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Abstract: This study investigated the shear breakout failure of cast-in-place anchors in steel fiber-reinforced
concrete. The experimental results showed that the cracking strength of the anchors is similar regardless of the
steel fiber content. After the concrete cracking, the load and displacement resistance increased in the anchors in
the SFRC with increasing fiber volume fraction of steel fibers. The ultimate strength of the SFRC anchors almost
linearly increased up to the steel fiber volume fraction of 1.0%.
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1. Introduction

Concrete anchors have been used as important elements to connect structural and non-structural elements to
concrete. Anchors installed in concrete fail due to steel fracture of the anchor or concrete fracture under tensile
or shear loadings [1]. Fig. 1 shows the concrete breakout failure mode of anchors. Concrete breakout failure is
induced by a high stress concentration at the anchor, which initiates and rapidly propagates cracks through
concrete with low toughness and ductility [2]. Steel fiber-reinforced concrete (SFRC) is a composite material
that improves the brittle characteristic of conventional concrete. The inclusion of a sufficient amount of steel
fibers in concrete improve the shrinkage resistance of concrete [3] as well as significantly increases the tensile
strength and ductility of members [4,5]. Kwak et al. [6] emphasized that the shear resistance was greatly
improved at the cracking interface of SFRC members. In addition, the current main design standards, ACI 318-
11 [2] and ETAG 001 [7], evaluate the breakout failure of anchors only in the plain concrete (or, unreinforced
concrete) using the concrete capacity design (CCD) method, which idealizes the failure mode in a half-pyramid
shape under shear loading. Therefore, an experimental study was performed assess the shear behaviour and
capacity of cast-in-place (CIP) anchors in concrete reinforced with steel fibers.

Fig. 1: Concrete breakout failure mode, taken from ACI 318-11 [2]

https://doi.org/10.15242/DiRPUB.DIR0817402 31



2. Experimental Program

This study designed the anchor specimens in SFRC with the fiber volume fraction of 0.33%, 0.67%, and
1.00%. Fig. 2 depicts the installation and instrumentation of the specimen. The amplitude of the applied load
was measured using an actuator with a capacity of 200 kN and displacement using a linear variable differential
transformer (LVDT). The steel anchor used in the study is 30 mm in diameter with an edge distance of 150 mm
and an effective length of 240 mm.

Fig. 2: Test setup and instrumentation
3. Experimental Results

3.1. Failure Shape

Figs. 3 and 4 show the failure shapes of the anchors in the unreinforced and SFRC concrete, respectively.
The anchor in the unreinforced concrete suddenly failed in a shape of a wedge block as the first crack occurred
and rapidly propagated. On the other hands, in the SFRC, after the first concrete cracking, additional cracks
occurred and slowly propagate to fail the anchor.
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Fig. 3: Failure shape of the anchor specimen in the plain Fig. 4: Failure shape of the anchor specimen in the SFRC
concrete with the fiber volume fraction of 0.33%

3.2. Load and Displacement Curves

Fig. 5 shows the load and displacement curves of anchors in the unreinforced and SFRC concrete obtained
from the shear tests. The load and displacement curve of the anchor in the unreinforced concrete almost linearly
increased up to the cracking of concrete, which occurred at approximately 85% of the maximum load. The
cracking load was defined as the load, at which the initial slope of the load and displacement curve suddenly
changed. The inclined cracks occurred on the top surface of the anchor block and rapidly propagated to fail the
anchor when vertical cracks were generated on the side surface of the anchor block.

The load and displacement curve of the anchors in the SFRC can be divided into before and after concrete
cracking. The cracking load of the SFRC anchor was very similar to that of the unreinforced concrete anchor.
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The cracking of concrete was initiated on the top surface of the concrete around the anchor. After the concrete
cracking, the load and displacement curves were significantly different from the unreinforced concrete anchor.
As shown in Fig. 5, the load and displacement resistance of the anchors embedded in SFRC was greatly
improved as the fiber volume fraction increased. After the cracking load, the load resistance continuously
increased to show the displacement hardening behavior until the maximum load. After reaching the maximum
load, the load gradually decreased to fail the anchor.
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Fig. 5: Load and displacement curves of the anchors in the unreinforced and SFRC concrete.

3.3. Cracking and Ultimate Strengths

The cracking and maximum loads of the anchors with increasing fiber volume fraction are indicated in Fig. 6.
The cracking load was indifferent with the inclusion of steel fibers until the fiber volume fraction of 1.0%. The
maximum load was in proportional to the fiber volume fraction. Compared to the maximum the load of the
anchor in the unreinforced concrete, that of the anchor in SFRC with the fiber volume fraction of 1.0% increased
by approximately 59.1%.
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Fig. 6: Cracking and ultimate loads of the anchors with the increase in the steel fiber volume fraction

4. Conclusions

The shear behavior and breakout resistance of anchors in the unreinforced and SFRC concrete were
evaluated in this study. The main conclusions from this study are as follows:
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5.

* After the concrete cracking, the load and displacement resistance of the anchors in the SFRC greatly
improved as the fiber volume fraction increased. The load resistance continuously increased to show the
displacement hardening behavior until the maximum load.

* The cracking load of the SFRC anchors was very similar to that of the unreinforced concrete anchors,
regardless of the steel fiber volume fraction. The maximum resistance of the anchors concrete breakout
failure almost linearly increased with increasing steel fiber volume fraction.
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