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SEISMIC PERFORMANCE ASSESSMENT AND IMPROVEMENT OF PRESTRESSED
CONCRETE BUILDINGS BASED ON E-DEFENSE SHAKING TABLE TEST
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Takuya NAGAE, Kenichi TAHARA, Kunio FUKUYAMA,
Taizo MATSUMORI, Hitoshi SHIOHARA, Toshimi KABEYASAWA,
Susumu KONO, Minehiro NISHIYAMA and Isao NISHIYAMA

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. 2 Framing elevation of specimen (Unit: mm)
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Table 3 Material property

(a) Concrete (b) Grout
o [N/mm’] op [N/mm’]

PCa 83.2 Mortar 135.6

PCa (F) 85.5 Mortar (F) 1203

Top 40.9 Milk cement 63.4

(c) Steel
o, [Nmm’] | o [N/mm’]
PC bar ¢21 (Column, SBPR1080/1230) 1194 1277
D22 (Wall, SD345) 385 563
D19 (Column and beam, SD345) 389 561
D13 (Wall, SD295A) 347 501
D13 (Slab, SD295A) 372 522
D10 (Column and beam, SD295A) 361 518
D10 (Slab, SD295A) 388 513
D13 (Wall, KSS785) 937 1119
D10 (PG2, KSS785) 939 1096
F, [kN] F, [kN]

PC wire ¢15.2 (Wall, SWPR7BL) 250 277
PC wire ¢15.2 (Beam, SWPR7BL) 255 279
PC wire ¢17.8 (Beam, SWPR19L) 356 404
PC wire $19.3 (Beam, SWPR19L) 429 481
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Where, 0.5, —x, EI,

B, D: Width and depth of beam, /,: Moment of inertia of beam, A, t, /y:
Height, thickness and width of wall, /,; Moment of inertia of wall, £.: Young's
modulus of concrete, ay: Shear span of beam, Ag,.: Incremental strain of PC
wire corresponding to difference between effective prestress and yield stress,
L, Effective length of PC wire, x,: Depth of neutral axis, &, Lu: Yield strain

and unbonded length of unbonded steel bar

(c) Equations based on stress block assumption

Fig. 5 Schematic and definition of rotation spring element



Table 4  Estimation of moment capacity and rotation angle

Grouted beam M, M, 0. 9,
2PGl-top in tension 188 605 0.0017 | 0.0147
2PG1-bottom in tension 185 563 0.0017 | 0.0145
Grouted column M, M, 0. 4,
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 My My Oy O
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
Unbonded wall My My, My« Oy O O
1PW-base 3452 4350 6670 0.0009 | 0.0041 | 0.082

(Unit: kNm, rad)
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Fig. 6 Story shear force — story drift relationship of pushover analysis
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Table 5 Maximum acceleration recorded on shaking table

Maximum acceleration [m/sz]
No. Input wave — — —
X-direction | Y-direction | Z-direction

1 IMA-Kobe-10% 0.69 0.98 0.35

2 IMA-Kobe-25% 1.66 2.69 0.96

3 IMA-Kobe-50% 3.49 4.66 1.98

4 JMA-Kobe-100% 7.88 10.67 4.15

5 JR-Takatori-40% 3.05 3.34 1.15

6 JR-Takatori-60% 4.54 5.46 1.69
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Fig. 11 Acceleration response spectra of input waves
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Table 6 Maximum story drift and first mode period

Maximum story drift angle First mode period
No. Input wave [rad] (after test) [sec]

X-direction | Y-direction |X-direction|Y-direction

1 IMA-Kobe-10% - - 0.45 0.29

2 IMA-Kobe-25% 0.002 0.002 0.45 0.31

3 IMA-Kobe-50% 0.004 0.006 0.44 0.37

4 JMA-Kobe-100% 0.039 0.017 0.69 0.52

5 JR-Takatori-40% 0.014 0.009 0.68 0.51

6 JR-Takatori-60% 0.058 0.016 0.84 0.55
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Fig. 12 Maximum story drift distribution
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Fig. 13  Global drift of each frame in JIMA-Kobe-100%
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(a) Interior column base (b) Interior joint of 2-fl.

Fig. 14 Damage of X-direction frame after IMA-Kobe-100%
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Fig. 15 Schematic of measurement and deformation in X-direction
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Fig. 18 Damage of Y-direction frame after IMA-Kobe-100%
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