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ABSTRACT
The jointing of municipal Polyvinyl Chloride (PVC) pipelines in North America and in many
countries around the world is achieved by means of a rubber sealing ring seated in the pipe
bell to effectively prevent leakage between two adjoining pieces of pipe after the spigot
(male end) is inserted into the bell (female end). The “traditional” gasket ring was
homogenous, non-reinforced and flexible, and manually installed into a pre-belled pipe,
either at the construction site or at the manufacturing facility. The current generation of pipe
seals is a “locked-in” gasket, commonly referred to today as the Rieber joint. The Rieber
gasket is reinforced with an adjoining external or internal steel ring and is incorporated into
the pipe during the belling process. This permanent reinforced-seal provides structural
support and pre-compression of the rubber ring against the pipe. Advantages for the installer
translate into increased reliability; dislodgement of the gasket ring from the bell groove,
referred to as “fish mouthing,” during insertion of a spigot into the bell of adjoining pieces of
pipe is eliminated. Anchored against the pipe wall, compromise of the gasket’s sealing
surfaces by the entry of soil and other foreign particles between the outer surface of the
gasket ring and the internal wall of the pipe bell is eradicated. The pre-installation of the
gasket also prevents involuntary use of the wrong type of gasket. Advantages of the system
to the pipe manufacturer include automation in production, simplified belling tooling, and a
pre-compressed seal which dramatically reduces chances of contamination of the sealing
regions of the gasket. For the municipal end-user, the joint system offers high resistance to
infiltration and exfiltration, withstands high internal pressures and vacuum, and prevents
leakage when axial joint deflection takes place within allowable limits. Today more than
ninety percent of PVC pressure and non-pressure pipes in North America incorporate the
Rieber.
INTRODUCTION
Various pipe materials are used in the construction of the vast networks of water and sewer
piping systems around the world, including concrete, vitrified clay, cast iron, ductile iron,
and thermoplastics. Over the course of the last fifty years, there has been an exponential rise
in the use of thermoplastic pipes in the US and Canada, Europe, South America, Asia,
Australia and Africa. The durability, ease of installation, and availability of thermoplastic
pipes has made them the product of choice for civil works and municipal projects.
Thermoplastics used in pipe manufacture include polyvinyl chloride (PVC), high and
medium density polyethylene (HDPE, MDPE), polypropylene (PP) and polybutylene (PB).
In the United States, the predominant thermoplastic material for water and sanitary sewer
applications is PVC. By contrast, in Europe, HDPE and MDPE pipes are more widely used
for municipal construction.
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Of paramount importance is the need for these pipes to convey various fluids without leakage
through joints, and also to prevent other materials such as ground water (Inflow/Infiltration,
I/I) and soils from migrating into the pipe through faulty joints. The most common method of
jointing PVC pipes together for municipal applications is by means of a bell-and-spigot
(socket-and-spigot, female and male ends respectively) gasket-sealed joint. The gasket is a
rubber or elastomeric sealing ring located in the pipe bell, figure 1a, which forms a watertight seal at the joint when it is compressed between the outer wall of the spigot and the
inside wall of the bell grove in which it sits, figure 1b. Other types of PVC pipe joints in
North America include solvent-cement and heat-fused joints, Rahman et al (2).

Figure 1a, b: Gasket in Bell, Installed Joint
HISTORY OF PRODUCT DEVELOPMENT
The concept of a reinforced rubber gasket was developed in the 1970’s by Gunnar Parmann,
an engineer and an inventor employed by Rieber and Son Plastic-Industri A/S of Bergen,
Norway. This concept later became known as a Rieber system, a generic term that is readily
used and recognized today to describe reinforced pipe seals. A study of various patents
awarded in the US since the 1960’s for thermoplastic pipe belling and jointing clearly shows
the evolutionary process which ultimately gave rise to the Rieber.
In the mid-1970’s, shortly after conceiving the idea, Parmann worked closely with one of the
largest PVC pipe manufacturers of the time in the US, Robintech Corporation, to
commercialize and “perfect” his invention. The Chairman of the Board of Robintech Corp. at
the time, Mr. Bradford Corbett, Sr., would later become a founder of the largest gasket
manufacturing company in the world, S&B Technical Products / Hultec. Together, Parmann
and engineers at Robintech were able to successfully exact the commercial manufacture of
PVC pipes incorporating the “locked-in” gasket system. One important development of this
period was the successful use of metal instead of thermoplastics for reinforcement of the
gasket. An original drawing by Parmann of the Rieber gasket done circa 1975 is shown in
figure 2.3
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Drawing was provided by Jim Underwood, a close associate of Parmann during the early development of the
Rieber Joint. Underwood was a manufacturing engineer at the Robintech Corp. during this time. Much of the
historical background was obtained by the authors through conversations with Underwood.

Figure 2: Drawing by Parmann Showing Function of the Rieber for Non-Pressurized
and Pressurized Applications, circa 1975
Several American patents were issued for Parmann’s development of the concept in the
1970’s. Rieber & Son then extended licenses of the system to several gasket manufacturers,
but ultimately, S&B Technical Products / Hultec championed the system in North America.
Today, all major manufacturers of PVC pipe in the US incorporate the Rieber gasket in PVC
pressure and sewer pipes and fittings made to either AWWA and/or ASTM standards. While
the basic concept of the joint has remained the same since its invention, various equipment
and tooling modifications have been made to improve commercial manufacture. Also, the
reinforced gasket designs have been refined from time to time.
TECHNICAL WORKINGS OF THE RIEBER
The invention of the Rieber joint arose from the necessity to eliminate a problem that PVC
pipe manufacturers were facing at the time: the dislodging of a homogenous, non-reinforced

elastomeric gasket from the bell groove during the insertion of the spigot into the bell. This
phenomenon, referred to as “fish mouthing,” adversely affects the ultimate sealing capability
of a joint, resulting in leakage as well as root penetration. Furthermore, in pressure pipeline
systems, there was a risk that a homogenous elastomeric ring of soft rubber may be displaced
from its sealing position in the pipe joint if the difference of the internal or external pressures
on either side of the sealing ring were significantly great.
The Rieber seal, consisting of a steel band either externally or internally bonded to the
elastomer, resolved the issue of dislodgement; it is locked into place in the bell groove due to
the pre-stressing of the elastomer against the plastic pipe. Also, this tight anchoring of the
gasket prevents the penetration of soil and other foreign particles into the sealing zones
between the outer walls of the gasket and internal walls of the bell where the gasket is seated.
There are two basic configurations of the steel reinforced elastomeric gaskets that are used in
Rieber joints in the U.S., shown in figures 3a and 3b. In the first one, a steel ring/band is
edge-molded to the outer body of the elastomeric gasket. Specially formulated rubber-tometal bonding adhesives provide a strong cohesion of the metallic ring and the rubber body
of the gasket. The second type is a metal ring placed at the core and bonded to the molded
rubber gasket. Both designs are manufactured by injection molding.

Figure 3a, b: Steel Band Reinforced, Steel Wire Reinforced Rieber Gaskets
In non-pressurized pipes, insertion of the spigot into the bell produces sealing zones as
shown in figure 4 (also see Parmann’s original drawing, figure 2). However, when the joint is
exposed to internal hydrostatic pressure, a different sealing mechanism takes place (also
explained in Parmann’s drawing, figure 2). This can be accurately studied using Finite
Element Analysis (FEA).

Figure 4: Sealing Areas of the Rieber Joint in Non-Pressurized Systems

FEA of a Rieber joint in a pressurized pipeline shows the mechanism by which the
elastomeric seal holds the internal hydrostatic pressure and prevents leakage, figure 5.
Hydrostatic pressure reaches the gasket through the gap between the bell and the spigot of
the pressure pipe joint, causing the gasket body to move forward within the gasket groove.
Since the gasket is incompressible, the elastomeric material is redistributed, to form new
sealing zones as shown in figure 5. There is a change in the cross sectional profile of the
gasket, before and after application of internal pressure (see figure 4 and figure 5).

Figure 5: Finite Element Analysis (FEA) of a Rieber Joint in Operation in PVC
Pressure Pipe
During installation, it is important to ensure that the PVC pipe spigot is inserted only up to
the insertion mark (witness mark, which is drawn on the spigot end of the pipe) into the bell,
and not beyond. In a properly installed joint, the insertion mark should be flush with the lip
of the adjoining bell. Insertion of the spigot beyond the insertion mark may cause the spigot
to wedge itself into the neck of the bell, thus preventing hydrostatic pressure from reaching
the gasket through the gap between the pipe bell and spigot, and preventing proper
functioning of the gasket, figure 6, Rahman et al (1). Consequently, internal pressure
fluctuations on the spigot would cause concentrated stresses on the bell that may eventually
lead to cracking of the bell. Over-insertion also reduces the allowable joint deflection by
approximately half.

Figure 6: Over-Insertion of Spigot into Bell
PROBLEMS WITH NON-METALLIC REINFORCEMENTS
In Europe, some manufacturers have used thermoplastic materials instead of steel for
reinforcement of Rieber type gaskets, but from a performance standpoint, the plastic does not
work as well as the steel. The most common problem associated with thermoplastic
reinforcement is cracking of the ring itself, figure 7a. Once this happens, the plastic ring no

longer serves its purpose and common problems associated with non-reinforced gaskets take
over. Plastic reinforcements are also more prone to deformation due to temperature changes
than steel. An out-of-shape (or dimensionally instable) plastic-reinforced Rieber gasket can
not be installed into the bell of a pipe, figure 7b. The ability of plastic rings to withstand the
high temperatures during belling is lower than that of steel reinforcements. Finally, steel
reinforced Rieber gaskets are capable of handling much higher internal pressures than plastic
reinforcements of up to PN 25.

Crack

Figure 7a, b: Cracked Plastic Reinforcement, Dimensional
Distortion Due to Temperature Change
JOINT MANUFACTURE PROCESS
The general Rieber joint system manufacture process can be described in four steps, Dittle et
al (2). As stated earlier, tools and equipment can vary slightly from manufacturer to
manufacturer, but the outcome is the same --- a pipe bell with a locked-in gasket. Traditional
PVC pipe bells are formed separately after extrusion of plain barrels of pipe; each pipe-end
to be belled typically has thicker walls than the rest of the pipe barrel. The belling end is
heated and formed in a separate process, referred to as pipe belling.
The end of the pipe to be belled is first heated until it softens. The bell is then formed by
means of the belling mandrel, shown in figure 8, which is slipped through the heated end of
the pipe to enlarge and shape it into the bell. The mandrel essentially acts as the mould
around which the pipe bell is shaped and formed. It is during this process that the Rieber
gasket is installed into the bell by being placed into the slot marked A in figure 8. A step-bystep explanation of the process follows.

Figure 8: Mandrel used for Belling PVC Pipe

Step 1. The steel-reinforced Rieber elastomeric gasket is first placed on the belling mandrel
and pushed to a position against the back-up collar by the loader. The gasket is firmly
anchored to the mandrel surface as the rubber between the mandrel and the steel ring is
compressed approximately 20 percent, figure 9a and 9b.

Figure 9a, b: Rieber Gasket Loaded into Mandrel
Step 2. The end of the PVC pipe to be belled is heated and then transferred into the forming
station. The pipe end is then pushed over the mandrel, gasket, and back-up collar. As the pipe
is pushed forward, the Rieber gasket acts as a mould to form the pipe groove which will
permanently house the gasket, figure 10a and 10b.

Figure 10a, b: Forming of the Bell and Gasket Groove
Step 3. Next, the mandrel and pipe are moved away from the back-up collar and the pipe end
makes a snug fit around the mandrel and gasket due to elastic forces and the pressure created
as air is sucked out on either side of the gasket, figure 11. The shape and diameter of the rigid
steel reinforcement is not affected by heavy loading caused by contraction of the plastic as it
cools and maintains the correct shape of the gasket, regardless of the pipe wall thickness and
outer forces.

Figure 11: Collar Retraction and Application of Vacuum

Step 4. Finally, once the bell has been formed, it is permitted to cool using a water spray
nozzle system, figure 12a and b, after which the mandrel is removed, leaving the gasket in
place in the bell, sitting in the “race-stripe,” figure 13.

Figure 12a, b: Cooling of Formed Bell

Figure 13: The Mandrel is Removed, Leaving the Reiber Gasket in the Bell
The above-described method of manufacturing the Rieber joint offers automation in
production, simplified belling tooling, and a pre-compressed seal which dramatically reduces
the chances of contamination of the sealing regions of the gasket. Furthermore, as the pipe
forms around the gasket, the production process only has to control two tolerances (pipe
outside-diameter and gasket inside-diameter) instead of the four tolerances that are present in
non-Rieber systems (pipe outside-diameter, gasket inside-diameter, gasket outside-diameter,
and bell groove inside-diameter) (Dittel et al. 1998).
FIELD ASSEMBLY OF JOINT
Rieber joint PVC pipes are assembled in the field by following a few simple steps, as
outlined below, Uni-Bell (3).
Step 1. The beveled end of the spigot and the gasket in the bell grove are first cleaned and
freed of any foreign particles, figure 14a.

Figure 14a, b, c: Proper Installation of Rieber joint PVC Pipe, Uni-Bell (3)
Step 2. Lubricant recommended by the manufacturer is then applied to the spigot end, figure
14b. Often times, field technicians apply the lubricant directly on the gasket in the bell
instead of the spigot; this practice should be avoided.
Step 3. The lubricated spigot is then pushed past the gasket into the bell until the guide mark
(“witness mark”) on the spigot is flush with the lip of the bell, figure 14c. With the Rieber
joint, it is usually possible to manually insert the spigot into the bell for pipes of nominal
diameter 100 mm and smaller. For pipes of larger diameter, mechanical assistance may be
needed for insertion. The “bar and block method,” figure 15, is recommended as a field
technician is able to feel the amount of force being used and whether the joint goes together
smoothly.

Figure 15: Bar and Block Assembly Method for Insertion of Spigot into Bell,
Uni-Bell (3)
CONCLUSION
The Rieber joint is the standard type of rubber gasket ring used today by all PVC pressure
and non-pressure pipe manufacturers in the US. It is a steel-reinforced elastomeric gasket
which eliminates many of the problems associated with traditional rubber gaskets, and offers
several advantages to the installer, pipe manufacturer and the municipal end user.
Advantages for the installer translate into increased reliability; dislodgement of the gasket
ring from the bell groove, referred to as “fish mouthing,” during insertion of a spigot into the
bell of adjoining pieces of pipe is eliminated. Anchored against the pipe wall, compromise of
the gasket’s sealing surfaces by the entry of soil and other foreign particles between the outer
surface of the gasket ring and the internal wall of the pipe bell is eradicated. The preinstallation of the gasket also prevents involuntary use of the wrong type of gasket.
Advantages of the system to the pipe manufacturer include automation in production,
simplified belling tooling, and a pre-compressed seal which dramatically reduces chances of

contamination of the sealing regions of the gasket. For the municipal end-user, the joint
system offers high resistance to infiltration and exfiltration, withstands high internal
pressures and vacuum, and prevents leakage when axial joint deflection takes place within
allowable limits.
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