FOR

REPAIR OF

WATER LEAKAGE
THROUGH CONCRETE

AVANTI
INTERNATIONAL




BACKGROUND

Water leakage through cracks or joinis in concrele is
nothing new. When concrete moves, it often cracks.
The siza of the crack depends on the amount of
movement; the problem caused by walter leaking through
the crack, howewver, can be much larger than the crack
itsell.

Freeze-thaw damage, corrosion, structural weakness,
and even falure can all be traced to cracks and water,
Cold weather may bring hazardous ice formalions
underood or overbead. And, certainly, the contents of
the struciure always experience difficully when water
appears unimvited.

Figure 1

Thuss, in spite of the best efforts of the architact, enginesar,
and contractor, stuctures will somelimes move n
unanticipated places, and cracks will appear. The in-
|ection of resin inle concrele ks then performed o
accomplish one of bwo purposas:

1. Restore design sirangth
2. Stop water leakage

Structural members, such as load-bearing walls, beams,
or columns, may be weakened by cracking. For such
cases, the injection of high-strength epoxy resing may
restore design sirength or prevent fulure problems.
Whean structural strangth is not the prime concem,
water entaring through the crack will frequently be the
biggesl headache,

Many epoxy Injection resing have difficulty in stopping
actve water lsakage becauss they do not bond well 1o
wet surfaces. Even the newest e resing have tough
substrale preparation requirements for wet applications.
If the crack movement later approaches the elongative
imits of the material, release may occur. Sinca 5%
maximum elongation is common among epoxies, a 10
mil crack couwld experienca failure with only five ten-
thousandths (0.0005) of an inch of movemeant.

Active leakage from the Crack also causes olher diffi-
culties for many epoxies. The set-time or “pot Iife” of

an epoxy is partly a function of the hardenar usad, bui
sat ime is also a function of mass. Thus, even a very
fast set lime of a few minutes becomes much longer
in & small crack. Prior o set, water pushes against the
quid epoxy and may extrude it from tha crack, sepa-
rate it from one wall of the crack, or both, Eliber way
the leak continues.

Obviously, every crack {or every leak through a crack)
must have a reason - a cause for its occurrence. If tha
mavament which caused the crack stops, the crack
plana becomes stable, Most cracks, however, continue
to "work” throughout their life due 1o thermally induced
forces in the structure or due 1o 5ol molsiure changes.
Such cracks are sometimes said to “braathe;” that is,
to become wider or narrower at various times through-
cut the year. Where waler s successlully slopped at
first, this “breathing” is often the cause of |ater failure,
Since the siructure “wants 1o move” al the crack, and
since available forces are quite large, rigid materials
aither fail or cause cther cracks In nearby areas,

In water conirol work the side of the structure where
the hydrostatic load orginates is called the positive
side. In most cases this positive side will also be the
s0il side. Any water conlrol material has a much higher
probability of success when placed on the posilive side
because it then has the orginal structue for support.

Almost all access 1o a waler leakage problem, how-
aver, will be from the negative slde. Waler control
materials which are surface-applied on the negalive
side have a strong potential for failure, and some invariably
fall soon alter application. Their effectiveness depends
mosthy on their bond strength to the substrate and their
tensile and elongation capability, Primary mechanisms
for their failure are bond release, breach by elongation-
Io-Braak dua to structure movement, or "cold-flow™ of
the coating under hydrostatic lpad.

Resin injection procedures, then, arise from the need
to work on the negalive side and yet place water-stop
matenals on the positive side,

With the problem of small size, movement, active kakage,
dampness, and debris in the crack o be sealed, an
engineer or contractor might well pause o consider the
charactaristics he should expect in tha sealant he
chioosas. To function as a waler-stop materal, an ideal
injection would:

1. Be thin enough to penetrate small cracks
. Sat guickly
Bond to wet surfaces
. Work in and under water
. Possass good elastic strength
. Tolerate unavoidable debris
The material would be all the better if it were:
7. Easy to handle
8. Inert after cure
8. Approved for contact with polable waler
10, Tolerant of mix variations and field conditions
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i the product actually expanded o fill the avaiable
space and was activated by the water leak itsalf, then
it might wall ba outstanding - even unigue - in its ability
o stop water leaks.

PREPOLYMER URETHANE RESIN (hareafter raferred
1o as PUR} Grouting Compounds from AVANT| were
designed specifically for sealing leaks in concrate.
Uncured PUR grouts are viscous liquids that look much
like honey or medium-weight motor oil. When mixed
with an egual quaniity of water, the grout expands and
quickly cures to a tough, flaxible rubber.

THE V-PAT PROCESS

The YARIABLE PRESSURE APPLICATION TECH-
MIQUE (V-PAT) can be used to apply PUR groul in
both cracks and expansion joints. The methods used
for these two problems are somewhat different, but the

basic al-eE_laaam the same. The procedurs Tor cracks will
be axammad first

V-PAT crack zealing follows this simple sequence:
1. Scrape or brush debrizs from crack surface
2. Drill Injecticn holes
3. Set injectors
4. Flush the crack
5. Inject PUR grout

Step 1: Clean the Surface

Examination of the crack after cleaning 12lis the tech-
nician whara the crack goes and how wide it is. The
first good impressions of how the crack will behave
when pumped begin forming during this cleaning and
examination. The crack must also be seen clearly in
ordar 1o lay out the drlling pattern for the injection
holes.

Step 2: Drill Injection Holes

The diameter, angle and depth of injection holes (o
ports) can largely be predetermined and specified. A
5/8" diameter hole is standard. The anghe af drilling is
approximately 457 to the surfaca and the depth of the
hole will ba 1/2 the thickness of the concrete up 1o
about 18 Inches. Saa Figure 2, Ports deepar than 18"
are usually not required even il the concrela baing
repaired is more than 36 inches thick as long as adequate
pumping pressure is available.

If the concrete thickness is six inches or less, however,
do nol attempt angle drilling; sel these ports straight
into the face of the crack. This procadure will halp
minimize spalling in this concrete sections.

Experience helps in deciding how far apart to drill the
injection ports. Of cowrse, as the crack gets wider, the
space between holes can increase. o & minirmum
of B Inches and a maximum of 24 inches will ba most
common. Holes should always be slaggered from one
sida of the crack to the other. This assures crack
intercept by at least 50% of the holes even if the angle

of the crack within the concrete (Figure 3) is nol
parpendicular fo the surface. No twa cracks bahave just
alike, In some instances a crack will fill from just a few
injection ports.

Figure 3

Step 3: Set Resin Injeciors

Flace the injector in the drilled hole so thal the top of
iha sleava is just balow the concrete suraca. Tighten
by hand until snug. Then tighten further with a ratchet
and socket or open end wrench as tightly as possibie.

Step 4: Flush the Crack

Flushing the crack with watar prief o resin injection is
wery important. The water flush removes drilling dust
and debrs and Improves subsequent peneiration of
PUR grout. Water left In concrete pores will catalyze
the PUR grout - espedally if cracks are not leaking at
the time. The flushing operation also tells the technician
how tha crack will behave during resin injection. Blind
drill holes may be exposed, and voids, cavities, or
honeycomb may be pinpointed for special ireatment.

In some circumstances ftracer dye in the fushwater
may be helpiul. The addition of dye will often pinpoint
small, unseen cracks prior to injections of resin. Dve
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also exposes loss of flush water and enables the
tachnician to distinguish between his flush water and
farmation water. The use of dye should be considerad
helplul bul nol necessary. Also, use care in selecting
a dye if staining or other cosmetic considerations are
present

Sometimes, the same kind of pump [or even the same
pump) which will be used for the resin is also used o
Mush the crack. Spacial caution s required if the same
unit is usad for both flushing and resin injection; ALL
WATER MUST BE COMPLETELY REMOVED from

the pump before charging with resin. The penalty for
failure to remove the water balore pumping resin is paid
in downtime while the technician cleans out reacted
resin.

The pump may not be permanently damaged, bul the
occurrence can spoil an otherwise perfectly good day.,
On large jobs, a separate pump should ba used for
aach operation. Clean-up (and the possibility for mis-
lakes) are then minimized,

Flushing starts at the kwest injector on a vertical crack
{or al the narrowest part of the crack on a horizontal
surface) and proceeds from cne port to the next in
saquenca, Flush water should flow from the crack face.
Flow of flush water intd an injector is critical in that a
hole is presumed blind if flow does not ooour. The
injector should be removed from sach such location
and the blind holes plugged with guick-selling cement.
Do not try to pump resin in a blind hola.

200 to 300 psl will be required to open most infectors.
Common sense says a wide crack will accept more
volume al a lower pressure than a narmow crack will.
Ralse pressure and volume levels slowly. Flush tha
crack with the highest llow volume praclical withoul
excaading the parmissible pressura.

In cold weather (32" to 55'F), accelerator may be
addad to the flush water. Accaelerator is not normally
requirad, bul ts use will aid in achisving fasier sat imes
in cold conditions. Accelerator should not be used In
temperalures above B0°F,

Epoxy resin injections sometimes call for the use aof
murkatic or hydrochloric acld as flushing agents. Do not
use thess materals. Such agents are difficult to completely
remove from the crack and are not needed by the PUR
sysiem,

After completing the entire flushing sequence for all
pors in the series, prepare for resin infection. The first
port flushed will normally be the first port injected.

Step 5 PUR Grout Injection

When all preparation work is complated, load the pump
resin hopper and charge the pump, hosa, and gun. Pull
the trigger on the gun and allow all solventto pass while
watching for the PUR grout to appear. Keep the hopper
coverad in very wat environments, especially if walar
is dripping from owerhead. A cover thal you can sae
through s bast. Bagin the Injaction of PLIR grout at the
lowest injector on a vertical crack or at the first injecior
flushed for a horlzontal surface.

Fatience iz important in resin injecton work, If expa-
rience says that a crack is wide enough to accept resin
at 400 psi but it does not immediately do so, WAIT.







