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ABSTRACT

AN INVESTIGATION ON THE WATER SUPPLY AND DRAINAGE
SYSTEMS OF HISTORICAL TURKISH BATHS

Di li, Gul en
M.Sc., Department of Architecture, in Building Scen
Supervisor  : Asst. Prof. Dr. Ay Tavukguolu
Co-Supervisor: Mechanical EnginBart-Time Instr.

Levent Tosun

September 2008, 103 pages

Historical Turkish baths still keeping their functionsystems represent their
original architectural and building technologies. Studeshe functional systems
of historical baths are therefore needed to discover semimnologies and to

maintain them in working order.

This study was conducted on a™Bentury historicalTurkish bath, engdil
Hamam, in Ankara for assessment of its water suppty dminage systems.
These systems comprised of hot and cold-water supp§tewater and rainwater

drainage, were examined in terms of their adequacy, ¢g@ad faults.

Comparisons were made with certain other historical Thrk&ths to determine
their original water storage and consumption capacifies investigations were
made by using non-destructive methods. Among them, thelatdn methods



used for discharge capacity assessment of drainage systeraagul Hamam
and consumption capacities of its water supply system wael@pted and
developed from the calculation methods used for contempbualdings.

Serious dampness problems arising from certain roof drainagks fwere
identified in the building. The wastewater collection atscharge system was
found to have serious problems due to improper grading aneéqgonate flow
dimensions of drains and wastewater channels. The idesltien for the
improvement of discharge systems was discussed togeitflesome suggestions
on the urgent remedial interventions, preventive measuaed future

improvements.

The methods developed in this study were considered usefief@alculation of
adequacy and capacity of wastewater and roof drainage Systednof water
storage and consumption capacities of water supply syetetime other historical
baths.

Keywords: Water Supply and Drainage Systems, Drainageul@atms, Non-

Destructive Testing, Historical Turkish Bathgngul Hamam
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TAR H TURK HAMAM YAPILARININ TEM  Z VE ATIK SU
DUZENEKLER UZER NE B R NCELEME

Di li, Gul en
Yuksek Lisans, Mimarl k Bolima, Yap Bilimleri
Tez YOneticisi : Yrd. Dog. Dr. Ag Tavukguolu
Ortak Tez Yoneticisi : Makine Miihendisi, Yar —Zama@l retim

Gorevlisi Levent Tosun

Eylil 2008,103 sayfa

levsel sistemlerini halen korumakta olan tarihi Turk hangamlar , kendilerine
0zgl mimari ve yap m teknolojilerini temsil etmektedirleBu nedenle tarihi
hamamlar n 6zgln levsel sistemlerini ve ¢ama prensiplerini iyi anlamak, bu
yap lar n performanslar n devam ettirmeleri ve bunaejiinkoruma c¢al malar

ac¢ s ndan 6nem tamaktad r.

Bu cal mada, Ankara’'daki bir 15. ylizy| Osmanl ddnemi hamam yapan

engul Hamam , tahribats z yontemler kullan larak incelentemiz ve atk su
duzenekleri, yuzey @mleri, yeterlilikleri, boaltma kapasiteleri ve
aksakl klar /sorunlar bak m ndan ayr nt| olarak cdin tr.

Tarihi hamam yap lar nn 6zgun durumlar ndaki su depolama vellsetimi
kapasitelerini belirlemek amac yla bir¢cok tarihi Turk hamaap § incelenmi,

Vi



bu yap larn scak ve sok su depolar ve gun icerisinde tuketilen azami su
miktar hesaplanmtr.

Cal ma kapsam nda, k z I6tesi s | goruntileme, malzeme badaim n gorsel
analizi gibi yapya zarar vermeyen tahribats z gbdmer kullanlmtr. Bu
yontemlerden, su deposu boyutlar, temiz ve atk su/akackimaneklerinin
de erlendiriimesi amac yla kullanlan kapasite ve yetdrlilhesaplamalar,
gunumiz yap lar nda kullan Imakta olan hesaplamalarengtul Hamam 'nn

Ozelliklerine gore geltirilmi  ve uyarlanm halidir.

engul Hamam’'nn cat akaglama sisteminin, bilingsiz mutidéia ve
bak ms zl k neticesinde gunimuiz kdlar nda yetersiz oldw gdézlenmitir.
Ayrca su ak na ters olan yuzey @mleri, yetersiz gider ve toplama kanal
boyutlar nedeniyle, yapnn atk su toplama ve akaclamgeminde ciddi
problemler gozlenmtir. Akaclama sistemlerinin iyileirilmesi igcin uygun

ko ullar belirlenmi; acil midahale gerektiren durumlar ve kapsaml onarm ve

bak m programlar n n geliriimesi i¢cin dnerilerde bulunulmdur.

Bu cal ma ile gelitiriimi olan hesaplama ydntemleri, dér hamam yap lar n n
temiz ve atk su/akaglama dizeneklerinin yeterlilik ve pdsitelerinin

de erlendirilebilmesi a¢ s ndan 6nem taaktad r.

Anahtar Kelimeler: Temiz ve At k Su Duzenekleri, AkagkaHesaplamalar ,
Tahribats z YontemlITarihi Turk Hamam Yap lar ,

engul Hamam
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CHAPTER 1

INTRODUCTION

In this chapter is first presented the argument for aadbjectives of the study,
under Sections 1.1 and 1.2, respectively. It continues \Bigation 1.3,
“Procedure”, where the basic steps of the study armedtand conclude with
Section 1.4, “Disposition”, in which a preview of whateisbodied in subsequent

chapters is introduced.

1.1 Argument

Historical structures present the architectural, consomned, cultural and
economic features of their time. In other words, taeg the basic documents for
their constructional technologies and performances. fyrbese structures, the
historical baths are qualified structures providing evidencesitative original
technologies of functional systems of their timethe history of Anatolia, which
extends up to the 7000 B.C., the historical baths occupiymanrtant place,
responding to different demands of mankind according to géegraphical
conditions. In addition to some archaic baths maitg their presence partially
or wholly up to this time, standing historical Turkishhzatepresent old traditions
and technologies related with water.

There are some studies on the baths and bathing cultine mstory (I k, 1995;
Yegul, 2006; Yegul, 1992). However, there is only a limitechber of studies on
the definition of historical water supply, heating, raater and wastewater

drainage systems of historical baths and their assessm&rms of adequacy,



capacity and faults (Baran and lken, 1998; Baaran, 1995; peko lu, et al,
2004; Onge, 1995; Onge, 1988; Onge, 1981 Temizsbg), 2003) and on the
non-destructive testing methods to do these investigatidras/ukcuo lu,
Duzgune, Demirci and Caner-Salt k, 2007; Tavukclig Duzgine, Demirci and
Caner-Salt k, 2005). However, the discovery of funetiosystems, the well
understanding of their technologies and performances ssengal for the

maintenance/conservation of historical baths.

In most historical Turkish baths, the traces of the sechire, construction and
functional systems can only be observed from the dations remained as the
original part of the structure (Onge, 1981). As Onge stated (188mhpugh the

plan organization of those structures remained almost ngebathrough the

centuries, due to the unconscious interventions, sucheagse of incompatible
contemporary materials for repairs, most historicéhddnave lost their inherent
functional technologies contributing to the efficiemée of energy and water
sources and efficiently functioning drainage systems. mbeifications on the

water supply and drainage systems of historical baths by agaihte modern

central running water system during restorations and ttenséructions of the

structures caused the loss of functional systems.

The study was conducted on a™&entury Ottoman bath, engiil Hamam,

located in the province of Ankara, Turkey. This structure tigpical double bath,
still keeping its original architectural features and imgasystem and presenting
the original bathing culture. It was therefore selectedruoer to examine the
original functional systems in terms of rainwater dage system, hot and cold

water supply systems and wastewater collection and dgelsgstems.

Some other historical Turkish baths keeping their orighwtl and cold water
storage rooms were also selected to discover the ravigesaximum water
storage and consumption capacities for the historicaiSlubaths.



The use of non-destructive testing methods has a vif@rt@ance for historical
structures since they allow the analyses of structutteowti giving any damage.
The study is composed of consumption and capacity catmsafor water supply
and drainage systems of historical baths and supportechby dn-destructive
testing methods, such as mapping of decay forms and thftheemography. In
brief, the study was considered as a non-destructive siodg all investigation
techniques that allowed producing data and their analyses done by using

non-touching methods.

1.2 Objectives

The research was conducted to better understand the ormdiaedcteristics of
functional systems in historical Turkish baths, thegchnologies and
performances in terms of their capacity, adequacy arits.fathis knowledge is,
without doubt, essential to keep their proper functioningdog periods of time
and to plan appropriate maintenance/conservation progdewsioped by the
experts from different disciplines for their survivahéFefore, the responsibility
of experts in regard to safeguarding and a full understgrafithe architectural
heritage of those structures are of great concern.

In the light of these concerns, the specific objectofebe study were:
1. To discover the original technologies of some fumzti systems of historical

baths, such as, water supply, waste water drainage systerhand surface water
drainage systems.



2. To get knowledge on the hot and cold-water storage anduongtion
capacities of historical baths and ranges of these ¢egsador the historical
Turkish baths between 42and 19 centuries, belonging to the Seljuk,

Principalities and Ottoman periods.

3. To develop capacity calculation methods particulathéohistorical baths by
adapting the contemporary methods to the original ctexisiics of those

structures.

4. To improve the use of non-destructive investigatiorthods for in-situ
analyses, such as infrared thermography, leveling sumeynapping of decay
forms. These are practical in-situ methods that tt@mmonly-use is useful for
the examination of functional systems of historicedures.

It was finally deemed that results emanating from tkéhods used in the case of
engul Hamam could be applied to the other historicalcttres in similar

conditions for the assessment of their adequacy on ditgtiae basis and in

order to make suggestions for their improvement and evamice, such as urgent

remedial interventions, preventive measures, and fuéyar works.

1.3 Procedure

The study was designed to evaluate the functional systémmstorical baths by
using non-destructive testing methods. Apart from aalitee survey conducted
on library databases, severBéld observations of the author and a visual
documentation of functional systems gathered from thosereétions were
depicted to obtain required background information. Contaitt the General
Directorate of Pious Foundations through interviews figr measured drawings
was the other sources for this as well as for thepreéation of the results.



A set of non-destructive testing methods was used #oevhluation of functional
systems of engll Hamam . The study consisted of the mapping of dexaysf
leveling survey, infrared thermography and capacity andusty calculations of
the water supply and drainage systems. Infrared thermograpivg were taken
by the staff of Middle East Technical University MatesiaConservation
Laboratory. Information on the method used for the dggnealculations was
based on a contemporary method modified and developed aacdalithe
characteristics of the building at hand. The relewtandards used for these
calculations were obtained from the Turkish Standarststition.

After gathering all related documents, whole informations vamnalyzed to
evaluate the water supply and storage capacity of tiie Wwastewater discharge
system and the adequacy of the roof and surface waderage systems. The
water storage capacities and number of basins/clientiseobath at hand, were
also compared with some other historical Turkish batfsnging to 13' — 19"
century in order to assess the daily water consumpaienaf the historical baths
and also to discuss the relation between the watesumption, number of basins,
clients and effective floor area of these structuidsereafter, whole analyze

results were combined in comparison charts.

1.4 Disposition

The study is presented in five chapters, of which thrsdhitction is the first.

In the second chapter, a brief literature survey is ghesically on the general
description of the historical Turkish baths together whiir water supply system,
rainwater drainage system, wastewater collectiondeuharge systems.

In the third chapter, are given the descriptions of théemad, that is, engul
Hamam . Its hot and cold water supply system, wastewaeharge system, roof



and surface water drainage system are defined in this ch#@gser.the non-

destructive testing methods conducted engul Hamam are clearly described.

In the fourth chapter, the results obtained from nasirdetive testing methods
are presented in tables, figures, drawings, and chartise lfifth and last chapter,
the results are evaluated and discussed in terms afddgnguacy, capacity, and
faults of the service systems of the bath at handneSsuggestions for the
improvement of these systems and for the maintenaar@e conservation

programs are also explained at this part of the studgidBs, at the end of this
chapter the conclusion is drawn summarizing the findinfjshe study and

offering recommendations for further research work.



CHAPTER 2

LITERATURE SURVEY

In this chapter are presented the literature surveythéliollowing headings.

2.1 Historical Turkish Baths

Historical Turkish baths represent the continuous expegi®f bathing culture in
Anatolia. They keep their original architectural and diag technologies
reflecting the achievements of the past in terms dfliog materials, functional

systems and their design.

Yegul (1992) says that the historical Turkish baths aeectintinuation of the
Roman baths and bathing culture, which started with si@lak prototypes of
antiquity. The Turks confronted with the bathing traditioh Romans and
Byzantines when they arrived in Anatolia. Yegul (2006) afsdes that Turkish
baths developed especially in Ottomaeriod serving for public needs of
cleanliness and such kind of ceremonies as wedding, soklergircumcision.
The study of Temizsoy, Esenahlan, Tun¢ and Telatar (2003) supports that
statement and describes Turkish bath as a unique synfiésithing tradition of
Turks by adding their own bathing culture of Muslim concernorgcteanliness
and for water usage, on the existing cultural, architelctamnd technological
bathing tradition. Hence, to identify the baths constduatethe land of Anatolia
under the influence of Muslim rules, the term Turkish bstised.



| k stated (1995) that Turkish baths in Anatolia could bsstfi@d into two as the
public and private ones. Public baths are calledadls hamamor car hamam

that served for the people living in a village, a distdcta part of a city. The
private baths served for the people living in the palace$itary barracks,

caravanserais and the like. Turkish baths representypheal features of the
urban fabric that they were constructed in. In Ottopeniod following the Seljuk
era, public baths developed both architecturally and culuradiching a mature

state especially in the &entury.

2.2 Service Areas of Historical Turkish Baths

In historical Turkish baths there are mainly three isast changing section,
bathing section and service section. These sections weepined under
respective headings. The plan of a typical historical iSbrkath was given in

Figure 2.1.

Soyunmalik (Changing section)
Aralik

Toilet

Iliklik(Warm area)

Sicaklik (Hot area)

Water storage room

Firewood storage room
Furnace

T QmMmoQw >

Figure 2.1. An example of a historical Turkish bath: Hé@mza Menzil
Hamam , in Corum.
Source: Archives of The General Directorate of Pious Foundation, 2008



2.2.1 Changing Section§o ukluk, Soyunmal k, Camekan, Camegah

Ba aran (1995) describes the changing section, which is calega@dyterium in
Roman baths as the part of the bath used for changitiges| waiting and resting
near the entrance and sometimes it includes the eatrtns usually the largest
section of the bath. The bath entered from this section directly or from a
preliminary entrance space attached to this sectionizEeget al, (2003) state
that the space is either covered with a timber pitebetlor with a dome with the
illumination by lantern windowsfénel) placed in the middle. Also asK (1995)
states, in this section there are usually raised basonith wooden cubicles,
placed for the clients to change their clothes insideoffee house functioned for
serving coffee for the clients after their hot batd arsmall pool, that is, fountain
( ad rvan) with water jet(fiskiye)for enjoying with the sound of water, were the
indispensable parts of the changing section of the hiatdriorkish baths.

2.2.2 Bathing Section

In the study of Onge (1995) it is explained that bathing secis mainly

composed of two parts; warm area and hot area, whichadlesl as tepidarium
and caldarium in Roman baths, respectively. Warm eadlad, asll kl k is the

space entered from the changing section and constituteéirsh part of the
bathing section. Here the body is gradually adapted to befitre entering hot
area. It is usually composed of a main space, toilet gpithttay room. Skylights
on the dome illuminate the main space and the wallswareunded withmarble

platforms, which are called askiin most of the examples.

Temizsoy,et al. (2003) also explains the hot areehichis called ass cakl kas
thesecond part of the bathing section. It is the hottestgfdhe hamam in which

the bathing action takes place mostly. It is usually coeghad a central space



with a marble slabgbbekta ) in the center and of iwansyvar and cells
(halves) surrounding this central space. The central space,téaud iwans are
illuminated by the skylights either on the domes ortgaul

Temizsoy,et al. (2003) further says that in early examples of Turkisihdyaan
additional space is observed between changing and bathitignseavhich is
composed of toilet(s) and depilatory rodtma | k), called as intermediate room
(aral k). As | k (1995) states, intermediate room functioned to prevbat
changing section from the leakage of hot air and vaptineobathing section, in
later examples, is replaced with a space, which istddcaetween warm area
(1kl'k) and hot areés cakl k)thus toilet(s) and depilatory rooftra | k) become
part of the bathing section.

2.2.3 Service Section

Hot and cold water storage rooms; firewood storage roonfiandce together
with the hypocaust sectiofcehennemlik)constitute the service section of the
hamams. Water storage rooms are the spaces whereneatied for the cleaning
purpose is stored. The hot water storage rooms are ggreredired with pointed
or barrel vaults. Examples of water storage rooms #&aographed in the
fieldwork during the study (Figures 2.2, 2.3 and 2.4).

In the study of Onge (1995) it was stated that in ordeoimtral amount of water
in these rooms, to benefit from the vapor heated thak to be able to do
necessary repairs in these rooms, a window opening call€tls®rvation
window” is located in one of the iwans or halvets of hot agacent to the water
storage room of the bath (Figures 2.5 and 2.6).

Firewood storage room is another part of service sedtiomstorical Turkish
baths as Onge (1995) explaines, in which the wood, necessargating of the

10



bath is stored. Furnace is the part in fire wood storagm in which the heating
of hot water storage room and bathing spaces take pladéisl part, there is
generally an arched opening in the form of a fireplacen®paitside for lighting
the fire. Just over the fireplace, in the middlere¢his mostly a concave copper
boiler for heating water in the water storage room yfitle in the furnace, which
is photographed in various examples during fieldworkhef $tudy (Figures 2.7
and 2.8)

Onge (1995) further explaines that, the bathing sectioneobéth is generally
heated by the circulation and dispersion of flaf@ev) and smokgduman)that
result from the burning up of firewood inside the furnace. Thisulation and
dispersion take place inside tbenennemlikall through the underground of hot
and warm area of bathing section, examples of whichoginaphed during the
fieldwork of the study are given in Figures 2.9, 2.10 and 2.11.

Temizsoy,et al. (2003) states that, there are vertical stacks, calletiitaklik
which are the parts of service section designed to suppdrinterrelate hot water
supply system in the baths. Vertical sta¢ligeklik) are constructed as a hole
inside the massive rubble stonewalls but there are tataacgertical pipeskiink
inside them (Figures 2.12 and 2.13). Besides hedtiteklik on the exterior walls
provides control of heat loss or transfer while onesheninterior walls keep hot
water circulating at a certain temperature inside #th b

11



Figure 2.2 A view of the water storage room with brick &lavault covering
above and concave boiler below in Y Id r m Beyazankbm in Mudurnu, Bolu.
Source : Archives of the Author

e

Figure 2.3 A view of the water storage room indHamam , in Beypazar ,
Ankara.Source : Archives of the Author

\ - |
Figure 2.4 A view of the water storage room in Yal HamamTekirda .
Source: Archives of The General Directorate of Pious Foundation, 2008
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Figure 2.5 A view of observation window in ReHamam in Beypazar , Ankara.
Source : Archives of the Author

Figure 2.6 A view of observation window in Yarhisar Koyinkéam , in Bursa.
Source: Archives of The General Directorate of Pious Foundation

Figure 2.7 Views of furnace section iengul Hamam in Ulus, AnkaraSource :
Archives of the Author
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Figure 2.8 Views of furnace section in Y Id r m Beydddamam irMudurnu,
Bolu.
Source : Archives of the Author

01/08/2007

06/23/2007 541 pm

Figure 2.9 Views of hypocaust secti@@hennemlik)n Paa Hamam , in
Beypazar , Ankara.
Source : Archives of the Author
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Figure 2.10 Views of the hypocaust section in Y Id r m Betyplamam , in
Mudurnu, Bolu.
Source : Archives of the Author

Figure 2.11 A view of the entrance part to the hypocausbsdaty Id r m
Beyaz t Hamam, in Mudurnu, Bolu.
Source : Archives of the Author
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Figure 2.12 A view ofuteklikrising inside the wall up to the roof in
Y Idr m Beyaz t Hamam , in Mudurnu, Bolu.
Source : Archives of the Author

Figure 2.13 A view ofilteklikin Paa Hamam , in Beypazar , Ankara.
Source : Archives of the Author
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2.3 Water Supply and Drainage Systems of Historical Turkish Bath

A brief literature survey is given below under respectieadings on the water

supply system and drainage systems of historical Turkigts blarough references

from selected sources. Due to the fact that therensiderable lack of knowledge

in literature on those systems of historical Turkisthbathe data hereunder was
supported with the field observations and photographs dtitieor.

2.3.1 Water Supply System

Onge (1995; 1981) and Yegul (1992; 2006) conducted the most comprehensive
studies related with the water supply systems of histobaths. The authors
described and visually documented the service systems ofahtis¢ historical
baths.

Yegul (2006) states that existence of abundant water e@essary to be able to
construct a bath in a province. In Ottoman period peopfetwdring water that
would be used in the bath, to the point of city wherebtté was built. Then this
source of water was connected to the city network anah fieere to the water
storage room of bath with the help of large diameteatetta pipes. Thus, with
the help of the construction of a bath in a region, amotinvater brought to a
city was increased. How much water could be consumed wtsmon the title
deed, that istapu of each bath. The amount of water was measuredmatsura
and then that water became the right of that batle.r@asuraequalized to 14.5M
and each bath could consume 1.Bx@surawater per day. The operators of the
bath did not pay any money for the water consumedeimtiiding

Yeqgul (1992) further states that, before aqueducts becamenaomwells,
cisterns and roof tanks were the components of ther sapply system of Roman
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baths. They continued to be used as the supply of watmall-sized ones even
after the development of water distribution systemil@rly, Onge (1981) points
out that in historical Turkish baths, like Roman lsatihhe needed clean water was
supplied from natural water sources like stream, lakesspndgs or from wells
and cisterns. Dissolved snow and rainwater gathered orottieof the structure
was also used as the supply of water.

Onge (1995) says that, the water storage room, terracptsa(kiink)and basins
(kurna) are the elements of the water distribution systerhigtorical Turkish
baths. The hot and cold water is distributed from theemstorage rooms to the
bathing spaces by means of terracotta pipes and then cahteettee taps of the
basins. Most of the basins are made of stone. Accotdinge literature survey
and field observations, it has been seen that, fertypical historical Turkish
baths having iwans and halvets surrounding the centerddraah section, there
are usually two basins placed in halvets and three basingans in original
(Temizsoy,et al, 2003; Onge, 1995).

peko lu, et al (2004) explains that basins are generally in circularj-s&oular,
semi-octagonal or in such similar forms some of whiath geometrical or
mugarnas decorations (Figures 2.14, 2.15 and 2.16). Onge (1995) ttiatrtise
terracotta pipes which are also calle@rbahor pohrenkare placed along the
walls of bathing section (Figure 2.17). The author definesethpipes as
cylindrical in form and one end is larger than the otbebe connected to each
other. One end is approximately 9cm, the other is 13cmameter, 1.5cm in
thickness and 25-38cm in length. They are embedded with apn@iémortar
calledlékiin along the walls Onge (1981) further claims that, in hisaburkish
baths, these terracotta pipes are usually connected trwadlakor maksemyhich
is in the form of a perforated stone coffer placed iniche in the height of a

person in the wall of the water storage room.
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Onge (1981) explains that, the terracotta pipes could ber eititwo rows both
for hot and cold water or in one row only for hot watecading to the necessity
or the size of the bath. From the field observatioesatiithor concludes that only
hot water run through the taps of bathing section in mb#teohistorical baths
between 12 and 1%' century even in the fBcentury. In Paa Hamam, in
Beypazar, Ankara; in engll Hamam ,in Ulus, Ankara; in Y Idr m Beyazt
Hamam, in Mudurnu, Bolu; in Yarhisar KOyd Hamann Bursa; in Cukur
Hamam, in Manisa, and in Kamanl Hamam, in Urlanir terracotta pipes are
placed in two rows both for hot and cold water (Figures 22189 and 2.20),
while as peko lu, et al. (2004) states, in Buyik Hamam and Kiguk Hamam, in
Seferihisar; in Kaleici Hamam, in Sick and in Ozbek Hamam, in Diizce

terracotta pipes are placed in one row for hot water. only

Figure 2.14 A view of a stone basin in tepidarium sectfon o
Y Id r m Beyaz t Hamam in Eskica a, Bolu.
Source: Archives of the Author
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Figure 2.15 A view of a basin in Cukur Hamam
Source: Temizsoy, et al., 2003, pp.8

Figure 2.16 Detail of a basin in Cukur Hamam
Source: Temizsoy, et al., 2003, pp.8
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Figure 2.17 A view of a terracotta pipe in Réddlamam jn Beypazar , Ankara.
Source: Archives of the Author

Figure 2.18 Teraces of terracotta pipes observable astikartal bant on the
wall of Y Id r m Beyaz t Hamam in Mudurnu, Bolu.
Source: Archives of the Author

Figure 2.19 Terracotta pipes arranged in two rows on top bfaaer carrying
hot and cold waterYarhisar Koyl Hamam, in Bursa.
Source: Archives of The General Directorate of Pious Foundations, 2008
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Figure 2.20 Detail of terracotta pipes arranged in two rav&manl
Hamam, in Urla, zmir.
Source: peko lu, et al., 2004, pp.8

In an investigation pertinent to the service systemigibrical Turkish baths, a
14" centuryBeylikler period hamam, Cukur Hamam, in Manisa was examined in
terms of its original water supply system, surface wa@inage system and
heating system (Temizsogt al. (2003). In this study, both hot and cold water
supply systems of the structure were analysed, in teftheir original slopes and
levels. The authors found that in Cukur Hamam, a cestape was used to carry
the water by terracotta pipes and gravity was used fadigiebution of water. In
the study the terracotta pipes on the walls were olddovéde arranged in two
lines parallel to each other to carry hot and cold mwateere hot water pipe line
was below the cold water pipe line as shown in Figure 2.2ih Bot and cold
water pipe lines were found to have seperate stoppershdthand cold-water
supply system and wastewater discharge system of Cukur rhlasgiven in
Figure 2.22.
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Figure 2.21 Detail of terracotta pipe in Cukur Hamam.
Source: Temizsoy, et al., 2003, pp.4

Figure 2.22 Plan of Cukur Hamam showing the hot and cold-wert@cotta
pipelines which carry water in two lines at a certanpslwith a gravity
arrangement.

Source: Temizsoy, et al., 2003, pp.4

23



In another study,peko lu, et al. (2004) investigated the water distribution system
in a group of Ottomaibaths. In that study the authors found that the coldrwate
could was distributed to the bathing spaces after cailpati a cold-water storage
room or it could be distributed by terracotta pipes withmltecting in a cold-
water storage room. In the first case, after collectibclean water in cold-water
storage room sufficient quantity was transmitted to titenlater storage room and
the rest was distributed to the bathing spaces by tetaapgies. The authors
observed such an arrangement in a double bath in @nha;,. In the second case,
clean water was brought to the hot water storage room the cistern or well
either by stone channels or terracotta pipes at the uppsrdé the hot water
storage room. In this arrangement, cold water suppliebotti the hot water
storage room and the bath were directly transmittetheéotaps running in the
basins and to the fountain. The authors observed suahlramgement in Ulam
Duzce and Kamanl Hamamlar (Figure 2.23).

Figure 2.23 Plan and section drawings of Dizce Hamam spdivnwater
supply system of the structure.
Source: peko lu, et al., 2004, pp.3
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In another study, related with the heating of hot watgiply of the historical
baths, Baaran and lken (1998) investigated the thermal analyses of the heating
system of a small bath in Ancient Phaselis. The astbalculated the heat loss
from the reconstructed bath and determined the masgdkanof the fuel and gas
by making the gas analyses. Following the determinaticdheofequired design
temperature, humidity and thermal conductivity values,oenputer program
based on the finite difference method was prepared. Theisteimperature
distributions, heat transfer to the bath and the chaofyjechimney's gas
temperature was calculated by using this program. It wasdfthat there was a
rather small amount of heat transfer from the hypstaection of the bath to the
bathing section, which made it impossible to provide necessamperature
conditions in winter times. Baran (1995) calculated the transfer of heat to be
less from the floor and walls than from the roof amtheated walls. The author
also found that there were not very big differencefhénsurface temperatures of
floor areas between the caldarium and tepidarium aetisince the floor
thicknesses were similar to each other though it migghtmore in caldarium.
There are some studies done on the historical water sggplgms of Turkey
(DSI, 1984; Ozand, 1967; Ozi1994). In these studies mostly the pipelines of the
water supply system were described visually as seen ine~@g@4 but their

capacities were not analyzed.

Figure 2.24 The terracotta pipes carrying hot and cold watketoath in two
lines, in Milet.Source: Ozi, 1994, pp.63
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Ozand (1967) claimed that, though, from the excavatidrveas known that the
city Ankara was constructed in 2000 B.C. by the Hittiteliza&iion, because of
the invasions throughout the history, the earliest sra¢avater supply system in
Ankara could only go back to Roman period. The Romans sithany temples,
bazaars, fountains and baths in the cities that theledets a result they
constructed large water supply installations to bring mate¢he city and thus to
those structures built inside that city.

Ozand (1967) did the most detailed study on the historyn&f#a city water. The
author gave information about the water installationthefcity, which had been
constructed in the history. The plan of historical waeserves and pipelines of
Ankara was given in Figure 2.25. The author also describedvaber supply
planning of Ankara in 1936, which was shown in Figure 2.26.

There were four water supply installations built in Argkar Roman period which
were in Kaya and Elmada (Figure 2.25), (DSI, 1984; Ozand, 1967). Ozand
(1967) stated that, in Ankara, the water needed for theaRdrath was supplied
from the water reserve in Kayabuilt in Roman period (Figure 2.25). But only
low parts of the city could use that reserve, so arotbserve in Elmadathat
was 1000 m high from Ankara was constructed in Roman perigdré~2.25).
Through terracotta pipelines laid underneath, the watedetefor high parts of
the city was provided. The water supply afngil Hamam might be provided
from the water reserve in Elmadavith terracotta pipes since the hamam was
construcuted at a high point of the city. Ozand (1967) furthated that the
earliest written information about the water supply sysbé Ankara started in the
period of the Governor Abidin Pasha. In that period, tagemsources of EImada
were repaired to a large extent and the water in thesssrves was poured to a
water storage located in Cebeci, AbidirgpaThe water supply of Ankara Castle
was also provided with the help of cast iron pipes laiderneath, started from
that water storage. Thus the use of cast iron pipeslditi@n to the terracotta
pipelines was observed for the first time in Ankandate 18 century.
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Figure 2.25 The historical water reserves and pipelinesikéra.
Source: Ozand, 1967 pp.5

Figure 2.26 Water Supply Planning of Ankara in 1986urce: Ozand, 1967, pp.9
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2.3.2 Waste Water Collection and Discharge System

In this section are presented the results of variaidiest conducted on the waste
water collection and discharge systems of historicaiShrbaths mostly obtained
from the field observations of the author, since thetlanited study done on that

subject.

peko lu, et al (2004) explains that the open channels; arranged onotbwes fbf
the caldarium and tepidarium sections of the bathketspidischarging the waste
water collected through these channels to the outsma, drains and the outlets
constitute the waste water collection and dischargéesy of historical Turkish
baths. The authors further explain that the open wastewhannels are generally
located along the walls and/or along the bottom edgélseoélevated platforms,
which are generally covered with marble. The waste miatelirected towards
these channels with the help of the inclined floor arramgegsnof the bathing
spaces and discharged either from the toilet or franctiner of the one wall of

the structure to the outside (Figure 2.27).

Figure 2.27 A view of the waste water collection and disgé system in Buyuk
Hamam, in Seferihisar.
Source: peko lu, et al., 2004, pp.7
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In a field observation of the author, Y Id r m Beyadamam , in Eskicaa, Bolu

was examined in terms of its wastewater collectiosh discharge system. In that
structure waste water coming from the thalvetof caldarium section and from
the tepidarium section was observed to be transmittéiaet outlet located on the
west wall of tepidarium section and from there disghdrto the outside of the

structure.

On the other hand, the wastewater collected on theateld platform of the
caldarium section was directed towards the toilet wiglope arrangement of 2%
and discharged from a floor drain located in the toietwas found that the
dimensions of waste water channels were not the sdintfeough the bath, such
that, their dimensions were observed to vary in timgeaof 7.5-15cm in width
and 7-8cm in depth. It was also found that there was a slwpegement in the
bath to direct the wastewater to the wastewateratale channels. At floor level
of halvetsections, the wastewater was found to be directedrdisvtae caldarium
where there was a central wastewater collectionesystlong the wall edges
(Figure 2.28). These channels were observed to collecewatsr by means of a
slope arrangement varying in the range of 1-3%. Howevex, slhpes in

tepidarium were found to be 2 %.

Figure 2.28 A view of waste water collection and dischahganels in Y Id r m
Beyaz t Hamam, in Eskica, Bolu.Source : Archives of the Author
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In another field observation, wastewater collectamal discharge system of Ra

Hamam , in Beypazar, Ankara was investigated. In this streche wastewater
was observed to flow from the elevated platforms toldher levels, and then, it
was directed towards the open channels surrounding thesdgdis of caldarium
section. Their dimensions were observed to vary irrdhge of 6-12cm in width
and 7-20cm in depth. The wastewater collected in thesenelsawas discharged
by means of a floor drain with the dimensions of 16.5c&®>6cm in width to

depth, located in the middle of entrance of the caldasection (Figure 29).

Figure 2.29 Views of wastewater collection and dischang@cels and floor
drain in Paa Hamam , in Beypazar, Ankara
Source: Archives of the Author

In Yal Hamam , in Tekirda the open wastewater channels were observed to be
arranged along the bottom edges of the elevated platfantisalong the wall

edges of the caldarium and tepidarium sections (Figure 2.30).
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Figure 2.30 Wastewater channels in Tekirdag, Yal Hamam.
Source: Archives of The General Directorate of Pious Foundations, 2008

As seen in Figure 2.31peko lu, et al (2004) investigated Ozbek Hamam, in
Urla, zmir and observed that waste water coming filwaitvet, was separately
transmitted to the channels lying along the bottom edgdsedlevated platforms
in the caldarium section and sent to the outside ftarcorner of one wall. Also
as seen in Figure 2.32, in Kamanl Hamam , in Udajir, the authors observed
that, the wastewater coming frolmalvets was discharged through the open
channels in the main space of the caldarium and wagaddram the corner of

one wall of the tepidarium to the outside.

Figure 2.31 A view of waste water collection and dischahganels in Ozbek
Hamam , in Urla, zmir.
Source: peko lu, et al., 2004, pp.6

31



Figure 2.32 — Analyses of the wastewater collection athdrge system
in Kamanl Hamam , in Urla,zmir
Source: peko lu, et al., 2004, pp.6

In another study, Temizsogt al. (2003) examined the surface water discharge
system inCukur Hamam.The authors found that the wastewater was directed
towards the wastewater channels by means of inclined #odaces with the
slope arrangement of 2% or 3% from caldartertepidarium as shown in Figure 2.22.

2.3.3 Rainwater Drainage System

The study done by Onge (1995) showed that the frigidariutioseaf historical
Turkish baths of 1L and 12 centuries was generally covered with timber frame
upper structure with earth covering. Aﬁer‘ﬁcﬁentury, most of those earth roofs
were replaced with timber pitched roofs with tile congriHowever, the author
further states that in historical Turkish baths of Bhd 18' centuries, different
roof types with different materials are observed. Stanmg/or brick vaults and
domes were seen in most of those structures to cdwercaldarium and
tepidarium sections of the roof on which proper roof ptasteere coated or even
left grouted. The use of lead to cover those stone ahdék domes and vaults of

the structures was started in™&entury with the mud plaster coating underneath.
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Although there are some studies on visual descriptiosap#rstructures and roof
types of historical Turkish baths, there is not any stimye before on rainwater
drainage systems of those structures. However, therdénsted study conducted
on the assessment of rainwater drainage systems foorited buildings
(Tavukguolu, et al, 2007; Tavukguolu, et al, 2005; Tavukguolu, 2001). In
these studies, the dampness problems aflklarahan (Aksaray) and their sources
were examined in terms of rainwater drainage systemactaistics, faults
occurred in time, material weathering related to thesksfand the interaction of
climate. A method for the adequacy assessment of rogfady@isystem was also
introduced. In that structure the surface conditions efrdof were found to be
unacceptable due to the high propensity for absorptionimfiaéer and the ideal

dimensions for the spout openings were suggested to copehuthevitoof runoff.

There are also studies on the roof covering plastebsstdrical baths (Caneet
al., 2005; Caner-Salt ket al., 2005; Caner-Salt ket al., 2004). Investigations
showed that there was an advanced plaster technologgtamyh For instance for
two 15" century baths, namely, Hersekzade AhmeaR4amam and YahBey
Hamam , it was understood that, the lime-based roofrcayglasters applied in
layers, had high water vapour permeation and water prooféa

In another investigation, Boke and Akkurt (2003) examined twesyof historic
hydraulic plasters from a selected Ottoman bath; tisé dif which was original
and structurally sound, while the second one was repaieplasd deteriorated.
No significant differences were found between the naaterial compositions and
the pozzolanic activities of them. But ettringite tays were detected in the
historic repair plaster by XRD, FTIR, and SEM-EDS asily Then it was
claimed that, the repair plaster might be deteriorated to the expansion
generated by the growth of ettringite crystals in tlaestelr.
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In another study Esemrt al. (2004) examined the material properties of historic
plasters, brick and stone mortars of Cukur Hamam, in Mamisvas found that
the contemporary building materials such as factoigkband cement-based
platers/mortars were incompatible with historic onescsold not be used for

repair purposes.

Finally, U urlu (2006) investigated the material characteristidsooshsanplasters
used in some historical baths belonging to Ottoman péarittila and Seferihisar
( zmir) by using XRD, SEM- EDX, AFM and chemical analyséd. of the
plasters are porous and low dense. Multi-laydr@dsanplaster application with
the less porous one as interior finishing layers providaterproof surface to the
levels beneath.

2.4 Use of non-destructive testing methods

The non-destructive testing methods used during the studieaceibed below.

Mapping of decay forms is one of the methods used duringudg. Mapping is
the classification, documentation, and presentationsofiaVideterioration types on
a building, its facade, or on the objects. In other watds a preliminary on-site
visual survey to reveal the salient features and the gmolreas of the subject
matter. By this method, an historic object or buildingyrba accurately analyzed,
non-destructively, and its damage is diagnosed. In ththadethe amount and
distribution of deterioration types of the materiatstee structure was surveyed
by field drawings. The most common way for the deternomatif decay forms is
the use of Fitzner’'s method in which the type of dgmasent in every point of
the surfaces and the global extension of each typoldggegradation are
specified from less severe to severe according to ,cdiposits, detachments,
loss, cracks and so on (Fitzner, Heinrichs and Kowmnat¥97; Fitzner,
Heinrichs and Volker, 1996; Fitzner, Heinrichs and Volker, 1995).
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Leveling survey is another method used during the studies, wghachlanimetric

survey, conducted to record the topographical featuresahtérior floors, roof,

and the immediate grounds of the building periphery at handhis method

readings are then converted into the detailed maps ahtiégor floors and the
roof, both of which indicating the surface slope arrangenme reference to
discharge components, such as wastewater collectiomelsaat interiors of the
building or waterspouts of the roof. The maps are usee@termine the directions
and rates of surface falls and their extents, which nitagessible to locate the
areas having a potential risk of ponding due to the inseifticand/or reverse
slopes (Tavukcuoglu et al, 2005; 2007; 2001).

Infrared thermography method, used mostly for the topidsi@fand energy, is
another method used during the study. This method was useddar to
investigate the distribution of damp zones in the batictire and to determine
the failure zones, especially where thermal and m@&dbuidges were observed.
The use of this method for the examination of historlmaldings is highly
increased at present, which gives possibility to produce #ienaps showing the
temperature distribution on building surfaces in colors esponding to a
temperature scale (Avdelidis and Moropoulou, 2004; BurnallidWis and Jones,
1988; Clark, McCann and Forde, 2003; Grinzato, Bison, Marinettc&s and
Fais, 2004; Grinzato, Bressan, Marinetti, Bison and Bonad@@2; Grinzato,
Bison and Marinetti, 2002; Grinzato, Vavilov and Kauppinen, 1998 d&amr-
Yucel, Tavukcuolu and Caner-Salt k, 2007; Meola, Di Maio, Roberti and ®ari
Carlomagno, 2005.; Tavukgulo, et al., 2005; Tavukguolu and Caner-Salt k,
1999).

During the thesis study some capacity and adequacy aadnd were used. The
roof drainage calculations were made to assess theadigc capacity of the roof
discharge components and their adequacy whether they praceetable rates
of water evacuation from roof surfaces. The ideal 8dna were also examined

to achieve a proper roof slope arrangement providing roof deeding each
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discharge component and to determine satisfactory flomembkions for these
components. The roof drainage calculations were basd¢kdeomethods explained
in the literature (Barry, 1988; BRE Part 1, 1976; BRE Part96; ISISAN,
1997; Griffin and Fricklas 1995; Hall, v.3, chapter 5, 1996; Hall, chapter 8,
1994; Tavukguolu, et al. 2007; TS EN 12056-3, 2005), and adapted to the
characteristics of the roof at hand.

The hot and cold-water storage capacities are examinedldylating the usable
volume of storage room. There are some calculatiothads defined in the
standards in order to calculate the rate of wastewarteoff from the taps and the
flow dimensions of discharge components for a propenagai of wastewater
(Hall, v.1, chapter 8, 1994; TS EN 12056-1, 2005; TS EN 12056-2, 2005; TS EN
12056-3, 2005).

The water storage/consumption and wastewater drairdg@ations based on the

methods/standards explained in the literature were adaptedeseloped for the
case of historical bath structures in this study.
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CHAPTER 3

MATERIAL AND METHOD

Here are presented the material and method of the Sthdyformer describes the
hot and cold water supply systems; wastewater colleeaim discharge systems
and rainwater drainage systems ehgul Hamam . The latter presents a detailed
account of the various non-destructive investigation auth These methods
coveredthe mapping of decay forms, leveling survey, infrared imagary
storage capacity calculations for hot and cold water gugystems and discharge

capacity calculations for the wastewater and rainwgri@nage systems.

3.1 Material: engul Hamam

engul Hamam is a typical Ottoman double bath (Figures 8d13a2). It was
constructed with stone masonry walls with brick tramss and brick upper
structure. The floors of the bath were covered withbfeatiles at interiors and the
immediate periphery of the building surrounded with agpbaled streets at the

north, west and south.
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Figure 3.1 Plan ofengul Hamam
Source : Archives of the General Directorate of Pious Foundations, 2008

Figure 3.2 Views of engul Hamam : the north fagade entrance to the mert's pa
(at the left); the west facade - entrance to the arospart (at the right) and the
immediate periphery of the building surrounded with asghealed streets at the
north, west and south.
Source : Archives of the Author
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The bath is composed of basically three sectionsidarngm (F), Tepidarium (T)
and Caldarium (C). There are also spaces serving for gaotls, such as cold-
water storage room (CWSR), hot water storage room (HWfgByvood storage
room (FWSR) and furnace (Fu). These sections bothhlemtomen and men’s
part were presented in Figure 3.3. Both sections are h&atedunderneath the
floor. At the center of the caldarium an elevated bieaplatform,gtbekta, is

located, which is the hottest surface of the bathrélaee stone basirfkurna) in

which hot and cold water were mixed to achieve a desiregheeture for
bathing. In as-is case, there are 43 basins in total: 2dshaswomen’s part and
19 basins in men’s part. The firewood storage and hot and @ift-\storage
rooms are located at the east side of the buildinghewrs in Figure 3.3. The

furnace is located at the bottom of hot water storageroo

Figure 3.3 Plan ofengil Hamam showing the sections for women and men’s
parts and the section DD showing the locations of fuarax hot water storage
room.
Source : Archives of the General Directorate of Pious Foundations, 2008
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3.1.1 Hot and Cold Water Supply of engul Hamam

As cited in the literature survey section, according ® dperators of engul
Hamam, the cold-water was supplied to the structure ftben mountain

Elmada, located 41 km at the east of Ankara.

The potable water has been carried to the cold watexgg@oom of the structure,
by means of large-sized terracotta piping system, called'naslak” or
“maksem”, which is the main branch of cold water supply to thecstire (Onge,
1995; Onge, 1981). Terracotta pipes buried in the masonry waladnlihes
provided the water distribution in the structure: the firs¢ was for the cold-
water (unheated water) and the other one was for ahevhter (heated water)
supply. The original water supply system is not visilil@r@sent, however, the
traces of terracotta piping is still observable engil Hamam, carrying cold
water from the cold water storage room to the hotewatorage room (Figure
3.4). At the interiors, the stoppers of the historicatexr supply system feeding
the taps of stone basins were also visible on the (Walre 3.5). The old water
supply system is out of usage at present. Instead, airoaspiping system
functions and runs horizontally on the wall at a leabove the historical one
hidden in the wall. The usable volumes of hot and coldwsttgage rooms, in
other words, their maximum water storage capacitigg, were 45m for hot
water storage roorand 62m for cold-water storage room. Since the cold water
storage capacity of the bath is larger than the hoémsiorage capacity, carried
water must have been used at the first centuries abistruction that is before
the water source of EImadavas connected to the bath to feed the storage rooms.
The values found for the water storage room capacitiee wee original
capacities of the bath since the dimensions of thag¢orooms and overflow and

outlet levels were not changed in time.
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Figure 3.4 Views of the traces of the historical terri@cpiping in engul
Hamam , running at the west wall of the firewood storagan.
Source : Archives of the Author

Figure 3.5 Views of the stoppers belonging to the old watpply system located
close to the level of present piping system.
Source : Archives of the Author

3.1.2 Wastewater Drainage of engul Hamam

The waste water flows from the elevated platformtheolower levels, and then,
by means of cross falls, it is directed towards theereof caldarium where there
is a central waste water collection system surroundi elevated marble
platform (Figure 3.6). The discharge components of thetemaater collection and

discharge system were the open channels and floor dfdies.dimensions were

41



observed to vary in the range of 6-4cm and 14-18cm in width depth,
respectively. The wastewater collected in these chamrsgslischarged by means
of floor drains located in the toilets and then towalds wastewater manholes
located on the street (Figure 3.7). All floors adngul Hamam were recently
repaired with new marble tiles and the historical surt@eeling together with the
discharge systems seemed to be renewed.

Figure 3.6 Views of wastewater collection and dischaygeesm in engul
Hamam .
Source: Archives of the Author

Figure 3.7 Views of waste water channels and of floor driainengil Hamam .
Source: Archives of the Author
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3.1.3 Roof and Surface Water Drainage ofengul Hamam

The roofs above the tepidarium and caldarium sectiortswhter storage and
firewood storage rooms of the bath, including the dome ssfagere repaired
with an addition of 8 cm thick mesh-reinforced concregeet (Figure 3.8). The
roofs of the frigidarium sections at the north andtk are timber pitched roofs
covered with fired-clay roof tiles (Figure 3.9). The imnage periphery of the
structure was totally surfaced with asphalt pavement.

Figure 3.8 General views of the mesh-reinforced concoeteabove the
caldarium and tepidarium sections.
Source: Archives of the Author

Figure 3.9 Views of the pitched roof, Al, over the frigidar of women’s part (at
left) and the pitched roof, A2, over the frigidariumnoén’s part (at right) with
their discharge components: gutters and downggmesce: Archives of the

Author.

43



The roof areas under study were presented in Figure 3.18e Tdreas were
composed of four roof areas; Al, A2, B1 and B2, having diffegeometry and
drainage systems (Figure 3.10). The roofs A1 and A2 wéecbeal roofs similar
with each other, consisted of two parts; the fouresiditcched roof covering the
square area and the lantern roof at its top. A peripltFahage system was
provided by means of zinc eaves gutters and fourteen down pges, of which
discharge water directly onto the concrete-clad roof,/Bdufe 3.11).

The roof B1 was a low-slope roof including domes, conéduto provide
peripheral drainage, with flows from elevated interidges to lower exterior
ones, and then, to waterspouts located at the eavelsallong the west side of the
roof (Figure 3.11). There were nine spouts, with similar dsions, serving this

roof area.

The roof B2 was a flat roof configured to provide an intednainage, with flows
towards an internal gutter located at the middle ofolo¢ area (Figure 3.11). The
water collected in the gutter was discharged through @&djrdutlet located at its
north end, and then, carried by a drain line (buried irgtrden) to the rainwater
drainage network (buried under the street) (Figure 3.12).
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Figure 3.10 Plan of the building, showing the roof areas wstdely and
immediate groundAl-timber pitched roof covered with roof tiles above the
women’s frigidarium sectiorA2-timber pitched roof covered with roof tiles

above the men'’s frigidarium sectiddl-mesh-reinforced concrete roof above the
caldarium and tepidarium sectio®2—mesh-reinforced concrete roof above the
hot water storage room and the fire wood storage r@ey-shaded areas—
immediate grounds of the building.
Source: Archives of The General Directorate of Pious Foundations, 2008

Figure 3.11 Views of the building, showing the roof areas usiely.
Source: Archives of the Author
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Figure 3.12 Views of the interior gutter and the drainttisging water from
concrete clad flat roof, B2 and view of the drain linerigd in the garden)
towards the drainage network (buried under the street).
Source: Archives of the Author

3.1.4 Other Historical Baths Examined For Comparison

In order to make comparison between the hot and cold-wsiteage and
consumption capacities ofengtl Hamam with the other historical baths, the
study was carried out on some other historical Turkighsbas well. There were,
in total, 28 baths; 13 double baths and 15 single baths unaby, $telonging to
the periods between 42and 14' centuries. Their names, types, periods and

regions were given in Table 3.1.
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Table 3.1 Names, types, periods and regions of histoathsnder study.
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1/Hamam |Single [16" Hatay 15Hamam |Doublg17" Manisa
Hac
Hamza Tekirda
Menzil Yal
2|Hamam | Single|16" Corum 16/Hamam |Doublgl19" | Tekirda
Yidrm
Eski Beyaz t
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8|Hamam | SingleN/A |Kastamonii 22|Hamam | Single|15" Bursa
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3.2. Methods

The hot and cold water supply systems, waste waterctioleand discharge
system and rainwater drainage systemegfgil Hamam were examined by non-
destructive testing methods. The methods used, were sumacthdrelow under

respective headings.

3.2.1 Mapping of Visual Decay Forms

The maps of visual decay forms, observed on building facagee produced in
three groups by using Fitzner method as cited in the liberadurvey section.
These were the maps showing material loss; materidhckiment and
discoloration; deposits and cracks on building surfacks. IF50-scale north and
west elevation drawings of the building were used duringigt@work on site.
Damages were then recorded as damage classes witkddegyaoh color was used
to identify those classes. The image file was therveed to 256-color bitmap
file by using Photoshop 8.0 program. A style and coloefmh damage type and

category was then established and applied in the finaliaya.

The method of mapping of visual decay forms was also addapt the roof to
determine the roof drainage faults of the structure. &lerés on the roof were
mapped to identify the lack of discharge components, ingndreas on roof
surfaces; parapets obstructing the free flow of rainwated deteriorated
discharge components. The results of the roof faulteraéted by the other
methods were also included in these roof failure maps.
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3.2.2 Leveling Survey

Topographical measurements were taken at all buildingecsr both internal and
external, and at points immediately below the cemesliof roof drainage spouts
along wall surfaces. At the exteriors, the levelingveyrwas designed to cover
the overall roof surfaces and the strip of ground on thielibg periphery in the
range of 1.5-2.5m wide. At roof, level measurements vakentat all parapet and
chimney corners and the edges of dome skirts, at ¢ntadats of ridges, valleys
and gullies and at the inlets of discharge spouts. All seajht readings and
lateral distances were taken with a “SOKKIA 520V Totahti®nh” optical
surveyor’s instrument consisting of an electronic thétejan electronic distance
measuring device and its software for calculations adireys.

3.2.3 Infrared Thermography (IRT) Survey

The infrared thermography survey of the structure was coedwot the exterior
surfaces of the roof and walls. Special attention vigango the lower parts of the
walls at points where a roof drainage component existedhead. Damp zones

were compared with the risky areas for ponding.

The study was carried out once in July at night and onblvember at night by
using the “AGEMA ThermaCAM 550" and “FLIR ThermaCAM EG5”
thermographic equipments, respectively. The cameras g®en inputs on

ambient temperature, relative humidity, and distancetarget area and on
emissivity of target surfaces to obtain accurate an-sieasurements. Climatic
data were recorded by using an environmental meter, “Ke30@0". The

moisture content of some problem areas, where necessasy measured by

means of a protimeter, “Surveymaster SM”. Images weredhalyzed by using
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the software of “ThermaCAM Reporter 2000". Infrared in@agé wall and roof

surfaces were taken in segments together with thee4Bght photographs.

3.2.4 Roof Drainage Calculations

The calculations were based on a rainfall rate of 0.08siwhich corresponds to
the maximum rainfall rate in that region according toe tlong-term
meteorological data, and on the equation given belawu(|cuo lu, et al., 2007,
TS EN 12056-3, 2005);

(Qr=rxARX ) 1)

whereQr s the rate of roof runoff (L/s), the rate of rainfall noted above (mm/s),
Ar the effective roof area @nhand the weighted mean of the discharge
coefficient for the roof. The value of indicates the ratio of unabsorbed water

running over surfaces and varies according to surface camlitio

The weighted mean of the discharge coefficientwas taken as “0.8” for the roof
surfaces with a slope arrangement less than 15°, suitdt asirfaces of roof B1
and B2 and low-sloped domes of roof B1 (ISISAN, 1997; Ha8, chapter 5,
1996; Tavukguolu, et al. 2007), “0.3” for earth covered roof area in roof B1
(Hall, v.1, chapter 8, 1994; Tavukguo, et al. 2007) and “1.0” for the roof
surfaces with a slope arrangement greater than 15°asulsigh-sloped domes of
roof B1, pithched roofs of A1 and A2, wall surfaces surroundie roof areas
and for the drums of the domes (ISISAN, 1997; Tavukiyeet al. 2007).
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The effective roof areads were calculated by the following equation;

Ar = (AXT) (2

where,f, is the factor relevant to the slope ahds the plan areas of the roof
(Barry, 1988; Tavukc¢udu, et al.,2007),

The factor relevant to the slopevas taken as “1.0” for the roof surfaces with a
slope arrangement less than 30° such as flat surfacesfoB1l and B2 and low-
sloped domes of roof B1, “1.15” for the roof surfaces witkicge arrangement
between 30° and 45°, such as pitched roofs of A1 and A2, fardthe roof
surfaces with a slope arrangement between 45° and 60°asutigh-sloped
domes of roof B1 and as “0.5” for the roof surfaces witslogpe arrangement
above 70° such as the wall surfaces surrounding theareat and the drums of
the domes (Barry, 1988; Tavukcguo, et al.,2007).

The walls surrounding the north and southeast of theretsclad roof, B1, the
drums of the main domes above the caldarium sectionthanslalls surrounding

the east, west and south of the concrete-clad roofwB& added to the effective
roof area, due to their considerable amount of surfacesa@mensions of all

spout outlets, eaves gutter and downspouts were also ttakeailitate capacity

calculations (Tavukgudu, et al.,2007).

A typical peripheral drainage system, consisted of eguégr and downspouts,
was configured for the pitched roofs, A1 and A2. The digghalements for the
concrete-clad roof, B1, were only the spouts at the el@wve$ while a different
system composed of a concealed channel connected to awdmanused to
discharge water from the concrete-clad roof, B2. Tlbhes fdimensions of all
discharge components had to provide a discharge ratevdlgd not cause water
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back up. The effectiveness of each component, therefaas checked
individually. Their flow capacitiesQQo, for a free discharge was calculated from
the following equation (BRE Part 1, 1976; BRE Part 2, 1976;iG@ihd Fricklas
1995; Hall, v.3, chapter 5, 1996; Tavukclg et al., 2007; TS EN 12056-3,
2005),

4O (A®/ B)"? x 10% (3)

where Qo is the flow capacity of the outlet (L/sh the cross-sectional area of
flow at the inlet opening (mfh B the surface width of water flowing through the
inlet opening (mm) taken as the width of the spout openingalie tectangular
cross-section (Figure 3.13Javukcuolu, et al., 2007). In these calculations
height of freeboarétg, was accepted to be the 45, which is the depth of water
at outlet (Tavukcudu, et al.,2007). Values o€ were found from Equation (3)

with A andB determined from dimensions of spouts openings measured on-site

A = area of flow at outl {4/5 H
B = width of water surface at outlet D B iHO

Do = gutter depth including freeboard $
A o

Figure 3.13 Dimensions of spout openings.
Source: BRE Part 1, 1976; Tavukclig, et al., 2007, pp.2702
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3.2.5 Water Supply Capacity Calculations

The hot and cold water storage and consumption capawiges examined by
taking into account the usable volume of the hot and walgtr storage rooms
(m®), number of basins, maximum amount of water conswmpier basin in a
day (nf/basin/day),Quwcmax and effective plan area per basin®frasin) in
caldarium sectionA,, of the structure. This examination was conducted en th
other historical Turkish baths in order to discover @ngges of maximum water

consumption per basin in a day for those structures.

The water storage and consumption capacities of the was found on an
assumption that the water heated in the hot water sta@g® should be
consumed in one day. This assumption also correspontstheitcontemporary
regulations and standards for water storage tanks (BS 6700, Ha9/;v.3,
chapter 13, 1996; TS 1258, 1984he maximum amount of hot water consumed
by one basin in working hours of a d&@wcma, Was calculated by taking into
account the original water storage capacities of thedibgiland number of
original basins. The water storage capacity could be rdeted since the
dimensions of the storage rooms and overflow and oetkeld were not changed

in time.

The maximum depth of water accumulated in the storagm,re@s assumed to
be the height between the level of 10cm above the drdaewel of the storage
room-where the drain was located-and the bottom levebeérvation window-

placed between the hot water storage room and calda@gtion acting as an
overflow valve. Certain assumptions and acceptances Wserenacessary for the
calculations of water storage and consumption capacihes original number of
basins was accepted to be 15 in total for the men’s part2anin total for

women'’s part by taking into consideration the later ir@gtions, such as addition
of new basins and removal of original ones. This meaatsthie existing number
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of basins, which was 43 at present, was accepted to betBé jpast (Table 4.3).
The working period in the past was assumed to be 12 houls this period is
longer today, such as reaching to 18 hours for men’'s palt18 hours for
women’s part. Thus, th@wcma Was calculated by dividing the maximum usable
volume of hot water storage rooNwsrmaxin N, to the total number of original

basinsNyasin @S shown in the equation given below,

(\Q:max: VhwsRrmad Nbasir) (4)

3.2.6 Wastewater Discharge Calculations

The adequacy of wastewater discharge system for the wemarnt of engul

Hamam was investigated in terms of surface grading anddépacity of drains
and water channels, whether being or not, in acceptaidesaA leveling survey
was used to define the overall wastewater drainage sy#t@nesent in terms of
surface slope arrangement in reference to dischargepammts, such as
wastewater collection channels and floor drains. Thideripossible to locate
the areas having a potential risk of ponding due to the ingirffiand/or reverse

slopes.

Wastewater drainage calculations were made to adseskstharge capacities of
discharge components at the interiors and their adeqgubether they provide
acceptable rates of water evacuation from interiarfkurfaces.

Two different methods were used during the study for thecttgpand adequacy
calculations of wastewater collection and dischargeegysThe first method was
based on the logic that the water was collected asdhdiged from the

wastewater collection and discharge channels withdetrurption all through the
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working hours of the bath. The parameters of this me#inedoeriod of working
hours in a day, number of basins and maximum hot watesucaption capacity

of the bath. This method was used for the wastewad@radje calculations. These
calculations were based on the equations given in theatitre and necessary
adaptations have been done according to the charactesti englil Hamam
(Hall, v.1, chapter 8, 1994; TS EN 12056-1, 2005; TS EN 12056-2, 2005; TS EN
12056-3, 2005). The second method was based on the standard TS EN2 12056
(2005) whose parameters are the frequency factor, numbeadinhg units and
type of appliancedn this method loading units were accepted as basins dhstea
taps. The type of appliance was chosen as showersuwigtoppers for the
historical bath structures (Table 3.3). By using the secattiod the adequacy of
wastewater channels was calculated by adapting circutess-sections of the
pipes to rectangular cross-sections of the open wasdealzannels.

Using the first method, the waste water run off teach channel in caldarium
and tepidarium sections, gidy, Was calculated separately by multiplying the
Qwcma for each basin in L/s by the number of basiNssin, and period of

working hourst, in seconds as shown in the equation given below,

(Qrww = Qwemax X Npasin X t) (5)

The flow capacity of the outlets discharging wastewabllected in the channels
was calculated by using the Equation 3, explained in Segtia.

The equations given in TS EN 12056-2 (2005) were also useddalatal flow
capacity of the outlets in order to clarify whethee tbove-mentioned second
method is adaptable for the discharge capacity assesemgastewater channels
in historical baths. By this way, the adequacy of flow cés for discharge
channels and outlets can be evaluated in relation hg igquency of the basins.
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Here, the free discharge of each waste water cha@@gl, (L/s) was calculated
by multiplying the consuming rate of water from the basied totally feed the
related discharge channeBU in L/s (Table 3.3) with the frequency factdf,

(unitless) (Table 3.2). The equation used is given below (WS E56-1, 2005;
TS EN 12056-2, 2005);

(@w=Kx,/ DU ) (6)

The value oDU varies according to system types that are relatdd thé usage
of sanitary installations, which changes from one couwntgnother, and technical
traditions of the countries.

Here, the historical baths are considered as showdiouww stoppers and
categorized as System Il that is the high radiussgary waste water discharge
system designed for intense usage, and the value of 0.4slfakén for
calculations (Table 3.3). TheDU value was calculated by multiplying the
loading units Ny, that was the total number of basins feeding each individua
waste water channel with the loading unit r&g,, in L/s (Table 3.3)The value

of Ry changes according to System type and type of sanitariaapgs. The

equation used is given below,

(DU = NLU X RLU) (7)

The typical frequency factor¥, are given in Table 3.2. It indicates how often
sanitary installations are used in different buildingets. The frequency factor, K,
of intense usage that is “1.0” was taken for historie@th$ in calculations as seen
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in Table 3.2. Also in order to evaluate effect of the fregydactor on the rate of
wastewater run off and to evaluate the adequacy of dlapacities of wastewater
channels, the @v was calculated with a frequency factor K of frequent usage
(Table 3.2). In this case, Rof System type Il, 0.4L/s, was obtained (Table 3.3).
The results were compared with each other and givE€hapter 5.

Table 3.2 Typical frequency factots,
Source: TS EN 12056-2, 2005, pp.12

Periodic usage (i.e., house, guest house, work place) D.5
Frequent usage (i.e., hospital, school, restaurant) hote 0.7
Intense usage (i.e., public toilets and/or baths) 10

Table 3.3 Loading unit rates for various applianégs, according to the System
types I, II, lll and V.
Source: TS EN 12056-2, 2005, pp.11

Syste | Syste System | Syste
Type of appliance m m i i m IV
Riu RLu RLu Riu
L/s L/s L/s L/s
Washbasin, bidet 0.5 0.3 0.3 0.8
Shower without stoppers 0.6 0.4 0.4 04
Shower with stoppers 0.8 0.5 1.3 0.b
Urinal with siphon 0.8 0.5 0.4 0.5
Urinal with water wash valve 0.5 0.3 - 0.3
Paka urinal 02 | 02 0.2 0.2
Bathtub 0.8 0.6 1.3 0.5
Kitchen sink (house type) 0.8 0.6 1.3 0.b
Dish washer 0.8 0.6 0.2 0.5
Washing machine(up to 6 0.8 0.6 0.6 0.5
kg)
Washing machine(upto 12| 1.5 1.2 1.2 1.0
kg)
Toilet with 4.0l reservoir ** 1.8 *x **
Toilet with 6.0l reservoir 2.0 1.8 1.2-f7 | 20
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Table 3.3, continued

Type of appliance Syste | Syste System | Syste
m | m I Il m IV
RLu RLu RLu RLu
L/s L/s L/s L/s
Toilet with 7.5 reservoir 2.0 1.8 1.4-8 | 2.0
Toilet with 9.0l reservoir 2.5 2.0 1.6-20 | 25
Floor drain DN 50 0.8 0.9 - 0.6
Floor drain DN 70 1.5 0.9 - 1.0
Floor drain DN 100 2.0 1.2 - 1.3

* Per person ** not allowed

- out of use or no dat

*** Fixed to the type (only valid for toilets wittwater wash

reservoirs)
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CHAPTER 4

RESULTS

The results of all non-destructive testing methods had&lculations are given in
this section under respective headings, presented in suctedsh figures and
tables.

4.1 Mapping of Visual Decay Forms

In this section are presented the experimental resnli®apping of visual decay
forms of building facades and roof. The maps were aadlyp determine the
problem areas in the structure, their distributionyel as the probable sources of
those problems. The maps showing the material losserimladetachment &
cracks and discoloration & deposits were given in Figdrés4.2, 4.3 and 4.4.

In  engul Hamam, material loss was categorized into thypes: light,
intermediate and severe. Severe material loss wadlynobserved where the
rainfall swept over the wall surfaces as the losowmiting material or as surface
abrasion of the masonry stones (Figure 4.1).

Material detachments observed iengil Hamam, were classified into three
types: flake to granular disintegration, scale and thactienent of cement-based
repointings. With respect to the severeness of thepdass problem, the size of
the material detachment varied between granular dggiation and scales. The
more severe the dampness problem was, the higher theotithe material

detachment from the original masonry stone was.
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The cement repointings also tend to detach from thectste presenting the
highest size material detachments among all (Figure kh2yest facade of the

structure a severe crack was also observed as seguin E.2.

The deteriorations in the form of discoloration and d#powere again
categorized into three types: gray to black discolomatforust formation),
yellowing and whitening (salt crystallization) (Figure 4.3Riological growths
were encountered on the wall surfaces mostly whetéeee was the rising damp
problem. The biological growth in the form of moss slgdathe active
deterioration zones where there was the continuityhef dampness problem,

which was mostly observed on the south elevatioh@ttructure (Figure 4. 4).

Figure 4.1 Elevations showing the distribution of the seweaterial loss at the
north and west fagade of the buildin§1, S2, S3, S4, S5 and S6 show the location
of material samples taken from the west facddhe. severe loss and detachment
on surfaces was observed together with white stainingaihdeposits, especially
at the lower parts of the rainwater pipes at both sadése facade and stone
courses at the top, underneath the eaves gutter.
Source: Archives of The General Directorate afuBi Foundation, 2008
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Figure 4.2 Elevations showing the distribution of theemat detachment and
cracks at the north and west fagcade of the building.
Source: Archives of The General Directorate of Bidundations,2008

Figure 4.3 Elevations showing the distribution of discation and deposits on
surfaces of the north and west facadliéne building.
Source: Archives of The General Directorate of BiGoundations, 2008
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Figure 4.4 Views of biological growth as active deteriorazones together with
white staining and/ or salt deposition & material loseelation with cement
repointing on surfaces of the south facatflehe building.
Source: Archives of The General Directorate of Bidoundations, 2008

4.2 Leveling Survey

The roof drainage system oénglil Hamam was evaluated in terms of its surface
grading, discharge capacity and adequacy. The map shovergutface slopes,
their directions, and extents on roof surfaces in esigg to roof drainage

components was given in Figure 4.5.

The slopes of the pitched roofs, A1 and A2, were fourioetan the range of 32-
42%. For the roof B1, the primary slopes from east td wese in the range of 3-
6% and the secondary slopes towards the spouts alongtheside (eaves level)
of the roof were, in the range of 3-5%. The roof B2 wamé to have slopes in
the range of 3-10%, towards the interior gutter locateélenmiddle (Figure 4.5).
The roof map of as-is case prepared according to thegeduleveling survey,

showed that the discrete effective areas feeding tukvidual discharge

components were not evenly distributed (Figure 4.7).
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As the continuation of roof drainage system, theie sge grading to provide the
surface-water removal from the immediate grounds ollimg. At the west, it
followed the overall slope of the asphalt-paved stregt an average value of 3%
from south to north together with the secondary slopesjnd 2%, running away
from the walls. On the other hand, at the north egfiieance to the men’s part was
provided at a lower level, -0,90 m than the street levbich causes the risk of
ponded area in the immediate vicinity of the building.sTroblem was seemed
to be solved by means of an area drain, acting like & gith the slopes varying
between 3% and 5% towards the drain, collecting and thischarging water to
the city network (Figure 4.5).

The results of the leveling survey at the interiorsensnmmarized in the map
showing the overall surface slopes, their extent areton as well as the flow
pattern of the wastewater discharge channel towardsmémoles (Figure 4.6).
The wastewater was observed to flow from the eéxlgtlatforms to the lower
levels by means of slopes varying in the range of 1-3%.lo%r flevel, the
wastewater was directed towards the center of caldavdnere there was a
central waste water collection system surrounding keeated marble platform.
These channels were observed to collect wastewater daynsnof cross-falls.
These falls were found to vary in the range of 0-4%weélger, most slopes were
found to be below 1%, which is not acceptable accordingestandards (Griffin
and Fricklas, 1995)
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Figure 4.5 The map showing the direction and extent chserdlopes on the
roofs of engil Hamam and its immediate periphery.
Source: Archives of The General Directorate of BiGoundations, 2008

Figure 4.6 The map showing the water flow pattern of thst&water discharge
channel towards the manholes and the surface gradie®. f
Source: Archives of The General Directorate of Biéoundations, 2008
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Figure 4.7 The roof map of the as-is case, showing theeuandistribution of
discrete effective areas feeding the individual disph@omponents.
Source: Archives of The General Directorate of Bidoundations, 2008

4.3 Infrared Thermography

The infrared images together with mapping of decay fosiewed the problem
areas of continuous rainwater penetration and theatitmt in the structure. In the
infrared images, the severe material loss on masamfaces together with
staining and salt deposits was observed to correspond athdamp zones
(Figures 4.8 and 4.9). Those surfaces were exposed to tainwaerflowing

from the eaves gutter, down pipes and waterspouts. Héwcwer parts of the
walls on the axis of down pipes and waterspouts were foube damp and cold
in the infrared images (Figures 4.9 and 4.10). The height lof @®as was

detected to extend towards the discharge components @bouge 4.10). The

periodical wetting and drying at those damp zones must deuged such severe
deterioration on wall surfaces. The recent repairth viement mortar also
introduced salt problems, which accelerated the detenoratiechanisms at the

presence of dampness.
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Figure 4.8 The infrared image of the selected region atdhé facade, showing
the severe material loss as warmer areas and thehdetats which were not
observed visually as colder areas, both suffering fromabkdrainage faults.

30,5C

28,0C

Figure 4.9 The infrared image of the selected region in wthiehletached areas
close to the rainwater down pipes were detected dsicateas.

Figure 4.10 The infrared image of the selected region in whelower parts
of the wall corresponding to the axis of the down pipethadvater spouts
were found to be cold and damp
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4.4 Roof Drainage Calculations

In as-is case, the flow dimensions of the spout atletre measured in the range
of 6-12cm in width and 6-11cm in depth (Table 4.1). Among ad, dhginal
spout WS6, having flow dimensions of 10cm x 7cm in width andndepemed to
be the mostly-preserved one (Figure 4.11). The eaves gustedsfor the pitched
roofs were measured to have the diameters in the rarige dcm connecting to
the down pipes with diameters in the range of 8-10cmsiis @ase the overall
roof runoff rate of the concrete-clad roof B1 was caitad to be 18.2 L/s. On the
other hand total discharge capacity of the waterspousscatgulated to be 10.2
L/s. The total roof runoff rate of the concrete-cladfrB2 was found to be 9.7 L/s
and the discharge capacity of the drain O1 was found $odbk/s (Table 4.1).

As it can be seen from Table 4.1 and Figure 4.7, as a tddbk leveling survey
and roof drainage calculations the spouts WS5, WS6, WSB, &8 the down
pipe DP7, were found to be overloaded with the roof rumaiéfs of 5.8 L/s, 4.6
L/s and 3.6 L/s, 1.4 L/s and 1.85 L/s, respectively. On ther dthnd, the spouts
WS1, WS2, WS3, WS4 and WS8 were found to have rather somdlrun off
rates with 0.68 L/s, 0.42 L/s, 0.62 L/s, 0.82 L/s and 0.38 kspectively (Table
4.1) (Figure 4.7).

Roof drainage calculations were also made to identiffflole dimensions of the
spout outlets, eaves gutters and down pipes in ideal ¢aseresults of roof
drainage calculations for the ideal-case of roof Al, B2,and B2 were given in
Table 4.2 and Figures 4.12. The ideal dimensions of the spds6and WS7
were calculated to be 11cm x 11cm in width and depth, resplcfiTable 4.2).

For as-is case, the pitched roofs of the frigidarileatisns were observed to

discharge rainwater directly onto mesh-reinforced cdacreofs while, for the

ideal case, it was assumed that the rainwater froen piched roofs was
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discharged separately. The dimensions of eaves guttidarsthe pitched roofs
Al and A2 were calculated to have the diameters inrdmge of 20-25cm
connecting to the down pipes with diameters in thegafg-7cm. In ideal case
the overall roof runoff rate of the concrete-clad r&if was calculated to be
13.77 L/s. On the other hand total discharge capacity ofvdierspouts was
calculated to be 19.96 L/s. The total roof runoff ratenefconcrete-clad roof B2
was found to be 16.7 L/s and the discharge capacity afrdie O1 was found to
be 8.35 L/s (Table 4.2). The roof map for the ideal caswisly the location of
each individual discharge component and discrete eftectiveas feeding
individual discharge component, which provides even rainwaggling for each

component were given in Figures 4.12 and 4.13, respectively.

Table 4.1 The results of roof drainage calculationsHeras-is case:
The lines in red show the as-is flow capacities ofdiseharge
components@o) not enough to cope up with the individual roof
runoff rate Qg).

Roof Ar Ar Sizes Qo (Qr0 |Qr Ort
Spouts width x height

(m3) | (m?) (cm) (Is)] (Is)] (s)f (Is)
WS1 24 657 8.5x7.5 1,18.0,24 0,68 18,29
WS2 17 9.0x7.0 1,13 0,42
WS3 24 8.5x5.5 0,74 0,62
WS4 34 9.5x6.5 1,06 0,82
WS5 204 6.0x11.0] 1,48 < 5,7
WS6 162 10.0x7.0] 129 < 4.5
WS7 124 12.0x6.5] 1,34 < 3,54
WS8 14 9.0x6.5 1,01 0,38
WS9 49 9.0x6.5 | 1,01 < 1,4
DP7 64 =10 1,79 < 1,8% 1,85
1G1 329 325 28 X 125 83§ 8,39 9,74 9,74
Ol 324 32% 18 X 12.§ 5,37 5,371 9,74 9,74
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Figure 4.11 The front and top views of the original wateusp&/S6, having flow
dimensions of 10cm x 7cm in width to depth, respectively.

Table 4.2 The results of roof drainage calculationsHerideal-case of the roofs
B1 and B2 (at the left); and the roofs A1 and A2 (at tiletyi

Roof Az A7 [Sizes Qo [Qro IQk [Orr Roof MSAR Ar Sizes Sizes | Qo[Qro |Qr [Orr
Spouts width x height downpipe] DownpipgGutter
(M) (m?) (cm) ()| (s)l Us)] (Is)| |and gutte] (m?) | (md) | (cm) | (cm)| (Us] (Us) (Us] (i)
WS1 39 50] 10.0x9.0] 1,42 19b6 0[99 1d7[bP1 149 4605 =6 =20| 1,1 343 051 15k
WS2 14 10.0X9.0] 142 0,49 DP2 13,5 =6 =20 11 0,41
WS3 51 10.0X9.0] 142 1,36 DP3 14,24 =6 =20 1, 0,4
WS4 64 10.0X9.0] 142 1,16 DP4 13,6 =6 =20 1. 0,41
WS5 54 10.0X9.0] 142 1,%8 DP5 16,4 =7 =25[ 1,7 0,51
WS6 93 11.0X11.0] 2,7 2,5 DP6 19,54 =7 =25 1,7 0,61
WS7 101 11.0X11.0] 2,7 2,7 DP7 32,4 =7 =25 1,7 1,17
WSs8 14 10.0X9.0] 142 0,48 DP8 10,2 =6 =20 1,1 0,34
WS9 47 10.0X9.0] 142 1,34 DP9 10,24 =6 =20 1. 0,34
WS10 19 10.0X9.0] 142 0,54 DP10 10,7 =6 =20 1 0,31
IG1 284 28428 X 12,5 835 885 8p5 sgopPil 25, =7 =25| 17 0,84
o1 284 28§28 X 12,5 8,35 8p5 8[25 g2fpP12 21,77 =7 =25]| 1,7 0,9
DP13 15,9 =7 =25[ 1,7 0,5
DP14 17,7 =7 =25] 1,7 0,6
DP15 10,5 =6 =20 1,1 0,3
DP16 55 =7 =25 1,7 0,1
DP17 30,2f =7 =25[ 1,7 1,04
DP18 17,8 =7 =25[ 1,7 0,6
DP19 31, =7 =25] 1,7 1,0
DP20 32,3 =7 =25] 1,7 1,12
DP21 15,9 =7 =25[ 1,7 0,54
DP22 30,5 =7 =25] 1,7 1,04
DP23 42,61 =7 =25 1,7 1,41
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Figure 4.12 The roof map of the ideal case showing the ¢ocafieach individual
discharge component.

Figure 4.13 The ideal roof map showing the discrete effectieas feeding
individual discharge component which provides an even rainlzding for
each component.
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4.5 Mapping of Roof Drainage Faults

The faults of the roof drainage system were summaeszgddllows: -

- All discharge components serving the roof areas, in oneonvaother, had
become disfunctional (Figure 4.14): All spouts were obskteesuffer from the
accumulation of soil deposits and plant growth, obstngctihe free discharge of
rainwater from the roof. In addition, all spouts, zgndters and down pipes were
observed to be severely deteriorated due to the wrohgrasn practices, such
as repairs with cement-based mortars as shown in Figie Almost all metal
components were observed to have corroded and losfuheiions.

- The reverse or nil falls were found to cause local pdndreas on the
concrete-clad roofs, B1 and B2 (Figure 4.14). Some watersgmartgcularly the
spouts WS5, WS6 and WS7, were determined to be overloadedodtre
improper surface slopes and direct discharge of rainwater the timber pitched
roofs to the concrete-clad roof B1 and then causing déescoof areas feeding
each spout unevenly (Figure 4.7). The overloaded spouts csalth@ldetected in
their infrared images (Figure 4.16).

- A later addition of parapets on the roofs B1 and B2 weseiwved to cut the
water flow of the rainwater towards the discharge carepts, causing ponding
and soil/dirt accumulation on their fronts (Figures 4ahd 4.17).

- The regions at the south of the roof B1 and at thennofrthe roof B2 were
also the risky areas due to the lack of discharge coems (Figure 4.14).
Overflowing and/or ponding from the eaves level, tfeeee were inevitable for
those regions.
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- It was observed that rainwater collected on the neigidpdouilding, at the
east of the building was discharged directly onto tud B2, above the firewood
storage of engll Hamam (Figure 4.18).

- As a recent unconscious addition, a green garden with 2&ma was observed
on the roof B1 (Figure 4.14). This garden was attached for iggowome

vegetables by taking advantage of the heat and rainaftke roof. This garden
area was surrounded by a concrete parapet of 40cm hetdoiutvany discharge
component, acting like a pool entrapping the rainwatet eausing serious

dampness problems at both interiors and exteriors.

Some cracks were also observed on the mesh-reinforcadrete surfaces
following the slopes, inevitably causing water leakages the sub layers and
heat loss from the interiors.

Figure 4.14 The map showing the faults of the roof draiggstem and their
location.
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Figure 4.15 Views of the spouts, WS1, WS4, WS5 and WS7 (from
left to right, respectively) showing the severely detated
sluiceways due to cement-based mortar repairs.

r I E— 34,5C

29,4T

Figure 4.16 The infrared image of the selected region in vthih
darker areas indicate the damp zones at the upper péneswall due
to the overflowing from the roof eaves level betweensgimuts WS6

and WS7; severe material loss together with salt despasdl
biological growth overlap with the colder areas.

29,0C

Figure 4.17 The infrared image of the parapet cutting ther\ilate
and causing soil/dirt accumulation in front of its oytlee gradual
decrease of surface temperatures towards the outlettexhtbe

potential for absorbing and retaining rainwater.
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Figure 4.18 The cross section A-A from the roof B2 showiegroof slope
arrangement towards the interior gutter and additicawater loading from the
neighboring building.

4.6 Water Supply Capacity Calculations

The storage capacities of hot and cold-water storage roémengil Hamam
were 45m and 62m, respectively. The maximum hot water consumption

capacity,Quwcmax Was calculated to be 1.28fwasin/day.

The analysis of water storage and consumption capaafigifferent Turkish
baths was summarized in Table 4.3. The results werear@shpvith each other in
terms of their hot and cold-water storage capacities, water consumption
capacities, total number of original basins and effegblean area per basin in
caldarium section. It was observed that some battisbbth hot and cold-water
storage rooms while some others had only hot waterggaom (Table 3.1 and
Figure 4.19). Among the historical baths having both, excepE$ki Hamam
(Kilis) and engul Hamam (Ankara), the cold-water storage capadaitiethe
baths seemed to be lower than their hot water stamaggcities. engul Hamam
also seemed to have the largest cold-water storage gaf@®it), which could

be resulting from the scarcity of water source of tegton.
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The Qwcmax Of the historical baths were found to be in the range).6fl-
2.78m3/basin/day with an average of 1.56+0.60m3/basin/daygfabland Figure
4.20). In this range, three groups were observed in tern@.efax The first
group hasQwcmaxWith the value of 0.81+ 0.14ms/basin/day. The baths falliing i
this group are KurtuluHamam , Hac Hamza Menzil Hamam , Eski Hamam and

Orta Hamam.

The second group having tk&vcmaxvalues of 1.56+0.60m?3/basin/day seemed to
have theQwcmaxin average ranges.engul Hamam was in this group with its
Qwcmax value of 1.25m 3/basin/day. Pertev #aHamam, Pa Hamam in
Ankara, Orhan Gazi Girle K6yt Hamam, Cayrc k HamanincCHamam,
Aksu Hamam, Gazi Siuleyman RaHamam, Eynebey Hamam, Sahip Ata
Hamam, Valide Sultan Hamam, Tekirdayal Hamam, YIdrm Beyazt
Hamam, Hac Hekim Hamam, Tabakhane Kardt@amam, Y Idrm Beyazt
Hamam , Yarhisar Koyl Hamam and Y Id r m Emir Sultaankhm are also in
this group (Table 4.3 and Figure 4.20).

The third group seemed to hav@wcmax values above the average range,
2.48+0.21m3/basin/day. The baths falling in this range ar®&lse Hamam in
Merzifon, Amasya, Vak f Hamam , Tabaklar Hamam ,lfa@i Koyl Hamam ,
Saray Hamam and Gulgin Hatun Hamam (Table 4.3 and Figa@. 4n
addition, it seemed that both double and single baths Qiaghax values in
different amounts and no relation was observed betweerypes of historical
baths and the®@wcmaxvalues (Table 3.1; Figure 4.21).

The relations between tl@ycmaxvalues of historical baths with the total number
of original basins,Nyasin @and with the effective floor area of caldarium and
tepidarium sections per basif,, were examined (Figures 4.20 and 4.22). The
effective floor area per basin in caldarium sectionhef historical Turkish baths
was found to vary in the range of 3.21-11.84msin with an average of
5.7+1.7m/basin.
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The increase iQwcmaxWas observed to have no relation with effective flaaa
per basin, as shown in Figure 4.22. Further studies arefdherneeded to
understand the reasons of higher or lo@gtmaxCcapacities than expected. Also it
seemed that the total number of original basins had feateh the increase of
Qwcmaxvalues for the historical baths as seen in Figure 4.21.inBtance, some
baths have less number of original basins having hi@h@fmax values when
compared with the ones having more basins with sm@llemnaxvalues.

m oz %&'(.$%&( ). , /- O # +8($+&( ). , I- |

Figure 4.19 The chart showing the maximum hot water stocagpacities,
Vuwsrmax@nd cold water storage capacitiegWrmaxOf historical baths.
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Figure 4.20 The chart showing t@s/cmaxvalues versus number of original
basins, Nasin for each historical bath; tf@wcmaxvaried in the range of 0.61-
2.78m3/basin/day.
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Figure 4.21 The chart showi@ucmaxvaluesversus the type of historical
baths; there is not a visible effect of type of thdhattheQwcmaxvalue.
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Table 4.3 The results of the calculations for eaclohcstl Turkish bath,
sorted according to maximum hot water consumption pen loasi day Qwcmax

(]

< =

= 3 . 3| E =

o 5 o |E 55| S22 2

g g 2SPEFE | SE(SE 2828 <& <E
Kurtulu Hamam 11 4.83 6.72 11.55 0.6]1 10 4571 4.57
Hac Hamza Menz
Hamam 6 494 4.94 0.82 6 21.98 3.66
Eski Hamam 2(B5.3618.00 53.36 0.90 17 99.92 5.88
Orta Hamam 24 22.083 22.08 0.92 15 77.67 5.18
Pertev Paa Hamam 16 7.6515.76 23.41 0.99 14 116.54 8.32
Pasa Hamam in Ankara 9 8.94 8.94 0.99 9 34.01 3.78
Orhangazi GirleKoy
Hamam 5 5,50 5.50 1.10Q 3 18.46 6.15
Cay rc k Hamam A 4.44 4.4 1.12 4 15.94 3.99
Cinci Hamam 3l29.1342.26 71.39 1.14 32 188.37 5.89
Aksu Hamam 7 8.4 8.46 1.21 6 25.068 4.18
Gazi Suleyman Pa
Hamam 3511.5343.27 54.8Q0 1.24 28 128.17 4.58

engil Hamam 362.00 45.00 107.00 1.25 32 231.21 7.23

Eynebey Hamam 30 43.00 43.0Q 1.43 23 152.45 6.63
Sahip Ata Hamam 46 67.37 67.37 1.46 420 229.28 5.46
Valide Sultan Hamam 296.9543.62 60.57 1.50 27 298.05 11.04
Tekirda Yal Hamam 3944.77159.76 104.53 1.53 32 220.68 6.9Q
Y Id r m Beyaz t Hamam 23 35.54 35.54 1.55 171 124.87 7.3
Hac Hekim Hamam 4@5.4964.80 90.29 1.62 34 127.41 3.75
Tabakhane KarataHamam| 4858.28 80.94 139.22 1.69 36 115.50 3.21
Y Id r m Beyaz t Hamam 8 14.50 14.5Q 1.81 8 54.86 6.86
Yarh sar Kéyli Hamam 9 17.68 17.68 1.94 9 52.64 5.85
Yidrm Emir Sultar
Hamam 18 35.45 35.45 1.97 13 63.52 4.89
Amasya Paa Hamam 2815.6762.33 78.00 2.23 25 178.69 7.1
Vak f Hamam 1410.4231.8 42.27 2.28 13 96.29 7.41
Tabaklar Hamam 30 73.02 73.02 2.43 22 117.43 5.34
Golyaz Koyiu Hamam 5 12.51 12.51 2.50Q 4 15.18 3.80
Saray Hamam 216.4371.24 87.67 2.64 25 135.66 5.43
Gulgin Hatun Hamam 27 75.19 75.19 2.78 21 117.48 5.59
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Npasi(basin)- total number of original basin¥cwsrmax(mM°) — maximum usable
volume ofcold water storage room¥uwsrmax (M°) — maximum usable volume of
hot water storage roonvwsg(m?)- total usable volume of water storage rooms;
Qwemax(M¥/basin/day) -maximum hot water consumption capacity per basin in a
day; A (m?)- effective plan area of caldarium and tepidariumy (m%/basin) -
effective plan area of caldarium and tepidarium pembas

T 2,50

T 2,00

T 1,50 -

T 1,00

T 0,50

Bl 5. . 2# A&+ ). 2# 2

Figure 4.22 The chart showing t@&.cmaxas a function of & showing that there
is not a visible effect of, in the increase dwcmaxof the bath.

4.7 Waste Water Drainage Calculations

In as-is case, the flow dimensions of ou@gtin caldarium sectioand outletO,
in tepidarium sectiowere measured to be 13cm x 9cm and 13cm x 12cm in width
and depth, respectively (Table 4.4).
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The flow dimensions of wastewater collection and disgh channels were
observed to be different in the hamam, as shown leT4.5, Table 4.6 and
Figure 4.23. Those dimensions of wastewater channels inriceidaection of
women’s part were found to be in the range of 6-14cm dthwand 4-12cm in
depth (Table 4.6). In tepidarium section this range wasdfdanbe 9-14cm in
width and 6-18cm in depth (Table 4.5). Tkww for the tepidarium and
caldarium sections of the women'’s part were calculateldet 3.65 L/s and 3.12
L/s, while the discharge capacities of the floor drain®pidarium and caldarium
were 3.65 L/s and 2.35 L/s, respectively (Table 4.4). The tredutate of
wastewater run off calculations for the women’s paft engil Hamam
according to the Equation 5 (Section 3.2.6) using&x value of 1.25 L/s was
presented in Table 4.7. In this method, the rate of frezhalige of waste water
channels (Q) for C1-13 were found to be in the range of 0.17-4.17rL&stis
case and 0.17-3.65 L/s in ideal case with the dischargeitepahanging in the
range of 1.06-3.65 L/s in as-is case and 1.06-4.11L/s in idea(Table 4.7).

By using the Equations 6 and 7 (Section 3.2.6), free dischdrgexsiewater
channelsQrww, Was calculated and the results were compared withadhey of
Qrww,calculated using Equation 5 and the results were preseniedblies 4.8 and
4.9.

As seen in Figure 4.24 and Table 4.8 and Table 4.9, the waste channel 1,
C1, was loaded with four basins; basins 1-4. Channel 2, C2padsd with the
basins 1-5. Chanel 3, C3, was loaded with the basins 1-8. éh&ng4, was
loaded with the basins 1-9. Channels 5 and 6, C5 and C6, easted with the
basins 10, 11 and 12. Channel 7, C7, was loaded with the basl&s Channel
8, C8, was loaded with the basins 10-18. Channel 9, C9, was la4itledasins
10-19. Channel 10, C10, was loaded with the basins 1-19, C11, ackexlavith
the basin 20. Channel 12, C12, was loaded with the basin 2th@mthannel 13,
C13, was loaded with the basins1-24.
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In as-is case, with the frequency fact¢yof 1.00, the rate of waste water run off,
Quw Was calculated to be in the range of 1.10-2.76 L/shi®rchannels C1-C10 in
caldarium section; and 0.63-3.10 L/s for the channels C11-Cl8pidatrium
section. Considering the ideal wastewater runoff and ottiginal wastewater
channel dimensions, it was calculated Qaf, changed in the range of 0.89-2.68
L/s for the channels C1-C10 and 0.63-2.90 L/s for the channelC3 with the
dimensions in the range of 9-14cm in width and 6-12cm in depsipectively
(Table 4.8). On the other hand it was calculated thathierchannels C1-13, the
Quwwwas found to be in the range of 0.77-2.77 L/s in as-is @agde).63-2.03 L/s
for the ideal case with the frequency fadtoof 0.7 (Table 4.9).

Table 4.4 The results of rate of waste water run déidations for the
women'’s part of engil Hamam

Qw cmax Qwemax | Period | Qrww | Qrww | Qoz Qo2 Qo1 Qo2
m3/basin/ | L/ basin | of for for AS-IS | AS-IS IDEAL | IDEAL
day Is work | cald. | tepid. | (13x9 | (13x12c | (13x11 | (13x13
hours cm) | m) cm) L/s | cm) Lis
L/s L/s
1.25 0.01447, (12x | 3.12 3.65 2.37 3.65 3.20 4.11
3600)

Quwemax(M¥/basin/day) -maximum hot water consumption capacity per basin in a
day, in m; Qwcmax (L/basin/s) -maximum hot water consumption
capacity per basin in a second, in literQgrww (L/S) - rate of original waste water
run off; Qo1 (L/s)- the flow capacity of @(outlet in caldarium section{)o>
( L/s)- the flow capacity of @(outlet in tepidarium section).

Table 4.5 The width and depth values of the sections tagenthe tepidarium.

Sections in Sizes
Tepidarium | width x heigh
(cm)

Section A-A | 14.0 X 18.0

SectionB-B | 9.0 X 7.0

Section C-C || 12.0 X 9.0

Section D-D | 11.0 X 6.0
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Table 4.6 The width and depth values of the sections taenthe caldarium

Sections in Sizes Sections in Sizes Sections ih Sized tioBsdn Sizes
Caldarium width x heigh] Caldarium width x height Calden width x height | Caldarium width x height
(cm) (cm) (cm) (cm)

Section E-E | 13.0 X 9.0 Section I-1 13.0X 7.0 SectioiMM|12.0 X 6.0 Section R-R| 12.0X 7.0

Section F-F | 14.0 X 12.0 | Section J-J 14.0 X 5.0 Sedtidd [13.0 X 12.0 Section S-S| 14.0X 7.0

Section G-G| 12.0X 7.0 Section K-K| 6.0 X 4.0 Sectiol©0{12.0 X 7.0 Section T-T| 14.0 X 11.0

Section H-H| 14.0 X 9.0 SectionL-L| 12.0X 7.0 SectioP |14.0 X 7.0 Section U-U| 13.0 X 11.0

Figure 4.23 The map showing the direction and name otttt@as taken
from the wastewater discharge channels in caldariuntegodarium
sections of the women’s part ikngul Hamam .
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Figure 4.24 The map showing the name of the basins feedamgchannel in
caldarium and tepidarium sections of the women’s parémgil Hamam .

Table 4.7 The result of rate of waste water run offudations for the women’s
part of engul Hamam, according to the Equation 5 (Section 3.2tB)aMQycmax
value of 1.25 L/s.

AS-IS ORIGINAL IDEAL
01 01 01
I # $ ! $! 1o ! $ ! $! o $ ! $!
n
n
+ !
7 "
n
+ !
+ ! "
+!
T
%& & &) (] *&H, #)- )Y 4 & #)- M) ¢ R& +H#D+&)
" T m
n
%&)  H &) &F ..A- )+ e F& &) R# . ) &) [+&& | )+/.

C1-13-wastewater channelsl y (unit)- Loading units-total number of basins
feeding each channek (cn¥)- area of flow at each chanr@b (L/s) —discharge
capacity of each chann& (L/s)- free discharge of each channel.
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Table 4.8 The results waste ater run off calculatime®m@ing to Equation 6 for
intense use=1.00) and for loading unit rate of System IIR (,= 0.4 L/s)

ASIS ORIGINAL IDEAL
01 01 01

%- L& . | # &t &+ | & . &+ &H( &1 HRY  &+-(

% & &) (] *&Ht, #H) # & &) |( #)-  H+, |1&) |& [,

C1-13-wastewater channelbl y (unit)- Loading units- total # of basins feeding
each channel (cn¥)- area of flow at each chanr@ (L/s)
discharge capacity of each chan@liv (L/s)- free discharge of each channel.
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Table 4.9 The results of wastewater run off calculatmecording to Equation 6
for frequent useK=0.7) and for loading unit rate of System Il (R 0.4 L/s)

ORIGINAL

IDEAL

01

01

01

&+'

&+'

| &1 . &+

&+

.

&4

&

.

C1-13-wastewater channelsl y (unit)- Loading units- total # of basins
feeding each channel; (cn)- area of flow at each chanr@b (L/s)
discharge capacity of each chan@liv (L/s)- free discharge of each channel.
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CHAPTER 5

DISCUSSIONS AND CONCLUSION

In this chapter, the surface slopes, discharge capauityaalts of the roof of the
structure were evaluated. The maximum water storage astiigption capacities
and wastewater discharge system were assessed indéthmsr adequacy and
improvement. The recent interventions done with incoibf@atmaterials were
also discussed. At the end are given the conclusidiosved by the suggestions
for further studies.

5.1 Rain Water Drainage System

In this section of the studie faults of the rain water drainage sysi@dequacy
of the rainwater drainage systeand suggestions for the improvements of the
rainwater drainage systemere evaluated under respective headings.

5.1.1 Faults of the Rain Water Drainage System ofengil Hamam

The present condition of the roof was determined tauteatisfactory due to
unconscious interventions and poor maintenance as présertee map showing
the roof faults given in previous chapter (Figure 4.14). It agpethat the roof
drainage system is not possible to function properly angrdoe those faults and
due to the presence of unacceptable mesh-reinforced etentayer. This
incompatible layer definitely accelerates the solublis sand dampness problems
and destroys the functioning of roof drainage system. rEboent studies also
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showed that the concrete/reinforced-concrete repairsrogeshe structural
stability of the historic masonry structures and weakenstructures against the
lateral stresses (Akta2006). Most faults observed on the roof surfaces destri

in the previous chapter in detail, were inevitably thelt@guhis concrete layer.

5.1.2 Adequacy of the Rain Water Drainage System ofngul Hamam

The roof drainage calculations clearly exhibited the inadgquat the roof
drainage system in as-is case on quantitative basise(fab). For instance, the
overall roof runoff rate of the concrete-clad roof B&,2 L/s, was almost twice of
the total discharge capacity of the waterspouts, 10.2Sifsilarly, the total roof
runoff rate of the concrete-clad roof B2 was calculai® be 9.7 L/s which is
considerably higher than the discharge capacity of therddl, 5.4 L/s. This
drain O1 was the only discharge component of the roof iBRia case of it's
partially or completely blockage, the roof B2 seemedufier from rainwater

accumulation in considerable amounts.

Although the hamam is seemed to have some surface siopading water flow,

the slope arrangement was far away from a satisfactonoval of rainwater from

the concrete-clad roof surfaces. The as-is caseeofdbf drainage system was
inadequate and not allowing free discharge of rainwater alket unconscious
interventions of mesh-reinforced concrete layer vintiproper surface grading,
parapets and green garden. But, as the continuation oflraiobige system, the
site grading of the surface drainage system seemed tccbptable for a proper

surface water removal from the immediate grounds obtiieing.
The calculations also presented the uneven distribaticainwater loading for

each discharge components. For instance, the spouts W& W&, WS9 and

the down pipe DP7, were found to be overloaded considevefilg the spouts
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WS1, WS2, WS3 and WS8 were found to work under capacity ¢ Pah)(Figure
4.7). This corresponds with the results of the map shpitiea discrete roof areas
feeding each waterspout (Figure 4.7). According to theutations, the spouts
WS5, WS6 and WS7 were extremely-loaded with the roof furates of 5.8 L/s,
4.6 L/s and 3.6 L/s, respectively, even reaching to the timgs of their as-is

discharge capacities (Table 4.1).

The discharge coefficient,, for the low-sloped surfaces of the roof B1 was also
discussed according to the results of drainage calcnsatidhe discharge
coefficient of the dome surfaces was accepted as ‘1.@usecof their high slope
(Hall, 1996; TS EN 12056-1, 2005; TS EN 12056-2, 2005). Considering the ide
roof fall arrangement and the original spout dimensions, 208aom in width and
depth, the surface conditions for the low-sloped surfatethe past could be
calculated. The discharge coefficient was found tankide range of 0.2-0.3 for
the low-sloped surfaces signaling a considerably high veditsorption capability

of the surface, such as soil.

5.1.3 Suggestions for the Improvement of the Rain Water Drainage
System of engul Hamam

The study has shown up the priorities for the improveroénbe roof drainage
system and maintenance program particular to the buildkbgve all, it is
essential to correct the surface grading of the roo&sesfbut it is not possible to
repair these surfaces with additional concrete layEnat is, the present roof
drainage system of the mesh-reinforced concrete roodsl cmt be improved by
usual remedial measures. The mesh-reinforced concrete therefore, should
definitely be removed from the structure and then dloé¢ should be covered with
the layers of compatible roof plasters in the contektao well-planned
conservation program developed by the structural engineersc@amservation
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experts. The ideal case for the improvement of thé doainage system was

suggested as follows: -

(@) As much as the present surface geometry allowecekvan distribution of
rainwater loading for each discharge component shoeildchieved as suggested
in Figure 4.13. The arrangement of roof slopes should beated accordingly
for a pond-free drainage system. Special care shouldvbe tp level the reverse
falls in front of spout openings properly for a fast watenoff,

(b) The extreme loading from the roof of neighboringding at the east of the
roof B2 should be prevented, without doubt, by a separatedragfage of the
neighboring building,

(c) The discharge capacities of the waterspouts shmulchproved by increasing
their flow dimensions. For a rainwater discharge iceptable ranges, the ideal
flow dimensions for the spouts, WS1, WS2, WS3, WS4, WS53 W&l WS9
were calculated to be 10cm x 9cm in width and depth, havinglideharge
capacity of 1.8 L/s. A larger discharge capacity of 2.7 wé&s needed for the
spouts WS6 and WS7 with the flow dimensions of at leastn2.¢1cm in order
to cope up with the roof runoff rates of 2.5 L/s and 2.8 tgspectively (Table
4.2). The as-is dimensions of O1, 12.5 x 18.0cm in width apthdeeeded to be
increased to 12.5 x 28.0cm to cope up with the free dischdrges sainwater

from the roof area,

(d) The internal gutter IG1 should be extended to covemti@e length of the
roof B2, 17.40 m, where it suffers from the lack of drainegeponent (Figure
4.13). An alternative drain may be suggested which may s aserflow drain

in case of any partial/complete blockage of O1,
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(e) There is a necessity of an additional waterspg8t0 at the south of B1,
suffering from the uncontrolled overflow and severe daasp problems on the
wall surfaces (Figures 4.12 and 4.13)

Some urgent interventions related to the timber pitchedfs were also

recommended to improve their existing conditions: -

(N The timber pitched roofs should be repaired to lgir@gperly function as a
four-sided pitched roof/hipped roof as suggested in Figures 4.12 andT4d3.
eaves gutter and down pipes forming the peripheral drainagensyet these
pitched roofs should be replaced with the properly siaeds. The drainage
systems for the pitched roofs and low-sloped roofs shoeiskeparated. The direct
discharge from the pitched roofs onto the roofs B1 BAdshould definitely be
prevented by the addition of downspouts diverting rainwat¢he surface-water
drainage system at the immediate periphery of the steicThe placement of
these down pipes was shown in Figure 4.12 and the ideafsizzsch down pipe
and eaves gutter were presented in (Table 4.2). The 23 dpes Ipcated at four
sides of the roofs should be recommended with diasetierOmm for the down
pipes and of 250mm for the eaves gutters while smallenetexs could be
enough for the lantern part of the pitched roofs as ptedan Table 4.2.

Such improvements summarized above are essential foynd-free drainage
system and for the survival of the structure. In additsmme preventive measures
were also suggested, such as the cleaning of discharge caontgpioen soil and

plant deposits regularly/seasonally/frequently especliainy seasons.
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5.2 Water Supply and Waste Water Discharge System

In this section of the studthe hot and cold-water storage and consumption
capacity of the engil Hamam , the adequacy of waste water dischaygeem of
engll Hamam and suggestions for the improvementaste water discharge

system of the structureere discussed under respective headings.

5.2.1 Hot and Cold Water Storage and Consumption Capacities of
engul Hamam

The capacity of hot water storage room (dpmorresponds to the maximum
capacity of hot water consumption irengul Hamam . Bathing water with
sufficient temperature can be obtained by mixing foduuwme of hot water and
one volume of cold water. With this assumption ovAca#ll water consumption
in a day should be 56mincluding all activities of cleaning. The contemporary
standards, such as TS 1258 (1983) and BS 6700 (1997) require the @old-wat
storage to cover 24 hours of interruption-supply. The mstigrage capacity of
62nt for cold-water storage room seemed to satisfy this regeine since that
capacity was slightly larger than the assumed valugsof. This meant that the
cold water storage capacity oéngtl Hamam appeared to cope with all activities
consuming water, such as bathing, general/routine cleaning dfatin, washing
towels and cloths toilet cleaning and etc., for a dayase of no water supply.

5.2.2 Adequacy of Waste Water Collection and Discharge System of
engul Hamam At Present

The map showing the surface slopes on floors exhibitegrésence of a surface
water flow arrangement in the tepidarium and caldarisections of engul
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Hamam . Most slopes were found to be below 1%, evergbel at some places,
which are inadequate for a proper surface water remodatamse local ponding

areas on marble floors.

The outletO,, in the caldarium section with the discharge capadi®.37 L/s was
not able to withstand the run off rate of 3.12 L/s. Thded O- in the tepidarium
section with the discharge capacity of 3.65 L/s seemedge up with the run off
rate in as-is case with its flow dimension of 13cm xM2e¢ width to depth (Table
4.4)(Figure 4.23).

The wastewater discharge capacity calculations cleatybited the inadequacy
of the wastewater discharge system on quantitatives baspecially for the
caldarium section of the women’s part of the structaoras-is case (Tables 4.7,
4.8 and 4.9). For instance, as seen in Table 4.7, the sresulirst method
explained in Equation 5 (Section 3.2.6) clearly exhibited, tiet channels C10
and C13 were found to be overloaded with the 13cm x 9cnl@achx 12cm in
width and depth dimensions and with the discharge cagmoi, Qo, of 2.37 L/s
and 3.65 L/s, respectively. Also in the second methodagwa in Equation 6
(Section 3.2.6), with the frequency factgt, of intense use, 1.00, the wastewater
channels C7 and C10 were found to be overloaded with thbadge capacities
of, Qo, 1.06 L/s and 2.37 L/s, respectively, due to the larger qiesntit run off
rates at 1.55 L/s and 2.76 L/s, respectively (Table 4.8) (Fga®. WherK was
taken as frequent use, the discharge capacities of afinelsaexcept for the
channel C7 seemed to be highly adequate to provide a free flovasbewater
(Table 4.9).
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5.2.3 Suggestions for the Improvement of Waste Water Collection and

Discharge System of engiil Hamam

The suggestions for the improvement of the wastewasehalige system were

summarized below: -

(a) For pond-free floor surfaces the wastewater floangement on marble clad
floors considering the rate of surface slopes andr tbeection should be
corrected according to the surface slopes recommendeck Istahdards (Barry,

1988) such as 2 % for smooth impermeable surfaces.

(b) The discharge capacities of the overloaded wastewdtannels and their
outlets should be improved by increasing their flow dinwrsi(Table 4.4 and
Table 4.8). For a wastewater discharge in acceptable ratigesdeal flow

dimensions for the channel, C7 were calculated to Bast 14cm x 8cm with the
flow capacity of 2.14 L/s (Table 4.8), while it seemed toadequate with the
14cm x 6¢cm flow dimensions in width to depth when the fraguse of K value
was taken, that was 0.7(Table 4.9).

The ideal flow dimensions for the channel C10, was debted to be 13cm x
10cm with the discharge capacity of 2.77 L/s when the seteise of K value was
taken, that was 1.0 (Table 4.8), though it was again adequidtel3cm x 9cm

width to depth dimensions, when K value was taken as Ollg#20).

The ideal flow dimensions and flow capaciti€s, were determined to be at least
13cm x 11cm with 3.20 L/s for the floor draih and 13cm x 13cm with 4.11 L/s

for the floor drainO,, in order to provide water evacuation in acceptable ranges

(Table 4.4),

The ideal flow dimensions for the channel C13 was founthe at least 13cm
x13cm in width to depth dimensions for a free flow of teaster according to
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the method in Equation 5 (Table 4.7), though 13cm x 12cm floneadsions
seemed to be highly enough according to the method in Egu&atiable 4.8 and
4.9).

5.3 Conclusions

The study has shown up the characteristics of hot ardiwaier storage
capacities, water consumption, and wastewater and atenwrainage systems for
engul Hamam . It was seemed that the structure haphallly well-designed
functional systems all of which composed a well-furting structure using,

running, collecting and discharging water in its spaces ineffinient way.
However, those functional systems have not been ablerdperly function at
present due to the inappropriate intervention and lackairitenance and passing

of time.

At present, the roof drainage system failed to providewater collection and
discharge in acceptable ranges. There were serious dssnprablems arising
from unconscious recent repairs, mainly the 8 cm thiekhsreinforced concrete
layer causing considerable roof drainage faults. For a fuelttioning roof
drainage system and for the health of the structuremtbgh-reinforced concrete
layer covering the overall roof area should be remoVédn this roof area should
be clad with layers of protective roof plasters. Pplesters should be compatible
with the historic dome masonry. Therefore, these wshauld be done in the
context of a well-planned conservation program developethéyconservation

experts and structural engineers.
The suggestions for the improvement of the roof draingges were made in

terms of roof fall arrangement, flow dimensions ofatiarge components and

their placement on roof area. Some preventive meas@eEsalso pointed out.
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engul Hamam seemed to have enough cold-water storagatgdpags proper
functioning during the 24 hours of interruption-supply, inalgdall activities
consuming water. engil Hamam was found to have maximum hot water
consumption capacityQwemax (1.25 mi/basin/day) that seemed to fall in the
average values for the historical Turkish baths belondingn 12" to 19"
centuries. The effective floor area per basin in caldassection of the historical
Turkish bathsA,, was found to vary in the range of 3.21-11.8&asin with an
average of 5.7+1.77tbasin. TheA, value of engiil Hamam again falls in the
average range with the value of 7.Z8msin among the other historical Turkish
baths.

No significant relation was found between the hot wat@rsumption capacity
(Qwemay Values of historical Turkish baths and their effectieoiflareas of their
caldarium sections per basiAy). The waste water discharge system ehgul

Hamam had become disfunctional due to inadequate andseevalls and
inadequate flow dimensions of water channels/outlets, im ¢ausing ponded

areas on the slippery marble surfaces.

The results obtained from the calculation methodsgutie Equations 5 and 6,
(see Section 3.2.6) showed that both methods were usefa@lvaluate the
adequacy and capacity of wastewater discharge systemondasiTurkish baths.
The comparison of the valu€ and Qww showing the discharge capacity of a
wastewater channel presented that khevalue for engul Hamam was 0.7.
Knowing this information, from now on, allowed us toctdate the ideal flow
dimensions for the wastewater discharge componerggmgul Hamam , only by
using the calculation method using Equation 6, describeckistdndard, TS EN
12056-2 (2005). Th& valuemay differ for the other historical baths TKevalue
indicating the use-frequency of sanitary installationsuitdings types, should be
defined for the historical baths, and then, included instiaedards as a certain

frequency factor, or within a range, especially for tlesim taps of those
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structures. A similar study on the determination of Htevater run off of each
basin,R_y, and the type of appliances is also required for adapte Equation 6
for the capacity calculations of historical baths. Séhelata is essential for the
development of standards, specifically for the assassoievastewater discharge
systems of historical baths.

The calculation methods developed in the study seemec toséful for the
assessment of water storage and consumption capadhiesadequacy of
discharge system and its improvement. These calontashould be done for the
adequacy assessment of any intervention suggested for atee supply and
drainage system of the historical structures. Any subsequienvention of roof
drainage system should be evaluated by means of roof draialgdations used
in this study.

The joint interpretation of non-destructive analysesjuding mapping of the
decay forms, infrared thermography analyses, leveling suam capacity
calculations, provided a good combination for the assessohéime water supply

and drainage system of historical baths.

Further studies are needed to discover the drainage tdastacs of original roof
materials. The locations of the area drains and themay should be checked
for the ideal case due to the additions of new downspgeectly discharging

water to the surface-water drainage system of the inateedrounds.

Further studies are also needed o better understanelgtenship between the
storage capacities of historical baths and the avatlabil natural water sources
nearby. In engil Hamam the volume of cold-water storage room igtgrehan
the volume of hot water storage room. Further studiesneeded to clarify the
reason for the need of larger-volume cold-water storage construction in the
building.
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