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Investigation on Post-Earthquake Functional Use for damaged R/C Buildings due to the 2016 Kumamoto

Earthquake

Summary

This report summarizes a study on post-earthquake functional use of R/C Buildings that were damaged
due to the 2016 Kumamoto earthquake. This study was conducted in research and development subject
“Development on seismic performance evaluation techniques for existing buildings with post-earthquake
functional use (2016-2018)”

In chapter 2, interviews with building managers of government buildings, where large seismic intensity
were observed, are summarized. The interviews focused on the judgment of post-earthquake functional
use of the buildings.

In chapter 3, investigations for a five-story reinforced concrete building constructed after 1981 are
reported. Damage classification of the building was judged as severe damage due to the failure of beam-
column joints. An analytical study is conducted using the design specifications provided by the building
managers and photographic information after the earthquake. In this analysis, the building is modeled as a
frame model to evaluate damage condition of beam-column joints.

In chapter 4, investigations for a ten-story reinforced concrete condominium building are reported. The
building had soft first story and constructed after 1981. Damage classification of the building was judged
as severe damage due to the shear failure of first story column and local failure of second floor beam.
Detailed investigations for material sampling and damage investigation were conducted at the time of
demolition works. Analytical study is conducted using the information. In this analysis, the building is
modeled as finite element model for the effect of second floor beams on the overall building behavior.

In chapter 5, investigations for a four-story reinforced concrete condominium building are reported. The
building had soft first story and constructed after 1981. Damage classification of the building was judged
as severe damage due to the failure of first story column. Frame model analysis is conducted using the
design specifications provided by the building managers to evaluate building damage. Although the
building was judged as severe damage, the building is available for reuse from March 2019 because the
building had been repaired and retrofitted properly.

In chapter 6, investigations for two ten-story steel reinforced concrete condominium buildings
constructed before 1981 are reported. Both buildings were severe damaged due to failures of the non-
structural walls around the entrances of the lower floors. Analytical study is conducted using the design
specifications provided by the building managers, information of repair work and information from
microtremor measurements were conducted at the site. In this analysis, the building is modeled as frame
model to evaluate damage condition and required time for the repair work.

In chapter 7, investigations for a three-story reinforced concrete government building constructed
before 1981 are reported. The building had seismic retrofit works before the 2016 Kumamoto earthquake
occurred. The superstructure was tilted due to the damage of some piles. Analytical study is conducted to

evaluate damage condition using the design specifications provided by the building managers and results



of several damage investigations (in particular, pile foundation excavating work, measurement using a 3D
laser scanner or high-resolution photographs).

In chapter 8, investigations for a three-story reinforced concrete government building are reported. The
building was constructed before 1981 and had seismic retrofit works before the 2016 Kumamoto
earthquake occurred. In this building short-span beams, shear walls, ceiling materials of spatial rooms, and
equipment on the roof floor were damaged. Analytical study is conducted using the design specifications
provided by the building managers and high-resolution photographs taken by UAV (Unmanned Aerial
Vehicle) on site. In this study, damage classification and damage evaluation considering seismic retrofit
components are conducted.

In chapter 9, investigations for a five-story reinforced concrete government building constructed before
1981 are reported. The building was collapsed locally due to the failure of a beam-column joint. Detailed
investigations for material sampling and damage investigation were conducted at the time of demolition
works. Analytical study is conducted using the information. In this analysis, the building is modeled as
frame model to evaluate damage condition of the beam-column joints.

Finally, the conclusions are summarized in chapter 10.
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(2) avy)— FEMBEHRERR
a2 7 ) — FNOEMERERBERO - EAr g 4.3.3. 11T, BRO [—| 1%, ERERERERE )
(SR DD T GRIRD T2, T =2 B3N EE R LTS, R 4.3.3.2121F, BREGHHM Z L I0FY
L7tz g, 72, & 4.3.3. 3121, BREE, Bl = &I E Lo a3, 7eds, 2%k 4.3.3.3
OFEMEDFETIE, BREEHM Z LI PE Lizb Lol (R 4.3.3.2) M0z,

4.3.3.2 BRERIE (9K

# 4.3.3. 1 EEARER—E
FREY == =t [EHEEREE | Yo U R | EEREROTH

D gy | HOBAT | BN, (MPa) (GPa) (%)

1] 9F [9F X2v24E | 9 X2v2 c-1-D | 30.7 20.6 0.261
2 | 9F [9F X2Y2%% | 9 X2Y2 C-1- 33.0 23.0 0.229
3| 9F |9F X2Y24£| 9 X2Y2 C-1-@ | 294 17.6 0.266
4| 9F |9F X2Y2#E| 9 X2Y2 c-2-(D 28.9 22.1 0.214
5| 9F | 9F X2Y24E| 9 X2Y2 C-2-@ | 354 21.6 0.273
6 | 9F | 9F X2Y2#k| 9 X2Y2 c2-® | 32.1 18.1 0.297
7 | 9F | 9F x2v24E | 9 x2Y2 c-3-D - - -

8| 9F |9F X2Y24#k| 9 X2Y2 Cc-3-@ | 3238 22.9 0.230
9| 9F | 9F X2Y24¥| 9 X2Y2 C-3-® | 326 22.1 0.247
10| 9F | 9F X4Y24£| 9 x4v2 c-1-@M | 322 20.2 0.267
11| 9F | 9F X4Y24£| 9 X4Y2 Cc-1-@ | 33.0 20.5 0.252
12| 9F [9F X4Y24E| 9 X4Y2 C-1-@® | 337 19.5 0.302
13| 9F [9F X4Y2#: | 9 X4Y2 C-2-D 29.1 22.4 0.198
14| 9F | 9F X4Y24E| 9 X4Y2 C-2-@ | 374 22.8 0.254
15| 9F [9F X4Y2#E | 9 X4Y2 C-2-® 39.1 22.9 0.249
16| 9F | 9F X4Y24E| 9 X4Y2 C-3-D | 386 239 0.247
17| 9F [9F X4Y2#E | 9 X4Y2 C-3- 37.3 24.9 0.239
18| 9F | 9F X4Y24E| 9 X4Y2 C-3-@ | 393 22.4 0.280
19| 1F [1F X2Y24#E | 1 X2Y2 c-1-D | 327 22.7 0.243
20| 1F [1F X2Y2% | 1 X2Y2 C-1-@ | 33.9 22.6 0.238
21| 1F |1F X2Y24 | 1 X2v2 c-2-D | 35.0 22.8 0.264
22| 1F [1F X2Y2%E | 1 X2Y2 C-2-@ | 33.0 21.2 0.250
23| 1F | 1F X2Y2%#E | 1 X2Y2 C-2-Q® - - -

24| 1F [ 1F X2Y2%E | 1 X2Y2 C-3-D | 31.9 21.3 0.249
25| 1F [1F X2Y2%E | 1 X2Y2 C-3-@ | 282 195 0.233
26| 1F | 1F X4Y24 | 1 X4Y2 c-2-(D 385 25.1 0.245
27| 1F [1F X4Y2%E | 1 X4Y2 C-2-@ | 383 22.1 0.302
28| 1F | 1F X4Y24E | 1 X4Y2 C-2-Q® - - -

29| 1F [1F X1Y14 5-A C-1 35.5 21.0 0.318
30| 1F [1F X4Y1%: 9-A C-2 36.2 23.1 0.300
31| 1F | 1F X5Y14 10-A C-3 28.9 20.5 0.268
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x 4332 BREMIEDFELD

[ ERRE | Vo ORE | CRAERUTA
BOBH | " b | (GPa) %)
9F X2Y2%% 31.9 21.0 0.252
9F X4Y2%% 355 22.2 0.254
1F X2Y2#% 324 21.7 0.246
1F X4Y2#% 38.4 23.6 0.274
1F X1Y14% 35.5 21.0 0.318
1F X4Y14#% 36.2 23.1 0.300
1F X5Y14% 28.9 20.5 0.268

#& 4.3.3.3 BRIEE SKERBECEOFLD

FREY EHEEE | Vo R | EfEREROTH
FE £ (MPa) (GPa) (%)
9F Y2:8Y 33.7 21.6 0.253
1F Y2:8Y 35.4 22.6 0.260
1F Y1:@Y 33.6 21.5 0.295

(8) #XFA5I3REAER
BARG I RABROM R —H ek 4.3.3. 4177, & 4.3.3.5121F, BRI LIEY LIZEZRT,

*® 4.3.3.4 HEEIRHER HR-E

REY . s | FRIRIRE | BIRBFOTH | YU &S | BI5REE

ID Besg #EEANo. SREH | B (MPa) ) (GPa) (MPa)
1[9F |9 X4Y1 D10 T-1 |Ef5 D10 358.3 0.218 164.2 491.3
2[9F  [9 X4Y1 D10 T-2 |BEff D10 358.5 0.230 155.6 490.2
3[9F [9 X4Y1 D10 T-3 |B%ff D10 348.8 0.189 184.1 472.8
4|11F |1 X5 D10 T-1 BEfR D10 337.0 0.213 157.9 470.8
5/11F |1 X5 D10 T-2 BEEH D10 331.3 0.193 171.3 470.8
6/1F |1 X5 D10 T-3 BEEH D10 339.1 0.189 179.2 461.3
711F |1 Y2X2 D13-1 #o—7 D13 339.9 0.188 180.5 490.5
8[1F  [1 Y2x2 D13-2 #o—7 D13 336.1 0.185 181.8 490.8
9|1F  [1 Y2X2 D13-3 #o—7 D13 334.3 0.182 184.1 488.6
10{1F |1 X1 D16 T-1 BEinEREmER (D16 3494 0.194 180.3 516.1
111F [1 X1 D16 T-2 BEuh EREHAR (D16 333.8 0.189 176.5 4834
12|1F |1 X1 D16 T-3 BEIEEnENAT (D16 327.8 0.180 182.0 480.9
13[1F |1 Y2X2 D25-1 HERH D25 362.6 0.193 187.6 557.9
14|1F |1 Y2X2 D25-2 HERH D25 380.9 0.225 169.2 582.6
15|1F |1 Y2X2 D25-3 HERH D25 359.3 0.200 179.3 546.6

*& 4.3.3.5 BESIRAR HEHEIEOTY

@ e | FRIRRE | BRBOTH | Yo% | 5I5REE
MREH | BEE | b, %) (GPa) | (MPa)
B D10 345.5 0.206 168.7 476.2
Bo—7 D13 336.8 0.185 182.1 489.9
BEunEREMAR (D16 337.0 0.188 179.6 493.5
HERH D25 367.6 0.206 178.7 562.4
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