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A four-story prestressed concrete building is tested by using the E-Defense shake-table facility. The test building with a rectangular

plan utilizes the moment frame system in the longitudinal direction and the multi-story wall frame system in the transverse direction. For a 

series of tests, the intensity of input ground motions is gradually increased. Finally, the moment frame system sustains the maximum story 

drifts more than 0.05 rad exhibiting a partial mechanism, while the multi-story wall frame system remains the story drifts less than 0.02 rad.
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Fig. 1  Plan of specimen� (Unit: mm) 
(b) 2nd story to 4th story (a) Foundation 
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Fig. 2  Framing elevation of specimen� (Unit: mm) 
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Fig. 2  Framing elevation of specimen� (Unit: mm) 
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  1PW 2666 176
  2PG1 1822 -
  2PG2 338 -
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�� PC wire �19.3 (Beam, SWPR19L) 429 481
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Table 3  Material property 
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Fig. 5  Schematic and definition of rotation spring element 

(c) Equations based on stress block assumption 
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Where,
B, D: Width and depth of beam, Ib: Moment of inertia of beam, hw, tw, lw:
Height, thickness and width of wall, Iw: Moment of inertia of wall, Ec: Young's 
modulus of concrete, ab: Shear span of beam, ��pc: Incremental strain of PC 
wire corresponding to difference between effective prestress and yield stress, 
Lpc: Effective length of PC wire, xn: Depth of neutral axis, �dy, Lud: Yield strain 
and unbonded length of unbonded steel bar
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Fig. 7  Hinge distribution of pushover analysis (max. drift of 0.02 rad) 

(a) X-direction (b) Y-direction 
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Fig. 8  3/4 view of PC specimen (this side) 
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Fig. 10  Time histories of input waves 

(Unit: kNm, rad) 

Table 4  Estimation of moment capacity and rotation angle 

Unbonded wall M II M II+ M III+ � �� � ��� � ���

1PW-base 3452 4350 6670 0.0009 0.0041 0.082

Grouted beam M cr M u � c � u

   2PG1-top in tension 188 605 0.0017 0.0147
   2PG1-bottom in tension 185 563 0.0017 0.0145

Grouted column M cr M u � c � u

   1PC1-top, X-dir., B-axis 227 739 0.0007 0.0105
   1PC1-base, X-dir., B-axis 225 671 0.0007 0.0095

Unbonded beam M II M III � �� � ���

   2PG2-top in tension 136 169 0.0019 0.102
   2PG2-bottom in tension 56 95 0.0008 0.075
   2PG3-top in tension 133 153 0.0060 0.114
   2PG3-bottom in tension 73 95 0.0033 0.090
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Fig. 9  Foundations fixed on shaking table 
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Where,
B, D: Width and depth of beam, Ib: Moment of inertia of beam, hw, tw, lw:
Height, thickness and width of wall, Iw: Moment of inertia of wall, Ec: Young's 
modulus of concrete, ab: Shear span of beam, ��pc: Incremental strain of PC 
wire corresponding to difference between effective prestress and yield stress, 
Lpc: Effective length of PC wire, xn: Depth of neutral axis, �dy, Lud: Yield strain 
and unbonded length of unbonded steel bar
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Table 4  Estimation of moment capacity and rotation angle 

Unbonded wall M II M II+ M III+ � �� � ��� � ���

1PW-base 3452 4350 6670 0.0009 0.0041 0.082

Grouted beam M cr M u � c � u

   2PG1-top in tension 188 605 0.0017 0.0147
   2PG1-bottom in tension 185 563 0.0017 0.0145

Grouted column M cr M u � c � u

   1PC1-top, X-dir., B-axis 227 739 0.0007 0.0105
   1PC1-base, X-dir., B-axis 225 671 0.0007 0.0095

Unbonded beam M II M III � �� � ���

   2PG2-top in tension 136 169 0.0019 0.102
   2PG2-bottom in tension 56 95 0.0008 0.075
   2PG3-top in tension 133 153 0.0060 0.114
   2PG3-bottom in tension 73 95 0.0033 0.090
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Table 6  Maximum story drift and first mode period 

Fig. 12  Maximum story drift distribution 
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Table 5  Maximum acceleration recorded on shaking table 

Fig. 11  Acceleration response spectra of input waves 
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Fig. 11  Acceleration response spectra of input waves 
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Fig. 23  Hysteretic behavior of base shear force versus global drift  
        relationship and time history of base shear force 
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Fig. 25  Comparison of test result and pushover analysis based on 
        overturning moment versus global drift relationship 
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Fig. 26  Shear strength capacity ratio 
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Fig. 27  Deformation capacity  
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Fig. 30  Story shear force versus story drift relationship in case study  
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SHAKE-TABLE TEST ON BEAM-TO-COLUMN CONNECTIONS IN HIGH-RISE STEEL BUILDINGS 
CONDUCTED WITH A FOUR-STORY MOMENT FRAME 

�� ��*1��� ��*2�� ��*3��� ���*4

�� ��*5��� ��*6

Tomohiro MATSUMIYA*1, Takuya NAGAE*2, Yu-Lin CHUNG*3, Taichiro OKAZAKI*4,
Kunio FUKUYAMA*5 and Masayoshi NAKASHIMA*6

The performance of high-rise steel moment frame buildings constructed in the 1970’s is examined by using the E-Defense shake-

table facility. Typical design and detailing in the 1970’s are incorporated in a four-story, steel moment frame specimen. The specimen is 

subjected to a series of response deformations representing a high-rise building. Long-period ground motions impose a substantial 

number of inelastic deformations, which eventually cause fracture in the beam-to-column connections. 

Keywords: High-rise buildings, Steel structures, Beam-to-column connections, Long-period ground motions, Shake-table tests
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