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ABSTRACT

This paper describes a preliminary experimentadlyston the bond effect between post-
installed rebar and concrete after exposure toagdelvtemperature. Three levels of high
temperature, 40C, 500C and 800C, in addition to 2%C (room temperature) are considered.
The bond effect is investigated by comparing thiemalte shear stresses between rebar and
concrete as rebars are pulling-off in the pull-tedts. Adhesive material tests are also
carried out to determine the variations of compwesstrength and flexural strength due to
different temperatures. The experimental resuitsasthat temperature higher than 3@
could cause the adhesive material change its ampsasignificantly, so that the material
loses its strength. The post-installed rebar systetally lose their bond strength when the
temperature reaches 8@0 However, rebar systems may retain 80% bond gitneifi the
specimens are exposed to ZDor less.

Keywords. Retrofit, Post-installed Rebar, Pull-out Test, Borgtrength, Elevated
Temperature.

INTRODUCTION

Post-installed rebar technique has been commordy irs concrete construction for years
whenever there is a need of alteration or reinfor®. Nowadays, many aged or damaged
reinforced concrete structures are strengthenedreypaired by retrofit technique utilized
post-installed rebars to avoid demolition and retaction.

Poor bonding between steel and concrete is orteeafniin reasons causing the damage and
deterioration of reinforced concrete structuresinc& most of the epoxy resin-based
adhesives have high strength, material stabilityabllity, and good bonding effect, the
performance of bonded rebar is usually consideved éetter than the cast-in reinforcement.
Study has pointed out that the bond strength cdurelhesive is significantly higher than
that the embedded reinforced, especially in lowsbedment depth (Hamad, 2006).
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However, concrete may expose to elevated tempesaturing a fire. Study has showed
that the adhesive can only withstand 2@ithin a short period of time, otherwise softenin
and bond failure would occur (Technical Handbodk)&). Besides, when the reinforced
concrete exposed to the temperatures over 200h#Cpond strength of rebar gradually
decreases as the exposure time increases (Chizd@, 2rd Chiang, 2003). Therefore, once
the reinforced concrete structures containing pustlled rebar suffer the invasion from fire
damage, whether the appropriate bond strength batateel rebar and concrete could retain
is a significant concern.

There are studies conducted on the bond strengthstfin rebars at high temperature (e.g.,
Ferhat Bingol, 2009, Bouazaoui, 2008, Chiang, 20&0J Chiang, 2003). However,
information on the bond between post-installed reba concrete is limited. In order to
ensure the security of anchorage in engineeringicgpipns, and to correspond the needs of
fire safety for structures, there must be morereffput in this area. Therefore, the main
purpose of this study is to investigate the infteenf high temperature on the bond strength
of concrete specimens consisting of post-instatidsr.

EXPERIMENTAL PROGRAMS

There are two categories of experimental testswaed in this study. One is to understand
the material strength of adhesive under differentgeratures (via compressive test and four-
point bending test), and the other is to deterntlireeinfluence of high temperature on bond
strength (via pull-out test). Ten cylindrical adive specimens, and ten flat adhesive
specimens were prepared for compressive tests,bending test, respectively. Five
temperatures ranging betweerf@%nd 300C are chosen. Sixteen sets of pull-out tests in
three series were conducted. Most pull-out tetst g@ntain five identical specimens. Three
elevated temperatures, 400 500C, and 808C in addition to room temperature (29 are
chosen. All the holes in concrete were preparedtitizing a heavy-duty electric drill with a
12 mm drill bit. The inclination angle between tbeagitudinal axis of each post-installed
rebar and the perpendicular direction to the cdacserface was measured and controlled
within a tolerance of 8 (ICBO 2001). The general experimental conditiansl the tests
parameters of pull-out tests are summarized inel‘abl

Materials. Based on the limitation of the testing equipmeorly #3 steel deformed
reinforcing bars (nominal diametdr= 10 mm) were used. Ready-mix concrete withgtesi
compressive strength of 27.6 MPa were cast inatuhe base material. Any drilling or
heating process was carried out after the conceaihes its 28-day strength. Two brands of
adhesives (so called Adhesive | and Adhesive leingrwere selected as the bonding
material. These adhesives are both two-compomgettion type with epoxy resin and
hardening agent. The extruded adhesive was curedt ifor at least 24 hours before any
further treatment. One spray-applied fire resestimaterial, whose major components
including cement, vermiculite and inorganic firesistive material, was also used to protect
the rebar outside from the concrete against theagarmwvhen the specimens were heated in
the furnace. All the above-mentioned materialsduge prepare the test specimens were
obtained from the same batch to minimize variatiogtsveen samples.

Specimens. The sizes of adhesive specimens for material tgstss listed in Table 1. One
specimen of each adhesive was heated to the tmggerature, 10C€, 200C, 306C, or
400°C for 30 minutes, and was air-cooled to room temijpee. The rest unheated specimens
were to be tested as the reference.



Table 1. Experimental conditions and test pararasete

Main Descriptions Supplementary Descriptions
Servohydraulic load frames,

MTS material test system

Apparatus Max. capacity: 250 kN
high-temperature furnace Max. temp: 1600
Test control| Load control, Static loading :Dégcé)edure following ASTM of

f'c = 27.6 MPa (Design)
concrete | Ready-mixed concret€c = 32.6 MPa (Measured in
Lab)

Fy = 273 MPaF, = 383 MPa

Material (Nominal)
rebar | deformed steelbars | b '_ 41 4’k (Measured in

Lab)
| (Commercial brand)| two-component injection type
Il (Commercial brand) two-component injection type
Adhesive | Compressive specimen (cylinder)2.5cm diax 5¢cm height
material Bending specimen (flat bar) 2cm x1cmx 11cm

test TemperatureT, °C) 25, 100, 200, 300, 400

Concrete specimen (cylinder) 15cm diax 15cm height

adhesive

Pull-out testt Embedment lengthes of #3 rebar| 5¢cm
TemperatureT, °C) 25, 400, 500, 800

The specimens for pull-out tests were divided ihree series. The first series, Series N, is
the reference test set with specimens not healdwse specimens were prepared by the
standard process as follows.

a. Drill a 5cm deep hole in the center of the prepacedcrete specimen, and

completely clean the hole.
b. Install a rebar into the cleaned hole with propmoant of adhesive, and make no
movement of the entire system for 24 hours.

The second series, Series A, contains the instafi-heat specimens. These specimens were
first made by the above mentioned standard proc2dshours after rebar installation, the
chosen fire resistive material was spray-appliedhensurface of the part of rebar outside of
the concrete. Then the specimens were heatecettatbet temperature, 40 500C or
80C°C. After a heating duration of 30 minutes at tugét temperature, the specimens were
air-cooled in lab and the fire resistive materialswemoved.
The third series, Series B, contains the heat-thstadl specimens. The concrete cylinders
were first put in the furnace and heated to thgetatemperature, 460, 500C or 80GC for
30 minutes. After air-cooled in lab, rebar wastatisd in the concrete cylinder by the
standard process.
There two sets of pull-out tests not included ia étbove series. One set contains specimens
similar to Series A except that the fire resistivaterial was sprayed all over the surface of
the entire specimen. The other set contains spacisimilar to Series B except that the
concrete cylinders were protected by fire resistinagerial before they were sent into furnace.



The purpose of makintpese two sets of p-out tests is taheck the effect cfire resistive
material.

Testing Procedure. Adhesive material tests andll-out testswere performed 24 hou
after the specimens were mar Strain gages were attached in the center on bgtfanad
bottomsurfaces of adhesive bend specimens to record the compressive and tensdins
during the tests. The setup of adhesive mater&ib tare shown in Figure Figure 2 depicts
the specimen grip and setup of p-out tests. Maximum load and failure mode we
recorded for each pudiut test and the bond strength of each specimas calculated as

follows:
P
1)

Toond = ﬁ
f

where ,,ng represents thaverageshear stress (bond strength).is theultimate pul-out
load,d is thenominal diameter of rebi andh.; denotes thembedment length of rer.

(a)Compressive test (b) Bending te

Figure 1.Setup of material test of adhesive
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(b) Assembly of specime

Figure 2. Setup of pull-out test



TEST RESULTSAND DISCUSSIONS

Although it is indicated in previous study that edive may not perform well under
temperature above 120, adhesive specimens in this study were expostaitperatures up

to 400°C to examine the material strength change dueftereint temperature. Since the
adhesive is not a ductile material, bending testhissen to replace the tensile test. The
appearance of adhesive specimens after heateceteelpcted temperatures is shown in
Table 2, and the variations of capacity ratio foétie strength of heated specimen divided by
the ultimate strength of unheated specimen) austitited in Figure 3. Table 3 depicts the
comparison between the specimen under room tenyperahd the specimens protected by
the fire resistive material. All other resultspfll-out test results are listed in Table 4.

Table 2. Appearance of adhesive material sampde lagating

Temp| Specimen for Compression Test Specimen for Benbasy
(°C) Adhesive | Adhesive I Adhesive | Adhesive I
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Figure . Variations of capacity ratios

Material Tests of Adhesives. It can be observefilom the specimen appearance in Tab
that thecolor of compressiv specimen slightly varied at 18@. When the temperatu
reached 30 not only the color but also the texture of thenpressive specimens show
severely change. Similgsthenomenon also occurrddr the bending specime. The
ultimate compressive capacity of unheated specimeade by adhesive | and Adhesive
are 1.06 kN and 1.1BN, respectivel, that yields a difference less tha#.5 The ultimate
total load of bending test for the unheated speciofeadhesive | is 51.5 kN, and that
49.2kN for adhesive Il.The difference between these two adhesive matdgadgain nc
morethan 5%. From the variations of ultimate strengttios shown in Figure 3, it found

that the adhesive materials could retain theimstie if the temperature wibelow 206C,

but the materials totally lagheir strength if the temperature reaches’@00

Effect of Fire Resistive Material. The effect of fire resistivenaterialis examined by
compaing the bond capaciiobtained by pull-out test of the specimg@nstected by firproo
materialwith that of the unheated specime From the test results indicted in Tab, it can
be found that the averagpend strengt of the install-then-heat specinse(set (-1) reduced
about 12%, but thewveragebond strength of the heat-then-instgliesimeis (set O-2)
increased 18%. This result showed the fire resistivematerial used in this stu
developed a good protection function so that thi#eesystenunder 500C can still retain:
almost 90% bnd strength (set-1). Moreover, if the concrete itself was covelogdhefire

resistivematerial, the material strength probably increaseckrtain degree that make -
postinstalled rebar display a higher bond strength@-2) than the unheated speens.

Influence of Elevated Temperatures on Bond Strength of Post-Installed Rebar System.
The comparisons among f-out test results of heated and unheated speimenshawn ir
Figure 4. The curves displayed in Figure 4 (a) indicate thatinstal-ther-heat specimens
(series A)of both adhesives totally lotheir bond strength when the specimens were he
to 800C. If the specimens were exposed to temperaturesigbehthan 50°C, more than
80% of the bond strength was remained. Similaasita was found for the heand install
specimengseries B) as shown in Figure 4 Bond strength highdahan that of unheate
specimens can be founfibr the heat-and-install specimens wikdhesive 1.  This
phenomenon was also discussed in Series . Some pecimens displayecond failure at
500°C and 806C ae shown in Figure



Table 3. Pull-out test results

Adhesive |

set
(Temp)

description

Sample
numbe

Failure
Typet#

Ultimate
capacity (kN)

Average

Bond

Test
result

average

strength
 ThondMPa)

Difference

Thond ™ Tyond o c

Tbond 25°C

-1
(25°C)

unheated

29.6

33.2

31.2| 32.3

36.6

30.7

20.6

0-1
(500°C)

Install-
then-heat

28.0

39.4

39.3 | 28,5

28.9

39.8

18.1

-12.1%

0-2
(500°C)

Heat-then-
instally

33.7

40.8

40.1| 38.2

40.5

QA IWINFPORWNRFROIRWNFE

Mm@ W Mmoo Tim|oe|to ot ot

24.3

41.F

+18.0%

# Failure Type: Fsteel rebar fracture,-bond failure.
1The whole specimengere covered by fire resistive material before imeg

tThe concrete cylindersere covered by fire resistive material before hea

*The value is noincluded inthe calculation of averaggrength due to rebar fract.
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Figure4. Comparisons of pull-out test results




Table 4. Pull-out test results

Adhesive | Adhesive Il
Ultimate Bond Ultimate Bond
series set |Samplg capacity (KN) | strengthl set |Samplg capacity (kN)| strength
(Temp)| No. Test averageAverage (Temp)| No. | Test averageAverage
result [ (MPa) result [ (MPa)
1 29.6 1 30.1
N 1 g gi; 323 | 206 | M- g fs?g 329 | 209
o . : . o : : :
(25°C) 4 36.6 (25°C) 4 30.7
5 30.7 5 32.3
1 41.F 1 22.2
-2 g gg'g 329 | 209 |, "2 g gi'g 243 | 155
o . : . o . : :
(400°C) 4 24.3 (400°C) 4 23.8
5 39.4 5 18.0
1 25.2 1 21.2
A 3 g 3296'7% 257 | 164 | 13 32 3?;3951 28.4 | 181
[0} . . . 0, . . .
(500°C) 4 41.8 (500°C) 4 19.6
5 39.0 5 23.2
1 0.293¢ 1 5.41
- g 12'2 164 | 110 |1 g g.ig 0.297 | 19.9
o . . o : : .
(800°C) 2 37 6 (8007C) 2 —
5 19.2 5 --
1 24.6 1 31.2
I-5 2 26.8 | 29.5 18.8 -5 2 34.7 34.9 22.2
3 37.1 3 38.7
1 34.F 1 |[33.95
2 23.1 2 21.3
I-6 3 34.0 | 19.5 12.4 -6 3 36.1| 33.3 21.2
B 4 18.3 4 38.2
5 17.1 5 36.8
1 - 1 -
2 - 2 -
-7 3 - - - -7 3 - - --
4 - 4 -
5 - 5 -

The test results of specimens failed either duebhar fracture (values followed by *) or due
poor rebar installation (values followed by #) a@ included in calculation of avera
bond strength.

-- represents the specimens are severely damaigedhabting to the target temperature.

Only results of specimen fail in bond failure typere included in calculating the average.




(a) 500C (b) 80

Figure 5 Bond failure of pull-out test
CONCLUSIONS

Several conclusions are drawn from this study.

1. The compressive and bending strength of the tweasidbs used in this study are very
close. The material strength of both adhesivesregvchanged if the material is exposed
to temperature higher than 3@

2. The effect of fire resistive material used in thigdy is quite good. With the protection
provided by the fire resistive material, the botrérsgth of specimens can be remained to
an accepted degree after exposure up téG00

3. If the specimens are exposed to temperatures ghehihan 500C, more than 80% of
the bond strength could be retained. Howevesptimens heated to 8t totally lose
their bond strength.
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