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ABSTRACT: Although some studies have been carriedto understand the long-term bond
performance of concrete structures strengthened WNear Surface Mounted (NSM) Fiber
Reinforced Polymers (FRPs), which is being congidan important design aspect of safe design,
there is still more effort required. This work peass an experimental campaign to investigate the
effect of sustained load, bonded length and groenih on the time-dependent behavior of
concrete strengthened with NSM CFRP strips. Siegear pull-out tests have been carried out.
Both instantaneous and time-dependent slip valwes found to be affected by the investigated
parameters, and the increase of slip due to botetidetion was more accentuated in those
specimens loaded at 50% of sustained load thae titd25%.

1 INTRODUCTION

Near Surface Mounted (NSM) Fiber Reinforced Polyan@fRP) has been recognized as an
efficient methodology for strengthening Reinfor€amhcrete (RC) members. NSM reinforcement
IS less prone to debonding from the concrete satestvhen compared to other techniques. Bond
controls the composite action between FRP and etm@and is considered the main factor
governing the success of the strengthened systehyiemzis & Teng 2007; Coelho et al. 2015;
Parvin & Shah 2016), greatly affecting its loadrgeng capacity.

An important design concern that may compromisestifety of strengthened structures is the
long-term performance under service load. Howdiraited data concerning the long-term bond
behavior between NSM FRP and concrete are availabte literature. Borchert and Zilch (2008)
carried out an experimental program, studying ffeceof adhesive properties on the long-term
bond behavior of concrete blocks strengthened WBM CFRP strips, in which a distinctive
influence of the adhesive properties and the aghsliestained load level on the long-term bond
behavior was proved. Silva et al. (2014) performaedexperimental program, concerning the
long-term bond performance of concrete elemenémgthened with NSM CFRP strips through
beam tests, in which they found that the creepceffepractically negligible and the loaded end
slip was mainly controlled by the laboratory tengtere. Derias et al. (2008) studied the
durability of RC beams strengthened with NSM CHER&ips. Sustained load equal to 40% of the
ultimate load carrying capacity was applied. Somenhs were subjected to high temperature and
some other were left in room conditions. Resulsastd a deterioration in the epoxy-concrete
interface and changes in failure modes due toxtrerae environmental conditions.
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From the literature review, it is seen that studirghe effect of sustained load on the behavior
of NSM CFRP strengthened elements is very scaras,lieing an issue in which further research
is still needed.

This paper presents results of an experimentarane@iming at investigating the long-term bond
behavior between NSM CFRP strips and concrete t&gghsingle shear pull-out specimens were
subjected to sustained load for a period of 100@rdidrhe main variables of the tests were the
bonded length, the groove thickness and the sestdoad level. Results in terms of bond-slip
response are presented and discussed.

2 EXPERIMENTAL PROGRAM

21 Program description

Ready mixed concrete with a compressive strengtB2ofPa after 28 days from casting and
tensile strength of 3 MPa, was used in this expemiad program. The CFRP laminates used as
NSM reinforcement, with the commercial name S&Pifates CFK 150/200, had the dimensions
of 1.4 mm thickness and 10 mm width. The two congmbepoxy S&P 220 was used to bond the
CFRP laminates to concrete. The tensile strengthnamdulus of elasticity of CFRP laminate
were 2400 MPa and 160 GPa, respectively, whilepgoxy adhesive presented a tensile strength
of 20 MPa, and a modulus of elasticity of 7.3 GPa.

Eighteen concrete blocks of 200 mm x 200 mm x 250 (feigure 1) were prepared to be tested
under single shear pull-out test (Figure 2). Attasting, concrete specimens were left for curing
for 28 days. Saw-cut grooves were introduced wimn depth, then cleaned with compressed
air and filled with resin. CFRP strips were covevdgth resin, introduced and centered into the
groove. Finally, the surface was leveled. The stevrh and long-term pull-out tests were carried
out after curing the resin for 10 days in laborgatonditions (20 °C of temperature and 55% of
relative humidity).

200

e 250
All dimensions are in mm

Figure 1. Test specimen configuration.

2.2 Short-term pull-out test

Six specimens were tested under single-shear ptitiest configuration (Figure 2) by applying a
short-term monotonic loading with the aim of obiainthe failure loads, which were used to
determine the sustained loads as a percentagerof thhree bonded lengths of 60 mm, 90 mm
and 120 mm were used, being the groove dimensioBsron thickness and 15 mm depth. Two
identical specimens were tested for each bondedtHenSpecimens were tested under
displacement controlled mode at rate of 0.2 mmAnsing a servo-hydraulic testing machine.
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Figure 2. Pull-out test setup.

2.3 Sustained loading pull-out test

Specimens with different arrangements were groumedthree sets (Table 1), and tested under
sustained loading. The first group was subjectea $astained load of 25% of the failure load,
while the second and the third were subjected stagwed load of 50% of the failure load. The
groove width was 5 mm for the first and second gspand 10 for the third. All test groups had
specimens with bonded lengths of 60 mm, 90 mm &@rim. In Table 1, the first column
contains the specimen identification, the secoridneo indicates the bonded length of each
specimen, the third column shows the applied susthioad level as a percentage of the
maximum load, and the fourth column contains tteoge width. Specimens’ identification in
the first column are as follows: the letter S ibdfwed by the sustained load level (25% and 50%),
then the letter L is followed by the bonded len@dmm, 90 mm and 120 mm), finally, the letter
G is followed by the groove width (5 mm and 10 m®ljp evolution with time was registered
using LVDTs. The sustained load was applied by mezngravity loading systems based on
lever-arms (see Figure 3). Specimens were kepetbéat 1000 hours.

Figure 3. Sustained loading test setup.
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Table 1. Test matrix configuration for sustaineading

Bonded length Sustained load levelGroove width

Specimen

(mm) (%) (mm)
S25L60G5 60 25 5
S25L90G5 90 25 5
S25L120G5 120 25 5
S50L60G5 60 50
S50L90G5 90 50 5
S50L120G5 120 50 5
S50L60G10 60 50 10
S50L90G10 90 50 10
S50L120G10 120 50 10

3 EXPERIMENTAL RESULTS AND DISCUSSION

31 Short-term pull-out test results

Figure 4(a) shows the load vs. slip curves of spens tested under monotonic loading up to
failure. Similar behaviors, failure loads and faeélunodes were observed for specimens with
bonded lengthl) of 90 mm and 120 mm, which can be attributechofaict that the provided
bonded length in both specimens was higher thaeftleetive bonded length, this meaning that
increasingLy, would not affect the load carrying capacity of gpecimen. Specimens witlh
equal to 60 mm showed lower load capacity and miffefailure characteristics. The failure loads
were 25 kN, 32 kN and 33 kN for specimens vigtof 60 mm, 90 mm and 120 mm, respectively.
Specimens with,, of 90 mm and 120 mm failed with CFRP rupture wkpecimens with, of

60 mm failed with concrete crushing (see Figurg)4(b

Load (KN)

Slip (mm)

@) | (b)

Figure 4. Short-term pull-out test results (a) Loadlip curves and (b) Failure modes.
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3.2 Sustained loading pull-out test results

Concerning the immediate slip (Figure 5), resutisvs that the instantaneous displacement was
influenced by bonded length, applied sustained laad groove width. When subjected to
sustained load level of 25%, specimens S25L90G5S#% 120G5 showed similar values of
instantaneous displacement which was higher thaoisen S25L60G5 by 70%, however, the
observed values can be considered relatively Idwe.réason for it should be attributed to the low
level of applied sustained stress. By increasimgdihstained load level to 50%, the observed
instantaneous displacements were similar for spETn$50L90G5 and S50L120G5 which were
40% higher than specimen S50L60G5, and 212% hitjaer similar specimens, S25L90G5 and
S25L.120G5, subjected to sustained load of 25% h@mther hand, increasing the groove width
at a sustained load of 50% increased the instaot@mdisplacements by 40%, 26% and 28% for
specimens with bonded length of 60 mm, 90 mm arfidnid, respectively. This increase can be
attributed to the increase of the adhesive thickm@sich may cause stress redistribution at the
loaded end leading to more deformation in the agbelmyer. Specimens S50L90G10 and
S50L120G10 showed instantaneous displacements wieoh 22 and 29%, respectively, higher
than that for specimen S50L60G10 due to the agmicaf higher load.
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Figure 5. Slip at loading (0 hours) and after 1800rs of loading

Concerning the long-term slip after 1000 hours ({Fégb), results show that at 25% of sustained
load level specimens S25L90G5 and S25L120G5 shaiveithr behavior with 0.08 and 0.09
mm total displacement, respectively, which were %0and 125% higher than specimen

S25L60G5.
By increasing the sustained load to 50%, the digphents increased for all specimens as

increasing the load caused more creep in the adhlesier leading to more deformation. Also, it
was observed that the longer the bonded length thhasnore displacement was observed; for
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example, specimens S50L90G5 and S50L120G5 (witlddmbriength 90 mm and 120 mm)
showed total displacements 30% and 69 %, respégthigher than specimen S50L60G5 which
has a bonded length of 60 mm.
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Figure 6. Total slip with time under (a) Sustaitead 25%, (b) Sustained load 50% and (c) Sustained
load 50% with wider groove.

At 50% of sustained loading, specimens S50L120G@b360L120G10 with bonded length of
120 mm started to behave in a similar way after f@@s of loading (see Figure 6). In the case
of bonded length 90 mm, specimen S50L90G10 showtd displacement 28% higher than
specimen S50L90G5 after 1000 hours of loading. elighcrease was observed in case of bonded
length 60 mm as specimen S50L60G10 showed a tsfalbdement 56% higher than specimen
S50L60G5. Increasing both the bonded length andvgr width caused an increase in epoxy
volume, which may have been the reason for theas® in creep displacement.

4 CONCLUSIONS

Results of an experimental program concerningdhg-term bond behavior between FRP NSM
strips and concrete have been presented. Specimezaglivided into three groups, in which the
sustained load level, the bonded length and thevgravidth were introduced as the main
parameters. The following conclusions can be ddrfvem the analysis of results obtained from
this limited number of tests: (i) both instantan@and creep displacements showed dependence
on the applied sustained load level, bonded leagith the groove width; (ii) the long-term
deformation increased by increasing the bondedther(di) the increase of slip due to bond
deterioration was more accentuated in those spesimoaded at 50% of sustained load than in
those at 25%; and (iv) for high bonded length,easing the groove width had a negligible effect
on the long-term behavior.
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