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ABSTRACT 
 

In this study, extensive push-out tests of steel angle anchors welded to the top 
flange of 6 mm thick hat-shaped cold-formed steel section are carried out, and a new 
shear strength equation for steel angle anchors is proposed based on the test results, 
existing AISC equation for channel anchors, and further simple assumption and 
calibration. Two different test set-ups and purposes are applied for the push-out tests. 
The test results indicate that the steel angle anchors performed equally or better than 
the headed stud anchors in terms of the shear strength and ductility (slip capacity). The 
minimum angle size of 50x50x6 mm and C-shaped welding length of 50 mm in the 
direction transverse to beam axis from each end of the angle are also conservatively 
proposed. Finally, it is recommended to use symmetrical steel angles for shear 
connectors. The comparison between the experimental results and calculated results 
using the proposed design equation show very good correspondence between them. 

 
 

 
1. INTRODUCTION 
 

Composite members that combine the advantages of different materials to achieve 
high performance are widely used in construction sites (Probst et al., 2010; Kim et al., 
2014; Lee et al., 2016; Lee and Kang, 2016). One of the most important things in the 
development of composite members is how to draw the synthesis effect between 
different materials. In addition, the convenience of production and construction is a 
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determining factor for the use of composite members in actual fields. The most widely 
used materials for composite structural members are concrete and steel. A wide variety 
of details have been developed depending on how the concrete-steel composite 
members lead to the synthesis effect of the dissimilar materials. Research on efficient 
form and construction method of shear connectors that transfer the forces between 
different materials has been extensively made. 

In this study, the composite effect of steel and concrete is evaluated by placing 
concrete in a hat-shaped beam and for upper slab, where steel angle sections are 
welded to the upper part of the hat-shaped beam as shown in Fig. 1. The steel angle 
anchor is expected to serve not only as a shear connector but also as support against 
fresh concrete pressure. In Eurocode 4 (CEN, 2004), details and a design formula are 
presented for the steel angles welded to a wide flange section as shown in Fig. 2; 
however, since the hat-shaped cross section of the present study is different from the 
wide flange steel section in contact with the steel angle along the full length on the 
upper flange, it is judged that the fracture mode would be different from that of the hat-
shaped section. 

For a better understanding of interactive behavior of the said system, in this study, 
push-out experimental programs are undertaken. The interface shear performance of 
the angle welded on the upper part of the hat-shaped beam is evaluated, and a new 
design equation is proposed based on the test results. 
 

 
 

Fig. 1 Concept of steel angle anchors in composite beam 
 

 
 

Fig. 2 Steel angle anchor in Eurocode 4 (CEN, 2004) Angle Connector in Eurocode 4

(F is diameter of reinforcement 

for slab lifting prevention)

Position of angles with respect 

to the direction of thrust



  

 
2. EXPERIMENTAL PROGRAM 
 

In order for the structural stiffness and strength of the composite beams to be 
sufficiently exhibited, it is necessary to perform a composite action by shear connectors 
between concrete and steel. The performance of the shear connector is mainly 
evaluated by the push-out test method because it is not only able to directly evaluate 
the interface shear force between the concrete slab and steel beam but also the test 
method is convenient. Two different experimental programs were carried out (Test #1 
and Test #2). In order to verify interface shear resistance of steel angle anchors welded 
on the hat-shaped cold-formed steel section (Fig. 3), the specimens were designed with 
variables such as the type of steel angle anchors, welding length, spacing in 
longitudinal direction in Test #1, and steel beam web-to-web distance and concrete 
strength in Test #2. 

In Test #1, the set-up of push-out testing is shown in Fig. 4 (left). The steel section 
of the composite beam was hat-shaped, and the steel angle anchors were welded on 
the upper part of hat-shaped beam. The required number and spacing of shear 
connectors are determined based on the equivalent compressive strength (0.85f’cAc) of 
the concrete and the yield strength (AsFy) of the steel. The hat-shaped beam was made 
of a 6 mm thick steel plate to have the beam section dimension of 400 mm by 460 mm. 
The height of the test specimen was 1000 mm, and the slab was planned to be 150 mm 
in thickness and 800 mm in width (Fig. 3). In order to secure the performance of the 
concrete slab, D10 reinforcing bars were reinforced vertically and horizontally. A total of 
21 test specimens were classified into four series according to the shear connector type 
(headed studs versus single angles) and size. The major experimental variables 
include the angle size (L-30x30x3, L-40×40×5, L-50×50×6 mm), welding length (20 mm, 
30 mm, 40 mm), and spacing of steel angle anchors (200 mm, 300 mm). In addition, 

three test specimens using headed stud anchors (19 in diameter & 100 mm in height) 
were tested for comparison. The spacing of the headed stud anchors of 150 mm, 200 
mm, and 300 mm was used. See Fig. 5 for specimen identification. 

 

 
 

Fig. 3 Test set-up for Test #1 (left) and test #2 (right) 
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Fig. 4 Test set-up for Test #1 (left) and Test #2 (right) 
 

 
 

Fig. 5 Specimen ID 
 
In Test #2, the steel anchors were welded to the core with two shallow hat-shaped 

sections that were connected using steel plates. No eccentricity was produced by 
introducing a symmetric test set-up, which was in accordance with Eurocode 4 (CEN, 
2004). The spacing (s) of the steel angle anchors was 300 mm, and three of them were 
installed on each side of the core. Experimental parameters included the hat-shaped 
beam web-to-web distance (la) and the strength of the concrete (f’c). The distance la 
was 250, 300, 350 or 400 mm, and the specified concrete strength was 24 MPa and 30 
MPa. Test specimens with headed studs as a shear connector were also made and 
compared. The headed stud anchors were 16 mm in diameter. A total of 16 pieces 
were provided, spaced 200 mm apart. For the headed stud specimen, the distance 
between webs (la) was 300 mm. Push-out tests were performed on 18 test specimens, 
with three test specimens tested with the same variables and conditions. A vertical load 
was applied to the test specimen using a 3000 kN Universal Testing Machine. Table 1 
and 2 summarize the test specimens and variables. 
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Table 1 Test parameters and results for Test #1 

Specimens 
Asa 

(mm
2
) 

tf 

(mm) 
tw 

(mm) 
W 

(mm) 
f’c 

(MPa) 
Ec 

(MPa) 
la 

(mm) 
Qn 

(kN) 
Pu 

(kN) 
u 

(mm) 

Qu 

(kN) 
Qu/Qn 

LA400-S200W20 171 3 3 20 28.5 20532 400 103.3 404.0 6.7 101.0 0.98 

LA400-S200W30 171 3 3 30 28.5 20532 400 103.3 488.0 10.9 122.0 1.18 

LA400-S200W40 171 3 3 40 28.5 20532 400 103.3 488.0 10.2 122.0 1.18 

LA400-S300W20 171 3 3 20 28.5 20532 400 103.3 324.0 6.1 108.0 1.05 

LA400-S300W30 171 3 3 30 28.5 20532 400 103.3 339.0 6.9 113.0 1.09 

LA400-S300W40 171 3 3 40 28.5 20532 400 103.3 390.0 8 130.0 1.26 

LB400-S200W20 375 5 5 20 28.5 20532 400 172.1 476.0 4.4 119.0 0.69 

LB400-S200W30 375 5 5 30 28.5 20532 400 172.1 720.0 10.8 180.0 1.05 

LB400-S200W40 375 5 5 40 28.5 20532 400 172.1 744.0 10.5 186.0 1.08 

LB400-S300W20 375 5 5 20 28.5 20532 400 172.1 393.0 9.7 131.0 0.76 

LB400-S300W30 375 5 5 30 28.5 20532 400 172.1 573.0 9.7 191.0 1.11 

LB400-S300W40 375 5 5 40 28.5 20532 400 172.1 567.0 12.1 189.0 1.10 

LC400-S200W20 564 6 6 20 28.5 20532 400 206.5 732.0 10.6 183.0 0.89 

LC400-S200W30 564 6 6 30 28.5 20532 400 206.5 924.0 8.3 231.0 1.12 

LC400-S200W40 564 6 6 40 28.5 20532 400 206.5 940.0 8.3 235.0 1.14 

LC400-S300W20 564 6 6 20 28.5 20532 400 206.5 555.0 6.7 185.0 0.90 

LC400-S300W30 564 6 6 30 28.5 20532 400 206.5 693.0 5 231.0 1.12 

LC400-S300W40 564 6 6 40 28.5 20532 400 206.5 789.0 7.4 263.0 1.27 

19T400-S300 284 - - - 28.5 20532 400 108.4 858.0 19.3 143.0 1.32 

19T400-S200 284 - - - 28.5 20532 400 108.4 808.0 13.6 101.0 0.93 

19T400-S150 284 - - - 28.5 20532 400 108.4 970.0 10.7 97.0 0.89 

Asa = section area of vertical part of angle or headed stud (mm
2
); tf = thickness of flange of angle (mm); tw = 

thickness of web of angle (mm); W = weld length on each end (mm); f’c = measured concrete compressive strength 
(MPa); Ec = elastic modulus of concrete calculated based on f’c (MPa); la = hat-shaped beam web-to-web distance 
(mm); Qn = nominal shear strength of an angle or headed stud using the proposed or specified equation (kN); Pu = 

measured total maximum load (kN); u = slip distance at 0.9Pu (mm); Qu = Pu divided by the number of anchors (kN). 

 

Table 2 Test parameters and results for Test #2 

Specimens 
Asa 

(mm
2
) 

tf 
(mm) 

tw 
(mm) 

W 
(mm) 

f’c 
(MPa) 

Ec 
(MPa) 

la 
(mm) 

Qn 
(kN) 

Pu 
(kN) 

u 

(mm) 

Qu 
(kN) 

Qu/Qn 

LC250-S300W50-1 564  6  6  50  31.8  21688  250  283.6  1941.6  9.5  323.6  1.14  

LC250-S300W50-2 564  6  6  50  31.8  21688  250  283.6  1770.0  9.9  295.0  1.04  

LC250-S300W50-3 564  6  6  50  31.8  21688  250  283.6  1914.0  9.5  319.0  1.12  

LC300-S300W50-1 564  6  6  50  31.8  21688  300  258.9  1632.6  11.7  272.1  1.05  

LC300-S300W50-2 564  6  6  50  31.8  21688  300  258.9  1674.0  12.7  279.0  1.08  

LC300-S300W50-3 564  6  6  50  31.8  21688  300  258.9  1740.0  10.6  290.0  1.12  

LC350-S300W50-1 564  6  6  50  31.8  21688  350  239.7  1678.8  9.3  279.8  1.17  

LC350-S300W50-2 564  6  6  50  31.8  21688  350  239.7  1555.2  8.4  259.2  1.08  

LC350-S300W50-3 564  6  6  50  31.8  21688  350  239.7  1471.2  13  245.2  1.02  

LC400-S300W50-1 564  6  6  50  31.8  21688  400  224.2  1467.6  15.9  244.6  1.09  

LC400-S300W50-2 564  6  6  50  31.8  21688  400  224.2  1396.8  20.8  232.8  1.04  

LC400-S300W50-3 564  6  6  50  31.8  21688  400  224.2  1375.8  19  229.3  1.02  

LC400-S300W50-4 564  6  6  50  36.8  23331  400  250.2  1644.0  13.5  274.0  1.10  

LC400-S300W50-5 564  6  6  50  36.8  23331  400  250.2  1544.4  16.5  257.4  1.03  

LC400-S300W50-6 564  6  6  50  36.8  23331  400  250.2  1567.8  14.6  261.3  1.04  

16T400-S200-1 201  - - - 31.8  21688  400  83.5  1217.6  18.7  76.1  0.91  

16T400-S200-2 201  - - - 31.8  21688  400  83.5  1092.8  18  68.3  0.82  

16T400-S200-3 201  - - - 31.8  21688  400  83.5  1110.4  17.9  69.4  0.83  

 
 
3. FAILURE MODE OF STEEL ANGLE ANCHORS 
 

In Test #1, the crack of the LA-series was not observed, and the experiment was 
terminated due to the occurrence of the gap between the concrete slab and the beam. 
The angle was observed through the gaps in the naked eye. As the deformation 



  

increased, the out-of-plane deformation of the angle member was greatly increased, 
and the fracture of the weld was also observed when the relative displacement 
exceeded 15 mm. After the end of the experiment of LB-series, the slab was separated 
by hand and observed. As shown in Fig. 6 (left), the deformed shape of the steel angle 
represents the flexural deformation mode under the uniformly distributed load in the 
pushing direction. It can be seen that since the end portion of the angle was fixed by 
welding, the end portion of the angle experiences bending deformation greater than 
that at the center portion. Fig. 6 (left) shows the fatigue behavior of the weld and the 
fatigue of the angle end due to warping. Cracks in the concrete slabs of LC-series were 
not found and only the separation between the slabs and the steel beam sections was 
observed. When viewed with naked eyes, the angles showed the mode of failure of the 
out-of-plane deformation or weld fracture. The overall deformations of the angle are 
assumed to be similar as shown in Fig. 6. 

 

        
 

Fig. 6 Failure mode (left) and deformation (right) of steel angle anchor 
 
In Test #2, all the specimens had a slip between the concrete slab and the hat-

shaped beam core, followed by reduction of the load. No significant cracks were 
observed in the concrete slab. The test was stopped when the load fell below 70% of 
the maximum load. As a result, when the shear force between the concrete and the 
steel is applied to the composite using the angle as the shear connector, initially it 
resists by the elastic force of the contact surface between the two materials and the 
elastic behavior of the angle. When the relative deformation increases, the rotational 
behavior of both ends under the uniformly distributed load acts. Ultimately, it can be 
judged that maximum strength is exerted by plasticization of the angle end. It is also 
conjectured that the increase in flexural deformation of the angle, the fracture of the 
weld, and the cracking of the concrete result in a decrease in shear resistance. The 
combined failure modes of the angle are expressed in Fig. 6 (right). 

 
 
 
 
 

A-A’ B-B’ C-C’



  

4. EVALUATION OF PUSH-OUT TEST DATA 
 
4.1 Influence of Experimental Parameters on Interface Shear Strength 
In this section, interface shear performance is evaluated according to the 

experimental parameters such as type of shear connectors, angle size, weld length, 
angle spacing, hat-shaped beam web-to-web distance and concrete strength based on 
the push-out test results. Table 1 and 2 show the results of the push-out test, where Qu 
represents the maximum measured shear strength per anchor. 

Fig. 7 shows changes in maximum shear strength depending on the welding length 
and steel angle anchor size, respectively. Fig. 7 shows that as the length of welding 
and the size of angle increase, the strength also increases proportionally, and it can be 
seen that the test specimen with a welding length of 30 mm has 13% ~ 49% increase in 
strength compared with the specimen with a welding length of 20 mm, and the test 
specimen with a welding length of 40 mm has an increase of about 1% ~ 9% compared 
with the specimen with a welding length of 30 mm. 

The results of this study show that although the test specimens with weld lengths of 
30 mm and 40 mm have similar results, the test specimens with weld lengths of 20 mm 
have a relatively small strength. According to the size of the steel angle anchor, the test 
specimen with the angle size of LB-series increased 19 ~ 56% of the strength 
compared with the test specimen with the angle size of LA-series, and the test 
specimens with angle size LC-series increased by 38% ~ 56% compared with those 
with LB-series. As to the size of the angle, it also can be seen that the increasing 
characteristic of the angular strength is apparent. 

Fig. 8 shows the load-displacement relationship graph of four test specimens with 
similar strength among the test specimens with headed stud anchors and steel angle 
anchors. The graph of the test specimen where the headed stud anchors were used as 
the shear connector is shown by dotted line, and the specimen where the steel angle 
anchors are used as shear connector is shown by solid line. The graph shows that 
there is a difference in the point of arrival of maximum strength depending on the type 
of shear connectors. In other words, it was observed that the test specimen with angle 
compared to the test specimen with headed studs quickly reached the maximum 
strength at small displacement. This means that the stiffness can be greater than that 
of the headed stud test specimen when the angles are used as shear connectors. This 
result is attributed to the fact that the rigidity of the angle is larger than that of the 
headed studs. Normally, headed studs are classified as ductile shear connectors, 
unlike rigid shear connectors such as T-beams or channels (CEN, 2004); however, 
headed studs were not effective in maintaining the initial stiffness with hat-shaped 
section’s top flange wing. Unlike steel angles that connect between the steel beam 
webs and resist widening or narrowing the distance between them, headed studs do 
not resist opening or closing of the beam section web. 

 



  

 
 

 

Fig.7 Welding length & steel angle type  
 

Fig. 8 Load-displacement curves 
 
Fig. 9 shows the behavior of the test specimens of Test #2 according to the 

experimental variables. The angle size of 50x50x6 mm and the welding length of 50 
mm were chosen based on the results of Test #1, which are considered to be the 
minimum size and welding length for actual construction. The spacing of 300 mm was 
determined from the results of Test #1, which will be evaluated in the following section 
using a newly developed design equation. The behavior of the first specimen was 
compared in each specimen group. Fig. 9(a) is a graph comparing behaviors according 
to the hat-shaped beam web-to-web distance. After the initial deformation of about 2 
mm, the concrete slab and the hat-shaped beam core began to slip, confirming the 
composite behavior of the angle shear connector at the initial phase. As the hat-shaped 
beam web-to-web distance becomes longer, the tendency of decrease in stiffness and 
strength can be confirmed, but ductility tends to increase. Fig. 9(b) is a graph 
comparing the behaviors according to the concrete strength. As concrete strength 
increases, strength slightly increases. Fig. 9(c) shows the representative shear strength 
of each specimen group and the performance of steel angle anchor according to hat-
shaped beam web-to-web distance. In Test #1, the angle shear connectors showed 
deformed shapes similar to those of beams with fixed (or semi-fixed) ends under 
uniform loads. It was concluded that the shear performance decreased with hat-shaped 
beam web-to-web distance. The variation of shear connector slip (ductility) capacity 
according to the hat-shaped beam web-to-web distance is shown in Fig. 9(d), where 
the slip capacity is defined at the displacement at a 10% drop from the peak applied 
load according to Eurocode 4 (CEN, 2004). The ductility shows a tendency to increase 
with the increase of the hat-shaped beam web-to-web distance. 
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(a) Comparison of behavior according to 
hat-shaped beam web-to-web distance 

 

 

(b) Comparison of behavior according to 
concrete strength 

 

  
 

(a) Shear strength according to hat-
shaped beam web-to-web distance 

 

(b) Slip capacity (or ductility) according to 
hat-shaped beam web-to-web distance 

 

Fig. 9 Comparison of behavior, shear strength and ductility according to variables 
 
4.2 Evaluation of Slip Capacity or Ductility 

The most important role of the shear connection is to fully integrate the connection 
between the concrete and the steel and transmit the interface shear force between 
them, and one of the other required roles is to ensure a sufficiently ductile behavior. In 
Eurocode 4 (CEN, 2004), if the characteristic slip capacity (δu) of a push-out specimen 
is 6 mm or greater, it is evaluated as a flexible connecting material. Fig. 10 shows the 
method of evaluating the characteristic slip performance in Eurocode 4. As noted 
earlier, the slip capacity (δu) is defined as the displacement at the characteristic 
resistance (PRK) corresponding to 90% of the breaking load. Table 1 and 2 show the 
values of δu. All test specimens except LA400-S200W20, LB-S200W20 and LC400-
S300W30 exceeded the threshold value of 6 mm. The reason why the three specimens 
failed to meet the requirement was the result of the early breakage at the both end 
welds, likely due to the lack of the welding length. The load was rapidly reduced after 
the onset of the welding failure. If it is possible to prevent premature failure of the 
welded portion, for example by increasing the length of C-shaped welding, it is 
considered that the ductility of the steel angle anchors welded to the top of the hat-
shaped beam can secure ductility, as well. 

 



  

 
 

Fig. 10 Determination of slip capacity δu (CEN, 2004) 
 
 
5.  PROPOSED EQUATION OF SHEAR STRENGTH OF STEEL ANGLES 

 
In AISC 2010 (AISC, 2010), the nominal shear strength of one steel headed stud 

anchor or steel channel anchor embedded in a concrete/composite slab, based on the 
LRFD of the United States, is used to estimate the strength of the shear strength, which 
is as follows:   

 

 Qn = 0.5Asc(f’cEc)
1/2 ≤ RgRpAscFu for one steel headed stud anchor (1) 

 Qn = 0.3(tf +0.5tw)la(f’cEc)
1/2

 for one  steel channel anchor (2) 

 
where Qn is the shear strength of an anchor (N); Asc is the cross-sectional area of a 

headed stud (mm2); f’c is the specified concrete strength (MPa) (measured value is 
used in this paper); Ec is the modulus of elasticity of concrete (MPa); Rg is the 
coefficient to account for group effect; Rp is the position effect factor for shear headed 
studs; Fu is the ultimate tensile strength of headed studs; tf is the thickness of flange of 
channel anchors (mm); tf is the thickness of channel anchor web (mm); and la is the 
length of channel anchors (mm). 

 
In addition, in Eurocode 4, the design shear strength for one shear channel anchor 

is evaluated as follows: 

  

 PRd = (10bh3/4f’c
2/3) / (v) for one steel channel anchor (3) 

 
where PRd is the shear strength (N); b is the length of steel angle anchors (mm); h is 

the height of steel angle anchors (mm); f’c is the specified concrete strength (MPa); and 

v is the partial safety factor. 
 
As shown in Fig. 2, the bottom (flange) of a steel angle anchor defined in Eurocode 

4 is welded to the top flange of steel section and resist the shear force by the upper 



  

portion (web) of the angle. According to the design equation of Eurocode 4, the 
strength of the shear anchor is proportional to the cross-sectional area of the angle that 
is in contact with the concrete, and the strength is proportional to the length b. This is 
similar to the AISC equation (Section I8-2b) for shear strength of steel channel anchor 
that is also proportional to the length (la) of steel angle anchors. 

A new design equation for angle shear connectors is required for hat-shaped beam 
section because the failure modes are different from those attached to wide-flange 
beam section even if the same angle shear connectors are used. Steel angle anchors 
used in the suggested method are welded on the flanges at both ends, but not 
connected in the middle part. The angles behave like beams subjected to distributed 
(lateral) loads (see Fig. 6). Therefore, as the length of the angle increases (and the 
non-welded portion increases), the strength certainly decreases. The moment of a 
beam subjected to distributed load is inversely proportional to the square of hat-shaped 
beam web-to-web distance. Considering the strength reduction according to the length 
of angles, the following Eq. (3), which is modified from Eq. (2), is proposed. After Eq. (2) 
is divided by the square of the web-to-web distance (la

2), a constant is modified to 
0.6(100 mm)3/2 through calibration with the data. Finally, Qn is found to be inversely 
proportional to (la)

1/2 rather than la, likely due to little adverse effect with small deflection. 
 

 Qn = 0.6(100 mm)3/2(tf +0.5tw)(f’cEc)
1/2 / (la)

1/2 (3) 

 
where Qn is the nominal shear strength of an steel angle anchor (N); tf is the 

thickness of the bottom flange of an angle (mm); tw is the thickness of the vertical web 
of an angle (mm); f’c is the specified concrete compressive strength (MPa) (measured 
value is used in this paper); Ec is the modulus of elasticity of concrete (MPa); and la is 
the hat-shaped beam web-to-web distance (mm).  

 
The strength of the steel angle anchor calculated from the proposed design 

equation is compared with the strength measured in the experiment, as summarized in 
Tables 1 and 2. Fig. 11 and 12 are graphs showing the comparison between the 
experimental values and the values calculated by the proposed design equation. The 
data from the W20-series specimens are excluded as the welding length turned out to 
be unacceptable. Ideally, Qu/Qn ratio was supposed to lie over 1, which means that the 
proposed equation predicts the shear strength well. In the figures, all data with shear 
angle anchors indicate the value was over 1. It was found that the proposed equation 
consistently predicts the shear strength within a reasonable range when it is compared 
to the Test #1 and #2 results. 

The shear strength of the headed stud anchors is found to be 0.87 ~ 1.28 when 
using the theoretical value according to Eq. (1). The results of headed stud anchors 
show that the shear strength evaluation is overestimated as the spacing of the headed 
stud anchors decrease. Considering that this is a hat-shaped cross-section (which is 
vulnerable to widening or closing the top of U-shaped section) rather than a 
conventional wide-flange section, Eq. (1) appears to slightly overestimate the strength 
of the headed stud anchors welded on the upper part of hat-shaped section. 

 



  

  
 

Fig. 11 Ratio of Qu to Qn in Test #1 
 

Fig. 12 Ratio of Qu to Qn in Test #2 
 

 
5. CONCLUSIONS 

 
In this study, the experimental results of the steel angle anchors welded on the 

upper part of the hat-shaped beam are summarized and the new shear strength 
equation is proposed by modifying the design equation presented in the AISC 2010 
Specifications. As a result, the following conclusions were obtained: 

 
(1) Based on the load-displacement relation, the steel angle anchors welded to the 

hat-shaped beam top showed the same or better performance as the existing headed 
stud anchors when the angle size and welding length were properly secured. 

 
(2) As for the performance according to the welding length of the steel angle anchor, 

in the case of a welded length of 30 mm, the strength of the test specimen increased by 
13% ~ 49% compared to that of the specimen of 20 mm, and the test specimen with a 
welding length of 40 mm had a shear strength of about 1% ~ 9% increase compared to 
the specimen of 30 mm. As a result, a welding length of 40 mm or greater (perhaps 50 
mm) is recommended for steel angle anchors. 

 
(3) According to the size of the steel angle anchor, in case of specimens with angle 

size of 40x40x5 mm (LB-series), the strength was increased by 19% ~ 56% as 
compared with those of LA-series (30x30x3 mm). The specimens with LC-series 
(50x50x6 mm) increased from 38% to 56% compared with LB-series. As to the size of 
the angle, it can be seen that the increasing characteristic of the angular strength is 
apparent, and symmetric steel angles with a minimum size of 50x50x6 mm are 
recommended for the hat-shaped composite beam system. 

 
(4) The failure mode of the steel angle anchor showed a similar pattern to a beam 

with fixed (or semi-fixed) ends under uniformly (lateral) distributed loads. That is, when 
the load is applied laterally, the welds at both ends serve as fixed ends so that the 
plasticity progresses due to the increased moment at the ends, and the lateral 
deformation gradually increases at the center. This failure mode is effective in 
improving the ductility of the steel angle anchor. Experimental results show that the slip 



  

capacity (ductility index) of all specimens defined by Eurocode 4 was higher than that of 
the Eurocode threshold value of 6 mm. 

 
(5) Interface shear strength decreased with increasing length of hat-shaped beam 

web-to-web distance. As the beam web-to-web distance is increased by 50 mm, the 
strength of the shear connector material is reduced by about 8%. When the measured 
concrete strength increased from 31.8 MPa to 36.8 MPa, the shear strength increased 
by 12% and the ductility decreased by 21%. All these parameters are accounted for in 
developing a design equation for the shear strength of a steel angle anchor welded to 
the top flange of hat-shaped cold-formed steel section. The proposed design equation 
showed very good correspondence with the experimental results. Therefore, it is 
considered that the proposed design equation can be applied to the design of shear 
capacity of steel angle anchors. 
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