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15 Year Old PVC Sewer Pipe
Passes The Tests Of Time

h Denms E Bauer
Avsocanon Engineer

Whaile PVC sewer pipe isn't
the only sewer pipe. 1t cenanly
1s the sewer pipe of choice. You
have told us that ughter joints,
longer lengths, ease of construc-
tion and supenor performance
are all part of your preference for
PVC.

As an ndustry, we felt you
would be interested in learning
Just how good your decision was
to specify PVC sewer pipe from
a durabiliy standpoint. We will
endeavor within this arncle to
provide a report card, 1f you will,
of the pipe’s abihity to withstand
the soil environment as well as
the sewage effluent.

Numerous testumonials to
PVC's supenior long-term
perfosmance are available from
users throughout North Amenca.
However. they have neither the
ttme, budget nor inclination to
dig-up perfectly good PVC
sewer pipe 1o test its durability.
The members of the Uni-Bell
PVC Pipe Association appreciate
your business and think 1t very
prudent to provide such techrucal
information 1n suppornt of your
selection of PVC.

A decision was made in
1988 to locate and remove
sufficient PVC sewer pipe (o test
in accordance with ASTM D
3034, "Standard Specificauion
for Type PSM Pols(Vinyl
Chloride) (PVC) Sewer Pipe and
Fittings.” The pipe was 10 be one
of the earhiest gusheted SDR 35
sewer pipes muanufactured in
accordance with this standard.

ASTM D 1034 was
onginally published 1n 1972,
Therefore. the oidest pipe. if
instatled 1n 1972 and excavated
in (988, would be 16 years old
Certainly an adequate period of
time to formulate opinions on
long-term durabihity.

There were prerequinies.
addiuon to it being gasheted
SDR 35. established upon which
a specific wite selection would be
based. One of the requirements
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was that the line chosen be at
least 10 years old. [t should also
be a samitary sewer application.
with common slopes. depth of
cover and operating conditions.
A final prerequistte was that the
project selected be one tor which
mitial instalfation documentation
way available. This requirement
would 1nsure an abdhity to
objecuvely review the changes
with time in the pipe perfor-
mance as well as durability.

Sue Selection

In researching the records
for older PVC sewer locations.
the City of Dallas. Texas. tumed
up. Because Dallas has used
PVC sewer pipe for many vears.
a number of sites could be
considered. We were interested
in hnowing what the mtial
deflections were and the
installation requirements that
produced them.

Thank goodness we were
working with the City of Dallas.

They heep very good records, n
very good order. And. they were
very patient (n leading us
through them.

Further review led to a 10
inch diameter gasheted SDR 35
PVC sewer lin¢ on the north side
of Dallas. which had been
installed tn May of 1973, The
City had plan and profiles of the
project with embedment descrip-
tion as well as a report on il
deflections. Depths of burial
ranged from & to 10 feet with a
planned slope of 0.80 percent.
By tapping the collective
memory of local manufacturer's
representatives. we learmed that
the manufacturer of this pipe had
completed an 1mnal installation
report as well. This site had
everything we required.

But. would the City be
willing to cooperate with us on a
research project requiring the
removat of an active PVC sewer
line from beneath a City street.
The Dallas Water Uunlities

(Continued on Page 4)

The 10-inch PYC is removed from Dallas.

Batavia Breaks Ground With North America's
Largest Diameter PVC Pressure Pipe Installation

The City of Batavia, New
York. has come a long way since
s first municipal sewers were
installed 1n 1903. They were, of
course. clay uled. Problem was,
the matenals had breakage and

leaky joints after installanon.
Batavia's Director of Public
Works and City Engineer,
Dennis Larson. eaplains. "This
city 1s built on a flat bog with an
unusually high water table. That

The 30-inch PV C pressure pipe is lnstalied,

plus the fact we have numerous
hot soil areas contributed to
reduced life spans for vome of
our farce mains. In addition.
maintenance costs escalated due
to leahage problems on the
gravity ¢lay e hines.”

A« a result. 1n more recent
sears. Larson's engineenng team
begun to include polyvinyl
chloride (PVC) pipe 1n s
tendering specifications. The
regsons are sound: PVC s
unaftected by corrosion: PVC i
smooth-walted and. as such.
offers less resistance 1o waste
buildup which can dramatically

reduce flow vapacities,

Now tn and around Batava
there are miles and miles ot
PVC gravity sewer pipes
£angIng 1n si7e trom Gaans 10 the
large 24 and 30-1n. diameter
mains

So. it was 10 PVC that
Batavia wurned recently The
project:  To provide large
diameter PV C preswure pipe tor
4 new 4.900) toot sewer force
main cupable of moving all
etfluent in the city trom a new
central pumping ~tarton to an
also new trcatment plant

cComtinued on paee 2,
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AWWA Approves C900 Update;
Copies Available In April

The American Water Works
Association has  recently
completed work on the update 10
AWWA C900, "Standard for
Polyvinyl Chlonde (PVQC)
Pressure Pipe. 4 in. Through 12
In . tor Water Distribution.”

C900-89 has completed ail
review and approval levels and
now awaits only publishing.
AWWA association statf cur-
rently project that the standard
update will be available for
purchase sometime in Apnl.

American Water Works

Association procedures provide
tor the review and update ol all
AWWA standards by the
committee of juridiction every
five years. This ensures appro-
priateness as well as accuracy.
The major change 10 CY00-89,
deletion of provision for 1ron-
pipe-size and solvent welded
products, helps demonstrate the
wisdom ot the requirement,
Although always included tn
C900. these two product 1ypes
have never been commercially
available

Copies of C900-89 will be
available for purchase directly
trom AWWA at 6666 W. Quincy
Ave., Denver. CO 80235.

AWWA Board of Directors Approves
PVC Transmission Pipe Standard

The Amencan Water Works
Associauon’s (AWWA's) Board
of Directors has culminated a
four year, standard development
effort by approving a standard
for PVC transmussion pipe. The
new standard became effective
on December [. 1988. The
designation for this standard 1s
AWWA C905.

AWWA C90$ standardizes
PVC transmission pipes in
nomtnal diameters ranging from
14 inches through 36 inches
Both IPS and CI outside
dimensioned products are
included 1n the AWWA standard.

To enhance design effi-
ciency at least four ditferent wall
thicknesses are provided for
each nominal diameter. The
specific dimension ratios (DR'S)
n AWWA C90S are 18, 21, 25,
26.32.5 and 41

Qualiry Avsiwed CY0OS

PVC pipes manutactured
and tested 1n comphiance with
AWWA CY0S are capable ot
providing trouble tree. longer
lite pertormance than the con-
ventional pipe products they are
centain to displace Performance
assurance begins with stringent
material requirements for both
ptpe and gashets. Workmanship
of the highest quality is also a
CY0S requirement.

Pipe quality 1s further
evaluated through a series of
finished product tests that
include dimensional checks. pipe
flatteming, 1mmersion 1n
anhydrous acetone. joint ught-
ness and hydrostatic pressure
testing of each length of pipe.
including the joint.

Purchasers of AWWA C90S
PVC pipe may specify that the
manufacturer fumish an affidavit
that all pipe contorm to the
requirements ot C9035 [n
addition, Underwriters Labora-
tories (UL) certification 1
available for C90S pipe. Water
quahity 1s assured through
certification by the National
Sanuarion Foundation (NSF).

State-of-the-Art PAC Design

Design cniteria for PVC
transmission pipe are included in
Appendix A of AWWA C90S§.
These criteria represent the latest
advances in PVC  pipe
engineering. The allowable
design stress for C90S pipe i
conservatively established to
accommodate over a trithion
years ol conunuouy service. A
service life that cannot be
compromised by aggressive
water or corrosive soil environ-
ments.

AWWA C90S provides for
pressure ratings (PR’s) ranging
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from 100 ps: (689 kPa) up to
235 ps1 (1620 APa). Surge
pressures are properly accom-
modated on a case-by-case basis
in the working-pressure rating
(WPR). The appropniate equa-
nons are included in C90S.

The design safety factor of
20 recommended iIn AWWA
C905 equals or exceeds that
tound in other non-PVC AWWA
pipe standards. An even larger
satety tactor ot 3 2 1 provided
tor instantaneous total system
pressure.

External load design s
equally conservative but usually
not design himiting tor PNC
truNsMission pipe.

Exemplary Performance

While AWWA C905 repre-
sents a major standardization
advancement, larger diameter
PVC pressure pipes are not new
10 North America. The first
larger diameter inominal 18 inch
diametery PVC transmission
pipe was installed in 1967 Since
that time a steadily increasing
number of installations and
applications have followed.
Most notabls. all of the larger
diameter PVC transmission pipe
installations throughout “North
America are performing suc-
cesstully.

Prior to AWWA « upproval
ot C905. our own Ln Bell
recommended ‘tandard. s ¢
UNI-B-11. provided pecitiers
with an interim product
standard.

Obtaimng Yonar C.on

Qur readers are cnioureged
to obtain a copy of AWM
C905 either directly 1rom
AWWA or Irom Lo Bell For
sour copy. compliments of L.
Bell. return the coupon 1or 4
copy thereof) locaied on page 2
of this 1ssue You are aivo invited
10 request 2 free vopy ot aur
Handhook Supplement covering
large diameter pressure pipe
design and seteciion This
supplement inciudes usetul
hydraulic information speciiic 1o
PVC pipe complying with
AWM WA €908

Chairman’'s
Message

I James K Rash
Uni-Bell Bourd Chatrman

Last vear. this column spoke
of increasing PVC pipe prices

and the need to develop
performance value 1n the market
place.

This vear. we are seeing a
conuinudtion ot this trend with
some clear signs that PVC pipe
Is coming 1nto 1ts own as a
“product of choice.”

Durning the past year. the
awareness  of all  water
consumers has ratsed due to the
EPA regulations on lead. This
raised awareness placed
increased demands on water
systems as the public is now
crying for purity. Fortunately,
PVC piping offers the consumer
the opportunity to receive water
from the tap as pure as when ut
left the onginating water source.

PVC pipe 1s the most
heavily regulated product in the
piping industry. Included n the
many product standards 1s

James K. Rash

adherence to the Nanonal
Sanutation Foundation standards
on taste and odor: the only
piping product that meets this
requirement. As environmental
pressures mount. the qualuy
conscious consumer will look to
our standard of quality as the
yardstick.

Thus. our industry has the
unusual  opportumity  of
benefiting from environmental
pressure. Nevertheless. change
is slow and it will take some
time for the general populace to
fully appreciate the performance
value of PVC pipe. We sull
need to sell our product
attnbutes.

AWWA Appoints

Recogmizing the ever-in-
creasing role polyvinyl chlonde
(PVC) pipe ts expenencing in the
water works industry. the
American Water Works
Association (AWWA) last vear
announced a committee split.

The Thermoplasuc Pressure
Pipe Commuttee had long served
as the responsible commuttee for
all PVC and polyolefin products
tpolyethylene and polybuty-
leney PVC now represents
sulficient market to warrant a
specific commintee. Therefore. in
June of ‘88, AWWA Siandards
Council did vote to spht the
committee  into WO new
commitiees. The result 15 the new
PVC Pipe and Fittings
Commuttee and the Poiyolefin
Pipe and Fitungs Commuttee.

Mr. Joe Richard. who served
as  Vice-Chairman of the
Thermoplastic Pressure Pipe
Commuttee. has been named to
chair the PVC Commutiee. Chief
engineer for the City of Baton
Rouge. Louisiana. Joe 1s no
stranger to PVC. Consumer
evperience comes to him from
his duties at the City of Baton
Rouge. General interest expertise
1< available both through his
previous affiliation with the
consulting firm of Owen and
White and from his continued
work as an expert witness In
private consultation cases.
Producer perspective 15 also well
represented 1n Joe s resume by
previous employment with a
PV'C pipe producer and his one
ume role as chairman of the Lni-
Bell Techmcal Commuttee. Truly
Mr Richard comes to the chair
having walked a mule 1n every-
one s shoes!

One other facet of the sphit 18

PVC Committee

to open the memsershnp to
include more specific experuse.
AWWA Governing Documents
provide that all committees must
represent an equal balance 1n
membership from the three
categories alluded to earlier
consumer. general interest and
producer. The Thermoplastic
Pressure Pipe Commuttee
constantly struggled with the
compromise of seating enough
members to adequately represent
all products in all facets of use in
all membership categones \ersus
seating numbers of members
which were unwielding and an
obstacle to consensus.

The newlyv seated PVC Pipe
and Fitungs Committee does
currently have positions available
for both consumer and general
interest. quahfied in experience
with PVC pipe and fittings.
Those qualified applicants
willing to serve should offer their
desue and background 1n wnung
10 Mr. Dewey Dickson,
Chairman of AWWA Suandards
Council, with copy to Mr Joe
Richard as below:

Mr. Dewey Dickson

JM Montgomen Engineers
PO. Box 7009

Pasadena. CA 911(9

Mr Joe Richard
1068 Colomal Dnve
Baton Rouge. LA T0O%0%

LUni-Bell ofters ity ~imiere
appreciation for those who sened
0 unselfishly for <o long or the
Thermoplastics Commutiez MW
now join the entire water work s
Industry 10 also otfening Hur best
wishes to the new PAC
Commutice



Batavia

(Contnued from Page )

The current [4-in. ductile
iron mwn together with the
present treatment plant will be
phased out of service.

For the new line. specified
as pressure pipe, the Uni-Bell
member company recommended
its 30-in. SDR 25, introduced 10
the marhetplace 1n 1987 The
pipe meets all industry standards
including AWWA C905. “Poly-
vinyl Chloride (PVC) Water
Transmission Pipe. Nominal
Diameters 14 In. Through 36
In." and UNI-B-11, "Recom-
mended Standard Specification
tor Polyvinyl Chlonde (PVC)
Water Transmission Pipe (Nom-
wnal Diameters 14-36 Inch),” and
with 32-1n. OD. 1s the largest
diameter (PVC pressure) water
transmission pipe made in North
America.

“We felt confident n
choosing . largely on the basis
of slickness and flow character-
istics. and 1ts heavier wall.”
notes Larson. "Very simply, we
were looking for the very best
pipe for the job.”

Pressure rated at 165 p-i.
SDR 25 weighs 86.58 Ibs/ft and
has a wall thickness of 1.280 ins.
The design flow rate 1s 10.608
USgpm and the triction loss
rating 1s only 0.200 ft/100 ft.

According to Larson. the
city "has no way to bypass the
line. A breahdown would mean a
complete shutdown ot the
svstem. Consequently. the pipe
must perform ”

Installation of the new
Batavia force main started in
mid-May, 1988, I was com-
pleted on schedule by September
I Now tested and ready tor use.
the torce main awaits com-
pletton ot the treatment plant
sometime 1n 1990,

Brvan Snuth of the
consulting engineering firm of
Talamy. Van Kuren, Gerus and
Associates. Orchard Park. New
York. 1s equally opunustic about
the successful.  long-term
operation of the sysicm. As the
resident engineer on the project.
Smith anncipates. “No prob-
lems whatever.” with the unique
new force muan. One reason is
the track record of all of the
PVC pipe previously installed in
the city. “We have used a lot of
Uni-Bell member company PVC
pipe with no nstances of pipe
failure.” he says. In the past year.
Batavia installed close to 24.000
feet of PVC pipe for gravny
sewers, including an additional
2.500 feet ot the same 30-in.
pipe.
Smith makes his second
point by refernng to test resuits
for the pressure force main.
“Although normal use pressures
n the line will be 3040 psi. we
tested 1t at 100 psi and held that
pressure for four successive
days. There were no leaks.”

The new PVC force main
has a capucity of 22 million gals
per day. The system 1s designed

tor an average How rate ol 6
milhion gals/day. Peak design
capacity s 22 mulhon galviday

Smuth rates the lower
coetlicient of tnction 1 the pipe
as crucial, "This means reduced
caletficauon, less buildup.” he
says. The city’s Larson agrees.
and poes jurther by siung PVC's
corrosion resistance. “In some
areas. ductile iron would have
been sufficient. But 1n many hot
spots you get the double
problem o1 intemal and external
corroston. Neither 15 much of a
factor with PVC. We have a lot
of faith in that pipe *

Smuth likes 1t tor one other
reason--the high water table n
Batavia. "Averuge depth below
the surface grade 18 only eight
teet. The torce main was
nstalled at 10 toot depths. You
can readily see the potential for
problems.” he says But not with
the PVC pipe. Since 1t 1s
pressure-rated (including the
gashets), 1t can withstand higher
internal and external pressures--
even when 1t wits contuinuously
below the water table.

As for cost. Smith maintains
PVC generally comes to 20
percent less than the rival
materials "Actual (nstallation
savings were even greater.”
suggests Keith Witkinson. Jr..
President of Alden Excavaung

. - LY

Inc.. Cowlesville, New York.
Wilkinson's company put n
every foot of the large diameter
force main "at a conservative
estimate of 15 percent i1n cost
savings versus ductile ron.”

The company averaged 150
feet of ptpe installed daily (in 8
hour days). “We imuially figured
on 75 feet per day due to the
number of cuts we had and the
numerous tight working areas.
These numbers speak for them-
selves. They left us absolutely

The 20-foot length of 30-inch PVC is handled with ligh

delighted in the job,” Wilkinson
says. That's not all. Wilkinson
expressed appreciation for the
PVC gasket system as well. "We
had a lot of changes in direction.
at least 20. and some were as
much as 90°, both verucally and
horizontally. We went under
railroad tracks and bndges. and
even under the Tonawanda
Creek. All of those bends and no
leaks. Not one.”

Wilkinson is quick to pont
out how easy PVC pipe 1s to

t-weight equipment.

work with. even large diameter.
"Lengths come together nicely.
cutting 15 fast. the pipe s hght
and easy to handle and we were
able to get away with using
much hghter equipment and less
labor. It was a pleasure.” he says.

"On top of all this," adds
Dennis Larson. “there wasn't one
delivery problem or delay. We
evaluated the pipe carefully 10
start with. and now that the job
1s completed. we are confident
we made the nght choce.”

Dual PVC Force Main Relieves Pembroke Pines, Florida

The City of Pembroke
Pines, Flonda. has been grow-
ing at a rapid pace the lavt tew
veuars. and expectations are that
i will continue growing rupdly
1nto the tuture.

When the City recently
annexed 4 20 square mile urea.
hnown as the Western Service
Area (WSA). there were some
utility concerns which required
immediate attention. The most
crucial concern involved an
existing sewage treatment plant
which was servicing a small
community at the extreme west
end of the WSA. The plant was
undersized to meet future
demands and was producing
etfluent which didn't meet
current state standards.

The city umed to Berry &
Calvin Inc.. Consulting Civil
Engineers. from nearby Holly-
wood. Florida. for assistance in
determining the best alternative
for meeting both the current and
future sewage treatment needs.
Edward J. Dvorak. a Project
Manager with Berry & Calvin.
was selected to head up the
design as he had completed
Pembroke Pines’ master plan for
the WSA.

One factor which compli-
cated the design was the fact that
the WSA was largely un-
developed. Thic meant 3
significant difference between
current and future flow demands.
which were estimated at 310
gpm and S210 gcpm. respec-
tnely. A computer generated
model of the system revealed
that a dual force main (¥ force
main along wide gradually
increasing 10” to 24° torce

main) was the most economical
altermauive. Mr. Dvorak stated
that. "A twin force main offers
the opportunity to phase the
usage. A smaller diameter main
operaung with a large diameter
main allowed efficient pumping
at the current relatively low
flows as wel) as the abilsts 10
handie future increased flows
Pipeline velocities are main-
tained within the smaller force
main unul increased flows
require us (o open up poruons of
the larger main.”

The force main would

e , o
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deliver the sewage approxi-
mately eight miles to the
Pembroke Pines treatment fa-
cility. The design analysis
revealed that approximately 198
feet of head (86 ps1) would be
required to pump the sewage
over this distance. Two pumps 1n
senies with a2 wet well arrange-
ment were designed to meet this
requirement.

When 1t came time to sclect
the pipe matenal. “we wanted 10
get the most economical product
which would provide long-term
service.” stated Mr. Dvorak. The

contractor was allowed 1o select
either PVC. ductile 1ron or
concrete ¢y linder pipe for the
project. P\ C pressure pipe was
provided by the contrucior in the

following diameters and

quantities:
6" . 195°
8" - ar
107 - 7.67%
12" . 1587
14" - 10.534
16" - 5283
18" - B56!
20" - 83
e - 23
Total 82.162

All of the 6 - 12" was DR
18 (Pressure Class 150 psi) and
the 14 24" was DR 5
(Pressure rated 165 psi).

Ed Dvorak. the City of
Pembroke Pines. as well as
many other cities 1n Broward
County. Flonda. had specified 6
through 12" PVC pressure pipe
meeting the requirements of
AWWA C900. Polvsinsd
Chlonde (PVC) Pressure Pipe. 4
In. Through 12 In. for Water,
for a number of vears before this
project. However. they had not
used large diameter (13 ung
above; before. After thoroughiy
reviewing the Uni-Bell standard
(UNI-B-11), "Recommended
Standard Specificauon for
Polyvinyl Chlonde (PVC) Waier
Transmission Pipe (Nominal
Diameters 14-36 Inch).” as well
as the material qualities, Mr
Dvorak found that, The large
diameter PVC had the same
physical charactenstics and

(Continued on Page /2,
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15 Year Old PVC Sewer Pipe Passes Tests Of Tlme

(Continued from Page 1)

Department was very interested.
They believed the research
would greatly benefit their
information base as well as the
user community in general. To
them this was an opportunity. ln
fact, the City of Dallas Water
Uulines Department would act
as the contractors for the Uni-
Bell sponsored project.

The Pre-Eacavanon

Before excavating the line
and sending it to the laboratory
for testing, we wanted to know
how well 1t was curremiy
operaung. City crews reported
lhal there were no recorded

es of 1 ¢ on this
line tn 1ts 15 years of service.
The following five steps
summarize the pre-excavation
protocol.

* Depth of flow
measurement

* TV the ine

* Clean the line

« Puli a deflection mandrel
through the line

* Re-TV the line

Dallas Water Uulities had
set up a mobile recording device
to measure depths over a seven
day period. Depth of flow over
the seven days ranged from a
low of approaimately one inch to
a migh of three inches of depth.

The Dallas utility crew,
which tetevised the line,
explained that they no longer
televise their PVC sewer lines,
as a part of scheduled main-
tenance. because expenence had
shown there was hittle to yee.
After viewing the video of the
245 foot long section of PVC
pipehine. we sec their pont. The
ntenor did not look brand new,
but 1t looked awtully clean for
15 years of service.

The line was then cleaned
with a water jctting device
before the detlection mandrel
was pulled. Both the City and
manufacturer's initial installa=
tton reports indicated thas-
deflecuons runged from (wo 9
five percent over the length of
the line. They both had used
deflectometers (0 measure over
the entire length. We were
prepared to pull a § percent
deflection mandrel (a2 go/no go
testing device) through the line.
Unfortunately, the outlet struc-
ture of the manhole invert was
built up with concrete to the
point that we could not wedge
the five percent mandrel through
into the pipe. No problem. we
have another manhole down-
stream. Wrang. The 1nlet
structure there was also built up.

The next move was to iry a
7 172 percent mandrel, which 1s
the industry recommended
allowable detlecuon hmit. With
much effort and manipulation 1t
was wedged through the up-
stream manhole outlet structure.

The pipe easily passed the 7 1/2
percent mandrel,

The line was retelevised in
order to see what difference. If
any, the jet cleaning made on the
line. There were some minor
noticcable changes. Of special
advance note is the fact that after
the pipe was removed, the
interior could be casily cleaned
with water and a small amount
of elbow grease. (Editor's Note:
When you atiend the American
Water Works Association Con-
vention in L.A., stop by our
bhooth and see an actual
sample.)

The Excavanon

On a sunny and warm
December moming (1988), Uni-
Bell staff met the Dallas
excavation/replacement crew on
site. The street had been marked
and the asphalt cut pnor to our
arnval.

Before removal of any
overburden could proceed. we
would place a device in the PYC
sewer pipe (0 maintain in-situ
deflection over a two foot length.
This was accomplished by youn
truly, who spent several un-
forgettable moments inverted in
the manhole. By maintaining the
deflection n this section. the
actual long-term structural
properties of the matenal could
be calculated.

The asphailt was removed
and a nuclear densometer,
operated by a Dallas utility
consultant, was calibrated and
used to measure soil density just
below the surface and then again
three feet down. The densities
ranged from 82 percent to 92
percent along the length of the
trench.

Terra-Mar Consulting Engi-
neers, a Dallas-based firm which
specializes in geo-technical
evaluations. was retained to
classify and define the natve
trench soil as well as the
embedment material. The final
backfill matenal, which was
placed from approximately four
10 six inches above the pipe to
about one foot betow the
pavement, was classified as CH
material, described as "Dark
gray 10 tan clay with cakcareous
modules and limestone frag-
mems.”

The initial backfill. which
was placed from the springline
of the pipe 10 four t0 «ix inches
above, was classified as SM and
described as “Tan silty fine \and
with trace fine gravel.” The Ciry
crew knew we were getting close
10 the top of the pipe when the
backhoe operator struck this
sand.

The City requirements
called for a "Class B" cmbed-
ment matenal when the pipe was
originally installed, regardless
of pipe matenal, and sull do
This would be described as a
material basically consisung of
sand and gravel. The matcrial
which was removed [rom the

This quiet neighborhood is the site of PYC research.

bottom of the pipe and from the
sides to the springhne was
classified as SC and described as
tan and grayish brown clayey
fine 1o coarse sand with some
fine gravet. Because the inven
was approximately eight feet
deep and the water table was
slightly above the crown of the
pipe. some of the native clay
materials washed into these
samples during the eacavation
process. Obviously. therir
requirements were sufficient to
maintain deflections below 7 172
percent.

The water table being above
the pipe made for nasty working
conditions which were aygra-
vated by rainy wcather. This
didn’t deter the Dallas utility
crew. They brought in pumps to
lower the water level and
uncovered the pipe. Once
uncovered. they cut holes in the
crown and lct the pipe assist in
draiming,

A total of approximatety 40
feet of prpe were required to test
in accordance with ASTM D
3034. The 10 inch PVC was
removed in two sections. one 33
feet 1n length and the other 7
feet. A houxc lateral prevented us
from remasing one contiguous
piece. As the photo on the tront
page shows. the pipe was
covered with mud upon remonal.
Even so, many of the crew
members commenied that the
pipe looked pructicalis new The
mud was washed otf, the intenor
was rinsed and the pipe was cut
in lengthy convenient tor
shipment.

The Tesunz

The pipe was ~ent to Liah
State Universiny ~ 1L SL» me-
chamical engineening depanment
in Logan. Lish LSL s reco-
gnized as a4 premicre pipe
research facility. which made the
choice of laboratories an easy
one.

Apparentiy we didnt cean
the ntenior of the pipe as
thoroughly av we could have
The folks ut USU reported un
overly offenvine odor upon
uncrating the samples Well
blame the user of this pipe hes
obviously runming smeliv stuff

Utah State Univemlv receives the PVC sewer pipe.

through it.

LUSU tested tn accordance
with ASTM D 3034, which has
requirements for workmanship.
diameter dimension, wall thick-
ness dimension. flattening.
UNPACT resivance. prpe suffness,
Joint tightness. and extrusion
quality

Warkmansiup  The require-
ment states that the pipe and
titings shull be homogeneous
throughout and free from vivible
crachs. holes. foreign inclusions
or other injurious defects. The
pipe shall be as uniform as
commercially pracucal in color.
opacits., density and other
physical properties.

After 15 yeun the PVC pipe

passed the requirements. In fact,
the repon from USU states that.
after cleaming with soapy water
the appearance was almost like
new pipe.” Looking hike new ik
one thing. but what about
phy sical properties?

Diumerer dimension: The
average outside diameter when
measured in accordance with
ASTM D 2122, “"Standard
Method of Determuning Dimen-
sions of Thermoplastic Pipe and
Friings.” was 1hund to be two
thousandths of an inch under the
tolerance.

This minor variation in
diameter obviously had no affect
on performance With 1oday's
computer controlled cxtrusion

equipment. the tolerances can be
more easily met toduy.

Wall Dimenvion Simply
put. the wall thichness excecded
the requirements when meuasured
n accordance with ASTM D
2122, The samples had average
wall thichness ranging trom
0.307 inches to 00 313 inches.
Atter |5 years ot service. the
wall thichness, even an the
invert, was greater than that
required by the standard tor new
pipe. Granted domestic sewage
1n not normally very abrusive.
but we all know that things go
nto the ssstem which shouldn't
Previous studies have contirmed
PVC's high resistance to
abrasion.

Pipe Fluttenmy The ASTM
requirement states that there
shall be no evidence ot sphiting.
cracking or breaking when
flatiened to 40 percent ot the
outside diameter. By tlatteming to
40 percent of O D . the pipe 1~
deflected 60 percent.

The accompanying photo i~
worth 4 thousand words. The 14
vear old PYC pipe passed the
test. There was no embnttlement
with ume.

Impact Revstance ASTM
D 034 requires that 10 inch
diameter pipe withstand 220 1t-
Ibf when tested 10 accordance
with ASTM D 2434, Swndurd
Test  Mcthod  tor Impact

(Compmued on Paie ©



15 Year Old
PVC Pipe
Passes Tests
Of Time

(Connnued on Page 4)

Resistance of Thermoplastic Pipe
and Futings by Means of Tup
{Falling Weight) " This siandard
requires that pipe specimens be
able 10 withstand a blow from a
missile-shaped falling weight
called a tup. The tup 1s 20-Ibs.,
therefore, an |1 foot drop. This
test was meant as a quahity
control requirement rather than a
requirement for field nstallation.
All samples passed. providing
further evidence that no
embrittlement occurs over tme
with PVC pipe.

Pipe Stiffness. A minimum
of 46 ps: is ASTM's requirement
for SDR 35. All samples were
tested 1n accordance with ASTM
D 2412, "Test Method for
Determination of External
Loading Characteristics of
Plastic Pipe by Parallel Plate
Loading.” The average pipe
suffness was 62.8 psi.

Joint Tightness: Within D
3034 1s a requirement that the
elastomeric gasket joints per-
form in accordance with ASTM
D 3212. "Standard Specification
for Drain and Sewer Plasuc Pipe
Using Flexible Elastomeric
Seals.” This standard requires
that the pipe undergo both an
internal pressure and vacuum
requirement when axially de-
flected. The sample passed the
test.

Fifteen years later the PVC
gasketed joint was leak free.
Properly instalied PVC sewer

pipes comply with a recom-
mended allowable infiltrasson of
50 gallons per anch of mternal
diameter per mile per day. Most
alternate sewer pipe products
cannot meet such low allowable
mfiltration levels when newly
installed, let alone 1S years alter
nstatlation.

Extrusion Qualiy: ASTM D
3034 requires that the pipe not
flake or divintegrate when tested
n accordance with ASTM D
2152, "Standard Test Method for
Degree of Fusion ot Extruded
Poly(Vinyl Chlonide) (PVC) Pipe
and Molded Fitings by Acetone
Immersion.” Samples were
submerged n anhydrous acetone
for the required time and 1n-
spected. All successtully passed.

Structural  Propeities:
Within a himited group of users
and non-users of PVC there
lingers a question concerning
long-term structural properties.
They would suggest that
properties such as tensile
strength and modulus of
elasucity decrease with ime.

We thought you would be
interested in seetng what the
testing revealed. When the 15-
vear-old PVC pipe was tested in
both the circumferential and
longitudinal direction for tensile
strength and modulus of
elasucity, the adjacent results
were obtained.

As you can see, these values
are typical of newly manu-
factured pipe.

The Addinional Testing

Remember that we said pnor
to removing any overburden
from the pipe we installed a
device which would lock in the
long-term deflection. Well, we
did this for selfish reasons. By
providing USU with this sample,

PVC Pipe Time Capsule
Preserves City Keepsakes

by Robert Walker

To wrap up Texas' 150th
birthday celebrauion, the City of
Richardson, Texas. buried a time-
capsule to preserve this times
period for the future. The
capsule, which will not be
opened untl 2036, during Texas'
200th  birthday. contains
memorabilia from the
sesquicentennial year. photos.
messages, business cards and a

letter from the Mayor.

To protect these histoncal
documents and artifacts for
future generations. the city
selected a construction matenal
thet wouid not detenorate under
conditions of burial. The time
capsule was made from PVC
pipe and was donated to the city
by the Richardson Water
Department.

When 1t has to last. specify
PVC pipe.

The 15-vear-old PVC passes the flattening requirement.
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CIRCUMFERENTIAL DIRECTION
Specimen Strength Modulus
Number (psi) (psi)
1 7410 0.376 x 106
2 7600 0441x 1
3 7700 0.403 x 100
4 7610 4
AVG. 7600 0412x 106
LONGITUDINAL DIRECTION
Specimen Strength Modulus
Number (psi) (psi)
1 7990 0.449 x 106
2 7980 0437 x 108
3 8140 0432x 108
4 8060 Q458 x 106
AVG. 8040 0.444 x 106

they were able to measure
deflecuons. measure the ioad
required to maintain the
deflection and incrementally load
the sample to reach the required
deflecuion for determination of
pipe suffness.

The pipe suffness calcu-
lated. at the required deflection.
was 65.1 psi. With this value. the
modulus of elasticity could be
calculated. It had not decreaved
from those values determined for
unrestrained samples.

PVC. The Right Suf

We said early on that thic
arucle would serve as a repornt
card on how good \our decision
to use PVC <ewer pipe has been.
We would say you get an A+ and
20 to the head of the class. Your
decision has been rewarded with
not oniy supenor performance
but superior durability as well.

The ASTM D 3034 yard-
stich limited us to 15 years.
N\erertheless. the results gne us
no reason (0 suspect any
different results would be
denved from 150 sear old PVC
sewer pipe. Based on the fact
that the 15 vear old PVC passed

all the requirements of newls
produced pipe. with the singular
exception of average O D our
opinion is that sour great. great
grandchildren’s chuldren wiil sull
be senviced by the PN C pipe vou
specified. We will not be around
10 see the final report curd.

When you eraluate PNC on
durabihty and pertormance 1t
dictates your setection

Edntor's Note 3 copy
the orvzinal report prom 1 orah
State Universiny 15 uvur uhic
Sfrom Cn-Bell headquarrcrv n
Dalluas Teras

Correction:

In our Summer 1988 edition
we reported on the approval of an
Amenican Association of State
Highway and Transportation
Officials (AASHTO) design
specification for PVC highway
drainage culverts. As par of that
article a design example was
included.

The design example in-
cluded both service ioad design
critenon and load factor design
criterion The service loud

AASHTO Design Specification Example

computations were correct but
the load factor buriai depth limit
computation did not take into
account Y and Pg factors from
AASHTO Design Secuon 3. The
specified load factor design Y and
Bg values for flexible culvents
are 1.3 and 1.5. respec-tivels.
These factors muluplied together
effecuively increase the design
load 1.95 umes. The result s an
allowable burial depth of 183
feet when load factor cnitenon

are applied in the exampie.

Although less consenanve.,
our use of the actual dead load
does yield a very ~ate and
consen auve bunal limit tor PAC
culvens.

In a related muatter the
AASHTO Special Liaison
Commniee for Flexible Culvens
has identified an error in the
capacity modificauon factor (0)
used in the load factor design
methad for PVC culvertv The

AASHTO Plastic Pipe Task
Force inadvertentls set the 0
tactor equal to (.65. The o factor
should be | 0 to be consistent
with other AASHTO culvent
design sections and to restore
Lonsistency between the senice
load 4nd load factor design
methods.

When the o factor s
corrected. the allowable burtal
limit from our prestous example
computatinne will be 27 feet

CTL027262

using the load tactor dz-iin
method.

We hope we have © a0t (d
the proper applicar o» '
AASHTO . design over s
obtain a copy of ANty
De~ign Section % entitied
Thermoplastic Pipe [rcrus 2
Svstems.’ sou Ta PR
AASHTO General (1 .-
North Capitol Strezt N v L
225 Washington DC 2 «s:
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Uni-Bell Welcomes New Members
Rl Corma Inc

10 McLEARY COURT CONCORD (TORONTOI
' ONTARIO CANADA L4k 223
»

The Uni-Beil PVC Pipe
Assoclation ts a non-profit
techmcal and educational
organization headquartered in
Dallas, Texas. which provides
information regurding the
specification and  use of
gasheted PVC pipe products, for
use 1n water, sewer, drainage
and irmgation apphications. The
Associatton 18 made up of
manufacturers committed to
providing quahty products and
service to the PVC pipe
industry Formed m 1971, Um-

Beil otfers techmical service,
resedrch and development dala
and support an standards
development.

Uni-Bell 1s proud to be
directly affiliated with quality
producers of gasketed PVC pipe.

PVC timngs, PVC rewin and
PVC compound nucro ingreds-
ents The tollowing companies
have distinguished themselves
as responsible new Avsociate
member compames. Uni-Bell
member companies benetit trom
a4 philosophy 1hat 1p quality
pipe. service and technology all
go hand in hand. The followmg
Uni-Beli member companies
serve the PVC pipe indusiry and
their customers with quality
products, professional personnel
and Uni-Bell technical expertise.

BFGoodrich

B.F. Goodnich Canada Inc. 1s
Canada’'s largest domestic
producer of vinyl resins and
compounds. The company's plants
are located across Canada in
Shawinigan. Quebec: Niagara
Falls, Ontario: and Scotford.
Alberta. BFG Canada s a
subsidiary of the BFGoodrich
Company headquartered 1n
Akron, Ohio.

Strong demand for PVC
products 1n Canada has resulted in
the growth of an establhished
customer base for B.F. Goodnch
resins and compounds. To meet
demand. the company is expand-
ing 1ts manufactunng capacity.

Customers of BFG Cana
have “state-of-the-art” knowl-

edge of PVC processing, with an
emphasis on technology and high
quality goods.

B F. Goodrich has met the
challenge of keeping pace with its
customers’ demands for quality
and nnovation through the
introduction of comprehensive
Stanistical Quahity Control (SCQ)
and Statistical Process Control
(SPC) 1n 1ts plants. Improvements
to existing proven resins and the
introduction of new resins
offenng improved processing and
physical properues are ongoing.

The company has the
advantage of being able to supply
suspension resins from tty Niagara
and Shawimigan plants. lts
Scotford. Alberta. faculity s one
of the fargest and most modern
mass resin plants. The flexibility
of having both major types of
PVC resins provides customen
with access (o the best resin tor

their applicauon and process.
Canada has been tavored
with abundant supplies of natural
resources. Large gas fields and
salt deposits provide reliable
supplies of the basic raw materials
for PVC {ethyiene and chionne).
On Canadian munds in 1989
and beyond will be the
ramifications of the Free Trade
Agrecment. By and large, the
PVC industy looks forward 10 the
exciting opportuniues presented 1n
a North Amencan marketplace.
Organizauons such as Umi-
Bell, which have been operating
in Canada and the US for some
ume. have actively demonstrated
that both countries huare
similanties which transcend the
border.
B.FGoodnch Canada Inc. 1s
pleased to be joining Uni-Bell at
thts time and {ooks torward to
meaningful participation.

The

Vinyl
Institute

A Drvision of The Socrety of The Plastics Industry, Inc.

The Vinyl Institute 1s &
trade association representing
the leading U.S. manufacturers
of polyvinyl chlonde (PVC) and
vinyl chloride monomer (VCM).
the raw material from which
PYC 1y derived. Membes:
companies include Air Products
and Chemicals, inc.. Borden
Chemicals and Plastics,
CertainTeed Corporation. Dow
Chemical Co.. Georgia Gulf
Corporauon. BFGoodrich Co..
Occidental Chemical Corpora-
tion. PPG Industries, Inc..
Shintech Inc. and Vista
Chemical Co. European and
Canadian PVC interests are
represented as well by associate
memberships held by the Vinyt
Counctl of Canada and
European Vinyls Corporation.

In 1987. a new class of
membership was cstablished to
enable U.S. companies that
manufacture adjurants or other
raw materials that are used in
the manufacture. compounding
or fabneatton of PVC 1o partici-
pate 1n Institute programs as

affiliated members. Current
affillate members are GE
Specialty Chemicals, Kaneka
Texas Corporation. Lucidol
Division of Pennwait Corpo-
ration. M & T Chemicals Inc..
Robes and Haas Co. and Witco

Founded in November 1982
as an operating division of the
Society of the Plastics Industry.
Inc.. the Vinyl Institute’s first
major objective was to correct
misconceptions and erroneous
allegations by marketplace
competitors about the perfor-
mance of PVC pipe and condust
n fires. Duning ats first two
years. the Institute launched a
massive coordinated campagn
involving research. development
of educational programs for
firefighters, communications
and public relations that has
successfully helped to confirm
the safety of viny| products.

Today. this responsiveness
continues in VI activities. As the
voice of the PVC industry, the
Institute  aggressively and

responsibly promotes the con-

unued development of the vinyi

indusiy by:

« Educaung the public about
the safety and performance of
vinyl.

« Sponsoring health und
environmental research to
assure the safe use of vyl
products.

« Cevelopment of market-place
opportunities for eaxpanded
uses ol viny L.

« Fosiering programs und
communications with oiher
industry groups (Domestic
and international trade
a5voK 110N ).

For the past two vears, the
Vinsl Institute has helped
sUPPOFt a cooperatine program
with Lai-Bell PVC Pipe
Association to expand the use of
large diameter pipe  \lore
recently. the V1 has embarked on
a pro-active program (o heip an
creaung expanded marker tor
PVC in pachaging. electrical
matenals and piping apphica-
tuons. An integral par of these
programs 1s the deselopment of
nformauional brochures tech-
nical information papers und o
generic advertining campaign
aimed at reaching influcntial
purchasing devision makers

Headquartered 1n Wayne
New Jermey. the Vinvi [nsttute 1o
govermed by an executine bourd
representing  all  member
compamies and s Managed by an
executive director

TELEPHONE 141616699397 TELEX 06-964583

Corma Inc. was established
n 1973 10 develop. manutacture
and market plastic corrugated
pipe productions systems, which
were avatlable only 1n Europe at
that time.

Taking this opportunity. we
wish to introduce you to Corma.
the largest supplier of corrugated
production systems in the world.
with 1ts head ottice and
manufactuning faciliies located
in Canada. In us Research and
Development  Department.
Corma 1> continuing tech-
nological innovation. citing that
it~ commercial growth is directly
relatedtions R. & D.

Corma designs and builds
complete corrugator systems tor
the production ot corrugated
plastic tubing and pipe for
automotine wire harness con-
duit. electncal conduit, medical
respirator wbing, swimming
pool hoses, underground cable
ducting. drainage. irrigation
prping. ~ewer and culverts.

These end pipe products are
manufactured on Corma equip-
ment in either blow or vacuum
forming. with a pipe size range
from 3 mm L.D. to 1200 mm
oD

The tour corrugated sy siems
allow the pipe processor to

manutacture 4 single-wall,
doubie-wall or spiral wound
pipe. In addition. the newest
SAnItary SewWer pipe system. the
Ultra-Rib System, This recent
ddvancement in pipe design iy
ideally suited for PVC aw there s
no fuswon of pipe lavers
required.

The Ultra-Rib ptpe 1s a
smooth  pipe  with  radial
reintorcing ribs and s produced
trom only a stngle laver of
plasuic. The unique proftle of
Ultra-Rib pipe gives 14 g very
high crush and impact strength.
stull the pipe remains ven light
and requires about half the
matenial to produce than other
comparuble pipes.

Corrugated Plastic pipe can
be made from almost all blow
J4nd vacuum torming plastcs.
such as PE. PP. PVC thermo-
plasnic rubber. nylon. weflon. etc.

Corma also bulls. as pan
of the ~ystem. dies and
dow nstream equipment includ-
ing such items as watenank
aftercoolers. haul-otf and pipe
dry-off stanions. rotary cutters
and shitters tor drainage pipes.

An ever expanding come
pany. Corma oflers its customers
the best and latest of hnow ledye
n corrugated pipe production
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Dallas Installs First 18-Inch PVC
Circumferentially-Ribbed Sewer Pipe

While  small  diameter
crcumicerentially nbbed PVC
sewer pipe has been installed
throughout the United States,
onfy recently has 1t been
manulactured n 18 inch
diamieter Eight through hheen
inch has been produced tor some
ume by this mnovative tech-
nology. which ofters pipe having
A seamless unttorm CTONN-
sectional  wadl. radral ribs
(circumferennal), which are
perpendicular 10 the axis of the
pipe. & smooth intenor for excel-
lent tlow charactenistics and an
integral bell and gasket joint.

During the spring ot 1988,
Haukos Construction Company
ot Dailas. Texas. installed 5.320
teet of the Uni-Bell member
company 18 inch PVC sewer
pipe on the Ash Creek rehief
interceptor project for the City of
Dailas.

Much of the trench was cut
through solid rock. Hauhkos
Construction was able 1o move
quickly by using their trenching
machine. {t 1« fitted with an IR
toot boom and was able (0 cut a
30 inch wide trench. This along
with the light weight of the PVC
pipe  insured a4 umely
compleuon.

Mr. Don Hauhos. President
and owner ot Haukos Con-
struction Company was pleased
with the pipe’s lightweight (134
pounds per 13 foot length). Mr.
Haukhos sard. "This atowed
economical hand installation,
saving on the cost of cquipment
needed to handle hecavier pipe.”
He alvo said he liked the radial
rib construction which gave the
pipe extra stittness and allowed
it to be cut anywhere. ‘This b
construction allows me to cut the
pipe to the length 1 need.

repostiton the gasket and push
the pipe together--no need to
bevel cuts anymore This 1s a
real ime saver.”

Part ot the job required
pushing 53 feet of the 18 inch
PVC pipe through a sohd rock
bore under Peavy Roud.
According 10 Mr Haukos, "We
pushed the pipe through the bore
with euse Then we pressure
grouted the opening between the
0O.D. at the pipe and the bore
hole. Tt worked shick as 4
whistle.”

There were 11 manhole
sections on the project. Each
manhole employed an "A-Lok”
connectton for water tightness.
This connection was tast and
simple to make using the smooth
manhole adaptor furnished by

The ribbed sewer pipe awaits installation.

the manutacturer.

The radially nibbed PVC
pipe was installed - accordance
with the standard Ciy of Dallas
mstallation speditications The
bedding and haunching matertal
was 3/4 inch crushed stone,
which was placed 4 iches under
the pipe to 2 1/4 inches above
the sprngine. Sand was used as
tmitial backfill and placed 12
inches over the pipe Nauve
matertal was then placed in the
ditch to original pround level.

After installatnon was
complete, all sections success-
tully passed both an air test and
deflection test. Mr. Haukos
stated, "Stace the line was n a
street which required repaving.
the City of Dallas televised the
entire line with no problems.”

Europe. South Amenca
Central Amenica. Caribbean .
Asia, Atnca, South Pacitic

THE HOW-TO HANDBOOK

OF PVC PIPE

+ 250 PHOTOS, FIGURES. EQUATIONS. GRAPHS

The unly complete reference or those who plan, design. install and operate PVC sy siems 1or munw ipal
Waier mauns, potable water dostnbution and sanitary sewcr sysiems.
1t you are plunming. or now operase a PVC pressure or non-pressure system, this Handbook s 5 MUST?

PRICE $40
(Payable in U.S. Funds)

Texas Residents Add 8 Percent Sales Tax

Plus wir mail charges:

Mail Coupon With Your Pay ment To:
L ni-Belt PVC Pipe Association. 2655 Villa Creek Drive.
Suite 155, Dallas. TX 75234

NAME COMPANY
ADDRESS
CITY STATE ZIP CODE
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The light-weight PVC is manhandled.
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COME SEE US
At AW.W.A!
Booths 838 & 840

The Amencan Water Works
Avsociation 1AWMW A unnual
vonterence and eaposinion this
vear will be held in Los
Angeles Cahforma. June 1K.22
Uni-Bell and 1ts member
companies will he there in a big
way 10 celebrate the conference
premiere of C905 "POLY.
VINYE CHIEORIDFE PN

WATER  TRANSMISSION
PIPE. NOMINAL DIAME-
TERS 13 IN THROLGH 34
IN " The newest technologs in
non-pressure PVC piping witl
also be on display

So come see the latest an¢
allow us to renew our good
friendships at the expovition in
hoathy 3% & v20
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The Effects Of Deflection On Sewer Hydraulics

hv Robert Walker. PE

Nearly every hydraulics
handbook and wastewater
engineering textbook include
sections dealing with circular
pipes. Many emptrical equations
have been developed to provide
solutions to circular pipe flow
problems. Blasius, Chezy,
Colebrook. Darcy, Funning,
Huzen-Williams, Kutier. Man-
ning, Moody. Morns. Scobey,
Streeter, Stricker and Weisback
are some of the more prominent
names assoclated with circular
pipe hydraulic evaluations.
Thus, the design engineer has
easy access to methods
appropriate for dealing with
circular ptpe hydraulics, 1.e.,
flow capacity, headloss. flow
velocity, etc.

Buned flexible pipes. how-
evel, are engineered to deflect. A
flexible pipe’s ability to deflect
offers two major structural
benefits; 1) stgnificant stress
reduction brought about by im-
proved load distribution around
the pipe's circumference and 2)
supenor resistance to cracking or
breaking that in turn prevents
costly leakage. Such deflections
also result in some deviation
from a pipe’s onginal circular
cross-section. If the deflection 1s
large, the change in cross section
may aiter the hydraulic
characteristics of a pipe enough
to warrant evaluation.

In this article the influence
that pipe defiection will have
upon the discharge capacity of
an initially circular pipe is
evaluated. Both full flow and
partially full situanions are
considered.

Elliptical Cross Section

The amount of deflection
and the profile of a pipe's
deflected cross section will
depend upon the pipe’'s embed-
ment. loading and suffness. The
ellipse most closely models the
cross section profile observed in
buried PVC pipelines. A
practical analysis requires that it
be assumed the pipe will defiess.
to form a pure ellipse. -

Figure 1 shows the cross
section geometry of a circle and
an ellipse. Using polar coos-
dinates the following equations-
define a circle.

x=Rcos @
y=Rcos9

Where: = half the length
ot the long
(honizontal) axis
b = hall the length

of the short
(vertical) axis.

An ellipse will also satisty
the following cquantion.

x—2'+ g: 1
a?
Ellipucal Cricumference

For a deflected pipe. the
values of a and b must be fixed
s0 that the circumterence of the
ellipse tdeflected pipe) and the
onginai circle (undetlected pipe)
are equal. A circle’s circum-
terence (C.) 1s umply:

Ce=2nR

The determination of an
elliptical circumference 1s not so
simple. The length of an
ellipucal curve can be caiculated
using the following integral:

L(iJ)-f 1+y12 dx
1

Where: L(1)) = elliptical arc
length be-
tween bound-
anes 1 and )
denvauve of
the function

y = f(x)

"1 =

For an eilipse:

bx

yl =

Iqlz - xz

Therefore, the arc length for
an ellipse becomes:

Siumplification  of  this
eapression can be accompiished
by introductng the numerical
cecentnany:

YaZ b7

=

1ty possible 10 subsutute v
= win 8 and use the boundanies 1
=- /2 and j = /2 (halt elhipse)
vielding the tollowing equation
tor the ellipucal circumference
(Cel:

-112x
Ce=2a J“Jl -c-sin-8 dé
i

The above integral 1> known
as the “ellipuical inegral” and
cannot be solved with
elementary functions. Numerical
solution requires using a
computer to handle the large
number of calculations needed.

Elliptical Deflection

For a deflected pipe. the
ongtnal pipe circumterence (C.)
will always equal the ellipucal
circumference (Ce).

Ce=Cq

Using this constraint. the
values of a and b for a deflected
pipe can be calculated. The
values of a and b that
correspond to various deflec-
uons dre provided in Tabie | for
R=1.

Figure 2 diagrams the
above deflections so that vou
can get a better physical 1dea of
what these deflections tmply.

Elhpucal Pipe Hydraudics

To calculate the discharge
capacity of a completely or

paruall\ filled ellipuical pipe
- (a -b X
L(ij) =
(a% - x )

0= n2

<

reguires caleulanion using the
“elhipucal mitegral,” As with any
ppe. detemunation ot the tlow
wpacty requires caleulation of
the hydraulic radius and the arca
ot the wetted cross section flow

Figure 3 depicts the cross
section ol a4 parnially tull
detlected pipe. The wetted
perimeter part ACB ot the
clhiptical pertmeter can be
cvalculated by detining the
boundaries as

1=-5/2

J=oc

is calculaed:

pr=23 J‘Jl -c-sin-9 do

-n/2

Where C,,
pertmeter of an ellipse.

The area of the ellipucal
segment AOB can be calculated

as follows:

)
AOBellipse = IsZ de
)

Aoaellips'e =

Then the wetted perimeter

= the wetied

Where S =
rahus”

The eguation tor the radius
squared at angie 8 tor an elhpse
I~

the  clhiprical

ﬁs——fl——
1-¢2cos®

The area ot the ciliptical
segmient can now be written as:

b2
‘hl S de
-e~cos

“R[2

The wetted area can be
calculated by simply subtracting
the triangular area ABO trom
the area ot the elliptical
segment. The area of the inangle
[N

ABOyqngle =S sin =i S con )

(Please orn 1o Puse 9

Table 1

Valuesof aand b, whenR = |

Pipe
Deflection _ab 2 b
0% 1.00 1.00 100
2.5% 1.05 1.024 097S
5% 1.10 1.047 0652
10% 1.20 1 089 0907
20% 1.50 1.188 0792
0% 1.80 1.260 0700
alipae 2 S\l deNez i
eihpre G’lecren
v : » 2% euctan ™~ .
et e ‘

Where: R = radius of a circle
8 = angle of the
radius with the x
axis

The following equation also
applies:
x2+y2=R2

Using the same notation. the
following equations define an
ellipse:

x=acos®

y=bcos8

* >
_

Qan2

Figure |

Ellipucal v3. Circular Geomstry

\
N\
N\
\

iz TR ezt

[l
(RIS SANIY

/

w |

—_—
|

Figure 2 Ellipucal Segmenis That
Correspond With Specific Pipe
Deflscuons
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Vater DepthPipe Dismster Radlos

The Effects O

(Continued from Puage 8)

A single equanion for the
wetted area can now be written
as lollows:

b2

UniBell PYC Pipe News Page 9

f Deflection On Sewer Hydraulics

A=
1-ecos? de
/2

Using this equation for the
welted area (A) and the
previously derived equation for
the elliptical wetted penimeter
(Cyp). the hydraulic radus can
be calculated.

r=A/Cup

Where r = the hydraulic
radius of the wetted cross
section of the deflected pipe.

Simple trigonometry pro-
vides that the water depth (H) is
determinant by the following
relationship:

H=b-bsinee

Application of these equa-
tions. together with those from
common hydraulic textbooks.
enablc us to compute the
discharge capacity of either
completely or partially filled
deflected pipelines.

Calculation Resuls

A computer can be used to
calculate the discharge capa-
cties for various pipe deflec-
tions and flow depths. Figure 4
graphically summarizes the
results. As expected. discharge
capacity is greatest with an

- s
1- c2c052«

inec COS o<

undeflected pipe. However, the
influence of the deflection on
hydraulic discharge capacity is
not significant until deflection
exceeds 10 percent, 1.¢., less
than 2 percent discharge capa-
ciy reduction for pipe deflected
10 percent.

To more clearly depict the
percentage discharge capacity
reductions, Figure 5 was
developed. The graph shows that
for deflections larger than 10
percent, the reduction in dis-
charge capacity may be signif-
icant. The degree of significance
will depend upon the amount of
deflection and how closely the
selected pipe size came to
meeting the maximum discharge
requirerments for the pipeline.

These caiculations and the
resultant graphs cam be used 0
determine the hydraflic signifi-
cance of anticipated or actual
pipe deflections. Normally, the
very minor or insignificant
hydraulic influences of PVC
pipe deflection are more than
offset by PYC's smoother in-
tenor waterway and fewer jounts.
Longer pipe lengths and smooth
walls combine to afford lower
hydraulic friction which yields
higher flow velocity and
increased discharge capacity.

/

Reducoon in Duscharge Cepacaty in 9%
A

Y
B=nz
»
s
o [
\ '
A —————
H = vawr
depd
c
8=ni2 . |
Figure 3: Cross Section of a Partially
Full, Deflected Pipe
%] —
Cicle R 9
T EDipse 2.5% daflection end T
09 - SR defletion ~—e——eny —
10% WDI——1 ’
h 20% Lllection. ) ’
08 0% dellostion —
07 -1
06
0s
.
04 -
-
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e2s s [ ;] 1t
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Figure 4: Discharge Capacities for Various
Pipe Deflections and Flow Depths
. ? CTL027266
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Figure 5: Percentage Discharge Capacity
Reduction for Deflectad Pipes Flowing Full
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PVC Force Main Design Is Key
To Long-Term Performance

By Dennis E. Baver
Association Engineer

PVC has fast become the
designer's choice for sewage
force mains. PVC has gained a
superior
performer for this application.
Excellent flow characteristics,

reputation as a

Hazen & Wiltiams C = 150, a
non-corrostve nature and system
economy are just a few of the
reasons PVC has received such
bigh regard.

As with all engineered
facilities, sound design is the
key to economic long-term
performance of PVC force
mains. Particular attention must
be given to the key design
vanables.

We quite regularly receive
questions concerning proper
design of PVC force mains. We
appreciate the interest and hope
the following design example
provides answers to some of
your questions.

SYSTEM DESIGN
CONDITIONS

Given: 7,500 feet of 12"
cast iron O.D. PVC pressure
pipe meeting the requirements
of AWWA C900, "AWWA
Standard for Polyvinyl Chloride
(PVC) Pressure Pipe, 4 In.
Through 12 In., for Water,” is to
be used for a sewage force main.
Sewage at a maximum future
rate of 1400 g.p.m. will be
transmitted through the line
approximately 1.42 miles to a
manhole as shown in Figure A.

The matn has been designed
such that the pumps will start
and stop five nmes per hour. The
mam will be constructed in the
southern midwest U.S. with an
average frost depth of 2.0 feet. it
will be placed below urban
streets for a majority of its
length.

Purpose of Design: To
determine the appropnase dimen-
sion ratio (DR) requirements of
the PVC pipe 1o be used.

INTERNAL PRESSURE
CONSIDERATIONS

£

231 of 2nd edition.

At 1400 gpm, the velocity 18

as given below:

Velocity
DR fps
14 4559
18 4.217
25 3919

Step 2 Deternune pressure
required to pump to the
manhole (Pp).

From Figure A we deter-
mine the elevanon difference 1s
45 feet. Therefore, pressure
required (o overcome the ele-
vation difference (P,) = 45 ft x
0.433 psi/ft. P, = 19.5 psi.

Pressure 10 overcome
friction losses in the line (Pf)
may be determined by multi-
plying the pressure drop values
given in Table 41 of the
aforementioned Handbook by
the length of the line as follows:

Pressure  Length
Drop of Main Py
DR psi/l0Oft (100f0 (psi)
14 0224 75 16.8
18 0.185 75 13.9
25  0.1ss 75 11.6

Fitting and valve losses
have not been calculated for this
example. They may be con-
verted to equivalent pipe length
and represent a relatively small
portion of the 7500 main. (See
Figure 37, page 225 of the
afor ioned Handhook for
equivalent iengths.)

Pressure required to pump
the sewage to the manhole (Pp)
equals P + Py.

P, Pr Py
DR (ps (psi} i
14 195 168 363
18 195 139 333
% 195 1.6 301

Obviously, the total pres-
sures along the line are well
below the pressure capability of
DR 25 (PC 100). But because
velocities are higher than the 2.0
fps which is accounted for in

The key design variable fos- AWWA C900 and there are

PVC pipe used in pressure
applications is generally internad
pressure. While force mains
generally have very low internal
pressures, they cycle on and off
several times per hour. This
creates surge conditions. These
conditions are aggravated by air
and hydrogen sulfide gas which
may build up between the
intermittent flow conditions.
Therefore. fangue may often be
the critical design variable for
“arce main design.

Step 1: Determine velociry
Sfor maximum flow.

See Table 41 (Flow Friction
Loss, AWWA C900) of the Uni-
Bell Handbook of PVC Pipe:
Design and Con-struction. page

several surge cycles per hour, we
must check surge pressures.

Step 3 Deternune the
SHERE Pressiies (P)) associated
with the mavimum change n
velocny (V). In this example, it
1s assumed that no surge control
devices are incorporated into the
design. Theretore, the maxunum
change in velocity (AV) s tahen
1o be the maximum velocity.
Surge control devices should be
provided. Water hammer or
surge can cause serious damage
to the system (f not adequately
considered. Additional savings
n pipe material costs may be
obtained by including surge
control devices such as slow
closing vaives, pump flywheels,
surge relief tanks and pressure
relief valves. Air and vacuum
relief valves should also be
included in the system. These
devices reduce surge pressures
by reducing the change in
velocity (AV). Surge pressures
are calculated by multiplying the
wave velocity (a) by the
maximum change in velocity
and dividing by gravity (g) as
shown in the following equation:
P = aV/2.31 g. For more
information sece pages 115
through 119 of the Handbook.

The maximum  surge
associated with an instantaneous
change in velocity of | fps. for
the various DR’s. 15 histed in both
the Handbook and AWWA C900
and may be used to determine
the maximum surge as follows:

PS.
(AV=[0fps) AV Pise
DR (psi) o) (ps1)
14 198 4559 903
18 174 4217 714
pi ] 147 3%9 576

*See Section A.3.3 of
AWWA C900

**Surge pressure obtained
by multipiying P; @ AV = 1.0
fps umes the maximum AV.

Obviously. the surge pres-
sures may represent the largest
portion of internal pressure the
line will experience if they are
not designed out of the system.

Step 4: Deternune the peak
tnternal pressure (Py) the line
may experience.

Py=Pp+Pg

FIGURE A

920 m.3.1.

Pressure
Class PP P Pl
DR @u (e (o (e}
14 200 36.3 903 (266
18 150 34 734 1068
25 100 L 576 838
These total pressures

represent those which would be
experienced very near the pump
station. Pressure 1o pump (Pp)
would be reduced incrementally
along the line. In this particular
example, there ts a uniform
decrease :n working pressure
from (Pp) 1o zero gauge at the
manhole. due to the constant
slope of the line.

The surge pressure (Py) is
much less predictable in regard
10 precisely where along the line
1t will decrease. Air or other
compressible gasses can aggra-
vate the surge. This is why it 1s
imporiant to design the system
1o relieve surge.

We see that (P]) 1s well
below the pressure class of each
of the respecuve DR's. We also
realize that 1n accordance with
AWWA (900 DR's 14, 18 and
25 have a built-in allowance for
surge based on an instantancous
change of velocity of 2.0 fps.
This adds an additional 39, 35
and 29 psi. respecuvely.
pressure capability to each. Now
we have a basis 10 begin a check
for adequacy in faigue.

Faugue phenomena are weil
known and commonly con-
sidered n the design of piping
systems regardless of the piping
material. Only in liquid trans-
port systems where severe cyclic
surging 1s anucipated is fatigue
failure considered to be a
potential performance limit.
Various empincal design
methods can then be used to
accommodate cyclic surging. As
research on the subject contin-
ues. understanding of the fatigue
failure phenomena is expanding.

965 m.3.1.

Consequently. design treatment
1o accommodate cyche surging
and “cyche fangue” is being
refined.

Step §: Chedk for adequacy
n fatigue

Empirical equations devel-
oped by H. W. Vinson can be
used 1n the conservatuve
estimation of cyclic surge limits
for typical PVC pressure piping
systems. If the approximate
number of cycles (C') which will
be sustained in the life of the
system 1s hnown, the required
design peak hoop stress (S') can
be calculated using the
following equation:

§= (22.5_’(‘__}0&)0.204

§' = Reyuired design peak
hoop stress. ps
C = Anwcipated number of

cycles in life of system.

We are given that there are
5 on/off cycles per hour. This
equals 10 surges per hour. If we
select a 50 year design life, the
anticipated number of cycles
may be determined.

C' = 10/hr x 24 hry/day x
365 days/yr v 50 rears =
4.380.000 cycles

S'= 5.08 x 102] 0.204
4.38x 106

S = 1.182.0 pss

Having determined the
required design peak hoop
stress, we may now calculate the
required dimension ratto (DR
which equals outside diameter
(0.D.) divided by minimum

(Continued on Puge 111

TABLE 1 - CALCULATED DEFLEICTIONS OF BURIED AWWA C900 PVC PIPE
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hv Dave Eckstemn
Techmcal Director

Each PVC Pipe News we
mahe uan ardent etfort 10 stay
topical with subject matter. Your
input to us has prompted the
development of this new feature,
“Back to Basics.” Here, each
edition we plun o tuke an in-
depth look at some fundamental
aspect of PVC pipe design.

Keeping pace with chang-
ing umes and needs. the PVC
Industry ts ever introducing new
applications and product lines.
This updaung requires a tirm
foundation in design basics for
the novice and the seasoned
PVC pipe designer alike.

This edition we examine the
very beginnings 1n PVC non-
pressure pipe design:

Pipe Stiffnessina
Fiexible Conduit

The relative flexibility or
stiffness of a pipe has long been
recognized as critical in
determining the reaction of pipe
to 1ty environment. as well as,
the environment to the pipe.

Pipe stittness 1 defined as:

PS. = F/Ay
Where: PS. = pipe stifiness,
ps
F = force, perunut
length. lbv/in,
Ay = changemny
axis. (.

The pipe suffness is then a
raung ot the detlection perfor-

mance under load. Pipes with
relatively high sulinesses will 1)
deflect less under a constant
load. or 2) require a higher load
to produce a constant detlection.
The converse 1s true for pipes of
relative low suffness.

In order to have values
standardized for use in design
and 1o compare different pipes.
one of the vanables in suffness
determination (force or deflec-
fion) must be set. Histonically.
the standards have set deflection
as the constant and defined a
value of 5 percent of the original
outside diameter.

The American Society for
Testing and Matenials (ASTM)
Standard D24!2. "Standard Test
Method for External Loading
Properties of Plastic Pipe by
Parallel-Plate Loading.” deline-
ates test protocol and calculation
method for determining the
standard pipe suffness value for
plasic pipe. Immediately
evident from the standard's title
1s the venfication that this 1s a
pipe only parameter. Test
specimens are placed in a
parailei-plate loader with no side
suppont.

To best understand the test
and. therefore, the parameter 1t
defines, a look at units 1s In
order. Although commonly
expressed 1n psi. stiffness is
most accurately expressed as
pounds per inch-inch. Pipe
stffness  is  produced by
deflecung a sample to 95
percent of its oniginal vertucal
outside diameter. The pounds
force to produce the deflection is
noted and divided both by the
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Back To Basics: Pipe Stiffness Fundamentals

inches of travel represenung the Where: E = Modulus of ten-
deflection and the inches of sile elasticity of
length of the sample. the pipe mate-
Examplg. Take a4 one toot ral, psi.
long sample of 100 ch invide I = Momentof
diameter pipe. Say the force 10 Inertia per unit
reach 5 percent deflection s one length. 1n*
half ton. the pipe suftness is r = Mean radius of
the pipe. inches
P.S. = F/Ay = : .5 tons
(100 inches x 5%) (1 foot)
1000 ibs.
Sx12:1n
= 16.67 psi Suffness physically 1s a

Likewise, take a six inch
sample of 8" ASTM D3034.
SDR 35 samitary sewer pipe. The
pipe stiffness 1s detined 1n
standard D3034 as 46 psi.
Calculate the minimum force
required in the D2412 tesung to
meet mimmum pipe stffness.

PS. = F/Ay

F/Ay

46 psi = T5I5%) (6 inches)

F
(8.4-2(24)) .05x 6

46 pSl =

F = 46 psi x 2.376 in2

F = 109.3 pounds

Mathematically, pipe suff-
ness can be expressed as.

El

0. 14;3

P.S.

Force Main

(Continned from Page 10)

wall thichness (0. by using a
form ot the 1SO equation.

-2-+l

DR = PS'

DR = dimension rauo

S' = required design peals
hoop siress, psi .

P = peak intemnal pressuser*
(Pp). pa

Peak internal pressure is
dependent upan change is
velocity in a ginen DR. We will
check the adequacy of the
largest DR. lowest pressure
class. tirt.

Guven: DR 25 has a Py of 89
phi.

Therefare DR-zg—'o»l

DR = 2(L132) L':’ .l

DR = 27.56

Therefore. as long as the
PVC pressure pipe product has a
DR less than 27.56. it will meet
the given requirements of 10

surges per hour for 50 vears.

DR 25 is adequate for this
example.

In this paricular example. a
product meeting AWWA C900
was specified. DR 25 v che
lowest pressure class available
meeting this standard. Lower
pressure rated products (higher
DR's) which meet ASTM D
2241, "Standard Specification
for Poly(Vinyl Chioride) (PVC)
Pressure-Rated Pipe (SDR
Series).” are available. They
may offer a similarly conserva-
tive yet more economical design.

In this 7500° project the
required pumping pressure (Pp)
is reduced uniformly over the
length of the project. For DR 25
Pp is 31.1 psi. At the midway
point in the line the working
pressure will be 0.5 x 31.1 or
15.55 psi. If the peak internal
pressure 1s reduced by 15.55 pm.
the required DR becomes:

2(1182) 1

DR =29 15.55 *

DR = 33.19

By calculating the pressure
gradient and unhaing an itera-
tuve design procedure. one may
determine the most economical
design while maintaining a

given safety factor. See pages
120 10 129 of the afore-
mentioned Handhook for funther
details of cyche fatigue design.

EXTERNAL LOAD
CONSIDERATIONS

Externai loads are ~eldom
the critical design vanable for
PVC pressure pipes. Howerver.
in a torce main application
where intermittent flow and
severe cyclic surge conditions
may exist. which may be either
positive or negative. 1t i
appropniate (o consider external
load.

The above example venfied
that DR 25 would meet the
internal pressure requirements.
The extenal loading will conwist
of the earth load (dead) and
traffic foad (livey. It s given that
the frost depth is approximately
two feet and that the line will be
buned beneath paved roadwass.
Therefore. highway (H20)
loading w ith three to four foot of
cover 1s the combtned loading
which must be considered.

Table 1 (on page 10) lists
calculated deflections for COO0
PVC pipe under \arious
combined loadings. A chech of
DR 25 under 2 10 4 foot ot cover
with an H20 ine load reveals

1Comnnued on Pave 12,

funcuon of the strength of the
matenal from which the pipe is
made (E} and the configuration
in which it 1s manufactured (I
and r). Let's look separately at
these variabies and 1ts current

direction within the pipe
industry.
RAW MATERIAL

Pipe grade compounds for
non-pressure applications today
range in modulus of elasuicity
(E) from 400.000 psi to about
560.000. The PVC resin used in
the making of ail these
compounds is basically the
same. It 1s the compounding.
both the additives themselves
and the technology with which
they are combined, that make
the difference 1in end product
performance.

Due 1o several changes in
the non-pressure pipe markets of
late. 1t has become more feasible
to compound specifically to that
market. Resin costs. improved
performance additives. com-
pounding technology and larger
non-pressure markets are among
the factors involved. More and
more the users will be seeing
compounds specifically geared
to the end use.

Virtuaily any aspect of
change to physical properties
cames with it the possibihity of
consequence. positively or nega-
tively, to some other aspect. It is
imperative then to monitor all
aspects when changes are made.
Regulatory-wise that is accom-
phished by standardizing the
allow able compounds to be used
by specification of cell classi-
fication. The cell classification
defines physical property ranges
in many areas of performance.
therefore. providing the check
and balance required. It should
be noted that it is this reasoning
that has defeated some recent
attempts to legislate additive
levels or filler content. in favor
of sucking with cell class
specification. Addinonally. the
filler content approach ignores
the technology of compounding
and leaves the user open to the
risk of an incompetent com-
pounder and closed to the
advantages of a competent one.
Only cell clasuification places
“as compounds” performance
requirements.

CONFIGURATION

The configuration compo-
nent of pipe stuifness 1
poverned by the moment of
inertia (1) and the mean radius
(r). Configuration or shape
design 1s not new to structural
analysis of any kind including
pipe. The trend for the past few
yeurs, however, has certainly
been one of increasing attention
to this facet of suffness. The
result of this attention has been
an assortment of product lines
manufactured in profile wall
configurations. The intent, as
before, 1s to offer the same
stiffness with less matenal (as
compared with solid wal! pipe)
in the case of sanitary sewer
pipe. The profile configurations
also can offer a more cost
effective performer for new
markets, for example lower
stiffness pipes for storm drain
applications.

For illustration purposes. a
trip back to my high school
physics class is in order. All
those years ago in Des Moines,
lowa, we were told to hold a
piece of paper (8 1/2 x 11
variety) cantilever by one of the
short ends. Our not so lovely
assistant. my pareats having
viewed my grade school
performance had senténced me
to an all boys school. was
instructed to place a quarter on
the far end. (Unlike the
experiments on TV. go ahead
and trv this one at home.) The
obvious result was that paper
isn't very good at the structural
requirements of quarter holding.

Now we were nstructed to
take the same piece of paper and
alternately fold approximately
1" strips up and down across the
width. Re-enactment of the
quarter placement proved struc-
turally far supenor 1n this con-
figuration. Same matenal. more
structurally efficient profile.

The analogy to pipe holds
good one more step 1n that there
was additional work required to
manufacture the profile. In pipe
also. the economics of profile
are normally in excess of that
for solid wall. Diameter,
required stuffness, matertal
savings, extrusion cost, etc.. all
become variables which ulu-
mately dictate overall selection.

Having reviewed the mech-
amism of pipe stiffness and the
vanables involved and their role.
the user can better judge the
appropriateness of different
product prototypes for different
end use applications. The
present and future hold many
new opportunities for the PVC
pipe industry. Oppontunities that
both the Industny and the users
are anxious for us 10 accept.

Pipe suifness and 1ts role in
buned pipe performance? Maybe
next ume, or how about HDB
determinslion in pressure pipe
or something else? Let me hear
{rom you!

CTL0272638
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material qualities as the smail
diameter, such as good flow
characteristics and no
susceptibility to corrosion.” This
made PVC an ideal choice for
the dual force main.

Construction of the eight
mile dual PVC force mam began
in March of 1987 and was
completed on schedule in March
of 1988. Phase one of the
construction included clearing
and demucking along the
majority of the length of the
proposed route. A tremendous
amount of overgrowth existed in
the undeveloped areas. Next
came the process of deroucking.
The first three feet of rench was
a soft orgamic material.
Following this was the removal
of several feet of lime rock. As
the photos show, there was a
constant battie to keep the dicch
dry. The water table 1s near the
surface in South Flonda, as you
might guess.

The bedding for the pipe

12

consisted of 8 10 12 inches of
gravel. This matenal was
brought up to the spningline of
the PVC pipes. The photos
reveal that spacing between the
two mains was such that the
granular matenial could be
adequately placed in the haunch
areas between them. The imtial
backfill, which consisted of a
sandy granular matenal, was
placed to a few inches above the
pipes and native final backfill
material followed.

Upon completion of the
instailation the dual force main
was pressure tested. The line
was required to undergo a 200
psig pressure test for the first
half mile from the pump station.
The remainder of the line was
tested a1 150 psig.

The dual PVC force main
has been in service just a little
under one year now. The
smaller force maun is now nearly
full and the larger force main
will be opened soon. According
to Mr. Michaei F. Estok.
Pembroke Pines Director of
Public Services, "“The line has
lived up to our expectations. It is
working just fine.”

Force Main
{Continued from Page 11)

that the maximum deflection is
2.3 percent. well below the
accepiabie limit for PVC pressure
pipe. It also reveals that this
deflection would occur at the

monly used to determune thrust
forces in other types of pipe are
utilized for PVC. Fiuings and
valves must be blocked against
those forces.,

PVC pressure pipe is offered
in both IPS and C.1.O.D. reg:-
mens. It is currently manufactured
in diameters up w0 30 inch. It may
be incorporated into Mot existing

minimum depth of cover with duwigs sysssma withow the necessity for

lowest E'. worst soil compactions
combinauon, listed in the tables
Therefore, if the pipe is instalied -
with class IV material bedding
and haunching or better. and st
least a slight compactive effort,
the external loading is not critical.

PVC pipe. under normal
temperature conditions, can with-
stand a vacuum. However, when a
vacuum occurs it acts 1n addition
(o the external loads. [t will sel-
dom be a cntical design vanable.
For additional information refer 10
an article entited, “A Discussion
of PVC Pipe Under Vacuum,” in
our Summer 1988 issue of the
Uni-Bell PYC Pipe News.

OTHER CONSIDERATIONS

The same methods com-

dunl inventory of fittings.

PVC pressure pipe offers the
physical properties required to
withstand both internal pressure
and external losd. Because it is
produced in a range of pressure
ratings. cost efficient combina-
tions can be selected by the engi-
neer for specific applications.
High safety factors may be man-
tained without over designing. As
can be seen i the exampie abave.
cost effectiveness can be achieved
without a complicated design

ure.

We hope the example
comes in handy. For more
information concerning PVC
force main design please give us
acall.

Pressure Fittings: A Non-Corrosive Connection
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Menuon PVC 10 Bob
Kreykenhohm and you get much
more than his sudden attention.
Quite obvious, even on the
telephone. 1s hisy unbrnidied
enthustasm for the term. In his
position as Water Supenntendent
for the Sundwich Water Disinct,
which provides dnnhing water to
the Cape Cod resort community
of Sandwich, Massachusetts,
Kreyhenbohm 1s a self-confessed
proponent of PVC pipe and
fitungs.

PVC fittings? "You bet,”
Kreykenbohm says. “We've jusi
installed 52 of them in about 7
miles of 6-in. and 8-in. water
transmission lines and they tested
out perfectly. No leaks. Lower
cost.”

"But then agan. that's what
we expected. even though I'm toid
our installation 1s the very first in
North Amenca for these fittings.”
Several years in development and
testing stages. the new PVC
fitings are injection molded
through a unique technology. The
fittings are produced with a
hydrostatic design basis (HDB) of
4000 ps: comparable to PVC pipe
manufactured to meet AWWA
C900. The PVC fittings are
designed for Class 150 (DR 18)
PVC pressure pipe conforming to
AWWA C900.

Altogether. 40 6-1n. and |2 8-
in. finings were used (both Ts and
elbows). The water main, now
installed and operating. provides
water from gravel pack wells o
three different subdivisions at an
average pressure of 78 psi. The
main. though designed to carry
1,000 gal/min, for fire flow

reasons, 1s averaging “well
below™ that. according to
Kreykenbohm.

“Over the last several vears,
we have replaced an esimated 2
172 miles of 2 - 2 1/2-1n. cement-
Tined wrought iron pipe with PVC
in our 125 mile system.” he notes.
"In all cases. we have upgraded 10
the larger 6-in. and 8-1n. izes tor
fireflow purpo~es.”

The big reuson the Board of
Water Commissioners of the
District has readily agreed with
Kreykenbohm's recommenda-
tions 10 go almost excluvinvely
with PVC pipe. and now fimngs,
is cost. Long-term corroson free
service provides added + alue.

“On a per-foot bawis. our
costs on this panicular inwaiiation
would range from Si6 o SA2 per
foor. That includes all matenal.
labor, 10p cover exvas and 30 on,”
Kreykenbohm says. “The biggen
material savings come at
intersections where you have the
majonty ot titungs. "1 would
estimate a 50 percent sav ings orver
ducule fittings on the complete
project.” he notes. But
Kreykenbohm's biggest con-
sideration was “the labor factor.
where 1t's ot unusual to pay S28
an hour.” he points out. In most
cases. the Distnct handles its own
insaliation of water mains The
men in charge: Kreykenbohm.
along with Assistant Water
Supenntendent. Dan Mahones.

"Overall cost of this pas-
percent less than ductile,”
Kreykenbohm says. “A lot of tha
savings can be anributed directly
to the PVC fittings. "Ductile
fitungs require mechanical jonts,
and need to be bolted together.
This takes ume.” he reasons. “The
PVC fitting joints are vinually
identical o the pipe. We simply
push fitting and pipe together
using a crowbar. Installation is
that simpie and fast. and there
were no leaks.” he emphasizes.

Testing of the completed
mains was done at 150 psi in
veveral 20-mun. stages. Pressure
was raised and held for that ume.
then dropped. then repeated.

The Class 130 PVC fitungs
offer fong-term hydrostatic
strength. sausfying all contem-
porary afety standards for
mumicipal water systems
throughout the L.S. xni Canada.
Quich Burst Sirength rating 1s
755 py (5.21 MPa) mimmum,
when tested in accordance with
ASTM DI1599. Minimum wail
thichness of the fiing body 1s a8
least 128 percent the wali
thickness of Class 150 (DR 18)
C900 pipe of the same wze. The
fittngs conform to UNI-B-12,

Recommended Standard

Specification for Polyvinyl
Chioride (PVC) Pressure
Frttings.” as well as CSA B-
137 2. "PolstVinsl Chlonide)
PVC Injection Molded Gasheted
Futings for Pressure Applica-
tons.”

Kreykenbohm s also
counting on other benefits
inherent 1n PVC products. The
glass-smooth surface of the pipe

PVC pressure fittings compiete the project.
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losses. “In sy expenence over the
years all well see is maybe a chin ~
film. Periodic flushing. done on s
yearly basis, wakes care of that.”
Corrosion is of no concern 10
Kreyhenbohm. The PVC firtings
are not subject 10 galvanic or
eiectrolytic corrosion. No wrap-
pings or coatings were required.

Kreykenbohm foresees no
need for regular maintenance of
any hind. “The life expectancy of
the mains 1s forever.” he >ays.,
“and this includes the fitungs. In
the future as the communiy
grows, the oaly fuctor making
them obsolete might be fire tlow
cupacity. But thats a long way
off. You and | wont be around.
thar's for sure.”

Did the Uni-Bell member
company PVC pipe or fitings
present any unexpected problems
on this job. Kreyhenbohm s
asked.

His answer v, “None.
Delivenes were on time und their
on-the-job service support was
grear. What | like best 1s. what
they say theyli do. they do. that
goes from the president on
down.”

Kreshenbohm interrupts his
own comments and pauses: ' Oh.
there 1s one thing | want to
mention. Their pipe s too
shppery. Our laborers walk on ut
in the trench [ keep thinking
someone will shp and fall and et
hunt.

“Seriously though.™ he
concludes, “that was my only
major concemm on the whole yob
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