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PREFACE

. ... JICA .(Japan . Internationall-Cooperation Agency), on behalf of the
Jépgqeég=Govgrnment;;dispatched a JDR . (Japan Disaster Relief Team) from
'ISthato'ZBth ‘December, 1988, to conduct a survey of the damage of Spitak
‘Earthquake .and: to: advise. engineer and officials of Armenia SSR and USSR
the technical know-how for the rehabilitation and restoration measures

to be taken in the damaged area.

'Theﬂ JDRﬂ;team:'was]:headed by Dr. Shigeji Suehiro, a councilor of
the Ministry of Foreign - Affairs (a former Director General of the
Meteorological Agency) and composed of ‘10 experts of earthquake engi-

neering,gearthquake-resistantJdesign_etc.:

.. -According to the report. of the Team; the second expert team,
composed of 17. experts, was dispatched from 19th February to 15th March
1989,

The present report outlines major results of the activity of the

both ‘teams.

I really hope that thls report would contribute for the restoratlon
of the dlsaster-strlken area and also express my sincere gratitude to

all people concerned of USSR and Armenia SSR.

February 1990

Sekai Nishino
" Vice-President

Japan International Cooperation Agency
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Background for JDR Expert Team Dispatch

1)

2)

3)

4)

5)

6)

An earthquake registering an inteasity of nearly 7 occurred near

Spitak, Armenia, Soviet Union, at 11:40 on December 7f 1988,
causing huge damage including the loss of about 35,000 lives

in the area containing the three cities of Leninakan, - Spitak’

and Kirovakan.

Ministry of Foreign Affairs decided to offer a financial aid
of one billion yen and provisions including blankets, tents and
medicines through the Japanese Red Cross Society, and dispatched
an advance group of four members including one medica}';doctor
(headed by Yutaka Iimura, Director of Techhical Cooperapionf
Division). The group made a disaster survey, and discussed with

experts from the authorities of Armenia and the Soviet ‘Union

concerning the dispatch of a Japan Disaster Relief team. -

The Soviet personnel requested Japan through the above-mentioned
advance group to dispatch a Disaster Relief team specializing
in various areas including seismic engineering, in which'Japan;
one of the most earthquake-ridden countries, has the most advanced

expertise in the world.

In response to this request, the Japanese government immediately’
started the selection of experts in cooperation with the Ministry
of Construction, National Land Agency, Ministry of Education
and other agencies concerned, and decided on the dispatch of
a Japan Disaster Relief Team consisting of 10 expefts to pefform

a survey during the period from December 18 to 28,

As the result of the survey, this JDR Team" reported to the

. Government of Japan the necessity of continuing technical advice

in detail,

According to this recommendation; the second JDR Team -compbsed
of 17 experts, was dispatched from 19 February to March 1989. -

iy



7)

The Report of the first JDR team is a translation from the
Japanese version and the Report of the second JDR team is compiled

based on the documents prepared for the International Seminar

~or Spitak;Armenia ‘Earthquake held by UNICEF in May 1989 in

Yereban: -
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- Report of Japan Disaster Relief Teams on

Earthquake at Spitake, Armenia, Soviet Union.
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1.

1.

The First JDR Team

Situation in Armenia — Focusing on Seismic Measures

1.1 General Information

(1) Natural and Geographic Features

Highlands at altitudes of 1,000m or above account for more
than 90 percent of the total area of the Armenian SSR, with the
average altitude being as high as 1,800m. Mt. Aragats, a 4,090m-
high extinct volcano, is the highest mountain in Armenia. Lake
Seven, located in a highland area at an altitude of about 1,900m,
was formed by the damming of a river caused by the activity of
the volcano. Mt. Ararat (5,165m), which the Noah's ark is said
to have reached after drifting, is currently in the territory
of Turkey.

(Altitudes of major cities: Yerevan 950m, Leninakan 1, 500m,
Kirovakan 1,350m)

Most part of Armenia is covered with volcanic deposits.

In particular, volcanic ejecta including andesite, basalt, tuff,
pumice and pearlite from currently inactive volcanoes account
for a great part of the surface soil. Tuff with colors in the
range from pink to lilac occurring in Armenia is widely used
as a building material, as reflected in the unique color tone
of the streets in Yerevan, Armenia's capital.
Though being located at subtropical latitudes, the Armenian SSR
has complex meteorological features due to the effects of high
altitudes and the existence of the Caspian Sea, Black Sea and
Asia Minor highland. The basins and mountenous areas in Armenia,
jneluding capital Yerevan, are characterized by continental hot
summers, moderate winters and small precipitation. The average
temperature of 24 to 26°C and -5°C in July and January, respective-
ly, and the precipitation is in the range of about 200-400mm,
In the highland district (including the earthquake-stricken area
in question), on the other hand, the average temperature is 18-
20°C and in the range of -4 to -6°C in July and January, respec-
tively, and the precipitation is around 3550mm.

All rivers in Armenia belong to the Caspian river system.
Specifically, part (24 percent of total Armenia)  of

northern Armenia belongs to the Kura system, with the Kura River



(2)

flowing through the middle of the two nelghborlng repubhcs of
Georgia and Azerbaijan towards the east into the Casplan Sea.
The remaining great part (76 percent of the total area) :forms

the borders of Armenia with Azerbaijan, Turkey and -Iran, and

belongs to the Araxes system, with the Araxes river joining the

downstream Kura River. (The former river system contains Spitak

and Kirovakan while the latter contains Leninakan, Yerevan and

Lake Sevan.)

People, Language and Religion .
Of the fifteen republics in the Soviet Union, the -Armenian

SSR is the smallest in area (29,800km ) and the second‘rhlghest
in population density (lO&.?/km2 in 1987) following the Moldavian
SSR. : : o
The Armenian SSR had a population of 3,412,000 as of 1987,
accounting for 1.2 percent of the Soviet total population. " In
a racial breakdown, Armenians account for 90 percent, Azei_'béijans
for 5 percent, Russians for 2.3 percent, and Kurds for 1,7 péréent.
There are 4,150,000 and about 180,000 Armenians {1979) respec-;
tively in the Soviet Union and in about sixty other natinons
{450,000 in the U.S., 200,000 in Iran, 200,000 in France, 180,000
in Lebanon, 150,000 in Syria, 60,000 in Argentina, and 25,000
in Iraq) (figures for nations other than the Soviet Union cited
from 1967 statistics). '

The origin of the Armenians can be traced back to the-ancient.
people living in the northeastern part of Asia Minor, who later -
settled in the Armenian highland as agriculture propagated énd_
developed in a form closely linked with livestock farming'.. They
experienced repeated conflicts with people in surroundmg areas -
including Arabs, Byzantines, SELDJOUK Turks, Mongollans . and'...
Tatarians all through the periods of slavery and feudallsm.
The Armenians started to develop a capitalistic-type society at
the beginning of the 19th century, when eastern Armenla was -
incorporated in the Russian Empire, and later became a_ republlc_ .

when the Union of Soviet Socialist Republlcs was, established”-'
in November of 1920, |

Armenian is an independent language belongmg to the Indo-—
European group. Its alphabet was estabhshed in the begmnmg‘::ﬁ.'-"-- :

_—2 -



-of~the 5th“century based on the alphabets of Greek and Aramic
-(used in ancient Syfia and Paletine),.

It has been reported that Christianity was propagated to
Armania by missionaries around the 2nd century as the religion
spread from the Roman Empire. Armenia and the Armenians were

the first state and people that had officially accepted Chris-

: tlanlty (301 A.D.), and they are a rare example in which the

tradition has been kept up to now while maintaining the religion.

‘GRIGORIOS, who played the leading role 1in making Christianity

the state religion of Armenia, designated Echmiadzin (meaning

"the advent of the only-begotten"), which is located about 20km

to the west of Yerevan, as the place for the bishop of the
Armenian church. (Currently, Echmiadzin is still regarded as
holy place for the Armenian church.)

(3) “Industry |
1) Agriculture and Stock Farming

In a breakdOWn of land by form of utilization, pastures,

orchards and ‘grassland account for a great part of the Armenian

SSR. The republic is mostly dry with small precipitation, and

- more than 23 percent of the total area is irrigated. Major agri-

- 2)

cultural products are fruits including grape, industrial crops
1nc1ud1ng tobacco and sugar beet, and other crops including wheat
and potato. Major animals for pasturing include cattle, sheep

and goats.

Industry

Major industries include machinery production, metal

-_proce351ng, chemistry, petrochemistry, textile product (knitwear)

- production, . shoe production, foods production (wine, brandy,

‘camned . vegetables/fruit), nonferous metal production, and con-

-Struction materials production. Since the republic is rich

~.-in_ water resources, hydraulic power generation is actively

.‘performed . In addition, thermal power generation is also conducte

 L—and there is the Armenian Nuclear Power Plant near Yerevan (about
T30km to the west of Yerevan, with an output of 815,000kW).

_Volcanlc rocks (tuff, pumice, pearlite, basalt, granite,

marble, etc.) that ocecur in large amounts in the area have been

-used as material for construction and decoration. The area has



(@)
1)

2)

been well known for the production of wall material, light-weight

concrete aggregate, and heat-resistant. const:uction.jmatenial

made from tuff.

Outline of Earthquake-Damaged Cities

Leninakan (called ALEKSANDROPOLI until 1924)
s located on a volcanic plateau at an. altltude

The city 1
It has a population .of about .290,000

of higher than 1,500km.
(according to a Soviet newspaper issued in December - 1988; 213,000
in 1981). ‘ ' '
In this area, there were settlements as early as in the

S5th century B.C. A town called Kumairi was formed in- the Middle

Age, and a Russian fortress was built in -1837. The.area was

the center of workers' movements during the period f;omﬁehe end
of the 19th century to the beginning of the 20th century,{folldwed;g
by the establishment of the Union of SovietnSocialist,Republies'
in 1920, _ L

~ Currently, Leninakan is a center of the teXtile‘andyspinnihg-
industry, and other industries include the production of maehinery,
precision machinery, foods and furnitures. There is an education
college and a branch school of the Yerevan Polytechnical

Institute in the city.

Kirovakan (called KARAKLIS untll 1935)
The city is located in a basin at an altltude of 1 350m
between the BAZUM Mountains and the Pamback Mountazns. It has
a population of about 170,000 (asccording to the same- data. as :
above; 153,000 in 1981). The city began to prosper at the end '
of the 19th century, when a railroad was laid from Tiflls (cur—
rently Thilisi) to ALEKSANDROPOLI (currently Lenlnakan) v1a KARAKL
At present, Kirovakan is a center of the chemlcal 1ndustry7
and chemical fiber industry including the productlon of mlneral- .
based ferrilizers. Other industries 1nc1ude the productlon ofl
']Theree_'
is an education college and 'a branch school ‘of the Yerevan :
Polytechnical Institute, '

machinery, precision machinery, foods and flber/textlle.f




3y ‘spita‘k (called AMAMUR until 1984)
Spltak reorganaizéd as a municipality in 1960, is located
in' the:: b351n of the Pamback River, which belongs to the Kura
“River system. It has a population of about 20,000 (according
. to the same data as above, 13, 300 in 1975).
MaJor industries in the c1ty include the production of sugar/

butter/cheese, elevator, art1f1c1a1 leather, flour, and knitwear.
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1. 2 Geology and Ground- Condition

(1) Outllne
’ “'The damaged area is located 1n h1gh1and on the small Caucasus
rn“Mountalns ranglng between the Black Sea and Caspian Sea. It
;“115 at altltudes of l 500-1,700m and characterized by an inland-
‘xﬁftype cllmate The annual prec1p1tat10n is about 500mm, which
RN T I approxlmately one- thlrd that in Japan There was no rain
3dur1ng “the week prior " December 7, when the earthquake
'occurred, suggestlng that the ground was dry. '
Flg. 1,2,1 roughly 111ustrates the area around the epicenter
i ,of the earthquake The Pamback River runs eastward from the
o dwatershed located between Spltak and Leninakan. It flows through
“the " mlddle of Spltak turns to the north in Kirovakan, penetrates
Jthe plaln portlon of Azerbaljan,' and reaches the Casplan Sea.
"ﬁMany trlhutarles,'mostly from the south, flow into the Pamback
“Rlver. The streets of Spltak developed around the junction of
7 one’ of the tributaries. '
'._ - Klrovakan, located 20km to the east of Spltak developed
1"1n the east—West direction on a terrace along the Pamback River.
VVTA river comlng from Lake Sevan to the east of Kirovakan JOlnS
'ﬁthe Pamback River and turns to the north in the city. It is
.estlmated that the river currently is approxlmately 5m wide and
“1m deep w1th a flow rate of approx1mate1y 5m3 /sec.
| Lenlnakan is ‘an old city developed among forests on a plain
Jﬁ%ba51n surrounded by gently-sloplng mountains. There are two
{:,H:rlvers, runnlng on the east and west of the city ‘towards the
-:ﬂsouth ' The area contalns major water sources. In fact, three
Jh trlbutarles branch out in the city, though little water was seen
h'wfidurlng the survey probably because it was the dry season.
:' As stated prev1ously, the earthquake -stricken area is covered
_'uhw1th volcanlc dep051ts.. There are many small cliffs and the
E“""Whlghland 1s scattered all over with pumlce.

_ The c1ty of Spltak developed around the Junction of the
L“fPamback and a large trlbutary comlng from the south. The topo-
' ﬁgraphy around the c1ty 1s outllned 1n Flg. 1.2,2, and its rough




cross section cut in the north-south direction is . shown -in F&g.

1.2.3. As obvious from these figures, the major part of the

city can be divided into two partS‘
tain and plateaus on the terrace of rivers,

one. part con51sts of hills

at the foot of a moun
while the other contains lowlands extended over dry rlverbeds.
There is a steep cliff 15-20m high between the lowland part and
the plateau part on its south. The area on its riorth comprlses
gentle slopes, and there are no def1n1te boundarles.‘ A small

mountain with a relative height of 50-70m exlsts at the center

of the plateau on the south. o
A group of five- to six-storied apartment houses located

in Zone A in Fig. 1.2.2 suffered the greatest damage from the
latest earthquake, The zone is on & plateau contalnlng hills.
In Zone B in the same figure, three-to four—storled bu11d1ngs
and one-storied private houses were destroyed almost completely.
Zone C, a terrace plateau, contained many factorles varying in
size, which were also heavily destroyed. Damage was smaller
in Zone E, where one-storied private houses stood on hill slopes,.
and in Zone D on the southeast side of the tribotary. Data show
that Zone D is low in altitude and comprlses a 1ow terrace 3-
5m above the riverbed level. The smaller damage in Zones D and'.
E can be attributed to the fact that most of the houses were
stone—bu1lt ones which were low and new. Contrary to thls, old
weak, low houses accounted for a large part in Zone B

The low land on the riverbeds in Spltak comprlsed rallroad
banking and scattered farm houses, and there - were no newly
constructed apartment houses. Maoy of the ,one—storled farm
houses collapsed, and the railroad banking was destro}e&fatfsome :
points, bending rails heavily. It is inferred-froa'pastieraoples
of damage caused by earthquakes that the destructlon 1n these
- zones is attributable to the flu1drzatlon of the ground

The soil column pattern in Spitak is not knoun because horlug
data are not available. Judging from the topography, the plateaus_
contain gravel and clay formed from. weathered tuff and -the .
groundwater tabler is estlmated to be very low. It 15 not exactly-
known - whether the plateaus are river terraces formed through"-
the errosion of deposits in old rivers, or they are szmply-

terraces formed from hill sides with weathered soil remurlnlng -

—8—



,over them. - Observations seem to indicate that the greater part

:of them have been formed through the latter mechanism. Most

of the low land on the riverbeds has been formed from soil

, dgﬁq$iteq?aftg; being carried by the rivers. The soil contains

,,ﬁpqch}clay_anins_generally unlikely to be fluidized. The ground-

.. water table is estimated. to be low, possibly at about 1-2m from

.tﬁe;g:ound surface, It would be interesting to investigate the

Kdepth of the deposits layer in this region, though no data are

available. :
.On the west of Spltak there is a valley formed between

'step mountalns existing on the north and south of it. Further

to _the west, there is another gently sloping region. The

;ptgnsity_oﬁ_the earthquake has been reported to be IX to X in

- -this region, and the villages along the Pamback River suffered

_heavy .damage.

Klrovakan
Klrovakan, located 20km to the west of Spitak, is a long,

_.parrow. city extended along the Pamback River. There are many

) factories3 for machinery manufacturing, spinning, and chemicals

@)

rpfodﬁction. The major part of the city is located on a hillock

terrace 1-2km wide between two ranges of mountains extending

in the east-west directions. The peology there is basically

.the=sgmg‘as that in Spitak.

Leninakan

The city is about 4km wide in the east-west direction and

-about. 8km long in the north-south direction. As shown in Fig.

'w“i-2,4, three tributaries (one. on the west is not shown) run from

{the;cénter of the city to join the Aknurian River. Another river

1s:ffiowing southward on the east of the city. The tributary

'-naQ;unnlng through the middle of the city gets into an underground

';Tcondu1t and comes up .to. the ground in the south of the city,

= though”:llttle_ water was seen during the survey. We obtained

 ;past:Qesbpcross»sectiohal‘profiles of the ground at two points

'-ﬁinfthewndrth part of the area shown in Fig. 1.2.4. The cross

Viﬁfﬁéctidns-areﬁillustratédrin Fig. 1.2,5. Tuff occurs at depths

‘ubfglov20m'and_is;ove;lain.by layers of sand and clay that appear
lftb haye _béen brought by the river. Observations suggest that



the groundwater table in the low region is 'gsnet‘é111:3i' at 4m or
deeper from the surface, though its depth seems tslbe’;_‘smaller
at some points. ' ' o

It is reported that researchers in Leninakari"sin.cs: sroupd
the beginning of 1970 have been conducting "ground condition
studies and underground exploration based on borlng “data and
elastic wave measurements, respectively. ~ Fig.1.2, 6 gives a

geological map cited from a report issued by the Academy_ of

Science of the Armenian SSR. Fig. 1.2.7 shows the geological
profile of the K-K' cross section (east-west direction? ‘of'the
area in Fig. 1.2.6. The comparison of these figures 'iqdicates
that Point 15 in Fig. 1.2.6 corresponds to ‘a point at the foot
of the slope from a monument standing on the hill 1n 't'h'erwest.
~ Point 23 'corresponds to a spot at the_ foot of a slo'p'e'-"slz‘i.gh‘tzly
to the west of the Cherketz River while Point:17 to a spot on
the Kumairi River flowing southward through the undsrgrosnd
conduit penetrating the middle of the city. Topogrs]jhic'slij(';
the northern part of the city is about 5-10m 'higher than the
other part while the ground is low around the céntér'_"of the
southern region (mostly on the south of line K—K ) Thi's_ may
have resulted from the erosion by small rivers. 4 - |

It is inferred from Fig., 1.2.6 that tuff formed from
volcanic lava occurs in the northwest part’ of the c:l.ty._ The
tuff layer is overlain by surface soil of 2-3m thick. The north
part of the city contains sandy clay layers sandwmchlng thin
gravel layers, which are considered to be river deposits i Sandy '
and conglomeratic soil prevail in the south of the. city.
Probably, they were exposed after the removal of surface 3011
by erosion. The Cherketz and Kumairi River have a bottom at:
depth of 3-5m, and there are slipped cliffs at.  some. p01nts
Fig. 1.2.7 illustrates the strata contained in the K-K"cross-
section, suggesting that sandy and conglomerat:l.c 5011 prevall
in the south of the city. Observations of the water: 1evel in"

boreholes indicate that the underground - water table “is’ at 4m:-

or more below the surface as shown by the broken line” whlle the’ .

groundwater table is high only in the low reg:Lons along the

rivers, The depth of the groundwater table ‘is 111ustrated 1n‘:.";f'._:"

- detail in Fig. 1,2.6, also reveallng that the pos:.tlon of the“:'-'r-f-



gfoundwa;er. table is shallower by 4m in the regions along the
'riﬁers and in the northeast of the city. Groundwater does not
N exist in deep soil, but the thickness of the aquifer is in the
7 range of 7-9m in the regions from the center to the northeast
of the city and 2.5-5m in the low regions.
. Boreholes' 2 ‘and 23 shown in Fig. 1.2.7 are only about 35m
'énd 15m deep, respectively. It is reported that deeper boreholes
~ have been formed and that the lacustrine clay widely distributed
over fhis_ area reaches as deep as 250-300m maximum. This is
also seen from the fact that the base part in Fig. 1.2.7 is mostly
covered with this lacustrine clay. These observations may suggest
thﬁt there was a large lake in this area, containing Leninakan,
in ancient times, which Qas filled uﬁ over a long period of time
to. form lacustrlne clay and then overlaln by gravel deposits
brought by rlvers or tuff ‘brought by the activities of nearby
 ~v91canoes.' Thls may also be inferred to ‘some extent from current
_mépé,giwhich show that the Armenian area is still dotted with
"a}léfgé ﬁumbér of lakes different in‘size including Lake Sevan.
_" Tbble '1.2.1 lists data on the propagation veloc1ty of the
1ong1tud1nal and transverse wave in each soil layer determined

from elastic wave measurements made at the points in Fig. 1.2.6.

— U=



Table 1.2.1 Characteristics of Soil in Leninakan ¢

. . V

Type of Soil Measuring Point (m/gec)'
Firm tuff 9, 92 16001800 -
Weathered tuff 98 _530
lacustrine clay 142, 15, 16 144011760
Unsaturated ' '
lacustrine clay 14 680
Sandy clay 13 830
Unsaturated 14, 6, 7,

. sandy clay : 1013 3007500
Saturated sandy
clay 3 2150
Unsaturated a
sandy soil 5, 147, 15, 16 290560
Dry, firm sand 4, 8, 18 660n.700
Sandy gravel 11 150041520
Earth filling 2, 6, 142 270

% see Fig. 1.2.6.

~12—
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1,3 Secismicity
The latest Spitak earthquake occurred  in 'the"nb'rth'”of“ the

Armenian SSR, which is located i
Soviet Union. The area, sandw1ched between the Casp:n.an Sea and

the Black Sea, constitutes part of the Europe—Asmn earthquake .
belt. The plate-tectonic structure is comphcated 1n th:l.s ' area,

The Armenian SSR is located near the southern edge: of the Eurasmn
s in contact with the Turklsh ArabJ.an and Iran plates

n the Caucasm dlStI‘lCt in the

plate, which i

(see Fig. 1.3.1). The seismic activities on and near the contact

lines among these plates have been attr:tbuted to , the stress

developing along the contact lines between . the plates and the
resultant strain in the crust. o . ‘
The seismicity in this area is lower than that 1n the: c:chum-"-;
pan-Pacific earthquake belt, which contalns Japan.K W:Lt:hm th:.s '
area, the seismicity in Caucasia 1s sllghtly 1ower than that 1n
Turkey and Iran, which are located on the south of the Black Sea
and on the south of the Caspian .Sea, respectlvely. . However thls _'
is a mere comparison of relative selsmlca.ty, and Caucas;ta d:.d
experienced many damagmg earthquakes during the’ present century,
indicating that it is always facing the danger of an earthquakeﬂ'f”

that may cause large damage (see Fig. 1.3.1 and Table 1 3. 2). R

CONTINENTAL SHELVES
IN THE MIDDLE AND NEAR EAST AREA

Fig. 1.3.1

e
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Table 1.3.1 Recent Damaging Earthquake

: - . Intensity on
Intensity on
Year Month Day chﬁzer gcale No. Year ”°“Fh pé?- Richter Scale

11 1972 11 22 4.8

1926 X 22 5.6 _ .8
1930 VII 06 7.2 12 1975 I 12 5.0
1931 iV 27 6.5 13 1976 I 25 48
1932 I 15 5.6 14 1976 IV 030 5.5
1935V 11 6.0 15 1976 X1 @ 24 7.3
195 X 30 6.0 16 1978 I 15 48
1940 V07 6.5 17 1983 X 30 7.1
1962 I 11 7.3 18 1984 X 18 4.8
1963 VII 16 6.0 19 1986V - 13 5.6
1968 IV 29 5.3 R R

The ho.l.and No.4 earthquakes are the damaging dnes occurréd
in the Armenian SSR in the curremt century, but their inﬁénsities
are below 6. Those which occurred near its border are the‘No;3;
No.6, No.13 and No; 19 earthquakes, with a maximum intensity of -
6.5. Historically, Armenia experienced a xlarge-stale éarthquaké
with an estimated intensity of approximately 7 in the 1llth céntury.-

These data suggest that the latest earthquake is one 5t the
maximum intensity level which is expected to occur in this area every
several hundreds of years or every thousand yeafs. '

Nevertheless, the distribution of earthquakes with an intensity
of 8 or above that have occurred during the last eight years
incicates that there are no clear seismicity gaﬁs near theiépicenter :
of the latest earthquake,

Coastruction Administration/Organization and Disaster Prevention

Countermeasures

The team had several meetings with the staff.of the Acaﬂéﬁy'
of Science of the Armenian SSR and the Armenia Scientific Reééarth4
Institute of Civil Engineering and Architecturé;l most: 6f¥fwh6m:
specialized in seismic engineering. But the team could not hévé 'i;

contact with administrative agencies of construction.. It was

—22



e;imposeible;;therefore, to perform. a detailed, comprehensive study
on:; the . construction -administration, construction organizations,
and" .disaster prevention measures. Information on construction
wjadministration;qobtained- from the Research Institute of Civil
,_uEngiheering :and - Architecture and other organizations is outlined
| below, ‘
' The Armenla Scientific Research Institute of Civil Engineering
~and Archltecture,_whlch is an archetectural research organization
~belonging to. the. National Construction Commitee of the republic,
'Lwas_‘our- major counterpart for exchanging opinions. Though being
-a reSeafch;organization, the-institute seemed to be deeply involved
in eeteblishing design standard for buildings. Thus, necessary
data including standard design drawings for damaged buildings
were obtalned from thls institute, '
- The Natlonal Constructlon Commlttee is an administrative
_ agency belonglng to the Ministerial Council, which performs the
_:funct1on of the republlc 5 government, and Japanese may regard
1t as a mlnlstry of construction" at the republic level. 1In the
:Sov1et Unlon in recent years, there are moves towards strengthened
 autonomy of republlcs, but (according to Japanese Embassy at Moscow)
"the Kremlin still has strong powers and the committee is under
- strict guidance of the National Construction Committee of USSR.

Constructién standards including antl—earthquake standards

e bulldlngs have been established by the Soviet National Construc-—

tion Committee. We have heard, however, that each republic proposes
‘constructien: standards for buildings constructed of materials
‘~jpecﬁliar "to each area,. and the republic's Research Institute of
'_Civil"Engineering and Architecture is directly involved in the
planning of these stahdards. | |

e Accordlng to information we obtained, a responsible department
“of the Nat10na1 Constructlon Committee of the Armenian SSR carries

out’ 1nspect10n durlng the planning and costruction phases to ensure

difthat bulldlngs w111 'be’ completed to meet the construction standards.

'The commlttee is'a large organlzatlon covering all fields of :const-
: ructlon " and’ comprising -~ departments that correspond to the

constructlon admlnlstratlve agencies in Japan, and those which

e
L

are dlrectly in charge of constructlon works (corresponding to

constructlon companles)
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_ organization within the Academy of Sc

1.5
(1)

the Institute of Geology, a  research

During our latest survey,
ience ‘of the Armenian SSR,

of fered facilities to us. This institute was also:in- charge of

the U.S. team, which parti
, it seemed to have been decided that the 1nst1tute

cipated in the survey several” days behlnd

us. Apparently
be in charge of all foreign teams. _
Tt  appeared that the Institute of . Geology ‘was" ‘playing the

role of a contact point between the central government- and Armenian .

agencies in handling matters related to the earthquake, as infered

from the fact that the first meeting in which the .vice pre31dent

of Science of USSR took part was held in this 1qst1tute.

Aseismic Design Method

Buildings
Design seismic intensity for buildings damaged by the latest

earthquake is discussed below in connection with - the references

* given below concerning seismic design codes of the Sov1et Union.

Most of the damaged buildings were found to have been de51gned
according to the 1977 code, which are not largely dlfferent from
the 1969 code. Thus, the 1969 code are discussed below ‘based on
references a, b and c. . ' ' SR e
a) Toshihike Hisada, Kyoji Nakagawa and Hikaru Saito,,::::=
"Earthquake Engineering and Aseismic Design. Code"._.Kenchiku
Zasshi 1961-6. o
The first codes (1957 ed.) that were-formulated_inftheﬂsame
form as the current aseismic design code (1981 ed.) areoutlined.
b) Construction in Earthquake Regions De51gn Code’ Lol
SNSP II-A, 12-69 ’ B

Translated from the Russian by the Bulldlng Research Statlon
Garston. ‘Watford, England ' ' )

Engllsh translation of the 1969 code IAEE World last 197

c) CTRONTEJIblbE HORMbl N HPABNHA
CHNJI, =7 ~8l1 MockBa 1982

. .The current code (1981 Rev. )' Ru551an orlglnal-k
from the Armenia Scientific Research Instltutep;o
Englneerlng and Archltecture. R
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1) _HisEOry'dfiﬁseiSmié Design Code in Soviet Union

Tt was in 1940 . that ‘the first nationwide aseismic design

-',code was establlshed in the Sov1et Union, and the first aseismic
1w'des1gn_code formulated in the same form as the current one was

- +1gsued iﬁi1957f(accofdihg to Reference a). Later, the code was
wﬂrévised in91969 -1977 and 1981, but no significant modifications
A\have been- made since 1957. ' (According to information from Armenia
—.SClentlflC Research Instltute of Civil Engineering and Architec-

'ture)

2)J_thline{ofLAseismic'Design
i) General
The design earthquake force, Sik, base shear of the i'th

 other mode is expressed by Equation 1.

. Sik=Qk-Ke: Bie nik | ()

vhere Qk 1is the weight of the Kth story. The following

parameters are used as load coefficients.

" Fixed load -0.9
Permanent . -0.8 .
~ Temporary floor load and
. snow. load : : -0.5
-f:1kc' H design'béée shear coefficent as given in Table 1.5.1
VBix : i'th order acceleration response ratio.

: Loonik: i'th order mode coefficient as expressed by Equation 3.

ii) Design base shear coefficient Kc is set up as in Table 1.5.1 based

.. on the design intensity.

Tabie 1.5.1 Design Ground Motion

:_“;fDe51gn base shear 7 . 8 .9
“’?coeff1c1ent '
U Ke 0.025  0.05 0.1




iii)

iv)

. is shown in Fig. 1.5.1),

The design base . shear coefficient is. establzshed by - the !

(1) find an intensity, 6, 7, 8 or 9* for’

following procedurer
ow: ground :water:.-level .

the standard ground (sands and clays and .1
-6m or below) given in  the regional maps, ' which have beenf:'

developed for all parts of the Soviet Union' (the map ‘for ‘Armenia -
(2) then revise the values taking. into
account the hardness or softness of - the ground (Table: 1. 5. 2),.
and (3) further correct them taking into account the use of " each
building (Table 1.5.3a). (* nearly the same as the MSK 1nten31ty)

Acceleration Response Ratio 81
g1 is calculated by Equation 2.

0.8 minimum and 3.0 maximum.

Its value should be between

Bi =1/Ti (2)

where Ti is the i'th order natural period of the building.

Mode Coefficient g ik

In general, this coefficient is calculated'bY Equétiqh.3}‘

) A |
pik=Xih) T Qi+ XiGD /% Qj- Xitxi) - (3)
i= i=1

where Xi(xk), Xi(xj) are the displacement in case of free vibra-.
tion at Point k (k-th story) and Point | (]-th story), respec~

tively.

Other Rules Related with 8j and ni
Detailed rules for i and ni are as follows. .

a. The value of 8i should be increased by SO percent forftoweré

like structures including towers, masts and chimneys.

b. The earthquake force should be multlplled by the- folloW1ng
factor for bulldlng which have more than five stories.

. General buildings o
1 + 0.1(n-5), but should not be more than 1 4,

. Large panel buildings and solid RC wall bulldlngs |

140.06(n-5), but should not be more than 1. 3

where n represents the number of stories.
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~.c..Deeign. earthquake force is multiplied by 0.8 for factory
. buildings of one story frame construction with beam height

. ' ~of no more than 8m and span of no more than 18m.
“d. ﬁl may be assumed to be 3.0 and 7i may be calculated by
Equation 4 for buildings having no more than five stories.

nlk sz QJ-xj/E Ql'n (4)

__where_ Xk and %j represent the ‘height of Point k and Point j,
_ respectively, from the foundation.
el The Bnk values g:l.ven in Table 1.5.4 may be used for earth-
' quake—-resistant wall 'buildings having no ‘more than five
_ stories. _ h '
b) Design Stress .
' Where -the first order natural period is 0.5 sec or
'longer, the first to third order modes shonld be taken into
“account in calculating the design earthquake force. The mode
s_uperpositio_n is performed by Equation 5.
“Nr =Nmax + 0.5 ?anz-- (5)

i-:here,Nr = stress,
| ‘Nmax = stress of an order with largest effect,
Nj = stress of other order excluding Nmax.
Only the first mode 'may be ‘taken into account where the first
_order natural period is shorter than 0.5 sec.
o e Design of Members
HEAEET phe design of members has been done based on the ultimate

_;‘strength theory according to information from the Armenia
g 'Scimtifix: Research Institute of GClvil Engineering and Archi-
""'_"-,'\'tecture “and “there seem to be other design standards that

f.._:i’_'specify more details

“_3) Rough Calculation of Design Shear Coefficient Used for Damaged
X E Building
N ) Galculation is made below of the design shear coefficient
f"_""'.'(base"shear coefficient Cs) at the first story of five-storied,
":"_'.'_";":_stone-built apartment: ‘houses in Spitak, Leninakan and Kirovakan.
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The following equation is used.
Cp =K¢ XBX — 2 7k x(correction factor)
n

The effects of higher orders modes are ignored since they do not

affect the value of Cg significantly |

a) Design Intensity (for residence)
Spitak 7
Leninakan 8
l(irovakan 7

b) Design Ground Motion Factor Kc _
Spitak and Kirovakan Kc = 0. 025
Leninakan Kc 0.05

c) Five-Storied Masonry Apartment House

1) Leninakan
The average gnk is 2.46 if it can be assumed that all

layers have the same weight and that Bnk :I.s as given in Table
1.5.5. .

Cpz = 0.05x2.46 = 0.123
Then, Ca & 0.1l assuming that the load factor is approxi—

]

mately 0.9,
ii) Spitak and Kirovakan
Cs = 0.05x2.46 = 0,06 _
d) Nine-Storied, PC-Frame Apartment House
i) Leninakan o
s T = 0.6'\.0.85 sec (according to information from the' Arme-
nia Scientific Research Institute of
Civil Engineering and Architecture) '
"8 = ﬁ"‘ﬁ% = 1.741.2 |
(normally 1.7, 2, according to informa—'
tion from the same instit:ute) -
* Znk/n = 0.8610.9 where all layers has the same rigidity.
« Correction factor for high building
140.1(n~5) = 1+0.1x4 = 1.4 ‘
< Cp = 0.05x(1.201.7)x(0.86n0. 9)><1 4 =0, 070, 107
Cp = 0.0600.10  {if the load factor .can be assumed to be
approximately 0. 9 ) ' s
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l;;; ii). Kirovakan _
Ca = (0.07.0. 107)/2 = 0.04~,0.05
. Cp= 0,03»0.05 - (if the load factor can be assumed to be
S L - approximately 0.9.)
: e) Nlne-Storled PC—Panel Apartment House
i) Leninakan_l_ ‘ ‘ _

"{ ‘Ti=0.35.0.4sec  (according to information from the Arme-
nia Scientific Research Institute of
: L Civil Engineering and Architecture)

i Bi= 2.502.85
« Snk/n0.86,0.9
Gorrection factor for high building
,;4; 140.06(n-5) = 140.06x4 = 1.24 _
ot Ceo= 0.05%(2.22.85)%(0.86v0.9)x1,24 = 0.133%0.16
. . Cp.=.0.1240.14 (if the load factor can be assumed to be ap-
RPN .- e - proximately 0.9.)
£) Table 1 5. 4 1ists values of the base shear coefficient for de-
' sign for different cities (rough calculations).

"Table 1.5.4 Rough Calculation of Design Base Shear
. Coefficient for Different Cities

Spitak  Leninakan Kirovakan

Five-storied stone  0.06 0.1l 0.06
“building
Nine-storied PC-frame - 0.06-0.1 0.03-0.05
building
:.f“éﬁiﬁé#sfariéd PC—pénei - O.12-0.14 -
-building

4) Aseismic Design Code of 1981

ST Details are unknown because only the Russian original is
‘f wﬂhm& Information obtained from the Armenia Scientific Re-
' ' r;search Institute of Civil Engineering and Architecture is outlined
'“':j'below.-'




a) Design Earthquake Force
Sik=K,*+ Kz Qv+ A A BitK¢ - nik
K permissible damage coefficient (Table 4.5.5)
This is a newly adopted coefficient and has ‘the' following

any

values.
1.0 for important building

0.25 for general building
0.12 for warehouse,  etc.

K.: improved form of an existing correction'factor'related with

the height

K: = 1+0.1(n-5) for frame structure
K. = 0.9+40.075(n-5) for panel structure

K:=1.3 for panel structUre

A: design earthquake motion
This corresponds to the conventional Kc parameter. It

is four times as large the latter and has the values of 0.1,

0.2 and 0.4 for the intensities of 7,_8 ‘and "9, respectively
After being multiplied by K2, however, it gives 0.025,
0.05 and 0.1 for general houses, which are equal te the va1~
wes of the conventional parameters. ' S
Bi: one of three values is selected according to the type of

soil profile

gi = %1 < 3.0 for Type I soil profile (3"
o 1.1 '
Bi = l—T~—§2.7 for Type I soil profile - .. .. (4')
- _

. 1.5
Bi = Téz for Type )I soil profile (5")

1
: conventional multiplier for tower-like strueture in‘ tﬁe

-
S

range of 1.0-1.5.
7+ 3 conventional factor
b) Design Stress
Effects of highworder modes are calculated by Equation 8
No = TN} A ,
c) Others |
The zoning map is slightly modified'(?ig;A;SJj);i=*4 o
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Table 1.5.2 Correction of Design Intensity in Terms
-of Ground Condition and Groundwater Table

Type e A Standard

of . " 8oil Condition Intensity
Ground N S PRI ‘ Tt
1.~ Near-rock soil base, cracked igneous rock,

'3ﬁmetamorphic rock, Sedimentary rock — granite,
_Gneiss, limestqne sandstone, conglomerate

6 7 8
8lightly near-rock soil base —- mudstone,
oxidized clay, clayey sandstone, tuff,
; shell rock, gypsum
‘Dense ground, very large grain size, groundwater
.~ table 15m or deeper
. Clay, loam sand, clayey sand
Groundwater table 8m or deeper
T : - 7 8 9
'  Large*par;icle size / Groundwater table 6-10m.
Clay, loam, sand, clayey sand -
- Groundwater table shallower than 4m
: 8 9 9

oI - -

- Large .particle size
'-Groundwater table 3m or shallower

Note. The value of design intensity for important buildings should be
set up after obtaining approval of the National Construction Com-
mittee of the Soviet Ministerial Council.




Table 1.5.3a Correction of Design Intensity -. _
for Building and Other Structure feniiio

Selismic Intensity for

Building and Structure ‘ ConstrgctionéSitgié
(1) Building and structure for residence, public 7 8 B 9

(2)

(3)

(4)

use or manufacturing, excluding those under
2, 3 or 4 below. : . o

Important building and structure used by Soviet 8 9 9

or Republic agencies*. _
One-storied factory, small workshop, etc. 7 Y O 8
with 50 or less workers and without expensive

equipment , including agricultural buildings

for long-term use by farmers. -

Building and structure whose destruction does ' ._Effeéﬁiofrearthw .
not cause loss of human lives or damage to quake is not
expensive equipment (excluding building and - - taken into’
structure which should be protected from ~ account.

damage by aftershock). Including agricultural
building and temporary building which are not
used for living. : e

*k

Buildings and structures in this category ate'designétedtafter'obf
taining approval from the Soviet or Republic.ConstruCtion Committee.

For structure design of buildings on this category, the load cor-
responding to the design intensity of 9 is further multiplied by 1.5..

4
BER
| I il
3 i il
21 \\\/ I Type II soil ' :
\\\\ /,m Type III soil
2 _\:\\\ i t
RNEERN
1 S —~ )

Fig. 1.5.2




Tabie 1.5.3b Correction of Design Intensity for Road of Different
Importance and Structure of Different Size

Standard Intensity

Type
6 7 8 9

(1) Large-size bridge on national-level Class I 7 8 9 -
- -or II' road or railroad, urban expressway,
~_.or. important road in city.

(2) Large-size bridge on national-level Class III 6 7 8 9
;:o;.IV‘:oad or'railtoéd; or in city.
Medium-size bridge on national-level Class I
;_o;_I;.roadvo:'railroad;”urban expressway, Or
important road in city.- '

(3) Medium-size bridge on national-level Class ITI 6 6 7 7
br-IV'rqéd or railroad, important road in city, '
or_spur';o factory. .

~;Sﬁéllfsize_brid§e,'culvert, retaining wall,
wooden bridge on road of all classes. '

 Table 1.5.4 Value of prk

Lo T Number of Stories of Building
Story . o

1 9 3 4 5
Ist story 3 1.8 1.3 1 0.8
2nd story - 3.6 2.6 2 1.6
'3rd story - - 3.9 3 2.3
atnstory - - - ‘ -
" 5th'story - - - - 4.1




" Table 1.5.5 Value of Ki "~

—— T1ding and Structure Value of .~
Permissible Damage to Bu & . . Coefficient K.

(1) Structure which should be free from residual de—  :1.“

formation or local damage (depression, crack, etc. )*
(2) Building and structure which are permitted to_sufferi L0025,
‘residual deformation, crack, or individual member's
destruction that will not affect the safety of human .
life or preservation of the facility though it may . - ..
not function normally. (Building and structure for
residence, public use, manufacturing,'agriculture."
Structure for irrigation and transportation..
Energy and water supply system, gafage,for fire
engine, fire fighting system, certain structure fqr_‘ C

communication, etc.)

(3) Building and structure which are permitted.tqssuffer ﬂ,L;'Oéigl
large residual deformation, crack, or individual PR |
member 's destruction that may hinder the use of. the :
facility temporarily, unless it affects the safety
of human life. (One-storied building for manufac—.
turing or agriculture free from expensive equipment)"

* List of structures of the first category should be
approved by GOSSTROI USSR.




Table l 5.6 Value of Kz

- Structural Type of Building Value of
S Coefficient K,

iif(l) Fiame st cture 1arge~block.bui1ding having Kz = 1+0.1(n-5)
' {com site wall The number of stories (n) is :

. :'Ffive or. more.,__i ol
(2);Building having large’ panel type walls or 0.9
xﬁmonolithic reinforcedfconcrete walls. ‘The
_t-ﬁlnumbe"jor stories is less ‘than five
(3)g4d“. s but the number of stories is Kz = 0.940.075(n-5)

(4):Buildin whose 1ower portion (one or more B ' 1.5
. stories) is of frame structure and upper B
portionw‘asfload bearing walls or has a frame -
‘;W_\comprising'diaphragm or filler < In the upper
:;?f'portion, Fi116
;;ff little effeet on the rigidity. )
'1(5f Building with load bearing walls comprising stone 1.3
‘ -,blocks or ‘bricks that are laid manually without
Jlusing filler to increase the binding ‘capability.
j(G)'One—storied frame building with a height of the 0.8

beam from the. bottom of the truss of less than Bm

s not used or, if in use, has

. t7 and a span of 18m or less. .
,_(7)'Agricultural building supported by pile-type 0.5

';;.'_columns -and ‘constructed on Type III soil (Table 7).
- {8) Building and . structure not belonging to any of the 1

above categories.' o
-Note The value of ¢ and" Kz should not exceed 1.5.

i

) rThe.value of}K _may be set up based on test results after consulting
u'GOSSTROI
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'(2) Civil Engineering Structure
' 1) General -
2 'The 1969 aseismic design standards (SN&P I1I-A. 12-69) specify
'requirements for techniques and methods for aseismic design not
"only for buildings but also for traffic facilities (on road and
railroad) including bridge, culvert under banking, retaining wall,
and tunnel. The standards cover aseismic design methods for
- buildings” to be -constructed in selsmic zones where the design
-+ intensity is 7, 8 or 9. ‘It is required that basically the follow-
'ingfthree approaches be used to increase the seismic capability.
'1){A'Site-with'the lowest earthquake risk should be selected for
--‘the construction.
fH*é)iseismicidesign7techniques should be used.
-3) Construction works should be carried out in an appropriate

vay.

©.2) Design Earthquake Force
a) Design Intensity
" In setting up a design intensity, the standard intensity
(see F1g 1. 5.1) should be corrected to meet the ground
N 'conditions given in Table 1.5.2, as in the case of ordinary
iﬂr buildings, and the use of the related road or railroad as shown
in Table 1.5.3b should be taken into account.
. b) Design Earthquake Force
| _' The design earthquake force is calculated by the equation
_ given below..
‘_;ﬂ' ' lk—Qk Kc-Bl nik (1)
. 'ﬂ: where, ;;“‘ '
ST design earthquake force at Point k in i'th degree mode,
Qk.—-weight at Point k. Calculated from live load and dead
;load excluding hydrOStatic pressure,
¥ design ground vibration intensity given in Table 2,

i'th order acceleration response ratio expressed by the

( following equation.
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c)

d)

0.3$81 = 1/T1£3.0 - (2)

where, Ti is the igen period of _
rder expressed by the follow—

the i'th order,.:

7ik = mode coefficient of i'th o

ing equation, _ _ _
n,k—-xl(Xk)jle:-xjcxi)/ 21 Qj x:(:u) (3)

Calculation of Design Forces
Where the fundamental natural period is shorter than 0.5

sec, the aseismic design calculation may be carried out: for the
earthquake force expressed by Equation 1 while taking only the
first order mode into account. VWhere the fundamental -natural
period is longer than 0.5 sec, the design forces (axial tension,_
shear force, bending moment) should be calculated by using the

following equation to take into account the modes -up to the

third order.
. 2 n z ' : _
Nr = Nmax +0.5 _21 Ni : R - (8)
j= . S
where Nr cross sectional force, _
Nmax = cross sectional force due to the mode hav1ng

largest effects on the relevant cross section,

" Ni

with Nmax due to all modes excludlng Nmax mode,

Design of Members

Strength and stability (shape and loc'ation) lsh'oul'd _:'be well

considered in performing the design of cross sections.

the

cross sectional force 1mposed on the cross section

It appears that the calculation of st:rength .has been'

performed based on the first limit state load bearing capacity, :

though details are unknown, A service factor (Mkr), which takes

the following values, is used in this calculation. - |
1.4 for steel and wood member ' | '

Mr = { 1.2 for plain-concrete, RC PC or stone structure -

1.0 steel member, RC strut or welded portion in

‘stone structure which suffers from' shearing or'_' .

compression



3) Tr;al Calculation of Design Earthquake Force Used for Civil
Engineering Stfucture in Damaged Area
. Rough_éalculation of the design intensity for civil engineer-
ing structures in the disaster-stricken area is shown below.
a)'SEandard Earthquake Intensity
7 for Spitak and Kiroﬁakan
‘8 for Leninakan .
b) Correction of Standard Earthquake Intensity for Soil Condition
The soil is considered to be of Type I or II, though its
type has not Heen identified accurately.
" If it is of Type I, o
6 for Spitak and Kirovakan,
' 7'for Leninakan.
If it is’of Type II,
-7 for Spitak and Kirovakan,
_ Bprr Leninakan.
'_"c)' -Cor‘z"eg:'tion qf Standard Ear'thquake Intensity for Type of Road and
| Size of Structure
~_ Necessary data are not available, but if Type II is assumed,
7 for Spitak and Kirovakan,
_.8 for Leninakan,
d) Design Intensity
Reliable information is not available as to what methods
haVe been used to superpose the effects under b) and d) for the
correction of standard intensity. If they are taken into ac-
count independently, the design intensity will be as follows.
If the soil is of Type I,
6 for Spitak and Kirovakan,
7 for Leninakan.
_ If_the soll is of Type II,
R Spitak and Kirovakan,
. 'Sffbr-Léninakan;
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- @) Design soil vibration intensity Kc
Table 1.5.7

" Type I Soil Type 1I Soil”

Spitak and - 0.025 -
Kirovakan
Leninakan 0.025 0.05

£) niyx * 1.0 for a bridge with an upper structure of a very large
weight. i

g) The natural period can be assumed
tained only small bridges..

to be in the- range'of‘O.BﬂO;S
because the damaged area con

Bi = 0_1_. (<:3)'\.--6L5- = 3v2

h) Thus, the calculation of design horizontal. 1nten51ty gives the

5

following values (natural period 0.3-0.5 sec).

Table 1.5.8

Type I Soil  Type II Soil

Spitak and - 0.05-0.075

Kirovakan
leninakan  ©0.05-0.075 0.1-0.15

4) 1957 Aseismic Code
Hisada et al. have reported that the earthquake force for

road and railroad structures was defined as follows, in the 1957
Anti-Farthquake Code (CH-8-57). Co

S=QKc a ' - (6)
where, ‘ o

Q= dead load,
Kc= design soil vibration intensity Kc (given in Table 1 5 7) R
L.

— 40~



'igﬁilu:é' ooeffioient' that takes into account the dynamic charac-
v teristics of structure.
'*;{f a)xEorjhigh‘well, tower and .bridge pier with a shear span
'-g ratioqofm5'or_more,r @=2 at the top of the structure,
L qié Lfat'the,top of .the foundation, and linear interpola-
" tion is performed for points in between.

;-b) a= 5 for anchor bolt and joint between main girder and
- - ... -supporting point.
L;_i;ﬁf“gfc) a = 1 for other structures.

l;s) 1981 Aseisnic Code |
* It has ‘been’ reported that the 1981 Aseismic Code required the
,_kﬁ;oelquiation of the earthquake force as shown under Section 1.5.1
§5A(4)g'as:initne?c53e of buildings.

'r6) Aseismic Design of Bridge
For aseismic design of bridges, a total of 28 sections
(Sections 4. 17 4.34 for upper structure and Sections 4,35-4.44 for
.1owernstructure) .are. dedicated to structural and other detailed
requirements for structures. Major ones are outlined below.

| a) Bridge Members Except Basement Structure
1) The gradient of a slope of the banking underlying an abutment
‘:;in#a-seismiczzone should be one rank higher than that for non-

'im;seismic;zones, as shown in Table 1.5.9.

N O Table 1.5.9 .
e lURI AT L i Slope of
. ﬁreadlii_a . Gradient of Slope 1:1.25
.-:,.._ ] BREEEE - S - l - _ N l
o4 ;;Non-seismic 1:1.25  1:1.5 1:1.75
’f'zone ' S
1.25

e J.f,_‘

'“Seismic zome  1:L.5 1:1.75 1:2

Gl ﬁg)*The“ﬁse“of a frame structure is recommended where reinforced
R Wi;concrete 1s adopted,
”"i}:3) A girder .bridge -should be preferably used as continuous

"girders or comprise a completely independent upper structure.
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4)

A antilever structure having a hinge should not be ‘used in-

an area with a standard earthquake intensity of 9.
The girders of a girder bridge should not jump off at the
The supports should be firmly fixed using special

supports.
to prevent shear fracture of at the top Qf_the

anchors, etc.,

pler.

b) Basement Structure

1)

2)

3)

8)

5)

Bedrock is desirable as the stratum for supporting the
foundation. The use of a direct foundation is more desirable
than a pile foundation. The bottom face of the foundation‘-
should be flat. In general, the bench-cut foundation should
not be used except where base rock is available.

The abutment should have a simple shape. A stone abutment:
should not be used in areas with a standard" earthquake
intensity of 9. If possible, its use should also be avoided
in areas with a standard intensity of 7 or 8. Co

A single-pillar type concrete or masonry pler should not be-
adopted in areas with a standard earthquake intensit_:y of 9.
If possible, its use should also be avoided in areas with a
standard intensity of 7 or 8. VWhere frame-typ’é“' piefs are
used, they should be installed on the same footing except
where base rock is available, o

At the joints of a pier with the footing or the upper
structure, the main reinforcement should be fu113"r'éxtended and
a particularly high strength should be ensured in sections
whose width is equal to the effective width of the bridge. ._ In
areas with a standard earthquake intensity of 9, .a br.:it-i'ge
should not have abrupt changes in cross section, and joint -
faces should be strengthened by using gently curved faces or
diagonal reinforcement, N .
Where a large cross section is required, concrete piefsimay .i:e -
built by binding large-block type precast members | However,
the joint portions should be connected properly to e'nsure* that
they are fully resistant to tensile and shear forces to allow |
the piers to behave in harmony.



‘5,7) Requirements for Aselsmic Design of Culvert under Banking
1) A culvert should preferably have an arched shape, A culvert
_made of unreinforced concrete should have a box shape and a 1id
;gﬂ;of PC structure should be provided
2) When bu11t along hill in ‘an area with a -standard earthquake
intensity of 8 or 8, a culvert for railroad should be of RC
ieonetruttion‘and a culvert for road may be of RC construction,
unreihfereedfcorcrete,'er masonry.
3) Whereee eulvertlisﬂdivided in its long direction, all portions
:.ehou;dfbe_installed'on ground in the same geological condition.

8) Requirehentsffer;AseismicrDesign of Retaining Wall
.,:eA;retaining;well=should be of RC construction, unreinforced
'conclrethe;‘_er‘hertarnmixing masonry. Sun-dried bricks may be used
- for very small ones. - Retaining walls which are not of RC construc~
| tion should meet the height requlrements given in Table 1 5.10.

" Table 1.5.10

Standard- Eerthquake Intensity

- “Material '

B 8 g
‘Unréinforced 12m 10m
-.concrete - : :

i Hotar—-mixing : 12m 8m (railway)
7 masc‘mryr o ' . 10m (road)
| j'SLin'—dr:Led ‘brick 3m

9) Reqtiirements‘ for Aseismic Design of Tunnel

-----

: 1) A tunnel with a its depth of up to 50m that exists in an area

’ ) standard earthquake intensity of 9 should be provided

section's" with the depth of 15m or less near a mouth should also
~be rovided with an RC lining Precast members may be employed,
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but should be connected adequately by means ofﬂcastein—place

concrete.
3) Water should be removed adequately from the natural ground

around the mouths to prevent the tunnel from- belng blocked due

to collapse of the ground near the mouths.

1.6 Construction Method .
(1) Construction Method Used in Armenia and Structural Feature

1)

2)

Construction Method - _ L
The major feature concerning the construction methods used in

Armenia is that stone and precast reinforced concrete are employed
very frequently for various types of buildings while there are few
buildings made of cast-in-place concrete, wood or steel frame.
' Stone buildings account for by far the greatest part of , the
apartment houses having five or less stories. Most of the other .
low buildings including temples, government buildings and - private
houses are also built of stone. The former are strengthened by :
using reinforced concrete (hereafter referred to as strengthened_
stone and RMS building), while the latter are mostly unreinforced.'
. The precast reinforced concrete buildings are roughly divided
into two groups: rigid-frame type (hereafter referred_to as RPC-
building) and wall type (WPC). The REC buildings aecount:for'ty
far the greatest portion of the total. The RPC technique is used
also for constructing one- or two-storied factories. *Some,boilo~,
ings are constructed of special precast concrete -or loje:the

combination of precast concrete and cast-in-place RC. .

Structural Feature '
Major structural features, other than technicalyfeatnree;;of"
damaged buildings in Armenia are outlined below. o
a) Very Frequent Use of Stone Material ' .
Armenia is very rich in tuff, which is widely used not only,
as structural material for stone buildings but also as exterior
finishing material or concrete aggregate for RPC and WPC build-'
ings.
| The stone is porous and its color is mostly purple andcl
" ranges from blackish to yellowish Its compressive strength isl
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_' Sy in the relatively low range of about 25- 400kg/cm » which is com-
' 'parable to ‘that of Oya-ishi in Japan.

Photograph '1.6. 1 shows apartment houses along the main

street in’ capital Yerevan. The high building is made of RPC
with tuff exterior while the lower ones are RMS buildings using

B ‘as structural material Thus, the color of tuff consti-

-'tutes the basic tone in all cities and towns in Armenia.

T Photograph l 6.2 shows tuff embedded as exterior finishing

"material in precast ‘wall panels The tuff in Photograph 1.6.3

""""Ais deed ‘as aggregate for concrete. 1In Photograph 1.6.3, the

wentire concrete has a purplish color and aggregate 1is heavily

):cracked indicating that the aggregate does not have a suffi-

o :cient strength

‘ These observations suggest that the use of a large amount

' of weak stone material for- main structural members has worked to

Y heredke the Weight of the buildings and bolster up their
" undesirable behavior.

by

Wide Use of Precast (Void) Slab as Flooring Material
Precast void slabs are used as flooring system in almost

) ':all apartment houses which account for by far the greatest part

of the buildings that suffered heavy damage by the 1latest

earthquake, as seen from Fig. 1.6.1 and Photograph 1.6.4. This

| {"“'material seems to be used not only in RPC buildings as shown in
"“‘TPhotograph 1 6 4 but also in most of the RMS-built apartment

houses. ‘These void slabs are unidirectional simple support
z*;plates about 25cm thick. Reinforc:mg bars for increasing the
bending strength are used ‘in many cases and as a result, the

- :typical span is relatively long, about 6m.

“For" factory roofing, ribbed unidirectional precast slabs

b :-'\:":?‘:are used as seen Fig. 1.6.1 and Photograph 1.6.5.

Thus,' these buildings have a relatively long span and

- co :'rise ‘floor” panels insufficient in earthquake resistance due
"'{t:o in'"dequate bonding with beams or walls, leading to a de-

ed;integrity of these buildings The wall-to-wall and the

pillar-—to-pillar dist:ance is long in RMS and RPC buildings,
-:__respectively." Furthermore, ‘the weight of the floor is supported
.‘_f‘_only ‘on’ the_frame provided along either the long edge or short



c)

d)

edge of the floor. All these may have been a_cause‘ofuthe heavy

damage of these buildings.
Structure of Gable Roof of Reinforced Stone Building
Most of the buildings having about three’ stories and part of

the five-storied omnes in the old sections of the cities have

gable-like roofs which comprise a wooden roof truss _provided
directly on the roof plate or gable wall

of the standard building forms in the areas._
portion of the bargeboard of the gable is not

As a result, many of these buildings suf-

This represents one’

In most cases,

however, the top

reinforced at all.
fered the destruction of the gable wall. Compared to_this. the

portion containing the gable wall 1is stronger. than other
portions in many of the buildings that have a gable wall
strengthened by reinforced concrete up to the top. :

These findings suggest that the heavy damage to- stone
buildings may be partly attributed to the insufficient detailed
standard requirements for the strengthening of the top portion
of masonry walls. '
Foundation for Direct Support

Methods of installing the foundation widely used in Armenia

are illustrated in Fig.1.6.2.

The foundation method was observed for only a few of the
damaged buildings. According to the Research Institute of Civil
Engineering and Architecture, a large part of the buildings have
cast—-in-place continuous foundation, and piles are not_used even
in any nine-storied building.  According to the _institute,
however, standard penetration test has.not been perforned in any
case though boring exploration has generally been carried out.

During the field survey, a few buildings were. found to have'
foundation that seemed to be made of precast concrete, as shown
in Fig.1l1.6.2,

Specific cracks associated with such causes as differential
settlement were not observed because most buildings had exterior
walls decorated with stone material, etc. A.douht remains as ‘to
whether there were heavy buildings such as nine-storied ones in
Whlch foundation did not have sufficient supporting capability,
depending on the quality of ground.



- {2) Reinfor;edJMasonry Buildings (five-storied ones in particular)
“,15This;type of]buildith‘consist of structural walls of masonry
- strengthened with reinforced concrete, precast concrete (PC) floors
and roof plates. Many of. them were found to have wooden trusses (PC
© trusses in some cases) provided directly on masonry walls.
'Masonry structural walle can be divided into two groups depend-

_.ing onthe shape of stone used as shown in Fig.1.6.3 and Photograph

..1.6.6, respectively, or they can be divided into three groups depend-

. ing-on the tensile strength of the mortar used for joint or filling

(0.6-1.2kg/cm?, 1.2-1.8kg/cm?, and 1.8kg/cm® or higher).

. In: addition, .the -aseismic design code (SN&P II-A 12-69, 1969
ed,).containszrequireménts for the size, shape, material and rein-
forcement -of  the walls of reinforced masonry buildings. Major
réquirements are outlined below. (Figures in brackets show the

. mumber .of each provision.) _

.:41.. . The same wall material should be used in the same residential
zone (each story is of a different material in the building in
Photograph 1.6.6). It is recommended that windows and piers have
the same width. [3-29].

-id. The design of a masonry building to be built in an area with
an intensity of 7, 8 or 9, should takes into account the effect of

_ ,‘vert;cal force of .15 percent (érea with intensity of 7 or 8) or 30
.percent (éreazwith.intensity of 9) in addition to the effect of

«. - horizontal force.. [3-30]

iii, ... " Masonry buildings are divided into three classes depending on
~the tensile strength of the mortar used for joint or filling, and
-areas where bulldings of each class can be built are designated.

o [3-31] '

iv. .. The height of each story of the buildings in an area with an

' :;~intensity_¢£,7, 8 or 9 should not be more than 6m, 5m and 4m,

,Vrespéctively. The ratio of the height of a story to the thickness

"‘.,oflthexwall-should not exceed 12. [3-36]

ﬁ,:gﬁﬁ,Theiwalleto-wall distance should not be more than the values
. specified for each construction site and wall class (for instance,

~ g thé;diétaﬁce_should-not be more than 12m for a Class-l building in

-5531; anLgréé witﬁ;an intensity of 9). [3-37]
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vi. Calculation procedures are shoqh for the dimensions- o_f. wall

The required minimum width of piers - (l.l6m fqr-

members, etc.
h an intensity of:'9), ‘upper

a Class-1 building in an area wit
ilimits to the width of openings (2.5m) and 1
ratio -of -the width of piers to that of‘openingS'shpuld&not'be

less than the specified values. [3-38]

ower ‘limits to " the

vii. Aseismic beams of cast-in-place RC should be provided at’ the
top to floor levels of all walls. The beams at the highest: story -
should be directly connected to the wall using reinforcing- bars.
[3-39] e e

viii.  The beams should be as thick as or thicker than the wall ‘and
15cm or more in height. The concrete used should - be '1501<g;/cn_12 or
more 1n strength and the reinforcing bars should be 4-_-10nnn:or‘more
in diameter (4-12mm in area with intensity of 9).- [3-401 B o

ix. The joints of walls should be strengthened by means: of: 2m of
mesh provided at every 70cm heights (50cm -in-area with intensity
of 9). [3-41] : |

X. To achieve an increased earthquake resistance, masonj:y walls
should be integrated by proiriding cast-in-place RC portions: within
them. The vertical members of a masonry wall shoﬁld be connected
to the beams., [3-43] ' ' '

The requirements for beams are clearly specified quantita-
tively. Compared to this, the requirements for vertical: strength-
ening, which is as important a strengthening eIemeﬁt'“as“beaﬁls,
cannot be clearly specified, as seen from the provision under x. ' '

Photograph 1.6.7 shows the degree of vertical strengthenhing..

(3) Nine-Storied Building of Framed Precast Reinforced Concrete (REC) - '
Construction - ' RTEES SCE R S
'Fig.1.6.4 and Photograph 1.6.8 roughly show the construcﬁion '
method for these buildings, and Figs.1,6.5 and 1.6.6 illustrate t:he-‘_
plan and elevation of a typical building - construc'téd""':wi'th-'_;t‘ni's' -
method. - Basically, a tuilding of this type is- COhstfﬁctéd-‘: by in=
site welding of factory-producedelements’ including' Pillars‘-;-;"-'beam's:, - .
floor panels and floor panels. Photograph 1.6.8: shows  “a frame
structure consisting of beams provided in two' direc“t:l."oné..-%_'whﬂé*-'., :
Photograph 1.6.9 shows a frame with unidirectionall_beams. Inthe



_1atter .case; wall panels may be.provided perpendicular to the beams

n “ (example in Leninakan described 1ater), or may. not be provided at

- all (example in Spitak given in Photograph 1.6.9). Outer walls of
"'_precast concrete are attached to the outer face of the frame in many
"-buildings (Photograph 1. 6.9).

Of the major Joints in these buildings, pillar bars are
Vi‘_connected to each other by butt welding using special guideplate in
 some cases (see P_hptcgraph 1.6.10). Beam bars is welded by using
-.Support. bars or dcubling plates,

~.For - this RPC method, the above-mentioned aseismic design code
\_ show no specific requirements except for those concerning floor
_' structures 7 ‘
Nine-storied apartment ‘houses account for by far the greatest
L part of the buildings constructed by this method.

(4) -‘Nine,—Stc\r:Led Building of Wall—Type Precast Reinforced Concrete
o 7__'(igP(:_‘)‘.:"anst_ructionl ‘
"This type of buildings comprise large precast floor and wall
-:plates as shown in Fig.1.6.7 and Photograph 1.6.15. Their major
. .feature is -that they have no members corresponding to pillars or
beams Concerning. the connection of plates, the welded edges of
- _,,;ve:tical.;welliplates and that of horizontal ones are called vertical
. and ) horizontal joints, respectively, while the welded edges of
floors are referred to as floor-floor joints. In general, a joint
;-gv-a,l;etween_ a floor and wall is included in the horizontal joints.
::.‘_.%es.ei.};-;]pints; can - be divided into two types depending on their
: :._l...e'tructure,.- namely, -dry joint and wet joint. A dry joint is formed
‘when steel members anchored within plates are connected by welding
..__,-:fi\_rl,};le.-:_éa_i_wet joint is formed when plates are connected by concrete
: -__,_prc}\_.‘{.ided-'l_;e_tﬁeen them.  In Armenian buildings constructed by the WPC
__method,' ve_l:‘tical join_ts are of wet type (see Photographs 1.6.16 and
..;_}1."6".'_;1.];4)‘:;--‘wl_}ile.,_ho,ri'zontal joints (see Photograph 1.6.18) and floor
-:;';._.:_.g,;;'jcint"s- are :of dry. .type.. To make a vertical joint, horizontal
‘_‘arrangement _(Photograph 1.6.16 ) while reinforcing loops are

;:.intersect_ed when connecting walls perpendicular to each other




Most of the techniques used for tne WPQAmethOd

(Photograph 1.6.17). | ! m 7
Major differences are thst:che pro-

are the same as those in Japan. > T e ]
jections (called shear key) provided at the edge of plates used in

these countries have different shapes and that connecting bars for

horizontal joint used in Japan are larger in cross section.
Major requirements for this type of WPC method specified in the

Aseismic Design Code (1969 rev.) are outlined below (figures in

brackets showing the number of each provision).

i. For large-panel buildings, structural design concerning the
vertical force and earthquake force should be performed_teking
the following matters into account to ensure that the'wall‘plates
and floor plates coordinate with each other to allow the building
to behave as an integral three-dimensional structure.

° Each wall plate or floor plate should be as large as possible
Use room-size ones where possible. o

® Wall plates and floor plates should be combined’ by using
widened reinforced joints filled with low-shrinkage concrete,
or other joints equivalent to them. '

° Horizontal forces should be beared by external walls. Walls
should be arranged appropriately in terms of balanced rigidity.

® The wall-to-wall distance should not be more than 6.5m.

ii. The wall plates should comprise double reinforcing bars.
Keys cotter for concrete filling should be provided at the edge
faces of each floor plate. [3-26] ‘

iid, Wall plates and floor plates should be connected by welding
the anchoring bars. It isg recommended that the joint portions
are filled with concrete after carrying out rust prevention
treatment. [3-27] Lo

iv. Calculation procedures for the cross section of Jointing
bars are shown. It should not be less than lcm2 per meter of the
linear portion of a Jjoint. [3-28] .

In Leninakan, we identified 6 nine-storied apartment houses
and a five-storied one that had been constructed by this method

‘Their number is much smaller than that of apartment - houses con—

structed by the RPC method. ' e -
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S Other Method :

Other types of buildings found in the area are, included the

following L _
i._ . Unreinforced stone buildings, most of which are one~storied
~ houses. - ' '

'_:11;»' One- to three—storied factory buildings constructed in the RPC
| method (braces are used in some of them) (see Fig.1.6.8 and
" Photograph 1. 6.5).

“'iii.w‘ High—rise apartment houses constructed by the combination of
';thé cast-in-place RC and RPC methods (see Photograph 1.6.19).

- Buildings constructed by the following methods exist in
Yerevan's suburbs which are not included in the latest earthquake
oamaged area. .'The information given under v. was obtained from

| architectural institutes in the areas.

iv. Steel—frame, one-storied residences and factory buildings (see
Fig 1.6.9).
v. ngh—and medium-rise apartment houses of small open PCa frame

construction (see Fig.1.6.10).

- —51-—



MOHONUTHHE

PEEPHCTIE

FNOMEHMRIX

i KFYHONAHE MM

Crimd

CHEOPHDIE

T Ve
¥ vo-ve M it

HI MHOIONYCIONNIX NaNENIN

YAOM ML

HA Kipreindg

Cleing

KICCOHHOE

*K1 NHOCHHX NAHINDA

YAOMEHHLE
HA HPYAHON AHT M il

EEJEANOYHOE

Fig. 1.6.1 Floor System




Wa1sLg uorjepunog 7°'9°T *Srg iy ST

o mans| e by l-ﬂ..
TS .-.I-l-lll..l..:ﬂ-l gi—met o, T T T I TR o R
mizawh  s=radMuserrs 73
i - iy
: vimny
wanyu Vrmaeisget pri

CCTIITLTT "
oLl ]

maid dwwnad)dug

;
AT I AL
SR |

Semwraavouley

INAONdINID0d

Ty i i et g s e At -

g

d19HHMYED

. [TT]
Aumlit o rrnimswrwnid
Svasunslewadpy

Sunre
seusnpwevald

) rsiew .
Wby sumandilag

Erh ety e op e R R

T demwnaYeuley |

ELTEVE AT PR e T - RmHmotys

3191Vhayoly - B o - I9KRhOLHILT

L% ) .
¢ 7 et v a3

[FLHD2WV R H A s =R






dumie Feaite b ved T il d il el d & S S

g epp—

e R AT Rl

n.);&.:‘;o—.lu Er a7

L,
e

T
A

Gk,

e

(CCHOBHME HOHCTPYHTHBHLIE

]
1

i g

e [0

ACL A

AR
A k' »
=it}

i

e
R %
3 @g@éﬁ&i&ﬁ%ﬂgaaf

e

i

i
4

A ]
% % .
el TR .
Lo g4
}

l"'l.'
R

A
s

£L

'

o

L osemy]
Lri iy

L0108

R

ANEMEHTH

BES

:%

el

=
1
!

5

(L o
O

e

, .l’ :

i

AT
eIy
Ay

T

!

B

5
s
0

Ry

i
AptEaee
FLATIES

L, '(-’2".
T
B

. >

R S R
gwfﬁiﬁﬁiij
“";Jﬁﬁ%ﬂmﬁ${

~Teid

9 ﬁ% ;

A

e e L Ir

I Y, r%—
. - ' 1

/531

o e
RGN
L’...,.:-.

e e R R
M b e
HEEN IR T "“

=
.};.‘
e

%
A,

£
iy i)
Coraa ST

1]

(]

8 ﬁ‘.“z‘ rl Eﬂ B

A
WA/ W vy

FESAN A
et

U

AR,
T

Ppoci pugamin
[T

AT BASTRN Y
s B TSN
jkzgﬁﬁﬁﬁégﬁgﬂﬁi' NN

e
£i2]
i

ROV -
R ANS #
¥ ?“,‘ﬁ' a‘;_.-;;;;:" Co

o |

Frmem mrirmmeres L % depeet

Fig. 1.6.4 Rigid-Frame Precast Reinforced Concrete (RPC) Construction (unidirectional panel)



UOTIDONIISUCT) DY JFO 98NOH JusunIedy jo aueld S 9 T “Br4g

G008

-------------

Pryrfrusipuingy

- 0grs

00%5




UOTIINIISUO) 3dY JO 9SNOH Juamiiedy jo UOTIDIG SSOI) pue uorieas|y 9°'9'T 8ty

L

N

l

NN

L

A

Ly L

L

|

L

I U O S B Y

Lo

J

N

T P P P

L L
o e e o o o e e




. E % !
: A . .
H H H I P HEHE HES
tle R is ¥ ] iHE il=
HY HH HH HEE R E o) it
H1 L HE HE HH R H
¢ '5 i
5 U SN H 3
% SRNETNGE " RS
: G :
H A 0
Z
H
[= 4
y 3
3. o5 i:
= E ] 1ls
HH H ;3 HE
i LI
HA “gE| 8|3 &
ale " i -
= H

Jagarma
Barenem

= o =
VR ol
; 3 R = ;
[ ad ;g_ ) ] [TH] E
u 3 }]ﬂ}"- eI pos c of
H | o, < . 43 iz
o kA [ 4 o !.. ==
‘5' LY w 9 HE
2| HH ST x _ 3
’ﬁx HE wictng x A :
= S 1 : ¥ §
s sH H e ¥ i
= . i 33 = 3
ﬁ ";E !‘ g "i 5
Ew - . *
Bz it ¢ : s P ¢
R efl gt o . _ S g
- 8 A= : = AN
Voo N i
Ry 3 ~ z
FH_ § . rm A E
Qo : 3
il T . -
=g I =
) x ; B
= E i HHEH
b " R
1y b FIF
Woe AlE 2
- B
e ] ,i
REL Y H H S e, i = H
L: a2 i E1: G o i E' r; e .:-h.’"_‘ Q 5" 1L
H = ™ H H Q Wt ‘_:3 l.‘ A ‘. = ¥ ':‘ H
Q 14 - =‘:' M t3 ‘.“ N ,_.- M EZ® e i
2 it L/ N Y S AN Y :
L h iz g T pterr oy
[ ) \f" 30 ‘w ?

GCHOBHLIE KOHCTPYHTHBHbLE INEMEHTHI

&
: Hs
HEEH ;
il s et
Sl L f S5
=] 3|3 .; T
EE. i : 15 S
o|$ zlx H / . .
S H il . . '
% E AR G ,. 8y : EE
H ils H HE ) “"rL‘._;,_ : o
N e e 7 ; M3
|1 H H - . P11
ﬁ‘ ¥ i 'EE EE 3 ! i ¥
I, 2 2P il filz H
211 o 133 | £% ‘HH HE
1 S B L L -

1.6.7 Large PC Plate (WPC) Construction (I)

Fip.



sy s TS u0TIINIISUOC) IWeII-Ta91§ IY3TaM-1y3T] Jo Burpring L103DB3-0UQ

name¥aid
BrvCagesi]

stranrda¥ey

VnamyTnie
watagueiy

aswry

XI1BOHYdH

semiarmivale vl aveg Amaimdwriald B-rp g A PRy st et

. S e g W Tl

maenerda Tentdnve svT SRundy .-nh-“ﬁﬂ. n\“ﬂ.nnh.mwu-mv‘
maweynids N ferirht Ty

latll] profengenil ey ;

snesiiady
aavry

demsenusid Ve sruimaweuly

. e¥ed
. viseprdn
. mmsuay Supete
Arneese ) :
&
webnre
beendid
amty
. wtnibevday
vy ; :
. eiuswrde¥ey)
andid
amdasaitey . :
K wnindaed .
iy sripudgrg
k SI‘I.—wG.R. :U - - AT
. HWRHIUHKUOCE1IT0U . X . AT ’ §
C . XMBOHYEA i - : ,kﬂnﬂxiawa.u N

MHHVTS NEHNIMTHSWCEL MGV IEONT O NGOV HEVH



ot
arm 11umh

g o 1 nmpen
Py

's, CONPAMEHHE . HONOHK

SOAHME W3 SETHME METARRWYECHWR HOHCTPYRIMMA

H.

KPEMREHME NANERER %

i Y
ALY

-y
ol
47210
aviepus

L

Teuntrug

=L

3 :
HH

< ta

2 :

El

[t

o)

S

VRIS E b Y LT
1 -?a-’;i‘-lr;ﬁii.f-}}i‘f.' i

3

R

»:

-.
%
R

,
R
1]

X

Fig. 1.6.9 Steel-Frame Factory Building




d) pillar head

a) Overall structure

e) pillar and beam

ement of pillar,
floor and wall

c) Arfang

" beam,

~ Fig. 1.6.10 Building of Framed Precast Reinforced Concrete

Construction Using Small PC Frame Members



Photograph 1.6.1

Eleven-storied apartment house of
framed precast reinforced concrete ;
(RPC) construction and five-storied Photograph 1.6.2

apartment houses of reinforced masonry Tuff embedded as exterior finishing
(RMS) construction standing along the material for large precast plate {(at a
main street of capital Yerevan. {In construction site in Leninakan)

most of the buildings in Armenia,
purplish tuff is used as structural
and exterior finishing material over
the external faces.)

Photograph 1.6.3

Tuff used as aggregate for concrete.
The entire concrete has a strong pur-
plish color. (Reinforced concrete in de-
stroyed five-storied RM3  apartment
house in Spitak

Photograph 1.6.4

Precast vold slab used as floor mate- ¥
rial in RPC building heavily destroyed P
during construction. Each end is sup-
ported on the beam and cast-in-place con-
crete 1is laid on the support portion, &

The span is about 5m in most ¢ k
R ases,




Photograph 1.6.5 :

: Ribbed precast panels used for roof-
" 4ng of laboratory building of precast re-
inforced concrete. Braces were used in

some portions of this building, but its i /
external masonry walls were destroyed al- " '
most completely. (Leninakan) Photograph 1,6.6

Gable of five-storied RMS apartment.
Two apparently different laying methods
are used for alternate stories. (Spitak)

Photograph 1.6.7

RMS apartment house under construc-
tion. Baskets of reinforcing bars used
in reinforced concrete is seen between
masonry walls. The photograph shows the
typical arrangement of reinforcement in
RMS buildings about :five-story high.
(Spitak)

Photograph 1.6.8

Framewo:;k of rigid-frame precast rein- s Vsl T
forced  concrete (RPC) building damaged SRRl BECTETEIRIIT SR
during construction. This example has [JNB b :
beams in two directions, though build-
ings with unidirectional beams account .

for a much larger :
Spitak) . - ger part, (Suburb of

e




Photograph 1.6.10

Precast pillar members left on con-
struction site of RPC building destroyed
during construction, One member covers
two stories. Exposed main bars are pro-
vided at each end for pillar to piliar
joint, and a pair of bars and steel an-
gles are provided at two points between
the ends for pillar-beam  joint.

(Leninakan)

Photograph 1.6.9
Framework of REC building under

constructien, as in the previous photo-
graph. . Unlike the previous example,
beams are provided only in one direc-
tion. Precast plates and masonry walls

- are provided in the direction perpendicu-

lar to the beams. (Spitak)

.‘_ 4 ] X
Photograph 1.6.11

Precast beam members left on construc-
tion site of RPC building, as in the pre-
vious photograph. A nember covers cone
span. Top of the beam reinforcing bars
is exposed at a portion where cast-in-
place concrete is to be laid for connec-
tion with a floor panel. After assem-
bling beam members, two main bars are
provided at the two solid steel angle
portion of the reinforcing bvars, and

then the main bars are welded, £
by placing of concrete. (Leniﬁakgrll%wed

Photograph 1.6,12 : o

Joint between pillar and precast open-—
ing wall (probably for structural use)}
in RPC building under construction, as
in the previous photograph. (Suburb of
Leninakan)



Photograph 1.6.13

Masonry partition wall in RPC build-
ing under construction. About 20cm
thick and not reinforced at all,
(Leninakan)

Photograph 1.6.14

Partition wall of small precast panel
in RPC building under construction, as
in the previous photograph. Not rein-
forced at all, either.

Photograph 1.6.15

Construction site of nine-storied
apartment house comprising large precast
panels of rteinforced concrete (WEC
method) . Seven stories had been com-
pleted at the time of the earthquake.
The damage was limited to the fall and
collapse of the PC floor panels of the
eighth floor. Precast exterior walls in-
corporating tuff as external finish mate-
rial are seen beside the building. (Sub-
urb of Leninakan)

Photograph 1.6.16

Vertical joint between wall panels in [
WPC building, as in the previous photo- §
graph. Horizontal reinforcements of the
wall are welded together. This type of
buildings have many features that are
common to similar buildings in Japan, ex-
cluding the shape of the end portion of
the concrete panels,




Photograph 1.6.17

Vertical joint of wall panels ar-
ranged in T-shape in WPC building. Line-
arly arranged panels are connected by
welding their horizontal bars while the
horizontal bars in perpendicular panels
have exposed loops, which are filled
with concrete to form vertical joints af-
ter placing vertical bars at the site.
This technique is used in many of the
similar buildings in Japan.

Photograph 1.6.18

Details of horizontal joint between
upper and lower wall panels in WPC build-
ing. Reinforcing bars in the lower panel
are welded to a steel panel embedded at
the bottom of the upper panel. A similar
technique is also used in Japan, though
reinforcing bars with larger diameters
are employed.

Photograph 1.6.19

The only high-rise building (sixteen
storied) in Leninakan. Precast material
is used for pillars end floor slabs
in the peripheral portions while cast~
in-place concrete is wused for anti-
earthquake walls installed in core-
like arrangement in the middle portion
of the ‘building. The core anti-
eart@quake,wélls suffered heavy damage,
causing most of the horizontal bars
to bend. The damage was so severe
that it seemed impossible to assure
the safety of the building under normal
load. Later, the building was pulled
down completely,



2. Qutline of Armenia Spitak Earthquake

2.1 Seismic Phenomenon
(1) Hypocentral Element and Earthquake Mechanism
In the Soviet Union, seismological survey has been conducted
by the Academy of Science of USSR in cooperation with the Academy
of Science of each republic. There are 14 seismological stations
in the Armenian SSR. An analysis of the records was made promptly,

and the following results were obtained.
Time of occurrence: 11:41 December 7, 1988
Epicenter: 40°50'N, 44°15'E
Depth: 10km

Earthquake magnitude: 7.0
These are the most reliable results available at present

since the epicentral elements can be determined most accurately
from the data obtained at seismological stations near the
epicenter. The epicenter is located about 6km to the south of
Spitak, where there was heavy damage. Data obtained at the
Matsushiro Seismological Station of Meteorological Agency of
Japan show that the amplitudes of the surface waves were much
larger than those of the body waves, including P and S, suggesting
that the depth of the hypercenter was small.

According to an analysis by the Soviet Union, the earthquake
occurred through a reversed fault mechanism: an earthquake fault
was formed about 60km to the west of the hypercenter which acted
as the origin of the crustal destruction, and the land on the
north side of the fault moved upward in the nearly vertical
direction (about 80° in angle) above the level on the south side
while horizontal side occurred slightly to the west. The
displacement due to sliding has not been determined yet,

These analytical results are consistent well with the fact
that much heavier damage occurred in Leninakan, which is located
as much as 35km to the west of the epicenter than in Kirovakan,
located 17km to the east, that both Spitak and Leninakan were
on the moving side of the fault 1line, where the intensity is
generally large, and that the damping of the seismic indensity

was larger on the south than on the north of the fault line,



(2) TForeshocks o _ e o
An ecarthquake was recorded at about 16 00 on December 6

at a seismological station in Stepanavan to the. north of‘JSpltak
and a larger earthquake was recorded at 19 30. on ’ the same day'

at several stations, The hypocenter of the latter_ earthquake

was very close to that of the main shock Needless to say,
was impossible for the present-day selsmology to Judge thal: they"

were the foreshocks prior to a strong earthquake w1th ':magnltude

of 7.

(3)  Aftershocks _
In general, an earthquake with magnltude of 7 15 accompanled‘

by many aftershocks according to data on the past earthquakes
in Japan, where seismological stations have .been mstalled densely
and the largest volume of data are avallable in the world., The
frequency of aftershocks decreases nearly monotonously. H'lth t:unes.'
The magnitude of the strongest aftershocks is generally smaller-
than the main shock by one rank, and the aftershocks occur on:.
the opposite side of the fault. Most of aftershocks__.t:_a_ke pl_a_ce_'_
within two te three days of the main shock. - e
In the present case in Spitak, an aftershock w:l.th a magnltude
of 5.8 occurred four minutes later than the main shock. ,Thelr_
hypocenters were located at almost the same position. . All after—
shocks following this were belov." 5 in rmaguitude. N The aftershock
region was a near-circular ellipse with a major axis length of " _
60km, This size is normal for the aftershocks accompanymg an o
earthquake with a magnitude of 7. ' S ', o
towever, an attention should be given to the fect that the.
damping in the frequency of the afterhsocks vas not monotonous‘ '
and that the number of the aftershocks was small ou the s:Lde:'
of the seismic fault opposite to the eplcenter aof the mm shock
Close observation should be continued to- mvestlgate the after-.. "

shocks sctivities, _ PR PR .
in Japan, an earthquake with a mﬁn‘,tnde oE about 6 occurred
ic Shimane Prefecture -in March - IR43, rolloued by another
.earthquaxe vith an inteasity of 7.4 in Qentember o sxx mn chs :
later, shose } FPcheter was. Iecated ar eearlw the me pos.].t;[on e

ha .




as the former one. The comparison of the two earthquakes
indicates that the one in March was a foreshock precedent to

. the ‘one. in. September. There were many aftershocks, but their

'.gﬁfreQUeney did not decrease smoothly. In view of this example,

1

an empha31s should be placed on the importance of the observation

of -the aftershocks following the Armenian earthquake,

Premonitory. Phenomenon

'*nA.,study.‘following ~the earthquake has identified some

phenomena which -appear to be premonitory signs.

Crustal Deformatlon

Gradual land displacement had been observed on roads near

. the eplcenter durlng five years prior to the latest earthquake.

o

Groundwater

The groundwater level began to drop and water became muddy

' i two days before the earthquake.

:Incl;natlon and Extension.

‘An inclinometer and extensometer recorded abnormal measure-

. ments of about 1.3_x.10f62—3 days prior to the earthquake. The

| measuring point was near Leninakan, and the extensometer detected

‘"shrinking" movements. A shrinkage of 5x10” or more is regarded

~as abnormal . in the Tokai District special measurement scheme

i in=Japan.-.

7_4)f

Atmospherlc Phenomenon

It was abnormally warm on the evening before the earthquake.

'**}fIt ‘was also reported that a mist lay thick in the morning of

"}athe day of: the earthquake, and it disappeared immediately before

At occurred

All the above information was obtained at the Yerevan's

Luﬁeinstltute-of Selsmology from Mr. Nersesov and officials at the

TAcademy of Sc1ence of USSR. We had a chance to check the abnormal
'measurements recorded on the measuring instruments.

; fHowever, e only had a short meeting and the area was still
'in'rurmoil - Further efforts are required for the quantitative

1nvestlgat10n. However, it is clear at present that there were

s é premonltory phenomena 1nc1ud1ng those recorded on the

measurlng dev1ces.
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2.2 Earthquake Motion and Intensity

(1) Earthquake Motion _
" One of the major difficulties in studylng the damage to

buildings by the latest earthquake is that -no strong motlon

the dlsaster—strlcken area. (It

ts had been taken- in Gukasyan,-

seismograms were recorded in

was found later that measuremen
which is located "to the north of Leninakan. ) The only record

we obtained was of the horizontal T component, one of the three

strong motion seismogtraphic components, observed ‘at - ‘the Yerevan

Institute. of Architecture (Fig. 2.2.1). Even its a21muth has
not been identified. Yerevan is located about 70km to. the south
of the epicenter and there were almost no ~damage to .the bu11d1ngs
there. Thus, it is difficult to estimate the earthquake mot1on
from these measurements, but rough features of the earthquake
can be drawn. The maximum acceleration was 62 gals. The magnltude
of the surface wave (ms) was converted into the 1ocal magnltude
(ML) and various distance-damping equatlons were applled Results
showed that existing empirical equations were met satlsfactorlly
(Fig. 2.2.2). An analysis of frequency components -1nd1cated
that the waves with extremely short perlods continued for a long
time. Waves around 10Hz prevailed during the first™ nearly 10
seconds. Waves around S5Hz prevailed during the‘next_loﬁseconds,
followed by the waves with slightly longer'periods:- AeCOrding
to some seismologists, the profiles of the P-wave components.

observed at the distant places indicate that the latest earthquake

consisted of three events that took place . succe551vely at.

intervals of about 9 seconds. It does seem possible to, 1nterprete -

the above results to support this assumption. .In fact v1brat10ns
with amplitudes larger than 2/3 that of the maximum . contlnued )
for as long as about 25 seconds, 1nd1cat1ng that the v1brat10n“
duration was very long in splte of the fact: that short-perlodf.'
components prevailed. Fig. 2.2.3 illustrates acceleratlon response .
Research Institute, Ministry of Constructlon of . Jaoan) Short~”

perlod components of 0.1-0. 2 second were . extremely promlnent,_ﬂ;




~“on“d thick tuff layer, the measurements may not reflect the effect
““of the - amplification in ‘the surface ground. The area comprises
ﬂrelatlvely firm ground consisting mainly of tuff and basalt and
- P!may not ‘suffer from the modulation caused by the propagation
'fof ‘sésmic waves. It is con51dered therefore, that the measured
-~ spéctral characterlstlcs reflect the mechanism of the earthquake
Jfalmost directly. '
' Concerning - areas other than Yerevan, we heard that strong
*-motion seismograms had been taken at the nuclear power plant
- at Oktemberyan, located 40km to the west of Yerevan, though they
were ‘not available to us. Some say that the maximum acceleration
was 18 gals while others insist that ‘it was 80 gals. Strong
"motlon selsmograph had been installed in Leninakan, where the
:=bu11d1ngs suffered heavy damage. Again, some maintain that they
" could ‘not be recovered because the building was destroyed whlle
:others (including Professor Steinberg at the Research Instltute
" of Geophysics in Moscow) say that the seismographs installed
at’ the top and bottom of the building were alive and being
- ‘recovered. It is expected that they, if recovered, would have
‘prov1ded extremely valuable data helpful to analyze the process
*_of the collapse of the buildings.
In ‘addition to strong seismograms, seismoscopic measurements
“were taken at the Institute of Geology and Engineering Seismology
T ar Lenlnakan and the Research Institute of Architecture at Yerevan.
The _selsmosc0pes ~recorded the traces of seven pendulums with
© different netﬁral periods in the range of 0.1-1.0 second. The
7 damping ‘constant of the pendulums were reported to be 5-8 percent
“‘(logarithmic 'decrement 0.3-0.5). ‘Dr. Khatchian said that the
aémeximum”aceelefetion'calculated from the amplitude of the pendulum
J”fﬁith**a?'period ‘of 0.25 second was closely consistent with the
"ﬂ:fméﬁimuﬁ'amplitﬁde'(about 60 gals) recorded on the strong motion
ﬁ"feéiSmegraphsgifthough‘ the calculation procedure used for the
i conversion‘‘has  been ‘unknown. ‘At the Institute of Geology and
,*éﬁhglneerlng ‘Seismology, " the maximum acceleration had been
'ii3fcaleu1ated-for-each period of the pendulums and the results had
*I”‘-t-:':ee.ﬁ‘lfji‘t:bmpil;egd= in the form of '‘a graph. We copied the graph
,ﬁfeeﬁeﬁéefen“*OUrf'nbtebook.‘ which is shown in Fig. 2.2.4. The

‘two’Curves represent the maximum acceleration in two perpendicular




There are two peaks in the range of 0.2-0.3 seconds

directions.
as in the case of- the

and the long-period components are few,

seismograms Ctaken at Yerevan. It is. unknown,

strong motion

however, whether the vertical axis represents the . maximum

acceleration of the ground mot
In general, it 1is difficult for this type. of-

ion or the maximum response. of

. the pendulum.

devices to measure the maximum amplitude of the,ground;motlon.
Assuming that the measurements show the acceleration response

spectra with a damping constant of 5-8 percent, the maximum

acceleration of the ground motion is calculated by d1v1d1ng it
by 2.5 giving 400- 520 gals (according to Newmark's standard
spectrum, the response magnlflcatlon factor is about - 3 and 2
for a damping cdnstant of 5 and 10 percent, respectlvely,_ in
the period range where the acceleration response is constant).
Compared to this, it has been reported that the maximum - amplltude _
of ground motion was 17-18cm in Leninakan. - If;lthesg were
recorded on a seismoscope, pendulums with long périods should
have been used, If the resonance of a pendulum the with longest
period (1.0 second) is considered, the maximum base acceleratiom
is estimated at about 70-110 gals. o - :.
Japanese workers at anoffice of a sewing machine manufacturer.
who experienced the earthquake in Kirovakan said that they had
heard an underground rumbling 1mmed1ate1y before the earthquake.
This represents a feature of an inland ‘earthquake generally
experienced near the epicenter. In Leninakan, several witnesses
including experts (geologists) reported that the shortiﬁeriod
ground motion had continued for about 4 minutes, fbliowedi,by
the long-period shakes, making people unable to move,)andlmmst
of the damaged buildings had been destroyed during thesé éﬁakes.‘
It is difficult to estimate the ground motlon in the dlsaster—
stricken area from the data available at present. It . seems,
however, that the components with the short perlods of around
0.2 second prevailed, as inferred from the ‘acceleration response .
spectra drawn from the strong motion seismograms taken at: Yerevan i
(Fig. 2.2.3) and the acceleration response ,estlmated from '£ﬁé
seismoscopic measurements made at. Leninakanrr ‘This .is- partlyif
attrlbuted to the fact that since the dlsaster—strlcken area-i

.15 located among mountains, firm. ground of - tuff of basalt +is }
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- -exposed in -many places and thick deposits of soft alluvial soil
-.are. .rare . seen. - Many  high buildings constructed based on
- earthquake ‘resistant design, but in view of the experience with
.- the’ earthquakes in the past, it is difficult to assume that such

-heavy' damage was caused by these short-period components. Thus,

- -the' waves: must have: contained some frequency components with

their periods: around 1 second (possibly in the range of 100-150

T gals) .

(2)

3In£ensity.Scale-

Rescue of people from under the debris had been nearly

- .completed - at. long lasting and detailed surveys of the disaster

had not started: when we visited the site. In particular, little

~information. has  been available on the damage to the buildings

:in’ the. mountainous ‘villages excluding Leninakan, Spitak and

Kirovakan, where population is large, Under such circumstances,

- it would -be almost impossible to ‘determine the intensity

distribution over the entire disaster-stricken area. The degree

- of .damage must -vary largely among small villages among mountains

~'depending on their conditions in the location. For instance,

two  small villalges (about 4km apart from each other), called

Narbanse and -Kegasar, which contain several tens of houses or

‘more: than -a hundred houses exist about 1S5km away from Leninakan
- towards Spitak.: 0ld two-storied masonry houses were completely
- destroyed. in. Narbanse while there appeared to be little damage
o in Kegasar-when'vieWed_from a distance. Discussed below is the
. inﬁensity-in the ébove—mentioned three cities, where we visited
- to-make a brief survey. : According to local experts, the propor-
-~ tion of destroyed buildings was 100, 80 and 20 percent in Spitak,

-:Lehinakan.fand Kifovakan,- respectively. Apparently, several

‘_'buiidings remained standing in Spitak without suffering complete

“destruction. . More than half of the buildings remained standing

" l+ins Leninakan, and damage was so small in Kirovakan that it was

ovdifficults to find - the destroyed buildings from the inside of

ffatfcar.\:-Nevertheless, even the remaining buildings were found

»-i;;o};havejbfevealed ‘large damage when checked at close range or

?fﬁéﬁfrdmf”inside;" In Spitak- and Leninekan, in particular, most of

rthécﬁbﬁildiHQSf'were found  to have suffered "serious damage"



according to the Japanese damage classification. = The  above

destruction rate may be regarded as reasonable, though- they

appeared to be slightly overestimated. Another problem:. in
the intensity is the evaluation of earthquake—reslstant
It may be poss:.ble to .some -extent.

extimating
performance of each building.

to compare their performance with - that of Japanese:: bu11d1ng3'

on the basis of earthquake resistant design. standards,: but it
is difficult to estimate the critical earthquake force at‘wh:l.ch
a given building actually constructed in an area would be
destroyed. According to information obtained in each :city,. the
intensity was 10 or more (MKS intensity scale, an intensity of
11 have also been reported) in.Sp:i.tak, 9-10. in Leninakan, .and
8-9 in Kirovakan. The value of seismic load used in designing
is considerably smaller than that adopted in Japan,.and-it: cannot:
be assumed that sufficient ductility . and been  achieved in: ‘the.
joints of the rigid-frame prefabricated - houses,: ‘which received
particularly heavy damage. Considering these points and adopting
the lowest possible value, the intensity on. the Japahese -zsc_alé
was nearly VII (10 on MSK scale)} in Spitak, VI (9) in- Lenina'kan.,
and V (8) in Kirovakan. According to the-zoning based on.the
earthquake resistant design code, Leninakan. (and Yerevan) belongs
to a zone of intensity 8 while Spltak and - Kirovakan belong to
a zone of intensity 7. However, there seemed to be no s:Lgnl_flcant '
differences in earthquake-resistant perfdrmance' among - ‘the
buildings in these cities as far as- judging. from%-_the-r-.visﬁal
inspection of the buildings in Leninakan  and Kirbvakan-.—. -':Sdfne
buildings in Kirovakan appeared to be more resistant th.an ;_.:t_hose
of the same types in Leninakan. Comparison in - the degree - of .
damage taking account the above observations indicates. ‘that'i,xthe-
estimated earthquake intensities in these -areas rare':reaSOhrable.'
Specifically, the earthquake motion largely exceeded the de51gn
load in Spitak while the intensity was .one rank hlgher on' I:he
MSK scale in Leaninakan. In Kirovakan, the degree .of. earthquake =
motion was nearly the same as or slightly greater than: the demgnl .
load. The intensity in Leninakan, located 35. km' away: from‘vf -
epicenter, was higher than in Kirovakan, 15 .km away 'from"-'atﬁ.etr.‘

epicenter, probably because the destruction of faults propagated

ltoward the west from the hypocenter. The 1ntens:|.ty dn Yerevan,, '
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‘where damage was smaller, is estimated at IV (6-7 on MSK scale).
It mlght be very reckless 'to determine the intensity distribution
over the dlsastermstrlcken area from these data alone, but a
rough estlmatlon of intensity distribution is schematically shown
in Flg 2.2.5.

As stated previously. an earthquake with a magnitude (Ms)
of 5.7 took place 12km to. the south of Leninakan in 1926, causing
destructlon of 10 nearby villages and damage to 4,200 buildings
in 44 V111ages and towns including Leninakan. The average
1nten31ty 1n Leninakan was 8 (on MSK scale). The population
of Lenlnakan at that time was much smaller than at present, but
a detalled survey was carried out to reveal the conditions of
_damaged bulldlngs. The Leninakan Institute of Geology and
Englneerlng o Selsmology" later established micro-zoning of
Lenlnakan based on the survey results and the data on the ground
condltlons. : Fig. 2.2.6 illustrates the zoning map, which we
copied freehand. An atteation should be given to the fact that
the 'mﬁiti;steried (mostly nine-storied) apartments of moment
resisting - frame prefabricated construction that suffered the
greatest damage by the latest earthquake were located on the
firm ground comprlslng tuff where damage was small at the time
of - the prev1ous earthquake. Though not shown in the figure,
the areas w1th an 1nten51ty of 8 are C18551f19d into two groups
in’ the- orlglnal map, and it is indicated that damage was slightly
larger ‘in the areas where the depth of underground table was
4—5m or less. Shacks stood densely on a dry riverbed in an area
w:.th an’ 1ntens:|.ty of 9, but they a‘ppeared to have received no

- significant damage when viewed from a distance.
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3. Damage by Spitak Earthquake

3.1 Damage to Building

(1.

Outline
Statistics of the damage by the latest earthquake have not_

been compiled yet (as of December 23). Outl:mes "below are ‘the

information obtained from the Armenia Institute of - Se:.smology

and estimations from the survey by the Japanese expert team _

Heavy damage was caused in Spitak (populatlon about 20 000) ’
located nearly directly above the hypo;enter,_,.., Lenl_nakan
(population about 300,000), about 35km to ' the. west, and in
Kirovakan (population about 200,000), about 20km to the east of
the epicenter. Nearly 300 of the four- to five-storied apartment -
houses made of reinforced masonry and. nine-storied precast
reinforced concrete frame apartment houses were 'des?fayéd'
completely causing loss of many lives. The damage rate has been
reported to be nearly 100 percent in Spitak, épprbximately 80
percent in Leninakan, and 20 percent in Kirovakan. | -

The number of death was 90,000 accordmg to Sov:.et‘
ministries in charge of international trade (December 8) and
45,000 according to the official announcement by the Soviet
government (December 10). The number of death must at least
40.000-50,000, judging from the number of destroyed buildings.

The latest earthquake caused 1little “da'mage" in  Yerevan
{population about 1,000,00Q), located about 80km away from the
epicenter although there were a large number of buildings .of'

the same type as seen in Leninakan.

DPamage to Apartment House

Damage to apartzent houses is estimated as follows--frdm
a survey by the Armenia Scientific Research. Instltute af Cl\fll-
Engineeriag and Architecture.

1. Relnforced Masonry: Buildings 'of this type wiich have been"'
constructed during the last 30 jyears, have four to- flve-
eries and are zade of teff mascory. The comers of tlre'
walls are strengthened with res inforcing bars and concrete |
tiller. 0 panels are used as flooring mterlal m  mOST
buildings. The damage in each o ity is es!:mteci as follcws.h S



Leninakan : Approximately 100 buildings destroyed.

"Spitak: '+ All buildings (about 60) except a few destroyed.
Kirovakan : ‘Approximately 15 buildings destroyed.

i Though ‘the ‘total number of buildings in Leninakan and

. Kirovakan ‘has been unknown, about 40 percent of the total

.k'buildings in .;hé, three cities are reported to have been
destroyed.

ii. Precast :eiﬁforced concrete frame construction: Buildings
of this typé have been constructed during the last about 10
yearsﬂand‘have nine stories. Precast concrete curtain walls
are used as exterior material in most cases. The damage in

each city is estimated as follows.

f.Leninékan‘:'All buildings (about 100) destroyed.
. Spitak . : There were no buildings of this type.
" ' " (According to the field survey, however,
~all 30-50 buildings except for 2 (about
60) were destroyed.
_ They are estimated to have five stories.)
.. Kirovakan : There were about 70 buildings, but none of

them collapsed.

.....

" iii. Large precast concrete panel construction: Buildings of this

" type have been constructed since 1985 and have five to sixteen

stories.
.- Leninakan :; There were 7 nine-storied buildings
including those under construction, but none
~ of them collapsed.
. Spitak : There was one five-storied building, which

did not collapsed.

;-1v. Conventlonal Masonry: Old-type masonry of tuff,

In Lenlnakan, there were a large number of two~ to three-
o storled old-type masonry houses constructed since the 1920s.

”.J'Some were destroyed though details have been unknown.
r‘i : There were one- to two-storied private houses of conven-
‘\_;tlonal type masonry construction in villages near the epicenter.
; ”ﬁtlt “has " been reported that there was heavy damage in some
4”‘;5r*jﬁjv111ages, for instance in Shelak, located about 15km to the
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northeast of Leninakan,
nearby village, but details have been unknown.

while damage was .small in Jajuk, a

Damage Lo School DBuilding: Two- to three-storied ‘school buildings

of precast reinforced concrete suffered from damage as follow.s.

. Leninakan ; 7-8 buildings destroyed (total mu_nbéf unknown).

, Spitak : 7 of votal 8 destroyed.

. Kirovakan : No school building destroyed.

(2) Damage to Building in Major Earthquake-Stricken Area

b

Spitak

Spitak is the closest city to the epicenter with a
population of about 20,000, as illustrated in Fig. 3.1.1.
Manufacturing accounts for the major part of the businesses
in the city. 'The Pamback River flows towards the east through
the lowland area extending in the east-west direction in ';he
middle of the city, with a railroad rumning parallel to it, as
showr in Fig. 3.1.2. Urban district extends towards the hills
on the north and south of the lowland area. A swall hill with
a stone-built memorial tower standing at the top exists at thé
center of the south part. A& tributary of the Famback flows
frem southwest towards northeast through the sgutheast. paft
el the city. |

The buildings in this city can be classified as.shcwﬁ_hglow;
None of them has six or more stories. There are no huildlngs

of WEC construccion.

Five-sturied apartment houses of RPFC construction

Five~storied apartment houses of RME construction

Ohe- or two-storied houses, ecc., of masonry comstructiom -
Une- to three-storied factory buildings of REC cqnst:r_:_uc_:t:f‘.oix
Large silos and factories of precast reinforced ;'.:uncrete‘

CJonsbrucglon

Thess buildings can be classified by the degree crf &éﬁage.:- as

desu: ibed below, as illustrated in Fig. 3.1.2. L

o
L
T

a I-1: Almest all five-staried apartment ,t.touse.s QERPC.'
construceion (tatal. number unidencified,, grohahl’.y
several tens) collapsed. There was only ane hulding

. T



‘(comprising many PC wall panels) that suffered
~little damage and three that narrowly avoided
destruction (Photograph 3.1.1).
“ii. ‘Area I-2: Most of the five-storied RMS apartment houses and
: B - stone residences suffered complete or nearly
o complete destruction (Photograph 3.1.2).

"“j3i.’ Area I-3: Most of the RPC and stone-built factory buildings
B B " and one- to two-storied stone residences collapsed
- or'heavily.damaged (Photograph 3.1.3).

iv. Area II-1: Most of the five-storied RMS apartment houses and
stone residences suffered considerably heavy damage
~ (Photograph 3.1.4).
v."Area;II—Z:'Mbst of the RPC and stone-built factory buildings
© " and stone residences suffered considerably heavy
damage.
Giji Area TI-3: Most of the stone residences suffered heavy damage.
ii. Area ITI-1 and III-2: Stone buildings accounted for a great
- part of the total buildings.  Judged from appearance,
' they appeared to have suffered little damage
 (Photographs 3.1.6 and 3.1.7).

'fviii.'Area“IV:' There was a graveyard on the side of a small hill.
(Their bottoms were mortared. Whether they were
embedded is unknown.) All gravestones including

- those with large height/thickness ratios remained
standing. (Photograph 3.1.8).

Fig. 3.1.2 shows the degree of damage to major structures
‘including the memorial tower on the hill (slightly damaged;
Photograph 3.1.9) and large silo (partly destroyed; Photograph
©3.1.10).

'”2)*'Len1nakan o

o ' Lenlnakan is located about 35km to the west of the epicenter

748 i1lustrated in Flg 3.1.1. There are plateaus on the north

_ -and east of the c1ty while small hills exist on the west.

| Surrounded “by these features, the city extends along basin-like
{.“1and open ‘towards the south, About 5km to the west of the center
‘of the’ c1ty, there are two parallel rivers, called Aknurian and

'<ﬁCheketz, runnlng in the north-south direction. A tributary flows
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ii.

iii.

in the north-south direction through the m:.ddle of the c1ty, partly

through a closed conduit. A railroad rTuns: in  the north-south
direction along the east edge of the city an
ear the center of the east edge,' as 111ustrat:ed in
which developed in years before Chrlst,

enia, with a populatlon

d the Len:makan Stat:l.on-

is located n
Fig. 3.1.3. Leninakan,

is currently the second largest city in Arm

of approximately 290,000. The central and south parts constltute i

where there are old masonry. churches,

‘ Compared to thls, hlgh-'_

the old section of the city,
pubhc buildings and office ‘buildings.

rise (mamly nine-storied) residential bu11d1ngs. _ mostly apartment

houses, began to be constructed about 10 years ago in the north-

western edge of the city. Construction of them has been cont:l.numg

up to now. There are various types of bu11d1ngs whlch are of .

different construction and have been built by dlfferent methods
as described under Section 4. 6, but tuff is used: as exterlor-'
material whether it is structural or not in all these- bu:.ldmgs
We surveyed key spots in many parts of the clovmtown sectlon of
the city, though the section expanded . So wldely that it waS__
impossible to make a survey of all bu1ld1ngs there _

According to this limited survey, major types - of. bu1ld1ng'
and degree of damage in each_ area defined’ 1n,Flg._--3\.1.3,-_are-as
follows. . '

Area I-1: This is a residential . area where nine—storied.RPC '
apartment houses account for most of ‘the. bu1ld1ngs.
Around 20 percent (estimated) of the apartment houses
were narrowly saved from collapse, but: most of the'_
rest were destroyed completely (Photographs 3.1. 11
and 3.1.12). S . |
Area 1-2: This area contains various types "of: ’bﬁildingsl,
including five-storied RMS apartment. houses and RTC
department stores add:.tlon to old stone bulldlngs;
Many buildings were destroyed completely (Photograph._'
| 3.1.13). SO |
!'Area II-1: This area is the central part of the c1t)'r(

there are many low bulldmgs, mostly th

or lower, . 1nclud1ng churches and publlc -b 11d1ngs.




Civ

. kArea I1-2:.

while most of the small-scale one- to two-storied

buildings had suffered little damage (Photograph

"~ 3.1.14).

.Many three-storied stone apartment houses (apparently

. non-reinforced) are built along both sides of the

:main street from the station to the Lenin Square.

Largely destroyed buildings mainly with damaged
gables and apparently undamaged buildings coexisted
in this area (Photograph 3.1.15).

This. is a residential area located at the north

edge of the city. Several (at least 6) nine-storied

' _apartment houses of WPC construction stood there.

One of them was under construction and wall panels

.;haq been 1laid up to the seventh floor. All these

- buildings were reported to have suffered little

v. Area ITI-1:
ﬁi,;_Area,IIi—Z:

vii

viii.

damage, except for the one under construction (£loor
slabs of the eighth floor) (Photograph 3.1.16). -

Nearly 10 five-storied apartment houses of (apparently)

RPC construction stood along the street coming from

. the Yerevan area into Leninakan. When viewed from

outside, these apartment houses, nearly free of broken

Fwindowpanes, did not appear to have significant

‘; damage, except for uniform cracks formed diagonally

~along the edges of wall panels which were located

. Afea III-S:

at the ends of the buildings and had small openings
(Photograph 3.1.17).
This area contains many old one-storied residences,

most of which were of stone. Damage to them was

~relatively small though some stone walls were partly

- Area IV:

J broken or dropped (Photograph 3.1.18).
”,Fﬁrthe; to the west of the Aknurian River, a village

. comprising mainly one-storied stone residences existed

~on 'a hill side sloping down towards the cast. It

 rwas:reported that the village did not suffer damage
- (Photograph 3.1.19).
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In addition, Fig. 3.1.3 shows the looations=fof .major

bulldings and structures including & statue standing -on ' the
slope in the southwestern part (undamaged; Photograph 6.1. 20),.

stadium (undamaged; Photograph 3.1.21), - t
undamaged ; Photograph

g stone-built
Leninnkan Station (two-storied masonry, -
3.1.22), and an sixteen-storied apartment - house of mixed-RCand

PC construction (heavily destroyed; shown previously), which

- is the highest building in the city.

Kirovakan | _ |
Kirovakan is located about 20km to the west of the'epitenter.
The city, having a population of approx1mate1y 170 000 is 1ocated

between hill areas on its north and south and ‘extends along a river
£lowing mostly in the east-west direction. We had only the chance
to survey a limited part of the city though it had. been reported
as  stated prev1ously that about 15 apartment houses of RMS
construction had collapsed. Apparently, the degree of_ damage
scemed low as compared to the two above-mentioned cities, Spitak
and leninakan. We observed the inside of the first story of an
apartment house standing next to the five-storied RMS apartment
house (Photograph 3.1.23) which had been pulled down and'réNOVéﬂ
after being partly destroyed by the earthquake. It did not suffer
damage and was almost free of cracks.’ Photograph 3.1.24 shows
the RMS factory buildings and the apartment houses standing over
the slope in the northeast part of the city. They appeared to-
have suffered little damage. ' o
Other Cities o i
For areas other than the three above-mentioned eitiea,rfig.
3.1.1 ouvtlines the damage in the towne and the villages located

along roads connecting these three cities.

Small Village about 10km to the West of Spitak _

It is reported that there were ope-storied nmsonry‘houaes,
most  of which collapsed though mostly having wood roofs. A
PC platform in a station aser the  village dropped {see
rhotographs 3.1.25 and 3.1.26). - l I
Ashitarsk about 15km 1o the Northwest of Yerevan l

One~ to two-storied stons houses are scattered  specely



“...on” both gides of a valley about 15m deep, but they suffered
:w-little damage (Photograph 3,1.27).
. Aii. RC . factory: buildings and stone houses consisting of slender
members . as shown .in Fig. 3.1.28 are scattered sparcely near
. Mralik, which is located about 25km to the south of Leninakan
- (about - 40km. to- the west-south-west of the epicenter), but
rthéy'-suffei‘ed_,little damage (Photograph 3,1.28).
--iv,~ Yerevan -

:._ The city, capital of Armenia with a population of about

1,.000,000, 'is located approximately 80km nearly to the south
of the ‘epicenter. The city contains a great number of
buildings ihcluding five-storied RMS apartment houses and ten-
- storied. RPC apartment houses. In addition, many high-—rise
apartment houses probably of RPC construction are under
.construction in the suburb. on the north of the city. A strong
: 'motion ‘seismograph installed at the first floor of the city's
. Research Institute of Architecture showed a8 maximum strong
~motion of 63 gals. No particular reports have been published
.as ‘yet .' concerning the damage to buildings in Yerevan
_(Photographs 3.1.29 and 3.1.30).

(3) _-Tybiéal_Dama'gé.td Different Type of Building
1) Low Stone Building

- The. low. stone-built buildings can be classified into some
. groups by use and size: one- or two-storied private residences,
‘:and " two- or three-storied apartment houses, offices, shops,
churches and. public buildings. By the structure of the stone
wal]:',. they. can -be grouped into two categories as illustrated
in Fig. .1.6.3.: in one, shaped stones are laid with the jointing
.--,._-=m6rtar (referred  to as masonry type stone wall), while in the
.--_dthe‘r,.; stones  in which only the external face is shaped are
; -:1;'-.-place'd_i~]_._ike a ..fdrm--the inside and outside of the wall with the
‘--.-:{;‘_..gaps_,fi-lle.d= with concrete or stones (referred to as filled-type
.'.};stone_lﬁ:wall).: . Private houses may be either of the two types
'\;'f-lile'.-the .Breater  part of the buildings with three or more

o ; ,_':-s!;'_@_:ri‘e_ls_is, of the filled-type.
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3.1.45.

Damage to private houses was Very large -in  Spitak. In

most of them were completely destroyed regardless

particular, -
s in the ~center of the

of structural type in the low land area
city (Areas I -3 and II -3), as shown in Photographs -3,1.31

and 3.1.33. Compared to this, damage to private houses’ appeared

to be small in the hill area in the south part -of- Sp._:.tak-and _
in almost all parts of Leninakan, "as shown in Photographs 3.1.6
(descrlbed previously) and 3.1.34. The conditions 'of. these
damaged private houses are similar in many aspects to those

of two- to three-storied buildings described- later.

For two-to three-storied stone buiidings “other than
private houses, damage was heavy in Leninakan -though damaged
ones were seldom seen in Spitak. Damaged ones in Leninakan are
shown in Photographs 3.1.35-3.1.38.

A survey of buildings which were destroyed severely but
not completely revealed that the major part of them .suffel_:'ed
damage to the top or corners of the gable which did no,t_giirectly

support the floor plates or trusses.

Reinforced Stone-Built Apartment House _ |

Of the stone-built apartment houses, :ﬁény of the four-
to five-storied ones were reinforced to meet the antl—earthquake
requirements given under Section 4.6 wh:l.le ‘some of the one-
to three-storied ones were found to be unreinforced:

Nevertheless, the degree of reinforcement ard the volume
of walls (expressed by the length of wéll per unit floor a;ea)
varied among different buildings. Some of them could be
regarded as a structure like rigid-frame construction . because
of having large openings. ._ .

About 450 buildings of this type have been - constructed'
during the last 30 years in the three cities .of Lenlnakan,
Kirovakan and Spitak. Of them, about 100 in‘ Lenihakén .“Jere '
completely or heavily destroyed. -Only. ‘two or three remalned '_
undestroyed. With all of the remaining about 60 were completely
or heavily destroyed in Spitak. In: Klrovakan, about 15 were_
reported to have been destroyed completely.. _ o '
These damaged buildings are - shown in’ Photographs 3 1 39-—- |



Many of the bulldlngs of this type suffered damage to their

,:m:gables (Photographs 3.1.41 and 3.1.43). There were many types
s of the destructlon including a local damage to intermediate
j-,fstor1es , (Photograph 3.1.42). Since the exterior walls were

buile .. of. stone, it was not easy to identify cracks in thenm.

- However, clear cracks (wldenlng of joints or connections) were

- 3)

hseen around small - -openings in the external walls in some build-

-1ngs wh1ch appeared to have unevenly distributed walls.

-R1g1d Frame Precast Reinforced Concrete (RPC) Apartment House

Accordlng to information obtained during the field survey,

all RPC apartment houses in the area have nine stories. None

‘of "them were in. Spitak. It was reported that all of the about
“100 ‘in Len1nakan had been destroyed completely while about 70

suffered damage in Kirovakan. In the northern hill area in

""Spltak (Area ‘I- 1 in Fig. 3.1.2), however, there was a housing

development (Photograph 3.1.1) where all of the several tens of

'apartment houses(probably five-storied) were destroyed completely

'fexcept for a few as stated previously. The ones remaining

undestroyed include 2 five-storied RPC buildings under

construction, a five-storied apartment house of similar

“cohstruction;'and a five-storied WPC apartment house. PC members
‘fregarded es beams and pillars as well as floor void slabs were

“*found in the apartment houses in the development which were

destroyed suggestlng the possibility that they might be of
RPC constructlon

Destroyed bu11d1ngs had already been removed when we v151ted

‘“”Spitak ‘The observatlons outlined below are mainly focused

on Lanlnakan
Photograph 3.1, 46 shows typlcal conditions seen in RPC

‘"hou51ng developments in Leninakan. All apartment houses except

‘ "“gfor the three shown in this photograph were completely destroyed

.fand reduced ta debr1s, forming a large number of rubble heaps

.'“all over the area.” In the building ar the center which narrowly

_'rema1ned undestroyed the first story was damaged severely while
*fthe second and third storles expanded largely, making the
w;fbu11d1ng appear to be ready to collapse. Photograph 3.1.47

'}if‘Jkshows lower stor1es in the remalnlng part of a bu11d1ng that




suffered domage to its central portion. Several -beams . almost

free of significant cracks hang from the structural pillars.

All of the pillars and beams on the external face of the bulldmg '

and the precast members appearing to: be walls:
rather than structural materials. - Major

are- exterlor

finishing materials,

features of the damage include the £

damage is seen in these finishing materials; wall - materials

almost completely though ~precast structural

eams and void slabs account. for .most

ollowing: no 31gn1f'icant

are destroyed
members such as pillars, b
part of the members that had fallen w:l.thout being destroyed;
the PC members that have dropped do not have significant cracks
appearing to be caused by horizontal forces; and many beams
remain hanging while all void slabs have fallen rather than

remaining hanging. _
Photograph 3.1.48 shows another building wh:.ch remamed

undestroyed. This is a rare example in which the . exterlor
decorative panels existing from the second to fourth  stories
suffered large cracks, with many of the windowpanes 1n that
portion being broken. S
Photograph 3.1.49 (overall . view of the building in
Photograph 3.1.47) and Photograph 3.1.50 (flve-storled bulldlng
in Spitak which might not an apartment. house) also show rare
examples in which the central portion of the buildings Qrére
destroyed. Photographs 3.1.51 and 3.1. 52 depiﬁt ~the joints
of PC members in destroyed buildings respectlvely. -
Photographs 3.1.33-3.1.35 show RPC apartment houses that
were destroyed during construction. The one in Photograph
3.1.54 is a five-storied building comprising PC wall panels
for decoration while the five-storied one in Photograph 3.1.55-
has no beams in any direction and uses small PC panels as wall
material. In particular, attention should be given to the fact
that the latter, ipn which walls had been - constructed to .a
considerable degree, suffered less damage than the former two.
which had no walls laid when they were destroyed heav:.ly..- L
0f the RPC apartment houses, most of which were dest;:oyed
hed\rlly or completely, the nme—storled one in Klrovakan deplc:ted
~in  Photograph 3.1.56 suffered no damage though 11:5 exterior

was built of masonry-type stone walls, -and the _fl\te—stone_gi
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'°ai0ﬂe in Photograph 3.1. 57, in which many PC decorative panels

~ “were used as exterlor ‘wall materials, also remained undestroyed

. 4)..

Attentlon ‘'should be glven to the fact that these apartment houses

and the bulldlng shown in Photograph 3.1.55 were not damaged

7 51gn1f1cantly. ‘The five-storied WPC apartment house in Photograph

3.1. 58 as detalledly descrlbed later, was the only building

“that remalned undestroyed in the most heavily stricken area in

}Spltak that 1s, Area I -1 in Fig. 3.1.2. The major features

common’ to many of these less damaged buildings are that the

' ground motion ‘at the site was small (Kirovakan) and that the

volume of walls that appéared to be effective (in spite of being

decorative walls) was large. against the input.

Wall-Type Precast Reinforced Concrete (WPC) Apartment House
 There were only six apartment houses of WPC construction

in the area: 5 nine-storied ones 1in the suburbs of Spitak

'(Photoéfaphﬂ;3.1;16, another shown in Photograph 1.6.15 which
‘had been completed up to the seventh story) and a five-storied

one in the most heavily damaged area in Spitak (Photograph

3, 1 58) All these bu11d1ngs except for a few are reported
'to have suffered little damage.

. Damaged RPC hu11d1ngs are shown in Photographs 3.1.59 and

.._3 1,60, The former depicts floor panels dropped from the eighth

'Tstory in the apartment house shown in Photograph 1.6.15, which

had been completed up to the seventh story, while the latter

i'ShOWS d1agona1 cracks seen in part of the panels with openings

" used in fivé-storied apartment houses shown in Photograph 3.1.58.

'thhese observations indicate that WPC buildings suffered much

- less damage than RPC ones, reflecting their high anti-earthquake

l ;-'Sttength‘ which is one of the anti-earthquake features peculiar

:7dto the WPC bulldlngs

Bu11d1ng of . Other Construction

Outllnes below are conditions of damaged buildings of

'structures other than those described above

i:t-RPC_Bullding Other than Apartment House

' It appeared that the buildings for different uses other

":jthan apartments had been constructed by the RPC method, but



ii.

it was difficult to identify. them . from. their _external
suffered s1gn1f1cant damage. - - Some

appearance unless they
shown in Photographs 3.1, 61-3 1.63.

heavily damaged ones are

As inferred from these photographs, there seemed to be many

other damaged bu11d1ngs that had been constructed by the RPC

method. : o — ‘ .
Photographs 3.1.61 and 3 1.62 show a. front view and- a

side view, respectively, of’ afour-storled department - store

destroyed completely (Lenmakan_). Photograph 3.1. 63 depicts
apparently an office building which appears to. ,l:ge ‘,of,_masonry

construction (Len:.nakan ).

The factory buildings given in Photographs 3.1.64 and
3.1.65 are of precast rlg:Ld frame constructlon (partly braced)
in one direction and of I‘lgld frame or truss constructlon'
in the other direction. In the bu11d1ngs of th:l.s structural'
type, the roofs of precast plates were not’ damaged severely,'
but the surface of the exterior masonry mostly fell off.

Photographs 3.1. 66 and 3. 1 67 show an overall view and damaged

portlon, respectively, or a 31xteen—stor1ed apartment ‘house
of a mixed structure in wh:Lch the central core part ‘of ‘the -

building is made of cast—1n-p1ace relnforced concrete (RC)
while the floor slabs and p111ars are of PC mater1a1
(Leninakan). The core in the first sto'ry was heav11y destroyed‘
and the exterior was also damaged cons:.derable as seen from_"
the photographs, though 1ts p:Lllars appeared to have suffered :
no damage. However, ' most of the vertlcal re1nforc1ng bars-
in the RP core wall had buckled largely, and t:he structure
as a whole was in heav:.ly damaged condltlon., j_ . BRI

Photographs 3.1.68-3.1.71 deplct bu11d1ngs whlch though'
apparently seem to be of reinforced masonry, appear to comprlse
a relatively small number of stone walls and a relatlvely. :
large number of reinforced- concrete p111ars “or p111ar-like.
members at the portions correspondlng to the p111ar forms.'-,
These RC portions were destroyed heav:.ly 1n many of the‘l'
buildings of this type, probably because they had a: less" number"

of walls.
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iii.’__'Monument' and Other Structure
There were plate-like bus stop structures and monuments
'\w_ith a tower ratio of 4-10 along a road to Leninakan, but
‘ aii'i-of” them were found to remain standing. The monument
h ('stai;ﬁe)_ at the top of the hill in the southwest of Leninakan
. also remained undestroyed.’
- ‘In. Spitak, simple structures like those at gas stations
'were déétro'y'ed"completely (Photograph 3.1.72) while a stone
mdhﬁment on a hill suffered only slight damage (Photograph
3.1.73)Q Gravestones standing nearby (their bottom seemed
“to be ‘embedded in the ground) remained almost undamaged
{Photograph ‘3'.1.74)._ |
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Photograph 3.1.1

A housing development consisting of
. five-storied RPC  apartment  houses
~located at hill area in northern Spitak.
At least about 20 buildings were com-
pletely destroyed while only three
or four including those with many walls
or under construction remained under-
stroyed.

Photograph 3,1.2

Destroyed  five-storied RMS apartment
houses and other structures ‘in area
near  hill slope in the both: sides of
Spitak. At least more than 10 appart-
~ment houses were destroyed completely
to’ debns in this area.

. Photograph 3.1.3

Damaged buildings in lowland area along
“Pamback River flowing in east-west
direction through central portion of
:Spitak. Most of the low RPC factory
‘buildings and low stone residences
were destroyed heavily or completely.

Pi:utbgf_aph 3.1.4 : A
Damaged. - RMS apartmenr. “houses ' along
street” in - southeastern Spitak. There

are’ many partially or heavily destroyed
h1111(!1:)35.. :




Photograph 3.1.5

Damaged buildings in south part (center
of photograph) of lowland area in
central Spitak viewed from hill in
northwest of the city. There are heavily
destroyed factories and other buildings.

Photograph 3.1.6

Low houses in eastern Spitak (foot
of mountain) viewed from hill at center
of  south area of the 'city. Damage
appears small.

Photograph 3.1.7

Lovw residences in-the west of central
‘Spitak {bottom of photograph) viewed
“from the hill at center of south area
of the city. Damage appears small,

Photograph 3.1.8
Graveyard on small hill near south
edge of Spitak. All gravestones appear g
to :remain  standing, - including those
with" large thickness-height (H/t) ratio
. looking ' towards ‘the north; The depth
- of the' gravestones which embedded into-
their base stones is unknown, but mortar: |
is used. ' =

—100—



- Photograph-3,1.10 :
‘A damaged large silo and -auxiliary
facilities located “"at western edge

- of north part of Spitak. A silo filled
with grains has  fallen down and  the

_auxiliary - facilities have partially
.been destroyed heavily or collapsed.

Photograph 3.1.11
Completely destroyed nine-storied RPC
-apartment houseés in housing development
‘located northwest part of Leninakan.
~All. apartment house narrowly remaining
standing were also destroyed heavily.



' Photograph 3.1.13 o :
Completely destroyed "RMS  epartment
houses = among old stone buildings in
central part of Leninakan. They were
completely reduced = debris, leaving
a huge number of rubble heaps of tuff
used as wall material.

Photograph 3.1.14
Damnged old stone bu
Square in Leninakan.

ildings in Central
The stone-built

church ia the middle of the photograph

had its hall port completely destroyed.

The part was located on the left of '
the gable wall, which stood 1like a
small tower to the right of the church.
Compared to this, the three-storied
mpsoury hotel in the right part of
the photograph suffered little damage,
while the three-storied masonry govern— [
puilding ot the opposite side

ment
its fourth story

of the square had
damaged heoavily.

2 Photograph ‘3.1.15 .

Old three-storied stqne—built apartment -
{} houses standing on either ‘side of
&1l principal road running from Lenin Square
to -railroad station located at- east
edge of Leninakan.. With small windows,
most of those apartment houses suffered
only small damage. There  was large
damage _(collapse of 'gable,  etc.) t
many of the relatively new three-storie!
stone apartment houses and five-storie-
RMS ones which stood behind. the on¢:
in the photograph. L S

Photograph 1.1.16
wal-type' p: vast reinforced concrete
EEPC) aparte .:hhouses under coustruc-
ion in ne ousing development at
nofth edge of Leninakan. Tuif cut
tp;nly as decorated material was precast
with the outer structural wall panels.
They seem to have worked effectively
as anti-earthquake walls., These build-
ings suffgred-no significant damage. -



Photograph . 3.1.17 )
Damaged outer wall with small openings
of five-storied,  (probably) RPC apart-
ment house  standing on a road  coming
from the south into Leninakan. Similar
damage was seen in all other buildings
along the road, though they were almost
free of other types of damage.

. Photograph 3.1.19
. A community comprising one-

.'storied: stone residences has developed

to two-

on a slope located to the west of the

- Aknurian . River . flowing -in ' the north-
" south direction. about S5km to the west
.0f  "Leninakan..  These buildings were

;reported to be almost- free of damage.

Photograph 3.1.18

An urban zone mainly comprising old
one~-storied stone residences has
developed in the north part of
Leninakan. Most buildings appeared

to have suffered only slight damage.

Photograph 3.1.20

Statue on stone base located on small
hill at southwest edge of Leninakan.

It remains completely free of damage.
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Photograph 3.1.22

Two=-storiwml

Stati
stong
tuft,
Zone

stone-built
o, Free of damage.  The
material  of a0 rusty
Ihe  raivlrowd tracks
reiain noriusl .,
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i

akan
riot

is
this

Photograph 3.1.23
The 1left  part
apartment  {(remaining
in  photograph}
pletely destroved.

and  resoved.

apartment  houses
many  of  them

Photograph 3.1.21

A part of Leninakan viewed from to;
of a small hill at the southwest edg:
of the city in direction of the north.
east. A stone-built stadium is see:
in the left-middle of the photograph
No report was available on its damage.

L N

{five-storied RMS
right part seen
Kirovakan was com-
1t was pulled down
There were many similar

this area, but
reported to have

suf tered only slight damage.
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Photograph 3.1.24

Stone residences on a hill slope and
three-storied stone factory buildings
at its foot in the northeast part of
Kirovakan. All these buildings appeared
to have suffered enly slight damage.

o
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Photograph 3.1.25

Damaged buildings in a small village
located about 10km to the west of Spitak
(about 10km to the west of the
epicenter}. There were MANY ONe=Stor | ol
stone houses with wocden roofs, most
of which were destroved completely,

Photograph 3.1.26

4 railroad station in a small village
about 10km to the west of Spitak,
A precast platform was depressed.

Photograph 3.1,27

A community in Ashtarak tocated  ab.or
15km to the nurihwest of Yerevan {ahou
65km to the south of the eploenter i,
There are one- e two-storied  stope-
built residences on  eithor side
a valley. They did not suifer dams...

stograph 3.1.28
urb of Maralik located about 25km
the south of Leninakan (about 40km e
the south-southwest of the epicent-
j» There were factory buildings
‘mprising thin RPC pillars and one-
I+ two-storied stone-built residences,
~iich seemed to remain undamaged.

-
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"Photograph 3.1.29 . _ : ‘
‘Buildings in downtown Yerevan, ‘a cizy
with 8 population of 1,000,000 abo;t
~80km to the south ‘of the epicente-,
“The only one set of strong:motion de:a
currently ' available was. obtained
“the  first floor ‘of , the Institute »f
~Architecture.-- located - in ' this city,
The' maximum ' acceleration was' 62 'galj,
_Yerevan contains & variety of buildir g
“including twelve-storied- RPC -apartme y
‘houses. - Most ‘of them seemed to. remein
~undamaged, . - S :

Fhotograph 3,1.30 _
A large housing development comprising
mainly mixed PC/RC high-rise apartaent
houses, which are under construction
in a northern suburb of Yerevan (about
MWkm to the south of the epicenter).
They appeared to remain undamaged.

Photograph 3.1.31 B

Destrayed low ' resisdences on a hill
in the north part of Spitak. ' The:ze
were ‘many  unreinforced. ‘masonry " Housis
with -wooden roof, most of which were
‘completely destroyed. T . -

Photograph 3.1.32

Roilroad station with woden roof in.
Spitak.  Masonry walls lapg between
pillars of the railrvad were destroyed,
Gables and: corners were 4lsg destroyed
in  the gwo-storied house behind, u:
Mocter containing clay is used. :



Photograph 3.1,33

A damaged one-storied stone house along
railroad slope ip Spitak. The walls
are of concrete-filled type and with
thickness of 30cm. The piers on either
side of the window- were heavily
destroyed,

Photograph 3.1.34 _
4 slightly damaged one-storied stone
house in the old section' of Leninakan.
The wall appears.to -be of masonry type,
judging . from the -conditions  of the
Joints - and lintel. Seil ‘is placed 3
thickly on: the ceiling ‘probably  for g
heat - insulation and a wood roof is

installed over it. ‘ .

Photograph 3.1.36
Damaged gables at the second and third
levels of a three-storied stone ~built
apartment house. The wall is of filled
type, though apparently of masonry
type, and the floor is of wood. It
is unknown from where the long PC panel
has dropped {Leninakan).

?hotograp 235
Jall"mgtérial;:haST"droppéd”;from " the
3able  at’ the . front. porch provided "in
Cben;longgrf;side'-bf:_affbuilding;' The
top  of" 'the wall was:.not reinforced
and . appeared to. have been  peeled  off
by.:an'‘external force. Similar damages
Seen . in- -many " other:  buildings.' - The
alls: are' of ' filled "~ type -and have
Suffered - little ' damage .. (Leninakan).
- The shape - of 'stone  material can be
Seen’ from the photograph. - 7
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Photograph 3.1.38

A destroyed stone-built church which ;
stood looking towards the Central -

Square in Leninakan. Many other churches
suffered damage including the loss
of spires. The roof is of wood and
no reinforcing bars are seen in the
debris, suggesting that the structure
is not reinforced,

Phot }_1_39

Hea: stroyed five-storied rein-
fore: ¢ apartment house.

walls filled type and void slabs
are us floor material. Slabs
are ‘huug~ rem the fourth and fifth
s§or1es. no beams or reinforcing
pJ}lays 4t -ven, suggesting that the
building 4~ . whole does not have an

integrated stiructyre {Spitak),

‘apartment house.
. as

Photograph 3.1.37 _ :
Damaged gables at the third Jevel of

& three-storied filled-type stone-built
Void slabs are wused

floor material in_ this building,
but the roof is-—-of wood. No members
such as anchoring bars are seen between
the top of the wall at the third level
and the horizontal decorative member
in the building (Leninakan).

Photograph 3.1.40
Heavily destroyed five-storied rein-
forced stone apartment house. -The
walls appear to be of mixed filled-
and - masonry-type.  The reinforecing
bars that have dropped do not have
concrete around them, suggesting insuf-
ficient fixation (Spitak).
N s




Photograph 3.1.41

A - Four-storied reinforced stene apart-
"ment house. with damaged gable. This
is an old-type building, in which rein-
forcement is not. used in large amounts
though the wall volume 1is large

Photograph 3.1.42
A five-storied apartment house suf-
fering from local damage to intermediate
stories. The walls are of filled-type,
but no reinforcement is seen in the
wall at the edge of the shorter face
(Spitak).

{Leninakan}.

Photograph 3.1.43

A filled-type stone-built apartment
house suffering from heavy damage to
~corners of higher stories, In the
longer face, walls are provided only
at the edges. In the shorter face,
the gable has large openings and there
no walls of the edges (Spitak)}.

e wer

Photograph 3.1.44

A detailed view of the damaged part
of the same building as above. Rein-
forced concrete is seen at the edge
of the wall in the leonger face. Beams
connecting to an RC portion is seen
in the fifth story and roof. The slabs
used in the building is of precast
“type though not of void type. Anchoring
bars probably -used for conmection are
seen in the shorter side but not in
the longer side (Spitak).
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Photograph 3.1.46
Typical damage seen
comprising

in a housing devel-
nine-storied RPC

opment
Most of the apartment

apartment houses.
houses were destroyed completely, and
all of the remaining ones were also

dumaged heavily. The second and third
story of the bailding in the phetograph
deformed  that  the portion as
ar to be expanded.

of victims still remained

is so
a whale appe
A lorge number
undiscovered (Leninakan).

Photograph 3.1.47

A detailed view of the destroved portion

of o nine-storied R apartment house
suffering from  lecal  damage to
central part. Non structural precast
members are seen arvund the building.
They did not suffer cracks. TFC beam
members hang from the building
all void  slabs  had droppedb

{Leninakan}.
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Photograph 3.1.45

A detpiled view of a damaged portic
in the same building as in Photogra)
3,1.42. Vertical members of reinfore:
concrete is seen at two portions
the damaged filled-type stone wal
but the horizontal members probab
provided for reinforcement are n
connected to the vertical ones. 0
vertical reinforcing bars and ©
horizontal ones are seen between them.

Photograph 3.1.48

A4 RPC apartment house narrowly remain-
ing standing. The second and third
stories suffered large cracks in the
outer wall and damaged to their window-

panes {Leninakan).

[



Photograph 3.1.49
An  apartment house suffering the
destruction of jts middle portion,
leaving the side portions undestroyed
(overall view of the building in Photo-
graph 3.1.47). As a rare case, the
building was televised in a local TV
program. The portions that appear
to be pillars, beams or walls are broken
sections of finishing material provided
over structural members. The building
is damaged in the span direction
particularly in the second story,
The four-storied building behind appear
to be free of damage (Leninakan).

Photegraph 3.1.50
4 five-storied RPC building suffering
the destruction of its middle portion,
leaving only the gables undestroyed,

The shape of the gable wall suggest
that the building was not designed
for residential use., Part of the front
portion is smoke-stained probably due @
to fire (Spitak).

Photograph 3,1.51

Precast pillar members found in
completely destroyed nine-storied RPC
apartment house, Angles and plates
embedded for connecting reinforcing
bars in beams are seen in the center
of the photograph. Each main bar
arranged at the four corners of the
pillars is welded by using a 3Ccm-long
auxiliary reinforcing bar. The rein-
forcing bars are about 7mm in diameter
though the hoop spacing is small.

t otogtraph3.1,52
- end of a precast beam member found
completely destroyed nine-storied
- apartment house, A slippage is
m in the welded portion between
' 2 bottom bar in the beam and an angle
¢ chored to a pillar. A U-shaped plate
used for connection of the top bars.
L agpregate grains are broken in
¢ cross section of the ruptured con-
ete, The stirrup is about 7mm in
d,ameter, The cross section of the
beam has a convex shape to accept floor
Plates on it, but there is no evidence
to show that the reinforcing bars in
slabs were used for anchorage.

-
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Photograph 3.1.53
An spartment house destroyed during
construction, Sowe precast pillsr
wembers have fallen dawn in the same
direction. Precast exterior oaterial
4s attached to the outer faces of
structural nmembera. The bullding is

estimated to have been o nine-storied .
one, but the cross-sectional dimensions .Photograph 3.1.54 7 )
of the pillar members arei &Sca'fo()cn An RPC structure damaged during const-
even in the (irat story (Leninaken). ruction. This structure may have been

designed to have more than five stories,
judging from the comparison of the
pillars with those seen in five-storied
apartments in Spitak, though the cross-
sectional dimensions of the pillars
were about 40cmx40cm, Beams are provided
only in one direction while in the
perpendicular direction, floor slabs
are connected to pillars by  using
bars. Pillars are connected in every
three stories, that is, in the first
and fourth story. :

AL SN
Photograph 3,1.55

A five-storied precast apartment house
dasaged during coesiructica. It has
beaws in the lang directica. But no
PO opillars. L small PO wall panels
are provided for esash spaa, amd the
cther parts are made f asoncy walls.
No beazs are prosided in the span direc~
tion. aad maar saall PO wall pasels
aTe used 1mstexd. P truss material
is also uaed im 1we towf (Spitak).

Fhotograph 3.1.50
1 wvissaped nize—stocied XPC apartaent
wogwe  in  Kirerskas, This  buildiag
2521 ot suifer evem 3 creck in the
cetzr  walls thoogh it was  reported
thar N3 apartwmest bhouses of similar
corstrection were damged in Kirovakan.
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Photograph 3,1.57

2 [ive-storied RPC apartment houses
built near the construction site shown
in Photograph 3.1,53, Though many
walls are installed, pillars and beam
forms are seen, whlch is a key feature
indicating that these are not of WPC
construction. No significant damage
is seen except that, .on the building

Photogrﬂph 3.1.58

An almost undamaged WPC apartment house
suffering only the loss of some outer
wall panels which stood among many
completely destroyed five-storied RPC
apartment houses in Spitak. The absence
of pillars and beam forms is the key
feature indicating that it is of ypC
construction.

'Photograph 3.1.59

Floor panels that have fractured and
dropped from the eighth floor to the
seventh floor in the nine-storied WPC
“‘apartment house under construction
shown - previocusly in Photograph 3.1.15.
It ‘is unknown: whether the connection
of -floor panels had been completed
when ~they fell in the earthquake.
However, ‘other panels and connecting
- portions suffered little damage (joint
concrete had ‘not been laid -in the
- seventh story (Leninakan).
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in the foreground, the first-story
portion of the gable appears to be
deformed.

Photograph 3.1.60

Diagonal cracks formed in the outer
wall panels on the [ive-storied WPC
apartment house shown previously in
Photograph 3.1.58. Cracks are seen

in the wall on the right of the wall
panels at the second-story level, but
other panels and joints did not suffer
cracking (Spitak).
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Photograph 3.1.61 : )
A completely destroyed four-storied

RPC department store. The front part
originally . had three stories. The
second story was destroyed and the
third floor dropped (Len1nakan)

Photograph '3.1.62

A side view of a destroyed four—storied
-RPC department - house. - The store was
so . completely  destroyed that . its
original form could not be - estlmated
(Leninakan)

Photograph 3.1.63 o SR
- An. . appareatly - RPC - office building
-probably under construction.- The . outer
walls have been. finished. in' & masonry
- appearance. . The ’stone = exter1or- is
~ damaged heavily.. The framework:  appeir
_to have. suffered little damage becau,e
of a low rigxdlty (Lenlnakan) ' :

Photograph 3.1.64

A one-storied laboratory building com-
prising precast pillars trusses. Braces
were used in the end span, but their
rigidity was low and all masonry outer
walls collapsed. .



Photograph 3.1.65

A three-storied factory building com-
prising precast pillurs and beams and
ribbed slabs, Stone outer walls at
the second and third story levels, where
the amplitude was large, were peeled
off, though most of the other members
including pillars, Ffloors and roof
slabs remained undamaged.

Photograph 3.1.66

The lower part of a sixteen-storied
apartment house, which .is the highest
building in Leninakan. The core part
is comstructed of cast-in-place rain-
forced concrete, and the floor slabs,
internal pillars and 12 external pillars
at the four corners are of precast
reinforced concrete. Pillars did not
suffer significant damage though outer
walls' and partitioning walls were
slightly damaged.

Photograph 3.1.67

Damaged cast-in-place RC core wall
at the center of the first story in
a sgixteen-storied apartment of mixed
RPC and RC construction. The wall
is heavily damaged and the vertical
bars are buckled largely. The parti-
tioning wall is also deformed showing
a reduction in the height of the story,
though the two inmer pillars suffered
no cracks.

Photograph 3.1,68

A largely deformed six-storied apparent—

1y “office ~building. standing in the

‘old 'section of Leninakan. - Its construc-

.tion  type ' cannot . be identified from-
" .the external view, '
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Photograph 3.1. 69

When viewed at close range, many window-
panes are broken and vertical members
which appear to be reinforced concrete

Photograph 3.1.70 s
Reinforcing members of ~reinforced

concrete are seen in- the stone wall
at a corner of the building. In addition
to this, there are many buildings which

do not appear to be constructed to
stone but comprise no apparent RC
members.

pillard suffered large cracks.

Photograph 3. 1 71- SRR

A’ demaged - building vhich " appear . to

be of - s;milar construction to .the-ones
in ‘the -previous ' three photogrsphs.
Reinforcing- . members " of :. reinforcel
concrete are  seen. in  the  destroyel
-stone pillar. - Windows  are large arL
,the wall volume 1s small._ Ll :

Photograph 3.1.72
A gas -station of RC construction - in
Spltak .
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Photograph 3.1.73

A - damaged reinforced stone monument
on a small hill in the south part of
-Spitak. o '

'Photograph 3.1.74

- A graveyard at: the foot of a hill imn
- the south part of Spitak. Thin grave-
" .stones have not fallen down probably
_ because . their  bottom  parts were
embedded ‘in the ground.
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3.2 Damage to Road and Railroad

(1) GCeneral

(2)

Fig. 1.2.1 shows roads and railroads in the‘suburbs:efnthe_
Lities of Spitak (populatlon about 20 000) Lenlnakan (populatlon
ahout  290,000) and Klrovakan (populatlon about 170 000), whlch
were heavily damaged by- the latest earthquake, and Yerevan
(population about 1, 000 000), the cap1ta1 of Armenlan SSR The
railroads must have been cla531f1ed by’ type (managlng agency) and
degree of 1mportancethough details are unknown._ _ '

We did not have the chance to contact Sov1et experts-
specializing in transportatlon fac111t1es partly because -the
Japanese expert team had llttle t1me for a survey. _Thus, the

following description on damaged structures _1s based only on

the short field survey by the expert. team.

Damage to Road

1) Qutline

The total length of the roads within the earthquake-stricken
asreas is about 600km, of which sections totaling about 60km
are reported to have suffered heavy damage. Since all these
stricken areas are located in a mountenous district at a1t1tudes
of 1,500m or more, the major mishaps included collapse of slopes,
cracks in road surface and sharp drop in road level. In urban-
areas, buildings were brought down, blocklng up roads. As of
February 21, on which the expert. ‘team - arrlved the roads had:-
resumed their functions nearly completely because an army was:
mobilized specially for - the repalr of roads, though further.-
restoration work was st111 ‘needed. Sllght damage to roads was.
seen in many places, but there seemed to be no heavy destruction
that would cause long-term trafflc 1nterrupt10n, though detallst'ﬁ
~ere unknown. At ‘least, heav; -damage to “the roads. runnlngi'
through 1ere\an—Len1nakan—Sp1tak—Klrovakan and Yerevan—Spltakﬁi;

were not found during the survev by the expert team.. L

Darmage to Road Bridge R S ,
It is reported that the earthquake—strlcken areas contalned,f:;

about 140 bridges, mostly of small—scale,tof whlch 7_sufferedy
slight damage. o o
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Photograph 3.,2.1 shows an elevated bridge on a bypass
~currently  under construction in a suburb of Spitak, the city
closest to the. eplcenter It consists of a three-span, simple-
support, pretentioned girder supported on a RC frame. The
-lower- structure consists of precast cross beams connected to
-precast piers at the site. The type of foundation is not known,
but it may be of direct type.
_ The top and base portions of the piers suffered damage
1nc1ud1ng the peeling of concrete as shown in Fig. 3.2,2. The
- cross beams have been slightly rotated and some piers have been
-inclined 7towards the bridge axis. Judging from Photograph
3.2.2.(b), the main bars, which are of deformed type, are about
25mm in _diameter; and the hoops (deformed reinforcing bars)
. of about 9mm in diameter are provided at intervals of about
30cm. Ordinary type aggregate, rather than tuff, is used, but
its Strength appears to be low (roughly estimated at around
_250kg)ﬁ. Compared to other bridges described later, this one
obviously hés“-a smaller cross section and there seems to be
: aiiarge differehce in design intensity.

Photograph *3.2.3 shows a five-span, simple-girder bridge
(effeetiVe‘span_SBm, 5~ 165m) installed in Leninakan. Its upper
étrﬁcﬁﬁre“ consists of two series of six PC T-girder beams

"providéd'af différent'heights while the lower structure consists
of :crOSs"beams' instélled on two RC piers. The structure of
'therfbundétion is unknown, but it may be of direct type since
the ground is made of tuff. The bridge is firmly constructed
and very largely different from the above-mentioned one on the
bypass in suburban Spitak with respect to the cross section
‘of ' piers and quality of concrete finishing. Information on
‘the intensity of the concrete used was not available for most
‘bridges, but we heard at a construction site in Yerevan that
‘the ‘intensity adopted there was 400kg/cm.
In the‘bridge in question, a residual displacement parallel
- and  perpendicular to the bridge axis as shown in Photograph
: 3,2.4_ wés caused between the second and third span from the

ﬂleftabénk{,gThe damage, however, is so small that it would not

"vt<hgve' a_;sighificant- effect on the performance of the bridge.

.‘aquasixteeﬁ—étoried building standing on the left bank was heavily

—119—



damaged and ready to collapse, clearly 1nd1cat1ng the difference ‘
in earthquake resistance between . the. brldge and bu11d1ng
Photograph 3.2.5 deplcts-.the_,plers:_(undamaged) for an
elevated bridge being constructed-on:a Dbypass.. ! It has 14 spans'
and its . pier height is considerably large, ~30m: maxlmum The
span is approximately 30m.,  All plers -and - part of the Cross
beams had just been installed and become ready .to: accept ‘some
girders when the earthquake took - place, »Th plers were
constructed by connecting precast members attthe.51te.r Concrete
had not been laid on the connectingﬁ portions;:jbut' the” niers
vere fortunately free from damage-becausemthemupﬁer'structure'

had not been installed.

3) Damage to Road Banking, Road Surface, etc.:
Photograph 3.2.6 shows a cracked road surface found 'in

suburban Spitak. The road runs along the edge of a river
terrace, and the cracks are con51dered to have resulted from
the slippage of banklng. Photograph 3.2.7 deplcts cracks and’
fallen rocks on a bypass under’ constructlon 1n Spltak Damage o
to a culvert as shown in Photograph 3. 2 8" was also found on
the same bypass. However, the number of damaged portlons such

as shown in Photographs 3. 2,6-3.2.8 vas not large for most roads

4) 1n Photograph 3.2.9. destroyed road51de bu11d1ngs blocked up'
a road or the entrance of an underpass._ In partlcular, .the
blocking of reads by destroyed bulldlngs had serlous effects'
on the traffic. In some places, trafflc was regulated for fear.
of the collapse of a damaged bu1ld1ng even, 1f it remalned
standing. : y e R

Photograph 3.2.10 shows a truck recovered fron rubble aftern

being buried under a fallen bulldlng In partlcular, removal_

of rubble on trucks caused serious trafflc congestlon 1n central:

parts of urban areas.

(3) Damage to Railroad

1) Outline , o
The main line connectlng Lenlnakan-Spltak-Klrovak” !
. been reopened by December 21, when -the - expert team’ farrlved L

- though it was reported that rallroad serv1ce had_been*suspended?;l
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"jin many places imediately after the earthquake.

*2). Railroad Bridge'

: Photograph :3.2:12% shows a railroad bridge that collapsed
*iin “suburban’ Spltak ‘This " seemed to be a spur track connecting

" the' Spltak Statlon and’ factor1es in the city, rather than the

¥ main “line” between Spltak and Kirovakan. The two-span simple

“deck brldge ‘has lost a girder (span about 30m) close to the

"fleft "bank’ Accordlng to other information, however, it was
-fA}Enot that the .girder. dropped but it was pulled down for replace-
ment . afrer -suffering heavy damage. Details .were unknown,
.L‘Photograph 3. 2 13 deplcts the bridge under repair. Restoration

. work is under way u51ng a steel glrder which seems to have been

’ff_ijprocured hastlly Near the left Dbank, the abutment is being
li.jrrestored u51ng tuff blocks to suit the length of the girder.
o Photographs 3. 2 14 and 3 2.15 show railroad bridges (both
‘ G&undamaged) 1n Lenlnakan and suburban Yerevan, respectlvely.
)ﬂ'?_'The former, in partlcular, is supported by very flrm piers.
.“r::Its de51gn horlzontal 1nten51ty is estlmated at 0.2 or more.
*,lSj;;Tunnel
P A tunnel is suburban Spitak was found to suffer cracks
~‘at its mouth as - shown in ‘Photograph 3,2,16. We did not have
"Lg—time to: check the conditions within the tunnel, but railroad
“service had ‘ been reopened by December 21, suggesting that it
did not - suffer serious damage
*54)g?Bank1ng
R Photograph 3. 2 17 taken by a Soviet expert immediately
4“;Lafter the earthquake, ‘shows destroyed banking. Its restoration

_ ﬁseemed to have completed ‘when the expert team arrived, and its
' jlocatlon could not be identified. Judging from the photograph,
:hilppage appeared to have taken place not only in the banking
fbut also 1n ‘the ground around it,

. Photograph '3.2.18 deplcts damaged small banklng found in

: ‘fqthe yard of the Spltak Statlon.

ﬂ]:S)f}Other Damage ;
L Photograph 3. 2.19 shows a fallen concrete ut111ty pole

‘seen 1n suburban Spltak and a temporal pole used for restoration.
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(4) Summary
Sufficient data are not available because we did not have

the chance to contact Soviet experts specializing  in traffic
facilities. According to the survey by thé Japanésg':e_xpe_rtx Rgroup,
however, damage to roads and railx'-.oads seem t_b' _be:-'gengrally small
as compared to buildings. At the present. stage, -major factors
in this difference are considered to be as follows,: though further

studies are required with respect to-design and construction.

1) Large-scale damage did not take place because there were few

large structures in the earthquake-str:l.cken area.

2) The ground is generally in goed condition in'mosﬂ: p'arts'oﬁ the
earthquake-stricken area since it is in a mountainous district.
Consequently, the area did not suffer large.—.sc'al'e‘ destruction
of banking and slopes caused by the deterioration in 't:het"g-rdund
condition. .' I '

3) Depending on the degree of importance of the road or railroad,
small-scale bridges generally have a short natural period and
therefore, their design horizontal intensity is not small in
most cases as compared to buildings that suffered heavy damage.
Most bridges are made of concrete with 'cor_l'siderébly .high strength
(400kg/cm in some cases) and finished fairly well. This feature

indicates a large difference from heavily damaged: buildings.

3.3 Dumage to Lifeline Facility

Sufficient information has not been obtained concerning the-
current conditions and damage to lifelines (including dam'agel to
management system) or emergency restoration, because. uer___di_.d not
have the chance to contact Soviet experts‘specializing in. lifeliné
facilitres. Summarized below - are dai:a on damage, . thoug,hr.
fragmentary, obtained from interviews at the Instltute of Phys:;cs
and  Eogineering Seismology and the short field survey. by the
Japanese expert team. . | : | o

Demage to lifeline facilities identified in Leninakan by

Decenber Il is as Follows.
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- Electric power, water supply
- These - facilities suffered cons:Lderable damage, but
‘have been restored gradually
. :Gas supply, sewerage:
~.These ' facilities must have suffered large damage,
. but surveys have not been made sufficiently. Further

s surveys are needed. Unrestored.

_ Gas supply fac11:|.t1es are prov1ded with cutoff valves that
':'V")aut)omatlcally stops the gas supply when detectlng vibrations, and
these valves are said to have been actuated.
Photograph 3.3.1 shows pipelines (undamaged) crossing a road
in suburban Leninakan (found 1mmed1ate1y before enterlng the
tfearthquake—strlcken area) Slm:.lar plpellnes were seen in many
_'-'places. They are con31dered to be used for irrigation or tap water
"'supply, though deta:l.ls are unknown In places other than roads,
plpellnes are 1nsta11ed d1rectly on the ground surface or on a
© ' shallow | level in the ground.
o Photograph 3. 3 2 depJ.cts a damaged weld in a steel pipe and
a bent f1tt1ng found on a bypass under construction in suburban
:"Spltak '
7 Photograph 3 3 3 shows a cutoff valve removed as a femporary

"fmeasure to stop the leak from a damaged fitting in a water supply

plpe in Lenlnakan. '
_ Photograph 3 3 14 shows a culvert being built near a building

“ under constructlon ‘in Lenlnakan, and a steel pipe installed in

”"llt.' The use of the pipe is unknown. It seemed that the pipe laid

.‘t;sln the culvert would be covered with relnforced concrete lids,

- ;:':'__ followed by ‘back f1111ng

Photograph 3.3, 5 deplcts underground cables being restored,
They appeared to be cables for control of traffic lights. They
are: passed through steel pipes and buried on a shallow level under
-.jthe pavement. = '

' Photograph 3 3 6 shows tanks in an industrial complex 1in

_' Whether they were damaged is unknown.
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3.4 Damage to Ground

The earthquake-stricken area - is -located in a mountainous
district at altitudes of 1,500m-1,700m.. - The:- ground consists of
weathered tuff and basalt, consequently, the. ground contains'_clay
as the principal component and the layer: of . deposits:is. thin, which
appears to be the major reason for the fact -that the area did not
suffer significant damage due to rupture.of -the ‘ground : by
fluidization, etc. Another poss:l.ble reason: is that the area is
in a dry district with no prec1p1tat10n before the earthquake,

and the ground contained 11t:t1e water and was h1gh in strength

(1) Spitak and Its Suburbs

(

)

Railroad banking on a dry l‘].VEl'bEd in Spltak suffered large-
scale collapse, heavily deformlng the ralls (Photograph 3 4.1}.
Large-scale slippage and destructlon took place 1n the mlddle
of the banking, suggesting that the le.ppage resulted from a
sharp reduction in supportmg force of the ground caused by
fluidization. Destroyed masonry was found on the Pamback Rlver
in western Spitak (Photograph _3.&.2). In the north of the west:
part of the city, large rocks were scattered on a road Iafter
falling from the top of a prec1p1ce (Photograph 3 4 3) Many
cracks had been formed in a road runnmg in the east-west
direction in the north part of the c1ty, and partzal destructlon
and depression were seen in many places. o L

The intensity was X in the area 5—6lcm to the west of Spltak '
where roads and banking were reported to have suffered heavy
damage, though details are unkn_o_wn.J We found small—scale damage .
to roadside slopes in many places.' Electrlc poles on the dry

riverbed of the Pamback River were 'incllned 'whlch also appeared

to have caused by fluidization _of the.‘:' ground

Leninakan _ o

The ground appeared to be free of damage, probably because_:-'
land wss generally flat and the groundwater level'___was'__:flow- :
Detsiled information is not avallable for the south part“ ‘of"the' '
city because we did not have the chance for a survey there. : .'

Leninakan appears to be located on a thlck lacustr:.n& clay.'.' _
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"layer of 250—300m maximum, as described under Section 4.2. This
"ﬁ?clay 1ayer is largely overconsolidated, and as seen from Table
7ff4 2 1, the shaer wave propagetlon velocity (V ) is a considerably

.ffhlgh 450m/sec There is the possibility, hOWever, that the clay

”:flayer worked to ampllfy long-perlod input waves, suggesting that
Lﬁane';wlth perlods of 1-2 sec might have- prevalled to some extent,
CIf ‘so,. it may become p0331b1e to explain the collapse of many
-ff—nlne—storled apartment houses. . Anyway, more detailed studies
P .;'5!1_'3 required in _the-futu.re” o |
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Photograph 3.2.1: Elevated Bridge under Construction (Spitak)

Cross beams are installed on precast piers to form a frame, on which
pretent iomdd  givders are laid.,  Some of the piers on the left are
inclimd irvregularly, Of the bridges surveyed, this one had the smallest
vross section.,

Damage tc Base Forticm of F :
Pyetective ceopcrete has cowe :I
and the main Yars bas een sligh:ly
beas. The concrete is _Iv:w ia
strength and finishing is inadeqd”
ate. _

Photogeaph 3.2,2: Domoged Pier (Spitak)
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- A : 1' y .
(b) Torn Handrail

(a) Displacement of ﬂain Gifder Per- Particular joints are not provided
pendicular to Bridge Axis (about at the end of the girder. The pave-
Tem) ment is laid continuously. The

handrail is pulled off by about
10cm, probably reflecting a residual
displacement of the girder.

Photograph 3.2.4: Damage from Displace-
ment of Main Girder (Leninakan)

This 1large-scale bridge is planned
to have 14 spans and to be about 40-
50m in length and about 40m in pier
height. The precast pier members
(hollow) seen at the left bottom of
the photograph will be connected to
form piers. Cross beams will be placed
on each pair of piers (some cross beams
have already been installed on the
piers at the farther end), followed
by the installation of girders on them.
Proper connection of precast piers
is of key importence. The piers seem
to have suffered no damage.

Photograph 3,2.5
Road Bridge under Construction
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Photograph 3,2, Crack and Fallen
Rock on Banking of Road under Construc-
tion (Spitak)

The road is under construction and
the slope is npot protected, Rocks
have fallen from a height of 50m or
more from the road surface. The crack
in the road surface was caused by slip~
page in the banking. The slope of
the banking is formed to the right
of the portion in the photograph,

Photograph 3.2.7: Crack in Road Surface
itak

isitack)has been formed due to slippage

in the banking. The number of. roads

suffering from cracks like this was

not large within the scope of the

survey.

{a) Mouth

L]

—

tograph 3,2.8: Damaged Culvert under
d (Spitak)
§ culvert was installed through
banking of the road under construc-
" cited in Photograph 3.2.6. The
--PPage in the banking caused a gap
*-Yeen the culvert and the breast-
welil,

U oo g

(b) Inside



Photogtraph 3.2.9 t

Photograph 3.2,9: Road Blocked by Dest-

royed Rondside Building

(t) The mouth of an underpass is blockedy
by rubble of a destroyed building.

Photograph ©.1.11: Ssmowal of Tubhle 4

{Spizak)

It is eatrons]
and transpey:
reinfqrcing

cage is shows iz ite ghetograghk. There |
Teiile Zeaps. |

vere a greal sumler of
Removal and Sissess? cf a1t
will be an imporis:z

rehiie

1 i;ffi::i: T remove
2 il mny projected |

(a) Building Torn Down onto Road
Many roads in the city were block
by destroyed buildings.  Dama
to roadside facilities " should
taken into account in  performi
restoration work for the roads.

o b e

Photograph 3.2.10: Truck Recovered
from Rubble of Destroyed Roadside Build-
1ng (Spitak) -
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Photogroph 3.2.15 Railroad Bridge
(suburban Yerevan, undomaged)

The bridge, which is unpdomsged, is
located vutside the disaster-st:icken
dared.

The prers are not very large in cross
section., but they are of rigid-frame
coastruction  ad estimated  to have
4 sufftusent rigedits.

- 132

Photograph 3.2.14 Railroad Bri .
{Leninakan)

The bridge is undamaged. The pi s

are of rigid-frame construction d
large 1in cross section, indlecat g
that the performance of the bri
is largely different from that of e
one in FPhotograph 3.2.1. The des pa
horizontal intensity is roughly estir :-
ed at about 0.3.

Photograph 3.2.16Crack at Hout of
Railrcad Tunnel (suburban Spicak)
Restoration work is under way. I age
seemed to have occurred imside cthe
tunnel chough railroad service 1ad
reopened.



(b) The track is heavily damaged and

rails are largely deformed. A
_ T train  {probably freight train)
L o p: ‘¥%?Awal isl ali? largel{ inclined,  All
Dol - - oles for aeria 2 3
(a) The hill in the left appears to Lave fallen down, 1i2§1ei2?ngsiﬁﬂz
be a river terrace. The bankig serious disaster immediotely after

in the low area slipped to destroy the earthquake.

the track.

Photograph 3,2,17: Damaged Railroad
(photographed by Soviet expert immedi-
ately after the earthquake)

Photograph 3.2,18: Damage to Basking
(Spitak Station)

Heavy damage like that in JFhotograph
17 was not found during the survey.
In this example, the sandguard retaining
wall is free from damage, and the
shoulder is damaged only slightly,

wtograph 3.2,19: Domaged Concrete
ectric Pole and Temporary Restoration
spitak) -

considerably large ezrthquake force
; required to destroy electric poles.




(a) A pipeline installed over a roa

(L) A prpeline crossing a road.

Photogtaph oL Pipeiine Across Road
Leleot raope, prebabin ar trrnatlon,
ppey oA o oy
Wonlarnle..

Thete Lte is 1l many

P area LS
hoan At precipitas-
Lo et on thelr

T

ML At B

" - ¢ N . TN
capprosimately  Idom

Photograph 3, 4,20 Desaged =
ySpitan)
Wb Derformad Fitting {approxim:tel

15
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{a) Temporary Treatment of a Fitting

Photograph 3.3.3: Damaged Water Supply
Pipe

It seemed that full-scale restoration
had not started. Restoration work
was seldom scen.

i

Photograph 3.3.4: Steel Pipe (Probably
for Water Supply) Installed in Culvert
at Building Construction Site(Leninakan)
It appeared that RC lids would be laid,
followed by back falling.

Photograph §.3.%: beotoration ot Ap
parently Biesteic Dalile ey Pt
(Lennaran



Photograph 3_3'.6.;.' Tanké_' in Industr:ia'l

Complex (Leninakan) - - ]
When viewed from a- distance, they did

‘not appear to be damaged by fire, etc.

Photograph = 3.4.1: Destroyed Railroad
‘Banking h C IR

Photograph 3,4.2: Destroyed Masonry

along Pamback River

Photograph 3.4.3% Fallen Recks in Sub-
urhan Spitak




4. Discussion with Authorities Concerned

We made discussions with members from authorities concerned
regarding such matters as seismic phenomena, damage, anti-earthquake
design methods and restoration work in the future, as described
below. The books and references we contributed on this occasion

are listed in Chapter 10,

(1) Academy of Science of Armenian SSR and Institute of Geology of

Armenia SSR

a) December 19 (Mon.) 18:00-

‘We had a meeting with Mr. Nicolay Lavelov, vice-president
of Academy of Science of USSR and members from the Academy of
Science and Institute of Geology of Armenian SSR, We obtained
information and offered advice on the danger of earthquakes in
the future as estimated from data on aftershocks.

Determination of the degree of damage to buildings and
review of anti-earthquake design methods were the urgent matters
for Mr._[avelov,‘who requested us to make a discussion on them
with members from the Armenia Scientific Research Institute
of Civil Engineering and Architecture.

The Soviet participants are listed below.

1. Nicolay Lavelov
Vice-President, Academy of Sci., USSR
2. Grigorian Sergei
Corr, Member, Acad.of Sci., Arm. SSR
3. (Gabrielian Arshaluis
Academician, Acad.of Sci., Arm, SSR
4, Sedrakian David
Academician, Acad.of Sci., Arm. SSR
5. Kejlis Borok
7 _Academician, Acad, of Sci., USSR
6. Shebalian Nicolay
Professor
7. Karapetian Ashot
o _ Doctor of Sci.
- .8. Khatchian Eduard
| Doctor of Sci.
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b) December 20 (Tue. ) 10:30-12: 00

SSR with a visit.
c) December 23 (Fri. y o 11: 00—12 00

the Institute of Geology (Sueh1ro, Thkamatsu)

9. Nicolaev Alexei
Professor.
10. Shahinian Suren _
Doctor of Sci.
11. Djerbashian Ruben

Doctor of Sci.

We honored the pre51dent of Academy'of Sc1ence oqurmenla

We made a discussion followlng the'one on. Decemberle

(2) Armenia Scientific Research Institute ;of,,Civil;:EogieeeriogJ-aod;i,

Architecture

1) December 20 (Tue.} 14: 00 18 00 (7)

We had ameet1ngw1th 11 members" 1nc1ud1ng Dlrector Shaglnlan

S. G. to obtain information on damage to structures, constructlon

methods and anti-earthquake design 'methods, and > - offer

cooperation as stated below.

i.

ii.

iil.

iv,

We showed data on relnforced concrete prefabrlcated houses o
in Japan, the type of hou31ng which suffered the most serlous
damage by the latest earthquake. : We offered some - papers_
and reports we had brought wlth usi o . '_."'d
We showed data on methods used in Japan for d1agn051s of;:
the earthquake _ re31stance .of exlstlng bulldlngs.

strengthening of them, determlnatlon of the degree of damage:*
to buildings, and strengthening of damaged bulldlngs.'l

also offered papers and reports.



and'-lower-‘components not available). We were requested
_ -1to;carfy qqt.a-numerical analysis of the recorded component
-C-and'éhe calculation of response spectrum in Japan, and we
_:promised to do them
All members except Suehiro of the Japanese team took
.. . part. in the meetlng . The Soviet participants are listed
“ ;P he1ow..L_ . |
':1. Shaginlan S. G.
o Head of ARMNIISA
-2, Badalian R. A.
o : _ . 'Head of Frame Building Lab,
3, Kﬁachian-E. E.
. Doc. of Eng. Sci., Chief of Lab. of Earthquake
... Eng.
'34;"Karamian K. 0.
" Doc. of Eng. Sci., Chief of Lab. of Ind. House-
R bu11d1ng
"5, Ballan G G.
_ ' ~ Chief of Economic De51gn Section
- 6. Shakhnazarlan B. X.
- " Cand. of Eng. Sci., Chief of Section
R 731:Ar01ch1k A. B.
RN " ‘Doc. of Eng. Sci. ,Expert of EDS
“-8;7:Ter-Stepan1a1n G. I.
R Head of Lab., Institute of Geophysics, Leninakan
9.° Papian-v V. ' '
' Chief Designer of ARMGOSPROEKT
10. Shakhsuvarlan L. V.
' SR Doc. of Eng. Sci., Head of Group of Earthquake -
_ Eng Laboratory
-11. Alrapetova T -8,
, ., ~EDS Chief 0331gner
.-712. Dautlan S.D. (1nterpreter -~ English)

R December 23 (Fri. ) 11:20-12:20
o o _4' We resumed the opinion exchange following the previous
%7 ¢ne’ (Okada, Yamanaka, Oda).

. =139~



Major subjects included - factors.. in damage, entl-earthquake
design methods,  plan on -the transfer ‘of | the:s c1ty Spitak, and;

disaster prevention. measures adopted 1n Japan.~ uEmaﬁv.:

3) December 24 (Sat.) 10:00-12:30 _
Okada, Hirosawa, Minami and- Yoshlda v1sited the 1nstitute

again to make a discussion on the de51gn 1ntensmt1es ‘in ther
earthquake—strlcken area.  They had: a:: ;hapcei towﬁsee thef

experimental facilities there,

(3) Institute of Geology and Englneering Seismology ’
December 21, morning, and December 22, ‘15: 00-19 00 :
We met -institute members - 1nc1ud1ng d1rector Bedellan,-=S;r
V., to exchange opinions on aftershocks, ground motlon, damage,

and design intensity.

(4) Yerevan Polytechnical Institute, Road and Brioge Construction

Department

a) December 24 (Sat.)  10:00~12:00. P _
Kawashima visited the department to collect 1nformat10n'
on the anti-earthquake design methods used for brldges in Armenng”
and received papers and reports concernlng brldgee.: He made-_
an explanation on antl-earthqueke de51gn methods for road brldgesi,
and measures protection of .roads agalnst earthquakes which’ have:_

been adopted in Japan, and offered papers and reports. ;{_;_J~'**—'t

Abovian G.A. . . Vice: Dlrector ;

Doozgazian S. M. 'i Professor . . ... . )
Ionnisian S. G. “__Assoc1ate Professor[‘:;‘-_{r
Azoian P.S, _;‘Assoc1ate Professor
Azootuuian F.Z. = - Assoc1ate Professor&i;ff;j”:
Avefigian A. M. g»ASSOCIate Professoriﬂ

(5) Armenian Ministry of Transportatlon

~.a) December 24 (Sat.) 13 00—13 :30",



' ‘f(ﬁ) Department*of GeOphy31cs, Academy of Science, USSR

a) December 26 (Mon ) 16:00-17:00

RS T

We made a dlSCUSSlOﬂ with department members including

Professor Bune and Stelnberg
_ - We recelved 1nformat10n on seismic sonatlon, and exchanged
;1op1n10ns on actual de31gn 1nten51t1es in the earthquake-strlcken

:””‘area and de51gn 1nten31t1es ‘to be used for anti-earthquake

o Mde51gn.'ee“

'tt?);i:Natlonal Commlttee of Constructlon, USSR

};e);,December 27 (Tue ) 10 00-11:30
' We made a rough report to seven members including vice-.
"f,chalrman Chlzhevsky and exchanged oplnlons on factors in damage
‘"fo_jand rev1ew of antl—earthquake codes. The _Sov1et participants
;;f'5fare llsted below. _' ' | -
o Chlzhevsky, M.V,

v1ce—cha1rman, Nat10na1 Commlttee of Constructlon

1D1rector, Bureau of Sc1ence and TEChnOIOSY. the same

'fCommlttee

v Viee-director;“fhe same Bureau, the same Committee

.W'ﬁDifECtor} ‘Basic Scientific Institute for Building
- _.and- Bridge, USSR '

~. Vice=director,  Central Scientific Institute for

‘Construction and Structure

- Section: Chief, Public Relations Division, National

Committee of Construction

L,Chief:-Expert, - Bureau of Science and Technology,

- National Committee of Coﬁstruction




5. Future Measures Required in 3__95-3“.‘1‘; Resion} mSov:LetUnlon

Countermeasures against earthquakes_" 1n Japan have_|;.been carr:.ed
out in line with the "Gu1de11nes for Promotlon of Countermeasures agalnstk '

Earthquake in Large City" adopted An. the Central Dlsaster“ Preventlon-_:

Conference in 1971. 1In partlcular, the Promotlon Gu1delines mrequ1res
the following: 1) promotlon of dlsa‘ster preventlon measures 1n c1t1es,:
2) strengthening of the dlsaster preventlon sys em= and upllft of
conscicusness towards dlsaster preventlon, and 3) promotlon of earthquake :

prediction,

is one of the major plllars for establ:l.sh:mg d:l.saster-free c1t1es. B

In the Soviet Union, however, the enhancement in the earthquake

re31stance of exzstlng bulldlngs,' 1et alone newly constructed_“-_

2)

1mportant in the . Soviet Unlon.“f Conslderlng the large d:.fference'__ _

in national consciousness, customs and populatlon dens:.ty, however, L

it would be only ‘natural that spec1f1c measures.requlred 1n the','

two nations would be dlfferent. U

3) Needless to say, earthquake predlctlon is of great mportance.'___f;‘:'

Measures should be  taken ‘ based: on adequate studles : on t:he'f;".'_'

characteristics of spec1f1c earthquakes.




SALA e LT e
Conclusion . - ...

. The present report outlmes the actlvits.es and results of a survey
”,by the F:Lrst Team of Japan Disaster Relief (JDR), dispatched by the
}'Japanese government to offer technical advice for the rehabilitation
-and restorat:.on of the Armenian §SR suffering desaster from the Armenian
Sp:l.tak earthquake, ‘whlch occurred on December 7, 1988.

JDR Team is. generally dlspatched in accordance with the "Law
‘.Concer"n;,ng D:Lspatch of Japan Dlsaster Relief Team (1987)", which was
-'promulgated and enforced on the basis of the experience with the volcanic
.eruptlon in: Colombla and the Mexico earthquake in 1985. The Team
cons:_sts of a rescue team (rescue of victims), medical team (first aid,
dls:mfectlon) and expert team (emergency measures and restoration from
-dlsaster) In the latest case, the Soviet Unmn after making a discussion
w1th an;advance -group requested Japan to dlspatch an expert team. At
_ the t1me .of the departure of the first team, we had obtained reports
J.nd:.cat:l.ng that many people had been killed under buildings destroyed
' kby t'.he earthquake and that medlum—helght apartments of precast reinforced
concrete or stone matenal had accounted for a great part of the
:destroyed bu:.ldz.ngs,_ but no detalled 1nformat10n was avallable that
‘would be useful for. the act1v1t1es requested by the Soviet Union.
Consequently, the Team carrled up-—to—date technical data coverlng methods
‘for earthquake res1stant de51gn, determination of the degree of damage
' and rehabllltatlon of earthquake-strlcken areas, focusing on reinforced
concrete bulldlngs and other ‘structures.

’I'he organlzatlons for joint investigations in Armenia were the
'Natlonal Committees. .of  Construction and Academies of Science of USSR
'and Armenlan S8SR. . The. rehabllltatlon work was being performed through
nat10nw1de efforts. ~ For the_se reasons, we had meetings with both Soviet
: and Armenlan organlaatlons. o | .

e The Nat:.onal Comm1ttee of Constructlon of USSR is an organization

s:.m::.lar to the Mlnlstry of Construction of Japan. The participants

:m fthe meetlng 1nc1uded members from a department in charge of the
- _'{f_construct:.on standards applxcable to the entire Soviet Union, and members
.;"fro:n;; the central Research Institute of Architectural Structure and

:_.;'Scienufic Research Institute of. Bas:.c Structure, which are under the
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The National Committee of Construction of Armenlan SSR whlch acts '

as a construction ministry of the republlc and was playlng “the’ leading“

role in the restoration work, was in charge of the survey of thej

conditions of damaged bu11d1ngs, Judgment as’ to whether each bu11d1ng_

should be pulled down or strengthened for reuse, study on methods forjf
their strengthenlng, and planning of new res1dentlal zones.‘{' R S
The Academies of Science are 51m11ar in many aspects to the Japan”'
Academy. Unlike the Japan Academy, however, they are actlng practlcallygd
as research authorities with research 1nst1tutes under thelr dlrect
control, Following the latest earthquake,‘ they were in 'charge “of
coordination among other author1t1es concerned and the1r sub51dlary:f
research  institutes in the fields of the study on the characterlstlcs'?
of the earthquake. They also performed a 301nt study Wlth u. S and d
French téams to make . investigation on aftershocks. - The part1c1pants '
in the meetings with us included memhers from the Research Instltutei
of Geophysics and a 301nt committee of selsmology and seismic . englneer—
ing, which are under the Academy of Sc1ence of. USSR and members frome
the Research Institute of Geology, which is under the Academy of SC1enceﬂ‘
of Armenia SSR. : B e
Prior to meetings in various'fields, the Team made a f1e1d survey
of damaged buildings and other eructures 1n major areas 1nclud1ng theld
three cities of Spitak, Leninakan and Klrovakan."”‘ RS “f T
Through meetings with these organlzat1ons, we understood that the-'

Soviet Union was facing d1ff1cu1t1es in urgent 1ssues as follows'f
a. Whether certain damaged bulldlngs should be pulled down, or_
strengthened for reuse. L '-.‘.‘n;iws;h;'.,qf
b. How te review the earthquake resistant7des13n standardshreflectingwﬁ
the lessons learned from the experlence w1th the earthquake. S
¢. Whether the city of Spltak which suffered serlous damage, shouldh?

be transferred to other place for the reconstruction of a new?l

Spitak.

d. Possibility of strong:aftershocksg,thoughEnoﬁe,ggﬁspéh,égggghgdgff

occurred,

present report outlines the results of the survey hy the Team, content Ex
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of the meetlng and adv1se offered to Sov1et organizations the above~
mentloned matters, and lists the books and reports that we contributed
tO them. I TR TS, e ‘

L The SOV1et Unlon is one of the leadlng countriesin the field of
researohsln selsmology and’ ‘seismic englneerlng The latest earthquake,
however, ‘was. muich: hlgher in 1ntens1ty ‘than ones expected in the Armenian
SSR. ThlS was ' obv1ously one of the major factors in the destruction
of . 28 large :number. of bulldlngs. . _

Consmderlng thlS, we concluded that disaster prevention techniques
developed 1n Japan would be very useful for the restoration of the
dameged area and mltlgatlon of the effects of the disaster in the future
because earthquakes with strong ground motion as seen in the latest
case ‘Have been assumed in actual design in the country.

“]fBefore arriving at“the damaged area, we were anxious as to whether
we would .be permitted to take photographs. there and whether necessary
technlcal data would be available, though we received active cooperation
from organlzatlons there and this proved to be needless worry. Our
survey was assumed to complete 1n a single visit. However, the field
' survey has revealed that the dlsaster was so heavy and there were so
omany serlous problems to be solved promptly for restoration. We, as
memberseof the “Team, strongly-hope-that another team carrying data and
information requested by the person we met in Soviet Union, will be

dispatched“again,as;early as possible within the existing framework.
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1I. The Second JDR Team
1. Outline of Evaluation

1.1 Outline of Seismic Design Methods in Japan
(1) General

The general philosophies accepted in most countries of the world for the
seismic resistant design of buildings are that (1) only minor damage without
significant loss of economy is allowable under moderate earthquakes and (2)
severe damage or collapse followed by loss of human life should be prevented
under severe earthquakes. For these philosophies general buildings lower than
roughly ten-story height in Japan are designed by the allowable stress method
with the base shear coefficient of Co = 0.2 for moderate earthquakes, and by
the ultimate method with the coefficient of Co = 1.0 for severe earthquakes.
Higher buildings are required further design studies based on analytical
and/or experimental investigations. The required ultimate lateral load carry-
ing capacity of a building, however, may be decreased, as shown in the
following Eq (2), corresponding to the level of ductility while it must be in-
creased with the effect of torsion and/or soft story.

Qu = Qun (1)

Qun = Ds x Fes x Qud {2)

Qud = Z x Rt x A1 x Co x W (3)
- here

Qu : Lateral load carrying capacity

Qun : Required lateral load carrying capacity

Ds : Structural factor dependent on ductility (Ds=0.25-1.0)

Fes : Shape factor (Fes=1-2.25)

Z : Zone factor (Z=1.0-0.8 for mainiands)

Rt : Spectral coefficient corresponding to soil condition (Rt=1-0.25)
Co : Standard base shear coefficient (Co=1.0)

W : Weight of building

Ai : Lateral force distribution factor along the height

The lateral load carrying capacity of a building is basically calculated
for the failure mechanism formed by flexural yielding of beams, columns and
shear walls. Although the capacity is calculated to one loading direction,
the effect of floor slabs and members perpendicular to the direction must be
taken into account. Lateral displacement of a building subjected to the
forces corresponding to Co = 0.2 shall not exceed 1/200 the story height,
however, the use of deformable non-structural members or deformable joint sys-
tems may raise the displacement up to 1/120.

(2) Ds Value for Reinforced Concrete Buildings

Seismic capacity of a building is controlled by strength and ductility
capacities (ref.2). Design lateral load carrying capacity may be decreased
with ductility. The Ds factor to represent ductility is quantitatively regu-
lated for reinforced concrete, steel or timber structures, respectively,
corresponding to the level of expected ductility. In the case of most ductile
building, the required capacity may be decreased to 25% the required capacity
of most brittle building, thus the Ds may take the value of 0.25.

Ds value for R/C buildings are obtained as follows. Firstly, each member
is classified to one of the four members shown in Tables 1 and 2 corresponding
to ductility rank. The ductility rank is determined with the level of ul-
timate shear stress and other structural factors. Secondly, the ductility
rank as a group of columns or shear walls is determined, as shown in Tables 3
and 4, based on the ratio of total strength of columns or shear walls in the

—151—



same ductility rank to that of all the columns or shear walls. Thirdly, the
Ds value at each story shown in Table 4 is determined on the basis of (1) a
combination of ductility ranks of groups of columns and shear walls, and (2)
ratio of capacity of shear walls to that of the story. Boundary values in the
tables are determined with a great deal of experimental and analytical data.

1.2 Comments on Design Seismic Forces in the USSR Codes

Following comments are described with emphasis on comparisons of design
seismic forces with those by the Japanese codes.

(1) Design Seismic Intensity and Zone Factor
Design seismic forces in the USSR codes are expressed in Eq.(4) in terms

of acting external forces Sik at the k-th floor and the i-th mode. The design
seismic intensity A in the area I is shown in Eq.(5). :

Sik = K1 x K2 x Qk x A x i x Rdx nik (4)
a=04x2 T 1.9, 859 (%)

The maximum intensity 0.4 in Eq.(5) is almost same to that in the
Japanese codes, however, the zone factor is different. Relative values of
zone factor in several countries are listed in Table 5. The USSR codes indi-
cate most significant change for different zones. Due to the following facts,
the Japanese codes moderate the reduction of zone factor for mainlands by 20%
at maximum. (1) There is an uncertainty in the presumed intensity of each
earthquake on an available earthquake catalogue. (2) The duration of the
catalogue is not long enough compared with return periods of earthquakes.

(2) Dynamic Amplification Factor Corresponding to Soil Comdition

The dynamic amplification factor B in Eq.{(4) is regulated as shown in
Fig. 1. Relative values of B/B0 in the Japanese codes are shown in Fig. 2,
where B0 is the value for short period structures on hard soil. In the Mexico
City codes, design base shear coefficients corresponding to soil conditions
were revised after the earthquake of 1985 from those in Fig. 3 to those in
Fig. 4. Due to following facts, the reduction of the factors on a long period
range is moderated in the Japanese codes. (1) Exact classification of soil
condition is difficult in several cases. (2) It was observed that predominant
pericds of medium soll tended to increase under severe earthquakes. -

(3) Reduction Factor K1 for Allowable Damage Degree : The factor K1 in
Eq.{4) is defiped only by the use of building and is regulated as 0.25 for
general buildings. The factor is adopted to allow moderate damage which does
not harz buman life in a building under severe earthquakes. However, the
building should not collapse at a large deflection resulting from reduced
lateral load carrying capacity. That is, a ductile building capable of
withstanding a large deflection should be designed to maintain permissible
performance even under decreased lateral load carrying capacity. :

It is considered necessary to divide Ki into two factors, the importance
factor dependent on the use of building and the structural factor dependent on
ductility of building. It is suggested to provide a factor similar to the
previously described Ds factor and to regulate adequate provisions necessary
to provide ductile performance. For reference, the importance factor and the
structural factor in the Japanese codes are shown in Tables 6 and 7.

(4) Rough Comparison of Design Seismic Foreces and Designed Members
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A rough Comparison of design seismic forces and designed sections and
reinforcements in an example building in accordance with both the Japanese and
USSR codes is shown in Fig. 5. A 9-story precast R/C frame building on the
medium soil in Leninakan area (I = 8) was taken as an example. The design
forces and designed sections would be close to those by the Japanese Codes
when the design intensity took I = 9.

1.3 Design Study of Prototype Buildings

Two proﬁotype R/C buildings of precast large-panel structure and of wall
structure were studied following the Japanese practice in both the design and
analysis. They were previously designed in acecordance with the USSR codes.

(1) Study of a 4-Story Precast Large-Panel Structure Building

1) Type of Structural System and Method of Analysis : As the structural sya-
tem of the building was similar to precast large-panel structures in Japan,
the structural calculation was performed based on the Japanese regulations.
Floor plans and sections are shown in Fig. 6. Different structural properties
from those of Japanese buildings were that it consisted of thick walls, light
weight and low strength of concrete and heavy unit weight. Floor panels were
precast void panels, however, precast wall panels Were monolithie.

The ultimate strength method with Co = 1.0 as well as the allowable
stress method with Co = 0.2 were applied for the study. Although the Ds valye
night be selected from 0.45 to 0.55, it took 0.5 because of existence of short
beams. Details of each connection were as follows. (1) Vertical joints : wet
Joints with shear keys or welded reinforcements. (2) Horizontal Joints : dry
Joints by direct joint system. ({3) Floor to floor joints : wet joint with
welded anchor reinforcements

2) Structural Dimension and Analysis for Co=0.2 : The stress analysis was
done assuming (1) equal unit shear stress in walls, (2) standard ratio of in-
flection point to story height, and (3) local redistribution of elastic
stress. Flexural reinforcements of beams were determined by working stress
while shear reinforcements by the minimum requirements. Both flexural and
shear reinforcements of walls were determined by the minimum requirements.

3) Lateral Load Carrying Capacity : The base shear coefficient corresponding
to the reinforcements determined by the allowable stress method was 0.45. It
reached roughly 0.5 when increasing flexural reinforcements at the base of
walls of the ist floor. Vertical and horizontal joints were checked with the
ultimate strength method for the coefficient C.5. Ploor joints were checked
by the allowable stress method for the local seismic coefficient 1,0,

4) Results : The obtained main results were the increases of (1) shear rein-
forcement of beams, walls and connections, {2) flexural reinforcement of beams
and walls and (3) strength of foundation beams, compared with those in the
previcus design.

(2) Study of a 4-Story Cast-in-Place Wall Structure Building

1) Type of Structural System and Method of Analysis : Plan and section of the
building are shown in Fig. 7. The building consisted of mixed systems of wall
structure (box wall structure) and walled frame structure (frame structure
With wall columns), however, the total system was rather similar to typical
wall structures in Japan. Although the length of wall per unit floor area
(13.8cm per square meters) did not satisfy the minimum requirement (1Scam per
Square meters), the area of wall (425.5 sguare cm per floor areaz) satisfied
the requirement (15¢m per square meters times the wall thickness ) for the
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wall structure. Therefore, it was decided to study the building in accordance
with the standard regulations for wall structures. The building of wall
general may be designed by simplified methods without detailed

However, here the lateral load carrying capacity and the duc~
y were investigated and the elasto-plastic response analysis was
f insufficient amount of structural walls. - ‘

structure in
calculation.
tility capacit
carried out because 0

2) Elastic Stress Analysis and Required Reinforcements for Co=0.2 : As a
result of the analysis, the stress concentration to wall plane was fairly big.
Mean shear stress of the wall plane reached more than 2 times the walled frame
plane (vl : t2 = 0.14 : 0.36 MPa). The stress distribution was influenced by
the rigidity of the ground and foundation beams. ' Flexural and shear rein-
forcements of walls and beams were determined by the minimum requirements.

3) Lateral Load Carrying Capacity and Ductility : Flexural reinforcements
necessary to obtain the required capacity were calculated by simplified
method assuming a failure mechanism and referring to the item 2) above. The
required Ds value was 0.45 since all the walls were judged as the rank WA be-
cause the maximum value of tu/Fe (0.07) was less than 0.1. The calculated
lateral load carrying capacity was 0.52 in term of base shear coefficient.
The obtained failure mechanism consisted of flexural yielding of beams and
overturning of both the exterior walls and exterior walled frames.

4) Elasto-plastic Response Analysis : The analysis was carried out under the

following conditions and the obtained results are summarized as follows.

a. Input earthquake motions : Recorded ground motions, Hachinohe-EW 1968 and
Yerevan 1988 normalized with the maximum acceleration of 400 gals.

b. Dynamic properties and hysteresis rule : Fundamental period T1=0.24 sec,
damping factor=5% and elasto-plastic type hysteresis rule. E

¢. Maximum ductility factor : p = 2.4 induced by the Yerevan record and p =
1.2 by the Hachinohe record. '

d. Maximum story drift : & = 0.82cm at the 2nd story induced by the Yerevan
record and & » 0.39cm at the first story by the Hachinohe record.

1.4 Seismic Strengthening for Damaged Buildings

(1) Criteria of Seismic Capacity _

The recommended criteria for rehabilitation of damaged buildings {repair,
strengthening, demolition) in Japan are shown in Table 8. ' The aimed seismic
capacity of damaged or undamaged R/C buildings is expressed in terms of Is
index. The index Is generally takes 0.7 for low to medium-rise buildings sub-
jected to 0.3 to 0.4g level of ground motion, where g is the specified
gravity, and to approximately 3 time the response amplification.

(2) Seismic Strengthening of a 5-Story Precast R/ C Frame Building -
Three types of strengthening methods were studied for a S-story damaged
frame building in Leninakan which were under construction. It was indicated
that the strengthening with each of steel braces shown in Fig. 8 and concrete
shear walls shown in Fig. 9 could provide as much seismic capacity as that
generally required in Japan. Some details are shown in those figures.

(3) Recommendations for Strengthening Design and Construction " "% - -
“Careful attention must be paid to (1) space of seismic joints, (2) rigid
floor diaphragm, (3) rigid foundation system, (4) design and construction of
strengthening elements of steel, (5) quality control of construction, (6)
columns subjected to very high axial compression, and (7) joint of. ponstruc-
tural elements to structural members, - - © o T oo oow
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1.5 Comments on Seismic Microzoning Method Based on Measurement of Microtremors

(1) General Characteristics of Microtremors

1) Definition of Microtremors : Microtremor is defined as ground vibration by
artificlal sources caused by traffics or machinaries in the city area, and it
differs from microseismo caused by natural meteological phenomena. The
amplitude of microtremor is smaller than 10 micrometer and the range of period
is 0.05 to 2 or 3 sec (sometimes 4 to 5 seec). Its amplitude i1s changed with
the time, that is, it may be 3 times larger in day-time than in night-time.

2) Layered Structure of Subsurface Soil and Predominant Period of Fourier
Spectrum of Microtremors : In the layered soil structure, seismic waves
propagate with multiple reflection. As a result of the reflection, it has own
period. This period appears as the predominant period of mierotremors.

3) Relative Assessment of Amplitude of Fourier Spectrum of Microtremors :
The shape of Fourier spectrum of microtremors is similar to that of strong-
earthquake ground motions. The amplitude of Fourier spectrum of the ground
motions is equivalent to that of microtremors.

(2). Microtremors Measured in and around Leninakan

1) Seismic Bedrock of Leninakan : The microtremors by long period seismometer
found the predominant period of 3 - 4 sec. This predominant period was caused
by very deep sedimentary layer on the seismic bedrock. The selsmic bedrock of
Leninakan area was located at several kilometers bellow the ground surface.

2) Mean Period of Microtremors and Degree of Building Damage : The mean
period of micrtremors of the ground in northern area (north part from Lenin
square) was 0.5 - 0.6 sec, and this was close to the natural period of 9-story
precast R/C frame buildings. So it was guessed that this fact might be one of
the causes of serious damage to this kind of buildings. The mean period in
the central area of the city was 0.2 - 0.3 sec and was close to the natural
period of low-rise stone-masonry buildings. This fact might be one of the
causes of serious damage to this kind of buildings. It would be necessary to
implement more detailed survey, because there were underground flows of
rivers. The predominant period in the south area was close to that in the
north area, however, it’'s amplitude was larger.

3) Microtremors measured in the New Developing Area : The microtremors by
long period seismometer were measured at two sites in the new developing area
of north Leninakan. The predominant period was about 3.5 sec¢., The
predominant period in the new developing area of south Leninakan was close to
that. in the north area. Therefore, the seismic bedrock in and zround
Leninakan area seemed to be located at almost the same depth.

(3) Microtremors Measured in and around Spitak

1) Appeared Seismic Bedrock : The microtremors of the ground were measured at
five sites in and around Spitak. The predominant period was very short (less
than 0.1 sec) at the foot around the hill where a monument was constructed at
its-top. The seismic bedrock was located at very shallow portion in the area,

2) Hean Period of Hidrotremors and Degree of Building Damage : The predominant
periods in the heavily damaged area of Spitak were in the range between 0.2
and 0.5 sec, and these were close to patural periocds of damaged buildings.

3).Hicnbtremons Measured in New Developing Area : The predominant period in

tew developing area was close to that in the damaged area, Thgrefore. it
would ‘be necessary to construct more reinforced and stiffened buildings.
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(4) Microtremors Measured in and around Kirovakan

Just in front of the City-office, the predominant period of the ground was
0.15 sec and the amplitude was about 1/3 the amplitude in heavily damaged
area. In the damaged area closely located to the City-office, the predominant
period was 0.3 to 0.5 sec. This fact might be one of the causes of serious
damage to buildings. The predominant period in the new developing area was

slightly longer than that in the damaged area.

1.6 Measured Dynamic Properties of Buildings in Armenia

(1) Results of Microtremors Measured on Buildings The microtremors on the
buildings were measured at 19 sites in Yerevan, Leninakan and Kirovakan. The
measurements in Yerevan were recognized for dynamic properties of undamaged
buildings while those in Leninakan and Kirovakan were recognized for damaged
buildings. The measurement results are listed in Table 9. .

(2) Comparison of Dynamic Properties between Undamaged and Damaged Buildings

1) $-Story Stone-Masonry Building : The measured natural periods and critical
damping coefficients of undamaged buildings were 0,28 -~ 0.33 sec and 2.2 -
7.2%, respectively. Those of damaged buildings were 0. 21 - 0.55 sec and 1.9 -
4.4%, respectively. The change of the natural periods in damaged buildings
were significant, presumably because of the deterioration of both the stiff-

ness and strength of masonry walls.

2} 9-Story Precast Frame Buildings : The natural periods in the 1ongitudina1
and transverse directions of undamaged buildings were 0.61 - 0.63 and 0.46 -
0.53 sec, respectively. Those of damaged buildings were 0.83 - 1.07 and 0.81-
1,00 sec, respectively. The natural period of damaged bulldings was increased
by 30 - 40% compared with the period of undamaged buildings. The critical
damping coefficient of damaged buildings was increased by more than 25%..

3) 9-Story Large Panel Buildings : The natural pericds and ceritical damping
coefficients of undamaged buildings were 0.38 — 0.39 sec and 1.2-2.5%,
respectively. Those of damaged buildings were 0.40 - 0.46 sec and 2.6 - 4.5%,
respectively. The natural periods were not so changed between undamaged and
damaged buildings, but the critical damping coefficients of damaged buildings
were almost 2 times those of undamaged buildings. ,

1.7 Concluding Remarks

The 1988 Spitak Earthquake has given a very strong impact to structural
engineers cver the world because a number of modern buildings designed.with
seismic design codes had been totally collapsed. The lessons to be learned
from this earthquake seemed to be almost the same as those learned from
destruetive earthquakes for past several decades in Japan. The activities of
the Japanese missions have been done based on those lessons. Main results and
comments obtained form the works and discussions are summarized as follows.

1) Insufficient strength and/or ductility capacity of precast frame buildings
compared with the amplitude level of the seismic motions would have: caused
the collapse of many buildings. Poor construction quality would hafe ac-
celerated the damage, It must be emphasized that the joints between precast
members such as column to beam, beam to slab and wall to slab were not
provided with sufficient strength nor ductility.- Co S

However, there is a question how nonstructural meﬁbers,such*ésaexﬁerual

walls in damaged precast frame buildings behaved during the earthquake. . How
the damage to such walls played roles to the collapse of the ‘buildings ?
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The collapse and/or falling of walls would have reduced both the strength
and stiffness of several stories while the response forces would have not
been reduced so much because of small change of fundamental period. This
would have resulted in concentrated displacement at particular stories,
Consequently, it is important to investigate the process up to collapse of
buildings, that 1s, which part was damaged first and how the buildings be-
haved -up to collapse.

2) In the affected area, a total volume of conerete used for both structural
and nonstructural members in a building seemed to be almost the same as that
in Japan. Effective use of concrete as structural material, more amount of
both longitudinal and lateral reinforcements, and good quality control of
construction could have improved the seismic capacity of the buildings.
Severe climate conditions in addition to these matters might restrict avail-
able.struetural systems. For example, wall atructures, walled frame
structures and large-panel structures might be recommended.

3} - To incorporate design seismic forces, reasonable amplitude level and
characteristic of ground motions should be estimated considering the dimen-
sion  of fault rupture, and topography and soil condition of the site. This
subject might still be one of the problems which need tremendous efforts to
solve in the field of earthquake engineering.

4) The ductility capacity of structural members and frames should be
evaluated based on available experimental data.

5) Careful attention must be paid to the following items and design require-
ments should be provided. (1) Space of seismic joints. (2) Rigid floor
diaphragm. (3) Rigid foundation system. (4) Joints of non-structural ele-
ments to structural members. (5) Possible overturnings and fallings.
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Table 4 Ds-Yalue for Reinforced Concrete Structyre

N Buctility Rank of ¥all Group
Ductility — : - :
Rannk of R/ T 1] W ¥
Column : -
Group Bu 03 JAu . | Bu 03 |Au |Au 103 |gu |au |03 |au
(=03 [ 07 [>07 1503 107 1>07 [s03 [ 0.7 {507 {503 | 07 |07
R L3 oss| 04| 0m| o4 0351 04| 05 04| 045] 055
B |es 04| 06| 03] 04 0.35| 045( 0.5 | 04| 0.45( 085
: ,FC 04 '. 0.45( 0.45] 0.4 | 0.45 0.4 0.45{ 0.5 0.45] 0.5 0.55
B fo4s i 05| 05| 045 045 0.45] 05| 055 045 05| o035
ﬂu_i"rl £l - "‘;"" 0.45 il Bl e .- 0.55) = = =] - - . 0.55
+1 Dox ¥all Type Structure
S e | Table 7 Strucural Coefficient Ds for
Table 6 Importance Factor I in' Japan Reinforced Concrete Structure
_ - Type of building Ds Value Type of Structure
1.0 - ‘General bﬁi-lfﬁ"? o 0.3 Ductile Moment Frame Structure
1.25: Important building 0.4 ' i
_ _,,(Govet'nn_entail or public) , Ductile Shear ¥all Structure
1.5~3.0 [ Nuclear Power Plant 0. 45~0. 55 | Shear Wall Structure
s 1.9 for 'godernt;'e ear_thqua'kg 0.45~0.55 | Box ¥all Structure
] 3.6 for_sevgre'ga_rthquake Large Panel Structure
Table 8 Recommended Permanent Treatoent for Damaged buiuldings
S Idénti‘fication of Damage and Permanent Treatments
Seismic
“[Intensity #| Slight Small Moderate - Severe or
Lo . . Collapse
"Less than or Repair or Strengthening Strengthening
equal to IV . Repair Strengthening or or
. {a=80) (2nd Level Check) Pemolition Demolition
quual:‘ iro' \' 2 E Repair or Strengthening
(80 <a=250) | Repair Repair Strengthening or
T : (2nd Level Check) Demolition
£ Greater than_ or |- Repair or
: equal to IV Repair Repair Repajr Strengthening
] {250 a <450) (2nd Level Check)

~ Fote 1 Japaﬁ Meteorological Agency, a : Ground Surface Acceleration (gal)
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Table 9 Dynamic Properties of Damaged and Undamaged buildings.

Tpeof [bmge|  Tmlatin | - Torsioml
Structure %] : SRR

~ and

No. of
Story

Longitudinal { Transverse | Longitudinal | Transverse .

Tsec [h% |Tsec |h% Tfsec  ;h’f_ ET;SéQ?d h % =

0.30 | 4.8) 0.33 | 7.2| 0.35 | 26[ 0.35 |46
0.28 | 22| 0.28 | 4.64 0.23 [-1.8[-0.23 | 11
0.49 | 4.0] 0.28 | L.9| 0.41 | 47/ 0.41 | 3.6("
0.44 | 2.6 0.21 | 1:9] 0.40 | 3.6(-0.40.| 4.5]-
052 | 4.0(.0.52 | 7.4) 0.55 | 3.2]"0.56 |41 ]
0.55 [ 3.4| 0.55 | 4.4 0.56 | 59| 0.59 | .47

Stone
Masonry
5

== — B — B R

1]-050 | a3l 0.54-]15.0!

Precast uu 0.57 1.6 0.79 |
0.41 | 9.9 041 | 47|

11

Frames UU | 043 |1L1] 0.63 | L4 _

g 0.61 | 3.2| 0.46 | 1.7] 0.41 | 0.6(.0.42 | 25
2.3

0.63 ; 0.5| 0.53 | 2.3} 0.55 | 3.4 0.55 | 3.4
0.83 | -—| 0.93 | ——-| 0.87 |.——[ 0.85 | —|
107 | ——| 09 | —] 09 | -—|]09 | —]
oo | —| 0.8 | —| 080 | —| 0.77 | —-
0.83 | - 100 | ——| 0.77 | =—] 0.78 | -—

L = — B — B -

Large 0.3 | 22| 0.38 | 12| 0.3 | 23| 030 |-05]
Prel 0.38 | 18| 039 | 25020 | 14| 029 | 05|
9 U 0.46 [ 4.5| 0.40 | 2.6 0.46"] 3.4| 0.45 |, 1.8

-

donolithic | U | 0.51 | 26 0.32 | 22| 0.27 | 0.9} 021 | 298]

Norolithic| U | L10 | 7.8) noo | 61| 0e6 | Lo} 118 | 13|
16 o . CRPET SERR ST L e

=== unknown ] U:Undamaged D:Damaged.'UQUfUﬁdémégéqléﬁa?Uﬂdéf;C§ﬁ§ifﬁ§£idﬁf
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2. Effects of Ground Conditions of the Damage in the Spitak Earthquake

2.1 Abstract . - ,

~Results of soil investigations in-situ and in the laboratory
performed in the earthquake-damaged area are Presented, together
with the general feature of geological and typographical
conditions. A set of conceivable problems on effects of
subsurface soil conditions on the amplification of seismie
motions is addressed as a basis for further investigation to
clarify causes of the destructive damage during the Spitak
earthquake. _ R

2,2 Introduction

On 7th.December 1988, an earthquake with a magnitude 7.0
occurred in the highlands of Caucasus bringing about disastrous
damage in the city areas of Spitak, Leninakan and Kirowakan
located in the northern region of the Armenian Republic, USSR.
The epicenter of this earthquake is reportedly about 10 km
northwest of Spitak where the damage was most dreadful. This
earthquake generated about 15-km-long east-west trending,
northward-dipping zone of surface rupture along the fault line
starting from the south part of Spitak as shown in Fig. 1. The
faulting is of right-lateral type with a maximum vertical offset
of 2 m at the middle point of the main rupture line. As is often
the case, the area located on the uplifting part of fault
movement suffered a greater level of damage as compared to the
.area on the opposite side. 1In the Spitak earthquake, the city of
Spitak. and small villages in its vicinity located north of the
fault;liné,appea:s_to,have experienced accordingly a stronger
shaking and hence heavier damage. The city area of Leninakan is
an enclave where the damage to buildings was very severe. The
reasons for .the concentration of the damage in this city are not
completely known. - = :

'In the severely affected areas, most of the damage were to
0ld unreinforced rubble-stone masonry wall buildings and to newer
5~9 .storey multiple dwelling apartment units constructed of
reinforced concrete frame with infill masonry walls. However,
the degree of damage to each type of these buildings appears to
be governed, by and large, by the subsurface soil conditions and
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Fig. 1 Faults in the Spitake area

the topographical regime in the affected region. Thus, while the
author stayed in Armenia as a member of the Japanese mission,
efforts were made to investigate the soil conditions both in-situ
and in the laboratory and to collect information on the '
geological setup of the damaged area. The objectives of this
paper are to present a set of raw data on soil conditions
hitherto obtained and to address some conceptual problems
associated with effects of the ground conditions on the damage
feature of the Spitak earthquake. B S T e

2.3 Qutline of Geological Setup and Soil Cbndit:ions ‘
The earthquake was centered in the highland region. where

there is a predominance of rocks and soils of Tertiary volcanic

origin, principally from the Miocene age. The large expanses of
the affected area is covered by soils derived from weathering of
basaltic rock of igneous origin and of sedimentary tuff deposit.

(1) Spitak

The city of Spitak develops in a widely opened area near the
junction of the Pamback river and its tributary streams as shown
in Fig. 2. The worst-hit city area consists of low-lying portion
where the Pamback river flows easterly and of terrace portion on
the north and south sides of the city center. No boring data is
available in Spitak, but visual observation of the exposed strata
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on the cliffs shows that the terrace is formed of the black-
colored basaltic rock overlaid by layers of gravel-rich soils
which appears to have been derived from the disintegration of the
mother rock. The low-lying riverbed area appears to have been
formed as a result of erosion by the Pamback river. = The ground
surface in this zone is predominantly covered by black-colored
silt or clay with high plasticity. The strata below this surface
soils consist of gravelley soils underlaid by the hard basaltic

rock.
(2) Leninakan , - .

The city of Lininakan is reported .to lie over thick
lacustrine deposits which had been formed over the Oligocene and
Miocene era through natural sedimentation in a bowl-~shaped basin
surrounded by hills (Saakyan, 1964). The depth of the buried
lake deposit is reported to be 250 to 300 m and this deposit is
said to exist in a wide area beyond the city limit. Overlying
the lacustrine deposit is layers of diluvial and alluvial
deposits composed mainly of gravel, sand and silt. In the
northern part of Leninakan, there exists a mantle of tuff
deposits covering the gravelly sand layers of diluvial origin.
The structure of subsurface geology in the city of Leninakan is
described by Babayan et al. (1974}, as shown in Fig. 3, where it

'lli.i.

1‘||l'|'|.lll'

H

K o] Tkm
[

Approzimate
scale

o :Boring site

@ : Pit excavation

v :Sites of seimic
exploration

: Tuff overlaid by 2-4m N & o
thick altuvium Fig. 3 Subsurface geology

! Dense sandy gravel: N .
[ B2 : Sendy cf hthin E5:0Q >4thw N in Leninakan
: Sendy clay with thin : Qverconsalidg y
aravel luyyer: l tacustrine clay (Babayan et al. 1974
GWT>dm 3 : Attuvium in river valley
Bl o~ :GWT<4m & :Mad-stone flow
[E=] :Sandy : GWT>4m £3 Underscored cliffs
% . L4 :GWT<4m “‘: Talus
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Ex): ¢+ :GWT<4m  ¥GwT:Ground water table
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may be seen that sand-rich deposits Prevail generally in the
southern part whereas gravelly deposits exist in the northern
portion of the city. "It is to be noted that the sedimentary tuff
deposit 10 to 15 m thick extend toward southeast from northwest,
In the south,of the city, there exists dense sandy gravel
deposit. The cross section in the east-west direction through
the city center as indicated by k-k' in Fig. 3 is demonstrated in
Fig. ?,.where it.may be seen that there exist layers of gravel-

0 S00m 1 hm

D

1520 -. Approximate scgle Jis20

by borings

1510 E2 herkelz Ty rnEE s 1510
1500+ -1500
1490}~ —1490
1480}~ + {1480
(m)| J(m)

EZJ : Organic soil E=S :Lacustrine clay wartrr 3‘;0{‘;25

: Sandy clay ==~-!Boundary of deposits lable by

. detected by seismic seismic
: Sand ' exploration exploration
: . Sandy gravel “===.Ground water table

Fig. 4 Cross sectional view of soil profile in
Leninakan (Babayan et al. 1974)

- By means of the refraction method of elastic wave
pPropagation, a series of in-situ tests were performed by Babgyan
et al. (1974) to determine the shear wave velocity of the soil
deposits in the city of Leninakan. The results of this test are

shown in Table 1.

To see the soil profile to deeper deposits, datg on deep.
borings were collected as summarized in Fig. 5. Individual sites
'deSignated-by No. 1, No. 7 and Ba are indicated in Fig. 6. Fig.
5 indicates that the lake deposit pinches out as the ground
elevation rises toward the north. It can also be seen in Fig. 5
that there exists the basaltic rock formation underlying the lake

deposit.
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Table 1 : Soil ‘characteristics in the city area of Leninakan
(Babayan et al. 1974)

Materiats observation® | VP (M/sec)] Vs (M/sec)
~ Weathered - tutt .| 9e 530 163
']LGFHSUﬂhg;fCLGY © | 149,15,16 14452760 450
Unsaturated
" lacutrine . clay 14 680 _ 390
‘Sandy clay. 13 830 e
Unsaturated - 1~4,6,7 300 145
“sandy - clay 10~13 ~500 ~340 -
. Saturated . 1 '
" sandy clay 3 2150 T
Unsaturated . 5,14%,15
sandy. soil - 16 222560 165
Hard dry sand . 660
- Hard fy sand -1 4,8,18 ~700 280
. Sandy gravel 11 15%%520 1000
Fitls 2,6,14% 270 180, o

¥ Refer to map.

(3). :Kirovaken. . .

.- ..There:are .about 20 .boring data showing soil profiles at
different places through the city area. All of these data show
-that the ground in Kirovakan is composed of gravelly soils about
2 -to 5 :m. thick-underlaid by the basaltic rock. The ground
conditiens are generally good and suitable for directly placing
building ‘foundations as they have been done thus far.

(4)Stepanavan '

... 'No 'boring data is available in the city area of Stepanavan.
‘However, judging from the rock outcrop on the cliffs of deep
canyon, it.is.obvious that rock formation comes up .to the surface
in:the downhill area near the river. In the uphill area to the
“southy: the thickness of soil strata seems to become large,
helping to .amplify the motions during the earthquake.
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2.4 In-situ Investigations of Subsurface Soil Condltlons S

In view of an 7 e :-' S ; ,
important role played by o - Hend hold
the lake deposit in - L e e
amplifying the seismic - : R — »]
motions, efforts were made - S > ﬂ?hq”
to measure the stiffness _ /_%TT:
of the lacustrine clay in o o d{f' :
the field by means of a ' zﬁw- XN\

portable cone penetratlon
test apparatus. This is a
simple manually operated
device to monitor the
force required to
penetrate a cone tip into
the ground. The cone has ‘ N e
an appex angle of 30 R i I
degree and a Cross ‘ ' _ .+ Conetlp . f
sectional area of A = 3.23 Sy

em?, as illustrated in Fig.
7. The force is measured
by a proving ring equipped

" Stedlpod '

beneath a hand hold. The AR -Aﬁ£¥;;i;;'“
resistance of cone ' SR
penetration, Jg, 1S . Fig. 7 Portable hand cone

defined as

% =+ e (1)

where Q 1s the measured force in kgf ‘and A is: the ‘cross- sectlonal
area in cm?. Since the cone resistance is nothing but an
indirect measure of soil stiffness, the g¢-value as defined

above must be converted to some physically meanlngful index
parameters of soils. A parameter of englneerlng significance
that can be derived from the cone resistance would be the.
velocity of shear wave propagation through soils. . There: has'been
no reported study regarding the correlation between the:cone :
resistance and shear wave velocity particularly for clayey. 50115.
However, some empirical correlations have been.proposed: between
the shear wave velocity, Vs, and the blow .count: (N-value) . in:

the standard penetration test. . For: dllUVLal clay; -Imai - (1977)

proposed a correlation,

Vs = 114 N°-29% R T seesen(2)

;.e""“

For stiff clayey soils, the relatlonshlp between qc-value
and N-value has been known to be. approxlmately,ea;aa_uh jrmeg b
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Thus,' introducing this relationship into Eq. (2), one obtains

L Vs=931gg0 200 e )

This relationship will be used in the present study to
approximately assess the shear wave velocity of soils from
measured values of the cone resistance.

- The' penetration tests were performed at three sites
indicated 'in Fig. 6 by Pl, P2 and P3 in the suburb of Leninakan.
The first site Pl-is located about 200 m east of the river
channel:in -the-flood plain of the Afurian river. Intact surface
of the lacustrine deposit was exposed by excavating a pit by
means ‘of ‘a power shovel and the penetration test was performed at
the bottom of the pit. ' In the vicinity of the pit, an exposed
surface of the lake deposit was found and the cone penetration
test was also conducted in this location. The material is clayey
silt' with occasional gravels which appears to have been derived
originally from a series of volcanic activities in the mountains
in this region. A'grain size distribution curve of this material
is shown in Fig. 8. The results of the cone tests are shown in
Table 2, where it ‘can be seen that the point resistance, dc-
value, is on the order of 20 to 25 kg/cm?. The equivalent N-
value 'in 'the 'standard penetration test (SPT) is supposed to be
within-the range of 10 to 15 in accordance with the correlation
expressed -by Eq. (4).

' 'Pable 2 Results of penetration tests
o 'in Leninakan

o So i

"t'yp‘e s Site Qc -value | N-value Vs

(kaf/cmz) | in SPT | (M/sec)

Lacustrine clay | Afurian river

S PRI ~25 10 ~15 | 300 ~ 400
in_ Leninakan .. | site , P1 20

Basalt- derived | g0 oy city

‘ |l 10 ~ 15 5~7 100 ~ 200
bgqck“;¥9¥f¥'; center, P2
Silt wooiiision o :
Limestone - . | Relocation - ~
e 2

clayey silt .
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The second site P2 is located at the road side one block
east of the city square in Leninakan. Two pits about 2 m deep

excavated for pipe line inspection happened to be there. The
tests were conducted at the bottom of the pits which

penetration : 2 ‘
approximately coincide with the elevation of the ground water
table. The g.-value was about 10 to 15 and the equivalent N-

value would be 5 to 7, as accordingly shown in Table 2. The
material is silty clay with dark blown color. .

The third site P3 is located in the northern outskirt of
Leninakan which is chosen to be the land for relocating the
appartment complex destroyed by the earthquake. About 2 m deep
excavation was underway for the foundation work of buildings.
The material is clayey silt derived probably from weathering of
limestone. The gg-value was as high as 25 to 35 with an
estimated N-value of about 15 to 18, as indicated in Table 2.

2.5 Physical and Mechanical Properties of Representative Soils

In the earthquake-affected region, the soils of geotechnical
significance that can easily be tested in the laboratory are the
black plastic clay from the riverbed area in Spitak and the silty
clay from the lake deposit in Leninakan. These soils were tested
in the laboratory to obtain data on their physical and mechanical
properties. The results of the laboratory tests are summarized
in Table 3. The physical property data on the lake clay referred
to as USSR were kindly offered by a geologist who was engaged in
the reconstruction work in Leninakan. The data on the velocity
of wave propagation of the lake deposit in Leninakan were quoted
from the data in Table 1. The other test data are those obtained

by Kisojiban consultants of Japan.

(1) Black Plastic Clay

The test sample was obtained from the riverbed at Spitak.
This black clay derived from weathering of basaltic rock is shown
in Table 3 to have a plasticity index of 27 which is high enough
to show apparent cohesiveness and stickiness in the sense . of
touch. This type of soil exists in a form of silt or clay mixed
with sand and gravel over a widespread area devastated by the
Spitak earthquake from Kirowakan westwards to Leninakan. It was
a surprising fact that visible signs of liquefaction were not
observed in any of the low-lying plains near the river channels.
According to experiences in many of large-scale earthquakes in
the past, liquefaction was of frequent occurrence in-sandy
deposits in the low-lying area where the ground water .table is
generally high. 1In the flood plain along the Pamback river = -
between Spitak and Shrakamut (Fig. 1), there are many places. -
where liquefaction is likely to occur because of the prédominance
of sand contained in silt and clay. Nonetheless, evidence of
liquefaction was not found as far as the author walked around.
In the downtown area in the city center of Leninakan, sand-rich
deposits are known to exist, as shown in Fig. 4, with a high
elevation of the ground water table. It is no wonder that signs
of liquefaction were observed in this area, but this was not
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actually the case. The non-occurrence of liquefaction as above
in the most seriously affected area in the Spitak earthquake can
thus be attributed, with good reasons, to the fact that the
fraction of clay and silt contained in the sand possesses highly
cohesive characteristics as represented by a plasticity index as
high as 27.

(2) Lacustrine Clay in Leninakan

The test sample was secured from the bottom of the excavated
pit and has a grain size distribution curve shown in Fig. 8. The
clay is over-consolidated and cemented. The plasticity index is
34 as shown in Table 3. The void ratio of undisturbed samples
are 1.45 and 1.18. The shear wave velocity, Vs, measured in-situ
by the method of elastic wave refraction is reported by Babayan
et al. (1974) to be 450 m/sec as indicated in Table 1, whereas
the shear wave velocity measured in the laboratory by
transmitting ultrasonic waves through undisturbed samples shows a
value of 365 m/sec, and the Vs-value estimated from the dc-
value renge between 300-400 m/sec, as indicated in Table 3.

The values of shear wave velocity obtained from three different
methods are summarized in Table 4 for comparison sake where it
may be concluded that the shear wave velocity of the lake deposit
in Leninakan does probably possess a value between 300 and 450
m/sec with a best estimated average of 350 m/sec.

Clay Sitt Sand Gravel
100 T i
.-.E b
[ ] [ -
2 ]
3 -
N
A -
. 90 Lacustrine clay |
e B from Leninakan |
= [ ]
m —
E i [] i . 1 ] ]
& 900 601 0.1 1.0 10

Particle size {mm)

Fig. 8 Gradation curve of the lake clay

In addition to the above, a resonant column test was
conducted on an undisturbed sample trimmed into a hollow .
cylindrical shape. The strain-dependent modulus and dgmplng
characteristics of the lake clay obtained ig the test is
demonstrated in Fig. 9, together with a typical average curve

established thus far for clayey soils. In Fig. 9, the shear
modulus, G, at a certain strain level is shown normalized to the

shear modulus, Go, at a small strain of 10~° It is to be noted
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Table 3 Propeftigs of.twq kéy\ébii§: "'

Wegathered Lacusirine clay- .- .

Index basalt in [eninukqn" o
property {black) (Cream-colored) (- - i
Japan USSR . Japan.. .
Specific 265 262 274
gravity, Gs : R ST,
Liquid - 51 s | es
{imit, We _ _
Plastic . 41 20
Llimit, We- 24 . o o
Plastic 27 ' 14 o 34.-‘
index , lp ST
Unit weight - 175 o 1'6-1j
Yt (kN/m?) S
Yeoid ralio 145 -"'1-"18‘.
: : : o
Vs (Miec)| —- 450 ** 365
: 1440 *» %
Voim/see) | — _ ~1760 | 858
Poisson’s 2™ ] 0;39
ratio .

#* By Ultrasonic method in the lqp. e _
%# By in-situ wave reflection method(Babayan et al.)

Table 4 vValues of shear wave velocity for the -
lecustrine clay in Leninakan o

Shear wave  velocity

Test method : Vs (m/SQC) i

In-situ tests by elastic oggg it
wave refraction ' i
Laboratory tests Ultrasonic o

aboratory tests by 36’5.

wave transmission

E.stirna ed !ro::'n in-situ 1300 ~400 5
cone penetration tests R B e e
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that the shear wave velocity obtained at the ow i
in:t@iS'teSt was ‘165 m/sec, a value much smaliereiﬁaitizlnvl§VEl
obtained: by other ‘methods 1listed in Table 4. fThis is prgbaslue
because_of_the:sample'disturbance incurred during the trimminy f
the-h9llow.cy;1ndrical:specimen. Thus, the data of shear wavg °
velocity obtained-in this test should be discarded. However, th
st;alg:depgndency'of modulus and damping as shown in Fig. 9 &hicg
coincide with . the average curve from many other data on clays ma
represent actual behavior of the lacustrine clay undergoin Yth Y
shaking during the earthquake g s

!«lllilll[ ] Iljlllll ¥ ¥ iilllll [ ] 'lill’lll

. " [ Lacustrine clay trom
L Leninakan
L , | e=0886
- { 0=300kPa

8 o {05
& 10r—- e -
o [ 1% o
2T —H03 &
3 .05 o do2 £
-‘qé I .‘Dumping ’ g-
: L . . [}
S rat:o.D_ do1 ©
o
. r L . . -
m‘ O_I ] |'l!lu|I 'l i ”v”“' ! (] lllllll t L1 el 1 0

L R 1074 1072 1072
el " . Shear  strain

ff fFi§;:§lfStfdih—dependent,shear modulus and demping
- ©ratio for the clay in Leninakan

It -is’ . generally recognized that the ground conditions are
associated with :the damage potential due to earthquakes in two
ways.as-follows.. = . .. ...

2.6 GroundCondltlons and.Déﬁage Potential :

1) Ground . failure-induced damage.

- “When the ground itself fails, accompanied by large
deformations' .or flow of soils, the structures or facilities
resting. thereupon will be .involved .in fatal damage. Occu;rence
of liguefaction :ini the lével ground and landslide on sloping
grounds are well known examples of this type of damage.
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ii) Strong shaking-induced damage.

If the predominant period of a structure matches a period of
significant motions of the ground durlng.earthquakes;nthe_ o
structures will experience intolerably large level ‘of shaking
leading to fatal damage. Thus, estimate-of.siFeéspecific'
frequency-dependent amplification characteristics of . the ground
will constitute an important consideration for earthquake .
resistant design of structures at a given site. . .- . -

In the case of 1988 Spitak earthquake, scarcely encountered
was the type of damage caused by the failure of the ground. Most
of the collapse or tumbling of buildings are likely to have been
associated with a characteristically strong shaking of the ground
during the earthquake. Thus, the amplification characteristics
of soil strata specific to the affected areas would be the main
issue to be addressed in relation to the extent and distribution
of the damage in the affected areas. In this regards, the
following remarks may be made for the investigation in the future
although more or less conceptual and speculative at the present

time.

(1) In the city of Leninakan, a thick deposit of the
lacustrine clay exists on the basaltic base rock. In the
southern part around the city center, the lake deposit about 300
m thick is overlaid by a sequence of gravelly sand layers about
20 m in total thickness. It appears likely that the lake deposit
with a shear wave velocity of 350 m/sec might have amplified- the
incipient motions in conjunction with the overlying gravelly sand

deposit.

{(2) In the northern part of Leninakan, a mantle of
tuffaceous deposit about 5 to 15 m thick lies on the diluvial
gravelly sand deposit which is underlaid by the 300 m thick
lacustrine deposit. Effects of the presence of the hard tuff
(shear wave velocity is 780 m/sec) on rather soft deposits have
not been fully understood. It appears likely that the presence
of a stiff layer on a thick soft deposit might have acted towards
eliminating high-frequency component and amplifying a long-period
component of incipient motions. The coincidence of the long-
period of the ground motions with the predominant period of 9-
storey high buildings appears to have lead to the disastrous
consequence in the apartment complex in Leninakan.

{3) The city of Leninakan lies on a burried lake having a
distance of about 3 km in the east-west direction and a north-
south distance of about 5 km. The western ‘edge of ‘the'-lake '
deposit outcrops on a hill just west of the Cherketz: . river :(see
Fig. 4). Therefore, the boundary between the lake ‘deposit-and -
the underlying rock at its western edge appears to:dip 'sharply ‘to
the east. The presence of the inclined boundary as above might
have acted toward concentrating the reflected waves: in some : 7@ -
particular section of the city. - : -

. 44) In the city of Spitak, the terrace area ‘above.:the: ' -
cl;ffg appears to have suffered;by-far-greateralevelaofqdamgge-to
buildings as compared to the damage-in.othEr;areag3in‘itéﬁ: SR

Py -
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neighborhood. ‘Thus, the topographical prominence seems to have
produced a stronger shaking, leading to the cataclysmic
destruction in this area.

.- -(5) 1In Stepanavan, while the damage in uphill area was much
notable, the downhill area near the river canyon has experienced
practically no damage. .This is pProbably because of the
amplification of earthquake motions which took place in the

(6) In most of the 9~storey buildings, damaged or
undamaged, the foundations consist of isolated square footings
2.5 m x 2.5 m in size connected poorly with underground beams.
The pre-fabricated reinforced concrete blocks are carried to
construction sites and placed on smoothed surface of gravelly
soil deposits which have been exposed by removing the top soils
to a depth of about 2 m. The gravelly soil deposits appear to
provide a competent basis for supporting the overlying 9-storey

~buildings. 1In fact, there was no discernible evidence of
building damage that is ascribable to excessive settlements or
failure of the foundations of buildings in any city of the
affected-area_during.the Spitak earthquake. However, this obser-
vation should not be considered a4s an encouraging evidence to
support the present-state-of-the-practice in the foundation
design. - When the design code for superstructures is modified so
that they possess higher rigidity as a whole unit, the
foundations will become a weakest point in the overall mode of
deformation during seismic shaking and thus there is a
possibility of- buildings collapse being initiated from the
foundations. In view of such situations, the present practice of
foundation design should be revised in parallel with the
modification of the design code in superstructures.

2.7 Concluding Remarks

The' damage to buildings during the 1988 Spitak earthquake
seems. to be associated with unusually notable amplification of
seismic motions which is dependent upon local soil conditions
underlying the affected area. 1In Leninakan the presence of a
thick deposit of lacustrine clay and a mantle of hard tuff
appears to have generated a series of site-specific ground
motions which had devastating effects on the performancgs of
buildings.  In Spitak the effects of topographical prominence
were manifested as exemplified by the heavy damage concentrated
on the area above the cliff in the southern part of the city.
There was no visible signs of liquefaction and associated damage
even in low-lying areas where the ground water table is generally
high. The reason for non-occurrence of liquefaction is
attributed to the highly cohesive and plastic nature of fine-
grained soils prevailing over the large expanses of the affected

area.
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'33;,'Reﬁuired'8trength Ratio Due to Accelerograms Observed in Armenia

' 3;1"Abétrapt;;”“ _

'{*””“1fNon1;hear*¥esponse‘analySes of single-degree-of-freedom structural sys-
l‘Eems;weré’carried”out“by using the idealized hysteretic models and the
’ragqeleqogramakobsgryed_in.Armenia. The relationships among peak acceleration,
,_stﬁgngth;lpvel'gndfductility‘factor were obtaind in order to discuss the cause
of ﬂapgge”to reinforced concrete buildings. The obtained results were con-
'sidered ‘to show ‘that the' insufficient strength and/or ductility capacities
‘JQOMparéqﬁy;thL;hefamp;;tude level of the accelerograms would have caused the
‘eollapse of many buildings.

3.2 Introduction S
Performance and damage assessment of buildings is conducted by estimating
their strength and ductility capacities and considering the intensity and
- characteristic of ground motions. If ground motion characteristies and hys-
teretic models are not changed, and the levels of peak acceleration and
_strength alone are variables, the peak acceleration, strength and ductility
. factor are connected each other so that one of them is obtained by determining
. the other on nonlinear response analysis for single-degree-of-freedom systems.
~The strength level normalized by the product of mass and peak acceleration is
called ‘herein the required strength ratio corresponding to ductility factor.

3.3 Structural Model

The basic model selected herein to illustrate structural response is the
- single~degree-of-freedom system in Fig. 1(a). This model has a linear viscous
_ dashpot and . a nonlinear hysteretic spring. The spring force is therefore
x_préscribedAwith nonlinear function F(v) of relative displacement v(t). The
: prihcipal_quantitiés_to_characterize this function for monotonic loading are
A_pd,;pv.'vé.and vy;as_shoﬁn.in Fig. 1(b). The loads P, and py represent the

spring restoring forces corresponding to concrete eracking and ultimate

strengths,'requetively. and ve and vy are corresponding displacements.

%Y Hysteretie characteristics of the model are defined by the Degrading
“Trilinear.model recommended for reinforced concrete structures by Umemura and
~his associates, where nonlinear deformations and failure characteristics are
- primépilyheontﬁq;led by flexure (ref.l). This model shown in Fig. 2 is
;5ch§ractgrized by four factors ch'-pBy’ VBo and vBy' They represent the load

{*ht'ébndreﬁe*érécking; the'IOad at which main reinforecing bars start to yield,
;bbth_dueﬂtb fl@xdre,_and the relative displacements produced by ch. and pBy’

..:PQSpectively;‘:Linear elastic behavior (without hysteretic loops) always takes
. Place for oscillatory displacements where the corresponding loads are in the

* Professor, Department of Architectural Engineering, Chiba University
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range -ch<p<ch. however, hysteretic behavior occurs with every cycle of

deformation which has the load levels above Pg, °F belbw ~Pge*. During that

period of time between the initiation of loading and that instant at which the
relative displacement first increases-above vay_or:decreases below_fvay, the

trilinear model behaves exactly like the standard_bilinéar?hysteretic'model
having the stif'fnesses kl and k2 (QPOAB, Fig.;z(a)).;_Houevep._as soon as the

displacement increases above vBy or decreases belqw_4vﬁ&.-a'néw.bilinear rela-

For example, suppose the displacement for the

tion controls the response. the 3ple
to level Vnax 23 represented by C in Fig. 2(a).

first time increases above vBy
Upon decreasing the displacement from this level, the corresponding load
decreases along the path CD which has a slope equal to ukl, where. .

max By

As soon as the load drops by the amount ZpBQ_reaching the_pq;nb’D in_Fig,

2(a), any further drop in load will follow the_continuing'pééh'havihg'a slope
@ ky. It should be noted that the point D is located at the_load.level.ch-in

Fig. 2(a) because the particular trilinear model in the figure is represented
for the case pBy/ch=3.0.‘ If this ratio has been assigned a different numeri-

cal value, the load level at the point D would be different from Ppo*-

The new bilinear hysteretic model controlling continuing motion is shown
in Fig. 2(b). Note that the origin of the skeleton curve is’'shifted from the
point 0, the origin of the original bilinear*hYsteretic”modél.‘to'the point
0’. This point is the intersection of the line QC and the abscissa axis in
Fig. 2(a), therefore, the line 00' is equal to BC/2.. The stiffnesses of the

new bilinear model are a kl and a k2. '

1f during the period of response controlled by the second bilinear model
. ™ L

(Fig., 2(b)), the displacement should_increases.bey?nd;vmax ‘*Vmax_YBy ) as
represented by the point B’ to a new level as represented by C', ‘the continu-
ing response would be controlled by the third bilinear model whose
characteristies could be obtained in exactly the same manner as that for the
‘second model. Also if yielding of the trilinear model has .taken place at the
load level -pBy rather than the load level pBy' the new bilinear model to .con-

trol continuing motion would be obtained by a similar procedure,

The degrading trilinear model is completely characterized by any four of
the seven parameters kl‘ 27 ky, Ppy’ pBy. VBe and.vBy“shown in Fig. 2.. It is

convenient to use koo ky, Pp, and pﬁy substituting the period parameters T,
and TZ’ defined by T1=2n/(m/k1) and T2=2n'/(m/ky ,_for._k1 and ky. respectively.
For reinforced concrete members, k, and Ppy usually fall in the ranges
2ky<k1<4ky and-2psc<pBy<3ch. respectively, therefore, for a givgn des;gn one
can specify the numerical values for ratios kllky and pBy/ch‘ which reduces

the number of independent parameters to two. For the example case preégnted
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s a = =

The period T
p 1 and the Strength pﬂy C&n now be used gag the two independent

model parameters. It is convenient to normalize the strength parametep p

¥
dividing by the force Voo Where Vgo 13 the peak acceleratiop of ground no-
tion, thus, the final results are independent of peak acceleratiop,

Viscous damping in the structural model ig controll
ed b resceribing t
numerical value of the damping ratio 61 defined by §1=e/2 m/kl. 4 value 8ot‘ g:

of eritiecal, §1=0.02. has been selected for the example Presented herein,
3.4 Accelerograms

horizontal component of the record at Yerevan is used. The data of the ac-
celerograms at Gukasian are digitalized by Professor Okada's Laboratory,
Institute of Industrial Science, University of Tokyo and those at Yerevan by
Public Works Research Institute, Ministry of Construction, Japanese Goverment.
These accelerograms are shown in Fig. 3 in terms of the acceleration spectra.

3.5 Results and Discussions
The required strength ratio (B=pBy/mvgo) corresponding to ductility fze-
tor (p=vm /v__) is plotted in Figs. 5 through 9 as the functions of perted

ax’ "By

Tl' The required strength ratios are defined as the normarized strengtan re-

quire_d to restrict duetility factors within a fixed value, Jjust like that the
acceleration response spectra are defined as the acceleration level reguired
to restrict the acceleration response within linear conditions.

Significant figures of these results azre that the required strensth
ratios becoae smaller with the higher ductility factors which 2ceompzny tke
large degradations of stiffness and that their curves Shift toward the rzrge
of shorter periods with the higher ductility factors. Also the curves of pe-
quired strength ratios become smoother with the highner ductility fzetora,
because the influence of local predomirant becose little. These facts suggest
that the ductility factors zre very important upon considerirz the sefamie
capacity of buildings and that the ductility and strength capzeities ccotrol
the sefsmice capacity of buildings.

~ On the comparison between the cases of T2=‘_‘,"2_'i'1- acd T,=2T, ir Pigs. 5 ane
6, the required strength ratios for T2=21‘1 are lower thzn correspending cres
for 'Iz=‘f2’r1._because the equivalent hysteretic damping= for T,=2T, are lzrger
tkan those for 3:23“]211 and the stiffress degradatiors for "."2=’T1 gre Largar
than tkose for T,={2T,. It should be noted that tze absolute relative

response displacements for T,=2T, are two times tiocse for T,=f%T;. 1f the doo-

tilfty factors of both cases are all the saze.

Cne czn easily find the relationship between the strecgth I-.f.-velsvar.d :::.:c—
f the pericd T, &y us=ing Figs. 5 through %
tility factors as the functions o : 1
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and assuming the level of peak accelerations. For example, by using Fig. 5(b)
at Gukasian and assuming the level of peak acceleration to be 0.2g, where. g is

the acceleration of gravity, the results are, B

T1=0.63ec. u=1l p=1.4 CB=0.28

a2 B=0.8 € =0.16

p=4 B=0.5 . C,=0.10

and using Fig. 9(a) at Yerevan and assuming the peak accelerations 0.06g,

pe2 p=0.3  Cp=0.02

where CB is the base shear coefficient.

The inrluence of the characteristies and amplitude levels of the ac-
celerograms brings up the large difference of the base shear coefficients at
each site. These results might correspond to the degree of the damage for

buildings at each site.

3.6 Conclusive Statements o S S
Judging from the required strength ratio and amplitude levels of the ac-
celerograms observed at Gukasian, the insufficient strength and ductility
capacities would have caused the collapse of many buildings, considering that
the predominant periods of accelerations would be possible to become longer
and that the amplitude levels of accelerations higher in the affected areas.
The joints connecting columns and beams in precast reinforced concrete frame
buildings seemed to be very poor, and this would have accelerated the damage.

All parameters of this paper were assumed except that the accelerograms
had been observed, but the results were resonable. Furthermore the effects of
soil-structure interaction are neglected, but they are beyond. a matter of this
paper. It should be noted that the seismic capacity of a building depends on

the strength and ductility capacities and that the strength and ductility

capacities can make up for their insufficience each other.

3.7 References - :
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4. Preliminary Analyses of a. 9—story Precast - xTu;wﬂwwicirani_wacgi;gh-cai"?

Reinforced Concrete Frame Bu11d1ng

4, 1 Abstract Coe e T 3 _ ‘ ;

K preliminary analyses of d 9-story precast reinforcement concrete frame
building that was damaged sevérely due to Spitak Barthquake on. 7. Deceriber,
1988, were carried out to investigate the process up to collapse of the
building by the stepwise loading method. The earthquake response analysis was
also carried out by using an accelerogram recorded at Guka51an.,_ :

4.2 Introduction |
There were a lot of preoast relnforced concrete rame building in 8. S R. .
of Armenia,,whlch consisted of columns and beams*of 1ightwe1ght concrete, -
precast void slabs, shear walls and concrete “curtain: walls” (wall panels)
Shear walls were located in a part of transverse direction -and " there were: ‘no .
beams in this direction. The wall: panels were attached on- ‘the.” exterior frames'
in the longitudinal direction. A 9—story precast reinforced concrete frame

building was analyzed herein (Fig.: 1)

4.3 Analytical Model and Method S LOUTRLOEE EiTa
The structural model was assumed that joints were connected rlgldly and
that wall panels did not contribute to the stiffness and the lateral load
carrying capacity. The model was analyzed in the longitudinal direction
considering the member-to-member characteristics. The torsional deformation
was neglected. The model with 4 longitudinal bars in columns and that with 8§
bars were studied, respectively. . - e
Sectional properties and coefficients of materials shown in Table 1 - were
chosen ‘based on the specifications in structural drawings.- Beams ‘and” columns
were assumed to have all the same sectional .property from* the st story
through the 9th story. The modulus of elasticlty of concrete fwas calcula.ted
by the equation (1) according to the Standards for Reinforced Goncrete
Structures hy Archltectural Institute of Japan (AIJ Standards). R

Ec=2.1X 105X { T } Sl " Fe o (k‘g/cm?)- Sy
2.3 |- 200 o0 |

1) Graduate Student University of Tokyo ' RO :
2) Lecturer, Institute of Industrial Science, University:of Tokyo RS
3) Professor, Institute of Industrlal ‘Science, Unlver31t"'of Tokyo jj_j'

,—-.1-9.2.‘—."1 '



Sy

. ‘weight of
S weight of concrete per unit volume £§pnf/m3)

jﬂeéiS# strength of concrete (kgf/cn

LT

?f”E:TheTQEightVof the structure wes calculat
$§g1rgsu1ts*w¢re{8hown-in Table 2. The axiglf;?ice of each col
gvglpated in accordance with the support cotumn was
"o ; The'stiffness and the strength of
from the equations as shown in Table 3.
f;”'fﬁ"lgtgrallead distribution used in ¢ i
.di;st.j{r‘ibutio:n ‘regulated in Japanese sef:mizepgjszsloggfglg a;;alyse;his :55:-
‘distribution was deéfined by the equation (2), ) ) s

KEER TRy RO 1
AL =1+ - ai)Xx 2T

Jai | 1+3T7 (2)

whére; T : fﬁndament&l period (sec.)
- ai: defined as follows;

N : pumber of stories
- Wi: weight of the i-th story (tonf)

© The accelerogran recorded at Gukasian was used in the earthquake response
analysis; that was digitized by the authors.

4.4 Results of Analyses

- Pirst, the stepwise loading analyses were carried out, and the process up
to collapse of the structural podel was investigated. The process up to
collapse of the model with 4 longitudinal bars in columns was shown in Figs.
3a aﬁd*BbL*.Figs. 4a and 4b were shown in the case of 8 bars. B
©"-Figs. 3a and 4a showed plastic hinge formations at the base shear
coefficient of 0.1. Several beams had already yielded while no yielding
hinges were developed in any columns.

' Figs. 3b and 4b showed plastic hinge formations at collapse hinge
mechanism. Base shear coefficients of the models at the collapse hinge
mechanism were 0.137 for 4 longitudinal bars, 0.151 for 8 longitudinal bars,
réspectively. The drift angle of the first story was 1/10 for 4 bars and 1/9
for 8 bars. The model was deformed extremely at the collapse mechanism stage,
and ‘it was considered that joints of precast elements might have been
destroyed before collapse hinge mechanism was formed:

. The relationship between the relative story displacement and the story
shear force were shown in Figs. 5a and 5b. The stiffness of the model with 8
longitudinal bars was higher than that with 4 bars. The difference of the
strength levels between the models, however, was not so large, because their

" levels were mainly controlled by the behavior of beams.
. Secondly, thi earthquake response analysis was carried out. The result
Va5 Shown in Fig. 6. The main shock of which maximum acceleration was 187.9

~ galiobserved at Gukasian was used in this analysis. The model with 8
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longitudinal bars was analyzed. in: consideration of. the seismic intensity at
Gukasian. Damping factor of the. ‘model :was -assumed -0.04.:. -.The, maximum Tesponss
base shear coefficient was 0.061. . The maximum drift angle was ‘1/165. in' the
second story and the overall drift angle .was. 1/300.5 No;: elements‘were beyond-
yielding. This result suggested that if the wall panel b

the lateral load carrying capacity and joints of precas

{approximately O. 61-0 63sec.) as. shown in. Fig._?, because the stiffness of
" wall panels and the contribution of reinforcement to the stiffness ‘of, memhers
were not considered. The response acceleration was, therefore, relatively
small as shown in Fig. 8. If these contributions were considered the natural

.....

4.5 Concluding Remarks . : .
" The stepwise loading analyses and the earthquake response anslysis based
on the member-to-member characteristics were: carried out.. The results were

summarized as follows;
1) The precast reinforced concrete frame building was ‘a weak beam type

structure. .
2} The collapse hinge mechanism was developed wheng e'drift angle of the
first story was. about 1/10._. Joints of precast elements,)however,
. might have been destroyed before.. such -an’ extreme deformation” R
3) In the earthquake response. analysis using the: accelerogram*obs ed.at
Gukasian, no beams and columns were beyond yielding. ' o
4) The stiffness of wall panels and ‘the contribution of reinforcement to
the stiffness of members should be considered to simulate .the damage
level of the precast reinforced concrete frame*building.
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