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E' fsf columns. Finally, 260 buildings consiueted before 1970 remained as present objective

u:ldines.

Ng:xr, the commitiee applied the first, second and third screening method of the gwdeline
compiled by JBDPA (1977)10 several busldings and made the following nems clear,

2. Almost of all objeeitve school butldings ate struciurally designed foliowing to  the standard-
ized simple rectangular-shaped plan and the typical plan as shown in Fig.23. Accordingly
seismic performance of sehool buildings are generally considered exceltent wn the transversc
direction because of many shear walls but not enough in the lengitudinal direction because af
fcwlwalls and shear force concentration to shom colbmns resuliing from neglected non=struc-
tural walls,

b. Although clastic mspanse skear forces w the ground fieor of buildings wath different floo
numbacs are nearly proporuenal 1o the numbers of floors. However, cross sectiomal areas of
the ground fioor columns of the buildings with diffent floor members are not propomonalls
large. Accordingly, the highest four—story buildings would be most vuinerable.

¢ The results by the first sereening method will be undersstimated in this case and the results by
the second method will b easy to fail in overssimartion. Accordingly, the thard method are
preferable 0 be adopted.

d. However, it was made clear the expense and man power necessary 10 the thid screeming
investigation are around $ tume the first metho.d nd around two mes the secomd method
Accordingly, simplification of the higher screemiay method would be achieved to diagnose
many school buildings.

Based on above—mentioned consideration, the simplified second and third metbods were
both dewveioped by the commuttee and the applicability of th e sumplified method was werificar-
¢d. In the simplified third method, total structure with regul | amanged srructural members was
assumed to be represented by typical three or four vertical members per one floor.

The latter simplified third method wasg later adopted as an appendix of the revised edition
of the guideline compiled by IBDFPA(Himsawa 1988, IBDPA 1991).

Thus, about 120 four—story schoo! buildings constructed before 1970 were imvestigated by
the simplified second method and it was made clear than many of the four-stery municipal
school buildings constructed before 1970 were poorly aseismic especially in the first and second
floors of longitudinal direction. Later, n order 1o decide the priority of execution of the actual
retrofit construction work and to decide prncipal plan fur retrofit design for each building, the
simplified third method were applied to "need retrofit buildings™.

As mentioned above, in case of seismic diagnostic investigation on many objective build-
ings with structural characteristics sitnilar to each other, it is contioded effective and rational 1o
develop simplified soreening method of ngorous solution considering the common structural
chameteristics.

.~ apartment houses in Tokyi Metropolis (Hirosawa 19813

Tokyo Metropelis had constuucied dozens of public apartment houses with open space at

the -temenr shortage of parking area. As understood from Fig. 24, theses
Co ~ct stories for dwelling use but almost nowalls in the both
duenlUls UL Wi bisy .u - » Hospital in U.S.A. 1s well known as it was severely

damaged by the 1971 San Femnanau earthquake bur alse in Japen, several buildings with the soft
firer oo " dumaged by the 1983 Miyagiken—oki Earthquake Soon after this expe-
NElivw, J0RYU Munupulis dotided to vestigate seismic safcty‘nlt‘ this kind of aparment houses
with soft first s10ry and asked Building Research Institute, Ministry of Constmiction, Japan to
investgaic them with practical suppon of a private investigation company. However in this time,
dwellers agreement for evacuation fom the objecnve buildings could not be obtained, so actual
strengthening, even if it is pecessary for the upper ponion, had to be limited only to the apen
ground story, .

With this restrniction, diagnosne investigation on 48 buildings in Table 15 was carried ow
berween 1579 ana 1981 basing on the guideline mode by JBDPA{1977) and 45 buildings owr of
them were judged unsafe, i . ' ]

In the guideline, influenee of unpreftrable verrical distibution of horizomal rigidity
considered as one factor of structural configuration index(S,) by a cg:r'lain cocfficicnt to decreasc
calculmed honzomal bearng capacity and the minimum of the cocfficient is cmpirically decided
a5 0.8. Consideniag this, especially to evaluate the effect by strengthening, the following dynarmic
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respénse analyses sic. were also applied to estumate all buildings.

a
b

c.

Adopted four methods and check points in each method are as follows.

. Is values by the third screening method{tquivalent ground aceerelation : 200 - 250 gal

Response story shear(Qres) by elastic response analysis with @=225 gal(Hachinohe 1966 EW
and EL Centro 1940 ES)

Necessary horizontai bearing capacity Qu by the current Building Standard Law(equitalent
ground accerelangn - 300 - 400 gal

. Response ductility factor p res by crasto-plastic response analysis with a=450 gal{Hachmnohs

1968 EW and EL Cengeo 1940 ES) In thus investigation, it was coneluded that the case of the
story where fwo or mare results oul of the four fail in poor safety would be judged as unsafe.
As menuoned above, conclusive items on this mvestiganion are as fallows

- There may be some cases, where sufficient strengthening 1s difficull 1o be done, because of

SOm¢ TEStriclions (@ Strengihening-

. Adoption of several additional analyses besides the static method will be needed 1n case of

buildings with special dynamic charactenstics.
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Teble 11 Strength Reduction Factors n for Demaged Members
(for the Application of 2nd Leve} Screening}

Damage degree of

¥inds of structural members

" COL-S COL-SW | WALL-M

structural mexbors: COL-m WALL-S
! 10 1010 | 10 10
o 1.0 D& , 0.8 | B.g 10
i 0.4(1+F/3.2) ] 0.3 | O.8 0.6 |0.4(1-F/2)
N 5.3 0 0 0.3 03
v 0 0 0 0 3

hote

the dapage degrees of structural mesocers snould comply

with the Table 4 given in the GUIDELINES ECA POST-
EANTHLHIAKE DAMAGE INSPECTIDN AND EVALUATICH

iNotation)

LN -
[
CoL-5M
RALs-H
WALL-5

F

Coluans of fluwuca) fallure sado
Colusnm gt shear failura sode
Celumns with side walls

Fuils of flesurz] fssiure wode
Walls of thear fallure wode
F-index in the evaluation standard

Table 12 Cutline of ihe Seismic [nwestigations Excecuted by Shizucka Prefecture,
Yokohaos City and Tekyo Metropolis

Invesligaled Buildings Investigalion Strenglhening

Mumicipal

Number lIse Numder Duration | Invesligatsd | Awcher Curation Main Method

al nldes ol Slu:ttsi by of bldgs
Shicuoka Scnaal i Qualtfieg , Iaf1tling wall,
Frafecipre | 1305 ele. [~ 4~  ['Tr ~'36 |Archrlectur-| 465 &2 ~ "7 | Sleel Braces

i e Oftices
Yokohama 470 | Schaol | mminly 82 ~ "Bd | Technical a0 ar | e ~ Stee) Braces
Cuy et |3 ~4d Coami Llee the 112l Colum Jacketing
Tokyo 48 | AparLmentz |4 ~ B "T9 ~— "3l | Building Intaliing Wall.
Veiropglss Research 48 "Bl ~ 83 | Add:tionzt Side wall
Enstitute Calum Jacketing

Table 12 Is and ET Indices of the Shizuoka Prefectural Buildings

l Mupher of
Levels Judgement Faztars {ExsEs ) Buildings | Percenlages
A : gotcgh resistance is & E» 266 4%
B |oeed a check-up in detail Is & 0.7 Er g nx
C | need resnforement : 738 i %
LIy < 15 <07Er -
) [oeed urgent reynforcement 338 Lig
E  7oeed rebuilding 032 1Is 5] 5%
Total L, 856 100 %
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Table 14 Classificaticn by Mumber of Stories versus construction Year
of the Objective School Buildings Built in Yokohamz Caty

Canstrucion Afrer the New
Numbzer Year | Before | From 1971 | Seismic Code | Total
of Stories 1970 | to 1980 {in 198l
4 130 41 1] 45 445
3 116 110 45 265
2 15 145 40 100
b 5 40 15 60
Total 260 i85 145 B70

Tahle 15 List of Investigated Apartment Houses with Soft First Story
1o Tokyo Metropolis (Number of Buildings)

[reest- L Diagnosis and Result Retrofit Design & [anstroclign
1gated

Year ]Nunmer of Investigated Burldings Resuylt(Heed Design Construction

(Number of Stories,Construction Year) ; Retrafit)

181 0 (3 ~5, 1967~1973) 8 - —_

1880 1 (5, 19710 1 g —_

198] I {4 ~B 1967~1UM) a7 37 ' g

1982 — — — 19

1983 [ - - - tB
Total [ 48 4B 4% 4
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$ POST EARTHQUAKE COUNTERMEASURES FOR DAMAGED BUILDINGS

31 QOuilipe

A5 desenbed in Sec. 1, the follawing techpical guidelines tegardmp posi-earthquake
countermeasures for damaged buildings were edited basing on the results of the nanonal project
and published in 1991 far general use(JBDPA, 1991]

2) Guidelines on damage wspeenon and cvaluetion

1 Esnerpency mspecsion and evaluation; This is used 1o check safery of buildings suffered from
an eanthguake agawmnst aftershock.

u. Damage classificanan and judgment for restoranon; This is used 10 classify the damaged
buildings by the possibility of restoration

o) Guideiines for restoration teehniques

i Emergency restoration techniques; This is used to prevent o1 mingate progressive damage of a
building due to afiershock.

ii, Pemansnt restoration techniques, This s used to provide erough seismic capability 10 the
damaged building for the future use,

Objective structures of these technical guidelines are nof only boulding structures but civil
structures nciuding bridges, roeds and dems ete.. But here, outhnes, cheraciensucs and examples
of application w3l be briefly expiained maimly about reinforced concrete buildings For refer-
ence. English edsion of the guidelines on civil structures and reinforeed conereie buildings were
already published 1 U.S.A{National Center for Earthquake Engincering Research 1986, Ohkubo
1990}

52 Guidelines on damage inspechion and gvaluation {TBDPA 1557, Ohkubo 1990)

52.1 Guideling for emergency inspection and evaluation Procedure

Fersons in charge of "emergency inspection and evaloation”, here after called as inspec-
tors, inspect the given jtems, cvaiuate the results according to the given techniques and recom-
mend the after-treatment to the building owners or residents
{(Inspection ltems) a. maximum settlement and maximem inclindrion a3 a whole building, b.
damage 10 Structutes, e possible falling abjecis, d. possible overtuming objects. The investiga-
uen may be done anly from owside of a bujlding. However in case of buildings of public use, it
must be done also from nside of the building.

(Judgment Techniques).

a I[nspectors evaluate the damage state of each inspection item in the given sheets and classify
the DAMAGE DEGREE into there categorics{A,B or C)

b. The RISK LEVEL for building structures is judped as fullows, hased on the number of
DAMAGE DEGREE evalusted{ DANGER} A buwlding, that has more than aone-C-
RANK(DAMAGE DEGREE] or more than two B-RANK items, shall be judged as
"DANGER", (CAUTION), (SAFETY}<omitted>

¢ The RISK LEVEL for possibie falling or ovenuming object is also judged as "CAUTION", or
"SAFETY" (Emergency Treatment) Inspectors should recommend an emergency treatment
for the inspected building to its owner of residents 2s the given ways such as "Entrance Pro-
hibited”, ctc , based on the RISK LEVEL. (Change of Judgment) The first judgment for a
building may be changed after emergency restoranon or another emergency inspeetion.

5.2.2 Guideline for damage classification and judgment for restoration procedure

Structural engingers 1 charge of classification and judgment for restoration inspect the
aan muene classify the DAMAGE DEGREE of a building according to the given techniques
‘- xhould be strengthened or not, according to the given require-
3033, LNSPECIOTS may b .o . aescribed sheet for ihe inspection
{Inspection Items) a. maximum setilement and maxumum nclination as a whole building, b
damzs 12 2suz of siructural members. The investigation may be dane at the most damaged sy
of the building ]
(Classification Techniques} DAMAGE DEGREE of a building on structural members shall be
classified into the following five categrories according to the DAMAGE RATIO, D which is
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defined as the total sum of D. shown as a function of the 1-th DAMAGE RANK and the damage
rio(B /A) of the members classified into the i=th RANEL

(SLIGHT) D=5, (SMALL) 5<D<10, {MODERATE) 10<D <350

(SEVERE) 50 <D}, {COLLAPSE) D=350
¢Tudgment of Dramage Degree Classificanon) The final classification for DAMAGE DEGREE of
a building may take the severzst of the classified vesulis an settlement, inclination and structural
mémbers, where classification wechniques en settlement and inclination are both omuied here.
(Judgment for Necessity of Strengthening} Judgment on the necessiy of strengthening of the
damaged buildimg for future use 15 recommended to comply with the guidelmes shown w the
matrix of the seismic intensity of the suffered canthguake and the decided DAMAGE DEGREE
of each building as shown in Table 9. When the result fefl 1 "advanced investigauon™, U is
recommended to apply the Znd or 3rd level procedure to the building as described in 2.6 2.

5.3 __Guidelines on restoration technigues of damaged buildings

5.3.1 Guidelme for emergency restoratior techniques

Emergency restoration techniques are for the buildings judged as "DANGER" or
"CAUTION" by the cmergency cvaiuation. Several examples of acrual emergency restoration
method such as H-shaped steel as urgent support to severely damaged columa, wirerope winding
1o cracked column and steel brace infilling 10 damaged eame to increase honzontal capacity are
described in the guideiine. However, thers & no descniption on the objective capacity (or emer-
gency restoration and methed to evaluste effect of the apphed emergency restaration work
mainly becavse of uncenain possibility and uncertain str:ngtﬁ of aftershock.

5.3.2 Guidelines for permanent restoration techniques

{Scope) The permanent restoration echniques are expecied to be applied 1o the building
judged as "REPAIRING" or "STRENGTHENING" by the damage classification.
(Judgment on Necessity for strenptheniog) Beler 10 2.6.2
{Investgation} Dewgiled investigation before restoration shall be necessary for the boilding
judged as "should be STRENGTHENED".
(Strengthening Design) The #spects oa the building function, facade of the building, workman-
ship restaration works, construction period, cconomic Eroblcm as well as structural requitements
by the current codes shall be considered for the strengthening. Seismic performance of structures
after strengthening may be evaluated by the standard as written 1n 2.6 3.
(Requirements for Member Sirengthenimg) Several actual and effective methods to repaur or
strengthea the damaged columns, walls, beams etc. are described with expenimemal back
data(Ministry of Construction 1986).

5.4 Examples of application of the seidelings

Fortunately, Japan never cxpericnces any severe tarthguake after the guidelines completed.
However, during carrving ot the research projects and making a draft for the guidelines, two
moderste carthquakes hinted Japan m 1983 and the big one in Mexico in 1988 and the draft was
experimentally applied 1o the several damaged buildings damaged by these earthquakes. They
are Namioka Town hospital building, of 3—-story R/C, severely damaged by the 1983 Nihonkai-
chubu Earthquake(Hirospwa 1983), Kumyoshi-higashi city office building, of 3-storv R/C.
moderately damaged by the 1983 Todori Earthquake(Hirosawa 1984) and a prnivate ¥-~siory
office building(Hirosawa 1987) moderatcly damaged by the 1985 Mexico Eanhquake The
permanent restoration technigues were mainly applied to them The ouiline of charactenstics of
their damage, main restoration method adopted, improvement of seismic performance and 5o o0
are lisied 1n Tablc16.

Further, a draft for damage classification was also applisd to the 12 bwldings, of 3-21
story R/C, damaged by the 1985 Mexicd Earthquake.

Results oo classified damage degree on them were recognized almost squal v the resulls
by the Mexico investigation team(Okada 1985),
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Table 16 Outline of the Investigated and Restored R/C Buiiding, Ovserved Damage
Cheracteristics and lrgent & Permanent Restoration Work

Nugber af Year of Sulfered WRadge Condition
Building Staries Conste- Eirthquake
(AbovesSelcad | otioe Eeaeral Characteristics
(BAMAGE DEGREE)
Namioka 5.1 1970 1583 Thicd and Fourih Loncentration of
Town Hihooka:- | steries were dagage to the
Hospital'" chobu severely intermediate
; collapsed in the 5005 ies due 10
| ioagitudinal special profiie
I {SEVERE. b-53, 8 of the beilding
Korayoshi- 1710 1558, 19483 Twg coroer coluons | Damage by torsio-
higasha 1870 Tottori put of the 1§ nal wibraticn
City (Addition) cojuans it the raused by additio-
Office'* secoed Floor were aii entrapce
widely cracked {loor slabs
(MODERATE, D=27. £) connecting te
\ the rpad
W-private $ .1 1982 1988 BEnciog and shear | -Moderately
of fice Hexice ¢racks appeared coliapsed
byilding'® in the columns, pedun-rise
walls and beams. building
Extarior aed + famage to finish
[ntecine finish
Eere also
coderately damaged
(WODERATE. h=20, 9)
Resiprailon Is=Yalue Cost Ratin(X)
Boil&iag Restoratlon
rgent Permanent Before Erg. e Erq. [ ]
Renewa
Namioks +¥Wire rope vinfilley shear {9, 19~0.34 D, 54~0, 89
Toan Ainding and walls (Longitedinat) | (L)
Hespital'! H-steel suppart | -+ Column Jacket- W~
o heavily ing by welded 031~ 7% 0. 94~1_19
damaged caluons vire fabeics cr | (Traosverse) m
it thard 1ed sleel plates
Tgurth floor
Kerayoshi~ | - H-steel suppprt | «K-shaped steel [0 24~D.36 0, 52~i.57
hfgashi lo the corner hrices (W} (L}
City columns - Coluan Jaket-
Orfieat - K-staped steel ing by welded 0, 34~0, 51 0.87~1.47 15
brices at each by welded hoops | (T} 49}
[locr of the +Cut-off af waist
outside lrime high R/ wall
H-private ~Qelx partial - K-shaped steel ] 0.19~0,43 0.74--1.80
attice "Off-Limit” brates (wy fL}
buitding'® + Increase of
thicknes: of 0. 16~D. 29 0.93~1. 05
gristing wall] n 4] 20 ~ 30
»Column Jacketiog
by welded hoops
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6 CONCLUSION

1) Due 0 wsufficient data, experience and understanding of seismic phenomena, great deal of
work 15 vet to be done m the area of seismic retrofit. Some of the problems 1o be solved are
summarized as follows

a. Both analytical and experimenial appraaches should be used to assess the effect of rerrofit on
the ovesall behavier of buildings. Experimental verfication of subassemblages s tequared
Workmanship and detailing of connections which greatly affect ihe response of overall strue-
tures should be investigated using large or fulh seale specimens

b Existing test data must be evaluated systematically (o obtain plobal tnfermanion on not ondy
the mcreased strength or ductility but also energy dissipanmng capacity and sntfness delerinra-
tion.

e Addineoal information is requited with respect to the use of precast concrete, steel systems.
and devices. The studies of other scheme of seisrme Tetrafil, for example, to use basc isulation
sysiem , 15 also required.

2) Through the above mentioned experiences, following iiems on existing or damaged buildings
are powted out as unponant.

a Also in fapan, there are many $eismically vulnerable buildings which should be inveshgated
Compiiation of technical guidelines for seismic diagnosis and retrofit under supervision of the
administrative authority would be necessary and effective.

b Dunng recent 10 years, many experimental and analytical studics related to seismic evalua-
tion and retrofiting of existing or damaged buildings, were carried out in Japan. Techmcul
guidelines for not only existing but damaged bu:ldings, by which guantitative estimation of
their seismic performance can be dane, wers successfully compiled for reinforced conerete,
steel and wooden structures, These will be effectively apphicable 1o the same kind of buildings
m the world.

¢. [n order to compile this kind of wehnical puidelings for general use and 10 extend execution of
seismic iwestigation znd retrofit of seismically vulneralde cvisting buldings and damaped
bujldings. national countermeasures. local govemmental 4. _1.ion and budgetary are essential-
ly imponant.
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Example of Application - Hamicka Town Hospital

[11]) EXAMPLE -1 =~ HAMIORA TOWN [IOSTITAL

1 INTRODUCTION

The Mamioka Toewn lUnspstal, a reiniorced conecrete {1ve 2lories
huilding, zufllered marithguake dawmage By the 1083 Mihunkar chubu
Earthquake. The application eesulls of the GUIDELINES [OR TOST-
EARTIIQUAKE DAMAGE |HSTECTION AMD EVAIUATION and the GUIDELINES
FOR RESTORATION TECIIMIQUES FOR DAMAGED BUILDINGS are presented as
an cxaople.

2, OUTLINES OF THLE EARTHOUAKE

According to the report by the Japanese Meteorciogical Agency
the carthquake [named as the LPB3 NINONKAI-CHUBU EARTHQUAKE) has

the fellowing features

Date aod time Mavy 26, 1383 12:00 po (Japan time)
Cprcenter . 138 547 40 247

Depth of epiceater * O -10 hm

Magnitude TT

Sersmic lotensity ¥ {TMAY

(The maximuym horizontal aceeleration an the sarlace of the
ground 15 wA3umed ax approxioateiy 200 gai at the site ol
the building, accarding te amolher research report ahout the
damage of Namioka Town Hospitall

The [eatures of Lhe max mem atter-shoeck are

Date and tLjae + lene 20, 1982 15:25 pa tJapan time}
Eprcenter 132 09" 41 167
Magnitude HE

[COMMENTARY ]

Fig.C~1 shnww the lneatlon of epicenter and (he digtrijbutian
of ground acceleratinon recorded by Slrong Molion Observation
System. Fig.C-2 shows Lhe ground acceleration records (hat
was recorded at the MNamivwka Dam stte (7 km from the
Hospital} The maximum accecleration was approximately 130 gal
in the North-Sauth companent
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3. OMTLIMLS UF BUILDING AND DAMAGE

4 1 Buald:res

The Mamioeka Togwa lHespsral .1 Jwcaved al abour 193 km east ol Lhe
epicenler., The camstructana ol byllidings hegan sn {96/, and (ke
tuildings coampleced n 1870 The nospilal huildiag has a Ialtle
coemp!lieatled Jflonur plasgniag =ith a «chur? d & shown ra Tag &

through fag 3 3 The norith Tullding fward Inr inpzirents}) enn-
s151% of Lhe si1v storied recinlorced concrels [came slructiurces
with spcluding ome slory s basemenl [ law, A part ol cast block
{lvr oulpalients) |1t (we storites. and the woihers {(lor examipa-
lirenas) are single story building

Tuble-3 | dhows Lhe si1ze and rebars arrdagement of 1lypical caol-
umab. heamps aud walis

The specifl,ed concrete sirength 10 1he desegn fc mas 2110 tgfumz
The rehars used was B5ND3% {(nominal yield strength s required a4
3500 kg/cm®] far inhe 13 ma diudeter bar {D13) (hrough the 25 mm
diamcter bar (025).
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REAMS AND WALLS
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1.2 Nagage aif Slructurcs

i, Uverali beiiding

The north buildiag {six storited f(rame slruclurcs Inc ., uding
Pasement floer] suffered the scverest damage by Lhe earthguake
The lowo: Lhree slaocies incivding a4 bLasement flaaor al the aortr
building dvd mnoL sulfler sevgre damage than the upper Lhree sin
cied. It wmight be Lhe effect due Lo Lhe nther ecast, west, ang
sauth hilnck nl the bhuilding., The scverest dumage was ohserved a1
the third floor (the fourth level including o bhasement [laor}l «f
the norilh building. The damage degree of the fourth and [ifLn
fieor ofl nocth building fellewed the third [lgor s damage, 1r
speclively The damage of X-direction [(west - eas)] was =sBvero,

Lhan the ¥-direction.

A dot of mindow plass werve damages and tallen alL Lhe wpper [lons

Lnar the thiré Tloor. The reinforced concretec parapels &t the
west o and ea3st end af reol incliuncd. The reinforced cancrelr
chimrey a1l Lhe west end of rool alsov inclined. The fimishinyg
tiles or muriar on the exterior walls al nor!h puitding spalled
ali.

(2 X-direction ol North BUilding

The crack patiern of J-frame in X-direcliar is sfinwo in Fig. 3. 1.

Almosl adl the cnlumns betwecen the thicd Jinc and the sixth line
upper than thled Floar had clear shear cracks. fn parvigular, the
shea:r ecracks on the columns at third [laoer were ralher big with
bond splitling faiture cracks ar comcrele spalling. Fig. 3. 5 shnws

the typical shear f(ajlure with bond splilling Tailure cracks. The
reioforced concrete #albe upn=r thao third [loar, which were nan:

designed as structural shecar wall, sullered =vvere damage as
shawn in Fig. 3.4 and Fig. 3.6. The non-sirunctural spaodrel| wal]ls
which were on the {loor bgams did nal sulfered any damage. llowev-
er, flaor beams had secveral narrow [lexural cracks, whhich werc

abserved dltler ccilings were removed.

{3 Y-direciiou of Nerth Ruilding

Many parfnw shear grachs were wbscrved on vach shear wall beiwesn
the second and seventh line in Y-dircetion uwpper than second
Fleenr. Mlsn soeme columns with non-slruclural spandrel walls an
Lhe se<end [lanr hgd the narcow =shoar cracks. The hig shear

Craces were otserved og Lhe roef{ heam Lhat Zuppoerted Lhe wal] af
peothouse,
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(1) Tnspection from Qutside nl The Muildiog

The DAMAGE RANK concerning overall seltlement apnd everalt ingli-
nation of a building was judged as “RANK-A", becouse ary vigible
delormatiaon on the groynd surrounding the building and any wisi-
bic inclimation of a building were not obaerved

The VAMAGE RAMNK concerming damage of the structures was judged as
"RANK-C* without 2 computatlen hy Eq. [3.2Y given in the “GUINE-
LINES FOR DAMAGE INSPECTION ANR EYALUATION®, because the severce
damage corresponding to “RANK-I1V™ (J{sancrete spaltecd]l or “RANK-V
lcore comcrete crushed) were observed on the several columns at
the thisrd fioor.

Some items coacerning PUOSSIALE FALLING OBDJECTS wcre judped as

"RANK-C", becausc ! [il many 1lles uon the ctast and wes! cxterior
walls spalled, ti1i) the reinforced concrete nparopets on Lhe eas!t
and west =side al rnaf inctimed Lnward nauvtside al 1the burlding,

and (iii) the rowf chimncy inclined remarhably.

{12} Ingpeciion of lozide of The Buiiding

Damage corresponding tn "HANK-PTI" {erack width | - 2 mm) was
ebserved on the scveral anteriaor columns, The finishing mortar of
joterior walls spalied off, The cover concrelc at the landing of
interior stairt was spatling, and possible [alling =as ohserved
on il. Some medical equipwents ard an elevalnr suflered small
damapge,

4. 2 Fraluaripan Results and Cmergency Treatloent

fl}) Result of Cwaluaiion

The RISK LEVEL of the buildinmg was judged a5 "“NANGER™ according
to the provision given in Seectton 2.3 in cthe GUIDELINES FOR
UDAMAGE THSPECTION AND YUVYALUATION, because thore wnos Lhe "RAMNK-CT
ites conceroing atructural dimage.

The RISK LEVEL concerning posgilile falling ahjeccts was judged as
“DANGER", Lecaus®e 1here wcre more Lhan ene “RANK-C™ itcms can-
cerring damage of =xterior walls, paranets, or ronl chimney

{2} Emergency Treatment

Ertrance into the building was prohiblted acecording tn 1he pravi
siom Riven in Segtimn 2.4 in the GUIPELINES FOR DAMAGE |IHSPMECTION
AND EVALUATION, hbegcause the EISK LEVEL of a buwilding was evajuat-
ed as "DAMGER™. Also the approaching 1o the east and west optside
of Lhe huilding wzs pronithited accarding Lo “DANGER" ol pnssible
falling objegts, The results of LMERGENCY [NSPECTIUF are summa-
rized in Table-1.1.
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5. EMERGENCY RESTORATION

5 1 Emerpency Treatment lmmedrately After The Barthgquake

Sowe coluwns whith were jodped Bs "RAMK-V™ werc restored tempn-
ralty, because use al a part af the bujldipg {examination -uows
far nutpatirents at the farst floor @f vhe north buiiding) '
stuccessiaon alter the earthquake was reguiced hy the director of
the Hospital

(1Y Basic TPolicy lor Emergepcy Treatmen?

(al Some Lcchoigue should be applicd to mitigrie the degradation
of efapacity te sustzin a vertics: load feor some colupns
damaged severely 3t the third linor.

{b) Strengtheaing. such as sdding dleei bracirg system, thouolg
be applied te rocover 1he ialeral capacity in X-direciteo al
the tnird aor foueth Flwar.

tch The inchlined parapets ot chimney should be deonlished

{2} Cmergdency Treatment

The above b)) was moel cartied oul 23 3an emerpepey Lreatment,
becauwse there were towe problems concernsing the comslTuclien and
Lime The techaique windisg a2 tolumn by steel wirz X5 showno in
Fig B ! wmug¢ applied fur somv columps 3s Lthe poligy [la) above A
rescarch wak avarlable for applying I[ie 1echnigue, Decause Lhe
cffectr¥encss had been tovestigaled before Lhe ecarthguake by some
lests which [ocusscd op emergency reslorBlion techosques.

The work w=inding slech wairc was begun aller three days ol Lhe
earthgquake, and 1t conlinued far iwo davs

The 1oclined parapets were Licd Lo 2 penithouse ®ith s1gel wire 1D
prevent falling down 2fler Llhree days of the earthguake., Aller
several days Lthey were demnlrshed #s wcll 2s an rnelincd chimrey

5,2 The Sccugg LEmergency Rcsioration

Many after~shocks vceccurred {ear one menth al|lgr the mawvn earth-
quake The maximum alter~shock was on June 2iih and the magnilude
was 7.0 by Lthe wmodified Richier Secale. The damage ol some columns
progreased by the after-shecks. The directior of the lasprtal
desired tn use » part of 1he second flnur 33 wards afler the end
gf Jurce The secancd emergency Ktrupglhening (g¢ sawe culuwmny was
carried out to makc the directer s domand poskibie,

Three columas on the Lhird floor and twoe columns om the fourth
floor were sireogthened by usitpag ateel ties sod the H-shape steet
supperts, Fig. 5 2 and Fig.5% I wmhow the pictures alier emergency
strengthening.

The woark faor strengthening was carried out during Jfuly Sth

through 20 1h The sirengthening cost per a column w3as a fTsttle
expepsrve thap lhe frrst emergency strenglhening.
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IMERGENCY SUPPORT BY

Fig.5. 2
I-SHAPE HOT ROLL STEEL

EMERGENCY RESTORATION
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Fig. §.

EMERGENCY RESTORATION BBY STEEL TIES
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6. RESULTS OF DAMAGE CLASSIFICATION EVALUATION

6. ! Damagec Rank ol Members

The damage inspeclinn [or structural members w=at donpe al the
third [laor, where was Lhe severest damage in the north huiiding
The Damage Rank nl MWMcmbers, which were classified nccording to

Tahle-3. 1 given in the Sectinn 3 of GUIBDELINES FOR DAMAGE INSPIEC-
TION AND EVALUATIN®, 31z presenled in Fig. 6. 1.

() (V)

I ¥ F_ v, T!
BE ‘Eu L! ”F (Y

iu \u [ll } ‘u U
— . —11v —Cr

m il T

U
il v I

Fig. 6.1 © TAMAGE HAMK OF COLUMNS AT TIE THEIRD FLOOR

6.2 Evaluation Results and Fermangn

The Dawage Ratio D lor X-direclion at the third flnaor was evalu:
ated by Bq. (3. 2) whieh was fiven in the Scetion 2.3 of GUIDELINES
FOR DAMAGE INSPECTION aMD EYALUATION, using the Damage Rank of
Columns given in [Fig. B.1

Damage Rank 1 Ty o= OB /A - 10 x 2/24 = 0.8

Damage Rank !0 1 Dy - 28Baif - 26 x 11/24 = 11.9

Damage Raok [T : Ny » BODzfA = 60 x 5/24 = 12. 5§

Damage Rank I¥ o Dy = 100T,4A ~ 100 x 4/24 « 16.7

Damage Rank V¥ D Dg o~ L0DDBgST/A = 1000 x 2/7/24 = 11, ¢
Sus of D, : B + By Dy Dy Dy =i 53.8 > 50

where, B; ! number of columns which wcrﬁ identif{led to Damage
Rank 1. ;

A : total number of columns at the flaor,

The DAMAGE DUGKEE of a2 berilding was judged as “SEVERE" according
te the Section 3.3 of GUIDEEIMES FOR DAMAGE INSPECTION AND AVALL-
ATION, because Lhe sum af Damage RalioEDi was more than 50 as



abuve

IGFHENING® was also regquired lor thiys buildinp to use cou
sly. zccnrdipg in Tab,e I I of the GUIDRLINES TOF DAMALY
TI{N AND EYAlLUATION

G | mnhows the {wrm that was wsed lfaor Domage Hegree Cluass)
on lospection
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7 TERWAKRLNT HESTORATION

The Taellnsdicgs were carrjed oul Lo reciongnize the damage marc
cleariy and la z3we the restnraiion planning

INVESTIGATION [N 51T detaled eraek nbservat.on fnr Slructural
pembers, eats ol structural maleerals feore concreie and
repars), damage investigatinn [ur won-sicuctural members ang

building equipwents, bearing itest for piles.

ANALYSIS : damage degree analysts by the advanced Lechnigue which
was given in the Section 3.1 of GUINELIHES 1M0R RESTORATION TUCU
NIQULCS FOR SUFFOERED BUFLDINGS, sersmic screening far 1he cnandi-
Linn before dawmage, and non-finear dynamic response aralysis,

'n this section, the outlines abnutl the damwage degree analysis by

the advanced techaigue aad Lthe reStoration comstruction sre
prascnted.

1.2 Judgment for Mecgssary Stroppthenting

The necessary silreagtlheniong for Lhe structuores nf north busldeing
was reguired by the DAMAGE DEGREF CLASSIF'CATION. In addit+on (o
that, 20 analysis by the advanced lechniaque that s« Eiven 0 the
GUIDELINES TOR RFSTORATION IECHNIQUES O SUNTTRLED NUILDINGS was
carraied out toe get an i1nformation abeul the remaining Beismic
performance nf sStructures,

7.2. 1 Seismic Performance Nefore Damage

{1} Structural Mcabers Analyzed

The seismit periormance befare varthquake dawage in X-direectapon
a2t ithe third Jlonr was cxitimated as follaowings by usi1npg the

second level pracedpre of seismic s¢creenings Fig 7 | shows Lhe
laynut plan ol columns or walls at Lhe thira Tlaor

@ OC
[

bbb

Fuog. 7.1 ¢ LAYQUT PLAN OF COLUMNS OR WALLS AT THY 3RD FLogw



12] Calculation nf Jondex E

o
The itaterai sirenglh {(shenar strength or sheat forcee corrospond inp
fe Ilexural tailure), value of Index F ar tair.nre osallerns I
calumns or walls at the third fleor lar the stale belare damage

are summaci.zed p 'he Tabjie~7 |.

Table-7 1 : STAENGTU, INDEX-T OR FAILURL PATTLRN OT MEMBERS

MEMBER STRENGTI TMIIX-F FATLURFE NUMRBER 0OF nox vV,
NOTATION Vu“ilgn} PATTERN MLMBCRS {1onl
CGZ 56 0 1. ¢ shear L 36 0
Ceaog 56 8 Po shear 2 113 &
Cig 33. 5 [} shoar 1 R
Cop 19. 9 1 @ shear i 19. 9
Crg 52 1 1.3 lexure | 52 3
iz 43 & 1 3 flexnre | 43 B
Cia-g 0 R L0 thear 3 152 1
CHE 40 6 1 0 shear § 10 G
n7 a7 2 yod [lexure | 37 2
Cia 43 8 13 flexure \ 13 8
ClJ. 133 0§ 10 sheatr | 143 6
Ty 17 0 [ shear | 4T
C!B-b 57 7 | 0 thear 2 105 ¢
E[-,v 11 2 13 [lexure . 17 2
Crat 1BB 1 O] shear | LEE L
Crg 48 3 1 0 shear I 18 3
de 58 2 [ shear | 58 2
st 12. 2 I o shear 1 19 9
Cle 62. 0 10 shear 1 B O
Ciy 52. 4 1.3 flexure 1 gz 4
12 ? 6 20 Flexure 1 9 5
w}s 31.4 L. flexure i 3 |

¥, - Lar .
fote, columns with * repfesenl the columm with a3 de-wall

by

The value ¢l [andex £, was calculatled as fallowg

+Buslding weight upper thapn third [loor E®R = 2 970 {ton)
*Mumher of burlding stery : n = 5 l{except hatement ftnnr)
*Flonr level analyzed @ t = 3 (the third [lonr)

+Coefficient hy [loor level : {aslifiney) - GS% = O 75
*Value of Steength lodex € VY /EW » 1,47 2;2.970 = 0 495
*Value of Ductiiity index F = 1,0 (The valuyes of 1ndex T for
some  tlexure failure pattern conlumns were ldrger thar ! O
However, all the struclural mecmbers were grewned to nne (o
REel 3 comzwervative result }

*Value of lndex E_ = Ant1V/ini} y 1€ = 112

0 75 JID 495 = | 02
ATl



(3) Caleulation of ladex SD

The !otlowing faclors which aflected te the caleulation ol Ina

S were estaimated according to Lhe inslruction writuien rnoore
STANDARD FOR EVALUATION OF SEISMIC CATACITY GF EXISTING HEIH
FORCED CONCRETE BUOLLDINGS (see Tabiec-9 of the STANDARDY . i
value of other faclors which were not eslimated here was assume

as 1. 0.

16.52/(44.35 x (5.0 » 16.5 x 16.5)
- 0.29 ¢ 0.3

0.9 (by Table-9 ol STANDARD)
R, = 0.5 {ditto}

[

0.

ailegularaity --- 3

L= {1 - GRD = {1 - (F - 0.90.5)
95
h:Basement ----- Area of basement fleor = 775,80 wZ
Area of 1st floor = 2,029.5 w?
ho~ 775.5/2,029.5 = 0.38
GH - 0.8 {by Table-3 of STANIARD)

Ry, = L.0 idittal
ap = L2 - (1 - GORyt = (.2 - (L - e.8r1.0)
=10
| Eccentricity ratio

i.ocation of centroid of lateral stiffness © S
S » 8.97 @ {(from column line G)

l.Locatlinn of centroid of gravitational Inad : G
G = 7.70 m {frum column liane G)

Geccentricity distauce betwecen S and G
- B.97 - 7.70 = 1,27 m

llengih of frame (X-direction) : i. = 44.3% =m

l.ength of frame {Y-directinn} : B = 15 m

(= t.27/{41.2352 » 15.0% - 0.027

G, - 1.0 (by Tahle-9 ol STANDARED

R = 1.0 {(ditto)

q; - | SR Gl)R1| a Ll - (1 - 1.001.0}
= 1,0

4th (loer's lateral siilfoess = 267 .8

1:d flaor's lateral stilfness = 339, 4

[P c4zht uwpper than 4th (lnor = 2096 ton
Building -<i1ght upper than 3rd (loor -~ 2970 tan
Mass stiffncss ratio at dth [leor : r,

"7 B/2096 = 0.4%127

Mass i ... .55 ratio at 3rd floor @ rq
ry = 339.4/2970 = ¢ 114
Tficient b = (N - V) /N = (3 1Y /3 = 0.67

Voo . wuwier of stories upper than lrd [loor}
ho= (rgfrg)b = (012770 LL14Y0. 67 = 0.75 < 0.8
G = 0.9 thy Table-9 ol STANDARD)
. (iirtael
q, = (1 - {1 - GORI =01 - (b - 090l 0.3



Index S; = q, % n, * e X q,
= 0,95 x 1.0 x L.& x 0.9
+ 0.85%5

{4) Calculation of Index T
The value .0 was assumed for the Endex T, because the special

deterinration on the bujilding structures was not reportecd by the
questioounaire Lo the dircctor of the lospital and athers.

(5) lndex ls Before Damage

g = By x Sg x T = 0.371 x 0.855 x 1.0 » Q. 317

7.2.2 Scismic Performance Aflter Damage
f1) Capacity Reduction Factor ? Assumed

Fig.7.2 shaws the capacilvy reduciion factors of columas at the
third [loor after the ecatshquake., The capacily rcductinn lactors
are given in the table of GUIDELINES FOR RESTORATION -TECIHNIQURES
OF SUFFERED DBULLDINGS.

o
o
[=]
x
(=]
k-]
[=]
o
[=]
=

—
—

T

0.4 0.1 0.0 0.1 .0 0.8

® © ©® © © o

(4

Fig.7.2 : CAPACITY REDUCTION FACTOR BY EARTNQUAKE DAMAGT

{2} Remaining Lateral Seiswic Capacity

Fig.7.3 shaws the remaining lateral strenglh onf{ columns which
were obtaincd by multiplying the latera! sirength hefore damage
by T-Iaclor shown in lig. 7. 2.

{3) index E, After Damage

*Sum of latcral strength alter damage, L% » 644.9 ton
+Buitding weight upper thar 3rd floar, T® = 2 970 rvon



tindex C, C = Zv JEW - 644 B/3, 370 p_ 217
tlodex T assumead, F = 3 0
‘Pndex By alier damage, F, v Ineld/ {noad VIgaT)®
N O R R TR R T ML T
075 x 0217 - @ 163
(75 2} 4o 0y 6 U1 yp 9149 4310 OF (52 4
C}_“ ——— -—
:: 12 M
135. 0} (Iﬁﬁ 9)(]8 (12 21 a2 2y 137 0
(:)—— » rd - -
{31 91 (a0 T} 140 T {40 T§ 132, 51 129, B}
: (22 ¢) €22 71 (0 03 (23 1) o 7
100 e 8
® © & © © 0

Fig.7 3

4]

FEWMATNING LATERAL STRENGTIH OF COLUMNS OR WALLS

[ndex 5p After Damage

The Tlactwors cencerning ECUENTRICITY RATIO q; and MASS STIFFNNGS
RATIO q, were medifivd 25 follows considering stiflnecss degrada-
11an due Lo damage
l:Ceegentricity ratig
Locatieon of centrnid of lateral stiffness 5
S>3 31 m (lrom column line G
Location of centraid af gravilational load G
G = 7.7 m {irom column lioe G}
Cecenlricity distance hetween 5 and G
= 8 31 770 - 0.6t m
Length ol Erame (X-directian) L = 44 J5% m
Levglh of frame {Y-darectiont "N = 1% 0 o
Lo« @ 617744 35 1 15 02 - 0 013
Gy = L 0 (by Table-% of STANDARDY
R1 ~ 1.0 idirtto}
a; v ik - 0L~ GpRyb = AL - T - o m
=4
a:Mass stiflness ratro
4th floer s lateral st ffness ~ 184, D
3rd Fluer s laternl s1ilfness = 163 7
Nuilding weight upper thad 4th Tlnaor * 2096 lap
Building we:ght upper Lhan 3rd floor =« 2970 14n
Masy s1i[fnmess ratinn at 4th [lnor L
r = t84 02096 -~ 0 (RJ
Mass slellness ratio at Jrd floar rq
r « | F3.7/2970 ~ D Q5SS
coeftiecient b = (N - L} /N = {3 ~ 1} /3 ~ 0.67



iH auwber nf stories wpper thaa Ird [lnor}

o + lrylrgib = (0 DBB/0.05510. 67 = 1 07 < & 1
G, = L 0 (by Tahle-3 of STANDARD)
R, = 1 0 (ditto]
a, m I~ b - GRS - 1L - (1 - [ el o0l
- 18
Index SD S g, K fp X s—erres e X d,
=D B% » 10 x 10 x 1.0
- 0395
£5) ltadex T Alter Damage
The valuwe | 0 wasz assume=d lor Index [, brccause cracks nr any

nther dectecioratinn were refleected inta the egpacily reductisn
factors 7y

(Y IHdex 1,  Afrer UDamige

lg ~ E, x S5p » T = D163 x 0 5 = | 0 = 0_ |55

T 2.5 Namage Degree and Judgmwent lor Necessary Strengthening

Using the values ol I, belore and afier damage Lhe damage degrce
a) Namioka Towo Hespital was estimated

T - 11 - T gt xiBD = 1 - 0, 1§8/0.3171100 - Sl b (%

This bullding was coostructed in 1368, The scismic 1ntensity by
[he lapanearn Meteorniogical Agoncy was assumed more tham % al the
si1te. Therceforre, necessary sleeagthenipng was requirted lor future
ute af this building, according (o Tahle-3 2 given 1n Lhe Section
32 ol the GUIBLLINES FOR RESTORATIAON TECHNIQUES FOR SUFTFRLED
BUTLDINGS

7.3 Stresgthepjng I'laonang
T.3.1 Basic Policy

The follawings were discussed
*Strengthening shoeuld ke required [or not enly third [lour
bul alse each floer, c¢onxidering the aeismic performance as
ap entire building zf1er atrengthening
+The medical function should not be disturbed as pessible hy
\ne arrapgemeot of strengthening elements
'Any economical techoigues chould not be applied basically

7.3.2 Target IF Valwe lor Strengthening

The judgment valne 'sn 1% usoally assumcd as 0 6 in setrtsmic
Fcreecning [or comman existinmg buildings. The rektaratiner gurde-
lines recommends a little higher 1. value Tor strengthen:ag of 2
dzwaged building However, the I, vajue 0 & was deicrmingg 35 2



target far strengthening of this huilding, <onszaidering that Uhy.
cuilding is loecated +va the regian whose zaning lactur £
seismycity is 0,9,

7.3.3 Policy for Strengthening

Foilowings wore ewphasized 1n the sirepgithening planning
*The Irames in X-dirgction showuld zecp the [lexural failure
pzklern as postzjbie alter strengthening,
*The columns milh damage rank Y or V shoeuld be recoastruct
vd after demol i shing damaged con<rete and rearcanging
rechars.
*The calumn+st wilh damage rank 11} shauld bhe strengthened hy
jacketing by siep! nliles or concrets witnh welded wirv

fabrica.
1iThe columns with damage rank lefx ithaa || may be repaired

t¥ cpoXxy resin injection.

tSomc shear walls shnuld he in-filled inte the X-directinan’s
frame upper Lhan the 3rd Iloar in arder to inecrease Lhe

fatcral strangth.
-The buoundary beawms adjacent twv ans in-filling shear wal
alzo shuvuld be xtcrcngthened to prevent Lhe shear faitlure.

Fig.7. 4 shews Lthe laynut plan ol in-filliag shear walls or sirea
gtheoing nand repaitiog tochniques proposed for the 3rd lloor,

© & b 6 o O

(patel & 0 recast concrete in site after demolishing
damage congrete

jackeling by voncrete with welded wire fabrics
jackeling by steel plates

i strengthening by stcel Lies

fepairing by epaxy resin injectian

jackeling by cwncrels wilh welded wire labries
fur beams

in-filling reinforced concrele shear wall
inercasing Lhjekneas of existing shear wall

e

Fig. 7.1 ¢ LAYOUT PPLAXY OF IN FILLING SHEAR WALLS QR STRENGTIIEMN KRG
AND REPAIRING TRECHNIQUES PROPOSED (IRD FLOOR]



Fig. 7.5 1hreugn Fig. 7.9 show
1echoigues propnsed.
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