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PULL OUT AND DIRECT TENSILE PROPERTIES OF FIBER
REINFORCED CEMENTITIOUS COMPOSITES

Yaechan LEE, Gyuyong KIM?, Byungcheol CHOt and Jeongsoo NAKI

ABSTRACT
This study evaluated the effect of fiber on pult-and tensile properties by conducting pull-outses
and direct tensile tests on hooked steel fiber (iBEndle-type polyamide fibers (PA), and amorphous
metallic fibers (AF) with various physical propegiand shapes. As a result, the hooked steelfier
pulled-out, and the bonding stress and mechanarading stress of the fiber and the matrix had atgre
influence on the tensile performance. PA and ARnatbfracture behavior, and the tensile performance
of the fiber itself had a great influence on thestle properties.
Keywords: direct tensile strength, pull-out, fiber, straapacity, toughness

1. INTRODUCTION specific gravity of the fiber itself and corrosion.
Therefore, it is necessary to check the possibilituse
Cement-based materials are used as mairin cement-based materials by selecting fibers lavin
materials for buildings because of their excellent different shapes and physical properties from traes
compressive strength and durability. However, duigst  length.
low flexural and tensile strength, it has britttadture Therefore, in this study, the effect of fiber pollt
properties, and to compensate, research on fibebehavior on the tensile properties of the cemeniiti
reinforced cementitious composites that reinfoiberf =~ composites was analyzed and the correlation of the
in matrix is underway [1-2]. factors affecting it was analyzed by conductingud-p
The fiber reinforced cementitious composites out test of hooked steel fibers, polyamide fibensgd
(FRCC) is a material that restrain cracks througé t amorphous metallic fiber with different shapes and
bridging reaction of fibers arranged discontinugusl properties.
inside the matrix by incorporating single fiberdrthe
matrix, thereby greatly improving flexural and té&s 2. TEST PROGRAMS
strength, strain capacity, fracture resistanceopernce,
and Ioad-holding ability [3-4]. 21 Experimental plan
When fracture occurs in such a fiber reinforced Table 1 shows the details of specimen of this
cementitious composites, the pull-out behaviorte t  study, and the fibers were hooked steel fiber (HSF)
fiber varies according to the shape and type ofitiex bundle-type polyamide fiber (PA), and amorphous
to be reinforced. metallic fiber (AF), which were reinforced with 1ahd
First, the fiber restrains cracks by bonding 2.0 vol%, respectively.
between the fiber and the matrix before cracks ootu
the matrix. After cracks have occurred in the cemen 2.2 Materials and mix proportion
matrix, more cracks are restrained by bridging tieac Table 2 and Fig. 1 show the mechanical
due to bonding stress of the fiber and matrix, stnain properties and shape of the fiber. The hooked §itms
hardening occurs in this process. After that, as th s cylindrical, has a diameter of 0.5 mm, a specifi
fracture progresses further, strain softening a&caind  surface of 1.0 ffkg, a tensile strength of 1,140 MPa, and
fibers are pull-out or fracture depending on vasiou hoth ends of the fiber are bent in a hook shape. Th
factors, and this behavior affects the tensile priigs of bundle-type polyamide fiber is a fiber formed by ai
the cementitious composites, and studies relatediso  injection of 544 fine short fibers having a dianmesé
pull-out behavior are being conducted [5]. 19.5um, and has a diameter of 0.5 mm, a specific surface
As such, it is reported that the pull-out behavior area of 15.6 to 329.9%kg, and a tensile strength of 594
of fibers varies depending on the shape and physicamMPa. The amorphous metallic fiber has a thin plate
properties of fibers and affects mechanical propeif shape, a width of 1.6 mm, a thickness ofu®9, a speci

fiber reinforced cementitious composites such asfic surface area of 9.6 kg, and a tensile strength of
flexural and tensile strength 1,400 MPa.

However, in the case of hooked steel fiber that
have been previously used, it is difficult to use do the
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Table 1 Experimental plan

. Fiber volume ’ -
ID. Type of fiber .
fraction | Load cell
HSFRCC 1.0 Hooked 1.0 vol.% §
HSFRCC20 steel fiber 2.0vol.% e Fiar
PARCC 1.0 Bundle-type 1.0 vol.%
PARCC 2.0 polyamide fiber 2.0 vol.%
AFRCC 1.0 Amorphous 1.0 vol.%
AFRCC 2.0 metallic fiber 2.0 vol.% =
Mortar
Table 2 The mechanical properties of fiber

7 25 7 .
Type HSF PA AF d Unit : mm
I_.ength (mm) 30 30 30 (a) Shape of specimen  (b) Equipment of pull-out test
Diameter (mm) 0.5 0.5 0.23 Fig.2 Pull-out test set up
Width (mm) - - 1.6
Thickness jim) - - 29 mES
Density (g/cm3) 7.85 1.14 7.2 - [GALDABINI |
Specific surface ;155 3599 g6 wre ]
area (m2/kg) mesh e (250kN)
Tensile strength 5
(MPa) 1,140 597 1,400
Aspect ratio(L/D) 60 60 120 8 3

Gauge length

The number of

fiber (/kg) 22,000 330,000 100,000

*1: Equivalent diameter

g 1

06

f—]

25

Unit
:mm

100 ‘

N R (a) Shape of specimen  (b) Equipment of tensile test
(a) HSF (b) PA (c) AF

Fig.3 Tensile test set up
Fig.1 Used fibers A
. : A
Table 4 Mix proportion b
Unit weight (Kg/n¥) Fiber
wiB CementWater Fly  Sllica Type Vol.% kg § :
-ash sand 2 ) ool
0 f,: Tensile strength (MPa)
1.0 785 s R
HSF 50 157 = 3, : Strain capacity (%)
. @ ;
1.0 11.4 [} Area OAC : Toughness peak (KN-mm)
= ! N
04 850 400 150 350  PA 20 2238 Area OAB : Toughness total (kN-mm)
1.0 72 |
AF 50 114 ‘C R R
© 5 Strain
The length of the fiber used is the same as 30 mm ) . ) ) rain
but the diameter of the hooked steel fiber andthmle- Fig.4 Summary of tensile properties

type polyamide fiber is 0.5 mm, the aspect ratiaghef
amorphous steel fiber is 0.25 mm, and the aspgotig
the same diameter is 120. Originally, it is reasdmao
compare the mechanical properties of the used rahter
equally, but since amorphous metallic fibers have a
unigue thin plate shape, it was necessary to campar
their performance with fibers of the same lengterev
with different aspect ratio.

Table 3 shows the mix proportion of cementitious

specimen and the fiber pull-out test device [6]sAewn

in the shape of the specimen, 15 mm, half of therfi
was embeded in the center of the specimen 25 mb x 2
mm to conduct a pull-out test, and the pulled hdoke
steel fiber was calculated as shown in Equationgil
the fracture bundle-type polyamide fiber and amogzh
metallic fiber were calculated as shown in Equaf®n

composites. In order to satisfy the target of carapive ~ Tmax= Pra/nDL (1)
strength, W/B was set to 0.4. In addition, fly askl type
7 silica sand were used to secure the dispergilofit 5 = p. /A 2)

fibers and warkability.
2.3 Experimental method
Fig. 2 shows the shape of the fiber drawing test Where,
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stress point), strain capacity (strain at maximaress),

150 peak toughness (area of tensile stress-strain curve
LHSF maximum force point), and overall toughness (area o
120 |15 tensile stress-strain curve until final destructafnthe
test specimen) were derived.
% 90 3. RESULTS AND DISCUSSION
o
5 3.1 Properties of pull-out test
=z 60 | The pull-out load-displacement curve kig. 5,
o the shape of the fiber after the pull-out tedtig. 6, and
the pull-out test data ifiable 4 are shown.
30 1 Hooked steel fiber showed pull-out behavior after
the maximum load, and the pull-out load tended to
| | | gradually decrease after the peak due to the pilee
0 0 3 6 9 12 15 the hooked-shape at the end of the fiber gradually

unfolded during the pull-out process.

On the other hand, the bundle-type polyamide
fiber showed a behavior in which the fiber increbbg
2.5 mm to the maximum load and then fracture dlffter
maximum load due to the high elongation. This is
considered to be fractured because the bondingsstre
between the fiber and the matrix is higher thartehsile
strength of the fiber itself.

Amorphous metallic fiber has a rough surface and
a large bonding area between the fiber and thebmatr
resulting in a fracture because they have highading

Displacement (mm)
Fig.5 Pull-out load-displacement curve

0.5cm

il

Before . After Before After Before After strength than the tensile strength of the fibeelfits
Fig.6 Fiber shape after pull-out test Amorphous metal is known to have high toughness, bu
amorphous metallic fiber is thin in the form ofrtiplates,
Table 4 Pull-out data soitis judged that the load that can withstarmbishigh.
Displacement Pull-out Because of the fracture behavior of the fiber, #sw
Type Peak at peak loadtoughness Tmax  Omax d_etermlned that the amqrphous metallic 1_‘|ber had a
load (N) (mm)  (N-mm) higher effect on the bonding stress of the fibet tre
HSF 13190 073 57132 560 67176  matrix thanthe tensile strength [7]. .
PA 4020 251 113.08 171 204.74 Through the flbgr pull-out test, it was confirmed
AF 69.25 0.43 035 142 149246 that the pull-out behavior, pull-out strength, directture
strength differed significantly depending on theys
tmax . The fiber pull-out strength (MPa) and physical properties of the fiber, and accoriginiy
omax . The fiber fracture strength (MPa) was considered that it was necessary to compadre it
Pmax : The maximum pull-out load (N) conjunction with the pull-out behavior of the fitokrring
D : The diameter of the fiber (mm) the direct tensile test.
L : The embedded length of the fiber (mm)
A : The cross section of the fiber (rfim 3.2 Properties of direct tensile test

Fig. 7 shows the tensile stress-strain curve of the

Fig. 3 shows the shape of the tensile test specimercementitious composite, affi. 8 shows the fiber pull-
and the direct tensile test device. The tensingith test  out and fracture photographs after the direct teriest
specimen is in the form of a dogbone, with a siz¢00 according to the type of fiber.
mm x 100 mm x 25 mm (length x width x thicknessj an In the case of HSFRCC, strain hardening behavior
a cross section of the central part of the testispen  due to bridging reaction of fiber after initial cking was
being 25 mm x 50 mm (width x length). In order to shown. In addition, during the direct tensile tétstyas
prevent cracks in the neck area where there iageh  confirmed that the hooked steel fiber was pullfoain
in the cross-section of the test specimen, the migsh  the matrix, and when it was pull-out, the hook-shap
was reinforced to induce cracks within the targetthe end of the fiber was straightened and slowledu
distance. The test was conducted using a 250 ki¢tdir out. For this reason, it is determined that thesstin the
tensile test device, the loading speed was about Xktress-strain curve gradually decreases aftereahk.p

mm/min, and the strain of the test specimen was In the case of PAFRCC, as in the pull-out test, th
measured by installing a jig with LVDT attachedthe  bundle-type polyamide fibers bonded to the matrisl a
test specimen. stretched and fracture, and in this process, thesst

Fig. 4 shows the tensile stress-strain curve decreased and increased repeatedly arose from In
summarizing the tensile performance. To evaluaisie  addition, although the tensile strength is smakian that
performance in this test, tensile strength (maximum
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©HSFRCC1.0 mHSFRCC2.0

©PAFRCC1.0 mPAFRCC2.0

‘ ©AFRCC1.0 BAFRCC2.0

Tensile stress (MPa)
Tensile stress (MPa)

e

Tensile stress (MPa)

ﬂh
[T

e,

0 0 & 0 ‘
0.0 0.5 1.0 1.5 2.0 25 0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
Strain (%) Strain (%) Strain (%)
(a) HSFRCC (b) PAFRCC (c) AFRCC

Fig.7 Tensile stress-strain curve

L

(a) HSF

Shear fracture

Fig.8 Shape of fiber after direct tensile test

of other specimens, the elongation of the fibehnigh,
and the number of fibers per unit volume is lasgethe

that of other tests.
In the case of strain capacity, PAFRCC showed

tensile stress is smoothly dispersed and the strairthe best strain capacity due to its high stregsedging

capacity is excellent [8].

ability, as the elongation of bundle-type polyanfiters

In the case of AFRCC, it was confirmed that the is high and a large number of fibers per unit vatuane

strain hardening behavior was clearly observed tdue

the bridging reaction of the fiber after the irit@@ack.
In addition, the bonding stress with the matrix &iber
was excellent due to the large bonding area ofiltee,
and the tensile strength was measured higher lizamot

other specimens due to the large number of fibers p

reinforced. Comparing AFRCC and HSFRCC, the
number of fibers of amorphous metallic is highearth
that of hooked steel fiber, so the binding forcefiber
bonding stress is high along with stress dispersion
caused according to many cracks.

Toughness represents the energy required for

unit volume. However, due to the properties of specimen deformation, and the peak toughness and th
amorphous metallic fiber that are vulnerable toashe overall toughness are calculated by the area détisile

force and brittlely fractured,

fiber fracture after stress-strain curve, which is closely related eottnsile

maximum stress was observed, and the stress tends strength and strain ability. AFRCC has excellensiie

decrease rapidly compared to other test specimens.

strength, so it is considered that its peak tougbraad

Fig. 9 shows the data values for the tensile overall toughness were higher than those of other
strength, strain capacity, and toughness of thé tesspecimens. HSFRCC was evaluated to have low peak
specimen in a graph. In the case of AFRCC, theléens toughness due to its low strain capacity, but itsrall
strength was excellent because the bonding strasfgth toughness slightly increased due to its excelleatld
amorphous metallic fiber was high and the number ofholding ability due to the pull-out behavior of €ib In
fiber mixed was large. PAFRCC is greatly affectgd b the case of PAFRCC, the strain capacity was highheu

the tensile performance of the fiber itself duethe
fracture behavior of the fiber, and as a resué,ténsile
strength of the bundle-type polyamide fiber itéelow,
so it is considered that the tensile strengthgelothan

tensile strength was low, so the peak toughnesstand
overall toughness were measured lower than that of
AFRCC.
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Fig.9 Tensile properties

3.3 Relationship between Pull-out behavior and
tensile properties

that of the cementitious composites.
In the case of AF, the matrix and fiber are piytia

Fig. 10 shows a schematic diagram of the fiber separated in the strain hardening section withritial

pull-out behavior according to the tensile stresghs
curve. The elastic section, the strain hardenirgicg,
and the strain softening section were divided thtee
sections, and the behavior of fibers that are camed to
have a relatively large influence in each secticasw
expressed. All types of fibers are attached tontladrix
in the elastic section to restrain cracks, andr &fie
initial cracks, a change in pull-out behavior oscur

In the case of HSF, a part of the matrix is rendove

from the fiber in the strain hardening section glevith
the initial crack, but the bridging reaction of fiteer and
matrix restrains the crack, and the hook at thecérkde
fiber appears to be pull-out in the strain softgreaction.

crack, but the bridging reaction of the fiber betwehe
cracks restrains the crack in the matrix, and therf
appears to be fractured in the strain softeningicsec
Due to the fracture behavior of the fiber, it idged that
the tensile performance of the fiber itself greatffects
that of the cementitious composites.

4. CONCLUSIONS

The following conclusions were obtained from a
fiber pull-out test of hooked steel fiber, bundype
polyamide fiber, and amorphous metallic fiber, and
direct tensile test of a cementitious composites

Due to the pull-out behavior of such fibers, it is reinforced with fiber.
considered that mechanical bonding stress by the
bonding stress of the hooked steel fiber and thigixna (1) Hooked steel fiber tended to be pull-out as the

and the fiber shape greatly affects the
performance of the cementitious composites.

In the case of PA, the fibers stretch and fracture

after initial cracking, which led to repeated cusvef
strain hardening and softening, unlike other fib&nse
to the fracture behavior of the fiber, it is coresied that
the tensile performance of the fiber itself greaffects

tensile
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hook-shape at the end of the fiber was straightened
and as a result, they showed high load-holding
ability. In addition, it is judged that the bonding
stress and mechanical bonding stress of the fiber
and the matrix have a great influence on the tensil
performance of HSFRCC by showing the pull-out
behavior without fiber fracture.
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Fig.10 The schematic diagram between fiber
and tensile properties

As a bundle-type polyamide fiber fractures, fiber
itself tensile performance greatly affects the ilens
performance of PAFRCC and its strain capacity is
greatly improved due to its high elongation and
excellent stress dispersing ability.

The tensile strength of amorphous metallic fibers
was higher than other FRCCs due to their large

population, rough surface, and wide bonding area,

(4)

Based on this study, the tensile strength of FRCC
depends on the pull-out strength and fracture
strength of the pull-out characteristics along with
the fiber mixing population, and this pull-out and
fracture strength are affected by the specific
surface area and tensile strength of the fiber. In
addition, the strain capacity of FRCC is due tefib
mixing population and pull-out deformation, and
this pull-out deformation seems to be closely
related to fiber elongation and specific surfaeaaar
Through this, it is judged that various factors
affecting the tensile performance of the cement
composite have a complex interaction.
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but the fiber was fractured due to its weak shear

force due to the thin plate shape. In additioris it
judged that the tensile performance of the fiber
itself greatly affects the tensile performance of
AFRCC due to the fracture behavior of the fiber.
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