $ 10,300 

The cost of the  basic package i s  based on a two-ply bag, both plys being 1/70 base 
weight standard Kraft with f i l l i n g  valve. This, i n  the  Committee's opinion, i s  the  
l e a s t  expensive package capable of containing cement. 

Going t o  a three-ply bag with the  two inner layers of 1/50 base weight and an outer 
layer of 1/60 base weight a l l -extensible  paper fo r  added strength. Of the  $69,000 
$36,150 i s  the cost  of the  ex t ra  20-base weight which gives added strength against  
tearing. The remaining $32,609 i s  fo r  t he  extensible paper which gives added 
strength against  ins ide  pressure and impact. 

Bags were or ig ina l ly  embossed t o  provide ant iskid properties, with the  cost  assumed @ 
t k 3 a g  supplier. Then the  supplier decided t o  pass along the above addi t ional  cost  
t o  US. Enbossing r a i se s  the  a v e r ~ g e  s l i p  angle of the  extensible paper sack from 32.3' 
t o  33.5'. Since t h a t  time, hovever, the  en t i r e  surface of the outer bag is t rea ted  t o  
give it ant iskid properties a t  no added cost. This treatment gives extensible paper 
an average s l i p  angle of' 37.0'. The average slip angle of extensible paper, embossed, 
and t rezted is  38.0'. It i s  accordingly suggested t h a t  e~boss ing  and i t s  $11,000 an- 
nual cost be given close scrutiny. 

Approxirately two years ago we added t h i s  moisture bar r ie r  t o  our b w  cost w e  a r e  to ld  
essent ia l ly  because our competition did and it was then considered e s sen t i a l  i n  order 
t o  avoid sa les  loss .  

It was found however t h a t  the  bags couldn't be f i l l e d  - blew up l i k e  balloons - so t o  . 
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f a c i l i t a t e  f i l l i n g  we found it necessary t o  have 
approxinately 800 on 1" centers over i t s  en t i r e  
without passing on added charges t o  us. 

openings 
surface, 

bhrch of' t h e  ex t r a  cost  which now goes i n t o  t h i s  expensive 

lanced through the  bag, 
which the  supplier did 

ba r r i e r  is  thrown away 
by the  800 holes Reference i s  made t o  paper by R- L. Reeves & W. E. Kilgore en- 
t i t l e d ,  "Water Vapor Transmission Through Sacks and Papers". 

We s t i l l  occasionally have cement returned t o  us because of moisture penetration. 
More prudent use of t he  $104,000 m y  c a l l  fo r  d i f fe ren t  action. Some feasible  al-  
ternati.ves t o  our present course f o l l o ~  : 

Alternative I The use of minipoly coating would reduce cost  by $22,000/~ear and 
a f t e r  s imilar  punching of holes probably provide essent ia l ly  the  
same bar r ie r .  

Alternative I1 Ship cement i n  bags without bar r ie r  during the  dry summer months, 
May through September. Ve ship 495 of our bags i n  these f i v e  months 
which would mke a saving of $63,700/~ear. 

This cost  seems t o  be t.rellerortZl the  expense as  some neans of rapid ident i f ica t ion  
of types i s  necessary and with our present method we a l so  receive an advertising use 
f ac to r  from t h i s  expense. 

A l l  but $200 of t h i s  cost  i s  fo r  the  second color on our white cement bag. The func- 
t i o n  here i s  t o  provide a d i s t inc t ive  package t o  promote sales  of white cement. I n  
the  case of t he  $200 which i s  the second color on our rapid takeup gun p l a s t i c  sacks 
the  function i s  ident i f ica t ion  trhich could be taken care of by using a d i s t inc t ive  
shade of green from the  green of our regular gun p l a s t i c .  Though t h e  savings here 
probably do not warrant a change due t o  t h e  low volume shipped t h i s  second color cost 
should be taken i n t o  account on future  new products so tha t  w e  do not get  caught with 
a two-color package on a high-volume l ine .  

The function of t h i s  item i s  t o  provide a d i s t inc t ive  package t o  promote the  sa l e  of 
white cement. 

Fourth ply added s t r e x t h  fo r  white cement bags------------------------. 6 8,00Q/~ear 

Tne function of t h i s  ex t ra  strength i s  prest ige.  b7e have a more expensive pres t ige  
product so we put it i n  a more expensive bag. Does the customer 'mow t h i s  i s  a s t ron-  
ger b w ?  

The function of the  larger  s i ze  i s  t o  contain the product; p l a s t i c  cement i s  l e s s  
dense than regular and gun p l a s t i c  has the  asbestos added t o  it. 

JAH 11 
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COST PE3 

&sic  package 
Inside ply 1/'(0 base weight standard Dart 
Outside ply 1/70 base weight stsnaard maft 

(including f i l l  v s h e ,  etc . )  

Strength increase% 
Inside pljr 1/50 base weight ex-teosible 
Second ply 1/50 base veight extensible 

Kraft $6,320 
Outslde ply 1/60 base weight extensible $5,700 

Antiskid 

Antiskid c o ~ ~ t i n g  (outside ply) 

Embossed (outside ply)  

Moisture bzrrier  
.75 mil film larLnated t o .  2nd layer 

Iden t i f i ca t ion  

Advertising 

One-color printing 

Second color printirg; (white only) 

Semi -bleached outsiae  p ly  (?~h i te  only)  

Gun plastic 

Plastic 

White only 
&-ply 1/50 base veight extensible (25d) 



- + T rr=,,,-a:.-r, - t-7% : :. ..qy - q - -- . . -$& ..Tyi.*T7w:4 -J. 
, , *** ; :.- *: .;:, ? p i  SHTPI~~ITS BY Y"Q ITT ~&LI,IORS OF SACKS :. .: . . . a .  

t " 
. I  - . L 

(not including e:iport order ) . 5. ' 

** . . . , . a 

Y e a  R e ~ u l m  Block P la s t i c  Gun Plas t ic  XGun P l a s t i c  
s Vhite Total  

190'9 
Forecast . 

Function c o s t / ~ i l l i o n  M i  lli ~ n / ~ e a . r  Cost 1969 

Basic Package 

Strength 

Anti skid 

Moistbre Bwrier 

Iden t i f i ca t ion  ( 1  color)  

Advertising (white & X G U ~ )  

Semi-bleached (vhite only) 

Vnite only 4-ply bag 

Larger Sacks 
Gun 

P l a s t i c  



Slide angles of various =aft ?zyers 1-rith and p r o c e s s i a  for antiskid charac- 
t e r i s t i c s  : 

Average 

AVEMGE 
PAPEX SLIDE ABTGLE 

so:: Extensible 32.3" 

5 ~ ;  Embossed extensible 33.5" 

5@ Standard Waft  rr/antiskid coatiw 

50$ ~ e n s i b l e ; ~ / e n t i s k i d c o a , t i n g  

5077 W o o s  sed extensible wlantiskid 

moistwe vapor trans~ission rates for most of the coc1,xonly 

Asphalt 2 4  

used barr ie r  p q e r s :  

These figures constitute the  rnzxinmn average vzpor 

permeability a t  705 R.H., 100' F. &00 in.  2/21; hrs. 

JAY 11 
5-1-69 



' A BELLIDLE n m n s  for detcrnlining 
witer vapor tran~n1is4011 ratcs through 
converted papers m d  mu1 titvall 
sack3 requircs productiolr machine- 
m d e  samples, filleil with the matcrial 
rrctuslly p x k n ~ c d  and stored under 

_ _  __- -  speci!kcl condit.ions until 3 condmt  
rate of moisture gain is recorded, which 
asua1I~- requires npl)rosimstc:jr IS days' 
storage. It h35 been found that mois- 
ture penetration, as recorded by this 

-method, tcnds to correhte more closcly 
m6th field performance of rnuIti\mlI 
b3g3 than any other means of measur- 
ing- water vapor transmision rates. 
Thu is attributed to two reasons: 
(1) The test specimens have aimost 3I.I 

' 

the charactcXstics of the commercial- - 
~ ~ - @ ) - T ' &  prodiet T5Gd-& --the 

. act& material packaged. Thus, any 
side reactions that may occur in the 
field often occur under the accelerstcrl 

- storage couditions, and since normally 
- s w e r d  diierent constnictions are 

tested, comparative concIu&-ms may be 
drawn. 

-- Xo-s3tGfactory met.lm-l has been 
derked for assimilating o i  Jup!ic3ting ----- t h e '  crea&nz. breakin~. 3rd irictional 

Water vapor transmission through sacks and sack popers is often of paramount 
importance to the muftiwall  be^ manufacturer and the bag purchaser for obvious 
reasons. Many disscrta tions hove been wriiten concerning wa ter vcpot 
permeaiion through unconve:ied coated and lcninatcd sack papers, unattached 
plastic films, and Icrnina~ed cnd coated plastic combinctions. There i s  a signifi- 
cant difference berween wcter va?or transmission rates of on unconverted 
barrier VS. a converted bcrrier. 0itt.a the ability of a coating to wihtand 
creasing and abrasion, plus stitching and .gluing of a muItiwal1 bag, i s  a more 
critical factor as far as succsssfuIly pcckaging the product than moisture penetra- 
tion thr~ugh the barrier ply. This paper i s  primarily concerned with moisture 
penetr~tion through barrier plies at  "vvinerable areas" of a gusseted nu& 
wali beg, such as slue seams, closure ends, and gusset crecses tested at 100•‹F - 
end 95% 'oH, plus a means for determining the moisture protection ntcessory for 
packaging a given product. 

the other. Gerlerat Foods WJT tc!t are sewn gusseted ope11 mouth, sewn 
metshod calls for 92% RH on one si& open (g~iwted) mouth (flat tubed), or 
of the_.gan~plc and less than 5% on the sewn valve. -- - 
other, at  100•‹F. Most irivc.itizaton The problcm of nioisture pen-:tra- 
accept the basic theory of the water . tion through the seivn open mouth 
vapor yenetrati~n nlechsnisrn ~5 that (flat tube) has heen practicalIy elimi- 
of activated tli@?io~l, with tl;c vapor mtecl z. far as the m;rnufacturin,rr 
pressuro difierctitid hctrvecn the two' dimcu!tizs are conccmcc1, by placing e 
different rclt~tivc iluniidities being the seam1e.ss pol~ethylerw t?:rt tube as the 
driving force ncruss the teat specimen. inner plg ant[ Iiea sczIiilg (thermal or 
In  gusst!tcd muIti~vaI1 sewn hags, the dielectric) the tube Aove the sewing 
pnsszgc of n!oiiture throu$ threads, line through the krnft side ~ a l l s .  
unprotected a res ,  and sheet cleforma- The bag user se& the top end likervise, 
tions ndi1.s significnntly to cIie rate of after filling. Nany carload shipments 

drag that  The mult i t~-~l l  bag tuber's 
formei blsdes impart to  harrier plies 
situated 35 th2 inner (barrier side 
facing inward) or outside ply (coatell 
side facing outrwrd). The estent of 
damage b a barrier ply mag be grc:it 
or little, and depends on the overaI! 
bag constnictior, 1ubricmr.i used on 

- thesh-ect (when .. l&ioat.ii :LS the inner - 
ply), type oi  i;l. .. ply ;&tion, draw 
rolk, web teu=.+ etc. Bec~use of 
these variables, the pre3ci.i ;~ractIce of 
~t-du3ting a bnrl-:er ply .,; its water 
vapor tr-mi: .,. : 011:'. , LC'& in thc 
ran, SO t o  spc:.! rather than by its 
WIT rating ~ i - . - r  the =tres:es and 
Strains of COihv. . ..<, is ntjt cfirnpkely 

-- -tijfxto:y iu. iliujectin;. i d d  per- 
formance of i k  :. .:-!led ba;. 
By de.Snitic,.. .cater vtr? .: t r a n s  

rnSsion is tilc ..m of \vat(.: vapor 
pernestion through a barrier urlclcr ' 

- - - qecIEed mntI:-: . I . t ~ i t i  of tcmpclr;rtu:e, 
reI3:ive humidit. unit area sntl time. 

penetration tl&gl~ t11; bog as 3 whole. 
blethods commonly used in designing 

multirv=rll bogs for products requiring 
moisturc protection are trial and error, 
plus espericnce, which often invoIvw 
Icngthy warehouue storage tests of two 
or more constructions, and trial pro- 
duction orcier shipments. Gencrallz, 
these methods are quite conclusive 
in determining 3 satisfactory bag 
design and construction. Ilowver, 
they are espensive and time consuming, 
plus the fact that 3 bag deve1o;)ecI during 
one season and in or,e c1imatc rnq- not 
necessarily be espnwd to ;urLrrn in 
the same mmncr during another zeason, 
or in another climate. Thus, f ~ r  any 
p3ckagir.g 3pplication, the nost set-ere 
environmental condition3 encountercd 
which are critical to the product and 
package composcnt.j, pIw tile amount 
of moisture gain or 10% tth;tiu;h the 
bsmer, govern the ctcyee of :&taace 
to water vapor penctrati~ &i. This 

of bags fi16d with 3 highly hygroscopic 
material have proved this feature to be 
most satisfactory in 5cIcl performance. 

Since films of narrow gage (1 to 3 
mils offer eqtid WVT resistance over 
equivalent gage films coated on h a f t  
paper, it n-oulcl be de.-ir;rh!e theoretically 
to p3ck:ige ali p r o d x t ~  requiring a 
significant degree of rnoi~txe protec- 
tion in bags posse5ing R frce film inner 
ply of polyethyIenc. Thus, the .:ine: 
ply could be sea!ed 3rd the g:crest 
protection potential cou:d be rt.,.:zd 
due to the optirnum closure as xe2-  
tioned above. Howuvc.~~, bec3ti.z. .f . 
converting difficulties ir this ;I,.+ 
neither Iigl~ttveight polyuil;yIenr -;.. cz- 

. 

ing nor gusseted po:yc:hylune t,. '.:A 
can be uniformly m i  econor,. ;. 
placed as the iilnt!r yll- of 3 gp-..mi 
bag by 3 multiwG ijng tuber. Cussctcd 
bags are by far the more d~.-iiabk 
from the st;.nil;)oint of filled ha; 
q y ~ x r a n c e  anal a u e  oi  pa!!c:itir,g. 

CONVE2TING c&z?t?s. (Fig. ?), for hcrc cr~ckin;: :rnd 
X. L. Rcxrr* SU-,yvi.or of ~ v ~ l r n i r j ~  sdcS &r.uion of tlrc contin:: hsve caused 
+z+ce. 3 r d  C. E. ' i ~ t ~ . c n n x ,  r . . ~ h # v . ~ * n r ~  p c h -  
nbsian. Intrrc~tinna! iS.r,pr CO.. Ih:;,.rk L)ivi-rion, 

Bng types n~ost  comnionly used for entenjive costlj. IXIS hi l t~res  in 
Conden. Ark. packaging highly hygroscopic prorlucts warehowe stornze. 



. -."- ... 13.40 70-06 markcd incret~5c ovcr the face area of , 

13.33 14-73 . . . 13.25 - 19: 07 
14:SS - - .-------is;-13 -. -- a the same snmplt'. Thc increscd water 

13.4s -- - - 7 : - 5  -- -: 39-07 vapor tr:msrnisiion rates obtained by 

In the n~anufacturing opcrtrtion in 
..order to form the n ~ u l t i t d l  tubc, 

the barrier sheet is unwound and fed 
through 3 ~ 1 )  and tlwn clrwvn ovcr - 

.. -, ,-carrier roIIers to the crn>s-pite section, 
where adhcsive is applied to spot 
p s t e  and tie the p1ic.s together a t  the 
bag's opcucd end. Tlie plies arc inl- 
mediately brought togctller wit11 stag- 

.--gered edges for the Iongitudinal seam 
paste application. From this point 
the sheets travel downwnrci to 3 "heel" 
where the papcr changes direction a t  
an angle of approsimately 445'. The 
heel guides the paper over the iormcr 

-_ and initiates the-.tubing of the shccts. 
Simultaneously, projecting rods acting 

. as guides lift the back foIds upward, 
- --guiding the sheets ovcr the former 

bkdes. Here the guaicts arc formed 
----rw the sheets are forcefully folded in  and 

around the former blade>, of which two 
for each gussct are attached to  the heel 
: and situated one above the other, 

estending the entire distance of the 
tubing section (from 6 to S ft). The 
middle y s c t  crease is formed by a 
bhde attached to the tuber's frame 
yhich protrudes inward immediately 
between the two bla~lix ilttached to  
the heel. The paper drawn over the 
blades form.., the gu32ct of the bag. 
The paper piits are stn:gerer! so that 
the b3t2 fr,I(ia ~ n d  l a p  each ~uccecding 
ply over ii>c!f by appo:iim;~tcIy 1 in., 
thu=ior@i; the side-. tvd1-3earns. 
The folded 2ontinuous tube is drawn 

the accelcmted storage method as 
against the GFWVT method is partly 

through thu tube by spring-lo&d attributed to the greater amount of 
draw r01lcrs. .water vapor transmitted through the 

. . 

more- d:ma;;c to the barrier ply than 
any other yhaac of the convertiug 
proce.s. The sheet is pu!Icd around 
thc hecl, aud tiic portions which be- 
come the gulsct and back a r e s  are 
simultaneously elevated w h m  a crum- 
pling and cracking occurs in the arca of 
the face gusset c rcse  (Fig. 1). These 
breaks mnge from no visible cracks, 
in some cases, to a in. break in the 
cross direction of the sheet. Pinhole 
and -water ~ a p o r  transmision tests 
in these a r e s  show a substantid jVT 
increase. 

In  .order to obtain relative figures 
demonstrating the effect of forming 
gusset c rews  in a banicr, sarnpks 
were selected from a run in which the 
overall construction, machine speed, 
applied lubricant, and web tension 
were kept constant as far as the 
machine allotved. Kater vapor 
transmission and pinhole tests made in 
the gusset and adjacent face areas 
indicate that the moisture vapor trans- 
mission rates are significantly increased 
due to the converting operation. 

Table I illustrates the water vapor 
transmission rates ncrods each y s s c t  
and the adjacent face areas, plus the 
water vapor transmission rate acro.=s 
thestxmline of 2 E  to h i t  bonds. 
1.t is readily seen that the estent of the . - 

RQ. I ,  Opsn g u ~ e t e d  tube 

~ ~ - v a r ~ i n g  the machine r p d  on 
difircnt paijcr sampIes of d s e r e n t  
coating weights but otherwhe identical 
bag con~tr~lctions, it  \m.s found that 
there no systemitic increase or 
decrease of pinhole count or water 
vapor tranmi&on rate in the gusset 
creses. Thus it was tentatively con- 
clud~d that the machine speed is not a 
significant factor in causing the crocking 
of the barriers iu the gusset creses. 
The cmse is prinlnrily attributed to  the 
tension applied on the roll in the web, 
p h s  the type and amount of lubricant . 

sprayed on the sheet prior to tube 
formation.. 

BAG CLOSURES . 

 here are three principal methods 
of sealing bags for moistureproofness: ,' 

1. A po1yethsIene was adhesive 
and coating combination estruded on 
krsrft tape, which in turn covers 
stitching. ' 

2. X placement of 3 polyethyIene 
se3'mless tube i r , d e  3 flat tube open 
mouth multiwll bag (nongusscted) 
and then heat scsling the er,d of the 
polyethylcile tube above the sewing 
line with thermal or dielectric heat. 

' 

8. Dipping the sewn ends in hot . 
wax misture. . . 

OFWIT tests made on the sea1 por- 
tion of a seamless tube across the 
diameter of the cup in conjunction with 
the adjacent arc35 of the tubc have 
shown no signifklnt \vat cr vapor 
transmission ditkrcxe. On thc other 
hand, special C I I ~  ~)icj):trcd far nnking 
Nr\T tests by t!k gr;~vin~ctric rcc:hoil 
through the t:q)ctl portion of t!i~ end 
of the b3g. rccortld signitic:tx;t:y iu- 
creased moi&rre rate= over the b:rrrier 
pIy. Cups werc e..;pxi:rlly dcsi;;i~r,'cI for 
making these n\c~wrcn;cnts. RcsuIu 
of several c1o;urc.s 3t i3OF ant! 50% 
RH are: . ,  - , 

1 .  
. . 

- 
T y p e  ctmvrrr #/Iu:/~; hr ' - 

+ . -- 
1. Sewn tl~rou;;h (no hrricr) 127.31 
2, N'nu untfcr t : r p  100.75 
3. Estn~Jccl polgetlrylcn~ 

ts.zx mixture 37.35 
4. Asph;dt tape-over-sti tch 3.I.Ic 
5. Wax dip2t.d 1G.S: 



. Almost a continuous brcnk. 
b Exceedin& rpecklcd with very r m d l  breaks. 

Positioned BS the number 3-ply in a 6-ply bag. 

'PINHOLES 

Pinholes are commonly referred to 3s 
. andl a r e s  of coating voids. These 

voids are detected by various pro- 
- - - - eedures j - - such  33 -TAPPI -T- 46-1 111-430, 

=$by the method of detection used 
'in this bboratory. The Iatter simply 
involves smearing penetrating oil over 

- .... a predetermined area of the coating 
'"-at room conditions and obsen<ng for 

- penetration within three to five minutes. 
. Penetration is detected by discolora- 

tion of the kraft substrate 
--- 

. To 3 Iarge estent, pinholes in the 
- g u s s e t  creases are actuall~ not pinholes, 

as described by the above definition, 
but cracks and rubbed a r e s  where the 
costing h3s actuslly rubbed oE. The 
face and back creases of the gusset 
me areas where the rubbing occurs. 
The middle crease is the are3 where the 
encKng of the co2ting is most noticc- 
able, although the fornwr bIade is not 
in. contact with the cut inz  a t  this 

the loner coating weights . h v e  a 
pronounced tw+sidedness; that is, when 
the coated side is in contnct with the 
high-humidity conditions, the water 
vapor trag@i+on rge~gso!ter t h s -  - - 
wLen the h i t  substrate is h c k r  the 

Y 

higher humidity. Similar findings are 
explained by Bhargava, Rogers, Stan- 
nett, and Szwnrc in ihis manner, 
" . - . considering t h t  with 3 fibrous 
surface such as Eraft . . . the ceIiuloae 
fibers . . . penetrate the: coating com- 

. pletely, whereas with thicker coatings, 
-most of the fibers only partially pene- 
trate the plastic film. The fibers sweiI 
in the humid atmosphere and act ai 
wicks and carry water vapor either 
completely or partially through the 
film. Thus when the p3per side is 
esposed to the higher humidity, a 
grater water vapor permeation rate is 
found than when the 'with' are on 
the dry side. Those nicks which 
penetrate the film cornnlotclv 3re 

. . 

side is esposed to the higher humidity, 
and lead to an overall higher rate . 
of permcation for the barrierJ' (I). 
These results correhte with the find- 
- ings.ofrioIette in the study of pinholes 

af polyethrIene-coated papers. I t  was . ' 
found that there n-as 3 teindency for . 
the nurnher of pioholes to increase as 
the surface of the substrate became 
rougher and as the nlobture content of . 

the substrzte dixinhhed at  the time of 
coating (2). The exact relationship 
bettvezrz the number of pinholes and 
pinhole size snd water vapor trans- 
mission rates has not been determined. 

. - .  
- DOUSLE BARRIERS _ .  

Some products require more moisture 
protcction than is suppfied by a single 
coated sheet, or a t  times it is de.i:\i;rhle to 
position. moisture barriers within the 
walls of a sack for more advantngeou~ 
protection, such 35 inside-cozted plies 

the inside ply with the coated side 
facing b a r d .  The reverse is true 
when the c03fxI ply is the outside 
ply with the c~:b:ing facing outtmrd. 
Face creses (F:.;;. I) often e.shibit 

, the most proiioiinctd cracking and 
cresing. In this 3re3, there is a more 

I rapid penetratior, of the oil, and a 
t gre3teriiiT::3&?l--bcniit h - the 

coating. hct l c s l l y  a11 water vapor 
t 

I . penetntion is ~tiributcd to the crack- 
! , - . , mg of the barriers (Table 11). 

PLY % O S ~ O N ! N G  . 
At timca in h ~ ;  consrruction design- 

ing, it is pozsiS:c to iccrcase. the mois- 
ture r&t;rncc cEectivcness of thc . ~ A C H  6 a m  
b x i c r  pIiea by esposing the coated C ~ E A S Z .  

,side to the, higkcr lutrnidity. 
)r'urnerous water vapor transmi+ TAZ 

sion t a b  of polyethylerx-contd 
papers have ehown thnt, in particuhr, 

-*:: 

. - Fig. 2. Fil!ed sawn guuctcd bog 



15.5 31 .O 46.5 62.0 77.5  
ACCELZRATED STORAGE Wm, J m z f 2 ~  hr (90-95% RH, 100•‹ F) 

Scales . . -- . - - . M E T H O D S F - W V I - M E A S U R ~ ~ ~ , E N T  
rigX.-Water vapor tronsrnission ef low-density 

polyethylene When weighing h x s  of 10 to 100 Ib 
is used for determining enpacity, sc.es rccor~ii,g in and ' 

water vapor transmision rates through ounce3 are wed. Lq - muItiwd1 b y j ,  thus providing a more * ,  
b i n g  outazrcl. l1h provides the rd i s t ic  means for econornicnlly design- 
h f t  plies with protection from product ing side \n~ll  construction and b;~g Sampling for ~c&leraf& ~ t o r a ~ e  . 

Teds * attack and the entire unit protection types. 
- .-from the outside elemcnu. The outer Mzchine-made sam2les representative 

costing is not 3j effective as  thc inner, DESCRIPTION OF APPARATUS of accepted quality bvek  are selected. 
aince i t  is subiec ted to additional abra-. YOriob,e Room 
sion, SMM, tears, and crumpling en- . .. ' Tesfing for Moisture Penefration 
countered in filling and in shipnient. ?'his room k dcsigned_for testing of 

S3mpIes to be tested are precon- 
'. . Xinernann and Sirnerl (3) reported that Paper and paper p r~duc t i  under con- . ditioned for 72 hr at 730F 

.the number of layers of -poIyethylene t d e d  atmospheric conditions rgnging 
' 61m doubled the protection value. from maximum and rninimurn.limitn- RH. A minimum of five samples from 

. This is found to be true for poIpthylene tiom of 130•‹F and 95% RH to -j•‹F each item tested are filled with 10 
6Im and coatings in the lower coating and 40% RH. lb of technical grade calcium chloride, 
weights and film thickness (Fig. 3). and closed. The standard top closure From inside to outside the &US and 

for thC laboratory is as outlined . . 
Recent outside storage test~(d-uring cellmb: are constructed of the materisk 

t 6 6  -winter months) rcvrded the be- in order as outlined pelow: , . . . - below, since. the facilities for making a ' 

. - reguhr hot meIt adheske tape-over- 
bsvior of po'~cthylene-coatcd plies ' 1- Three coats of &hnh base aluminum . closure are not available: ' 

-ing outwrd exposed to the elements. paint. 
.These tests showcl that 3 ten-pound -2 Common brick. 

. of palv&yIa1c on the outside 3- A h ~ i n u m  sheet vapor barrier 1. Cushion-stitch closure-25 PE 
-0.003 in. thick, 50 T a p ~ o t t o n  thread, regular 

ply and 2.0 mil polyethylene free film 4. layer of AGF Fibergla,' twisted kraft reinforcing cord. 
. ply as the inside ply of bags filled with . insulation. 2. 20 PE 50 XI< tape heat sealed 

&2&20-an3!ysis ferflizer would ade- 3. Asphalt conhng. over the sewn end. 
quateIy protect the kratt side walls for Layer of 3-in. Fiberglu . . .  

insulation. - approx5mately 30 days. At the end of 7. ~lu,inum barrier _ Specimen size encompmaes 527 sq  in. 
this period, the water penetrating -0.003 in. thick. After filling and closing, the samples 
through the co~t ing  during rainy periods 8. Plywood paneling. - . * are identified and weighed. Ii desired, 
and high humidity conditions (dppros. The is constructed ns follonn: .three specimens are vibrated on a 
3 in. of minfdl) became trapped beneath Gaynes vibration tester a t  330 rpm for 
the coating and couId not dissipate dur- I. Three-inch concrete slab. 3 min on each side and identl5ed as 3 

: . ing dry rr.e3ther, resulting in a 5senkened 2- Polyethylene barrier 4.00s in. 
3. Layer of &F Fiberglas insulation. vibrated sample. The sampIas 3re then 

bag because of the wetted kraft paper hphalt placed in the variable humidi t~  room 
(6). Since the wetted a r e s  were locnl- 5. k y e r  , of sin. =F Fibv& on spceially designcd racks mounted on 
bed, it was concluded that pinholes were msulation. caters which permits racks to be rolled 
3 COD tributhg hctor. 6. Aluminum vapor barrier. 

- .  - - ' T S i u - i n c h  concrete slsb reinforced. . from the room for conditioning before 
weighing. These ncks  are dcsigncd to 

--COATNG \C/E:GHT S C J E ~ ~ O N  . -- .The-door is a hmison YAP-R-TYP permit free access of the circulating air 
'cold stornge, having zdditional rubber to d l  parts of the bag. Aiter 1s hr 

Selection GI 3 cozting weight to give gaskets installed on the door frame to exposure to preseribud conditions, the 
adequate protection to &e product de- minimize mobturn vapor leakage.. specimens are removed and conditioned 
pen& mai-?r. the hygroscopicity of The housing of the chilling coils, steam a t  73'F and 50% RH ior 6 hr prior to 
the rnatcrid znd the ambient atmos- injection points, reheat coils, and air weighing. Samples are wig11t.d and 
pheric condi:iccs the SIied bag will be ducts is located out side the room and en- replaced on the r a c k  on the opposite 

-E>iec:ed ~+-~k- 'b-+r~;h '~ing.-  4 c -  - - s n d  in-l/, in. gab-mized sheet metal side from the one stored on thc prcvious 
ce!eiatd S ~ O ? A ~ C  tests o f  en reveal whirh and then a 2 in. 1 3 ) ~ r  of cork an day. 8 - 
barrier L ms: cqable  of economic:rIIy asphalt b s e  sealer. The procedure is similar to 'the 
plckaghg and ?rots:i$g the prohc t .  Relative humidity is controlled by a . General Foods method of wa:er vApor 

.--. - The suirosnCing conditions are most irn- HoneynelI pnt.um3ticalIy oper~ted con- tronsmision mmsurcmcn t In ~l:ich the 
porbnt, s dt.norls:ri!ed 55- the water trol unit, utilizing a Fosboro Dewccl test cups arc placcd in the cabinet for 

. vapoi t n n s x k k n  rate throogh a sheet element sensing device for moisture 24 hr, rcmorcd, placed in the dcdcc~tor  * .  - 
at 100•‹F 2nd OGG PJI (urkg arlcium measurements. m e  dr)- b$b tcrnyer- for 4 hr, u-eigbcd. ?l:wxI in the eabimt, -, 

, chloride LS t5e h i c c n a i  znjl reportetl a twe is contiolied by n pncum~tic~lIy for GS Er, rcrnorcd, piwed in the dcsic- - -  
in g . f ~ ~ E 4  h:) and the moisture r3:a operated Honeywell control and record- cator for 4 hr, nnd'wcighd. The might  ' 

at 0•‹F and 93% RH. For a given ing instrument. gained, muttiplictl by an a?sro+tc? 
asm$c, these r e d t s  a5 cdculntcd by Air circulation is a c lo .~d  system 

. factor, convcrts to units of g!nlZ/'l4 hr. 
Brickman (G m3y hsve a water which is hentcd, reheated, cooled, dried, For control purpo.-cs, two u n f W l  
vapor transm.&n rate as high as "10 or rnoistencd LS the sensing controls :ire closed ns dczcribal, trstcd, and 

\ 
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constnut ~u rn i c l i t~  room and ycighing is 
repeated each dny for 3 mnsin:um of 13 

. - .  days. T h e  procedure requires precon- - '-'-ditioning of thc specirnen for 73 hr prior 
to the initid weighing. Thcn thc sam- 

. ples are weighed each day until a stcady 
state of wntcr vapor tmnsfer is attained 

-and reported in g/m2/21 hr. 

RESULTS 

The yater' vapor trnnsmission rate 
for a completed multic-dl bag is not only 

. , a measure of the water vapor permeabil- 
ity of the side wall barriers, but ~ I P O  a 

- . -derivative of other chxacteristics of the 
.- package s 3 complete unit. The \VVT 

rate is signifiemtly afkc tcd by variables 
introduced in manufacturing, such 3s 
completencs~ of cIosure, eficct of creas- 
ing, crumpling, and frictional drag on 

. -. the barrier' during tubing. Similar 
findings were reported by Pirrce and 

v .  - 
1 % , ;,- ;. , - . 

1 I ,  not offer rcsirl:mcc to UTT in :L multi- UTERATURE . . I  

wall bag (I, 7). The io lh- ins  table 
lists the WVT of the bag and thebarrier 1. 
P ~ Y  - 

As espected, aevcrd grocps of tests 4- 
hsving same barrier qu:ilitics showd 

5. considerahIe variation in the rate gained. 
However, 311 were consistentIy higher 
than the correa?onding Gcncrd Food's 
cup tests. From these ntes, an esti- - 6. 
mate can be made of the cstcnt that the 7. 
closures nnd coating deformations eon- 
tribute to thc water vapor transmis- 
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