Earthquake destruction of adobe villages in Iran

{Effect of the earthquake of 31st August 1968 on the villages
of the Nimbluk Valley)
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SuMMaRY. — The Nimblnk Valley, situated in (he epicentral region
of the Dasht—¢ Bayaz {(Iran) enrthquake of 31 Angust 1968, containg several
types of adobe villages which are typical of many other parts of Tran and
the Middle East, After the curthguake both primary and secondary ground
fractures were obhserved in the form of large scale surface faulting and
lurehing, 3Many of the villuges were destroyed, and over 2,500 people killed
in the Valley alone, Conventional intensity siudies were fowwd fo be too
subjective and misleading for the sludy of destroyed villages. Instead, the
tlestruction is analysed in terms of the distance of the villages from the
fault-break, their proximity to Iureh fractures and the existence of particular
local sub-soil conditions.

Rrasscxto. — Nella valle di Nimbluk, sita nella regione epicentrale
del terremoto del 31 Agosto 1968 (i Ddasht—¢ Bavaz {Irau), molti sono i
villaggi con case in mattoni, tipiel i melte altre parti dell'Tran e del Medio
Oriente. Dopo il terremoto furone ossorvate fratture nel terreno sia primaris
che seeondaric sotfo forma di faglie e deviazioni superfieiali mollo ben evi-
denti. Soltanto nella Valle furono distrutti molti villaggi e morirone 2500
persone. Lo stndio dell’intensiti con metodi convenzionali & risultate troppo
soggettive ¢ tale da indwre in errore se applieato ai villagui distvulti. Al
eontrario, la distruzions i detti villaggi & stata analizzata tenendo conto
della loro distanza dalla faglia, della vieinanza alle fratture e dell’csistenza
di particolari condizioni del locale sottosuolo.

(*} Engineering 3ecismology, Imperial College. London sw7.
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IxtrRODUCTION

By the number of people killed and made homeless {(aboud: 10,000
anl 70,000 vespectively), the Dasht—e Bayaz earthquake of 1968
constitutes one of the major single natural catastrophes of the last
decwlde. In ferms of the history of Tran, however, it was by ne means
an exceptional earthquake. The 1962 earthquake in Ruyin Zara (west
of Tehran) eluimed an approximately equal number of vietims, and,
for earlier times, there are many documented cases of similaly dev-
astating carthquakes. Delailed documentation of these catastrophic
events provides an essential basis for the minimization of fnture dis-
asters by suggesting ways of improving local building techniques,
Iayout and leeation of new villages. The Nimbluk Valley, siluated
in the epicentral regiom of the Dushil—e Bayaz earthouake, displays
many of the geographieal amd human eharaelerisiies found in other
seigmic parts of Tran. A detailed study of the eflects of the 1068 curth-
quake in this restrieted rvegion ix therefore pertinent to the couniry
as a whole,

The Dasht-e Bayaz earthquuke occured at 10"47m39s GCT oun
the 31sl August 1968 in a southern region of Khorassan known as
the Quyen-Birjand Highlamds (Fig, 1), The epicentre (33.97°N 59.02¢13)
was located in the Nimbluk Valley, o small elevated closed basin
north of Qayven. The average magnilwle was 7.2 and the foeul depth
about 13 km, aml it was felt over an area of aboul 400,000 square
kilometres, The earthquake was associnted with an 80 km leng sur-
face faull which crossed the northern part of the Nimbluk Valley,
and showed maximum relative displacementis of 430 em in the hori-
zomtal direction, Extensive non-tectonie grounil deformations in the
form of hweh fractures were also found south of the surface Fault.

The main shoek and the strongesl aftershock {1st September,
1968, Magnitude 6.4} destroyved or damaged houses within an area
of about 10,000 seuare kilometres in a region having a population
density of about 9 persons per square kilometre. The number of
people killed is not known preecisely but is about 10,000,  Approxim-
alely 12,000 houging units in 180 villages were destiroved or damaged
beyowd repair, rendering 70,000 people homeless. The largest sett-
lements completely destroyed or heavily damaged were Ferdows (*),

{*} Ferdows was in [uet al the limit of the area damaged by the main
shovk, bul was severely damaged by the aftersheck of 1at September, 1968,
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Fig. 1 — The Qayen-Birjand highlands — Situation of the Nimbluk Valley

and the Dasht-e Bayaz earthquake of 31.8.1068.

Kalkhl and Dasht-e Bayaz. (Gonabad, Bejestan and Qayen were
situated at the limits of the earthquake aren, and sullered little or no
damage at all.

The present study is restricted to the damage which ocemrred in
the Nimbluk Vailley. For a more general appraisal of the earthquake
and its effects, the reader iz referred to Niazi (1%17), Ambraseys and
Tehulenko (345), Baver, Heuckroth and Karim (¢), Crampin (8.2:19),
Tchalenko and Ambraseys (22), Lfteikhar-Nejad, Hagui-poor, Davood-
Zadeh (17), Pakhdaman (%8}, Day and Wright ("), Gansser (33) and
Subuti (20),
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GLOGRAPHICAL SITTUATION OF THE NIMBLUK VALLEY

The dominant trend of the mountain ridges in the Qayen-Birjand
Highlands is northwest on a regional scale, and west-northwest to
west on the more local scale of the earthquake area. Both regional
and local directions are determined by the geological structure, and
in particnlar, by the major fault directions {(*#). The earthquake
reflected these divections in as muech as it was ussoeiated with an east-
west swrface fracture having west-northwest branches. These fHwo
directions can also be geen in the arrangement of the mountuin crests
which divide the area into three distinctive sub-regions or basins
(Ifig. 2). The Kuh-e Kalat, Kah-e Siall and Kuh-e Tun separate
the Gonabad region which drains towards the northeast from the
Ferdows region which draing towards the southwest. For reasong
of water availability and climate, these two regions are inhabited
only along the mountain horders, the lower levels being formed by
the salt-waste deserts of Hadjiabad Kavir (Dasht-e¢ Lut), Bijistan
Kavir and Nagg-e Hajj-is-Haqg (Figs. 1 and 2). The third sub-region
is the Ninmbluk Valley, « smull and nearly closed endoreic basin wedged
in between the Kuh—e Tun in the southwest, the Kuh—e Meysur aml
the Kuh-e Meykay in the north, the Kuh-e BMahiar in the northwest,
and the Koh—e \Waraz in the south., The southwestern barrier, with
the Kuh-e Tun culminating at 2840 m (9327 ff), is the lLighest; the
northern and southern horders are nuch less elevated and provide
the main outlets, towards Gonabad in the north and Qayen in the
south. The floor of the Nimbluk Valley varies in altitude from 1659 [t
to BOOO ft.

Taking the 5000 it contour us reference, the shape of the Nimb-
lulk Valley is nearly a perfect rectangle 15 by 40 km, with the largest
side in fhe west-norfhwest direction. Thrainage is from the bordering
ranges, essentially from the southwestern mountains, towards the
coentre of the basin and then towards the lower southeagstern outlet
near Qayen. The geomorphology is characteristic of endoreic basins.
From the mountainous rim towards the centre of the basin one finds
the sueccession of contemporary and flossil outwush fans of course
gravel, a flatter region of finer silty sediments, and the kaviz or salt
marshes periodieally ilooded during winter. This sequence shows a
greater development at the western and southwestern sides of the
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bagin, where the higher and more massive mountaing provide the
main ealehment area.

Most of the population of the Nimbluk Valley was concentrated
bhelore the esarthguake, in villages and hamlets situated at the north-
western, western and southwestern marging, in the region of the lower
outwash fans (Fig. 3). Here the best quality of water is obtained,
either direetly through open channels fed by springs located above
some of the highest villages (Deheshl, Benavaj, Mozdabad), or throngh
long lines of ganafs (nnderground funnels) whieh caplure the water
at the [oot of the mountains and bring it to the lower villages (IDasht—e
Bayaz, Khezrl, Gerimenj). The northwestern corner, at the conver-
genee of the NAW and WNW mountain ranges, had the highest popu-
Iation density of the Valley, due no doubt to the facl that as the tran-
sition between outwash lfang and mountain slopes is here gentler than
elsewhere, the site combines all the advantages of topography, water
and climate. Towurds the cenlre of the basin, the water becomes
inereasingly charged in mineral salts, butl ¢an still be used for enltiva-
tion as at Chah Khundei, Alamdasht, Miamudasht, ete. The depih
of the water table below ground level decreases from the edge lowards
the centre of the basin, and the water table reaches the swfaee just
east of the villages of Balayuni, Asadabad, Noghab, Hadjiabad., These
last three wvillages must however rely on ganats for their drinking
waler. DBeyowd them start the salt marshes.

Until the end of the 19th century, the mountaing swrrounding
the ¥Yalley provided protection from Turkoman and other raiders,
aldl consequently some of the villages studied here are of considerable
age. Dashi—-e Bayaz, for example, is mentioned by Ibn ITawkal in
the 10th century AD. (M}, as well as the neighbouring and chiei town
of the Valley, Faras, which today can no longer be loeated. Most
of the villages were certninly in existence in the 19th eenlury and
Iwve probably grown slightly since then (¥}, Agrieulture seems also
to have remained basically unehanged, with irrigated crops of root
vegetable, water-melon, barley and saflron grown aronnd the fan
villages, and non-irrigated spring wheat and irvigated sugarbeet in
the flatter parts of the basin.

(*) Bellew in 1874 described nearly all the pre-earthquake villages
and estimated at 200 the nwmber of houses in Gerimenj and similarly in
Khezrl, and af 300 those in Dasht—e Bayaz, The cquivalent 1968 ficures
were 180, 350 and G80.
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A recent hydrogeological study has shown that the quantity of
water which can be extracted [rom the Valley can only he marginally
increased ([rom 1600 to 25001fs) without excceding the rate of re-
charge of the alluvium (11).

TYPES OF VILLAGES

The area studied here covers the whole of the Nimbluk Valley
with the exception of two villages and two hamlets for which no maps
or acrial photographs were available; these arve respectively Mozdalyul
and Benavaj in the extreme northwest, and Khaki aml Alam in the
extreme southenst (Fig. 2).  Aerial photographs taken on a 1:7,500
seale were used to analyse damage distribution and ground fractures:
these photographs were joined without ground control into a mosaic
from which the maps of Figures 3 and 3 were traced. They were also
used to examine systemutically all the villages and count the number
of houses which had eollapsed or survived in epch,

Apart from some very rare ollicial bulldings made of kiln-fired
brick, sueh as the gendarmerie in Khex, all the houses in the Nimb-
luk Valley were made of sun-dried mud bricks. lIn most cases, houscs
were single (loor construetions, and, «lue to the scaveity of timber in
the region, nearly all roofs were of the dome or barrel vault types
(Fig. 4). The low resistance of these honses to seismic forees is the
major cause of high easualty rates in recent Tranian earthquakes (1)
The reader is referred to Wulll (25) for an exeellent deseription of
building teehniques and styles and to Razani and Behpour (**) for
a study ol their behaviowr during enrthguales.

The Nimbluk villages dilfer signilicantly following their geogra-
phical location and position with respect to the topography of the
Yalley. Tor convenience of deseription, they have heen grouped in
this study inte Moeuntain and upper [an villages, Lower fan villuges
and Villages of the plain (Iig. 3). There arve of course various tran-
sitions and combinations between these types, but each village retains
a marked soeisl and economic individuality which can hecome a key
Iactor in the relocation aml rebuililing of a community after a cata-
strophic earthguake.
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Mountain and upper fan villages

The highest settlements in the Nimbluk Valley ave small villages
and hamlets situnted at about 6,600 ft on the slopes of the borider
mountains. They are generally built near small springs which are
used for the irrigation of vegetable gardens, as in Golbiz, Saghuri
andl Badsmuk. XNurach, deseribed in more detail further on, is ex-
ceptional as it obtains water from a ganat, has practically no gardens
and lives mainly from its livestock. Larger villages are found at
slightly lower altitudes, in the narrow valleys of the upper fun region

Pig. 4+ — Iouse types in the Nimbluk Valley — Sun-dried brick houses in
Salayani. Dome and barrel vault roofs partially collapsed after the carth-
quike. The layers of mmd-straw mix added each year fo the reofs for im-
permenbility greatly increase their weight. Photographs taken Sept. 1968.
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where water supply is more abundant: dMozdabad, Benavaj, Kareshk
anl Boskabad in the north, Bognabad and Deheshk in the south,
These villages have always been amongst the more prosperouns ones
of the Valley. Boznabad, for example, was the abode of the governor
of the Provinee in the 19th century (), and Kareshk, despite its mo-
dest gize, hadl a large mosque before the 1968 earthquake. The inhab-
itants have a strong sense of independence, and they resisted, in some
cases successfully, the post-earthquake collectivization drive of the
piain,

Lower fan villages

The largest villages of the Nimbluk Vualley are sited on the lowest
slopes of the outwash fans where both water supply and soil quality
are best. Water is hrought by qanats which originate at the base of
the mountain ridges where the water table is free from mineral sults,
and the slopes are gentie enough Lo be entirely cultivated. The higher
villageg, Idasht—e DBayaz and Feyzabad, are located well in the lan
zone and display a characteristic pattern of irrigated fields around
them. The lower wvillages, Khezrl, Miam and Gerimenj, arve in the
region where the lower [ans nierge with the eentral plain.

Villages of the plain

A number of small villages and hamlets are locuted near the 5000 [t
econtour in the western wand southern parts of the Nimbluk Valley
(Fig. 2}. DMany of these seftlements, and in particular those hetween
Chah Khundrl and Sefid Daght (Fig. 3), are built around deep water
wells and pumping stations, and vary in size from @ single house to
an agglomeration of several hunidred houges. The larger settlements
are Chal Khundri, Alamdasht, Miumdasht, Miandasht and Sefid
Dasht. Tn the southern Nimbluk, four large villages border the limits
of the salt marshes: ITadjidbad and Asadabad, and the mueh older
settlements of Noghab and Salayani. Noghab has a compaet plan
with narrow streets, whereas Salayani has a much more open structure
unigue to the Valley; its behaviour during the earthquake presenied
interesting peenlinrities which will be seen in detail in a later
section,
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GEOGRAPTITCAL DISTRIBUTION OF CASUALTTES AND DAMAGE

Feneral

2552 people out of a total population of 106810 were killed in
the Nimbluk Valley, representing about !f, of the total casualties
for all the arcas aflected by the earthqualke. The majority of casualties
were in the north, where the five villages of Boskabad, Kareshk,
Dasht—¢ Bayaz, Khezri and Mian accomnfed for about 859% of all
the people killed in the Valley (Table 1).

As all the houses were made of sun-dried Dbrick and were of the
same dome or vault type construction, comparison of the damage
each village sustained during the earthgnake i divectly relevant to
the assessment of intensily of ground movements. Damage varied
greatly (Tables 1 & 2}: in Dasli—c¢ Bayaz, not a single structure sur-
vived, and the maximum height of wulls which remained standing
did nol execed about one metre, Boskabad and Miain were destroyed
nearly to the same exient, with only a few wulls remaining at their
oviginal height. Next in the seale of damage s a group of villages in
which the percentage of collupsed domes varied between 839%; amd
35°5: Muaindasht, Kuarveshk, AMinmdasht, Khezri, Salayani, Feyzabad
and Sefid Dashi.  And, finally, the villages with less than 389 col-
Iapsed domes wind with a very small number of, or without any, casu-
alties: Nwrael, Deheshk, Asadabad, Noghab, Bozuabad, Hadjiabad
and Gerimenj. The distribution of the different degrees of damage
seems at first unrelated Lo the geographienl position of the villages
{I'ig. 5), and previous studies (see the Tntroduction) have not fonnd
any signifieant treidds. These stwlies were howoever based on intensity
assessments wlhicly, it has been shown, can be very misleading (2.28),
Tuleed, a comparison of the isogeismal maps drawn independently
by different authors for the Dasht—c Bayaz earthquake (Fig. 6} shows
Liow sensitive the method is (o the impressions of the observer and
the means and time st hig disposal. In cuses such as the Nimbluk,
it was of more intercst and immediate consequence to enquire why
certain villages resisted better, or worse, than others. To do fhis
required w detailed study of the partienlar conditions of each village,
and when this work was nndertaken a certain patfern cmerged in
whiclh the dominant faetors were: the distance from the fault zoue,
the influence of Inrel fractures, and exceptionul local subsoil condi-



308 J. 5. TCHALENKO — No N, AMBRASEYA

TAanRne 1 — CASTALTIES AND DAMAGE IN TIE VILLAGES OF THE NIMBLUK

VaLLey.
Porcrariox IoMEs
VILLAGE Tutul Total .
Killed | DCfove | eixilled |Collapswd  DeTRe | %
guilkc qunlie

Aligbgad . . . . L L . b 243 Q ] 35 0]
Asadabed. . . . . L )] 366 0 03 829 il
Bagamuk . . . . . . . 0 235 (] 18 ag | 86
Bendvaj . . . . . . .| 380 | 1800 | 21 - — (3
Boskabad. . ., . . . . 4{)0) 600 67 ? | T Ly
Bownabad . . . . . . 7 3315 1 Gl 1263 5
Boznabad teahouse . . ? ? ? 3 L5 15
Dasht-c Bavaz ., . . . 1230 1670 74 7 T o1ek
Deheshk . . . o . .. | 258 ] 300(e)| 60D{e}  Biw)
Feyzabhad . . . . . . B 108 T 114 263 43
Gerimenj . . . . . . . { 830 0 GG 2745 2
Golbix . . . . . . . . (] 32 U] —- {25)
Hadjiabad . . . . . . 0 207 0 17 | 378 5
Jafari .. .. L L L. (] 5 (] 20 20 100
Kaveshk . , . . . . . 135 670 21 ? ! 80{e)
Mehzlies: - @ o5 & & 230 1400 | 16 3057 H665 4]
31 70 1 T e . 124} 302 40 ? ! LO0
Miamdasht . 1 180 il 244 36T 1 67
Aliandasht e 2 32 13 7 a1 83
Mozdabad . . . . . . 10 350 3 — - - a5
Noghals 0 2570 b 70 870 8
Nurach (0] 20 0 17 58 a0
Saghwi . . . . . . . 20 152 13 — - {70
Salayani . . . . . . . 8 385 2 15 1326 ad
sefid asht . . . . . 0 150 0] T0 14} 37
ToTAL NimBLUK . . .| 2352 | L0610

{*y Indicate field assessment only; (¢) not wll domes distinguishable ue to
Lheavy dawage; estimate on basis of aerophotograph; ? number of domes
not known dne to total destruetion.

tions. These fuctors will now be examined separately and illustrated
with n few examples.

Faull Zone

The fault zone agsocinted with the Dashi—c Bayaz enrthguake
has been previously deseribed in detail (sec references quoted in In-
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Tanrnr 2 — DAMAGE IN THE SMALLER SKTTLEMENTS,
A E 3
I T Approximate
Gagalogne iy, location Coll 1 Total hetore . Collinsel
<oltapsed. 15 ouh qnake | vo Bollipser
(HG 33.88N 49081 b5 10 30 (%)
(10 33.81  59.01 2 15 13 (%)
42 33.80  a0.02 0 3 4]
076 33.80 5R.08 3 3 GO (¥)
095 33.00 3881 §] 4 0
i11 33,90 58.02 0 1 0
115 3z.m 58.95 1 10 10
117 3z.m 58.96 1 7 14
11%n 33.91 5807 i 36 3
1105 33,900 58.07 14 15 100 (*)
189 33.42  58.87 i 20 5
198 33.02  58.03 2 4 50
202 33.092  58.Mm g 3 10}
2849 33.94  58.8G 2 3 40
232 3304 58.80 1] 3 0
267 334 HB.S6 3 12 42
3446 33,96 58.85 20 37 55
4035 33.00  58.8% i G 106
410 33.97  A8.86 G4) GO [ 100
435 34.00  58.84 1 0 1l
437 34.00 5B8.85 60 G0 H B
441 33.99 5B8.88 30 30 100
452 34.00  58.82 0 5 1]
489 3401 38.78 30 30 104
a0d) 3401 583.84 a0 a0 L0
248 34.03  58.94 1 3] 17
a80) 34.03 58.G3 & 6 100
G612 34.05 5B.87 30 34 38
G650 34.06  5B.87 2 10 30

{*) Indicates less reliable data,

troduction). Tts total length was about 80 km and it crossed from
east to west the northern part of the Nimbluk Valley (Figs. 1, 2, 5
anil 18), with a maximum horizontal displaceinent of 450 ein (22),
The digtribution of damaged wvillages when examined with respect
to their distance fromn the {fault presents some interesting peculiarvities
(Fig. 5). In general, heaviest dumage is found in villages nearest to
the fault (Dasht—e Bayaz, Boskabad, Kareshk, Miam) but there are
exceptions, PFeyzabad, lor instance, situated about haliway between
the fault and Badamulk, wag destroyed to about 439, whereas Ba-

14
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damuk to 45%; (%), In the case of Nurach and Ihezyi which were
situaded on either side of the Lt and at approximately equal distance
2 to 3 km) to il, Nurach was destroyed to abouf 30%; whereas Khezrl
to 6852, Similarly Golbiz and Saghuord, for which however damage

=
r'e
g canal canal (from ganatl ¥
-
" 4 y )
». 1 ]
| A &
L
HAMLE T EAST OF NURACH ¥
abandoned ..
| I} et
| |
| |
b
B
¥ | gardens
NURACH |
| M
approx. coard. 340N 5889 (fr
| |
casualries a/20=0% { |:
8 -34% ¥ =
damage 17/58 = 347 16 25

i, 7 — Nurach — Mountain village in the north of the Valley. Plan showing
collupsed domes (black).

figures are less relinble, were boih located on the northern Lault branch,
and lhad respectively, no easnalties and 15% casuallies. Isolated
houses and hamlets also showed incongistency in damage with respect
to distance from the fanlt: north of Ja'furi, two hamlets facing each

{*) The percentage refers Lo the ralio of the nnmber of domes col-
lapged Lo lhe number of domes standing ug connted on the enlarged aerial
prhelographs.
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other across the faull, and at a distanee of abonl 500 m from it, shewed
collupsed domes to the proportion of 179 for one, awd 100°; for the
other. Fuwrther away, at about 10 km from Lhe fault, Miamdasht had
839%, of its houses collapsed, whereas in a small village about 150 m
to the southeast there were only 39;; and about 15 km from the fault,
Delieshlk and Boznabad which were only 500 m apart suflered respec-
tively 509 and 59, desthruction.

In some cases, irregularities in damage distribution such as the
ones mentioned above can be clarified te some extent by a closer
observation of the ground conditions and village fype. Nurach and
Khezrl were entirely different settlements buill on different founda-
tions materials. Nurach was a small mountain village situated on a
spur of relatively hard marls on the southern slopes of the Kuh-e
Meysur. The houses were built in two widely spaced rows aligned
along the crest of the spur; a ganat arriving from the north provided
just enongh water in spring for a few small vegetable gardens (Fig, T}
Khez1 on Lthe otlier hand was a lower fan village much bigger in size,
built on soft silty clay in the region where the fan slope grades into
the central plain. It was supplied by several qanats, and irrigation
of the extensive cultivations around the wvillage was supplemented
by pumping wells. The village had a dense structure with narrow
winding streets from which eseape during the earthguake was diffienlt
(IFig. 8). The comparison of Nurach and Khezrl provides o charaeter-
istic example of a fairly common observation in Iran, ie. that the
smudler settlement built on the harder material away [rom irrigated
ficlds often resisted beticr tham the larger and more compact village
built on soft soil and swrronnded by cultivations. The somewhat
similar cases of Dehsehk, where the destruetion was due mainly to
walerlogeing, and Miandasht, where it was duwe to lwching, will be
relurned to forther oun.

Taking into account such cases of “explained” irregularities, and
using only the villages having more than 10 domes, the relation be-
tween number of collapsed domes and distunces from the fanlt shows
a definite trend (Mg, 9). The majority of the data is for the more
heavily and more lightly damaged villages for which it can be said
that those where 952 to 100%, of the domes collapsed were all within
3 km of the fault, and that those where less than 159, of the domes
collapsed were further than 11 km from the fault. There are fewers
villages in the intermediary range, but as the dafa obtained by the
method of ecounting domes on enlarged aerial photographs is con-
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sidered to he partiemlarly rvelinble, those villages for whieh data is
available can be used with confidence. They show that, with the ex-
eeplion ol the anomalous cases mentioned above, damage decreases
approximately linearly with distance from fthe fault. Tt mnst be
stressed however, that fhis trend should be eonsidered as specifie
to the case of the Nimbluk Valley dwring the 1968 earthquake, and
that it does not necessarily hold for other regions or other earthquakes.
The nsefulness of the graph presented in Fig. 9 is that it points ont
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Fig. 9 — Relation hetween damage and distance tfrom fault zone - - Num-

hers reter to Table 2. For analysis, see text and Fig. 10

the villages which behaved anvmalously and whieh arve therefore
worthy of speecial attention. ¥For example, in the case of Nuraeh and
Kheart deseribed above, it shows that it was Nwrach which showed
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exceptionally light danage wherens Khezrl was well within the average
for the earthguake. If also points fo the exceptional behaviour of
the Salayani region and of Deheshk which will now he seen in greater
detail.

Lureh Fractures

A poecket of wnusually high ddamage was observed away from the
fanlt zone in the Salayani region (Figs. 5 awd 9). It allected the vil-
lages of Salayani, Miamdasht, Miandashi, Sefil Dasht and several
small linnlets in between them. The pecwliarvity is further emphasized
when easualty rates are talken into account. The comparison of casu-
alty to damage rates for the whole Valley shows that people were
killed where more fhan about 309, of the domes collapsed, amul that
casualtics inereased stenlily with greater destruections {Fig. 10). Wlhen
all the domes of a village ecollapsed, the casualties varied Dbetween

100 ¥ SR v Bty |
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f
l"rl 3 Badamiik
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Fig. 10 ~ Relation hetween ecasualty and damage rates —
Por analysis, see text.
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40°%, (Miam) and 74% {Dasht—e Bayaz), the exact number depending
now on the severity ot the collapse. As in the case of Fig. 9, the trend
showld be considered as specific to the Numbluk Valley in 1968, The
villages which did not conform to the general casnalty-damage trend
were Dadamuk and Ja'fari in the north and the Salayani group in
the sonth. Tor these villages the nwnber of people killed was very
mueh smaller, aiml furthermore seemed unrelated to the amount of
damage to houses. As all the houses were basieally identical, and as
the proportion of the inhabitants which were indoors when the earth-
quake happened (1-44157 loeal time) did not vary significantly from
one village to another, these abnormally low casualty lgures presum-
ably indieate that the houses collapsed sufliciently slowly to allow
the occupants to escape. The assumptions is reinforced by the olb-
servation of lureh fractures in Ja'fari and especially in Salayani, sug-
gesting o mode of destruction different fromy that which prevailed
elsewlhere in the Nimblulk Valley. Tlhe case of Salayani is particularly
instruetive.

Balayani was the village of the Nimbluk Valley situated nearvest
to the centre of the plain where water and climate econditions were
the least favourable, Tn plan it showed a very open structure unique
tor the region (Fig. 11). The earthquake caused 549 of the domes
to collapse, but the number of people killed {3) wus well below the
average for this amount of destruetion. On the ground it could be
observed that the lhouses collapsed essentially there where ground
fractures of the lureh type crossed the village. As these fractures have
not been deseribed in any length by previous papers on the carthguake,
and beeause of the uncertainty of their origin and thelr importance
to the damage, they are given below in some detail.

Lurch fractures were generally found grouped in zones a few
metres wide and a few tens of metres to several hiundred metres long.
Rael zone was formed by up to about one dozen sub-parallel fractures
showing wvertical displacements only. Throws of all the [ractures in
a zone were in the same sense which, [or cwrved zones, was usually
concave side downwards. The slabs of soil between the fractures of
a zone were often tilted towards the fracture searp. The vertical
throw of a fracture could vary from a few centimetres to about one
mefre but was compensated by this tilting in such a manner that
the net vertical movement of one side of the zone with respect to the
other seemed to be nil or insignilieant. Tn plan, most zones were ar-
cuate or sinwons (Fig. 12), and a few examples were found of eloged



SALAYANI

1amage

Pig, 11 = Balayani - Maximum damnage in the village seems to he associated with Inveh fractures,  Lavge
structure at the Gerimonj entranes is a school, completely destroyed. Collapsed domes shown in black.
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Fig, 12 .- Lureh Mractures at salavani - - Routhwest entrance to the village
(see plan, Fig. 11} Note sinnons and diseontinuous trave. Lines converging
on village are ecattle tracks,

zohes forming ovals measuring abond H0 1m0 in Iargest diameter and
resembling ginnt foolprints.  Lureh zones were offen accompanied by
sand blows and small muwd and silt voleanoes.

A great number of lurch zoney were formed in the SBalayvani regiou,
especiidly 1o 1he north il east of the village (IMig. 13).  Their ovien-
tadion is on average noril 1o northeasi. SBeveral of these zoues passed
through the village, causing various degrees of damage to Louses.
For example, the scheol at the southwestern enfrance fo the village
wits completely <destrovel. I otlhier cnses, however, houses which
were cul by fractures collapsed only partially or even not at all (Fig. 14).

On the seale of the entire Nimbluk Valley, Inrch zones coverel
most of the central part of the basin in a hroad NW-8E hank 3 to
8 lan wilde, and extended over 20 kni, from the fault zone near Ja'fari
to Noghal (Fig. 5). The borders of this band followed approximately
the 4800 ft contour line, ail {1he area covered was the part of the
hasin where the water table wag less than about 3 m from the ground



“
b ¥ = y
- - ¢
."’h S— s )
i &
‘. / ,
| T,
. # oy (s
P e
’
-
4
—
&
' -
' ‘
—— furch fractutes
wee mud/ailt voicanoes
wows  stream bad fintermittent N
e
00 %)
metres

o
s -
o
“,i
T
P
iy -
"'I.' 5
5 2
4
d
¥ ]
e
P
(FALAYAN]

5’?:1/“—'"/

- u»-‘; L
s,
L
" o L

F f
oy
g P
’ . —
L e

X

} E
]
b Y
gt .

- g . I'
P . ’ Oy
"y at iy = )

$ i ~—

Ty

= > [, W
Se
#ply w L
£ o |

g, 13 — Lureh fracturcs in the Halayini region - Note parallelism of general [raclure diveetion with stream
bed, and “loofprint” structures ahout 1 km North of village. (After uncontrolled acrial photographs),



EARTHQUARE DESTHUCTION OF ADOBLE VILLAGES IN IRAN 351
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g, 14 — Salayani - - Yiew of the caternmost hiouses of the village (north
of Khaki road, see plan, Fig, 11). Laurch fractures in the foreground eross
mud walls and houses with only partinl collapse of the latter.

surface. The most important fact to note is that the lnreh zounes fol-
lowed everywhere the direction of the swface drainage. They were
NW-8E vorth of Ja'tari, IE-3 south of Ja'fari, N-8 to NE-8WV around
Balayani and I3-3W near Asadabad and Noghab.  This observation
provides a clue as to their origin. As the average slope in this part
of the basin is of the order of 1%, surface drainage of the flush floods
in the rainy season {winter) conforms with the grestest slope on the
Iarge seale hut meanders considerably in detwil.  This produces nu-
merows very shallow streamlets, which, because of the low gradient
and near surface water table, soou lose their veloeity and deposit
the fine material that they carry. Inrther material is deposited during
the dry period in the form of wind bBlown sand. Thwing seismic sha-
king, this very loose material lilling the temporary streamlet beds
[ailed by a series of shallow step-slides and slumps, probably detached
at the level of the ground water table, with ejection of water, sand
and silt, In this manner the lnrel zones tollowed faithfully the local
drainage <directions, In particular, the oval “foofprints™ have all
the geometric characteristies of contemporary cut-oll meanders found

in the region,

The ground fractwes in the central Nimbluk Valley were thus
interpreted to be a consequence of the seismic shaking, i.e. they were
‘non-tectonie’ or ‘sceondary’ fractures. This type of earthquake eltect
has been observed for other eartliquakes, such as the 1948 Ashlklhiabad
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earthguake wul 1lie 1952 Kern County carthquake (M), The mecha-
nisin suggested by their aspeet in the Nimbluk Valley is that they
were initiated at the start of the shaking, but attained their full
development only some thne (scconds or minutes?) later.  This
would explain that the oceupants of the houses in the Balayani
region had time to escape before their houses collapsed.  The lureh
fractwres were conlined fo the central part of the basin where the
slope gradients are lowest and the water table is nearest to the
swrface.,  Similar geomorpliological conditions are met in many basing
of Iran aml the Midille East, aoul the meechanism of seismic Inrehing
s important enongh eflects on loeal construetions to warrant fature
study.

Local sub-3oil conditions

A very local change in sub-soil properties ean have an important
inflnence o the degree of damage, mud in this respect nearly every
site can present its own exceptional conditions, Bome are however
gpecilic to a type ol village, aid have been obgerved in other earth-
quakes: Lor example, the variation of foundation material from river
Bed alluvium to rock encountercd in many upper fan and mountain
villages Imilt near mountain streams.  The example chosen here to
illustrate this ease is Karveshl, Exceptional conditions may also avise
as a consequence of man’s netiviiy, as will be seen by the examnple
of water-logged foundations in Deheshlc.

Kareshk was sitnated in a narrow upper fan valley between hills
of Neogene marl.  The centre of the village was bwalt on viver gravel
on either side of a stream bed, but 1lie northern aud southern edges
of the village encroached on the Neogene hills (Fig. 153). A qanat
system arriving from the northwest irvigated the cultivated fiells
tlowngtream ol the village dwring the snmmer season when the stream
dried up, The earthquake killed 135 inhabitants amd nearly comple-
tely destroyed the village. About 809, of the houses were destroyed
to such an extent that it was impossible to Llentity individual ground
plans from the air; the remaining 20%, which had not collapsed were
situated at the northern and genthern edges of the village, on the
Neogene marl,  As no imdications were found to suggest thatl {hese
houses were of better construeftion, the unevenness in damage dis-
trilmfion must be taken to refleet the diflerence in sub-goil conditions,
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Mg, 15 — Kareshk — Plan showing eollapsed domes (black). The houses

that survived are situated on the marl hills, away from the stream hed.

Thiy difterence would infinence bothh the stability of the foundation
al the response of the structwre to seismie shaking.

The geomorphological gituation of Deheshk was similar to that
of Kareshlk, the village heing built on river gravels in a WNW-ESE
Neogene valley (Fig. 16}. Water was brought directly by open channel
{or by ganat during the dry season} from one of several springs located
in the hilly to the west of the village. Trrigated fields covered the fleor
of the vulley and extended all the way to the next village of Boznabad
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and Lo the Nimbluk plain {(KFig. 17). The central part of Deheshk was
slightly lower than the rest of the village, bul unlike Kareshk, the
valley was wider here and all the houses were built on the river gravel.
The earthquake damuge in Deheshk was remarkable on two accounts.,
TFirstly, although the [atalities were minimal (1 person killed), the
damage way exceplionally high compared 1o the other villages of
the area: in Deheshk about 809, of the 600 domes collapsed, whereas
in the next village of Boznulsul less than 500 m dowustream, fewer
than a9 collapsed.  Secowdly, the damage distribution in Teheshlk
showed a central section completely destroyed, and most of the un-
damaged domes located al the edges of the village (Fig. 16, insert).
The nndamaged houses were in a good enongh comlition to be reoe-
cupied scon after the earthguake., The origin of the unevenness of
damage distribution was here, however, different from Kareshk, Ir-
rigntion of the fields immediately upstream of Deheshle had produeed
a small pomd, and resulted in extensive waterlogeing in the cenire
of the village. Conseguently poor fowmlation cenditions seemed to
have been the main cause of exceplionally high damage to the houses
which were lecated dowusiream of the pond.

CONCLUDING REMARKS

The Nimbluk Valley is a small enclosed endoreic basin situated
in the epicentral area ol the Dashi-c Bayaz earthquake of 1968, As
in many cother parts of Iran, the howses in thizs Valley are muiule of

Fig. 17 — Ddeheshk — View from the south. The nengene spur hehind the

village separates the subsidiary valley from the Nimbluk plain in the hack-

gronmd, Maximum damage oceurcd dircetly below cluster of trees which

mark the village pond. Right hackground, Boznabad. Pholograph taken
July, 1470,
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sun-(riedd briek and villages have charvacteristic plans which change
with the altitwle and the gituation of the gettlement with respect
to the geographical sulwlivisions of the busin.

The earthquake killed 2532 people in the Nimbluk Valley alone,
representing about one quarter of its inhabitants. Tt was accom-
punied by @ major fanlt-Hreak and luvel fractures. The distribution
of damage in the Nimbluk Valley was irregular, with some villages
muell more, and others much less, damaged than the average, Never-
theless, the study of individual villages revealed a simumltaneous in-
fluenee of the fanll zone, as well as partienlar snb-soil cowditions
leading to lurehing and other special foundation problems.  Lurehl
fractures in particular seemed to be associated with a mueh slower
process which allowed the inhabitants to eseape from their collapsing
houses,  Published duata is however necded to compiare these obser-
vations fto other earthquakes in similar envivronments.

Towards the emd of 1970, the eonstruction of modern-type kiln-
brick bungalows was neaving eompletion in five centres in the Nimb-
Ik Valley. The larvgest of the upper and lower fan villages which
were destroyed by the earthguake were rveconstrueted individually
at their previous locations (Fig, 5). New Dasht—e Bayvaz is situated
between the okl village amd the fuult zone (Fig. 18); new Kareshl

Fig. 18 — New village of Dasht—¢ Bayaz - In the [oreground, a {racture

of the 1968 [ault zone, displacing ficld boundarvies. 'Total displacement was

here 290 em left-lateral and 160 cin Seuth side {(observer) down.  Photo-
graph ftaken July 1970,
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aml Boskabad each overlap the fringes of the old settlements. In
conlrast, most ol the villages of the plain were grouped into two
agricultural co-operatives. The Southern Nimbluk Co-operative, built
halt-way between Gerimenj and the lestroyed Miandasht, is male
of Salayani, Miandasht, Miamdasht, Selid Drashit awd the smaller ham-
lets of the region, as well as Deheshk; there seems to be some doul
as Lo the fate of Gerimenj, Boznabad and the villages newr Aswlabad
which were practically undamaged in 1968, Soon after the earthguake,
Salayani was completely bulldozed, and today the site of the former
village iz newrly indistinguishable from the surrounding fields, The
Northern Nimbluk Co-operative groups Khezrl, Miam, Feyzabad and
some of the smaller hamlets; it is situated about 1 km north of the
destroyed ezt (*).

The immediate eonsequences of an earthquake can be measured
in terms of easualty figures and statisties of destroyed housing units.
But far-reaching changes have also been brought onto the population
of the Valley by the construction of the two big agrieultural eo-oper-
alives wlich replace many of the small villages. The idea of central-
izing small villages into large agricultural units is expressed alter
nearly every catustrophic earthquake in the Middle East. The case
tor centralization is wsually made on regional economic grounds, aul
in those terms it is nearly always a very strong ease, Centralization
rationalizes the produetive process, and Lhence inereases tlie agrieunl-
tural yield aiul the wealth of the region. However, the possible adverse
elfects on the individual aoul sociul levels of the sudden imposition of
a concept so strange to the history of a region must also be taken
into consideration, In the long term the change will only succeed if
it brings an improvement in the quality of life and tungible profit
to each swrvivor of the eatastrophe, awl centralization alone does
not auntomatically achieve either.

{*} Many of the 350 new housing units suffered minor damage as a
result of a late aftershock on 8vd Marveh, 1070 () = 5.2). VYoertieal evacks
wore observed at the corners of the houses, there where the inner reinforecd
conerete pillar joined the briek walla, This aftershock was also felt in Kakhk
and Gonabad but does not seem to have produeed damage clsewhere than
in the Northern Co-operative.
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