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Study of deterioration of ancient brick
monuments -a case study at Polonnaruva
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s stidy attempts to wdentify on going deterioration processes and their causes m
selested ancient brick monuments al Polosmaruva, Three distinet deterioration
pmwuh:l be identificd by means of visunl observations, It has been tred fo
ntify causes responsible for the brick deterioration through chenmical analysis n
Wﬂm with envitonmental factors. Tests results reveal that deterioration
m consequences of complex mteraction of prevailing chemmieal, physical

and biological factors.

swork can be identified as dominant structural element of architectural forms of
mmw-lhﬂnmdu.vul Sri Lankan capital, in the North Central Provinee of Sri
mmﬂﬂ? structures undergo deterioration processes when exposed to
aggressive action of the environment. The rite of damage and the mechamsms are
mm by the properties of the huildimg materials and by the environmental
_conditi s ﬂnmnlmg at the site (Gurrecht & Muller 1999, 507-515). This study
atiempts 10 understand the on going delerioration provesses and their canses that
w&ihlrfnr damagmg brick monurments at Polonnaruva. Three major brick

nls al Polonnaruva, namely, Parnkoamabahu Palace. Lankatiluke I e

ﬂﬁiﬁﬂi mﬂ T'Mnkn Image House were selected for the present study, Mistorical

e T o

eological evidence suggest that these monuments have a history of more
lﬁﬁﬂm&m With the collapse of the Polannaruva kingdom, these monuments
m&ahm:hmml Simee then, they have been directly exposed to the elfeots of the

it for several centurics. Proper understanding of (he causes behind the

mm 15 of utmost importance (o teke remedial measures and arrest

deterioration. Since the architectural héritage of Sri Lanka comprises a
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considerable percentage of brick monuments, mdepth understanding of this
delerioralion process is an important step wwards their preservation.

Geographical and Climatic Conltext

Lacated withim the dry zone of Sri Lanka, weather at Polonniruva is almost warm
and sunny throughout the year, The monuments at Palonnaruva also experience hugh
winds, especially during the dry period. Day ime temperature lies between 25 "C-
15 °C°, and the temperalire dilTerence
between doy and night would be as much
as 10 "C. The area experiences a long dry
period extending up to eight months of the:
vear and rains mamly obtuined during the
period of the northeast monsoon {four
monthy). Occasional showers can also be
experienced during the dry penod, Annual
rainiinl] of the area 15 about 1500 mirn-20040
mm. Hunudity 1s relatively low, compared
1o the wet zone and the value lies between 60%; - 90% (National Atlas of Sri Lanka
1988).

Careful and close visual investigations of the above monuments paved the way o
identify three distinet deterioration processes. Nature of each of the wentfied brick
deterioration processes are as follows

Deterioration Type 1

It this process, the clay particles of otter
surface of the bricks gradually get detached
resulting in the wearing cul of the bricks
leaving cancave coarse surfuces. But this
process happens both on the mortar and
on the bricks at almost the same rate (fig,
1 and 1.1). This detenoration process could
be seen restricted 1o the patches, which were mostly located 1.0 m = 1.5 m over the
ground level, The detached powdered brick and mortar particles could also be seen
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d@mﬂﬂﬂ at the bottom of the cavities formed due 1o this deterioration, con firming
the on. ggmfg pmbtm. (fig. 2). It 1s important to hote that the bricks undemeith the
luyer of powdered brick and mortar particies
(about 1 mn=2 mim thick) seem (o remain
intact. In some patches of affected
brickwaork, 1t can be seen that the eavities
extend  deep mto the wall affecting its
statmlity. There 18 more danger of having
this damage 1 the cavities on wall surfaces
ol the Parakramabahu Paluve, where the
sttuetural timber framework was origim|ly
embeddedinio the brickwork. This damage
can also be seen to o lesser extent nbetwoeh
brick pilasters and in newly restored
brickwork at Tivanka Image House (fig 3

Deterioration Type 2

ieks thist are being subjected 1o this
.-dlmuiu wear out leaving smooth, hard e
convex surfaces. No detached particles fig3

ﬁﬁi}d&m “This damage could only be observed on pilasters and on other projected
4 decorations on the southém exterior walls,
hoth at the Lankatilake and Thivanka Image
Houses. As a result of this dumage, most of
the fine details of the decorated wall surfices

are being wom out leaving rounded surfaces

(fig. 4 & S).

Deterioration Tyvpe 3

Fxternal white patches about 1 ¢ém-2emin
diameter on brick surfaces were the main
visual observation of this damage. These white patches could be easily removed
wsﬂlmagmg, When removing cach selected white patels, aamill hole, leading decp
it the brick wall could be observed (fig. 6). The diameter of the Hole increisis
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from the exterior surface towarids the intenior of the brickwork. This damage could
cleaity be attributed to the activitics of a particular insect, since both sack (puparium)
and dead insect larvie were found mside
almost all the inspected holes. (Figs. 7, 8

A WL

Nature of damages

Parakramabahu Palace
Mainly deterioration Type 1 was seen, Tis

was observed ITm-1.5m aboye the ground
level on wall surfaces and inbetween the
pillar cavities of both inside and outside of the monument. Smce the pilasters or any
other decorations are absent, deterioration
Type 2 is not present. Morcover
deterioration Type 3 was also rarely seen

in this monument.

Lankathilaka Image Honse
Deterioration Type | was mamly observed
inside and outside of the monument. In

addition to that deterioration Type 2 was g0

also ohserved associated with the pilusters and other projected decorations on the
exterior southern wall, Deterioration Type
3 was hardly seen in this monument.

Tivanka Image House

Deterioration Type 2 was mainly seen on
the exterior southern wall of the monument
Detertoration Type 1- was also observed
on some bricks and appeared as isolated

small patches of restored new hrickwork
spectally on the upper areas of the monument. But gencrally, deterioration Type I at
Tivanka Image House is rare with respect to the other two monuments. Eillorescence
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con also be seen HSWCMIE:ll with the damaged areas of the new bnickwork (lig. 9).
- Besides that, deterioration Type 3 was also
seen 1 a'gonsiderible extenl,

In addition to the above mam deterivration
processes. severil moss and hichen growihs
G several
areds could be
seen in all three
minuments,
whﬂ? on the shaded areas ol the Tivanks Tmage
House. (fig. 10).

Identification of Causes for Deterioration

Samples were taken from surfaces of damaged and
undmged bricks Irom all three motiutnents, Few
sclected

samples were
subjected to
soluble salt measurements and XRD
analysis, Due to several practical restrictions,

only limited number of samples were

analyzed.

Sample description

PB -Parakramabaln Palace, 11= Lankatiluke Image House; TV-
Tivanka Image THouse

PRI -from damaged areas related to deterioration Typel

PB2 - from an undumaged arca two feel above the place where the PB 1 was
faken

PBEI <from a damaged area related o deterioration Type |

PB4 - from the undamaged area, below a place where (e deteriomtion Type |
was present
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LTI - from a damaged area related to Type 1, close 1o ground level (exterior of
the buildmg)

112 - from an undamaged arca, 3m above the ground level

TV - from a damaged arca 3m above the ground Jevel related 1o Type 2

TV2 - froni undamaged area close to ground level

Sample Analysis and Results

Water Soliclde Nalt Content

Sample | Mass(m) | O | K % |He% Ca% [Mgh [ sob w [NHE% | uo; Tl %
"

+HO 3%

a3 bl
pnz |ismeza |oealom [eed nod |ote |<dor | ooo | oot 157
3 [11.0034 |37 |a jo4F Qo [o0s |0 uong || 03es 145 |
.!.Tl 139306 | 65600 |07 QES |03 ntn ﬁEHIIl] 0 ity 13
LT3 (i1ae1ap (0 |OnY (634 @ps |[ofy [ 602 pool | ol nen
TV 78633 002 | B3 |01 nd® od g3 (G2 ad R
TV3 |In481s (002|003 (003 o@ml (00l [oo2 000l rd Gl

Tabde: 1 *nm- not detected

XRD Measurements

PB1 and PB 4 samples were subjected to XRD analysis. XRD spectrums were
obtained using JEOL X- Ray DifTractor meter. Identification was done using XRD
data books.

Table: 2 XRD gruph for sample PB 1
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o urwnm quI:Ic salt wnlrm pori‘;ﬁuﬁhc bricks: Prevailing
hm:s{lmt strong wind and relatively low hu:mdny]
‘evaporation of absorbed water either by capillary action or
‘ﬁﬁmthnummﬂnﬂ'[ due 10 rain concentrting the salt solution
res. This water evaporation finally mukes mpcr-ﬂlurutud salt

gi‘haﬂngﬂ#m}mﬁﬂhzalmn process (Garrecht & Muller 1999,
15/ National Atlas of Sri Lanka 1988/ Moropoulou 1995, 137-150/
§ 1995, 171~ 178/ Macechiarola 1999, 191-210/ Maropoulou 1999,
These crystal formutions within the pores create lirge forees

isible for the detachment of brick and moriar particles
al Atlas of Sri Lanka 1988).

17



Strdy of detartaration of aitcient birick monpmenty —a cose xfudy af ;:ri!mrmrrmm

XRD analysis shows the presence of mullite minerals, having an orthorhombie crysial
structure in both the damaged and undamaged brick samples. Mullite 1s formed only
at high temperatures{Deer 1966, 37) and availability of mullite indicates that both
dumaged and undamaged bricks are propetly burnt. This emphasize that this
deterioration is not due 1o inferar burmningof bricks.

The resylts of water soluble salt content shown n table | and the tesults ¢learly
indicate the presence of high total soluble salt cantents ol brick saniplesat Lankaulake
Image House and Parakramabahu Pulace where damage due to detenoration 1ype
| is seen more proninently, (Total soluble salt content respansilile for more than 1%
of the sample weight). These results, therefore, provide an important clue a4 to the
deterioration process of the brickwork.

“This increased salt tontent of the brick samples could either be the resultof dissolying
soluble anions und cations contained 1n bricks and mortar duc 10 fmiin water which
percolates fromupper levels of the tall brick walls or ground water containing soluble
salts rising through the brickwork by means of capillary action. A thorough
imvestipation with series of brick samples from lop Lo ground level is necessary 1o
assess the exact direction of the salt Nlow through the brick walls. But these exposcd
thick brick walls could absort fair amounts of rainwater at the uppet levels, During.
a four hour rain, it is caleulated that § kg of waler per square meter could penetrate
awall surlace oriented perpendicular to the wind direction (Garrecht & Muller 1999

507-315) The two samples taken from the brick walls that are not exposed o am
water af Tivanka Tmage House show low water soluble sull content. On the other
hand, salt measurement results show the presence of high level of sodium and chloride
ions in bricks. However, 1t is an established fact that the ground water In thie North
Central Province contains high amount of caleium and magnesium 10ns, and hence,
it is considered as hard water. 11 the salt flow 15 only due to the capillary action of
the ground water, bricks must contam considerable amount of caleium and
magnesium ions along with other 1ons. But the test results shows that it 15 not so.
This may also be another evidence o suggest that the ground water might not be the
mamn salt source of the brickwork. So percolation of rain water from the upper
levels may dlso a considerable contributing factor. Moreover, it is impossible to
neglect the contribution of air poilution for the content of soluble salt in bricks. The
areq does not have a high dearee of pollution from local sources except during the
festival periods, However, there 1s 2 possibility of truns boundary pollution afTecting
the urea especially during the north east monsoon owing to cmissions carried out
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1 sulby continent. A research conducted in Anuradhupura city using
siutants (Abeyratne 2004, 2030 nitrogen dioxide, sulfur dioxide and
ppler method was used) revealed high level of nitrogen dioxide
concentrations during both monsoonul perods compared to mter
ods. Though this factor needs to be subjectid to further investigations,
e a mujor threat for most of the outdoor und mdoor cultural propertics
in e area i future

n Type 1 is also seen in the new brickwork on the restored sections of
im EfMoreseence las also been observed above ttm bricks that
sy deterioration Type 1. Daring the recent restoration work, bituminous
laid on the interface of the new and old brickwork and efflorescence
His brick - tar sheet interface. This efMotescence problem s due o
imd usage of high proportion of cement and lime as the constituents
bind eement and lime live nereased the amount of soluble sult
vement of the jons,
Process 2
on Type 1, no detached particles were seen deposited in the
ty, There arc also no loosely bound particies on exposed surfaces
are affected by the deterioration process 2. In contrast to the
rfi .5 of the bricks aflected by deterioration Type 1, this process
;:umdcd hard, as well a5 fine surlaces with acrodynamically
: 'fhif damage always oceurs on pilasters and other projected
ul on wall surfaces that aré exposed to the wind direction (fig. 5).
f1.and TV2) from the arcas that are affected hy detenioration
ely low soluble salt content. [t could most probably be attributed
150 high winds prevailmg in the arca. A comprehensive study
t i&alﬁnb‘ﬁiﬁnfmcra] samples from different areas are necessury.
nelusion in this regard.

ws the bricks close to each other on extenor wall surface at Tivank
5¢ that have been affected by both deteriaration Type | and 2. I this

on Type 1 15 active on isolated bricks: Plaster on such bricks Has
red, and the exposed brick surfaces continued to be worn out creating
Mﬂmlx incheates that deterioration Type | isa resull of inside
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foree (e salt erystallization within the pores) mther than an ottside foree, such as
wind, In this case, the wind perfinms only a supportive role to enhance the evaporation
of moisture within the bricks, thus creating a super saturated solution, and then
acceleraling the removal of loosely bound particles present on the brick surface.

Deterioration Process 3

This damage ¢an be elearly attributed to a particular insect. Although the elfeet of
this process 15 relatively low at present, it could subsequently mitiate further
deteriomtion (fig. 11). This biological factor needs Lo be studied in detail to arrest
the deterioration process.

In sddition to the above identified deterioration processes, growth of moss and lichens
cant also be seen on the wall surfaces. This may also contnbute v a-small scale to
the deterioration of fine details on the brick

surfaces.

Conclusion

According 1o both visual observations and
experimental results, this study emphagize
several nterlinked environmental factors
such as temperature, humidity, wind, min,
together with other chemical and bislogieal
causes which are responsible for ongoing detenioration processes of the brickwork
al Polonnaruva, The damage caused by the crystallization of soluble salts could be
seen a8 more destructive than any other cause.

Due to several practical restrictions, this study {s himited 1o the analysis of few
samples obtained from the dffecteéd surfaces of the monuments. Int order to reach
more definite conclusions, 1t 1s necessary to take samples from top o ground level
and carry out analysis ol core samples to identify the exact gradient and the direction
of the salt Dow.

Damages similar to this siudy can be observed in most of the ancient brickwork
which have been distributed throughout the country. It 15 necessary to take immediate
remedial measures including desalination of alfected walls using appropriate methods,
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amp, avoiding movements ol salts, mintmizing wind erosion and
fcilities ete. for the minmmzation of further deterioration of e

ogical treasires of the istind
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