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CRACK INJECTOR SYSTEM

FIELD OF THE INVENTION

5
The invention relates to the field of crack repair of structures. In particular, the
invention provides for the low-pressure injection of a crack repair substance
into a crack above and including a predetermined minimum pressure and
below and incfuding a predetermined maximum pressure.
10

BACKGROUND

Buildings, bridges, tunnels, roads and facilities, water/sewerage works and
facilities, portharbour facilities and like structures undergo repair work

15 everyday. One type of repair work that is constantly carried out is the repair

- of cracks formed in such structures. Since cracks can vary in magnitude and

severity, from smail hairline cracks in plaster walls to large faults in load-
bearing structural elements, such as concrete columns or beams, it is
imperative that the repair work is properly and correctly carried out. If the

20 repair work is not properly and correctly carried out, adversities ranging from
reduced aesthetics to safety hazards may occur.

Currently, a number of crack repair systems are commercially available. One
such system is shown in Figs. 7 to 7F. A crack bond system 170 shown in

25 Fig. 7 is assembled from several parts shown in Figs. 7A to 7F. Figure 7A
shows a container hoider 172 affixed to a close parallel container 178. The
close parallel container 178 has an accordion-like collapsible wall or bellows-
like section. A threaded body 184 with an injecting nozzle 182 and a non-
return bulb 192, as shown in Fig. 7B, is screwed into the container holder 172,

30  which has an aperture with internal threading (not shown) for mating
engagement with the threaded body 184. The tip of a pump is required to be
inserted into the injecting nozzle 182. The non-return bulb 192 is normally a
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ball restrained by webbing or a net and is disadvantageous because the ball
frequently does not return to its proper position. The container 178 has a
neck with external threading that is inserted into and projects through a hole in
a push plate 194 shown in Fig. 7C. The projecting neck can be connected to
a plug 200 shown in Figs. 7 and 7D. The plug 200 is affixed to the surface of
the structure under repair for its crack. A biasing assembly of a nut 196, a
bolt 198, and a spring 224, is shown in each of Figs. 7E and 7F. These
biasing assemblies are used to bias the container holder 172 and the push
plate 194 towards each other, when assembled as shown in Fig. 7.

The springs 224 in the biasing assemblies apply forces to collapse the
accordion-like wall of the close parallel container 178 when the close parallel
container 178 is empty. When the close parallel container 178 is injected with
grout, a crack repair material for filling a crack, through the injecting nozzle
182, the accordion-like wall of the close parailel container 178 expands
substantially in a lengthwise manner. When the accordion-like wall opens up,
the container holder 172 and the push plate 194 are forced apart, resulting in
compression of the springs 224. The springs 224 are compressed further
when more grout is injected into the close parallel container 178.
Compressive energy is stored in the springs 224.

While the crack bond system 170 provides for the repair of cracks in
structures, it suffers from several disadvantages. From the foregoing
description of the crack bond system 170, it is apparent that the internal
surface of the accordion-like collapsible wall of the close parallel container
178 is capable of retaining residual grout. Also, the different springs 224 in
the different biasing assemblies may have different properties and thus may
store different amounts of compressive energy for the same amount of
compression. Hence upon releasing the stored compressive energy, the
extension in the different springs 224 may differ. Also, stronger springs are
also normally heavier, and therefore because two springs are required the

entire assembly becomes significantly heavier.
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More importantly, however, the crack bond system 170 is unable to readily
provide an accurate indication of the pressure of the grout injected into a
crack under repair. Normally, a worker must visually gauge the length of the
expanded close parallel container 178 and determine a pressure [evel
equivalent to that displacement. Naturally, this is a highly imprecise pressure
measurement mechanism and non-repeatability of accurate measurements is
often encountered. In the field of crack repair, there are also conditions
prescribed by relevant authorities under which crack repair must be carried
out. One such condition is that the pressure of the injected grout must be
more than or equal to a minimum prescribed pressure so that bubbles are not
formed in the grout that fills the crack. Anocther such condition is that the
pressure of the injected grout must also be less than or equal to a maximum
prescribed pressure so that the crack will not be enlarged or deepened during
the repair process. The system of Fig. 7 is disadvantageous in that any
positive pressure is the minimum pressure with which the closed paraliel
container 178 begins to expand. Again, it is also only possible to determine a
maximum pressure roughly by “eyeballing” the extension of the closed paraliel
container 178. Unfortunately, if too much pressure is exerted, grout can
escape through the threading between the threaded body 184 screwed into
the container holder 172. Consequently, excess pressure can lead to
rupturing of and damage to the crack bond system.

Clearly, a need exists for an improved crack repair system for low-pressure
injection of a fluid, adhesive system into a crack.

SUMMARY

Various aspects of the invention are directed to ameliorating or overcoming
one or more disadvantages of conventional crack repair systems. In
particular, the aspects of the invention are directed to addressing the
disadvantages associated with conventional crack repair systems that do not



10

15

20

25

30

WO 00/57001 . PCT/SG99/00019

4

provide an indication of the pressure with which crack repair substances are
injected by conventional crack repair systems into cracks.

In accordance with a first aspect of the invention, there is an apparatus for
injecting a fluid substance into a crack, the apparatus including: a housing
having an internal cavity, at least a portion of the housing being at least
partially transparent; a substantially plate-like member disposed within the
internal cavity of the housing, the periphery of the plate-like member
contacting one or more internal surfaces of the housing defining the internal
cavity; means for fluidly communicating the fluid substance between one side
of the plate-like merhber and the crack; and means for biasing the plate-like
member in a first direction within the housing, the plate-like member and the
biasing means being responsive to pressure created by the fluid substance in
fluid communication with the crack and the plate-like member, the plate-like
member able to move in an opposite direction when the pressure exerted
against the plate-like member exceeds a predetermined minimum pressure, at
least a portion of the plate-like member being visible through the at least
partially transparent portion of the housing to indicate the pressure exerted by
the fluid substance against the plate-like member.

In accordance with a second aspect of the invention, there is disclosed A
method of injecting a fiuid substance using a housing having an internal cavity
and a plate-like member for filling a crack in a structure, the method including
the steps of: communicating fluidly the fluid substance between one side of
the plate-like member and the crack; biasing the plate-like member to provide
pressure in response to pressure exerted by the fluid substance in fluid
communication with the side of the plate-like member and the crack, wherein
the plate-like member is displaced in an opposite direction when the pressure
exerted by the fluid substance exceeds a predetermined minimum pressure;
and indicating visually the pressure exerted by the fluid substance against the

plate-like member.
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5
BRIEF DESCRIPTION OF THE DRAWING

Embodiments of the invention are described hereinafter with reference to the
drawings, in which:

Fig. 1 is a perspective view of a crack injector system according to a first
embodiment of the invention;

Fig. 2 is an exploded perspective view of the crack injector system of Fig. 1;
Fig. 3is an elevational view of the crack injector system of Fig. 1;

Fig. 4A is an elevational view of the cylindrical body and spring of the crack
injector system of Fig. 1;

Fig. 4B is an elevational view of a plug and rubber washer of the crack injector
system of Fig. 1;

Fig. 4C is an elevational view of the stem of the crack injector system of Fig.
1 |

Fig. 4D is an elevational view of a lid-like cap of the crack injector system of
Fig. 1;

Fig. 4E is a bottom plan view of the lid-like cap of Fig. 4D;

Fig. 4F is a cross-sectional view of the lid-like cap taken along line 4F in Fig.
4D.

Fig. 5A is an elevational view of the crack injector system of Fig. 1 in an initial
state of use where the system is empty;

Fig. 5B is an elevational view of the crack injector system of Fig. 1 partially
filled with epoxy in used;

Fig. 6 is an elevational view of a non-return valve used in the crack injector
system of Fig. 1; and

Fig.7 is a perspective view of a conventional crack injector system.

Fig. 7A-7B are perspective views of parts when assembied form the
conventional crack injector system of Fig. 7.

DETAILED DESCRIPTION
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A method and an apparatus for repairing cracks in structures are described
hereinafter. In the following description, numerous specific details, such as
the construction and shape of structures like a cap or a plug, are described in
detail in order to provide a more thorough description of the present invention.
It will be apparent, however, to one skilled in the art, that the present invention
may be practiced without these specific details. In other instances, well-
known features or structures, for example a coil-spring, are not described in
detail so as not to unnecessarily obscure the invention.

The embodiment of the invention described hereinafter provides an apparatus
for low pressure and low speed injection of a crack repair substance, grouting
material, or other fluid adhesive substance into a crack in a structure. The
crack injector system maintains pressure of the grouting material, preferably
an epoxy resin, at a minimum of preferably 1 kgf/cm?® and a maximum of
preferably 3kgf/lem® The crack injector system when fully filled with epoxy
resin, ejects the epoxy resin with the maximum pressure of 3 kgffem? into the
crack and has a capacity of preferably 53 cc when fully filled with epoxy resin
(see Table 1).

Table 1
Spring Pressure Quantity
| Extension (mm) (kgffem?) (cc)

1 .. 1.1 26
3 1.3 7.8
5 1.5 13.2
7 1.7 16.8
10 20 26.5
13 2.3 34.3
15 2.5 39.7
20 3.0 53.0
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7
The crack injector system can be used for structural/non-structural crack
repair of structures such as buildings, bridges and tunnels, roads and
facilities, etc. In addition, the apparatus permits the use of both low and high
viscosity grouting materials for finer and larger cracks, respectively. The
crack injector system can be used with a grease-pump type device, foot
pump, or similar device to low-pressure inject the epoxy resin.

Figs. 1-3 are perspective, exploded perspective, and elevational views of the
crack injector éystem 100. The crack injector system 100 is an assembly of
six parts. It includes a pusher 120, a lid-like cap 140, a cylindrical member
102, a coil spring 108, a plug 110 and a non-return valve 130. The
dimensions of the crack injector system 100 are preferably 105 mm in length
and 48 mm in diameter. The coil-spring 108 is coiled around the pusher 120
and disposed in the cavity of the cylindrical body 102. Epoxy resin or the like
can be pumped through a cavity 128 of the pusher 120, which ejects the
epoxy resin into a crack of a structure via the centre aperture of the plug 110.
The non-return valve 130 is preferably made of a rubbery material and has a
radially protruding ridge at the tip, which prevents the leakage or back fiow of
the epoxy resin, grouting or like material into the cavity 128.

Fig. 4A is an elevational view of the cylindrical member 102. The transparent
cylindrical member 102, which is preferably transparent, has a cyiindrical body
104. The cylindrical body 104 has an orifice at one end and an annular
bottom with a central aperture at the other end defining an intemnal cavity.

The cylindrical body 104 also has graduated markings 160 along the surface
of its body for indicating the pressure of the grouting material within the crack.
Preferably, the markings directly indicate the displacement of a plate in mm.
Preferably, the body 104 also has a band marked circumferentially on its outer
surface for indicating a desired maximum pressure level. The cylindrical
member 102 also has a neck or skirt 106 with external threading that depends
from the annular bottom of the cylindrical body 104. The neck 106 is
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integrally formed with the cylindrical member 102 and is preferably made of a
rigid, largely transparent material, such as hardened plastic.

Fig. 4B is an elevational view of the plug 110 and an annular washer 118, the
latter being preferably made of rubber. The plug 110 has a plate-like base
112, which is preferably octagonally shaped and substantially flat with an
aperture in the center. Plug stem 114 extends between the base 112 and a
cylindrical cap 116 of the plug 110. The stem 114 also has a cyiindrical cavity
formed length\}.'ise through the stem'’s center, which preferably has lengthwise
ribs (not shown) protruding into the cylindrical cavity. The cylindrical cap 116
has internal threading, which can be matingly engaged with the external
threading of the neck 106. The cap 116 also has an open orifice at one end
and an annular bottom at the other, The plug 110.is made of a rigid material,
preferably plastic. A rubber washer 118 can rest on the annular bottom of the
cap 116 and provide a seal between the cap 116 and the neck 106 of the
cylindrical body 104, |

Fig. 4C is an elevational view of the pusher 120. The pusher 120 has an
elongated, cylindricai stem 122. The cylindrical stem 122 has a band-like
groove formed circumferentially on its external surface and proximal to one i
end. It also has a frustum shaped portion formed between the one end of the

cylindrical stem 122 and the band-like groove. The frustum portion and

groave form a tip or nipple for “clip-on” connection with a nozzle, preferably a

flexible one, of a pump for pumping epoxy or other fluid substance. This

permits easy connection and removal of pump fittings from the injector system

100. The cavity 128 of the elongated stem 122 is cylindrical and has a

diameter slightly larger at the end opposite the nipple for housing a non-return

valve 130. A disc-like plate 124 extends radially from the stem 122 and is

proximal to the end of the stem having the enlarged portion of the cavity 128.

The plate 124 is formed integrally and concentrically with the stem 122. The

outer peripheral edge of the plate 124 has an annular groove 126 for receiving

10 W



WO 00/57001 . PCT/SG9%5/00019

10

15

20

25

30

9
an O-ring 126. The O-ring 126 is preferably made of a rubbery material. The
pusher 120 is made of a rigid material, which is preferably hardened plastic.

Fig. 4D is an elevational view of the lid-like cap 140 of the crack injector
system 100. The lid-like cap 140 has a flat upper surface and a ring-like outer
skirt depending from the upper surface and concentrically aligned with a
smaller diameter inner skirt that depends from a bottom surface of the cap
140. The inner and outer skirts 144 and 146 (shown in a bottom plan view in
Fig. 4E and in cross-sectional view in Fig. 4F) thereby form an annular groove
148, which can receive the circular edge of the arifice of the cylindrical body
104. The lid-like cap 140 also has a circular aperture formed through the
centre of the cap 140. An epoxy can be piaced in the groove to fasten the
cylindrical body 104 and cap 140 together. A hexagonal housing 142 is
integrally formed with the upper-surface of the lid-like cap 140 and has a
central circular cavity. The circular cavity extends through the centre of the
hexagonal housing 142 and the cap 140 and permits reciprocal engagement
between the cap 140 and the housing 142 on the ane hand and the elongated
cylindrical stem 122 on the other. The cap 140 and the housing 142 are
made of a rigid material, preferably hardened plastic.

Fig. 6 is an elevational view of the non-return valve 130. The non-return valve
130 has a conical portion 130A at one end forming a radially protruding ridge.
The conical portion 130A is followed immediately by a frustum portion 130B
forming a second radially protruding ridge displaced from it. The frustum
portion 130B is then followed by tapered mid-section 130C, and the non-
return valive ends with a largely cylindrical portion 130D. The cylindrical
portion 130D has four lengthwise grooves formed therein to provide four
lengthwise outwardly protruding ribs between which epoxy can fiow.

The crack injector system 100 is described hereinafter in greater detail with
reference to Fig. 3. When the crack injector system 100 is assembled, the
end of the elongated stem 122 having the disc-like plate 124 is disposed in
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10
the internal chamber or cavity of the cylindrical body 104 through its orifice.
The O-ring 150 is disposed in the annular groove 126 of the plate 124 to
provide a seal between the plate 124 and the internal surface of the cylindrical
body 104 in its rest position. The plate 124 is preferably displaced from the
end of the stem 122 6pposite the nipple so that the end of the stem 122
opposite the nipple fits in the internal cavity of the neck 106 and the plate is
near, or more preferably directly contacts, the annular bottom of the cylindrical
body 104. The non-return vaive 130 is disposed in the enlarged portion of the
cavity 128 at the end of the elongated stem 122 opposite the nipple.

When inserted into the stem 128, a pin (not shown) can be passed through
opposite holes in the stem 128 to hold the valve 130 in place within the stem
128. The coil-spring 108 is coiled around the longer portion of the pusher 120
on the opposite side of the plate and located in the cavity of the cylindrical
body 104. The lid-like cap 140 inter-engages and is affixed to the cylindrical
body 104 to enclose the coil spring 108 between the plate 124 and the bottom
surface of the cap 140 with the cylindrical member 102. Preferably, the coil
spring 108 is compressed enough to keep the plate 124 firmly pressed
against the annular bottom surface of the cylindrical body 104 in the system’s
rest position. The external thread of the neck 106 of the cylindrical member
102 can be screwed into the cylindrical cap 116 of the plug 110.

Figs. 5A and 5B are elevational views of the crack injector system 100 in an
initial-state of use where the crack injector system 100 is empty and when the
crack injector system 100 is partially filled with epoxy resin in use,
respectively. To fill a crack with the epoxy resin or the like, a pump for
injecting the substance is connected to the tip or nipple formed by the frustum
and groove portions of the cylindrical stem 122. Specifically, the nozzle of the
pump engages or clips on the tip or nipple of the cylindrical stem 122, and the
epoxy resin is pumped into the cylindrical cavity 128 using well-known
methods. The tip of the stem 122 allows manpower reduction.While the
epoxy resin is pumped into the cylindrical cavity 128, the epoxy resin flows

T
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along the length of the cylindrical cavity 128 and over the portions 130A,
130B, 130C, and 130D of the non-return valve 130.

The epoxy resin first flows into and fills up the cylindrical cavity of the piug
stem 114. Since the cylindrical cavity of the plug stem 114 is in fiuid
communication with the crack under repair, the epoxy resin also flows into the
crack. Resistance or opposition to the flow of epoxy resin into the crack
buiids up pressure in the epoxy resin in the crack. Consequently, this
pressure is transferred to the epoxy resin within the cylindrical cavity of the
plug stem 114. This pressure is countered by a back pressure formed at the
end of the stem 122 fitted into the internal cavity of the neck 106 by the coil-
spring 108 biasing the plate 124 toward the crack. When this pressure
exceeds the back pressure provided by the end of the stem 122 fitted into the
internal cavity of the neck 106, the entire pusher 120 is pushed away from the
epoxy resin building up in the cylindrical cavity of the plug stem 114. At this
point, the pressure in the epoxy resin reaches a predetermined minimum
pressure, preferably 1 kgffcm?. When the entire pusher 120 is pushed away
bythe epoxy resin and more epoxy resin is pumped into the cylindrical cavity
128, the epoxy resin starts to fill up the neck 106. While the end of the stem
122 is continuously displaced from the neck 1086, the stem 122 disengages
from the neck 106 at a particular point. At this point, the epoxy resin starts to
flow into the cavity of the cylindrical body 104. The pressure exerted by the
increasing volume of epoxy resin then acts on the inner surfaces of the
cylindrical body 104 and in particular the plate 124. The surface of the plate
124 in contact with the epoxy resin also develops a back pressure as such.
While the pressure of the epoxy resin flowing into the cavity of the cylindrical
body 104 continues to exceed that of the back pressure created by the coil-
spring 108, the plate 124 is pushed rearwardly by the epoxy resin. The plate
124 compresses and therefore loads the coil spring 108.

The pressure of the epoxy resin flowing into the cavity of the cylindrical body
104 also acts on the non-return valve 130 in a direction against the flow of the



WO 00/57001 PCT/SG99/00019

10

15

20

25

30

12
epoxy resin over the non-return valve 130. Due to the construction of the
non-return valve 130 and the internal chamber 128, the back fiow of epoxy .
resin is unable to overcome the back pressure provided by both the frustum
portion 130B and the conical portion 130A.

When the cavity of the cylindrical body 104 is filled with sufficient epoxy resin
(shown in Fig. 5B) to a desired level, preferably 3 kgf/cm? or 20 mm, the
introduction of the epoxy resin is stopped. Advantageously, the pressure of
the epoxy resin within the crack can be visually checked in an accurate
manner using the graduated markings 160 as described in the foregoing.
That is, the position of the plate 124 within the cavity of the cylindrical body
104 relative to the fixed markings on the cylindrical body 104 indicates the
pressure of the epoxy resin in the crack. It can also be used fo determine the

quantity of epoxy resin.

When the epoxy resin stops flowing into the cavity of the cylindrical body 104,
the plate 124, biased by the loaded coil spring 108, starts to exert a pressure
on the epoxy resin in the cavity of the cylindrical body 104. This pressure acts
to eject the epoxy resin from the cavity of the cylindrical body 104 through the
cylindrical cavity of the plug stem 114 into the opening of the crack. As the
self-injection system 100 is constructed to generate a predetermined
minimum pressure, preferably 1 kgffcm? and a maximum pressure, preferably
3kgf/cm?® on the epoxy resin, the epoxy resin is hence ejected by a pressure
within this range dependent upon the viscosity of the epoxy resin and its
curing or hardening time rate. Also, since the plate 124 continuously exerts

the pressure on the epoxy resin without any intervention until the
predetermined minimum threshold pressure of 1 kgflem? is reached, the
ejection of the epoxy resin ensures that a predetermined minimum pressure is
produced in the crack. A further advantage of this invention is that the
pressure within the system can be easily determined, ensuring that a user can
accurately determine the pressure and prevent rupture or damage to the

system.

Him
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In the forgoing manner, an apparatus and a method for repairing cracks in
structures are disclosed. However, it will be apparent to one skilled in the art
in view of this disclosure that numerous changes and/or modifications can be
made without departing from the scope and spirit of the invention.
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VIR
1. An apparatus for injecting a fluid substance into a crack, said

apparatus inciuding:

a housing having an internal cavity, at least a portion of said housing
being at least partially transparent;

a substantially plate-like member disposed within said internal cavity of
said housing, the periphery of said plate-like member contacting one or more
internal surfaces of said housing defining said internal cavity,;

means for fluidly communicating said fluid substance between one side
of said plate-like member and said crack; and

means for biasing said plate-like member in a first direction within said
housing, said plate-like member and said biasing means being responsive to
pressure created by said fluid substance in fiuid communication with said
crack and said plate-like member, said plate-like member able to move in an
opposite direction when said pressure exerted against said plate-like member
exceeds a predetermined minimum pressure, at least a portion of said plate-
like member being visible through said at least partially transparent portion of
said housing to indicate said pressure exerted by said fiuid substance against

said plate-like member.

2. The apparatus according to claim 1, wherein said
communicating means includes a valve for controlling flow of said fluid

substance in one direction.

3. The apparatus according to claim 2, wherein said at least
partially transparent portion of said housing includes graduated markings for
visually indicating said pressure exerted by said fluid substance against said

plate-like member.

4. The apparatus according to claim 3, wherein said biasing means

mULLLS

includes a coil-spring.
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communicating means includes an elongated member having an intemal

5. The apparatus according to claim 4, wherein said

cavity, said slongated member being coupled to said ptate-like member and
said valve being housed in said internal cavity.

6. The apparatus according to claim 5, wherein said graduated
markings further include a substantially calibrated range of indication for
indicating said pressure exerted by said fluid substance, said range being
between and including 1kgf/cm? and 3kgf/cm? and said predetermined
minimum pressure being 1kgf/cm?.

7. The apparatus according to claim 6, wherein said graduated
markings further include substantially calibrated range of indication for
indicating the volume of said internal cavity of said housing, said range being
between 2.6 cc to §3cc.

8. A method of injecting a fluid substance using a housing having
an internal cavity and a plate-like member for filling a crack in a structure, said
method including the steps of:

communicating fluidly said fluid substance between one side of said
plate-like member and said crack;

biasing said plate-like member to provide pressure in response to
pressure exerted by said fluid substance in fluid communication with said side
of said plate-like member and said crack, wherein said plate-like member is
displaced in an opposite direction when said pressure exerted by said fluid
substance exceeds a predetermined minimum pressure; and

indicating visually said pressure exerted by said fluid substance against
said plate-like member.

9. The method according to claim 8, wherein the biasing step
includes the step of biasing said plate-like member using a spring.

R Y ) O
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10. The method according to claim 8, wherein the indicating step
includes the step of using a partially transparent material to form at least a
portion of said housing so that said plate-like member is visible through said
at least partially transparent portion of said housing to indicate said pressure
exerted by said fluid substance against said plate-like member.

11.  The method according to claim 10, wherein the indicating step
further includes the step of providing said at least partially transparent portion
of said housing with graduated markings, at least one of said graduating

markings indicating said predetermined minimum pressure.
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