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Photo 1.
Technician is injecting
» epoxy through ports
into cracks. Entry port
spacing depends on
crack width, type of
epoxy, and thickness of
concrete member. The
surface seal (epoxy
paste) contains the
liquid epoxy during
injection and curing.

Photo 2.

& Grinders with special

~ blades V or square
shaped called "crack
chasers" routes out
sealant reservoir. Small
diameter blades can cut
smaller radii so they
can chase the crack
better than larger
diameter blades.

Photo 3.

Before repair - random
dry shrinkage crack in
polished, integral
colored floor.

Photo 4.
After repair: crack
sealed using a two-part
polyurea, colored sand
- and powered coloring
I to match integral
colored concrete. To
minimize crack width
repair, so sealant
reservoir was used.
Reservoir not required
for dormant cracks.
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Photo 5.

Concrete Cracking I Polyurethane injection
It happens. Here's how to fix it. = 4 is primarily used to stop
Guest Writer: Kim Basham PhD, PE ~ £2 " water leaks. Here the

I § technician is pumping
Concrete cracks and that's a fact! Because of resin through ports to
this reality, sometimes we need to repair seal water leaks around
cracks. But with so many options, how do we steel pipe.
choose the best repair procedure? It's not as
hard as you may think. After investigating Photo 6.
the cracks and establishing the repair M Dry packing a low-
objectives, selecting the best repair method 7 = ™&===s& water cement mortar
can be easy. e into a widened crack is

EI s R i an economical repair
This summary of crack repair options : option for wide,

includes dormant cracks.

epoxy injection, B Photo 7.
routing and sealing, Thin polymer-modified
stitching and doweling, & cement overlay can be
gravity filling, 2 used to seal multiply
polyurethane injection, surface cracks in slabs
dry packing, and pavements. Special
overlays and surface treatments, design consideration
autogenous healing and must be given to active
"no repair." cracks and joints to
avoid reflective
Investigating Cracks cracking through the
Investigators typically collect and evaluate overlay.
lots of crack information. Commonly, they
evaluate the number and location of cracks, crack patterns (horizontal, vertical,
diagonal, eggshell, etc.), crack lengths, widths and depths, age or time of occurrence,
and reinforcement details including the size and number of bars passing through cracks
plus the concrete cover. All this information is important when considering repair
options, but one of the keys to selecting the best repair procedure is determining
whether the cracks are active or dormant.

Active cracks are moving and growing. Examples include cracks resulting from
continuing foundation settlement, or cracks acting as contraction and expansion joints.
Dormant cracks are stable and future movements are not anticipated. Typically,
cracking caused by drying shrinkage will be active cracks at the beginning but
eventually stabilize and become dormant. Also, if there is enough reinforcing crossing
through the crack, future movements are controlled and the crack can be considered
dormant.

Once a crack is determined to be either active or dormant, these basic repair procedures
are indicated:

e For dormant cracks, use either rigid or flexible repair materials.
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e Active cracks require flexible repair materials and special design considerations
to allow for future movements. Using a rigid repair material for active cracks
typically results in cracking of the repair material and/or the adjacent concrete.

Of course, it is important to establish the cause of cracking and to determine if the
cracking is structurally significant or not. Cracks that indicate there may be design or
construction errors and raise concerns regarding the load-carrying capacity and safety
are structurally significant. Cracks can be the first signs of serious trouble or they may
be the total extent of the damage and insignificant with regards to the load-carrying
capacity of the member. Cracking can be load-induced or related to intrinsic volume
changes such as drying shrinkage, thermal expansion and contraction and may or may
not be significant. Before selecting a repair option, identify the cause and consider the
significance of the cracking.

Increasing the width wversus depth will
ncrease the sealants abdity 1o tolerate hubura
crack moments. Use 1:1 to 1:2 shape factors

r Concrete

120 Max Strain = 32%

11N hax Sirain = 62%

2143 ha Strgin = D%

3001 ()

Man Strivn
= Srain Capacity
{6 sliab vty ol -chop 0020 Lo
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Repairing cracks caused by design and
construction errors is beyond the scope of this
article. Such a situation typically requires a
comprehensive structural analysis and special
strengthening techniques.

Repair Objectives
Repair objectives for cracks commonly include

Restoring the structural soundness or
integrity of a concrete member,

Stopping water leaks or sealing out water
and other harmful elements such as deicing Sauare Groove with Bond Breaker

chemicals, and geamy Tj

——

Improving the appearance of the crack are I_.;_..
common repair objectives. i e
(Polyethylene | __Crack

Considering these objectives, repairs can be stripe in tape)
. . . Bond Breaker allows sealants to
loosely divided into three categories: fresly assume parabollc shape.

Min 1/4" Width & Depth

1. Integrity repairs (restores the member to Square Groove with Sand Support
the original strength), e TSand

2. Crack sealing, and Eemar%:nt

3. Cosmetic repairs. | depth

. . . . Sand supp.nurts
With the popularity of architectural concrete in sealant and

recent years, the demand for cosmetic crack m"’::‘::k'“” ‘ —Crack
repairs is growing. Sometimes integrity repairs

and crack sealing are required to be cosmetic
repairs too. Before selecting the repair technique, D
be sure to clearly establish the objectives of the seatamt [ =l
crack repair.

Square Groove with Backer Bar

In summary, there are three key questions that  Backer Rod
must be answered before the best repair option
can be selected:

1. Are the cracks active or dormant?
2. Is the repair an integrity repair or crack sealing?
3. Is the repair a cosmetic repair?

Once these questions are answered, it is easy to select one of the following repair
options.

Crack Repair Options

Epoxy Injection

Epoxy injection bonds or welds cracks as narrow as 0.002 inches together and restores
concrete soundness and integrity. This method consists of installing injection ports into
drilled holes at close intervals along horizontal, vertical or overhead cracks and
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pressure-injecting epoxy. Cracks injected with epoxy need to be dormant and not
actively leaking. While moist cracks can be injected, water or other contaminates will
reduce the effectiveness of the epoxy repair. (PHOTO 1)

Tensile strengths for epoxies exceed 5,000 psi. For this reason, epoxy injection is
considered an integrity repair. Epoxy injection will not restore design strengths nor
strengthen cracked members damaged because of design or construction errors. Seldom
will injecting cracks with epoxy resolve issues associated with load-carrying capacity
and structural safety concerns.

Epoxy injection is a rigid, full-depth repair where the injected crack will be stronger
than the adjacent concrete. If active cracks or cracks acting as contraction or expansion
joints are injected, expect other cracks to form next to or far away from the repaired
crack. Only inject dormant cracks or cracks that have sufficient amounts of reinforcing
crossing the crack so future movements are restrained. Table 1 summarizes the
important selection features of this and the other repair options.

rable 1: SUrnimary of.Crack Repair. Options
Repair Mathod | Active Cracks  Dormant Cracks Integrity Repair  Crack Sealing

Epoxy
Injection . - \/

Routing & /
Sealing

Stitching &
Doweling \/’

Gravity

Filling

Polyprethane o
Injection:

Dry
Packing

Overiay &
surface Treatments. o

Autngenuu&
Healing

Routing and Sealing

This is the simplest and most economical means to repair isolated, fine and large
cracks. It is a nonstructural repair that consists of enlarging the crack and filling it with
a suitable joint sealant. Depending on the size and shape of the sealant reservoir and the
type sealer used, routing and sealing can seal both active and dormant cracks. This
method is ideal for horizontal surfaces but can also be used for vertical, overheads and
curved surfaces.

Appropriate sealants include epoxies, urethanes, silicones, polyureas, asphaltic

materials and polymer mortars. For floors, designers must choose a sealant with
suitable flexibility and hardness or stiffness properties to accommodate both the
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anticipated floor traffic and future crack movements. As the flexibility of the sealant
increases, tolerance to crack growth and movement increases but the load carry-
capacity of the sealant and crack edge support decreases. As the hardness increases,
load carry-capacity and crack edge support increases but the crack movement tolerance
decreases. For dormant cracks, harder sealants are preferred because of the better edge
support. For active cracks, flexible sealers are preferred but the load-carrying capacity
of the sealant and crack edge support should not be sacrificed.

Some designers prefer to err on the side of specifying a sealant that is too hard so that
any crack repair failures, if they occur, are limited to sealant cracking or tearing.
Resealing a sealed crack is easier than repairing crack edge spalling.

For active cracks, the size and shape factor of the sealant reservoir is just as important
as selecting a suitable sealant that can accommodate the anticipate crack movements.
The shape factor is the depth to width ratio of the sealant reservoir. In general,
recommended shape factors are 1:2 (%) and 1:1 ( See Figure 1). Reducing the shape
factor (by increasing the width relative to the depth) will decrease the maximum sealant
strain caused by crack growth. As the maximum strain is reduced, the amount of crack
growth the sealant can tolerate increases.

As shown in Figure 1, the maximum strain in the sealant increases as the shape factor
increases. For a 6-inch thick slab with a full-depth 0.020 inch crack, the shape factor
without a sealant reservoir is 300 (6.0"/0.020" = 300). This explains why active cracks
sealed with a flexible sealant without a reservoir commonly fail. Without the reservoir,
the maximum strain quickly exceeds the tensile capacity of the sealant if any crack
growth occurs. A sealant reservoir should always be used for active cracks.

ACI recommends a reservoir depth (groove depth) from % inch to 1 inch and a shape
factor from 1:1 to 1:2. Therefore, reservoir sizes should fall between Y inch x % inch
and 1 inch (depth) x 2 inch (width). As discussed, the larger reservoir will tolerate more
crack growth. Figure 2 shows several sealant reservoir configurations. (PHOTO 2 & 3)
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Stitching and Doweling

Stitching involves drilling holes on both sides of the

crack and anchoring U-shaped metal staples with short

legs across the crack as shown in Figure 3. Doweling

consists of drilling holes and anchoring straight steel ~ Stitching
dowels at a 45 degree angle through the crack.

Stitching can be used for slabs with any thickness but

doweling only works for 6-inch or thicker slabs.

Because stitching and doweling restores the tensile

strength across the crack, they are integrity repairs.

Either rigid or flexible materials can be used to seal

the cracks and staples. Both repair techniques will Stitching
stabilize an active crack and may cause the concrete to

crack elsewhere, especially if the repaired crack was

acting as a contraction or expansion joint.

Gravity Filling gy '“";f:;:;“;r;mm”
Low viscosity urethanes, high-molecular-weight Spy DF IO 10 snatoe 0maNs s ppasrene.
methacrylates (HMWA) and some epoxies can gravity

fill cracks with widths from 0.001 to 0.080 inches. Lower viscosity materials are used
to fill narrow cracks. This method is ideal for areas with multiple surface cracks that
are dormant such as plastic shrinkage cracks. The area and cracks are cleaned with air
or water blasting (and allowed to dry) before flooding the area with the monomer or
resin. If cracks are full of dirt, moisture or other contaminants, penetration of the repair
material into cracks is poor. The material is worked into the cracks with brooms, rollers
or squeegees then the excessive material is removed to avoid shiny, slick areas.
Broadcasting sand over the surface before the repair material cures can help provide a

slip-resistant surface.

Polyurethane Injection

Polyurethane resins can be used to seal wet and leaking cracks as narrow as 0.002
inches. This repair option is primarily used to stop water leaks and consists of injecting
a reactive resin into cracks that combines with water to form an expanding gel that
chokes off the leak and seals the crack. Hydrophilic resins will chase the water and
penetrate into tight micro-cracks and pores of the concrete creating a firm bond to the
wet concrete. Also, cured polyurethanes are flexible and will tolerate future crack
movements. This repair option is a permanent repair and works with either active or
dormant cracks. (Photo 4)

Dry Packing

Using a saw and chipping hammer, the crack is first opened to a minimum depth and
width of about 1 inch. After scrubbing a cement bond coat or a commercial bonding
agent into the concrete, a low-water content cement mortar is placed and compacted
using a blunt hardwood stick and hammer. After tamping the final lift, the repair is
smoothed with a float. Tamping a low-water content mortar into place forces the
mortar into the pores of the concrete creating a tight, durability repair with little
shrinkage. Dry packing is an economical repair for wide, dormant cracks. (Photo 5)
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Overlays and Surface Treatments

Fine surface cracks in slabs and pavements can be repaired using bonded overlays or
surface treatments if the cracks are dormant and not full-depth. Thin overlays consist of
polymer-modified cement, silica fume mortars and surface treatments consisting of low
solids and low viscosity resin-based systems. To avoid reflective cracking at active
cracks and working joints, special design considerations are required at these locations.
(Photo 6)

Autogenous Healing

It is a natural process of crack repair that occurs in the presence of moisture for cracks
with maximum widths between 0.004 and 0.008 inches. The healing process is due to
the hydration of unhydrated cement particles that are exposed to moisture as the crack
opens. Also, the healing process is helped by the formation of insoluble calcium
carbonate from the calcium hydroxide in the cement paste and carbon dioxide in the
surrounding air. A 0.004 inch-wide crack can heal after several days and a 0.008 inch
crack can heal in several weeks. Healing will not occur if cracks are subjected to fast
flowing water and movements.

No repair

Finally, sometimes "no repair" is the best repair option. Not all cracks require repair
and monitoring the crack may be the best choice. If needed, the crack can be repaired
later.

References:
ACI 224.1R-93 Causes, Evaluation and Repair of Cracks in Concrete Structures
(Reapproved 1998), American Concrete Institute, Farmington Hills, MI.
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REPAIRING HAIRLINE CRACKS

You can repair hairline cracks in concrete with a
grout made of Portland cement and water. Add just
enough water to the cement to form a thick paste.

Moisten the old concrete along the hairline crack with
water for several hours before adding the grout.
Moistening the concrete prevents it from drawing the
water from the grout, which will dry out the mixture.
Although the old concrete should be moist, no water
should be standing on the surface when the grout is
applied.

After the hairline crack has been moistened and
thoroughly cleaned, apply the grout with a putty knife
or pointing trowel. Force the grout into the crack as
much as possible. Then smooth it off so it is level
with the original concrete.

Allow the patched area to dry about two hours. Then,
cover the area with a piece of plastic sheeting or a
board.

Keep the area covered for about five days. Lift the
covering once each day and sprinkle the area with
water.
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REPAIRING CRACKS IN SIDEWALKS

Cracks in sidewalks that are larger than hairline cracks
must be enlarged before they can be satisfactorily
repaired. Enlarge the crack along its entire length with
a cold chisel and hammer (Fig. 1).
Make the crack wider at the bottom than at the top
(Fig. 2). This is known as undercutting. It helps to bond
the new concrete with the older concrete.

FIG. 1 - Enlarge the crack with a cold

chisel and a hammer before attempting to Undercut the crack to a minimum depth of 1". The

repair it. depth of the undercutting depends on the size and
depth of the crack to be repaired.

After the crack has been thoroughly undercut, remove
all loose material and brush the area with a wire brush.

FIG. 2 - WRONG - Don't just pour new Use a garden hose or a tire pump to blow or wash
concrete into the old crack. away the dust in the crack.

The new concrete patch will hold better if a concrete
adhesive is used first. There are many types of
concrete adhesives. Acrylic resin—a milky fluid—is one

RIGHT - Undercut the crack to give common type. Brush the adhesive into the undercut
holding power to the new patching mix. area and allow it to dry until it becomes tacky (Fig. 3).

If you do not use a cement adhesive, thoroughly brush
and soak the area to be patched. Moistening the area
prevents the old concrete from absorbing all the
moisture in the concrete patch. Although it should be
moist, no water should be standing on the area where
the patch is to be applied.

For small patching jobs, use a pre-mixed concrete
FIG. 3 - Moisten the area to be repaired patch. If you use ready-mix concrete patch, all you
with cement adhesive or water. need to add is water.

If you mix your own concrete patch, use one part
Portland cement to two-and-a-half parts of fine, clean
sand. Heavier concrete patch jobs call for one part of
Portland cement to two parts of sand to three parts of
gravel.

Tamp the concrete patch mix tightly into the undercut
area. Be sure to fill all areas completely.

When the mixture begins to set, smooth it down with

either a metal trowel or a wooden float (Fig. 4). Use a
metal trowel for a smooth finish. For a rough surface,
use a wood float for the finishing job.
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After the patch is completed, allow it to dry for about
two hours. Then cover the patched area completely
with plastic sheeting or boards.

Keep the area covered for about five days. Lift the
cover once each day to wet down the repaired area,
permitting the new concrete to cure correctly
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k REPAIRING CONCRETE DRIVEWAYS

You can repair a crack in a concrete driveway in
basically the same way as a crack in a concrete
sidewalk. However, since the driveway must carry

FIG. 4 - Smooth off the repair job heavier weight loads, the repaired area must withstand

with a metal trowel or wooden float, much greater pressure.

depending on the finish desired.
Use a gravel mix, rather than a sand mix, for repairing
concrete driveways. This mix is one part Portland
cement, two parts sand and three parts gravel.

Thoroughly clean and then undercut the crack. Brush
cement adhesive into the undercut area.

Undercut the cracked area to a greater depth and
make the cracks considerably wider than when
repairing a sidewalk. This extra depth and width
increases the strength of the repair job.

Follow all of the steps outlined previously in repairing a
crack in a sidewalk to repair a crack in a concrete
driveway.

After the gravel mix has been applied, level the new
patch mix off with a trowel or float, as you would do
when repairing a sidewalk (Fig. 4).

Cover the patched area for five days, wetting it down
once each day.

Do not drive an automobile over the patched area for
at least five days. This gives the newly patched section
time to dry thoroughly before it must carry the heavy
load of an automobile or truck.
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REPAIRING CRACKS AND HOLES
IN CONCRETE WALLS

Repairing a crack in a concrete wall requires
basically the same steps as repairing a crack in a
sidewalk or driveway.

The cracked area must first be undercut and
widened in basically the same way as previously
described for a sidewalk (Fig. 2).

FIG. 5 - Enlarge and undercut a The widening and undercutting can be done with a

concrete wall crack with a cold cold chisel and hammer (Fig. 5). The width and

chisel and hammer. depth of the undercutting depends on the size and
length of the crack.

After all loose material has been chipped away,
thoroughly clean the undercut area around the crack
with a stiff wire brush (Fig. 6). Do not brush the area
enough to smooth off the edges. The rough surface
created by the chiseling provides a good bond for the
new concrete you'll apply.

When the enlarged area has been thoroughly
cleaned, apply cement adhesive with a brush. This is
the same cement adhesive used when repairing
. sidewalks. If you do not have a cement adhesive,
B Y Y v prime the area with a thin, creamy mixture of
FIG. 6 - Clean the undercut area with Portland cement and water.
a stiff wire brush, but leave a rough surface.
In some cases, you can make the patch by simply
moistening the area thoroughly before filling the
crack with concrete (Fig. 7). Although the moistening
is important, a concrete adhesive or the mixture of
Portland cement and water is much more desirable
than moistening with water only.

You can use a ready-mix concrete patch for small
cracks in cement walls. Force the mixture into the
cutaway area with a pointing trowel (Fig. 8). Be sure
to use enough pressure to force the patch mix into all
the cutaway areas in the crack.

It may be difficult to conceal the patch, since the
finish on the old concrete is difficult to duplicate. To
FIG. 7 - Moistening the area to be repaired conceal the patch, simply experiment with matching
prevents the newly applied patch from drying the original finish by roughing up the patched area
while it is still workable. Try using an old broom, a
float, or any other tool to create the desired rough
finish.
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FIG. 8 - Force the concrete patch mix into
the area with a pointing trowel.

FIG. 9 - Repair holes in concrete walls the
same way you repair cracks.

You can patch holes and broken areas in concrete
walls by simply clearing out the hole in the same
basic way you would undercut a crack.

After the hole has been thoroughly cleaned and cut
away, apply the cement adhesive and insert the
patch mix into the hole with a pointing trowel (Fig. 9).

Moisten the area and cure it after the patch is applied
in the same way cracks in cement driveways or
sidewalks are moistened and cured.
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PATCHING HOLES IN WALKS
OR DRIVEWAYS

How you patch holes in sidewalks and driveways
depends on the depth and the size of the hole. If the
hole is extremely deep and large, you must undercut
it as previously described and fill the area with a
gravel mix.

FIG. 10 - Small holes in concrete can be

repaired with latex cement. Small, shallow holes in flat-surfaced concrete—such

as driveways, patios or sidewalks—can easily be
repaired with latex cement (Fig. 10). If the hole is
small and shallow, no chipping away is required.

Small, shallow holes need only to be cleaned
thoroughly before adding the latex cement.

This cleaning can usually be done with a wire brush,
which removes all the small pieces of loose concrete
when you rub the area thoroughly (Fig. 11).

After using the wire brush on the damaged area, use
FIG. 11 - Brush away all loose particles a lighter brush to remove the loose particles that
before applying the latex cement. were dislodged by the wire brush. Then, wash the

area to be repaired with a garden hose (Fig. 12).

After the cleaning is done, you are ready to apply the
latex cement. This usually comes in 5-Ib. cans, with
the liquid latex in a smaller can inside a larger can.

Pour the liquid latex into the larger can and
thoroughly mix it with the latex cement to form a
heavy paste. Apply this paste to the area to be
patched in approximately 1/4" layers. Smooth each
layer with a trowel and allow to partially dry before

FIG. 12 - Brush the area to be repaired with applylng the next Iayer'

a light brush and wash it out with a garden

hose. Build up the latex cement 1/4" at a time until it
reaches the same level as the original concrete.
Then, smooth out the area with a trowel or float as
you would finish regular concrete (Fig. 13).

FIG. 13 - Finish the latex cement with a
trowel.
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REPAIRING BROKEN CORNERS ON
CONCRETE

FIG. 14 - Broken corners on concrete can be repaired with
latex cement.

You can repair broken corners on
concrete with latex or epoxy cement
(Fig. 14). A broken corner should be
thoroughly cleaned and moistened
before the mixture is applied.

After the corner has been thoroughly
brushed and washed, build up the latex
or epoxy cement mix 1/4" at a time, as
previously described. If the area to be
repaired is quite large, you may need
to build a small form to hold the mix
while it is drying.

TOOL AND MATERIAL CHECKLIST

Concrete and Aggregate

=

Garden Hose

Concrete Float

Work Gloves

Cold Chisel

Fiber Brush

Concrete Patch Mix

Latex or Epoxy

Cement

Pointing Trowel

Hammer

Wire Brush

Finishing Trowel

Check your state and local codes before starting any project. Follow all safety
precautions. Information in this document has been furnished by the National Retail
Hardware Association (NRHA) and associated contributors. Every effort has been made
to ensure accuracy and safety. Neither NRHA, any contributor nor the retailer can be
held responsible for damages or injuries resulting from the use of the information in this

document.

Ask for Other "Show-How" Instruction Sheets
Additional easy-to-use instruction sheets for home do-it-yourself projects are available from
your local supplier of materials. Come in and ask for "Show-How" instructions when you get
ready for that next handyman project!
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ATLAS UNDERPINNING offers a lasting solution to the foundation

distress of buildings and structures. Atlas Mini Piers are very effective

in emergency stabilization efforts needed to quickly secure a structure

from sinking. Atlas Systems offer the fastest, thoroughly engineered,

least intrusive and economical method of re-leveling a sinking Sinking structure
structure. The amount of excavation required to permit accessibility is being raised
relatively small, therefore minimizing landscape repairs. Ultimo has

used the combination of Atlas Systems and Compaction Grouting to _"
successfully level and secure buildings.

Many factors may cause the settlement of a structure. Regardless of

the cause, the structure has to be supported from bearing strata in

order to avoid further settlement. The quality of any work depends of __ _,

the quality of the product and the skills of the contractor. Atlas Piers Enifmgfl;igﬁge‘j
are a field tested and proven product, typically used in foundation footing of structure
distress situations. They are constructed of the highest quality

materials to ensure a long lasting permanent solution. \

2 piece pier
attached to footing
of structure

Exterior Underpinning Interior Underpinning Foundation Re-leveled with
Installation Pits Installation Underpinning Pier
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