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Abstract:  RCS hybrid structural frames consisting of reinforced concrete columns and steel beams have 
been widely used in Japan. Among these RCS frames, the seismic performance of the steel beam non-
penetrating frames, in which the steel beams do not pass through the joints and the stresses are mainly 
transmitted by diaphragms, is unclear. In this study, a total of 20 specimens were tested under seismic 
loading, for the interior frame, exterior frame, and top interior frames. The study focused on the bending 
design of beams and columns, shear design of joints, and design method of diaphragm bearing pressure to 
concrete. Based on the results, a seismic design method for this RCS was presented.
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1.  Introduction 
In recent years, the use of composite structures with reinforced concrete (RC) columns and steel (S) beams 
have become increasingly common in distribution warehouses and large shopping centres. These RCS 
structures have many variations in the joints [1]. The two main types are the beam-penetrating type, in which 
the steel beam pass through the joint, and the steel beam non-penetrating type, in which the steel beam 
does not pass through the joint and stress is transmitted by the steel diaphragms and the steel box (Figure 
1.). Many reports concerning beam-penetration type joints (Figure 1. (a)) existe, but there are few reports 
on non-beam-penetrating type joints (Figure 1. (b)). This study investigated the non-beam-penetrating type, 
which uses the steel diaphragms and the steel box of welded cover plates. 
These joints (Figure 1. (b)) are similar in detail to Concrete Filled steel Tube (CFT) structures. In order to 
understand the structural performance of this non-beam-penetrating RCS frame, structural tests were 
carried out on a total of 20 specimens of interior frames, exterior frames and top interior frames.
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Figure 1.  Type of beam-column Joint

Many distribution warehouses often have steps on the left and right beams to provide truck berths, on the 
other hand, but there are few reports on stepped beams frames of the beam-penetrating type but none on 
the non-beam-penetrating type. Therefore, stepped beam specimens are also included in this test.

2. Outline of Test

2.1 Testing Specimens
The specimens used in the study were interior (cross-shaped:十 ), exterior (longitudinal T :ト  ) and top 
interior (T) frames with a scale of approximately 1/2 of the real one. The reinforcement of typical an interior 
specimen and the details of ト-shaped, T-shaped and stepped beams joints are shown in Figure 2.
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Figure2. Outline of specimen

The sizes of beam and column sections are almost the same. The depth of both the beams and the columns 
is 400mm in common. 
The list of specimens is given in Table 1. including their material strengths and the assumed axial force 
ratio. Shear failure at joint (hereinafter 'Type-J'), steel beam flexural yielding (hereinafter ' Type-B'), RC 
column flexural yielding (hereinafter 'Type-C') and column concrete bearing failure by diaphragm 
(hereinafter 'Type-CB'), were assumed for each specimen. The thickness and yield strength of the steel 
box, concrete strength (Fc(fc’): concrete design strength 21-60N/mm2) and yield strength and diameter of 
the column rebar were adjusted according to purpose-built specimen design based on failure modes.

Ten Type-J specimens were designed, with nine interior specimens (HJ01-04, 15, 17~20) (representative: 
Figure 2. (a), (d), (e)) including stepped specimens, and an exterior specimen (HJ07 Figure 2. (b)). Two 
Type-CB specimens were designed, both with the top interior one (Figure 2. (c)). Six Type-B and two Type-
CB specimens were designed, with the interior ones. Of the eight B-type specimens, five were interior 
specimens (HJ05, 06, 13, 14 and 16) and three were exterior specimens (HJ08-10). In HJ05, 06 and 08, 
the columns were fabricated as precast (PCa) concrete, and were placed separately in the upper column 
section (Figure 2. (b)). Mortar-filled mechanical sleeve rebar joints (compressive strength of the grout was 
108 N/mm2) were used for the joints of the column main rebar in these specimens. The test of four stepped 
specimens (HJ17-20) of Type-J were carried out. The step heights of the left and right beams were 0.5bD 
(bD: Beam Depth),1.0bD and1.5bD. HJ17 and HJ18 were cast with different concrete strengths for the joints 
and for the upper and lower columns. The strength of these columns was almost 60N/mm2 to prevent the 
bending and the bearing failure.

2.2 Loading and Measuring Method
For the interior (cross-shaped十) specimens, the upper and lower ends of the columns were supported by 
pin-roller supports, and the assumed axial force was applied by the upper 2000 kN hydraulic jacks, followed 
by the jacks at the left and right ends of the beams, which applied an asymmetric shear force, and repeated 
positive and negative cyclic loading was carried out to grasp its seismic performance. For exterior (ト -
shaped) specimens, loading was carried out on one beam only. The axial load acting on the specimens 
were varied for each specimen to achieve the assumed failure modes. The axial load ratio η was taken as 
a ratio to the axial maximum strength (See Table 1.).
For the top interior specimen (T-shaped), the beam ends were pin-roller supported and shear forces were 
applied by jacks at the column ends and repeated positive-negative cyclic loading was carried out.
The loading was controlled by the story drift angle R= δ/ L (δ: beam end vertical displacement, L: distance 
between beam right and left loading points) and was repeated once at a drift angle of R = 1.25 x 10-3 rad. 
and twice at 2.5, 5, 10, 20, 30 and 50 x 10-3 rad. each. The measurements were taken axial load, beam end 
loads, left and right beam ends, and joint deformations, as well as strains in steel and column rebars.



Table 1. List of specimens 
Axial Load

Ratio

η Size
(mm)

Steel
σy:Yield strength

Size
(mm) Main Bar Lateral

 Rebar
p w

(%)
Steel Box

PL: Thickeness Diaphragm

HJ01 31.7 σy:820N/mm2 PL 9mm
σy:322N/mm2

PL 19mm
σy:761N/mm2

HJ02 32.1
PL 6mm

σy:324N/mm2
PL19,590

σy:533N/mm2

HJ03 22.2
HJ04 65.1

HJ07 ト 32.3
PL6,400

σy:324N/mm2
PL19,780

σy:1024N/mm2

HJ15 十 0.005 30.2 σy:540N/mm2 PL6,400
σy:301N/mm2

PL22,590
σy:945N/mm2

HJ17 Column:58.8
Joint:24.5

HJ18 Column:59.3
Joint:24.5

HJ19 40.0

HJ20 39.1
HJ11 33.8
HJ12 66.0
HJ05 32.3
HJ06 65.0

HJ14 64.0
PL22 mm

σy:365N/mm2

HJ08 65.5
PL 22mm

σy:379N/mm2

HJ09 30.3

HJ10 0.005 31.9

HJ13 0.3 30.1

HJ16 0.1 35.9
16-D25
σy:724
N/mm2

PL 22mm
σy:357N/mm2

        Failure Mode  J type：Joint shear failure, C type:Column bending failure, B type:Beam bending failure, BC type:Bearing Failure

Concrete
Strength

σ B (N/mm2)

十
0.1

J
type

0.1

0.1

Failure
Mode No. shape

B
type

BC
type 十

ト

十

PL 22mm
σy:379N/mm2

PL 22mm
σy:365N/mm2

PL 22mm
σy:746N/mm2

PL 22mm
σy:503N/mm2

400x
200x

12x16 σy:820N/mm2

4-D6
σy:448-

467
N/mm2

@40

Beam Column JointRC Column

0.8

4-D6
σy:945-

990
N/mm2

@:(pitch)

@40

PL 3.2mm
σy:385N/mm2

PL 4.5mm
σy:397N/mm2

PL 4.5mm
σy:370N/mm2

D:
(Diameter)
16-D25

σy:1024
N/mm2

PL19,590
σy:1024N/mm2

Steel Beam

16-D22
σy:535
N/mm2

P L 9mm
σy(HJ05,06,08):

322N/mm2,
σy(HJ09-14):
344N/mm2,
σy(HJ16):
324N/mm2

σy:540N/mm2

PL 22mm
σy:365N/mm2

σy:799N/mm2

σy:505N/mm2 400
x

400

16-D25
σy:675
N/mm2

4-D6
σy:934
N/mm2

@40

400x
200x

12x16
十

Column:
0.04

Joint:0.1

0.1

C
type T -

400x
150x
9x16

σy(HJ05,06,08):
391N/mm2,

σy(HJ09-14):
368N/mm2,
σy(HJ16):
380N/mm2

3. Test results

3.1 Failure mode and story shear force - drift angle relationship
The fracture properties around the joints of Type-J specimens which is shear failure of joint, Type-C and 
Type-B specimens which are flexural failure of the beam or column, respectively, are shown in Table 2. As 
representative examples, Type-J specimens are the interior frame HJ02 and the stepped HJ17,18, Type B 
specimen is the exterior frame HJ09, Type C specimens is the top interior frame HJ11. 

The relationship between story shear force Q (kN) and story drift angle R (x 10-3 rad) of representative 
specimens HJ01,02,07 and the stepped HJ17,18 as Type-J; HJ05,06,10 as Type-B, HJ12 as Type-C and 
HJ13,16 as Type-CB, are shown in Figure3. to 6., respectively. 

(1) Type-J (shear failure of joint)

The Type-J specimens showed flexural cracks in the RC columns at cycles with story drift angles R = 
2.5~5×10-3 rad. The maximum crack widths of the RC columns were 0.25 mm at peak and 0.03 mm at 
unloading throughout all cycles, both of which are small values.

HJ01, 02 reached their maximum strength at the peak at R = 30 x 10-3 rad. cycles. At that time, the 
diaphragm bearing pressure caused damage to the covering concrete, followed by a slight reduction in 
strength. In contrast, HJ07 exceeded the strength of the previous cycle at the peak at R = 50 x 10-3 rad. 
cycles and had sufficient joint shear strength even at large deformation. Not shown in this figure, are the 
specimens HJ03 and 04 with a plate thickness of 3.2 mm which showed local buckling of the plate at the 



peak at R = 30 x 10-3 rad. cycles, while the specimens with plate thickness of 6 mm or more did not show 
local buckling at the peak at R = 50 x 10-3 rad. cycles. 

HJ17 maintained its shear force until the first cycle at R = 50×10-3rad. The shear force was decreased in 
the second cycle and the out-of-plane bulging of the steel plates were remarkable, suggesting that the 
concrete in the joint was progressively crushed. In contrast, HJ18 showed the maximum strength at the 
cycle of R=30×10-3rad. with out-of-plane swelling of both the front and side steel plates of the steel box. 
HJ19,20 were assumed to fail at the joints, but eventually beam flexural yielding preceded.

Table 2.  Damage of joints
No. HJ02 HJ17 HJ18 HJ9 HJ11 

Stepped  ― 0.5bD 1.0bD ― ― 

Failure Mode Joint shear failure Joint shear failure Joint shear failure Beam bending failure Column bending failure 

Peak of 
+20 

×10-3rad. 
Cycle 
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Figure 3. Story shear force(Q) – story drift angle (R) relationships of Type-J 
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Figure 4. Q – R relationships of Type B
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Figure 5. Q - R of relationship Type-C                    Figure 6. Q - R of relationship Type-CB

(2) Type-B (bending failure of the steel beam)

All of Type-B specimens showed bending cracks in the RC columns at cycles of R = 2.5-5×10-3 rad.

The interior frame HJ05 specimens and the exterior one HJ09 and 10 specimens with relatively low concrete 
strength developed cracks along the outermost column reinforcement at R = 5.0-10×10-3rad. cycles. In 
contrast, HJ06,14 and HJ08 of the interior frame with Fc = 60N/mm2 developed cracks along the outermost 
column main reinforcement at R = 20 x 10-3 rad. cycles.

In the case of the interior frame specimens, the specimens reached their maximum shear strength at the 
peak at R = 50 x 10-3 rad. cycles and the Q-R relationship was generally spindle-shaped. No differences 
were observed in the Q-R relationships of the PCa-formed HJ06 and the monolithically casted HJ14.

The Q-R relationship of HJ10, which reached its maximum shear strength at the peak at R = 50 x 10-3 rad. 
cycles, and its Q-R relationship became a clean, spindle shape.

(3) Type-C (bending failure of the RC column)

In Type-C specimens, bending cracks were observed in the RC columns at R = 2.5×10-3 rad. cycles, and 
the cracks along the outermost column bars were observed at R = 10×10-3 rad. cycles. They showed spindle-
shaped hysteresis loops in RC columns regardless of the concrete strength. The steel box did not show any 
particular deformation or other damage even at large drift angle. But the damage was rather concentrated 
in the hinge zone of the columns.

(4) Type-CB (bearing failure of the RC column)

HJ13 and HJ16 specimens with relatively low column 
concrete strength, reached their maximum bearing capacity 
at R = 20 x 10-3 rad. cycles, and the cover concrete spalled 
off. Thereafter, the shear strength decreased by about 15% 
from the maximum strength in the next cycle. The loops 
from Q-R relationship of these specimens, was not spindle-
shaped but slip-shaped.

2.2  Strain distribution of the Joint cover plate
The strain of the steel box at the joint was measured for all 
specimens, but due to space limitations, only the results for Figure 7. Strain of steel box (HJ02)
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HJ02 are shown. Figure 7. shows the strain distribution at the peak of the first positive cycle in HJ02. In the 
case of Type-J, principal strains were calculated from triaxial strain gauges. HJ02 with a thin steel plate 
reached the yield strain equivalent at the peak of R = 10 x 10-3 rad. cycle, the strain value at the centre of 
the steel box was the highest among the three measurement points until the yield strain was reached. 

3. Discussion
The comparison of maximum strengths between test results and calculations are shown in Table 3. The 
maximum strength of each specimen was evaluated using some equations. The ultimate bending strength 
of steel beams was determined by assuming the full plastic moment [2]. The ultimate bending strength of 
RC columns was determined by the ACI method [3]. The bearing strength from the diaphragm to the 
concrete was determined by the following equation.

    (1)                　ᵃ�ᵄ�ᵆ� = (1 ‒ ᵆ�)・ᵅ�ᵄ�ᵄ�ᵅ� 　ᵅ�ᵄ�ᵄ�ᵅ� = ᵃ�ᵅ�・(ᵃ�ᵃ� ‒ ᵃ�ᵄ�ᵅ�) 　ᵃ�ᵅ� = ᵰ�ᵄ�ᵅ�・ᵄ�ᵄ�ᵅ�・ᵃ�ᵄ�ᵅ�

: Ultimate bearing momentᵃ�ᵄ�ᵆ�

u: Ratio of the distance between the centers of stress of the column bending moment to the beam span
 : Resisting moment around the center of the column-beam connection due to the stress block at oneᵅ�ᵄ�ᵄ�ᵅ�

 : Combined force of stress blocks      : Column depthᵃ�ᵅ� ᵃ�ᵃ�

 : Depth of stress block for calculating bearing strength  ᵃ�ᵄ�ᵅ� ᵃ�ᵄ�ᵅ� = 0.35ᵃ�ᵃ�

 : Bearing strength of concrete       : Width of stress block for calculating bearing strength ᵰ�ᵄ�ᵅ� ᵰ�ᵄ�ᵅ� = 2ᵃ�ᵅ� ᵄ�ᵄ�ᵅ� ᵄ�ᵄ�ᵅ� = ᵃ�ᵄ�

The shear strength assessment of column-beam joints is the most important consideration.

In Japan, there are no established formula for shear strength of this RCS joints and shear strength is often 
evaluated using methods based on CFT guidelines [4] or SRC standard [5]. How the above methods are 
described.

CFT guideline [4]

 (2) ,    　,　 ᵅ�ᵄ�ᵆ� = ᵅ�ᵆ�ᵄ�ᵆ� + ᵅ�ᵅ�ᵄ�ᵆ� ᵅ�ᵆ�ᵄ�ᵆ� = ᵆ�ᵃ�ᵆ�
ᵃ�ᵆ�

2 ‒ ᵆ�ᵰ�0
2

3 ᵆ�ᵰ�0 =
ᵄ�
ᵄ�0

ᵃ�ᵆ� ᵄ�0 = ᵄ�ᵃ�・ᵃ�ᵆ� + ᵃ�ᵃ�・ᵃ�ᵅ�

   ,  ᵅ�ᵅ�ᵄ�ᵆ� = (ᵃ�ᵃ�
2 ᵆ�ᵄ�ᵅ� ᵰ�ᵆ� + 4 ᵅ�ᵄ�ᵆ�

ᵃ�ᵃ�・ᵃ�ᵅ�
ᵆ�ᵅ�ᵅ� ᵰ�ᵆ�)・ᵃ�ᵃ�・ᵃ�ᵅ� ᵰ�ᵆ� = ᵆ�ᵄ�ᵅ� ‒ 1 ( 1 + (ᵃ�ᵅ�

ᵃ�ᵃ�)2
‒ (ᵃ�ᵅ�

ᵃ�ᵃ�))　,　ᵅ�ᵄ�ᵆ� =
ᵄ�ᵃ�・ᵆ�2

4 ᵃ�ᵆ�

：　Ultimate Strength of Beam-Column Jointsᵅ�ᵄ�ᵆ�

：　Steel component of ultimate bearing capacity of beam-column jointsᵅ�ᵆ�ᵄ�ᵆ�

：　Concrete of ultimate bearing capacity of column-beam joint        ：　Cross-sectional area of concreteᵅ�ᵅ�ᵄ�ᵆ� ᵃ�ᵃ�
：　Cross-sectional area of steel box               ：　Cross-sectional web area of steel box ᵄ�ᵃ� ᵄ�ᵃ�ᵆ�

：　Cross-sectional area of concrete                ：　Diameter of the column       (fc’)：　Concrete strengthᵃ�ᵃ� ᵄ�ᵃ� ᵃ�ᵅ�

：　Yield strength of steel box       ：　Axial force      ：　Thickness of steel box      ：　Reduction factor for concrete ᵃ�ᵆ� ᵄ� ᵆ� ᵅ�ᵯ�
：　Axial stress of steel box section    ：　Centered compressive bearing capacity of RC columnᵄ�ᵰ�0 ᵄ�0

：　Angle of arch mechanism of rectangular concrete section     ：　Total plastic moment of steel box flangeᵰ�ᵆ� ᵅ�ᵄ�ᵆ�

SRC standard [5]

　 　(3)　   　  　ᵃ�ᵄ�ᵆ� = ᵅ�ᵄ�ᵅ�(ᵃ�ᵃ�ᵆ�・ᵃ�ᵯ� + ᵆ�ᵅ�・ᵆ�ᵰ�ᵆ�) +
1.2ᵆ�ᵄ�・ᵆ�ᵰ�ᵄ�

3 ᵅ�ᵄ�ᵅ� =
ᵅ�ᵄ�
2・ᵆ�ᵃ�ᵅ�・ᵅ�ᵅ�ᵅ� ᵆ�ᵄ� = ᵃ�ᵆ�ᵆ�・ᵆ�ᵃ�ᵅ�・ᵆ�ᵃ�ᵅ� ᵃ�ᵃ�ᵆ� = ᵅ�ᵅ�ᵅ�(0.12ᵃ�ᵅ�,1.8 +

3.6ᵃ�ᵅ�

100 )
：Ultimate shear capacity of the beam-column joint in terms of momentsᵃ�ᵄ�ᵆ�

 ：Effective volume of concrete at beam-column joint             ：Shear strength of the concrete at the jointᵅ�ᵄ�ᵅ� ᵃ�ᵃ�ᵆ�

 ：Shape coefficient of the joint (十-shaped = 3, T- or ト-shaped = 2, L-shaped = 1)ᵃ�ᵯ�
 ：Ratio of transverse lateral reinforcement bar (=2 / )         ：Thickness of steel boxᵆ�ᵅ� ℎᵆ� ᵅ�ᵄ�  ℎᵆ�
 ：Yield strength of steel box    ：Volume of steel web at column-beam joint     ：Yield stress of steel webᵆ�ᵰ�ᵆ� ᵆ�ᵄ� ᵄ�ᵰ�ᵄ�

  ：Column width                 ：Distance between centers of gravity of beam flangesᵅ�ᵄ� ᵆ�ᵃ�ᵅ�
 ：Distance between main bar (upper, lower)   ：Thickness of steel web at column-beam joint(=0)ᵅ�ᵅ�ᵅ�  ᵃ�ᵆ�ᵆ�

  ：Distance between of beam flanges (upper, lower)                  ：Concrete strengthᵆ�ᵃ�ᵅ� ᵃ�ᵅ�(ᵅ�ᵅ�’)

3.1 Joint shear strength of J-type specimens
The six J-types are HJ01-04, 07 and 15. The maximum strength of Type-J was evaluated using the CFT 
guideline formula (2) and the SRC standard formula (3) without the stepped specimens, as the joint shear 
strength equation (Figure 8. (a), (b)).

Table 3.  List of test results and calculations



cQp 3)

（kN）
cQaci 4)

（kN）
cQaij 5)

（kN）
cQcft 6)

（kN）
cQsrc 7)

（kN）
HJ01 31.7 563 1245 743 1254 548 609 0.45 0.76 0.45 1.03 0.92
HJ02 32.1 516 942 744 1254 452 450 0.55 0.69 0.41 1.14 1.15
HJ03 22.2 371 942 669 1226 302 317 0.39 0.55 0.30 1.23 1.17
HJ04 65.1 630 1245 914 1350 623 381 0.51 0.69 0.47 1.01 1.65

ト HJ07 32.3 461 623 746 1256 454 409 0.74 0.62 0.37 1.02 1.13
HJ15 30.2 449 828 756 1173 422 425 0.54 0.59 0.38 1.06 1.06
HJ17 C:58.8,J:24.5 768 1225 896 － 378 － 0.63 0.86 － 2.03 －

HJ18 C:59.3,J:24.5 782 1225 1003 － 378 － 0.64 0.78 － 2.07 －

HJ19 40.0 791 774 1008 － 482 － 1.02 0.78 － 1.64 －

HJ20 39.1 787 774 1003 － 476 － 1.02 0.78 － 1.65 －

HJ11 33.8 603 846 492 468 1,170 1,206 0.71 1.23 1.29 0.52 0.50
HJ12 66.0 622 846 528 468 1,644 1,272 0.74 1.18 1.33 0.38 0.49
HJ05 32.3 475 465 474 560 552 554 1.02 1.00 0.85 0.86 0.86
HJ06 65.0 533 465 582 651 794 599 1.15 0.91 0.82 0.67 0.89
HJ13 30.1 432 483 486 669 554 581 0.89 0.89 0.65 0.78 0.74
HJ14 64.0 616 483 627 729 807 627 1.27 0.98 0.84 0.76 0.98
HJ16 35.9 486 500 653 926 582 561 0.97 0.75 0.53 0.84 0.87
HJ08 65.5 270 233 583 653 797 546 1.16 0.46 0.41 0.34 0.50
HJ09 30.3 322 242 523 554 558 600 1.33 0.62 0.58 0.58 0.54
HJ10 31.9 311 212 491 473 570 602 1.47 0.63 0.66 0.55 0.52

Calculated Value

RC Column
eQmax /

cQcft
eQmax /

cQaci
eQmax /

cQp
eQmax /

cQaij
eQmax /

cQsrc

1) C:Column,J:Beam Column Joint 2)Maximum Strength 3)Flexural Total Plastic Strength 4)Bending Strength by ACI 5)Bending Strength by AIJ 6)Shear Strength by CFT 7)Shear Strength by SRC.
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(a) Joint Failure CFT (2) 
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(b) Joint Failure SRC (3)
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(c) Column Bending failure by ACI  (d) Full Plastic S Beam Moment   (e) Concrete Bearing Failure(1)

Figure 8. Ultimate Strengths Comparisons between Test Results and Calculations



For the CFT guideline formula, the joint shear margin (experiment /calculation) was 1.01-2.07, whereas for 
the SRC standard formula the margin was 0.92-1.65. The SRC standard formula had the margin of 0.92-
1.65. In HJ01, which had the lowest joint shear margin, the bending strength of RC columns calculated by 
ACI method had a low margin relative to the joint shear strength, and there was also significant crushing of 
the concrete at the column ends, which was judged to be a joint shear failure. HJ03 and HJ04 with a 3.2 
mm steel box, were evaluated to be safe in both equations. In particular, HJ04 with Fc60 was evaluated to 
be safe by 1.5 times margin in the SRC standard formula.

The shear strength of the stepped beam joints (HJ17-HJ20) was higher than that of the normal joints due 
to the larger joint volume. It would be better to assume that the left and right beams are attached separately 
and evaluate them as the addition of twoト-shaped beam joints.

3.2 Column bending, beam bending and concrete bearing failure
The test results and calculated values for failure modes other than the joint failure mode are compared and 
shown in Figure 8. (c),(d),(e). The calculated values were calculated using the full plastic moment of S 
beams and the ACI method for the bending strength of RC columns, the bearing strength from a diaphragm 
to column concrete (1). 

As a result, all calculating formulae could safely estimate to the test results of several failure modes. 

4. Conclusions
The following conclusions 1) to 6) were obtained from experiments on RCS frame with non-beam-
penetrating through joints using diaphragm and steel box.

1) It was found that the shear strength of the joints can be almost safely evaluated using both the CFT 
guideline formula and the SRC standard formula, but the CFT guideline formula is more accurate in 
estimating the actual shear strength. 

2) It was found that the joint shear strength of stepped beams can be estimated safely by the CFT 
guideline formula. It would be better to assume that the left and right beams are attached separately 
and evaluate them as the exterior frame (ト-shaped beam) joints.

3) It was found that the RC column bending strength could be evaluated on the safe side using the ACI 
formula. And the steel beam bending strength could be evaluated on the safe side by assuming the 
full plastic moment.

4) It was found that the bearing strength from the diaphragm to the concrete, could be well evaluated by 
adapting the proposed bearing strength formula.

5) The column and beam bending specimens showed spindle-shaped hysteresis loops, whereas the 
bearing failed specimens exhibited slip-shaped hysteresis loops.

6) The story shear force and story drift angle relationship and fracture behavior of the PCa-formed 
column’s Type B specimens showed the same tendency as those of the monolithically casted 
specimens, indicating that there are few differences with the PCa-formed specimens.
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