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Abstract This study investigates the response and
loading capacity of steel beams anchored in concrete using
bi-directional steel anchors, commonly used in hybrid
structural systems in high-rise buildings and bridges.
Focusing on connections where steel beams intersect at the
corners of reinforced concrete (RC) walls, the research
examines the configuration of anchors as single or
bi-directional anchors under shear force and bending
moment applied to each beam. The bi-directional anchors
are connections where two steel beams anchored in
perpendicular directions at the corner of RC walls. In this
research, seven steel anchors were cast and tested under
bending and shear loads; four specimens were single
anchors at different edge distances and three specimens
were bi-directional anchors at the same selected edge
distances of the first three single anchors. The experimental
results for single anchors generally align with ACI 318-19
calculations. At a distance from edge of 120 mm,
bi-directional anchors showed improved load capacity
compared to single anchors. However, for edge distances
greater than 180 mm, both single and bi-directional
anchors exhibited similar load capacities, with no
significant impact from the interaction between the
bi-directional anchors.

Keywords Steel Anchors, Bi-Directional Connection,
Break out Strength, Shear Studs, Beam Connection

1. Introduction

Recently, steel-concrete hybrid structural systems have
become increasingly prevalent in constructing high rise
buildings, bridges, nuclear reactors, etc. Common
connection detailing is available for steel beams connected
to the reinforced concrete (RC) wall through endplate and
shear studs embedded in the wall. Based on ACI 318-19,
the strength of anchors used in steel-concrete structures can
be estimated by calculating the strength based on all
expected failure modes for single anchors.

For the connection that is constructed at the edge of the
reinforced concrete walls, the orthogonal steel beams can
meet at the corner of RC wall at the same elevation to form
bi-directional steel anchors in concrete as shown in Figure
1. For this type of joint, the endplate for each steel beam is
perpendicular to the endplate supporting the other steel
beam; accordingly, the shear studs for each endplate are
staggered compared to each other. Bi-directional steel
anchors are a type of anchors used in the construction of
structures that are designed to resist forces in multiple
directions. Unlike traditional anchors that may primarily
resist forces in one direction (such as pull-out or shear),
bi-directional steel anchors are built to handle forces
applied from different angles, making them more versatile
and effective in applications where the direction of force
can vary.
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(b)

Figure 1. Composite steel-concrete structures with bi-directional steel
beams anchored in concrete where (a) real application and (b) schematic
view

This research is intended to investigate the performance
of steel beams anchored in two perpendicular directions at
the corner of RC walls subjected to shear force and bending
moment at each beam. As a result of the beams’ bending,
the anchor experienced axial forces, with tension forces
developing at the top of the anchor, which could potentially
cause concrete breakout. As the bending occurs in two
perpendicular directions, there is a need to have design
guidelines that can define whether interaction can occur at
these joints or not. If interaction occurs, the identification
of the failure modes of the bi-directional steel anchors in
concrete and the distance at which no interaction can occur
at these joints is essential. Moreover, the strength
predication of these joints is necessary for engineering
practice.

The literature on anchors’ behavior in steel-concrete
composite systems presents various findings relevant to
understanding the performance of anchors under shear and
moment but also reveals gaps in addressing specific
challenges faced in modern engineering applications
related to bi-directional performance of such anchors
which is investigated in this research.

The response of composite beam connections subjected
to axial and shear loads was examined using finite
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element analysis [1]. The results indicate that different
loading circumstances significantly influence the strength
capacity and force-slip behavior of composite beams.
Although this study contributes valuable insights into the
behavior of composite structures under combined loads, it
focuses primarily on axial and shear forces without
delving into the more complex interactions seen in
bi-directional anchor connections, which are subject to
forces in perpendicular directions. The need for expanding
this understanding to cover bi-directional behavior
remains a crucial gap in current research.

The flexural behavior of anchor boundary element in
steel plate shear walls was investigated and it shows that
shear forces play a critical role in the anchor's flexural
response [2]. The influence of the boundary effect in their
study, while useful, may not fully translate to the more
intricate conditions found in bi-directional anchor systems,
highlighting the need for a tailored approach when
studying multi-directional anchor behavior.

The response of stud connectors under shear loading
was studied and it reveals that the lack of reinforcement
near shear studs considerably decreases their shear
capacity [3]. While this finding is valuable, it is primarily
limited to stud connectors in steel frames and does not
investigate bi-directional behavior. The study's focus on
axial tension and cyclic shear loading is important, but the
results might not directly inform the behavior of
bi-directional  anchors, which involve  complex
interactions between perpendicular forces.

The seismic response of composite joints between RC
columns and steel beams was assessed and it is found that
these joints demonstrated strong responses under cyclic
loading [4]. This type of joint is made up of reinforced
concrete columns and steel beams. It has been noted that
this structure offers several advantages, such as reduced
cost and a decrease in overall weight. However, the
research did not investigate the response of several steel
beams anchors in RC column, nor does it address the
specific failure modes or interaction thresholds at different
configurations. Zhao et al. [5] introduced a new type of
steel beam-concrete wall joint with T-shaped steel
connectors and developed an analytical model to predict
joint capacity. While their model contributes valuable
insights, it primarily focuses on pull-out behavior and
breakout failure patterns. This narrow scope does not
address the combined shear and bending moment
conditions that bi-directional anchors experience, nor does
it account for the interaction between orthogonal forces
that define the unique challenges of bi-directional anchor
systems.

The research conducted by Lee et al. [6] on large
anchor bolts embedded in concrete was particularly
focused on anchors with diameters larger than 50.8 mm
and embedment depths exceeding 635 mm. While their
findings are valuable for evaluating safety in nuclear
power plants, the application of these results to
bi-directional anchor behavior remains unclear. The study
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overlooks multi-directional interactions, which are
essential for understanding bi-directional anchor systems
in composite steel-concrete structures.

Farb& et al. [7] demonstrated that additional
reinforcement, such as stirrups and longitudinal rebars,
can increase the capacity of short-headed anchors by over

70%. This study highlights the importance of
reinforcement in enhancing anchor capacity and
preventing brittle failure. However, it focuses on

short-headed anchors under unidirectional shear forces,
neglecting the complexity of bi-directional behavior and
the potential for interaction between orthogonal forces.

The shear response of stud connectors under both
longitudinal and transverse shear forces in composite
track beams was investigated [8]. The study found that
transverse shear forces significantly decrease the vertical
shear strength and stiffness of stud connectors, with a
reduction in shear strength per stud. While their work
provides important insights into bi-directional shear
behavior, it focuses on stud connectors rather than anchors,
limiting its applicability to bi-directional anchor systems.
Furthermore, their emphasis on the group stud effect does
not fully capture the interaction between multiple anchors
embedded in concrete, a critical factor in bi-directional
steel anchors.

Shear tests were conducted under three different
loading conditions on push-out test specimens connected
by chemical anchor bolts to examine the behavior of these
bolts in concrete structures subjected to combined tension
and shear loads [9]. The results revealed that the anchor
bolt exhibits lower average stiffness and ultimate shear
capacity when subjected to higher tension loads. These
tests did not consider the bending response nor the
response of two perpendicular beams anchored in
concrete.

The non-linear behavior of masonry-infilled and bare
steel frames with different beam-column connections,
namely; flushed, extended, and welded connections was
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investigated [10]. The results indicated that increasing the
uniaxial loading on the columns, whether in tension or
compression, leads to a reduction in the lateral load
capacity of the welded infilled steel frames. Neither steel
anchors, nor bi-directional connections were investigated.
Salama et al. [11] studied the behavior of precast
segmental concrete beams made with high-strength
concrete, connected at the region of maximum bending
moment using steel extended endplate connections. The
performance of these connections was enhanced by
incorporating stiffeners and shear bolts. It should be
emphasized that none of these were considered as
bi-directional connections.

The behavior of beam-column joints made of ultra-high
performance concrete (UHPC) under constant axial force
and increasing bi-directional bending was investigated
[12]. Third-scale corner beam-column joint specimens
were tested and the results revealed that using UHPC in
the joint region increased the joint's ultimate capacity,
changing the failure mode from brittle shear to ductile
beam flexure, enhanced joint ductility, and increased
initial and secant stiffness. This investigation considered
the bi-directional bending of a different type of
connection than the steel beams anchored in RC walls
considered in this study.

The goal of this research is to develop a comprehensive
understanding of the behavior of bi-directional steel
anchors embedded in concrete, addressing the limitations
of existing studies that primarily focus on uni-directional
shear, large-diameter anchors, or isolated stud connectors.
By investigating the complex interactions and failure
modes specific to bi-directional loading conditions, this
study aims to generate insights that can inform improved
design recommendations and contribute to the
development of more accurate code provisions for
steel-concrete hybrid structures.

To achieve these goals, the research tasks are stated in
the flowchart presented in Figure 2.

Review available Design and Experimental -Evaluation of Synthesis of Findings

literature to lack Construction of Testing: Concrete for Design Guidance:

of research on the Specimens: Conduct Breakout Interpret the

response of bi- Construct 7 full-scale experimental Strength: experimental results to

directional specimens, including 4 testing of all Compare results identify key trends and

anchors. control specimens with specimens under with ACI 318- interactions, providing
single steel beam single and 19 and insights that can

anchors at varying edge
distances, and three bi- .
directional specimens

with orthogonally

embedded steel beams

at a concrete wall

corner and different

edge distances.

combined loading
conditions to
simulate realistic
load scenarios
encountered in

practice.

Eurocode 2, part
4 provisions
-Assessment of
Shear Stud
Contribution in
different
configurations.

inform design
recommendations for
steel-concrete hybrid
structures.

Figure 2.

A flowchart of research tasks
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2. Research Purpose and Objectives

This research purpose is to examine the performance of
steel beams anchored in two perpendicular directions at
the corner of reinforced concrete (RC) walls, subjected to
shear forces and bending moments. The study seeks to
determine if interaction occurs at these joints under
bi-directional bending, and if so, to identify the failure
modes and the critical distance at which no interaction
happens. Most previous research has concentrated on
uni-directional shear responses, large anchor diameters, or
stud connectors, leaving the complex interactions and
failure modes of bi-directional steel anchors unexplored.
This study aims to fill this gap by providing a detailed
understanding of bi-directional anchor behavior, which
can be used for design recommendations and code
provisions for engineers working with steel-concrete
hybrid structures.

The key research objectives of this study are:

1- Characterize Bi-Directional Behavior: Investigate
the capacity of steel anchors embedded at the corner
of RC walls when subjected simultaneously to shear
forces and bending moments in two perpendicular
planes.

2-  Assess Interaction Effects: Determine whether—and
to what extent—anchors loaded in orthogonal
directions influence each other’s capacity
(“interaction”), compared to uni-directional loading.

3- Identify Failure Modes: Document and classify the
predominant failure mechanisms that arise under
combined bi-directional loading.

4- Establish Critical Edge Distance: Quantify the
minimum anchor edge distance beyond which
interaction effects become negligible, thereby
ensuring independent performance of each loading
direction.

5- Inform Design Guidance: Compare experimental
findings with available practical recommendations
and code provisions for engineering practice.

3. Experimental Investigation

3.1. Details of Specimens

The novelty of this study is to study the bi-directional
behavior of steel anchors when installed on RC walls.
Seven specimens were constructed, such as 4 specimens
being single steel anchors, and 3 specimens were
bi-directional steel anchors. The four single steel anchor
specimens were selected such as each anchor was placed
at different distance from edge and were designed based
on Chapter 17 of ACI 318-19 [13], AISC 313-21 [14] and
AISC 360-22 [15].

To quantify the effect in a single anchor strength when
located near another anchor orthogonally, three specimens
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were cast such as each specimen was composed of two
identical single anchors but orthogonal to each other at the
same distance from edge.

The four single anchor specimens were constructed on
the four corners of a relatively large RC block to ensure
stability of specimen during testing and to save the cost of
materials and labor work (Figure 3 (a)). Moreover, the
three bi-directional anchor specimens were constructed on
three of the corners of another RC block for the same
reason (Figure 3 (b)).
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Figure 3. Top view of the two constructed RC blocks; (a) RC block no.
1 with four single steel anchor specimens and (b) RC block no. 2 with
three bi-directional steel anchor specimens (dimensions in mm)

The geometry of the steel section, concrete block,
headed studs, and steel reinforcements was consistent
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across all specimens. The concrete block had a width and
length of 1500 mm and a height of 800 mm. The test
specimens were designed with reinforcement cage and the
configuration is shown in Figure 4. The cage consisted of
three layers of @18/115 mm spaced equally along the 800
mm height of the specimen. Figure 3 shows that the RC

block was reinforced along the sides as wall
reinforcement using horizontal reinforcement  of
¢10/120mm  and  longitudinal  reinforcement  of
©¢12/120mm.

57»;'2 ImAO RS . $18@115 mm
$10@120 mm =1 T 11 | L 2

$12@120 mm

]
SCT

Figure 4. Reinforcement details as constructed in the two reinforced
concrete blocks (dimensions in mm)

The steel section used for the beams was IPE 300
(grade A36) with a cope hole to limit the tension and
compression in flanges. A steel plate of 230 mm by 380
mm and a thickness of 10 mm and grade A36 was welded
to the beam and the shear studs. The shear studs were
welded using a stud welding gun, following standard
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procedures. The weld was E70XX 8mm fillet weld all
around.

All stresses applied during the tests were significantly
lower than the yield stress of the IPE 300 sections. The six
headed stud connectors selected in this study had a
diameter of 19 mm with a length of 120 mm (Fig. 4 and
Fig. 5). The position of anchor specimens in RC blocks is
shown in Fig. 6.

The seven constructed specimens were categorized into
two groups. The first group designated as (S) includes
four single anchor specimens with varying edge distance
that were only subjected to shear and moment from one
direction. The second group labelled as (BD) contains
three bi-directional anchor specimens and was subjected
to shear and moment from both directions. The details of
specimens are illustrated in Table 1.

The width of the two RC blocks was chosen to be 1500
mm to be wide enough such that the response of
specimens on the same block side would not interfere
with each other. The blocks’ height was selected as 800
mm to accommodate the studs.

The distance from the center of the anchor bolt (that is
closer to RC block’s edge) to the edge of RC block varied
from specimen to specimen, namely; 120 mm, 180 mm,
270mm, and 450 mm, for both single and bi-directional
anchors specimens (Table 1). These values were selected
to ensure different concrete breakout cone area.

It should be noted that concrete was cast after the
placement of steel reinforcements and steel beams welded
to steel plates with steel anchors as shown in Figure 7.
Four PVC pipes were placed in each RC block that were
used to attach the block to the strong floor in lab before
testing.

3.2. Material Properties

The concrete used to cast the two RC blocks was tested
for compressive strength. For each RC block, three cubes
of 150 mm side’s length and six cylinders with 150 mm
diameter and 300 mm height were cast to determine the
mechanical properties based on the standard ASTM C39/
C39M [16] and ASTM C496/ C496M [17]. For RC block
no. 1, the average cubic compressive strength was 47.3
MPa (equivalent to cylinder’s compressive strength of
37.9 MPa). For RC block no. 2, the average cubic
compressive strength was 45.8 MPa (equivalent to
cylinder’s compressive strength of 36.6 MPa).
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L 150X70X8
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Figure 5. Details of steel beam and the stud connectors (dimensions in mm)
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()
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Figure 6. Side view of the two cast RC blocks; (a) RC block no. 1 and (b) RC block no. 2 (dimensions in mm)

Table 1. Details of specimens in this research

Type of Anchor Specimen ID Side Distance [mm]
Single Anchor S-120 120
S-180 180
S-270 270
S-450 450
Bi-directional Anchor BD-120 120
BD-180 180
BD-270 270
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PVC pipe to place
the fastening rods
to strong floor
before testing
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Anchor’
and studs

plate

Figure 7.

The average mechanical properties for structural steel,
steel stud, and steel reinforcement bars were measured by
standard coupon tests. These results are presented in Table
2.

3.3. Test Set-up and Specimens' Instrumentation

The testing set-up presented in this research was
designed to test specimens to quantify the anchor capacity
and identify the failure pattern. The RC blocks were
fastened to the strong floor during testing using tie rods
(Figure 8(a)). A hydraulic actuator was used to apply

(b)
Formwork after (a) placement of reinforcement bars and steel beams and (b) cast of concrete in RC block form

vertical force to cantilever beam (IPE 300 steel section)
attached to single steel anchor specimens at a distance of
600 mm from the face of concrete as shown in Figure 8
(b). This method of loading ensures applying combined
shear and bending on steel anchors.

For bi-directional steel anchor specimens, the hydraulic
actuator was used to apply the force to transfer beams
(three beams made of W12X210 steel section) resting on
the cantilever beams attached to each steel anchor for
bi-directional steel anchor specimens as shown in Figure 8
(c). RC block no. 2 was rotated to test each anchor at each
corner.
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Table 2. Material properties of steel members (provided by manufacturer)

Member Yield strength fy [MPa] Ultimate strength fu [MPa] Modulus of elasticity Es [GPa]
Steel section 355 450 200
Rebar 420 620 200
Stud 534 550 200

(@

Applied Load \/.4\

Reaction block ——~=___ =~

Point of loading —

Figure 8. Details of (a) fastening rods to attach specimen

bi-directional steel anchor specimens

to strong floor, (b) test set-up of single steel anchor specimens, (c) test set-up of
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4. Ana|ytica| Estimation specimens, the nominal values for the variables presented
in Table 3 and used in the prediction are listed in Table 4.

The capacity of anchors based on all expected failure
modes was estimated as stated in Table 3 and the concrete

The values of predicted strength of steel anchors of breakout strength in tension is found to be the controlling
each expected failure mode of steel anchors are estimated mode with the least strength of other modes. The
based on the equations of ACI 318-19 provisions [13]. calculated load values based on concrete breakout strength
The provisions are presented in Table 3. For tested are presented in Table 5.

4.1. ACI 318-19 Provisions

Table 3. ACI 318-19 provisions for steel anchors capacity of each expected mode of failure

Failure Mode ACI 318-19 provisions [13] Calculated results for S-120
Steel strength in tension Nsa = Asen futa 221 kN
Concrete breakout strength in tension Ny = :TIZ VeenPeanPenPepnNp 73 kN
Pullout strength in tension Npn =%¥cp Np 364 kN
Concrete side-face blowout strength in tension Ny, = 130{11\/@1‘1@ 235 kN
Steel strength in shear Vea =Asev futa 663 kN
Concrete breakout strength in shear Ve = %‘P&W%ﬂ’hyvb 171 kN
Concrete pryout strength in shear Vep =kep Nep 463 kN

Table 4. ACI 318-19 provisions for steel anchors capacity of each expected mode of failure

Variable/factor Abbreviation Value
Concrete compressive strength 1! 37.8 MPa
Specified tensile strength of steel anchor futa 550 MPa
Modification factor to r_efle_ct the reduced mechanical properties of lightweight concrete in certain 2 1
concrete anchorage applications @

Effective cross-sectional area of anchor in tension Agen 283.5 mm?
Factor used to modify tensile strength of anchors based on eccentricity of applied loads Yern 0.529
Factor used to modify tensile strength of anchors based on proximity to edges of concrete member Yean 0.811
Factor used to modify tensile strength of anchors based on presence or absence of cracks in concrete Yen 1.25
Factor used to modify tensile strength of anchors intended for use in uncracked concrete Yeon 1
Factor used to modify pullout strength of anchors based on presence or absence of cracks in concrete ¥Y.p 1

net bearing area of the head of stud Aprg 283.5 mm?
Effective cross-sectional area of anchor in shear Asev 283.5 mm?
Factor used to modify shear strength of anchors based on eccentricity of applied loads Yerv 1
Factor used to modify shear strength of anchors based on proximity to edges of concrete member Yeav 1
Factor used to modify shear strength of anchors based on presence or absence of cracks in concrete w 1

and presence or absence of supplementary reinforcement eV

Factor used to modify shear strength of anchors located in concrete members Yy 1

Table 5. Calculated breakout strength of specimens According to ACI 318-19 and Eurocode 2.

Specimen  Steel cross-section [mm] Load at Breakout strength based on ACl Load at Breakout strength based on Eurocode

318-19[kN] 2 [kN]

$-120 73 59

$-180 109 89
300 x 150

S$-270 109 89

S-450 109 89
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It should be noted that the specimens’ design took into
consideration the interaction between the failure cones of
concrete breakout in tension according to ACI 318-19
[13], which ensured no overlapping would occur between
the specimens.

4.2. Eurocode 2 Provisions

Eurocode 2 [18] is also used to estimate the controlling
strength using the following modification factors; factor
used to modify tensile strength of anchors based on
eccentricity of applied loads of W (ec,N)=0.478; factor
used to modify tensile strength of anchors based on
proximity to edges of concrete member of ¥ (s,N)= 0.9
for the 120mm and 1.0 for other specimens; factor used to
shell spalling factor of ¥ (re,N)=1.0; f taking into account
effect of a compression force between fixture and
concrete ¥ _(M,N)= 1.0. Other associated parameters are
identical to the parameters used in the ACI 318-19 Code
equations [13].

It can be concluded that the breakout strength estimated
using Eurocode 2 [18] is less than the values estimated by
ACI 318-19 [13].
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5. Experimental Results

5.1. Observed Failure Mode

The concrete breakout mode of failure was observed in
all specimens made of single steel beam anchor where the
failure mode and crack pattern are shown in Fig. 9. The
concrete breakout mode of failure was observed in all
specimens made of bi-directional steel anchor such that
one of the two perpendicular beams failed by anchor
breakout from the concrete. This is observed based on the
failure mode of bi-directional specimens as shown in Fig.
10.

The failure mode of bi-directional steel anchor
specimens indicates that the selected edge distances were
enough to eliminate the interaction of concrete breakout
between the two perpendicular steel anchors. On other
words, while the two beams anchored in bi-directional
joints were loaded, the breakout of concrete was not
formed over a failure surface that contained the
bi-directional anchor at the corner of RC block (the joint
made of two perpendicular beams was anchored at the
corner of RC block).

Figure 9. Observed failure and crack pattern of tested specimens with single anchors
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Figure 10. Observed failure and crack pattern of tested specimens with bi-directional anchors

5.2. Strength Capacity Results

The measured load capacity of steel anchor specimens
is listed in Table 6. It is clear that peak load of single
anchors resembles to a good extent the calculated load at
breakout strength based on ACI 318-19 code. The
calculated capacity was 73 kN for single anchor specimen
at 120mm edge distance. The rest of single anchors (at all
other edge distances of 180,270, 450) had the same
breakout area and accordingly the same capacity of 109

kN. Based on experimental capacity values, the error in
estimating the nominal capacity of S-120 is -11.7%, S-180
is 1.2%, S-270 is 5%, and S-450 is 6%. It can be
concluded that the breakout equation by ACI 318-19 [13]
can predict the capacity of test single anchor specimens.
The use of Eurocode 2 provisions [18] to predict the
breakout strength of specimens resulted in underestimated
values. The error in estimating the capacity of S-120 is
-28%, S-180 is -17.4%, S-270 is -14%, S-450 is -13.4%.
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Table 6. Experimental results of tested specimens

Specimen Peak load [kN]
S-120 82.64
S-180 107.76
S-270 103.83
S-450 102.82

BD-120 101.71
BD-180 108.42
BD-270 111.28

The bi-directional anchor at edge distance of 120 mm
had 23% higher load capacity compared to the single
anchor at the same edge distance. This can be explained
by the cone formulation in the case of bidirectional
anchors, which incorporates the dual effect (shearing) in
the orthogonal studs. In the words, breaking strength of
concrete includes the shear strength of the studs
(perpendicular anchors) located inside the failure cone
since the anchors are close to each other. Regarding the
other tested single anchors and bi-directional anchors at
the same edge distance, the peak load has almost the same
value. This confirms that the capacity is associated with
observed mode of failure of these specimens of concrete
breakout, and this is obvious for only one anchor and the
interaction between the bi-directional anchors didn’t
occur.

6. Conclusions

Recently, steel-concrete hybrid structural systems have
become increasingly popular in construction of high-rise
buildings, bridges, nuclear reactors, and other large-scale
projects. A common connection method involves steel
beams being linked to reinforced concrete (RC) walls
using endplates and shear studs embedded within the wall.
When the connection is located at the edge of the
reinforced concrete wall, orthogonal steel beams can
intersect at the corner of the RC wall at the same elevation,
creating bi-directional steel anchors within the concrete.
Accordingly, experimental investigation was conducted to
test the response of single anchors and bi-directional
anchors at different distance from edge.

Based on the experimental and analytical investigation
presented in this article, we can derive the following
conclusions:

1. The experimental results for all single anchor
specimens demonstrate reasonable agreement with
the nominal breakout strength predictions provided
by ACI 318-19 [13]. The estimation errors for S-120,
S-180, S-270, and S-450 were within an acceptable
range, indicating that the ACI 318-19 breakout
equation provides a reliable prediction of single
anchor capacity. In contrast, the Eurocode 2
provisions consistently underestimated the breakout
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strength across all specimens, with larger negative
errors observed. Overall, the strength reduction
factor and breakout equation adopted in ACI 318-19
offer a more accurate and consistent method for
predicting the breakout strength of single anchors
compared to Eurocode 2 [18].

2. In bi-directional joints, concrete breakout did not
extend across the entire corner of the reinforced
concrete  (RC) block. Specifically, for the
bi-directional specimen with an edge distance of 120
mm, the concrete's breaking strength included the
contribution of shear forces from the studs
(perpendicular anchors) located within the failure
cone, due to their close proximity. As a result, the
bi-directional anchor at this edge distance
demonstrated a higher load capacity compared to a
single anchor, emphasizing the significant impact of
anchor configuration on breakout behavior and
overall load resistance.

3. All single anchors with an edge distance of 180 mm
or greater exhibited nearly identical load capacities.
At these edge distances, the interaction between
bi-directional anchors did not significantly influence
the load capacity, indicating that sufficient edge
distance minimizes interaction effects and allows
each anchor to perform independently.

These conclusions are limited to steel beam of IPE 300
anchored in concrete of cube compressive strength of 46.6
MPa. The anchors are also limited to 6 steel anchors of
19mm diameter at 120mm depth inside concrete.
Different anchor diameters, rebar configuration, concrete
grade, and dynamic loading conditions are suggested to be
investigated in future research for bidirectional anchors.

It is also recommended to examine the bi-directional
anchors at edge distances smaller than 120mm to
determine the distance at which the failure surface can
encompass the anchor area from both sides.
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