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ABSTRACT

Dampness of materialsisavital factor in affecting the secure conservation
of architectural heritage. Environment with overmuch dampness may cause
the erosion of material and accelerate its damage. Pathological symptoms
caused by materials can be seen everywhere in architectural heritage.
Therefore, in the first stage of field survey in heritage restoration,
investigation on pathological symptoms of material dampness is one of
the most important aspects. This study evaluatesthe field survey of timber
material quantitatively and qualitatively from the building pathology.
Moreover, according to the differentfeatures of moisture contentin timber
material, this study also provides some fundamental methods in
diagnosing the extent of erosion and destruction of material, and thus can
betaken asreference when applying the method of field survey to practice

in spot in the future.

INTRODUCTION

Building dampnessdamageis supposed to be one
of thethreatsto safe preservation of architectural heri-
tagein hot-humid environment. Dampnessdamage can
not only causethe corrosion, strength reduction and
color changesof materias, but a so have microorgan-
ismsinserting onit whichwould affect the health envi-
ronment and causeanegativevisual impact.

Generdly, diagnosissurvey of thearchitectura heri-
tage and harm status of the materials should be con-
ducted beforetherestoration. A regular way taken asa
field survey method of material damage symptoms of
theancient buildingsis“Check-list Method™. This
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method can only make a subjective judgment of the
surface phenomenon of the materia, which resultsin
deviation caused by different researchersdoing thejudg-
ing. Therefore, it’s not efficient enough to evaluate the
damagelevd of the materia sobjectively.

During amassof field survey work on theancient
buildings’ damage in the past, the author has always
been confused with finding an efficient way to evaluate
thedamagelevd . Consdering thevariousfactorswhich
caused damage of the old building, the present study
amsat themost hazardousfactor for safeconservation
of the old buildings—the building dampness damage,
and attemptsto put forward asystematic field survey
method for eval uating building dampness damage.
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MAIN THEORY OF
SURVEYMETHODOLOGY

Survey items based on the theory of dampness
pathology

Building Pathology isabranch of sciencewhichex-
plores how building diseases come up, devel op, and
transform. It amsto apply scientific methodsto study
thebuilding pathology’s origin, mechanism as well as its
forms, characteristics, functionsand devel oping pro-
cess, and it also sudiesvariousmethodsto identify dif-
ferent buil ding diseases, thereby to expound thefunda-
mental principlesand finally to providethetheoretica
baseto maintain buildingsin aregular environment by
radical cureor primary avoidance?. Accordingtothe
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basi c principlesof building pathol ogy, building diseases
can beclassified into damage, crack, corrosion, freez-
ing injury, seepage, ageing, and collapseetc from the
aspects of disease properties.

Based on the mechanism of building diseases, in
thisstudy, thesurvey itemsof building disecasesaredi-
vided into thefollowing two categories. Thefirst cat-
egory includes8items, i.e., moistureinfiltration caused
by physical and chemical actions, weathering crack,
surfacefragileness, spalingfracture, deformationdis-
placement, dump collgpse and discol oration of thema:
teridsand others. Thesecond category contains4items,
scilicet timber corrosion, erosion by termite, fungi
fidlded, and plant parasitized by plants. Consequently a
basicframework for survey itemsof building dampness
pathology isput forward. (TABLE 1)

TABLE 1: Thebasicframework for survey itemsof building dampnesspathology

M echanisms of Action Pathological Features

Pathological Feature lllustration

Physical and Chemical
Actions

Biological Actions

Moaisture Infiltration

Weathering Crack

Surface Fragileness

Spalling Fracture
Deformation
Displacement
Dump Collapse

Discoloration of the
Materids

Other Damages
Timber Corrosion

Erosion by Termite
Fungi Fielded
Parasitized by Plants

Materia s turn damp when immersed in water so that the water spots and stains come
out on the surface

Cracks, horniness, bulging of paint, expanding of under course turn up on the surface
of materids

Alkalization appears on the surface of materials.
Speck drops or wags from under course, structural materials brakes.

Roof truss shifts, structural node slacks.

Foundati ondescending appears, even leads roof truss to tumble.

Paint of covering turns up chemical metamorphism, or dissolves and fades, adhered by
dust and oiliness.

Structuraltruss missing and any other damage.

Serious dampness parts of timber appear perishing, other parts of that turns up brown
putrescence and white putrescence.

Insects such as termite, lyctus beetle and scoliid are able to erodetimber.
Parasitized by mucedine and mushroom.
Parasitized by primary plants such as moss, lichen and fern.

TABLE 2: Survey methodsto building pathology problems

Survey Items Survey Techniques Methods Illustrations
Observation Observationa research and record of gap, damage,moisture infiltration and
biological effect on material surface through eyes
Primary Touching and Observationa research on the symptoms of material erosion and biological
Field Survey Smelling effect by touching and smelling
. Using the resonancetheory on judging the densitydifference of materid
Macro Knocking and erture, so as to judge the situations of materials rupture, bulging and
Survey Hearing ierturz Judge PILIrE, buiging
Elastic Sense Using the reboundwave of meta needlestabing to judge the solidness and
Advanced of Acupuncture erosion situations of materias.
Field Survey Instrumental M easurecharacteristics of materias such as scale, damage situation and lean
M easurement of truss.
. Observation of material microcosmicstructure—SEM and chemicalanaysis
Migo  Laboratory Analytical Test of materia component—EDS, XRD, XRF,FTIR
Study Diagnosis and In laboratoryenvironment, design variouscondition and limitation to set
Analysis Experimenta Study '

systemicexperimentd study on diversity of material variance.
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Common survey methods of building dampness
pathology problems

Thecommon survey methodsof building pathology
problemscan beclassified into two phases, thefirst one
isapreliminary field survey, and the second oneislabo-
ratory diagnosisand analysis. Thefield survey canbe

dividedintotwo partsaccordingtothediagnosticlevels.
Thefirgt level indudesobserving, touchingand smdling,
knocking and hearing. The second level includes
eladticsense of acupunctureand ingrumentd meesurement.
Thelaboratory diagnossand andysscanbedividedinto
andyticd test and experimenta study. (TABLE 2)

TABLE 3: Survey itemsappropriatefor different building pathological characteristics

Laboratory
Primary Field Survey Advanced Field Survey Diagnosis and
. Analysis
Pathological Features - -
Observation To:%mg Knﬁamg Elastic Sense Machine Analytical
! X of Acupuncture  Measurement Test
Smelling Hearing
Physica Strgss Fracture ©) © ©) ©
Actions Moisture and o o o o
Fragileness
Discoloration ©) @ @
Chemical  Erosion of
Actions Inorganic ©) (@) (@)
Materias
Erosion of
Organic @) @] @]
. ) Materias
Biological
X Holes Eroded
Actions by Insects @ ©) @]
Creature on the
Surface © ©

EVALUATION OF DEGRADATIONLEVEL
OFTHEMATERIALSBY DAMPNESS

Thequalitativeevaluation criteriafor dampness
disease level

Thesurvey methods canbedividedinto quditetive
and quantitative aspects. Asfor quditative aspect, on-
the-gpot fie d survey method will beused, such aswatch-
ing, touching, listening and so onto eva uate the damp-
nessor cracknesslevel of material swhichwould be
hel pful for researching record and thefollowing analy-
sis. (TABLE4)®

Thequantitativeevaluation criteriafor dampness
diseases level

Themainitem of thequantitativeaspect onthedamp-
nessof building materid isthematerids’ moisture con-
tent (M.C.) survey. Theapparatuswhichisbeing used
istesto 606-1 materia s moisture contents meter (elec-
tric resistance sensor, measuring conductivity). It has
many advantages,i.e. lightinweight (90g), highin pre-
cison (2%, and fast in measurement speed (0.5sec),
easily portable and has high resolution ratio (0.1%).
Meanwhile, it has seven different measuring rangesthat
can be used in the measurement of materia swith dif-
ferent moisture content likewood, concrete, mortar or

TABLE 4: Degradation levelsof building pathology

Level Characteristic Pathology Features
A Extreme Layer of stucco materials on the surface is waged and dropped. Structural trusses are exposed in the open air
Serious or eroded.

B AffectGrealy  erials can not restitute.

Some

c Indication

€ven erosion on paint.

D Small Extent mucedine or moss.

Cracks, horniness, bulging, metamorphosis turn up on the surface of materials serioudy, and the damaged

Liquid percolation and gasification expansion appear on the surface paint of under course and the interior of
paint materias. What was more, it makes the materials bulgingmetamorphosis, besprinkled by gaps, or

Liquid percolation on the surface or interior of the materials, surface layer iswet and someis parasitized by
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bricks. The appropriate temperature on thespot isbe-
tween -10 and +50°C, whichisjust quite suitablefor
thefield survey'®.

The present study mainly focus on the dampness
leve of thetimber material. Sincedifferent characteris-
ticson the surfacewould show up after thetimber gets
damp!”8, therefore, in this study, the quanti zed eval ua-
tion criteriafor dampnessdiseaselevel isset according
tothe changing features of themateria sand thelimiting
line between dryness and dampnessisreferred by the
wood science®?, [t will bedividedinto5levels: A.
arid, B. regular, C. damp, D. seriouswet, E. soft rot.
Themoisture contentsfor thecritica vauesareshowed
inthetablebelow.(TABLE5)

TABLE5: Gradesof timber moisturelevel

Level Situation Critical Rangeof MoisturePercentage
A Arid 0.00~7.00 %
B Regular 7.01~14.00 %
C Damp 14.01~20 %
D SeriousWet 20.01~35%
E Soft Rot 35.01 % and more

CASESTUDY -PATHOLOGY ANALYSS

Thiscaseof Taoist ClassicsLibrary liesinthean-
cient architecture complex of Jingding,
WudangMountainsin Hubel province. (North latitude
32°24°, East longitude 111°00”) (Figure 1) From the
preliminary observation of thesurvey environment, we
know that the moi sture conditionsare quite seriouson
the east Sde of theeavesaide, whichiswhereour sur-
vey project starts. Thesurvey splitsinto two parts: the
timber corrosion condition, and the timber moisture
condition.

It can beclearly seen from the survey spot that the
bottom of thetimber pillar near plinthisserioudy rot-
ted. It is caused by the corrosion and was once re-
paired with putty. During thissurvey, weuse moisture
content meter to test it. It can be known from there-
sults(Figure2) that theM.C. intheeavespillar isover
20%. Such an obviousdifference, determined fromthe
Stesituation, might berelated to theground water pres-
surein the basement material, that isto say, the soil
under the basement of the eavespillarsisrather damp

JUL/MEZ010  16:3¢ JuLEs2

Figure2: Building patholog|cal surveysfor dampnessdis-
easein eavespillars
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with high moisture content leading to the high capillary
pressureinit. (Figure 3)

Disease characteristics, such as soft rot, crack-
ing, and erosion aredl related totheM.C. inthetim-
ber. According to the survey result weknow that the
environment inwhichtheM.C. isover 20% (level D,
E) isfaced with the disease threats of soft rot, and
serious cracking. While asto theenvironment where
M.C. isbelow 20% (level B, C) ismainly faced with
thethreats of cracking, erosion etc. What’s interest-
ing during the survey isthat because of thedirect sun-
light, the sunny side of eavespillar cracksbadly due
to the temperature shock inside the timber, but the
shady s dewould ways stay damp so that worm holes
spread all over.

DISCUSSION OF SURVEY METHODS:
PATHOLOGICAL DIAGNOSISOFTIMBER
MATERIAL BY MOISTURE CONTENT
SURVEY

Sudy on theerosion holesinsidetimber material
usingthedifferenceof themoisturecontent

Itisknownfromthe survey that materid typeisnot
theonly factor that influences moisture content, struc-
ture pattern of the material and itsvoid content also

work, such ashiological erosion holes, decayed pul-
verizationand so on. Moreover, theultimate differences
arequiteobvious. If theinner part of timber isserioudy
eroded, and thefiber structureturnsinto acavity with
poormoisturizing of porewater, thentheM.C. inthe
timber would drop promptly. We can make aprelimi-
nary judgment about the position or range of thelarge
hol esformed through the sudden changein M.C.

After severa casestudiesand tests, similar rules
are found. Here a case of Zhans’ ancestral hall of
Shitoubanvillage, Muzidiantown, Macheng city,Hubel,
China(Northlatitude31°11°, East longitude 115°22”)
istaken asan example. (Figure4, 5)

Figure 4 : Case study-zhan’s ancestral hall of shitouban
village

Figure5: Thetimberbeam on thestage

Thissurvey was carried out withtesto 606-1. The
measure point setby thegrid with divided equaly inhori-
zontal direction every 25cm, andinvertical direction
every 6cm. Theresult (Figure 6) showsthat the M.C.
in the regular part of the beam distribute among
10~16%. Figuresin the middle part (h,i, j point) are
rather high, and the points at the bottom side of the
beam turn out to be more damp than the upper side

points. Thedifferenceof M.C. isall within 2%. How-
ever, the M.C. of the beam didn’t spread symmetri-
caly. Fromthisresult, wefind that for onepart of the
beam, the M.C. promptly drop, and for the point 1m
away from the support joint, thefigureisquitelow. It
hasthelowest value of 2% with aquitehigh difference
whichis8% at themost.

How does it happen? The method of “knocking
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and listening” was put into practice. We findthat the
density of thispart istotally different from that of the
other regular parts, which meansthat it’s quite flufty
inside, and haslarge, wide-spread void holes. Has it
already serioudly eroded or rotted? To provethis hy-
pothesis, wetook the appropriate part and cut it up for
acareful observation. Theresultsshowed that theinner
part of the wood has been badly eroded and has be-
comepulverized.

Timber Beam Miosture Contents
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;
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Figure6: Moisturecontentsof timber beamof the stage
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In conclusion, whentheinner part of thetimber ma-
terial getsserioudly eroded and pulverized with many
erosion holeson the surface, the moi sturizing capacity
of theinner fiber formation of timber materia will de-
creaselinearly, which leadsto thedrynessinsidethe
timber materid. Therefore, by using of thefeaturesthat
theM.C. for somepartsof thetimber materid will drop
promptly, together with the s mpletechniqueof “knock-
ingand listening”, we can easily judge the erosion holes
andthepulverization Stuation on thefid dssmply, eco-
nomically and efficiently.

Study on thelimiting rangesof timber dampness
and rotten through thedifferencesof m. c.

Anotherphenomenon found fromthesurvey isthat,
when the environment wherethetimber pillar stay is
too damp, theM..C. differencesinsdethetimber mate-
rial can betold from the surfacefeatures, sotherange
va uescan bedetermined inthevery primary step. Once
thetimber pillarsget damp, different moisture contents
show different features on the surface. The dampness
degree can bejudged through touching and observing.
Generdly, thedamp and dry grainsonthe surface have
thefollowingfeatures: A. light-brownwood grain when
it’s normal; B. dark-brown wood grain when it’s damp;
C. dark-brown wood grain with green mosswhenit’s
too damp. It and whether the timber structureishard

or soft, strong or loose al so can bejudged by knock-
ing, whichwill tell you thedampnessdegree. It hasbeen
surveyed that the dark-brown timber materid with moss
inthe over damp environment feel smorelike soft cor-
rosion, apparently different from therigidity in other
parts. (Figure7)

Figure7: Situationsof the dampnesspillar

Thisisacaseof YangzhouVillagein Yangxin County,
Hubei, China(Northlatitude 29°39°, East longitude
115°10’),which helps us to know the moisture situation
inddethematerid through thequditativejudgment based
on surfacefeatures. Thetimber pillarinLi’s residence
will helpto explain suchasituation. (Figure8)

Figure8: Casestudy —thetimber pillar inli’sresidence
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The survey included 4 timeintervals. The place
wherethetimber pillar stood suffered continuous pour-
ingrain. Duringthe4 timeintervals, it cleared up after
therain (temperature out therewent higher gradualy,
andthereative humidity went down). Theresult showed
that themoisture contentsin thistimber pillar ranged
from15%to 40%. (Figure9)

Timber Column Moisture Contents
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Figure9: Moistur econtentsdiffer encesof timber damp and
rot
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It can betold from the measuring data, thet themois-
ture characteristicsfor timber pillar canbesplitinto 3
sections: A. steady state section, thispart isover 120cm
high from thebottom part of thecolumn, andthemois-
ture content isabout 15%withsmal datavariations; B.
regular changes section, this part is between 55 and
120cm high, and themoi sture content rangesfrom 15%
to 40% with regular changes; C. disordered changes
section, thispart isbetween 0 and 55cm high, and the
moisture content changesin disorder and with damp
conditionsdl over.

Duringthissurvey, wefound that the 3-section data
variation of thedry and damp timber grains happened
to show up too: A. steady state section, normal light-
brown timber grain; B. regular changes section, damp
dark-brown wood grain; C. disordered changes sec-
tion, over damp dark-brown timber grain with moss.

Wouldit bepossiblefor ustodistinguishthetimber’s
dryness sectionfromthat of dampnessaccordingtothe
characteristicsin moisture content differencesaswell

asmaterial surfacefeatures? Normally, theM.C. lay
between 8% and 15% and it might be 35% to 40%
when the timber gets soft rotted™. Timber in steady
stateisinnormal conditionswith M.C. of about 15%,
which meansthat the absorbed water insidethetimber
iswhat exigtsorigindly but not from thedamp environ-
ment, and the surfacelooksdry. Thus, thissection can
beknown as“normal section”. The timber with regular
changes can still be considered as “healthy”. It stays
good in structuresinceit hasn’t been rotted softly so
that it hasstrong potentia to absorb and storemoisture
ingdethefiber materid. Whenthewater issuckedin, it
goesintothefiber poresandishard to beinfluenced by
the climate changesout there, sothesurvey resultsshow
ussomeregular risesand fdls. Thetimber indamp con-
ditionslooksdamp on the surfacetoo, and it’s called
“damp section”. The disordered data means that the
M.C. insdethemateria wasinfluenced by thedry or
damp environment in the outside world. When the
weather turned from rain to sunshine, therelative hu-
midity intheair gradually fell asthetemperaturewent
higher, and theM.C. intimber columnswent lower ac-
cordingly. But why thishgppens? From the structure of
thetimber material, weknow that sincethetimber or-
ganization getslooser, the fiber organization breaks
down, thus, the moi sturizing capacity goesdown, which
makestheabsorbed water ingdefiber poresmorelikdy
to beinfluenced by the humidity intheair. Sothedam-
age of thetimber fiber organization iscaused by soft
rot, whichisdefined asthe““rotten section”.

Therefore, thisstudy givesadefinitionto thetimber
dampness and rotten decay section (TABLE 6), and
demarcates between dampness|ine and rotten decay
lineasin: A. dampnessline—between normal section
and dampness section; B. rotten decay line—between
dampness section and rotten decay section.

Thus, weknow that thismethod to judge whether
thestructureof timber fiber material is*healthy” or not
istomeasureM.C. inonestructuremateria at different

TABLE 6: Different char acteristicsof timber material in differ ent sections.

Sections M.C. Characteristics Height Char acteristics of the Sense of Per cussion Echo
Surface Touch

Normal  Steady changes around 15% Over 120cm high from the bottom Normal light-brown wood Dry; Material ishard with clear
part of the column grain Puckery echoes

DampNess Ranges from 15%~40% with Between 55~120cm high from the Dark-brown wood arain Damp; Material is hard with

P regular changes bottom 9 Smooth nephel oid echoes

Rotten 35%~40% with disordered . Dark-brownwood grain ~~ Wet; Material is soft without
0~55cm high from the bottom .

Decay changes with moss Soapy echoes
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time pointsand comparethem, or, todirectly observe
the surfacecharacteristicsof it soastojudgeif it’s in
normal condition or dampness, or even rotten decay,
combiningwith themeansof touching, knockingetc. In
thisway, we can do some simple, economical and ef-
fective primary on-the-spot testsduring thefield sur-

vey.
CONCLUSION

Dampnessisthefundamentd factor in affectingpro-
tection of heritage materials, especially for timber. In
heritage renovation, craft technology study whichfo-
cused onpractical conservationisvalued gregtly previ-
oudy. While, study concerning conservation of primary
characteristics of the materialsand exploring study of
the pathological mechanism caused by the external en-
vironment arevalued theseyears.

Therearevariousfactorswhichwould have harm-
ful effectson the heritagematerial sinthe preservation
environment. Thus, the disease characteristicsformed
by thesefactorsaremultiplicated. Asaresult, effective
use of datacollection measurein spot survey and pro-
vison of reliableinformation can betaken asreferences
infuture conservation practice.

Thepresent study ispreliminary inexploring the
fieldwork technol ogy of moi sture phenomenon. While,
exploration of theexactmechanism of materia pathol-
ogy needs systematicresearch in laboratory. Such a
project requiresthe attention of thewhol e professiona
environment and such aday will comein the recent
future.
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