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STATIC LOADING TEST ON A FULL-SCALE FIVE STORY REINFORCED CONCRETE FRAME
STRUCTURE WITH WING WALLS, SPANDREL WALLS, AND HANGING WALLS
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This paper proposes a disaster resilient structural design for post-earthquake functionality of reinforced concrete buildings without

utilizing isolation devices and vibration control devices. A static loading test of a full-scale five-story reinforced concrete building adopting

a structural system utilizing wing wall, spandrel wall, and hanging wall was carried out to verify functional continuity after big

earthquakes. As a result of the experimental verification, the proposed structural system was revealed to greatly increase its strength

and stiffness, and to certainly minimize the response of its mainframe at the time of big earthquakes within elastic level.
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Fig.1 Concept of proposed damage control design
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Fig.2 Specimen and test set up
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(b) Column with wing walls and beam with spandrel walls
Fig.4 Section of members
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Table 1 Material test results
Steel bar
Used position Wall re'mforcement Enclosed Hoops Longitudinal bar of Ho<-)ps of columns .Opemng . Slab
Slab reinforcement columns and beams | Stirup of beams | reinforcement | reinforcement
Type of Steel bar D10 (SD295A) D10 (SD295A) D25 (SD345) D13 (SD295A) D16 (SD345) D13 (SD295A)
Yield stress (N/mmz) 349 352 391 331 423 348
Tensile strength (N/mm?) 485 509 562 480 591 500
Concrete
.. . 1st story 2nd story 3rd story 4th story 5th story
Used position Foundation 2nd floor 3rd floor 4th floor 5th floor Roof
Compressive strength
2 41.1 30.2 36.8 34.5 28.5 30.2
(N/mm”)
Young's modulus (N/mm®) 2.93% 10" 2.68% 10" 2.86x 10" 2.72x10" 2.74x 10" 2.52x 10"
Split-tearing tensile 459 979 437 597 957 979
strength (N/mm”) 2 ) ) ) ) )
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Fig.5 Base shear — total drift relationships

Table 2 Transition of base shear at each drift angle

Base shear (kN)

Tot?‘;jrlft Loading side |Specimen of |Specimen of [magnification
this paper reference 2)
(+) 2621 1279 2.05
0.0625
(-) -2805 -1436 1.95
(+) 3914 1979 1.98
0-125 () -4024 -1976 2.04
0.95 (+) 5767 2835 2.03
) (=) -5731 -2850 2.01
05 (+) 7684 3781 2.03
) () -7629 -3729 2.05
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Fig.6 Distribution of story drift angle
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: Longitudinal reinforcement of Columns
: Vertical reinforcement of wing walls

: Longitudinal reinforcement of slabs
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Fig.7 Yielding positions at +0.5% total drift
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Table 3 Residual crack width of 3rd floor

Residual crack width (mm)

Total
o Outer Inner Wing |Standing [ Hanging
drift (%) Beam
column | column wall wall wall
0.25 0.00 0.00 0.00 0.15 0.50 0.00
0.5 0.15 0.00 0.10 2.20 1.50 0.15

(a) Cracking pattern near the part of maximum residual crack
width at 0.25% total drift. (3F)

(b) Cracking pattern near the part of maximum residual crack
width at 0.5% total drift. (3F)

Photo 1  Cracking pattern of the specimen
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STATIC LOADING TEST ON A FULL-SCALE FIVE STORY REINFORCED CONCRETE FRAME
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This study proposes a disaster resilient structural design of reinforced concrete buildings with ordinary
construction approach, and demonstrates the seismic capacity by the full-scale test on five-story reinforced concrete
buildings. In this design, the building produces base shear coefficient higher than 0.55 by utilizing wing wall,
spandrel wall, and hanging wall. The target damage level under extreme ground motion is less than slight for
buildings, and grade 1 for each member. This method improves the strength and stiffness of the moment resisting
frame and reduces the deformation during earthquakes. That can minimize the damage on each member.

The full-scale specimen is a five-story reinforced concrete building with 1x2 bays and height of 18.7m. The wall
frame has large openings in the longitudinal direction. The span length is 6.0m and story height is 3.5m. Columns
have 700 mm square section, and beams have 500x700 mm section. The width of the attached wall section is 200
mm. A series of 4 actuators located on the roof level and 6 actuators located on the 4th-floor level. Those actuators
pinched the center of the floor slab from the upper and lower level. The relation between base shear and the
overturning moment is given by a ratio of external force on the 4th floor and roof is equalize to that given by an
external force with inverted triangle load distribution. The cyclic loading peak is controlled by the total drift on the
roof level. The test demonstrates the up to 3.0 times over calculated strength of base shear coefficient 0.3 of bare-
frame. The story drifts are concentrate prominent on 2nd and 3rd floor and its collapse mechanism form the partial
collapse. The strain of the main reinforcement of the bare-frame yielded in the 0.5% total drift loading cycle, where
a limit of elastic is 0.25% total drift loading cycle. The damage levels based on the residual seismic capacity on the
hysteretic curve is slight at 0.25% total drift loading cycle, and the base shear coefficient at the 0.25% total drift
loading cycle is 0.67.
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