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This invention relates to concrete construction 
of the nature disclosed in my copending applica 
tion Ser. No. 361404 filled October 16, 1940. The 
invention relates more particularly to concrete 
construction held under a predetermined com 
pression by steel reinforcement therein serving to 
hold the concrete from expanding to the point 
where tension occurs, since concrete will crack 
when under tension unless the tension is ex 
tremely Small while it will not crack when kept 
in compression unless the compression is ex 
tremely large. Concrete is capable of withstand 
ing without cracking relatively large compression 
stresses but it will crack under relatively small 
tensile stresses. Steel will withstand relatively 
large tensile stresses. In this invention steel re 
inforcement has been combined with concrete to 
keep the steel always in tension and to keep the 
concrete always in Compression, in accordance 
with a "preloading' system whereby the steel has 
been stressed or tightened after setting and 
shrinking of the concrete. Sufficient tensile stress 
is applied to the steel so that the concrete re 
mains in Compression even after the concrete has 
entirely shrunk from setting and after the full 
working load has been applied to the structure. 
The primary object of my invention resides in 
certain improvements in concrete construction of 
this nature. 
Concrete construction, such as tanks, flumes, 

pipes, conduits, etc., is largely used for storing 
and transferring liquids and One object of the 
above described construction has been to limit 
or prevent any cracking in the concrete so as to 
avoid leakage. My invention herein contemplates 
the accomplishment of these objects in greater 
degree and with greater security by the employ 
ment of improved methods effecting additional 
bonding of the reinforcement to sectional portions 
of the concrete structure whereby to maintain the 
compression thereof and preclude the loss of com 
pression in each of Such portions independently of 
the possible fallure in Other portions, more par 
ticularly during the formation of the structure. 
The permanent effect of the additional binding to 
the reinforcement serves to prevent the free slid 
ing of the concrete along the reinforcing rods 
whereby more evenly to distribute any cracking of 
the concrete into minute Cracks too small to per 
mitleakage. 
My invention is applicable to the formation 

and reinforcement of plane or curved surfaces and 
one important feature thereof relates to a novel 
and convenient anchoring of the reinforcement 
to the concrete construction by "spotting' viz. the 
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application of cementitious material in position 
to cement the reinforcement to the concrete struc 
ture, the cementitious material preferably and 
most conveniently being applied by shooting it 
by means of compressed air. This feature of the 
invention not only provides for the convenient 
and economical anchoring of the reinforcement 
to the concrete, preparatory to tensioning the 
same, but furthermore permits such anchoring of 
the reinforcement to the structure that the rein 
forcement can be tensioned in sections and there 
by eliminate the possibility of loss of compression 
throughout the entire structure should a portion 
of the reinforcement fail or break during tension 
ing thereof. The production of this novel fea 
ture, all as hereinafter more fully described, com 
prises another object of the invention. 
These and other features of the invention will 

be best understood and appreciated from the foll 
lowing description of preferred embodiments 
thereof selected for purposes of illustration and 
shown in the accompanying drawings in which: 

Fig. 1 is a fragmentary view of a cylindrical 
structure embodying my invention, 

Fig. 2 is alike view of a further development 
thereof, 
§ 3 is a fragmentary outside elevation of 

Fig. 2, 
Fig. 4 is an elevation of a cylindrical structure 

embodying another form of my invention, 
Fig. 5 is a fragmentary view thereof, 
Fig. 6 is an elevation of a cylindrical struc 

showing a further application of my inven 
lOil, 
Fig. 7 is a plan section thereof, 
Fig. 8 is a plan section of a further develop 

ment of Fig.7. 
In Figs. 1-3 of the drawings I have illustrated 

the construction of a cylindrical tank or like 
structure in accordance with my invention. In 
constructing the tank, a cylindrical form O of 
Wood or steel of the desired dimensions is first 
erected and the cylindrical concrete structure 2 
is formed by shooting or pouring cementitious 
composition onto the outer face of the form. As 
illustrated, the resulting structure is thereafter 
reinforced in two dimensions by rods extending 
both longitudinally and circumferentially there 
of, the rods being tensioned in a manner placing 
the structure under compression in said two direc 
tions. The rods f4 extend circumferentially 
around the structure and the ends are connected 
by turnbuckles 6 by which the rods are tensioned. 
These rods are the same as defined in my co 
pending application and do not comprise per se 
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a part of the present invention. The invention 
resides in the application of the rods 8 to the 
structure as will now be described. 
The rods or reinforcement 8 can be of any 

configuration desired. In the drawings I have 
illustrated this reinforcement as being in U 
shaped sections having their adjacent ends 
threaded and connected by turnbuckles 20. The 
function of the turnbuckles is to place the rods 
under tension and the structure 2 under a cor 
responding compression. In order to perform 
this function, the U ends of the rods must be se 
curely anchored to the structure and an impor 
tant feature of my invention resides in the novel 
method herein disclosed for serving this anchor 
ing function. The rod sections are placed against 
the Outer face of the structure 2 with their U 
ends located adjacent to its ends in the positions 
illustrated and cementitious material 22 is ap 
plied thereto and in bonding engagement there 
with and with the structure 2, the material 22 
being conveniently in the form of an annulus 
and preferably being applied or shot into place 
by COmpressed air. When the material has 
hardened it serves to anchor the rod sections 
firmly to the structure 2. 
The tank is completed by tightening the turn 

buckles 20 to a degree placing the structure un 
der the desired compression longitudinally. The 
circumferential rods 4 are then applied together 
with their turnbuckles 6 and the latter are 
tightened to a degree placing the structure under 
the desired radial Compression. When all turn 
buckles have been tightened, a substantial layer 
24 of cementitious material is applied to the Outer 
face of the set and compressed concrete and to 
the rods in a manner and to a depth completely 
covering the same and bonding all into a unit. 
While this step as well as the application of the 
concrete to the form O is most conveniently and 
preferably performed by the shooting of cemen 
titious material onto the structure, it will be un 
derstood that the broad aspects of the invention 
are by no means limited thereto. 

In Figs. 4 and 5 I have illustrated the applica 
tion of my invention to a tank or the like rein 
forced and held under compression by a spiral 
rod or like reinforcement. The structure 32 is 
built against the form 30 in the manner above 
described. One end 34 of the reinforcing rod 3 to 
be applied is then placed against the structure 
adjacent to the bottom thereof and cementitious 
composition 38 is shot thereonto, this "spot 
ting' serving when dry to anchor the end 34 to 
the structure. The rod is then wrapped spirally 
about the tank and its top end is likewise spotted 
to the tank at 40. Other spottings are then ap 
plied to the intermediate portion of the rod as at 
4, 42 and 43 in a manner also anchoring the rod 
to the structure at these points. 
Turnbuckles 44 are provided in the rod between 

adjacent spottings. When the spotting cement 
has hardened, the turnbuckles are tightened to 
place the rod under the desired tension and the 
tank structure under a corresponding compres 
sion. It will be noted that in accordance with 
my invention each section of the rod between ad 
jacent spottings is tensioned independently of 
the other sections. Should a turnbuckle or rod 
break or fail in the tensioning operation, only 
that particular section of the tank and rod will 
be effected and can be easily remedied. It will 
be apparent that, but for the intermediate Spot 
tings 4, 42 and 43, any failure of a turnbuckle or 
rod would effect the entire rod and tank and the 
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labor and other cost entailed in remedying this 
situation and recompressing the tank would be 
quite substantial. 
When all the turnbuckles have been tightened, 

a substantial layer 46 of cementitious material is 
applied to the Outer face of the set and com 
pressed concrete and to the rods in a manner and 
to a depth completely covering the same and 
bonding all into a unit. 

In Figs. 6-8, I have illustrated a further appli 
cation of my invention to a tank or like struc 
ture held under compression by annular bands 
or rods. The structure 50 is constructed in like 
manner as above described except that the bands 
52 and 53 are originally incorporated within the 
structure 50 and are wholly or partially coated 
with asphalt 54 or equivalent material to prevent 
bonding thereto, somewhat like that illustrated 
in Patents Nos. 1684,663 and 1,818,254. Each an 
nulus of reinforcement includes one or more 
turnbuckles 56 and while all the reinforcing rods 
can be constructed and treated after the fashion 
illustrated at 53 it is also possible to construct 
a major portion of the rods after the fashion ill 
lustrated at 52 wherein the entire rods are coated 
to prevent bonding, this latter being the same as 
shown in Patent No. 1,818,254. I have illustrated 
the rods 53 as disposed at spaced locations along 
the tank structure and between a predetermined 
number of the rods 52. 
Each annulus of reinforcement 53 preferably 

though not necessarily comprises a plurality of 
rod sections connected by turnbuckles. The rod 
sections are coated except at the turnbuckles and 
at intermediate portions 60. The structure is 
also cored at 58 to render the turnbuckles acces 
sible. When the structure is formed, it bonds 
directly to the uncoated rod portions at 60. These 
portions 60, as well as the spottings illustrated in 
Fig. 4, are of a length to provide a firm anchor, 
ordinarily eight to ten feet being thus bonded. 
When the structure has substantially hardened, 

the turnbuckles are tightened to a degree placing 
the rods under the desired tension and the struc 
ture under a corresponding compression. The 
cored openings 5 are then filled with cementi 
tious material 62 in a manner bonding the turn 
buckles to the structure. The corings 58 and 
bondings 6 are preferably staggered, as illus 
trated in Fig. 7, for the purpose of distributing 
the bonded portions of the rods around the struc 
ture. 
When the tank is filled with water or other 

liquid the Outward pressure thereof will be taken 
by the reinforcement, all of which is under ten 
Sion holding the tank in compression. In other 
words, the tank is preloaded with a compression 
sufficient to prevent tension Coming into the con 
crete even with the full liquid load in the tank. 
Under normal conditions and as long as the rods 
remain sufficiently tensioned, the concrete wall 
cannot expand into a condition of tension or 
Crack under load. However, plastic flow and 
shrinkage are sometimes greater than antici 
pated and in such cases a certain amount of ten 
sion may come into the concrete. Concrete is 
substantially inelastic and it is well known that 
when expansion takes place the break comes at 
the weakest point or points. It is therefore quite 
apparent that, except for the bonding of the 
rods at 6 and 62, the structure 50 would be free 
to slide along the rods with the result that sub 
stantial expansion would cause one or more rela 
tively large cracks to develop and permit substan 
tial leakage. The bonding at 6 and 2 however 
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divides the rods into sections and precludes the 
formation of large cracks, instead the otherwise 
large cracks are distributed along the rods as 
numerous minute cracks too small to permit leak- . 
age, this action being made in effect continuous 
around the tank by the staggering of the bonding 
locations, as illustrated in Fig. 7. As Stated above, 
all the reinforcement can be treated like the rods 
53 to serve this function but ordinarily a por 
tion of the rods properly distributed and thus 
treated will serve to perform the desired func 
tion quite efficiently. W 

Having thus described my invention what II 
claim as new and desire to Secure by Letters Pat. 
ent of the United States is: 

1. A method of Constructing and reinforcing 
concrete structures under compression, which 
consists in forming a monolithic Concrete struc 
ture, applying reinforcement to One face thereof 
embodying a steel rod incorporating a turnbuckle 
therein for tightening the reinforcement, bond 
ing the rod to the concrete Structure at Said face 
and remote from and at opposite sides of the 
turnbuckle while leaving the turnbuckle and the 
rod portions between the turnbuckle and Said re 
mote bondings free from bonding engagement 
with the structure, tensioning the rod by rotating 
the turnbuckle to a position placing the struc 
ture under compression, and thereafter apply 
ing cementitious composition to the turnbuckle, 
rod portions and the concrete structure to bond 
them together. 

2. A method of reinforcing concrete structures 
under compression, which consists in applying 
steel reinforcement to a face of the structure, 
applying cementitious composition to a portion 
of said reinforcement and said face in position 
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position thereto in a manner bonding said end 
to the structure at said face, Wrapping the rein 
forcement spirally around the structure at said 
face, anchoring portions of certain convolutions 
of the reinforcement to the structure by the 
pneumatic shooting of cementitious composition 
thereto, tensioning the reinforcement between 
the anchored portions thereof in a manner plac 
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bonding and anchoring said portion of the rein 
forcement to the structure, tensioning the rein 
forcement between said anchored portion thereof 
and another anchored portion Spaced therefron, 
and thereafter applying further cementitious 
composition in position covering the tensioned 
reinforcement and bonding it to the structure. 

3. A method of reinforcing cementitious con 
structions under compression, which consists in 
applying reinforcement to a face of a cementitious 
structure, pneumatically shooting cementitious 
composition onto the reinforcement and said face 
at relatively spaced locations along the reinforce 
ment and in a manner bonding the reinforcement 
to the structure at said locations, tensioning the 
reinforcement between said locations, and there 
after pneumatically shooting further cementitious 
composition in position covering the tensioned 
reinforcement and bonding it to the structure. 

4. A method of reinforcing cylindrical cemen 
titious structures under compression, Which con 
sists in applying reinforcement spirally to the 
outer face of a cylindrical cementitious structure, 
pneumatically shooting cementitious composition 
onto the reinforcement and said face at Spaced 
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locations along the reinforcement and in position. 
anchoring the reinforcement to the structure at 
said locations, tensioning the reinforcement be 
tween said locations in a manner placing the 
structure under compression, and thereafter ap 
plying further cementitious composition in posi 
tion covering the tensioned reinforcement and 
bonding it to the structure. 

5. A method of reinforcing cylindrical cemen 
titious structures under compression, Which con 
sists in anchoring one end of reinforcement to 
the outer face of a cylindrical cementitious struc 
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ing the structure under compression, and there 
after applying further cementitious composition 
in position covering the tensioned reinforcement 
and bonding it to the structure. 

6. A method of constructing and reinforcing 
cylindrical concrete structures under compres 
sion, which consists in providing a form and a 
plurality of annular reinforcing rods there 
around each embodying a turnbuckle therein, 
coating certain of the rods with a material pre 
venting bonding of the structure thereto but 
leaving a portion of each coated rod remote from 
the turnbuckle uncoated, forming a cylindrical 
monolithic structure over the rods and in bond 
ing engagement with the uncoated portions of 
the rods but not bonded to the turnbuckles and 
coated portions, tightening the turnbuckles to 
place the structure under compression, and 
thereafter applying further cementitious con 
position to the turnbuckles to bond them to the 
concrete Structure. 

7. A method of constructing and reinforcing 
cylindrical concrete structures under compres 
sion, which consists in providing a form and a 
plurality of annular reinforcing rods there 
around, each rod annulus comprising a plurality 
of sections connected by turnbuckles, coating . 
certain of the rods with a material preventing 
bonding of the structure thereto but leaving a 
portion of each coated rod section remote from 
the turnbuckles uncoated, forming a cylindri 
cal monolithic structure over the rods and in 
bonding engagement with the uncoated portions 
Of the rod but not bonded to the turnbuckles 
and coated portions, tightening the turnbuckles 
to place the structure under compression, and 
thereafter applying further cementitious compo 
sition to the turnbuckles to bond them to the 
concrete structure. 

8. Concrete construction comprising a mono 
lithic slab of concrete, reinforcement including 
a rod provided with a turnbuckle therein, a layer 
of cementitious composition on and anchoring 
the rod to an outer face of the slab at points 
remote from the turnbuckle, and a further layer 
of cementitious composition on and anchoring 
the turnbuckle and the rod portions located be 
tween said points and the turnbuckle to said 
Outer face of the slab, the turnbuckle and rod 
portions between said points being under tension 
holding the slab in compression. 

9. Concrete construction comprising a cylin 
drical monolith of concrete, reinforcement ex 
tending longitudinally of the monolith at the 
Outer face thereof, cementitious composition ap 
plied to the reinforcement and to the outer face 
of the monolith adjacent to its ends and bond 
ing the reinforcement to the monolith at said 
ends, and turnbuckles in the reinforcement in-, 
termediately of said ends, the portion of the re 
inforcement located between said ends being un 
bonded whereby it can be tensioned by the turn 
buckles. 

10. Concrete construction comprising a cylin 
drical monolith of concrete, reinforcement under 
tension therein and comprising a plurality of 

ture by pneumatically shooting cementitious com- 75 annular reinforcing rods extending around and 
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relatively spaced longitudinally of the munolith, 
each rod being bonded to the monolith at a plu 
rality of relatively spaced locations therealong 
and free from such bonding engagement between 
said locations, and the bonded locations of cer 
tahn rods being staggered with relation to the 
bonded locations of relatively adjacent rods. 

11. Concrete construction comprising a cylin 
drical monolith of concrete, reinforcement under 
tension therein extending circumferentially 
therearound and including a steel rod or he 
like embodying a plurality of sections connected 
by turnbuckles, the monolith being bonded to 
the rod sections at points remote from and 
located between the turnbuckles, and means pre 
venting bonding of the monolith to the rod sec 5 
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tions at those portions located between said 
points and the turnbuckles. 

12. Concrete construction comprising a cylin 
drical monolith of Concrete, reinforcement ex 
tending spirally therearound and under tension 
holding the monolith in compression, spottings 
of cementitious material on and bonded to the 
reinforcement and the monolith at relatively 
spaced locations along the reinforcement, and a 
layer of non-compressed cementitious material 
on and bonded to the outer face of the com 
pressed monolith and the reinforcement in a 
manner and to a depth completely covering the 
Same and bonding all into a unit. 

JOBDN MI. CROM. 


