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RESUMEN

Se describen las técnicas japonesas de inspeccién post-sismo y de rehabt
litacién de edificios diafragmados de concreto armado dafiados por terre-
motos. Estas técnicas han sido desarrolladas por investigaciones conjun
tas bajo la cooperacién entre instituciones gubernamentales, universirla-
des y empresas privadas, y sirven de directrices pavra la inspeccién vy
toma de decisiones que afectan a edificios construidos con anterioridad a

la vigencia de las actuales normas de edificacién.
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ANEXO A "Identificacidn y evaluacidn de edificios sismicamente vulnerables (con ano
taciones relativas al caso de hospitales)'. (Héctor Gallegos). ESTE DOCUMENIO ES LA
PARTE PERTINENTE DEL TRABAJO PRESENTADO POR EL PROF. OHKUBO, EN LAS 5as. JORNADAS
CHILENAS DE SISMOLOGIA E INGENIERIA ANTISISMICA, AGOSTO 1989,
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RESUMEN

Se describen las té&cnicas jJaponesas de inspeccidn post-sismo y de rehabilira-
cidn de edificlos diafragmados de concreto armado dafiados por terremotos. Estas téc
nicas han sido desarrolladas por investigaciones conjuntas bajo la cooperacidn entre
Instituciones gubernamentales, universidades y empresas privadas, y sirven de direc
trices para la inspeccidn y toma de declsiones que afectan a edificios construidos
con anterioridad a la vigencla de las actuales normas de edificacidn.

The guidelines was developed in 1085 as a part of "The Synthotic
Research Projects for Development of Restoration Techniques to FRarthquake
Damaged Ztructures”, and was published in 1989 as a popular edition (Rel.
G).

The guidelines consists of (1) the technigues for inspection and
evaluation for the buildings damaged and (2) the techniques for
restoration for them. The general [flow from beginning inspection to
completing restoration is illustrated in Figure-0.

The damage ir generally inspected with several objeclives. One of the
objectives is to prepare statistical data of the disaster, and another is
to use the inspected results for Lhe emergency troatment immediately aftler
an earthquake and for the permanent restoration planning. Therefore, we
nced to have different Lypes of damage inspection methods for each
inspection stage and each objective.

Emergency_inspection_and evaluation Fmergency inspection and ovaluation
immodialaly after an earthquake has two important objectives. The first
objectives is to inspoct a risk of collapse of heavily damaged buildings
against following altershocks, and to suggest the prohibition of entrance
to the building if dangerous. The second objective is to inspect the
safety o” non-damaged and slightly damaged public buildings and Lo deter-
mine the suitability of use, because a public building (in particular
school “ntildings) has to serve the function as a shelter for cvacuatton
at the <ime of disaster. Such inspection and evalualion should be made
speedily in about haif an hour for a building, using the prescribed manual
(see Table-6), The inspection is done normally from outside of a build-
ing. However, the interior safety should be investigated in a public
building. Persons in charge of the inspection may nnlL be structural
experts but ordinary building engineers of local government,




Inspection_items in_emergency inspeclion Followings is investigaled
1) overall inclination of a building, 2) overall seltlemenl of a building,
3) damages of struclural members, 4) possible ovoriLurning of sub-
structures such as the chimnies, exterior staircases, and olhors, §)
possible Talling of exterior [inishings, exterior curtain walls,

cignboards [ixed on Lhe exlerior walls, and others.
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Emergency_evalualion Damage ranks for the overall inclination and

settlement of a building and for the structural members aro classiflied
from (A) to {(C}, as shown in Table-7. Damage rank (A) can boe Lolerable
whereas (0) is dangerous. llowever, dwmage ranks of possi-le overtuznzng

and falling objects may be detelmlned using the practical experience of an
investigator,

On the basis of evalualed damage, the risk level of the building
against lollowing altershocks is determined as (1) DANGER, (2) CAUTION, or
(3) SAFETY, by the following criteria

(1) DANGER : 1) more than one C-rank or two B-rank items exist in

strugtural membors, 2) a C-rank ilem exists in possible
overturning or falling objeocts.

(2) CAUTION : more than one B-rank item exists in siructural members.

{3) SAFETY : inapplicable to both "DANGER™ AND "CAUTION".

Damapge Rank
Inspeclion TlLems

Rank (A) Rank () fank (C)

I, Overall inclinalion of a l.ers Lhan 1 I - 2 Hore than 2
buildineg, 0 (deg.)

2. Overat] selbtlement of Less Lhan 0.2 0.2 - 1.0 Hote Lhan 1.0
building, 5 {(m)

3. Damape of sLruclure

{(a) Frame Lype struclures
* alio of ecxleritor columns | Less Lhan 10 o - 20 More than 20
wilh "Damage Nank-1V", (%)

* falio of exterior columns | Less than 1.0 1.0 - 10 Hore than 1)

wilh "Damage Rank-V", (%)
(h) Box Lype slructurns
* fatio of exterior wall-
Penglh with "Damage Hank- | Less Lhan 10 {0 - 20 Maic than 20
", (r)
* Ralio of exterior wall-
longth wilh "Damage Rank- | Less Lhan 1.0 | 1.0 - 10 Hore than 10

V', (%)

Following 1ltems tnspecled from inside shall be addad Lo ensure Lhe safely

(.} Frame Lype stiuclures
+ Ralio ol exlerior columns | Less Lhan 10 P - 20 Hare than 20
with "Damage Mank-1V", (%)
T Ralio of exterior columns | bess Lhan 1.0 1.0 - 10 | More than 10
wilh "Damage Rank-V", (%)

() Box Lype sliuclures
* Hatio of exlerinr wall-
Ieun%;)with "Damago Nank- [ ness Lhan 10 10 - 20 Hore tLhan 20
¥ Malio ol exlerior wall-
lenpth with "Damape Rank- | Less Lthan 1.0 1.0 - 10 More Lhan 10

A V. (3) ]

Table-7 Inspeciion Jlems and Damage Rank
for Emergency Inspeclion, (Ref.G)




The buildings and the surrounding area determined as "DANGER” should
be posted "DANGER”, and the entrance should be generally prohibited. The
buildings and the surrounding area determined as "CAUTION” should be
posted "WARNING AGAINST ENTRANCE”. The decision of "SAFETY" is applied
only to public buildings. The public buildings dotermined as "SAFETY” may
bo used as a shelter for evacuation or as a place for medical treatment,

Damage_evaluantion_for permanant use_  The Guidelines of Bamage Classiflica-
tion 1s applied to the damaged buildings after several days of an earth-
aquake in order to classify the damage degree of damaged buildings and to
decide the treatment of damaged buildings, such as re-use wilhout any
struclural repairs, re-use alter repairing or strengthening, or demolition
wilhout restoration.

The damage evaluation in this stage is made primarily on the basis of
potential seismic capacity of the structure after damage. lHowever, the
estimation of polential seismic capacity by the Guidelines of Damage
Classification is rather approximate, Therefore, if the decision for the
treatment is difficult, further advanced investigation shown in "The
Guidelines for Restoration” may be applied to the building.

Inspection for damage classification The almost same inspeclion items as
"Emergency Inspection™ are investigated, but the more detailed inspection
is required. The investigation 1is made by ‘*he structural engineers

permitted by the governmental organizations.

Damage _classilication and_permanent treatment he criteria for damage
classification are shown in Table-8 to Table-10, respectively. The estima-
tion of ¥di in Table-10 (damage classificati n against siructures) is
made using Table-1l. The permanent treatment or damaged buildings is

recommended as shown in Table-12, wusing the results f{rom Table-8 to
Table-10.

Overall

Inclination 0 <1/100 i7100 -~ 37100 /100 - 67100 8 >6/100

Angie B (rad)

Damage Class Small or Hoderate Severe Collapse
Stight (Overtnrned)

Table-8 ldentificalion of Damage due Lo Overall luclination

ol a Building for Damage Classificalion, (Ref.§)

Haximum Settlicment S (m) S < 0.2 0.2 - 1.0 S > 1.0

~

Damage Class Slight Haderate Severe

Table-9 Jdentificalion of Damape due Lo Overall Seltlemenl
of a Building for Damage Classilicalion, (efl.§)

Maximum Damagc

Bavio I-di (%) Ldi< 5 5 - 10 10 - &0 Pdi>5h0
Damaege Class Stight Smnll Hedcrate Sevore
Collapse

Nete ¢ Muilding vith the story vhere structural membors of damagpe
rank-V occupy mere than 50 % shall be Judged as colinpse

Table-10 ldenlification due 1o Damage ol Strucltures
for Damnge Classification, (Rel.6)
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—
—1

¥

Mamage state ol 2hruciura] member v I{liq[Jn" ralle of | Damape 1atin
damaged membhore di (%)
Vizible narenv ceack an e face Leas thaw 10% 4.5
of eoncirle (erack vidtly jqa lexa 1 - 2w ]
than 0.2 mm) 0 - 0 % 7
n - 40N 3
A0 - no o 1
i mmim e e oo | _ Bore Lhan 50% h
* Yisthie clear crack on siutiacn Leag ihon & % B N
ol concretes {crack widih ia 5 - 0% i
abat 0.7 - 1.0 mm) g - 15 % ?
15 - 0 % 4
0 - %% 5
2 - M0 % G
0 - 1A ]
I - AD % n
40 - A5 % 1
15 - ho % M
e e i) Mo Ll B nra
* lacal ryuch of cpvnied concirtn Less Lhan 3 3% Y A
t Conaiderably vide crack (arack 3 - 5% J
vidlLh 5 ahoutl | - 2 mm) S - 10 % 5
0 - 15 % 8
15 - 20 % i
20 - % 1)
I - 30U 15
N - N % 18
15 - 40 % z0
10 - 4% % 24
A - 0 % 25
_— . e { . More than 507% w0
femarkable crush of roncroia lema lhan 3 % 3
vith ecxpnsure of rea-bars 3 - L I
+ Spalling of cavared concrele 5 - 10 % 9
10 - I % 11
15 - 0% 18
i - 2% A 23
i - 1% 27
Jo - A5 % 32
I - 0% 5
40 - A5 % 11
14 - 50 % 45
e —Hore than 90% | 50
+ fending o] re-bars Lras Lhan 3 % 3
t Cruzh of core concrele Jo- b i
* Vasible vertical deformalion of 5 - 0 M
colymns 19 - 15 zi
* Yi5ible selllement and/or 15 0 11
inclinalion of f(loor n - 25 a4
25 = 20 10
n - 35 18
Horte Lhan 357% L0

Table-1

I Damage Rank of Strucltural Members and Damape Ratlio

for Damage Classiflicalion,

(Rel.6)

Srinsmic [denlificalion of Damage and Uermanenl lrealment
Intansily
(JIA) Stight | Smail Hoderate Severe Collapse
Lrss Lhan lepniring or SLrenglhening |Sltrenplhening
or . | strengthening |or demolilion jor demolilion
equal Lo \ , (Lo advanced
"y invesLigalion)
Girealor Lhan
or Ro-use | Re-use Repairing Reppiring o1 Strenpthening
equal to slrengthening lor demolition
"y (Lo advanced
| invnsLiggﬁjon)

Table-12

(Ree 0. 6)

Rocommended Permanenl. Treatmenl for Damaged Buildings
for Damape Glassificalion,




Estimation of seigmic capacity for damaged buildings The more advanced
tnvestigation in "The Guidelines for Resloration Techrniques” is applied to
the damaged buildings, whose damage level 1is not clear only by "The
Guidolinos of Damage Classiflication™,

Tho estimation of seismic capacity for damaged buildings is also done
on the basis of same concept as the evaluation of seismic capacity for
existing buvildings, usually applying Lhe melhod ol phase-2 or -3
screening.  For the damaged buildings, the damage index ¢, defined by
Fquation (11) ns the ratio of Lhe potential seismic capacity after damage
Lo that beloro damage, is calculated, and Table-13 is applied to the
building to decide that either strenglhening should be required or should
not be required.

b= {1 - (Is'/Is)) x 100 (%) (11)

where, Is' : seismic structural index of the building after damage.
Is : seismic siructural index of the building before damage.

GConslruclion Scismic InlLensily by Japancsc Mcleorolopical Apency *7
Yoar ¥ | Less Lhan 1V Lower V Upper V Greater than [V
Nefore 1971 20% JO% 10% H0 %

Alter 1971 J0% J 40 % ] 50 %

Nole) *1 : The building, whose hoep spacing is less Lhan 10 cm, may be
considering "afler 971", coven il il was couslrucled belore 1971.

¥*2 ¢ 1o otder Lo divide Lhe seismic intensily "V" inte “Lower V" and
“Upper V", Lhe pround acceleralion of 150 gal may be used as boundary.

Table-13  Upper Timil Value of Earithquake Damage Index - ¢ , (%)
for Advanced Investigalion, (Ref.§)
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