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The widespread failure of reinforced concrete buildings in the İzmit (Kocaeli)
earthquake of 17 August 1999 and Düzce earthquake of 12 November 19992 not only
forced Turkish architects and engineers to reassess reinforced concrete construction, but
pushed a few of them to reconsider a discarded technology, traditional Turkish wood
construction.3  This paper aims to establish both a cultural and an engineering context in
which to position historic wooden architecture in Turkey.  It seeks to answer two
questions:  First, is there any evidence to suggest that these historic wooden structures
were designed to resist earthquakes?  We must turn to the historical record, look for
coeval similarities around the world, and evaluate the surviving wooden buildings to
propose an answer.  Second, how well did wooden buildings perform in the recent
Turkish earthquakes of 17 August and 12 November 1999?  By evaluating the
performance of Turkish wooden houses we can observe their strengths and weaknesses
which will determine whether they are inherently safe in earthquakes.  This paper is
meant to open the scholarly dialogue concerning Turkish wooden architecture and
earthquakes.  I cannot present a complete study of this vast subject here but it is my hope
that this paper will provoke further debate and in so doing encourage future research.

The history of antiseismic4 wood construction in Turkey can only be discussed
speculatively because so little has yet been published on the subject.5  Did the people who
lived in Turkish wooden houses during the 17th through 19th centuries believe they were
safe in earthquakes?  Was it the intention of the builders who constructed Turkish
wooden houses to make them seismically resistant?  By the early 17th century timber
frame construction for non-monumental buildings became popular in Istanbul replacing
or being combined with earlier mud brick construction6  While monumental buildings
like mosques, külliyes, and palaces were constructed of stone and brick, vernacular
houses were built using a stout wood frame, as Pietro della Valle describes circa 1614:
“They first build a timber frame as in the ships and cover it by boards from the outside.
The filling is of mud-brick or simple adobe.”7  Two devastating earthquakes shook
Istanbul in the 16th century followed by two in the 17th century and three in the 18th

century.8  Perhaps one of the reasons wood frame construction became nearly universal in
Istanbul from the 17th to the 19th centuries was its seismic resistance.  But as safe as it
may have been in earthquakes, wood construction was deadly in fires.  Huge fires swept
the city in the early 19th century causing authorities to bane further wood construction
unless protected by brick fire breaks.9  Further, the traditional single family wooden
dwelling was increasingly regarded as a cultural liability as the Ottoman empire turned to
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western European urban prototypes like Haussmann’s Paris for inspiration.10  By the late
19th century multiunit brick apartment buildings were replacing traditional wooden
houses.  At the beginning of the 20th century reinforced concrete was introduced to
İstanbul.11  With each change in technology buildings grew in size.  When reinforced
concrete replaced wood as both the high style and vernacular architecture of Istanbul the
advantage of wood construction in earthquakes was forgotten.

It is disappointing that so few official reports or directives have been studied in
relation to seismic safety.  Written documents describing Turkish wooden houses in
earthquakes are rare but the few that survive provide tantalizing clues.  One document, a
two page description of earthquake recovery, was mistakenly published by Zarif Ongun as
a description of the 1509 Istanbul earthquake but convincingly attributed by Caroline
Finkel to the Istanbul earthquake of 1766.12  During the earthquake, the Topkapı Palace
was slightly damaged.  The unknown writer tells us that wooden buildings were
constructed for the safety of the Sultan and his family in the Topkapı Palace gardens or
perhaps at Edirne.  He also writes that the government imported huge quantities of timber
and nails.  In another document published by Ambraseys and Finkel, Brother Tarillon
reports that after the İzmir (Symrna) earthquake of 10 July 1688 masonry construction
was used only in foundations and the lower parts of walls.  The upper stories of buildings
were constructed of timber frames with brick infill, “a technique that proved resistant in
the earthquakes that followed. ”13  This same technique was used in Lima after the 1746
earthquake and in Lisbon after the 1755 earthquake.14  Masonry was restricted to the
ground floor, and lighter, more flexible wood construction was used above.  In Lima the
lighter upper stories were constructed by using the quincha, a wooden framework with
waddle and daub, while in Lisbon military engineers invented an x-braced internal
wooden frame called the gaiola to support the exterior masonry walls above the ground
floor.  Pietro della Valle’s 17th century description of the construction of the Turkish
house quoted by Kuban suggests that it too was constructed to be seismically resistant
because it was a wooden skeleton.  Della Valle writes  “They first build a timber frame as
in the ships and cover it by boards from the outside.”  The comparison to ships is telling.
Several centuries later and half way around the world in San Francisco an advertisement
for a seismically resistant wooden-frame hotel in 1870 describes it as having been built
like a ship.15  In the aftermath of the Istanbul earthquake of 1894 both experts and
ordinary citizens were impressed by how well wooden buildings performed.16  The
Director of the Athens Observatory called to study the earthquake, concluded that timber
structures outperformed masonry buildings even if they were old and poorly built.  It was
because Istanbul was a timber city, he wrote, that the damage was not more severe.
Citizens from one district of the city petitioned to rebuild in wood rather than brick
because they believed wood construction was safer in earthquakes.17  The clues provided
by these few written documents can be corroborated by the Turkish houses themselves.

Turkish houses have features which unite them with antiseismic construction
elsewhere.  The most obvious is that they are made of wood.  The property of wood to be
flexible without breaking and to return after bending to its former shape makes it an ideal
construction material in earthquake country.  If beams and columns are sufficiently strong
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and flexible, braced and tied together to work as units, wooden walls can resist the lateral
forces induced by earthquakes.  Although the spaces between the timber frame may be
filled with adobe, brick or simply left vacant, the wooden skeleton of the Turkish house
can stand on its own as a self-supporting system.  The timbers are simply nailed together
but the framework is stabilized by the use of diagonal braces.

According to Dogan Kuban, the timber frame in Turkish houses resists
earthquakes well because it is tied together in boxes and panels:

The main structural system in the Hayat houses was a timber
skeleton used essentially over the masonry walls of the ground
floor.  This was neither a horizontal beam system nor a modern
skeleton system.  The connection between the horizontal and the
vertical elements did not allow for continuity as in a modern
structural skeleton.  The continuity was not through the elements,
thus linear, but it was like a box system where all the elements
were integrated for the stability of the system.  The primary and
secondary uprights between the floors, horizontal elements, floor
beams and diagonals, constituted panels and boxes.  This system of
continuous panels and boxes responds well under the stress of
earthquakes.18

The panel system Kuban describes can only be expected to function in an earthquake if it
meets several criteria.  First, the wood members must be sufficiently strong and ductile to
resist and dissipate forces acting on the plane of a wall. They have to be strong enough to
restrain and hold the skeleton and infill when pushed sideways.  For example, the
framework of the derelict building which Kuban labels Apolyont Köyü in Bursa (fig. 1)
must be sound enough to bend back and forth and carry its load without splitting.
Second, the connections between the members must be strong enough to hold together
without loosening or worse yet completely failing.  It is extremely unlikely that a
rectangular upright panel, like the second to the right bay with the blocked in window in
the Bursa house, could ever effectively resist lateral movements.  It would simply deform
and collapse.  To resist lateral movement the frame must have diagonal or x bracing.
This building in Bursa has x bracing on the ground floor and four kinds of diagonal
bracing on the first floor:  the vertical diagonal at the corner a little higher than half the
bay, the horizontal diagonal on which the corner brace rests which reaches across the
corner bay,
the smaller diagonals above the doorway and below the blocked up windows, and the
diagonals above the doorway.  We might also add the useless diagonals in the blocked up
windows.  How effectively these diagonals assist the vertical and horizontal members to
resist lateral forces will decide whether the panels will function in an earthquake.  The
voids and solids within the panels, and the continuity between panel and panel, floor and
floor, are crucial in the performance of the building as a whole.  For example, the framing
of the Hasan Aga house in Mudanya lacks diagonals on the upper floors and the diagonals
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on the ground floor seem undersized.  The builders are asking too much of the slender
vertical timbers which support the upper two stories.

For the panels to work successfully as an antiseismic construction system they
must be designed correctly, the more diagonal bracing the better.  There is also an art to
placing and designing diagonal bracing.  The wider the base of the triangle in relation to
its height the stronger it is.  The diagonal should be connected to the vertical member as
close to the joint with the horizontal member of the panel as possible.  X braces are in
general stronger than diagonal bracing alone.  For all of these reasons the bottom floor of
the house in Bursa has a far stronger frame than the upper floor.

Aesthetics and function have prejudiced the seismic stability of the Turkish house
by limiting the locations of diagonals in the wall panel.  Since corners are the most
vulnerable to damage in lateral movement, builders have positioned the diagonals there.
Even with changes in construction over the years these diagonals have been minimized to
provide the maximum window area.  This diminution of diagonal bracing can be seen in
two diagrams Günay publishes illustrating versions of timber frame construction, the
typical framing of the “old days” and “more recent date” (figs. 2 and 3).  The controlling
feature which will stabilize the facade or contribute to its failure in both cases is the
diagonal at the corners.  The problem with assessing the seismic vulnerability of these
structures is that the diagonal bracing is inconsistent.  It is not applied uniformly, nor is it
the most prominent feature of these buildings.

Although we might argue about its effectiveness in resisting earthquakes the
Turkish building system can be placed in the family of antiseismic wooden structures
developing in the 18th and 19th centuries.19  In Portugal the gaiola, mentioned earlier,
utilized a wood frame to reinforce masonry buildings.20  The system comprised a wooden
framework of multiple x braces embedded in the cross walls of the interior of the
buildings which stabilized an exterior rectilinear wooden skeleton attached to the
masonry walls.  Masonry protected the exterior from fire while the wood compensated for
the brittle masonry.  After the Calabria earthquake of 1783 another system, the casa
baraccata, was invented.  Instead of x braces on the interior walls as in the gaiola, braces
were now positioned on the exterior perimeter walls.21

Architectural theorists of the 18th century were convinced of the efficacy of using
wooden construction in earthquake-prone areas.  Wood construction technology was
revolutionized in the early 19th century in the United States of America by the invention
of balloon frame construction.22  In this system of machine cut 2 x 4 or 2 x 6 inch vertical
studs placed at 16 inch. intervals nailed to horizontal members with wire-cut nails
replaced heavy timber members secured by mortise and tenon joinery or spikes.  Balloon
frame construction was commonly considered to be seismically resistant in earthquake-
prone 19th century San Francisco.23  In general wood buildings were only wrecked in
earthquakes when their brick chimneys collapsed, when they fell off their foundations, or
when basement half-stories constructed with unbaced “cripple” walls, collapsed.24
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Although Turkish houses do share traits with seismically resistant wooden
buildings the question is still open as to the intent of their builders.  The balloon frame
was the simplest, cheapest, and fastest method of building in San Francisco.  Its seismic
performance was secondary.  Such may have been the case in Istanbul.  Reha Günay, in
his Tradition of the Turkish House and Safranbolu Houses, concludes its simple nailed
connections are indications of its ephemeral nature.

The broad-sectioned timber elements and carefully designed details seen
in German, British or Japanese communities do not exist in the Turkish
house.  It is not just a coincidence that the same simple construction
details can be traced in America, which throughout their history…people
have been on the move towards the west.  This construction method also
facilitated the reconstruction, within a short time when whole quarters
were destroyed instantenously [sic] by fire.  The way in which people view
life also plays a role in the selection of timber frame construction:  Human
life is temporary; it is only natural that houses are also built to last for a
temporary period. 25

Further, it is important to remember that braced timber frames were popular in
areas where earthquakes rarely struck like England, France and Germany.26  When the
timber frame is intentionally left uncovered on the facades of structures they are it is
called half-timbered.  Treatises on the aesthetics and construction of half-timbered
building like Pierre Le Muet’s Maniere de bastir pour touttes sortes de personnes (Paris,
1623) were not uncommon.  In post-medieval England half timber originally buried in
plaster was uncovered for aesthetic reasons.27  Fake half timbering became popular in 19th

century England and can even been seen copied in plastic in buildings in the United
States today.

Although we cannot positively answer the question of whether their builders and
owners intended Turkish wooden houses to be safe in earthquakes, we can evaluate the
seismic performance of remaining buildings.  Are surviving Turkish wooden houses safe
in earthquakes?  We can propose an answer to this question by examining individual
buildings still surviving today.  One of the greatest concentrations of 19th century Turkish
wooden houses is in Safranbolu, a city designated as a UNESCO world heritage site
because of its inventory of more than 800 houses.  Safranbolu is in the Black Sea region
of Turkey, north-east of Istanbul and by road about 150 kilometers from Düzce.
Safranbolu suffered no damage from the two earthquakes in 1999.  While it has been
shaken in previous earthquakes which have affected the northern Anatolian seismic zone,
according to Günay it has suffered no “serious harm”.28

What, in general, can be said about the seismic safety of the buildings in
Safranbolu?  Of course, they incorporate the elements of the braced frame discussed
above, which is an advantage, but each of the buildings has a its own strengths and
weaknesses.  A few general comments might help to focus attention on their shared
problems.  We might best examine them by analyzing their plans and elevations in
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relation to the concept of building configuration.29  In general the more regular the
configuration of a structure, the better.  For example, a symmetrical, square building more
evenly distributes forces and than an irregular L-shaped building.  When irregularities
occur they can create torsion and stress accumulation.  Obviously, many irregular
buildings are constructed in earthquake country, but when they are engineers must
carefully calculate how these irregularities affect their performance.  Regular
configurations have several characteristics which optimize their performance: low height
to base ratio, equal floor heights, symmetrical plan, uniform section and elevations,
maximum torsional resistance, balanced resistance, short spans and redundancies, and
direct load paths.

A few examples illustrate the variations in configuration at Sanfranbou.  The sehir
house of Arap Hacilar has an excellent configuration in plan whereas the Saraçlar sehir
house (fig. 4) does not because it incorporates a hayat, or open porch on one side.  This
hallmark of the Turkish house presents a hazard in earthquake country because it is more
flexible with no infill walls and less diagonal braces than the other perimeter walls. The
tendency to twist under would be increased by the thick masonry wall across from the
hayat.  Further, the hayat in Saraçlar sehir house creates a void disrupting vertical
continuity because it is two stories high and supports a eyvan (hall) on the third story.
The walls of the Saraçlar sehir house present another vertical discontinuity.  The middle
floor is cantilevered over the ground floor.  These cantilevers create a more complicated
load path has the walls might rock back and forth in plane (in the direction of the wall) or
out of plane (at right angles to the wall).  The cantilever projections would tend to “wag”
back and forth in an earthquake, stressing their connections to the main wall.  These
connections, called reentrant angles, might be stressed to the point of collapse.

Another important consideration is how the elements resisting sideways
movement, or shear (a force which acts by attempting to cause planes of an object to slide
over one another) are arrayed within the building.  This is particularly hard to judge
because the construction of bracing in the interior walls, and sometimes the exterior as
well, is impossible to know.  For example, the sehir house of Arap Hacılar would be more
resistant to lateral forces than the Kaymakamlar sehir house with more voids and less
interior and exterior walls.

The masonry ground floors of the houses of Safranbolu present two problems.
Some ground floors are exceptionally high because houses are sited on steep slopes which
means that the structure has a high height to base ratio.  This creates an inherent
instability in the structure as a whole as it increases the probability of rocking.  But even
more difficult to judge and potentially more dangerous is the masonry construction of the
ground floor.  In the United States the construction of the masonry ground floor would be
called “unreinforced masonry.”  Under California law older brick buildings of this type of
construction must be reinforced and the usual method is with concrete or steel. Engineers
in the United States would consider the masonry walls of Safranbolu extremely hazardous
in a strong earthquake.30
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It is also important to ascertain how the forces are counteracted from story to
story.  Are the floor planes strong and stiff enough to act as diaphragms distributing the
load to the walls?  Are the connections between the individual members strong enough to
hold the building together as it moves?  The heavy tile roofs and stone infill in the timber
frame create enormous weight and increased mass.  Are the wooden connections strong
enough to resist it?  Turgut Cansever, the most famous living Turkish architect, is
convinced the nailing system can resist seismic forces.  He has seen extra-long nails and
drew a sketch of them for me.31  He also has seen the masonry foundations in buildings
he retrofitted perform well in earthquakes.

A survey of performance of traditional wooden Turkish houses in the İzmit (Kocaeli)
earthquake of 17 August and Düzce earthquake of 12 November, 1999 further helps to
illustrate their strengths and weaknesses in earthquakes.  The buildings shaken were not
as old nor as beautiful as those at Safranbolu, but they were of the same timber-frame
family.32  The brief survey which follows includes Kaynaslı, Düzce, Ulaslı and
Degirmendere

This small village of Kaynaslı north of Düzce was the epicenter of the so-called
Düzce earthquake of 12 November, 1999.  It is an agricultural village in a mountain
valley bisected by the main east-west highway between İzmit and Bolu.  The downtown
area is located on a stream which runs south to east less than a city block south of the
highway.  The town follows the banks of the stream up a small valley rising south to the
mountains.  Although damage was considerable on both sides of the highway, the most
spectacular damage was concentrated along the stream banks to the south.  Here the
reinforced concrete buildings of four to five stories failed at the ground floor causing
many to settle one story.

Because Kaynaslı is a poor farming village it retained many wooden buildings in
its housing stock and a dozen of these ascended the picturesque stream south up a
hillside.  Because they were on alluvial soil the shaking must have been intense.
However they seemed to be excellent candidates for surviving an earthquake of
considerable magnitude.  These wooden buildings were very similar in design.  They
were one or two stories structures with square or rectangular ground plans, hip roofs and
a moderate ratio of apertures to walls of 1.5 to 3.  They were far smaller than the houses
in Safranbolu and in every way more modest.  They had none of irregular or
discontinuous features (like cantilevered upper stories or hayats) that characterized older
Turkish wooden houses.  These were regular blocks, probably with westernized floor
plans, some so modern-looking that they appeared to be reinforced concrete apartment
blocks.  Their states of repair varied from excellent to extremely poor.  All were of frame
construction with heavy timber members and at least two diagonal timbers on each side,
one was sheathed in wood.  Some had an x brace or two on each side (fig. 5).  In addition
the interior walls were braced with diagonals.  The infill was mostly brick sometimes
stone and mud often artfully arranged in the wooden frame.  Their responses varied but in
general were no better than the reinforced concrete buildings.  Most two story buildings
lost their ground floors, some lost the diagonals or x braced shear panels while others
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slipped off their foundations.  In at least three cases reinforced concrete structures hit or
pounded against the timber frame buildings collapsing them.  There were some notable
successes:  In one case a concrete building lost its first story sending heavy debris into a
derelict timber frame house which in turn collapsed against another timber frame house
shoving the second story sideways.  Although the last building lost plaster it remained
standing.  Where the buildings were well built, one story, and had foundations that did
not fail, they had a chance.  The patterns of damage (broken plaster, lost panels) clearly
show the diagonal panels taking the lateral load (fig. 6).  Sometimes, even in failure they
dissipated enough energy to save the rest of the wall.

Düzce was still recovering from the August earthquake when it was struck by the
November 12 temblor.  Downtown, a score of concrete buildings pancaked in the
November 12 earthquake.  In the central district whole blocks were badly damaged,
others evacuated, and still others already demolished.  Strikingly, next to several
collapsed reinforced concrete buildings stood poorly maintained wooden buildings still
intact.

The wooden buildings in Düzce included a type which can also be seen along the
road to Kaynasli.  These were square or rectangular apartment buildings of two stories
with multiple entrances invariably painted green (fig. 7).  There are hundreds on the
outskirts of the Düzce, perhaps built as some form of public housing dating from the
period of the 1920s and 1930s when, in order to contain foreign debt, the Union and the
Progress Committee under the government of Atatürk encouraged a renewal of native
building techniques and materials.33  These buildings are quite different from the houses
of Safranbolu in plan and elevation.  As in Kaynaslı, these buildings are quite simple and
unassuming.  But note that their windows are placed well in from the corners and at wide
intervals, making it possible to load the walls with x braces and diagonals which helps to
make these buildings much more likely to resist earthquakes than the historic structures at
Safranbolu.  Several of these buildings survived in the downtown section of town near the
river, sitting damaged but still standing among the ruins of collapsed reinforced concrete
apartment buildings.  Concrete buildings on three sides of the building illustrated in fig. 8
collapsed.  Its neighbor (fig. 7) also survived, with its broken plaster finish exposing
where the braced frame took the forces.  Another strange contrast could be seen just next
to the river where many reinforced concrete buildings pancaked.  In back of the ruins of a
pancaked reinforced concrete apartment building stands intact an elaborate but today
derelict wood frame building (fig. 9).

Ulaslı is a small village near the sea about 15 kilometers west of Gölcük where
major losses had occurred in the first earthquake.  It is a village of low-rise reinforced
concrete buildings and several dozen timber framed buildings on flat, well drained
countryside.  The ground-shaking here was not nearly as severe as in Kaynaslı judging
from the damage. The ground-floor columns of the reinforced concrete buildings are
cracked but structures still remain standing.  But the citizens of the town insist that the
timber framed buildings saved their lives.  The little town is a treasure-trove of timber
buildings.
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Two structures, both with concrete additions, illustrate the pre-collapse damage
patterns of timber framed buildings.  The first is a two story rectangular building, wood
framed with brick infill in a herringbone pattern in the front, probably brick and
reinforced concrete in the rear.  Cantilevered over the doorway is a timbered porch
corresponding to the eyvan or hall.  One enters the ground floor (perhaps a version of the
hayat) and finds steps and a raised platform to the left.  The center of the floor-joists is
supported by a rough-hewn beam in turn supported by a single post with braces.  On the
right against the outside wall is the kitchen.  The working of the diagonals in the
earthquake dislodged the plaster as the house oscillated.  A similar pattern can be seen in
the back bedroom on the left hand side.  In the front bedroom the vertical timbers on the
exterior wall began to rotate.  In the second, slightly larger house (fig. 10), the entire
second story front facade with its wooden porch, is cantilevered over the ground floor as
in older traditional buildings in Safranbolu and İstanbul.  Diagonal bracing appears at the
corners and in the center side elevation of the building.  The ground plan and structure
resemble the first house.  Here the main cracking seems to be along the front facade and
rear of the building with diagonal cracks at corners, probably where diagonal timbers are
located.  While some plaster fell and the buildings obviously moved they are not collapse
hazards.

The downtown of Degirmendere, a seaside city not far from İzmit, was badly
damaged in the August earthquake.  Like Düzce, wooden buildings stood alone in areas
where they had been surrounded by failed concrete buildings, now abandoned or
demolished.  In one downtown area a collection of buildings survives, some obviously
lower class, others more sumptuous, two stories tall with central cantilevered porches
probably corresponding to eyvans under gable roofs.  The latter probably date from the art
nouveau period of the late 19th century.  They appear undamaged from the earthquakes,
but a group of reinforced concrete buildings beside them also fared well enough to be re-
inhabited.  In Degirmendere the wood frame is infilled with wattle and daub, making it
far lighter than the brick and rubble infill walls seen in other locations.

The conclusion of this brief survey is that Turkish timber frame construction can
be designed to be seismically resistant.  In general this ancient system did as well as
reinforced concrete structures nearby and sometimes markedly better.  Granted there was
a difference in scale which may have accounted for more failures in concrete.  But
nevertheless the performance of the wood frame houses was impressive.  Unfortunately I
did not have a team of investigators at my disposal with maps of the affected areas to
make complete surveys.  In an article published in 1989, M. Hasan Boduroğlu surveyed
damage caused by sixty earthquakes between 1925 and 1984 to rural buildings in Turkey.
Eighteen percent of rural buildings at that time were timber framed.  He felt that timber
framed buildings with hollow walls (Bağdadi) outperformed infilled timber frames
(Hımış) and both were substantially safer than adobe or rubble stone masonry structures.
He observes “The traditional construction techniques used in timber frame buildings have
been very successful.  In contrast to stone masonry buildings, they my adequately resist
…earthquake forces.”34  But only by studying each building extremely thoroughly,
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calculating ground motion, and then finally modeling it using infinite element analysis in
computer programs like SAP2000 or a pushover analysis will we be able to be sure of our
judgments.35

Could wooden buildings again be built in Turkey?  The answer must be that
wooden buildings could again become popular as an alternative to reinforced concrete.
Would they be safer than reinforced concrete buildings?  They would certainly be safer
than a vast majority of present-day concrete buildings in the Istanbul metropolitan area.
But reinforced concrete can be designed to be seismically resistant as well.  Wood in
itself does not guarantee safety.  Antiseismic design makes a structure safe.  The use of
wood as the dominant structural material raises many questions.  Can it be used
effectively in relation to the tremendous growth of the city?  Because wooden structures
will be smaller than standard reinforced concrete buildings, will they exacerbate urban
sprawl?  Will the use of wood degrade the remaining forest cover in Turkey and create a
host of environmental problems?  While these questions must be answered before large
scale operations are undertaken, for the present it is possible to endorse correctly built
wooden structures as a viable, intelligent option.
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