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[57] ABSTRACT 
A preformed manhole suitable for use underground is 
made of reinforced plastic. The manhole comprises a 
dome section integrally joined at one end of a tubular 
body by an endless band of reinforced plastic. The 
dome is arcuately shaped to provide resistance to buck 
ling, and in one speci?c embodiment is generally hemi 
spherical. The dome includes a manway and a load 
bearing shoulder for supporting the manhole cover and 
frame. An upwardly extending rib or collar is provided 
around the manway to provide additional stiffness and 
stability. 
The method for making the preformed manhole is also 
disclosed. The tubular body is made by applying resin, 
glass fiber reinforcement, and particulate ?ller on an 
endlessly advancing mandrel. The dome is made by 
applying resin and glass ?bers on the surface of a rotat 
ing mold. The dome and body are joined by laying-up 
resin and glass over their mated ends. 

39 Claims, 8 Drawing Figures 
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MANHOLE AND METHOD OF MANUFACTURE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a continuation of application Ser. No. 322,344, 
?led Jan. 10, 1973, abandoned. 
The present invention relates to manholes or similar 

structures used to provide access to underground facili 
ties such as sewers, pipelines, pump stations, valves, etc. 

In the construction of large underground pipelines 
and sewers it is the customary practice to put manholes 
at frequent intervals to permit access for inspection, 
maintenance, and repair of the pipeline or associated 
facilities. Heretofore these manholes have usually been 
made of plain or reinforced concrete or of brick maso 
nary. 

Until recently most manholes were formed in place 
by either casting concrete in molds or forms, or by 
laying up brick and mortar. However, fabricating a 
manhole in place requires a substantial amount of ?eld 
labor. Accordingly, with rising labor costs these man 
holes are becoming a more costly part of the system. 

Furthermore the practice of forming manholes in 
place presents an additional problem for the contractor. 
The time required to fabricate the manhole in place is 
extensive, not only because of the labor involved, but 
also because of the need for time to cure the concrete or 
mortar. During this time the excavation must necessar 
ily be left open and exposed to the risks of ?ooding or 
contamination from silt and other materials washing 
into it. 

Recently prefabricated manholes, usually of precast 
concrete, have become popular. Because of the weight 
of concrete, most of these manholes are made in sec 
tions which are assembled at the excavation site. How 
ever, the assembly of these manholes still requires a 
substantial amount of time and labor as well as the use of 
heavy and expensive equipment. Furthermore, since 
concrete and brick are not easily machined or fabricated 
it is difficult to ?t manholes made of these materials to 
the pipe or sewer lines. 
Another signi?cant problem relating to manholes is 

that of leakage. Owners, as well as servicemen, are of 
course concerned about the washing of silt and other 
contaminates into leaky manholes, since these materials 
can build-up and interfere with the access to the en 
closed facility. Equally important is the ecological con 
cern about the contamination of water lines and sewer 
systems. However, despite attempts to design special 
joint con?gurations and gaskets to provide water tight 
seals in the prior art manholes, leaks can and still do 
occasionally occur. Leaks also result from the attack of 
corrosive ingredients found in soil, sewage, and indus 
trial waste waters. Many of the materials used to make 
manholes are not immune to these corrosive environ 
ments. 

It is therefore an object of the present invention to 
provide a preformed manhole suitable for underground 
installation which is lightweight and which can be 
quickly installed. 

It is another object of the invention to provide a 
preformed manhole that can be easily fabricated and 
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2 
?tted to an underground facility such as a sewer or 
pipeline. 

It is still another object of the invention to provide a 
manhole that is leakproof and immune to most corro 
sive environments encountered in sewer systems and 
industrial applications. 

It is still another object to provide a one-piece man 
hole which can be handled and installed quickly with 
the use of relatively light equipment. 

Finally it is an object of the invention to provide a 
process for making a manhole having the desired fea 
tures described above. 
These and other objects are achieved in the present 

invention in which a preformed manhole is made out of 
a strong but lightweight material, preferably glass ?ber 
reinforced plastic. The manhole comprises a tubular 
body adapted for enclosing an underground facility, 
and a dome section integrally joined to one end of the 
tubular body. The dome is provided with an opening or 
manway to permit entry into the manhole. 
The wall of the tubular body is designed with a high 

compressive strength to withstand axial loads as well as 
the pressure of the surrounding soil. The wall of the 
dome section forms a surface of double curvature inter 
rupted only by the manway, and is designed with high 
shear and flexural strength properties. 
The dome section may also be provided with an in 

wardly extending load bearing shoulder circumscribing 
the manway opening. This shoulder serves as a base for 
a build-up of material to adjust a conventional manhole 
cover and frame to the desired elevation. 
A vertically upstanding lip can be provided around 

the perimeter of the manway to act as a reinforcing rib 
which will aid in distributing an eccentric load evenly 
over the dome surface. 
As mentioned in the preferred embodiment, the man 

hole of the present invention is made of polyester resin 
reinforced with glass ?bers. Also in this embodiment, 
the dome is hemispherically shaped while the body is 
cylindrical. The dome and body are integrally joined by 
an endless band of reinforced plastic overlaying the 
connection of the two members. 

Since the wall of the cylindrical body is primarily 
under compressive loading in the installed condition, it 
has been found that a particular ?ller, such as sand, can 
be added to the composite wall to improve the compres 
sive strength. Although a particulate ?ller could also be 
used in the wall of the dome section, there may be a 
trade off in shear strength if the proportion of ?ller is 
too high. Therefore, in the speci?c embodiment later 
described in detail, the dome section comprises resin 
reinforced with only chopped glass strand to form a 
composite with optimum shear strength for the applica 
tion. 

In the ?rst instance, the manhole of the present inven 
tion advances the art of underground manholes by sub 
stituting a strong, lightweight and corrosive resistant 
material for those used heretofore. It can be easily in 
stalled with the use of relatively light equipment, and in 
a much shorter time than the prior art manholes. 
The design of the present manhole also incorporates 

shapes and other improvements which co-operate to 
advance the structural performance as well. Further, 
because it has only one joint, which is made in the fac 
tory, the manhole of the invention greatly reduces the 
risk of leakage. 
The present invention also embraces a process for 

making the manhole described above. Briefly the pro 
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cess comprises forming the dome section by depositing 
liquid resin and chopped glass reinforcements on the 
surface of a rotating mold and curing the resin. The 
tubular body is formed by applying resin, glass ?ber 
reinforcement, and a particulate ?ller on the surface of 
a rotating mandrel and curing the resin. The preformed 
dome and tubular body are then joined together with a 
lay-up of resin and reinforcement. 

In the speci?c process to be described later, the tubu 
lar body is formed on an endlessly advancing mandrel 
of the type described in U.S. Pat. No. 3,464,879. The 
dome section is provided with a radially enlarged lip at 
its large end to form a female connection for mating 
with an end of the tubular body. This facilitates align 
ment and assembly of the two parts. 
Although the process as described consists of forming 

the dome and tubular body by separate operations, it is 
readily apparent that the whole manhole could be 
formed at one time on a specially designed [manhole] 
mandrel. However, since such a process is likely to 
require more expansive equipment and may reduce the 
?exibility of the system, it is not discussed further here. 
Having thus summarized the invention, a more de 

tailed description follows with reference to the attached 
drawings which form a part of this speci?cation and of 
which: _ 

FIG. 1 is a view in perspective showing a preformed 
manhole embodying the present invention; 
FIG. 2 is an enlarged view in section, showing the 

upper portion of the manhole of FIG. 1, as taken along 
the line 2—2 in FIG. 1; 
FIG. 3 is an elevational view of the manhole of FIG. 

1 as shown in a typical installed condition; 
FIG. 4 is an elevational view in perspective showing 

a method and apparatus for making the tubular part of 
the manhole in FIG. 1; 
FIG. 5 is a cross-sectional view of the apparatus of 

FIG. 4 as taken along the line 5-—5 in FIG. 4; 
FIG. 6 is an elevational view partly in cross section, 

showing a method and apparatus for forming the dome 
section of the manhole of FIG. 1; 
FIG. 7 is an enlarged sectional view through a por 

tion of the wall of the manhole of FIG. 1, as taken along 
the line 7—7 of FIG. 1; and 

FIG. 8 is an enlarged sectional view of another por 
tion of the wall of the manhole of FIG. 1, as taken along 
the line 8—8 in FIG. 1. 
The manhole, indicated generally by the numeral 10 

in FIGS. 1, 2, and 3, consists of a tubular body 20 and a 
dome section 30 integrally joined together by an endless 
band of reinforced resin 12. Although shown as a cylin 
der, the tubular body section can be of any suitable 
cross section and size adapted to allow working room 
for a man to operate inside. The cylindrical shape is 
particularly well suited for underground structures and 
is easily manufactured. 
The dome section 30, as shown in the drawings, is a 

hemisphere interrupted by the manway 31. Opposite the 
manway 31, the open end 32 of the dome is sized to 
mate with one end of the tubular body 20. In order to 
make alignment of the dome and body easier, the open 
end 32 is radially enlarged to form a lip 38 adapted to ?t 
over the end of the tubular body. 
The endless band of reinforced resin 12 comprises 

several layers of reinforcement 14, such as glass ?ber 
mat or woven roving, in a matrix of hardened resin 
overlaying the connection between the dome 30 and 
body 20. The endless band 12 extends partially onto the 
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4 
surfaces of both the body and dome, and is integrally 
bonded to both sections. 
As mentioned earlier, it is desirable to have the wall 

of the dome 30 form a continuous arc or curve between 
the open end and the manhole. It is even more prefera 
ble to have the wall curved in two directions at substan 
tially all points thereon. This shape is better suited to 
resist buckling due to external loading from above. 
Where the body section 20 is cylindrical, the dome 30 
can conveniently be made hemispherical in the region 
between the manway 31 and the open end 32. In FIG. 2, 
the dome is shown hemispherical with a radius R. 
The dome 30 also includes an integral, load bearing 

shoulder 34 extending annularly around the manway as 
shown in FIG. 1. Referring to FIG. 2, the shoulder 34 
serves as a base on which a build-up of brick and mor 
tar, cement, or other material can be formed to adjust a 

v-standard manhole cover support frame to the proper 
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elevation or grade. 
The interruption of the convex shape of the dome by 

the manway 31 has the effect to weaken the otherwise 
stiff curvilinear structure. This problem can be suitably 
remedied by including an integral, upwardly extending 
reinforcing rib or collar 36 immediately circumscribing 
the manway 31. It has been demonstrated that the ring 
stiffener 36 is effective to prevent excessive deflection 
of the shoulder 34 due to concentrated loads by distrib 
uting the load around the shoulder and ultimately over 
the curved surface of the dome. Thus the rib 36 cooper 
ates with the shape of the dome to enhance the buckling 
resistance of the structure. 
The rib 36 also serves an incidental function as an 

alignment means for the build-up of materials on the 
shoulder 34. 

It can be seen in FIG. 2 that high stress regions exist 
where the collar 36 joins the annular shoulder 34, and 
where the shoulder 34 joins the curved wall of the 
dome. Accordingly, it may be avantageous to incorpo 
rate additional reinforcement in these regions. In FIG. 
2, a layer of woven roving 39 has been incorporatedon 
the tension side of the loaded laminate in each of the 
high‘gstress regions. 
The design of the dome has been further re?ned by 

tapering the thickness of the wall in inverse proportion 
to the shear and bending stresses which would result 
from external loads on the shoulder 34. Thus the dome 
wall is thickest in the region of the collar 36 and shoul 
der 34 and thinnest in the region of the open end where 
the load is translated into compression. 

Similarly it is understood that the wall of the tubular 
body 20 could be made to gradually increase from the 
top to the bottom of the tube in accordance with the 
greater compressive forces due to the depth of bury. 
However, for more flexibility it has proven convenient 
to make the tubing in continuous lengths of constant 
wall thickness. The tubing can subsequently be cut into 
any speci?c length, within a reasonable design range, 
without worry over the speci?c wall thickness. 
As mentioned previously, both the dome 30 and the 

tubular body 20 are preferably made of a hardenable 
resin reinforced with glass ?bers. Unsaturated polyester 
resins find wide use in the reinforced plastics industry, 
and since these resins are resistant to attack by most of 
the corrosive environments in which manholes are com 
monly used, they are generally suitable for this applica 
tion. However, in speci?c applications where special 
corrosion problems exist other thermosetting resins, 
including acrylics, furans, epoxies, phenolics mel 
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amines, and silicones, may be substituted with appropri 
ate design changes to compensate for differences in 
other physical properties. Although not always neces 
sary, it is generally recommended that the resins in the 
dome 30, the tubular body 20 and the joint 12 be the 
same. 
The glass ?ber reinforcement may be in the form of 

chopped or continuous strand mats, woven roving, 
continuous ?lament windings, chopped strands or rov 
ings, woven or non-woven scrim, glass cloth, or preori 
ented tapes. Because of the need for tensile strength in 
the circumferential direction, as well as axially, layers of 
glass mat or woven roving 14 are best suited as the 
reinforcement of the endless joint 12. 
On the other hand, chopped lengths of glass strand or 

roving have been found particularly suitable for the 
tubular body 20 and the dome 30. When randomly dis 
tributed throughout the resin wall the chopped strands 
provide reinforcement in all directions, thus allowing 
the designer to make the most use of the shape of his 
structure. Chopped glass strands are also well suited for 
application in the process discussed below. 

FIG. 3 shows the manhole 10 in a typical under 
ground installation. The manhole is set on a concrete 
foundation. Since the manhole 10 is much lighter the 
pad does not need to be as thick as it is in the case of 
concrete or brick manholes. The cut away portion 22 of 
the body ?ts over the pipe or sewer line as shown. The 
cutout 22 can be easily made with a portable high speed 
saw, while in the prior art manholes, such cutouts were 
more difficult to make. Concrete or grout ?lls the lower 
region of the pit and seals around the bottom of the 
manhole and around the pipeline. The walls of the man 
hole are snuggly surrounded by the back fill of the 
excavation. 
Normal installation procedures call for the pit to be 

made slightly deeper than necessary. Consequently the 
top of the manhole is slightly below grade level and it is 
necessary to provide some adjustment for the manhole 
cover frame. This is accomplished by a build up of 
grout, or brick and mortar, on the shoulder 36 of the 
manhole. The cover frame rests on the build up in regis 
try with the collar 34. 
When installed as shown in FIG. 3, the manhole is 

substantially fluid tight in the regions below grade level. 
Thus, unlike many of the prior art manholes, the present 
manhole does not allow silt and other contaminants to 
seep or flow into the manhole or sewer line. 
As mentioned earlier, the unique combination of 

shapes and materials makes the manhole particularly 
well suited for underground application. Referring to 
FIG. 3 the cylindrical body section of the manhole is 
subjected to external crushing forces due to the sur 
rounding earth. However when properly designed the 
composite wall of the body 20 has a high modulus of 
elasticity and possesses the stiffness necessary to with 
stand these forces. 

Manholes, especially those to be located under road 
ways, parking lots, etc., must also withstand enormous 
loads imposed on the manhole cover and frame. These 
forces are born by the shoulder 34 of the dome 30 and 
distributed through the walls of the manhole to the 
underlying base. The shape of the dome and the com 
posite wall construction combine to provide sufficient 
stiffness to convert the bending movements imposed on 
the wall of the dome into vertical compressive forces on 
the wall of the tubular body 30. As has already been 
pointed out, the vertical lip 36, provides additional 
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6 
stiffness to the dome structure and helps to distribute 
the load evenly. 
The compressive forces are transferred to the tubular 

body 20, through the offset end 38 of the dome. Here 
the endless band 12 contributes to the structure by pro 
viding reinforcement or hoop strength to prevent dis 
tortion or deflection of the offset end 38. 

Finally it should also be noted that the cutout 22 is 
made slightly larger than the diameter of the pipe, and 
of such a depth that the loading on the manhole is trans 
mitted to the base and not on to the pipe or sewer line. 

Referring now to FIGS. 4-6, an apparatus and pro 
cess for making the manhole 10 is shown. FIGS. 4 and 
5 show a rotating mandrel 60 adapted to produce the 
tubular body in any desired length or continuously. The 
mandrel, consists of an endlessly revolving and advanc 
ing surface 61. The surface 61 is formed by a recirculat 
ing, helically wound metal band which is supported on 
a rotating support structure not shown. The support 
structure and mandrel surface are cantilevered from a 
support and drive system indicated generally as 64. 
Further description of the mandrel is found in US. Pat. 
No. 3,464,879. 
The apparatus associated with the mandrel 60 in 

cludes a resin applicator 70, a glass strand chopper 74, 
and a sand feeder 72, disposed in spaced relation to 
mandrel surface 61. The order in which the various 
materials are applied to the mandrel is determined by 
the width of the applicator 70, chopper 74, and sand 
feeder 72, and by their respective positions both along 
the length and about the periphery of the mandrel. 
The ?rst step in the process usually consists of cover 

ing the surface of the mandrel with a suitable release 
agent to facilitate separation of the cured laminate from 
the mandrel surface 62. The release agent shown here is 
a helically wrapped layer of plastic ?lm 79. 
The formation of the composite wall of the tubular 

body 20 begins with the application of a thin coating of 
resin 71 from the applicator 70. It is desirable to have an 
inner surface coating of resin to insure that the glass 
?ber reinforcement is not exposed. This prevents mois 
ture from wiclu'ng along exposed ?bers and penetrating 
the laminate to cause deterioration of the reinforcement 
and loss in laminate properties. 
As the mandrel surface 61 rotates and advances, it 

passes next under the feeder 72 and sand 73 is fed onto 
the wet resin. The sane serves twofold purpose in the 
plastic composite. First it serves as a ?ller to bulk the 
composite and improve its elastic modulus. Secondly it 
improves the abrasion resistance of the surfaces of the 
composite wall. 
The mandrel surface next passes under the chopper 

74 which cuts continuous glass rovings 77 into chopped 
lengths 73 and deposits them on the still wet resin. The 
chopped strands are deposited randomly. The surface 
61 next passes again under the elongated resin applica 
tor 70 and additional liquid resin is applied over the 
chopped strand. 
During subsequent revolutions of the mandrel, addi 

tional layers of resin, glass strands, and sand are built up 
until the desired wall thickness is reached. The relative 
proportions of resin, glass, and sand in each layer can be 
varied according to predetermined design. However, 
the resin will flow and blend the layers together to form 
a composite comprising glass strands and sand in a 
monolithic resin matrix. 

Until the resin has had time to gel, the wet laminate 
may have a tendency to ?ow or slide on the rotating 
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mandrel. Therefore it has been found desirable in some 
instances to wind a series of spaced continuous strands 
78 over the laminate as a mechanical stabilizer. Al 
though not speci?cally added for additional reinforce 
ment, these windings 78 will provide some additional 
hoop stiffness and tensile strength in the laminate. 
Once the composite wall is built up to the desired 

thickness the resin is cured. If necessary a heat source 80 
can be used to accelerate the cure. The cured laminate 
is cut to length as it advances off the end of the mandrel 
surface 61. 

Referring now to FIG. 6, the dome 30 is formed in a 
similar manner by depositing chopped glass ?bers 75 
and resin 71 on the surface of a rotating mold 82. The 
mold surface conforms to the shape of the dome 30 
described earlier. By controlling the traversing speed of 
the resin applicator 83 and the chopped strand gun 84, 
the thickness of the wall can be varied as shown. Fur 
thermore in the areas where the wall shape changes 
sharply, and where high stress concentrations result, 
additional reinforcement is added. It has been found 
that one or more layers 39 of woven roving applied, 
usually by hand, in these areas is satisfactory. 
Again after the desirable wall thickness is built up, the 

resin is cured to a self-supporting state. Again the cure 
can be accelerated by the use of a heat source 85. 

After it is cured the dome 30 is removed from the 
mold and joined to the body section 20. As shown in 
FIG. 2, the offset edge 39 of the dome ?ts over one end 
of the body 20. Layers of reinforcement 14, such as 
woven roving or glass mat, impregnated with resin are 
then wound around the connection. The layers of rein 
forcement are wide enough to extend substantially onto 
the wall of both sections 20 and 30. The resin is cured to 
effect a bond with the two wall sections. 
The cutout 22 in the manhole is usually made at the 

application site. Of course, where the pipe size is known 
in advance, the cutout can be made at the factory. 
FIG. 7 shows the construction of the composite wall 

of the tubular body 20 as formed by the process of 
FIGS. 4 and 5. The wall comprises chopped glass 
strands 75, and particles of sand 73, randomly dispersed 
throughout a matrix of hardened resin 71. The few hoop 
windings 78 used to stabilize the wet laminate on the 
mandrel are also shown. The laminate of FIG. 7 has a 
high elastic modulus and good compressive strength 
and is therefore well suited for the wall of the tubular 
body 20. Although a greater concentration of sand 
particles is shown adjacent the surfaces of the laminate 
in order to provide better abrasion resistance, the distri 
bution of the sand, as well as the reinforcement, can be 
proportioned throughout the laminate according to the 
design needs of the particular application. 
FIG. 8 shows the construction of the composite wall 

of the dome 30 as formed by the process of FIG. 6. The 
composite comprises a matrix of resin 71 having 
chopped glass 75 strands randomly dispersed through 
out. This laminate possesses high shear and ?exural 
strength properties and is preferred for the dome 30. 
Having thus described the invention with reference 

to particular embodiments shown, modi?cations and 
variations of those embodiments will occur to those 
skilled in the art. These modi?cations and variations are 
within the broad scope of the invention as de?ned in the 
claims which follows. 

I claim: 
1. A preformed manhole enclosure suitable for use 

underground and made of glass ?ber reinforced plastic, 
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the manhole enclosure comprising a tubular body and a 
dome at an upper end of the tubular body, the dome 
including a wall of continuous double curvature and 
having a manway providing access to the interior of the 
tubular body, the dome further including a load bearing 
shoulder and an integral stiffening collar, the load bear 
ing shoulder circumscribing the manway and present 
ing a generally planar, upwardly facing annular surface 
for supporting a load, the stiffening collar extending 
generally perpendicularly upwardly from an inner edge 
of the shoulder and being effective to stiffen the shoul 
der against deflection due to externally applied loads, 
and a central vertical section through the dome being 
de?ned on each of opposite sides of the manway by a 
downwardly concave curved section of the wall ex 
tending upwardly from the tubular body and curving 
radially inwardly of the dome in a downwardly con 
cave curve, a section of the load bearing shoulder ex 
tending radially inwardly of the dome from an upper 
end of the downwardly concave section of the wall, and 
a section of the stiffening collar extending upwardly 
from an inner end of the section of the load bearing 
shoulder. 

2. The manhole enclosure of claim 1, wherein the 
body is cylindrical and the dome is generally hemi 
spherical. 

3. The manhole enclosure of claim 1, wherein said 
dome and said body have mating ends and are joined 
together by an endless band of reinforced plastic over 
laying the mated connection and bonded to both said 
dome and said body. 

4. The manhole enclosure of claim 3, wherein the 
wall of said dome is thickest in the region adjacent the 
manway and gradually decreases in thickness toward 
the mating end. 

5. The manhole enclosure of claim 3, wherein said 
dome section includes a radially enlarged lip along its 
mating edge, said lip overlapping the mating edge of 
said tubular body. 

6. The manhole enclosure of claim 3, wherein said 
endless band comprises glass ?bers embedded in a ma 
trix of hardened resin. 

7. The manhole enclosure of claim 6, wherein at least 
some of the glass ?bers embedded in said resin matrix 
extend continuously around said band, and other of said 
glass ?bers extend transversely of said band and across 
the mated connection. 

8. The manhole enclosure of claim 1, wherein both 
said body and said dome section are comprised of a 
matrix of polyester resin reinforced with randomly 
dispersed chopped glass strands. 

9. The manhole enclosure of claim 8, wherein said 
tubular body further includes a sand ?ller in said resin 
matrix. 

10. A preformed manhole enclosure suitable for use 
underground comprising a one-piece cylindrical body 
formed of glass fiber reinforced plastic and a one-piece 
dome formed of glass ?ber reinforced plastic and joined to 
an end of the cylindrical body. the dome including a down 
wardly concave generally spherically curved wall portion 
having a generally vertically extending lower end portion 
and an upwardly and inwardly inclined upper end portion 
and having generally parallel inner and outer surfaces of 
generally spherical curvature, a load bearing shoulder, and 
an integral sti?'ening collar defining a manway providing 
access to the interior of the cylindrical body, the load bear 
ing shoulder circumscribing the collar. presenting a gener 
ally planar. normally upwardly facing annular surface jbr 
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supporting a load, and extending a distance radially in 
wardly of the cylindrical body from the inclined upper end 
portion of the downwardly concave curved wall portion to 
the stiffening collar, the sti?‘ening collar being effective to 
stiffen the shoulder against de?ection due to externally 
applied loads and extending generally perpendicularly 
from the shoulder oppositely from the curved wall portion a 
distance substantially equal to the distance the shoulder 
extends from the curved wall portion, and the curved wall 
portion extending from the cylindrical body sufficiently to 
space the load bearing shoulder therefrom a distance 
greater than half the radius of curvature of the curved wall 
portion and increasing gradually in thickness from a rela 
tively thin portion adjacent the cylindrical body to a rela 
tively thick portion adjacent the loading bearing shoulder. 

II. A preformed manhole enclosure suitable for use 
underground comprising a one-piece cylindrical body 
formed of glass ?ber reinforced plastic and a one-piece 
dome formed of glass fiber reinforced plastic and joined to 
an end of the cylindrical body. the dome including a down 
wardly concave generally spherically curved wall portion 
having a generally vertically extending lower end portion 
and an upwardly and inwardly inclined upper end portion 
and having generally parallel inner and outer surfaces of 
generally spherical curvature, a load bearing shoulder, and 
an integral stiffening collar defining a manway providing 
access to the interior of the cylindrical body, the load bear 
ing shoulder circumscribing the collar, presenting a gener 
ally planar. normally upwardly facing annular surface for 
supporting a load, and extending a distance radially in 
wardly of the cylindrical body from the inclined upper end 
portion of the downwardly concave curved wall portion to 
the sti?ening collar, the sti?ening collar being effective to 
stiffen the shoulderagainst de?ection due to externally 
applied loads and extending generally perpendicularly 
from the shoulder oppositely from the curved wall portion, 
and the curved wall portion extending from the cylindrical 
body su?‘iciently to space the load bearing shoulder there 
from a distance greater than half the radius of curvature of 
the curved wall portion. 

12. A manhole enclosure as claimed in claim 11 wherein 
the generally spherically curved wall portion increases 
gradually in thickness from a relatively thin portion adja 
cent the cylindrical body to a relatively thick portion adja 
cent the load bearing shoulder. 

13. A manhole enclosure as claimed in claim I] wherein 
the stiffening collar extends from the load bearing shoulder 
a distance substantially equal to the distance the shoulder 
extends from the curved wall portion. 

14. A preformed manhole enclosure suitable for use 
underground comprising a one-piece cylindrical body 
formed of glass ?ber reinforced plastic and a one-piece 
dome formed of glass fiber reinforced plastic and joined to 
an end of the cylindrical body, the dome including a down 
wardly concave generally spherically curved wall portion 
having a generally vertically extending lower end portion 
and an upwardly ‘and inwardly inclined upper end portion 
and having generally parallel inner and outer surfaces of 
generally spherical curvature, a load bearing shoulder, and 
an integral sti?'ening collar defining a manway providing 
access to the interior of the cylindrical body, the load bear 
ing shoulder circumscribing the collar, presenting a gener 
ally planar. normally upwardly facing annular surface for 
supporting a load, and extending a distance radially in 
wardly of the cylindrical body from the inclined upper end 
portion of the downwardly concave curved wall portion to 
the stiffening collar, the stiffening collar being e?ective to 
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stiffen the shoulder against de?ection due to externally 
applied loads and extending generally perpendicularly 
from the shoulder oppositely from the curved wall portion, 
and the curved wall portion increasing gradually in thick 
ness from a relatively thin portion adjacent the cylindrical 
body to a relatively thick portion adjacent the load bearing 
shoulder. 

15. A manhole enclosure as claimed in claim 14 wherein 
the stiffening collar extends from the load bearing shoulder 
a distance substantially equal to the distance the shoulder 
extends from the curved wall portion. 

16. A preformed manhole enclosure suitable for use 
underground comprising a one-piece cylindrical body 
formed of glass ?ber reinforced plastic and a one-piece 
dome formed of glass fiber reinforced plastic and joined to 
an end of the cylindrical body, the dome including a down 
wardly concave generally spherically curved wall portion 
having a generally vertically extending lower end portion 
and an upwardly and inwardly inclined upper end portion 
and having generally parallel inner and outer surfaces of 
generally spherical curvature, a load bearing shoulder, and 
an integral stiffening collar de?ning a manway providing 
access to the interior of the cylindrical body. the load bear 
ing shoulder circumscribing the collar, presenting a gener 
ally planar, normally upwardly facing annular surface for 
supporting a load, and extending a distance radially in 
wardly of the cylindrical body from the inclined upper end 
portion of the downwardly concave curved wall portion to 
the stt?'ening collar, and the stiffening collar being effective 
to stiffen the shoulder against de?ection due to externally 
applied loads and extending generally perpendicularly 
from the shoulder oppositely from the curved wall portion a 
distance substantially equal to the distance the shoulder 
extends from the curved wall portion. 

17. A preformed manhole enclosure suitable for use 
underground compn'sing a one-piece cylindrical body 
formed of glass fiber reinforced plastic and a one-piece 
dome formed of glass fiber reinforced plastic and joined to 
an end of the cylindrical body, the dome including a down 
wardly concave curved wall portion having a generally 
vertically extending lower end portion and an upwardly 
and inwardly inclined upper end portion and having gener 
ally parallel inner and outer surfaces of continuous double 
curvature, a load bearing shoulder, and an integral stiffen 
ing collar de?ning a manway providing access to the inte 
rior of the cylindrical body. the load bearing shoulder 
circumscribing the collar, presenting a generally planar, 
normally upwardly facing annular surface for supporting a 
load. and extending radially inwardly of the cylindrical 
body form the inclined upper end portion of the down 
wardly concave curved wall portion to the stiffening collar, 
the stiffening collar being e?'ective to stiffen the shoulder 
against de?ection due to externally applied loads and 
extending generally perpendicularly from the shoulder 
oppositely from the curved wall portion a distance substan 
tially equal to the distance the shoulder extends from the 
curved wall portion, and the curved wall portion extending 
from the cylindrical body sufficiently to space the load 
bearing shoulder therefrom a distance greater than half the 
radius of the cylindrical body and increasing gradually in 
thickness from a relatively thin portion adjacent the cylin 
drical body to a relatively thick portion adjacent the load 
bearing shoulder. 

18. A preformed manhole enclosure suitable for use 
underground comprising a one-piece cylindrical body 
formed of glass fiber reinforced plastic and a one-piece 
dome formed of glass fiber reinforced plastic and joined to 
an end of the cylindrical body, the dome including a down 
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wardly concave curved wall portion having a generally 
vertically extending lower end portion and an upwardly 
and inwardly inclined upper end portion and having gener 
ally parallel inner and outer surfaces of continuous double 
curvature, a load bearing shoulder, and an integral stiffen 
ing collar de?ning a manway providing access to the inte 
rior of the cylindrical body, the load bearing shoulder 
circumscribing the collar, presenting a generally planar, 
normally upwardly ?zcing annular surface for supporting a 
load, and extending radially inwardly of the cylindrical 
body form the inclined upper end portion of the down 
wardly concave curved wall portion to the sti?ening collar, 
the stiffening collar being effective to stiffen the shoulder 
against de?ection due to externally applied loads and 
extending generally perpendicularly from the shoulder 
oppositely from the curved wall portion, and the curved 
wall portions extending from the cylindrical body suffi 
ciently to space the load bearing shoulder therefrom a 
distance greater than half the radius of the cylindrical 
body. 

19. A manhole enclosure as claimed in claim 18 wherein 
the dome and cylindrical body are joined by an endless 
band of reinforced plastic overlying and bonded to adjacent 
portions thereof 

20. A manhole enclosure as claimed in claim 19 wherein 
the endless band comprises ?bers embedded in a matrix of 
hardened resin 

21. A manhole enclosure as claimed in claim 20 wherein 
some of the glass ?bers of the endless band are continuous 
and extend circumferentially of the dome and cylindrical 
body and others extend axially of the dome and cylindrical 
body. 

22. A manhole enclosure as claimed in claim 18 wherein 
the dome has a radially enlarged lip overlapping the adja 
cent end of the cylindrical body. 

23. A manhole enclosure as claimed in claim 18 wherein 
the dome and cylindrical body each comprise a matrix of 
polyester resin reinforced with randomly dispersed chopped 
glass strands. 

24. A manhole enclosure as claimed in claim 23 wherein 
the cylindrical body includes a sand ?ller in the resin 
matrix. 

25. A preformed manhole enclosure suitable for use 
underground comprising a one-piece cylindricl body 
formed of glass ?ber reinforced plastic and a one-piece 
dome formed of glass ?ber reinforced plastic and joined to 
an end of the cylindrical body, the dome including a down 
wardly concave curved wall portion having a generally 
vertically extending lower end portion and an upwardly 
and inwardly inclined upper end portion and having gener 
ally parallel inner and outer surfaces of continuous double 
curvature, a load bearing shoulder. and an integral stiffen 
ing collar de?ning a manway providing access to the inte 
rior 0f the cylindrical body, the load bearing shoulder 
circumscribing the collar, presenting a generally planar, 
normally upwardly facing annular surface for supporting a 
load, and extending radially inwardly of the cylindrical 
body from the inclined upper end portion of the down 
wardly concave curved wall portion to the sti?ening collar, 
the stiffening collar being effective to stiffen the shoulder 
against de?ection due to externally applied loads and 
extending generally perpendicularly from the shoulder 
oppositely from the curved wall portion, and the curved 
wall portion increasing gradually in thickness from a rela 
tively thin portion adjacent the cylindrical body to a rela 
tively thick portion adjacent the load bearing shoulder. 

26. A manhole enclosure as claimed in claim 25 wherein 
the dome and cylindrical body are joined by an endless 
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12 
band of reinforced plastic overlying and bonded to adjacent 
portions thereof 

27. A manhole enclosure as claimed in claim 26 wherein 
the endless band comprises glass ?bers embedded in a 
matrix of hardened resin. 

28. A manhole enclosure as claimed in claim 27 wherein 
some of the glass ?bers of the endless band are continuous 
and extend circumferentially of the dome and cylindrical 
body and others extend axially of the dome and cylindrical 
body. 

29. A manhole enclosure as claimed in claim 25 wherein 
the dome has a radially enlarged lip overlapping the adja 
cent end of the cylindrical body. 

30. A manhole enclosure as claimed in claim 25 wherein 
the dome and cylindrical body each comprise a matrix of 
polyester resin reinforced with randomly dispersed chopped 
glass strands. 

31. A manhole enclosure as claimed in claim 30 wherein 
the cylindrical body includes a sand filler in the resin 
matrix. 

32. A preformed manhole enclosure suitable for use 
underground comprising a one-piece cylindrical body 
formed of glass ?ber reinforced plastic and a one-piece 
dome formed of glass ?ber reinforced plastic and joined to 
an end of the cylindrical body, the dome including a down 
wardly concave curved wall portion, having“ a generally 
vertically extending lower end portion and an upwardly 
and inwardly inclined upper end portion and having gener 
ally parallel inner and outer surfaces of continuous double 
curvature, a load bearing shoulder, and an integral sti?en 
ing collar defining a manway providing access to the inte 
rior of the cylindrical body, the load bearing shoulder 
circumscribing the collar, presenting a generally planar, 
normally upwardly facing annular surface fbr supporting a 
load, and extending a distance radially inwardly of the 
cylindrical body form the inclined upper end portion of the 
downwardly concave curved wall portion to the stt?’ening 
collar, and the stiffening collar being effective to sti?‘en the 
shoulder against de?ection due to externally applied loads 
and extending generally perpendicularly from the shoulder 
oppositely from the curved wall portion a distance substan 
tially equal to the distance the shoulder extends from the 
curved wall portion. 

33. A manhole enclosure as claimed in claim 32 wherein 
the dome and cylindrical body are joined by an endless 
band of reinforced plastic overlying and bonded to adjacent 
portions thereof 

34. A manhole enclosure as claimed in claim 33 wherein 
the endless band comprises glass ?bers embedded in a 
matrix of hardened resin. 

35. A manhole enclosure as claimed in claim 34 wherein 
some of the glass ?bers of the endless band are continuous 
and extend circumferentially of the dome and cylindrical 
body and others extend axially of the dome and cylindrical 
body 

36. A manhole enclosure as claimed in claim 32 wherein 
the dome has a radially enlarged lip overlapping the adja 
cent end of the cylindrical body. 
3Z A manhole enclosure as claimed in claim 32 wherein 

the dome and cylindrical body each comprise a matrix of 
polyester resin reinforced with randonly dispersed chopped 
glass strands. 

38. A manhole enclosure as claimed in claim 3 7 wherein 
the cylindrical body includes a sand ?ller in the resin 
matrix. 

39. A preformed manhole enclosure suitable jbr use 
underground comprising a one-piece cylindrical body 
formed of glass ?ber reinforced plastic and a one-piece 
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dome/armed of glass fiber reinforced plastic and Joined to 
an end of the cylindrical body, the dome including a down 
wardly concave generally spherically curved wall portion 
having a generally vertically extending lower end portion 
and an upwardly and inwardly inclined upper end portion 
and having generally parallel inner and outer surfaces of 
generally spherical curvature, a load bearing shoulder, and 
an integral sti?’ening collar de?ning a rnanway providing 
access to the interior of the cylindrical body, the load bear 
ing shoulder circumscribing the collar, presenting a gener 
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ally planar, normally upwardly facing annular surface for 
supporting a load, and extending radially inwardly of the 
cylindrical body from the inclined upper end portion of the 
downwardly concave curve wall portion to the sti?'ening 
collar. and the stijfening collar being e?'ective to stiffen the 
shoulder against de?ection due to externally applied loads 
and extending generally perpendicularly from the shoulder 
oppositely form the curved wall portion. 


