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Bonding tests wer e performed to evaluate the capacity of different shotcrete
mixes to provide a good and durable joint with concrete surfaces prepared
for repair in various ways. A total of 21 slabs (1.2 x 1.2 m) made of ordi-
nary or conventional concrete were covered with a 75- to 100-mm layer of
shotcrete. The concrete surfaces to be covered with shotcrete were pre-
pared in different ways: sandblasting, chipping with jackhammers, grind-
ing, or hydrodemolition. Both dry-mix and wet-mix shotcretes were used.
Pullout tests, performed after 2 and 6 months, were used to evaluate the
strength and durability of the bonding. The results indicate that the type of
surface preparation has a strong influence on the strength and durability of
the bonding, and that hydrodemolition is probably the best type of surface
preparation. The shotcrete mix composition, however, was found to have
relatively little influence on bonding durability.
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INTRODUCTION

The bonding durability of thin concrete repairs is a very
important issue, but little is known regarding the parameters
that can influence durability of this bonding, particularly in
the case of shotcrete repairs. The repair of concrete struc-
tures by applying athin layer of dry- or wet-mix shotcrete,
because of the possible savings involved and quality of the
bonding that can be obtained, is now often considered agood
aternative to traditional repair methods. * Shotcrete was used
for the first time in the United States in 1910, and its appli-
cations have expanded over the years, with constant im-
provement of the technique. Shotcrete has, however, had
relatively little use in Québec until recently. This study is
part of alarger one aimed at improving the quality of shot-
crete remedial work in Québec.

Therearetwo different procedures used to apply shotcrete:
dry- and wet-mix. In the dry-mix process, water and liquid
admixtures are added at the end of the nozzle to the rest of
the materials. Air pressure is used to convey the dry mix
through the hose to the nozzle, where water is added. The
nozzleman determines the amount of water added to the mix
at the nozzle. Good shotcrete that will bond strongly to the
surface to be repaired is thus highly dependent on nozzleman
experience. In the wet-mix process, all materials (including
water) aremixed together, asin normal concrete, and the mix
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is then pumped to the end of the nozzle, where compressed
air isused to pneumatically accelerate the shotcrete onto the
receiving surface. In this process, the experience of the noz-
zleman islessimportant, since he has no control over the mix
composition.

This article presents the results of bonding tests performed
to evaluate the capacity of different shotcrete mixesto form
agood and durablejoint with aconcrete surface prepared for
repair, aswell asto evaluate the influence of the type of sur-
face preparation on shotcrete bond. Slabs made of ordinary
or conventional concrete were cast, cured, and dried. The
surface of these slabs was prepared in different ways, and
then covered with a thin layer of shotcrete. Both dry- and
wet-mix shotcretes were used. Pullout tests, performed after
2 and 6 months, were used to evaluate the strength and dura-
bility of the bonding.

RESEARCH SIGNIFICANCE
Very little information is avail able concerning the param-
eters that influence the long-term bonding of shotcrete, par-
ticularly the type of preparation of the surface to be repaired.
The information on this subject presented in this paper
should be useful to all engineersinvolved in shotcrete repairs
of concrete structures.

LITERATURE REVIEW ON BONDING STRENGTH
AND DURABILITY
One of the problems encountered in evaluating the results
of tests of bonding between two materials is the fact that a
variety of different test procedures have been used. This has
resulted in different recommendations for minimum bond
strengths. ACI Committee 503, for instance, recommends a
pullout strength of at least 0.7 M Pa (100 psi) for epoxy-based
mortars, and describesin an appendix aprocedurethat can be
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used for adirect tensiletest of bond strength. This procedure,
however, isnot directly applicable to shotcrete repairs. In the
Canadian National Standard (1990),3adirect tensile strength
of at least 1.00 MPa is recommended when testing is con-
ducted in accordance with the CAN/CSA A23.2-6B test
method.2 A modified version of this CSA test was used in
this study.

Although it is generally agreed that the method used to re-
move the damaged concrete, as well as the texture, sound-
ness, cleanliness of the surface to be repaired, and the
characteristics of the repair materials, can al influence the
bonding strength, the conclusions obtained by variousinves-
tigators are unfortunately often influenced by the specific
type of testing procedure used.

In 1956, Felt* carried out an important laboratory and field
research project on the influence of many different parame-
ters on the strength of concrete to concrete bonding. He stud-
ied remova methods, bonding agents, and curing methods.
He observed:

It became apparent that factors influencing bond of
new and old concrete were not easily isolated and con-
trolled. The most important factor was the condition of
the old surface—its cleanness, roughness and strength
or soundness. If the surface was clean, slightly rough
and free of weak outer skin, good bond was generally
obtained, otherwise relatively poor bond was obtained.

Thefirst step when arepair must be carried out is removal
of the damaged concrete. It is very important to select the
method most appropriate for the specific field conditions.
The usual methods are sandblasting, chipping with jackham-
mers, and hydrodemolition. It is generally recommended
that any method that will weaken sound concrete and create
microcracking be avoided. It is also generally recommended
that the mass of jackhammers be limited for the same reason.
The second step isto insure that the surface is free from dust
or broken pieces of old concrete.

Felt* concluded that surface texture did not exert a con-
stant influence on bonding. He obtained poor results on
sandblasted surfaces, which he attributed to the polishing ef-
fect of sandblasting. Saucier and Pigeon,>® however, ob-
tained good results on sawed surfaces.
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Hindo” performed bonding tests on large surfaces covered
with repair concrete. He compared the results obtained with
hydrodemolished surfaces (using high-pressure water jets)
and jackhammered surfaces, and concluded that a much bet-
ter bond was obtained with the hydrodemolished surfaces.
He observed almost no microcracks on the hydrodemolished
surfaces, but found that the jackhammered surfaces were se-
verely damaged. Unfortunately, the same bonding agent was
not used in both casesin his studies.

Use of bonding agents with shotcrete has been evaluated
in some studies.® It was concluded that: “In general, the ep-
oxy-coated panels did not increase the bond strength of shot-
crete to old shotcrete or concrete” Felt,* Saucier and
Pigeon,® and Wall, Shrive, and Gamble® all reached the same
conclusion concerning the bonding of ordinary concrete: the
use of a bonding agent reduces the variability of results ob-
tained on an ordinary concrete. According to Judge, Cheri-
ton, and Lambe,° this could be due to a reduction of the
effects of differential shrinkage and thermal movements.

Prewetting the surface before applying the new concrete
layer is also common practice. This practice, however, is
subject to controversy. Sasse and Fiebrich'? reported that the
presence of a film of water inhibits formation of a perfect
contact between old and new concrete. In dry and hot weath-
er, prewetting is usually considered necessary, because it re-
ducesthe surface temperature and potential for curling of the
bonded layer. Dhir'? showed that an important thermal gra-
dient is created when fresh concrete is applied on aslab heat-
ed by the sun, and that this gradient reduces the quality of the
bond. Saucier and Pigeon,® however, found no great differ-
ences in the bonding strength obtained between laboratory
dry surfaces and prewetted surfaces in tests on concrete.

Thereislittle datain the literature on the influence of con-
crete materials used for repairs on bond quality. As pointed
out by Schrader and Kaden,*® the accumulation of water at
the interface between the old concrete and a particularly im-
permeable concrete may cause aloss of bond in cold weath-
er. The permeability of the repair concrete should thus
ideally be similar to that of the base concrete. With poor
quality base concretes, however, this may not be realistic. It
should, however, be noted that use of an impermeable mate-
rial to cover a structure in contact with ahumid environment
facilitates saturation of the old concrete, which in turn in-
creases its vulnerability to damage from freezing and thaw-
ing.

The bond between shotcrete and an old concrete surfaceis
generally very good,*® probably due to the shotcrete compac-
tion process and the normally low water-cement ratio of this
material, particularly for dry-mix shotcretes. Results ob-
tained with dry-mix shotcreteindicate that the force required
to break the bond is approximately twice as high as with wet-
mix shotcrete (ACI 506R-85). The phenomenon of rebound
(the larger particles tend to rebound from the surface) also
probably plays asignificant role. Parker** mentioned that, at
the beginning of shotcrete impacting on the receiving sur-
face, only the cement paste bondsto the surface and the other
components rebound until a sufficient thickness of paste is
obtained. A well-compacted layer of portland cement with a
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low water-cement ratio is thus formed at the bond interface
and acts as a bonding agent.

Very few investigators have analyzed the durability of the
bond between anew concrete layer and an old concrete sur-
face. Saucier® studied the mechanisms by which this bond
can be slowly damaged. He found that the microstructure of
the interface was highly influenced by the characteristics of
the cement in the new concrete. He al so observed that micro-
cracking of the cover layer due to shrinkage was generally
the main cause of the reduction of the bonding strength, and
that the influence of other effects such as freezing and thaw-
ing cycles was less pronounced.

RESEARCH PROGRAM, MIX CHARACTERISTICS,
AND OPERATING PROCEDURES

This paper presents part of the results of a research pro-
gram on the durability of shotcrete repairs. The results of
tests performed to analyze the durability of the material itself
arereported el sewhere.*>6 This paper presents the results of
tests performed to study the durability of the bonding be-
tween shotcrete and an old concrete surface.

A total of 21 slabs (1.2 x 1.2 x 0.1 m) were prepared with
ordinary or conventional concrete (Type | cement, 0.45 wa-
ter-cement ratio, 6 percent air content, and nominal 35 MPa
compressive strength). These slabs were wet-cured for 7
days and then placed outside the laboratory for approximate-
ly 1 year before their surfaces were prepared for shotcreting.
Several methods of surface preparation were used: sand-
blasting (two slabs), jackhammering (two slabs), jackham-
mering followed by sandblasting (two slabs), grinding (two
slabs), and hydrodemolition (thirteen slabs). Four of the hy-
drodemolished surfaces were kept wet for 24 hr before shot-
creting. All other surfaces were only prewetted immediately
before shotcreting.

The choice of the shotcrete mixes was based on results
from aprevious series of tests, and al so on recommendations
from the Québec Department of Transportation. Tables 1
and 2 show the composition of the mixes used with dry- and
wet-mix shotcretes, respectively. All mixes areidentified by
acode (described in Fig. 1).

Except for the mix containing latex, all mixes applied by
the dry-mix shotcrete process (the process normally used by
the Québec Department of Transportation) were air-en-
trained to obtain a better salt-scaling resistance (Table 1).
The air-entraining agent was simply added to the water used
for shooting, as explained in a previous publication.*® Four
types of binder were utilized: Type | cement, Type | cement
with 10 percent silicafume by mass of cement, Type Il ce-
ment, and Type Ill cement with 10 percent silica fume by
mass of cement. Two of the dry-mix shotcretes contained
steel fibers (35-mm long deformed fibers). The wet-mix
shotcretes (Table 2) were all made with the same Type | ce-
ment. One mix contained silica fume, and another contained
35-mm long deformed steel fibers.

The composition and properties of the cements and silica
fume used are summarized in Table 3. The coarse aggregate
for the dry-mix shotcretes was a |0-mm nominal-size
crushed hard dolomite, and that for the wet-mix shotcretes
was a 10-mm nominal-size crushed granitic gneiss.
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Table 4 gives the amount of air in the fresh dry-mix shot-
cretes (the mixes were simply shot directly in the airmeter
base). Table 5 gives the slump and amount of air for the wet-
mix shotcretes (before shooting). All shotcretes were cured
with wet burlap for 7 days.

Table 6 shows the results of the compressive strength tests
for all shotcrete mixes (except the latex-modified mix). The
results represent the average for six specimens (75 mmin di-
ameter by 150 mm in length) taken from additional test pan-
els prepared with the various mixes. These panels were
water-cured for 7 days and then left to dry outside. The core
specimens were tested at 28 days.

Compressive strengths obtained with the dry-mix process
are generally superior to those obtained with the wet-mix
process (unless special measures, such as the utilization of
superplasticizers and silicafume, are used). Thisis probably
due to a lower water-binder ratio in dry-mix shotcretes. As
with ordinary concrete, the compressive strength is typically
higher in the mixes made with Type Ill cement. The influ-
ence of the other parameters on compressive strength is not
very clear, particularly for the dry-mix shotcretes. This is
probably due to the variability of the air content, and also to
the influence that the composition of the mix can have on the
amount of water needed to obtain an adequate consistency.

The characteristics of the air-void system of the various
mixes, as well as the results of the salt-scaling tests per-
formed, are given in a previous publication.®

Table 7 indicates which shotcrete mixes were used with
each type of surface preparation. Two mixes were used sys-
tematically with each surface preparation: one typical dry-
mix shotcrete (D1A40), and one normally expected to give
the best bonding, the dry-mix shotcrete containing silica
fume and fibers (D1SA40-sf). Only one type of surface prep-
aration (that expected to give the best results, hydrodemoli-
tion) was used systematically with all mixes to study the
influence of the different mix characteristics.

Pullout tests were performed at 2 months and 6 months af -
ter the slabs were covered with shotcrete. Shotcreting was
carried out in the months of May (dry-mix shotcrete), and
September (wet-mix shotcrete). All test panels were simply
left outdoors until testing. The aging process therefore con-
sisted mostly of simple air-drying (plus a few wetting and
drying cycles and afew freezing and thawing cycles).

The pullout test that was used (Fig. 2 and 3) isamodified
version of the CAN/CSA A23.2-6B test. A core of 95-mm
diameter was drilled into the test area. The depth of the test
cut extended beyond the bonded interface into the original
concrete material to adequately evaluate the interfacial bond
strength. A circular steel plate was glued with a fast-setting
epoxy to the top of the unbroken core. Then the apparatus
with an adjustabl e |oading frame was placed on the test panel
and a tensile force was applied until failure occurred. On
each shotcrete surface (21 in all), a minimum of six pullout
tests (maximum of ten) was performed at 2 months, and the
same tests were performed at 6 months.

TEST RESULTS
The results of the pullout tests performed to determine the
bonding strength are presented in Table 8. For each condi-
tion (mix composition and surface preparation), this table
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Table 1—Dry-mix proportions

Mix no. Binder, Silicafu_me, Sand, Aggregates, Description
percent percent binder percent percent
D1A40 27.5 47.6 24.9 Type 10, AEA* =40 ml/l (A40)
D1SA30 27.5 9.7 51.4 211 Type 10, silicafume, AEA =
30 ml/I (A30)
D1A30-sf 25.2 48.0 26.8 Type 10, steel fibers=
48 kg/m3, AEA = 30 ml/|
D1SA40-sf 28.5 9.5 46.0 255 Type 10, silica, steel fibers =
48 kg/m?3, AEA = 40 ml/|
D3A30 25.6 49.7 247 Type 30, AEA =30 ml/|
D3SA30 25.0 9.5 44.0 31.0 Type 30, silicafume, AEA =
30 mi/l
D1ilatex 275 47.6 24.9 Type 10, solid latex = 12 per-
cent of binder
*AEA = ar -entraining agent.
Table 2—Wet-mix proportions
. Cement,” [Silicafume, | Water, | Sand, |Aggregates, | wRr.t |A.EA., -
Mix no. kg/m3 kg/m® kg/m® | kg/m® kg/m® mi/kg | mi/kg Description
w1 430 0 200 1122 472 1.4 0.35
W1s 387 45 195 1105 435 0.4 0.35 |10 percent silica fume
W1-sf 428 0 199 1109 426 1.4 0.35 |Steel fibers = 30 kg/m3
* Cement Type I0.
T W.R. = water reducer.
Table 3—Properties of cements Table 4—Tests on fresh shotcrete, dry-mix
T_ypel (wet- T_ypel (dry- Type Il (dry- | Silicafume, Mix no. Air content, percent
mix), percent | mix), percent | mix), percent percent DTAZ0 95
SO, 21.0 20.5 21.36 95.2 D1SA30 6.0
Al,04 4.2 4.5 4.63 0.02 D1A30-sf —
Fe, 05 3.1 2.9 1.92 0.94 D1SA40-sf 11.0
Ca0 62.2 62.3 62.42 0.17 D3A30 4.2
MgO 2.2 2.1 313 0.23 D3SA30 54
SO, 3.3 3.0 3.77 0.19 Dilatex 5.5
Na,O, .
equivalent 0.84 0.82 0.82 0.14 Table 5—Tests on fresh shotcrete, wet-mix
Flntzness, 363 356 465 N/A Mixn Air content before Slump before
m“/kg IXno. shotcreting, percent shotcreting, mm
W1 9.0 130
sh h fail edat2and 6 h W1S 9.5 80
ows the averagertalure stress measured at 2 an months, Wi-sf 115 210

respectively, and the standard deviation.

For the surfaces prepared with hydrodemolition, Table 8
shows the average values for the pullout tests performed on
the prewetted surfaces and on the surfaces wetted only im-
mediately prior to shotcreting. Unfortunately, the system
used to maintain the surfaces wet for 24 hr did not work as
intended. Therefore, no significant conclusions regarding the
influence of prewetting can be drawn from these studies, and
the average results for both conditions are therefore al so pre-
sented in the table.

As Table 8 indicates, with the exception of surface prepa-
ration G (grinding) and JH (chipping with jackhammers),
there seemsto belittle significant difference between thetest
results for the various conditions, or between the test results
at 2 and 6 months. The results were therefore analyzed using
astatistical test based on Student-Fisher's law. Thistest uses
aformulathat takesinto account, for two series of results, the
average value, standard deviation, and number of results
used to calculate the average. A number is calculated from
these three values, which isthen compared to standard statis-
tical values (for a selected confidence level, usually 95 per-
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Table 6—Tests on hardened shotcrete

Mix no. [Compressive strength, MPa
D1A40 31.3
D1SA30 31.9
D1A30-sf 38.7
D1SA40-sf 515
D3A30 53.9
D3SA30 45.0

Dllatex —
W1 323
W1s 36.4
W1-sf 31.1
D 1S A40 _sf

i

=

Fibers

Type of process Typeofcement  Silicafume  Air entraining agent
D: dry mix 1: Type 10 S:10% in A20: 20 ml/1 of water -sf: steel fiber
W: wet mix 3: Type 30 replacement A30: 30 m/1 of water

Fig. 1 dentification

A40: 40 m1/1 of water

code
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A0 o

I— Existing Concrete

Fig. 2—Bond test preparation

Loading frame

Dial readout connected to the
pump

Steel plate epoxied to the core

Bonding surface —

Fig. 3—Bond test apparatus

Table 7—Surface preparation

Surface preparation

SB G JH JHSB
X X X X

Mix HD24

DIA40 X
DISA30 X
D1A30-sf X
DISA40-sf X
D3A30
D3SA30
D1latex
W1
W1S
WI-sf
Legend:
HD24 = hydrodemolished, predampened 24 hr before shotcreting.
HD = hydrodemolished, predampened before shotcreting.
SB = sandblasted, predampened before shotcreting.
JHSB = jackhammered and sandblasted, predampened before shotcreting.

JH = jackhammered, predampened before shotcreting.
G = ground, predampened before shotcreting.

I
O

XX X X X[ X X X| X X

cent). If the calculated number is not within specified limits,
then there is a significant difference between the two series
of results.

Influence of mix composition

Apart from the improvement from the combined use of fi-
bers and silica fume, the Student-Fisher law reveals no sig-
nificant difference between the bonding strength obtained
for agiven surface preparation. Use of Type 30 cement, and
addition of latex, fibers, and silicafume, appeared to have no
direct influence on the bonding strength. The statistical test
also revealed that the mix composition had no direct influ-
ence on the durability (loss of bonding strength with time) of
the bonding. However, the fracture mode (i.e., failure at the
interface, or in the old or new concrete) does seem to bein-
fluenced by the mix composition. Thisis discussed in a sub-
sequent section.

Influence of surface preparation

Theresultsin Table 8, when analyzed using the statistical
test described, show that the type of surface preparation had
asignificant influence on both bonding strength and bonding
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durability. For surfaces prepared with hydrodemolition or
jackhammering followed by sandblasting, there was no sig-
nificant loss of bonding strength between 2 and 6 months.
For all other types of surface preparation, there was aloss of
bonding strength with time. The highest bonding strength
was obtained with the sandblasted surfaces, but, as men-
tioned, there was aloss of bonding strength with timein this
case. With the exception of results for sandblasted surfaces,
the best bonding strengths were obtained with surfaces pre-
pared by hydrodemolition or jackhammering followed by
sandblasting. The influence of surface preparation on the
fracture mode is discussed in the next section.

Fracture mode

When a pullout test is performed to measure the bonding
strength between new and old concrete, there are three basic
possible types of fracture: at the bond interface, in the new
concrete, or in the old concrete. When the fracture occurs
only partially at the bond interface, it is possible to measure
approximately the area of the interface exposed by the frac-
ture. Table 9 summarizes, for MixesD1A40 and D1SA40-sf,
observations made concerning the modes of fracture. In this
table, a given percentage of adhesion indicates the percent-
age area of the interface not exposed by the fracture.

The results in Table 9 confirm, as might be expected, that
grinding is not avery good type of surface preparation, since
fracture always occurs at the interface. These results also
confirm that, for the sandblasted surfaces, some aging of the
bonding (i.e., change in the failure mode) occurred, since,
with Mix D1SA40-sf, fracture always occurred in the old
concrete after 2 months and at the interface after 6 months.
For the jackhammered surfaces, the fracture modeisvariable
with Mix D1A40, but ailmost always at the interface with
Mix D1SA40-sf. For the jackhammered-sandblasted surfac-
es, there are fewer fractures at the interface at 6 months,
which of course indicates no aging of the bonding. For the
hydrodemolished surfaces, the results also indicate no aging
of the bonding. Aging is attributed primarily to drying
shrinkage and thermally induced microcracking, which oc-
curs at the bond interface.

DISCUSSION

In this series of tests, considering both the measured val-
ues of bonding strength and modes of fracture, hydrodemo-
lition or chipping with jackhammers followed by
sandblasting are clearly the two types of surface preparation
yielding the best results, i.e., good bonding strength as well
as good bonding durability (no loss of bonding strength with
time). Hydrodemolition seems to have the advantage of re-
moving the damaged concrete and leaving the surface clean
without weakening the surface layer of the old concrete. Itis
also fast, efficient, and requires less labor. Chipping with
jackhammers can potentially weaken the surface, but, in this
case, this phenomenon was not very significant, since low-
mass hammers (15 kg) were carefully used, and sandbl asting
further helped clean the surfaces by removing some of there-
sidual fractured concrete particles. According to Hindo,”
“the number of microcracks and the thickness of the bruised
layer depend on the rated capacity of the hammer, concrete
quality, and the amount of effort exerted.” On large sites, of
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Table 8—Bonding test results, MPa

Surface preparation
Mix no.
HD24 HD HD average SB G JH JH+SB
D1A40 [ 1.78 169 [1.35 142|157 156 |233 172|036 0.00 [ 1.01 1.49 [1.70 1.66
046 026|020 025]033 026 |010 0.54|0.08 0.00 053 025|041 033
DISA30| 131 149167 184|149 167
030 0.30|0.49 030040 030
DIA30- 171 165
o 0.38 0.18
D1SA40-[ 202 1.80[2.13 191]208 186 |261 200|144 022|126 0.87 [2.01 181
s 028 036|023 024]026 030 |097 055|037 019 |0.23 0.18 [0.31 0.33
D3A30 168 1.68
0.24 0.29
D3SA30] 189 1.97
0.21 0.47
D1latex 1.50 1.58
0.71 0.20
—WI | 181 154
0.21 0.29
“WI-sf | 1.86 0.99
0.67 0.10
TWIS | 164 167
0.30 0.22
Legend:
A C

B

D

A = average strength at 2 months; B = standard deviation at 2 months; C = average strength at 6 months; D =

standard deviation at 6 months.

HD24 = hydrodemolished, predampened 24 hr before shotcreting.

HD = hydrodemolished, predampened before shotcreting.
SB = sandblasted, predampened before shotcreting.

G = ground, predampened before shotcreting.

JH = jackhammered, predampened before shotcreting.

JH+SB = jackhammered and sandblasted, predampened before shotcreting

Table 9—Comparison between fracture modes

Surface preparation Fracturein bgsr:gtc;]r:sriert]e wiiLagt;l;:cztnitn;gg:;%n Partial fracture Notes when fracture
new shotcrete to base concrete in interface occurs at bond interface
D1A40 ([D1SA40-sf| D1A40 |D1SA40-sf| D1A40 |[D1SA40-sf| D1A40 |D1SA40-sf
2 months 6/6" 8/8
Ground
6 months 6/6 8/8
2 months 4/6 2/6 5/5
Sandbl asted
6 months 6/6 6/6
2 months 2/7 a7 17 5/10 5-10 percent adhesion
Jackhammered 5/10 50 percent and more
6 months 417 3/7 8/8
2 months 1/8 2/9 778 719 5-70 percent adhesion
Jackhammered
Sandblasted
6 months 5/6 718 1/6 1/8 5-40 percent adhesion
2 months 1716 3716 5716 10716 13716 15-95 percent adhesion
Hydrodemolition
6 months 4/15 3/15 2/15 11/15 10/15 20-95 percent adhesion
T XIy = COIes broken al acertan prace / total number of cores tested.

course, small jackhammers are relatively inefficient, and
heavier jackhammers with the potential to cause more sur-
face damage may be used.

In terms of bonding strength, sandblasting seemsto repre-
sent the best surface preparation because it does not weaken
the old concrete surface. Loss of bonding strength with time
was, however, observed. Furthermore, the use of sandblast-
ing is of limited value because, unlike hydrodemolition or
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chipping with jackhammers, it simply cleans the surface and
cannot remove a significant layer of damaged concrete. The
old concrete surfaces used in these tests were not damaged,
so sandblasting only cleaned an already sound surface with-
out weakening it.

The use of jackhammers aone yielded relatively low
bonding strengths, probably because the surface was not
well cleaned by sandblasting before shotcreting. The im-
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provement of bonding strength with time for Mix D1A40 is
not readily explained. It could in part be dueto the variability
inherent in surface preparation. If a confidence limit of 99
percent instead of 95 percent were used, this improvement
would not be considered statistically significant.

Unlike Saucier,>® who obtained very good bonding
strengths on sawed and even lapped surfaces, the surfaces
that were ground yielded very poor results, particularly at 6
months, indicating a severe deterioration of bonding with
time. In Saucier's work, the repair concrete layer was simply
cast against the old surface, whereas shotcreting was used for
thisseries of tests. It isclear from Tables 8 and 9 that the best
results were obtained with well-cleaned and relatively rough
surfaces (prepared by hydrodemolition or by chipping with
jackhammers followed by sandblasting). Aging was ob-
served with therelatively smooth sandblasted surfacesandin
one mix where the jackhammered surface was probably not
adequately cleaned. It can therefore be concluded that aging
had lessinfluence on the bonding of shotcreteto rougher sur-
faces, perhaps because, in such cases, the plane where micro-
cracks can concentrate and easily propagate is not as well
defined. Other phenomena related to the shooting process
might also play arole. Thiswarrants further investigation.

Little influence of mix composition on bond strength and
durability was observed in this series of tests, particularly
with the hydrodemolished surfaces. This type of surface
seems to always yield a good and durable bond with any
good, well-applied shotcrete mix. Generaly, the combined
use of silica fume and steel fibers enhanced the bonding
strength, but, for the sandblasted or simply jackhammered
surfaces, fracture more often occurred at the bond interface
at 6 months with this type of mix. The influence of fibers on
the mode of fracture in relation to the type of surface prepa-
ration and aging warrants further investigation.

CONCLUSIONS AND RECOMMENDATIONS

The test results described in this paper indicate that the
bonding between good quality shotcrete mixes (with and
without steel fibers) and concrete surfaces prepared by hy-
drodemoalition or chipping with light jackhammers followed
by sandblasting is generally strong and durable. The other
types of surface preparation (grinding, chipping with jack-
hammers without sandblasting, and sandblasting alone) re-
sulted in either lower bonding strengths or a reduction in
bonding strength with time. No significant difference was
observed between the bonding strength of dry- or wet-pro-
cess shotcrete to a hydrodemolished surface. Further re-
search is recommended to analyze the bonding failure
mechanisms in relation to the type of surface preparation to
more comprehensively explain the influence of the type of
surface preparation on the durability of bonding. Such re-
search should also include longer aging times.
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CONVERSION FACTORS

1MPa = 145 ps
1mm = 0.03%in.
1m = 32808ft
kg = 2.2041b
1kg/m® = 1.6856 Ibiyd®
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