
IIAD —A04 2 313 CONSTRUCTION ENGINEERING RESEARCH LAB (ARMY) CHAMPAI——ETC FIG i3/jiINVESTIGATION OF PLASTIC PIPE FOR USE BY THE CORPS OF ENGINEER5——ETC(I.j)JUL 77 A SMITH
UNCLASSIFIED CERL—TR—M—2i9 ML

ii_lIEU 
_ _



construction
engineering TECHNICAL REPORT M.2 19

July 1977

research Field Jointing of Plastic Pipe

laboratory 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INVESTIGATION OF PLASTIC PIPE
FOR USE BY THE CORPS OF ENGINEERS

by
Alvin Smith

U UI III

Approved for public release ; d~strthution unlimited.

_ _ _  _ _  _ _  _ --~~—-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~~~~~~~~~~~~~~~~~~~~~~~~ - . --- - -

The contents of this report are not to be used for advert ising, publication, or

promotional purposes. Citation of trade names does not constitute an
offi cial indorsement or approval of the use of such commercial products.
The findings of this report are not to be construed as an official Department
of the Arm y position , uflless so designated by other authorized documents.

DES TROY THIS REPORT WHEN I T IS NO LONGER NEEDED
DO NOT RETURN I T TO THE ORI GIN.4 TOR 

~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _



-S  ____ 
~~~—.-—

~ELU R ITY C L A S S I I - I L A 1~~ON OF THIS PAGE (Wh en Data Entere d)

,‘ OA,~ READ LNSTRUC TZ ONSREPORT DOCUMENTATIuN T~~~U BEFORE COMPLETING FORM
I. REPORT N U M B E R  2. GOVT ACCESSION NO. 3. RECIPiENT ’S CATALOG N U M B E R

.7 ~ 
CERL-TR-M-219 ____________________________

— 4. TITLE (an d Subt i t le)  5. Ty ~~~~QF REPORT & PERIOD COVERED

1 ~~
‘ -INVESTIGA TION OF PLASTIC PIPE FOR USE BY THE ~ FINAL i..

—‘ CORPS OF ENGINEERS . . -.— 
I~~~~~~~~ORMING ORG . REPORT N U M B E R

7. AUTHOR (.) 8. CONTRACT OR GRANT NUUBER( .)

A l v i n  Smi th )

9. PERFORMING ORGANIZATION NAME AND AODRESS 10. PROGFIAM ELEMENT , PROJECT , TASK

CONSTRUCTION ENGINEERING RESEARCH LABORATORY _____

P .O . Box 4005 / , 4A762731A’~jJ-T7-QOB.Champa i gn , IL 61820 
— 

J~,. 
~~~~~~~~~~~~~~~~~~ ‘~L../ /7 

~I I  C O N T R O L L I N G O F F I C E N AME A N D ADORESS ~-, I2. .R~~ QKI.~~AIE
( I  1.,j,

~~ 
uU~~~ ~J

- - ~. I~~~~~, , ~~~R O F P A G E ~

I4 M O N I T O R I N G  AGENCY N A M E  & ADDRESS (I1 diffe rent from Confr olIin~
’
~~~ f’f T ~ 

‘1’~~~~~~C’~~~?TY CLASS. (of  thi. report)

Unclassifie d
IS., DECLASS I FICATION ‘D O W N G R A D I N G

SCH E D U L E

16. DISTRIBUTION STATEMENT (of f b i .  Report)

Approved for public release; distribution unlimited .

~~~~~ ~~~~
‘S . ‘S

I7. DISTRIBUTION S T A T E M E NT  (of tho a bs tract  en(cred In Block 20, If dIff’~~.”r t from Report)

V

IS. S U P P L E M E N T A R Y  NOTES

Copies are obtainable from National Technical Information Service
Springfield , VA 22151

t9 . KEY WORDS ~ ont in ue on rev er se side i f  necessary ari d id o n t i f i ,  by b lock  n~~i ?’ e ’~

drai n-waste-vent
plastic pipe
water hammer tests

20. ABSTRACT (Continue on rev.,.. aide If nece .aary and i den t i f y  by block number)

This report pIcscl l t ’~ t h e  findings of a study i t t  coIl1merciail~ availab le plastic pipe use d
t t > r water distribution , plumbing, drain -waste-vent ( l)WV) , and sL’wage sVsleIlls . HIt’ SI ti d~
iticluded .1 surv ey ot military and civilian users of plastic pipe t o  determine accepta nce . a
~‘vi cw i t t  mo del building codes and standard s , and .i testing program involving the m aking

i t  tIll I’, ulidem different condit iOlIS . dmetmiic a l and nlecilallieal cleaning of l)WV piping.
and Water Ilall Imne r R’sts of plastic pipe plumbIng. ~ ~ .~~~

DD ~~~ 1473 ED I TION OF 1 NOV 65 ISOBSOLET E UNCLASSIFIED ,. - 
.. - —

‘~~~ 7 ;  SECURITY CLASSIFICATION OF THIS P A GE (When t).ta Ente,.d)

-— --,-~~~~~~-~~——~~~~~~~- S—rnS— -—-—~~~~~.——_~—-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___  ~~~~~~. ..

SECURITY CLA SSIFICArI ON OP THIS PAGE(Wh.t Data Hat.r.4)

Block 20 continued .

ReSultS of ’ the study indicate t hat plastic pipe is an acceptable substitute l’or meta llic
pipe in many applications and should be used whenever possible.

UNCL ASSIFI ED
SECURITY CLASSIF ICATION OF THIS PAGE(187i.n Data Ent.rad)

_ _  S-.”. .’- ..- --., _ _



____ -5-.-.- -— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-.

FOREWORD

This research was conducted for the Directorate of’ Military Construction , Off ice ot
the Chief ot Engineers (0( L). under I’roject 4A76273 I AT4 I , “Design. (‘onstructi on . and
Operation and Maintenance Technology for Military Facilities ”~ Tj s~. T7 , “Mat erials
Researc h and Development for Military (‘oust ril ct ion ’’ ; Work t in it OO~ . ‘‘Field Joint big of
Plastic Pipe. ’’ I ti c app licable Q(’R IS I .U2.U(t l(,~). Flic O(’F ’l’ec liiiical Moiiittt i t o m t i m e
study is Mr . I harold Mc(’au ley.

rile work was pcrto rllled by time (‘onst ruct loll Mater ials Bralicli ( MSC I, Materials an d
Science I)ivisiou (MS). U. S. Army (‘om mstruct ion Engineering Research Laboratory ((‘ERL),
Champaign , IL, Dr. G. R. Williamson is Chief ’ of MS . and Mr. P. A. Howdyshell is (‘hid ’ of ’
MSC.

(‘OL J. E. Flays is Commander and 1)irec to m of CERL, and Dr. L. R. ShatTe r is 1 echni-
cal Director.

~
_ _

~—‘ ‘I1  I
NTtS ~~~

~ ti ~~toa tJ
0

i~Si1Ft~AT’I~ 

CtIOES

- 
9ht~~

’ A YA ~1. Ifl~

LeLJ

3

5 -” —5 
‘-5” ‘~~5-,5 .s~~~, , ~~~~ — - - ~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 5.,- ~~~~~~~~ ~~~~~~~~~ -‘ ~~~~~‘



- 
‘ ‘~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~----- ---- - .--,-— - —----- ---i ----- 

~~~~~
_ ‘

~~~~~~
‘ “

~~

CONTENTS

DO FORM 1473 1

FOREWORD 3
LIST OF TABLES AND FIGURES 5

INTRODUCTION 7
Background
Purpose
Approach
Scope
Mode of Technology Transfer

2 PLASTiC PIPE: TYPES. APPLICATIONS, JOINING. AND STANDARDS 7
Types of Plastic Pipe and Their Applications
Joining Plastic Pipe
Plastic Pipe Standards and Specifications
Acceptance by Codes

3 DISCUSSION OF USER SURVEY AND LABORATORY TESTS 12
Survey of Military and Civilian Users
Joint Tests
Cleaning of Plastic Pipe DWV Systems
Water Hammer Tests

4 SELECTION GUIDE 21
Metal Piping Systems
Thermoplastic Piping Systems
Selecting a Thermoplastic System

5 IMPACT ON CORPS OF ENGINEERS GUIDE SPECIFICATIONS 24

6 CONCLUSIONS AND RECOMMENDATIONS 24
Conc lus ions
Recommendations

REFERENCES 26

APPENDIX A: Standards Related to Plastic Pipe 27
APPENDIX B: NBS Code Acceptance Survey 32
APPENDIX C: Results of Surveys of Plastic Pipe Users 37
APPENDIX D: Guide Specifications Potentially Affected by This Study 42

DISTRIBUTION

4

_ _  _ _ _



—-55’S ~~~~~~~~~~~~~~~~~~~~~~~~ 
-,

5’-’

TABL ES

Number Page

~lCtilt )dS itt Joining It .)

2 Quail til mc i tt I lid inoplast Ic Pipe it Kind of Pipe
and I~’ pe ol Application ( I  i)’4 ) II

(;io~ tli I ie i ids ill the t ~ of I heimop lastic Pipe
hs Kind iii Pipe :miid I pe iii A pplication 1 2

4 Sujiiiii.mi ~ of Joint I esis 14

~ Teimipel at u res . ~di i.’ved Wit Ii V.m ii ti l ls I’io port ions
of ( ‘leaner a iid Wa tel I 7

(t (‘heniical (‘leaning of DWV Systems I ~

7 Pl isti Pipe Select ion Guide

RI NEi l I i~ Presentation of Plumbing Code Provisions in ItS ( I m ie s
ltiiiIugh(lut tile United St ates , Regulating Selecte d Uses of
l out thermop lastic Piping Materials 33

112 State-of- the-Art  Survey of Model Plumbing (‘odes and
Similar Documents for Limitations on Use of’ Ther moplast ic
Pipe for Water Distribution and DWV Applications 34

C l  .‘iFl) IV Instal lations Represented in User Survey 37

Dl Military Construction Guide Specifications 42

1)2 Military Family Housing Guide Spec ifications 43

1)3 Military Emergeocy Construction Guide Specif ications 43

F I G U R E S

I Model I)WV Svslel l l  lb

2 Solenoid-Operated Valve 20

3 l oner 20

4 Storage Tank 2 1

(‘ I Summary of Wr itten Response s

S

— , 5’~’~~ •~—•~~5 ~~_5-~,_~~ 5•i - ~~.



- - 5 . — --- ‘~~~ 5’~~~~~~~ s . s

INVESTIGATION OF PLASTIC PIPE FOR j oints made under various conditions and joints of
USE BY THE CORPS OF E N G I N E E R S  dissimilar materials were laboratory tested Mechani-

ca l and chemical cleaning tests of laboratory-fabricated
DWV pipe , and water halnmcr tests of plastic pipe
plumbing were also conducted. Military arid civilian1 INTRODUCTION users were surveyed to assess the performance of plas-
tic pipe in use . A plastic pipe se lection guide was then
prepared , and (‘orps of Engineers guide spec ifications

Background we re reviewed to determine which might require
Alt hough plastic pipe has been comn’terciallv avail- modification if use of plastic pipe is authorii.ed,

able since the late 1930s. thoroughly engineered and
tested plastic pipe has only been available for 15 t o  20 Scope

ea rs . f ailure of numerous plastic pipe systems insta lled This st uds ’ covered thermop lastic pipes only. Tlier-
prior to t h a i  period prompted much closer scrutiny of mose t plastic pipes were not studied , alt hough many of 

‘

the manufacture and insta llation of plastic pipe . The t he criteria given apply to them as we ll. The pipe ilia-

re uk o f this scrutiny has been a great increase in the terials themselves were not studied in depth . since
acceptan ce ot plastic pipe in many applications pre- they were already well identified by Ameri can Societ~viotist ~ reserved for traditional metallic , cement itious . for Testing and Materials (ASTM) and other standards.
and clay pipes .

Severa l unanswered questions regarding plastic pipe
Presen tly . ve t I billion lb (4 5() million kg)t of were not addressed in this study. Work is prescntl ~ be-

SJI100S pi.lsllc’i .ire converte d annually into liigh-qual- ing perfor m ed on several of these questions . including
t~ dependable pipe and t it ling products which are (I ) whether essential properties will he maintained

i , ti ilIII ~! or lt .ise gaiiied acceptance as alternate inate ri- when the pipe is exposed to inteinal pressure , chemical
.ils ~\ SIrluj l l \ eve: m ajor m odel building code corrosives , and thermal changes’. ( 2 )  the pipe ’s stabilit y
j iIt liorii~ iii the t nited ~i,itds . As local building code when subjected to stresses caused by the flow of hot
.mui hitrit ies base to llowed the model building codes , and cold water; and (3) the aging effects , hydraulic
L i , nO.IL t t , r% hia~t ’ be ’i i  able to saic ’ m any millions of ’ efficiency, acoustica l qualities , flammability, and Fe-
tlull,irs to t  wa ler  distr ibu t ion distr ic ts , sewa ge systems . lated phenomena.
ailO 01k ‘s nets 2 I Iiese S:lV iligs have prompted inter-
est iii tile u’~’ i t  plast ic  pipe h~ the (‘orps of Engineers. Mode of Technology Transfer

The results of t he investigations docum ented in this
Purpose report are being incorporated in a draft Technical

the ‘ , r piise i it i~s stu dy \‘.as  to gather data for the Manual (TM) dealing with plastic pipe system design
Ottic e ol the ( h i t e t  of In~niieeis ( 0 ( I )  to use in de- and installation which is currently being prepared.

~idnii w heth er i t  all is tr re strict the use of ’ plastic Th is TM will provide design engineers with a m eans of
pipe in mili tar y  list I u~ tiun arid re habilitation projects , selecting the correct plastic pipe system for an appli’

cati on and will detail sufficient design features to
Approach direct proper installation. In addition , t he results of ’

Ftme rm itp lasi ic pipe iii si/ es noriiiall y used for plumb- this study may impact a number of Ctt rps of I ngineers
t u e .  dt ai i i -w, is t e .ve m it  t l)WV ~. and sewer system s . as guide specifications , as discussed in (‘hapter 5 .
well Is pipe s i/es typica lly used for w ater distribution
ss s t e m s (wIiu ~Ii wer e es tew e d b u t  not evaluated) were
stu died III .1 semi e s itt step s i.xist i i ig intorinatioi m . model
codes . ,iuid s peci l i c i l mo ns were reviewed to obtain data PLASTIC PIPE: TYPES , APPL ICATIONS,
on t he i~ ~~ ~tt plastic pipe and their applications , and JOINING , AND STANDARDS
t h e  types ut jointing techniques . After this review ,

Types of Plastic Pipe and Their Applications
F a c tS ap ii J I ccu r t s of f/ic ’ Plastic ’s lndustri ’ tSociety of tile Plastic pipe can be divided into tw it m ain groups

PtJ slIcs in d us t ry . Inc., ~ugu si 197 5 ) . thermop lastic and ther mnos et . Them niop last ic mate m i.ils
‘ I) .~~ . ( i i,tsis , Plast ic Pipi ng Si ’s f c ’nis itndustri at Press , are those which can be softened by adding heat , and

Inc., I 976). p; t 35- I  55. t hen reshaped. usuall~ a great m any times it desired.

7

PRECEDI~G PAGE ~LA~~C.NOT ?IZMi~D
— ~~~~~~~~ ~‘ ~~~~ ~~~~~~~~~~~~~~~~~ .

~5 ‘.:._.—,,—.—. —-—~~ ,“—. ‘— — 
‘— ‘—5. ..——— —5—

~~~~

,- ——S-—-— ’—’— 

~~~~~~~~~~ __ J ’ .,._ —~~~ ——_ ,—,, _,,, , . .~ .5’S ‘‘“~“~~“5’



— . 5” —-

I Itet ul i t s et s , omi the uttier h and . cannot be sof tened it~ resi stan ce. l’E rc ’ p mes c’mi t . s ,il)m,ut IS  t )etc ’L’ mmm I by we ig h mt I
h eat on ce t h e y  hav e “set . 

‘ ‘l’hernio plast ics are mmmcli i t t  plast ic pipe used. l’L pipe is m mt ost if term used mu
m ore wit lel\ used (and in greater amounts ) for plastic ’ ss a ter amid gas dis t r i hi i t k t mm; it is coii sideueil s amis t .mcJi t i ~t
pipe t h ai’ are t huc t iiuosc t s . 1 m m certammi applications . h ow- tot  w a te r  up to about MYF (2 ‘~ Ut an d i t  m ua tum _ m l .
ever . thm emm oset s a c t ’ preferred because i t t  their greater utiammufactured , amid mixed gases. Smmi e e t h e  mi u atei i ah cai t
I esist, i iuce to elevated tem peratures amid their abil i t y be made in m mi a n~ dei isii es , cacti imav i m ig a pec ul iam sc

no be re m for ced ss iOu glass f iber to mnuch greater i t t  p opei cs , mua t c liimig the mnat e ria l amtd design caret iii-
s mre ngth is th in  t lu em u mmop lastics . l’hermnoset plastic pipe k is Im il poitam it.  Pt ~s m pc’ is ,ivj fable mit iiuau~ s i/e s 01

w a s riot included mm i this st u ds ,  long length coils t 1/2 to 2 mi .  1 13 10 ~‘ I mmmi i d i au m ue tc r
ami d as rigid pipe (3  to 4~ in. ~~ mmmi to 1.2 iii ) dijni-

Niost m I ermi uop tas t m c uu ia te t ials cant be mttolded im ito ete r I. \‘er\ lamge diamt i etem Pt: pipe is usuall used mit
pipe i l l  tube c i i i t t i gu iatm i t m us .  Specia l p m o p et t mes of spe. re pa im c’\ m s t ing ‘,i.’Wi.’i pipt’ It, it m sc ’rti ng it iii the deteim om-
cl ime mii a t er m als m a k e the mmi particul a i l ) suitable for use at e d or t’au lty lines , ..\S I Ni . NSI’ . amid t h e  Air ier icami
nu special .ip picc . i l i c t m is  s uit is co r l i ts iv e fluid drains . .;as Associatuc t u i  (AG.~ I have spec ut mcat ic t i us a m md stat i -
c’tC. hI i t t ,set ,~’r. me l _ m m mse l ~ t c ’ss plastics have htighi vo lume thirds applicable to Ph pipe . Join ing of Ph: pipe is dis-
prod uct iomi amid sv idespi ’ c’ad Ust’ . I h e  m ost important cussed in the miex t section.
trnCs are polvvii ts cl h t c i de . .mc u~ lo mm it r i le—butadien c .
st ~ ie m me , ami d polyc t hts t~~ii~ Ot lter t~ p~ s of Plastic pipe account i to the remilaini-

ing I 0 percent 4 b\ we igh t I of pipe used . Ih i c ’\ inclu de
I~tl~ imivl chloride ( I’Vt.’ ) is produced by controlled chloritiated pol~’ v u i I chloride, pit h y prct py lene amid

poh\ mm ierm i. at i iu im ii u unvl chloride ui l i t uu t tmi e u .  lhte con— p hI ) buty he ime
dit ions c i t  p~ 

iI~ mne rm / at  ~e clue ut com poun d in g
s~ithi addt i Vi ’ s e tc ,  ‘ s , itm d guides of h”s ’t_ ’ . (‘ hm lo r inat cd pc t lv s  t u i ~ I c’hlormd c (‘I’Vi. I ms ma de b~
PVt - pipc’. ss Ii ~ht mid can be used in ch lorinating 4 imi troductimug mom e chlorine m m  t i c  I l’V(
im uani % ,i It lt i ie , i iutttl ‘ i~~it two—thirds oh’ al l (‘PVC’ has muany properties ~~~~~~ similar t c t  t lutse of
t hertmi op l.ust ic pip a sveigh t basis). PVC ~ 

PV(’ but has a h i gher te mit pe ra lItre resi suance it cam i
available iii Sa l I is t i c’ ’,. ‘u/es 1 /2  through i t t  in, withstand about 2t )ti~F (03’( ’  te m peratures. It is

1 1 3  tl mr it ug hi 4tt(c im mmj dmanic’ t ers ),  aiid pressure ratings therefore most typically used in h o t  tlumd dis t rmbuti itm i .
or si a t t ’ i di s tr m but io m m ( u p  to about 120 °F I~~

°( 1  I and It is available iii 1/2 through t iii . (13 t h rough 152
h)W\ 15( 5 .NSlNI .iiid the N,iuuc tm i, i l  Sanitation Foiitid:i— mmii) diam ri et e ms . ASTM and NSF h ave stamidards on
t u t u \S i I publish sta n dards amid spec if ications for CPV(’ mnat e rta l amid pipe. (‘PV(’ pipe is usuall~ o mmue t l
t m tate rm , i I, de sm g nm , amid inst al lat i o rm of PVC pipe. Sever al by solvent ce mm ie mi tin g. which is discussed in the nc’ t
as ,ul.iblc’ r t t . ’.uiis of t i t l ing l~t,’( ’ are discussed in the section.
mt e~ I se c t I on .

Polypropylene (PP), which us prepared by poly item-
.\ . vIonmi r i le .bu it .uducute .su~ rc ’ mie(A BS) plast ic is made 11mg propylene . is se r~ c hie m nt ca l- me sm st a nt amid light-

cc tpc d y  mu lct 1/ ing the lii m cc c’o m ist i tuents in about weight. It is predom nitian th used f’or how pu e ssili C _ mui d
I S I’ . “ i  ( ~s B .5) pmopor mio ns . ABS is used exte mu s iv i ly  acid waste h u e s  AS FM has a stam idard for one p u e s s u e
in I)W’s ’ ami d sewe i app hicat iom is . It is som newhat mnore rated PP pipe - w h ich mt iust be schedule ‘Ii hI’S . a m i d
e\pd’i ic is e m hma n PV( .’ and accounts for hess t han 10 ~cr _ anot h e r  standamd for low ~ t CS5l i 1C PP pipe (s ihiechim le
ceni (b~ sveighit ) o t  plastmc pipe u sed . It is not as st m ’o m lg 40 IPS). PP is available m m i 1 . 1 2 m htr o ug hm S m i .  4 1 3  thum iuighi
as  PV( , hint has better  Im pact resistam ice . AI3S is avail- 203 nmim u) d tame te rs , ,mni d ms j om ried b~’ fusion met ho~lc
able mmi sc h edule 41) Iron Pipe Site 4 IPS) amm c h SDR* un which are discussed in the next sc’ Ct i c t i i .
d iam m ieters t ’rnmu u 1 2  t ltrough 6 in, (13 t h rough 152 nmni I.
ami d is covered in ..\S INI amid NSF standards and speci- Polvbiity lene ( PH) is tmiade b~ poIynnc’u i ium ig buitemie-
iications . Join Is irC usually solvemi t cenien t , I . It ms quite simlia r to P1’ pmpe but us mnct re c i  eej c . ~iuil

a hr asmi tn i- re s istam lt amid e amm wi th s tammd hi ighiem t~’nm pc’ra-
P,tl~ et hi~ cu te  ( Pt ) s  pulvmnu er mte d ethv lem ie . .Nht lmou g hi lures.. like Mi, it is used uri t is t l y mm m gas amid \s ,uiem his .

not .ms s tr o mig as PV(’ or ABS . i t has e’.cellen i chemical trit ,tmt ioni , h’B pipe is avatla ble m m  1 ,4  t h imo u ig h 12 1 m m.
(6 t h rough 305 mmii) diam net e r s. It m c cover e d by A S I NI

— ‘ . — ‘
~~~~ . . , amid NSF standard s arid is toinech in mmiu chu dii’ s ,mmne‘S i  )tt St~m mnt.tr i t  i ) mu m k’ul si iii Rjimo , w t tmc t i  is dric’rmnlmic ’cI _

l ’ s dli t ili ng the i t ut side di,m miicot ’r i t  mimi ’ pmpc’ i cy  i r s  w ,m it way as l’l’ . In addition , h a  red tomm i is car l b1’ use d w m I t t
t lu ck nc’ss . PH I mi m u c h  the sa tue way .u wit hi c i  ‘ppe i t u blmig.
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Flue s t / c  arid cu i ’ s s u mi ’ m. m u uuug m_ i mu ge s t tuui m mc h t i c  t ic ’ \ i l i t  c u t t I n g  is eiu mnp le t c ’d . liii ’ cl i i , i t e . t  ‘ hu ~iuu hd lie

.15 _ i t h .hi 1 iL ’ i°i tiuc ’Sc’ s i \  is i~t
’
~ 

itt jcI , is t ic pip e .mppt.at i i  u ’m uuspc ’~’tc ’ci t u t u lass 5 ii d.uu mi.i gc’ . I h m c’ pmpc’ mmmd f i t  m u i u ~’
ulcer u i c t s i of i ht c ’ uic ’t’tls c i t  s~ l i i i  amk h s , is tlmc t I ( t i m u h t ml . shitulil .t hss is s be Ic. mmm eth si mi i i  s.mlich p.mp c’m i t t  a i t t  i

cli i l i l t  ,iI ci r u h i uu t I )~~ \ , o uc h sew c i  s S s i i ’ I l l s ~ t i t ilt ,m m ucl iii .1(9 ) 1 , c Sc ’ c h i b c. iu ic ’t bet o t t ’ li ii ’ ‘ i i i I is

um i , u de
\ i urui ’h , ’ iis c m l i i i lii i il u u t ( t I,msuic m us l ims nc ’ iisc ’ c h t im

l i t  im i I i I ~’ 1~ i(~
i ~u t uit l i i  c l i i i ’ \l.i i ~‘ t 1 . 1  I’. ‘,ii Ii . 11 ii t It, t h i s  Iuutu ~tut ’ l ’iui~ I i.: lt i~ *i StimumtIuu r uI ~

iii ’ t m m i t t ’ i s i t  i i i )  I~ s i i i  s t uch i ’ u i c  I t t m t tu lilt ’ (l~’,\ t i m i , a m mul St nesl u cumlmu , Il%

jt,i h i, t eit.i t huu i t rt ’t li yl eiic ’ ( I c ’ i i i t t t ) .  c’c’th uht t st ’ ,t~et ,utc ’ i t imi ~ It ’ ,ussltle hmi g hi i~u uahums plc l d l m t Is .111t h ,ui h c ’ c ; ti .i i c ’ ihc ’~i~ ut

mc 5) ii clii ’ i t  ‘ i i  . ,u ruth iu m , im u) or huc ’m s I uuti ,it phuc _ u  t i c  I t  u i’ m u.i t u tu 1 h,is i ii ItlPt’ . Iliiilli ’t i tus  i t r g , m m u u / . m i t i l l s  h i s  c ’

Imi s t i  hi . h i t ’ ,15 as m u d _ it pipe .t icd s ,u is e huutgs ou mum s i l t ’ gc mie m .mt c ’d sta iu t ham c h s . sp ec ii I C , i l i c i t l s . am rd tt htc ’ m c’gt u h.m t

, i_ t im) list ’ s ill mime ebie uuu t c ’ah ~~~ i 1 _ essui tg ,ne,us Man tit ,ic’ ’ log cc t i t s t i , n t I i s  I it es ~’ c i tm i s i m amnu t s  huc ’h p p ic idu ct ’ s  ui r . im ii

l u t e l s  c m i  pu~tvid~’ im i to muium t uc t m u on htese cpc’c’ ma h t \  pmpes . tail t ,m chc ’si iec h qua ht ts  pmocl uc ’ m al it1 , isslne c i t u u s i u t n t ’ t s

ltfes m g mi c ’ ms l  ihuat t h e  product ss ill pe mf o rm .is . h c i % c ’ t  l isC i l

I huc ’ t nauiv kinds of phast l  p 1cc’ de imu , iruc h i ’ \  I l l  ~,ite im i
t h c sm gm iu m ug ,um ut h iru st _ mhhi ng s s t e u us  u isumu g  pi t s  u pipe. Si t nuc ol time pr om i mimuem m t ivpc ’s c i t  stam u d a n c h s armd spe.

Ki mt ds amid ei. u cl e s of pl.isiie pmpe carll tot b~’ u mu d ise r i mmi - c it i c a tu i t ims am id t l ue i m propon en t i l t ga i i i / . i t uc i mus arc l ist et h
l i ii ch ri um xed mu a ciii 7ic s\ sic ut below

Joining Plastic Pipe a. ~N mu ietuc , i t i  Society hit m I c’s u mm ig a mmd NI ,mt e r i.uls

Flue i i ie t l uc c cbc o f 3 ctuiu i rmg wimic l u ca r l  be usc’cl w it h phis- ( .\51 MI studi es amid prepares wud e h accepte d s t _ i l l -

t ic pipe inc lude s i t l Vd ’ i i i  ceum ic ’ r i t mmt g,  t hume a dirug . b u t t  hc’at iaid tes t m et h ods t’or materia ls , p~ tc’e du m mcs . ari d

i t t s h i t t , c’ldc’ I t iCJ h c’ s usi . t i Ic e . i’h,ut m g mmi g . st ic ker hm c at t u m s u i t m u , P mt mc ’esscs .

l Z t c c i t v I i t t ~. c’om im pressiolm imuert . O u u i u e  jo imits . a m m d ci th d—
la med cici r i lt ue ss iom u Iuut i ig s I l s ~ ’v ’ i  - mli i single mm e t h i i m t l  b. I:et le ial S p e em t mc ’ a t i t t mis  1 1:1 l). St ’ h ( 1  .ime pue parc ih

cart be used wit h ,uhh tIme imt , u t c ’ mm a ls discussed. Saii st . ie ammd umua m mitammme d to cover goods ami d st’ iv i e c ’ s pnt t c ’uic’cl

t ct r\ irm smahI ,u i uiti i of ’ i’b.u~ui pipe requu irc ’s t h at tIme proper b tiic’ Gen eral Services Administratio n ot time t S

u mme tl m c td ct f cm umi ng be sc hect et h an I puoper l ) used. T h e  Gtiv erm inti enut.

pipe mn,irr(ii.lt ’t 111cr ca rl re e om ui rm ic ’ mu d t h e  pm oiler iueihti t ch
d l  .1 1c , m i t i c t i h ,um ,mpp lmea t i o r i .  O f t c ’ mi t ime mn , u i iu fae t tu t t ’r c Mt i t i . u t  S pec t t mcat io r is (M hl . ’SPI ( ’ t .mr ud S r , i r ud . mmd s

cd li ic ie men ec ’ .imu ~5 I NI pi i tc c ’ctu lc Is app hic.ub le. Table (NI S) , w hum c hu nc puepa red cv the l ) c p a r m rrm c m u m c i i  I)eit ’ i ts t ’ .

I u~t se s  t h e  im i ’ t h r o t h s  c it  i tu mumm i C .  tI~e i\ pc~ of pipe with gemie umhiv c’OVC i in_ iterma ls m mm t emid e ch liii mm i m him am ) .ipp h i

ss hnch r l ucv siiouhcl itt’ (isci b . ,umu d t buc ’mr .uclt , , iut l . t t y ’ s a ri d ca tm o ns .
c hls .i 15.iit i, iei ’s I Ins u m u f i tmt n. i r i t t m m sV.ls ac ha pted from ii
nu imn c ’loiis s i c l i l C i ’ s mr i - huiih i n mg it~c~t ks ,uu d rt ia mu ui ta c ’t ( i rets ci. l’hie ~‘~at io m ia h Humeau ol St am id_ irc is INBS ) plc’’

h i te i ,uu u uc ’, ~u mu d t e p l c ’sc’il t s  tlc .’seil i pm ac ’t ic’e w i tb m thie p;irc’s }‘ mc mdO c ’ t ,Sm.umidauds (I’S), w hich am c’ gu iut hc’l imm i ’s i i

mr iore c it uui mri o n l used kitud s iii ph. m st i c pipes . pmotlu me er s to vicl ur i iai mhv follow ’ . l’Ss _ ile uis u. ihiy m m i.iieh ue cl
it s A S FM am Id oil ier st a m ida u ds.

\s wit h c tumv ~’ mt m ioitai pipe inatem i_ Is , c’er u _ i m lu t iui mm g,s
i m u u u sm he ditmm & ’ ‘ l i t t o mmr j ki uuiz t Ime d u l l .  l I m e pipe should c . l’ htc ’ I c ie r_ h  Ihit usimi g ,‘\chmnm n i s t m at i o iu  (1: 11 NI i t t

be iris pcc t t ’d ~,trc ’ h ui hhv for I c c i  ei c im rna i ’ i  ma l , um ut h t h :mi mm ag e . t h e  Depai tmm ie mmt 01 I Iom mstmi g a mu c h t I b,ut i I)eveh o piuetmt

It time pipe us 1 mm s,ut isl ,icto rv ~ot ii ht tiom t . m iiv ue quure ih I h h ( ’ I ) )  iss ues s tam idards applicable t i c  mI t e hui t usm m mg
C i t  Is sh ould be mmia ihc ’. to lhowcd ic ele:m nt m ig .itu\ cut t ut igs i mm ch usti
, imu v l bu mrs t r c t m ml t h e  pipe. Spe~I,u h e ut t m mu g tools for ph_ is ’
l i t ’ pipe sluoum li l be used. Nh it si of thmes e cut ters , Wiiic’il I . Ihc A miierm c ’an i N .t f m it mi a l Starm t h zu mch s h mus ium uu t t ’
stor k s e t ’, s~ ’ h i . rc seim m blc c’uc ph)c ’l tu biitg e t u t u c u s . lIme (AN SI)  hi_ is ch.usci i i ~’~h p las ti c pipe standa rds nu the lr ,~
p~ ’c’ s h l i mumld bc t n t  s t h iu ,u id’ . ant I tIme ech ges shug hit lv beveled a n d  K t S  sc- t ies, h ,ucii s t am ic lamd pmc ’cemit h\ ~ u m. t h~’uz ’ i  i’\
10 t.uc i litafe umi se rt inmg the c’l lcl Into titt m ngs . .NNSI is a lsit cove iec h by am i mdem it ie a l ~ I NI s i .uui d , ut d

It .m s
~~

i’ e t . I i  e t u t i e t  Is r u i t i  .uv ,u ila bhe , a h imme . t i to t hm e d g. l i re N ,mtui tum,i I Sam tmi , i ti i t tu Fct um ltia tuo il (\SI I I es h-

sOt,  ,mm ~ t u m n l l t ’ l  i~o~ iOu ;ug t is _ iu r c’ Slittulti Ice uisc ’d. It .i mmt g I .t bic i~i t i t i y  tes ts  am id cv , i i i i , i t i ’ s c’qmui pm nl c’nu r a n d  p i t

5 ,15% IS i I Sc ’ il t t t i  c u m t t l m r I ’~~it i l l r  Ic ’ttti cs,mi aut h bevelingshli t mlhth thm c ’ts to m c’oinph i a nlce t i c  NSI st a m id ;u md ” Fhic ’ 1 i’s ni im g
hc’ ih c tmm ’ beti tm c ’ t c i i m m m u m l e  mI nt ’ pi unt I ,i h c t im , m t c t  i t_ i s  us s imt ’d t i l t ’ ~‘~Sh Se,ih i d \~‘~~

t u s  ii lit

i)
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I

~~~c~ ’ i plast ic mit ate ui a ls , pipe , f Itm ui ugs ,am m d a ppmirt e mi _ i m lc es Im , (‘ot lmmilt ’reia I Stamidar ds I ( S )  lss t iu cht  ic ’ t i ’ i t ’ i i c d ’

I oi hwtn hi poiaht le ii ~i CI amud I )WV sy sic u s  [bc’ ii.st’ c c i  .\S I NI pn i m eed umes I am e s t am t dards  v ol u m i t: m m m l y ass umim c’d
t h e  seat Ililp ii cs u ha m mfc c’ produt ’c’r h i ,ms agmeed 10 a hli t ts i t \  umud ivid ual mmiamu i m t a c turers ’ ass icc i a l i i t l i s
\ SI mit vi ’,it . m lc sp eem - am ud mes m prod uie ns bcari nig t h e  se_i l

~i um ma uinic t uum ic e s t times . Sumtck’s mU) hc’ sc’leeued at m. Ihu e l ru i e l mu a tm im m la h - \ S s i t c  alu m u t i  l’hui tm 1t mm i g ,iuid

nbc p ui t d u c ’ nui t m i si n,’ , t ro m ul ct ,uehiiuus ~ st o~ks , cm r al tIme \ tc ’~~Il.inic,ti i,)iIici.ils ( 1AI’MO) puh lishic ’s si ,inida rds
iiu-iial h a mi c c ii s u e . Su ch ~i p l i tg ra lr t  em iei t l i ragc ’s pi i i du cc ’ i s
.cm t d du c t i uh c u t c i i s  lit iluai m i t , m lmi  p r i td u ic ts  at au ac ’c c’pi ah cl e I (‘am iadu ,m n St .l mmdards . Ns s c i u l , i l l , i l  l ( S .~ ) pt u i ’ l l s I R s

c1u.ului stau mi bards amid reec cm nii iu ei m dt ’d ~ rJ c i  I / i ’ s

Table I
Methods of Joimiing

I’Ip c’
Mc.ihittj Ma(c’ r ia is l)isad’.at lu a gt ’ s .~ civant2ges

Scc i i t ’ul l P\’ ,’, \ u1~~, ( t’\ .i umum i ir t’ i’ ,titu uc’ icrit ict ’r lt uc tuit et (.,im ucc k . c’ ,cs ~ . t , c i l m i  is s i r c ’ t c c  liii

c c .’ ct lc ’ul r m u g  advt ’tse cii n_ in uSc s . ’ rc i i lu ire s spt’il.c i m iiitis reii uiirecl .
cs~im m iu ug hi lc’ s m c ’ t ic l  t ia ks  till’
f icu i l m ci rc ’ i c a mc 1 110 I’~ pe r—
mm l aum t ’n i .

i i r t ’,i,t h I d  Sit I sc ilid mlii’ 511 I’c ’ s sitct t ’ ic c cc i  t ’ r .t i c r i i lce j it inm (‘all ptt ’ t a l ’ rm ca m c’; l i ck s t’,csi mo re
_ind c u r l  reduies Ic l i ’ssl i r e r u i n : ;  reqt uurc ’s p . r  j oi nm can Ice ti ’s t i’d inc

ci roct ts hit miurc ’aillng. nit’duim rely.

Burr iueiu m i’i , Pu’ , I’ll Rtqi uj rc ’ s s ~cc ’ c- m ,c l Icc i t ls;  tu ,mrd ic ‘ ,t’ r \  St t i c l l i  l c c u t l t  l u c i i l t  can itt ’
I c c s c c d c c  dcc lu c c clii ci t’ .t t i ler jo in i I nc-sntcl atuni ts t  ih immm me dm att ’t ) can i i ’

tud’rlnanc ’nm . u sed iv ini i  I i rcc ’ it m a u mci ’nc’r t’ii’c~

I ic’ t. 5Th at Pt’ it,ec IU l r t s  sn’~’umu~ t’ ic i i i(i r r d elet ’ t2mu icS. . ie,i),s c’ .is~ 10 repa Ir.
ii u’ m riea t s c tm cr t ’ c’ nettled ~ ctua v

c’ it lul t ’ un C i t l l t , t u I  ~v i t t i  liuc u ui in
huut ’.

I i.iuuginc tcii I t m c l u  mnu t u .u i  ‘ i t t  and l,t I’’’r . I ssu ’ c I l i . c th  same is lhtt’ ~ui It ’ ,i.
imtm m m nc ’ cl mi d t R ill cii 1’si 1 1 1 1 1 1 1 1

I~i’.~l

Scic ’kt’i team i’l . t’ i’ . i’l l S,iicc t’ as it uu il heat Idc i l i c ci S .dl c t i ’ is tu uu ni itt — _ cm icu s hi t u l .

d c c c i  d c c i  Sit Requires i’s m i d.c is iue c c c i i ’ . s i t u p .  ( ‘,c ic prei ;t ic r icat c’; e.is~ mci assi ’ ct t
i t t - s i ’ s pc ’ I c s c u c ’ -. rectuc ~ i’s pIt ’ s  ti t e .i ludi c lus asse un t ’ t t ’ ; t i l t Ite ni’sl t ’si

s un l i t  i t c c  i utmuuuu ’d iatcqy .

c m pr c ’ ,si, in I’ . I’t m I u m u m i m c ’d li t .u itiiur _1 n. I 1c uumtu ~i I i t t  itt i ucs m ,m t i ;  lit s piel_il t c c c c i s
unsc ’ t m ci u an it ’ rt ’ r ; nt ’du cec ilit tt ’ c,l id ,ti . l i t tei iuitc ’d it ’.iks s lit ri d l i p i d  

—
-

i’ i St s i t ’ l t t .

u l  R itc ~ i’Vt ’ ‘5 1 1  rec’itun umiendc’it cur t luuiits I .is, lit install in ~mi I 55 i’,c Ulc’I . rtii
,,mlmcr m l i ;un 55 o t t  lund such mcd’ ; spc’ci. i l lou ts rt ’ q mumu c ’ct ; it ifil tan
m turus i  t t t i tc ’kmn mi nt’quirs’d st uc t u id Iii’ mi s l e d i u uiui u edmic mt- i, Im i g li pit’s
nctr hi’ ust’d uhi tv t’ c! rcc ui lmi l .  sure r , t t l l l e s ;  i’s lc ,m t t s l c i c t  am id t O i l

i t i t t l j i t f i  cit s v s i s ’ t t l  -

S~t d ’ t i c ’ i ’ ’ l d c l i t i , c t i s  i l t ’ t i i lh5 ld i d’ni ~dI Itt tue ic ’lll pi ’ r . u t mmnes iti ll ilci t’ It ie ruili ge iii 411 t ic ~ 1i i 4 nit .i 2 ‘ I .
ct c l  i c ’,, htu, ’, I ‘c ii i esp~tsiu re. ,,r winds ccl  I S  i l iu m 24 k uuu / I u r l  itt h igh er.

1(1
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k. Iht’ h’ i . i s uuc Pipe l n is m i t t u te  ( h’h’i l ~c l ihie Sc / l i t )  iii s h luiss . t h ese b u m  c-odt ’s , ,is wel l  ,is time ( .uiu ~~t t u . i u u P l t u i t u l t
rime I ’ h _ isutc ’s In m iht ts r rv i~~hi~~h c ~’” uiu lnc rum us uii c / l d m m i c ’ n u t ’ ~ ing (o de , hms i ic l,usI Ii pipe as .ini a lhiosa bhc ’ ,iIt c ’ m u m . i n~’
us Inch c uml u m.uu uu s ,ul ua hchc ’ i i is lCi i  limu d i l , u c  I c e  rd ’c h i t l i u l u c ’s muu a memua l
mc i_ i m cd t c i p lot  Ic I~11tc ’ -

h u e  u l u i c u l u u u a t . , t mu j i m \ 1c ;t ~~u~~l’, 13 ,ilssi m n i t i m c , ini - s i t i . i i

- \mmlc ’i i i ,i II c c i  c i k  s N s . c / i _ I l mc ii i  I \\\ \\ ‘ii I p ui b— Ic ~~ ‘ l c lau i d ’d’ c t ,  c.’uliit’ .iul hiit i u t u c ’s iii t hc’i n h it p l .l st It pl p uumg
h i sh ic ’s sr_inch_ut u ls ~ Cl I ,muu i  lug i t t  \5 .I lu ’ I ul s i I b u n  n u t  I cmi ss .i it ’ I si u p~c h~ is i li ct i / Inil ilc ’uh lu _ m um lu l l I )N~ \ pm~ti nm g.

\ IiS u e p o m t t ’ it t i m _ i l  w h u c’ie .chi c sse,l ssiu him mu t Ime i ut nh fiiie

mm , \n uct  n-au ( us \ s s u c c l i t  mi mi I \( 
~.\ b um i _ i u lu l .uuu us  UsC is liii ihu t ’ u l i c t s t p_ J ul l u s t  t i ~ te d to ( ‘N 1 ss hen ,ul-

st . im ui b ,i i c ,bs iti,I t uliu7 t c l  4 _ u s  Il . i l l s i i l l s s d c c t l  I b i m t b i  n . i t ut.u h hu t w ec l u r u dem g m m utn ut l_ ouisud t ime huuu h cfunig mime , Ph ms

. i l idl Im ia In lu i . i ~~l uied )  f i e t h u em l th ) (isi s1

\ h’ pt ’ i u lu\ N lists hu e s i . umu i h , i l i l s  groups , i i iu i  lime u i m m u m u -  \ csut ’t,t, c u t  I h u c ’ \ I3S s l u l s t ’\  silgg c’st s  hi _ i t  I )WV t~ ’p
itt i lOu1  ui he cmi  i t i l t  1101 1 1151 liii s u ,uutt l. n ci pc~’ I ;uuu u ulmg i i t  it’ s c l ut S ti lt ,’ i,u I Ct ’ st lus t ’ t i n t  It ct i i i i i fs t c u l  pkist Ic P11cc. I hi us

t Imer inii mp i,i sm ii 1111cc. ~omic lusmcmni us unmshe _ udiu ig . how ever . .us tmiclm ~ .ulc d bs
I able .2. (iii t h e  b_ is is iii uiu ini u her s id to ils . Ilic’ \ 135

Acceptance by Codes
N IbS t cc ’e ui t i re vmc w e t h mlii ’ st a t us  c c i  ~‘ic dc , i i c p u c c s . u h s

am i d l t ’ s i l l c t i c c l i s  i tO thu.’ Usc’ cii t huc ’ im ic o p lasni c pi j c inu g .~ Table 2
Results imu ci i c_ n e d h i_ i t  ct tde ; j u t t h u ic u  l i l t ’ s hm_ivc mm cm u.’ciiel - Qu am ititi e s of Thermop lastic Pipe by ¼ind of Pipe
il ls _ ucc t’plu.’d t hu c t u i t i cp h_ i st i c  io Plt ii  t c i i  usc’ ri t t ’ s mclemuti ;uI  amid Type of App lication ii ~74)*
phuit ipinig ss s l t ’ l l is i’’~

- iust ’ ii h i s  Iili~~t c t V c ’ tl . ss iui bc ruicta l-
i’upe I. sed.Imc ~‘I~1uIug st, .is a lrc_ idv .lcce pn_ ihk- .uui~b ;uv am l_ ib lc. Iiu rI s e mnniilio n lb

past less e.irs . i l c c s s e s e l  , accu u ms u hat uum nu of a i t c t u b ’ i t mf (million k g)
stuppi c rt ulic ’ cl,ji ,i lu_ is uesuhn c ’d t n t _ uc ’ce pt uuute dcl rIme ri_i —
t e rm _ il for celt aims app lications. h c c l  I W~ V s’~ st e nus , N 13S t’ iCs s l i t c ’ .6 t ~c i i II c

re pt crt ed tIm _ i t  .i ccc l i i  s l i l \ /\  Itt umid t h at ABS ;i nm ch itV ( PV1.’ 555. 7 2 5 2  I I

is I l c iS t ,  pc r i t i i r tc d ion slllg h c . i _ d lu l i h y hiousimig cul lust r l i c t io m u Pt . t t i 3 . U t 46 ,71
by unort’ t hami Sb perce n t icf i c / t i  ctcdes in the 1 t nte d 0111cr 4 . I i ._ i

‘u t _ i l e s  cm u nmm par ccl to  ‘ 7 pcrc’ e u n  in i~l ’ 7 , — ‘ I pet / e li ins t )W V 2 2 1 4 i t li2
l 0 1  . ~1) pcrccmin in h um ‘(i , and 75 pc’t t ’e ln t in tO it ti . In liii 2 s4 

~; m t huhi i imm m i , \ BS rc ’ pim rted t Im _ i t  NIbS ,it id c c r  l’V( ’ ire t i imw \i(S Ii) ’ 2 i 4510
per mnit ted b ‘1) perc ’c is u oh iitc ui ~ui des for I )N\ N in
i i u s v t i s e  ;mp ;m innii e il l s . ,uui t l tv 4uI lc d / e m i t c l i  Usc’ UI h u ~ b- (u iu iduj l l  27 .5~5 it  2 5  i i

r ise s i r ( uu ,’ t l n r cs .  I’\ m, 2 S .~
) ( I 2~ .t

I hc u n ic i c ’ ,is c Ii t h e  miurnitc i ccl him cal , u j l i l l c c s ; I i s  c c l  S~ wen ~ t )r .it uu 2 5 5 . 11 I t

p 1.~~tic pn[t c ’ i’ ll /c  I s  hue ~hanges being nu m_ id t’ in r Ime 1i\’ ( I i 17 . li i 4S SI

t t uot he h cu t sht ’s I lpit t i  ss tm ic ’ hm t iu , uum y hot _ i l  C c t c i d ’s a i d ’ i’,ist’tI . l’i h uh_ it ) 45 II

\ hbS mt ’pt mil e t h lIi.j t ci 725i1  c imule . i t i uhmc mr l l les  asked t i c  S i t  t i ’ mi t ’ Rutcicir 4 S i i  i 2 0 4 ,

indic. utc ss hm et h ie r tI m~’ir phuu i mt imig code st,~as b.ised on or Oilier ii i I I I
ic lenti~.il ss iii a nm c c i  t he muti udel c-o des , .~ i pereem it m u — p~~~’ m ‘

~l ic ,ute th i hm a n t h e m c c c d e s oere icaset l on time N,it i~rt u ; u h pi: S l i  I 1 .61

Stam i dar il i ’h i ut t u biu i tz  l i tt le , .27 percemi t on mIme l mn t ’icri ui ~~ 1 2 S i  ‘ s i

i ’ hu t i t i c i t i g  l ittle , I — percelut du n  t h e  Sout h ern S la nday th Othuir .2 i S )

h ’ h tu i m mh c i i i g ( mule . .unt l Is pc’ rce m m l tint t ine i3. usu _ h ’h i lut l i cu nig t ~~.d 1, 454 II U,S~t ~( o d e .  ~s th i e NIbS bi n dings si umuu un_ i ri ie t l  itt \p pem idux B Pv(’ I ,O(t5.~
) 

~4 s3 I I
i’i 21 7 ( 1  ( 05 4~
‘i t tS  I 20 .0 I ~4 4 u

S t t r e u c t • Ruilutcer 4 5 1 1 1 20 .4 ,
I~ S . \Ss is . i’ m ,ul, , Rei ui c u c c (  ,S(OP mil cl r clS : 1 /  IOllc ’c / t t  Ot Iner b.t I 2. 51

i ruu l i ;u c u,m t m u m I i : tlc li p lc clii J’i,’itig iti /i C S ic /c  - II (d i l l  / ‘/UtPu/ii ,u(
b l tuu l i t i r t i  su s i l O ’  Sc’riu ’s hiS u N i t  c r1.11 tiui re~mu s t i  Sl .iu t i l , i rul s * ‘tc t ,mptet t  twIn /‘cZCIS cldlc/ / i 5lit’i’N c i ) I /ui ’ / i/ilSflu -t / c c . / l c c t r I  i So
‘,t , u s t i i ’5 t  Cis ’it  ,uf mlii ’ I’I. u s ttu s incdu i’umr , , t i l t  . \ Iu r :uus l  i ’ 47~~i.
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sur se y is correct , hut it is mncorrect in w rnns of pounds DISCUSSION OF USER SURVEY
(and hee l )  u I  plastic pipe used, As the table shows , AND LABORATORY TESTS
miear l y 50 percent of the I .5 billion lb (6~0 mnillion kg)
of resimis converted into plastic pipe in 1974 were con-
ver med into pressure piping, while DWV pipe represented Survey of Milita ry and Civilian Users
only about 15 percent of the total , To assess the pert’ormance of plastic pipe in use . 2b

attendees of a Facilities Engineering Corrosion Course
The grow h rate shown for 1970 through 114 held at the U. S. Army Construction Engineering Re-

(Table 3) indicates that use of plastic pipe is increasing search Laboratory (CERL) were questioned about the
sharp ly. It is anticipated that nnunicipal codes will use of plastic pipe at their Armny facilit ies, Virtually
gelierally accept plastic piping as m ore successful all geographical sections of the contiguous United
c’~ perienLce data are accumulated. S ates were represented. Appendix C contains the ques-

Table 3
Growth frends in the Use of Thermop lastic Pi pe

By Kind of Pipe and Type of App licat ion *

Kind of Pipe , million lb (millio n kg)
Year PV C ABS PE Other Total

1970 3 8 7 ( 1 7 6 )  84 138) 1( 2 (37)  84 (38) 637 (289)

197 1 55 1 (250) 1 13(5 1)  11 3 (5 1)  104 (47) 881 (400)

1972 8 77 i398 )  164 (74) 180 (82) 109 (49) 1 .330 (6(13)

1973 1, 13 1 ( 5 13 )  t67 (76) 190 (86) 99 (4 5 ) 1 ,587 (12th

t 9 7 4  1. 1166 (484 ) 120 (54) 2 17(98) 51 (23 )  1 ,454 (669)

ri iwnhi Rate
197 11- 1074 29 ,O’1 9 .3’1 28 .11’; 13. 111 23 ,0’

Type of Application , million lb (mil lion kg)

Year Pressure Conduit t )WV Other Total

uu ) 71i 357 (162 ) 102 h 46) 60 ( 27 ) 118(  54) 637 (289)

197 1 476(2 16)  128 ) 58) 120 b 54) 157 1 7 1) 881 (400)

1072 669 (303 ) 2 1 3 1  97) 2 I 8 h  99) 230(11)4) 1 ,330 (603)

1973 724 ) 328)  350 ( 159 ) 238 ( 108) 275 ( 12 5 )  1 ,587(720)

1974’’ 663 (30 1) 276 ( 125) 2 1 3 1  97) 168 ( 76) 1 ,320 (599)

(; nmc wth R ate
197 11.1 974 16, 7’-; 28 .11’; 37 ,0’; 9 .2’ ; 20 .0’ ;

‘(‘um n ip u ie d frumm recent issues of various Irade journals .

‘‘[otai construcij on in terms of co nstant dollars declined severely in 1974 .
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tmo fl hlam re u se d and a suunm1 iar~ of t h e  I 2 w r i m iemi amid Alt hncug im mione ot rIme JoInt types presemited a special
14 d)ral respomises. Only two i i )  tIme 26 res p u mud enm t s pric hle mmi . in us_ is lound that care imiu~n be cx c ’ u cm sc ’d t i c

imm dicated that uio plast ic pipe hi_ id been used at the m t i irnn good joints of any kind, A brm ’ .’f t ’au nuluar i,.at utm mi

good, tit’ic’nt l it asSili c’ good jo ints,
facilities, Most experiem ices with plastic pipe had beemi periiud. to llowed by simmne practice , appears no be sub-

The am uoumit ot’ pipe used ramige d hrom n a few hm umi- I’lie sc mlve n it .cem uic mued joum m us required ex t ra  c i re  at
dred fee to ct ’v em ;u h miles . Principal uses indicated wer e both te iiiperaturc ex iremi les ; at the low te mmi perature.
or br_ im mc lu water lines, DWV . sewer h u e s . ri ig_ itiomi , t ime jo imi t su as allowed a uii imii mmm umii of 2 hours to “set ”:

and electrical timu c com idu its. The lew ia uhu mr es exp e rme mn ced at t h e  h i g h tct npc raturc’, solvent in t h e  solvent cej i iCimi
lu_ id beemi deteriuiiuied c m result brommi inmu p~~pen mu st_ i l l_ i - evapora ied rapidly, re quiring assembly to he hait i
t ltmn dir imiadvert emit tm vc ~luc a d im ug imt emitren e hed himi es , Threaded amid commipressiomi imi ser t jo ints were both

formned eas ily withim i (lie te m perature range used.
A ppendix (‘ _ilsi i su mnmni _ i r i / c s hue responses ot eight

c ivihiami misers eni~ in1ee rim sg l i mos and comitra c tors cm ’ For the smm ia ller pipe dia m eter s (2 ni . 1 51 m mii or
gage d ins t h e  design ,utid im ustallatiom i of plastic pipe whm cm less), one person could periorm ii the j omni lmig su m u m  ease .
sserc surveyed, Lxperic’nce imi plastic pipe sys ienus Above 2 iii, ~5l mum) u m m duamn eter . two peop le were
ranged fronts 3 to 13 ye_ i rs vp es of in stallations were required.
prinimar ih~ ss _ itc’r dtstributi o n, plumiihimsg, DWV , and sewer
col lectiomi svs tt ’unS, All experie nces wi lls plastic pipe In some case s , faulty joints were mn_ide iniemit ionall~
Is_id heemi gs uud . part icularl~ iii t he past few years , Omie Following leak testing, re pairs were miiadc , T lmreadcd
u n i t  li_id ins i_ ihled inure tl i_ in i 1000 miiiles (1600 kIn) of amid ctnispression insert joints were repaired easil y ami d
2 to 12 in . ( 51  to  305 unni) diameter water distribution quickly by tightening t ime joint or compress Ion bamid.
lines in rural arc ;is. These imistal latiom is were in hilly The leaky sulvemit-cem nented joints were very difficult
terra umi wit h inmost comnnmdc n soil ty pes represem ited. No to repair, and success of the repairs su_ is questuonab le.
crushsimig or leaking problem s hi_ id occurred iii arty of In such cases. cutti m ig oul the t’ault y join t and t Ittim mg a
t he limses. miew short section of pipe (with fittings) into the line

would appear to he more appropriate.
‘[lie results of time miiilitarv and civilian user surveys

iisdicate satisfactory pemt ’omniiatsce ami d acceptance of Dussiinilar materials were joined usmmig so lvem it
plastic pipe ins a variety of app lications. ce m ent in time second phase of the j oimit tests . Res uins

indicated that PVC and CPVC can be joined , provided
Joint Tests (‘PVC cemiient is used, PVC and ABS are dit ’ficult to

Joints ss c rc mum_ ide with various kinds of plastic pipe join and should therefore not be jo imied icr int er m niseci
umm i der a varIety of cs ti md it mic ns ums ihe laboratory , ~~ within a sy sleIn, Because of the dit’t ’er em ices imi tIme mu m_ i-
c i tm r l i mi i mm s t ypes oh ~im tm i is were m u s_ i de st ratg ht eoup limig. ieria hs ’ t hermiia l expam isiom s . omily approved ~u dap ten s
Ys , Ls , arid I s . ‘I lie m et h ods used were solvent cc miietit - shoimld he used for interconm iectim ig dil’be re mit mi o nmnie t,u l-
immg , mhread umig. a nd com npressi imr i im s sert .  These nnmc t hiods lie pipe m miaueri a hs or nnetallic and no msm iieta ll id ’ connsec-
svere se lected as mo ist applicable to the kimids arid sizes (ions, PVC amid PE, CPVC amid 1’E. and ,NBS amid l’l’
of pipe ii~et I umi ilue s i uid~ . ‘I able 4 sumisniarizes t h e  cannot be joined , since one type requires s ic hvemi t
I u t tt i t It st5 alI t 1 results . AS’I M proce dsures were tused m welding and the other requires com upresslimls iuusc tn s .
t i t u t u m i r i g  iluc’ sim hve m nt .c e nmie nu t tt d joimuts (1) 2 85 5—73 ) .
\ l,uuiu t~uciu rers ’ d irt ’c tio m ms f u r  u se of the solvent cemen ts Sin cc t lie cust it f a field SI udv lam itt’ t’nougl i t im be
st eu t ’ b it l lsuweth , sv hmere .upphit’ahle. conc lusive was prohibitive . t h e  experic’mices of Ibie cu t -

l’V(’ , NIbS , and (‘PV(’ pipes of schedule 40 II’S were gincering and construction t Irm nis suu rves ed were uu s eu h lit

I use d ni ti c rm imig so lven t— ce nne ni ted m imi nit Only i’VC ;issess tield consdit mon iom mm in g. Ou ts ide In st :ml l_ i t mo nt

t se lmettule Mi) II’S) was imsed i’or t hreaded j oint stmm dics , (water distr i hut mo m m am id sewer Immies ) hail been) iemb ’omn iie d

B m tht i(iii’1csi I~~t)(),kI) . m) l’i~ ami d Pit were iist ’il im m fornn- s m bt ’ree i im mg mc mni pe ratur cs tn t .i mium nher iii c . i sd ’S . lime

umig c u t m mipre ss t imu m muse m l  jo ints . h’ipe (hi ;ursmeic rs ramige ’d enigitsee rs antI contract o rs mm it e rviewed mmid i~’ ,u le d t h at

tr um nmi 1/ 2  t I m ~ in . ( 1 3  to 102 m m i mi i)  O ’ r mn ig / suc t ’ ket }oiIlts presen ted no pmobheii i , hum that
so hven mt - t ’erti enmbt ’d join ts required a kmuig Immuu c ’ (bu t iu m s I

Ie u i i p e r i t uu m c s used inn time study t ;unged t’rotmi 2 5° ic prmor to ti hh mmi g , test In g, amid buck ll l lum ig uc petat lmuuis . as
I I( I ’F I 4 ci  4 3 ( 1  rcc o mnm ,me nud e d mm NSI NI I) 7 5 5 5- 7 3 l ’ i m m t um siu l t ,’ im ist , u h.

~ 
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Table 4
Summary of Joint ‘lests

(SI Conver s io mm Factors : l iii . = 25 .4 mm : °F .- 32 X 5/9 = °C)

Pipe Pipe Wall Number of Joining Basis of Joining Joining
Material Su e  Ihicknenma Joints Made Method Method Selection Conditions Test Remarks

Smulv c ’m il “uS I M , M ; tmuu m fac ’ Ium r c r Vi s u a l; I .m si . I i s s  t i c

l’Vl, ‘ 114 j im. S(’ i i  4 ) )  64 ( ‘e mmmc ’ mmi l(c ’ i’ u t i m i .  I u ’ mu m mut um m y 26 I l’m t ’ ss m uut, ’ • ( I )  t,’,muu m . K e l u i t t l u ’

Solvent A S I  ~ul , M unui’:mc ’t urc •r V i s i m , ui  . I ,ust - I i ts  t u u

PVC’ 3/4 iii . SCIt 4t) 64 (‘ensent Re~omuc , [‘: eimn mm mic y 70
0

1 Pmes stuue (t 1 (,c’an ms . Reliatc k

So lvent A SFM , Manufacturer Visual; l ast , I as~ mc
PVC’ 3/4 in. SCII 4(1 64 (‘ement Rc’coni. l-eononny 1 15 ° f ’  Pressure (1) Learn. Reliable

Smmlve nn As’rM . Manufacturer Visual: l ast , i a s ~ nut
PVC’ I t/2 imi. SCIl 41) 6(1 Cement Recoin. Feonomny 70’ I Pressure Learn, Reliable

AS’FM , Manufac’turut r Visual; 1-asi , b ’ _ is~ nit
PVC t 1/ 2 in, SCH 41) 27 Tbireaded Recom. } conomy 70° I’ Pressure Learn, Reliable

Solvent AS I’M. Manufacturer Visual: l ast ,  l asy km
PVC ’ 3 in. SCll 40 36 Cement Rei’umrn . Economny 70° I” Pressure Learn, Reliable

ASTM . Manufacturer Visual: l’as l . i z msy lit
PV(’ 3 in , S(’Il 40 20 Threaded Rec’i,m, Economy 7001 Pressure Learn. Rcli ab cl c ’

So lvent AS ’~I’M, Manu b ’actur cr ~‘ isu al; I atm, I ,us ~ no
PV(’ 4 in S(’ ll 4( 1 2 (1 (‘i’ mm ie n l RecoIn , i’: c’onom iny 7 0 1  Pressure learn. Rc’lia hlt ’

,\S INt , Munut ’ac’tur i’r ~‘ m ’ual , I ts r . I .us s km
PVC’ 4 in. SCII 41) It ) T icru t aded Rc’ctmmn. I eu tn u i uu uv 7(10 1 Pres s ur e Learn . Re lmd m t t i d ’

Solvent .5,5 I \t . Nt;um ‘ u i je i c u r er  Visual: l as m . I- ,m s~ to
CPV(’ 3/4 in , SCII 4)) 64 Cemm ient Rec t mii i, i - ci cm m , , , ’ t s  25 I’ Press ure ( t i  l earn, Rel ia t c le

Sim ive nt .5 ,S I M \ l ,uuc u ia ,tu me r  5, isu i. u l . I i t t , b us’ , mu
(‘PV(’ 3/4 in . SCII 40 64 Ceimme nt Recom , I t i c i t i t uu i ~ 711 I Pressure 11) l c ’am n. Rutli ab le

Solvent \5 I \l . Md un ui ’ac tuner Visu a l , I ts r , I .is ~ nit
(‘ l’V(’ 3/4 in, SCII 4 1) 64 (‘enme nt Rc ’o c m m n , I- eu ,fli , Iriv 1 1 5  I Pres surc ’ (m ) learn, Retm at c tu ’

Solvent 5 , 5 1  \l , Manufa cturer V msi i ,u t , I ,isi . I t s ’, tic

(‘l’VC t 1/2  in, SCll 4 ))  52 (‘cnicnl Reco In , l’ c’ ui nom n iy 7 ( 1 1 l’tt ’ ss uurt ’ I t ’ u rm u , Rt ’l ia Ne

Solvent AS FM , M:mnut’aetma rer Vis ual; I .ust , I .us ~ t i
ABS I 1/2 in , S(’ lI 411 60 Ccmnent Recummn , i - c’ ic niuuui ~ 7(1 1 Pressur e I i’ . uruc. Rut ti ab l ut

AS1’M . Manuf ac iur er Visual; l as n , I i t s  t im

61)5 I t [2 in. S(’ ll ‘ ,ct 27 ‘l ’hrcaded Reco m, Economy 7(1° F Pressure 1,earn. Rutliuh ic

St m lv en l A S FM . Manufacturer Visual: I ,isi . I ,us~ tic

AIlS 3 in, S(’ lt 4(1 36 (‘emenl Rec ’um mri , l’:cononmy 7:t ” ’ Pressure l.ca rn . Ket it mt clt ’

‘l’ ress ur e tt ’ s rs  m n ul ud c ’d ,

lal Ii lli ng t h e  line with water , app lying 10 psi pressure and ot cs ervin g b ’u,r leaks Our uunc’ icm mur:

lb I mnl d ’ reas ing internal pressure rum 5)) ics i and hiuldin g f umr 12 hours: amid
i t )  uni t ri’as muie internal pressure km 91) pci and inmm t t, t ing I c~r 4 Iium t, mr s m is iniun it u mn

( I )  Alt  su (t j ecte d tim w a ler hammer ii’ s t .  
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‘fable 4 (cum t ’d)
Sununuar v of ’ Joint l’e’ sls

)S I (‘onversion Factors; I in. 1~ .4 mm: 01. ~~ ~/9 =

Pipe Pipe Wall Number of Joining Basis of Joining Joinin g
Materi al Size Thickne ss j oints Made Method Method Selection Cond itio ns Test Remarks

AS ’ i ’ M, Manufactur er Visual; I ast , I ,is~ Ii,

ABS 3 mi. 5 ( 1 1 4 )) 2(i ‘i’tirezuded Rc’t’ um uu i, l eom co m ny 71) ” I Pressure Learm i , Rc’ ti a lcl e

Sim lv emut AS I  61 , Manufa t’m ur e r 6 ’ isum I ;  I .usi , I ,us c t i m
3 .‘6 1)S 4 iii S(’ ll 411 2(1 (‘enni e m mm R uti ’ u cuuu , f ’conomiiy 7(1 I- Pressure [earn . R~Ii m It t c ’

AS I’M . M;mmiub ’aenurt ’r Visual; t ,msn , I ,us’, ti m

A Il S 4 in. S(’lI 41) II) lImnc ’ud i’tl Rct ’oum i, l u ’umnoumm y 71) 1- Pm~’ssurt ’ I.e.mn,i _ Rc’ I,;ultti ’

(‘ouci prc ’ %s itcmm Visual;
Ph’ I 1/2 in,. Si)R IS 64 m Isc-ri 1sla,mu,fac’tuirut r Rc-u’~ un,, 7 1( 1 Pressure I ,ms i ; I .us ~

(‘olin Itrt’ssiols Visual;

ri - i in. SI)R I 6 5(1 tn se rm Mancufacrurer Recouc , , 2 5 1  Pressure ( t )  I ,us t , I .uss

(‘ucn u cpr es sii cn Visual;
p1: 1 iii, Sl)l( IS 51) insc’nm M ;m numLu c nurer Recom , I i  5°F Pressu re (t

~ b ust ; I ,us ’u

(‘t mm m up r es s i u mn Visual;
PIt 3/4 in. Sl )R IS 64 inise rt Manimt’acmurer Rc- c’omui . 7 ))  b I’rt,ssui rt ’(~ 

) I , u s t  , I ,uss

( ‘u umumpr ess iumn Vi s ual;
Pit 3 /4 mum , SI)R IS 5(1 Imi se ri Mmn u f ~ut ’t ur e r Reci m mn c . 25 ’ I Put ’ssu re 1 1) I i t t , I ,us~

(‘tu uc mpr essi tmn m Visual ,

Pit ,i/4 in. S l)R IS Si) Inis e r i M;unumi ’:icuuri’r Rec ’u ’ u m m . 1 1 5  I l°ress ur e (1 I I ,cs t  . I

( I I  - Mcii st utcj c ’t’t cd to w at e r t mam m m u nc ’r test ,

l ;m t i im m is ( p hummu mbmi i g am id l)WV ) . stt hvemi l - t ’e u uie mtlei h it lIl t - ‘l’ Iuc j umi ni m ig t e s t s  amid InmI erv Ies~s ~ i ntm ev t s c .u u c ’ m mcei l
m u g  ssa s t l u e p rtnm; m ry u t t e tb m u m mi i tsm. ’m i .  .Suu c ’c’ iuts i dm ’ is iii Is c’o um tn; u c ’b m i ts  mtudmc; t t e i l  u i_ it guumtmI s u m  S i t  m d c li - t iuuuu m s u n i t
genera lly us u h tv  ;und , mmu u m i ; mm i y c ;tses , c hm n t ie il su tuu i e cc lu , i t  be ii;ucie cv puope m t use t mt  I c i t ’ si - u i l h ~ , mv ; mml. m l c hc u l le I l l i u t Is
h i g her me ulipera lures . mm problem ums with I Iris iv pe imi
join t I were re ~ ,r l ed . MI ow iii g I lie i)e ccss _ i I V ccl Ii m mmc I’e rso mm ic I wilt ,) are Ii u di m mlii ’ join i mm g sI iou Id h’c m m ;m mmmc ’ d
h r  I hue join Is 1cc 1m m rt’ t llh imig amid tes t imig was required . b sm nm mieo mi e t a mimil iar wit Ii lime requ ire ui mem u Is . I i’ m umu mu c’

hioweve r . umiusu_ il mt me t hma ds such .us htm mt i i i s i i m mi . s~tt,’kt ,’i h ue_ il
fusion. or e lectric -a l resustam ice , sp . . i l l i , e h  t u a m m i u l i c ’

I;lev_ i let l’te nuipera lure uiis l_ i l l_ i I iomi t mt ’ so lvent-cemnemi I — shmoukl he required. iii muclm tIme s_i mmie ss ;u~ ( li_ it ss u’I~hu ’ m
ed Jul11 ts rcqnmired th i ;u t centiemit he prm mtec ted t ’m’ om im direct j icumsi lig steel pipe are me q tm m re d lit be cent itied ss i’lilc’i s
e’c ptmsu ue to s unu hug hut ;mmsd th ;m t ecum memit camis he ckmsed
except whiemi m u  actual use. It is a st;undard po licy Cleaning of Plastic Pipe DWV Systems
ainiom u g the m m i sta llers immte rviewecl to dispose cml ’ ceuiic m it Mitt lel DWV systems t uf h’V(’ ; mu mt b ,NilS pipi’ sst ’ m c
w hmc m u II he gm tms l i t  I h mc kc mm or bc - c u  ii lie tO rinugy . I nit ml fiuhric’a led iii t he l;mhs onat ory for use inn c ie ic rmmn iui m u g  I Inc
t hi ;mt c u c m n t h u m i u m t m  e x m iu t s . t ime ceunemi ts apparently wucr k c fb e c n s of ’ ch em ical and nsec hmanical cleaning on I”s ’(
s . m t u s l , i c t u t nul~ Nit q ua h i lv control mm ieas t m r e us used other antI .\llS pipe tmsc ’cI iii DWV s~ ‘tc ’t ims liii’ mnmmc ic’ls ‘ , Su ’ I u ’

t h.un m tint e’c pen me nmcccl im i s t . i hh e t  ‘s r c c i m g mnu l m u cmm of ’ time c’u m mu st ru c tmt d to re prc’setIb typica l c’onbigumt a l iouis Ii i i tij t i ’

t ’CilIc ’tl i s c’ t nr md i t : i t :u .  I I contin imin u mm residemitial ;untd s tuma hl i , i t i h t t t t ’ s I bi t ,’

I s  
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Figure 1. Model DWV system.

models included pipe and fittings from the outlet ot’ ’a The cleaners were then used in 1 1/2-in. (38-mm)
sink or lavatory . All assemblies were joined using the drains (which immcluded a P-trap section) of ABS and
solvent-cementin g method. PVC prne. The water was introduced into the pipe first ,

F IIos~ed by the clea t mer , WIseIm tIme directions on the
Chemical Cleaning label were followed , no adverse effects were evident .

The effects of commercial chemical cleanimig pro- When ~arge quantit ies nt Dr_ iso in proportion to the
ducts on plastic pipe DWC syste ms were tested. Adding water presemm l were added . h othi ABS ammd PV(’ pipes
excessive amounts of certain cleaners to small an n oumits  were sob ’tened. However , the joi t i t S in pipes maintained
of water standing in a pipe (such as a P-trap)generates a thcir in tegrity evem i w i iemm et ’forts were made to pull the
great deal of heat. The resulting teim mperature rise wit h in pipe out cml ’ the ti m h u g .  Table 6 suninmariies tIme results .
the plast ic pipe can soften Use pipe , causing it to he- The t eu n i p er atctres were m easured on the outside of the
come rubbery and sag betwe~ n supports. To assess this pipe using a eo mntact pyrt m u iieter.
effect , various proportions of cleaner and water were
mixed, and the resulting temperatures noted (Table ~ 1 . , , , -, Jh ’ / ma p uc ’ai ( leuimuug if I) It ’J .Ss ’su ’ms

Sections of I 112-in, (38-mm) dma nieter ~HS amn it \ secoui d m et h od tnt c le . ui u unug obstructions fromii

PVC pipe were then subjected to m ixtures ~1e l)WV uri c - s ms cs mm ie e hu ammi c a l mimeans. A well-designed

cleaners and water to determine whet h er the pipe I )W~ ’ s\ snc ’ tnm ~~r c t S  lies t imm , l c - cc -6S lit each straighnt~run

material could withstand the high Iemn per a tmm res I hut ’ ‘Ct l I d , -~ u m bu,u n cleansing can be acconiphslsed ml neces-

only solution cau~ ng a problem was l) rj m mii amid iS , u t u ’t
When 200 g of Drano were dissolved in 10(1 g ci t wat t ’r .
the resulting solutio n was hot enouglm ( I  4~~° I’ I t~ 

I I I [lie mn nt sl cu m u i m n nmu mm n 5% .uc s c ’i uimec haimically cleammi ng a
to melt the ABS pipe and to  s i  tu ’ n u mini ’ I’V( pipe l ) m s - I )WV pipe l i i ’ ‘ ‘ s i u . i k t um g ’’ wit h a blat s ’eel nibbomi th m oughi
solving 200 g of Dram) in 2(X) g cml  s5at t ’r ne’uu lno ’cl in a the ho me. “rodd imig ’ wm i h .i m ug mil  nim d , at m d using a power.
temperature (125 °F I ~ 2 ” ( I at which both lU’. j tuil drmve mi i c t t ;u  m in i g t i m c t i h u u ’~I cut t e r  r u m  chew obstructions in-
PVC softened slightly. t i m  t i i u m v , b c i c -  ;; iec~~c .
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Table 5
Temperature s Achieved With Various Proportions of Cleaner and Water

A pproximate Time to
Weig ht of Wei ght of Maximum Reach Maximum Temperature ,

(‘leaner Cleaner. g Water. ’ g Temperature . 0 1. ((‘) minutes

I ) r an m ut Si t  I 2.5 284 11 4 ) ) )  3
Si t 2S 2t t4 (I2’h 3
.6)) Si) 24 411181 .6
5 )) t IIl i 2 1 7  m l t ) 3  S
5) ) 2m ) u t I 14 7i) i 5

\ ‘ .ti umsiu S i )  I 7 . ’, / 7 )  2~ I I
‘c i t  76 1 5 )  24 )
5 )) 5)) 7 5 )  2 4 t  I
SI) 111 ) 1 6 8 1  2 ) ) )  I
S n 2uii 6 3 1  I l l

San I t ust i 5(1 12 .5 88 I 3 1 i  I
5 m ) 25 8! m 27 1 I
5))  5 )1  8 1 1  2 7 I
5 i t  1)1(1 7 2 1  2 2 )

= Sn 2U~ 6 5 1  18 )  I

t . i t t ui d Pt um m ur S i )  I 2 .5 73 2 S i  5
S i t  75 7 3 1  73
6 ) )  SO 7 3 1  2 5
6) i  l i s t  7~~1 7 3
S t  200 7 3 1  2 3 )  5

I I , c usu y biuml t l I’ , e Si ) t 2. 5 136 1 I ) )  scc ’mmnds
I su ut bi u t i t  Iu~ , Iuut ’cmdi ’ I ‘ c i )  2 ‘c I 4 it  ) Ic ) ) I ) )  st’uucumtl s

S i t  ‘ c i i  1 7 4  I ~‘) I I I) sec ’u mmmd ’.
5 )) t i ) )  1 5 3 1  67 1
5 i t 7tt i ) 14)1 1 6)1) 2

‘Iu i i n m , mb us -am e r ten mip er~mm urt.’ 52 I l i t  U)

~tu, m ktru,z eaiu ses mm probte llls us tIn plastic ’ pipe . slui ce s ltowc d minor scratchin g c u ,m mbl nmc d to  e lh t is% s s cui l u imu mIme
m m us m m u i pt iss ub’le to i t i t 1 i~ I en tuch i t ic rce t iu ro umg hi t ime i lc - \ -  cS s Ic- i l l ,  1’Iuc elhimws we re su bsequen tly c u t  out c i t  liii ’

m hle rih homn i c c  d ,uiti, ii1e t i me pmpc’. Ruudt ling shim m uul d mnot be s~ s memmu and vis u _ i ll y exaunim med. T h e  e \ a m ni nn :m u mm t nm
dome m c d  _iu u\ IS P~ 

iii h cu h m i - plastIc - ’ it m m c ct _ i lh uc sl uic e tirnned that t hm us type c m i  mmiec isam micah clea numig ss imi i l , I
t Ime _ immnuuim n m ct turce thu _ i t  can m he prodc mccdw ith vu gi m u tius cause mb appreciable d_ int i_ ige t i m a plastic pipe DWV
p utu mmi dm mig ~~u t l ~l s l ua r t c ’r or pumu c l m a hole t h rough a l i t-  sysuc i c i  ii time hemm gt hi i ii t i m e were ncasomiahk’ . T u e  mc um-
u m m mg.  I c - s t s  c~c - r c  c u m m m d u u c t e d  w i t h  a r o ta t m n m g r une c hm anmca l cs artI appear ammc e i t t  the mrmodel sm _ is mmt chnat igech .us a c-
e lc am ne m iii c leue r mnm nme ml u t t . i i i  he use d wm th plastic Pipe. stilt uo t h e  testi n g.
‘I u c m , j n s  put ~~c’i - l t t v c m m  dc_ inner was rumu through u s i c ~u1
I )W V ss -~tc in cucut  i u u t uu t .ut ions ot ~RS amid PV(’ PIPC liii Water Hammer Tests
2 hu imurs . \ la ss  ssere macic ii I ~- nilmn m u i te uii n em v _ i l s  lBS 1V ,iiei hua mui ini er 5 .1 pheniunniem immn ~ h mit ,’Ii imia s i t t ,  i i

aut O l’V ( ~mpes w it h kum u mw n n ulc ’h_’~ Is I sJW mn_ ir ks )  S’ cc - i i’ cm l~eiu t lue 1 m w  mat e iii _i Iuq uumcl liii ot licm tlmumch I t l c c s m t i t c ’
X—r i~ e J bum r  c d m l u b t i r m s i c m u  pU m ptm s e s. lc ’ t V  s lu ,uII,csm s t i ,ii w it hiim i .1 P~Pc- u’ lt . l mm ge s W lnem m t hu ms t i t u s . the sc - I t~ l u
Jics c i less t hu ami  I -~~~ un. I ) )  ~ urim u I d ep t h  w e r c ’ clc’tcci . cml t Ine t h u d  ,il s u c ~- hmammges . u e s t l t t m m n g  ui .i bOlI5c ~ so uSc ’ c u T
.ub .k’ h~ l b s  u m _ _ u m t s . t i l e l i u c _ u l m t t i u  arid .m pp t i t \u u mmat ~ sInc e m l  pm i’ssure _ it um m ig t h e  tltmi c l . l iii’ u uma g mn i nt muhc ’ cmi  Ihu c-
t ic-pUt .uuu I k’ngmln 0 l,i rgcu du’ii’ u r s  w i l t ’ c’ ,msm l~ ut ht ’ u m nu b i ~’u f . pu lse 5% Icc nnn av c r c - l I e  a s h t t i ek  pulse wi t i t t mu  line 151 15 5 ’

I lie \ c u s s  ci the pipes e h eaunt ’m l mm lii time rum u.u r v clea n er I t td e r  cer la mm u u tmud u tm i mn i s ,  h u t s shock Itt _ id t im _ m s hi’ gr i n 
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Table 6
Chemical Cleaning of DWV Systems

I’emp erat ure at Approximate Time
Lowest Point ‘ro Reach Maximum

‘I’yp e ui Weig ht at’ Weig ht of on P-Trap Temperature ‘I’emp erature .
ripe Cleaner Cleaner . g Water, g “ I (“(‘) ‘ I’ (‘(‘) minu tes Remarks

I) r ~um m uc
1/2  in, (i )Ireu.’ti oni 35 336 125 52 ) 125 I 52 )  6

pm pe )Sit ,tcicc ’st
Siml u uimmnnt 3)))) 15 11 15(1 1 66) 190 1 88) III I’upi’ s , mt t e mw’ tt uuc

St’tue tbut~ 
4 ))  only .m leco Pta~ es.

L i q u id I’ It m um m
(t)irei’ mi m mn ) 454 1 3(1 81) 1 27 ) 8)) ( 27 1 3(1

~‘ ,uuti s Iu
( I) ur i’ i l i i t m u) 1 1 3  1311 7 1 1  22) 71 ( 22 )  21)

S_n i l’ Iustu
I i)ireeuion) 113 131 1 7 1 1  2 2 )  7 1 )  22)  21)

Lse
I Direction) 35 1 3)) till ) ( 38) 1(10 I 38) 20

6115 1)rzu n uc

I 1 2  in. ( Direction) 35 336 124 52)  140 1 61)) 5
pipe i S m rc t nc - t’s l

Soiut iimn) 3)1 1) 151) 141) ( 61)) 180 ) 82 ) 10 Pipe softcned and
Sei med iuk 4t) distorted,

Liquid Pluuuir
Il)ir eu,’uions) 454 130 801 27 ) 80)  27) 3(1

Van ish
IDirec ’ti m mn s) 113 13)) 73 I 2 5 )  73 I 23) 2))

Sani I luslm
) I ) m rc’~ im , m I c s )  113  1 311 7 3 )  23 1 7 3 1  23 ) 21)

I yi’
II)iri’i’tio ns) 35 1311 11( 1 1 43) II)) ( 4 3) 21)

eno~ugli h im rupture almost any kind iii pipe. Accordimig K = hulk m odu les of water 294 .000 psi
to the A mm me ricamm Wat e r Works Association (AWWA )4
time pressure rise dime to water lsaiimiimer mnmay be calcu- D~ 

= inside diamrieter of pipe in inch es
lated hs’

= 
~ 3Ig LE q 1J 

E = modulus of elasticity of pipe material

amid t = wall thickness of pipe iii im mchie s
— 

4tcbO
— 

1 I + K D l t ) ~ 
IE q 21 P. = pressure rise iii pounds per square imii’ls

where a = veli mcity id pulse wave in led per second V = velocity ch ange iii beet per sec mund . occurm i ru g
wit h in tIme crit ica l t u nic 7L /_ i w h ere I. us t ime

- .. - lengt h itt ’ ihe pipe in feet
.1 )1 ’ Il -i .S’la,mdard for !‘olu ’ m ’ m ’ ,nu ’ ! C’!mlor idu- ~I’ 1 ( 1

/ c ~i,s~ i,y t . /‘i~uu’ , 4 u,u I ’/mroug/ i 12 u,m for Water I An nc r icun g = gr a vm l at mtmmi a l , ic celera l mt t mn , 32 .2 Icc - I  1)5’
%Vale r 6V c,rk s \ s s u c c i ~u l u , c u i , I)  

~t. p 1 2 sccou id .
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There is a l umnn iti mn g t ’ac tmm r ton va lve elo msi t ng timmie based l’iie w _ i t e r  hi_ mu mmer Ic - s I ’ ,  were desigmmed nit de me r m mumm u c ’
oii tine pipe Ic- m ig min amid ti ne rate of sound transmm missio li wh eth er omic’ kimi d ot joint icm join Is mimade unmd c ’r p

~ 
It ic-ti-

t h rough tine fluid - ‘l ime critical timm ie is givemi by ‘I’ ~ 2 L/_ i . Iar comiditiomis were most likely to lath due to m t h e  cs _ i n c - i
w here F is tine valv e chocsur e t u nic Iii seconds . L is (lie hm amm itn er phiemio mnie mnomi , ‘[Inc tes ts  were cim m nd uct cd
pipe hemm gt ln . ami d a is tIne velocity ut pulse wave iii time on ( I )  3 / 4 - m u .  ( I  8-m nmnn )-diuu niete r PV(’ amid (‘PV( ’ P~p~
tluid.5 It tIne actual i irm e 0)1’ c hm usure is greater t hm a im the with so lv ent ’cemn emmted joints mn_ ide ummde r mct u np e ra t t i md -
critical ti m e , t ine actual water h a m mer is redtm ced conditions rangimmg from im 25° to 11111’ I 4 Io u 43 ( 1,

approx iumia tc’tv in propont iom i 10 the ratio ut ’ line crit ical (2)  3 14-in. (I 8—i ni m im ) PV(’ wit h t h readed lit mus , amid
to m t ime ac t u_il t m mmc oh ’ chimsure . ( 3 ) Pl~ aum d PB pipe assen mihled wil ii co mi npre ss ut tim im ise It

11 11 itmgs . ‘Fhic’ pipes were miiadc ’ up ot t
’ 4- iii 5-I n .bmm m mg

‘l ine b t mt l m mw i mng t ’o rmt nu m ta a l lows _i quick es t i in a t iou n ( I  .2- to 1.5 —In ) sections wi t h  J d n i mums beiweemu sc’c’ I m u u m m ’ c ,
id t hue h ressuire ptllsc w hn cmu t h e  Iac’ IiiI’c mit ’ velocity . J o mmiib s were m ack’ up at  thu e s’anious c onm d ml imnmn s , u i mm t c t l ,

Ieiigt hi amnil t i mu i e are k ut o mwi m :  a mm il  lagged. I _ i c - hi  pipe was supp onrted al 4 - i t  1 . 2 — m u m )
intervals inn 3/4 .imi - ( I  S — m m n mmi ) .wtoh c’ su ppm um Is w hm i’ll

= 
0.07() VL 

Il q ~j did miofl ucs tmau i l  tIme pipe. Nut i) t ts e ls  s o e ue um ic ’iumde cl un
I tIne pipe ruin. SIm iec - oti’scts tend t o m a hs imi lc emuerg v I m o m m r m

sv lucre P~ is t h e  pulse pressure iim ~~ i t ine syslemn. The h u e  len gth in each case cs _ is 51) It
( IS ml.

V is ve locity in tee t per second
A soleumoid’operated valve si m ilar to tIme m~ pc- oise cl in

L is time pipe length iui feet automm iat ic was h ers amid dishmwashmers w~us used ( h’ igu ure
2). .~~ tinier (Figure 3) so-as included hi) g uv c I 5-sec mmli

I is tIne veloci iv c’~u_ iumgc nnechami isnm (valve cb s- and 1 5-sec o,t ’t ’ periods ol’ operati omu. i rs  c lmt s u m c t u lle
ing ti m e hi secom ids) was 0.1 ‘cc c . I h i s  setu p res u ltc ’d in pncs ’ ci mre pulses i t

105 to 140 ~~ I ~24 to ) °)66 kh’ _i I. ‘l ime nium u mben d l

0.070 is time co mis ma nt . 6 cycles used in t h e  testing w_ is selected to  rep resemm t
the oper’atwsni ul the ts pical ~esidentnal was h ing imma ci mine

.-~ s c_ nm he ‘cccii in tI m is rd_ i iiomi - a conibim iat ion ot ’ o u f dms luwasi mer
b u g  pi pe , h i g h liquid velocity , amid sh iurt valve cho s im mg
t u nic can caumse extr e mmiely Inug hu pressure pulses . hun line vc l~c cu ms o t t ’ liquid imn t Ine h mmnc ’ w:us s u m m e d  t c ’ c itt -
exauim ple , assu lin ing a bOO - It (30-mum) b u g  pipe , a ve locity stal limig a bladder-type storage tank ( I’ igu mi ’ 4) . l I u c ’
of 10 i t / sc - c -  (3 ium/sc - c) , and a quick closing valve lime ot tan k cc_ i’ , 1111cc1 with waler; cuunpressc’d air ss -~s rh uen l
0.1 sec. time pressure pulse WotlId he added to tIme tank t om imicrease II:t ’ press ulue [mmii’ pie’-

(0,070) ( I 0 ) ( I 0 O )  s u mme of 50 psu (34 5 kPa) resul ’d in 3 i t  sc- i’ (o il n u n  sc - c l
= 

0.1 velocity, amid 90 psi ( 1)2 1 kPa I tank pres s u imt ’ ~c-su lIc-cI imn

4 it ’sc - c ( 1.2 m u - sc - c )  ve l imcml y .  Th ese were niuc p m c ’ss u m c ’s
= 700 psi (4 .57 X l0~ kPa). amid c ’ eli mc ui ues used in the testing.

I’Iastic pipe ss ‘dc -m is sh uomu lib he su ed su ch that liquid l ini m ially , (‘PV(’ pi pe and o m i t s  we me lesteul . ‘lime
vc h i t c u l  dimes u no m t exceed $ tin 4 i t  ‘ sc-c ( 0.~

) to ) 1.2 rn/see). 
~~~ cm _ is subjected to 3270 h;ulses o m l I OS tom 14 1) P’~ami d the omsc oil ’ c~uic k-c bom si mi g valves should he mmm lii i - (724 Id) 966 kl’_i ) over-line pressure . h’uihse p m c ssu u ut ’s

munuie d , hum _ idldhit ion, exp .unl s us m ui ehatnmhcrs should be were mimeasured at the Ia m mk. w h ich so is 50 II (I  ~ nn)
misc rt ed iii tine systeuli ii bomig lem ng b his caumu imit be avoided. trom in tine so lert om id valve, No leaks or ot h er c’s idc ru cc ’ itt ’

‘l’liese ex pamismonu c- in_ i mu nhers c- od In taimi a co ltu m nuu n of air l’a ilures sc ’erc mm oted
w h i c h ic - Is  as a cushmi oni ,uiid cha m nm ps idOl t .1 mio nnmin na l pres.
‘ci i re pu m h ‘cc bcl~ t ic  II c_u sigh ilicanm th y hiarm um t Ine pipe - . - - -P1: amid P13 ~ I~~CS were tested under s uni nihar c mmm ndi i  l i tmus

cvmnhm mio failures .

d (, , 6t I t m m r  ,mnub i, 1’ . O~i’s er . Water Siqtp l) ’ cpu ,! I$ ’astm ’ I’V(’ pipe 55 )5 Iestcd iii cci i  c’omi l ugt i r _ imm im t ts  si’ heul i m hi ’
Ii ’~ f ’ ~ Disposal t J cmlmmt  \immIes  & S c ums , I’154 i . Id 315. 4( 1 pupe sm u h it st c) c’ c -uu t .cc ’c’Iuled mI n t s  amud s~’ ht ’ i I u m t c ’ ,~0)

I) , 6 (‘ti ~ s is . 1 /ac t , - / ‘i p , p i , ’ .6’ m f , ’p fls i t nm j uu ’ ,irij l I’ it’ss. pIpe ss ’ m thu t im reade c l m i n t s , I h uc ’ m c - mmt ’r o ’ unit I , t i l t ius ’’, It)

l unc ’ .. 19 ’ lo . 1t 3 1  11111)1 c’Vi ’lt ’s .mI I l lS lii 1 4 1 1  
~~ 
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Figure 2. Sic leunomd -o per :uted valve.
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4 SELECTION GUIDE

Any decision on whether to use plastic pipe for a
particular application should be preceded by examin-
ation of the possible advantages and disadvantage s of
both plastic pipe and other pipe materials, In evaluat-
big piping for plumbing systems , performance in the
system should be the chief criterion; comparing the

j  

~j, 
properties of the materials of which the pipes are nmade
is not a meaningful way to assess performance. Since
according to NBS “there is considerable predisposition
in the plumbing industry regarding the choice of piping
materials,”7 lO is important that care be taken in reach-

- ing a fair decision. The following discussion of the at-
tributes of metal piping systems (including cast iron,

i- 
- 

. galvanized iron or steel, copper , brass , bronze , and
7’ , .“~~~~ 

‘ stainless steel piping materia ls) and thermoplastic
,~‘, ____________ 

piping systems will help tn reachmg the deusuon

—
~~~~~~ .. ~~~~~~~~~~~~~ . Metal Piping Systems

The following are potential advantages of metal
- ‘

.

f-.

~~~~

\

~~~~~~~~~ 

Po tentia lAdvantages

~
‘c piping systems: 8

~~~~~~~~~~~ a. The structural strength of metal piping is high,
and the dimensions change little over a normal range

- of temperature s for plumbing service, 
. 

-

b. Movement of the pipe from hydraulic loads and
thermal effects is small, so clearances need only be
nominal and control of thermal expansion or contrac-

Figure 4. Storage tank , tion can readily be accomp lished with standard tech .
niques.

c. Since meta ls are noncombustible at time tenmmpera-
lures usually encountere d in building fires , toxic pro-
ducts are not produced. Care is, however , needed in

Schedule 40 CPVC pipe with solvent-cemented joints the construction of plumbing chases and walls to con-
was retested with pressure pulses of 105 psi (724 kPa) trol the spread of fire and the toxic products from
amid alternate days of cold (45° F [7°C]) and hot water combustible building materials,
(140°F 160°C] ) .  The system was set up such that a res-
onatinig cycle of 4 pulses/sec occurred. Approximately d. Susceptib ility to bacteriological and biological
I 20,000 cycles per work day were run until 1,133 ,600 attack is insignificant.
cyc les were completed. No failures occurred in either
the pipe or the joints formed at various temperature e. Grounding of electrical appliances and circuits is
conditions, There was essentially no difference in per- convenient , since metals are conductors .
formnance with hot or cold water.

‘R. S. Wyly, et al., Review of Standards and Other 1,u-
[lie test resu lts indicated that properly designed formation on Thermoplastic Piping in Residential P lunth itmg,

amid insta lled plastic pipe can withstand many nominal Building Science Series 68 (National Bureau of Sta nm i aro l s.

pressure pulses occurring rapidly for several hours’ May 1975), p 9.
duration in eit her hot or cold water lines. SWyly,  Ct al. , pp 9- 12 .
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I’. [lie h eavy um iass d)b
’ 
cast ur i mm u or steel piping helps t ’. (‘onitaniiflution ul cm _ i tem nm ia v occur I romm i lead

iii dam m mpemi vibr atm oun s th at could result iii umiwa unted soldering, copper corrosion , ami d rustIng. \% .Itet  c O ) m i m p ut ’

tnidls c- su tm im n amid temmiper a ture are m m ma ~or dete runm inanits iii the
extent  ut t h is prublemum.

g. Durability v:u t ic-s wit h tIne mneta l se lected b’or use .
1)_ it_ i ohtauu med thir imugh m experiemice permits selectioum oh ’ g. (‘itndensation oh’ moisture fnom the air on cold
t ime uiietal w h ich sc ull provid e the durability needed for pipes increases exterior corrosion and promliotes danm up
a particular use . conditions I’or growt h imf t ’ungus and icing of pm.mor l~ in-

sulated cavities. Similarly, time h i gh theru mial cunductivi-
hi. S a t u s t a c t o r c i m e c hanical amid ehiemimucal cheauiimig ties ut mnie ta l pipes con tribute to trust closures of vent

pr mccihures have been avamlable for mnamly ye _ i rs ’, h ow- tcru nnina ls in tmo rt lm latitudes.
ever . souime augers ari d ch menim ica ls can reduce tIne lui e oh’
t ime pipe. hi. Sound transmission by conduction is imi ghn inn sniff

metal systenm s~ t hius , knocking initiated at omme po)int
Putcnual L)z.sadu’antages can be transmi mitt ed throughout the building.

Po t c- m uti al disad vantages 01’ muie tal pipi m ng include tIne
id m llo isv ur mg : 9 Many of the potential disadvantages of miietalhic pip’

ing for plumbing may be overcome through adh eren ce
a. (‘orr osm omm mmi a~ at bc - c t  a ll metal piping to sonic cx- to gem merally accepted good practice in design amid in.

tent. (‘upper may corrode , particularly around br_ ted stallation. For examnp le . where water characteristics are
b u n t s  or in urinal drain piping. Stray electric currents adverse , a water quality conmtro l prograni or an albernate
mnov umig .ulu- g a pipe ni_ is cause corrosion where the choice of material can provide an acceptable solution.
coin remit en te rs tIme eart h . Dissolved carbon dioxide in Use of resilient gaskets and supports can reduce soumid
t ime water  causes comrr osiomi tl ’ ferro u s as well as mio nfer- trans mn issi omm, amid use of better insulation and hunmiditv
ti tu s pipes. Ir on pup e readily corrodes , forming a pipe- controh c-aim reduce exterior condensation.
c ho m uz st ing rus t scale, Deep pitting o c t  iron pipe may occur .
part icu lamlv wi t h n a~ u d cis - alc r s .  Steel pipe joints unay t’ail Thermoplastic Piping Systems
ru a c- or , cicii5 ’ e cnu s ’ iro nm mimemmt (e.g.. burial in a corrtmsivc Poto’ntial Advaiziages

s o u l ) because time protecti ve galvanizing is rem oved in The following are potem mtiah advantages of thierm imo-
the t h reading om peratio ns. Protective coatings may be plastic piping systems: 10

re quired iii such cases.
a. Because the mnateria h is lightweight , individuals

b. Sonic oh’ the joimmting tec h niques make assembly can handle it easily, and dead- load forces omm tIme struc-
imt piping tedious. Pipe and fittings may be relatively lure are reduced.
heavy, necess itating h elpers for each plumber.

b. Corrosion resistance to water ansi inmost h ouse.
c. ctc’eitmmodating some of the metallic piping hold cheurnicals is Isigh. This results in a cost savings.

mima y create space prcmblems . particularly where redouced.
sI/c- structural elem mients arc to) be used , since the piping c. Deposits do not accu m ulate to tIme extent associ-
has a large o)Ver _ i Ih outside diamnieter and bulky joi nts. ated with sortie m etal piping materia ls.

d. i’ m m r lie_ ivy nm etal pipes . the structura l loading is d. Electrolytic action and electrical cor udtic i iv itv au ’
I) : l i t ic t ular l y bight under seisnmic conditions. insignificant this could reduce the ’ prcm h lem m ns of electro .

lytic corrosion.
e. \ c - d’ um no m lat i odn m of deposits fr mm corrosion , fluid

suls pcnsi om ns . and chc mnm ical precipitation c-au seriously e. During conmstructi uui , fire h azards are e l im m minmatcd ,
re duce mnsmde duame ncr amid hydrauluc 110w. particularly simmcc t h e  to)rchcs used for hraimnmg or sodlder mnig mm netal
i l l  tIne c -j se mu t ’errous pipimig in hard water. pipe and fittings arc h o t  used in ~oimiing t hm er mnmu p l .ust ic

pi pe.

K . .5. W5 ly , ot t al ,, Ru ’, cut ’ of Standards and OtImo ’r Ip u-
Jc,r,p uatj o,u ciii / ‘lu m ’r,,mi .j p /a s (j o /‘ujcvu ~ in Ro ’simj ep uti al 11014 50~~.
t$ummt oi mrm e Si - menic i’ S inu s ti lt t~s am i cm ui aI  Bureau of St.i uiit, mr it ’,,

I 0 7 5 1  0 12. W cc Iv . em al ,, pt’ ° i ’ l2
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I. Th icr m mmi mp lastuc pupe ’s lowet s tuh l ’umess reo hutces plasti c mm m an e ria ls m m may nc -q uime special .um tenut i i m n u i0 c tr us t_ i l ’
sm tun n d t ramns un mmssu o mm alonig its Ienmgt hm compan c-il li d t im _ i t  I_ i I ionm del ails.
ah m.mm n g n m n e ta hs ,

c . (;nuuuidmg oh ’ electr ical app lmamu ce s amid c - Icc - m u ic-al
g. (‘omnibmuied immaterial amid labour I’actors c-amm pr om du c-e circuits nmmust be ac couu ip hisimed via a separate conductor

a commsu derahle cost re ducti o mm m (15  to 50 perceu mt throtmghi auid ground spike w hmem i therum iop lastic water service pip-
I hue use of plastic pipe. i t  ing is used.

Ii. Promd uv tionu ut plastic PiPC Io mi a particular project t ’, it ’ t herm oplastic -s are to be exposed to , tine summ fur
us immure e umerg y—e l’hicietmt th man productiou i of m m netal h ic lomig periimds. t h ey mutay require special stabilization ti c
pi~~ fomr the s_ m i me unsta hlatuon , ‘l’iuis factor ’s stgmui licamic-e preveunt degradatiom m due to ultraviolet radia u ion u. ‘[It ui s ,
mi ia y inicrease as time cost per eneug~ umiu l co nu l innu es to c h oice of t h e  unaterial to be used requires care
ch inmb .

Potential 1) isaolu ’antage.c g. l)ue tim its hug lnt weigiul . t hnerniop lastic pipe i t l I c - i s
l i t t le acoustical dam ping to airbormie somund : special‘l’hic potential disadvantages of th e rnm mo phastic pipinmg

s~ s mem m us innc- lude: 12 mmneasures may tiu c refore he required t o t  couniteract
any un pleasa umi sounds.

a. I ‘ac - h i particular ther u mm mp last ic- has a mm iax imum nm
service temm ipe ra t t ire svhich sets thne upper limit l id w h ich hi. Because ol tIme relativel y short period of experi-
t he pipe may he heated wit h out damage. Whicmi h eated c-nice with t iuermnoplastic piping for reside unhial plumnmh-
above thus tenm uperature . time pipe material will s o mh ’b en mu g. co m pared to t h at wit h mim etals . ami d because ob tIne
amid det’ornmm : upomm eoolimmg. it will hnardem m to tIne de- oi mmre hia hih i iy amid incom imp letcm mess of data on cx peri e uico ’ .
forn mmed shape and dimensions. Th ese cr itical temnpera- sonic degree of uncertainty exists regardimug thermos-
tures for t Ine m imerm um opi a stics considered here are near plastic piping ’s long-term durability amid i t s  susceptibility
t Ine temperature of boiling wat e r :  hueu’uce , it is imn po rb_ it mt to bacteriological and biological attack. Laho mrat imr~
to deter m in e tim _ it  the uiormnal servi ce tem perature will tests have produced chemically induced cr_ ic ki nmg
be below the maximum service temperature. In addition. (emwirommunemntal stress cracking) of timc - rm m mopha s t ics .
t ime strengt h decreases as tIme tenmipcratur e imicreases . Th is pimenomnenonm is not well detlumed . nor is ins relative
whic h is particularly iummportant in pressure pi pimm g. smgu iifi cammce establis h ed in relati ou m t o m t im c r niu om p las t u o ’
Th erefore , both the serv Ice pressure amid service ten im- piping svstcnmms in service. Tu bs is Iargel~ because o t t ’ umm-
perature miiust be cunsideued bin specit ’yiumg tine appro- certai n ty as to time relatiommslmip betwi-en t ime tvpm c ul
priate uniater ial amid t h e  wall t hm uc- km iess ol’ t h e  pipe . pattern m)f service exposure auid time lah i u rat im mv c o m m .

ditions under which stress cracking can be pit idi uccd .
h. Yml i ivc-nient oh’ pip iimg resulting b’ronim hi~ dratmhic-

loads arid theru mmal eh ’fc c- ts us relativel y h ig h com mipared ~ci1_inm ) oi l t h e  po te rmti _ i l  disadvantages in usu nug t h mc - r niu o-
to umieta is. Special attention must thnereh ’ore be givemn I)h:ustIC piping sys lemm ms iii plunnbimig c-atm he resolved with
t ic in stallation details. sem msi hle desi gmi . asse miih ly. amid use. Uvc - rco m m nmm ug miuc

dusad van mtage s is mint cost ly it ’ t he hiousimu g des ugmu mm co r podm .
c . ~1eciuan ic_ il cI c -a mi ing to remniove uubst run ctio nns iii a Ic - s tIne requmrcnm iemi Is prior to c - o m u i s t m uct mo mi . h hu c - t m m m d—

dra m m us aumd vents wut i m conm v ent ioiu ial cqou ipnmm ent u sed l id plastic pipiung systemnis mmmust be evaho nated aga urmst nmmeamu-
c- Iea mm unmeta lh ic system im s (e g.. power-drivemi auger , rod- inmg t’uI workimig cr i ter ia imi a service env irm )unm uic nnt , l acim
dung. i r so’ ra pimmg u miec hu arm ms nni s I may slamimage pipin g. miiaterua l m imay h ave character ist ic - s t in _ i t  cm c i i i  p u r e  I t s  our-
(‘arc uniust hi’ taken in scic ctmn m g time unechanisms to be abl witii th omse oh’ anio uhier ma Ic ri_ il . bout it c _ mi t  a s i c
used , h ave i ts own par lic ouh ar sc-I o f  problemims whiic-h m n mu i sm h0’

resolved it ’ th e material is to b0’ used succcss luhi~ mu
d. (‘omm m lro llmui g time spread out ’ fire, sumn okc. amid to\ic - wsnr king s~ stem. Wit h traditional mu _ t e r m_ is . seso c lom nioi n

gases h’rm mm piom ummbmt i g chases our wa lls c - i mmr Iai mn m u g  t itern io— oil ’ mm m am my prohlcrims imas codn nme ahoium gu ad uall~ w it In mime
dc-ye hopmiiemi t of immi p roved Icc- In nmiques aim d him mmd Ui is ,

Because thierm omp lastic ptpimm g tc - c - hnmnolm g~ is stilt otc-scl-
m m 1) \ ( ‘t i. msu s . Iula.ot,i , /‘i1t,,mg S t  ctm ’PflN ( l m nmb um ct rm u mt  i’ress . m o ’., om pt uig. li nt all pr o ih icu nm s rcq uuirium g cxp erienn o ’e lii nc-so u s e

l O7 rc I. ~~ I 35 155. have vet bc-c- nm settled to) time s,utisfao ’tioni omh all c-tutu-
~~~~ b e t  iL . PP 91 cc - tim ed grod u ups .

_ _  _  _ _
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Selecting a Thermop lastic System b. Sigmu itlc-amm t cost s,uv uiugs iii t io it h i mna ue r ia l _ irld l.u timtr
-‘il ii’ r weig lu uu u g t ime po tn e muti _ i l  :udsau i rages amid disad- cain he realizes ! Ii~ usiumg plastic - pipe: Ii~ t m c  ahot uit ~I I

s’auu t.uges oil t h e  dih I~ icnn t kum n d s oil pupe . a selec tiom m c-aim liereenit out’ t ine eo ds t 01 m n_ ic - ru _ il amid labour tub arm ins t_ il—
he m u _ide, I tic - bc-st cc.is no s c - I c - c - i t h e  i > pe o ut plas tic - l at uo mm i c_ni be saved. Plastic - pipe ’s c or r u sm om i i e s u s i a u t c - e

pipe fow a part icu lar app lio’al h tm l 5 u t  base tine se lect iomu c-a im produce addmt mo m _il s’.uv mmugs .
mmli t h e  c -xperm e uio’c-s o i l o t t l meu s wtuom hi_I c e used thue ni_ inc - ri_ i l

~, ic- c - c- s sluill~ , Fable 7 pio ’ se nun s genueral gu idan ce for nrua- c . h’ Iastmc pipe us .ms. uu l’a hle un a a m i g o ’ of s u/es aim s !

Ic- u mat sc- Ic-u,’ Iii mu t u t u  _i c ,u i  iet\ ot ’ I) plc~m l app hic - atim m r is : pressure rat m migs w inueh u c-os ems nmmo st cm iute r _ iuuo b gas dus ’
Ii c -s ,’ sc - Icc - Iiuiuis at, ’ ti_ icc- il ,iru e’cpe riemuo ’e m u mmunru er ous tri bomn ionu - e le ctric - al conduit - I)WV - amid sc -Wi’ i s~ stei n

uui ,u i:m l kmiuounls  \1.unt~ i d  t h e  s i , uuio l.uruj s l is rc-d mm .‘\pp eut olbx needs.
~. .ul s u c m mnul tc , m u o ’ .mp pmn prm .u t c -  m i t _ t i c - I n c - s  he t we emm m a te r ia l

.Iikt .iTdI) Ik . m t u c u m i ,  \ti~ gum ucd b u i c k  mmii pl astic pipe will d. hm lasu m c - pipe c- m m s n s less t i c  producc- mu reru n s oul
give Si/ es . .i tu iu g s , aun t,! 1% Ito ’s c u t  pipe .icail.uhlc - . II a n a -  en ns ’mgy req umr o ’oh thu _ u d ic e s meta llic pipe , ,‘\s cm ic - ig~ umuuum

u0 ru_ i l us hio’ui u g selected lot cl ue mmu uc - al wa s tes . plastic pipe comsIs gmm u p .  tin is h _ i c - l o u  cc ill hceo ut ne mime sign i t  ic -al it
u n _ i n Ii la c lou t c - us ’ pill)t is lued l i ter _ it  sure sin oh kI be c- om us ou h ued
for rcc - ot t u im u ucm id atu uui u s , e. Fom rmn im mg good ucuu ts  me quires tim _ i n per sm auu ime l dot—

im ig mIm e joiuiu uig receive ura mn m i t ig It ou u t i  som lmc - o mu e famumu h mar
civ ithu t hue reqo m ireumieni ns amid Ii av e so m e oppu urt uni n t i c
practice. Good . smt rs ’ uceah !e Ioc in ls  car d he ru _ ide svm t hm

~ IMPACT ON CORPS OF ENGINEERS pi- oper use of t Ine eoi rrentl ~ a c au lahhe um met in omd s .

~ GUIDE SPECIFICATIONS - ‘I mid usc- rmivmmn m ate amid at io msu se applmea t l i tmus ot c o t

ta imi cu umimnierciall y avai lable clc ain inng agc- iu Is amid mmm ci iiimds
- . . . . damn b arnu m plastic- p ipe D~4~

’ amid sesc’cr si sIc-ins, i lotw-
( ucr ps oil Fnguiu ccrs (nude Spec -ilmcauio ims were re-

- ‘ . .  ever. pru den t use ob both ch ie mimu c -_ il and nm ue c - h u anu i c - z u l
ci uccic c- d no determ ut uuie sv luicll ob th cumu m a y  he _ i bhe c - tcd c leaning mumec hian uis umus will riot dam age such ss sre nms ,
ml plastic - PiPC Is allowed b r  geuieral use (as indicated
I’., 11w apphiea t iouns iii ‘[able 7) imm com islru ctiomn i amid ‘ ‘ ‘ -g. Properly designed ammd mmm stalk d plasuic pipe c_ mi
re hu abm lm natu o n wou k. Appemidux 1) lists the Guide .

- ‘ ‘ ‘ 
cm’ it hustand mu _ny nomumunal ~ 1CSSOFC pulses ucccu rrui ig

51cc -cu l ie_ it umcuus w t muc lu m a y  reohuure revusio um arid ude nut m- . . .
- 
‘ 

‘ ‘ , rapid lv t o u r several In ours d our _ it uomm in cut tic -n lim i t or c~uld
lies t ime tvpe( s I oil plasm ii,’ pipe wh ich could he mn no’loudc-d water lin es wit himut h ’ailimre
as ,mui a lter umat e m im ale ru _ i l ,

Recommendations
In is rec - u cm ui nr uenuo h c st t i m _ i t  p has u ie pipe be a l it him tum / 0’d

for use as arm _ i it e r n _ i  n e niatc ri_ il t u t u  w a t e r  d 1st (nit loi n

6 CONCLUSIONS i r r i ga ti od ru .  gas disi ri buni o imn . t)W\ ’ . arid So’su,c- u s~ sneu ius

AND RECOMMENDATIONS umider time sanme cr i t e um a as it us ,u llt ’sce d In c - uv i t u . mru up.
phcalionis arid tim _ it app licable guide s po ’c i t ’lcauu o n us he

ru modi h ied to m s l momw soc - In a u m b h m o ri / at io um i .
Conclusions

The ins c - st t gu l  loris docoim netmied in thus repori have It is h’ourt hn e r recomm imin emid ed tIn _ i t om nml y ni m _ ite ru. u ls dc-ri .
Ic-st tom sever _ il con c- ho msi o mnu s: tilled as nmme eting ASTM amid NSF st a nmd _ i rds he used.

Tod assure quality co mnt roil , it us reco m u m mmu e mi sled t Im_ il
a. h’ I.usIIc- pipe us s~m I isfac - no r~ t o r muse in mim u t i  nar y Ia’ Corps of Fiuguniec- us o’m mu m trac - t o irs he me qoumres b n o t ,uso’ upial’

culit ie s bases! imn rim ,,- successful use by civilia n builders ifiest in stallers out tot have a nep u c-tce m ut at iv c- I r oum rm mi me
out ’ h i l h im um is 0! pmnunuohs per sea r ot plastic pipe w h ich is pipe mimamnoul ’ac tur o’r p i utv i dc- u m aum n iu u g t o m l im o’ um m sta i l em s _ i nuob
pummduc ed ummds- r e cieci lemit quality com itrol conditions be present duriu ig h u e  t irst full day of ut us talhm nu uuui tm u
art oh w in uc - h u nmieeis delinile siandaro ls amid specifications. odhsc-rve time proceo llures cmn up hoyed
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Tab le 7
Plastic Pipe Select io um Cuide *

App lication Pipe Material L’ cuat Jous ting Method

%~.ure r dmsn rutm u n~m n PV(’ (i-Ring . g_iskeued lutuimigs. solvent’c-emuients’d
ammo ! lu ra m u,,’tu I mmm t - s

\~ .utcm so ’r ci i , ,c - pmt ie PV (’ Pit P1’ I’s,( ‘: c m utvo ’ mu l-t ’c mu )s- mjit,’oI It- Rimig. tt mr eao ied Suits’.
ut u mt e hI) mm r gre~m ns’ r
I’I- , Pit c- u munm ~irt,’ssj~mm~ iii s er I

l mm is ’rmmmr I dIr m unulcui u ~ .‘c’c ls’s— m i m . t ’s.m u m cuuieo t I ulu re,toit, —sI . Sm.’b iem tu_ilo’ It)) ic r
(‘mild wat e r i’V( ‘ Creals ’,)

tm , h u m  oc j t o ’r (‘PV(’ . Pit Sm m tve mm i-cenum em nte d . c-omnnp res sioun in sert

( ‘as nl_ iimis Pt’. Butt fusuo) n
PV(’ 0-Ring, flanged

(~~
-_i~ service pipe PU (‘uinn prcsmion insert

PVC’ ‘t hreaded , so ivent cemno’nted

!)rainm pup o- PVC’, AilS , PP PVC’ ,AHS: so,lvenm t -cemmiented
PU: butt heal fusion, elecirical resistance

DWV PVC’, A BS Solvemi t -cemented

Sewer mm m_ iu ns Pvc . ABS . PP PVC’ , ABS: sobvent-eemented . 0-ring
PU : butt heat fusion, flang ing

Water well casung PV C ’ Sontvent-cemented , Restrained 0-Ring, threaded
Sta rer we lt pipe (sub- PU , PB Coimpression insert
mnmergmble pmi nnp. c- ic - I Comumpression blared (PB uuntyl

Irrigation
a. Hugh he_id pvc , pp PVC: solvent.cemented, 0-ring

PU: butt heat fusion
b. Low head PV(’ , P1 . PB PVC: solvent -cemented. 0-ring

PB , PP butt h eat t’us iomn, compression inserl

c. L.uwn and turf PV(’ . PP . Pit PVC: 0-rin g, so tvent -cemenj ed
Pt’,, PB: butt heat fusion, commmpr cssjon inser td. l)rip PP Compression inserl

teo’t rio _ i t cmm nsi lien
\Icuu ci o- grum uu nm ot l’V(’. PP PVC: Solvent-cemented. 0-ring

PU: tiuti heal fusion , flangedb, lbe!ow gromunno! PV(’, PU. ABS PVC, A BS: solvenl-cemented, 0-ring
PU: butt heat fusion. h anged

9)at tu derived fronn D ’ S . Chasms , Plastic Piping Su’sre ,ns (tndust rja i Press , Inc.. 197€p trade j m murn ats ;and manufacturers ’ literature.
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APPENDIX A: I) 2661-74 . Ac - my lo mt nitr i le -R uta di e uie- Styuc - uic (.\ltS
STANDARDS RELATED TO PLASTIC PIPE Plastic Diai mn , W aste , and Ve n t Pipe amid l i t  h u g s .

(A NSI B72 . l8-  197 1)

D 2680-74, Acry lonitri le-Butadiene-Styrene (ABS)ASTM
American Society t’or Testi ng and Materials Composite Sewer Piping.
l9 l6Race St
Philadelphia, PA 19103 D 2751-73 , Acrylonitrile-Butadiene-Styrene (ABS

Sewer Pipe and Fittings. (ANSI K65.59 - 1971

For time purposes of th is report , the ASTM Standards b. Po ly(vinyl chloride) (PVC)
were divided immto t hree groups: specit icatioums for plas-
tic - pipe. hitt iumgs . amid related mnat c rua ls; m et h ods ot lest— 1) 1785—69 , Pon ly(vinmy l ch loride ) (i’V(’ ) (‘umiipm, umids
ing thermop lastic pipe and tubing~ and reco immummended and Ch lorinated Poly(viny l chloride) (Ch~V(’ ) (‘oOui .
practices. Time listing also provides cross-references t O pounds, Rigid. (ANSI Ko5.206 - 197 1)
ANSI and NBS Standards. ANSI’s plastic pipe standards
are cata loged in their B72 and K65 series. Since there is D 1785-7 4, Poly(vinyl chloride) (PVC) Plastic Pipe ,
an identical or more recently updated ASTM standard Schedule 40, 80, and 1 20, (ANSI B72.7 - 1971 )(in-
for eac h standard in these series , the ANSI designations cludes CPVC 4116) (NBS PS2 1 -70)
are presented in parentheses after the corresponding
ASTM Standard. Where applicable , NBS product D 2241-74 , PoIy(vinyl chloride) (PVC) Plastic Pipe
standards (PS) related to plastic pipe are also cross- (SDR-PR and Class T). (ANSI B72.2 - 1967) (NBS
referenced . However , t hese PSs are no longer available . Ps2 2-70)

Sp ecif k’a r ionsfb r Plastic Pipe, D 2464-74, Threaded PoIy(vinyl chloride ) (PVC )
Fittings and Related Materials Plastic Pipe Fittings, Schedule 80. (ANSI K65 .166 -

197 1)

a. Acry lonitri le-Butadiene-Sytrene (ABS) 
D 2466-74, Socket-type Poly(vinyl chloride ) (PVC )
Plastic Pipe Fittings, Schedule 40.

D I 527- 73a, Acry lonitrile-Butadiene-Styrene (ABS)
Plastic Pipe, Schedules 40 and 80. (ANSI B72.5 - D 2467-74, Soc ket-type Poly(vinyl chloride) (PV( ’ )
1971) (NBS PS1869) Plastic Pipe Fittings . Schedule 80.

D 1788-73 , Rigid Acrytonitrile-Butadiene-Styrene D 2265-74, PoIy(vinyl chloride) (PVC) Plastic Draimi .
(A BS) Plastics. (ANSI K65.205 - 1971) Waste , and Vent Pipe amid Fittings . (AN SI KO5 - 5O -

1971)
D 2282-73a , Acry lonitri le-Butadiene-Styrene (ABS)
Plastic Pipe (SDR PR). (ANSI B72,3 - 1967) (NBS D 2672-73, Bell-end lkmly-(vinyl chloride ) ( PVC ’ )
PSI9-69) Pipe. (ANSI 872.20 - 1Q 7 1)

D 2729-72, Poiy(vi nyl chloride ) (PVC ’ ) Sewer Pipe1) 2465-73 . Tinreaded Ac- rylonit ri le-Butadiene-Sty- amid Fittings.rene (A BS) I’Iastic Pipe Fit iungs . Sclmedule 40.(ANSI
Kb5.165 - l° )7 1 ) D 2740-74, I’m m i v (  v mn m \ I ch mlorud e ) (PV(’ ) i’lastic Ttuii-

ing. (ANSI B7 . 2 2 -  197 1)
I) 246S.73 . Sm mc ko’ l- I s pe Acrylonutrile-Butadiene-
Sty rene (ABS ) Plastic Pipe i:nthmn mgs , Schedule 40. D 2836.72 , Filled i’ol v ( v uui) I chloride ) (l’~’(’ ) So’ s s et
i ,\NSI K~ 5 .l64 - 197 1)  Pipe.

1) 2469-73 . ‘%c - t~u l unnuur r ule-Bu tadiene _ Styrene (ABS) 1) 2949-7 1 , ‘l’ hnr ee -Imm c in 11mm Will PuuI~ ( s i nus I I t i r
Plastic Pipe Fittings , Sc hedule 80. (A NSI K65. 163 - id e) (PVC’ ) h’l astic- l)rammn , Was te . amis h V c - t t  I i’t pe amiot
197 It Fittings.
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1) 3033-73 , Type PSP Pol y (v iny l chloride) Sewer Note: In addition to these standards tor the cuin mnmomn
Pipe and Fittimmgs. residential plastic pipes, ASTM lists standards t’or ccl-

lulose-acetate -bulyrate ((‘AB), polybuty lene (PB). ari d
U 3034-73a , Type PSM PoIy(v immyh chloride ) Sewer styrene-rubber (SR) thermop lastic pipes and fittings ,
Pipe amid Futtimmgs. and reinforced t hermosetting plastic pipes and hit lungs .

D 3036-73 . PoIy(vinyl chloride) (PVC) Plastic Line e. Specifications for Plastic Piping Solvent Ceumi emit s
Couplings, Socket-type.

1) 2235-73 , Solvent Cement for Acry lonitrile-Buta-
c- . C’lslo rinated I>oly(viumyl ch loride) (CPVC) diene-Styrene (ABS) Plastic Pipe and Fit lun mgs .(AN SI

B72 .23-  1971)
U 2846-73 . Ch lorinated Puly(vinyl chloride ) (CPVC)
Plastic h-lot Water Distribution Systems. D 2564-73a , Solvent Ceumments for Pimly( V inyl c- I i lou r-

ide) (PVC) Plastic Pipe and Fittings . (A NSI B72.lb
d. Polyethylene (FE) 1971),

U 1248-74 , Polyethylene Plastics Molding and Ex- U 3138.72, Solvent Cements for Joining Ac r~ lom uiu -

t rusion Materials. tr ile-Butadiene-Styrer . (ABS) Pipe and Fittings t o m
Poly(viny l chloride) (PVC) Pipe and h’ m :l i mi gs to r

U 2 104-74 . Polyet hy lene (PU) Plastic I’ipe, Sch edule Non-pressure Applications.
40. (A NS I  1372.5 - 197 1 ((NBS PSIO-69)

Methods of Testing of Thermoplastic Pipe’ and Tubing
1) 2239-74 . Polyet h ylen e IPU) Plastic Pipe (SDR-
PR). (A NSI  137.2,1 - 1967) (NBS PSI 1 -69) 0 1180-57(1972), Bursting Stremmgth o mf Romund Rig-

- . . . id Plastic Tubing.
0 2447-74 . Polyethylene (Pt) Plastic Pipe, Schedules
40 and 80 Based on Outside Diameter. (ANSI B72. 13-
I I ) )  NBS PSI 2-69) 0 1598-74, Time-to-Fai lure of’ Plasiic Pipe t ‘mm dci

Long-Term Hy drostatic Pressure. (A NSI B~ 2.(’m -

0 2609-73 . I’lasiic- lmnser t Fittings for i’ohyet inylem ie 10) 7 1 ),

l’h Plastic Pipe
1) 1 599-69 , Short-Ti umie Ruplure S n memngt l n  u m i i ’ l j” lmc-

1) 2610-73 . Bu t t  Fash ion I’olyethiy lene (PU) l’lastic Pipe . Tubing amid Fittimngs . (A NSI K65.53 . 10) 7 1 ).

Pipe I ll mm mc - s , Sch edule 40. (ANSI (K65,loO - 197 1)

0 2 122-70. Detertm’mining l)inmensiomns ot ’ T lmemm mio-
I) 26 11-73 , Butt Fashion Polyet hy lene (FE) Plastic plastic Pipe and Fittings,
Pipe Fittimigs . Schedule 80. (ANSI K65.l59 - 1971)

0 2152-67 (1972). Quality of Extruded h’om ls (s i ns I
0 2683-70 . Socket-Type Polyet lmylene (PU) Fittings chloride) Pipe by Acetone hmnunmerson. (ANSI 13”2, )
for SDRI 1,0 l’olyet hmy lene Pipe, 1971 ).

1) 2737-74 . Polyethylene ( PU) Plastic Tubing. 
‘ -0 2290-69 , Apparent Tensi le Strengt h ‘j I Rimmg ammo!

I) 3035-74 , Polyethylene (PU) Plastic Pipe(SDR-PR) Tubular h’ lastucs by Split Disk Meth od.

Based on (‘ontro lled Outside Diam eter.
1) 2412-68 . External Loadimig Proper t ies oh l’ lastuc-

I) 3 197-73. humsert - type Polyeth ylene Fusian Fittings Pipe by Parallel-Plate Loaduumg. (ANSI 1372 . 1 1
for SDRI 1.0 Polyeth ylene Pipe. 1971).

0 326 1-73 . Butt hicat Fusiomi Polyeth ylene (FE) 1) 2444-70 , Impact Resista nmc- e mu l Thicrm iimm p las iic Pupe
l’ l.u’~tt L  F i t t ings for Polyethmy lene (PU) Plastic Pipe and Fittings by Meaums of a Tup (Fa lhunm g Weig ht I
.umio l Tu bing. (ANSI K65 . 1 (m ’)  - 1 0 ) 7 1) .



0 2837-69 , Obt ainiumg h lydmo istat ic  l)esigmm Basis for P-P-320b . Pup.’ to] h ’ mtt i ngs . Plastic (PV(’ , I ) mam un ,
Ther imnup lastic- Pipe Matc i ials . (A NSI K65 .1 5~ — Wa st e am id \‘e io u 4 ~ Marc-It 1Q 7 3 ) .  No ut ice I (14 M.t~.
i I~ I ). I°)73) .

1) 2924-7 1. l , x t emni a l  I’ressure Resistance oil Plasti c- L-P-322b . Pipe amid Filtings , Plasiuc (ABS . I) raim m ,
Pipe. Waste amid \‘ em it (4 Ma~ l°)73) .

Ree’ommende ’el Prac tice’s Department of Defense Military Standards
(‘mm n m usmandiumg Office

1) 2 1 53-67 (1972). Calculating Stress iii Plastic Naval l’uhlic a t mom um s amid h-onnis (‘enter
Pipe Utider Initernial I’ressure. (ANSI 1372.10 - 5 10 5  Taho mr  A v e

197 1) . Philadelphia , h~\ 191 20

O 232 1- 72 . (Jmidergrmmumi d Installation oil ’ 1- lex i- Mu -P-I 4529B . Pipe. I xtru ded . I’iienmop lastm c (Ci
ble Thermm moplasti c- Sewer Pipe. (ANSI K65 . 17 1  - Ma~ 1970),
197 1) ,

MiL-P-2 I922,~ . Plastic Rods and Tubes . Polye thm ~-
1) 2657-67 (1972) . hlcat Joimi immg of Thermop lastic lene ( I I  July 1966).

r Pipe amid Fittings. (A NSI B72. l7 - 1971 ),
MIL-A -220 l0A( I). Adliesi’ e , Solvent-Type . l’uul ~ s u-

0 2749-68(1973). Standard Synibols h’or Dinicim- umy l Chloride (17  h-ehruary 196 1) . Arne mm d m mm e m it (9
sioums of Plastic Pipe Fittimmgs . (ANSI K65 ,~ 8 - June 1961) .
197 1).

MIL-P-2201 IA , Pipe h- itt ings . Plastic , Rigid, hu gh
1) 2774-72 , Undergroummd Installation of Thernmo - im imp act i’ ul~ v m i u~ I (‘hmlonide (PVC’), and I’oly 1 . .2 . -

plastic - Pressure Piping. Dicbmloroet liylcmie (13 January 1969).

0 2855-73 , Making Solvent Cemented Joi” its with MIL-P-22634A , Pipe and Pipe Fittings . Polyet hiy leu mc ,
Pom h y(v inm yh chloride) (PVC) Pipe and Fittings. (ANSI for Low-Pressure Waste and Drain age Systeu’n s ( I I

- 10 ) 7 1 ) .  February 1966).

O 140-72 . Flariumg Pohyo lehI mn Pipe and Tubing. MIL.P-82056(I). Pipe and Pipe Fittings , Plastic.
for Drain , Waste and Vent Service (29 J ammuai ~

O 33 11-74 , Drain , Waste and Vent ( DWV ) Plastic 1968), and Amendment (27 May 1969).
Fittiui~ Patterns.

FHA /HUD
F 402-74 . Sate Ilandling of Solvent (‘en m mem lts Used Materials Acceptance Sec-lion . FT EX
(‘or Joimidig Thieru inophastic Pipe amid Fittimigs. Federal 1Ioiusing Administration

Washmington , DC 20412
Federal Spec~f icat ions

Specufie~.ti o nms Sales (3FRSBS) FHA MR-562. Rigid Chm lo rinated l’ou l’, V it l ’m I (‘hilorimi e
Buildiumg 197 (C PVC) h i/Temp Water Pipe amid Fittings (~ \o-

Was)i mm gt um n Naval Yard veniber 1967).
( cne ro m l Services Aolmm m immistr a tiomm
W ash mmn g t mnmn . l)(’ 20407 FHA MR-563 , PV(’ Plastic l)ra inmage amid Veuii h’m pc-

and Fittings (6 November 1967) ,
1,-i’ - I 546A , I u i i u uu c - s , Pljstic - I’i1ie (Aol ap t ct ’ . (’omup
Im , m g ~ , I 11 w ’,, a u no h Tees h’mmr h’o ml yet hiv lene h’upe ) ( I  S FHA UM-26c . Plastic l)rain and Se~m e m l ) ramm i auno l
Sc - pt uin hc - u I 073) ’  Fit tim igs (7 Decem mnher 197 1).

L-P-3 I Sc. Pip e . Plast ic -  I i’oh yei hmvh e ne , Ph’ , SI)R-PR ) FFIA UM-3 Ic , Im olye thm ylcnc l’la stmc - I’mpe au to l I i t t  uni ~’s
1 3 \ I.us I i  21. I o)r I)om micstic - W~ ten Service ( I  August 1 QCiCi

_ _ _ _  -- ‘ - - 
_ _ _ _ _



.1
FHA UM-41a , PVC Plastic Pipe and Fittings for IAPMO
Domestic- Water Service (15 April 1969). International Association of Plumbing and Mechnani~

cal Officials
FHA UM-4 3. Ac- rylon itri le-Butadiene-Styrene Plastic 5032 Alhambra Ave
Pipe amid Fittings for Domm iestic Water Service (I No- Los Angeles , CA 90032
vemi nber 1966).

Insta llation Standards ( IS)
FHA UM-49 , ABS amid PVC Plastic Drainage and
Vent Pipe and h itting’s , FIIA 4550.49 (I May 1968). IAPMO IS-h -71 . hnmsta hlatio n Standard for Non-Metal-

lic Building Sewers.
FEI A UM-53a , hm om i yviuiy l ( ‘ Im lomrid e Plastic Drainage ,
~m,a’ ,tc - amid Vent Pipe and h:uttmngs (22 February IAPMO lS-5-7I , Installation Standard for ABS
I° )7 1).  Building Drain, Waste and Vent Pipe and E’ ittiumgs .

FHA UM-54 . ABS (A e rv lou iu lrmle-B utaduen e .Styre mie) IAPMO IS-7-71 , Installation Stammdard t ’omr I’mmtvo ~t hi ~-Imlas lic - h)rainage . Wast e , a m iu.h Veumt Pipe amid Fittim igs Ic-ne Building Supp ly t’or Water Service and yard
(20 F ebruary 10)70). Piping.

FHA UM-56 . I’o u l y et hylene h’lastic Drainage , Waste , IAPMO lS-8-7 I . Instal lation Standard for Solvent
and Vem i t Pipe and Fittings (5 May 1970), Cemmiented PVC Pipe for Water Service and Yard

Pipimmg.
FFIA UM-61a . ((‘PVC) Ii mmt and (‘omld Water Distribu-
t imm rm 5’, s t euuls - Chlorinated PoIy(vimmy l chm loride) (20 IAPMO IS-9-7 I, Instal latio m Standard t ’onr i’\’ C
August 1971 I. Building Drain , Waste and Vent l’ipe, and Iiitings .

III I) Mum im um iuu im Property Standards , Volum mie I , O n e  Prootuct Standards (PS)
arid I’w um Famm iily Dwellings. 1973 Edition , No,
4900.1. IAP MO PS-I 7-71 . Supple mmie mn ta l Sta mndard to AS I M

U 2661-68 Acry lo imitri le-Bu tadicne -Styremic - ( - ~h4S )
l it I) Minimoim Property Standards , Vo lummme 2 , MuI- Plastic Drain, Waste amid Ve nnt Pipe amid Fittings am id
l i bam m ii lv hlousimi g . 10 )73 Edition . No. 4910,1. Addendum.

II I~ I) Mm n imn uimm Property Sta undards , Vo lume 3 . IAPMO PS-24-7 I, Polyo’t liylem ie Pipe for (‘old W a t e i
(‘are-Type lloums in ig, 10)73 Edition. No. 49 20.1. Service amid Yard Piping.

Nru t c -  The Mimn unm nummi Property Standards are so ld tim, IAPMO PS-25-69 . Fittmm igs I n  Jo imm imig l’mnl ~ d l i ’. Ic- muc -
t h e  Super mntendemnt of Doc-umrnents . II. S. Governnment Pipe for Water Service and Ya rd Pipumig ,
Primiting Oft ice , Was lningtom m , DC 20402.

IAPMO PS-26-69 . Supp lc - m i memmta h S l a u m ol amd t~ A SI  M
NSF 1) 2665. Pomly) vinyl chloride ) (l’V ( I PIa’.t’c Di a mu m

Natim m m m a l Saimmuation Fomundatio nm and Vent Pipe and Fittings ,
NSh- Building
,A n u n t  Ar h u t , MI 451 05 CSA

(‘anmadia nn Standards ,A s smie ia t i  mi t , Iflo
NSF Standard No, l4 .Thiernnoplast ic Materials .Pipe , I’S Rexdale Blvd.
h ’ ul tun ig s . V :m lv e’ ,, Traps and Joiniumg Materials (0cm - Rexd alc- , O n ta tu mm . (‘aunada \1’~Vm I
her I m t C i S )

B 137. 0-I 973 , I)e t mn mtu om ns , ( .e i i’ i  .11 Reo iu uun enmu o ’uils
\SI’  Seal oi l  A ppro mva l Li~t mnm g oi l Plastic Materia ls , and Mc- t lrool~ um h I es timm g lou i’ Iic rmnm mplasn mc - Pip iung

Pipe . i - it lungs .i n i ! A ppu rtenances for Potable Water
aiim] Wu~to W at e r  m NSI’ I es t m mig Laboratory ) (issued in B 137 , 1 -1970) R-7 I ). Pm ml ~ et hu~ lc-m ic Pipc I omm ( mm lol

~l.u , It c - ac - l u ‘, ‘.11) W al er  Sc - u s ice
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B 137 .2 i— 1970 . A c - my touuihnile-Butad’ietme. S ny me mm c - TR 4 . Rec-oum iii iem i oled I Iydm mm si j u io ’ S in e uu n , t t I u ~ .iuid
,ABS) Pipe tour Pressure Application , II’S I) iminemi ’ I)esi gmt S t m o ’sses to ur I hmermi nmi p iast ie ( m m u m u p m m o i m u d s

sium ms . (M. iic - Iu 10)74).

B 137 .3- 1972 . Rigid Pol y(vinyl chloride) (PVC’) TR 5 , Ust of Standards )‘or Plastic Piping 4\1a~
Pipe tor Pressure App licatio mm. 10)74).

B 137 .6— 197 1 . (‘imkn ruumated Pouly(v inyl ch loride 1K 6, Rec-omm mne mmo led Standard ‘I’e nm nm ino ml o mg ’ . h o m m
((‘PVC) Plastic Piping four hl umt and (‘mi ld Water Dimmiem isio mis oh’ Plastic Pipe h”itt ings Ec - br ua rm, l°t~5 I
Dishrihutioun S~’s iem ni s. ( Rep laced liv AS ’F NI I) 2 74°)-CiS 1 19 7 3 1 )

B 181.1-1973 , Acry lomu it rile Butadiene - Sly mm mc
IR 7 , Re c- ou m n imn ie mu ded Mc- ihio)d mum t ni lcuhatioum i ,ut

1)rauum . Waste amid Vemit I ABS—DWV ) Pipe ama h’ipe’ , , -Nomnimi aI Vi eigln i oh Plasi mc Pipe I Ma ic- In I ~~~~ ) -l’ i l t uungs .

B 181.2- 1973 . Poly(vinuy l chloride ) Drain. Waste TR 8. l’m ul y c- tI i~ lemme l’m pumn g ln is t a l l a t u mm m m Im rmmc - e durc-s

amid V e mut Pipe amid Pipe l i t  timmgs. ‘~P°1 I

13 181.11 -l967( R-70). Recounimimemuded Practice b’or ‘FR 9 , Rec-m mm m m m i c mmd e d Sta n dard Sc us c- c - ( 1)esigmn )
t ine InstaRatto un cml ABS Dram . Waste ‘amid V em i t F.io’ t m m i ’ , hou r h’ iessu m e A pph icanim umis mu) ’ ihieruiuoplasnic-
Pipe and Pipe h’utt ings . h’ipe Ma mm ,’m ia ls ( -tugu-~t I 0 ) 7 3 )

B 181 .12-1967(R-70). Rec-om uiimi iemided Practi ce t’or TR 10 . Reco munmmnenok d Pr’act ice b r  Makiimg Smu lve m ii’

th ne Imistallatio m of PVC Draimm . Waste amid Venl l’ipe (‘emmi enteo l Joints w ut hi PV(’ Pipe .uimd F umt mm mgs (I c-h-
ruar v I9Ci m~)) .and Pipe 1-ittings . -

TR I I  . Resistance ouf rhierm iioplasi ic- l’u pu mn g Mam c rmah s
B 181.1-1967 , Plastic- Drain anid Sewer Pipe and to Micro- amid Macro-Biolog ical A lm ac k ( Ieh r uia m ’ .
Pipe Fitti ungs h’or tise Umm dergroum md. I o)~,c) )

B 182. 11- 1967 , Rec- m m nmi mne m md e d Practice t ’or t ine 1mm - 1K 12 . ~c-~ ’, lou mm utu i le-B uia m ,hieim e-S t ’i’ rc m me Pl,m~t u ~ A BS
stallatiouii muf Plastic Drain and Sewer Pipe and Pj j)e I’m pum mg Immst a l l a t uoui Prmmcedure s I -~pn 1 I ~i “ 3 )
Fittings.

TR 13 . l’onI~ viii’, I Ch lo r ide  I PVC ’) Plastic - h’u puiig h)~’
PPI s i g mm and Imn s i a hlau iom n (August 9 ’~ I,

Plastic (‘ipe tm ’tstitu te
240 Park Ave IR 14 . W nit o’i Flmmw ( ‘ Inarac - temis t ic s oi l I hio’ nl m m mm bil.tSlic-
New’ \‘u r k , NV 10017 Pipe (Marc-h 10) 7 1) .

1’!’! Technical Reports (TR I TR IS , Recoimmitm iended Practice for Bciidnmmg Piml~
viii’, I ( ‘ lilm m rim, he ( PVC) (‘omnduut mum t Im h ’ u eh oh I Au gusT

TR I . A ( iInnss ~ui v oil Mastic- Pip imig ‘Ic- r io’s ) Novemuiher 11)73),

1 0) (u$) .
TR 16. ‘I’ Iner unmmmplastnc W ’a te i  Pipuuug S\ stems 4 A im m1

‘1K 2 . Rc-eoii iunio’mi o t0’ol Mo ’ t Iu mid I out ()bnaiuuimig I lydro- ust  1 ‘~ I.
s uni t ic -  I )esigmn h(_ m” is for l’hmermnoplastic Pipe (Octohcr
I tm t C iS )  (Rep laced )i~ - ‘mS I’M 1) 253 7— 6 9). TR 17 . l’lmc- rumi op laslic I’mp u mt g h u n  S w mn mm m nm inng l’m m m m l

Water C irculation Svs t c - i mns I “mougu’.l I’) 73).

TR .. I’m m l i c - i o_’s a u t h Prmuc edu mes m mm i Develoiping Rec-oumim -
mnio ’ mi ~k’d l h \ oIn ~m ’ , t . i t i o ’ l)o sii~mi Stic-sses tot ‘I’inerrru om- 1K 18, \ ‘me. itl io’ mn i l ’ i lmt ’ ,  ~ h l’Iio’ n mm i m u ;’I m smic -  I’u pnmi g
l m l . i s t io ’ I’ipe I ‘m u imt uu sl I ~~~~ ~ I I Marm .’bi I m ) ” .t ) ,

3 1
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TR 19, l’hierm imoup lasiic Piping t’or the Tra m ns por i out APPENDIX B:
Chemimi c-a ls (August 1Q73) . NBS CODE ACCEPTANCE SURVEY

1k 20 , Jou imii mi g h’vmlyolc tin h’ipe (Septe mmm ber 1973) .
A ‘ Approved for all types of structures above and he-

TR 2 1, Thermal Expaumsion and (‘ontraction of PLus- low ground.
tic - Pipe (September 10) 73),

C’ - (‘ounmunierci a l or pre m nmiu umm grade approved tor use
/‘!‘! Te chnica l \‘

~ ‘fe ’s (7’,V ) outside building line.

I N  I . So’ :i lam it ’, four Acry lmm n itri le-B ut adi cum e- Siyr em me U - Ap proved tour ahonve-ground use om nly.
I A BS) Plastic Pip ing (Marc- li I 970).

II - Appr ouved tour use in hut amid could waler supply
TN 2 . Se aha m nt s to i r PmuI~ v m m i~ I c imlo uride (PVC) Plastic - lu tes w u ilm m n buildings.
I’i~’imng I Mar c - I n  I m ) ’ ()

1 — Appi omved tour use iii single—I a umm i l y luumtnes amid It mw —

i N  3 , Ik- o- tn io .o I  Uroni m id im ig (Ma ~ 107 1). muse apar l l nne mtts .

IN 6, Rec-omnnmncnm dat ions for (‘oiling I’mu l ye mhmy lemme N - Nut covered by cmude.
l’lastic Pipe and Tuhimig (Marc - in 1972).

0 -  Approved h’or below-ground use ouiside building
TN 7, The Nature of hl~drosta tic Tin e-to-Rupture line.
Plots (September 1973),

P - h’rem mm ium mi grade only approved (‘or use outside
TN 8. Making Threaded Joi mi ts with Thernmop lastic huildumig line.
Pipe amid Fittimigs (August 1Q73 ) .

S - Approved for use in single-h’anmiiiy amid (in som ime
• TN 9, Rec-o mnumme nda t ions for (‘oiling Poly(vinvl codes) 2-t ’amily homes only.

chloride) (PVC) Plastic Pipe amid Tubings (August
1’~73 ) , X - Proh ibited.

AWWA I - Also approved l’or use m m cuni mimerc ial stru ctuu Cs ,
A m erican Wat t ’ i WorkS Associat ionm
6666 West Quincy 2 - ,‘S.hs m m permitted m m high -rise apar im nie nm ts.
Dcmiver .(’O 50235 

-3 - ( p  to 60 teet in heigh t .
R28l and RIOlS . Developimients in Plastic Pipe.

4 - Residen tial am md low-rise a pa rt mnmer nl s .
AGA

- ‘ ‘ ‘ 
5 - Cold water unly.

A mi ieruc -ami (,as Association
I S I S  Wi lsoun Blvd

*I:roflm R, S . W y t y ,  en at , , Rm ’i’ie io’ of Standards and (fl/ nor
Arhingtoni . VA _2209 ‘I n for m at ion omu T/io ’rrnop la .ctze- P iping in Ro ’s: do’nnaI I l m) im,otu ig .

Building Science Series 68 (National Bureau of Standarmb s, %1ni~
r’mGA references othner standards and specit Ications. 1975).
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Table 81
Matrix Presentatioun of Plunibing Code Provisions in

68 Cities Throughout the United States .
Regulating Selected Uses of Four
Thermoplastic Pi ping Materials

PE CPVC PE (‘PV(’
PV(’ ABS Plastic Plastic PVC ABS Plastic Plastic
Mastic Mastic Water Water Mastic Mastic Water Water
DWV DWV Pipe Pipe DWV DWV Pipe Pipe

- N N N N Inio ’ksmmnv mi k’ , i a  A A (‘ X

B.ul iim nmmr e Md I, I X X Kansa s ( ‘ i i’ , ,  Mmu A A X N

it ihl m n, ’,, Mmmi, l_ N (‘ X Las Vegas . No’s , 5’ S3 (‘ ()

tt mm ise , Idaho S S X N Little Rock . A r .  S S P 0

Bomsto ,i i . Mass, S S N N Los Ange lo’s. (al, L L I’ II

Buffalo, N, V. A ( (‘ 0 Madison, Wis,  A A P II

(‘harlotte . N, ( ,  5, ‘5, P 0 Memphis. Tt-nn, I L C N

Chicago. ill, N N N N Miamni. Ha. A A X 0

(‘ineinnani. Ohlmm A A N X Milwaukee . W is , L5 I~ C Ii

(levetand. Ohio S ( ii Minneapmuiis . Minim. S S P N

( ‘o m lorado Springs. ( ‘o m i, .’\ A P II Mobile, Ala . A ’ A ’ (‘ X

(‘,mlunn hua . S. & - •V A 3 C 0 Montgm mnery, Ala. I L N N

(‘m m lufl ubu s. Ohio A A (‘ X Nasti vj tk ’ . l’o’nn. A ’ A ’ N N

Dallas , I ex as A •A P 0 Newp o urt News , Va , L’ 1’ (‘ 0

Day ton , Ohio A (‘ N Now York, N, V. L L N N

Denvcr . (‘m, lo m I [. N N Okial ummn uia (‘ii~ .0k, G4 G4 (‘ ()

l)o ,tr ,, ui , .Mich, A A X N Philadelphia Pa. I L (‘ N

I)ul’mmolue , lm ’w .u ( N N Phoenix , ‘tn , S S P 0

l)ulutlu . Minn. ( 4 (~~ P N Pitnshurg ii,Pa, A A N N

l )u n tm .um , N (‘ , A A ( ‘ 0 Pmmm mnin uc . \hio’tn A A N N

l lnmm ur ;u . N \ ( N N N Pmm rtlarm d. \ Ie. S S (‘ II’

• I l i m m u. \I m~ I, 5, (‘ i n l’m mrmi.m nd , Ore. S S N N

I m,rt %~onilt . I o’\.m ’ N N N Prmuviolenu o’o’, R, I. N II

I ro ’ s t m m , (‘al i t .  S S (‘ 0 Rio’t u n immm nd , Vtm . 1,2 1’ N N

(,r .mnmi R.mpids . \Iu, ln A A N N Rmm c kfuu rd , ill. •‘t A I I I

ii.’,u ,lmmtn m , hi, I S S (‘ I) Sn l m , uis . tI,, I N ( N

‘ 3



Table RI (conld.)

P1’ (‘I’V(’ I’I’ ( l’t (
I’% ( ’ ABS Plaslic Plastic PV( ’ tISS I1~s(ut I’Ij suw
Mast ic Mastic Water Wate r l’laslk Plastic Wal er Wjlei

DWV DWV Pipe Pipe DWV DWV Pipe Pipe

St. Petersburg, Ihi S S N N Tuscon . Ar iz. S S (‘ N

Sa lt Lake (‘ ity, Utah It P X Tyler , Texas X X X II

San f rancisco,. Cal, S S X X Washington, 1). (‘. A A X ft

Saratoga . I’ ta . 1m L’ P 0 Wheeling. W. Va. A A (‘ 0

Shrevepor t. La. A A C 0 Wichita . Kansa s S S P 0

I’acm mmu ma. \ta-,h, I’ I’ P X Wilmington, Del. I L X X

tampa . t Im A 3 A u X 0 Wjnston-Saleni. N. C. A A C X

I ,iedou . Ohio A A X X Youngstown , Ohio A A X N

Table 82
State-of-t he-Art Survey of Model Plumbing Codes and Similar

Documents for Limitations on Use of Thermop lastic Pipe
for Water Distribution and for DWV Applications

DWV Piping Water Distribution Pip ing
Code or Criteria Above Ground Below Ground Cold Hot

I. Model Plumbing (‘odes’

National INP(’) N/A’ NIA ’ N/A’ NtA ’

AS- ’ ,  ,A 4 1(5 - 1955
(tinder Revision)

t i.is io (B P(’ ) ABS . PVC4 Schedule 40~ Plasuic 4 (‘PV(’m
1(0( 5, 1971) plastic (‘old \Va no ’r
Supplem en t 1973

t ’ mnuio r nm u ( t iN’ ? ABS. PVC’ ABS. PVCn N/A ’ N! \‘

I \l’MO I ‘3 ( 2 s iu m r ies) (2 sl uri es)

\ .mi u o uu . m l Siandarmt uNSi’( l ABS . PVC6 ABS . PVC6 Apprmm vo d ° A pprove d0
I’I I( ’( I i  ‘I Selnedoule 40 Schedule 4(1 plastic 1~t .m0 ut
SSI’i l’li ( ’( ’ l9~ I ’ ,

Sm .un tm o ’ rm u Siam itla rd ISSP( ’ ) ABS . PVC’ ABS . PVC’ (‘l’V(” ( l’V ( - .

Stft ’( ’ Nil (60’ imeigim t) (60’ lmeighun)
Ro ’ sm s mm , n ,s ~)74

(‘ainadmj n (( ‘Pt ’ ) AIlS. PV(” AIlS , PVC’ (‘PV( ” (‘PV(•’
N R( ( ’  197 ( 1 (36 ’ heigln u ) (36’ heigint)
Ro t  m s u om m s 19 73
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l’able 132 (contd .)

I)WV Piping Water Distributio n Pip ing
(‘mmdc or Crite ria m Above Ground Below Ground Cold hu t

1, lii ‘ I) Mimnium iui uu Promp e ri~ Standards ’

(lime imiol I too I a mm iil ~ I Ioius~nioz A IlS. PV(’ t ItS , I’V(’ (‘PVC (‘PV(

~,biulii ’ I .m i mu m l y Ilm m us ing .‘\tl S. l’V(’ AIlS , i’t’(’ N(.\ N/A
It s sto r ies?

Relualuilitu luon ut flouus imig •tt lS . PV(’ AIlS , PV(’ CPV(’ (‘PV( ’

3, Operatio n BREA K FIIROL (;U Guido’ (‘rineria ’°

Si ngle I ‘ , m unuii v Iit uusi n g AIlS. PV(’ A BS . t’V(’ (‘PV(’ (‘PV( ’
0 sto uries )

\1oit1i-lamil~ lhuusing ABS . PV(’ ABS . PV(’ (‘PV(’ (‘PV(’
(3 stories)

.til nnuaj imr c- mudes have ‘.m pi us us uO n s i’omr “.mpprova l” of alternate Sect ion 401 (h) l)rainage fittings shall be . . .  tU S . PV( ’ on
uui.utcnials w imi cl i s tates , fun esa mm ip te . ih:nt ‘‘Prov is imu nus ,uI . , having a sn mm o m oi t u im mie ruour waieroo’:m~ mit the sanuue ob m an m ne—
i l m is code .m e mi mntendeoi iou lureveni n tim e use ouf any m ite- ter as ttie piping served anot all such fittings stratI comibmun ,
rial, dcv ice, , . , i~rouv ided such ulme rimate tu a s beemi approved to the type of pipe used,
l’s time ,Aduiui ni stra ui ve Au m t imu ri ns , , . ‘‘ Quite omt ’ten suc h ap-
provals are at best difficult iou ombta in. Sect ions 51(2 and 5( 13 :  Vemut pipe amid . . .  vent fit imn1 ~. 

sh ah be . , . A BS. PVC our oilier approved n na te r iat.
‘See section 8,1 tot addtevses of niodel’co de sponsors .

Installation standards tS-5.7 l and IS-9.71 identil’s requure’
‘Ike out ’ pta~tic pipe is not authorized, N (A  imnuts that ate ~n addition to the fufiow’mg:

l’ru uun par.mgraphu P405. 1 3: ‘lIme water distriboution u systen i Section 3 16(a)(6 ) Plastic pipe shall be tnamtstamnmrol on tho’
sh al t be . . . mur , , . CPV(’ liomt and cmuld ovate r plastic pipe or straig lut aiignmuient.
ptas iic cim ld wa me r pipe,

Sectio mm 3 16 1 h)(7) Plastic pipe shall tue suppmurmeo i am non i.’
i’roni paragraph P4(15,2 ! :  ‘t hose Grouund Piping Within exceed tour (4) feet.
Buildings Soil and Waste piping . . . shall be , . . or

- 5,115 pl astic our PV(’ plastic pipe. Sect ion 803(f) Joints in ABS and PV( ’ pipe stuat i be mumado ’ as

provided in 802(num).
i roun paragraplu 1’-405, 22 : Underground Buildiung l)rains
All oimwtergrmum ind builoling drains shall be . . . our S~heduIe 40 . - . . -

piast k’ (‘~~~~~
. 

Section 11 . t .1: Soul and waste pi ping atu ,mve grou u u n d m u  i’oi ild’
ings shall tue , . .  our . , , A BS or PV(’ Scho’duIc 40 or l u m ’.uv us - r

- noun paragraplu b”4( (5. 3 1:  At ’ ,mv m’ ( rmuu mid Vemu m mug Vent plistmc pmp._ .

Pipung uiisi ui io ’ot al’mn’ o’ grm~und s in _ mit  l’s’ • , ,  on r . , - ‘5, BS iihms— - . ‘ . .
- - I ito’ samine nuaic rua ls are perm nmutteo l mum the Iollomwinug uso’s

I mc putue ml r I t ( plasm mc pipe , , ‘Sectiom i 1 1 , 1 ._! : All underground huu ldung drains
- See t) m ’mn 12. 1 .1 :  Vent piping thm’s’ e giosind in bu)ldmn~’s , - -I rm l m im t’ .irao’r’Jph I ‘405 3 - t ’ nude rg rm iumud V m’ntm nig Under , , - .Section 12 , 1,2: All undergrouund vemi n ~upuno ’grm ,und t m  m n pnpmn ug sh m ull tue mit , . .  (mm r I Sc- bedim Ic 4(1 pIa no—

1 m m pup s o n  Section 10.10.2: Water distr ibimt imuni pipe shall t’e . . ,  or up

proved plast ic pipe, l’rom ss’ctiou n 3 .1 ,3: A muu a ntnrual si u .ml t he
I mcii mit mime above par.mcraptus have the additional requ ire-- 

‘ considered approved it it mneets mono’ tin more out lime sn. um id aro is
nmen n t t im til pl.mst uc pipo’ sh a h  be markcd wu lb tine a plurmu’ . , ‘ . -

- ., . , cited in I able 3 .1 . 3  • . , and in nine case oil p I ms i m e pipo’ , mis, ’
u’ rm . m it ’ u,ls ’ u u ml m a t  mom oil a qu_ m t nty e ,mntroul agency rec-ognured , ,

- , - ,,, ,  the listed standard ol the Natimunal Sa nmu i m l m m un I’ ,mmi nd;ot u ,,m n,
1mm mtu m i~ .inOius ’mu im m ’.mI m’ol report s inoi mu itu ilotinsg Oil u e t’als ’,umud

.ti, ‘o tu mi m mo su r ai m ,r ’, I n ie rnm nmm , nma l ,
‘Ses-t iomn 506.7 Pt .usimo ’ Pipe and Iii tings fun l)r.uin, \t ,u sne s

n, ’ui 4 i 1 1 . 1  I - I mrai nu. igo - pup,- 31u,IIl 1,0’ 5, itS , l’V(’ mur , , . and Vent: For plurn utuing drainage, waste an d o n  n~ lv ‘lii
i 5, itS or P’s ( ‘ ins ,m t Im Ii,, ins Bin j icol lou rcsido’nt u . m I s ’mun’ .m i uvc a not tielow gruuund . mn dino’ m’t w .m’t m’ s .u umd sto ur m im sl ra imu s ,

sun,,, nitin u lim it nnu ,u re 1 m m ,  1w,, si u ru s’s un ineight. iuur hiumldungs n m i  o ’xm ’,’s’mling b(? I t r o t in heug i mu

35



“ ‘1~

lu mst a ll a tm o um is stu a ll com mu i ’mm r i mu t om mnsta llam imun procedures o f  also , be used in ret uahum h itat ed structures n,ut i’~ m i’m’diii i 51’.

tS I  ‘si 1u21u. 1-197 3 i,mr tItS u \ S l ’sI 1)2665-1973 h’or storie s in hiej m ’hit .
I’S ( ‘, C ‘.cm’p so lucre coiudituomis of the SSP(’ are Inure
st n ini g e m i n in whicim muse t t uey sh all apply, ‘° Ise ouf Sch edule 41) ABS our I’V( ’ I)WV plast uc pipe is lirn-

i ned by time f,ulloss’ung c - m u n sudenu I iomns:
I lucre shalt ho’ mu mm cmm ’ n ninghing out ’ t h e  its tu muu a ie r ial s iii tine .u , A ItS nmut to he used un mu lnm- tamt ut t y h ug h ruse ,

x m ui ue s~ steunu exce pt uhromom g ti propen adapters. In ill cus s ’s tu . I- our sizes 2” or less neither Ai lS or PV(’ sh ah be u sed ho , r
.1 ppm ’s t’o h so ’ b e n  i ce im mcn I Js’smg uu ., ned i’,ur ih~’ part ucula r lila- d rauns nIna t can receIve hisml water ‘at  t emuu pera lures umi C S

leo_ i t s ln , uth he mt s eoi , teSs omf 165’ I’ .
A ny pi .msi uc pupe m ust s t n  Itt y Opera I on B RI \ K

I moomii l.uinte S u S  l” t mr so .ter oli stri tiomti oi s pipi ng (at uove I II ROLIGI I lure m’ruu e rma
rno ’u m mol I (‘tul,,rin.,ted pouts u s imi o l  s’ l mt o uride I (‘I’V(’ , tS I \I oh , A dequate provisiou mu sh ah tue ttnade mu acc ,u inu iuuouda ie
1)2 54i 1971) so (m u N St seat od’ ap p rom s il, iherm imal es_ pa nsio un .

m’ , Nun imunal S_, nm mmam ummn I o ,ummdatmm mnn cen tu h i s ’ umu ou n or em l om m v a ’
‘t o  u m o u n  1 2 1 2 . 1  I _ i t ‘m(, m ,s o’ 1 ro ’uiioi ‘st,, ter i.uls i tmr ss , uto ’r this’ m im i us requinm’d.
u n m l ’ uin, , mum I l I um ’ m u tt iut) ,, u, r st u tI t I’m ’ , , ,  or , - t i t oi r i n ia i s ’ml I - l)o’su gmu m m io i m nn s i al l atm o , u n to’ m’hnn umi hues sIn_ i ll i’m’ in ,to ’ m - , , u m h . u , u m ’s•
p m m l~, i t m i u s l  s l i t , m m i m l s ’ )  ( I’’, t I , ,ul t tm ’  1mm,’ iuu ’ .tat lo’d ssii tn t l io’ ss ’ it l i gm’ ims ’ r mt ly ms ’o’e~uio ’o h s iunioti rohs anioh mnm h i ts nu % lm ’o tuu i i ’
.uppnoq~n it is’ appn oute d lit n um ucs - 

ino ’mnola t molis .
p. Pilue amid t it l ing’ . shall be .tl,proiiriatetv mi uark esb 1 mm s t i , u w

- ‘ NSF a pprom oa l . app hicahule nota ndard ’t and uinanu hactur s ’r”Sm’ ,’ I i ,u mn 7 ,_ ,~ ,.S?, . I l.isnio ,. pipe shalt mm,0 es_ seed 36 heel mn natiie.si .us k ml vent h eigh t. 
‘ —hi. All pipe , I ut t logs . transutmoun ( m l tongs, cement . hangers .

-‘ ‘ ‘ ‘ and suppo urts . etc. sh ah meet app licable unenenallv ac cept-mmiii , — .5.8 (4 ) Re tuireii ueimts tour pl.ust mc pmp ing in nm’l a—
- ‘ ed engmneerumng pra ct mce ,tum u n n tom lure sa ie mv shall 0’ o ii lormnn iou Sem ilem nce 3.1. 7 .7 ( 2?  amid , ‘ , -- u. Acoustic contro l shua lh be provided in accordance wutht rlicle 9 , t ? ,’I. 25 .

genera lly accepted enguneerung practice.

Secti t un 3.1. 7 .7 ) 2 )  Plastic drain , wast e and vo’nt pipe shall Schedule 30 has certain additional l im mui tatio u is:
iuot bo’ used m u  s~ s ie m nis that pass timr o oi gi n or are located mm, a a. Nmut to be used h’or hor izontal drains except water closet
reqi iiro ’d lire se par utiommu , branches.

tu , W: m hl mimi c - k u ,,’.’. tt must be ai least (1 ,1 25 inn, in tIn,, 3— inc -ti
Se~ lion 9 ,10,9 ,25 (‘onnbustub te draim , , waste and vent piping size . 0.138 in. in the 4-inc-lu site and 0.162 in m In e tm-im ,ch
shalt m l  be usc- si in a pluunbinmg syslem within a building size,
svliere part ouf t h e  s~ si c - m i is t mu cat eol sv ith uin or passes tinroum gtu c-. Ratisumma le and suppmm rting olaua shall be prmu vide o h i ’ m

t i nt ’ sep’.m ratuo m m n, e\cetnn tI n_ it w here drain . waste our vent propomsed applicahions in specific homusin g svs to’m ins
l ’ u p uuu c penetrat es th rough a vertical fire separation , time pip-
ing omn o lie side muh t h e  ‘ .e pt ra t iou n m a y  be com bustible pro- I:or use bekuw ground , schedu le 40 ABS our PV( ’ plast ic pupe
olOhes I t Ine ooin t m b otsuul , I e pmpiu ig us unu m i t omct t ed  in a ve rh mc_il  stmaft is himn ited as l’oul louws:
our in a fmre st’paral imun . a. l)eta ileoh engineering amma ly s us oh s oil pressures m id  sill”

port ing st remugmh required , four .us-inu s iu l led s’oumn dii ioun.
S~’~ t t ,m i u ‘ 2 . 5  9u I ? ( ‘P’s ( ‘ huout . nnd mold water  Pipe lm t t i uug s  t’ . Requireunent’. listed l’or abmuve-g rouund ilso’ oul So ’hue mhu ilc-
.mm nd sou t sm ’nn i cs ’ un nen u t s shalt s oun louni nu to m (‘St HI 37 .6— I 9” I 40 plastic pipe at (e). Ii) . (g i amid (ii) appls ml ’., t o ’ h0’ —

‘ h , ur nui. i l  ‘ml I’ ll) ? s uny l m’hnh ,mrid m’) l (i’\’(’i Pljsiic I’ipiiig tour louw— grmuun d use .
II ,, mm m d ( ‘muld W u net I )ist ritu oi ) join S~ ste mt n s ,’’

Schedule 41) (‘PV(’ m a y  be usc-oh ahuo vo ’ gnmuund loin so .t nen ulis’
So t  t n t  1,2 , 5 .9( 2) ( l’V( pin~e .tnd in n tmngs mniay not lie used mnihutio unn wit h time i’uhiowimug limitation,’ ..
In .m ss s t enum so h ero’ ti ne sto ’si:i t water tempera ture mnnay e.’,ceeol a. l imite d Imi ss sn ennu s witlu snou ra ge ’ tvp e water  Iie.iter iii lit’
1 ,~? ‘ I or u l tin, ’ ds’sugnt (uto ’55U re nun ,)’ s’ os ’eesi I 0??) psi. ing unit , m hus’rnim,sta lts’d tm , himn It Wa mer tempe ri t ur o ’s Ii’

165 ’ l- sir less; or
‘mo ’, i i i  7~ .1 S S  l’ l ,msi is’ pupe , (it t h ugs mind ‘omu tvenl cenien t h, umu ss stem um s wit h nsuui—r eci rculaming central sv,Ito ’r lmo ’alm’r

so ’ ,) ii suds’ ,i ‘u u ml i i im~, un a dra un_ig e our ventunu g svstenm shall t lne rmtm usia n ted mu linn it ova icr ucunperat o mn es i, I (is’’ I mur
m,u mi tmm rum m to )a l ( A S  BI 51.1-1 96 7 (Ai lS) amid tb ) (‘SA 18 1.2- less; to branch piping mink in ‘S Siefl is w iuh re circulating
I H , 7 (  l’t I ‘ I, cemmtra l water heater I huernu ousta n mesh tou himn i t 50 ,1 ts’r I i’nl ip-

eranures iou I 65”l our less ansi svilh at least 12 inc-he” out
l ine liu n u m n _ m n ‘ mm ’ . ‘tn nine umse ou l  l’V(’ intl Ai lS ars’ staled iii mneta l m ,m nnie s ’t ur pipe ,It r iser; our

- , 1 so ’ out  5,1., nm ’r ials lt umlho, tun o ’’ (F ‘si-S 3., m d  tt ’sI ‘S’respec iivel v - 1’ , mm, sv sl em nm s w i t h  rec- irculaning c-s ’nt r.u h water  h eater I m c m ii-
I his ’ ulse is tmnm umis ’ oh I,, Imu., sinus ’t uns ’s so , t hial ton i m n umhi i ’ b ,unn i .  o us n ai ted and prmuvideol wi nin omu tmummu a t i s h mi h ’ sa io ’ shm u i lo , I i
Is strus tu res tine l io n - i on unna) un ,, l o’sc-eed su’. s io r ies , h u t  s ilting t in li m m ’oo ’nt water temumpera luro ’ ris Ing . t l ’ m o o o ’ 14 (1 1

s’. t ic-ui uso ’ol ‘ m r hnmmrmi mmitt . i l  (u r, m nc hmes ml u.n lie used f u r  .unu s mu any pmu itni mu tins ’ wate r m l isim it uu t im un ss s tei mi .
on nti s i ur’  oh. Wa lerima inn tnuer pro uies ’t j o in require d 1cm n her hu~ lunmi in inn?’

design vehns’it mc- ’. 1(1 5 fu F ’.,~,, n~ tIne us,’ i s t u uw- s I mis i  in ’
I n u n n m l . u ’ n ’m i in ujss’ i u ‘‘m t  b r  55 ,1cm dushr itnu limun is siated s u Ite s , om m tuy ilue use ,ul ‘a ir sIna m mut se r’ . mum s Imon k am m o ’st ,ms

mu ‘‘I so ’ ‘i \i .m no ’ rn , u ls htu iie lmmn ’’ t~%1.6 I .  In nnuay he usc -mi in t h e  desi g u us ’ ,h tu m l m mnn ih ou ver p r esour s’ u mu 15(1 psu mum Is ’ss 5,1_I o n
nm’ ss om n s t n i us ’ t t o ’ nn ml single m o b  uhumuuiile lu i m i i lv units . II nnnay nn nu,mm n stanis ’ p ressure tul usu tue I innnutm ’d t o m  7)) psu,
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e NSI - cert i h ic-ati umi tour use wittu poutable w a le i  mes luireo h , lii verbal discussiomis . sm mm ly tws u m u md m ca ue d plush is.
Ao(equate uurovu sloum i sh all tuc- mumade to as’c-o m nmm i mmu sl ,u t m  

~ I~~C was mi m ut used at their t’ac ilit ic-s. Ahuuu u hail ’ imidi-
tlnemnnal ex pa iism o u m u and cm mi utra ction , c-ated kumowled ge of probletims wi ilm plastic - pipe. T ime
i)esugn ami d imu s i ,o lhatuoo m u ts’s’hmt iim iues shalt be m m am,’s’om r o h . mm io ’o’ kinds of probleumis cited were essentially t h ose givenuw u uhu ,zcm uo ’n_ ill~ ac- s’ep uesl st .uui d ,umds .insh imn dustry no’s’mmmm u ’
uu ie mnsl a mmm m uus . iii the wr i t ten respounses to question ‘3 .

hi. Pipe m im I I m l i uu igs shu.u t l l’s’ . tppiom pnuit e l~ mm ua rk s ’ oh i sl io msO
NSt ,m~upn u s .u t , .mpp lus ’. ul mhs ’ s I ,mmu da nol s , ansh ui ua mi u I.,o lui m ~, ‘., Time t’espounses are hm,’lucved to  re ptc so ’ m m I the c- x

Ic - m t ou t tuse oi l  plastic pipe by A n u s ’  ta c ul i i ies , line k m ntots
‘s Ib pmps ’. h ilt in,,’.. n. un isi t i mu ui lu l l  u ps . s emmuemuis . Iiaunger s . oh plastic pipe beimig used, its typical uses . ami d I lie

su ppo o r  us , etc. , st ralh m eet a ppl mca uu he generally uccs ’pieo h problemm is enicoumitered.
st ., mi dar o( s ,

j, Raumo una te _ imi d supp mum li mng d m 1 ,  sh_ ill be prouv ideo l hou r pnmm ’ Survey of Civi lian Users
pmm se d u p ph i ca tmomn s mn spec -il ic (nousumip syslemnus . Eight Engineerimig and architectural t lr inms , comu-

tractors , an d rural water distribution cooperat ives were
surveyed. Since som e of the l inus elected ulol to he
identified by nam e , they are identitied generically

APPENDIX C: only. Time I’ollowing paragrap hs sut immmmar ii.e the coin-
RESUL TS O F SU RVEYS O F umments received from eac h respondent.
PLASTIC PIPE USERS

User I . aim enginecritig fir m , has mnore than 13 ears
of experience in designing and installing plastic pipe
t’or water distribution , sewer , amid DWV syst eumus. Time sSurvey of Military Users
do not imista il plastic pipe in ititerior ptum um bing. PipeRepresentatives fron umi 24 mumajor Army installations

(Table C l )  I 6 percent oif the approximately 150 used is 2 to 12 iii . (S I  to 306 mm) diam imete r P~’C. Soul-

large (‘ONUS .
~rnmmy posts were surveyed. Of the vent weldumig is used only t’or DWV . I’ar i y uses sif ad-

26 individuals contacted , 12 comimp let ed time survey vent welded joints for water and sewer lines caused

questionnaire. Their responses are summarized ~~ 
joint pull-out problems, so rubber ring Jo umi ts are

the samiiple questionnaire shown in Figure ~~~~~. 
now used exclusively for water and sewer lines. Their
experience has been good: no failures of joints have
occurred in the past t’ew years. No crushing of buried
pipe has occurred. Estinmated savings to customers
range (up to ) about 50 percent , depending on t he site

Table Ci of the system. Their installations itmclude mnore thati
Army Installations Represented in User Survey 1000 mi (1600 kin) of lines , including several Inumidme ol

thousand joints in hilly rural and sm all municipal
l oo n Belvoir , V.A l” ou rt Leonard Woo ud , MO areas. Many common soil and stone types are prevalent

Fourt Benjatnin l’larris,mn . IN Foirt Lewis , W A  in the areas of ’ installatioum. Installationti work h a s  bc-c- mi
done in all kimids of weat lmer with nsu problemmis.

I’ o mr t Benning. GA I” ourt McCoy, WI
User 2 . a p lunihing and heatiumg contra ctour , imista lls

h urt Bliss, IX  l’ snrt McPhersonn . GA solvent-welded DWV syste m s prinmarily for resid cm nc-s.’s .
They use PVC alm ost exclusively and have hound it

F ort Bragg. NI ’ Fou nt Meade . MI) easy to work with. They Imave had no) problems in
about 5 years of use.

i o,rI Drumun , NY hurt Mmunroe . VA
User 3, another engineering tmrnn . desigtu s it ustal la .

1 - o ur t I mi s tus , V.A I uumt Richardson . A K  tiouns of DWV and electrical comiduit mm i plastic - r~u iue.
Th ey will ho t  (b y preference ouR’ ) s pec- i l ’s pl;u’.t us.I ‘nt G,undmm nn , GA l’ mur m Riley - KS
pipe for use under concrete slab f lom,rs. ‘l ines h;u vu.’ h uol

I orb Iboum ud . I N i - ou mt S.mun ibmuush on . ‘FX no prob lcm rm s over flue past several years wi mh i  so u lo e mil -
ceu nne nted joints , before that , sonne joints caused hrmu t t .

I mmml  , t .,o ks oo t i . SI ’ I ‘nI Sill . OK ble. This tir imm h as  found that plastic pipe requures
c- loser spacing of Inamigers or supports (nmut mlisu re Ihnan 4I ,m n t kuio’,, KY  I mur n Sbew .,rmi , G A
ft 11.2 ml apart ) . resulting in additionial c- mush t o ut t ht e ’ .s’

m mm l L.s’e . V ’s h unter Ar m y A ir l’iel d , t;A hangers.
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PLA STIC PIPE USE SURVEY QUESTIONNAIRE

I’hius s t u n ’, c- s us desugmi ed to ) oblatmi u n  t ’mmrn uation abs mut t h e  use of plastic pipe. You are requested to give as comiup iete amid
.Is l’ramt k ;Iii~w ems as possib le. The data you provide will he included in a report in a statistical manner amid will umot be
idetutitied to  you sir your mimganiz.atiomi.

I . I I.os pl ush uc- pipe bc- c- mn tused at s ,ut i m t ’acility ’? Yes II No 
, /

2. ( i n c - k’ lime use s hhu; mt have (nec-mi mmnade of plastic pipe at ysuur facility.

so i tem unna imis — (1

h. hr ; tn nc - hn ova teu hut t e s — (m

im i Ic - u u o mr cm uld Wa t e r pip eS

d. m m  term mm r hnot ovater pipes — 0
e. ojrattj , waste and vent pipes - S
f. sewer lities - 3
g. gas distrihutiomi ( LI’ our m m a ltmra l ) - 2
hi , irrigat ion (sprinkler) systemm’t s - 6

I, ~‘lcetnical conduit -

j. o utt ie r (please specify) (‘0 2 lines to meters . ’ exterior conden sate return

3. A pprs mxii natel y huow imm a mmy feet uuf plastic pipe do) ytm mm esti ummate has bc-c -mm used by ~‘our or ganizat iom i?

a. water  mmma lns 
— 

(1
h. hrammch ‘oS ater lines 200 26 .000 ft-
c- , interior colol water pipes 1 ,000-2 ,000 ft .
d. ium Ieru ,ir hot wzu tcr pipes (1 

‘0

e , drains , wast e ;tun d vent pipes 21) 0-500 1,.

I. se wer h u e s  600-26 ,000 11.

g. g.us distrihutioni ftP or natural) 10,000~~t.

In , irrigation (sprinmk ler) svs te mnns 5.000-10 ,000 ft .
i. ele ctrical cs )nndt uit / 0 ,000 ft .
j. Ot lter 400 ft.

4 . lolentil~i. if pm?ssi ~ le . the ty pe of pipe used for c-ac - lu of t h e  applications: PVC. CPVC, h’E. ABS . Oth er.

a. water unnains
h. branch water lines PVC’-5 ,’ P1:’-!
c , Inte rimur c-mild ov u le r  pipes PJ.’C-

*j ~i~j j 7~.~~ To ’5~” 1150 ’’ are In italics after each t/ U( ’Stio fl.

Figure (‘ I , S m u u n n u n n ar y oh so i l l  I c - mu  mc s i
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d. Inte ni m ur lmo ’3 water pipes 
____________

e. dra tmi , soasie am id vent pipes /‘i’(’-tn; .4/J”-/

I . sewer him ie s / ‘i’(”~1’; l BS- I

g. gas distributiots I LP tin natural) 
________________—

ii. u mru gahio t i (spn imn k lc - n s ’s sIs ’iIiS /‘I ( ’tu , I’!:’-!

u ~— l, ’c- h im, uI o 0 u u,l u u m l /~I ( ‘

I I I  i l o ’ n l b  (

‘. . Wi .ot  soas time im tetl i m ud I I ouluuuuuc - pipe n u sed ’ ’  .\ somlve mn t ( ce m une mi l ). I litt ea de ol ti tt iti gs . / tmme c - i m ai i i ca l  ( c ha nn l i ns) ,  m um I
o I lm en (p lease s pec - l b s I.

a, water  mm la im t s

h. bramich S’s a t e r limm es v - -I, u - I .  0-ring

c - . in ter im ur c- mild water  pi~ucs .v ‘3
oJ. inleriour 1)111 waler pipes

e. draimi. Waste amid vent pipe .v’5; i’-/

sewer limses .v’2 .’ I (0-rin~’)-1
~~. gas distribution (LI’ or t’ma tura l) x-l
it, irrigatiomi (sprinkler) systet ins .v’S; u’ - i ;  :-I: ( ‘ (Bo ll & Spigmut)-2

i. electrical coit iduit .v-2: ‘-I
I. OIlier 0-Ring

tn What huildiiig c-ode or oither specit ic-atiom i was u sed as a guide allowing installation of plastic pipe?

NSPC 1 , SSP(’ . BOCA 
________

. 1II’C 
, . (‘I - Guide Spec itlcatiomi 6

Oilier (p lease specif y)  .~lanimfaeturo ’r ’s spe eif h’at ions (2)

-‘ 7 . Vm’cre tests c - ou i uo lucted oh t he c- m umn p leted innsta h lat iua t i o)f plastic pipe’? Yes V
\~ 2 It s ou , w hat km u nd m uf Ic - s t w:us pert ’ourur med’ ? Please describe : , _____________________________________________

~nrm ’’ m’ suro ’ lo ot ’s - ( ‘ 3 ) 
—

~~ 
—

.
~~ . Ilouw l o ’ n u c -  l u . m ~ plastic PiPc- bc -c -mm mum service :mI your facility ’? / / / 2 i ’r .o, -I n ’r s. 6 u ’rs . 5 s ’ r s ,  3 s ’rs 

- -

I l.is~’ t h eme cc - u i  o i ls  pnuu hl e int s w uih i the plastic pipe ’? Yes 4 Nou .~ If s m u , ~lease describe :

‘I, ‘ -s t f ’~~’1 ’~,~~~’. d uo /o ro t i c -  U % ) u u o ’Idto’ u/ So i l / i  improper axseunb lj ’ -$ ,’ i/trust /)!oc-ks not ado ’qtia te-I

Figure CI (Co mi t ’d)

3m)

_ __ _ __ __ _ _ _  --‘ —-“
~~~~~~~~~~
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10 . If problems have been experiem iced with plastic pipe , which oif the following best describes time problem (chic-c-k as
unmany as requined I’?

4 Leaky joint s

2 Broken pipe (cause heap s ’ machinery c-rossing
Dimisensiona l change in pipe

— 
immsuftici enut support

j Improper hackhlhling, etc.
? Im nnp rope r immsta llat io mi due to umitr aimmed workers

Immadequate im ispec -tor
/ Plastic pipe m aterial was not good for time jo ib

Ii. Do you have ,imiv knowledge of the use of power c leammers to c-Ic-aim 051 1 or unplug plastic sewer pipe’? If so. describe
any problem s etmco uu mmtered .

.‘s ’
’ knowledge (1)

Uw- high velocity sewer cleaner (1200 psi at nozzle).’ no pro b/c -ins (1 )
‘s inS ’ or ‘so (_ ,‘)

I 2 . l)mm you have personal likes or dislikes regarding plastic pipe? Please explain:

Like (1)
Dislike (0)
\‘ec ’oI Guide Sp c ’c’if iea lionms (2)

\atnue,

Organization:

Address :

‘he he ph’ uric

Figure Cl (Con t ’d)

41)
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sc - u 4 , amm out hier em ug ummee m mung l’m rmmm , has bc-c- mi desi gum im mg tial cost unmade creatimi g a rural W,i t~’i distr ict puissible
iu last mc ptpe watei  d m s t r uhu u t mo m nu arid sewer syste inms (‘our coshs of ’ mml her lypesmif pipe would h ave been prohiihiiivc.
t ime past $ ‘ s e a m s .  Nioust o)f t h eir system u ms are for subdivi-
smou i ts ,  Ruhhc-m riu ng j oui mu l s a ue used: solvent welded j o im n ls User (a . a wale r c -omn n pany. h as  a sys em mm of abs uuu l lht e
are t nou t use d due to previsuus puhl-siut problemims . They sa unme size atid type as user S’ s. Located iii ss iutf nea stermi
lnave had very few proublein is probably less than they KentUc ky. it covers about 75 h u e  unm iles (130 k m mn I.
had wit h cast iron or cement asbestos systenms. They Their experience h as  bc-c -mm about time same as user S’ s.

believe plastic pipe o ffers signiticant benefits. They al- Their water system lines have been in use for IS ye ais
‘s ’ sa v ’ s s pec - i l v ASTM. and NSF-approved pipe. They ami d are perform uuuuig well.
presstmre-test sys te ms the sat ime way cast iron is tested ,
i.e., a bout 1.5 tu nes the workim ig pressure . Typical bun - User 7. an engineertng and architectural f irm . mmm di-

at depth is 4 to 5 ft (1 .2 to 1 .3 mn); umo c-rushing prob- cate d thaI the use of plastic pipe in the southwestemm m
-‘ lem ns have bc-c-mm experienced. Th ey estimate that PVC’ United States is outstanding from a cu rrosu o n- resista mmce

wa uer distribution buses cost about half as m uch (in standpoim it. Time soil chemmca ls present rapidly deter io-

plaic) as cast iro umm , w ith tine cost of cc- inc -mit asbestos rate st eel or iron pipe unless cathodic protect ioun is
falling between thoise of plastic atid cast iron. Lonw- provided. They dud miot specify any direct design u.n

tetulperature instaBatiomis h ave bc-cit dom e witi m no prob- installation exper ience.

Ic-ms. Th ey don noit apprs uve of imm lerior use suf plastic- ‘
‘ , ‘ ‘ ‘ 

User S us a utility conmpa mmy which used som mm e plasticpipe tour p1 u mnnb rim g. but sta ted t h a  t hIt is opium mo m was mm out . . .pipe (or gas dustruhu imon a few years ago but has s it ic - cbased mi experIence.
a bandoned its use due to leaks caused by goup imers amid
out imer roden ts.

t ;sem S is a rmn ral water  cmuoperativc - w imich has a syste m
t hat c - o u veis  ahouut St.) l~mm e uiih les ($0 kmn) in south cc - mm- T he results of time survey generally indicate t h at
tral Imidiatia. TIne systeum s of 4 to 10 ins . (102 to 254 mmml) plastic pipe is acceptable to engineers . com utrac n murs. amid
P’s’(’ pipe was Installed mum I 9(a7, The terrain in the area systems operators. Present pipe amid in m sta l l at i mm m m Ic-c- il-
ls hi l ly and has mostly rock y or gravelly soil. They have niques allow construction amid use in water distributism in
h a d  no ma~or problemmi s of water loss at joints. Lines and sewer systems , DWV systems . irrigation , and van -
have ou c - c - asi uu n na ll v bc-c-ti dam aged by being dug into; no mius other uses. Significant savings in initial mnu aterial
c- rushed lines h ave been experienced. They are happy arid labour c-mists and reduced mnaiumtu’nance c- musts result
wut in time perfortnance of the plastic pipe. Its Imuwer m i -  froim the muse of plastic pipe. 
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APPENDIXD:
GUIDE SPECIFICATIONS POTENTIALLY
AFFECTED BY THIS STUDY

Thus appendix lists time guide specifications which
may be affected it plastic- pipe is authorized for use in specif ications . Tab le 1)2 the nuuihitary huunily housu rig
mimi hita ry constructi rn amid rm’h:ubilitation. Table Dl lists guide specitlcation , amid Table D3 t he military c- mimer-
the potentially innp ncted nmihit.mry construction guide gemmey constructioun guide specifications.

Table Dl
Military Construction Guide Specifications

Numbey Title Kemarhss

(1-300.01 Ptumbin g, General Purpose Spec calls oum use out plastic- pipe t’sur certain 1)WV os s-
tenus , Puma. 16 would include water service pipe of pl as-
tic - i in accordance with nnodel codes .

CE.3(lO.02 Plumbing . h osp ital Plast ic pipe mentioned in para. 3.4.1 , 3.6.1, and 3.7
DWV. PVC or CPVC eould be used in 3,6 , and PVC ou T
AB S conulmi specified in 26 and 32.4 for compressed
air and vacuummm pipi ng.

(‘t’ .-JuIO . OS Gas t itling Interi sur gas lines and fittings restricted t’ munetal hie nia-
nc- n uts .

CI:-3o u .37 Air Supply and Distribution Ft eference s (‘1 -300 .01.
Sy s tcmn u

CL-SQl Water Lines hlig ht potential savings area by itaving plastic pipe speci-
fied amid used as it is in civilian sector. I’aragrzmplms po-
tentially impacted are 3.1, 3.2 , and 3.3 to m materials;
4. 1.9 (specify PV(’ and Pt pipe): 4 .2 series specify join-
ing niettnods; 4.3 series, fitting and specials: 4 .43 , coup.
lingo fmm r plastic pipe;4 .S.6 , valves four plastic pipe.

(‘L-6l)tl3j l Sewers , Sanitary Gravity (‘ould shoiw approupriame use of PVC AB S . or PU in a
subparagr,~~hm muf 2 . Materials.

(‘t’ -gti S.l) 2 Subdrainage Systemn us Dmaes not mnmention plastic pipe. (‘muuld use PU in suhuparmu-
graph of 2, Pipe four Subdrains.

Cl -quit ~~ Distribution Systeuns Specifies PVC’ and PU as allowed mnualeriah s,

(‘I .11251)3 I’muundatio sn Drainage Syste m Specifies use ot’ plastic pip e

(‘I - I  51)49 Vacuum Piping System No mentimun of piping out arm y type . PV (’ cm,uld be used,

( ‘ I- -I 54116 ()‘ojgen Piping System Specifies cuuppeu ly l us ’ K; probably shmmu u lol flint s t uesul ~plastic pipe mu m tubing due tm u specific use ou t  lman s pi umt eui
c-a S .

‘I 64 1) 5 Nitrous O~ imhii Piping S~ s temun Specifies s’mu ppcr type K; prouhmm hly s lnumu lmi niut sp ec - lu ’,
plastic pipe mum mu bung.

42 
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Table 1)2
Military Fami ly Hotmsin g Guide Specit lcatio ums

(1)01)4 2 7 0 . 21)

Number Title Remarks

2 6 I’ mmuns lat iu.utn Drains l’ara , 3 s pec - if ies l’V( ’ a nd ABS

2. 14 Stsu nm nu l)rainage Systet n i No ’ mmue m nlis nfl oul ’ plast ic pipe : could use PVC, ABS . or l’l

2. 15 Lawn Sprinkler Systemnn S pec - m I le s 1s t  out ’ ABS. PVC’ , and CPVC pipe and filtings .

15.la Plumbing (‘omuld oust I’V(’. ( ‘PVC ’ , and P13.

15.8 Gas l’ imting , Interior l)oes not call uuun use of plastic pipe.

~5 9 ~~~ Distribut ion S~ stem s, Specifies only steel our cast iron; cmuuld use PVC’ or Pt : .
Exterior

15 .10 Water l)istribut ion Syste nu Spcei h ’ ic s st eet pipe; c -ou ld use PV(’ .

15.13 Sanitary Sewerage S~ si c ium ,“sI to osv s use of PVC’ and ABS.

Table 1)3
Miiitamy Emergency Construction Guide Specificat ions

Number Title Remarks

CI- .l- -44-i Pluumu b ing (‘omu lo l use PVC’ .
t Int. )

(‘I -I -44 - 2 (h:’ h itting Specit ’ics steel or irmun tuipe.

( ‘ I - 1 -65-I Sto nmun l)mainage S~ sic mu i No m mention ot ’ plast ic pipe: cmuuld use l’V(’ our Pt .

CI- -l :-6 5-2 Subdrainage System Nou nuentimun of plastic - pipe; c miu ld use PV(’ , AI lS , or I’l’.
( ‘I .1 .72 Irrigation Sys t emm m No ’ m im entimun suf plasti c pipe: could use PV(’ om r 1u1 -

(‘I .t’ 73l \Vu mer Supp ly Lines and A t t o u ’ ,s s mis c oh’ l’V(’ sctsedule 120 oft)’ . Cou~mto1 allow Use
l) iotr ibutiunn Syste m of Imuwem strengt h pipe in m any imistance s .

1 - 1 -73 -2  Sanitary Sews ’rs Nom mmne nl ion of plastic pipe: cuuuld use ABS . PVC’ , our P1

(‘I -I - - 73 - 7 Gas Disoum but ion System Steel our ss’rouug l mt - imm uum pipe specified: I’I our PVC ’ com uluh
lie u sed.
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