2016 ©-4 H 29 H
April 30, 2016,

Progressive report on damage survey after 2016 Kumamoto Earthquakes
by
Toshimi Kabeyasawa, ERI, University of Tokyo
Toshikazu Kabeyasawa, Tokyo Metropolitan University
Shunichi Igarashi, Structural Quality Assurance, Inc.

Partial English translation was added by Toshimi Kabeyasawa, April 30 version, to:
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Obijective: Survey on damages, esp, to RC structures with seismic strengthening
T - REARILABARTT, 285KMT. T Area: Kumamoto-city, Masiki-town, Uto-city
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FHAATFE(Time record of survey )

4/25 5:00 Fukuoka
6:42 Ueki-IC
9:00 Mashiki city hall 1
9:40 Mashiki fire department 2
9:50 K Junior high school 3
11:50 Uto-city provided house 4
12:25 Uto city hall 5
14:35 TK University 6
15:20 O elementary school 7
16:00 KG University 8
16:45 K University 9
18:30 Ueki-IC
20:00 Fukuoka Airport

[EEFHE] note
BEEBEIIAE O BRI K VIl L7/ R CTh D,
The damages were observed mainly from outside of buildings.
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1. M #35(Mashiki city hall, constructed in 1980)
AT« REAIR EARIBARR ARk T 5 ]
BB RC iiHh | 3 T
R T
AR : 1980 4 (EREIZ X D)
PeEWE
HEVET (FRFHZEHER) SEbn o SR OALEEHED - AR o il e fie s, 10 B FAMBED ' A
WriksE, EV BEBR O T, HOEAWOWbhi, MEREEDOEAMO DI, IMFTHHERT L —24
OOVEI, FHgEOTI, BT
Outline of damages:
Shear failure of external walls and flexural/axial failure of support columns of connecting corridor on north
side, sliding of roof elevator shaft, shear cracking of columns and walls, cracking of external strengthening
frame and connecting beams, deformation and settlement of surrounding soils,
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Design issues and causes of damages to be analyzed:
Effectiveness of strengthening frames, shear transfer of slab, design earthquake forces to projecting part,
torsional responses, site amplification of ground motions due to soft soils, objective seismic index for seismic

strengthening of evacuation centers



7454181 Overview I V) J& T 4M8l Connecting corridor

EV B #%2E Elevator shaft

BB E Post-earthquake safety SMTT 7 L= 2 DF WO OEIRL Shaer

evaluation (Red: danger and evacuated) cracking of added external frames



Kabeyasawa, T, 2016-4-25

Kabeyasawa, T, 2016-4-25

ISIRITREE (JEV EE RO (BRiE) B AWrikEE) Shear failure of corridor



M %35 (THERED® AMIO-O4L) Shear cracking of wall

Kabeyasawal 1.:2016:4-25

M %55 (B~ L — L2722 TR0 AW UNoi) Shear cracking of connecting beams



Kabeyasawa, T, 2016-4-25

Kabeyasawa, T: 2016-4-25

M %35 (B HE D ZER)  deformation and settlement of surrounding soils,



2. M HBEE  Flfdif# (Mashiki fire department, 1998)
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Outline of damages:

Story failure with large residual displacement at third story of five-story and four-column tower frame, which

had been demolished on April 25
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Design issues and causes of damages to be analyzed:

Required lateral capacity of tower frame, effect of spandrel walls on stiffness distribution or change of failure

mode in open frames

AlfkhEa% ARk S Demolished trace 4/17 EhFRALRF Surveyed on April 17
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3. K 124 (K Junior high school, 1981-1983)
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Outline of damages:
Near collapse of connecting corridor with large residual deflections
PeF B 3T DB
IV BT OMRZEHEE (& ITHWER) oRUEE, HEEIREORERE (RIEE N MEAMRE T
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Design issues and causes of damages to be analyzed:
Required lateral capacity or shape factor of corridors, required seismic performance of school buildings as
evacuation center

B 418 Overview I JiE F4M8l Connecting corridor
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e ) E (R F ) Yellow for main
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Break of main bars
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Large displacement
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Kabeyasawa, T; 2016-4-25

K 5282 (JEV JEE T 1) Damages to Corridor 1

11



Kabeyasawa, T, 2016-4-25

KH#® (Y EET 2) Damages to Corridor 2
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4, F= i [HH (Uto city provided house, 1998, current code)
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Outline of damages:

Flexure or axial failure at the top ends of pilotis columns in current code specified buildings
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Design issues and causes of damages to be analyzed:

Design method or required capacity for pilotis or soft-first story frames, Effect of non-structural walls to
stiffness distribution or failure modes, shear carried by multi-story walls without boundary columns and
located out of main frame

(Comments in English version: The current codes had been enhanced or restricted for pilotis-type structures
after the experience of the 1995 Kobe earthquake, though it is not clear whether the enhanced codes were
applied to this buildings or not.)
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78l Overview ¥ HMEL Overview

i [ AMEE DR OFEAE Crushing of wall 2 [ NEBED RIS Shear cracking
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HHINOIZOEA{EE 1 Other buildings in ‘
use BN OIF N DESIETE 2

Kabeyasawa, T, 2016-4-25

FHmE MM (dbEl45) Overview from north
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Kabeyasawa, T, 2016-4-25

FAE R (FFHI45) Overview from south

Kabeyasawa, T, 2016-4-25

FohHE M (JE % OMERY) Trace of sand boiling at neighborhood ground
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Kabeyasawa, T, 2016-4-25

FLMEE (Yr 7 HEHOmE) Colum top failure
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Kabeyasawa, T, 2016-4-25

/
Kabeyasawa, }', 2016-4-25

FAME I (FHEHOMEE) Close-up to column top failure
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S Kabeyasawa, T, 2016-4-25

FhmE i (2 BEIAEERE O ABIOWNIL) Shear cracking at non-structural wall in the second
story
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5. F i HT(Uto city hall, 1965)
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Outline of damages:

Collapse at four story, joint failure at beam-column connections
G £ TIYAY, SEAHMOBREGERI 2Lk LTz
Ty by 7 LTV D 2 BEHEIER > DR ER L& fldk LT
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s a=—Z L2 HRDFOEE Damage to
JT4 448 Overview beam in out frame at balcony end

G LGOIt KR 2 PEFERIE 73 DR
Joint failure Second story column base
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Kabeyasawa, T, 2016-4-25

FAH%FT Overview
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6. O-/\#1% (O-elementary school, 1956, retrofitted a few years ago)
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Outline of damages:

Break of connections at the ends of roof braces, Damages to expansion joint
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Design issues and causes of damages to be analyzed:

il

p=1111}

Design requirement on braces of steel gymnasiums for evacuation building

The gymnasium had been retrofitted a few years ago, mainly to remove the ceiling against falling failure,
including change of braces. However, the gymnasium was not functional due to the failure of braces. The
gymnasium was full with suffered people on the first night after the first shock on April 14, then most of the
people had been back to their homes at the second shock on April 16. It was lucky that no one was injured
due to the falling of bolts because there were not many refugees left in the gymnasium at the second main

shock just by chance.
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KERE (BR7 L— R, MsEEE a3 a /v Skkr) Break of roof braces
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Kabeyasawa, T, 2016-4-25

RERE (BEfFE7 L—A L4~ L—A) 0Old and retrofitted vertical braces
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7. TK University, (Main building, 1980, retrofitted with external braces and polyester sheet)
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Outline of damages:

Slight cracking in walls and short span beams, slight to structures though unfixed bookshelves fallen down
< AMF T TEMTR 7 L— X d6 L O 88 FRERESR AR TRAMERT 7R > — M LV IEEMR S T 5,
- JERES X G, FANUGLZOOEIR, it IEETINGHE B HUZE > 7o OO E LTy,
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Design issues and causes of damages to be analyzed:
Varying axial load acting on independent column supporting multi-story walls interrupted at second story
Effect of sheet-strengthening on axial capacity of independent columns
Effect of external brace strengthening on RC structure with existing walls and shear distribution between the

braces and the walls

AN ) SRF > — M2 X ik
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First story column under interrupted multi-story walls strengthened with polyester sheet and appears to be

no damage with finishing

Kabeyasawa, T, 2016-4-25

AfE (Hr{THHsR~ L —Z) Steel braces in longitudinal direction

KabeyasawayT, 2016-4-25

AfE (3ERAH5R 7 L—A) Steel braces in span direction
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8. KG j(?(KG University, 1982, retrofitted with external braces and polyester sheet)
LT« REAIRAE REAT o X
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Outline of damages:
Shear cracking to short columns in new code specified building (RC 5-story)
Slight damages to old retrofitted buildings (RC 4-story )

(FF5E4R) five-story RC

OHTITERRE TG SN REDZ < o () TEABOUSEIR (B MR, Z AL
BT CTH 5 - OREE RO E IS S 1T Iz W) BE L, RIFKFERNICED 2
B DMz 72 > T 5,

(&%) four-story RC
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2 ixEt O AL, BRI RO T 7 OHIE. AR ORIEE
Design issues and causes of damages to be analyzed:
Effect of polyester sheet strengthening on control of damages to short columns
Requirement on short columns in the current design code of practice

Deformability rank evaluation for members with irregular cross sections in the current design code
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N KabeyaSawa,T, 2016-4-25

BB (R Y = 27 Vl#HE CHITR S Au7-8F) No damaged short columns retrofitted with polyester
sheet

Kabeyasawa;.T, 2016-4-25

WFERR CRTi = LA D% ET)  Overview of five-story building conforming the currect code
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Kabeyasawa, T, 2016-4-25

WFgER (AL ¥ AWTEE) Shear failure of short column in the new building
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9. K K2 (K-university,

Shared building, strengthened with braces and polyester sheet,

No.1 building, strengthened with braces and carbon fiber sheet

LT« REASRREATT X
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(3L %) Shared building
BHARY = 27 VMRS — &, SMEfZ 7 L — X0l L T D
TRANarTaf sy MREELTHD2, Mk vl e,

The shared building had been strengthened with steel braces to external frames and partially eight columns

with polyester sheet. Slight damages were observed at expansion joint, though continuous use was basically

available after the second main shock.

(T%%6 1 5£F) No.1 Building
RFEMAES — I, SMEIZHE 7 L — AL VAR L TV D
FEEE I B I ACEO O OEINAE T TN D,
T U= ZADBIENRETRIBN TN D,
2 EFEIC B W THEABMOUEN AL L TN D

PeHAZ L0 Mk R AT, 1 BSOS iR B PERA MR E TR E 2 2T, 130 OBICBEI L
TWie,

The No.1 building, had been strengthened with steel braces to external frames and carbon fiber sheet. Obvious
shear cracking was observed in the second story columns, so that continuous use was not available after the
second main shock. The facility administration office had been located at the first floor, though they had to
move to temporary rooms in another building after the judgement on damage levels at post-earthquake

evaluation.

(BeE W DB
MR 7 L — A DI ) BIMzh S, $H5RA 1L R
Design issues and causes of damages to be analyzed:

Effect of braces or accumulated retrofit strength on control of damages to columns
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HABEREZ S (T L—RA+R U = X7 LikMEAfTHR)
The shared building strengthened with braces and polyester sheet

Kabeyasawa, T; 2016-4-25

LHABEEZ 3 (R T L—X)
Steel braces used for strengthening the shared building
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Kabeyasawa, T, 2016-4-25!

LABEREEZ 3 (R = X7 VAR L)
Column strengthened with polyester sheet without damages

T 1 R (7 b— A+ RSB R)
No. 1 building with steel braces and carbon fiber sheet
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Kabeyasawa, T; 2016-4-25.

T 1 8 (FEOEABOUbhN)
Shear cracking observed in the second story column of the No.1 building
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Kabeyasawa s1#2016-4-25

JERME R EEH E £ O E 1S
Post-earthquake safety evaluation
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