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ABSTRACT

In Turkey, buildings were built with himis, bagdadi and masonry structural elements until 1950.
After 1950’s due to the development in reinforced concrete structures, many people who wanted to
own a house, made their choices for the reinforced concrete buildings. However, himis, bagdadi and
masonry structures that were constructed many years ago are still widely being used. Based on the
analysis of the structure in a seismic zone for the damages after an earthquake, it has been found out
that himis and bagdadi structures suffer less from the earthquake compared with other types of struc-
tures. In this study the behavior of himis and bagdadi structures under lateral loads are being analyzed.
Himis and bagdadi structures are modeled and analyzed by using SAP2000. Timber structural ele-
ments such as beams and columns are modeled as framed elements. Adobe, brick and stone elements
are modeled as solid, and the analysis is conducted under lateral loads. According to the analyses of
these types of structures, they are found to be more ductile compared with reinforced concrete and ma-
sonry structures.
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GELENEKSEL BAGDADI VE HIMIS YAPILARIN SISMIK ANALIZI
0z

Tiirkiye’de binalar 1950 yilma kadar himis, bagdadi ve yigma yap1 elemanlariyla yapilmistir.
1950’lerden sonra betonarme yapilarin gelismesiyle, ev sahibi olmak isteyen insanlar se¢imlerini
betonarme yapilardan yana kullanir hale gelmislerdir. Yine de yillar 6nce yapilan himis, bagdadi ve
yigma yapilar halen yaygin olarak kullanilmaktadirlar. Bir deprem bolgesindeki hasar gdrmiis yapilar
incelendiginde, himis ve bagdadi yapilarin diger yap: tiirleri ile karsilagtirildiginda daha az hasar
gordligii gozlenmistir. Bu ¢alismada, himis ve bagdadi yapilarin yatay yiikler altindaki davranisi
incelenmigtir. Himig ve bagdadi yapilar SAP2000 bilgisayar program ile modellenmis ve ¢oziilmiistiir.
Kirigler ve kolonlar gibi ahsap yapisal elemanlar ¢ergeve elemani olarak modellenmistir. Kerpig, tugla
ve tag gibi dolgu malzemeleri kat1 rijit eleman olarak modellenmistir. Bu tipte yapilarin incelenmesi
sonucunda, betonarme ve yigma yapilarla karsilastirildiginda ¢ok daha siinek olduklar1 sonucun da
varilmigtir.
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1. INTRODUCTION

Existing structures can be classified as rein-
forced concrete structures, steel structures, ma-
sonry structures and wood structures when con-
sidering the materials they are constructed from.
Wood structures can be classified as log, bond-
ing timber (horizontal connecting member),
himis, dizeme and bagdadi (Fig.1). In this study,
bagdadi structures which are mainly made up of
wood and their infill material is taken as adobe,
brick and stone are analysed.

In wood framed constructions, the tech-
nique of construction which is named as himis is
simply described as a timber frame with ma-
sonry infill such as brick, adobe or stone (Fig.
2). Main posts, posts, tie beams, and the braces
are the main parts of a himis structure. Spaces
between wooden posts are filled with wall which
transfers the loads from roof to the structural
system. It is possible to classify traditional himis
constructions into two categories depending on
the structural system and masonry infill. Himis
structural systems are also divided into two
categories as braced and non-braced. In himis
structures, vertical wood elements (main posts,
posts etc.) and horizontal wood elements (gird-
ers, beams etc.) are connected to each other by
nails. Wooden elements have great supporting
capacity in the grain direction while this capac-
ity is very low compared with the perpendicular
direction of the grain. Wooden elements used in
the structural system are very brittle under the
effect of shear and tension.

In wooden framed structures, technique of
construction consists of wooden strips having a
width of 2-4 cm and a thickness of 2.5-3.5 cm.
These wooden strips are nailed to columns hori-
zontally in both outer and inner walls with an
interval of 2-3 cm. This type of technique is
named as bagdadi. If the width of these wooden
strips changes between 5 to 20 cm, these struc-
tures are called dizeme. The structure that is
analysed in the manuscript is a bagdadi struc-
ture. This system is widespread in areas where
climate conditions are mild and wood is plenti-
ful. In Turkey, this type of system is frequently
found in various regions of Anatolia. In some
regions, instead of wooden strips, reeds and
rushes are used which have thinner structures.

2. SOME PROPERTIES OF HIMIS AND
BAGDADI STRUCTURES

During an analysis conducted over 2000
himis and bagdadi structures in the 1950’s in
Eskisehir Odunpazari quarter, it was determined
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that 45% of these buildings are himis, 27% of
them are bagdadi and 28% of them are masonry
buildings (Fig. 3). Nowadays these buildings are
put under protection and by reparing them, at-
tempt is made to ensure the survival of these
buildings. Generally, they are buildings of one,
two or three stories. The ground floor of these
buildings is made up of natural stone and adobe,
but 1%, and 2™ floors are made up of bagdadi.
The reason for the ground floor being made up
of stone or adobe is related to the water isolation
of the building. The upper floors are bagdadi,
since it is lighter compared to masonry.

During an observation on the masonry
structures that were damaged in the 1999 Izmit
and 1999 Duzce earthquakes, it was observed
that 40 to 80 mm sand was spread for homoge-
nous spreading of loads in foundation hole (Fig.
3). Mostly un-reinforced and rarely reinforced
concrete beams are constructed above sand
(Dogan, Unluoglu, Ozbasaran, 2007). Also,
there are buildings which have no foundation
beams, but only brick walls above sand. More-
over, there are some natural stone foundation
types in which approximately 0.5-1.0 m of the
foundation lies below the ground and 0.5-1.0 m
of it above the ground. These natural stones are
bound together by mud or cement paste. Above
the foundation (Fig. 3a-d), walls constructed
using himis, brick and adobe.

Adobes’ compress1on test results are in be-
tween 5-10 kgf/cm® with respect to the type of
soil, additive type and construction method
(Koylu 2008). All of the adobe moulds are 300—
350 mm long and wide, and their height is 100—
120 mm. Accordingly, half moulds are 300-350
mm long, 150-170 mm wide, and their height is
100-120 mm. Adobe on one hand creates a
healthy internal place and on the other hand de-
creases total heat loss of the building by means
of heat transfer coefficient. Adobe buildings are
cool in summer and hot in winter. Briquette,
brick or reinforced concrete structures are cold
in the winter, but warm in the summer. Adobe
protects timber better than brick and concrete
(Koylu 2008).

3. DISTRIBUTION OF HIMIS AND
BAGDADI STRUCTURES IN
TURKEY

In Turkey, buildings were himis, bagdadi or
stone structures with a structural system of
wood, before the reinforced concrete system was
put into operation (Fig. 4). As a wall material,
adobe and natural stones were used.
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Figure 3. Systems of foundation and kinds of wall

Bagdadi structures consisting of timber are pre-
ferred in the seaside regions where the forests
are located, whereas piled structures made up of
less wood, himis or adobe and stones are pre-
ferred in the inner regions. Climate and forest
area had considerable impact on the distribution
of such buildings.

Currently, people in Turkey generally, pre-
fer reinforced concrete or masonry buildings.
Buildings with wooden structural systems used
to be the most preferred ones before 1950, but
now these structures are rarely preferred and are

being forgotten (Fig. 4) (Asli 2004). However in
developed countries such as USA, Canada, Ja-
pan and Australia, such method is not only fol-
lowed for wooden buildings, but also is getting
use of opportunities granted by technology. New
details and techniques are developed and con-
struction of these wooden buildings is contin-
ued. Today wooden buildings in general consti-
tute 80%-90% of all buildings and in residences,
in location areas, In earthquake zones such as
California, this rate reaches up to 99% (Co-
banoglu 2001).
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Figure 4. Use of himis and bagdadi structures in different zones of Turkey (Asl1 2004)

4. SEISMIC ACTIVITIES OF TURKEY

Turkey lies on one of the world’s seismi-
cally most active regions. In Turkey, due to the
130 damaging earthquakes in the last 98 years
(1900-2005), about 67,000 people died (700 on
averages per year), 200,000 were injured, and
600,000 structures were destroyed or heavily
damaged. According to the seismic map of Tur-
key (Fig. 5), 92% of the Turkish land, 95% of
the population, and 98% of the industry lies on
the seismically active ground (in Seismic Zones
1 to 4) (Dogan 2008).

The earthquake in Izmit (on 17 August
1999 at 03:01:37 local time, Marmara Sea re-
gion, North Western Anatolia, epicentre
40.702N-29.987E, M,=7.4) caused extensive
damage in a wide area of about 300 km®. In to-
tal, there were 77,342 buildings severely dam-
aged or collapsed, 77,169 with moderate dam-
age and 89,872 lightly damaged. The official
death toll is 17,322 in the Izmit earthquake. In a
study conducted in a zone that was deeply af-
fected by Izmit earthquake, it was seen that rein-
forced concrete buildings had more damage than
the traditional buildings known as himis, bag-
dadi and masonry buildings (Fig. 6) (Aksoy,
Ahubay, 2006).

5. EARTHQUAKE DAMAGES OF
HIMIS AND BAGDADI

In addition to the intensive seismic activity
of Turkey, the use of himis and bagdadi struc-
tures is very wide (Fig. 4-5). Consecutive earth-
quakes and such structures require investigation
of these structures. In analyzing the earthquake
hazards, it has been observed that reinforced
concrete and wooden buildings suffer damages
due to their irregularities. If reinforced concrete
structures, himis and bagdadi structures with

same stories are located in the same earthquake
zone, it is seen that reinforced concrete struc-
tures are more damaged by the earthquake than
himis and bagdadi structures.Irregularities such
as soft layer, short column, asymmetric over-
hang, torsion, plan irregularity and crashes pre-
sent in himis and bagdadi structures cause them
to suffer from damages in case of any earth-
quake (Fig. 7). These irregularities are the ones
for which measures should also be taken for re-
inforced concrete buildings (TEC, 2007). Build-
ings damaged due to soft irregularities are stated
below.

The measures required to be taken for pre-
venting X cracks on walls after the earthquakes
is the subject of laboratory studies and regula-
tions for the last 20 years (Fig. 8) (Frosch,
2005). Frosh reached a solution for buildings
which are newly built; however, it continues to
be a problem for present buildings which were
previously built. It shall not be wrong to say
from the analysis of traditional himis and bag-
dadi structures that mentioned X crack problem
was solved long years ago. Even though the
construction date of such structures is old, the
fact that they are not provided with any techni-
cal service, gives us some insights.

6. PROPERTIES OF ANALYZED
MODEL

A model was formed representing the struc-
tures widely used in Eskisehir and Turkey. The
model consists of two different constructions
that are most common: overhang and without
overhang (Fig.9). In addition, it included two
different types of construction as himis and bag-
dadi. These two types of construction were ana-
lyzed by modeling them with different filling
material.
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Figure 5. Severe earthquakes of Turkey (Dogan 2007)
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Figure 6. Izmit Earthquake damages of RCS and TS building (Aksoy, Ahubay 2006)

Figure 7. Earthquake damage at soft stories (Dogan 2007)
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Figure 9. Plan with overhang and without overhang

In these analyses, wooden components are mod-
elled as frame and filling components are mod-
eled as solid and SAP2000 program is used for
the analyses (Wilson, Habibullah, 2000). Di-
mensions of building without overhang are
7.20x8.40 m. and with overhang has 1 m. over-
hang in both directions as shown in Figure 9.

In himis and bagdadi structures, the struc-
tural system is formed by connecting wooden
frame with nails and rivets (Fig. 10). Adobe,
natural stone, briquette, bims and ytong (kind of
gas concrete) are used as filling materials. When
the filling materials are examined, , it is gener-
ally seen that adobe is used in 70% of them. In
new constructions, brick and ytong which are
lighter are used.

While constructing himis and bagdadi
buildings, initially a wooden bearing system is
formed for each floor (Fig. 11). In the wood
frame, buttresses (diagonal post) should be care-
fully placed. Using fitting methods at connec-
tions of wood components as well as nails in-
creases resistance of the building against earth-
quake.

Gaps between wooden structural systems
are filled with wall material. Afterwards, a plas-
ter is covered on it. Floors of these types of

structures are obtained by arranging the beams
initially with a gap of 0.5-1m. between each
other, and then by putting woods on previously
arranged wooden beams in a reverse way. A
roof system is constructed on the roof floor.
Roof coating material can be roof tile, soil or
reed.

The wooden structure form that is mostly
used in Turkey is the himis structure constructed
with diagonals. For this reason, such a structure
is analysed in line with different materials and
results are presented and compared in the
graphics below (Fig. 12).

The properties of used materials were given
in the table below (Table 1.).

The analysis regarding himis and bagdadi
structures is initially started by only taking a
plane frame which was modeled as a present
structure. This frame was analyzed for the status
of wood components and filler materials consist-
ing of adobe, brick, bims, natural stone, ytong
and briquette under horizontal loads by
SAP2000 program (Fig. 13). In the analysis,
wooden elements are modeled as frame
elements and filling materials are modeled as
solid elements.
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Figure 11. Wooden bearing system and its overhangs.
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Table 1. Properties of materials used in walls (Koylu, 2008)

. . .. o thermal expansion
Wall materials U(nkllt\lvjill%h t MOdul(]ig\IO/frilj;sncny v coefficient
poisson rate (1/C)
(Wood (lateral) 0,7 600000 2,2)(10'5
'Wood (vertical) 0,7 12500000 2,2x10°
IAdobe 1,7 1400000 0,3 7x10°
IBrick 1,92 3000000 0,35 1,134x10'5
Stone 2.4 3500000 0,4 1,14)(10’5
IBims 0,8 7000000 0,3 8x10°°
'Ytong 0,6 2050000 0,25 1,45x107
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0,050
ool B
0040 N
0’035 B LR RN RN RARRRRR AR -
SR M —
€ 0,025 |
[4)
£ 0,020 | —
[&]
S 0,015 }
@2
a o010 }
Allzlllc
0,005 | HHH
0,000 : : : : :
bims stone brick ytong briquet Adobe
Ty Wy
iinn
iinn
e
iinn
ERRR
1l

] B

o

(] [/
A: adobe incline
SRR AR S e e i o

i
i

obe inclined

Figure 13. Different himis structures

The stress values of filler materials consid-
ered as solid are shown in Fig. 13. As the
strength of adobe is low due to the fact that
adobe is made up of earth, the biggest displace-
ment and stress occured in this material. Analy-
ses were conducted regarding the structure type
seen in Fig. 13 below in connection with frame
taken from structure which was arranged as a
model. As a result of the analyses, the graphics
of displacements formed on frame, and maxi-
mum and minimum stresses which occurred on
the solid elements are illustrated in Fig.14.

Based on the analyses graphics of dis-
placements which are formed on the frame and

maximum and minimum tensions which oc-
curred on solid elements are shown in Fig. 15.

Minimum displacement and stresses are ob-
tained in the cases where the frame is made up
of reinforced concrete,. Displacements become
almost 2.4 times more than the reinforced con-
crete if the frame is arranged as himis or bag-
dadi. This situation shows that himis and bag-
dadi structures are more ductile than reinforced
concrete, structures stresses reach to highly big
values compared with the reinforced concrete
structures. However, masonry frame which is
modeled as a monolithic structure is made up of
only bricks and does not have columns.
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Figure 15. Displacements and stresses according to different types of structures

For this reason, displacement and stress
values reach to highly big values for this type of
structure.

Fig. 16 illustrates the changes in frame and
solid components when the frame is made up of
adobe or bricks with filling material for a himis
structure without overhang.

In the buildings without overhang, the
structure, in which adobe is used, creates more
displacement than the structure in which brick is
used (Fig. 16). For the solid material, less
stresses occur in adobe, whereas, more stresses

occur in brick. In case of using the filler material
in an inclined way, displacements and stresses
increase in solid components compared using
filler material in a straight way. Using the filler
material in an inclined way is due to little con-
tact surface with wooden components.

When there is an overhang in himis or bag-
dadi structures, it changes the internal forces on
solid and frame elements since the overhang de-
stroys symmetry of the structure (Fig. 17). This
change forms extra internal forces in structural
elements.
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Figure 17. Comparison of non-overhang (1) and overhang two side (2) to bagdadi structures
7. CONCLUSIONS is more damaged than himis-bagdadi structures.

From the analyses and investigations of
earthquake damages of present himis and bag-
dadi buildings, it has been seen that these types
of structures are more ductile compared to rein-
forced concrete structures. It was observed from
the analyses that reinforced concrete and
wooden buildings suffer from damages due to
their irregularities. When reinforced concrete
structures and himis-bagdadi structures are lo-
cated in the same earthquake zone, it is seen that
under same earthquake loading reinforced con-
crete structures with the same number of floors

It is also observed that the bagdadi structures are
more ductile than himis structures, so that the
earthquake damages of bagdadi structures are
less than himis structures with the same plan.
Beside that as can be seen from the analyses re-
sults, when adobe is used as a filling material it
has more displacement capacity than other fill-
ing materials, and it also has the greatest stress
values as a solid element. For this reason, adobe
having the provided properties is the most
proper element as a filling material. Moment,
shear force and axial force on frame elements of
bagdadi structures are greater than himis struc
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tures. After 1960’s the construction of these
types of structures are getting less and less even
it might be said that there is none constructed.
However previously constructed buildings in
urban areas are still in use, considering the fact
that materials that they have been built up of is
worn out, they need to be strengthened.
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