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United States Patent Office 
1. 

3,23,883 
(CAST-N-PLACE PAPEMLA CHINE 

James H. Peirsol, La Mirada, and Luther Wesley Erwin, 
Downey, Calif., assignors to American Pipe and Co 
striction Co., South Gate, Calif., a corporation of Del 
38Wife 

Continuation of application Ser. No. 778,893, HDec. 8, 
1953. This application July 13, 1962, Ser. No. 212,182 

18 Cairmas. (C. 25-32) . 

This invention relates to apparatus for producing con 
crete pipe and similar conduits in a trench. More specif 
ically, the invention contemplates the placing of a dry, 
or "low-slump,' concrete in the invert portion of a trench 
by means of a slip-form paver. - 

This application is a continuation of application Serial 
Number 778,803, filed December 8, 1958, now abandoned. 

United States Patent No. 2,731,698 teaches apparatus 
for forming concrete pipe in situ wherein both the lower 
portion (the invert) and the upper portion of the pipe 
are produced simultaneously. A single hopper is pro 
vided to feed cementitious material around a centrally 
disposed mold, and a plurality of arch-like forms are 
utilized to support the upper portion of the pipe until 
the material hardens. This apparatus requires that a 
man be positioned within the pipe mold to insert bracing 
Structure for each arch form as the machine advances. 

It is one object of this invention to provide apparatus 
which generally improves upon the above noted prior art 
device by forming the lower and upper portions of a con 
duit in two separate stages. Each portion is poured sep 
arately, and since the cementitious material is placed di 
rectly into the paths of moving screeds, rather than al 
lowed to fall around a centrally disposed mold, there will 
be less Segregation of material and fewer voids; hence, 
a stronger concrete will result. Also, a visual inspection 
of the invert may be made immediately after pouring to 
detect maifunctioning and, thereby to facilitate corrective 
adjustments. The arch form will thereafter seat on previ 
ously placed, well compacted, concrete which will mate 
rially assist in maintaining dimension tolerances. 
A second object of this invention is to provide slip-form 

paving apparatus including a ski-like support adapted to 
be moved on the inner surface of a preformed invert por 
tion of a conduit. The ski support carries a guide means 
comprising a plurality of guide rollers for receiving and 
guiding an arch form to position it with respect to the 
invert portion. 
A third object of this, invention is to provide a slip 

form paving apparatus with retaining walls or shields on 
a ski support to prevent loose earth from sloughing from 
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In the drawings, forming a portion of this application, 

and in which like parts are designated by like reference 
rinterals throughout the same, 

F.G. 1 is a side elevation of the novel apparatus for 
casting pipe in place, shown while being moved in a 
trench; 

FIG. 2 is a cross-sectional view of the final product, 
a cast-in-place pipe conduit; 

FIG. 3 is a front elevation of the power sled; 
Fig. 4 is a longitudinal section of a part of the appara 

tus, showing the front screed means and adjacent struc 
tillre; 

F.G. 5 is a cross-sectional view taken on lines 5-5 of 
\Fi3. 4; 

FiG. 6 is a cngitudinal section of another part of the 
apparatus, showing the support ski, guide means and ad 
jacent structures; 

FiG. 7 is a cross-sectional view taken on lines 7-7 of 
F.G. 6; 

FiG. 8 is a cross-sectional view taken on lines 8-8 of 
FIG. 6; 

FiG. 9 is an enlarged fragmentary view of certain 
structural detaiis shown in FIG. 7; part of the structure is 
broken away to illustrate the roller means that produces 
enlargement of the arch form; 

F.G. 1 G is a top plan view of the bracing means shown 
in FIG. 9; 

FiG. 11 illustrates the latching device used for con 
necting the arch forms together; 

PiG. 12 is a bottom pian view of the latching device 
shown in F.G. 11; 
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the trench sides and falling onto the longitudinal joint 
or into the invert portion as it is formed. 
Another object of this invention is to provide a slip 

form paver having a means for bracing each form after 
it is positioned with respect to the prelaid invert portion 
of the conduit. The bracing operation is performed with 
out supervision or the need of manual control, thereby 
eliminating the need for a man to work inside a moving 
Inachine and removing an important psychological hazard. 
Since the forms are at no time supported by a mold, the 
bracing means can be made as an integral part of each 
form. 
A further object of this invention is to provide a slip 

form paving apparatus including a screed means having a 
flexible connection between a vibrated part and a Sup 
ported part to isolate the supporting structure from vi 
bratory movement. - 

These and other objects of this invention will become 
apparent to those skilled in the art in view of the follow 
ing description and the preferred embodiment of the ideas 
iliustrated by the drawings. 
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FIG. 13 is an enlarged fragmentary view of the flexi 
ble connection between the lower vibrated plate and the 
vertical support plate of the lower screed. 
A preferred embodiment of this invention, as best shown 

in F.G. 1, includes a power sled assembly, generally in 
dicated by numerals, and a support ski assembly 2. As 
semblies and 2 are pivotally connected at a juncture 
3 and are moved together along the bottom of a trench 
by a tow line 4. 
Power sled assembly includes a power plant 5, corn 

prising a gasoline motor and generator, a motor and vari 
drive mechanism. 6, a gear box. 7 and a winch 8. Similar 
to other devices of this kind, the tow line is anchored in 
advance of the apparatus which is drawn toward that 
point by winding tow line 4 upon winch 3. A manual 
control wheel 9 is provided in connection with the vari 
drive mechanism to enable adjustments in the speed of 
advancing the sled. 
A hopper 18 is disposed at the rear of the sled for de 

positing cementitious material, such as concrete, in the 
path of a screed means 11. The screed, or form paver, 
is connected to and supported by the end of the sled, and, 
having an arcuate shaped contour, it forms, the invert 
portion of the conduit as the sled is advanced along the 
trench. 

Ski support assembly 2 receives and positions an arch 
form on the inner surface of the prelaid invert in prepara 
tion for pouring the top portion of the conduit. The 
assenbly includes a platform ski 2 having a ski plate 3, 
Support plates 4 and 15, and a platform 16. The ski 
plate is provided with a contour similar to that of the 
screed 1 and is drawn upon the surface of the invert as 
shown in FIGS. 7 and 9. An elevated keel beam member 
17 runs longitudinally of the trench connecting the plat 
form ski to a draw bar 18 which is pivotally supported 
between support plates 19 and 20 of the sled by a pin 22. 

It was noted above that arch forms have previously 
been employed to support the arch roof of the conduit 
while hardening. However, such forms have either been 
made a permanent part of the conduit or were first sup 
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ported by a mold during the pouring operation. Because 
of the unique construction of this apparatus, certain dis 
advantages of the prior art devices have been averted. 
Arch forms 22 are mated to fit within the preformed 

lower conduit portion, and, until braced, they may be 
reduced in circumference by urging the longitudinal ridges 
of the arch toward one another. The forms are first low 
ered onto the ski support in their unbraced condition and, 
therefore, their ridges may be flexed inwardly to be re 
ceived within the invert portion. Once properly aligned 
and positioned with respect to the prelaid invert, the form 
is braced into an enlarged contour, whereby the bottom 
portion of the arch form is urged into contact with the 
lateral curved surface of the inver, shown in FIGS. 7 
and 8. 
The inner surface of each arch form is provided with 

one or more brace means or cross struts. FiGS. 7-9 illus 
trate a preferred form of structure which enables the arch 
form to be braced after it is positioned in the invert, but 
does not require Supervision or manual operation. The 
bracing structure includes a cross strut member 23 which 
is pivotally mounted near a foot of the arch. This mount 
ing may be permanent, but preferably it is supported in a 
pin and slot connection as shown in FG. 9. The free 
end of the strut member spans across to the other foot 
of the arch and carries a cam roller pin 24. A cam lock 
ing surface 25 is disposed on the foot beneath the roller 
pin with which it cooperates to brace the arch form. 
Before lowering an arch form onto the ski support, strut 
member 23 is positioned with its cana roller pin 24 resting 
on the upper portion of the camming surface 25, substan 
tially as shown by the solid lines in FEG. 9. The arch 
form may then be lowered onto the ski support and re 
ceived within the curved contour of the invert portion. 
After the arch form is properly positioned with respect to 
the invert, it may be braced by expanding the form con 
tour until roller pin 24 moves inwardly on the camming 
Surface and falls into a locking position, shown by the 
phantom lines of FIG. 9 and solid lines, FIGS. 7 and 8. 
The arch forms are sequentially lowered onto the ski 

Support and connected to the preceding one as the appa 
ratus moves along the ditch. A latching device is pro 
vided on the under surface of each form, front and back, 
Such as that illustrated in FIGS. 11 and 12 and which 
comprises a handle bar 26 at one end and a hook member 
27 at the other end. Since the arch form previously laid 
is now anchored under a load of cementitious material, 
it will resist advancement of the succeeding arch form 
and pull it from the moving ski platform; and, frictional 
engagement between platform and arch form will hold 
the interlocking connection taut as the ski is moved for 
wardly. 

In order to move the arch forms on the ski platform 
without unnecessary resistance, a plurality of support roll 
erS 23 are Suspended from an angle bar overhang 29 
which is rigidly affixed to platform 16 as shown in FIG. 9. 
The arch forms are lowered into the trench and supported 
on these rollers which also aid in positioning the forms 
With respect to the prelaid invert. 

Additional roller members 30 are provided as means 
for producing an enlargement of the arch form contour 
as it is slipped rearwardly off the ski platform. Roller 
members 30 are supported on platform 6 rearwardly of 
rollers 29, and the peripheral surface of each roller 30 
extends laterally outward and beyond the surfaces of roll 
ers 29. Consequently, as the arch form is rolled toward 
the rear end of ski platform 12, the longitudinal ridges of 
the arch form are moved upwardly and outwardly, ex 
panding the arch contour and urging its outer surface into 
contact With the prelaid invert. An enlargement of the 
arch form will produce actuation of the brace means pre 
viously described, locking the form into a rigid structure 
for Supporting cementitious material. 
A pair of retaining walls or shields 31 and 32 are posi 

tioned in close-lying relationship to the sides of the trench 
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and are supported from keel beam 17 as best shown in 
FIG. 5. Lateral support members 33 and 34 are welded 
or otherwise rigidly connected to the keel beam, and the 
angled extensions 35 and 36 are respectively fastened to 
walls 3; and 32. Laterial support members 37, 38, 39 
and 49 also brace and support the walls in substantial 
parallelism. Shields 31 and 32 prevent loose earth from 
sloughing from the trench sides and falling onto the longi 
tudinal joint or into the invert as it is formed. 

Each retaining wall supports a plurality of guide rollers 
4 which are disposed in a vertical arrangement. The 
roilers project inwardly toward the center of the trench, 
and the roller surfaces define a portion of an arch form 
contour. As the arch forms are fed rearwardly on the ski 
platform, they are guided and positioned in the prelaid 
invert portion by the rollers, shown in FGS. 6 and 7. 
A second hopper 42 and second screed means 43 are 

provided rearwardly of the retaining walls to respectively 
pour and form the upper portion of the conduit. The 
Screed means is shaped to the desired contour to be in 
parted to the pipe, and as the cementitious material is fed 
from under the back edge of the hopper, the screed com 
pacts and spreads the material over the arch form, FIG. 
6. As the material passes beneath the screed, it will tend 
to bend it upward. Consequently, the screed is braced 
to the hopper by strut members 44 and 45. The entire 
hopper-screed assembly is rigidly connected to lateral sup 
port member 40 and a portion of each retaining wall. 
Accordingly, it is moved forward with the ski platform 
and power sled. 

After the cementitious material has hardened, the arch 
forms are readily removed from the pipe by first releasing 
or removing the bracing means. The last laid arch form 
is then flexed inwardly and moved toward its connecting 
arch form, thereby being unlatched. The operation is 
repeated for each of the other arch forms which are 
similarly prepared for removal. 

Vibrator devices may be utilized to enhance the flow 
of material from the hoppers to the undersides of the 
Screeds. Any suitable vibrator may be used, one vibrator 
46 being placed on the lower screed il, and another vibra 
tor 47 being disposed on the ski platform and extending 
rearward to the second hopper 42. Vibratory movement, 
together with the weight of the cementitious material in 
the hopper and the forward thrust of the sled, will 
produce a compact mass between the bottom of the ditch 
or the arch form and the respective screeds A1 and 43. 
The speed of forward movement is controlled to allow 
sufficient amounts of material to be fed through the hop 
pers and under and around the sides of the screeds. 

Since a vibrator disposed on the lower screed means 11 
tends to compact the cementitious material within the 
hopper as well as below the screed, means is provided 
to isolate the hopper and sled from the vibratory move 
ment imparted to the screed. The arrangement of parts 
hereinafter described has the added advantage of reduc 
ing the mass which vibrator 46 must vibrate, with a con 
sequent reduction in the power input required. 
The vibration isolating means is built into screed means 

it and forms a part thereof. The screed means essen 
tially comprises a vertical support plate 112 and an arcu 
ately shaped lower plate 113 flexibly joined thereto. Plate 
112 depends from and is supported by the end of the sled, 
and one or more bracing struts 14 are utilized to pre 
vent buckling. One side of a curved angle plate 115 
fastens to the lower edge of plate 112 by means of bolts 
or the like; the other side projects rearwardly at a right 
angle and lies in endwise abutment with plate 13. A 
flexible band-tie 16 overlaps the abutting edges and con 
nects with plate members 113 and 115 substantially as 
shown in FiG. 13, thereby forming a flexible connection 
between vertical plate 12 and lower plate 113. The lon 
gitudinal edges of plate 3 are flanged inwardly as shown 
in FIGS. 4 and 5, and are connected to resilient mounting 
blocks 117 and i8 Supported respectively upon arms 19 
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and 120 which project rearwardly from the face of plate 
12. - 

It will be noted that the lower plate 113 will be vibrated 
vigorously by the vibrator 46, but only slight vibrations 
Will be transmited through the flexible and resilient con 
nections and imparted to plate 112 and connecting struc 
tUTeS. 

After considering the embodiment herein described, 
persons skilled in the art will understand that variations 
and Substitution of certain parts may be made without 
departing from the principles disclosed; and, the use of 
any structures or arrangements that are properly within 
the scope of the appended claims is contemplated. 

Having thus described our invention, what we claim 
and desire to secure by Letters Patent is: 

1. In an apparatus for producing cementitious con 
duits in a trench, and comprising: a vehicle adapted to 
be moved along said trench, a plurality of arch forms 
capable of being releasably secured together, each of said 
forms being received on said vehicle and secured to the 
preceding arch form, a brace means connected to each 
form and being self-actuable upon enlargement of the 
arch form's contour, and guide means mounted upon said 
vehicle and engageable with depending side edges of said 
arch form for producing an enlargement of the arch 
form's contour to actuate said brace means. 

2. in the apparatus of claim 1 and further wherein said 
brace means comprises a strut pivotally mounted to one 
of the lower depending edges of said arch form, and a 
shelf mounted to the opposite side of said arch form for 
Supporting the other end of said strut while said arch 
form is in a relatively collapsed condition. 

3. In the apparatus of claim 2 and further wherein 
said shelf includes a shoulder engagement engageable with 
said strut upon enlargement of the arch form's contour. 

4. In the apparatus of claim 1 and further including 
guide means mounted on said vehicle for receiving each 
arch form and positioning it with respect to a preformed 
lower portion of a conduit. 

5. in an apparatus for producing cementitious con 
duits in a trench, and comprising means for forming the 
lower portion of a conduit, a vehicle adapted to be moved 
aiong said trench and supported above said lower conduit 
portion, a plurality of arch forms capable of being re 
leasably secured together, each of said forms being re 
ceived on said vehicle and secured to the preceding arch 
form, a brace means connected to each form and being 
self-actuable upon enlargement of the arch form's con 
tour, guide means mounted upon said vehicle and en 
gageable with depending side edges of said arch form for 
producing an enlargement of the arch form's contour, 
thereby actuating the brace means, screed means position 
spaced above said forms for forming the upper portion 
of said conduit, and a hopper means for depositing ce 
mentitious material in the path of said screed means. 

6. In the apparatus of claim 5 and further including 
guide means mounted on said vehicle for receiving each 
arch form and positioning it with respect to the lower 
portion of a conduit. 

7. In the apparatus of claim 5 wherein said means for 
producing enlargement of the arch form's contour com 
prises a plurality of rollers which urge the longitudinal 
edges of said form outwardly into contact with the lower 
portion of the conduit. 

8. In an apparatus for producing cementitious con 
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portion of a conduit, said guide means comprising a plu 
rality of support rollers for receiving said arch forms 
as they are placed on said vehicle and a plurality of 
lateral guide rollers having projecting surfaces which 
substantially define a portion of the contour of said arch 
forms; means mounted upon said vehicle for producing 
an enlargement of the arch form's contour comprising a 
plurality of rollers which urge the longitudinal edges of 
said form outwardly into contact with the lower portion 
of the conduit, thereby actuating said brace means; screed 
means position-spaced above said forms for forming the 
upper portion of said conduit; and a hopper means for 
depositing cementitious material in the path of said screed 
CaS 

9. In an apparatus for producing cementitious con 
duits in a trench, and comprising means for forming the 
lower portion of a conduit; a vehicle adapted to be moved 
along said trench and supported above said lower con 
duit portion; a plurality of arch forms, capable of being 
releasably secured together, each of said forms being re 
ceived on said vehicle and secured to the preceding arch 
form; guide means mounted on said vehicle for receiving 
each arch form and positioning it with respect to a lower 
portion of a conduit, said guide means comprising a plu 
rality of support rollers for receiving said arch forms as 
they are placed on said vehicle and a plurality of lateral 
guide rollers having inwardly projecting surfaces which 
substantially define a portion of the outer contour of 
said arch forms; screed means position-spaced above said 
arch forms for forming the upper portion of said conduit; 
and a hopper means for depositing cementitious material 
in the path of said screed means. 

10. A slip-form paving apparatus for producing cemen 
titious conduits in a trench, comprising first screed means 
for forming the lower portion of a conduit, first hopper 
means for depositing cementitious material in the path of 
said first screed means; a support ski positioned rearward 
ly of said first screed means, said ski shaped to be moved 
while being supported on the inner surface of a lower 
portion of a conduit, a plurality of arch forms capable of 
being releasably secured together, each of said forms 
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duits in a trench, and comprising means for forming the 
lower portion of a conduit; a vehicle adapted to be moved 
along said trench and supported above said lower con 
duit portion; a p?urality of arch forms capable of being re 
leasably secured together, each of said forms being re 
ceived on said vehicle and secured to the preceding arch 
form, a brace means connected to each form and being 
actuable upon enlargement of the arch form's contour; 
guide means mounted on said vehicle for receiving each 
arch form and positioning it with respect to the lower 
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being received on said ski and secured to the preceding 
arch form, guide means mounted on said ski for receiv 
ing each arch fortin and positioning it with respect to a 
lower portion of a conduit; second screed means posi 
tion-spaced above said forms for forming the upper por 
tion of said conduit, and second hopper means for de 
positing cementitious material in the path of said second 
Screed means. 

11. The apparatus of claim 10 wherein said guide 
means comprises a plurality of support roilers for receiv 
ing said arch forms as they are placed on said ski, and a . 
plurality of lateral guide rollers having inwardly project 
ing surfaces which substantially define a portion of the 
outer contour of said arch forms. 

12. A slip-form paving apparatus for producing cenhen 
titious conduits in a trench, comprising first screed means 
for forming the lower portion of a conduit, first hopper 
means for depositing cementitious material in the path 
of said first screed means; a Support ski positioned rear 
wardly of said first screed means, said ski shaped to be 
moved while being supported on the inner surface of a 
lower portion of a conduit, a plurality of arch forms 
capable of being releasably secured together, each of said 
forms being received on said ski and secured to the pre 
ceding arch form, a brace means connected to each form 
and being actuable upon enlargeinent of the form's con 
tour, means mounted upon said ski for producing an en 
largement of the arch form's contour, thereby actuating 
said brace means; second Screed means position-spaced 
above said forms for forming the upper portion of said 
conduit, and second hopper means for depositing cemen 
titious material in the path of said second screed means. 

13. The apparatus of claim 12 wherein said means for 
producing enlargement of the arch form's contour com 
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prise a plurality of rollers which urge the longitudinal 
edges of said form outwardly into contact with the lower 
portion of the conduit. 

14. A slip-form paving apparatus for producing cemen 
titious conduits in a trench, comprising first screed 
means for forming the lower portion of a conduit, first 
hopper means for depositing cementitious material in the 
path of said first screed means; a support ski positioned 
rearwardly of said first screed means, said ski shaped to 
be moved while being supported on the inner Surface of 
a lower portion of a conduit, a plurality of arch forms 
capable of being releasably secured together, each of said 
forms being received on said ski and secured to the pre 
ceding arch form, a brace means connected to each arch 
form and being actuable upon enlargement of the form's 
contour, guide means mounted on said ski for receiving 
each arch form and positioning it with respect to a lower 
portion of a conduit, means mounted upon said ski for 
producing an enlargement of the arch form's contour, 
thereby actuating said brace; second Screed means posi 
tion-spaced above said forms for forming the upper por 
tion of said conduit, and second hopper means for de 
positing cementitious material in the path of said second 
Screed means. 

15. The apparatus of claim 14 wherein said guide 
means comprises a plurality of support rollers for receiv 
ing said arch forms as they are placed on said ski, and a 
plurality of lateral guide rollers having inwardly project 
ing surfaces which substantially define a portion of the 
outer contour of said arch forms; and said means for pro 
ducing enlargement of the arch form's contour compris 
ing a plurality of roilers which urge the longitudinal edges 
of said form outwardly into contact with the lower por 
tion of the conduit. 

16. A slip-form paving apparatus for producing cemen 
titious conduits in a trench, comprising first screed means 
for forming the lower portion of a conduit, first hopper 
means for depositing cementitious material in the path 
of said first screed means; a support ski positioned rear 
wardly of said first screed means, said ski shaped to be 
moved while being supported on the inner surface of a 
lower portion of a conduit, retaining walls mounted on 
said support ski to prevent earth from falling onto a lower 
portion, a plurality of arch forms capable of being re 
leasably secured together, each of said forms being re 
ceived on said ski and secured to the preceding arch form, 
a plurality of lateral guide rollers supported from said 
walls and having inwardly facing surfaces which substan 
tially define a portion of the outer contour of said arch 
forms; second screed means position-spaced above said 
forms for forming the upper portion of said conduit, and 
second hopper means for depositing cementitious mate 
rial in the path of said second screed means. 

17. A slip-form paving apparatus for producing cemen 
titious conduits in a trench, comprising a power sled 
adapted to be moved in said trench, first screed means for 
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forming the lower portion of a conduit and including 
a vibration isolating means between a lower vibrated plate 
and a support plate connected to said sled, vibrator means 
disposed in contact with said lower vibrated plate, first 
hopper means for depositing cementitious material in the 
path of said first screed means; a support ski positioned 
"earwardly of said first screed means, said ski shaped to 
be moved while being supported on the inner surface 
of a lower portion of a conduit, a plurality of arch forms 
capable of being releasably secured together, each of said 
forms being received on said ski and secured to the pre 
ceding arch form, a plurality of lateral guide rollers sup 
ported from said ski and having inwardly facing surfaces 
which substantially define a portion of the outer contour 
of said arch forms, said arch forms being engaged by said 
guide rollers and positioned with respect to a lower por 
tion of a conduit, a brace means connected to each form 
and being actuable upon enlargement of the arch form's 
contour, means mounted upon said ski for producing an 
enlargement of an arch form's contour as it moves off 
said ski, thereby actuating said brace means; second screed 
means position-spaced above said forms for forming the 
upper portion of said conduit, and Second hopper means 
for depositing cementitious material in the path of said 
Second Screed means. 

18. In apparatus for producing cementitious conduits 
in a trench, and comprising a support ski shaped to be 
moved while being supported on the inner surface of a 
preformed lower portion of a conduit, a piurality of arch 
forms capable of being releasably secured together, each 
of said forms being received on said ski and secured to 
the preceding arch form, and guide means mounted on 
said ski for positioning each arch form with respect to the 
preformed lower portion of the conduit over which said 
ski is moved, said means comprising a plurality of sup 
port rollers for receiving said arch forms as they are 
placed on said ski and a plurality of lateral guide roilers, 
said guide rollers having projecting surfaces which sub 
stantially define a portion of the contour of said arch 
forms. 
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