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Hiroto Imamura, Makoto Kicucu: and Akio Oxuro : The Deteriorating
Circumstances of Wood Viewed from the Deterioration
of Nails in the Exterior Wall of Wooden Houses.
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Table 1. 4T @ 4 4k E 3F {f 3 %

Standard of the deterioration grade.

F AL B b3 # i
Rating Standard Example
i S U
, ok E—_ = =

Scarcely rusted

) EEEAHNIT, WRMBESL
Partially rusted, no visible defect l
5 RHA2H IV, NitEse
Totally rusted, no defect inside ' I Illl

MRS, REHER

4 W
Partially defect, with original length

H B X #H

5 M\
Failure

D) HEELE SCBLHILE
BARIC £ O i LB A0 BEBESD TH  LNESS 5, HL1E GEOES 50 mm, &
%215 mm) OHEHS, HREHHLCREEIOHEENEL, FLOMN D & OEDHIED 3
W5 TIEAERER (%) L5, FHitE (D) LOMFR Fig. 1 0k 3y,
d=0.586D (1<D=5) oo, (1)

TRELY,

SUBEHLED BEERD S8, HILLk CNSOSTZE7 = VBT /€ D 10% Kk T 20 438
BB LTESULHhE, CEREBFEEZRD L, ChEEDEBOELIVEE L, SUR (r%) 44t
E (D) LOBRINROE S SEME LM

r=D* 1<D=45 i, (2
THHE 3 (Fig. 2),
3) HPEELHLED

NERBLIEEOTEHEL SFHEN T TONR22EETD, CANRBRET - 72, Fig. 3 ITRT&
2L, A Y HeEr (70X120X26 mm) i L, WAEIK 12 mm 44 (70X120 mm) =& THEAL,
1HEABORREZIER U, 1 HOBRKICOERT AR, Af8RDOEUHLEDSEIT -7, &
1 RS- ORAR HOEREMICT 28%% Fig. 4 KR,

Morris'® {ZAEX{ZEAr 5 (mm), FAKHP(N) O &%, XV v EHK%E

K=P/6 e, (3)
LL, HOEEEd(mm) &F5E, §5=0.6 (mm) OHA, K/dOERdHBELLTHEBHLEL
RETHE T EERIELTNE, LhL, K/did, BEiciRdEESIcEmML T 24, Morris ®
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Load
t—26—i J——70 = _
Western hemlock T
PO 30
pi2 2m
— — T 4
I 5
36 T * e
1{ 36 o o
36 + . * |20
l ° o
] 66 4 4 Plywood
a8 [ 1 || [~ "7
Fig. 3. §OEANRERK (B : mm)
Shear test specimen of the nailed joint. L L]

(<201 30 —120~

500
400
z
" 300F
%{LE Ratin
P 200 L 1tJ Rati g—-_--.3
Fig. 4. H{tL78T(N3D %/ 2 i 4
VR ARBRKICE D T '
BRAMH 100
Load of the deteriorated
nail(32mm length)of the 0 .
shear specimen with the 0 1 2 3
sound wood. X E L Slip (mm)

K/d&diedWToOF—2 20/ fREC L DRI EZ I,

K=155.96d1-57 i, (4)
ZOREH, Fig. 4 WRUHEP S §=0.6 mm B 2KEKD, dE2HEHUEPERE L, %
fLBE1 DENIZEREH 1.83 mm TH B, (4) RTR®AdIR LB mm &80, JW—HERLTL
5, COXIICLTHLE2, 3BIC4OHPHERERD, FE 1icHT s LELRERL UTRT
& Fig. 5 DX 55, £KICE, FANRBREGRE LFOERERY, $E1DFOERIC
T LOUERERBBRERE LR, 48, F50 (H#2.4mm), CN50 (2.87 mm), CN65 (3.33
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100 e .y
L \a\\x
80F \\‘\\
S L “o
% 60F
g
ﬁjg 4()*
= I Fig. 5. 47 (N32) OFHEE
20r Bk (O) LERBY
L £ ()
0 . | \ Residual percentage of the
1 2 3 4 5 effective diameter (Q) and

% 4t % Rating

Table 2. STOHILE L HRERBER(E)

Residual percentage of effective
diameter of nails.

g O M K
% 1k B Kind of nails
Rating
N3z F50 CNS50
1 100 100 100
2 92 103 108
3 82 90 90
4 75 87 73
5 — 74 —

N32: E& 32mm, HE 1.83mm
32mm in length, 1.83mm in diameter
F50: EX 50mm, BH#E 2.4mm
50mm in length, 2.4mm in diameter
CN50: E& 50mm, EHF 2.87Tmm
50mm in length, 2.87mm in diameter

the weight (X) of the nail
(32mm length),

mm) OEEEX 38 mm iUl L, FEHOE
ZdH N3 LELK 5mm it LicdDic 2T
FERLicETAH

K =260, 08 d1-82

1%, UL, Morris I & 2B TIED
BEEOMHOIEN2.6~5.9mm L AE<, O
RELAETHIEATEIVERBNTHB LES
BBl (4) REFHLTEL, Table 2
12 F504T & CNS0STDSH{LE L BHERBE
AERT o

3. FTo%{tEFMnie

STRAD MU DAM DBBICERL, BOAH
Tid, STROHLOARMBHERAL T 201 L
CRPDBRRTH 2. FESWOW NI, &

DEEEAMORBEIEET 2700, FTEAMBRAMKICEINT 2 C L RABORENLEIOHTEDD

TEETH 5,
D HKITILL3RHMDLENSE

KRESW 1L, FEREAINANAYHFEZDOMIC DN T, FRELDIUMBBRBICHE LT V2 E
(A), SUBRBLEBLTVZEB), 28 (C) OAMEEML, ABE L TROKETENMNG%
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o7
A B :100~150 # » ¥ 2, 10~15mg
¥ B :EZETHETGD—3000
EAEREL : @— AliOs
FRERE ¢ 10°C/min
Ze&5iE  20m!/min
A Y HEONTORERST (DTA) ©
A Fig. 6 CRT. ADI— 7 DHENE—
7@~ e —2ONETLEER, BOR

Endothermic «——AT ~—- Exothermic

B~ 3o — 20 SROBERICE LT ®
=
W3, 7, BEFCOI—TORERNREHY 1 L
200 300 400
— 273, RILPOBEEICIZ2DEEZ SN & & Temperature (°C)
b, LZTR{E—7 LAMBRSORFRIZHS
PTRISON, FIGECARHE SECEETH e 6. R W I i1 B
Curves of differential thermal
BHBE s TNE LN, TOXDTH analysis.
DI X D AHDOABRMIRE S NG 185, ASIOSVBMNALT ZHGORM
The wood in contact with rusted nail.
HEOHSFOEHEE, ROEEH KD S &, B : fTO XU TEA LT 585 0AH
The wood colored with nail rust.
ABTO0% 12, BETSS~8% EBETH 5, cC: g & I

The wood of a sound part.

DTAIZL? BETE, ~4vFKH @0
2), ki (4.02), #k (2.08) 2EAL,
60°C T 147 BRIKBL72D B, Y2 98It v ALy 2 vBROKEKR THOERE LRI D0 T
b, MUEOLDEHANDTAD Y — 7 BEVERIIICENTH LN IHRBLEN TN,

Savard 5 [ZEHADRITICER LT BADARMIL, fOBIORMED &7k ) AESGBED
T EAEBRRTING, AHKOBRIT Marian 5% KL ->THROOEN TN S, $REFEMT L EICK-T
A OREMEEMET 5 C &%, Marian'® [35(3R D BEIC X > T, Farber™ ZERMHERRICK
S THRLTO S, AMBBICE > THILEZY 2DV, Baker®™ 33 & gFADOERLLT,
FIECE L LT 2 ST TR & 72 0 RO SUB DS,

03+2H04+4e—=>40H- e, (6)
RED W 13 & 18 » TIRO MBS EL & LT 5,
Fe—sFett+2e e, (7

Fet* 2% S Fett+ L1 o THET 5,

Maurersberger T & % i1 T3, KBILE—SBAKORET o0 -2 ICRESN, TOHRERIL
WE>TRBILE S ENN S, COEIDBRETHSBDEMBEIERAZRZL, 2o — 2B3BEEHS
ENTEDEANA Fvera—2E105, 2O EMBHFOFNEDOAMDELLERELTHEZEEL LN
5o

2) STIDHELEARMDOER
SDEEAMDEFTE, EHITEELKCIVREEINS LW IRBUEFERE D, LK LAMOB
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PHORERE ZHBEROBREICENT, A#
DR U TEHAKRIC 20 EMNS 50

15 30
| L, TOoHtREHKMTLEDKTS, Th
CRE-HLERET S, 2BEEOKD
s | 8 ROF &0 10nm EEEE T3 HARER
R 02 DWTEL, 1um BETRALLEMN, K
s g BETELLHROLHAIE SN BB E
E . E < 7“; ZJIB)0
W Lo # Fig. 7 {34 7 7 (1608030 mm)
e}
" ] E iZ C NS5O T (288 %4TRAA L b D% 20°C
B 2 E A TIC 4 F£RRE L, 4T
L . DEUEEZRDEDTHE, FOXUVEIRR
0% 7050 60 70 80 90 100 M TREE 45% T IZEAEHONT, 70~
A8xHRE Relative humidity (%)
80% LI ETRliE kx5, T hLid—fp
Fig. 7. HEMMEE (20°C) i 4 FRKEL ICERHICE ) 3 £EO SCREEH 70%
fek# (N4 V) OFEEAR (@) = o5
EHZ D LARKENT S WL FE—-FKL
TR LT S UB (O) * s a5 =
The equilibrium moisture content (@) TWB, TDEEDRMO FAERIT 15% 2
of wood (Western hemlock) and the . - e
amount of rust (Q) of the nail in the FTH D RHAKKICHNT 5,
wood which were equilibrated in several FRBEEICOWNTIE, EOKTTOEAH

relative humidities at 20°C for 4 years.

SEBROEFRICK - TEAZ D, AKA
EREETEEVRERSN®, 2ok 5ikf
EAME, EBOFMFERELDLODHNRHRBLRIZZADNS D, AN TREDESE, AN
DPAEMEICL > TRICLBRNPLT IPHEPTINRILL 120, HOFHLEAMOEHOBEHSIEE
Uit L L, —RICAIBIHIOREL T 2B TRITOFLEN 4. 5~5BETH D, SFoHLE
BASE THENEAMOEHRRSNLTOBATLER, RIEBELL, LAd-T, TREDEST
L DFHHECHERIBECBROARM OH S HNTRER IS, ChiEH L, EVE A EDEDIES
3, AETier itk DEH SN REBIE D, BREMIOLDEND BEOEEL LB/ S
Vo L7 THDHLLARMOBHEORER, FRRICK~, J0E0LARIEs b0 LELI LN,
MERB U IHREBEABICBNT, EvZVvBOBEROKRMICET 3 BRICE2EFOEE, 4
KEBIVE (RS 50mm) OFLELREL, HANFEO—2TH L HUINBEROMSEIEML, A
Hak®E (W) SHOHLE (D) »5ZOEROARMOEN (BELAY) OFENEOEENIITE
BIERSIY, AMOEGKELEFOHMECEFRI Fig. 8 DL ey, Rho@aiuiiRitsms,
RAOLRENER T, BRI Zwo 2IRD X DT B,
ZWD=0.03W—3. 76 D4+13.63 e (8)
Zwo WIED & EAM MRS, ADQLERBERERT, ORI ZEAMNOMRIT10.9% Th b, Mh
DEB Zwo 2R L, ABROLGMTRAMMBBHLTNAECLICN S, ZOEABELL L, TOELED
HicEEICES, FOHMERLZHNBEKDOLTOHINTEL5TH 5, LOBAZo i D=3.75 T+
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25

0 o]

[ ]
o
T T

—
[3)]
T

K #EKE (%)
Moisture content of wood
o]

101
% 4t ¥ Rating
Fig. 8. AMEKELHFOHILE

Relationship between the moisture content of
wood and the rating of nails.

O : KB L Wood without decay.
@ : KHicEiFd Y Wood with decay.

TIIED, EHAOREREEKREADEE LML 10.9% Thb. CHAERUBEAICS 3 Ela
L2 A THACEE TROIGTO HIE EBHOEROBRC OV T EADTHS L, 2EOHEH 35
D 14.3% D> I HEE S o7, COBEEDF— 2 EFOT Zo 2K 5 &, FOLILE 3. 98 HHFID
LD, BHBIOMED 6.7% E15 5, LidtioTEILEABEESE LTINTHS S HOLILE
EAMDBBOEROBRI, HHOTBIELIT b UREET 34, €5 VR D BETRIERBEHICS
BENZ B, IEBEAGIOMERIL 23.6% 5B H, KAMDEKEDALOHUBELIC XhiE 19% 3%k
LD, kD LIEN, MEORETILEDN T 31 20% ICENBRYIE L -T2,

4. HAb LIS O ¥ AlTIEEE

G EAMOH, TTHEASNIAHOEARHERICRIZ T HEEY SHICT 5 T & IEMIEE L
TEDYTEETH D, & 2ICHOHLED LEREERERD 2, FOWE d ZHARHIC 1.8 F0E
R L75HW® THETZLINTOEH, SUBDEAN L LEABTRENTE 358 b
BTH 5. HIELITHEAROEAMRBIC OV TR W3 KR ERS L, T - e
B D B, KEEHR TREAMSEN S ICRIBERGE LB A DS OHHLE & AN N0 BIRE R
TBTLTH B,

D 2 ARTREEC & 5185

THEABEERBOICH LI, H0STRESARNOBEERY 2 12 bORRE 2 ¢ ANHBRK

(Fig. 9) TfT > 7co EREMRRDEBDTH 5,
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&1 : CN50 (B%k IURER)
£ W o BERAKR (20°C, 65% RH THE)
EX12mm, 70X120 mm,
Loz ¥ #:xq4vH (20°C, 65%RHTHE)
J JE X 6 mm, 70X120 mm, F¥HHE 0.53,
mmLe: (a) HUDER 50°C 054 LER LU &Y,
T 20 TKITER LV X S B E
— 26 — X, HlchkT 5, PR 1E, ABRBOS
12 101 KT 80~102%.
(b) BHSF2F v/ Fvr—2%EDYK
T LEBIEX, EikEAN, KiCEHRL
O XD IR EE <. AR 1 R
T Frozfozzzzozzy 7 o HEAR O AKER 21~26%.
MEEHROTNORE, BESEEETHD, Flcl1if
3 THRBKEE HBIC K - T bETFREENEN S, COk
Y koocpoToeoos ::::] 3R &EAERE LEHRBE 3N BEFEONBELSEERY
Th, COMRBEEROEEELEAZAICHESE20HHE
HThi s, TROKHTHILUIHBREKICE T 2810%
a8 w | LE AN AOBBRAESEHUAORT THRS T LERS I
12 ThH %, MFE(a) T, ARKECEHESECD, 1Y
HOFRABRBEL TS, BB (b) THARKREC LTS
P P R L, ~AYAOHEDLBELTOS bOBB, SAK
HERZF AR A, RBREOTH M ZOE B R EI
Fig. 9. Zﬁﬂ“ﬁ;j‘g?ﬁﬁm) DHYT, EOEMOFHMEARLLLE Lics SANHB
Double shear specimen. D, §TEFIXKE, BRETHLEERDI, COHEI TV
W: 477 Western hemlock. B7vEVD 10% KEET205HER L TIVERVEE,
Pré B Plywood. GRUTHREL, TOEREORESCR & Lo ABHER
0.05, 0.1, 0.3, 0.6, 1.0, 2.0 (mm) iTH1F 2] 1AM/
DHAWNEZNENG D SUTE (%) it U Fig. 10~Fig. 15 iIKRd. STRB 0D v v MiTfEQz
2T, M, CANITRTOIVREFETEERSZ CEtbir s, MhOHRBROATESN
%o

e =add e (9)
2 =185.39—15.39T+0. 66 18 eeeeeseeeseeeeesenns 10)
b=0.273—0.005T e (¢ 3))

T, o REANH (kgh, 3HENER (mm), TRIVE (%) TH5,
2) 1 EEAMNRRIC & 51887
wic, 1 EEAMRBKEERL (Fig. 16), £ ERBULEHTIE Ui, EREFRROLEEBV TS
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FE
Load

~N A YA
Western hemlock : A 1K
2X4

Plywood

100

100

9
Fig. 16, 1HEEAMRERE (AL mm)
Single shear specimen.
3, .
& : CN5O0 (3% X UHRRE)
xR H M EERAK (K%, EE 9mm, 100X900 (mm),
Mg vHIx4AR (8%), EX900mm, ChiARAEFIT T2, §REIZ10cm &
L, ﬁfﬁﬁﬁzz:@;i&ctﬂhﬁ?o
REELE: (c) 24 FHY 720 15 kS BT 5 27°C OWEIC 2 FRIEIE, HEREED akEiT
6%, -
(d) 40°C, 90%RHOMEC 2 FFHHE. RO AKEKR 15~16%,
CORBRTLONIRRELET 2709, BRAE LTS5 LB L AREETHREESD T L & LRD
BOFEm (28), EE (28 3XUhm (1) »5 41 Omm EE) S/ (2X 4 OfreE
AWZWORL, ERALIRERACTEREORBERE UTHANRBRITE L, 15, c ORBEIZRD %
WIC K BETORB A 12, FAWEARDL THRL, YANRBINCRDBR 2, 08T (CN50 D
— ) DEAMAEEBRE TR L BRAD s BT 3 1nicH, BRTHE LEBES S 5f
LBRTY B RBENS D, £2T (2) ROBKEEA, EEHSER L2 RBEOTO S BRI,
TNODHRE Fig. 17~22 KR T, EHEL SRR UARRKR, BHCEOENENCEOTE LD
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BRELND, BRI AEMELIVRICBETZLVIFREEZLNTBESREVORYRTE
3, SOFHETRICBBLAMNCEBEEEI I REERTTHEC L5, FLED2 &
3OERBENEEEMTRIEIEALE, BOEMEMCBOTE LN EMNSS 5. 25, FOTAN
HCRAMOLES RS NEBLEZ 2, 2EEANRREKTIE, IMOSAI Y HRILEDZS 57060
AR L7, 1FEEANRBRATREERZELTOREL, BOEESEMLTORAHNIDES D& DR
HD—2it, WOEBERPLHLHZ LI, AHMOLBEORISO>XICHRT 5EEI 5N 5,

3) BAMDERIETTEFHOSLORE
FORAMARZTHETR, STOREX, AHOAKE, FHEO»HAHRENE L THEE, (a)F
DOEE, (D)FTDOXY, (IAHORELRETHEAS, 22T, (ARDNTREYHERDOEL» SR
WBLENTE S, (D)DIVRITOREHEWPEEPOIIUCES L, (C)DAMOLENSEAMN
LIEDHENSZ LB HOHTE S, LL, HLLEBRATE, ¥AMOIDOSTIC X 2N EE
OBLBIUAMOFIIC L ZETHEZI SNLID, £KE LTOTHEBRETH S,

Fig. 23 3, FL3 2 mSAMMRBAKO AN () LEBTHERSNTHLLLTZF LY
B ENA YIS, ERURBREOEANA O 2RLE60THS (WFhd CNSOED,
1 AKDOH#HIE 3 BOF— 2 OFHEAORD I, HERE L, FTOHLESRL THIUT, EOHENEL

250F g,
200
% 150
R
5
2 100
B
50
1 [
9% 1.0 20

B ZE 4L Slip (mm)

Fig. 23. 4 b L7cilBRk (1~3.5) OHAMIEL LI e
LA TR LK (1'~3.5") O®RAMA
Load of the deteriorated sample(1~3.5) and of the sample
(1’~3.5") made with the deteriorated nail and the sound
wood.
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180%

160}
= 140t

S I 8
= 120}

< -

$

100} S

80; ' 2 3 — 4

% 1t & Rating
Fig. 24. &R 0.9mm ZHF B3 AT & H(LE
(CN50, 2HEAHN)
Relationship between the load at 0.9mm slip and
the rating (CN50, double shear).

QO : #{taER{k Deteriorated samples.
@ : Hib LT L BRALAM TR Ui BBk

The samples made with deteriorated nails and sound wood.

Tid, HILLIHEBREDR I BHF LOAMOREBE L O RAKIBATED, BOHEEA THLHOER
BHONBE, CNRFEMUIHARIKTIRET O SUMBAMICERE L TELL TS 10O R A I E A
ELTWBEEZOND, SUDKRDRAT YV VASOHMBORAMABENC ESEETH S, ThiC
U, HUULBRREDOTAMDBENEHEMNTENDE, KHOFIcL 3 RBEDETHEELZ2
ofb, CDEIIC, EAMNCKETHEOEEIZOHEMENTH LN S 2%, £0 1ERAKHD
BOENENTOR S DERBAMOKER LD EEZ SN B,

Fig. 23 I X NTANZELL 0.9 mm [FETORAN AR, HLLAAMICE 2RBREEIF L AR ICX
LHRKLOENMI LA LIRS T & HRKEN, Fig. 24 I Fig. 23 OHEKZER 0.9 mm it B 5
AN NERT . CORANNEFLEZIUVEBRERL (9) XD oKD HENEMN 0.9 mm B 3
AN (@hofst) L0 —RERLTHE, 2EEANDRBLETRBACEVT 1EOYANH
DOREHZHEYT 2D, COBBRRFMLIEAREATIETERL S, Lrl, COHBERERMICII A2
BMERIBSIROTHA S, HEEMS0.Imm DL, FOXTBIVAMODELEDOEENER TS 252
BIC/ANS BB LIRELIEE, BBICBT3EAMZLVBDENDOCNSOFTOHEDLS, AL ~AY
HFEDBLEABOZOOABOMMNEMNO.Imm KB 2 8ANIEHECEZ itk 3,

5. SEEICH T BETOHENRELL

SOFEAREICAEDMAM LML LS T2, TORBKOBELZ 270, BERYOSEE
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st 5F0ELEOREEMAENL P TILEND S, L LhicET BP0,
1D EILZNEDAEEIZ BT BTOHLEDEEELY

FAAEELEWORERBLURHEI X0 L EDTH 5,

a. SAERBLLEY: EEERTCRTONAGABETIRCLZ 2BBETEETHD, ABERTICS 7
29—V OREBBERIN TV, CORPOFEE, FHEDOTTE IR, HEOTHR 2 H/EL
7z CNS0 DBEFBERAINT I,

b. 11 FEALCEY  BEEHMTICETONTERTECE 3 2BETEETH D, NTIZET
BLEEEH D, BELLBECH L HHELEEO—HTRE LI, FRNZTH.

c. 13ERBLAEY  HENBERRTICESNIARBE A VTHIC X2 2BBEETHY, S8R
WICT 7 2T —VORBEMBERINT O, ZOBRHO FEELJLELTAE L, ik x0125 50,
75, 90 (mm) THY, AP 29K TH 2,

d. 13EEE LB TERBRMHICRONAERTIRIC X2 2BRETEETHD, BEOH SHED
—IBEKREDLD DD B IEEETEE L, HIIN3B (204K) TH 3,

e. 34FRRE LY MRREETC BTON RXEBRESTHD 983, 1045 XUV 328
ERb 5. M2BRE-BHAICHY, 2hen 4RO 2BEATEET, 328 FREBER/TLRED
Leh2HEBRTH D, TNOHD REDTRTOHNED FTREFE L, TORX50mm, HEFRZ2.15
mm THY, FOAHI, ThEN39, 0BLFIBERTH 3,

Table 3. H{LEZ L DDA (V2 VB EE)
Number of nails for each rating (the exterior wall covered
with lath-mortar).

& Ib B L | 4 ¥ Years of service
Ratings 3 11 13 13 34 34 34
1 169 0 0 0 0 0 0
1.5 19 0 1 ¢} o} 1 0
2 21 0 4 2 1 ¢} 0
2.5 11 7 1 3 0 1 0
3 55 18 8 7 14 5 17
3.5 3 20 2 7 4 7 8
4 6 12 2 5 7 2 15
4.5 0 0 2 s 4 1 16
5 0 Q 0 0 9 3 19
£ & Sum 284 57 20 29 39 20 75
FgELE
Aye. 1. 64 3.32 3.00 3.43 3.82 3.55 4,08
ratings
Eﬁﬁ‘% 0, 892 0.473 0. 822 0,728 0. 843 0. 850 0,744
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Rating

ER (A3

1 10 100
# @& F ¥ Service year

Fig. 25. ®EnZVBROECBT AETOELEDRELL,

Relationship between the rating of the nail in the exterior
wall covered with lath-mortar and years of service.

—FOEEDHFDOELLEORIFRETDY 7)) v 7 DHFICk > TRILZ 1%, FOREUBFORER
HETH D, SABEOTNTHOFLRNT 3 ENABTHBH, BROFHICLD, ChNRTRERIE
ahbs, VThoBad, RITESHENICENT, SOHEOIHFICABHLEZOORNES
DI,

CTTCHEEZFME LIEE, TNTHERLELOES In UTOEFR»S BRLLLDTH 5,
Table 3 ICHLE T & D HOABELEBERICOVTRY . BREMOMBEICT L HLEOLEE
70y b4 5E Fig. 26 OLH51i b, COBRBRRROEBHTH 5,

D=2.2log t+0.6 (12)

CZTDREDEHE, t BEBFERTH S, HEEKIZ0.7TH 5, 74 B Fig. 25 hoR 7o v
M, REBDROBEELLURERDIDEALLLOT, KOEFEOHTOEIETH 2,

2 ERRE U7 AR LB LS CREHER)
54N U BRI T RS GERE/NEHT
R LIy R T R (RIS HEBAT)

26 FEREE U7 IHXKERE S GRS

INHOHDOFELEHIZIZ Fig. 25 DERMECHEIKE LT &0 d (12) RRFEULEDOTHZ &1
A5,

2) TRARBICHIIATOLENRESL

I, BHRRICE > THABE~O TAROBERBEECDE LB TV LD, HOELEDFT—43

BRFHOENHOBRRELTWS, Table 4 ZF#& UrzfEE X0 /NEBRKEICBIY 2 TRIEOTO
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Table 4. TFTR#RICE T 28D LEE & BB

Ratings of nails in bevel siding walls.

paEn | Fo# | R 8| @8 | T e,
Service Numer of | Number Kind of Ave. nail Place
year house of nail nail rating
FEEMT MR
2 ! toz F50 4.4 Chiba pref. Schoélhouse.
25 ; se | esmm | o7 | AEEART
25 . 144 F50 3.9 TEEMET CMER)

Chiba pref. Schoolhouse.
FERMET (NERD

28 1 121 Fs0 3.9 Chiba pref. Schoolhouse.
29 3 44 25mm 3.7 :CF}%)%FELIF

2 . 171 N3 a2 | RAREME

29 4 109 65mm 4.2 %ﬁﬁﬁ¢ﬁ

30 1 47 N3z 4.3 i}*ﬁfiﬁﬁﬁﬁen

32 1 144 N65 3.8 i&;ﬁ%{?ﬁg. (éjg}?oﬁ})louse.
61 1 150 60mm 3.7 ?ﬁ}@é{\i?ﬁi

FIEETRT, COIH2BERS RZEETOVEE, 8 AFEBIVEHMEEELELL L, i vE
DEED (12) REBRL TS, LT, COFEHE TR, BEEVENVEDBICET 28 0H1L
BELELNWEELITBOTHA I, Lbl, BBER2FL 61FEOHLER (12) ROBBEHLREL
HEN5. —RICTRRICET 28053, BHOBECRUOREOEELZI LT, LokhE
WEANEDRELHBE LT L DEBRELLBEbDLEELILND,

6. HNEOKTIH & UHENTOHLICRIETE

STOMAMR, FEOWMAMEM U HLIPHBEICK > TRE SEMT I, CCTRIDHMICKIZ

THROBTOMEDEEICONWT, BETLONIKERERT,
1) ELZILBDEDS T v b & CIRKED?

BV FNVBDERICET 2B ICRHOEICE s LEFLOERLEL 50, BrarDs 5y
I TH D, WEOEETE, BLEAERDBRLANCTSTDS 7 v 7 E2BHRTEM, 757y 7@TNE
VOERFTERLTORNEDOLE L, TNTHATDOHLEEARLTN R LRNAREY, 77y 7 0
iEhtkE <, ZOEMZTKBEEADALRETHENE, NEOLHIEA TS HRESERICH
W, Fig. 26, 27 i3 3 R0 LMt TIHEEORE O L HR & HEOHAPESC B 280 HLE (F
BiE) OREERT, BHRELEENTH 2, 77 v 7R 1IBOVDXLEBOERT, UXLOLAD



KERBOABRIT BT 280 ELH S HIARMOHLERE (44 - KO - KB

®E East

Fig. 26. iR (&HEBH)
Elevation (Nagoya City).

AT A > T Fe, LMD 1HEORRD & Fkds
LDI 5y POBRICEALLZED & EZ 5
N, 77y 70TH (Fig. 27 OfW) Ok
LLFL, A B RERL Sh,
%7 Fig. 26 O 2BBOBEDT NI Y 9 vD F R
OhIIHCKEEBHD, TIhsDREENL
ZNVPRCEA LIcidid o, Fig. 27 XS
LOMAOHIERKE (L ->TND, ZOES
2ELL{ABE Fig. 8iRTLHIZ, 1OV
X ULHD»S 2BOBEICH T THOSLE L AR
DEKREDBER LTV B, BECINTC DA
7 7 v 7 OWKBEAL, AEBELHIL
LT B850, —RICEROARIZS 7 v 7
BADDRTDZ, WELKH D DHAMNBEA
L, BELEELEI TEMEEI LKl 3,

BNOKSODBEARZZ 7 v 71k b K TR
<, ENVZLVDORKILE - ThiThhs, v

2F

1F

Fig. 27. HEHZBUD 2804 LEODT

&  Height (cm)

b=
=]

15115'][[' 1515 | 1
7
[N N S AN S11s| 1| 1s
\\ e
11| N e 2112
N ’
N -
1] 1|1 < 15 171
N
- ~
1|11 i So 15 1,1
- ~
-
[ I O 2 SNy
-
1011 35 35 111
1] 1|1 15|15 15 1] 1
2 j25(25 353545
2 (154 1|~ Sl 1)1 |as
~ d
~ ’
2 1] 1 S . 1|1 |as
~0 L7
25| 1 | 1 , 1] 1|45
N
’I\\
25 1|1 s ~ 1[1]4
4 ~
-
7’ \\
E U O < 1]
. ~
2 (1)1 11| 4
2l3fsfls|3]3l3ajals3f{s]s3]ss

Distribution of the rating of the
nail in the eastern wall.

70 {
60.f /
sof iy
;]
40} {
’I
H
30} !
1)
$
20 J’
S/ —o—%{LE Rating
t4
! ~—eo—EKHE Moistur
101 ,.’, e (:onteLrJ\te
0 VAl . .
1 2 3 4 5
41L& Rating
5 10 15 20 30
EKZE Moisture content (%)
Fig. 28. ZETICEBT280HLEE
LD EKE

Ratings of the nail and the
moisture content of plywood
under the window.
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NOBRKRAKES TEATKBERE O THROS S E %, X ADEIKIRIEL 80 KBESERT

721853,

Table 5. ®2A&KE (%)
Moisture content of mortar.

Aspect \ M%\istur{g( cont‘eg;t
NW (N) 3.88
NW (W) 1.84
NE (E) 0.08
SE (S) 0.57
o

NW(N) : kB oL
Northern aspect of the northwest
corner,

% 2K

5 MR L f BORAN T R (UNEHT) ©
T, FEAOIE, NW (N) O FEOg0H ¢t
EH3.9THY, BENW (W) OFHTLET
b ot ABBREIBEHEICRSEENTVS, &
HCRENVENTFRON—T 1 ¥ T2 t— 30
3 b AVKRRISEERICITD, KESRA LI
BH LN, COEPDLELZNTETHRL,
—IRI3AR LT EKEERKYD (Table 5), BO T
Bk BKREBETT -7 (Fig. 29)e BKIERT
Kiegegal, BAKRIOCCOERBTHRIY
foo IR 2~5HORFOIBETH B, NW
(N) O&KkEH3.88% THEDIKFUNW (W)
131.84% L&, BAVERENW (N) OFHKRE

Bk

" Water absorption

X &

g
Amount of water (%)

_————

Dehydration

150

B R (&%) Time (min)

Fig. 29. =2 vOBK—BKSEBR (hE&HT)
Water absorption—dehydration test of the mortar(Koganei City).
®—® NE (E)
®---® NW ()
O—0O NW (W)
A---/A /v a=— Balcony.
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10+

0%k ;oK

S

Water absorption Dehydration

x5 &

Amount of water (%)

0 150
B R (9) Time (min)
Fig. 30. ® & vOBK—B/KEE (E4R10 HED)

Water absorption—dehydration test of the mortar
(Comparison of different houses).

®—@® i 17 Kashiwa City.
@---@ 4%HET Nagoya City.
O—O # M T Urawa City.
A---A % T8 Shinjuku.

e NW (N) O&EKERFGODIL, ZOMICHSY L - AR E 205, TOHHDELZLOEK
FEHRRENTW, RBBERLICL L, TOFBEALEDEEZI OGNS, B, S ra=—DELE
WOBOKEIZ/NEONS, SGKERAED, ChBBREVWTOHKOE 202 v EQRY S0EA 0 5 FIK
MENVFNVORBICEA LD TH S, CITHOLNITENZNVBKEDT S DS IIHELRO DR
FEEICEZHDPRAMATH 2, THLREHSOFKEBRBEOURBICL - TOIRE-TL B TH A
9o MDD, MOEBICBT 2 T2 v OBUkE, Bk#E CEHE) % Fig. 30 KRt

2) TRARERKBUIIREVLAR

~BICEEOWENDOES, ABOBSOAMBEITEZFRTNC LIFMEN T B8,

T TETEEMTIC BT 3/ NERKEOREF® OIFIC DV TR~ 3, oK (Fig. 31) 136
R 21 47, 25 4, 28 D EDDWA N 578 B ABEOFR, HEE LRIV E X 1 m DITOE b o5%
Wl & (BEX50mm, BHE23mm) BCOPHC5~6 KIT-hTW0B, TH5DHLEDEY
BN, BRI LITRTE Table 6 DX ici 2, HEMCIAB (C), MEW (R) BLUE
B (L) OFEEEREALTH Z, ZCTOADBEIR, TRENRE (BORBROERE) PEREEORDE
WTOLBNERABTHD, MEVR BIEEHT®S 910 mm LINKH 2T EEET, 2055 ERO
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Table 6. T R # © & © & b E (WAE5/1)

Rating of nails in bevel siding board (Kashiwa school).

i B Grid |y g g | OGR4y ) L B Grid gy g | BB 5 =
X v Rating ve allf:e Remark x v Rating ;?;lrce Remark
31 38 4.42 28 C 18.5 2 4,92 25 L
31 36.5 3.60 28 16.5 2 5.00 25 L
31 35 3.75 28 15 2 5.00 25 L
31 33.5 2.90 28 13,5 2 4,58 21 L
31 32 3.40 28 12 2 4,75 21 L
31 30.5 4.25 28 C. R 10 4 4,50 21 C
31 28 3.90 28 C 8.5 4 4.13 21

31 26.5 3.20 28 7 4 4,08 21

31 25 3.81 28 3.5 4 4,25 21 C
31 23.5 3.25 28 2 4 4,25 21

31 22 3.50 28 0 4 4.50 21 R
31 20.5 4,75 28 C, R 0 4.5 4,50 21

31 18 3.80 25 C 0 6 4,30 21

31 16.5 4,00 25 0 7.5 4,17 21

31 15 3.08 25 0 9 4,30 21

31 13.5 3.33 25 0 10.5 4,00 21

31 12 3.17 25 o] 12 4,50 21 R
31 10.5 3.00 25 C, R 2 12 4,75 21 C
31 8 4,70 25 C 3,5 | 12 4,00 21

31 6.5 3.92 25 10 12 4,58 21 C
31 5 2.83 25 22 18 4,80 21 C
31 3.5 2.83 25 22 19.5 4,13 21 R
31 2 4,50 25 22 20, 4,50 28 R
31 0.5 3.90 25 22 22 4,33 28 C
31 0 4,20 25 C, R 22 28 4.25 28 C
31 0 4,00 25 C, R 22 29.5 4.20 28 R
29 0 3.70 25 22 30.5 3.83 28 R
27.5 0 3.42 25 22 32 4.17 28 C
26 ¢] 3.75 25 22 38 4,17 28 C
24 0 4,00 25 C, R 22 39 3.83 28

21.5 2 4,50 25 L 22 40 4,40 28 C, R
20 2 4,58 25 L

C : ARtk 2 FHHE Sidings at interior corner.
R : &AL Close to rainwater pipe.
L : EFDO/AEE Wall to lavatory.

ABEDGIEBEBICKREL, FEBEROKICXSCEBHALHTH 03, BBEH, AR, WEV
i, ThZENBMTRTOSIEEOBHBEOILHIE, T TINL=2ZENEL, TNENIKCHT
=Y —%5gw (Table 7) ZEBBFRO—D2TH KB IHEOTFRICLDEEL, HILERDOHHTEAT
ato Bohteh T T Y 3 Ei2 Table 8 DL HIKED, ROEFEBERGLEZAUT AN T TY) —EBE—
SPFOEY, ThHEMIBELMEDOTFRENZ NG, CHEEBROHLELDOBKI Fig. 32 ©
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[ T T SO T

P B S S W

40

38

NS

36

130

28

26
24

122

[P NS S S SOV AT T T S B0 Y G S B Ul W
-
(X

P T S S VA N S A

0o 2

6 38

Fig. 31.

X

T W

10 12 14 16 18 20 22 24 26 28 30

Gz :E2a)

Floor plan (Kashiwa school)

@:K T k=
@K L % i &
®:F & & =
®: % s}
®: & B
®  KBELRHEE

Table 7. EH & & 7 =
Items and Categories.

Room for drawing and handicraft.
Preparation room for drawing and handicraft.

Room for music.
Entrance hall.
Lavatory.

Special room for traffic security.

— 125 —

Table 8. ¥KELIFicLEH 7TV —HE
Category scores obtained by

Quantification 1.

h7al)— HRE (47— BT -HE

Items Categories Items Categories Category scores
P 8 £ 3K 21 4,862
Sevice years 25 1 4,243
28 4,369
A F% s 1 H Yes 5 1 0. 000
Interior corner 2 #® No 2 —0. 465
S-S 1 Yes 1 0, 000

Close to rainwater il 3 ’

pipe 2 & No 2 —0.250
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Lo, ERERY (r) B0672Th5, &
5 (1% 130.452 L1210, Table 6 OFH{LEDSH
WD 45.2% BINSZSOERICE B LTI 5,
F2#2L, CCTORBEFEROBERIIBEDH A PREL]
ADBRBOBEREMIY TIIE L, ThooBa3N
TbDEN L, BROD D bREBEHMNE > OEHE
ThH, 20 ERB LIRS 28T - & bFH1t
BAARED, ABHLAOERTIRARBSO SR
DHILEEH 0.465 /N& L, MEVBRVERIL, &
BBAETD 0.250/hX WV T LI B, LI LoKR
% 8l & i, ABIR2HED»SOMAKEEDPT L, ThEl
Prediction BEEE S DAMSERR LIC 0T &, Fh, WY

Fig. 32. #/EWI3HMES T " _ .
BEEOEE GABETAN) ©EIBHRAE { THORKEED DTV LR

Relationship between the rating by T3,
Elll(easi}r:isgzctsis}rlloggt.i by the prediction 3 LEYAT ¢V IEOBED
ARLTRABEE LTENMZ VR EE ST RREE
ERRE LT EY, REREROAEMELBERLODH 5, LpL, CHICETIHMAROEM T
HYTRELTVS, BRONED—DTHIEBY A 7« V7 HOBERAR 1 HOAHTH S5, HED
HLE L CHGOM D SRR ZRRTE LY,
T (2HEET) REBRESHEAICATON, 6FRRBEL L DTH b, ARMBRBARRY
5 —#RE TN, BAIC 10mm EIDA Y ¥alb—ya VE- FREZF SN TOETHERTS %,
BERIRHLE UT, BRI S Ay —VEOHBHMSIEN T &, BXURZHEROT, WNEICE
WTERTHE L& FEOMICRASE N, Chitkh ik T EMEZLTRT GHREEDY) »5
BA~NOBINWEEC L TH S, FENIT Fig. B IKRTEBVTH L, LARELX 4H0cm T oy
7 RIPHNED S 60~90 cm BN T - T B0 H4 74 YO THTEEMNKEOT &HZ 5T 12D,
ATD (RF) BLH (CCANEREINI <A VT OMEICETRITIZNT NS, D (F50)
DFECEDOFEIIERRDO L S TH 3,

W E M
Inspection

it B & ﬁ}
4.7

B =
b E & 2.8
OB & Fr 3.0
H OB . &k 2.3
7 EE 2 K 4.2

i B LUCBBDIRMDABIZ LN TH DL LBEA T B0}, BRKEHFERATAEMCR 52—
BIRHRTH 2 LEL LN D, MUOBERRZHE LICHE L TORVC Lo HENSED BHE T H 2
Do REDBRRI LICHET 20 VI DETEOSIEILE - T3, FEEEREELDEOELES
ARLTHED, ZAMREORSLMULANTSD, KOWRBRREZ O, LERE 2 A BRI
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Fig. 33. ¢ H B (7 HERET)
Floor plan (Yatabe).

@ : ipAHn Closet, @ : #F Lavatory, @ : /4% Bath room,
@ : &7 Kichen, ® : %L Sink, ® : % Entrance,
A #5153, Ventilator.

%=, DILMREL, ELHOMbNEND, BORBLALSLHICHSEEI NI ETHE, IO,
HAIEICH > TRE LY DB 505, e, HEBKB - TEFES D LN -TH 5048
B, MOBREDBYAT 4+ v EEOMIKBEIATHICELDPTVEDEEZ BN B,

HEBABOBRTHEDOS » &L bHFOHLOE LVERTH S, Thibh LEOARTO—1, BEDS
TREICLIFHEOERS A SNT, LBEOMEH L EEFIOLE, HEOWR LOMSORETO 2.0~3.0
DIRPREVEET, fhid1.5~2.0 L&,

ZOFEEDHT, Wik EOBMETOLMOENEAZERDEDITH S, BV T« v TEDORE
OFDOHER, LEMERSE, FSTOEMBRONIV, ChRTAKLRBEL 1EBTHD, £
WA NVBDEICENT S, Kid LD OFRITAS O, BADBSEEREEEND, BBESDIVL
DRICHEIB L TN, STOELRFLERREHER L icer 2 vBOEEE L TRE {8,

7. REONBEHRLTOLIE

FREONBEIEI, MANOLLOEETH L4, BREELDTENAHBESRETEOHRELD
0, AR, BRI TRAROERFOTHEELSHOND, T, ChafH LU TATRELHLT 2
ZEHTE D,

1) ##EAAREONE

HEPEDHICH 5 SHOREOTAREDTOFLELREL, BEEHSLUHEOBIPT IS

RIEAAE EOBGERE L1210, REOE BRI Fig. 34 0 X512, No.3~ 613254, No.8
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Fig. 3. # B ©o B & Crf i)
Site plans (Fuchu City).

Table 9. FE LAcKBOGFDOEHEE

Average ratings of nails in walls of houses inspected.

F % House No. 3 4 5 6 8 9 10 11

Jt North 4,03 4.24 3.76 4,50 4,06 4,38 4.32 4.22

B @ 5 fI | ® East 3.25 —_ 3.17 3.50 4,78 4,00 4.17 4,10
Aspects of
walls 7§ West | 3.50 | 4.38 3.94 | 3.83 | 4.50 | 3.70 | 3.57 4,83

B South 3.31 3. 50 3. 14 3.11 —_— _— o e

7.

=)
Averaged for all aspects 3.59 4,03 3.51 3.94 4,36 4,15 4,08 4.29

~1ITR29EFBLTOS, WFh 2HEREETH 2, HELATRIFE—TFTEH— (IR %28
ALTBORIRZ MM TH S, SFRTRABO HELSHEX 1m UTFORSHSER L, REDHEE
PHIRIZ3Im LIRS BRAREZRO X 5B L,
B ®H:1mPF, 2~3m, 3mplL
EDQHKD (HELL 2~3m EFTRZL, BE»S 1 m LI TIZEHSLN,
Table 9 iz, ThE€ho RBICOWT, ANBIOARK BT 58 (10~20%) OHLEOEHHER
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Lto 25 ERALEFE (No.3~6) TRIFEES72THYD, 29EKBLAKE No.8~11) Tl 4.22
ThHd, BBR, TTIEHEAEET - 29 FHR L AFORBOBL FRFES 1K 20 TOFEHE 4.05 &
WP LTS,

Table 9 o h B LHic, HMHICH T HENENOIERBY 2 OHMEOEHBORNICHIE D D
HooahE3, COFRERE LT, RBFEY, BEOMNROIPHLOFREOEZRSSFONETH
25, ZOBLGOBBET LT, RALL AUV ORENHZD, ZTHOLOERIER Lt
Y, BECTREET 5,

B LOBERICSNTIE, ARHSI13E 3m DRICH 2EER D HALE LD ST e, St~
X3, HEPS 2~3Im OEIETTHE STV 3 HASHZEA TONE, HMEMIOROMEIZE
bah, AR ERInsE, BRMCEINES O L L. /NE (BEOROEBLE S &T)

(o]

-

Fig. 35. #EAALEALOF (No.5)
An example of garden trees and the ventilation (No.5).
CHLE 1 mPRic#EMNHEK S Tree with dense foliage above 1 m the ground.

THEDS2~3mETENEL
Tree with dense foliage from ground to 2~3 m above the ground.

t /N2 Shed.

X LER  Awning.

C ADSEAICTEE  Wind is fully passable.

s EAURAYIZ @8 Wind is partially passable.

%UUEM@@

: BB LS Wind is not passable,
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Table 10. = E B F T Y =
Items and categories for the analysis by
Quantification I.
38 A Items A7 ) — Categories
1 52 4 & i Fully passable
1 4t Ji. Northerly wind 2 ¥ 4> & @ Partially passable
3 ~ i@ Not passable
1 5 & B Fully passable
® i Easterly and . .
2 - & westerly winds 2 ¥ 4> 8 & Partially passable
3 S i Not passable
1 It North
3 BE D FF Aspect of walls 2 H East
3 ic] West
1 25 4E 25 years
4 ¥ ¥ Service years
2 29 4 29 years
HEEZMIET 2008 Lic, UicdioT, JuEEic-nT
5 i, Zhodilicd 2 EAABILRDOTH N AL L, B

5w EE
Inspection
0~

00 e
/O
33 5'
F A8l &
Prediction
Fig. 36. WA X 3F(LE & THlC

S 2 HLEDOBRFRUFDLT
Relationship between the rating
by the inspection and by the
prediction (Fuchu City).

I - 1o FMC AL 5 A B 2/ NB ST 0 BicE
Byoclithid, BEELEEBICOVTE, 2he
DO KRN & 72 3FEHIOREA SIS EREE S
%, Fig. 35 C No.5 DEEDOHILDORRER L-d0D
P& UTRT,

A7 IcBARMNS 5 LEZ CNA2ERE LTIRED
HMEDHEZLI, REDHHICDNVTIZ T~ TEM
L, BYOBEL, STOHMEBEND, F2BKT
EIROVEBEBEO2HRRALE L,

P EOBERZ#ET S E Table 10 DL S5, BE
TEOHDLLEDOTFHMEABNERE L, CHLDE
HEDBEFEELB I EOFHRTHRERS oo ALT
%7 — 4% Table 11 IC/RY, No.3 DFEDILEE I
VT, FREEAE TRIEGASZ EOREMPIEDE

BHIH25r Ui, BHETA SNz T I — 8% Table 12 1TRY, $TOHLEOFRIER, she
NOBERICDE—DFDEUT 5473 —HEBE NI cEEB 2, FIAIT 25 FERB LAJbEET, HE
HEABHERIN T 284, SRR ENTOSEE, FHED THMEE 3. 499, HE~NINT DL
4.000 &12%, FEICK B LETOFIELEFHlick 3 2h & DBIEIR Fig. 36 DX 3icizy, JLALETO
FUEDHTBLELTINTHA S, iR L, HAEFHOROEBRIEHDT/IIN, BOFT
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Table 1. % B (LI H O £ D O B K

Data for Quantification I.

iR Items 1 2 3 4 CE E’JE%(
éjafe;ﬁie_s | 2 3 1 2 3 1 2 3 1 2 viiﬁiﬁféé
3IN—E | 0 0 1 0 0 1 1 0 0 1 0 4,09
IN—W | 0 0 1 1 0 0 1 0 0 1 0 3.93
3E 0 1 0 1 0 0 0 1 0 1 0 3.25
W 1 0 0 0 0 1 0 0 1 1 0 3.50
4N 0 1 0 0 0 1 1 0 0 1 0 4,24
AW 0 0 1 0 0 1 0 0 1 1 0 4,38
5N 0 0 1 0 0 1 1 0 0 1 0 3.76
% 5E 1 0 0 0 | 0 0 1 0 1 0 3,17
B sw 0 0 | 0 1 0 0 0 1 1 0 3.94
R8| N 0 0 1 0 0 1 1 0 0 1 0 4,50
@§ 6E 1 0 0 1 0 0 0 1 0 1 0 3.50
Mg‘ 6W 1 0 0 1 0 0 0 0 1 1 0 3.83
< | 8N 0 1 0 0 0 1 1 0 0 0 1 4,06
VE| 8E 0 0 1 0 0 1 0 1 ) 0 1 4,78
wg 8w 0 0 1 0 0 1 0 0 1 0 1 4.50
_w| oN 0 1 0 0 0 1 1 0 0 0 1 4,38
el o 0 1 0 0 0 1 0 1 0 0 1 4.00
T oow 0 1 0 1 0 0 0 0 1 0 1 3.70
10N 0 1 0 1 0 0 1 0 0 0 1 4,32
10E 0 0 1 0 0 1 0 1 0 0 1 417
10W 1 0 0 0 0 1 0 0 1 0 1 3,57
1IN 0 0 1 1 0 0 1 0 0 0 1 4,22
1E 0 0 1 0 0 1 0 1 0 0 1 4,10
11W 0 0 1 0 0 1 0 0 1 0 1 4,83

EREE A7) -3 Table 10 251
See Table 10 for designations of items and categories.

i3, B, 7, tOIRICHIERKICEZH, FOE/PI, BBRERTRIYRTHS 20 FOHMBEHIL
BEALKICTE B, EMBEEE (1) »oF5HR ) 2R3 L 0.659 &30, AEMOTOHLEDHE
DHH65.6% BINSOERICKL ST &S B,

TFTRFED OABEOH OFLEIL DV TRHEETY, REBLOHAANL EICO0 TOMBITEAT L
RED» S, FHASEEETOHMEORFRE I WHICHHET 5 C LT o, §OHMEARDHIL
D—FLEZLE, LRADABBVERTR, FEOIAICHBMNIOROGHNEMRS & 5 I0HEEHEAS
2RI ZCEBABOFLERDIC LN G, REOIMICLEL7 vy 2R EbMAKLIFZ L
(BOTHAD. I, COTEE, BEELVFAVEDECDNTEHTEEIETHA D,

2) SEBEOEEZPTIOAE

THREDOEARLEOHCEDOMICIT EHREFNRON L C LBEN, KIRBAMTIICEY % 29 £
BLIAFOEERE (No. 1, 2, 5, 15) IKBWT, HTFHOTREOE (N32) OF(LELEKELZLEH
TRD Iz, FABEDEITS T DO T SHOFLE L BKREERD I, FOHE (D) ETRHKDEK
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F W) OBFRERRDOLDIICIRRATED Ui,

W=a;D+a,
ZohkARDFEMAE Tablel3, 14 RS, 2HETOOROEREH a1 OEDHEMR A, tREICX -
THRLREBREEIDEIPERFT LR, ERBOTHEIAELTRALRNLESE LTELXIRY
2, —FOFEWMo. 15)id {1 R IREM -1z, IRERR, 2KE—FHES 0y FDARTHD,
FEAE 1 KT BT ORMBEREKELRT, ChoDREOHE, BEBIUCHRAFERSEUCTH S C
Ehb, HILELAKEOBRIE,
EEZoNk®, TR FAESEEPTORBICS 5 LEIMAKRERR TSI ETEERC LT

Table 12.

WERBRETRRE #3455

ATTY—HE

Category scores obtained by
Quantification 1.

AYfch, BRFICE2EDE ST IOREETFMEALTNS

bb, LT A, ABKEDOEIDPTX, i
T IiE, BAD (BRE) LERO>ORERY
REEETOMEBRKIC L 2708, TEHENE

2 R | A7TY— HFT)—HE T D5
Item Categories Category scores VT, ZET=2OHAE LT, dibHic
: 3 299 INLEH T AR (12X150%X 300 mm) EHk X
3 757 +, AREDOTRBICETEFT->T25 L, BEEE
1 2 .
. ~THE (BE18) LTRREBERDK, 2D
3 4,05
FHRIKE T, ARBZIZESERE - BEADH
1 0. 000
ZENERICB AR EDTIOERELLCE
—-0.116
2 z MTE B,
s 0. 186 Fig. 37 QEBIREERTIC S B 2/ NERD /I
! 0000 HAKTH Y, BERBLTOE, COHBICH
8 2 —o.20 BOT v~ ZRO MG HEEFT - 7o WEBR
3 —0.014 BME0E7HI0B~12ATH3, AKiT10H
1 0. 000 ORE»S 11 HOBFI T/HEBRED, bLiRg
4
2 0, 265 DERRBBNTH B, 7L— F DEHFAKE (24
% Wik »oOHEBROBORKE L% Fig. 38
Table 13. BEDOTFTHOEKRLFMEDORICBT 3 HH
Coefficients for the equation relating to the moisture content
and the rating of the nail at the foot of the wall.
No. n w D ow op ay a, 7
43 17,10 4,28 3,22 0. 86 1,64 10,05 0, 44
47 15,62 4,03 2.90 0, 87 1,56 9.23 0. 47
34 13,81 3,72 4,13 1,20 1,92 6,67 0. 56
15 44 20.00 4,10 4,55 0. 80 3.91 3.94 0. 69
n & ¥t ® Numbers of the samples.
W:a kEBoDOEH Average values of the moisture content.
D:% {t Jlr ® 35  Average values of the rating,
ow : AKEOFEFEE Standard deviation of the moisture content.
op: HLEOFI#EEH  Standard deviation of the rating.
ol /OB OB Regression coefficient.
a:m ¥ E ¥  Intercept of regression line.

r

MR K

Correlation coefficient.
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Table 14. JLEETOEKELHLEORICET 5 HH
Coefficients for the equation relating to the moisture content
and the rating of the nail in the northern wall.
No. n w D ow oD a g 7
1 35 19,91 4,17 3.85 0.77 1.00 15,73 0.20
34 18, 44 3. 65 3. 53 0.98 1,84 11,73 0,51
27 16,32 3. 46 2.58 0, 84 1,52 11,05 0, 49
15 35 22,66 3.93 4, 84 0.79 3.55 8.70 0. 58
~40 TR T, COEES DL, THicRAMIZ
BAL, #20%7L— brORBICEHELE 1
£ 2 o>, 2 4

BBAETT. 0D S v—Mro>EHELE
oEEEx (1), GKEELOBEERT O
L LT, BERBS-BHomNMaEE x(2),
BHROBBEBLEEX(3)ET 2, FTOHL
B & 0 BAHBEE IR, #1180 —0.55, —0.27,
~0.20 & 75 5, HILELx(1), x(2), X
(3) oEABEFEKIZ0.58 L3, x(1) &0
HHEELDPPHVEETHS, COLIIKE
LEZEELTHT v — b DEKREZ(LIS TE
OHEMELETHCTHT LI BETH S
B, COFERD AL TOEEPTIERY
HEE LUTHELHETH 2, BUEEICS
ZEHRANER © PES (Fig. 41) ek
T, LERUBIRAEET »7ce TOREDEE
i3, BYOBEICR 3 PHT TiChsHnd
v, FLEARMOEIOEA T 5, Table 15
B7v— DEKEOBIEERT, chitd
U, LETOREVBBNC 28D 5, B
DEE 50 cm DA TE, FIHHOERIT E W H

11 AFHDOHMBLHDEI P TV, AEOTEOE DI,

3) EEBMEIchIToEE

ZTO @

0

o O

!
°u o
15

°

OIOR

-—-0n

D b
S OB o

Fig.

37. /h

—_
1820mm

B 2 &

Koshio branch school.

i

AYM7COBRENCEILKEbDEEDbNE,

REPITEHBFETNE, BROBENFLIRELZZLRBAOELLTHD, HEHE TR
BENTCROEO FHEOZ EMBTFEING, —RICHERD S 0.5~1km % TR KEDOKILHE
HEMFICENEINTO A0, BEPOKTkmBNRKEO TRROER» S bEEA 4 Vil

INTN 5B,

Fig. 42 B&WEFRTCH 23EP 2 HAEORERTH D, COEFHN100m OFESICHERESH S,
CORBONEOTRK (AF, EE8mm~10mm, A4 VRFA V8K wiTt-h7-4] (N38) 0%
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BKEDRSE

Decreasing rate of moisture content (%)

60 2 " " Py T S L . N . A .ﬁ’/ N N N 1 . . .
12 13 14 15 1610 11 12 13 14 15 16 1777 9 10 11 12 13 14 15 16

Jul.10 Jul. 11 Jul.12

B B3 Time
Fig. 38. A#7L—+t (No.1, 2, 3) OEKED
WAOR UNESED
Decreasing rate of moisture content of the plywood plates
(No.l,2,3. Koshio branch school).

S
{Z\l—*g 20' — "”’:;‘:;: \\\"\5\\\ E:P\“Zﬁ_\
%‘3 30'
4 8
5 ‘
% 40t
:
50t
12 13 1% 15 1610 11 12 13 % 15 16 177 9 10 11 12 13 14 15 16
Jul.10 Jul.11 Jul.12
B B Time
Fig. 39. A7V —F (No.d, 5, 6) OEKROFDE
CINESBD

Decreasing rate of moisture content of the plywood plate
(No. 4,5,6. Koshio branch school).
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101

20r

~. AN 10 - .
301 h

FAEORDE

Decreasing rate of moisture content (%)

o T

50

8054 75 16790 17 12 13 1 15 16 17 ~ 9 10 1 12 13 14 15 16
Jul.10 Jul. 11 Jul.12
B [ Time
Fig. 40. 4|R7v—1+ (No. 10,11,12) DE/KEDRFH/SHR
UMESTED
Decreasing sate of moisture content of the plywood plate
(No. 10,11,12. Koshio branch school).

1 &Q QA

210 36 —
37 1820mm
38

Fig. 41. 4 % 45 %
Kadoke branch school.

{LEE % Table 16 iCRT, AR, BX 1m UTOFHERZ4~5THD, hOMEOFE (Table
) LHBLTHSHIEMENKE D, T, AR LBOFOFLESXETVEDLS S, EPTR
SORIHMOBEMDESBELL, BROFIHIEBEATHENSDNEN, COTRROE/LYE
BFEERDI:, AEAEEDOERIR, BMLALIIOTRERLOAKEZDLD, 4B 4y v Z2BBLE
HD 28 iCHik 100 m! AN THEB T 24 RMEKEL, A8 U/ICRICHBREKERENL, HABELT
WBIRFLVT VBA Y U ABETHEET A HEICL o7 8%, BMPIZT T NaCl & 478 Ui,

—DDEHEEROMIL 3 BOREDFIGE, LRD I, AROFZIFMC BT 2EIBEAFTES IV
STOFHLEDH A Fig. 43 & Fig. 4 ORT, HHEFREONHE, B (E) TEkE (N) &
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Table 15. &7V — FDEAKBOBIE (%)
Decreasing rate of moisture content of the plywood plates.
Kadoke
= x _ 10. Jul. 11, Jul. 12. Jul.
No. (cm) f ﬁit
Height Spec 16 : 50 11: 45 16 : 25 10: 30 15: 30
42 W 18.0 28.6 49, 4 40, 4 49, 4
36 270 18.0 24,7 29,6 29.6 40,1
S
39 18,2 27.3 34,8 34.8 43.9
45 6.5 22.8 25,5 27.0 35.0
46 N 9.2 25.7 31.7 31.7 39.8
48 7.9 23.6 28.4 29,5 35.3
200
43 W 15,3 26.6 42,3 38.3 46,0
37 20,7 23,8 29.5 29,5 41,4
S
40 14,6 29.3 37.9 38,9 47.5
47 18.0 12,6 20.7 23.8 31.8
N
49 12,5 23,1 25,0 20,4 28,2
44 50 w 15,2 28.3 39.9 36.6 46,0
38 25.9 8.6 17.83 15.7 27.9
S
4] 18,0 14,6 27.2 24.3 34.0
BEELE 15: 20, 10. Jul
Started at 15:20, 10. Jul.
Table 16. %R DRBO TR Y 58 OHE (Fakm)
Rating of the nail in the bevel siding wall of the house near
the seashore (Takahagi City).
BIBEH
Service year 28 2 27 27
FRES
House No. o 12 14 17
il AL NE|NE|SE|NE|NE|SE|NW | SE|SW|SW|NE|NE|SE
Aspects M [ E)YIE) MMIEIE MW EI WS |M|E)|E
:50 2~3. 4 3.7 3.7 3.6 3.5 4,2 3.4 3.7 3.8 3.0 2.8 3.3 3.4 3.4
é}
~1 1~2 4,2 4,3 4,6 4,7 4,7 4,2 4,3 3.7 3.7 3.7 3.8 4,1 3.8
E
%E 0~1 5.0 5.0 4,9 5.0 5.0 4,7 4,9 4,3 4,3 4,1 4.5 4,6 4,1
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|-

17

Fig. 42. B@EMECETON:IFORBEN FEFkd)
Site plans of the houses in the coastal region (Takahagi City).

JUFME (S) ITh~ZEMADIE, No. 12S E (E) DEMEEED No. 4SE (E) 0RO D
i3, No. 12 DXEORAICIIE N HEAS DS 2D L, No. 14 TREREENNT B DT Tesh
LEZLON D, BIE & AHORED FMIIEED L O IIEERSEE D, OB LTRHE IZZA
THOMMNEN o), TRAEOER LS (20 Ly v 7 4 8) cEERSLHY, ABEREICHEL:
ﬁﬁﬁ%ﬁﬁmﬁﬁb%téhéth%ienéwoﬁﬁ&kﬁmﬁmmﬁk%m(mmmcC@k
®, LEOTREBRSHAHLT, BHLSHIECOAMEL, BERTLCAICATNTOIHDE A
No. HILYEHRE, FOHMEORESLAK TLOEEE LT, TEEDS 2E8FIcs Y 25
DREEZRIEBRI, thOHMRFTE 2RO, 2HEE MFIBRICEVC S, BET1HOT
Eﬁﬁﬁiﬁ®ﬁﬂgﬁmibﬁk%ﬁﬁ%m%?mﬁBO%ﬁﬁéC&ﬁ%iéﬂéoTﬁﬁmbﬁﬁ
LAHMITHEMEHRBRILS, No. 12 DREONE (E) 0@ S 3m Kk 3 FRIEOTIMHET
0.25%, LHMIBTO.50% Th s, ENEMYEERITRAROESHATORL - 7E2F L. RL
B O UHEO RN 0.54%, BHLTO0.45% TH 5. B EHMOTEEOLHET, B4 0.42%,
BESTOBE THD, OTFNLEMDHIEOE2RT.

8 ¥ & &

1) fTEAHD SR ;
—&@ﬁﬁuﬁiﬁﬁéﬁaﬁ%uT®MﬁfééUEGswmo%@%m%%ugﬁmwﬁ®%m
w%w&EUT%D,Iﬂme¥M,%,mﬁ,ﬁﬁﬁ%gfééoﬁﬁmﬁﬁfmwnﬁ,ﬂﬁaﬂ
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No 12 SE(E) No 12 NE(N)
NaCl(%) NaCl (%)
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Rating Rating

Fig. 43. [BHEMHICETONESE (No. 12) DTRKRD
EEAFR (B LE0E{LE G

The rating of the nail (solid lines) and the salt content
(dotted lines) of the bevel siding board of the house

(No. 12) in the coastal region.

REBOKSEREND S &2 LHLOETHRE (LS, TEROBA, MEEERBADL CEEN
FRL, —HFIhik > TAMRBER LEMHRAED, LEBEEY D BED Y, BROBENAMD
HRATET 30 £ BEQIBICHEHAAPIIENS 5 cHEE LBEL, KIWMERT 500, BEXD
BEIMEODY, BENICRILEL S LAMSBRT ZHANE N, T, MERESDE, 2ERE
TOBAR, EWichdh BB - TTRENS Y, LBMEDEEIUAMDELEL D
DEEZOND, COTMKDEIL ST AHIHEDIER, BKEORZD, BEHEIOREESREREIC
Yo THRIZZEINTNE®, DXL, HEAMOBRADELRTRSZMENDKTS 5, O
FILIC RGBS SBOKTEEYDTH2H, AMESHTICELRVOBOKSEABET I L EN D
3, TEHEODOEE, MibrDPT L, BEEPTOERTRIANSEIL, KMBEHIT 5 L3P,
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No 14 SE(E) No 14 SW(S)
NaCl (%) NaCl (%)
0 02 04 06 08 0 02 04 06 08
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Fig. 44. @ TohiEE No. 14) OTFTRED
BEEEER (B Se0HLE (E

The rating of the nail (solid lines) and the salt content

(dotted lines) of the bevel siding board of the house

(No. 14) in the coastal region.

Fh, MUEOWORMEETEEOME L A2EHTH, S0HLEDY, KMOBHROFHE LW
BMED,

ENWHNVEBDEDHEE, BA~NOKOERE, AXLIPSELVZAVEZBLTONKORA, BE, A
REDOATP CHNEMER L TOKRKEZOEA, BLUKTLSOKEBIOBEAKLZ VDR TS,
BENORENESRELVET T 25ACEENRET 2, B, AREIMNICS 5 C &0, B
REBECRELHDTOH LT TR AMOBERNLONL ENBE L, EREZETOEERIE LS
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The Deteriorating Circumstances of Wood Viewed from the
Deterioration of Nails in the Exterior Wall of Wooden Houses.

Hiroto Imamura®@, Makoto Kicucu1® and Akio Okvro®

Summary

Since the durability of a wooden house depends largely on that of the nail in the joint,
the durability of the nail is important especially for the bearing walls. Recently, the
exterior wall covered with lath-mortar has taken the place of the wooden bevel siding wall
in Japan. In this report, the deterioration of the nailed joint was investigated mainly for
the mortar-walls, and the environmental corrosive factors were investigated from the
deterioration of the nail in the bevel siding walls. The estimation of wood decay from the

deterioration of the nail is one of the main aims of the investigation.

Rating of deterioration of the nail

A five-rank numerical-rating scale for the grade of deterioration was established(Table
1). The relationship was found between the change in diameter, d (%), and the rating of
the nail(D), as shown in eq. (1) and Fig. 1. The length of nails was 50 mm. The change
in diameter was the average of the changes at the neck part, middle part and near the
point part. The relationship between the amount of rust, r (%), and the rating of CN 50
nails (D) was obtained (eq.(2) and Fig. 2). The size of CN50 nail is 50.8 mm in length
and 2.87 mm in diameter.

The relationship between the effective diameter for the lateral nail resistance and the
rating was obtained; Fig. 4 shows the load-slip curve of the nail (32 mm length). The
effective diameter (d) was calculated from the eq. (4) which was obtained by using Morris’s
data. K in eq. (4) is the load at 0.6 mm slip. Fig. 5 shows the residual percentage of the
effective diameter and the weight of the nail with the rating of 2, 3 and 4.

Deterioration of nail and deterioration of wood

Fig. 6 shows the differential thermal analysis curve of the wood powder (Western
hemlock), The samples were taken from the part adjacent to the nail (A), the part where
the rust penetrated (B) and the sound part (C), Fig. 6 shows that the main peaks of the
curves are different in temperature, and the closer to the rusted nail, the earlier the
thermal degradation of the wood occurs. This phenomenon suggests that wood in contact

with the rust has deteriorated.

Deterioration of nail and decay in wood
Fig. 7 shows the amount of rust of the nail (CN50) in the Western hemlock (160x80

X 30 mm) conditioned in several humidity levels at 20°C for 4 years. The amount of rust

Received December 9, 1986
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increases rapidly from the relative humidity of 70~80 %, where the moisture content of
wood is about 159, Since the deterioration of the nail and wood is accelerated by water
and temperature, there may be some connection between the degree of deterioration of the
nail and that of the wood. Fig. 8 shows the moisture content of the wood and the rating
of the nail in the mortar-wall of 34-year-old house. The white circles show that the wood
near the nail is without decay; and the black circles show the wood with decay. By using
a statistical method, the discriminant function Zwp is expressed as eq. (8), where W (%) is
the moisture content of the wood and D is the rating. Eq. (8) shows that the wood is
sound when Zwp is positive, and it is in decay when negative. In Fig. 8, the right side of
the dotted line which expresses Zwp is decay area. The possibility of misdiscrimination is
10.9%. The possibility of misdiscrimination is also 10. 9%, when the discrimination depends
upon the rating only. In this case, the discrimination function becomes zero when the
rating is 3.75. The discrimination function by moisture content becomes zero, when the
moisture content is 19 % with the possibility of misdiscrimination of 23.6 %. This moisture

content is close in value to 20 % which is said to be the critical value of wood decay.

Shearing properties of the deteriorated joint

The double shear specimens were made by using the CN 50 nails, plywood (70X120X12
mm) and Western hemlock (70X120x 26 mm, average specific gravity : 0.53). The conditions
for the deterioration are (a)-the specimens were kept in a sink for 1 year where hot water
(50°C) flows beneath the specimens; and (b)-the specimens were kept in a transparent
plastic desiccator for 1 year which was placed near a sunny window side, with water
beneath the specimens. The moisture content at the test was 80~1029% for (a) and 21~26
9% for (b). After the shear test, the amount of rust was obtained as the weight loss of the
nail treated with ferric ammonium citrate. Fig. 10—15 show the load-slip curves for the
double shear specimens. The load (¢) is expressed as a function of the slip and the amount
of rust (%) (eq. (N—QAD).

Single shear tests were carried out. Fig. 16 shows the specimen made of plywood Qaz
mm thick), Western hemlock and CN 50 nail. The conditions for the deterioration are (o)-
the specimens were kept in a room for 2 years, which is equipped with water spray working
for 15 minutes at intervals of 24 hours; and (d)-the specimens were kept in a room at 40°C
and 90% RH for 2 years. Besides these specimens, the samples were taken from the
mortar-wall of 5.5 year-old wood-frame construction house. The samples were made of
plywood (9 mm thickness), 2x4 studs and CN50 nails. The amount of the rust of the
nails from the house was estimated from the ratings by using eq.(2). Fig. 17—22 show the
results for the shear tests. The samples from the house show a wide spread in the load
especially at the higher slip. The estimation procedure of the amount of rust from the
rating for the nails from the house and the variety of specific gravities are likely to be the
reasons for the spread in the load. For the single shear specimens, the specific gravities
of the Western hemlock and the studs were arbitrary.

Fig. 23 shows the load of the deteriorated double shear specimens (solid line) and the
specimens made of the sound plywood, Western hemlock and the deteriorated nail (dotted
line). Each curve is the average of three specimens. The curves show that the load of the
deteriorated specimens is higher than the specimens with sound wood in the lower slip
region, and vice versa in the higher slip region. The iron rust makes the connection tight
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between the nail and wood mainly effective in the lower slip region, and the deteriorated
wood decreases the load in the higher slip region. Fig. 24 shows the relationship between
the load and the rating at the slip of 0.9 mm. The load of the deteriorated specimen and
that of the specimen with sound wood agree with each other at the slip of 0.9 mm where
the effect of the rust and the wood on the load becomes minimum. The curve in Fig. 24
is introduced from the eq. (2), (9, (10) and (11). Therefore, the possibility of the estimation
of the load at the slip of 0.9 mm from the rating of the nail seems likely to be high,

regardless of difference in the specific gravity of the wood.

Deterioration curve of the nail

The change in the rating of the nail as the service time elapses is fundamentally
important for the evaluation of nails of a house. Fig. 256 shows the deterioration curve for
the mortar-walls. Each plot is the average rating of the nails for one house (Table 3). Eq.
(12) shows the relationship between the rating (D) and the service year (t). The black
circles in Fig. 25 are the average rating of the nails with limited numbers and are not
used in obtaining the eguation.

Table 3 shows the average rating of the nails in the bevel siding walls. The average
rating for the service years of 25~32, D=3.8 and t=28.4, satisfies eq. (12), The ratings
for 21 years and 61 years, however, deviate from the eq. (12). Generally, the deterioration

of the nails in the bevel siding walls is directly affected by environmental circumstances.

Effect of the design and detail of the wall

One of the most influential factors for the durability of the mortar-wall is a crack in
the mortar. The rainwater penetrates through the crack into the inside the wall and
deteriorates the nail and wood. Fig. 26 shows a crack in the mortar-wall of a house. The
rainwater penetrated through the crack and increased the average rating of the nails which
is seen on the right side of the first floor in Fig. 27.

The rainwater penetrates the mortar when it is saturated with water. The trace of
the penetration was found inside the mortar-wall of the northern aspect of the northwest
corner, NW(N), but not in the western aspect of the corner, NW (W), of a house inspected.
The moisture content of the mortar of NW(N) was higher than NW(W) as shown in Table
5, Fig. 29 shows the water absorption and dehydration (60°C) test of the mortar. The
differences in the amount of absorption were seen between areas of different mortar in the
house.

The influence of the interior corner and the rainwater pipe on the deterioration of the
nail was investigated in the bevel siding wall of a schoolhouse (Fig. 31). Table 6 shows
the ratings averaged on 5t06 nails at a height within one m from the top of the foundation.
The averaged ratings were 4. 38, 3.94 and 3.93 for the service years of 21, 25 and 28
years respectively, indicating that the factor of the environmental circumstances is more
influential than the service year. The deterioration factors which are common to all walls
are: the interior corner of the siding board batten and a pillar; and the existence of a
rainwater pipe within a distance of 910 mm. In order to analyze the deterioration factors,
a statistical mathod, “Quantification 1", was applied to the ratings in Table 6. The category
scores calculated were listed in Table 8. A rating is predicted by adding three category
scores which belong to different items. The multiple correlation coefficient (r) between
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the ratings predicted and inspected is 0.672 (Fig. 32). The category score for 21 years is
the biggest among item 1, suggesting that the factors of the service year and the envi-

ronmental circumstances are not independent.

Effect of the environmental circumstances

The influence of garden trees on the deterioration of the nail in the bevel siding wall
of 8 houses in Fuchu City, Tokyo (Fig. 34) was investigated. The nails were extracted
from the wall at a height within one m from the top of the foundation. From the view
point of the lower current of winds blowing, the garden trees and the shed within 3m from
the walls are classified as shown in Fig. 35. Table 9 shows the average ratings of the
houses. “Quantification I” was also adopted to analyze the ratings by items and categories
(Table 10, 11). The computed results (Table 12) show that the northerly wind which
prevails throughout the year in Tokyo is the most important factor for the drying of the
wall. The ratings predicted by adding the four category scores applicable to a wall are
shown against those by the inspection (Fig. 36).

Rate of drying

The relationship between the moisture content of the bevel siding board (W) and the
rating of the nail (D) can be expressed as eq. (13), The nails of four 29-year-old houses
were inspected. The coefficients of eq. (13) for the nails at the foot of the walls and for
the nails in the northern walls were listed in Table 13 and 14 respectively. According to
the statistical analysis on the regression coefficient a;, the equation for a house (No. 15) was
found to be different from the others. The reason for this was attributed to the difference
in rate of drying of the walls.

The rate of drying of the wall depends upon sun and winds. In an attempt to evaluate
the rate of drying, the weight of the moistened plywood plates (150%x300%12 mm) attached
to the wall was measured (Fig. 38~40). As shown in Fig. 41 and Table 15, the northern
wall of a schoolhouse was slow in drying. This method provides us with useful information
to understand the environmental circumstances. Another important factor is the frequency
of wetting in predicting the durability of the nails.

Salt damage at the seashore

The nails in the bevel siding wall of the houses at about 100 m distance from the
seashore were inspected (Fig. 42). The ratings of the nails are apparently high for their
service years (Table 16). The amount of NaCl in the bevel siding board was obtained by
the precipitating method with aqueous solution of silver nitrate (Fig. 43, 44). The high
percentage of the NaCl was found in the bevel siding board which lies under the shadow of
the eaves and is free from wash out by the rain. Tall hedges are effective in preventing

sea breeze.

Predicting wood decay from the nail

Proper maintenance of the exterior wall will be conducted by checking the deterioration
of the nails. From the inspection of the nail and the wood in the mortar-wall of 34-year old
houses, the wood decay was found to be prevailing at the rating of the nail of above 4 and
the moisture content of above 20%. According to the test (Fig. 7), the rating of the nail
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is about 3 in the wood kept in 20 % moisture content for 4 years. Pairing together the
rating and the service years provide us with a wood decay warning region in the rating-
service year curve (Fig. 45). Deteriorating circumstances of the mortar-wall can be

evaluated by inspecting the nails and applying Fig. 45,




