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ABSTRACT

STRUCTURAL MODELLING, ANALYSIS, AND EVALUATION OF THE
HISTORIC BUZLUPINAR BRIDGE AND RECOMMENDATIONS FOR ITS
RECONSTRUCTION

¢cabuk, Ezgi
M. S. in Restoration, Department of Architecture

Supervisor: Prof . Dr. Ahmet Tg¢
CoSupervisor: Prof . Dr . Neri man Koz
September 2013,71 pages

The Historic Batnbergedestiaro r Bdige@ége | ocated i n
Village, Rize, Turkeywhich was constructed early in the™entury and partially

collapsed in 2008t about 100 years of age. Thimd loadng was deemed responsible

for the collapse of the bridge as stated by the locals. General Directorate of Highways
has attributed speci al etotitdreeavdlue asratimber Bu z |

pedestrian bridge and has taken decisidz0it2 to be rebuilt it again.

In this thesistheoriginal architectural and structuraharacteristics of the bridge were
studiedas well as itgurrent condition anthteraction with thenvironmentStructural
analysis and evaluation of the bridge wasried out both with hand calculations and
Finite Element Modeto investigate its structural behaviour under live loads, wind
loads and earthquake loadshe FEM was formed with SAP2000 using frame, shell

and solid elements. The critical failure modes overturning of the bridge were
checked.Material tests were done on new timber members for the reconstruction
studies to determine the mechanical properties of the timber elements. Controlled shear
and tension tests were carried out using nailed atioms which will be used in the

reconstruction projecStructural proposals were made for the reconstruction project



considering the original structural and architectural features of the bridge
Furthermore, stabilization, monitoring and maintenance recommendations were

made, which would be helpful to prolong the service life of the structure.

The investigation and reconstruction studiethe bridgeareconducted by th&eneral
Directorate of Highways. The measured surveys, dontatien of the bridgeand
reconstruction projectwere made bWukaddes Ataman (Bender Restorafiomhe
proposals and recommendations maitain the scope of this thesisightbe helpful
for the reconstruction project; however, providedsaand does ridurden the liability

of structural design or restoration work.

Keywords: Buz |l upénar Bridge, ti mber bridge, str

modelling, conservation of historic bridgesconstruction
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TARKHK BUZLWYPRIAR N/ N YAPI SAL MODELLEME,
VE DEJERLENDKRMEM¥B| YENKDEN KNKASI K¢K
¥ NERKLER

¢cabuk, Ezgi

Yé¢ksek Lisans, Restorasyon, Mi mar
Tez Y°neticisi: Prof . Dr . Ahmet
Ortak Tez Y°neticisi: Prof . Dr . Ne

Eyl ¢ | 172sayfas ,

Tari hi Buzlupénar KC°Rirze, Bgrzkiupedde Kl
K°opr¢gseder . Kepre¢ 20.yyodén baxklarénda 1in
yakéndayken késmen ,Wegkelmert erzg@rPreg¢lhla

yékéeldejéné belirtmektedir. Ahkap yaya k¢

Karayoll arée Genel M¢ederl ¢ ¢ taraféendan B

ve 2012 yeéeleénda k°prg¢meam weniideaem kitnkwa ed|

Butezk apsaménda k°pr¢gnegn °zgeén mdumwauve ve i
-evresi kil i ol moeelli dhers xpgliar € ve Sonl u EI

ol ukturul an &anparl¢éintiink cnand glokyl cBapekrasma Yde k1 er

et ki sindeki davranékeéné i ncel ener ek yapeé
yapél meptegnegn analiti k modeld SAP2000 opr
el emanl ar Kkul |l an&lrartdk llwnt udruurlunmuhkatru ri n
devril me tahkiki yapél méxkter. Ko pre¢gnegn y
ahkaplar ¢zerinde mal zeme testl eri yapeél
belirl enmicktir. Yeni den -iinvkia ip rboajjel sainntdéel e
ke s me vV e - ek me denept engin yapegé mé ktagre.s al
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czelli klerine bajlé kaléngapl!| pkeolmibl@en i nka p
yeniden inka sonrasénda k°pre¢gnegn hi zmet ° mr

izl eme Y eenméi&kebnul unul muktur .

Ko pr ¢ Il e I hgi 1 i ncel eme -al éxmal ar é vV e y
Karayol |l are Gemealr gNgdidiregll ¢meck t atgrojeler veK® pr ¢y e
bel gel eme Mukdddes mtamem rBender Restasyon) t a ndard é

hazéerl|l BamérkzéekapsaméengalPaaepeél yeniaeni yakar
proesne kat keé , s djulnaynd @i lbiirrl i kt e syapésaal °neri
tasarém ve yeni deyazarlara wea kurdndaraébir mardumiululke n d a

ye k1 eme z.

Anahtar Kelimeler: Buz |l upénar K°pr ¢sg¢, ahkap k°%°pr ¢, y a
modellane , t ar i hi k°pr¢lypyapémkorunmasé, yeni den
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CHAPTER 1

INTRODUCTION

1.1 The Importance of Historic Buildings and Their Maintenanceas Cultural

Heritage

The term cultural heritagacludesthe tangible and intangible assets which have
survived from past to presemstich aghe structures, places, artefaetsd the valas
attributed to them by people. Additionally,imicludesthe interaction betweethese
asset@and peopleandp e o p | lief§ sustdmsand traditions

Humanshave been building structures for thousands of years with various construction
techniques using different materials. Tke structures are the witnesses of the
civilisations; theymirror the life styles of the petgand inform us about the original

and traditional construction techniques pertain to a particular time and place, technical
developments and the characteristics of period that they were Théy. are not
important only for their ages) iaddition, thenteraction between people and structures

is anotheissuewhat makes the structures valuable in the context of cultural heritage.
The structures gain a seat in peoplebdbs m
interaction forms between the users atrdicturesn time. Sometimes for economic
reasons, sometimes to keep their memories alive and immaterial reasons, sometimes
to satisfy their needs; for various purposes, people have tended to protect the structures
and prolong their service life ske @nservation and restoration of historical buildings
have ben an important issue for tmeankind for many years; both to maintain their
functionalities and protect them because of their cultural, historic, and symbolic

values.



Since past century, nationahd international charters were published to guide about
how to approach to the conservation issuBse first stage of conservatiors
thoroughlyunderstoodhe structure and condition of the architectural heritagday,

the historic structures can bealysed and evaluated properly with multidisciplinary
approachey Doayal a & Flo ICOMQ@ShPRrincil@ed @o7 the Analysis,
Conservation and Structural Restoration of Architectural Heritage (2Q008),
importance of multidisciplinary approach in conservation was emphasized too. To
understand and evaluate a structure completely is only possible with a work done by a
multidisciplinary team. The role of engineer here is to investigate the structural
features and condition of the property and provide structural safety of the structure in

the current situation and for the future s®6ayal a & .Forsyth, 2007)

Conservation of historic structures is pbssiwith continued use, maintenance and
repairs. In the same document, ICOMOS Principles for the Analysis, Conservation and
Structural Restoration of Architectural Heritage (2003), it is also stated that the
interventions should be done with respect to dléhenticity and integrity of the
structure, and before any interventions the current condition of the structure should be
examined and documented; the structural analysis, safety evaluation, the causes of the

decay, and damage of the structure shouleXaenined comprehensively.

Historic structures present some difficulties in diagnosis, anasdarestoration due

to their material characteristics and construction techniques, which make it difficult to
evaluate them according to the modern structural codes. It is desirable to make
recommendations and implementations both rational and confirittethe historical
context(ICOMOS, 2003)



1.2 Selected Case Study

In the recent times, the prototype construction techniques and materialsngefiiac

traditional construction techniques and materials which are special for a particular
placeor time Therefore, the artefadhsiilt with the traditionatonstruction techniques
craftsmanship, designs anthterialsare very precious historic documents, and these
artefacts should be examined and documented thorougtslstatedn 5" article of

the Nara Document of Authenticiff994)i The di versity of cul tu
our world is an irreplaceable source of spiritual and intellectual richness for all
humankind. 6 and to protect and enhance t

of humanity.

All the repairs and interveions in historic buildings should be done regarding its
authenticity without damagingand making any alteratisn on the original
architecturalstrucural and material features of the structure; the aim shouidoibect

the existing form of itReconstration of an architectural cultural heritage only
permissiblaf the structuras partially or completely destroyed andakes part in the
commonmemory of people@nd essential in terms of its contributions to the cultural
environment and he reconstrction project should be based on the existing
documentation about the structure; such as the ruins, original measured surveys,

photographs, oral or visual sourge3 COMOS T¢r.ki ye, 2013)

In this study,the historic Bu z | u p € n avhich Bas icalapsed in 2008vas
investigated structurally and proposals wexealopedor its reconstruction project in
regard to the conservation principléster the collapse of the bridge its remaining
elements have lost their strength in time and it became functionless. The materials tests
on the remaining elements of the bridge shibwvtieat the timber elements have

substantially lost their strength.



Buzl upénialrodBatieddyei n Buzl upé fiexsts MareltHamge, ¢aye
100 years as learned from the local villagers. It was completely built with wood, with

a rare constuction technique which is quiteeldomin its region and in Turkey.

Moreover,when the historic bridges in Turkey are considerel@tively small part of

them are built withwood Tar i hi K° pr ¢Theedore each@fttemiap . 2 9)

very valuable historical documetiket h e Bu z | u pl@& additiontoBts agel g e .

and documental valyas learned from the local villageithe villagein which the

bridge islocatedwas named aft er tsdtlee biBge hds bgeaame ar Br i dg

significant for the local people in time.

Bridges not only span distances and connectsiges together but also they connect

the lifes of the people to each other, they connect together the past and the future.
Becauseltey are used bdlifferent generations itime; they become a part of the
commonmemory of the public and witness to thiges.

I n the case o fmo#& aof thé lacpl€aneanot pldagedsak the hridge
collapsedecause it has traces fraheir past, theichildhoodandbr youth.They want

the bridge to be known and seen by their children since it gave itstodheevillage
Consequentlythe bridge has a meaning for the locals to become usable again.
Moreover, there is interaction betwetle bridge and the landscape. It was constructed
with wood which is the most common construction material in that region and
probably constructed by the local craftsmen; it typifies authentic characteastcs

limits of the landscape.

Due to the aboy mentionedreasonsyesponsible authorities decidéal rebuild the
bridge using itoriginal construction technique arsdructural systemThenoriginal
construction technique arttle structural system of the bridge were examined from
remaining part ofhe bridgethe measured surveys and old photogragingingto use
the original remaining materials if it is possibl€he studies focused on the
investigation of the structural system of the briddetermining the causes of the



collapse,modelling structural analysesf the bridge and making proposals for the

reconstruction project.

The measured surveys, material tests on the remaining elements of the bridge, and
documentation about the bridgeere made in 2012 byhe General Directorate of
Highwaysand these were used by the author in structural analysis studies and
defining the architectural and structural features of the bridgjevas resolved to
change the original remaining timber elenseof the bridge and rebuiltlity General
Directorateof Highways, since the results of the material tests done on the remaining
timbers showed that the remaining timber elements have already lost their strength and
were not able to carry the loads act on it safely. In section 3.3 the information about
the material tests and mechanical properties of the vavediven in detailsin 2014,

in order to determine the original structural features of the bridge, the existing elements
of the bridge were disassembled; the documentation about the dismantling paxess
also obtained frorthe General Directorate of Highwagsd used for the studies done

within the scope of this thesis.

1.3 Methodology

The presenstudy was conducted in 4 stagésst is thefield survey and interviews
with the locals,second is thditerature search and examination of the related
documents and photographird is the structural investigation of the structure
including material testdpurth is thehand calculations and analytical modelliagd
recommendations for the reconstructioansolidation, monitoring and maintenance
of the bridge.

The field survey was done in October, 2013. The aim of the field survey was to
investigate the dfictural condition of the bridge, determine and understiénd
architectural and structural featurésr this purposethe connections between the
existing structural elements and formation of the structural geometry of the bridge



were investigateth detail The biological formations on the existingodenelements

were examinedisually; photographicalocumentationvas doneand smple sketches

of the structural details were made in the scope of the field survey. In adthgon

relationship of the bridge with its surraling area was also investigateohd

interviews were made with the log@opleinh abi t ant s of Bardet upénar Vi
to learn the history of the bridge and thginionsabout the bridge.

Unfortunately, therer e very few written sources about
most of thentontainof the same information gathered frdine oral interviews during

the field surveydone by the authomherefore the literature research was mostly made

about the history and classification of bridgegeneralndsimilar bridge examples

from Turkey and the world. In addition to these, gtiedl modelling of historical

structures and the testing procedures for timber and nailsalsergtudied.

Chapter 1 presents the introduction of the thdeisectionl.l, the purpose of the
conservation of historical structuresclarified briefly. The conservation principles

followedin this study and the selected case stardyintroduced in sectioh.2

Chapter 2 focuses on bridges in general and timber bridges in partiankhr

conservation of historic bridge&.brief description oftie historical development and

classification of thédridgesare made in sectio8.1 Wooden lidge examples from

Turkey and the worl d, S | ameglvenrin sectiotlR t he Buzl
Section2.3 mentions about the conservatiof historic bridges and conservation

approachs.

In Chapter 3, the case studypresentedGeneral informatiombout the location and

hi story of Biggiveruirpséctiofs.d InBectior®.gamd sectiorB.3 the
structural andrchitectural features, structuranditionand material properties the
Buzl up é nisdescribediwidhghe help of the measured surveys and unpublished
reportswhich haveprepared bythe General Directate of HighwaysThe original



architectural and gictural features of the bridgeesstudied carefully; the construction

stages and assembly detaifghe original structurera described and illustrated with

simple sketches. Secti@¥ mentions about the disassemble procédke cantilever

beams of the bridgeandther econstructi on project of th
haveprepared byhe General Directorate of Highways.

Chaptert focuses on the structural investigation of the bridge based on the dingension
given in the restitution stage and irthe restoration project.The conservation
approaches defined f oraetddfimedinsesied.ldo, Buz | u |
brief informationand examplesre given about the use of analytical modelling in
structural investigation of historicimber structuresThe structural analysis studies
were done in accordance with the building codes such a®8SDesign Loads for
Buildings and Eurocod®: Design of Timber Structurel Section4.2, the structural
investigation begins withand calculationsyhich were done in order to check if the
dimensions give in the restoration project and the material properties satisfy the safety
requirements under different loading conditions; which are the live loads and wind
loads. The hand calculations were focused on the mains beamtitver beams and
effect of wind forces on the bridge; the hand calculatiomsre also helpful to

determine the weak parts of the structure.

In the scope of this studynaterial tests were done to determine the mechanical
properties of the timber and rmihatwill be used on the recstruction projectThe
results of the tests are given in sectibB The material parameters gathered from

these tests weresad in the analytical model of the dige.

Thefinite elemenimodel of the bridge waformed with SAP20QQsing frameshell

and solid elements. General information about the formation of the model geometry,
the mecharal properties used on melling and loading conditiong@&presented in
details insection4.4. Since the mechanical properties of the ground were not known
clearly, two different models were formed; in asfethemthe ground was modeld



with solid elements, and in the other one was modelled with rigid suppbesame
loading conditions with the hand calculations wassigned to botmodek as well as

the seismic loads. Several analysis were performed under live loads, wind Idads an
earthquake loads and the critical connections of the bridge were examined using the
outputs of these analysis.

Structural recommendations for the reconstruction prageetnoted in different
sections of this study where it was necessaigompliane with the analysis results

In chapterO, these recommendatioas2 summarized and some technical poanes
pointed ouwhich have to be respected during theorstruction process. Monitoring
and maintenance recommendati@ns the other subjects mentioned in this chapter,

which are necessary to prolong the service life of the bridge.



CHAPTER 2

BRIDGES AND CONSERVATION OF HISTORIC BRIDGES

In this chapter, the historical development of bridgastructiorand structural types

of bridges construction materials and usages are described briefly. Afterwards, a short
classification is made for timber bridges asichilar timber bridgeexampleswith
Buzl up én are givBrr fiord durkey and worldConservation approacand

principlesfor higtoric bridges are described and defined.

2.1 Historical Development and Classification of Bridges

Bridges are the structures which haegisted since the beginning of human
civilization. Theysupportthe social and cultural development of settlements, tpowns

and citiessinceanci ent times. Charl es Whitney def
obstructions in his path an@ himgy,e803)new r O
Bridges are the substantial examples of the human genius which combines art, beauty
and structural efficiency. Another explanation for bridges from Italian architect

Palladio is as follows:

fiThe convenience of bridges was first thought upon because mveny are not
fordable by reasons of their largeness, deptid rapidity: upon which account
which may be well said, that bridges are a principal part of the way; and are nothing
else but a street or way continued over water. Bridges are thereforetoungivie

the selfsame qualifications that are judged requisite in all other fabrics: which are

that they shall be convenient, beautiand durablé (Whitney, 2003, p.27)



For many centuries, countless of bridges have been built. It is not possible to know
when the first bridge was built and used but it is certain that, the first bridges shaped
as a result of the needs of hurkend and their desire to dominate the nature. At the
beginning they might have been used only for crossiey the narrow rivers or
canyons With the changing needs and developments in technohmyy the modern
bridges cross over wider rivers, deepelteys, even they connects cities, countries
and continent§Denison & Stewart, 2012; Whitney, 2003)

Bridges had a great progress throughout the history. They have been built in different
structural types with wéous materials such as stone, timber, rope, bamboo, kiln fired
brick, iron. Natural stone arches or fallen tree trunks were the models for the earliest
bridge builders and probably, the first materials used for the bridge construction were
the natural stees, branches, tree trunksd vine. Together with the development of
tools and inventions of new materials, the construction materials were shaped in the
required sizes, wider distances could have been spanned and different types of bridges
have been catructed(Brown, 2001)

Table 2.1 Classification of bridges according to construction materials, structural
types and usagéBenison & Stewart2012)

Materials Structural Types Usages
1 Wood 1 Beam bridges 1 Pedestrian
1 Stone 1 Arch bridges 1 Aqueducts
1 Organic materials: 1 Truss bridges 1 Vehicular
rope, bamboo, 1 Cantilever bridges 1 Rail
root, vine f Suspension bridges 1 Military
f Brick f Cablestayed bridges
f Iron {1 Hybrid bridges
1 Steel
1 Concrete
1 Glass

10



Whether the primitive bridges or the modern ones, bridges are subjected to the same
kind of loads;dead loadsarising from the own weight of the structufize loads

arising from the traffic passing over @#nd the environmental loads such as wind and
snow. The forces, caused by these loads, acting on the structures are tension,
compression, sheand bending forces, and the ability of a material to withstand these
forces is the strength of that mater{Brown, 2001) These forces can act singly or
combined on a structure and produce different effects on the structure depending on
its materials and structural type. Like in all structutesjse the compatible materials

in the convenient structural technique is one of the most important points in bridge

building to build more efficient and safer structures.

Fallen tree trucksr a stone across a rivare the first and primitive examplettbe

beam bridges which can be simply defined as a haatbram supported at each ends
(Brown, 2001) The vertical loads over it generate shear, tension and compression
forces as showm Figure2.1. The horizontal tension and compression forces balance

each other and the vertical shear force is shared by the piers at both ends.

—— — S ——
T —> COMPRESSION ¢&— <

S~ & TENsION — 7

Figure 2.1 Forces actingonabeambridgel r awn by Ezgi ¢abu
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Primarily, wood and stone was used to build this type of bridge whereas with the

developments in material science and technology, the modern onesdtasghpiron,

stee] and reinforced concrete.

The arch bridge was probably arised from the attempt of hbeiagsto replicate the

natural arches which is a strong structural form. This structural type was widely used

all over the world in bridge desighrom the ancient times until the industrial

revolution. In an arch bridge the vertical loads generate compression force which is

transferred to the supports at both ends, called abutment, and then to the ground.

Vertical and horizontal reactions occur thie abutments and these forces prevent the

motion of the structure. The stone which is placed at the top point of the arch is called

keystone and it is responsible to transfer the vertical forces into lateral forces through
the arch(Denison & Stewart, 2012)

RESISTING /I\ — | —— ABUTMENTS —

FORCES

KEYSTONE

COMPRESSION
FORCES

K

RESISTING
FORCES

Figure 2.2 Forces acting on an arch bridged r awn by

Ezgi

¢cabuk)

The first examples of arch bridges were built with stone, which has high compressive

strength so works well in compressidn.time examples @erebuilt also with wood,

brick, iron, steeland prestressed concret@enison & Stewart, 2012)

12



Building arch bridges was the practical way for spanning large distances for many
years. However there were many structural types to discover yet. In the 16 century,
Italian architect Palladio described the truss bridge inlhis Quat tr o Li bri
Architettura Truss is the structural type which con@$triangles formed with the

connected straight members. The straight members are subjected to both tension and
compession forces and these forces are balanced in a truss. There are various types of
trusses however they all have the advantage of the strength and a rigidity of a triangle
(Brown, 2001)

\/ \/ LOAD

'\/\/\l/\l/\i"\’ /J/\‘/\/\/\L\L\/\/\/J/\L/Y
TENSION &—— TENSION —>

Figure 2.3 Forces actingon atruss bridged r awn by Ezgi ¢abul

The first examples of truss bridges were constructed with wood. With the industrial

revolution,theiron and steel replaced the wood if"I@ntury.

Another bridge type is the cantilever bridge whicadeveloped form of beam bridges
to span wider distancg8rown, 2001) Cantilever is a beam fixed one end and the
otherend is free. In the simplest form, the cantilever type of bridge consists of a beam

placed on the free ends of cantilever be#imseplaced oppositely.

13
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Figure 2.4 Simplest form of a cantilever bridgad forces acting on {tirawn by
Ezgi ¢abuk)

In addition to the primitive examples for cantilever bridges which were built with stone
and wood, in 19 century more complex iron and steel cantilever bridges were

designed and build in many different tygeserally with more than one span.

Beam bridges and arch bridges are not the only bridge types which haesl forist
longtime. Suspension bridges also date back to the early times. Basically, a suspension
bridge is formed with a rope hanging betwdendupport¢Brown, 2001) For the last

two century the suspension bridge design has showed a great progress thanks to the
developments in material science and construction technology. mbeern
suspension bridges are based on the strength of suspension cables which are hanging
over the towers called pylon and are anchored to the ground at the ends, and the deck
of the bridge is hanged on this suspension cables with the vertical caldd$aalers
(Denison & Stewart, 2012)

14
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Figure 2.5 Forces acting on a suspension brilgeg r awn by Ezgi ¢ab
g g p

In the early examples of the modern suspension bridges the suspending cables were
made from iron chains and wire cablgss followed by the use of steel cables at the
end of the 19 century(Denison & Stewart, 2012)

Not long time ago, at the end thie 19" century, the cable stayed bridges showed up.
Although appearing similar to the suspension bridges, they have quite different
structural mechanism. In cable stayed bridge, the deck is suppgtteeliron or steel
cable hanging over a tower. This structtiype can be used for buitdy small bridges

or span large distances and it can be bepeatedly throughout the spdenison &
Stewart, 2012)

15



— > COMPRESSION——

Figure 2.6 Forces acting on a cab#tayed bridgédrawn by Ezgit a b u k )

In reality, mostof the bridges do not have a single structural system; many of them
were built as a combination of two or more structural types, or built in a single
structural type then integrated with another structural type to meet the changing
conditions which haveazurred throughout the time. This type of bridges is named as
hybrid bridgesand can be constructed as many different combinations like arch and

beam arch and truss, cable stayed and bé@aenison & Stewart, 2012)

Whereas the main purpose of building a geds to span a distance, most of them
were built for a special use such as pedestrian bridges, aquéslicts are built to
carrythe water)yehicular bridges, rail bridges and military bridges. Pedestrian bridges
and aqueducts have been built fromaheient times to modern days. Irf"and 19
centuries, vehicular bridges and rail bridges designed with increase in usage of cars
and trains, and countless examples have been built until today. In addition to these, for
thousands of years bridges werged for military purposes. Military bridges are

transportable and can be constructed and deconstructed easily.

16



When Buzlupénar Bridge is considered, it
bridge and cantilever bridge. The cantilever beams oBthez | upénar Br i dge
similar as in the cantilever bridge form and the main beams of it are simply supported

by the cantilever beams, so the mid span of the bridge bebaw#ar asa beam

bridge.

2.2 Structural Classification of Timber Bridges and Examples from Turkey
and the World

Timber has been widely usad construction material from the first examples of bridge
building to the modern designs. There are several advantages of timber as a
construction material. It has a high strength to weigtirit is natural, renewable and
sustainable, has low embodied energy content during manufacture; and with regular
surface treatments and protection, longer service life can be ensured easily. It is also

ideal for the applications where aesthetics aralityeis importan{Mettem, 2011)

Since the primitive ones built with tree trunks to the modern examples built with
industrial timber, timber bridges have been built in several structural types; beam, arch,
truss, cantilever uspendedand in hybrid form such as trussed arches. Timber bridges
are generally built for pedestrian, animals, cyclists or light vehicles; however with the
technological developments they become suitable for relatively higher(Mdatsm,

2011)

In this part of the study, comprehensive study besnmade; examples of timber
bridges are given from Turkey aride world which have similar architectural and
structural features with BuzI|diugpstuctaral Br i d

and architectural features.

"example from Turkey is the Hapsiyak Br
Bridgeshown inFigure2.7. It is located in Trabzon, approximately 55 km away from

17



the Buzlupénar Bridge. Hapsiyak Bridge
covered bridge; the cover is formed with timipessts and roof placed on top of the
posts. There are cantilever beams at each side of the bridge located on stone masonry

abutments and the main beams are supported by these cantilever beams.

Figure27Hapsi yalk Bridge

was

Ot her examples from Turkey are Yurtpénar Br

Bridggeand Bayram®ren Bridge.

Yurtpénar Bridge is |l ocated in Yurtpénar Vi

19" century which is shown irfFigure2.8. It is a covered bridge with cantilever beams
placed on masonry abutments, the gaps between the cantilever beams are filled with
stones and main beams are sumablly these cantilever beams. The cover is formed
with posts, horizotal timber beams which conndtie postgogether and theoof.

There ardimber bracingsvhich connect the posts and deck piles, prevent the
transversal motion of the bridge, which can be said to washknilarfashionwith the

OLO6 sbmemed Buzlupénar Bridge.

!retrieved from: http://myu.blogcu.com/zamandirenenkopruwhapsiyaskoprusukiremitlikopru-of-
cay/6104851 , 17 March 2015
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Figure28Yurt pénéar Bridge

tayl @ G¢gvem Brdiaygleé iVsi |l loacgasioun ighiglrea?®., ¢ an k
It was built in late Ottoman Period. It is also a covered bridge; the cover is formed with
timber posts, horizdal timber beams between them and roof on top. Thert@eaver

bracingswhich connect the posts and deck piles and prevent the transversal motion of

the bridge.

2 retrieved from: http://www.kulturportali.gov.tr/turkiye/cankiri/kulturenvanteri/yurtpinarkoyw
koprusu, 17 March 2015)
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Figure29¢ ayl € G¢Vvem Bridge

Takl édegi k Bridge i s Ascantirdidurel.10, itdsaay k ar a, Tr
coveredbridge;the cover is formed with timber posts, transversal elemantsrod

on top of them.

Figure210Tak | agedi k Bridge

3 retrieved from: http://www.cankiri.gov.tr/index.php/post/view?id=3314, 17 Mart
2015

4 retrieved from: http://iwww.tasligedik.net/site/news.php?readmore=937, 17 March 2015
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The | ast example from Turkey is the Bay.
¢ a n kTa@rke§. The bridge was built in Y&entury. The abutments and piers of the

bridge are formed with overlapping cantilever beams located horizontally with right
angles on top of the stone masonry watishown irFigure2.11. It is covered bridge

and the cover is formedith posts, horizontal timber beams which connects the posts
together and roof on the top. There are transversal timber elements located between

the posts and deck piles to prevent thegitudinal and transversal motion of the

bridge.

Figure211Bayr am°ren Bridge

The given examples were helpful to see the construction techniques and architectural
details of the timber covered bridgesn Tur key which are si mi
Bridge and to determine the common structural and architectural features. In the given
examples, the main beams are supported by cantilever beams or bracings and in all of
them the longitudinal or transversal wement of cover is limited by using bracings

asintheBuz |l upénar Bridge

Sretrieved from:
http://arsiv.kesfetmekicinbak.com/atlaskitap/kitapdetay.aspx?kitapid=46&parentid=16, 17 March
2015
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The examples from other countries are located in China, Nepal, BlamarPapua
New Guinea. Unfortunately, detailed information about their names, histody

location could not be reached.

First example is the bridge in Papua New Guinea; the main beams of this bridge are
simply supported by the cantilever beams which are located at botasskdewn in
Figure2.12-a. There are horizontal beams which is perpendicularly located between

the cantilever beams.

The bridges in Tingri, Tibet China and in Nepal are formed with cantilever beams
located on thenasonry stone abutments at both end. As shoWwigimre2.12-b, Figure

2.12-c, andFigure2.12-d the main beams are supported by the cantilever beams. One
of the bridges in Nepal is in Dudh Kosi River and the other is on the RivsaThe

main beams of the bridges shownFigure2.12-a, Figure2.12-b, andFigure2.12-c

are simply supported by the cantilever beams at each end as in the Buzlupnar Bridge
In Figure2.12-d, the main beams are extending from one side of the span to the other

side; supported by the cantilever beams at two points.

There are three examples from Bhutan showRigire2.12-e, Figure2.12-f, Figure

2.12-g; two of them are in Punakha and the other is in Paro district. All of them are
coveral bridges; the cover is formed with timber posts, horizontal beams between
them and roof piles on top. In first example from Bhutan, the main beam is supported
by the cantilever beams which are anchored in stone masonry abutments. In the second
and thirdexamples from Bhutan, the cantilever beams which are placed on the stone
masonry abutments support the main beams. The buildings over the cantilever beams

at both sides prevent the overturning of the cantilever beams.
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Figure 2.12 a) Papua New Guin&gb)Tingri, Tibet’, ¢) Dudh Kosi River, Nep§ld)

Gunsa Bridge, Nepyle)Punakha, Butah f)Paro, Bhutatt, g)Punakh@hutart?, h)
¢tengyan Bridge, China

The last example is the Chengyang Bridge in China, which was built in 2812.

shown inFigure2.12-h, this is also a covered bridge; there are overlapping cantilever

beams supporting the main beams, located perpendicular to each other placed on the

stone masonry abutments and piers.

By the help of these examples it was seen there are similar bridge examples with the
Buzl upénar Bridge i n addoretrugtionrtdciohiqueshare | t wi t h t
must be multiple other examples in Turkey and the world which could not be

mentioned in this study.
2.3 Conservation of Historic Bridges
Historic bridges draw interests and contribute to the characteristics of the natural

landscape. They are valuable examples for cultural heritage but unlike the ruins or the
artefacts exhibited in museums they should sustain their functionaliies. the

8 http://www.panoramio.com/photo/73986904, 18 March 2015

7 http://en.wikipedia.org/wiki/Log_bridge#/media/File:Tibetan_log_bridge.JPG, 18 March 2015
8 http://www.fotolibra.com/gallery/393117/newbridge-dudh-kosiriver, 18 March 2015

9 http://www.tibe trelieffund.co.uk/gunséebridge/, 18 March 2015

10 http://www.panoramio.com/photo/77237300, 18 March 2015

11 hitps://www.windhorsetours.com/wind/images/gallery/bhutan/sights_and_places/paro/large/
Paro_Dzong.jpg, 18 March 2015

12 http://nordenadventures.com/images/all/punakha.jpg, 18 March 2015

13 http://en.wikipedia.org/wiki/Chengyang_Bridge, 18 March 2015
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years, it has begun to be preferred to conserve and repair the old bridges than
demdishing and rebuilding therTilly, 2002).

I n fACoinsre rovfatBr i d g e sthie advantages aaehdefimed dsifollows

to conserve an old bridge has numerous advantages than buildewy ane,it is

generally less expensive than the total cost of desmaly and rebuilding the bridge,

it has understood most of the historic bridges are structurally stronger than previously
thought; the stone arch bridges could perform for thousands of years without requiring

a significant maintenance or repair. With cang®y the existing bridgemstead of

building new oneghe consumption afaw materials is also preventddss damage is

given to the natural sources. In additionh e hi st ori c bridges ha
sometimes they have emotional connectionk péople, they witness to the time and

show traces from a specific period in the gagty, 2002).
In the MACohdeHter iof agorBri dgeso ble Eric
authenticity of a bridge includes the spirit and character of it as well as its ctinstru

technique, material and technical properties define a bridge as a cultural heritage

it must be authentic and meet one or more of the following criteria;

1 Itis unique in terms of design, materials and craftmenship

1 It has influenced thesngineering theory, transportaion, communucation,

technology and construction within an grea

1 It is typical examplen terms of engineering and technology specific to a

particular period or a stage in bridge construc{alony, 1996)
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The Mehmet Pas8okolovic Bridge in Visegrad, Bosnia and Herzegovina is one of
the bridges in UNESCO World Heritage Li$he bridgewas constructed at the end

of 16" century. Ithas a universal historic value; it represents a significant stage in civil
engineering and rimlge architecture, it has witnessed to the interaction between
different cultures and ethniciti€er centuries and itis an inseparable part of the
landscape. The bridge was damaged in a flood in 1896; in addition further damages
took place during the ¥fld Wars, it was reconstructed1950s after some temporary
repairs(UNESCO World Heritage Centre, 2007)

Another example is the Old Mostar Bridge, Stari Most; which is also located in Bosnia
and Herzegovina and in UNESCO World Heritage List. The bridge was constructed
in 16" century. It is an extraordinary example oidge construction and technology

and a valuable part of the cultural landscape as well as being a symbol of coexistence
of people from different cultures, ethnicities and religions. In 1990 during the civil
war, the bridge was destroyed. In 2004, thed®iovas reconstructed basedtbe

original and authentic documents and multiple analysis with authentic materials and
the ruins of the original bridge are exhibited in a mus@UMESCO World Heritage
Centre, 2005)

The conservatioapproachmentioned in sectioh.1should be applied to conservation
of historic bridges certainlyOn the conservation process, the most important thing is
to well understand the existirfgatures of thestructuresuch aghe defects,decays,
load transfer mechaniswof the structureand examinethe structural details such as

joist and connection daits of the structural elemen{$iume, 2007)

The aim of conservation should be to protect the current condition of the strudture if
is not in danger and there is no needeinforcement. The behaviour of the structure
should be examined under the loading condgithat the structure is exposed or could

be exposed in the future and unnecessary reinforcements should be avoided.
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Déayal a asags the cstrustyrdl performance a structure is defined by
fistructural appraisalwhich comprises the load carrying capacity and stgbualf
structural components, overall stability and serviceability of the structure. The
structural appraisatudies should include the research and inspection of the existing
documents related to tHmuilding, measurement and investigation of the structural
elementsdetermination of the defects and decays on the strustmuetural analysis,
material tests, interview with locals in order to gathering information about the
structurf Doayal a & .For syt h, 2007)

When thee principles are applied for historic bridges, they can be summarized as
follows; understand the structural and architectural features of the bridge with visual
inspections and help tfie documentation related teetbridge, determine the decays,
past deform@ons on the structure and material properties stnattural analysisin
addition,the meaning othe bridge forthe local peoplendthe value of the bridge
within the landscapshould be understood The cultural landscape comprises the
diversity of interactions between the property, people and ndthegprotection and
continued usef cultural landscapeontributes the sustainability of the area, increases
the value of the lasscape. The bridges should be evaluated within the landstape

terms of craftsmanship, architecture, construction technique and materials.
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CHAPTER 3

BUZLUPINAR BRIDGE

The aim othischapteris o def i ne Buzl upénar Bridge co
structural and architectural features, material characteriancsstructural condition

with the help of field surveys done by the author, measured survey studies ofdiee brid

and documentation made Mukaddes AtamanBender Restoratigrthen shared by

the General Directorate of Highways. In addition, the factors affecting the structural

condition of the bridge and material properties of the timber elements are mentioned

briefly.

31 Gener al I nformati on about the Locati on
The historic Buzlupénar Bridge is on Mad:¢
di strict o f Rize province. |t has the 4

coordinate and it is approximately onthe 8fk m of tHKaptapphka r o

11 km away from the coastlires shown irFigure3.1.

Although the exact date of its consttion is not clear, it is known that the
transportation between the Buzlupénar Vi
the Buzl upénar Bdgeisexmectedtoreasine the beginnihgroke b
the settl ement i n ideigdppgximatedy2.20u il widdhgrel. T h ¢
it has 21.80 m span length between its abutments, and it was used for pedestrian,

animal and load transportation.
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Buzlupmar
Bridge

Figure3.1Locati on of B ukabtermpBiacks&ea RBgion (Ggogle a t
earth 7.1.2.2041, accessed on 22 December 2014)

BUZLUPINAR
BRIDGE &

s

. Cayeli "'Q'

Seslidere
Stone Quarry

Buzlupmar
Stone Quarry

Figure32Locati on of Buzlupénar Bridge and its
7.1.2.2041, accessed on 22 December 2014)
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The bridge was burned out during a fire in 1906 as learned from the local villagers.
After the fire, it was reconstructed by the inhabitants but it is not known certainly if
this bridge is the replica of the former one or some of the elements and reaikrial

the former bridge was used in this reconstruction.

In 1906, the bridge was entirely built with chestnut tree wood elements which are
nailed to each other with wrought iron nagéd stones were used on abutments. As
learned from the statements of lacal villager, Ahmet Ali Kork (Personal
communication, October, 2013), and seen on the photos gathered from him and
Neri man kahin G¢-han, the bridge had a ti
1985. In 1985, the original timber roofing was aged and it was replaced with sheet

met al roofing by Ey¢p Ensar Saral, a | o
Village (A.A. Kork, personal communication, October, 20T3)e old photographs of

the bridge taken in 1970s, 1980s and 1990s are shofxigune 3.3, Figure3.4, and

Figure3.5.

Figure3.3Bu z | up é n al9708(A.A Hogkerchive)
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Figure34Buz |l upénar

Bridge

archive)

I n rodfiagBrsKork wi t h

Figure35Buz |l upénar

32

RA.A Kobrg archive) 1990 s

t

he



In 2003 a reinforced concrete bridge known as Istoponos Bridge by the locals was
opened to use next ,whichidase usdll by Vehicig&em ar Br i
Kork, personal communication, 24 December, 20lt4)an be said that aft¢hat the

Buzlupénar Bridge has |l ost its function |

As reported by the villagers, in 1998 two stone quarries started to operate on the valley
inwhi ch the Buzlupénar Bridge waSeslitleecat ed.
stonequarry, approximatelyonthe™@ m of t-Keptapphka road, a
away from the bridge and the other is ki
approximatelyonthe 122"% m of t-Kaptawphka road and ab:
from the bridggFigure3.2). The activities of these quarries have led to changes in the

natural environmentfahe valleyand the bridge was exposed to heavier wind loads

than ordinary as alleged by the locd#owever there is not certain information or

research done to prove th#ss reported by the locaisith the effect of the wind load

the covering and onef the main beams fell down into the river on the downstream

side on 23 March 2008. When the meteorological data was investigated, it was
determined the wind load was hlmg from westsouthwest with a velocity of

4,5m/se&* onthat day; which wouldausehe bridge to collapse towards downstream

Herebyit must be pointed out the collapse of the bridge pradablyresuled from

its prolonged exposur® the high wind forces, not an instant wind for&s.for the
meteorological data gathered frahe stations in Rize and Paz#re dominant wind
directions between the years 2003 and 20&8e WNW andS respectively.The
condition of the bridge righafter the collapse is shown Kigure 3.6. Most of the
timber elements which fell down into the river went adrift and got lost. Some of the
roof covering sheets and the main beam whichd@nwere taken out of the river

by the inhabitants but after a while thaimbeam faded await. must be pointed out

14 Meteorological data of the speed and direction of the wind gauged at the stations (st&ipe
number: 17040) and Pazéstation number: 17628). The data is provided by the Turkish State
Meteorological Service.
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here the strength of the timber changes in time, effected by the humidity and changes

i n climate conditi on s whenthebrdgesvascollapseBu z| upénar
2008, over 100 years of lifetimprobably thestrength of the timber was decreased

and the timber elements were deteriorated; these factors were reduced the resistance

of the bridge against wind loads. So the wind forces are not only responsible for the

collapse of the bridge; the agetbé bridge must be taken into account too.

Figure3.6Buz | upénar Bridge after the Destruct

After this incident in 2008, only two main beams and some of the timber deck elements

of the bridge stayed in their original places. Following the collapse of the covering,

the remaining timber elements of the bridge were directly exposed to rain, snow,

sunlight and other atmospheric conditions; naturally, these conditions accelerated the
deterbration and degradation of the timber elements and consequently caused loss in

strength.

After the destruction of the timber bridge on 23 March 2008, the headman of the
Buzlupénar Village i n that p efProviocthl made an
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Directorde of Culture and Tourisno preservation and registration of the bridge as a
cultural heritage on 07 April 2008. On 12 December 2008 the bridge was regastered

a cultural heritage by the TrabzQultural and Natural Heritage Preservation Board

In the following years after the registration of the bridge, investigations studies have
made by the General Directorate of Highways which is in charge of the maintenance
and repair of historic bridggs T ar i hi K °. Aalr the Istadies dorie @ronl e
done about bridge anender the control offrabzon Cultural and Natural Heritage

Preservation Board

The measured surveys of the bridge which have been prepared in 2012 and the other
documentation about the bridge were shared with the author by the General Directorate

of Highways in December 2013. The information about the original structural elements

and details were gathered in January 2014, thanks to the photos gathered from Neriman
kahin Gg¢- h(&guie38, Figure310, Rigere3.11, Figure3.12, Figure3.14,
andFigure3.15,whi ch wer e taken by Neri man kahin
Black Sea Regionn 2007, one year before the bridge has collapsed. These
photographs were quite helpful to understand the original structural form of the bridge

and connection details of the timber elements; thus the following studies were made

considering the original gtctural features.
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Figure3.7Buzl upénar Bridge in 2013 (E.

In October 2013, when the first field survey to the bridge done by the author, the bridge
was already in a dereliconditionas shown irFigure3.7; it was not able to function

as there were only two main beams and a few elements of the deck standing, the cover
was completely lostAs shown inFigure 3.8, biological deterioration watormed on

the remaining timber elements and they were quite decayed by fungal and insect

attacks.
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Figure 3.8 (a), (b), (c), (d), (e), (f) biological formations and insect dantagthe
ti mber el ement s2083E. ¢abuk, Octob
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3.2 ExistingandOriginalSt ructur al and Architectural Fea

Bridge

As previously mentioned, the first step of the conservation studies is to determine the
current condition and define the structural and architectural features of the structure.
The overall condition, load transfer mechanism, functions and details ofubtistl
elements should be well understood before the structural analysis stadibss
section the existing features of the bridge and details of the structural elements
investigated. The consiction technique of the bridge defined with the Hp of the

old photographs and measured surveys

3.2.1 Existing Features

The Buzlupénar Bridge i s f espamevidichwas t h a si m
positioned horizontally on the timber cantilever beams which slide on each other

upwards with an angle. The dimensions of the bridgesapproximately 20 m in

width, approximately 280 m longtotal sparbetween two abutments ahd.5 m long

simply supprted midspan The midspan of the bridge comprigef 3 main beams.

Their lengths changibetween 185 m to 1450 meters and their diameters chahge

between 21 cm t@5 cm along their lengths he lengths of the main beams and the

total span of the brgk are shown ifrigure3.9. The cantilever beams have squarely

sections whereas the main beams have circular sections.
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LEGEND:

Physical Formations:

- Swelling
- Cleavage
- Surface Loss

- Color Changes UPSTREAM VIEW

Biological Formations:

| Fungal Deterioration

- Biodeterioration and Algea Growth '
-

- Deteriorations Caused by Neglection

Architectural Problems:

- Human made factors like the stone masonry
wall built near the abutment of the bridge DOWNSTREAM VIEW

Figure 3.9 Measured surveys of the bridge made in 2K&N!, 2012, Ankara

39



40



Figure 3.10. (a), (b) The cantilevdvreamsplaced on naturalrock E. ¢ abuk, Oct
2013) (c), (d) The cantilevéreams placed on stone masonrywall( E. ¢ abuk,
October 2013; N. kahin G¢-han,
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The cantilevebeams form the abutments of the bridge. One of the abutments is built
on groundoy piling stonesshown inFigure3.10-c andFigure3.10-d; andthe other is

on natural rockshown inFigure3.10-aandFigure3.10-b. One of the cantilevdream

groups is composed of 4 timber beams placed side by side in 5 rows at different
elevations with horizontal angle of approximately 2énd the other is formed by 3

rows of 4 beams and 1 row of 7 beams at different elevations with a horizontal angle
of approximately 6. Perpendicular beanase also stacked between the longitudinal
ones with the center filled with stones, thus the cantilever beams are stabilized. All the
cantilever beams and horizontal beams between them are nailed to each other with

wrought iron nalils.

As it can be seen from the photos of the 2007 yeats ioriginal state the bridge had

a timber cover which was formed with timber posts and horiztntaer beams which

links the timber posts horizontally across the bridgewn inFigure3.11. L shaped
timberbracingsvere linked between the timber posts andiiiek of the bridge rigidly

as so this L shapedracings which is shown iRigure 3.11 and Figure 3.12 were
transferring the moment from the posts to the deck and main beams of the bridge.
Transversal tacingswere also used to prevent the motion of the cover of the bridge
on the longitudinal direction. The timber frame system wasgered with an
approximatelyright angled gable shaped timber roof.
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Figure 3.11 Posts, L shaped elements Figure 3.12 L shaped elements and

androofelement§ N. kahi n Gg¢ -tlamsversal elemenisN. kahi n
2007) G¢-han, 2007)

The connections of the timber elements were made by the wrought iron nails of various
sizesand lengths up to approximate®p am; some of the posts, horizontal and
transversal elementand the roof elements were constructed as interlaced also nailed
in several points to each oth&he details of the connections are showRigure3.13
andFigure3.14.
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Figure 3.13 Nailedconnection details of the cantilever beams, decks and main
beams. (Ezgi ¢abuk, October 2013)
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Figure314Connecti on deteails of the posts anr
2007)

Figure315Upstream side view of Buzl (Npénar B
kahin G¢-han, 2007)
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Figure3.16Downstream side view of BuzlNipénar

kahin G¢-han, 2007)

As seen orFigure3.15 andFigure3.16, the downstream side of bridge was covered
with thin timber sheeta/hereas the upstream side was. Wdthoughthe function of
these timber sheets is not clarifi@ds estimated the covering wpsobaly installed

to prevent the wind that comes from downstream side.

3.2.2 Details of the Original Elements and Construction Technique of the

Bridge

The bridge was completely built with wood materi#s.it can be defined from the
photos of 2007 year the bridgensisted of 1Typesof elements in different shapes

and dimensions. Ithis section, these elements are described separatdlgaamed

from A to N as shown ifrigure3.17. The cantilever beams are shown with ey

are located on a masonry wall on side A and on natural rock on side B. They are formed
with squarely sectionelbgs; their diameters change fro25 cm to 32 cm at side A

and from 16 cm to 24 cm at side B; and their lengths change from 5.35 m to 9.85 m at
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side A and from 7.25 m to 9.87 m at sideTBere are 20 cantilever beams on side A

and 19cantilever beamen side B.

A2 shows thecantileverbeams whiclare extending from the entrances of the bridge
to the main span. There are 3 of them at each side of the bridgeleRigéns change

between 4 m t6.25 m and their diameter changes between 15 cm to 19 cm.

There are 3 main beams the bridge which are shown with C Brgure3.17. The
main beams have circular sections; their diameter changes between 20 cm to 25 cm
and their length is approxirtedly 14.50 m. They are placed on the cantilever beams

simply supported at ends.

The side lintelgshown with D, inFigure 3.17) are placed above the deck plates;
between the posts at each side of the bridge through its length. They have squared

sectiong10 cm*15 cm andtheir lengths changes between 3 m to 3.5 m.

The L shaped bracingshown with E, inFigure 3.17) connect the posts and deck
plates; they are placed on the tie bearhe width of he bracings is approximatel® 1

cm; the approximate length of theghort legis 70 cm whereas the long lég1l m.

The forces ardransferred from the posts to the deck plates via L shaped bracings;

besides, the bracings prevent trensversaimotion of the bridge

There are22 posts on the bridgeshown with J inFigure 3.17, placed on tie beams
vertically and connected wh the side lintelsThey have squared sections (10 cm*15
cm) and their lengths are approximately 2.30 m. Besides the posts1éhstads
(shown with | in Figure 3.17) on the bridge placed vertically on the side lintels

between the studs in Tn*10 cm*230 cmmdimensions
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There arell tie beams on the bridge which af@own with Fin Figure3.17, placed
horizontally on the main beamiBhey are approximately 2.2 m lgnipeir width and

height are 15 crand 20 cmrespectively.

There are squareskctioned (1@m*10 cm) transversal bracings connecting the posts
and side lintelsThey are shown with G iRigure3.17. Their lenghs are approximately
1.50. Thereare also horizontal beams shown with H kigure 3.17, connecting
together the studs, posts and bracings. They d&ein * 10 cm dimensions arteir

lengihs changéetween 4 m to 7 m.

The roof elements arshown with K, Kz, Ks, Ks, L1, and L2in Figure 3.17. The
elements named as (purlins& wall plateg areplaced orthe posts and studs at each
side of the bridge through ispan Bothof L1 and Lo have squared sectior&em*12
cm and &m*8 cm respectively. Their lengths changes between 3 m to 3.5 m.

K1is a curvedoist placed between the two opposite po$tsere arell joists on the
bridge.Its width and height arapproximately 10 cm and 20 crmespectively. Kis
the hanger whichis placed on joistK. It is approximately 50 cm in length with a
squared section of 10 cm*10 cifthe rafters are shown withskand Ki. They have
squared sections, 10 cm*10 cm; thayein 1.50 m long and placed transversally

between the posts anidiges(L2). There are 22 rafters on the bridge in total.

The width and height of thdeckcoveringdeck plates arapproximately 15 cm and 5

cm respectively. They are placed on the main beams and their length is 2.20 in average.
Thelengths of roof covering ptes showdifferences, change between 1.60 and 1.75

m in average. Their thickness is about 2 cm whereas their width is approximately 11

cm.
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Hereby, it must be noted that the numbers of the elements were determined with the
help of the old photos of theidlge and measured surveys, bere might be small

margin of erroiin these numbers.
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E - L shaped bracings

Side A

A, - Cantilever beams

~4-5.25m

B - Beams between the cantilever beams K, K, Kj, K, L, and L, - Roof elements ~5 cm -

~10*10 cm

C - Main beams

Figure 3.17 Elements of the bridge and their dimensidsawedb y E z g ito illasadbeuheraindirectiors of the timber elemen)
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It wasnot able to define the construction process of such timber briddpe asithor
did not witness such an experience before. But by assessing the gathered information
about he Buzlupénar Bridge a hypothesis abo

as described in following paragraphs.

I n the case of Bandrictiop & thehbridg@possiblystarted with e
the construction of the abutments. In this case, a natura(wiikh is located where
the river narrowselatively)was chosen as one of the abutments and for the other one

stone masonry wall was built opgite to the natural rocK he inside of the stone

masonry walls was filled with rubble stones and clay modetail ofit is given in
Figure3.18.

Figure 3.18 Construction details of the stone masonry abutr(@aheral Directorate
of Highwaysd archive, 2014

The construction possibly continued with the placement of the cantilever begms (A

on the abutments at each side. They horizontally overlap on top of each other. There
are square sectioned horizontal beams (B) approximately 2.20 m long, placed between
the cantilever beams. The cantilever beams and horizontal beams are nailed to each
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other with wrought iron nails where they overlap. At side A, there are 5 rows each
consists of 4 logs and at side B there are 4 rows one consists of 7 logs aofiteach
other three consist of 4 logghe gaps between the cantilever beams are filled with
earth and stones as shownFigure3.19 andFigure3.20. Construction stagesf the
cantilever beams arghownin Figure 3.21 and Figure 3.22, coded froml-a to %I

respectively.

Figure 3.19 Stone infill between the Figure 3.20 Stone infill between the
cantilever beamwhich wereplaced cantilever beamwhich were placed
on stone masonry wall on natural rock

When constructions of the cantilever beams are compdststiownn Figure3.23-a,

the main beams (C)are placed on top of them, supported by the cantilever beams at
both endsas shown inFigure 3.23-b. The main beams are nailed to the horizontal
beams and cantilever beams with wrought iron nailskaschedn Figure 3.23; in
addition, 3 cantilever beams (A are placed at either sidé the main beamshown

in Figure3.23-c. The construction stages of the chwver beams and placement of the
main beams on top of them are showkigure3.21, Figure3.22, andFigure3.23.
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Figure 3.21 Construction staged the cantileverbeamd ( Made by Ezgi ¢ a
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Figure 3.22 Construction of the cantilever bear2d Made by Ezgi ¢cabuk)
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Figure 3.23 Placement of the maimeams on top of the cantilever beams, and
connection details of the main beam and cantileverb¢éaMsa d e by Ez gi ¢ a

57



Thedeck platesind tie beamare placed on main beams and cantilever beams at each
sideas shown irFigure3.25-e. As defined from the old photos of the bridge tlaeg
nailed to themain beams withl-2 nails at each connectipand as defined from the
measuredurveys and photos again, the diametehe original nails changes between
0.5 cm to 1 cm and their lengths were approximately 1-2@rmmm Then thepostsare
assembled, there is likenaortise andtenon type of connection between fasts and

tie beams, the lower edge of the posts areratthe holes on the tie beaas shown

in Figure3.25-f. Meanwhiletheside lintels are placed throughout the bridgeshown

in Figure3.25-g. Thee is a lappedonnectionbetween the side lintels and poats
sketchedn Figure3.25. The connections are secured with nails at several points.

On the next step, the studs gt into themortiseson the side lintels as shown in
Figure3.27-h. The mortise and tendgpe ofconnection is repeatddr the assembly
of bracingsitheyare placedransversallybetween the side lintels and postadthe
connections are secured witlails as $iown in Figure 3.27-i. Then the horizontal
beams which connect the studs aodtstogether arassembled, nailed thestuds,

post and bracings at several poimtsshown in figureFigure3.27-j.

At this stage,he L shapedbracings shown inFigure 3.24, are placed above the tie
beams, nailed to the tie beams and vertical beaswsketched inFigure 3.26 and
shown inFigure3.27-k. As it is understood from the old photographs of the bridge,
theshort legs ot. shapedracingswvere pounded to the tie beams with 2 orailsand

thar long legswere pounded to the vertical beams with 2 grals The L shaped
bracingswere produced from monoblock wood, suchtesbranched parts of a tree
(seeFigure3.24) The fibres othemextendin the direction of théegsby rotating90i

at the edgeThus, it is seen that the craftsman/carpenter was aware of the performing

of trunk.
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Figure 3.24 Details of thegraindirectiors of the L shaped bracingSrawn by Ezgi
¢abuk)

When theabove mentioned works are finisheals ®enin Figure 3.27-k, the
construction continues with tressemblyof theroof elementsAlthough the order of
construction stages of the roof elemente not yet certain, the details of the
connections of bateen them are given Figure3.29. These details were determined

from the old photos of the bridge and measured sur¥ielyegins with theassembly

of thejoists (Ki) between twagposts in the transverse directiffigure 3.28-1). The

mortise and tenon type of connection is repeated again between the posts and joists.
This is followed by assemble of thangergK?) overthe chordsnd placement of the

wall plates along the whole length of the bridggeinFigure3.28-m andFigure3.28-

n. The tenons at the edges of the hangers are put into the mortice on the joists and wall
plates are put into the mortises at the edges of the joist as shBgure3.29. Then

the rafters (K and Ki) areassembleds shown irFigure3.28-0; first K3 is interlaced

to the hanger, thens interlaced to both Kand Kz as illustrated irFigure3.29. All

of these elementgpist, raftes and wall plateshave interlacedonnections with each

other and nailedo each othemdditionally. The construction stages of the roof
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elements up to now are showrFigure3.29. Whenthese installations are completed

it continueswith the placement of purlirend ridge(L1 and Lo, repectively as seen in

Figure 3.30-p and Figure 3.30-r. The purlinsare nailed to the rafters. With the
installation of the purlins, theonstruction of the structural elements of the bridge
completecdas shown irFigure3.30-s. Finally, the roof covering platessembled with

nailing to the purlinsln addition to these, on the covered side of the bridge, a second
line of horizontal beamss constructed between the upper paftpostsand studs in

order to support the side covering plates, and the plates are nailed to these two lines of

horizontal lrams.
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Figure 3.25 Assembly and connection details of the deck plates, tie beams, side
lintelsand postt Made by Ezgi ¢cabuk)
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Figure 3.26 Connectiordetails of the tie beams, studs, posts, L shaped bracings

bracings and horizontal beams to each offtmawnb y Ez g i ¢abuk)
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Figure 3.27 Assembly of the studs, bracings and horizontal beams conngotsisy
studs and bracingstogetie™Ma de by Ezgi ¢abuk)
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Figure 3.28 Construction of the roof elements( Made by Ezgi ¢abuk)
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Figure 3.29 Connection detils of the roof elemeni®rawnb 'y E z g i ¢cabuk)
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Figure 3.30 Construction othe roof elements2 and theendof the construction
(Made by Ezgi ¢abuk)
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