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1. 

2,948,995 
CONNECTIONS BETWEEN REINFORCED, PRE CAST CONCRETE STRUCTURES AND METHOD 
OF MAKING SAME 

Myles H. R. Cogan, Houston, Tex., assignor to Shell 
Company, New York, N.Y., a corporation of Dela 

Ware 

Filed Feb. 24, 1953, Ser. No. 338,293 
20 Claims. (CI, 50-179) 

This invention relates to connections between metal 
reinforced, separately cast concrete Structures, e.g., be 
tween a pre-cast Superstructure that has one or more 
metal reinforcing rods and the support therefor, such as 
a foundation, column or girder having similar rods, and 
to a method of making such connections, viz., of erecting 
a SuperStructure on a Support, etc. The structures Iay, 
for example, be parts of a building, such as walls, columns, 
girders, beams or floor slabs, or may be poles or stanchions 
for supporting cables, pipes, power lines or the like, 
columns for elevated roadways or foundations. 

Reinforced concrete structures of the type indicated 
above are frequently of such size or shape as to make 
it impracticable or uneconomical to cast two or more 
of them integrally. Thus, it is common to cast a Sup 
ported structure separately from the support or founda 
tion therefor and to erect or cast the latter as a separate 
structure at the site of erection and subsequently attach 
the pre-cast Supported structure. This is usually accom 
plished by affixing mating brackets or bed plates to the 
pre-cast Supported structure and to the supporting struc 
ture and connecting the brackets or plates of the two 
Structures by bolting or the like. Such brackets or 
plates must be precisely leveled to the supporting struc 
ture or shims or the like must be employed to position 
the Supported pre-cast structure in the desired, predeter 
mined location and this necessitates some care in the in 
stallation of the support and/or the making of the con 
nection. Moreover, to develop the desired tensile stress 
in the reinforcing rods of the structure entirely to the 
juxtaposed parts of the two structures it is necessary to 
bond the rods to the brackets or bed plates, which further 
adds to the cost, especially when precise positioning is re 
quired. - 

It has notheretofore been feasible to join such separate 
ly cast structures by merely welding or otherwise con 
necting projecting reinforcing rods between two spaced 
structures and then filling the gap between the structures 
with fresh concrete or grout and permitting the latter to 
set for the reason that the latter shrinks during hardening, 

55 whereby the full strength in compression of the filling 
material is not developed over the full area of the juxta 
posed parts of the structures. This causes non-uniform 
application of compressive stresses at the connection when 
the latter is subjected to loading. This is particularly 
objectionable and causes high localized compressive 
stresses when the connection is subjected to bending 
moments, e.g., when a column connected thereby is sub 
jected to a horizontal force applied at some distance above 
the connection or when a beam having a cantilever con 
nection is loaded. Moreover, in such a connection the 
metal reinforcing rods are not always adequately loaded 
to the juxtaposed ends of the structures, preventing early 
development of the full tensile strengths of the rods; 
further, this makes it impracticable to pre-stress the rods 
at the connection, such pre-stressing being desirable in 
certain installations. - 

It is an object of this invention to provide an improved 
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connection between separately cast metal-reinforced 
structures and an improved method of making the same 
wherein the metal reinforcing rods are connected to de 
velop tensile stress across the connection for anchoring 
the two parts together, and wherein the full compressive 
strength of the filling material is developed over the cross 
sectional area of the juxtaposed parts of the structures 
which does not require the use of bed plates, brackets, or 
the like. Ancillary thereto, it is an object to provide an 
improved connection and method of the type indicated 
wherein the reinforcing rods may, if desired, be pre 
stressed at the connection. 
A specific object is to connect a pre-cast, metal-rein 

forced concrete structure such as a column or the like 
on a support, such as a foundation, to achieve a secure 
anchoring of the structure to the support against tilting 
and afford substantially uniform distribution of compres 
sive stresses over the cross sectional area of the connec 
tion without the use of bed plates or the like. 
A further object is to provide an improved connection 

and method of erection of the type described that is more 
economical and is simply applied in practice to a variety 
of pre-cast structures. 

Still another object is to provide a connection and 
method of erection whereby the exact location of the 
pre-cast structure in relation to the support can be ad 
justed, within limits, to fit the former into the desired con 
formation to other elements of a composite structure, 
Such as a row of similar structures, a house having several 
pre-cast walls, or to an elevated roadway supported there 
by, obviating the need for extremely precise location of 
the foundations. 

Other objects of the invention will become apparent 
from the following description. 

In summary, according to the invention separately cast 
concrete structures (for convenience sometimes referred 
to as the supporting and supported structures, respective 
ly) have initially exposed surfaces adapted to lie in op 
posed and spaced relation in the completed, composite 
structure, and each structure has embedded therein one 
or more metal reinforcing rods that project from the said 
exposed surfaces. The supported structure is positioned 
in relation to the supporting structure with the said sur 
faces thereof in opposed and spaced relation and brought 
to the precise desired relative position, e.g., by orientation 
and leveling, and held in such position. The reinforcing 
rods, which are preferably located in their respective 
structures in similar geometric patterns so as to be sub 
stantially in alignment when the structures have the de 
sired relative positions, are then firmly connected to 
gether, preferably by welding or by clamps, so as to bond 
each of the rods of the supported structure to one or more 
rods of the supporting structure to insure the transmission 
of tensile stress between connected rods. The intervening 
space or gap between the exposed surfaces is then filled 
with a suitable load-sustaining filling material that in 
cludes a fresh hydraulic cementitious aggregate of the non 
shrinking type which hardens to form a firm mass (ex 
panding cementitious aggregates being included among 
non-shrinking aggregates) to enclose or embed the con 
nected reinforcing rods and cover the exposed surfaces . 
with the filling material. The hardened, non-shrinking 
aggregate may optionally be protected by a concrete 
shroud or coated with a cement wash. The filling ma 
terial and/or the shroud may be reinforced with metal 
rods. - 
The exposed surfaces considered above are advanta 

geously substantially perpendicular to the reinforcing rods 
and substantially parallel to one another; in the case of . 
a column or wall mounted above a foundation, or a gird 
er supported above a column or wall, the rods are sub 
stantially vertical and these surfaces are horizontal; how 
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ever, in some embodiments, e.g., when a beam is fixed to 
a column, girder or wall, the surfaces may be horizontal, 
vertical or at some other inclination, and when two floor 
slabs are united the surfaces are usually vertical. The 
Supported structure may be held in the desired position 
in relation to the supporting structure by any suitable 
neans such as a derrick, crane, temporary tower, scaf 
folding, a leveling jack that may support the structure 
during orientation and leveling, or the like, or a com 
bination thereof. The connection between the rods that 
project from the several structures is advantageously such 
as to permit loading of the rods throughout their lengths 
to the full tensile strengths thereof. For this reason it 
is preferred, when welding is employed, to make the rods 
long enough to overlap throughout the major part of the 
intervening space between the said exposed surfaces, and 
to Weld the overlapping rods substantially along the full 
distance of the lap, e.g., for about 6-12 inches in the 
case of quarter-inch rods and proportional distance for 
rods of other diameters. Overlapping, though preferred, 
is not essential, and a separate tie member may be used 
to connect non-overlapping rods or to strengthen a con 
nection wherein an insufficient overlap occurs. 

Considering the filling material in greater detail, it is 
well known that mortars, grouts, and concrete aggregates, 
herein generically referred to as hydraulic cementitious 
aggregates, when made from usual construction material 
shrink upon setting. Were such an aggregate employed 
alone to fill the intervening space between the exposed 
Surfaces of the juxtaposed structures to be connected, 
the filling material would, after hardening, no longer fill 
the space completely and bear uniformly against the said 
Surfaces; instead, only parts of the filling material would 
make contact and, in extreme cases, an actual small gap 
may result. This prevents a uniform distribution of com 
pressive stresses over the cross sectional area of the sur 
face, and may result in progressive failure, particularly 
when the connection is subjected to a bending moment. 
Since the reinforcing rods are in such case either slack 
or actually in compression (e.g., when the supported 
structure is resting on a supporting structure beneath it) 
they do not function to anchor the supported structure 
securely to the suporting structure, and an undesirably 
large relative motion between the structures may result 
from the application of a force of a given magnitude to 
the Supported structure. For example, when the sup 
ported structure is a column resting on a foundation and 
a tilting force applied to the column, a definite tilting 
movement would occur in the column before the rods 
at the side of the column from which the force acts are 
sufficiently stressed to counteract the resulting bending 
Ionent. 
Now, according to the invention, this difficulty is over 

come by using for at least a part of the load-sustaining 
filling material a special hydraulic cementitious aggregate, 
known per se, which is non-shrinking, i.e., which at least 
maintains its volume during setting and hardens to form 
a firm mass. Such an aggregate may have the property 
of maintaining its volume substantially unchanged during 
setting, but preferably is of the expanding type, whereby 
the reinforcing rods are placed under slight or consider. 
able tension during the setting. The welded or otherwise 
connected rods may be optionally loaded slightly in ten 
sion prior to filling the intervening space by adjustment 
of the leveling device, or by other means exerting a force 
tending to separate the said surfaces, but this is not nec 
essary, particularly in the latter case. It is preferred to 
employ the non-shrinking cementitious aggregate only for 
a part of the load-sustaining material, as by filling up the 
greater part of the aforementioned intervening space with 
Solids or ordinary concrete (which may be of the shrink 
ing type) leaving a smaller space into which the non 
shrinking aggregate is tamped after the previously em 
placed concrete has hardened. By this preferred method 
the expansion of the latter aggregate can cause only a 
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4. 
small tensioning of the reinforcing rods, insufficient to 
destroy the bond of the latter to their respective struc 
tures or to the major part of the load-sustaining material. 
This feature is useful in that it permits the use of aggre 
gate that is definitely of the expanding type without a 
very precise control of the amount of expansion, because 
mixtures that do not either expand or contract or those 
that expand to accurately specified limits are more diffi 
cult to use in practical construction work. In certain 
instances, as where the said exposed surfaces are verti 
cal, this preferred method involves the inconvenience of 
placing a vertical spacer board adjoining one of the ex 
posed surfaces to fill part of the gap while the remaining, 
major part of the gap is filled with ordinary concrete and 
Subsequently removing the spacerboard and filling the re 
Sulting thin gap with expanding aggregate; in this case 
recourse may be had to an alternate method, wherein 
the entire gap is filled with an aggregate of the same 
composition, the content of the expanding cement or 
expanding ingredient thereof being more carefully con 
trolled to avoid excessive expansion. 

In the resulting structure the welded rods are preferably 
under tensile stress while the load-sustaining material 
between the surfaces of the support and the pre-cast 
structure is under compressive stress. This load-sustain 
ing material is a body of cohesive aggregate, i.e., hard 
ened cementitious aggregate, extending continuously be 
tween the said surfaces. In other words, the filling ma 
terial is thus loaded without interposing a wedge, screw 
or the like. 
The invention will be described in greater detail with 

reference to the accompanying drawings forming a part 
of this specification and illustrating certain preferred em 
bodiments, wherein: 

Figure 1 is an exploded elevation view showing the 
elements used for making the connection; 

Figure 2 is a horizontal sectional view taken on line 
2-2 of Figure 1; 

Figure 3 is an isometric view of the completed struc 
ture; 

Figures 4-7 are vertical sectional views through a 
foundation and lower part of a column showing succes 
sive stages of the method of erection; 

Figure 8 is a vertical sectional view taken on line 8-8 
of Figure 9 showing a modified connection applied for 
connecting a beam to a wall; 

Figure 9 is an elevation of the connection according to 
Figure 8; 

Figure 10 is a sectional view through a further modifi 
cation showing a beam connected to a vertical surface of 
a wall or column; 

Figure 11 is an elevation view showing an alternate 
connection between reinforcing rods; 

Figure 12 is a sectional view taken on line 12-12 of 
Figure 13 showing a further application of the invention 
for joining concrete floor slabs that are cast separate from 
supporting columns; 

Figure 13 is a sectional view taken on line 3-13 of 
Figure 12; 

Figure 14 is a sectional view of a modified construc 
tion wherein the floor slabs are cast integrally with the 
beams and the invention is applied for joining adjacent 
slabs; 

Figure 15 is a sectional view showing the invention ap 
plied to connecting a floor beam to a girder taken on line 
15-15 of Figure 17; 

figure 16 is a sectional view taken on line 16-16 of 
Figure 15; and 

Figure 17 is a fragmentary plan view, on a reduced 
scale, of the construction according to Figures 15 and 
16. 
The invention will be illustrated in Figures 1-7 by way 

of example as applied to the erection of a double stan 
chion for supporting pipes and the use of an internal 
leveling device will be shown; however, it will be under 
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stood that other types of structures, as previously in 
dicated, and other types of leveling devices, such as ex 
ternally applied jacks or towers, fall within the scope of 
the invention. 

Referring to the drawings, Figures 1-3, 10 and 11 are 
concrete foundations which may be bell-bottom foot 
ings located entirely beneath the ground level 12 hav 
ing flat, upper exposed, horizontal surfaces 13. A dou 
ble stanchion 14 has a pair of columns 15 and 16, each 
of which has a lower, exposed, horizontal terminal sur 
face 17. The stanchion is prefabricated of concrete prior 
to erection and has suitable metal reinforcing rods of 
which only the rods 18 are shown. These rods are em 
bedded in the concrete and project downwardly beneath 
the surface 17. Any suitable number, e.g., four, of such 
projecting rods arranged as a rectangle may be used on 
each column. 

Each footing has a corresponding number of, viz., four, 
vertical reinforcing rods 19 firmly embedded therein and 
projecting upwardly beyond the surface 13 at locations to 
be substantially in alignment with correspoding rods 18, 
i.e., in juxtaposition thereto, when the corresponding 
column is placed in position above the footing as indi 
cated in Figures 1 and 4-7. The proper relationship of 
the reinforcing rods 18 and 19 can be obtained by the 
use of wooden templates that position the rods prior to 
and during the casting of the concrete. A plurality of 
shorter vertical reinforcing rods 20 are optionally, al 
though preferably, embedded in each footing so as to 
project upwardly above the upper ends of the rods 19 at 
positions outside of the rectangle defined by the rods 19. 
and laterally beyond the columns 15 and 16, as shown 
in Figure 2. A suitable leveling device may, if desired, 
be embedded in each footing; thus, a hollow tube 21 may 
be embedded at the central axis and project upwardly 
above the surface 3. 

a sliding fit within the tube 21 and having an enlarged 
bearing plate 23 at the top. A nut 24 is threaded on to 
the tube 22 and is wide enough to engage the upper edge 
of the tube 21; it may be provided with lugs 25 for re 
ceiving a spanner wrench. 
To make the connection the stanchion 14 is erected to 

position the columns 15 and 16 over the footings 10 and 
1 by means of a suitable derrick (not shown) with the 

surfaces 13 and 17 in opposition and in vertically spaced 
relation so as to leave an intervening space of convenient 
height, such as twelve inches. The subsequent operations 
will be described with reference to Figures 4-7 in which 
only one of the footings on columns is shown, it being 
understood that both connections are made simultane 
ously and in the same manner. As shown in Figure 4, 
the stanchion is first placed on the plate 23 so as to be 
supported thereby, and is leveled by adjusting the nut 24 
to bring the surface 17 to the desired elevation; leveling 
of a stanchion in a direction transverse to the vertical 
plane joining the two footings is also effected, using an 
external support, not shown. When the stanchion is prop 
erly positioned each rod 18 is next to a corresponding rod 
19; if necessary, these rods are bent slightly to bring 
them into contact. 
The contacting rods are then welded continuously as 

indicated at 26. It will be noted that the reinforcing rods 
20 extend above the surface 17. It is advantageous to 
make the cross sectional area of the weld equal to that 
of one reinforcing bar. 

Referring to Figure 5, an annular reinforcing tie rod 
27 is attached to the Welded vertical rods and a second 
annular reinforcing tie rod 28 is attached to the lower 
portions of the rods 20. These annular reinforcing rods, 
although preferred, are optional. 
A form 29 is then built around the rods and concrete 

30 is poured into it to a level “A” slightly below the sur 
face 17, thereby leaving a free space which may suitably 
have a height of one to several inches. 

The leveling device further in 
cludes an externally threaded tube 22 adapted to have 
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6 
Referring to Figure 6, when the concrete 30 is dry 

and has completed substantially all of the shrinkage that 
accompanies setting, a hydraulic cementitious aggregate 
of the type that does not shrink upon setting, such as dry 
grout 31, is placed into the space immediately beneath 
the surface 17. It is preferable to roughen the upper 
surface of the concrete 30 and the surface 17 prior to 
introducing the grout. By dry grout is means a fresh mix 
ture of fine aggregate and hydraulic cement containing 
only enough water to permit setting but insufficient to 
form a plastic mix. The cement should consist of or 
contain ingredients that prevent shrinkage upon setting 
or which, preferably, cause a slight degree of expansion 
upon setting. Such ingredients are metallic aggregates 
having the quality of expanding in volume during the 
setting and curing stages, forming a void-filling staple 
ingredient that is insoluble in water. They may contain 
iron particles or iron in the ferrous form which oxidize 
during setting, and may include an alkali to cause oxida 
tion. An example of such an ingredient is "Embeco' de 
scribed in "The Action of Embeco in Concrete and Mor 
tars,” published by The Master Builders Company, Cleve 
land, Ohio, 1935. The grout should be tamped and ham 
mered to pack it carefully and to fill all voids. The ce 
mentitious aggregate 31 is then permitted to set and ex 
pand to form a firm mass, thereby applying a slight ten 
sile stress to the welded vertical rods 18 and 19. Al 
though the preferred use of two bodies of filling material. 
30 and 31 was described it is evident that the expanding or 
non-shrinking aggregate 31 may in some instances be 
used to fill the entire space between the surfaces 13 and 
17. If desired, the welded rods can be tensioned slightly 
prior to filling the space between the surfaces 13 and 17, 
e.g., by turning the nut 24 on the leveling jack. This is 
particularly advantageous when the grout is of the type 
that does not either shrink or contract appreciably during 
setting, and may be used to form a pre-stressed connec 
tion. 

Referring to Figure 7, after the concrete or grout 3. 
has set for about ten hours a third annular reinforcing tie 
rod 32 may be attached to the rods 20 near their upper 
ends. The form is then extended by adding a section 33 
and concrete 34 is poured around the edges of the con 
Crete 31 and the lower side portions of the column 15 to 
form a protective shroud for the grout. After setting, the 
forms are stripped resulting in a structure having the 
appearance indicated in Figure 3. 
Any difference in color between the dry grout 31 and 

the Surrounding concrete areas can be remedied by apply 
ing a suitable cement wash to the surfaces concerned after 
the grout is thoroughly dry; this makes the application of 
the protective shroud 34 unnecessary in many cases. 

Referring to Figures 8 and 9, a reinforced concrete 
Wall 40 has vertical reinforcing rods 41 embedded therein 
and suitably bonded thereto. The wall has a rectangular, 
upwardly open notch 42 having a width sufficient to re 
ceive a reinforced concrete beam 43 and a depth con 
siderably greater than the depth of the beam so as to leave 
an interval between the bottom surface 44 of the notch, 
which constitutes the supporting surface of the wall and 
the lower exposed supporting surface 45 of the beam. 
The reinforcing rods 41 project upwardly from the sur 
face 44 to a height slightly below that of the surface 45. 
The beam 43 has a plurality, e.g., four, reinforcing rods 
46 embedded therein and projecting vertically down 
wardly from the surface 45, there being one rod 46 oppo 
site each rod 4t. Some of these rods may, if desired, be 
integral with the lower longitudinal reinforcing rods 47 
of the beam, while others may be inclined as shown at 
46a to transmit shear, and extend hoizontally to their 
ends, indicated at 46b. They may, if desired, be fixed to 
the upper reinforcing rods 47a. 

In making the connection the pre-cast beam 43 is placed 
into the notch 42 and supported and leveled precisely, 
both longitudinally and transversely, with the surfaces 44 
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and 45 in spaced relation to leave an intervening space; 
the leveling device in this case may be an external jack, 
indicated diagrammatically at 48. Each rod 41 is then 
welded to a corresponding rod 46, as indicated at 49, and 
a layer of concrete 50 is cast to fill the major part of the 
intervening space. When this concrete has set and corn 
pleted its shrinkage, the upper and lower surfaces of the 
remaining space are roughened and a layer of non-shrink 
ing aggregate, such as dry grout 55, which is preferably 
of the expanding type, is tamped into this space and per 
mitted to set to form a firm mass. It is evident that suit 
able forms, as previously described, as well as reinforcing 
rods may be used for the concrete 50 and aggregate 5. 
In this case, however, a cement wash would be preferred 
to the concrete shroud. The space between sides of the 
beam 43 within the notch 42 may be grouted, using grouÉ 
similar to the grout 51 or ordinary grout. 

Referring to Figure 10, there is shown a connection to a 
wall 60 that provides a vertical surface 6, and may ex 
tend above the top of the horizontal beam 62 to be Sup 
ported thereby. This embodiment illustrates the applica 
tion of the invention to the case wherein the exposed sur 
faces are vertical and the connected reinforcing bars are 
horizontal. 
The wall 60 has embedded therein horizontally project 

ing metal rods 63 which are firmly bonded to the wall, 
e.g., welded to the upright metal reinforcing rods 64 of 
the wall and/or provided with large heads 65; the rods 63 
may be made integral with the upright rods 64 and curved 
in the manner previously described for the bars 46 and 
47 in Figure 8. The projecting rods 63 are arranged in 
a geometric pattern similar to that of the longitudinal 
reinforcing rods 66 of the beam, the latter rods projecting 
horizontally beyond the vertical, initially exposed termi 
nal surface 67 of the beam; thus, four rods 63 and four 
rods 66, situated at the corners of a rectangle, may be 
used. The wall further has a shoulder or haunch 68 cast 
integrally therewith and provided with metal reinforcing 
rods 69 and 76. The beam 62 may have reinforcing rods 
71 with inclined portions, as shown, to improve trans 
mission of shear. 

In making the connection the beam may be supported 
in various ways: according to one method it is supported 
and leveled precisely by means of a jack 48, independently 
of the haunch 68, leaving a small gap between the latter 
and the beam. The surfaces 61 and 67 of the wall and 
bean are thereby placed in opposed and horizontally 
spaced relation. Each horizontally projecting rod 63 is 
then welded to a corresponding horizontally projecting 
rod 66, as indicated at 72. The intervening space be 
tween the surfaces 6 and 67 and the space between the 
haunch and the bottom of the beam are then filled with 
fresh dry grout 73 of the non-shrinking type and, prefer 
ably, of the expanding type, which hardens into a firm 
mass, the grout being well tamped into position and re 
tained by suitable forms, not shown. The grout, when of 
the expanding type, may cause a rise in the height of the 
beam but this is negligibly small because the layer of 
grout beneath the beam is quite thin. Expansion of the 
grout places the rods 63 and 66 under tension. Since 
the entire space between the surfaces 61 and 67 is, in 
this embodiment, filled with grouut of the same composi 
tion, it is desirable to control the amount of the expand 
ing ingredient of the grout to avoid excessive expansion 
such as would tension the rods sufficiently to destroy their 
bonds to the wall and beam. 

According to another method, the beam 62 may be 
placed directly on the haunch 68 without the leveling 
jack; the other operations are as described above, except 
that no grout is placed beneath the beam. With this 
method it is not possible to adjust the exact height of the 
beam independently of the haunch. 
As was stated above, the projecting rods of the several 

juxtaposed structures may be connected by means other 
than Weiding. An alternative means suitable for use in 
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areas wherein welding is not permissible, is disclosed in 
Figure 11, showing separately cast structures 75 and 76, 
having projecting reinforcing rods 77 and 78, respectively. 
When these structures are placed in the desired relative 
positions, the rods are secured by means of clamps 79 and 
80, each comprising a U-bolt 8, a wire rope clip 82 and 
a pair of nuts, of which only the nut 83 is visible in the 
drawing. The invention may also be applied to connect 
ing separately cast concrete slabs which may or may not 
have integral supporting beams. 

Referring to Figures 12 and 13, which show the appli 
cation of the invention to the joining of floor slabs that 
are separate from their supporting beams 43 that may 
be disposed in parallel relation and supported in any man 
ner, e.g., in notches in walls such as the wall 40 as pre 
viously described for Figures 8 and 9, by welding the 
terminal, vertical parts of the horizontal reinforcing rods 
47 and 47a of the beams at 49 to vertical rods of the 
wall and filling the interval with concrete 50 and expand 
ing grout 5. In addition to the horizontal reinforcing 
rods 47 and 47a the beams have embedded therein up 
right stirrups 84 that extend above the beams at the cen 
ter line and have their upper, horizontal traverses spaced 
above the beam by a distance less than the thickness of 
the floor slab to be supported. The floor slabs 85, 85a 
and 85b, are cast separately from the beams and wall 
and have widths great enough to span the interval be 
tween adjacent beams 43 but less than the center-to-center 
distance between such beams, so as to leave horizontal 
intervals between the vertical marginal surfaces of each 
pair of juxtaposed slabs resting on the same beam. The 
floor slabs carry suitable horizontal metal reinforcing 
rods 86 at a suitable level, e.g., about a third of thick 
ness above the bottom. Reinforcement may also be pro 
vided at a higher level as indicated at 37 by providing 
additional reinforcing rods or by bending some of the 
rods 86 up near the lateral margins. At least some of 
these rods project horizontally beyond the marginal sur 
faces of the slabs for distances sufficient to provide over 
lap between opposed rods on the juxtaposed slabs. 

In assembling the slabs, the latter are first placed on 
the beams 43 with the margins in supporting engage 
ment thereon and the stirrups 84 are connected to the 
reinforcing rods 86, preferably by welding. The opposed 
reinforcing rods 86 and 87 of the juxtaposed slabs are 
then connected, e.g., by welding as indicated at 88. Dry 
grout of the non-shrinking type, preferably the expand 
ing type, is then tamped into the interval between the 
slabs as shown at 89 and allowed to set to form a firm 
mass thereby effectively loading the bars 86 and 37. The 
completed connection is able to transmit bending mo 
ment, i.e., the upper rods 87 are loaded in tension and 
the lower part of the grout 89 is loaded in compression; 
for this reason the connection between the lower rein 
forcing rods 86 could be omitted under certain design 
loading conditions. At the center of the span between 
beams the slabs are, of course, subjected to a bending 
moment in the opposite sense, and inflection points occur 
between the center and the margins of the slab. It may 
be stated, however, that the invention is not strictly lim 
ited to cases wherein the reinforcing rods 86 and 87 are 
provided at different levels; in some floor slabs, rods are 
provided only at one level, sometimes near the mid-level, 
and the connection according to the invention is also ap 
plicable to joining such slabs. 

Referring to Figure 14, showing the invention applied 
to the joining of separate floor slabs that are cast integral 
to the beams, the floor slabs 90 project laterally to both 
sides of their beam portions 91, the latter being sup 
ported in any manner, e.g., in the wall 40 as described 
above for the beams 43. The combined beams and floor 
slabs carry suitable longitudinal reinforcing bars, of which 
only the rods 92 are shown, and transverse reinforcing 
bars 93 that are preferably below the mid-level of the 
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slab and may extend downwardly into the beam portions 
and anchored therein, as shown. The structures may be 
further reinforced with reinforcing bars 94 at a higher 
level above the beam portions for transmitting shear and 
to strengthen the structure for cantilever loading. The 
bars 93 project beyond the vertical marginal surfaces 95 
of the slabs and the beam portions are mounted in spaced 
relation so that the vertical surfaces 95 of juxtaposed 
slabs are spaced apart, with the bars 93 of the respective 
slabs overlapping. 
For connecting the floor slabs the projecting opposed 

bars 93 of the juxtaposed slabs are first firmly connected, 
e.g., by welding as shown at 96. The gap between the 
surfaces 95 is then filled with non-shrinking, preferably 
expanding, grout as indicated at 97, a suitable form (not 
shown) being provided. When the grout hardens to 
form a firm mass the interval between the surfaces 95 is 
filled completely and, when expanding grout is used, the 
rods 93 may be loaded slightly in tension. The con 
joined slabs are thereby adapted to be subjected to a 
bending moment such that the upper part of the slab 
is in compression. 

Referring to Figures 15-17, a reinforced concrete girder 
100 is used to support the intermediate parts of a series 
of parallel, separately cast, reinforced concrete beams 
10A, 102, it being understood that the beams are addi 
tionally supported by walls or by other girders, not shown, 
extending parallel to the girder 100. The girder 100 may 
be supported in any suitable manner on columns or the 
like, e.g., on haunches 103 projecting from a wall 104. 
Separately pre-cast reinforced concrete floor slabs 105, 
107, extend between adjacent beams or between the wall 
04 and a floor beam. 
The beams have central tongues or ridges 101a, 102a, 

extending the full lengths of the beams and shoulders 
i01b, 102b, on both sides of the ridges for supporting 
the slabs. Similarly, the wall 104 has a tongue or ridge 
104a at the outer side thereof, leaving a supporting 
shoulder 104b. The slabs rest on these shoulders and 
are positioned by the ridges; they have suitable metal 
reinforcing rods 108, 0.9, extending across the span and 
parallel to the beams, respectively. The point of novelty 
in this construction resides in the connection between the 
girder and beams, 
The girder 100 has the upper part thereof notched as 

indicated at 10, Figure 15, at each crossing of a beam 
while each beam 101, 102, etc., has the lower part there 
of notched as indicated at 111, Figure 16, at each girder. 
Vertical thrust is thus transmitted through the plane of 
contact 112 between the bases of the notches. As seen in 
Figure 15, the notches 110 need not be made substan 
tially longer (along the length of the girder) than the 
width of the beam, and they are usually made only large 
enough to permit the beams to be inserted without bind 
ing into aligned notches on a number of girders. The 
notches 111 on the beams are, however, longer (along 
the length of the beam) than the width of the girder. 
The depths of these notches are such that the shoulder 
10b of each beam is at about the level of the top of 
the girder. The girder carries suitable metal reinforc 
ing rods, such as longitudinal rods 113 and 114. Be 
neath each notch the girder has transverse metal rein 
forcing rods 15 embedded therein and projecting laterally 
beyond both sides of the girder, the overall lengths of 
the rods 115 being slightly less than the total width of 
the notches 1 in the beams. These rods 115 may be 
fixed, e.g., welded, to the rods 13. The beams carry 
longitudinal reinforcing rods 116 and 117, the latter be 
ing at the level of the notches 111 and almost in align 
ment with the rods 115 so as to be in touching, side-by 
side relation. As shown in Figure 16, the rods 117 pro 
ject into the notch 111 so as to overlap the rods 115. 
Some of the rods 117 may be bent up over the notch, 
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as indicated at 117a. The rods 116 and 17 may be con 
nected by looped rods 118. , 
In assembling the structure, the girders 100 are first 

emplaced and the beams 101, 102, are fitted with the 
notches in interlocking relation and the projecting rods 
115 in overlapping relation to the projecting rods 117. 
The overlapping rods are then firmly connected, e.g., by 
welding as shown at 119. Dry grout 20 of the non 
shrinking or, preferably, of the expanding type is then 
tamped into the space between the beam and girder sur 
rounding the connected rods to fill the notch it is and 
allowed to set to form a firm mass. A suitable form, 
not shown, may be provided for this operation. The 
notch 110 may be similarly filled with grout. The floor 
slabs 105-107 are then placed on the beams and wall, 
secured by any conventional or suitable means, such as 
hold-down bolts (not shown), and the spaces between the 
slabs and the ridges are filled with grout, as indicated at 
121. The slabs may, of course, be attached by the ar 
rangement shown in Figures 12 and 13, in which case 
the beams would have flat upper surfaces. The grout 
120, when hardened, effectively loads the lower portions 
of the beams in compression, thereby better adapting 
the beams for sustaining loads that subject it to bending 
moments at the girders in which the lower parts of the 
beams are loaded in compression. 

I claim as my invention: 
1. Method of making a connection between two sep 

arately cast concrete structures each of which has em 
bedded therein metal reinforcing rods projecting outwardly 
from a surface thereof, comprising the steps of: position 
ing the said pre-cast structures with the said surfaces 
thereof in opposite and spaced relation so as to leave a 
free intervening space; firmly securing each rod project 
ing from one of the structures to a rod projecting from 
the other structure to form for each rod a connection 
adapted to transmit tensile stress; thereafter maintaining 
the interval between said surfaces so as to hold the con 
nected rods tautly and filling the said intervening space 
completely between the said surfaces with a load-sustain 
ing material that consists essentially of a hydraulic ce 
mentitious aggregate of the type that contains expanding 
cement in amount at least to maintain its volume against 
shrinking during setting and hardens to form a firm, es 
sentially non-plastic mass; and allowing the said hy 
draulic cementitious aggregate to set, whereby the por 
tions of said connected rods between said surfaces are 
secured tautly after setting. 

2. Method according to claim 1 wherein said surfaces 
are positioned to effect an overlap between the oppositely 
projecting rods over the major part of the distance be 
tween said surfaces and the rods are secured by welding 
along substantially the full length of the overlap. 

3. Method according to claim 1 wherein the step of 
filling the intervening space includes the following oper 
ations: filling the major part of said space with concrete 
that hardens to form a firm, essentially non-plastic mass 
and leaving a small clearance immediately adjacent one 
of said surfaces; allowing said concrete to set; and there 
after tamping a dry grout into said Small clearance, said 
dry grout consisting essentially of the hydraulic cementi 
tious aggregate defined in the said claim. 

4. In combination with the steps of the method ac 
cording to claim 3, the step of placing a concrete shroud 
about the grout. - - - 

5. In combination with the steps of the method ac 
cording to claim 1, the step of moving said pre-cast struc 
tures slightly apart after securing the rods and prior to 
filling the intervening space with the load-sustaining ma 
terial to apply tension to the connected rods, and main 
taining said tension until after the said hydraulic ce 
mentitious aggregate has set. 

6. Method of making a connection between two sepa 
rately cast concrete structures each of which has em 
bedded therein metal reinforcing rods projecting outwardly 
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from a surface thereof, comprising the steps of: position 
ing the said pre-cast structures with the said surfaces 
thereof in opposite and spaced relation so as to leave 
a free intervening space; firmly securing each rod pro 
jecting from one of the structures to a rod projecting 
from the other structure to form for each rod a connec 
tion adapted to transmit tensile stress; and thereafter 
filling the said intervening space completely between the 
said surfaces with a load-sustaining material that includes 
a hydraulic cementitious aggregate of the type that ex 
pands during setting and thereby applies a tension to 
the connected rods and maintains said tension after setting. 

7. Method of erecting a pre-cast concrete structure on 
a concrete support, said structure having embedded there 
in metal reinforcing rods projecting from a surface thereof 
and the support having embedded therein metal reinforc 
ing rods projecting beyond an opposed supporting Sur 
face thereof, comprising the steps of: positioning the 
pre-cast structure in relation to the support with the said 
surfaces thereof in opposite and spaced relation so as 
to leave a free intervening space; firmly securing each 
rod projecting from the structure to a rod projecting from 
the support to form for each rod a connection adapted 
to transmit tensile stress; thereafter maintaining the in 
terval between said surfaces so as to hold the connected 
rods tautly and filling the said intervening space com 
pletely between the said surfaces with a load-sustaining 
material that includes a hydraulic cementitious aggregate 
of the type that contains expanding cement in amount 
at least to maintain its volume against shrinkage dur 
ing setting and hardens to form a firm, essentially non 
plastic mass; and allowing the said hydraulic cementitious 
aggregate to set, whereby the portions of said connected 
rods between said surfaces are secured tautly after set 
ting. 

8. Method of erecting a pre-cast concrete structure on 
a concrete supporting base, said structure having em 
bedded therein metal reinforcing rods projecting down 
wardly beneath a downwardly directed surface thereof 
and the base having embedded therein metal reinforcing 
rods projecting upwardly beyond an upwardly directed 
supporting surface thereof, comprising the steps of: posi 
tioning the pre-cast structure above the base with the 
said surfaces thereof in opposite and vertically spaced 
relation so as to leave a free intervening space; firmly 
securing each rod projecting from the structure to a rod 
projecting from the base to form for each rod a con 
nection adapted to transmit tensile stress; and thereafter 
filling the said intervening space completely between the 
said surfaces with a load-sustaining material that includes 
a hydraulic cementitious aggregate of the type that ex 
pands during setting and thereby applies a tension to the 
connected rods and maintains said tension after setting. 

9. Method of connecting a horizontal pre-cast con 
crete beam having a substantially vertical surface to an 
upright concrete support having a substantially vertical 
surface, said beam having embedded therein metal rods 
projecting horizontally beyond said surface thereof and 
said support having embedded therein metal reinforcing 
rods projecting horizontally beyond said substantially 
vertical surface thereof, comprising the steps of: posi 
tioning the beam in relation to the support wtih the said 
surfaces thereof in opposite and horizontally spaced rela 
tion so as to leave a free intervening space; firmly se 
curing each rod projecting from the beam to a rod pro 
jecting from the support to form for each rod a con 
nection adapted to transmit tensile stress; and thereafter 
filling the said intervening space completely between the 
said surfaces with a load-sustaining material that in 
cludes a hydraulic cementitious aggregate of the type 
that expands during setting and hardens to form a firm, 
essentially non-plastic mass and thereby applies a ten 
sion to the connected rods and maintains said tension. 
after setting. 

10. Method of connecting in juxtaposition separately 
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2 
cast concrete floor slabs that have embedded therein metal 
reinforcing rods projecting horizontally beyond the ad 
jacent marginal surfaces of the slabs, comprising the 
steps of: positioning said floor slabs in relation to one 
another to place said marginal Surfaces in opposed and 
horizontally spaced relation so as to leave a free inter 
vening space; firmly securing each rod projecting from 
one of the floor slabs to a rod projecting from the other 
floor slab to form for each rod a connection adapted to 
transmit tensile stress; thereafter maintaining the interval 
between said surfaces so as to hold the connected rods 
tautly and filling the said intervening space between the 
said surfaces with a load-sustaining material that includes 
a hydraulic cementitious aggregate of the type that con 
tains expanding cement in amount at least to maintain 
its volume against shrinkage during setting and hardens 
to form a hard, essentially non-plastic mass; and allowing 
the said hydraulic cementitious aggregate to set, whereby 
the portions of said connected rods between said marginal 
Surfaces are secured tautly after setting. 

11. Method of connecting a pre-cast concrete beam to 
a separately cast Supporting girder member extending 
transversely thereto at the intermediate parts of said 
members, at least one of said members having a notch 
that is materially longer than the width of the other mem 
ber, said one member having reinforcing rods embedded 
therein and projecting longitudinally into said notch from 
opposite ends thereof and said other member having a 
transverse reinforcing rod projecting laterally from the 
sides thereof, comprising the steps of: positioning said 
beam member on and transversely to said girder member 
for Support thereby with said other member at least 
partly within the said notch in the one member so as to 
leave an intervening space within the notch on each 
side of the said other member; firmly connecting each 
longitudinally projecting rod to a laterally projecting rod 
to form for each rod a connection adapted to transmit 
tensile stress; maintaining the intervals between the sides 
of said other member and the ends of the notch so as to 
hold the connected rods tautly and filling the said inter 
vening spaces about the connected rods completely be 
tween the end of the notch and the side of said other 
member with a load-sustaining material that includes a 
hydraulic cementitious aggregate of the type that con 
tains expanding cement in amount at least to maintain its 
volume against shrinkage during setting and hardens to 
form a firm, essentially non-plastic mass; and allowing 
the said hydraulic cementitious aggregate to set, whereby 
the portions of said connected rods within said load 
Sustaining material are secured tautly after setting. 

12. Method of connecting a pre-cast concrete beam to 
a separately cast Supporting girder at the intermediate 
parts of the beam and girder, said girder having an up 
wardly open notch of a length at least equal to the width 
of the beam and the beam having a downwardly open 
notch of a length materially in excess of the width of the 
girder, said beam having a longitudinal reinforcing rod 
embedded therein and projecting longitudinally into the 
latter notch from at least one end thereof and said girder 
having a transverse reinforcing rod projecting beyond a 
side of the girder beneath the said notch therein, compris 
ing the steps of: positioning said beam on the girder 
transversely thereto with the said notches in interlocking 
relation for support of the beam between bases of the 
notches with the said reinforcing rods in juxtaposition 
so as to leave an intervening space within said notch of 
the beam on each side of the girder whereat a reinforcing 
rod projects; welding each longitudinally projecting rod 
of the beam to a laterally projecting rod of the girder; 
and thereafter filling the said intervening space com 
pletely between the end of the notch and the side of the 
girder with a load-sustaining material that includes a hy 
draulic cementitious aggregate of the type that expands 
during setting and hardens to form a firm, essentially non 
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plastic means and thereby applies a tension to the con 
nected rods and maintains said tension after setting. 

13. The combination uniting separately cast, metal 
reinforced concrete structures which comprises: a first and 
a second pre-cast concrete structure, each said structure 
having a bounding surface and the said bounding Sur 
faces of the structures being situated in opposed and 
spaced relation, each of said structures having a 
plurality of metal reinforcing rods embedded therein and 
projecting beyond said surface thereof towards the 
other structure; a firm connection between each of the 
said reinforcing rods projecting from one structure and 
a reinforcing rod projecting from the other structure 
adapted to transmit tensile stress; and a firm, essentially 
non-plastic and cohesive, load-sustaining material consist 
ing essentially of hardened hydraulic cementitious aggre 
gate which contains hardened expanding cement extend 
ing continuously between said surfaces and surrounding 
the said projecting rods and the said connections thereon, 
said material being under compressive stress and said 
connected projecting reinforcing rods being under tensile 
StreSS. 

14. A combination according to claim 13 wherein said 
precast concrete structures are concrete floor slabs, said 
terminal surfaces thereof are adjacent lateral marginal 
surfaces thereof, and said reinforcing rods project hori 
zontally from said marginal surfaces. 

15. In combination with the elements recited in claim 
14, a support beam having an upwardly projecting metal 
reinforcing rod embedded therein, the said lateral mar 
gins of the two floor slabs being in supported engagement 
on the said beam on opposite sides of said upwardly pro 
jecting rod, the last-mentioned rod being firmly secured 
to said horizontally projecting rods of the floor slabs, and 
the said rods of the floor slabs and the said load-sustaining 
material being all situated above the said support beam. 

16. In combination with the elements recited in claim 
14, a pair of spaced support beams, each said floor slab 
being supported at the intermediate part on one of the 
said beams and projecting laterally beyond said beams, 
the said adjacent marginal surfaces of the floor slabs are 
situated between the said support beams. 

17. A combination according to claim 13 wherein one 
of said concrete structures is a girder member and the 
other is a beam member extending transversely thereto, at 
least one of said members having a notch that is material 
ly longer than the width of the other member and said 
other member being situated at least partially within the 
notch with the sides thereof in spaced relation to the ends 
of the notch, each end of said notch constituting a bound 
ing surface of the member containing the notch and each 
side of said other member constituting a bounding sur 
face thereof. 

18. The combination uniting a pre-cast concrete girder 
and a separately pre-cast concrete beam which comprises: 
a girder having an upwardly open notch at an interme 
diate part thereof, said notch having a length at least 
equal to the width of the beam; a beam extending trans 
versely to the girder having a downwardly open notch at 
an intermediate part thereof and supported from said 
beam through the bases of the said notches, said notch 
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in the beam having a length which is materially in excess 
of the width of the girder and extends to each side of the 
girder; a longitudinal metal reinforcing rod embedded in 
the beam on each end of the notch and projecting longi 
tudinally into said notch toward the girder; a transverse 
metal reinforcing rod embedded in the girder beneath the 
notch therein and projecting laterally beyond the sides of 
the girder into the notch in the beam; a firm connection 
between each said longitudinally projecting rod and said 
transverse metal rod; and a firm, essentially non-plastic 
and cohesive, load-sustaining material consisting essen 
tially of hardened hydraulic cementitious aggregate which 
contains hardened expanding cement extending continu 
ously between each side of the girder and the ends of the 
notch in the beam and surrounding the said projecting 
rods and the said connections thereon, said material being 
under compressive stress. 

19. The combination uniting a concrete base and a 
structure comprising: a pre-cast concrete base having an 
upwardly directed supporting surface and a plurality of 
metal reinforcing rods embedded therein and projecting 
upwardly above said surface; a pre-cast concrete structure 
supported by said base and having a downwardly directed 
surface situated in vertically spaced relation above said 
supporting surface, said pre-cast structure having metal 
reinforcing rods embedded therein and projecting down 
wardly below said surface thereof; a firm connection 
between each said reinforcing rod projecting from the 
structure to a corresponding reinforcing rod projecting 
from the base adapted to transmit tensile stress between 
the rods; and a firm, essentially non-plastic and cohesive, 
load-sustaining material consisting essentially of hardened 
hydraulic cementitious aggregate which contains hardened 
expanding cement extending continuously between said 
surfaces and surrounding the said projecting rods and 
the said connections thereon, said material being under 
compressive stress and said welded rods being under ten 
sile stress. 

20. A combination according to claim 19 wherein said 
downwardly projecting rods are arranged in a pattern 
corresponding to the pattern of the upwardly projecting 
rods and each rod is substantially in alignment with the 
downwardly projecting rod connected thereto, both groups 
of rods extending sufficiently beyond their respective sur 
faces to overlap over a major part of the vertical distance 
between the said surfaces, and said firm connections are 
weldments extending substantially over the full lengths 
of the overlapping portions of the rods. 
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