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Characteristics of Historic Roof tiles and Proposed Technical Standard for
Restoration of traditional architecture in the Southern Shanxi Province, China
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Abstract: Historic roofing have three function in terms of protection of historic traditional
architectural timber elements, waterproofing, storage and balancing of moisture. Roof tiles are
first waterproofing barrier. New roofing is one of the most important measurements to restore
the ancient buildings The most common defects are cracking of clay roof tiles, delamination of
binder, plant settlements, deterioration of clay tiles, 'etc. The most important intervention
during the conservation process is to reinstall roof in Southern Part of Shanxi Province.. The
preliminary research results show the historic clay roof tiles are thick, show low water
permeability. It has proposed to use same quality roof tiles as historic and to construct with
same materials and thickness. The new alteration tiles shall be tested according to European
Standards. The roofs shall be maintained routinely.
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1 I HESR AR TEBR

LR ERIE. KIE. Imy. BBW. SR THE. S8 $BEESRERE, &Z
BRALYEUSRAE. N 17 Bk, BREHT LARBERZFART TE, Xl
7 7 8 7 B TG UA BT A4 [ B s SR AL B T @ AT RA MR R EE

R ERE TREPSZER PRI —DRUGER, WTENAEERIERE, #leBE

119



TRRAMBAME R ERE. A 2012 €, LFEAYR SR KER 2 E2RERYF
SR R L4 R L BAFFAE T 2SR AE GEA R EAT T T, AR SCEI R BLHT 2 B384 i
R

2 EEHERITRE

REMIEEMN LS TIERY, Bl rarE L HEfim Ak XegRR —
ZEE, BEMEREENXYEAK &S (B D, EXNRFELbHECIRE
FEXREENEM (B2, Hit, EEBEEERREZNBES R —. MRWER
AR BRI BAGH. MERNMEIEZ4 BERMREEEXRIBETIEE
PMERETBIKARE. AN ERAEOSWEANREER R T ERRZ —2XK
SRR B RAPR I BB AR, TRRFRKRERHEAN ST RRREAE —EX O
REH L. HBRESHAIL, BXMRZNTERBE LA RS R, ol REH L
HIZEKIERE R IR & .

B 1 LR R R 2 BERTHZE. kX

LR R EARRENE - REAUTRES (UENRERTREEERN
), B LEE—EAERE, EH 2. 5cn, ENBERAR; F-ETEXKEY G5E),
B4y 2. 5cm, MELALINDBER, ARIALEAK: BZEALEREE (BEH),
BZ) 3cm, #EDEINAK. BT RARBKKESZ, EL 5cn, MEALMAK.

e

rrrrrr

3 EERAHIE (EMTRAKRE)

MIhgE EE, LRBEARI KT AR “¥7. “M7. “B” =N FEIEE, &
RREAENFIER .. BEARMP, TREEAKEAZ,
B BEEEY LKA RUK R HE, REAKEORE, 53R BHERNH

120



BHRRE THRMER.

f: - BREREBRE BKEBEFEREESARE, TAENBIEREAM
Fo FrOAERREREERLRE. RTKEMEBKEE.

B EEFEERKKRETRIOZTRGRES BERE, BT KT HEE
FERMAFRSE, BT, &F MK R RBELEARE Y .

RYRE, AXEERES “H” KERNERLORERNITT %, LFarEHHE
JE T BL B BE e 7 BLIR BHURTEAR -

3 BRI RE T

HATREEESE LRERERE S OEEERERRBIAEERA (1], WEN
(CEFBFHIMY (JC/ T 765-2006 ) FrAE[2]. (BEL L) (GB/T 21149-2007) #RHE[3]
FEHEXHHER L, MUSHAERNEEHEIER, TEBSEREEN (R 2).
XKW F 2006 FEXHEGRE FLIRWE T H AR (4], KPREBEEEFKREATLKEEN
VEEfEbR. S HRERIN DIN EN539 X4k /2 i BL AR BB R AR RAG W 52 (5, 6, 7, 81,
AUEH, FRERRENENFEREABFEIOFERKER (R 2).

RN BTGB KShEEAE, ERLNREENREHRIRABKE. RKE,
A CCAHLHRERRR) . BRI 7T, AR F R 5Rem (91317 o, %
F 15 S04 K 40 B a5 Bt AR vE DIN EN539-1 AT 5t EE BB /K &,

R 1 P E SRR LA R E R R

kiR KT (2006) o [® GB/T21149-2007 HEE bR
Bl F | 5k ok RS EiLan iRl WAk £
KR CB/T 3h HHEAKM DIN EN539~1 | =0.5 cm'/cn’/d
21149-2007 HI
. £ 157 vid -15~
ﬁz{g& -20° C | 15 MEFF | -20° C IK¥K | 15 MBI DIN EN 539-2 | 150 MME¥F
¢ KRS AE Fof
I 2K/ F 6%
iy 4 PaE, =15% II: 6-10%
T K 2 ok | EERKER R EIGHR
#E B =21% 1I: 10-18% (21%
=30
3 IHRLRR RIS R

X L AR AR ERE., FE. BIRE. SARSHENETUEY,
HRRLEELE R, WHREFEARIE, BERE. NEMRTHENANAR, W&
REDUR, ALK EREREY, ALK EEEBEATERET 15m. 7EAHFRKIEEE
HIRTIR T, FLHIEEMK, HEKMAEKREE/ K. AT ERFAREE,
RERNENERESZEKEHRERE (B 4, HIR LA FLAEKEISE T H LA
AXKIBRIE.

121



4% QY preasspuonpessmssnss oo st AN S
» etk F, H e «HBH, |H
% 350 beediilm i T L R L
300 € . ﬁ—ﬁ , |E ;‘ S B T%TE IE
......... : £
= = w250 o
¥ hd ﬁ E | | af
}{:?:K * 2 15
=i $ - » )
= : 100
T : 5 2
% B G0
W~ ¢ @
e s s = 15.00% 25.00%
10 15 20 25 30 T 2R AKE )
EE{imm)

B4 BREERMEE (K). EEWMGTUKENRER
REREBHKBHAMERITH, BACHIRABRRE, TRANKRKTLAER
R R TR R LEEBEERTH L, MILRENTHEL, SRIRELMNE
FLEIBAMR K RN THT B (GR 20, B AR RIS SR LA E K M BRI 1R T AR
HIBL, XTFHRHANREEEAEFHRPEA.
R 2 FRFRRLBTEEE R

% BN T T RS

31 A W ¥R A R ¥R

JE B (mm) =20 =15 =15 =20 =15 =15
#E (g/cm’) =2.4 =2.2 2.48 >2.6 =2.4 2.5-2.8
FLERE (%) <28% <25% 28% <32% <41% 30-41%

q?fi?i:ifif& <15 <15 % <12 <12 1926
AR BERKE (wth) <19% <21% 19 <18% <21% 18-21%
AH (g/cn) =1.7 =17 1.8 =217 =1.6 1.6-1.7

4 EHRLKRRBHRRIR

L PE R BRI 1B RSN A NFT L R ERRNSRBYNZE 21, —
RIERERL, FARRST. RURES, HRERMPIK. VIRIEERE (niiirs
B TAMESE T H R RN LA RN RKIER, FAXKERRLOZ2dTH
FUERZN. A—NSRYAFH TIARHES R, EESREHOMER 21
22 A= RN .

il i B4R R E T R BN, FRMEREN. AR, g0
TTEBAEETTRENE, EWHT, BHR, REENAFKSERIE.

EREFEFNGTH, BUCBEARRSARMEAEKM, 2%, UETLKTE
BARIBIRIE B E RIS A BE AR BRI A LB ERE, HIFERNR
. ZRIFREEAHARE, N8RS ARHERE LB FiEREMEST
EA B BE BB ERE, WUSRRAGE A&

R S E MR B USRS RNL NS R TR, SR A
[. RYBIFRERN 25K . MEERREZENSH, EREBARRN A G EHN FTE
RAMREGLIFERERENR, BEEBERIEARMEK. BELEOHIRER
P71 BE R K FE AR 75 B R GB/T21149-2007 HIEK.

122




NIEBIFBHRR, —MREEMERBEEBHRERTELS T HRW R
BER, BKEARNESEEMREEEN, FHE=0.5 cn'/en’/d, BKHE=0.6
cm'/en’/d). VIBHIBRAMEERARYE, ERHPBEEEERRT, TEKNETRL
AIDMRIEBEAM IS KEET 12% ULERBIEARM FE L M. -P. Leimer, MAB
o

T A, HEER AR B 150 MERBEH, SREEFISRHLERL
i TEEATF 150 MERBIERS, IA EFF GB/T21149-2007 ¥rAEH 15 M FRIEFHFN F
BRAGIMEERKK. TEERKESRLAEKER, MABEXELIK, AEEANR
WA EER.

L)

FONLTEE XHR 5 RS REBRE TR “ L AR LR R RS R
BREBATFE” REBIFHARR. HALEGATREENEHIRESS TR (F
FR%) HEBERLRE (HEEFRPLRFO). UAEEEARPHIN. L
AETERNEEREREN. KATXWKRER. FEANLEIEAT. LBERE
EFMEARAT. LRRCEFRTEEAGRAE. LEXRERTEARAASFE
AR R, FELFRRE .

BETR

[1]  6JJ38 -91, HEHMERTEFEWIIFEIFE (L7 #X) [S].

[2]  JC/T7652006, EEHFFLIH]M[S].

[3]  GB/T21149-2007, WE&SHIS].

(4] XKW #EaERTLAERRSEFE], SRBEWHSAR, 2006, 4: 56-62.

(5] Wolf-Rudiger Metje Keramische und mineralische gebundende Baustoffe, in Scholz & Hiese
Baustoffkentnis[J] , 16. Auflage, Werner Verlag, Germany, 2007, 60-64

[6] BS EN 1304-2005, Clay roofing tiles and fittings - product definitions and
specifications[S].

(71 DIN EN 539-1, Clay roofing tiles for discontinuous laying-determination of physical
characteristics -part 1 Impermeability test[S].

[8] DIN EN 539-2, Clay roofing tiles for discontinuous laying-determination of physical
characteristics —part 2 frost thraw test[S].

(9] R. Karsten Bauchemie. Handbuch fiur Studium und Praktis[J], 10. Auflage, C.F. Miiller Verlag
Heidelberg, Germany, 1997, 397-404.

123



