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Abstract.

This paper traces how both earthquakes and fires have shaped the history of timber con-
struction in what is now Turkey and in the much more recently established city of San Fran-
cisco, California. It also touches upon how the historical spread of both the Ottoman and
Persian empires influenced the adoption of timber construction technologies not only in East-
ern Europe but as far east as Kashmir and other parts of India. The paper will describe the ef-
fects of earthquakes on traditional timber and masonry buildings, with comparisons to the
performance of modern structures of reinforced concrete which are often found adjacent to the
traditional wooden structures.

The paper then takes on the subject of urban fires in Istanbul neighborhoods with timber
buildings, and the impact this has had on the ultimate prohibition of new timber construction,
and the gradual decline and abandonment of the historic houses in urban core of the city. This
history, both of earthquakes and fires, is then compared with that of San Francisco, with its
much shorter history, but with its earthquakes in the mid-19" century and its most famous
earthquake in 1906, which spawned the fire that burned over a large part of the city — a far
larger area than that which is reported as the largest of the fires which destroyed a section of
Istanbul.

The paper concludes with a more hopeful look at how timber construction, with mitiga-
tions against the incidence and spread of fires, could become again a safer alternative to rein-
forced concrete in earthquake areas subject to non-engineered construction and failures to
comply with building codes or acceptable construction practices. It closes with the point that
the “Turkish House” is something more than just a structure that is safe in earthquakes. It is
an evocative and socially meaningful icon of Turkey’s heritage and art.
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1 FROM CONSTANTINOPLE TO ISTANBUL: THE EARTHQUAKE OF 1509

One of the largest earthquakes of the many that have struck what is now Anatolia over the
centuries occurred in 1509, only 56 years after Constantinople was captured by the Ottomans
in 1453 in the reign of Sultan Mehmet 1. This earthquake resulted in the issuance of an Impe-
rial Edict which declared a state of emergency in what was then the “entire country,” requir-
ing that “all able bodied males be available to serve the rebuilding activities. ” The edict also
bestowed 20 gold pieces to every family whose home had collapsed. What also stands out “is
that it forbade new construction near coastal areas where damage was heaviest and made
stone block construction illegal, demanding timber-frame buildings. ” [1]

Traditional Turkish timber residential construction for the last several hundred years can be
divided into three typologies. First, there is horizontal timber lacing in masonry bearing walls,
each of which is called a hatil and the plural is hatillar. This consists of a timber ring beam,
shaped like a ladder but laid horizontally in the wall. The historical precursor to this involved
laying rings of brick masonry in ancient Roman concrete and stone walls, including the Theo-
dosian walls in Istanbul.[2]

The second is a timber frame with masonry infill known in Turkey as Amug, (in English
called “half-timber”). Here, the masonry is usually a single “wythe” or layer, often with the
bricks laid at angles to fit between the studs, or alternatively if stone is used, random rubble
set into thick layers of mortar. Depending on the locale the mortar is commonly a lime mortar,
but in some rural areas a mud mortar may be used. In Amaus, the combined timber and mason-
ry wall is only as thick as the timbers — meaning only plus or minus 12cm (5 inches), and
thus, when one considers how thin the walls are it seems counterintuitive that this system
would be safe and resilient in large earthquakes - but the frame confines the masonry making
it an integral part of the structural system. From a structural engineering standpoint, trying to
calculate this structure is ultimately frustrating because it comes in many variations, all of
which are non-engineered and thus based on intuition rather than rules or codes. (Figure 1)

Figure 1: house with fumus on the  Figure 2: Stud framing typical in Figure 3: San Francisco 19"
1% and 2™ floors, and hatil on the central Istanbul without infill century house with timber
ground floor in Safranbolu. masonry. framing exposed.

The third timber structural system most resembles construction as is common in the USA
and Canada — 100% timber with closely spaced studs and joists covered on the exterior with
sawn wood cladding and on the interior with lath and plaster over a hollow wall.[3] (Figure
2&3+18-20+24-26) Except for wood-abundant countries such as the U.S. and Canada, build-
ings built entirely of wood are quite rare. Turkish Aimws construction has thinner walls than
masonry bearing-wall buildings, and is thus easier and more economical to construct. It also
serves as overburden weight on masonry walls below for earthquake resistance. (Figure 1)

Today this system of using sawn wood siding nailed to the framework would seem to be
more simple to construct than quarrying and dressing the stone and making and placing the
mortar to form the walls between the timber posts and beams, but before the age of power
saws and the invention and manufacture of wire-cut nails, the seeming ease and practicality of
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working with wood siding was elusive. The saws that did exist made the precision cutting of
the lightweight framework possible, but cutting of a massive number of boards to cover the
walls remained impractical. (Figure 4) Returning to the second typology, himus construction
IS a variation on a shared construction tradition that has existed through history in many parts
of the world, from Elizabethan England to 19th Century Central and South America. In Brit-
ain, for example, it would be referred to as “half-timbered,” in Germany as “Fachwerk,” in
France and Haiti as “colombage” (which did well in the 2010 Haiti quake, as seen for exam-
ple in Figure 5), in Kashmir, India as “dhajji-dewari,” and in El Salvador as “bahareque.”[4]
Ancient Roman examples have been unearthed in Herculaneum, several involving interior
partitions, but one involving an entire two-story row house.[5] The palaces at Knossos have
been identified as having possessed timber lacing of both the horizontal and the infill frame
variety. This history sets the date of what can be reasonably described as timber-laced mason-
ry construction back to as early as 1500 to 2000 BC.[6]

Figure 4: Hand cutting timber planks in Nepal, 2016. Figure 5: Colombage (Half-timber) house with
almost no damage from the 2010 earthquake in Haiti. Figure 6: Half-timber 3 story house with almost
no damage in 2001 earthquake in Ahmedabad, Gujarat.

One likely reason why this building tradition can be found in much of eastern Europe and
in South Asia is because of the reach and influence of both the Ottoman and Persian Empires,
which together extended into modern-day Pakistan and directly influenced the Mughal Em-
pire, which controlled large parts of India from the 16th to the 19th centuries. Himis was a
characteristic form of construction in many parts of Ottoman Turkey and has continued in
common use up until it was rapidly displaced by reinforced concrete frame with hollow clay
block infill construction beginning in the middle of the 20th Century.
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Figure 7: URM stone house in Bhuj after 2001 Gujarat earthquake. Figure 8: This man survived
but his mother didn’t, and he is cremating her, and holds her picture. Figure 9: Another view of the
ruins of both stone houses and concrete houses in Bhuj.
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Observing the places where this method did not become a predominant building type sup-
ports this hypothesis. For example, in India, the Gujarat earthquake of 2001 revealed that the
Mughal city of Ahmedabad in its historic walled city core had similar timber-laced construc-
tion (Figure 6), while the historically Hindu city-states of Bhuj (Figures7-9), Anjar, Morvi,
and Jamnagar did not share this construction tradition. In the 2001 earthquake the Hindu cities
were devastated, while in Ahmedabad the occupied and maintained houses in the Walled City
survived with very little or no damage. As proof that Ahmedabad was also well within the
damage district, many reinforced concrete buildings surrounding the city collapsed.[7]

In the case of Kashmir, the architecture and construction traditions came to the region with
the influx of Muslim Sufis preachers from Central Asia and Persia, beginning in the earlyl4th
century, and the subsequent invasions and migrations of people from Persia, who also brought
the handicrafts and carpet weaving for which now Kashmir is famous. In fact, dhajji dewari,
which means “patchwork quilt wall,” comes from ancient Persian.[8]

2 KOCAELI AND DUZCE EARTHQUAKES 1999

We now return to Turkey, not for ancient or medieval history but because of two cata-
strophic earthquakes that occurred in 1999. The first of these, the Mw 7.6 Kocaeli (or Marma-
ra or izmit) earthquake, was on August 17, 1999, followed on November 12 by the Mw 7.2
Duzce earthquake. The first quake caused approximately 20,000 fatalities, and the second
added another 1,000. Views of collapsed buildings were all over the news at that time, but lit-
tle was broadcast about timber-laced masonry buildings. For unreinforced masonry, there was
the arresting aerial photograph taken in Adapazari showing a stone mosque standing with all
of its minarets intact, completely surrounded by reinforced concrete (RC) buildings that had
pancake collapsed. (Figure 10)

I knew that construction techniques existed in Turkey that were similar to those | had doc-
umented in Kashmir, but I did not know if such buildings existed in the 1999 earthquake af-
fected cities. When | spoke to a returning reconnaissance team member | asked if he had seen
any timber with infill masonry buildings, and he said he did see some and they were still
standing. Then when | asked if he had taken any photos of them, he replied: “no.” Despite the
fact that they might hold evidence of a key to resilience in this and future quakes, the vernacu-
lar buildings were to him neither relevant nor of value. It was at that moment that | decided
that | must go to Turkey to explore this situation more fully. Thus my research on traditional
timber-laced masonry construction moved from a study in the British Library about the 1885
earthquake in Kashmir to a view of the damage in 1999 from under a hard hat. (Figure 11)

1999 EQ photos: Figure 10: Mosque and minaret still standing in Goélciik with collapsed RC

buildings around it. (alJazeeray Figure 11: Himus house next to an entire row of collapsed RC buildings
in Adapazzari. Figure 12: Himws house next to destroyed RC building. (Adem Dogangiin)

In some areas of Golciik and Adapazari, the first of the two earthquakes destroyed more
than a third of all housing units, almost all of them in reinforced concrete buildings. 1 soon
4
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found that there were clusters of Aimis houses still standing in the heart of these districts,
mostly dating from the early part of the 20th century. They were thus significantly older than
the reinforced concrete apartment blocks surrounding them that had collapsed.[9]

Two Turkish engineering researchers (Demet Giilhan, and Inci Ozyoriik Giiney) conducted
a detailed statistical study in several areas of the damage district, and they found a wide dif-
ference in the percentage of modern reinforced concrete buildings that had collapsed, com-
pared to those of traditional construction. In one district in the hills above Golciik where 60 of
the 814 reinforced-concrete four-to-seven-story structures collapsed or were heavily damaged,
only 4 of the 789 two-to-three-story traditional structures collapsed or had been heavily dam-
aged. The reinforced concrete buildings accounted for 287 deaths compared to only 3 in the
traditional structures. In the heart of the damage district in Adapazari, where the soil was
poorer, their research showed that 257 of the 930 reinforced concrete structures collapsed or
were heavily damaged and 558 were moderately damaged. By comparison, none of the 400
traditional structures collapsed or were heavily damaged and 95 were moderately damaged.
For more discussion of this and to see the graph, please go to this footnote link.[10]

These statistics reveal that the difference between the traditional and the modern systems is
not the materials used or the size of the buildings. Ironically, it is because Aumis is a non-
engineered traditional building technology, while reinforced concrete is dependent on being
an engineered building system. When reinforced concrete is used for non-engineered con-
struction and where both design and construction departs from correct building practices, the
risk of collapse in earthquakes is significantly increased. This is not a problem for a tradition-
al technique such as humus, as it is intended to be a non-engineered building system, and as
demonstrated by the statistics it is more forgiving. Variations in quality and methodology are
inherent in this system, just as commonly occur in traditional construction in general, but the
occupants are protected by its inherent redundancy and flexibility. (Figure 12)

3 THE ORTA (CANKIRI) EARTHQUAKE OF JUNE 6, 2000 (MW 6.0)

In June 2000, less than a year after the 1999 earthquakes, an earthquake measuring 5.9 on
the Richter scale occurred near the rural town of Orta, 100 km north of Ankara. This earth-
quake has provided an opportunity to evaluate the performance of fumus construction in a
smaller earthquake in a rural setting, together with other construction types including unrein-
forced rubble stone and modern reinforced concrete. The rubble masonry was used primarily
for barns and it fared the worst, with a number of farm animals killed by collapsing walls. The
reinforced concrete construction, however, was, with a few exceptions, only slightly dam-
aged. What was particularly interesting to find was that many of the examples of Zmus con-
struction appeared to be damaged to about the same degree as found in the Ammis houses
subjected to the much larger 1999 earthquakes. There was some cracked and fallen plaster
with some dislodgement of the masonry infill, but collapses were limited to long abandoned
structures with rotted timbers. See [11] for more details and photo-documentation.

The 2000 Orta earthquake illustrates the problem of comparative analysis of earthquake
performance of existing buildings. Looked at superficially it would appear that /zmus suffered
significant damage, but this fails to take into account the mechanism by which traditional
construction resists earthquakes — flexibility and energy dissipation rather than strength and
stiffness. Its survival in the much larger and longer 1999 earthquake illustrates that the Aimas
is capable of maintaining stability over many cycles. To do this, however, the deflection of
the structure and friction in the infill must begin at the onset of shaking. Thus the shedding of
the plaster in both the larger 1999 Kocaeli earthquake and much smaller Orta earthquake was
similar. By comparison, although only lightly damaged in this and other smaller earthquakes,
the non-engineered concrete buildings often exhibited a rapid and catastrophic degradation of
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strength in larger earthquakes, often leading to collapse. This happened because they are in-
flexible and lack the reserve capacity that has been found to exist in both iati/ and himis con-
struction. The brittle hollow tile block infill walls in the concrete frame buildings are initially
stiff, and then, once cracked, tend to collapse, leading rapidly to a soft story failure.[12]

Figure 13: Yuva family ~ Figure 14: Yuva from top of F_igure 15: Elden old Figure 16:
in damaged house. minaret, with new village village below and new Elden old
visible on hill above. village above. village.

Another important lesson to be learned from the Orta earthquake involves the failure to
properly account for two important concerns at a government level when undertaking disaster
recovery: (1) the need for the government personnel, particularly the engineers and inspectors,
to understand that cracked plaster does NOT mean a traditional Amis house is damaged be-
yond repair, and (2) the cultural and social factors that must be understood and respected in an
affected community.

The fates of two rural farming villages near Orta, Turkey demonstrate these points in a sad
and tragic way. Yuva and Elden suffered damage in the 2000 earthquake. Rather than helping
the residents repair their houses the government recommended the villages be demolished and
relocated to what was described by their geologists as safer ground. The residents voted to
accept the government’s proposal because it came with the promise of new houses in ex-
change for their old ones. The new sites were selected by a geologist rather than by an agri-
cultural expert or social scientist. They were remote from all that is necessary for human
agricultural settlements — water, trees, fertile soil, and protection from the wind. No provision
was made for barns for the animals, nor for a community center, general store, or even a
mosque. As a result, In September 2004 — more than 4 years after the quake — the new con-
struction was still not finished, and only a handful of the houses had been occupied. Even
more inexplicable is the fact that the houses that were built were not earthquake safe, but in-
stead, were constructed of hollow clay tile block with heavy reinforced concrete roofs, as evi-
denced by one that had not yet been plastered in Yuva New Village.[13] (Figures 13-16)

4 2005 KASHMIR EARTHQUAKE

On October 8, 2005 an earthquake devastated the mountainous area of the Pakistan section
of Kashmir, Killing over 80,000 and rendering most of the local survivors homeless. On the
Indian side of the border the damage was much less, but another difference was noticeable: on
the Pakistan side of the border where there was a massive death toll, the traditional construc-
tion as described above was quite rare.

On the Indian side, however, the performance of the timber-laced traditional construction
confirmed earlier findings. Professors Durgesh Rai and C.V.R. Murty reported: “In Kashmir
traditional timber-brick masonry [dhajji-dewari] construction consists of burnt clay bricks
filling in a framework of timber to create a patchwork of masonry, which is confined in small
panels by the surrounding timber elements. The resulting masonry is quite different from typi-
cal brick masonry and its performance in this earthquake has once again been shown to be
superior with no or very little damage.” They cited the fact that the “timber studs...resist pro-
gressive destruction of the...wall...and prevent propagation of diagonal shear cracks...and
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out of plane failure.” They went on to recommend that: “there is an urgent need to revive
these traditional masonry practices which have proven their ability to resist earthquake
loads.”[14]

The most impressive example of a new acceptance of traditional construction for earth-
quake hazard mitigation to date is in Pakistan. There, a year after the 2005 Kashmir earth-
quake after the recommendations by a number of creative leaders in UN-HABITAT and other
NGOs working in Kashmir, the Government of Pakistan approved dhajji construction as
‘compliant” for government assistance. Dhajji dewari is the Kashmiri version of half-timber
or humis construction. A year after that, they also approved bhatar (a timber—laced bearing
wall masonry construction). Now, nearing a decade after the earthquake, there are more than
150,000 new homes in this region of Northern Pakistan constructed in either of these two tra-
ditional typologies.[15]

From a hazard mitigation perspective, the example of the re-adoption of these traditional
local technologies represent a potentially sustainable approach to housing construction in
many parts of the developing world, as an alternative to the now ubiquitous use of RC frames.
While it will not entirely displace the continued construction of RC frame structures, it can
perhaps displace what would otherwise inevitably be the most collapse-prone of them. Thus,
it can help provide the basis for establishing a better balance where not every building must
be in concrete. Hopefully, the local knowledge of the risks of RC frames done badly will be-
come better known, moving people away from the notion that this is the only way to have a
modern house. In truth, the exclusive embrace of concrete as “modern” has been very destruc-
tive of the architectural traditions and itinerant craft traditions in many parts of the world. A
re-adoption and re-learning of the kind of crafts needed for the reemergence of local vernacu-
lar architecture can help preserve other aspects of the traditional culture of a community as
well.[16]

5 FIRE IN 1865 IN ISTANBUL

We return to the city where we started. Three and a half centuries after the Ottoman Sultan
issued the edict that mandated that the reconstructed houses after the earthquake of 1509 be
made of wood, a new disaster struck on September 18, 1865. This time it was not an earth-
quake but fire. It was the biggest fire in Istanbul’s history, covering one third of the Sul-
tanahmet peninsula, a larger area than any of the many other fires that had plagued the city for
centuries.[17] This fire was named the “Hocapasa Fire,” and otherwise became known as the
harik-i kebir, or “Big Fire.”[18]

Just as occurred after the earthquake in 1509, the fire affected construction standards in the
city, except this time it was a move away from building houses out of timber. Andrew Finkel,
Journalist for the Guardian in Turkey observed: “Istanbul was a city plagued by fire ...but
this was not because the houses were made of wood but because they were close together.”
One can even make comparisons to the narrow twisty streets that were a cause of the spread
of the Great Fire of London in 1666, almost exactly two centuries earlier.[19]

Thirty years prior to the fire, in 1836, the Sultan had established guidelines to mitigate
against such disasters, but it was not until after the fire that both the motivation and oppor-
tunity existed to apply them over a large area. A report was prepared after the fire which fo-
cused on two provisions defined in 1836: (1) that new buildings should be of “kargir,” that is
of cut stone or brick and mortar rather than of timber, and (2) the streets should be regularized
and widened to get rid of the “crooked, narrow holes (cul-de-sacs) with abrupt ascents and
descents” to allow room for evacuation and fire equipment access.[20]
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The “Hocapasa Fire was preceded by only nine
years in 1856 by a fire in Aksaray, and followed by
another in 1870 called the Pera Fire, both of which
were also influential on the future town planning in
Istanbul.[21] After the Pera fire, brick and stone con-
struction became mandatory in certain zones in 1875,
and in other secondary zones timber was occasional-
ly allowed, provided that masonry firewalls were
constructed between the wooden buildings.[22] Be-
cause masonry was more costly than timber, this

== served to make reconstruction unaffordable for many
Figure 17: Houses with firewalls. except in certain areas. (Figure 17)

Over time, these developments began the long process of deterioration and gradual aban-
donment of many of what had been fairly upscale wooden houses with their iconic wide pro-
jecting rectangular bays. This deterioration also served to create a more apparent division
between the wealthy and poorer residents in Istanbul. This happened in spite of the fact that
all taxes on brick and mortar were eliminated, and a government commission for road im-
provement, the Islahat-i Turnk Komisyonu (1.T.K.) even set up its own factories to produce
these building materials at an economically favorable rate.[23]

Reinforced concrete made its entrance into the Turkish construction market in the early
20" century, and now the majority of buildings are made of reinforced concrete with brick
infill walls. In fact, what proved to be particularly vulnerable in the 1999 earthquakes was the
fact that the brick used for the infill walls was what is called tula block, which is an extruded
hollow clay tile brick that is initially quite strong, but very brittle — a dangerous combination
in earthquakes.

Over the course of the last century the wooden houses of Istanbul have gradually fallen in-
to disrepair, even as many were still lived in, but usually by tenants without an interest in their
maintenance. Many have been demolished and replaced with stone and concrete apartment
houses under a process which has come to be called “yap-sat” (build-sell) where an owner
sells his property to a builder-developer, who then builds a condominium form of ownership
apartment house and the previous owner is given one of the units as compensation for the sale
of the property. (Figures 18-20)

=

R e [ — -
Figure 18, Figure 19, Figure 20: Deteriorated wooden houses in Sultanahmet, Istanbul, with modern
concrete apartment house visible to the left in #18.
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French author Théophile Gautier (1811-1872) had written “In four months | have seen six
great fires.” In his own life growing up in Istanbul, he reported that he saw “wooden build-
ings burned by greedy owners who wanted to live in larger modern concrete apartment
blocks.”[24] Prof. Carel Bertram, in her book “Imagining the Turkish House - Collective Vi-
sions of Home, described how this process has continued in the middle of the 20th century:
“In 1950, the country was taken over by the political populism of Adnan Menderes, who set
into motion a process of easy and cheap construction (yap-sat) that allowed the destruction of
the remaining traditional fabric of most urban areas....The old houses and konaks that had
not been destroyed or relegated to slums found themselves surrounded by concrete. ”[25]

6 SAN FRANCISCO

There is one city on the other side of the globe similarly at risk of earthquakes that is also
filled with wooden houses, which resembles that of Istanbul to a remarkable degree. Even the
architecture in Istanbul with its horizontal parapets, square bay windows and shiplap siding
resembles that of San Francisco’s shiplap clad balloon framed Victorian buildings. It is almost
as if a ship filled with designers and carpenters from Istanbul had set sail from Istanbul and
docked in San Francisco and commenced construction. This story of San Francisco begins
like Istanbul’s described above — with an earthquake. This is not the 1906 earthquake that the
city is famous for, but of October 8, 1865, only 20 days after the Great Hocapasa Fire. This
was followed only three years later with even larger one on October 21, 1868.

San Francisco in 1865 was a rapidly expanding post-gold rush frontier town in the Ameri-
can west. These earthquakes were large enough to cause widespread damage, particularly to
large masonry courthouses and commercial buildings. In fact, in a paper published in 1930 in
the “Bulletin of the Seismological Society of America,” San Francisco consulting engineer,
Walter L. Huber states: “Contrary to popular opinion, these earlier earthquakes were at least
comparable in intensity to that of 1906.”[26]
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Figure 21: 1865 EQ. (web) Figure 22: 1868 EQ. (Bancroft) Figure 23: 1906 EQ. (Genthe)

More recently, in an article published in 2016, Jack Boatwright, a geophysicist at the
USGS states that his research has shown that “The 1868 quake was twice as big as the stand-
ing model we had of it.” The San Jose Mercury newspaper the day after the quake reported
“buildings and trees seemed to pitch about like ships in a storm at sea,”’[27] and Mark
Twain’s commentary on his own experience of the 1865 earthquake is one of the most in-
formative and graphic descriptions of experiencing an earthquake ever written.[28] Thus in
this case, the effect of these was not unlike that of the earthquake in Istanbul of 1509 — and
like that earthquake, they encouraged a continuation of what was already the widespread con-
struction of multi-story stud-framed wooden buildings. (Figures 21-23)
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7 WOODEN BUILDINGS IN NORTH AMERICA

One important difference between San Francisco and Istanbul, however, is that, while the
timber frame buildings were in decline and even banned for new construction in Istanbul, in
San Francisco they were being built rapidly with increasingly ornate and colorful detailing by
rich and poor alike. But then, what about fire? The Turkish author Orhan Pamuk has said that
in Istanbul there was a “tradition of watching fires.”[29] Did this not also occur in San Fran-
cisco with all these wooden buildings? Huge urban fires did happen across the United States,
including the famous Chicago Fire of 1871, but instead of the repetition of many fires, these
great fires that spread over a large area were usually not repeated more than once in the same
city.

For San Francisco its time would come, and it came following another earthquake that
caused as many as 50 to 60 fires to break out. It was the Great Earthquake of 1906. The fires
coalesced into several great fires that burned for days, consuming the entire central business
district plus the most of the splendid wooden mansions on Nob Hill as well as other residen-
tial areas on the eastern edge of the city. But, wait! Isn’t San Francisco famous for its wooden
Victorian houses today? (Figures 24-26)

Figure 24, 25: San Francisco Victorians, 1940 (HABs), and today. 26: The “Painted Ladies” (B. Mittal)

This is where it gets interesting, because these now famous wooden houses did survive the
fires. There were, of course, an equal or greater number of wooden buildings that burned, but
a large part of the destroyed area was the central business district with brick and stone build-
ings with interior wood floors, some of which were even equipped with fire shutters. Howev-
er, what makes this particular fire remarkable is that not only did it get into the brick buildings
which then were left as collapsing shells; it also burned out every downtown highrise building
of fireproof construction. These were first generation skyscrapers of skeleton steel frame con-
struction with brick floors of jack-arch construction, a structural technology that had its first
origins in Chicago only two decades before. Despite their fireproof construction, it was the
contents of the buildings that were flammable — just as occurred in the World Trade Center
buildings in New York on 9/11 almost 100 years later. Despite the best efforts of the fire de-
partment the fire could not be stopped from getting into the buildings. Interestingly, despite
the fact that they had suffered both earthquake damage and were completely burnt out, most
of these buildings were repaired and many are still extant today, over a century later.[30]

However, this story does not explain why the areas of continuous blocks of side-by-side
wooden houses survived, even though they lack the firewalls that were mandated in mid-19th
century in Istanbul. This question has no simple answer, and to a large degree the reason may
simply be good luck. The streets were wider and on a regular grid, in contrast to the medieval
layout of pre-19th century Istanbul. In addition, San Francisco possessed the best firefighting
equipment available at that time, and also had installed cisterns under certain intersections of
the city streets holding water specifically to fight fires. However, much of this system failed
from earthquake damage. Also the dynamiting of buildings to try to create firebreaks proved
instead to spread the fire.[31] In the end, salvation came with the wind off of the ocean from
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the west. For the first two days of the fire this normally prevailing wind was absent, but on the
third day it finally gathered enough strength to arrest the westward progress of the fire across
the rest of the city.
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Figu}é 27: Goo‘gle‘\Map of San Francisﬂéafi)\;i*tﬁ7906 Fire to scale with Istanbul 1865 Fire, andon
Figure 28: Lisbon 1755 earthquake & Fire and Tokyo 1923 earthquake and Fire.

As can be seen in (Figure 27 & 28), the San Francisco fire area was vastly larger than Is-
tanbul’s 1865 “Big Fire,” and Europe’s most famous earthquake and fire, the 1755 Lisbon
earthquake, fire and tsunami. However, one only needed to wait another 20 years before an-
other earthquake started a fire that burned an area vastly larger than that in San Francisco —
the Great Kanto earthquake, which was followed by a fire that wiped out the center of Tokyo.

The lesson of a fire devastating the interiors and contents of fireproof steel and masonry
buildings, while leaving vast numbers of wooden buildings untouched to be enjoyed for the
more than a century since that tragic day, is that while wood buildings are particularly vulner-
able to fire because they serve as the fuel for a blaze as well as suffer resulting destruction,
their destruction is not inevitable. Now in the modern day, with electricity and safer sources
for heating and cooking as well as sprinklers and other prevention technologies, as well as
plaster board and intumescent paint, the risk of the starting and spreading of fires is now
much less than the history and folklore of such has been in the history of Istanbul.

Figure 29: Wooden houses on Howard street, only one of which remains still centered on its
foundation. Most interesting is that they managed to hold the line against the fire with these houses
facing ones burning. (The Atlantic, 4/11/16) Figure 30: John Shultz House after the 1889 Johnstown dam
burst, a remarkable visual testament to the resilience of 19" century stud frame construction.
(Bettmann/Getty Images)

8 EARTHQUAKES AND WOODEN STRUCTURES

I now leave fires and return to the question of earthquake risk and performance of wooden
structures. There is strong evidence that the current prevalence of timber construction for both
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houses and large multi-story apartment buildings on the West Coast is a product of the earth-
quake risk. Certainly, even in recent earthquakes, not every wooden structure has survived
without serious damage, but there are almost no instances where the structural failure of
wooden buildings has resulted in fatalities.

When they were in the Schultz House (Figure 30) that was washed almost a half mile
downstream all six family members inside survived. In floods wooden houses float and in
earthquakes their lightness is both an asset and a problem that needs to be consciously ad-
dressed. They need to be secured to the foundation, or the rocking from the earthquake can
literally make them “walk off” the foundation or collapse the weak cripple wall framework
that supports the house below the ground floor level, as seen in (Figure 29). The modern in-
troduction of garages under houses and multi-family structures without lateral resisting mo-
ment frames or shear walls have led to soft-story collapses and near-collapses in the most
recent earthquakes in California such as the Loma Prieta earthquake of 1989, which affected
the Bay Area, and the Northridge earthquake, which affected the Los Angeles area.

It is crucial to note that timber stud-frame structures do not resist earthquakes as frames,
but as membrane structures where all of their walls are part of their lateral force resisting sys-
tem. This is true for both the structures with nailed horizontal wood siding - in both San Fran-
cisco and in Istanbul - and is also true for the masonry infilled Amuws construction as well. In
fact, it is most likely that the almost universal use in both of these cities of the shiplap siding,
which is nailed along the top and bottom of each board flush to the studs instead of traditional
clapboards, may be because of its effective contribution to lateral strength and stiffness.

Now, as traditional and vernacular forms of construction have gained increasing interest by
students and professors alike, a number of engineering papers indicate that the masonry infill
is largely missing from the engineering analysis except as dead weight. There is, for example,
much emphasis on the need for diagonal timbers within the frame to act as lateral braces. In
actual practice, there are many traditional infill frame structures - for example in the Vale of
Kashmir and in Pakistan — which do not have diagonals, but which have proven to be as resil-
ient as the others in the 2005 earthquake. This was also true with some /umus buildings in
Turkey during the 1999 earthquakes. (Figure 31)
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Figure 31: Srinagar, Kashmir Figure 32: House in Diizce, Figure 33: Collapsed RC building

dhaijji structure without Turkey after 1999 EQ, showing  in 1999 showing shear failure of
diagonals the ‘working” of himis wall hollow clay tile infill wall.

In recent decades, engineers have struggled to figure out a way to analyze and do calcula-
tions on reinforced concrete frames with infill masonry, and one of the important methodolo-
gies that has been developed is to include what is now called the “equivalent diagonal strut.”
This is the compression strut that occurs as the building’s frame deforms and transfers com-
pression load onto the infill masonry. In an earthquake, this causes the characteristic “X”
cracks. However, one almost never sees an “X” crack in a humus or dhajji structure. This
means that there is a very important and beneficial difference between the traditional infill
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systems, and the infill walls found in modern concrete frame buildings. (Figures 32 & 33)
The most counterintuitive difference is that the mortar in traditional construction is most often
either mud or weak lime mortar, in contrast to cement mortar used in modern RC construc-
tion. The second is that the infill panels are much smaller than those found in modern RC
structures. This is linked to a need to rediscover what had been traditional knowledge, not un-
like what was observed after the 1885 earthquake in Srinagar by Arthur Neve, in the quote
referenced above: “...wood is freely used, and well jointed; clay is employed instead of mortar, and
gives a somewhat elastic bonding to the bricks, .... If well built in this style the whole house, even if
three or four stories high, sways together, whereas more heavy rigid buildings would split and
fall.”[32]

9 CONCLUSION

Finally, one must focus on the most important purpose for
our interest in timber construction of all types. Keeping us
safe through the 15 or 30 seconds of the next earthquake is of
course important, but it is the meaning that our homes have to
us over the years between two earthquakes that is of equal
importance. In her book Imagining the Turkish House, Carel
Bertram opens by describing her experience as a Fulbright
Scholar of Islamic History traveling to remote towns in Tur-
key when people asked her what she was doing. When she
responded with the “simple answer” that she “had come to do
research on the Turkish house,” she reports that “What |
found, to my surprise, was that | had only to utter those three
words to have my interlocutors’ faces become positively bea-
tific. In fact, | came to expect a glow, as they repeated the
words with a reverent love: ‘the Turkish house.” ”[33] Per-
haps by coming to understand how these houses can keep one
safe for the essential 15 seconds, they can also once again be
embraced, loved, lived in, and created anew for the enjoy- —_————
ment of lives today and yet to come. Figure 34: Safranbolu, Turkey
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