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ABSTRACT
The positive effect of fibers on bond of rebars in cotecig widely recognised. However,
different authors come to different conclusions regardingicplar points.
This research analyses the results of a series ofypuéists in order to obtain statistically
supported conclusions regarding bond performance of a normag8trSFRC. To do so, the
experimental program has been conceived by observing stdtistiteria (DOE techniques)
and the results have been analysed by means of arafiy&siance (ANOVA).
It has been shown that the role fibers play in bondebfrs in concrete is of the same
importance as that of concrete cover or rebar diamites especially remarkable that the
mere fact of adding fibers, no matter the amount, incredmedguctility of the bond failure

considerably, thus underlining the role of fibers in bond perfazenaas passive confinement.

Keywords: bond, SFRC, pullout test, statistical approach.

INTRODUCTION
The fact that fibers have a positive effect on bondtedlsreinforcing bars in concrete is
widely recognised and supported by literature. Such positive édfebserved even with low
fiber contentsand is being gradually assumed by codes. The new Spanish code foratruct
concrete, EHE-0B recognises that fibers improve bond conditions and stad st tmay be
taken into account when determining development lengths (or ‘anchorage lengths’ in the
terminology of Eurocode3} A very similar statement is found in the last AGhr@mittee
408 Repoft with respect to the expressions provided by ACI 318-008 determining
development lengths.
Fibers improve concrete bond capacity by confining the Ibhes, role being similar to that

of stirrups, and also by widening the range of crack widtheirwivhich this confinement
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remains active Besides, improvement in terms of bond capacity can garded as a
consequence of the betterment of matrix properties due fibets.

There are relatively few studies available that ded&h bond of rebars in steel fiber
reinforced concrete (SFRC). Several authbfsagree that fibers improve bond capacity
mainly in terms of ductility, while their influence on lwbstrength (peak bond stress) is of
little importance when compared to that.

However, different authors come to different conclosigegarding particular points. To
begin with, while some investigations conclude that the effédibers on bond strength is
not significant, some others state this is true only when the mode lofefais by pullout but
not when there is splitting. As a matter of fact, whieare is splitting, the effect of fibers is
pretty importart1% In addition to that, some authors state that adding fidees not
significantly affect bond strength in normal strength coestét (compressive strength
values up to 40-50 MPa). And when it comes to compressive strealgds of 90-100 MPa,
some authors relativize the effect of fibers and agdelthat they do increase bond strength
but no more than 15%This raises the question whether it would be realljulise take the
effect of fibers on bond into account when determining devedopriengths or lap splice
lengths.

Several studies on bond of rebars in SFRC consider me than two factors among these
ones: fiber content, compressive strength, concrete cangrnebar diameter. It is quite rare
to find all combinations of different values of these factestad, and conclusions are usually
obtained by comparing bond strength values or bond ssgsscurves in a onés-one
manner. In consequence, any disagreement between tHascomg of different studies may
be considered taking into account the dificulty of their bejegeralised.

As a consequence, the aim of this research was to study mpede nsive fashion the effect

of four different factors on SFRC bond capacity and ductihccording to that purpose, the
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experimental program was conceived to obtain reliable atadistically supported

conclusions at the same time laboratory work was minimised.

RESEARCH SIGNIFICANCE
The significance of this research concerns the bonapeahce of reinforcement in SFRC
and the ductiity of bond falure by means of a statidjicagliable approach.
This research comprises a series of pullout testeedanut on SFRC prismatic specimens
and it studies in a comprehensive fashion the effect of skfeetors (fiber type and content,
concrete cover, and rebar diameter) upon bond capacityabiow conclusions to be
statistically reliable, which is not frequent amonglss dealing with bond of reinforcement

in concrete.

EXPERIMENTAL INVESTIGATION
Mix design
One composition of the concrete matrix was consideheaugh all the research, whose
required average compressive strength was 30 MPa [4350 ps].c&ntered the research
upon a normal strength concrete which may be regarded as typioakt of the applications.
The concrete composition was the same for all specimens prodeatéeiséed in this research,
only the fiber content varied. Accordingly, the superplasticipartent was adjusted in each
case, depending on the fiber type and content, to keep the slump walesange of 10-15
cm [4-6 in]. Contents of all other components were kept cdnstan
Table 1 summarises the composition of the concrete matrix. Beghcement type and the
water/cement ratio place may be considered as usual inareguhstruction. The coarse
aggregate/sand ratio is close to one to have good levelshesion in order to work with

different levels of admixture and no risk of segregation. Wais necessary because different
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to be always the same.

Factors and Levels Considered

Table 2shows the situations or parameters considered by three differdes (ACI 318-08
Eurocode 2 and Spanish code EHEX)8n the expressions for determining the development
length of rebars. They were taken into account when decitiendactors to be considered in
this research.

With respect to compressive strength, it has been alssdythat it was fixed to a required
average value of 30 MPa [4350 psi]. The reason why it has not beederedsas a factor is
because its effect upon bond is very well known and qudftifie

The nominal yield strength of reinforcement was not &fagither since steel rebars having
a yielding strength of 500 MPa [72500 psi] were used in all cases, beitgethaual type of
steel used nowadays.

Lightweight concretes, epoxy-coated bars or the applicatidran$verse pressure were not
situations to be covered by this research according tibjiectives. Consequently, no factors
were considered regarding them.

The parameters considered (factors) in the present cassardy as well as their different
values (levels) are summarized Tiable 3.

Two different types of cold drawn hooked-end steel fibersewesed, characterized by
different slenderness and length. In relation to fiber eatst three different values were
considered, with a maximum value of 70 k§/[.37 Ib/f€] (0.89% in volume); this
maximum content was chosen bearing in mind that fiber contenisual applications are

rarely greater than 1% in volume.
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Three different nominal rebar diameters were used, all of tiseral in normal buildings, and
in the precast concrete industry.
Concrete cover, C, in the pullout specimens was definedshasvn in Fig. 1, the
unsymmetrical concrete cover reflects the most comnitoat®n of rebars in real concrete
elements. The distance between the bar and the oppoditeesuras not less than 125 mm
[4.94 in] in any case, which corresponds to a situationooflgconfinement for a 25 mm
[0.99 in] rebar according to the Model Code MC0Qhis choice was due in prevision of
the possibility of extending the research ton@h [0.99 in] rebars in the future.
Three different values were considered for the concieterc

» C1=30mmJ[1.2 in], which is the minimum value required by the Spaon@te for

rebars in a precast element with a compressive stref@d MPa [4350 psi].
= C2is the average of C1 and C3.
= C3is five times the nominal diameter of the rebar, whiohresponds to a good

confinement according to the Model Code MC<090

Design of the Specimens
Prismatic pullout specimens were produced and tested istiidy whose cross-section is
shown inFig. 1. Its dimensions are variable and depend upon the ckdareter and the
concrete cover value. The cross-section dimensionallofpecimens are summarised in
Table 4.
The longitudinal dimensions, total length and embedded lengtle, aedined according to
the RILEM recommendations for the pullout #4f. According to these recommendations:

» Total length of the specimen should be ten times the nardiameter of the rebar,

but never less than 200 mm [7.9 in]. As the largest diametesidered was 20 mm

[0.79 in], all specimens had a length of 200 mm [7.9 in].
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» Embedded length should be five times the nominal diametdre okbar.
Table 5andFig. 2 show the longitudinal dimensions of the pullout specinfenshe three
different rebar diameters considered, where rebar pos#iovariable as a result of the

concrete cover being a factor.

Design of the Experiment; Statistical Approach

Researches whose aim is to analyse how different r&aettiect bond capacity usually
proceed by varying only one factor at a time and by compasasglts. However, these
approaches are not the best ones because they do not takecmimt that the effect of a
factor on bond capacity can vary depending on the values offathiers-6-1”. The techniques
globally known as Design of Experiments (DOEF1° allow the amount of labour to be
optimised and the conclusions to be reliable on a statidtasis. Therefore, DOE-based
experiments make it possible to study the effect of re¢viactors on one (or more)
parameters on the basis of the analpd variance (ANOVA}8.1° Considering all that, this
experiment was planned by applyinng DOE techniques andicgatisonsiderations.

If all possible combinations of the different factors and eeehsidered (seBable 3) had to
be analysed, it would have implied 54 different specinterise produced and testeBly
using orthogonal arrays and derived factorial pla#s!®the number of specimens to be
tested would be affordable and statistical inference latio® to the effect of the factors
considered on the response variables would be totaliyplelisAs a result, this research
comprised nine different combinations, summarisedaible 6.

In order to have more experimental results and, as a commeg e make conclusions more
reliable, each one of the tests was not carried out onte: three specimens of each

combination were produced and tested.
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In addition, four cube specimens (side = 100 mm [3.94 in]) @nd prismatic notched
specimens (in agreement with the standard EN 14%54ere produced in each case to
control both compressive strength and residual flexurahgtr.

Consequently, 27 pullout specimens, 36 cube specimens, and 36 prismatic spédwens

were produced and tested in total.

Mixing, Specimens Production and Testing

Mixing, productin and testing of specimens were carried out in all césefollowing
exactly the same sequence and by controlling the timallf@perations. Components were
added to the mix by following this sequence: aggregatesgmemvater, fibers, and
superplastizer. Moisture in aggregates was also strictly controlled inrdadpour the exact
amount of total water required. All this was done this waprder to avoid any possible
uncontrolled interference affecting the results.

Right after mixing, workability was monitored and controlleg means of the slump test
(following EN 12350-2Y).

Specific moulds for the pullout specimens were designed andiggddon purpose because
both the position of the bar and the dimensions of theirse® were different in each case.
Sleeves were used in order to control the embedded lendtny. &sshows.

Concrete was poured into the mould in two stages. Firstretenwas poured until it filled
half the mould and then it was vibrated no more thansédnds by using ainternal
vibrator. After that, the mould was filled and vibration was reggbain order to minimise the
possibility of fibers orientation, the vibrator was imseat in concrete far enough from the
rebar. 24 hours after casting, the specimens were demouldestoeadl in a moist room.

Both the pullout specimens and the control specimens tested 28 days after casting

During the pullout testsHg. 4), relative displacements (slip values) were measutdtiea
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keeping the load/time ratio between 2-4 kN/min [450-900 Ibf/iméfore the peak load was

reached, and by keeping the slip/time ratio between 0.4-0.6nnnj0.016-0.024 in/min]

after the peak load in all cases. The test was finishexhwslip reached values of 14-15 mm

[0.5-0.6 in].

Response Variables: Parameters Measured and Analysed

Response variables are the results related to bond gapadiductility determined from the

bond stress-slip curves as showrkip. 5. They are the folowing:

Bond stress (eithetmax Or tay) Values are defined upon the assumption of a uniform stress

Tmax. bond strength or peak bond stress, in MPa [psi].

Tav. @average bond stress, in MPa [psi], as defined for the Htestnby the standard
UNE-EN 100882, that is: the average of the values of bond stregstineespond to
sip values of 0.01 mm, 0.1 mm andrin [0.0004 in, 0.004 in and 0.04 in].

Smax. Slip that corresponds to the peak bond stress, in mm [in].

Aso: area under the curve, in mmMPa [inpsi], measured up tslihe/alue (in the
postpeak region) that corresponds to 80% of the peak bond stress.

Aso: area under the curve, in mmMPa [inpsi], measured up tslihe/alue (in the

postpeak region) that corresponds to 50% of the peak bond stress.

distribution and are determined as follows:

P

~ oL @

T

where: P is the load (either peak or average load), eisdminal rebar diameter, and L is

the embedded length.
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The aforementioned parameters, and particularly argasil Ao, were first defined for
bond stress-slip curves that correspond to pullout failureBenAspecimens experienced

splitting, the bond stress values after faiure were takezero.

CONTROL TESTS RESULTS
The average compressive strength determined from cubes was 3318BaFi], which is in
agreement with the required average compressive s$irengt
In relation to the bending test resulf@ble 7 shows the average values of all of them (each
value is the average of four individual values), deteedh according to the standard EN
146520
fct,Lis the limit of proportionality.
fr1, fr2, fr3, and k4 are the residual flexural tensile strengths correspgnth CMOD (crack
mouth opening displacement) values of 0.5 mm, 1.5 mm, 2.5 mm, andh3[B.02 in, 0.06
in, 0.10 in, and 0.14 in] respectively.
frmaxis the maximum residual flexural tensile strengttthé postcrack region.
These results were taken as informative. The more fiagded to concrete, the greater
residual flexural strength values are. It should be edtithat, in concretes with 40 kgfm
[2.50 Ib/f€] of fibers, residual flexural strength values are signifibaimproved when 80/50
fibers are used instead of 65/60 fibers. These results detecéddés in the properties of the

matrix and, consequently, fiber type is expected to be annbffiaetor upon bond capacity.

PULLOUT TESTS RESULTS AND DISCUSSION
Fig. 6 shows a typical bond stress-slip curve, as obtained @roenof the L3 specimens.
Table 8 shows average values of all pullout tests results (eaehis the average of three

values corresponding to three different specimens).

10
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All results were analysed by means of analysis of maeg ANOVA), which detects facter
that have a statistically significant influence on itbsponse variables of the experiment.
Table 9 summarises the effects of the factors considered upao@spbnse variables of the
pullout tests. The following criterion has been followed:
» Effects corresponding to confidence levels of 95% (p-valpeto 0.05) were ticked
as “very significant” and marked with XX.
= Effects corresponding to confidence levels of 90% (p-gahetween 0.05 and 0.10)
were ticked as “significant” and marked with X.
As Table 9 shows, all the factors considered are very influentiab@md capacity, one way
or another. Although the influence that concrete cover and baetBa have on bond is well
known, these parameters were considered in order to give thectesemore comprehensive
approach and to better evidence the fibers contribution. i@gdinat in mind, these results
show that the role that fibers play in bond is not legsrtant than that of concrete cover or
bar diameter.
Results of the analysis of variance carried out for eawh of the response variables are
reliable because of the following reasgis-19
= Orthogonal arrays were used to design the experiment ato nth interferences
between different effects exist.
» The total number of results (3 x 9) minus the total numbdeefls considered is a
value large enough (greater than 4) so as to consider tB/ANas robust; and
= All circumstances not considered as factors were cordralfel kept constant: if any
of them had been influential, it would have equally affeatdhe results and, as a
consequence, not the results of the ANOVA.
Results obtained from these analyses are valid for theetendactors, and levels considered

in this research. However, these results would have to beleowpted with those of other

11
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experiments to be completely valid in general (differemt designs or different levels of
variation).

The analysis of variance is just a first step. Afteatt graphical analysis by means of the
calculation and interpretation of LSD (Least Significaried#ference) intervals makes it
possible to detect general tendencies in the effedtenfactors considered on the response
variables of the experiméfit!®,

Furthermore, in order to quantify the effect of fibers on the iffeparameters of the pullout
test, regression analyses in multifactor scenarios haea lbarried out based on the
experimental data obtained and summarizedTable 8 which has led to correlation
expressions whose?Ralues are between 55% and 75%. They have been used to determine
the effect that the addition of fibers has on bond parametees eoncrete cover is 2.5 times
the rebar diameter. This information is summarize@ahle 10 where each percentage is the
expected average increase of a bond parametgk (Snax, Tav, Aso, Aso) under different
circumstances (fiber content, fiber type, and rebar diameter

The following lines show and discuss the LSD intervaddspfor the factors considered in
this research as well as the information summarizedable 10 LSD intervals for the
average bond stress are not shown in any case becaydeltbw the same tendency as the

peak bond stress.

Effect of Concrete Cover

As seen inTable 9, the effect of concrete cover on bond is very strong) affects all
response variablestig. 7 shows the LSD intervals plots related to the valuesoocrete
cover. The tendency with respect to concrete cover yaduamcreasing and practically linear

for all response variables: the more concrete cover, the bwrd capacity and ductility.

12
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Effect of Rebar Diameter

Rebar diameter affects all response variables excepslifn that corresponds to the peak
bond stress (seBable 9). Fig. 8 shows the LSD intervals plots related to the valuereldr
diameter. Although this factor has a strong influence on bmamhcity and ductility, the
difference with respect to the effect of concrete casg¢hat tendencies are no longer linear.
It seems that the difference between small and mediiameters is of no importance.

However, it is indeed between medium and large diameters.

Effect of Fiber Type

Fiber type affects bond capacity (bond peak stress, the slip thedpmmds to the peak stress
and average bond stress) but not at all ductility paramétezas) (se@&able 9).

Fig. 9 shows the LSD intervals plots related to the fibers tyBgsusing 65/60 fibers the
bond strength achieved is greater than by using 80/50 fibers,rtiouzar, a greater peak
bond stress (and also average bond stress values) was dbaerssaller slip values. In
relation to the fact that the improvement of dugtilithen fibers are added is not sensitive to
the fiber type,Table 10 gives an interesting explanation if the percentagescthapare the
concrete with 40 kg/f[2.50 Ib/f€] of fibers to its unreinforced counterpart are observed.
When 65/60 fibers are used, the peak stress is increaseeelne®d.0% and 47.8% but the
Smax IS increased no more than 10.3%. When 80/50 fibers are usedighdve reverse
situation: the peak stress is increased no more than 5.7%dRi# mcreased between 78.6%
and 86.5%. That is: 65/60 fibers affect mainly the peak streds 8050 affect its position,
but both parameters are balanced in approximately the sayethis explaining why the
areas are not differently affected when differentrébare used. As a matter of fact, this

confirms the importance of previous testing when choosinghwibers are more adequate.

13
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Effect of Fiber Content

As seen inTable 9, the effect of fiber content on bond is pretty strong affécts all
response variabledmig. 10 shows the LSD intervals plots related to the fibentents
considered.

LSD intervals for the peak bond stress reveal a tendehach is noticeably similar to that
observed in the plots related to concrete cover values. Howeeeems that rather large
fiber contents (close to 1% in volume) are required to syroaifitct these parameters.

The effect of fibers on the slip value that correspood&hé peak bond stress is definitely
important. The mere fact of adding fibers, no matter theuwsin increases this value, that is:
adding the fibers displaces the position of the peak btvedss It is quantified iTable 10
that most of the effect of fibers ons is achieved when 40 kglni2.50 Ib/f€] of fibers are
added, being the difference between 40 Rgfn50 Ib/f€] and 70 kg/rh [4.37 Ib/f€] of
relatively little importance, especially with 65/60 fibers. sThmight be interesting when
trying to reduce development lengths by taking into acctimenfibers contribution.

Fiber content has a strong effect on areas as well. Bearimgnd that areas someway
quantify the energy associated to the material’s fracture, these areas increasing linearly with
respect to fiber contents is a consequence of the posifeet that fiber content has on both
peak bond stress and its position. And, as a matter of factetidency observed in areas
related to the fiber content is very similar to thatacdas related to concrete cover. This
underlines the role of fibers as passive confinement, ikestcbncrete cover or stirrups, and
foreshadows the possibility of reducing the developmength for rebars when normal

strength SFRC is used.

14
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The folowing conclusions can be drawn based on the resukss aksearch:

1. The effect of fibers type and content, concrete coverralpdr diameter on bond of
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rebars in SFRC has been analysed in a comprehensiverfashiapplying the

statistical procedures and criteria globally known as Desigexperiments (DOE).

. The effect of concrete cover on both bond capacity and dyasilvery strong, being

the tendency observed in all bond parameters with respect roret® cover

increasing and practically linear.

. The effect of rebar diameter on bond performance is also verytampoiut no linear

at all. Differences between medium and large diametersvery important, while

there is practically no difference between smal andunediiameters.

. Although fiber type has been shown not to affect theilityaif the failure, it indeed

affects bond capacity as well as the slip corresponding tpddalke bond stress. 65/60
fibers affect mainly the peak and average bond stress 80® affects mainly the
position of the peak. This confirms the importance of previessng when choosing

which fbers are more adequate.

. The effect of fiber content on bond is very important. &liph it seems that rather

large fiber contents (close to 1% in volume) are requestrongly affect peak and
average bond stresses, the mere presence of fibers indieadestility of the failure,
the tendency being linear. This underlines the role of fibetsond performance as

passive confinement.

. Considering how fibers improve bond performance of norma&lngth concrete,

further research is needed to survey the possibility arfifying the expressions for

determining development lengths in SFRC.

15
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Table 1-Composition of the concrete matrix

Cement type
Water/cement ratio 0.60

Cement content 325 kg/nd (20.29 /)

Coarse aggr./sand ratiq 0.90

Sand type river imestone (0/4)

Coarse aggregate type crushed limestone (7/12 and 12/2
* Cement type designation according to EN 197-1£2000

CEM I/B-M 42,5 R ()

Table 2-Parameters influencing the development length in selectedilding codes

ACI 318-08 | Eurocode 2 | EHE (Spain)

Compressive strength of concrete X X X
Nominal diameter of bar X X X
Yield strength of reinforcement X X X
Posttion of the reinforcement X X X
Lightweight / normal concrete X X X
Epoxy-coated / Non-epg-coated bars X

Concrete cover X X

Confinement by transverse reinforcemsg X X

Confinement by transverse pressure X

Table 3-Parameters considered (factors) and their values (levels)

Type A (slenderness/length = 65/6(
Type B (slenderness/length = 80/5(
0 kg/n? (0 bb/ft)

40 kg/nt (2.50 Ib/fB)

70kg/n? (4.37 bb/f)

8mm (0.31 in)

16mm (0.63 in)

20mm (0.79 in)

C1=30mm (1.18in)

C2 (average)

C3 = 5 x diameter

Type of fibers

Fibers content

Nominal diameter of bar

Concrete cover

10

11
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Table 4-Dimensions of specimens cross-section for different rebalameters

Diameter, D Factor level Cover, C D+C+125 Side, S
mm (in) mm (in) mm (in) mm (in)
C1l 30 (1.18) 163 (6.42)
8 (0.31) C2 35 (1.38) 168 (6.61) 180 (7.09)
C3 40 (1.57) 173 (6.81)
C1 30 (1.18) 171 (6.73)
16 (0.63) C2 55 (2.17) 196 (7.72) 230 (9.06)
C3 80 (3.15) 221 (8.70)
C1 30 (1.18) 175 (6.89)
20 (0.79) Cc2 65 (2.56) 210 (8.27) 250 (9.84)
C3 100 (3.94) 245 (9.64)

Table 5-Longitudinal dimensions

10

11

Rebar nominal diametg Total length, & | Embedded length, g
mm (in) mm (in) mm (in)
8 (0.31) 200 (7.87) 40 (1.57)
16 (0.63) 200 (7.87) 80 (3.15)
20 (0.79) 200 (7.87) 100 (3.94)

Table 6-Pullout specimens produced and tested

Id Fiber Type Fiber Content | Rebar Di_ameter Concrete
' kg/n? (Ib/ft3) mm (in) Cover
L1 65/60 40 (2.50) 16 (0.63) C1
L2 -- 0 (0) 8 (0.31) C2
L3 65/60 70 (4.37) 20 (0.79) C3
L4 65/60 40 (2.50) 8 (0.31) C3
L5 -- 0 (0) 20 (0.79) C1
L6 65/60 70 (4.37) 16 (0.63) C2
L7 80/50 40 (2.50) 20 (0.79) C2
L8 -- 0 (0) 16 (0.63) C3
L9 80/50 70 (4.37) 8 (0.31) C1
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Table 7-Results of the 4-point bending tests

Concrete

fct,L

fr1

fro

fra

fra

meax

No fibers

413
(598.85)

Type 65/60
40kg/n?

3.51
(508.95)

2.95
(427.75)

3.78
(548.1)

4.01
(581.45)

4.00
(580)

4.14
(600.3)

Type 65/60
70kg/n?

3.72
(539.40)

7.68
(678.60)

5.76
(835.20)

6.03
(874.35)

5.93

(859.85)

6.22
(901.90)

Type 80/50
40kg/n?

3.47
(503.15)

3.62
(524.90)

5.15
(746.75)

4.70
(681.50)

4.73

(685.85)

5.33
(772.85)

Type 80750
70kg/n?

3.52
(510.40)

6.17
(894.65)

6.44
(933.80)

6.03
(874.35)

5.61

(813.45)

6.55
(949.75)

units: MPa (psi)

Table 8-Results of pullout tests: average values

Tmax

Smax

Tav

Aso

Aso

Id.

MPa (psi)

mm (in)

MPa (psi)

(inpsi)

MPa x mm

MPa x mm
(inpsi)

L1

6.24 (904.8)

1.34 (0.05)

3.46 (501.7)

13.24 (75.6)

25.37 (144.8)

L2

8.36 (1212.2)

1.01 (0.04)

4.78 (693.1)

20.27 (115.7

39.77 (227.0)

L3

18.44 (2673.8)

1.67 (0.07)

8.99 (1303.5)

86.93 (496.3

159.00 (907.7)

L4

7.78 (1128.1)

1.64 (0.06)

3.59 (520.6)

20.27 (115.7

35.30 (201.5)

LS*

10.17 (1474.6)

0.26 (0.01)

3.54 (513.3)

2.08 (11.9)

2.08 (11.9)

L6

6.83 (990.4)

1.92 (0.08)

4.10 (594.5)

24.50 (139.9

34.40 (196.4)

L7

11.79 (1709.6)

2.60 (0.10)

4.03 (584.4)

52.00 (296.9

95.27 (543.9)

L8

5.76 (835.2)

1.71 (0.07)

2.48 (359.6)

16.27 (92.9)

25.32 (144.5)

L9

5.62 (814.9)

2.30 (0.09)

1.76 (255.2)

24.20 (138.2

35.38 (202.0)

* Mode of failure is pullout in all cases except L5 (splitting)

Table 9-Analysis of variance: summary of the results

Concrete covel Bar diameter Fiber type | Fiber content
Tmax XX XX XX X
Smax XX XX XX
Tav XX XX XX X
Aso XX XX XX
Aso XX XX XX

X: significant effects (p-values between 0.05 and 0.10)

XX: very significant effects (p-values up to 0.05)
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Table 10-Quantification of the effect of fibers on bond parameters

Fiber type: 65/60 Fiber type: 80/50
Rebar diameterf 0->40kg/n¥ | 40>70kg/n$ | 0->40kg/n? | 40>70kg/n?
mm (in) (0>250b/f) | (2.50>4.37Ib/fE) | (0>2.50Ib/f€) | (2.50>4.37Ib/fe)
8 (0.31) 47.8% 13.6% 5.7% 18.9%
tmax| 16 (0.63) 27.7% 9.1% 3.3% 11.2%
20 (0.79) 21.0% 7.3% 2.5% 8.6%
8 (0.31) 9.4% 30.1% 78.6% 18.5%
Smax 16 (0.63) 10.0% 31.9% 83.7% 19.1%
20 (0.79) 10.3% 32.9% 86.5% 19.5%
8 (0.31) 84.1% 14.6% 69.1% 30.6%
Tav 16 (0.63) 52.8% 11.0% 32.2% 18.3%
20 (0.79) 94.1% 9.8% 25.4% 15.2%
8 (0.31) -- 82.5% - 70.1%
Aso 16 (0.63) -- 47.3% -- 42.9%
20 (0.79) -- 32.3% -- 30.2%
8 (0.31) -- 83.9% -- 76.5%
Aso 16 (0.63) -- 45.0% -- 42.8%
20 (0.79) - 29.9% - 28.9%
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Fig. 1-Definition of ‘concrete cover’.

=1

Fig. 2-Longitudinal section of a generic pullout specimen.

Fig. 3-Detail of a wooden mould for a pullout specimen.
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Fig. 5-Definition of parameters for ductility, Agoand Aso.
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Fig. 6-Bond stress-slip curve corresponding to one of the L3 specingn
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