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The eccentricity distance, , from the center of the load to the center of the 
connection steel plate can be computed by the following equation. 
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Fig. 14 Detail of embeded H-beam 

 

Where,   denotes shear span (mm), and    represents effective moment of 
inertia for computation of deflection that is 300mm in Fig. 14.   of Fig. 14 represents 

width of compression face of member,   refers to width of flange (mm), and 
  denotes area of longitudinal tension reinforcement (mm2). The length of   is 
computed as shown below. 
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According to the theory of Marcakis, K., and Mitchell, D. (1980), the shear 

capacity of concrete,  , is expressed as in Eq. (71).    is the factor relating depth of 
equivalent rectangular compressive stress block to neutral axis depth. 
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The width to thickness ratio of the steel plate is given by the following equation. 
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As shown in Fig. 18,   represents overall height of member (mm), and 



  

   denotes thickness of web (mm). The shear capacity of the connection steel plate 
section is given by the following equation. 
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Where,    represents section area of shallow steel plate (mm2), and    is sheer 
buckling reduction factor. 
 
 

4.2 Shear strength steel plate and welding at connection 

The shear strength,  , on the protruding section of the steel plate, that was 
installed on the PC beam, is given by the following equation.  
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Where,   represents thickness of shallow steel plate in the two welded steel 
plates at the connection, and   denotes length of steel plate, which is smaller in area at 
the connection.  

  is 6 mm or greater, and the maximum size of the filet welding, , is given by the 
next equation,       (mm). Since the thickness of the shallow plate for filet welding 
is 20 mm, the size of filet welding is given by the following equation and is computed to 
be 18 mm. 
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Where,   represents nominal strength of welding (N/mm2),    denotes effective 

area of welding (mm2), and    means sheer force of welding.  
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Table 5 Shear strength of top Connections for specimen PR1-UP 

Speci-
mens 

1) Cast-in H-Beam strength [kN] 2) Connection strength [kN] 
3) 

Minimum 
chosen[kN] 

Embedded  
H-Beam shear 

Strength 

Shear 
strength of  
H-Beam 

Shear strength 
of steel plate 
at connection 

Shear 
strength 

of welding 

PR1-
UP 

507.9 846.0 634.5 639.6 507.9 

 
 
5. EXPERIMENTAL RESULTS 
 

5.1 Load-displacement relationship  
The connection parts of specimen P1, a stud-connected specimen, and P2, a 

steel plate welding connected specimen, were composed of two types of cast-in 
anchors and cast-in welded steel plate, respectively. Shear tests on the specimens P1 
and P2 were carried out as depicted in Fig. 15. 

 
 

     
 

      Fig. 15 Image of specimen       Fig. 16 Load-displacement relationship 
 

Displacement of P1 increased linearly up to the maximum load of 422.4 kN as 
shown in Fig. 16 and then exhibited plastic deformation to 13.9 mm, at which it failed 
finally. On the contrary, the specimen P2 manifested its strength up to 942.9 kN, more 
than twice of the strength of P1, and exhibited brittle failure at the maximum load. The 
reason for the brittle failure of P2 is construed to be the lack of an alternative measure 
that can withstand the load additionally after tensile failure of the connection steel plate. 
Six anchors of specimen P1 sequentially failed or yielded to reach the ultimate load. It 
exhibited large deformation after the ultimate load and manifested final failure. Among 
the two specimens, specimen P1 showed greater initial stiffness.  
Although the specimen P2 manifested brittle failure after the maximum load, the 



  

specimen P1 relatively exhibited ductile failure mode as shown in Fig. 16. The 
maximum loading of the analytical result was computed to be 6.5% greater than that of 
the experimental result on the average as shown in Table 6. 
 
Table 6. Comparison between analytical and experimental results  

 
Analytical 

result 
Experimental result 

1) /3) 
Experimental 

[%] 
 

1) 
Analytical 
maximum 
loading for 
connection 

[kN] 

2) 
Experimental 

maximum 
loading [kN] 

3) 
Experimental 

maximum 
loading for 
connection 

[kN] 

4) 
Experimental 
displacement 
at maximum 
loading [mm] 

P1 222.4 422.4 211.2 4.4 105.3 

P2 507.9 942.9 471.5 11.1 107.7 

Average 243.77 455.77 228.57 6.50 106.5 

 
 
5.2 Cracking 
The specimen P1 showed failure only in the connection part or between the 

connection part and panel, as shown in Fig. 17 and Fig. 18. It did not show any failure 
within the central panel itself or external panel. On the contrary, the cracking of P2 
specimen occurred at just below the uniform loading points at both left and right sides 
as shown in Fig. 19 and Fig. 20. It is considered that the flange part of the embedded 
H-beam buckled to exhibit deformation and failure. Cracking of the specimen P2 was 
much less than P1, and it failed all at once by single cracking. 

 

 
Fig. 17 Front view of P1 specimen   Fig. 18 Rear view of P1 specimen 

 



  

 
Fig. 19 Front view of P2 specimen  Fig. 20 Rear view of P2 specimen 

 
 

5.3 Friction between PC concrete and connection concrete 
PCI Handbook (7h Edition, pp. 5~52) found in PCI Design Handbook 7th edition 

(2010) specified that the shear resistance capacity,    , should not surpass the limit of 

the following equation (81) in case of intentionally roughened and not including a tie or 
the case of including a minimum tie and not intentionally roughened.  
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                                  kN 
(81) 

 

Where,   denotes reduction factor,    represents the connection width of the 

prior concrete, and     indicates the connection length. 
Since this study did not intentionally roughened the surface around the PC part, the 
friction force between different concretes will be 60% of the value computed by the 
equation (81) for intentionally roughened case in accordance with the ACI 318M-11 
11.6.4.3.  
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(82) 

 

However, the bearing capacity due to the concrete friction,    , was relatively 
small, decreased rapidly after cracking, and reached failure due to shear of the anchor 
or threshold pry-out strength. In other words, the friction force exerted some influence 
initially, but it did not significantly affect the final failure strength. Thus, the friction force 
between concretes was disregarded in this study. 
 
 
 
 



  

6. CONCLUSIONS 
 
1. Displacement of P1, the anchor connected specimen, increased linearly up to the 
maximum load of 422.4 kN and then exhibited plastic deformation to 13.9 mm, at which 
it failed finally. On the contrary, the specimen P2 manifested its strength up to 942.9 kN, 
more than twice of the strength of P1, but exhibited brittle failure at the maximum load. 
 
2. The specimen P1 showed failure only in the connection part or between the 
connection part and panel. It did not show any failure within the central panel itself or 
external panel. On the contrary, the cracking of P2 specimen occurred at just below the 
uniform loading points at both left and right sides. It is considered that the flange part of 
the embedded H-beam buckled to exhibit deformation and failure. The number of 
cracking of the specimen P2 was much less than P1, and it failed all at once by a 
couple of cracking.  
 
3. The shear strength of stud connection part were computed with shear strength of 
stud, pry-out strength, and concrete breakout strength. Summing of each shear 
capacity at each stud end, which was used in this study, was carried out in computation 
of pry-out strength and concrete breakout strength. The analytic result was close to the 
experimental result at 106.5% greater than the latter. 
 
4. Shear strength of embedded steel connection was analyzed with the equation for 
embedded H-beam of Marcakis, K., and Mitchell, D. The analytic result was close to the 
experimental result with the ratio of the analytic to experimental result of 107.7%. 
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