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Moisture transfer in outer walls with layers of
different density
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Abstractt. 7KH QHHG WR SURWHFW H[WHUQDO ZDOOYV
LPSURYH KHDW VKYHIOG D@J XSUURISHUMIDE DO Ol IWKH RXW
FUHDWHG IURP H[SDQGHG FOD\ FRQAVWWG®JIEDRFENY WKHQ WKH
WKH EORFNY FUHDWHG E\ OD\HU E\OWWIQPRDXYOHGLQJ LQ ZKLFK
LWV RZQ JLYHQ GHQVLW\ ,Q VXFKREORFNNQWDFKI OD\HU KDV L\
WKHUPDO FRQGXFWRINDB)MQA YZKI REVBIDIG R IV WRK W

UHTXLUHG KHDWFW WGV YHDLS R bl \BLHARPIYQHEL @ DWO RR W K H

D VSHFLILF UHJLRBR X\DA MOKIHL DRABRY DFFON IR O MWWV L7AVH R 1T W
DELOLW\ WR KDY H \MKWGILU Q-DLCH @ VORIV QAA UG 1B 0P KENHHW L W L H

LW SRVVLEOH WR LPSOHPHQW HQHWHN PDWMLFDMWDVNV LQ WKH
GLVFXVVHV RSW IZD@\O VREDE[V R U @ DSIDHMGH & GRMDN VR Q F

ZLWK OD\VHUV ZLWK GLITHUHQW GH®D¥RGGKEFWOA WRHIILFLHQWYV
DQG YDSRU SHUPHDELOLW\ &KDQJLQJUJHWKBWRFDWLRQ RI OD\
GHQVLWLHY LQVLGH WKH EORFNVRAKBRURW MELD IORFDO YDOXHYV
UHVLVWDQFH ZK L HDHD @D W)RUB REDWKHUPRYSRUQW R

LQVLGH WKH ZDOO LQ ZLQWHU ,W IDFBRRGODRKMHH) ZDWHU YDSRL
LQ WKH ZDOO LW i&RMYG QIRM HER QGRHMODQWR WKH H[WH
HQYLURQPHQW $ GXUZBOB L\WPERNHVHH \&\K K& DWW L Q

LQ SDUWLDO SUHVVXUHV DW IXOOLWDWRVDWHROKEQG ZLWK H[L
H[SDQGHG FOD\ FROEHUW R | E@LR IFH ULIRQANOIWA QW LDAULHH V
FRQVLGHUHG WR GHWHUPLQH WKH SRWLDOHGHRQGHQVDWLRQ |
WKH ZDOO /D\HU E\ OD\HU PRXOGLQX¥ RVKEMIUOGLQJ PDWHULDC
SURSHUWLHV WR LR KHDWH W H D QWG PG WRUIRUP

GXUDEOH RXWHU ZDOO

1 Introduction

&HOOXODU FRQFUHWHV ZKLFK ZHUH GHDHV V WX & HKG GHKHU O/ IRH U
JURZLQJ UHTXLUHPHQWYVYV IRU WKH WKNBPIYE HQRWHFWLRIQ R I
SUREOHPV 1HZ SURSHUWLHV RI H[SDW GKXGE LFXID O FRQF BH B\ HEQ
PRXOGLQJ > @ ZKHQ WKH OD\HUV RQW WH HAD W G L DE FKRINGH. Gl
GLIIHUHQW YDOXHV Rl WKH FRHIILFGHQBSRRU WKHPRDBL GRW\
5HGXFLQJ WKH IORZ RI PRLVWXUH WRKRNR/XZ KWH{ SDIQEH@ RDBLIARQ

&RUUHVSRQGL\®D DRWHKRLW UX
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GHQVLWLHYV GXULQJ RSHUDWLRQQWHWHDY E \DW® R ZWH\WRXY W R Q/MHY
HQHUJ\ E\ UHGXFLQJ KHDW ORVVHD\RRQV K EZXI0O00G DY JPIRE MAKRIU ]
WkKH UHVLVWDQFH WR YDSRXU SH@HOOUD/RLRK NHSW LAQQODD GOR X
Z%LFK ZLOO LQFUHDVH LWV GXUDELOLW\

>—
2 Iﬁ'oblem statement 5

,GsWKH FROG VHDVRQ PRLVWXUH PRWHLY ZDRE WRHWKRR R XWKALR

Vi ZKHQ IRUPLQJ H[SDQGHG FOD\ PRQH Y BWWHRERFH \G H Q VA HOL

FORVHU WR WKH LQQHU VXUIDFH REZ W/HHI ZIDWEH U7 K D\S ®\$ SOURRFIDAVK

WKH LQWHUQDO DLU QRW WR HQWHU 2 RMW B0/ DXIRLEF KO 6 FIRPL

GXUDEOH $QG DOVR DW WKH VDPWUWILEWI H GNR/H IV VR D @/FKHH W R

ZOO LQFUHDVHV ZXKRY¥KHWVH G FHKVHNAENVS/HHPWY. RY BN WKH EXLO
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Fig.1. &KDQJH LQ WKH WRHIUPPIOH DPRQGKIF WIPHHMALDQ & \YEBBHQSH. QJ RQ WK
GHQVLW\ RG APIDQFRQFUHWH

7KH GHSHQGHQFH RI WKH WKHUPDO F¥FRORXFIWHURMDEERHWLF
FRHIILFLHQW RI D HWBWH BDRMRHUFLLHW FRRZ. D BROUM FRRWWRH GHQVL
LV QRQOLQHDU DYVIVRFLDWHGE ZK WK R\KLHG SHUHVRHQPW VRR I H[SD Q
FOD\ FRQFUHWH DQG BWXEHWWZRHBKWRBIRV>L@® WHPSHUDWXUH
DW IXO0O VDWXUDWLRQ DQG DW WK} HELFO DY FRKPW B WW\ BLAR/AN
H[SDQGHG FOD\ VDQG LQ WKH RXWNUHBOO D\W&DMQRXW GRRD \DL
KXPLGLW\ RI DQG DQ LQGRRU DLUHWW B WS BDKNOPWLIE IRW\ RIf& D
7KH FDOFXODWLRQV ZHUH FDUULHGVKXW LRW WIKGRNEG REZD \WR E VA/RX
WUDQVIHU WKURXJK EXLOGLQJ PDWHUHD/OW LVPIDNW W ® E RXOWW IV
WHPSHUDWXUH LV WDNHQ DV WKH DRUH WXHH ARW\ VRK H) FE\RFORZH /WY
-DQXDU\ 7KH QXPEHU RI OD\HUV ZLWIKV ZK LHBFW KD BHAR KDY DU
WKLFNQHVV RI P ,1 QHFHVVDURD @ KH WRKUWFNG HM | R U ME\W 00 D
WRWDO WKLFNQHVV RI WKH EORFN LFOD\ PR QKWHHWEL &/IRWD RV Rt
PRLVWXUH GHSHQGV RQ LWV GHQVLWWVRQ®FUHWD ULORMNW RZIL W |
GLITHUHQW OD\HULQJ RI OD\HUV 2ALVBGK G HH BRQWL 6 B WHI® L B OHC
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YHUVLRQ RI WK H VZDYCHI FORID Y UWWAL W KND G P Q \WLW\ R |
NJ P NJ P NJ P NJ P NJ PKHVHFRQG YHUVLRQ RI WKH
FRQVLVWY RI VHYHQ OD\HUV ZLWKJD GCHQVLWR RNJ ®MJ P
NJ P NJ P NJ PKH WKLUG YHUVLRQ RI WKH ZDOO FRQVL
ZLWK D GHQVLW\ RI NJ NI P WJ P NJ P NJ
P NJ PKH IRXUWK YHUVLRQ RI WKH ZDID GH@QMWVRNV Rl VHY!
NJ P NJ P NJ P NJ P NJ P NJ P NJ PKH
ILIWK YHUVLRQ Rl WKH ZDOO FRQWLEWEVRIMWHYIH Q@ KINA\H WPV ZLWK
VL[WK YHUVLRQ RI WKH ZDOO FRQN LG/MQNRWVRYHQ NOD\HPUV ZL W}
7KH GDWD RQ WKW KRR DG LAFROQGK FSNHUYRMD ED QG W\DBRKH WD NH Q
DFFRUGDQFH ZLWKDWRM \FGR EXRHD WHEIX®HUPDO SURWHFWLRQ R
EXLOGLQJV 8SGDWHG HGLWLRQ RI UHRDCAXORWLBRYXRH QWK H
WHPSHUDWXUH G IKHVRM\E K W [ZFDG@D O QP ESRHAMLLQUL WR RXKW PHWKRG
RQ RQH GLPHQVLRQDO VWDWLRQDUHWXW PPNMH B RQG RA WIDFLKVO D
ZKLFK LV GHVFULEHG E\ WKH )RXULH B UDTFXDLVE HR @ INGRRZMD Q. RH,
WKH SDUWLDO SUSRVXWWHRAEDADIAH G RERW EDVHIBYRQWBIQ FH WR
SHQHWUDWLRQ RI WKH RXWHU Z DDV LMW B QUFHHY WARWNDIREFRHU FRHQYHL
RI DOO OD\HUV RI WKH RXWHU ZDH]OKD@GHVRE UW V LWXUD Q FH VW R
7KHUH LV QR QHHG WR SUHYHQW WXKR ®/HGQH W D DMUL\R R R IWIKDHL
FORVH WR XWKBFRIXO\GH UANKCH U H IR U HP RR H PG IDQ WHK H P

&)
3 Result of research

7KH UHVXOWV Rl FDOFXODWLRQVIRO G KDV XY DVQL 8 QUINGL® © \8 UMK/
KXPLGLW\ LQVLGH WKH H[SDQGHG IFQW V FRR Q¥KIHH \& H E\OLR\F\NRIIRW KD+
ZDOO OD\HUV DUH VKRZQ LQ WKH JUDSKV )LJ

>

:DWHU YDSRU SUH

/ID\HUV LQ WKH ZDOO

Fig.2. &KDQJH LQ SDUWKDO ¥ 0D MAX\DXQUMIZRMMM(GIILKXPLGLW\ H LQVLGH WKH
ZDOO IRU RSWLRQ
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Fig.3. &KDQJH LQ SDUWXDO $DWXDRBHIOWILXPLGLW\ H LQVLGH WKH R
Z O IRU RSWLRQ
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/ID\HUV LQ WKH ZDOO

Fig.4. &KDQJH LQ SDUWXOO SDWYXDRBHWROMW] LWXPLGLWY H LQVLGH WKH R
ZDOO IRU RSWLRQ

7KH ILJXUHV VKRZ WKH LQWHUVHFUNMHR\Q RR UNERIQS DQWH D @ HFWAH
OLQHV DW IXOO VDWXUDWLRQ DQ® PIW X K HWHR[ LO/WMDLZQ F RKXFPQ GV I/
DERXW WKH TXDOLW\ RI WKH GHFLMURQR/ PIDSHOREG VKB DR BRDWL
ZLWK GLIITHUHQW GHQVLWLHV LQVLGH WKH ZDOO

,Q ILJ RSWLRQV DQG LW IF®RQUBH. D/G Q) HVK/IXW HW KBIWC
VDWXUDWLRQ DQG DW WKH H[LVWLQS KKFPWG VWV KIQ \F R Q G HBW DWW
PRLVWXUH LQVLGWMHWK H KICFKOZLQ GMI BB B | 16 BOVE URKIHZY WKH PDW
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Fig.  &KDQJH LQ SDUWXOO $DWXDRBHIRDWI LKXPLGLW\ H LQVLGH WKH R
ZDéO IRU RSWLRQ
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Fig.6. &KDQJH LQ SDUWXOO SDWYXDRGBHAR @QWLIQJ KXPLGLW\ H LQVLGH WK
ZDOO IRU RSWLRQ

:LWK RSWLRQV DQG )LJ DQG SWHKHI ¥XUWHH® LRQ MWK B \§ DX\W ODDOD
DQG DW WKH H[LVWLQJ KXPLGLW\ GARRKE RAD Q.Q WW GWUN FV) GZ W IKFHKU IR
PRLVWXUH FRQGHRKY D W DR® LFD Q WHN\QX EWDE®HQUR U XV

,Q ILJ DQG RSWLRQV DQG HWWKKHI HF XOLYQHHW RDIVWV KXHD © DD
DQG DW WKH H[LVWLQJ KXPLGLW\ IRMOD OXBEHG WIROHDWKHWU LA\
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VLRQJOH OLQH :KLFK LQGLFDWHY D SRYY LEQH WRBGH QDDW LRV
DU;H DOVR QRW V&G&MWDLIEROHD DL WIKSRRQOERDUU VK H UD FIRHU RW KNHKH RXW H U

:DWHU YDSRU SUH

= ’

/ID\HUV LQ WKH ZDOO

Fig. 7. &KDQJH LQ SDUWKDO §0DMWXOUHMAMRWJI XQF. BMWNVH[HY LQVLGH WKH
ZDOO IRU RSWLRQ

,Q ILJ VKRZV WKH WHPSHUDWXUHRRKXD QJH D@ LGR QN WK H D

KRUL]JRQWDO DJ[LV OD\HUV LHHQUODE KHUMKRIQZWE&B RXWH W K/BXUWN
LQ WKH RXWGRRU DLU W K HF BV B B SHIU® WX BIHL R G RARKUH DLLQIQ H
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/ID\HUV LQ WKH ZDOO
—— RSWER®Q RSWERQ RSWLRQ
Fig.8. &KDQJH WHRYHGBWAXKH 2DOO IRU RISWLRQVOD\HIQ/GLQVIKEHH WKH ZD

WKH WHP S HRUDOWDUI M XRIQDWK HDRIGULQ WKH WKM @/RIPBHUDWXUH RQ W
VXUIDFH DQG LQ WKH LQGRRU DLU
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,Q ILJ WKREWHPSHUDWXUH FKDQJH LQVLGROQWWKHZDOO IRU

KRUL]JRQWDO D[LV OD\HUV LHQUD\E KUMKRIQZWE®B R XW H W K/BK WA
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Fig, &KDQJH WHRYHGBVWXIUH 2D0O0 IRU RISWLRQVOD\HUMGL Q \ZIKGHH WKH ZD
L WKH WHPSHRIXWHUI M XRIQDW K HDRIGULQ WKH RKMW @/RIPBHUDWXUH RQ W
VXWIDFH DQG LQ WKH LQGRRU DLU

IO ILJ VKRZV WKH UHVLVWDQEBOWRZKWEKW RRIDWQ\GHUHI R
IR WKH GHQVLW\ RI OD\HUV LQVLGH WKH ZDOO
L

2SWLRQV IRU OD\HUV LQ WKH ZDOO

+HDW WUDQVIHU
PRK

Fig.10 &KDQJH LD QWKH W R W HIWW WH R@ WK WEKEBOFRQVLGHUHG RSWLRQV
WKH WKLENQHVYV BQG IGH @/\KIHWW RIFIND HWKHR VWRK ZDOG YDOXH RI WKH
WR KHDW WUDQVIHU IRU WKH FLW\ RI ORVFRZ
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7KH ORZ PRLVWXUB\FRYWH G0 RBONW MDD FIN WRHKHDW WU
RI WKH RXWHU ZDOO ZKLFK LV XVHQXO® JRUYUDWRQY LIQY BXKID G URE\
@ 7KH REWDLQHG YDOXHV RI WK R SWMIVRYW D @RHG W RV BWD WI \W
UHTXLUHPHQWY RI WKH QRUPV IRU WKEBU®DW S URWHNEWHRRR DWW
RI WKH RXWHU ZDOOV RI EXLOGLQJV > @

4 Conclusions

/D\HU E\ OD\HU PRXOGLQJ RI H[SDQG®GREZO DR HRD P FFIRIJF B 6 RN E (
H[WHUQDO ZDOOV ZLWK QHZ SURSHUWLHYV

"KHQ IRUPLQJ H[SDQGHG FOD\ FRQF QHB\H PEDGERF R VW.KQ 0D DANHQ
GHQVLW\ DQG FRHIILFLHQWV RI WKRWPBIOOERQGXFWLYLW\ DQG Y

2] FRXUVH \RX FDQ FUHDWH DQ RXW HWD WH O QDIOR PEXDM HU V LR)
EORFN ZLWK D VLQJOH PRXOGLQJOARIFPGW RN LDYWIDAQ L[EHWWKIH
ZDOOV VLQFH GHDOLQJ ZLWK IHZHUWRD W\H EHDADW HRIQ! RWLK 1 QFFRUQH
FRQVWUXFWLRQ VERH® WIK®J G K UEDELO0A IOV RDKALH K HD

W LV SRVVLEOH WKDW LW ZRXOGNEH R RIVEICHU WB \WRHLA. EOR
OD\HU E\ OD\HU >QH.FHVWE H\J R WH VRK HD FRIQUMLUPXFODILR BXLOGLQJ

'LWK WKH ULJKW FRPELQDWLRQ RI WRHDEDOLRR GGHIWEY H\QW
DV ZHOO DV GHQVLW\ DQG VW UH@EMWIKXL S URG HRXW/IHLV Z DWW OL ¥ DS,
VDYLQJ HQHUJ\ ZLWK ORZ KHDW ORW YV WRDSQ E i DR/IHE W K®lJ GoXU\ DLEL
WKH EXLOGLQJ
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