ISSN 0286-4630

2 E M REH

Building Research Data

No. 204 Oct. 2021

B A B TS L 7=
BEOLY ) — FEREMERRE LT
Hh B MG FIREAR 2 B 4 DS

Investigation for Post-Earthquake Functional Use for damaged R/C

Buildings due to the 2016 Kumamoto Earthquake

MAEA, BEFWN, RTHEE EIREX
BR%E, KEFHT KR, BHEER HAXE €78 HIARE BHABXE
Tomohisa MUKAI Hidekazu WATANABE, Masanobu SAKASHITA,
Toshihide KASHIMA, Hitoshi SHIOHARA, Hideyuki KINUGASA, Masanori TANI,
Yusuke MAIDA, Joji SAKUTA, Osamu KANEKO, Takehiko TANUMA,
Nobuhide NARITA

EHERFEEN B FE B R AT

Published by

Building Research Institute

National Research and Development Agency, Japan



[ SZAFSEBR IS N ZE A . BAARIEEE R OV
I, SR OERDAREBIONFEZHHAT 52 & TE
LW 58EFICRHLTH, —UoEEEZES b
DTITH Y FHA,




FLAE

Rk 28 4E 4 A 14 H 21 B 26 43 ICREA IR AE REAM T DYEEK) 10km T/ =F 2—FKM 6.5D
HIFE N FEAE L, Lﬁwﬂﬁﬁmfwk ﬁ?%ﬁﬁbibtoé6 Z, ¥ 28 KR 4 A 16 A
01 FE 25 Z3ICIAHG DR S K 10km CTM7. 3 OHIEN A L, Lﬁ%ﬂﬁﬁﬁfﬁf ST R, ¥
tmﬁﬂﬁﬁﬁf% BET ERHERLELE, TNOOMEICEY, RBEARRZFLICES < OFRE

WCHEENLTZO6INE LT, ZNHOHE @%%%XT EGLAFZE P CIEE A8 [ -l
ﬂ%Ma JERT LR LT, BEM AL E LICEER AR L, 5% OMLBERREICTE )
T2, TEHRINE - BIHGRA - AR RO Web ARSO S E S ERFEHZEH L TS £ LT,
BHERA 1Y, EEREEEER»LOEFICESE, KEESEY, ShEEEsY, Smar s

N ESEEGLY), Mg - LA, LAY, FERREEH, AETERIE, KOV T 14 RICE D
BEIZIRE L COETD, TOMGEWITL T, EEMRITEERE [BEFEEY O %k
i O 7= @ ORI EA OBH%E (H28-30) ) A EFE L LT, JTHEEY Ok FEIZ B
THeT VU TREZIZILHDE LT, gihar 7V — NESEEVMOWEEROMIAEZ BN E L

TR EERLELZOT, ZIICEORFHERE2 VD E LT,

AERHE, MBI ORI 2 BMFHEOKIZ, L0 KR Z 0T 723 2R BLHER Ao
n6@%§%%K%6<%ﬁ@ﬁ’i@%&éﬂfhi? %@$fi F L& LT 1981 LI
REFE NIz, FEIIMEMTREIC K o> TEATEEMR Y OMEMREEARA LI2b DD, HEOKE
ﬂotﬁm:/7)~%i“@i%%ﬁ%&bt@ﬁ@%iﬁl WraEEmLTWET, 22T
DIRFI DA% K0 MBS ORKGE HMEZ R CE 2BFEY O FEBRICHMR TE H 2 L2 HFFL TV
£,

SFN34E10
ESLAFIEBRRsIEN BN SERT
R EIE (R ER)



RRAMETHX LBHaI I V- EEEYEXNRE L
hEZRBEEAERICET SR
WE

AERHE, 2016 FFICHAE LIZEARMIERIC L0 RE et BRI -8kfli= o 7 VU — MEEED %
B E LT, HEE O PRI BT 2 a2 88072 b 0T, BEMEFTORTEHRE BEAAH
G D M AR AGE 8 FH 00 72 D DM AR O BHFE  (H28-30) ) T3 L7z,

2 BT, REREBENHERIN-ITFEREMORYEHZTIZH LT, e 7V 752 EL, H
AR FE D HIBTN AR OHE Z By & Lo AR R Ao T\ 5,

3 HCIE 1981 LIRS, Sl b B T8 = > 7 U — M&ETE T, MRS OMIEIC
K0 KA &HIE LTI H LT, BWEBE ) DI 2 2 T oG BB FE S OF
FUE A JCIEAHAEAT & 7L 2 A THERE S O G MR AL IZ B9~ 2 B AT 217 > T 5,

4 T TIE 1981 FLARRIC - gk S 4v7c 10 BERE T8 = v 27 U — MEIEEEE T, TREEESR T & 72
STVWHHEENEZ, WbwoHErT 4B THY, 1 /@OFEOTAWIMES 2 BEREH O R
A7 RS C X 0 KAl & HIE L= Icx L C, BEWFTA#E & OB BEEIc kb, IR
B A 2 e L, B OFEMRTREICMZ, BEHIZBWTHEIOKRE I FHEZITV, £ Ok
R AW CTHBESZEMITIC LD 2 BRSNS E 2 2 BT 25O 21T > T 5,

5 FCIX 1981 AFLIRRICEG S7e 4 BERRCBRi 2> 7 U — NEHFEFEE T, SEFMNRZ
TTHR SN TWDRRR YR T 4 JERT, 1 EOMMHARE <M L7272 K& HE L
TR L C, B D DRI A 2T T R B A ST B AT I X D E RN
B9 2REM T 21T > TV D, 7o, REEMIIKRBEEHESNTZ OO0, ZO%RMEHR LF
IZ &> T 2019 4 3 HIZHH AN AIRE/REETH 5,

6 T CIE 1981 AELAANC /SR STz 2 oD 10 By CERE = > 27 U — MERFEFEET, WT
N BRSO ZBIE » OIEM S BEA K& < AlE U 72 EMIcRT LT, BWEHEE ) LItttz 5% 1)
TR R B S TN U 72 @+, B1E TR 2 FMicE o=, HEREI N &R
ZHE LI &2 HEE C & 2 BT E T V&2 AW 21T > T D,

7T ECIE 1981 LIRS AR, S, £ OB MEMIR S L7z 3 BT822 U — M&ETH T,
SEIOHECRE 7 2 “ERBRL BV, S OREGEIZ LY EEREE) DMER L 7o 85Ikt
L C, @ ) O 3R 2 52 F 7o RREH X 0B C I U 7o SR A (R AL LR M A,
3 WL —P—2AF v T = EGETEEONAE) IZLHFERICESE, ZOHEERIERE L
PEERICET D500 (M2 E 8 L 8MIric L 5MEER &) 241> T 5,

8 FETIX 1981 FELIRNCHER S, OB MBEMR S L7z 3 BTz 7 U — METE T,
B A S GO RRREN DN K & 7R R DRI R0 5 BRSOkt 2R 15 L 72 B EM I3 LT,
M BRE D DRI A Z T TR R X BB CHEME L 72 R — 1 X 2 S 5 ERY 21T
S TR K A 1E 2 TSR 2 5 8 L 72 g S8 B HE O A O RS FE R BE 3 2 /o #r
ZiTHo T 5,

9 T TCIE 1981 LRI Sl b R T8 = > 7 U — M&ETE T, HEREGHOMIEIC
X2 SRR L WSk L C, BEESE L OB X0, fRKERC B HERA & i
L, @Hoitiaaicinz, BB THEIOR B REEZITV, T OIS < FHfE
e 7 v & W CTHRE S OB EMERFTMICBE T 23T 217> T 5,



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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