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RECOMMENDATIONS FOR CONCRETE t~ CONCRETE FORM.
FORMING KIT FOR THEATER OF £ FASTENING SYSTEMS
OPERATIONS APPLICATIONS

Form-Fastening Systems
The hohlowinf toru n-fasten ing reqiuireinen Is are based

1 INTRODUCTION on the use of plywood or other wood sheathing as the
vert ical lorIuuing m aterial - The veut ical forming system
is designed to meet t hese requireunelits.

Bac kground
The design and construction of formwork and rein- I - Insure proper wall thickness and contlne concrete

forc ing steel as set forth in TM 5.742 1 do not take wit hou t excessive deflection
advantage of methods and equipment commonly avail-
ab le in civilian practice. Presently used methods of fab- 2, Provide rapid concrete form erection and strip-
ricating placement forms and methods for cutting, ping
bending, supporting, and tying rebar are time-consuming
and reuuire close supervision to insure that the structure 3. Accommodate a range of wall thicknesses (6 to

conforms to guide specifications. 24 in, [ISO to 600 mm])  typical of TO construction ,

including battered walls

Therefore , t he Office of the Chief of Engineers has 4. Inc lude a minimum of parts to provide ease of
required that a kit be made available to engineer con- construction and training
struction units which would contain commerciall y avail-
ab le . state-o f-t he-art components for rapidly erecting 5. Insure an economica l construction
forms for building walls, headwa lls , wing walls, splash
pads , retaining walls. etc. The kit should also include 6. Provide for mobility
components to provide for rapid cutting, bending, sup-
porting. and tying of rebar, 7, Be sufficiently compact for ease of shipment and

transportation -
Objective

The objective of this study is to recommend com- Form ties can have either tie action only, or bot h
ponents for a concrete-forming kit to be used in the spreader and tie action. Some ties are expandable (left
t heater of operations (TO) that would provide materials in concrete), and others are reusable, Systems are avail-
and equipment for the rapid erection of concrete form- able in which part of the tie is expandable and part is
wor k and rapid cutting, bending, supporting, and tying reusable. The more common fastener systems are de-
of rebar. scribed briefly below.

Form Clamp or Button
Approach This is a plain round rod secured by a clamp with a

Researchers identified the systems and materials setscrew. Since t he rod does not provide spreader acti ou i ,
most commonly used in the TO for form fastening: a separate item must be installed ton this purpose . 1he
rehar cutting and bending: rebar support , tying, splic. rod may be cut off or pulled ttiil cii concrete. Pa per ,
111g. and co lumn-forming aids: and form release agents , plastic , or metal tubing can he placed over the ruid so
curing compounds , and air-entraining agents. On t he t hat it can be removed from the concrete easily.
basis of each system ’s advantages and disadvantages in
terms of rapidity and economy. t hoae considered to be Snap Tie
utuoS t ~LuItah Ie for use in the TO were recommended. This is a steel rod with spreaders and hrea khacks .

Slotted , wedgeshaped pieces of steel called snap tic
clamps or hairpins fit over the ends of the lie and clamp
the forms together. Snap tie length varies with wall

1Concrefe and Mason,’i- , TM 5-742 (Department of the t hickness. Snap ties remain in the concrete and their
Army. 22 June 1970). ends are snapped off.
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:1 1 ;t - t reqt i i re n icumts are givcmm j ul I ahl I . I liese a te  based omi

ihese are isi helical wir ’~ co ils welded to opposite an -S it I 2. 4-mn-  I high wa il si it it approxin iaue lv 2000 sq t i
et ids iii t~~o or tour st ee l rods Icalled st ruts)  to b u n  I I ~() ii~ I c i t i t ru mm i lace.
t ile hasi~ ek n m e m it  or turner portion ut the tie which re-

h um u s in t he conc rete ( t I r i t I l i L ioL is  threaded coil rod is Number of Operations and Cost of Systems
t hen ~ icised Into ea~Ii helical ssi ic coil. Ike i t t  plasti c Smnte r:ipid . ccii,ioiii ical construt - t i om i is exi re mn e ls

~itIL ~ s in the ends it t h e  ~ouI rod ~.iii prov ide spread e r m m i po r ta m i i  ui im i it i t , i iv engum leen ing. a re plesc u ltaiive
.it iit t l i  gioup LII t i t I i i i u i i I~ s~~s IeuI ,s  ss :ms chosen to  t i lm i pa r e  mow

o lWIi h e y  L i e  llst ’tl .imiil I t i t ~i immii ~l m i lmc ~ cos t I valii.ii , ii
5i~t - It ‘I ts i i i_ te ll 55 s l t ’ I L  55 1.5 !t .Lsi _ t l on a us ’c ta i i gi m lai t’ i i th I isUmc .

SI ~ I~ th i  ‘. t i i is lst  of I dii, ii JILt I, Sj’t - iv. it 11(1 1 V. as h ier s~ lo ll ~4 .s mii i st i le liv 4S F t i l 4 4  iii) litmu s It~ S 1 ( 2 . —I
_ imitl t i m m e  iu i u i e m u m u u m t  v.iii~.ll l emumam u i s i mm t he concr et e .  I IL’ m m m i  h i g h . sv it lu ,i I 2imi (300-mniii) ~ .ill tliic km iess this
ss .ili-r ods .iuiil mr m u ie r Linus tal l  h~ e m i her Nj t i ’ii.il (‘i t i m is e wall has l~ S4 sq ft ~h ‘‘L ~~ ) ut t t t r m t i  face. TIme live
I I .  .-~eii e o r ( oni ,im r (coi l )  thr ead , or call he .i i_ oIIi’ sV siemiis exati i m m ic d are desciloed below . All SV S iCI ILS used
ltmri ati o ut ‘i wale r rod o! one t hrea d imig amid .111 iu im ie r _

~.t t  ( 1  2—mn ) l v  S— It ( 2  4-m ii i 1w 3/4- i n ,— ( l u) _ mmm i m i . )  t l ik k
umu ul t itt am iot hie r . th~ mnneu um im I is  geule ral l ) dcl ort i ied plywood sheets w i  t I m t lie S—It  ( 2 4 - m n  I i_ I in iem isi omu VCm I ic:t Iprevent It I n i b  lii rn ing in gi ccii t om mc ret c - Spec i at
cones ,ir contmnuot ms sleeves c_i t t  pros ide spreader action. Si-st c ’p ui .-i
The nmrucr unit changes length to change the wall ’s - 

Svsl em n A (see I mg u mr e I 1 is a wire t ie svs i t ’nni ( ~~iliiticuisiot )s -

wit  c ) eunplovimig a desigm i of 600 psI ( 2~)40 k g iii wi th
a sat ~ tie wom king load oi 1000 lb (400 kg) The corn-Taper Ties

Tai-er l ie s com isist i tt  omle ta pe r rod threaded at each ponents are plywood sheathing. 2- b~ 4 -m i t .  (50- by 100-
mum) s itids on I 2-in. (300-mm) c/c ~ 4- by 4- i t t  - (500-en d - gemiera ll~ eit her Acme cut thread or (‘outt utur (coil)
Iss t0O-miii) wales on 32-in (800-mumu) c /c , w ith tiesthread Two mint washers (usually it two different uli-

ni em ism u ns depeuidemit out the si/c ut the rod either before spaced at 12 by lb in - (300 by 400 mull).

h r  a f ter  t he ta per )  arc used to fasten the ends of the t ie
S, ’s teiui I?Flit’ t i es are comui p letcI~ reunove d ft utti i the co m icr t ’ be

Ss’ste rn B I see Figure I ) is a typical s rizi p I c  S\ St Cmliw hemi set imp. A continuous sleeve . rat lieu titan t:iper
t hi:it LISCS ,i desigmi ot ‘50 psI 3o ’~5 kg ni,~ ) si Oh a satei It’s . ~ l ovudes spreader act ion.
tic toad ut 300() lb (1200 kg). Ilie coi mi pomi cu it s of tIme

(opzfzpu, iuc Threaded Rod St s t ern arc plyWOod sheathing. iiorittit it:Il** 2- b~ 4 iii.

This cons ists of one continuous threaded rod (N(’ , (50 by I 00-uitun) “stu ds” out 12-in . (300-turn) c c , se r-

- or Contour (coil I threads ) and two nut washers t lca l** double 2- h~ 4-in. (50-by I 00-until ‘‘svalcs ’’ omi
w hich serv e as t : i sme i i c rs  A paper . plastic , or meta l tuthe 24-i t i. (500-111111) c/c. and hutton— end sutap t ies amid
cam i he placed over the concrete contact portiomi to  per- pressed stee l “lia irp mm is ” s paced at 24 h) 24 Itt t60() l’~

bOo turn).wIt remova l ot t u e  tie and to serve as a spreader. Cumu-
plete remnova l of all types i tubes and grouting is

Si ’ste,pi (‘recomiiuiiende d - -

Syste m (‘ (see Figure I)  is t h e  S~ Tro lls Speed Ht.i~ keb
.S’ingh’ - R’aler !-~ir,,zin~ St ’stems System , a s mr ig lt’.wa le m forming sS ste In .~~ design i t  ‘~ ii

Specia l m etal bracke ts SCt i I iL ’  bite w. mle s and sn:up ties . psI (3675 k g’ini~ ) wm l lm a s.itt ’ snap 1k’ w o u k mt ig loath til
No studs amid tew nails are required. Strom ig hack (sl i t ) -  3001) lb (12 1)0 kg) ami d a tIe 5~~JLLIi5 of t o  I s  ‘-~ iiihacks t are required at re latively large spacings amid cam i (400 by 600 mum) is used. The coniponemits itt the
he held by special brackets. . system are plysvood sheat h ing. 2- hs 4-i n ( 5 13 -  bs l(i k~

nimu) w ales on I h-in - (406 mmii) c/c . atmd verti ca l doimit lt’
Tie lt irc ’ 2- by 4- imi - ( 50- h~ 100-111111) stiff back s on ut- in ( 240t)-

Tie wires autd wooden spacer blocks hold the forms multi) c /c
toge ther. This is one of the system us presently being 

_________________

used lul the TO. •( ‘eIlmi_’r i center

* * ‘‘Stunts ’’ ire ne~ i i’’ l~h stoott , antI ‘‘st ales ’’ it ’ ttlaci_’tt tnComparison of Repres entative Systems t h e  otits idc: line ti’rmu “su i t ”  tistma II~ ret ers ii’ . st ’ rn it , t i  nnt’mnit ’t- n .The advantages amid disadvantage s of the formuu ig intl “wale ’’ it a huni,unmuat nierulter I lere . Ilit’ir ti nt i’ i  i, rls art ’
s~ st erns listed above as related to  the TO form-fastening rcve r~cd.
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4 R EBAR SUPPORT. TYING. SPLICING, I- rico I’m oducls - It ic . ,  tiia tl (m l. icl iii t ’ s .1 pruu d utt c,tlled
AND COLUMN-FORMING AIDS “(‘at_ iwe ld . ’ w inch can be used Ii’ sp lice l’t ’ Ih i t t ’ t l s l u ’ m i

atid ciii ti pressuon t char - An cx i’I hen iiit_ - t eac t ~i mi Is htst ’,l

to weld a h id  o h sleeve - ii sung .t speci:l I f illet itse i ml It ’ m e -

Support and Tying b-ar cut_ is.
R eb :ii st m ppt_s rI s~ st emn s require the supporhimtg and

1% t i tg of rehar (through No . 8) for TO slabs , footers , A product called “SIt icomi ,” tnaitul ,ic uited ls~ Sis gab
walls , co lumns, etc - Co., cam i be imseti to  splice both lt’t ts m i um t ~t id cstt npi t ’ sS i iulh

te ham - ‘‘SI ricomi ‘‘ is :1 tuec haut ical till t i l l- a te s h m emigl hi
Su,uport splice, in w hich a pt-ehealed m itci a l  sht’cs -e is placed ilVet

Rehar support chairs and slab 1st_ sisters, ,ite slan t_ la rd t h e  te h am ettds amid sqrmeeied t u s e l  t he dcliii tnat iot is Ii’
ilems. Using slab holsters to support rebar duritig shah form a splice. Gem ieral ly . Ihe cotnprt_ ’ssioti -only splices
constr uchiot i tnay he qtmicker Iliati using individual are tnt_ ire ecom iomn ical and cot isiderahlv easier Iii tisC
chairs~ however , chairs are easier 10 u S e  it t t_’er laim i Ihatt t h e  teris iomi-compress ion splices.
applica tiotis , such as support imtg footim ig steel. It t h e
slab is ott till , grave l, or simnila r mate ri-al . a slab hoIst er -Column-Forming Aid s
or chamr wit h plate support may be advat itageot is : 110W- - - - -

- - . Stee l column clatnps tom to rmuu m tg alit _ I squa r i t t g  rec-
ever , other supportive devices under lhe cham rs and/or - - -

- tang um lam cohmt iitt s are a standard ite m - Steel sI rapptm lg
slab holsters can he used , such as metal plate . etc. Stoce . -

- (cotntnott lv used mu packag imig) call :tlsus serve as a
TO structures are assumed to li-ave a 2- to 5-year t_ lesigi i - 

- 
,

- - - — coht it tt t i formu clamp. 1 lie steel slm:ipping lt:ts t h e  ailsa it -

life , appearance is ho t  a ill-all) concern, Therefore , Ilte , . . - - .
- tages of being ttg hitwemg ltl , easils stom able , ami d easily

lowest pnced chairs amid holsters slit_suit_ I he used, - 
- 

- 
-

tnov-able : however , a disadvat itage us thaI Ihe sq uar em less

1’ - - of t h e  co lumiit i IS not autontat icahly tusutt ,’t_l. Based on
umg 

- . - overa ll versatilit y fist reclam igula r columns . Signode cc-I lard lW istt’rs at it_ l bar lIes 66hlch are precut and - 
- ,

- - - ot imtneii ds: Strap Site ‘. 4 \ 00_ s I Magtius (wax ed ) :
looped tin huslh ends will enable rehar to he tied rapidly. , - . .  - -

- . - - , . . Seal No ..s4 1 l( : t e t i s t o t t e r  No, f :  Sealer ( t o  crum lip ) Nit .
Precut bar ties are available in a var iety sit st/ es , %~ ire - -

- SY( 343~ . amid a (t i t ter  No - Strapping dispensersh o lders whmch a worker cat i svear on a hell and culls sit __ 
- -

- - af ford coiivem iiertce alit_ I sh ould be comisidered,
tie wire are also available.

Cimihincd Suppor t and Ty ing Round co lum itmi tlber.fortiiimtg hubes such :ts Iliitse

Gateway Building Products sells a “G- Loc Clip available from Gateway l3uildimig l’rod t mcts ate also
(‘hair .” which is used to support and tie bottom steel stam idard column.foimiiig muetltod ,
imi typica l flat-shah , plate, atid beam designs. Both 3/4-
in. (I 8- mntn) :itid I ‘in’ (25-mm) support height are pro-
vided and are limited to at) y cotnhina I iotis of ’ two per—
pemidicular No .3 .4 .or S bars. FORM RELEAS E AGENTS,

. ‘ 5 CURING COUMPOUNDS ANDru e Richmond Screw At ichior (‘o inpany mnamiufac- AIR-ENTRAINING AGENTS
tures a “Special Bar Support/S pacers ‘ system. which is
designed according Its custotuer specifications. The
system , which is desigmied to support ant_ I accuratel y
space variou s layers of rehar . will handle any combimia- Form Release Agents
tion u I ’ rehar sites and heights ( no lie wire is fleet_ led). Form release agents are a stat ittard ilem at id ate

colnnuonly used ft_s r construction formwoi Is - Based on
Splices a pret iiixet_ l produ ct . 55-ga l (20~)-~) druitii quahilil It’s

(‘ lanips are avai lable lhi:il oin two compressioti reiti- cost ahsout $1 .25/gal I S.,13 / t~). Neit her  f ’reei.ing lion a
forcit ig bars in perfect axial ahignmnenl , wit h the ends of short sh elf ’ life is a prob lem, Two products usually nec-
t he bars saw cut to 900 

ft_sr full hearing, These clam ps omntuended are Symt_ imis (‘orpt_ irahiot i ’s ‘‘Magic Kole ”
are In he uset_ l for eompre.csii un steel only. and are uiset_ l :utud Richinuomid Screw Atichor (‘oulpali ‘s “Rich (‘ole. ”
imisfead of ’ weld in g or uilhuer mccli ott ical techni ques. A ci ut uce n I rated fortn is a so i lable fri utn hot Ii t i  utlipa tt it ’s

.i~ Building Products ‘ ‘‘G- Lisc Champ” atid uuI ltt’t Buih li ciui icet l Ii ales teq iul ie Nut 2 ihm ~h Ileth - hit? cli hit _ i
s i i~~: i , i -  i’:,’,~ti5’ts .irs~ .tsj i la t~le i i i is ,- th it - s i l I t t  I lii,- dml t l i l u i t t  u _ t i m , ’  It ., l , u , i hu is

- 
~~~~~~~~~~~~~ 
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Curing Compounds Flalwashets to fit t es auid hagtiuls; “II required
W R - Me-,idiiws , (tic., inal ke ts out -all-resit i ‘‘AR.3t I’’ Meta l citot_ huit iii’ ‘.i.Iii - (I ~—tum ) iuoiiuiiua l dtatuiele’i -

cuut u ig st ut npu u un d . Sika (‘hienu ic,il mnat ke ts ‘‘AN IlSOt .
‘‘ lhiu m i-ss oiled , 27ti h im i II (~~l ni) iSlO h mmi II 24. m t u~

,t c ht ’.it cut iiig t_ iuii ipound . I’hie culsl s it eat _-hi is appruis’t . liii il iut ’e p55 111%)

it lale ls “I - ‘ ‘i Its  $2.2~~;gal t~ 4 s  hut  S Sil t,’) i t t  55.~’.j h h’t s s ~u uiu i l i i i  ‘ u - i n .  ht ~ 4 - t m  ht~ S - I t  t hS- u i i i im us 1 .1 -mit
I 2O~t ) s t i t i m i t  t l t i .imm I i I l t ’% Ne i l hi u ,’, ,m s l t t u i l  shell Ills’ n u t  hi~ I - I - u i )  she ets: 1u4 Siis ’ s ’ l s  mcu i ii itt ’il
l re e, mttg Is ~t piohsleii i lIte W. R . Meaduuss-s ptodti~-t I t i tm ibei 441b Ito 11 (1 325  m it ) of 2-h~ -4
coim ies in ,t ci ut icemitra t ed Ioniii: t h e  ratio tu f t _ t t m i c e l l t m : t le  l’htug~imt g ‘ ‘ i  cau lkitig ib Id al ho fill h ilt’s ( i f  mt ’quiteil )
to utuit iera l spirits ts 1 : 1  - G_ utt gittg It_ i i t hw ; im c ( i t  t teeds ’ih)

Air ’Entraining Agents l’he sit igle-ss -ak ’ i s stCiii t i L t S  55 t um Is best to  ac hmev e
Sik_ i (‘hie mnicah (‘o. mar kels ‘‘SI K A Al - R , ‘ ‘ an :t i - rapid liirnitmig .uiid S:tVillgS itt Iutnber cost :iiith htot idhit ig -

emit r:timiimig ageml t ss hit_ - hi has ott unlim ited sh elf life , hut l’hie sut ig le .walet sysleill , 11066 s’s em is not easily gauged ,
sshk’h shiss uld he LI ist _ -ord-ed if i I Ireeies - Sika also niamit i- is mesh i it_ it ’d to 2 -ls ~ —4 a ut t_ l 4 -hs -4 hut tut it ’ I - at id requii es
I~isu  tir es ,i double -st rs’t lgl ii t _ t  btt cet i l i , i i e ’ . field we Id ~mig s it ties -

~ R Gi,ice (‘ is . uui:irkeis the “DARh- \~~~~;~~ “ ,~~~~
. Rebar Cutting and Bending

emit i_ li lt I uig .igeti t - if Ihi is pm ot t ut_i tree /es . it cat i he A smnali , portable . luand—t_ipc rated . t elsa r cutlet and
thawed , stirred t hisnilum ghhv . atid tised st ’ih hm iii prishietm is . beuuder (suc h :is t h e  Willard (‘ Ut  te r—Beuitier ) us recoin-
I hit’ shell’ life to t his protluct is umihiiuii ted . and .t t_’~ ‘ii - muended ft _ s m use in the TO. II there is su ttIcien t need t ii
cciil T Ol~ is available - cut :iiid heuid large r ham sizes (No. 7 and larger) a ccii-

tra il located , portable . heavy -duty cut ter  amitl hetidem
I lie I ’ thce of t h e  :iir -e tll ra iili tig agetuls is approxi- (such as Midhaiit_ l’ s equipment) is recoliltl iet lded A built

5 1 ~i I g.vl ( S —J ( 1 1’) hosed ~~ S5.gal 209- ~‘) t_ ’UIWr S~u cutting siitall te l’a, i.s also ;ecumtt ne,tdt’il.
i(ti,tII t i t les

Rebar Support , Tying, and Splicing
Rebar support chairs amid shah holsters sh ould be

used - A pet centage of the chairs atul slab holsters m a y

6 CONCLUSIONS AND h ave plate support.
RECOMMENDATIONS

hiand twisters and bar ties w hich are precut au th
looped 01 each end are ret-otnmueuided. (‘ iit i h itluous I te

fl i t  rt ’ s i ih t s o h t his SI ti5l ~ iiidicote t li _ um t h e  sy st e u s  wire is recistumneited It_ s i tipem ;itiouis h o t  t_’uivered isv lime-
list t_’d belt ‘si .t i s ’ miii ‘s t c i i  noble t’i II U) t_ ’siti st rue I j isti pitt - cut lies - ~%‘ire reels with t_’oils itt tic 66 its’ mit _ u s lie IlSeil
t’ ’ ‘st ’ s -UI the in.ltet ij ls - eq ui pm iiei i I - antI hardware huir special apphicot ioi is -

‘ ,
~~

‘t ‘si - s i f i s t  list ’ shu sti lt_ I he h eld -es-alua ted , pnetc t al’
~ut i et i g i t tee r iuie cis t ist muctisst l  group. b r  exa m ple , ,tui Devices which support anti tit_ ’ rt_’bat appear to he

Iii s~i t is ’ s ’ i ( u t u s h h i l t ’ Ilisl i Itoh tahisuri - It_s i) specialited al it_ i a me not recoinmetided for vise in I lie
TO.

Concrete Form’Fastening Systems

B,i’iu’uh t i n usS eril l ser s_ iti hi Iv - the I: ~i mt - (1 1.5 —t u tu) Depending on the availabilit y of welslitig t’acihitiesaiit_ l
dt ,im iieter c, ’tittl iutsus t hinezids’tl coi l rod ss ste In is ies ’ust n- splicing methods , coiuipression splices and-u teulsion-
iutetided see Figure 3). compressioti splices mul:i lie retIuired.

I- or ,imi S-It (2 ,4-lu)- high wail Ihiat is II iii. ( 3(X) nun) Column-Forming Aids
tIui~k , and w h ich has I 954 sq f’t ( I ‘‘I m 

2 of t’orni f
_
a t _ c , Metal steel st rappiuig is recomtne ndt_’d fom liii th ing

Ihe t’uilluuwttig quatuti lies are required (waslage tiol t’olutiiiis . Based on a 22 -  by Il-it i . (55 t h -  by 550-nuuu)
inc luded), square colum n 12 ft (3.(s tii ) high otis) the Signode Corp.

Design Guide (using a safely factor of ’ 2) ,  t he followitig
1’ tes I.S I Ii (5 5 i i i  in) humg. 2~ t ’ t eqili rest . tniui 111111 lii qtioti lilies are nequired -

wor king load of 48t)Olh( 1Q20 kg)((sO(X ) lb ~24tX )
kgj us ,u Is puc .il ss usrkut ig load) Pl~ w uuiu i l 3 sheets u s t ’ 

~ S in. hs~ 4 II by S II
I landlu’ lagtiuls lii Ill lies; ~ II required ( II iiun by I .2 mu l’\ 2 . 4 iii)
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L.utnher I iLl  liii ft ( “ S  11)1 tiE lbs -4 otis 1 4$ lit i It Form Release Agents . Curing Compou nds , and
(14 in) ~‘I I - by 4 - u i. ( IS- hs~ I 00-iniii) cleat Air ’Ent raining Agents

\heLd Sti .t ppu mtg 3 4 his U t )3 I in. ( I S hi S t itm il ) II is tt’coininendesl Ill;ul a f ilm release ageutt lie used:
I ~S mIt I t , I I  ss’,uls - \ is ’ i i %lu umlet - ct_’,ils’i , ~mis l sIl l I e m use tub a t_ - uu t tog comti puuuiiil is mec iimit i ii s ’iislesl lot strut ’—

_ t i s ’ meu(Iii t i ’sl tools , and tthl . ut t mmn g .1 smiappu ig t his- hu t_ i l  t i u t i t i s ’id uu uily . ~t m emihm , i t t t m n ei l l  is me t - ,immi ii ie iis leuh
Iis ’ t i scr  s l iuu t t h i l  it t_’ cuum m s u il e meil . If i m is - i i ’,ts esl 5% iii ka hs i Iit ~- t u t  Ills’ tuu t i t te le mc de s mmm ,’d. 1 s ~

u I  a lt  c t t l t : t in m lie t i t  lit subl a t m i ltee ,e— t l ia w re s isla mt t_ - t’ ms
The :ilituse alt ’ m i l im luu t i u t t i  q u a i i tm t t es :  waste h as  i tu i t  liii? tiec essa ry f~tr wa lls . s b u s . auts l o lhem strt it ’ hiu ta l

fseeti uuichu sit’d. eiems ’ mtt s hiav ii tg a 2 — Iii 5— s ea t desigii lilt’ .

II it is t’cis tuot nicall feasible , prot humt ’t s sh ould Ise
clioseti t hat II 05’ C tilt li;ii it ed shelf ’ life . dii i t t _ s t  slegrade
sv m I hi hem n pet at tire ext remues . and cati lit’ sIt ippe d in cliii-
s’enttaletl t t t n tu .
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