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Thrust Restraint

New Systems Squeeze
Joint Separations

Next-generation joint-restraint products promise
to improve pipeline construction, replacement,
and maintenance. sy suax RAHMAN

NBALANCED FORCES
that occur in a pressure pipe-
line caused by changes in
flow direction or in the pipe’s
cross-secrional area are re-
ferred to as thrust, Thrustalso occurs at dead-ends
and during valve and hydrant opening aud clos-
ing. If thrust isn't counterbalanced with an equal
and opposite reaction force, joint separation In
bell-and-spigor push-on joints will occur.

‘The common methods warter utilities in
the United States and Canada use to contain
thrust include setting of concrete thrust blocks
and use of external mechanical joint reseraints,
called lug-type restraings, or a combination of
the wo, When enly lug-type restraines are used,
i's usually necessary ro restrain one or more

pipe-to-pipe joints on either side of a fitting.

THIRUST RESTRAINT METHODLS
‘Thrust blocks and lug-wtype joint restraines are
external) (o a piping system and pose several dis-
advanrages, including time-consuming instal-
lation, corrosion of meuallic parts—lug-type
devices are completely metallic—and human
errar doring assembly.

Concrete Thrust Blocks. Thrust blocks are
masses of concrete that transfer and disuribuce
pipeline thense forces to the surrounding soil

SITUCIUTE, Preventing separation of unrestrained

joints. A thrust block’s bearing surface area is s
most critical design facror because it distribures
and transfers thrust forces to the soil mass adja-
cent to the furing. The block’s size and shape
is determined by the forces to be restrained.
the pipe fittings size and wpe, and in-situ soil
strengeh and conditions,

Although norreinforced concrere thrust
blocks resist corrosion, their use presents sev-
eral challenges:

m  lhrusr blocks constructed in the held rarely
replicate the engincer’s design. At best, a
mass of concrere is poured into the targered
locarion. Forms arc rarcly used to replicate
the dimensions specified for thrust blocks.
In the worst case, installarion crews will
place entire bags of quick-serting cement
behind fivings and hope that groundwarer
will evenraally infilurate the bags and cause
the contents to solidify. This practice can
lead 1o carastrophic failures.

m ‘The soil must be able ro withsrand the
weight of the concrere’s mass withour set-
tling over rime. Gradual block sectlement
resulis in movemtent of the fiting and parr
of the pipeline undl joinc separation even-
tually occurs.

»  Adequate space is necessary for acconnio-
dating a block, a requirement that’s partic-

“ularly challenging in developed urban
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environments.

m Undl the conerere block has dried, usually
requiring abont 24 hr, the line can’t be back-
filled or hydro-tested.

m  Future excavations in the arca may be lim-
ited because the soil around and beneath the
thrust block can’t be disturbed.

Joint Restraints. Acceptance and use of
joint-restraint devices have increased sweadily
since their inreduction more than 40 yr ago
for use with ductile-iron pipe. Polyvinyl chlo-
ride (PVC) joint restraints have been widely
used in Norch America for ar least 15 v

Although joine restraines eliminate many of
the problems associated with thrust blocks, they
100 have disadvanrages:

m  Lug-type restraints are susceptible to corro-
sion because they are external o the pipe-
line, merallic, and must be Installed on the
ourside of a pipe joing,

m Insiallation is time consuming and subject
to human error. ‘lhe rightening of nuts,
bolts, and wedges is ardnous and time-con-
suming, which leads to higher cosis.

m Most PV pipe-to-pipe joint resrrainrs in
North America don’t meet requiremenis
ser forch in ASTM F1674, Standard Test
Method for Joint Rescraint Produces for
Use with PVC Pipe. Most products meet

UNI-I-13, a less suingent standard wrir-
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torque-oft bolis commanly cause deformi-
ties in PVC pipe walls. Ultdmarely, uneven
tightening of nuts and bolws, as well as usc of
torque-off bolts, can undermine the seruc-
wiral inwgrity of pipe and cause joinr failure
or leakage.

® Generally, serrated-type products can't sus-
tain internal pressures as high as thesce sus-
rained by products thar meet ASTM F1674
and can therefore subject a system to leakage
and failure. In partcular, restraining rods

contribure 1o these devices™ failure.

NENT-GENERATION PRODUCTS

The nexc gencration of joint rescrainrs
atcempts to resolve the varions installa-
tion, corrosion, standardization, and logisd-
cal problems associated with concrete thrust
blocks and lug-type joint restrains.

PVC Integral Joint-Restraine Sys-
tenn. The integral joint-restraine sysrem for
PVC pressure pipe is designed for pipe-
to-pipe connections and meers all ASTM
F1674 reqnirements, The cnrrent version
is designed for integrarion in pipes manu-
factured o AWWA Standard C900, PVC
Pressure Pipe and Fabricated Firdngs,
4 in. Through 12 in. (100 mm Through
300 mm). The mechanism consists of a
meral casing chat sits adjacent to the Rie-
ber gasket in the bell, and the casing is
melded into the raceway of the bell dur-
ing pipe belling, A C-shaped grip-ring with
several rows of unidirectional serrations is
mnannally inserted into the casing afrer pipe
~ . hydro-testing and belling, The casing and
Traditionally, th inthe .
United States an ca&é‘ﬂa use to contain thrust are concrete.

\ bloc n ,’g)gpmal mechanical joint restraints {top).:
Next-generation Joint-restraint products include integral PVC
jo estrain andg.eif-restraining gaskets {bottom)—intemal ¢qnivalent to more than 50 yr of baried
S esh‘at_rdn'inimize corrosion and installation time,  conditions.
SRR : R o When the pipe arrives at a jobsite, the

grip rings are made of duciile iron and

coated with an NSF-approved water-hased
rubber-toughed phienolic resin coating

thar exceeds 1,200 hr of salt-spray testing,

two-picce restraint mechanism is already in

ten by the Uni-Bell PVC Pipe Associarion, accept that compliance. Accordingly, prod- the pipe bell. In the field, the joint is assem-
T bur that standard was withdrawn in 1996 ucts are being made and accepred based on bled like 2 regular push-on joint—rhe spigor is
5 afier publicaiion of ASTM F1674. More specifications withdrawn more than a2 poshed into che bell np to the insertion: mark.
% than a decade larer, many manufacrurers decade ageo. Unidirectional serrations on the grip ring
gg still comply with UNI-B-13, m Overtigheening of wedges in joint restraine allow the spigor w enter bur won allow i o
£%  and numerous municipalities continne 1o~ snbjecrs the pipe wall to point loading, Even  wirhdraw, When the spigot is inserted through

2 Opflow November 2007 WL AN org/conmmuanications/opllow



Distribution

the grip ring, any opposing spiget movenent
canses it to engage by [riction. In otber words,
the ring’s serrations “bite” eircumferentially and
uniforly onto the spigoc wall. Onee the pipe

is pnr into service, the hydrostadic pressure rends

o push the spigot out of the bell; the oppos-
ing movement of the spigot canses the grip ring
serrations 1o become evenly wedged into the
spigot wall, fully engaging the restraint mech-

anism. The depths to which the serrations pen-

ctrate the spigot wall don’t exceed 10 percent of
the wall thickness, as allowed by AWWA stan-
dards for thermoplastic pipes.

Integral joints present major advancages

over traditional excernal rescraincs:

NEXT-GENERATION PRODUCTS IN ACTION

McKinney, Texas

When the cily of McKinney, Texas, was faced with replacing approx-
imately 1,100 ft of a 6-in. cast-iron pipeline that was causing water
quality issues because of extensive tuberculation, the utility used
an 8-in. DR18 PVC pressure pipeline manufactured to meet AWWA
C900. Tie-ins at both ends of the pipe required muitiple fittings, hor-
izontal bends, reducers, and tees that would have to be installed
using lug-type restraints or concrete thrust blocks. To eliminate both
external restraints and thrust blocking at the first tie-in beyond a
6x8 reducer, the utility used several &in. selfresiraining mechanical
joinl gaskets for fitting-to-pipe connections and a PVC integral joint-
restraint system for pipe-to-pipe connections.

At the second tie-in, the integral restrained joint and self-
restraining gasket were used for pipe-to-pipe and pipe-to-appurtnance
restraint. Appurtenances included valves, 45° bends, and a 6x8
reducer. After installation, the system was pressure tested to 150

psi withoul any problems. No concrete was used in the jcb.
Subsequently, the utility needed to replace a corroded 6-in. cast-iron main and opted to use integral restrained-joint fabricated fittings
meeting AWWA €800 guidelines to tie together an 8-in. DR18 PVC pressure line with the new &-in. cast-iron main. Even though fabricated
PVC fittings are widely used in sewer force-main applications, this was the first known installation of fabricated PVC fittings in a potable
water system in the Dallas-Fort Worth Metroplex. Using the integral restrained joint eliminated the need to use iug-type joint restraints or
concrete thrust blocks. Selfrestraining gaskets were used to restrain a sleeve. Following installation, the system was pressure tested

to 150 psi.

Gartand, Texas

In summer 2007, the city of Garland, Texas, needed to replace a
pipeline through a bored casing beneath an apartment complex
parking lot. The pipeline serviced 29 houses. After the cast-iron
line was replaced with PVC pipe, the pipeline’s dead-end section
was connected to the main line with 260 ft of &6-in. DR 18 (pressure
class 150 psi) integral joint-restraint pipe manufactured to

AWWA C900.

The dead-end was removed and converted to a looped line to
eliminate stagnant water issues at area residences. The integral
restrained-joint pipe was installed through a 12-in. metal casing pipe
that was bored underneath the parking lot. Valves were placed at
both tie-ins. Casing spacers were pilaced around the outside of the
pipes befare insertion into the casing. In particular, over-
insertion of the spigot into the bell during joint assembly was pre-
vented by aligning the casing spacer edge with the insertion mark

on the pipe spigot.

b

Inteyal Joint Restraint
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m [Installation and assembly costs are negligi-
ble because iustallation is the same as a reg-
ular bell-and-spigot push-on joint.

m Hnman crrors and PVC pipe wall point
loading are eliminared,

m  The porential for restraine mechanism cor-
rosion is dramatically reduced because the
casing and grip ring arc coated. If the meral-
lic casing is exposed to groundwater ot soils
entering through a gap between the bell-lip
and the

protection.

spigor, coating  provides
m  The joints meer all ASTM F1674 require-
lug-type PVC

pipe-to-pipe restraints available on the mar-

ments.  Most
ket today do not.
PVC Fabricated Firting Restraint, Fab-
ricared PVC firtings manufactured 1o meer
ANUWWA Standard CY00 are used in warter and
wastewater force mains, and municipal use of
themn continucs 1o grow. Tiadidonally, fabri-
cated fittings have been restrained with con-
crete thruse blocking or lug-type resurains.
‘The newesi nex-generation joint- restraing
product is a fabricared PVC pressure fitting that
incorporares rhe integral joint-restralnt syster,
Fittings incorporating integral joinc-reseraine
systems include 45° and 90° bends and rees. The
joints function the same way as the pipe-to-pipe
restraines, eliminating the need for lug-type
resiraingg and concrete blocking, Instalia-
tion invelves inserring a pipe spigor end into
cach firting’s bell-end, permitring the restraint
mechanism to engage when the line is placed
into service.
Mechanical Joint Gaskers. The selfre

straining mechanical Joint has been on the

The next generation of joint restraints
is already proving to be an important
addition to the water utility industry.

market for more than two years. 1t's specifi-
cally designed for use in dnerile iron fitting-ro-
PV pipe joings, in licu of wraditional lug-uype
restraines.

“This sestraining device has two compo-
nents: a serrated Coring and a rubber gasker.
The Cering s inserted in a groove on the rubber
gasker’s inside wall, forming a snug fic berween
the rubber and ring. Insallation involves
inserting the self-restraining gasket into the
mouth of a ductile-iron fitting, The adjoining
picce of PVC pipe is ftted with a gland and
inserted through the ring into the mouth of
the mechanical ficring, The ring’s unidirectional
serrations allow the pipe to go through bur not
to be withdrawn. “lhe gland on the PVC pipe
is then bolred ro the fiting flange. Compres-
sion of the gasker berween the flange and gland
forms a positive scal, and the serrations simul-
tancously embed themselves into the outside
wall of the pipe.

'This device has passed Underwriter Labo-
ratories certification and is currently available
in 4-in. {100 mm) through 12-in. {300 mm}
sizes. Assembly time is reduced because there
arc no wedges to drive into the pipe wall, and

there’s no need for point loading.

LOOKING AHEAD

Technological developments are key we the long-
rerm survival of any industry, and rthe warer
utilities industry is no exceprion. Although
municipalities are cautions abour embracing
now technology, the marker for produces thar

resolve operational and maintenance problems

grows rapidly. The next gencratien of joint
restraints is already proving to be an imporrant

addirion to the water wiility industry.

RESOURCES

m  AWWA Standard C200-07, Polyvinyl Chlo-
ride (PVC) Pressure Pipe and Fabricated
Fittings, 4 in. Through 12 in. (100 mm
Through 300 mm), for Water Transmis-
sion and Distribution

s AWWA Standard C207-04, Iinjection
Molded Polyvinyl Chlcride (PVC)
Pressure Fittings, 4 in. Through 12 in.
(100 mm Through 300 mm)

¥ AWWA Standard C905-87, Poly-
vinyl Chloride (PYC) Pressure Pipe and
Fabricated Fittings 14 in. Through
48 in. (35 mm Through 1,200 mm)

. AWWA Standard C208-02, Molecularly
Oriented Polyvinyl Chloride (PVC) Pres-
sure Pipe, 4 in. Through 24 in. (100 mm
Through 600 mm), for Water
Distribution

n  AWWA Standard C605-05, Underground
Installation of Polyvinyl Chloride (PVC)
Pressure Pipe and Fittings for Water

Editars Note: This arcicle was sumina-
rized from a teehinieal paper presented ac
the Texas Scetion meeting of the Amer-
ican Sociery of Clivil Engincers by Shah
Rahman and Harlyn Farrel, superinrendent of
Water and Wasrewater with the city of McK-

inney, lTexas.
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