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Abstract: The frescoes from early 17th century discovered in
1996 in the Chapel of Our Lady of Guia in Macao are interior
ornamentations that are rarely seen in China, and represent
significant historic meanings and aesthetic values. Around
2010, damages in different forms were found and even become
worse. To ensure conservation over time, two research phases
are strategically planned by the manager. In the first phase,
desease diagnosis and conservation plans were carried out
by the interdisciplinary group from Tongji University. In
this phase, architectural documentation, masonry inspection,
interior environment monitoring, material testing both in situ
and in laboratory were carried out, and new technologies such
as hygrothermal simulation were employed, so as to propose
the plan of conservational intervention. After five years of
monitoring and analysis of interior environment, through
multi-disciplinary cooperation, it was proved that the defects
are caused mainly by tightness failure of envelope, especially
high moisture in lime plaster substrate of frescoes caused by
single layered roof. Based on the findings, a conservation recipe
was proposed, and further research works as scope of work
of conservation phase II, are proposed, which shall be started
during the intervention measurements, and be used to judge the
effectiveness of the works of phase I or as the basis for further
corrections and improvements.

Key words: Macao; Chapel of Our Lady of Guia; conservation
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The Conservation Strategy of the Frescoes in the Chapel of Our Lady of Guia in Macao

of frescoes; indoor climate monitoring; hygrothermal
simulation; conservation strategy

HiEARE. TU252; TU-87; TUL; K879.41
SORbRER: A
3R 4 % 2095-7289(2016)03-0114-09

1 R RE TR B JURE )

1K T 2006 £ 7 A #E S EER SCH
WA (HRBEZLF) , ZEFHRHRERE T
SEIRIX B RS Y o

ZAEGET 17 HEORH, EHREEEEG TS
EARNARFHRE 4 (1622 4) M, it
W EEREREBFLITRAEZ E, 5HE EPE
RS —EIARATEARS (H 1) . BREEK
B/, EEERSFHRIGECETROAR R, BT
W&z B, REFEGTEN, BRAFHEE,
KESPERIE RSO ESNE, Frilizlisk—EHHSINE
AKX, HEET 1976 FMEFEERHEEA X
ST

ERFFHBEA/NGRE, RZUNHERRN
FEURORE ), HERERY 17 HEHE I S NEER:
Rig, BFEEERPERAFM, #HE 10 RK, FEHAE
fupin 10m* WEBEAZRE, AOLEHE—/N
BERERE, EREENERY 100m’,

FEHBFZE _EATSANANERS: ADNF (E
FIAEVER ) | RO (FEEZER) | R (SagRE
BERESURSER ) ISR ( B4 ZRHEEDGRARR ) (B 2).
ETCRAMEN, HERNEAESR, RREL
K 1.1m, ALURREEHRIRERER, 5
B¥chiE) R A B TN

X 5T i R B B RGE 400 ZERBEARET
4, BURRIRADBIR, 1996 £, BEKAE



B2

83

BOREFURES N
E[E|RAL ()5
{138 (B6) (BRRE: 3
REZD
EZRSHRRETLER B
F3RE: SBREHD
TR TRERIS
RETRE (BH 805
B3 4mm, TIHERTES
fi st yRane: =4
FRR: WRER)

h@r’l ﬂ

ST EE BT NBEF TSR I T BT, %
EEHTELAEREEAILHEREAY, BER
FhEzZEARES Y, NEESEENEHRATIR
B (B 3) SRS, ZRERyREmEE, e
SRR BEARTHRAS FAHIEE, XHEX—Z
REEBEEES EEEBRBSEEREERR
H— I EERA,

BRI BT B X SC AL P2 TR, 1998 £
E—EETEEEE SRS aEEE
FEHFES, 2001 FWR I SH—UZERRTZEE
WHEBE#HITIEBE (B 4) . 2003 £££ 2004 £,
WHEHT2ESENEREEERE, ENERER
WS RRERER, FNRE T @R T
B

Ez

2 PRAPIFR AR SR IR B AR b

2.1 BT AR
EREHBHENNERET 2010 F£15EE20MH

FHRERTESS, ANBENSEEREESL

Bin. HRLFNERMRRERRRE, HlEdR.
BT, xR REER R R R R EAR

RTBAEENHFRRR ™", RHLHE THEAR
FERERERSHRE AR, B8R 1XREH
BATIRGESERR T, BREERZANRER
FeEcit, ERNSRANNINRERTHSS, R
BHENRAMME. ik, BIIRRTE RS =T
BRFERBT AT ST AR R S R R sT
AR, HREERNEAAHTIRARRFER T
.

HRfRb TERSRIHE T EEESEEHCH
HNERE SRR, MV EER A SRR E5 ).
AERX— AR, BRIEEOBELFHZR: 8
—HINEHRESETR, £ HENEE. Bl
FE—HNHRLAEELTR, AXHENX—HHR
TRRES. RIS _HHRRERELSE
SRR TR R, T REH TEER
PRIIE, FEXTEEARERRRHT ARG
TUPRAY, XA REFEREN—H RAXRAFHITE
1EBGH,

2.2 RN ETEAR B SH SR

—HEF R PVEER NS < — R R E AT

FEEFIREERR, SENERAKNEMER

RUURH | LA™ HERITAGE ARCHITECTURE 20163 115



g 544 8B i
L SR RS 2
O LA BEEAK

f g

SUJ AN L ENBRR ELER
00 FATRANGKALR

BaRyPFRLAL

SEANR, HLAE

SR aRER RN

SRR FTL-HEA: BE, BA,
CORA., #oarMmER., EoEDERY
SHENARSK, THAZA, BA,
BRAY

& HAE ¥ AHE

| sepmbusmm —

BB AR RN, R

| KEPFRERY T

RE, SN, HRRES; AN, S2RAAHER
Rt 0 Y REE SR T RUARERE . FRBEE R
REIEF, BRNARFEHE. AR ERRE R
HITREBZIN, EXSRRN ST SEEEEHTT
KR, GEHFENRS. RRERRENARESE
it b, EEEUESTIREEREERSIRENS
SR RIRIREE . T FISCR R T,
RHFIEF TR,

M TREERT TR LR R, HREAHES
BEERARGWAIATARER, FMUESEE R

" FARAAARL, KERH |
B5

FHXHMEREEHRAR, 2ARFEEURE
MINEBRIARR IR A B AR RNA R . PR
FHRFF MR SN 5 4347 0 BE B R BT RO R
R BRIUREET I S B NN IR BRI AT
fEBRIBEHT, FHRAG R BIRETITEE
W (E6); MRAYEESWARBEIRUSFAR
BEMENEREL, ARFERNRERUSSEX
. BMNARHBRNFEWARERBHRTIE, —75
HEEAPRHREEIRRAR, M SERISAGRI M EEx
BENERIERS T, B—HERARRA

219943465 AR ATRIMRARTEERTRE B tronic Pulif®ho House. All rights reserved.  http://www.cnki.net

B4

RNEERSERARE
FERBRZESBRRE
B ERSRR )
4 AMBFABE, 408
s
ANEIBWRETRS
R RIR MRS



®e

Y = .':.t i =
Ei." R IFICEY

ERBHREANDTET
ST (B RR:
FHRET)
ERSHRAEARREER
BT (BHFR: Bt
R
ERBWRANR 1 2F
REEThE (BRE
B FRRAE)D

B 6a

RZRF. ARSEBCH HRAREN X

AR GRARE. IRSNSNTER

of

- - \‘\C% — '/‘_: G *e

eMERD

650 =
e 435 70 N

1818
18168 |
18318 |
28158 |
3828 |
381778
4818
48168 |
SHE18
SH16H
SH318 1
68150
68308 |
78158

HREHRARSHRE. [N, BRESWARER
AR TUERRFCRSEM T (E7) , Hib
FSERTFRA RS R E BN RN SRR ERNK
SEE RIS
HRTEERHFEAFNER ., HRAERILR
TRIHSER, BEINGRFSEERFEHE, ERNEIE,
RMNZHEARRR. HredEd, AlEdosk, #
SR RAN ARG EEYS, BE5E
CREEFF S TR IR T R B RERA FUBEEIRO4ES . X
HERIEEE, T REFNES.

B8

78308
8E14R
8H298
9m138 |
9g28H |

B0 ARG e g ey

3 B TR R

—HABF M 2010 FEFFIA%I 2016 £ 9 A, R
5, RERIEEE, BT EMTTRRR. R
TR, AR BRI SR RN
MBIy

o AR EA B P U AR A AT R, SR B
TR ELETE 16°C ~ 26°C2 [, HETEL, H
Xt i@ B 7E 65% ~ 90% TG E Nk, FEEPE
70% ~ 85% I (E8) . HikifiE, BERA
LERERHEAGHE, BENEER, AR TEHRE

AT | IR HERITAGE ARCHITECTURE 201673 117



260

255

250 1

245

240

235

230

225

220

— A6
— 9
— AN

215

210

—————————
nnnnnnnnn

-

A206

7A08
7A2268
7H238
75248
7R258
7R268
7RH278
71288
7H298
757308
7A318

7

90.0

P, Roki, BUALERREEZRSH LR
ABHEERN: HHESE, RSELEEREHRA
BEE/AN, BENGAYHE; EEEREL, B3
ZiAfEFBEXEA, BEHEA, HER/N (F9,
M 10) , HMdZEY, REFGENELSEEENL
ARER; FEALTTE, HZFREE RS R T, HAl
ZREMENNARERERD, FEirEELSfH
XA T At . TS B A i B B sh A R
SN, BEERNRARLRTS, HE
TSR ERA NS, ZiEREEE TR

& 10

MEEREAENEE., BN IEERER, BEE
HHARE,
HRIEFFOER TR 2004 LN BRK
ERER, TTRER B B TNEE R & 5 2R
BROEERE. ARIEX—ER, SRSHTTERR
MEZH R RAR DL RNAESN ", HREA
BRI WUFL SR (5 JARIAHT T AR BE KRS
HZE(LHE . WUFL BT (R, EEEAaEenyit
BRI, 2 EATRETIHE R RS
BhFB. EER, X—HBRt et R R

21994-3486 AR ATRIMRARTEERTRE B tronic Pulif®ho House. All rights reserved.  http://www.cnki.net



k]

&0

ZRTMRMAIAR 6. 9,
N tERESinE (B
FRR: ZRRAH)
EIFMRANR 6. 9.
N tRIBS S (8
BRE: ZBRAH)

R 1 ERSHREEBEESKRTHRENMTERENECRAZE

HUR FOHGEBAR B FHE P R RRIEF R
HERR = 12mm 12mm
ZHE = 85mm 85mm
B—RR 12mm 12mm 12mm
FRDKIR 5mm 5mm
RIRKBETIK SP DK = - Smm
HABRRERR = - 20mm
AN S 240mm 240mm 240mm
FIRH IR 10mm 10mm 10mm
MR 10mm 10mm 10mm
BEmE R 1mm 1mm 1mm

%2 ZRFHRTENERFRSXRGARWSRRIE :
PR ERERAR WA IS RS BLRALE R i

B/KE: BE [kg/m’] 471
BKR: EFEF T [kg/m’] 170
BKE: MREERE kg/m’)
BRI AR 3

FERGRF ST, HUANREREN AR T
HPUR B SR RERIRBR IR, NIRRT RiE
#ta%,

% B TH M I R W AL e R I8 M A i T AR
(R1), RERE R SANHEFERP/KIESRS,
B RS KERE; WRSHAE, (EHER
EBESRSUER, EpiKteeRREEER (£R2) .
[EIE, (FREHGERD, WA D RRERVREATE
REEWESERAVEFEEEL, PHBtEFgE
LRSS

4 RSN
4.1 ELGR
BEEERE, ERVTRIELX 2347 2011 £3]
2015 FEREEFRASRGT, AL HA T REENES:
(1) BAIRGEMRREERL. B, Ta%

263( & 22wt%)

21

170( & 14wt%)
R’ R’
(IefxNERR, fFefXenns)

173( & 14wt%)

W, TEERTINET R (B, HmES )L,
BRESHFAK, FTEK, BHKHEARENRNSEN.
KEEE, FTRESES, BRTREMLEA, ’
SRRKISEAERER (E 11) , BBEEEATBUE.
ESNEFRNBRRARERABHELT, 24/ i
BRENZEIE T B ABBENRKSHZER, A
SBEERIAIIE .

(2) BIEBRREmMEE TS TEE AKX
BEELTEERA, ERRRENERBRE, 5
FE MR ERERERNRA, RRENETRRE,
BEBMAK, Kin5IkERMANRRERESHFRZ
HEEFR, XENRECEKRRFE—LRR
HIBR R (B 12) . B, ZRERRALSHESH
REUKESE, NTiSSeE e, ERERENE,
XA FERE AR E E R

(3) RERSBEEARRMIE = FE.

RERN | IR HERITAGE ARCHITECTURE 20163 119



IR RERIE T i, thATREsRIETARUER, W
Wb B S —RIBDTTH
4.2 RIS W
4.2.1 GrFTEBR AR b

FE—RIRPTIR RN R, BRI RRRA T R
HREAMEHIBIEE ISR ERT TR, &
A LB 3 OB K AL (B 13) | SMNBTENER
BRI (IEhupEKESLE ) | TIENEE . BEEREN
PEKMAES, XIEBHEAMRITE T HTFEAK, 8K
SEHRERR.
4.2.2 KRR SHEDH

WFST AR SR BN RS R T B RER, B
RREE MR A LR SRR IR A, B
S TREEE 2 Sk B A, witk, R
BHTExERKR., 2485, BllSSEHEERER
B R,

(1) BRAKSEER KRR

B REETHEE, BERARRESHAMT
BES SRR E A ARSI R, BRI R
SEERAL B AT R K 8 DA R Yk E R B USRS
HW(E14) . Bitzsh, BAaTHERALELE
THiALk, TRERAERS , (HREH DA REE R
FENRARREEFE, MMERAENEETARDE,
BN S, BEREREIMERNEEENS,

(2) BE54EH

&8 S SE kA R e A T U
RAGRE —ETHRBRE R, R BRI .
PiEitEAE, BIFNGTSRAGRBITIR, BERR
R, FRRZENEEREREN, EtR%RE
FHuEHE, BEKAGRITENRES., ERET
FrENTRLLE, BN BARHREE R T R
S, HENNEFERETREEHRE, RERAIM
[E, ¥R P RERNEAHTE RS,
4.3 ISP SEIRIR MR

BEEGEFE—TKHE . SRNTE, RiBINE
FRE— R RO AP TR RN, '
FRE_HIIR I, CUSHTRIERNRER, K
FHRIEEF R FEERREEMN, LA —H
BIERNARY, RETXRAMIH VRN EiR.

120) | A HERITAGE ARCHITECTURE 201673 | AR

TREREEN | 24P EIRE | FINRILERS SR E (20154)

..... - B4

5 R
HIENEHBEELGEENGESE, X552
R, FEREHTEENRSSHIRE, —HHE
REEBARSNER, EEAMEE ERSFEHTRR
FERARLYEHINAR, WEREEMASRSINE
FESCRRERE, BT EmPK. RRRIERE.
A EUTHER ZB RN ERR SR PR PR
ZHE., RPTHEEHNRT THAS, BEEN
RERPLTHRERN, WMEEERMN, WHNT
TR TBELSSEL, 2L UIMERIBIRE R RE,
FHRARBSRKENTAERE, LRSHIE, HE
BENEERS, EF&ERHBHNERMIARR

B2



B

|z

=13

=4

ERBWBRHERES
BKESBRE (BHR
35: M- RiE%, 2016 £
8E)
ERBMBERRIEOT
BMEASTNRE (B
RRE: HOHER)
ESFHRAMINESTR
HEJ(BHEFER: 8%
#i#¥, 13a T 2010 4,
13b WF 2016 FE 8 B)
RS (B RR: 2
QREEITRS)

1. KR 2. EHEEE,
BENER:; 3. BRAK
RIEHEK; 4. BESI
=%

FEARFR, EHHEARMRS TRINREAS,
FIR, B3 R SR R R BT

AARGEERNEENTIER, SEEMRH
EER, WTEEER, —REIERIER Lild
Wes, REHFTHANETEREEAES ., &R,
ZARIACERERG, (BA SRS S Rt —
SRR RS E, BARREBRETAA, 38
FEARAJEREILHE,

6 Bt
AFEAFELEFFREREFRRRKET, PE

R - AR E A P i R BB TRITE

SEEER, RRPHSEIERNES; BITRAITR

B4

RACRSAAMF=rR T ATERFAFR, 5KESH.
T3, R, RIS, MIRESHATERE R
SERIHIARNTE; B RN TRARATAX
ERBCORER THA L. B SUREERH
PR R T2 RNEEHEEN, HS5HNE
AT T HHRTE; SR TERNEEIRSAER
SHEFGRFLRPD (BEEABSFRESSTIRH
BERETREN—ER ) K. 2MATERE
ARME. BF. BRIR. NS, HRZ8l. .
BB, BRIRAE. ZE. BFEZE, RAGK. MR,
. PRE . FTHIE, Rsdke 5T XEEMLE.
ik, ¥ ERBARINARRER .

ROT | WM PERITAGE ARCHITECTURE 20163 121



B3

1 G RIRBE LGB BRRERR (J). (k&
2009, 70: 1-62.

[2] MAEKAWA S, TOLEDO F. Sustainable Climate Control
for Historic Buildings in Hot and Humid Regions|[C/
OL). Florianépolis - BRAZIL: The 18th Conference on
Passive and Low Energy Architecture, 2001, [2016—
06—-04). https://getty.edu/conservation/publications_
resources/pdf_publications/pdf/plea.pdf

[3] KILIANR, VYHLIDAL T, BROSTROEM T. Development
in Climate Control of Historic Buildings: Proceedings
from the International Conference "Climatization of
Historic Buildings, State of the Art"[J/OL), Linderhof
Palace, December 2nd, 2010. [2016—-06-4]. http://
forschungsallianz—kulturerbe.de/download/3—-8167—
8637-5—developments—in—climate—control—of—
historic—buildings.pdf.

[4] PBE. XHEFAREL (M) L5 R HE, 2001:
25—83.

[5] ZEHNDER K. Long—term Monitoring of Wall Paintings
Affected by Soluble Salts [J]. Environmental Geology,
2007, 52(2): 353-367.

[6] BUCK R D. A Specification for Museum air—
Conditioning [J]. Museum News Technical Supplement
Part 1, 1964(6): 53-57.

17) #I50E , BEA , K . AWRERSPERBER (). X
MERFEHERI | 2009, 21( 8T ): 69-75.

[8] WW/T 0001-2007, SfREEEHR# SR (S]. Jb5T : PR
HEHHRRA: |, 2007.

[9] WW/T 0006-2007, HfRENEILRIFERINS (S). JL3t : FE
PRNEHIRRRE |, 2007.

[10] WW/T 0032-2010, ifREEE s R AP 2h S R Sl
JE [S]. b3 : FPEERMEHARAL | 2010.

[11]) WTA-Merkblatt 6-1-01/D: Leitfaden fiir hygrothermische
Simulationsberechnungen(S]. Miinchen: Fraunhofer
IRB Verlag: 2002.

[12] WTA—Merkblatt 6—-3—05/D: Rechnerische Prognose
des Schimmelpilzwachstumsrisikos[S]. Minchen:
Fraunhofer IRB Verlag: 2005.

Synopsis

The Chapel of Our Lady of Guia in Macao was built
around 1622 and is one of the most representative historic
architecture of the Macao old town, which is listed as World
Cultural Heritage since 2005. The frescoes discovered in 1996
and restored respectively in 1998 and 2001, are the only true
fresco in greater China. The restoration of the mural paintings
is of particular importance, not only because these frescoes
have historical and symbolic meanings, but also because they
present a unique fusion of Chinese and Western cultures.
From 2010, damages in the forms of flaking, discoloration,
cracking, efflorescence were found in some interior spaces
of the Chapel and some defects even became worse. To find

122, #SRP HERITAGE ARCHITECTURE. 301673 | R

the causes of defects and optimize conservation intervention,
two research phases are planned, i.e. in the first phase,
deterioration causes shall be identified, and method statement
for intervention shall be specified. In the second phase,
intervention shall be conducted and monitoring during and
after intervention shall be followed and the effects shall
be controlled. A multidisciplinary comprehensive research
group from two Chinese, two German universities and
three consulting companies were organized. From 2010 to
2015, architectural documentation, masonry inspection, and
assessment, interior climate (temperature and Rel. humidity
in vertical and horizontal profiles) monitoring, material
testing including in situ microscopy were carried out. Three
proposals were submitted to the administration office during
the research period for prompt maintenance. To diagnose
roof configurations, WUFI, a kind of computer modeling of
hygrothermal (moisture and heat) transfer through roofs, was
used to compare three kinds of roof construction options. All
synthesis has proved that the deterioration and discoloration of
the mural paintings are directly caused by moisture, which is
mainly related to tightness failure of the envelope, especially
high moisture in lime plaster substrate of frescoes caused
by the single layered tile roof. The hygrothermal fluctuation
caused by air conditioning and windows or opening-
closing doors for visitors contribute to the deterioration.
Dust sedimentation is responsible for staining. Based on the
findings, a conservation plan was proposed, which includes
changing single layered clay tile roof back into the double
tiled roof in history, getting rid of moisture from the exterior
wall, and installing new air condition system. Further
documentation, monitoring, and maintenance, as a scope of
work of conservation phase II, shall be followed during and
after future conservation measurements.
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