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UNITED STATES PATENT (ORRICE, 
CHARLES HENSON IMARQUESS, OF MINNEAPOLIS, IMINNESOTA 

VIETHOD OF INIAKING BATTERY-WAULTS OR THE LIKE. 

1,281,404. 
Application filed June 20, 1917. 

To all whom it may concern 
Be it known that I, CHARLES HENSON 

MARQUEss, a citizen of the United States, 
residing at Minneapolis, in the county of 
Hennepin and State of Minnesota, have in 
vented certain new and useful Methods of 

the following is a specification. 
My invention relates to articles of concrete 

or of similar cementitious material. An 
important application of these improve 
ments is in the construction of battery 
vaults and the like, and will be more specifi 
cally described and illustrated in the con 
struction of such vaults, although the in 
vention is not limited thereto. 

Heretofore it has been common practice 
in the construction of battery vaults and 
the like to prepare molds or forms. exterior 
and interior, conforming to the shape of the 
proposed article to be manufactured, and, 
after locating reinforcing metal in the space 
between the molds, to pour such space full 
of the plastic or semi-liquid mortar. Inas 
much as one of the prime requisites of bat 
tery vaults is water-tightness, it has been 
necessary, in order to obtain even moder 
ately satisfactory results, thoroughly to ram 
or puddle the mortar so as to work it around 
the bars and drive out, so far as possible, 
air which has become entrapped during the 
process of pouring. The density of the con 
crete has been contingent upon the thor 
oughness with which the next-above-men 
tioned work was done, and, since it is very 
difficult to work around the intricate and 
complicated cage of reinforcing metal with 
a ramming or puddling tool it frequently 
happens. that a quite porous form of con 
crete results. - 

In this connection reference may be had 
to my co-pending applications Serial No. 
153.236, filed March 8, 1917 on concrete 
articles, Serial No. 162,301, filed April 16, 
1917, on methods of making concrete arti 
cles, and Serial No. 162,302, filed April 16, 
1917 on apparatus for making concrete arti 
cles. 
The principal object of the present im 

provements is to provide a simple and effec 
tive method of forming battery vaults and 
the like, and, in the utilization of certain 
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forms of apparatus specified, a method of 
forming such structures whereby they will 
be exceedingly strong and durable, with 
notable properties of water tightness, as well 
as cheapness and rapidity of construction. 
In the accompanying drawings, which 

form a part of this specification, I have 
illustrated a battery vault and various steps 
in the present methods of constructing same. 
In these drawings Figure 1 is a medial ver 
tical section of a form of battery vault 
asSociated with means fragmentarily and 
partly Sectionally shown for rotating vault 
parts and for applying cementitious ma 
terial thereto; - 

Fig. 2 is a sectional view, as on the line 
2- -2 of Fig. 1, showing the bottom or base 
reinforcing elements and associated parts; 

Fig. 3 is a medial sectional view of the 
vault of Fig. 1 inverted, showing the pre 
ferred manner of forming a bottom or base 
upon the side walls: 

Fig. 4 is a fragmentary medial vertical 
section showing part of the apparatus of 
Fig. 1 and illustrating the use of a sec 
tional interior core or support for the side 
wall construction: 

Fig. 5 is a partly sectional view showing 
an employment of a Solid interior core; and 

Fig. 6 is a fragmentary medial vertical 
Section showing the application of a bottom 
to the vault of Fig. 5. 
The most practical cementitious material 

for such vault construction is formed from 
Portland cement, sand, and water. As the 
plastic mass when formed begins at once to 
harden, and as any disturbance of the mass 
while it is setting results in concrete de 
ficient in strength, it is of the greatest im 
portance that the walls be formed with the 
utmost expedition. In the older methods of 
forming such walls a very material amount 
of time elapses and a great deal of disturb 
ance of the mass takes place from the time 
of the addition of water to the cement and 
sand until the mortar is applied in final po 
sition, and it has been impossible, accord 
ing to the hitherto processes, except as shown 
in my said co-pending applications, to pro 
vide a vault of Satisfactory strength and 
density. 
The several vaults illustrated respectively 
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include a reinforcing framework for the side 
walls comprising a plurality of substantially 
vertically disposed bars 10, bent at 11 and 12 
to form shoulder and neck portions, a plu 
rality of inner rings or rods 13 and Outer 
rings 14 lying against the uprights 10 and 
wired or otherwise secured thereto at inter 
vals as at 15. I have shown also a plurality 
of bottom or base reinforcing rods 16 and 17 
having upturned ends 16° and 17 respec 
tively, which ends may be wired at intervals 
to the uprights 10, as at 18, (Figs. 1 and 3) 
these cross rods 16 and 17 preferably being 
wired or otherwise secured to each other at 
intervals, as at 19 (Fig. 2). A unitary 
frame-work for the bottom and side walls 
may thus be formed. It is not necessary, 
however, to secure the bottom reinforce 
ments with those of the side walls, as shown 
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in Figs. 4, 5 and 6. 
Within the reinforcing framework for the 

side walls thus formed T provide a core or sup 
port against which cementitious materialis to 
be projected and which substantially defines 
the interior shape of the vault. In Figs. 1 
and 3 the core 20 may be of roofing felt or 
similar relatively thin material which pref 
erably has frost insulating properties, and 
which forms a lining for the vault. For 
such lining I have found the well known ar 
ticle of fibrous material known as “composi 
tion board' highly satisfactory. It prefer 
ably extends over the bottom, as at 20, al 
though in some practices the bottom form 
20 may be dispensed with, especially in the 
process of merely forming the side walls. It 
is pointed out, however, that other forms of 
cores may be employed, including such as do 
not, constitute a part of the vault in its com 
pleted form. Thus in Fig. 4 the core 9 com 
prises a plurality of wood or other sections 
9", the core being collapsible and for merely 
temporary use. It may be positioned on a 
Support, as 36, after which the framework 
for the side walls may be positioned around 
it. On Fig. 5 the core 8 is of permanent 
form, suitably made of wood, and adapted 
substantially to define the interior of the 
vault. This core 8 is preferably slightly ta 
pering so that when the side walls are . 
formed upon it and become hard the core 
and side walls may easily be separated from 
each other. In this instance the side walls 
framework has a corresponding taper. In 
Figs. 4, 5 and 6 the circumferential mem 
branes 20° and bottom membrane 20 (Fig. 
6) may be considered a lining of substan 
tially moisture-proof material, such as the 
core or lining 20, or may be considered 
merely paper designed to prevent a bond 
between the plastic material and the cores 
or bottom forms. 
A reinforcing framework for the side 

walls having been formed, the core or lin 
ing 20 (Figs. 1 and 3) may be positioned 
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within the same. The bottom frame-work 
comprising the rods 16 and 17 may then be 
secured upon the side wall framework, as by 
the wiring 18, there being preferably sev 
eral spacing pieces 21 interposed between 
the cross rods 17 and the bottom lining 20 
when such bottom lining 20 is employed, 
such spacers 21 being preferably of cement 
or metal. They serve to maintain the lin 
ing 20, 20 at the desired relative elevation 
whereby the bottom reinforcing members 
may be substantially midway of the bottom 
wall when formed. The reinforcing frame 
work and the lining or core are then posi 
tioned upon the horizontal support 36 (Fig. 
1) the core and framework being carefully 
centered with the axis of rotation of the 
support 36. While the core or lining 20 may 
be secured to the framework, yet when made 
of such fairly heavy material as roofing felt 
or composition board it is quite stiff and self 
supporting and can be centered with the 
axis of rotation independently of the frame 
work. In order that the weight of the core 
or lining 20, 20, and the bottom framework 
16, 17, may not sag objectionably I provide 
spacing pieces 22 beneath the bottom frame 
work, the supports 22 being preferably of 
relatively small area, and preferably being 
beneath the spacers 21. Spacers, as 22, are 
particularly, desirable if the bottom rein 
forcements be not secured to those for the 
side walls. 
While, in the broad aspect. of these im 

provements the side walls may be formed in 
any approved way, I prefer to employ the 
means described in my said copending appli 
cations, and will briefly now describe the 
same herein. 

Referring to Fig. 1, upon a suitable Sup 
port 30 I position an annular metallic track 
device 31 having an annular recess or race 
for a plurality of friction balls 32. A co 
operating track device 33 has a similar re 
cess or race for the balls 32, the track 38 
having a gear 34 integral therewith. The 
track 33 is rigidly secured to the horizontal 
platform 36, circular in the form illustrated. 
and provided at its circumference with a 
two-piece ring of flat metal 37 clamped upon 
the support 36 by bolts 38 whereby this ring 
37 may readily be positioned and removed 
if desirable. Meshing with the track gear 
34 is the pinion 40, secured upon a shaft 41 
rotatable in bearings 42 and 43, a bevel gear 
44 being also carried by this shaft. Upon 
the driving shaft 46 there is a bevel pinion 
47 meshing with the gear 44, and also the 
bevel gear 48 meshing with the pinion 49 
upon the screw shaft 50. A cross-head 52 
is nounted slidingly upon the guides 53 and 
54 and is moved in vertical directions by the 
screw shaft 50 in threaded engagement with 
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the cross-head 52. A nozzle 57 is secured 
readily removably upon the bracket 52, as 130 
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by a clamping strap 58, the nozzle being di 
rected horizontally substantially toward the 
axis of rotation of the base 36. To the noz 
zle 57 there is secured a flexible pipe 60 
adapted to contain a proper mixture of ce 
ment and sand carried to the nozzle 57 by 
air pressure, and also the flexible pipe 61 
adapted to deliver continuously to the 
stream of cement and sand a proper quantity 
of water. The nozzle 57 and pipes 60 and 
61 are elements of cement gun apparatus 
and are sufficiently well understood to re 
quire no detailed description here. In this 
connection, however, reference may be had 
to Patent No. 984.254 of February 14, 1911 
to C. E. Akeley. 

It is clear that when rotative power is ap 
plied to the shaft 46 the horizontal support 
36 will be rotated upon the balls 32, and that 
the nozzle 57 will simultaneously be raised 
or lowered through the rotation of the screw 
shaft 50. 
The cement and sand forced through the 

pipe 60 by air pressure at a high rate of 
travel unite with a suitable supply of water 
from the pipe 61 and the plastic cement is 
sues from the nozzle in the form of a jet 62 
which impinges upon the core or lining 20, 
20 and finally covers the side wallme 
tallic frame-work. The operation is begun 
preferably by directing the jet 62 against 
the core, lining and framework at the bottom 
of the proposed side wall, or close to the 
ring 37, the base, core and framework rotat 
ing the while. The cementitious material 
is thus applied regularly and evenly over 
the parts designed to be covered, the nozzle 
57 regularly traveling upward during the 
operation. 
A vault or similar structure thus formed is exceedingly strong and compact, the con 

crete being free from air bubbles or other 
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voids and having been applied without ap 
preciable loss of time while setting was lin 
der way and without any disturbance of the 
applied particles or mass. 
While it is possible so to proportion the 

rates of rotation of the support 36 and the 
travel of the nozzle 57 that the desired thick 
ness of cement can be applied in a single 
coat, ordinarily I prefer to make the coats 
less thick and apply two or more thereof to 
obtain the desired thickness. After form 
ing the walls the material is allowed to 
harden, after which the article can readily 
be removed from the horizontal support 36. 
The core 8 (Fig. 6) may be loosely posi 

tioned on the base 36, its own weight being 
sufficient to maintain it in its centered posi 
tion thereon, although it ma v be temporarily 

It may 
be removed with the side walls formed upon 
it. or the side wall structure may be lifted 
off leaving the core in place. The sectional 

5 core 9 (Fig. 4) may be taken out either be 

83 

fore or after the side wall structure is re 
moved from the base 36. Such sectional 
form 9 is shown as comprising wooden pieces 
edge to edge in the manner of barrel staves. 
The use of sectional interior cores is well 
understood in the older practices of form 
ing battery vaults and the like. 

In applying the bottom or base to the side 
wall structure I preferably invert the vault 
body as shown in Figs. 3 and 6. Before do 
ing so an annular channel iron protective 
top piece or cap 65 (Fig. 3) may be applied 
by grouting the same upon the neck portion 
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as shown, but this may later be done, if such 
a ring be employed. In order to form a 
dam or wall to define the edge portion of 
the proposed bottom I provide a sectional 
band 66, suitably in two pieces similar to the 
ring 37 (Figs. 1 and 2) and similarly held 
in position by extending flanges 67 bolted 
together in the manner of the ring 37. It 
binds upon the side wall structure and is 
maintained in its desired position by such 
binding action. In Fig. 6 this confining 
ring is shown as flared upwardly. 
A support is provided for the bottom form 

or membrane. 20 (Fig. 3) or, in Fig. 6, for 
the membrane 20° which may be merely 
paper and placed upon the support just men 
tioned to prevent a bond between the cemen 
titious material and the support. This sup 
port is shown as comprising a disk composed 
of three pieces 70, 71, and 72 hinged together 
as at 73 and 74, this supporting disk being 
thus foldable upon itselfin order that it may 
be withdrawn from the position shown. It 
may be otherwise sectional or collapsible or 
of other characteristics. Upon the middle 
section 71 of the support I provide a pair 
of brackets 75, only one of which is shown, 
the other thereof being opposite the one 
illustrated, binding screws 76 adapted to 
impinge the inner surface of the vault being 
threaded into the brackets respectively. I 
also provide a crossbar 77 having oppositely 
disposed brackets 78 and similar binding 
screws 79. It will thus be seen that the sup 
port comprising the parts 70, 71 and 72 may 
be held rigidly by the four binding screws. 
When making the device of Fig. 3, it is 

only necessary to fill in, in any approved 
way, the space defined by the ring 66 with 
cementitious material, the same uniting with the projecting ends of the uprights i0 and 
also embedding the bottom reinforcements 
16 and 17. In the device of Fig. 6 the cross 
rods 16 and 17 are positioned in the desired 
location after the ring 66 and the bottom 
support are applied, after which the cemen 
titious material may be applied within the 
ring 66. In Figs. 3 and 6 I have shown the 
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bottom partially formed. After the cemen 
titious material of the bottom wall has har 
dened the confining ring 66 and the support 
ing parts within the vault may be removed 30 
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whereupon the side walls will have an in 
tegral base or bottom secured to same. 
By forming the side walls of the structure 

first in the manner indicated herein with the 
base portion resting on the horizontal sup 
port much difficulty in construction is avoid 
ed over the method in which the base is first 
formed and the large and unwieldy frame 
work and core are then positioned thereon. 
Importantly it avoids all disturbance of the 
plastic mass of the bottom of the vault after 
the same has been formed, and, further, the 
method is simple and rapid in operation and 
makes possible a number of advantageous 
modifications of the structure. Thus, for 
instance, the vault sides may be formed ac 
cording to a given standard of practice, 
after which various kinds of bottom struc 
tures may be applied, and at any convenient 
time, according to particular requirements, 
such bottom wall being with or without a 
Sump, being of any required thickness or 
configuration, having various kinds and 
forms of reinforcing material therein, hav 
ing air spaces for insulation purposes, etc., 
and all without prejudice to the uni 
tary, strong, water-tight and monolithic 
character of the vault as a whole. It is 
pointed out that where the cement is ap 
plied by means of the cement gun the bond 
between the old and new cement is fully as 
strong as that between any two contiguous 
portions of the old cement, if not more 
strong, due largely to the fact that in ap 
plying the new cement to the old a film of 
neat cement is first formed over all of the 
Surfaces thereof owing to the initial rebound 
of the aggregate when it strikes the hard 
surface, after which coating of neat cement 
the aggregate adheres thereto and the wall 
is built up to the desired thickness. As the 
initial coating of neat cement is applied 
With force and with the fine particles thereof 
tightly packed together and without subse 
quent disturbance a perfect bond is formed 
beween the older cement and the new. It is 
pointed out also that according to this 
method the metallic framework is in best 
position to carry the weight of the con 
crete while it is being applied and before 
the strength of the concrete is added to 
that of the framework. This feature is im 
portant in avoiding the necessity of desir 
ability of supporting the framework with auxiliary, or temporary reinforcing during 
the application of the cement, and makes 
possible the complete formation of the side 
Walls with a minimum of apparatus. 
Any suitable form of reinforcing frame 

Work for both the side walls and the bottom 
Wall may be employed, and these improve 
ments are not limited to the method of 
forming the side walls or the bottom wall, 
nor to the specific apparatus illustrated for 
aiding the carrying out of the method of 
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forming the complete vault structure herein 
described. Reference should be had to the 
appended claims to determine what I con 
template as within the scope of the improve 
ments set forth. 
I claim: 
1. The method of forming a battery vault 

or the like which comprises placing a frame 
Work of reinforcing material on a hori 
Zontal support, the frame-work surrounding 
a core against which plastic material is to 
be directed, applying plastic material to the 
framework and core until the side walls of 
the vault are formed, allowing the side walls 
to harden, and applying a bottom of plastic 
material upon the side walls. 

2. The method of forming a battery vault 
or the like which comprises placing upon a 
substantially horizontal support a core 
adapted to form a lining for the vault, plac 
ing around said core a frame-work of rein 
forcing material for the side walls, forming 
side walls of plastic material against said 
core and substantially embedding the frame 
work, allowing the plastic material to har 
den, and forming a bottom for the vault 
upon the side walls. 

3. The method of forming a battery vault 
or the like which comprises placing a frame 
work of reinforcing material upon a sup 
port adapted to rotate, applying cementi 
tious material to said framework so as to em 
bed the same while rotating the framework, 
allowing the cementitious material to har 
den, and applying a bottom of cementitious 
material to the side walls thus formed. 

4. The method of making a battery vault or the like which comprises mounting a 
framework for side walls and a core sur 
rounded by the framework upon a support 
adapted to rotate, rotating the framework 
and core and applying cementitious material 
thereto until the framework is substantially 
embedded, allowing the cementitious ma 
terial to harden, and forming a bottom wall 
upon the side walls. 

5. The method of making a battery vault 
or the like which comprises placing a frame 
Work and core of reinforcing material upon 
a horizontal support ES to rotate on a 
vertical axis, the framework surrounding 
the core, rotating the framework and core 
and simultaneously applying cementitious 
material thereto so as substantially to embed 
the framework, allowing the cementitious 
material to harden, and forming a bottom 
wall of plastic material upon the side walls 
thus formed. 

6. The method of forming a battery vault 
or the like which comprises placing upon a 
rotatable support a framework of reinforc 
ing material for the sides of the vault and 
substantially imperforate means closely as 
sociated with the framework against which 
cementitious material is to be projected, ro 
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tating the support and simultaneously pro 
jecting cementitious material against said 
means and the framework until the frame 

embedded, allowing 
the cementitious material to harden, and 
forming a bottom wall of cementitious ma 
terial upon the side walls thus formed. 

7. The method of forming a battery vault 
or the like which comprises forming side 
walls containing reinforcing material pro 
jecting beyond the side walls, positioning the 
side walls so formed with the projecting re 
inforcing material uppermost, applying a 
temporary retaining wall for plastic ma 
terial about the side walls contiguous to the 
projecting reinforcing material, positioning 
a temporary supporting form inside the 
vault contiguous to such projecting material, 
and applying cementitious material within 
the retaining wall and above said supporting 
form to form a bottom upon the side walls. 

8. The method of forming a battery vault 
or the like which comprises forming side 
walls, positioning the side wall structure 
with the part adapted to receive the bottom 
wall projecting upward, applying a tempo 
rary retaining wall for plastic material 
about the side walls contiguous to the 
place where the bottom wall is to be applied, positioning a temporary supporting form in 
side the vault body contiguous to the place 
where the bottom is to be applied, and ap 
plying cementitious material within the re 

taining wall and above said supporting form 
to form a bottom wall on the side walls. 

9. The method of making a battery vault 
or the like which comprises mounting a 
frame-work for side walls and a core sur 
rounded by the frame-work upon a support 
with the bottom portion of the frame-work 
and core downward and the mouth portion 
upward, applying cementitious material to 
said frame-work so as substantially to embed 
the same to form side walls for the vault, 
allowing the cementitious material to har 
den, inverting the side wall structure so that 
the bottom portion thereof is upward, and 
applying a bottom of cementitious material 
to the side walls thus formed. 

10. The method of making a battery vault 
or the like which comprises mounting a 
frame-work for side walls and a core sur 
rounded by the frame-work upon a support 
adapted to rotate, the bottom portion of the 
frame-work being downward and the mouth 
portion upward, rotating the frame-work 
and core and applying cementitious material 
thereto in the form of a rapidly moving jet 
until the frame-work is substantially em 
bedded, allowing the cementitious material 
to harden, inverting the side wall structure 
so that the bottom portion is upward, and ap 
plying a bottom wall of cementitious ma 
terial upon the side Wall structure thus 
formed. 
CHARLES HENSON MARQUESS. 
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