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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
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Introduction

This Technical Report attempts to draw out a successful and effective plan for repairing water-leakage cracks.
In general, there are two types of cracks that form within a concrete structure: dry cracks and water-leakage
cracks Dry cracks vary in their depth and width, and are known to cause mstablllty to the foundation and

onditions,

This lack of a reliable and stable source of information regarditig the water leakage cracks hps caused
unnecessarily high costs of repair in the field of construction)and architecture and still continugs to be a
prgblem today.

Papt records related to remedial action taken for thesé’cracks have shown numerous results; gome have
shown failure, some have had minor success and some have managed to find an adequate solutign that met
thg structures' needs so that they are able to continue performing their designed purposes. But rgrely has a
glgbal, standardized and consistent solution~been implemented for these problems. Whegn all the
afgrementioned problems are taken into censideration, it is evident that there is a strong rleed for a
stgndardized guideline on how to select, the appropriate materials and methods in accordancg with the
different types of environmental conditions and factors that lead to water-leakage cracks. I} is highly
anficipated that a newly proposed( awareness and understanding of these issues will prevent further
unhecessary use of high budgets and expensive repair materials that do not serve its intended purpose and
additionally will help avoid manual*and possibly dangerous repair projects when dealing with water leakage
crgcks.

This Technical Report attempts to create a reliable consistency for future cases of water-leakage| cracks so
thgt there will no longer be a need for obscure and insecure solutions that rarely remedy these types of
prgblems with concrete structures. This Technical Report was developed for countries that do nqgt currently
haye existing general guidelines on this subject and for local regulatory authorities worldwide. It|is eagerly
anficipated that'there will be further development and cooperation by the authorities in each country for the
principle of\further augmenting knowledge about concrete and the understanding of concrete structures and
ardhitectural construction.
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TECHNICAL REPORT ISO/TR 16475:2011(E)

Guidelines for the repair of water-leakage cracks in concrete
structures

1 | Scope

Thfs Technical Report gives guidelines for the selection of a proper grout material to,fepair watger leakage
thrpugh cracks and other discontinuities in concrete structures including the following:

—| conditions of water-leakage cracks;

—| performance requirements for repair materials;

—| different types of repair materials (grouts);

—| procedures followed to select the appropriate repair materials;
—| execution of different types of repair methods;

—| performance assessments of applied materials and methods;
—| data collection.

This Technical Report does not include a focused section about the repair of dry cracks and the calises or the
origins of cracks. The details on dry crack répairs are covered in ISO 16311-41).

=

A flow chart for maintenance of water-leakage cracks is shown in Figure 1.

1) To be published.
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Analysis of water-leakage crack

Chemical conditions:

- wet or humid (damp) substrate
- air or water temperature change
- chemical compositions in water

conditions . . .
Physical (mechanical) conditions:
- water pressure
- thermal volume change
- movement
- uneven settlement
A 4

Selection of repair materials

y

Checking the substrate condition,
test of material performance
suitable for environmental conditions

Selection of repair methods

A 4

Applicability, cost, duration of use,
finishing condition, other side effects

Assessment of repaired structures

2 Norn
The follow
references

document

ISO 16311

3 Ternm

native references

including any améndments) applies.

s and definitions

=Inspection of repairs
- Evaluation of repairs

Figure 1 — Flow chart forlmaintenance of water-leakage cracks

ing referenced documents are indispensable for the application of this document.
, only the edition _Cited applies. For undated references, the latest edition of the referenged

2) (all parts),.Maintenance and repair of concrete structures

For da

fed

For the purposes of this document, the terms and definitions given in ISO 16311 (all parts) and the following

apply.

3.1

water-leakage cracks
concrete fissures that accompany water leakage intermittently or continuously

2) To be published.
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3.2

leakage

amount or flowing state of liquid (water) that escapes from inside or outside a concrete substrate by means of
a crack, hole, joint or other fault

3.3

thermal compatibility

chemical and physical stability of repair materials in response to temperature fluctuations in the atmosphere or
under water

3.4
water resistance
abllity to withstand quantitative and qualitative loss of materials produced by the pressure andc-flow|velocity of
waler

4 | Conditions of water-leakage cracks

4.1 Types of water-leakage cracks

Various types of cracks under conditions ranging from dry to flowing water are given in Table 1. This includes
both non-moving or static cracks which are stable and moving or dynamic cracks which are not growing. Table
1 glso provides information about leakage cracks with varying rangés of width and water flow.

4.2 Environmental conditions of water-leakage cracks

Unlike dry cracks, when water-leakage cracks are~exposed to various conditions, there afe several
enyironmentally-related (chemical and physical or mechanical) factors which must be taken into corjsideration,
induding temperature and humidity in the atmosphere, water pressure, flow velocity, chemical reacIons of the

walter, and the vibration caused by passing vehicles. Such factors have negative effects not only on|the water-
legkage cracks themselves, but also on the.éfficiency and effectiveness of repair materials and m¢thods that

mgy be used on the cracks (see Figure 2):

Table 1 — Classification of cracks in relation to repair of water-leakage

Crack width Leakage amount

Stationary erdofmant crack —

Damp surface

Light seepage

Fine cracks
<2 mm (<1/13 in)

Medium cracks

D et O e
z tO-O—111t

miN

12 it 4 /4
T t T T

<1 I/min (<1/4 gal/min)

Medium seepage
>1 I/min to 5 I/min (>1/4 gal/min to 1 1/4 gal/min)

>5 I/min to 10 I/min (>1 1/4 gal/minto 2 1/2 g

Heavy seepage
al/min)

L AY
THTtO LLER Y T IO T tO— 71Tty

Large cracks
>6 mm to 20 mm (>1/4 in to 10/13 in)

Light flow
>10 I/min to 15 I/min (>2 1/2 gal/min to 4 gal/min)

Medium flow
>15 I/min to 25 I/min (>4 gal/min to 6 1/2 gal/min)

Heavy flow
>25 |/min (>6 1/2 gal/min)

NOTE Each and every crack width in the left column corresponds to all seven leakage amounts in the right column.

© 1SO 2011 — All rights reserved
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Leakage cracks
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?
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Because Water-leakage cracks are constantly.affected by a variety of environmental conditions and factq
repair materials and proper methods must also/be designed to address these environmental factors.

An undergtanding of the environmental conditions pertaining to water-leakage cracks is a priority
remedying[them. When selecting the Cofrect repair materials and proper methods, the appropriate response
environmeptal factors must be considered. Finally, evaluating the appropriate materials and the applicat
method of these materials to determine the response method to environmental factors is obligatory.

Performance requirements

Figure 2 — Environmental conditions-and performance requirements
for the repair of water-leakage cracks

for
to
on

Figure 2 cptegorizes the €nvironmental factors and illustrates the required performance responses to each
factor. It also provides_évatuation items for each repair material.

4.2.1 Chpmicalconditions

Chemical {actors in the environmental condition that affect the efficiency of repair materials for water-leakd

ge

cracks include temperature changes in the air or water surrounding the leakage cracks, and the chem

composition of the water (e.g. underground water, salt water, sewage water, and acid rain).

cal

These factors affect thermal stability, resistance to chemical attack, watertightness, and the adhesion of repair
materials on the substrate. The selection of appropriate materials for the given chemical condition is therefore

very important.

© 1S0O 2011 — All rights reserved
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4.2.2 Physical (mechanical) conditions

The physical (mechanical) factors in the environmental condition that affect the efficiency of repair materials
include the movement of volume change by the shrinkage and expansion of concrete due to temperature
change, the movement due to unevenness in the settlement of the structure, the vibration movement caused
by passing of vehicles, and water pressure surrounding the crack.

These factors affect the adhesion on the substrate, the watertightness, and the responsiveness of repair
materials to the substrate movement. The selection of appropriate materials for the given physical
(mechanical) condition is very important with regards to these factors as well.

5 | Performance requirements for repair materials

Mdterials used for repairing water-leakage cracks should perform in response to the environmental ponditions.
The performance requirements can be divided into the categories described in 5.1 and.5:2.

5.1 Performance requirements for chemical conditions

5.1.1 Thermal stability

These repair materials are made up of highly polymerized or ifhorganic compounds, thus thely undergo
comstant shrinkage and expansion depending on temperature changes. Due to these continuous changes, the
performance of injected repair materials can deteriorate.

In pther words, repair materials used to seal water-leakage cracks should maintain their thermal dgpendence,
even in the case of repeated temperature change, and.stiould remain intact for a long period of time|.

5.1.2 Chemical resistance

Concrete structures are constructed undéer-various chemical environmental conditions. They| are often
bordered by water or soil in underground:structures, and are located near industrial areas or seashores so
thgt chemical corrosion caused by chemical substances (e.g. acid, alkali, salt water or calcium hydToxide, and
cafbon dioxide) occurs more frequently. In addition, chemical corrosion decreases the performance of the
inj¢cted repair materials.

Therefore, repair materials should maintain their chemical attack resistance performance, even in the case of
chemical corrosion, and satisfy the need to resist chemical attacks over a long period of time.

5.2 Performance-requirements for physical (mechanical) conditions

5.4.1 Watertightness

Watertightness of repair material is the ability of a material to block the penetration of Water. The
e concrete
r materials

is . - . 58
have bonded well, so as not to allow water passage.

Therefore, repair materials should be able to maintain their watertightness performance by withstanding
constant changes in the surrounding water pressure or water volume and remain permeable to water over a
long period of time.

5.2.2 Adhesion on the wet substrate
Water-leakage cracks often occur in wet or underwater conditions. In this case, the injected repair materials

should not only be capable of withstanding strong water currents, but should also have strong adhesion to wet
concrete substrate and other waterproofing layers. These characteristics can be obtained by maintaining the

© 1SO 2011 — All rights reserved 5
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strong adhesion of repair material in either solid or liquid gel forms that can block water leakage under higher
stress (water pressure and substrate movement).

Therefore, repair materials should maintain their adhesion performance even in the case of moist or wet
environments, and satisfy the criteria that specify strong adhesion on a wet substrate over the long term.

5.2.3 Water (washout) resistance

The repair material for this condition is injected as a liquid/gel-type substance. The danger of these types of
repair materials is that if they are washed away before hardening, it is highly unlikely that they will keep proper
form and rrtad Ci i Tt 5 -
Furthermofe, when injected repair material is lost due to the water current, it could cause environme
pollution tq the surrounding area, e.g. the underground water or the soil under the building foundation!

Therefore,| repair materials used for water-leakage cracks should have the appropriate water’resistance
performange to prevent them from being washed away over a long time period.

5.2.4 Repponse to the substrate movement

The widthl of water-leakage cracks constantly shrinks and expands according-to the changes in the
surrounding temperature, constant vibrations from the motion of vehicles on railways or underground railway
structures |and bridges, as well as the movement caused by uneven settlement of structures. The repealed
movemen{ of concrete substrates with water-leakage cracks increases the load on repair materials injecfed
into the cfacks, thus the injected repair materials can be destroyed;)which causes a recurrence of water
leakage eyen after the repair.

Therefore,|repair materials should maintain their responsivenessiperformance to substrate or crack movemgnt
and satisfy the criterion that their responsiveness to the substrate or crack movement will last for a long timé.

6 Groyt materials for repair

Many typess of repair materials (grouts) are cutrently being used on site, including acrylic grout, water-baged
cementitiois grout, hydrophilic epoxy resin grout, polyurethane grout, synthetic rubberized gel grout, etc. It is
important fo note that many products on.the market today may not only have disclosed the composition| of
their products, but also be blends of different types of materials, or contain additives that modify or change
their characteristics. There have bgen’numerous attempts to classify grouts according to their appropripte
properties| but the simplest division”to date is that of “particulate” grouts and “non-particulate” grouts|as
outlined in|Figure 3.

6.1 Acrylic grouts (water-based acrylic gel grout)

Types of acrylic greut 'material include products such as acrylics, acrylates, acrylamides and acrylate esier.
The watertbased~acrylic gel grout is composed of acrylic acid polymer. Acrylic acid polymer (resin) and
hardener $hodld be prepared in accurate proportions and be mixed at the work site immediately befpre
application| fen ideal performance as repair materials. Due to the chemical reaction that occurs with water,
water-based gelgrout as an acrylic attains a jelly-like ViScosity and bIOCKS water penetration temporarily.

Acrylate gel grout has low tensile capacity and low viscosity because it is water-based. Poor tensile capacity
of the gel results in the grout fracturing. Due to its weakness in terms of stability and its lack of adhesion on
wet substrates, there is a possibility that injected acrylic grout could be destroyed if the crack width changes
too frequently.

Thus, it is advisable to refrain from using this material for water-leakage cracks with severe water leakage or
for expansion joints with severe movement on the structure, such as bridges, underground railways, or
railways. The use of water-based gel grout as an acrylic is recommended for water-leakage cracks or joints
with relatively little movement.

6 © 1SO 2011 — All rights reserved
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Grouts

v v

Particulate (cementitious)
e.g. cements

Non-particulate (solution)

|
v v

Hot-orcold-melt

e.g. asphalt mastics

Chemical

|
v v

Inorganic
e.g. silicates

Organic

|
v v

Structural Non structura
e.g. epoxies, polyesters, e.g. polyurethanes, gcrylics,
and polyurethanes and synthetic rubbg¢r gel

Figure 3 — Classification of'grout material types

r,

.2 Cementitious grouts (water-based mixture of cement grout)

Types of cementitious grout material include-products such as cements or a mixture of cement| grout and
beptonite grout, acrylamide grout, microfine grout, polyurethane grout and silicate grout. The thermal
expansion coefficient of cementitious/materials tends to be very similar to that of the substrate congrete. They
ardg widely used due to their efficient bond strength to wet substrate concretes.

Polymer-cement slurry, a mixture of super particle cement (maximum grain size less than 16 uym) and
indrganic compound, is als6_often used. Cement, polymer and water should be in accurate propagrtions and
mixed well at the work_site ‘to obtain repair material that performs well. When polymer-cement glurries are
used, it is possible to inject materials into cracks that are less than 0,05 mm in width.

Generally, the sitenat which the injection will be applied should be wet. If the crack is dry, then cgmentitious
mgterial may shrink before completely sealing the crack, making it difficult to cover the remainder of the crack.
Ths, it is advisable to maintain the crack in a moist environment. When the movements or vibratjons of the
stryicture_“accur, cracks change width and volume, and damage to the injected cementitious material is
pogsible.t The use of cementitious material is recommended for water-leakage cracks or joint§ with little
mdvement.

6.3 Hydrophilic epoxy resin grout

Epoxy always requires thorough mixing with a hardener and a curing compound, such as an amine or a
polyamide. Epoxy resin and hardener should be mixed in accurate proportions at the work site right before
application to obtain a repair material that performs well. There are two types of epoxy resins: hydrophobic
and hydrophilic. Because of their high adhesive strength, hydrophobic epoxies are used for dry crack repairs
for widths greater than 0,05 mm. Problems could also arise due to the high thermal expansion modulus of
hydrophobic epoxies. The concrete is likely to produce another crack adjacent to the repaired crack when
substrate movement occurs. Rigid resign grouts usually fracture at the bond line when subjected to high
tensile stress.

© 1SO 2011 — All rights reserved 7
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Although hydrophobic epoxies have been widely used for structural bonding and waterproofing repairs, most
epoxies that were previously used to seal water-leakage cracks have not produced successful results.
Therefore, until now, epoxies that are able to maintain highly flexible and strongly adhesive properties in
water-leakage cracks were in demand. To meet that demand, hydrophilic epoxies that effectively bond to
moist substrates and effectively withstand substrate movement and constant temperature changes are being
developed and tested in the market.

When selecting an epoxy resin grout, analysis of environmental conditions of the areas where epoxy resin
grouts have previously failed is crucial.

6.4 Pol

Types of polyurethane grout material are products such as polyurethane foam, gels, resins, and)soligs.
Urethane foam grouts consist of a polyurethane resin that reacts with water to form an expansive, closed-¢ell
foam or gel (hydrophilic types). Polyurethane resin and hardener should be prepared in accurate’ proportjon
and mixed well at the work site to obtain a repair material that performs well. The reaction;time to form the
foam may|be controlled from a few seconds up to several minutes with the addition of‘\different typeq of
catalysts. Because the desired effect of the materials depends heavily on the interval/it takes to form, he
importancg of proper time management in mixing the components at the site is highlighted.

These grolits are semi-flexible, and thus they may tolerate some changes in crack-width. Urethane foam grput
expands when placed by the formation of gas bubbles. But when the crack changes width, a defomatior] of
foam grou{ can occur because the gas bubbles are free to change volume<Poor bond of the grout to the crack
surfaces may result in a loss of bond when the grout is placed in tension, and the expanded gas bubblles
absorb water.

Urethane foam grouts are mainly used to briefly stop a sudden leakage of water, and constant surveillancg of
the leakagg site is needed. They cannot maintain long-term repair because they absorb moisture.

In this regard, when deciding to select and use urethane.foam grout, analysing environmental and mechanical
conditions |of the water-leakage crack and substrate concrete is necessary.

6.5 Synthetic rubber polymerized gel grout

Synthetic fubber polymerized gel grout is ‘a mixture of a special macromolecule resin, such as a synthgtic
rubberized gel and asphalt compound, and an inorganic component such as bentonite. This grout can be uged
directly without mixing it with other-components at the work site. It bonds well to wet substrates in water
because df the expanding property“ef the bentonite component and can respond well to the movementq of
cracks begause of the high flexibility of the rubberized gel component. It is also effective in both winter gnd
summer bg¢cause of the expanding property with high viscosity.

6.6 Othpr material

The other [types af-grout material are products such as asphalt emulsion, asphalt and mastics, quick setfing
mortars, silicate (liquid) and vinylester, etc.

7 Procedures applied to select the appropriate repair materials

7.1 Selection process of repair materials (grouts)

A number of applicable materials are available to the owner, engineer, or contractor. Depending on the
varying environmental conditions of the water-leakage cracks, the appropriate selection of repair materials is
very important for successful maintenance. Figure 4 provides a selection process of materials that can repair
(seal) cracks of varying width and water flow. The cracks that occur in various service and application
conditions require an adequate combination of effects from different repair materials, which have their
respective capabilities (but also limitations when applied on the crack alone) in order to respond to such
requirements. Therefore, well-designed assessments are required in order to select the most appropriate

8 © 1SO 2011 — All rights reserved
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repair materials, and ensure the best resulting performance possible. Economics (cost) and previous
experience by engineers may also influence the choice of materials utilized in a specific case or application.

7.2 Test for performance requirements

A number of tests are available for use in comparing the properties of grout itself. But there is no test used for
evaluating the required performance (see Clause 5) of grout itself to resist environmental conditions (see
Clause 4). The properties of a particular grout material should meet the performance requirements of site
conditions. It may be necessary to devise new tests for specific purposes (to evaluate the required
performance) in grouting application. The objectives and the contents involved in each test are listed in this
clapse:

Material selection process

Owner requirements Service condlitions
A
}[ > Determine project objective < }[
Causes of leakage Application conditions
A

Determine repair material properties needed to
meet project objectives

A

Identify-repair materials or systems which will
produce the required properties

A

Seléctrepair material or system that provides optimum balance of
performance, risk and cost factors

Figure 4 — Process of repair material selection

7.4.1 Test for thermal stability

The test for thermal stability assesses the thermal stability of an injected repair material and thelamount of
time it can maintain its degree of performance against temperature change in the surrounding environment of
leakage cracks or repaired leakage cracks on underground structures or on roof slabs.

One method used to evaluate thermal stability is to observe the water penetration of the repair material
immediately after the material is thermally stressed. To perform this evaluation, the repair material to be tested
first undergoes several cycles of low and high temperatures (i.e. artificial fluctuations in temperature) in a
temperature cycle chamber. Hydraulic pressure is then immediately exerted on the test material for a given
interval of time. A material that does not allow water penetration after being affected by thermal change has
good thermal stability.
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7.2.2 Test for chemical resistance

The test for chemical resistance assesses the chemical resistance of injected repair materials against the
corrosion effects of chemical compounds in surrounding water of repaired leakage cracks on underground
structures or on roof slabs, and measures how long the repair material maintains its performance for repaired
leakage cracks in chemical water.

One method used to evaluate chemical resistance is to measure the rate of the mass change of the repair
material. To perform this evaluation, water containing various chemicals (e.g. acid, alkali and sodium chloride,
or sea water) is used to exert chemical stress on the material injected into a crack for a given interval of time;

a slow rate-of-mass nhnngn |mpl|ne gnnri resistance

7.2.3 Test for watertightness

The test for watertightness assesses the watertightness of repair materials against the effect of wgter
pressure dn repaired leakage cracks in the surrounding environment of underground structurés and on rpof
slabs, and|measures the duration of their performance.

One way [o evaluate permeability is to observe the water penetration through thé test material, whicH is
injected info an artificially made space between two pieces of wet substrates. Controlled hydraulic pressurg is
then exerted on the material that was injected into the “crack”; a material that does not allow leakage ungler
applied wgter pressure implies good watertightness.

7.2.4 Test for adhesion on the wet substrate

The test fgr adhesion on the wet substrate assesses the adhesion‘ofinjected repair materials on the substrpte
concrete, and measures the duration of the adhesive strength.

To measure the adhesion, the repair material is used like aglue to hold two pieces of mortar (substituting|for
concrete spubstrate) with a standardized surface area and.weight. The top half of the mortar is then fastened or
clamped inp mid-air, and the time it takes for the bottom half to fall off is measured. A repair material that halds
the two mqrtar pieces together for a long time has goed adhesion.

7.2.5 Test for water (washout) resistance

The test fpr water resistance assesses:the washed-out resistance of injected repair materials against the
erosion effect of water flow on repaired leakage cracks of underground structures or on roof slabs and fhe
period during which the material maintains performance.

One methpd used to evaluate™water resistance is to measure the rate of the mass change of the repair

material. Tjo perform this<@valuation, an artificially created water flow is used to exert stress on the material
injected info a crack for‘a given interval of time; a slow rate of mass change implies good resistance.

7.2.6 Test for response to the substrate movement

An ideal rgpain material not only must be watertight and resistant to changes but must also be flexible enoygh
to modify itsshape stightly imorderto respond to moving substrates and avoid damage from the force.

This test assesses the flexibility or the ability of the repair material to respond to substrate movement that is
due to cycles of thermal shrinkage and expansion, ground vibrations (from nearby passing vehicles), and
uneven settlement in the surrounding environment of repaired leakage cracks on underground structures and
roof slabs.

One way to evaluate this response to substrate movement is to determine whether the water penetrates
through the test material after having forcefully moved the substrates to which the material was applied. A
material that does not leak under stress due to moving substrates has good response to the substrate
movement.
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8 Execution of different types of repair methods

In order to select the best method for effectively sealing water-leakage cracks, the appropriate applicability,
cost, duration of use, finishing condition and other effects related to repair methods must be considered. All
methods used to repair cracks should provide effectiveness against water leakage. The effectiveness should
be maintained for a long period of time. The methods for sealing water-leakage cracks can be categorized as
listed in 8.1 and 8.2.

8.1 Grouting injection methods

Fidure 5 illustrates the injection repair methods using urethane foam grout, acrylate grout, cementifious grout,
and epoxy resin grout. There are three main types of grouting injection methods for water-leakage cracks.

The first method is called intercept injection [Figure 5 a)]. At a certain distance away fromithe crack, a hole is
drilled diagonally through the concrete until it intercepts the crack at its midpoint. An injection nozzle is then
inserted through the drilled hole. When the repair materials are transferred through(@hé nozzle, th¢ materials
floy through the crack in both negative and positive directions from the midpoint of the crack until the crack is
commpletely sealed up.

The second method is called negative side injection [Figure 5 b)]. The repaif material is directly ipjected via
thg mouth of the crack on the negative side, flowing through the crack toward the positive side, filling up the
entire inner space.

In the third method, called positive side injection [Figure 5 c)], aninjection hole is drilled parallel to the crack at
¢ertain distance away, creating another passage connecting the negative and positive sides. [The repair
dterial is then injected into this newly drilled hole, and ¢he material flows from one end to the jother. The
dterial then spills out from the hole, later hardening to become a small barrier which blocks the mputh of the
dck from the positive side, directly intercepting thexwater leakage. In order for this method to work, there
myst be a layer of soil beneath the substrate. Grout-flow penetrates the surrounding soil, blocking [the flow of
fluid into passage. The amount of success depends upon the soil condition. Results may be uncontiollable.

Q339

a) Intercept injection

Figure 5 — Grouting injection methods (continued)
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