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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 @ %5 4k B 3¢ 1 & %

Standard of the deterioration grade.

%ML K #* # ]
Rating Standard Example
3 X U
! B e ——

Scarcely rusted

) FEEANIT, WREREGEL
Partially rusted, no visible defect l
5 FEAT IV, AR
Totally rusted, no defect inside ~

MRS, RRHER

4 w
Partially defect, with original length

H B X 3

° M\.
Failure

2) HEETE, SURLHLE

BIRIC X D E LS LEER MO BEERDT TESSBREND L, HLL728 GEOKE 50 mm, H
#2.15mm) DEESG, hREWAEICEHBAIOERENEL, FEORBOEDEDEDEHED 3
BEC BT 2 EEEAEEEME (dB) LT5&, $(LE (D) LOBRIR Fig. 1 L5k,

d=0.586D2 (1 <D =<5) e (1)
THEEBY,

XUBEHILED BEERD S 720, H{LL7z CNSOT A2 VBT vE O 10% /KIEKT 20 38
BB LTIUERE, BEREERE R, ChEBEDEROELIVELE U, SUR (r%) &4k
B (D) LOBRINROE S DENHEM

r=D2 A=<D=45 e, (2)
TH¥ 2 (Fig. 2),
3) HPHEREHEY

04FERBLIEEOTRE» SEHRN T TONI2EEA, EAWRRET -/, Fig. 3 KRT &
3, A4V HEFH (70x120X26 mm) 2 L, WEIEIC 12 mm A8 (70X120 mm) 2§ THEAL,
1ERHAMORBREREIER Lo 1 HORBRAKICOERE AR, A8 ADORUEIEDIT AT -7, &
1ARY 7 ) OFAMDOBERELMICKT 28 F% Fig. 4 IKR7,

Morris!V (I ENAM 5 (mm), FAMAP(N) ©&x, RV v 7HBHEK%E

K=P/s e (3)
EL, FOEEEZd(mm) &5, 5=0.6 (mm) OFE, K/dOERIBEMLTHRENLEL
FETHBEEEHLTVS, Lirl, K/diZ, EFIi3dEEd@mL T 5%, Morris ©
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Rate of diameter change (%)
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Relationship between the rate
of diameter change and the
rating of nails.
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Relationship between the
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rating of nails.

—P0l —

EHEEEEERY

L oohe K



KEZBEONBIC BT BEOHNP 5B AMOFHIRIE (S RO - KB —106—

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
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Fig. 3. §OEANRERK (B : mm)
Shear test specimen of the nailed joint. L L]
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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 pecaem=e— o
N \a\\“x
80‘ \\5\\
s | Mo
% 60f
ok
ﬁjg 40}
= 0 Fig. 5. 4 (N32) O&FHERE
20p Bk (O) LEREH
L xR (X)
0 | . , Residual percentage of the
1 2 3 4 5 effective diameter (O) and

% 1t & Rating

Table 2. §TOHLE EHHEEEER(P)

Residual percentage of effective
diameter of nails.

&g o B M
& 1tk 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: EX 32mm, EHE 1.83mm
32mm in length, 1.83mm in diameter
F50: EX 50mm, BE% 2.4mm
50mm in length, 2.4mm in diameter
CN50: EX 50mm, HE% 2.87Tmm
50mm in length, 2.87mm in diameter

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

mm) D AEEE 38 mm iYL, FHOE
BH N3 LELK 5mm ik LiedDic o T
FERBRLIZECH

K =260, 08 4!-32

1%, LhL, Morris Ic kL 3ERTIIETD
BROMOIEHN 2.6~5.9mm L KX, D
RELARFETHZEATEDEBNTHBLER
b3 (4) [REFALTEL, Table 2
12 F50 8T & CN50 $TDH{LEE L AR HEBEE
RERT

3. STOHLEARMOEAL

STHAD FADAM BB BICES L, BOAY
T, STHEOFLDOAMBHERL T 50 E
CADUIRRTH S, SHESGHOMAE, &

DEEEAMOLBEIRET 5700, FEAMBRBCEILT 2 2 LI BEORENEHDPOHTEDD

TEHETH 5,
D #%3TI & 3RHOLENSHL

KELID 3, EBIEHAINESAYHTZOMIC DT, FIRETBDIVHBRBICNHHE LTV E
(A), RUBEBLEALTHWSZEB), 2% (C) OFRMERNL, A& L TROZHTESNE
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o7,

& ¥ ¢ 100~150 * » ¥ 2, 10~15mg

% O EZEETHETGD—3000

R E | a— ALOs

HEER : 10°C/min

79558 1 20m!/min

NA Y HEODNTORERS (DTA) O

fERE Fig. 6 WRT. ADH— 7D E—
ZEANI BT —ROSERT HEEER, BOR
BHE-7 3o —2OSEOEERICBLT
W5, e, BEWCOA—TORENRAY 255 - pres
— 72, RIPoOBEICLEZEDEEZ SN B & Temperature ('C)
3, CZTREE—7 LAMBAOBRRIIAS
PTRIZO, STIGENARRIZ EBEWVIRE TS

Endothermic «——AT .— Exothermic

Fig. 6. 7R& # 2 4 #r df &

Curves of differential thermal

BB > TNBEZ Ehbhrd, TOXIITH analysis.
ey R A FTOIUMHE LT 5ELOAHM
DIFEIC LD AMDAMSRE SN L. 185, The wood in contact with rusted nail.
KE OGO EHER, KAEBLORDH B &, B : IO SUTEEL T 3RFDOAM
The wood colored with nail rust,
ABT60% 2, BETS~ 8% EETH 3, C:fg £ I

The wood of a sound part.

DTAIZK?S BETE, ~4YHFAR (20
g2), gk (4.02), #k (2.08) ZEAL,
60°C T147 HMIRBE L7720 b, Y2 TBF b Y o4 sy vBROKERTHROZERE LcREHC 2 W T
4, EUEOLDEENDTADE - BLVERICBENTHLNIHRIBLONTV B,

Savard 5 FHAD RENITHSEE LT BA ORI, fOMAFORM LD T A Y WEZFMBED
T LAERRTOE, RAEOEHRIE Marian 5% KX - THEDH LN TN, FEEMT LI LITE-T
A OBENEEIMET T 5 2 &4, Marian® 355k D RERIC X » T, Farber™ I#E iy HERIC &
STHRLTON S, RMMRICE - THILEZT 2B ONT, Baker™® B9 & ZFADHRLLT,
FEICE L LT 2ETHEB IR & 720 RO FUS DS HES,

O:+2H04+4e—40H- e, (6)
RO ZEBEL > TRORIEDED & LT3,
Fe—sFett+2e e (7

Fett i3 & oic Fett* L78  THIET B,

Maurersberger 12 X 250519 Tid, KBIE—SZRBBERORET Lo —RICBE S, ZOHBRL
K& - TRBIE 3L 2. CORLOBETHSBATMEERERLL, vvo—2R3REZHE
ENTIVEAVA v era—REN 5, COLEBFDHEOAMDOELEREL TS EHEZ SN
5o

2) STDHELEARMDOER
S DOHLEAMDIEE, EBICRELKCEIOREINS LW IRBUEFERE D, 1L LAMORE
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FORERD ZHEFANOEEICENT, K4
hfkkE U CEEKRICIL 2 AEDH 5 DITRE

5 30
"oT L, G0ELRENETORDKTS, oh
CRA 1B bERET S, £BEERDKD
s | £ BOEsH 10nm BEE THEARERS
%10} -20§ HHTEL, 1um BETRALITLH, K
I e METED CRAOLEMIE ST B DR
E . E LB,
L] 5 lig # Fig. 7 {34 v ## (160xX80x30 mm)
e}
w 1 & KCNSOST () £1TALE b0 % 20°C
B 2 A HEMEEETIC 4 FRKRE L, &
3 . DXUBERD LD TH L, FOXVER
O 4“0 6 70 80 90 100 HAXHEDE 45% T2 EAEHBNT, T0~
BXHEE Relative humidity (%)
80% LI E TRt RE{ B, T hid—i
Fig. 7. KEHEAEE (20°C) i 4 FHKEL KZERhicE 0 2 2F0 SVREEDNS 70%
ekt (R4 v T OEEHEKE (@ .- o
EHA D LAKRENT 2R S IZIE—KL
AT LT D S TE (O) *
The equilibrium moisture content (@) TW%, TDEEDRMD GKRIT 1%
of wood (Western hemlock) and the . . -
amount of rust () of the nail in the ETH YR EAHICHET 5,
wood which were equilibrated in several FHBREICOWTIE, $oKhTOREAMH

relative humidities at 20°C for 4 years.

SRBEOAFRIKX - TEE LD, AKE
ERETEEVEEREV®, cokdicdr
LAM R, EBOFNMFERESDSOOHNRHRKBLRIIZEAND B, AELTRBOB S, AL
DPAMEICL > TRICLZRNPT IPHE LT INRN LY, FOFHLEAMOBEORGEHIERE
Lizb, Ll, —RICABHORE LT 2B TRITOFEN 4.5~5BETHD, $FOH{LE
2 4.5~5 THNEAMOEHRIRSNZVWHRATHER, BASELY, Lid-T, TRHEDBAT
LETOHDHEOBRBECEERORM OH S HOTRERIEN, ChICH L, i v EDBOGE
12, AMEFHELMZNMCID B IN RIS D, BESLNIDERO BEDETH BN
Vo Lietis THDHLEAMDEHDFRER, FRRICKS, JOFHHBICS2 DLEELLNS,
B4ERB L IRREBREESICBNT, EVEZVROBENOARMICEBT 2 BRICEXSEHOFE, &
kBB XU (BE50mm) OFHLELEREL, HANHEO—>THLHUIBEHOMSZIERAL, K
Mak®E (W) EE0HLE (D) »o520EROAMDEN (BELEL) OFRSEDERASITE
BPERSIY, AMOEKEEIFOFLEDBEHZR Fig. 8 0L 31, KhoHiizRitses,
BEAREFRER T, HARE Zwo 3RO X 51T %,
Zwp=0.03W—3.76 D+13.63 = reerrecreriin (8)
Zwo BED & EAMBRL, ADEEFRENERT, CORNICLHFHBIOHERI 10.9% TH5, b
DEBIR Zwo 2R L, SBEOLARTRAMBBRLTNEC LIS, CORBREDLD L, FOHLED
HCEEIGEL, SFORERRLZHHNEKOATHEHBNTEEITH D, COHAZo I D=3.75T¥
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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




# A BF H Load (kgf)

2004
0.05 mm
150t
100}
sol e S ol
0 1 1 i
0 5 10 15
& U B Amount of rust (%)
Fig. 10. ®AMANESCEOBRE (2@

H AW, HREAR 0.05mm)
Relationship between the load and
the amount of rust (double shear
at 0.05mm slip).
t{EME  Not treated.

Oxp

sunny window side.

# A BF h Load (kgf)

Fig. 11.

01 mm

150F

:
1mg\\\

\\: o .
s0f T
ol . L \
0 5 10 15

& U # Amount of rust (%)

AN ESCBOMER (2H
HAMNT, #ExZE 0.1mm)
Relationship between the load and
the amount of rust (double shear
at 0.1mm slip).

1 50°C DBICk ZEZOHT 1 ERMHE Kept for 1 year in the damp air by the hot water of 50°C.
TERKEANEF U — 220N 2EXDICEX, £FOHT14ERKE Kept for 1 year in the desiccator containing water in the bottom placed near a

¥ A BT 5 Load (kgf)

03 mm

1501

100+ N .
«© R ok *
L

50

% 5 0 5

& ¥ & Amount of rust (%)
Fig. 12. #AMANELSUCVEOEEK (21H

HAM, HHZERL 0.3mm)
Relationship between the load and
the amount of rust (double shear
at 0.3mm slip).
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200

o
=)

+ A Wi H Load (kgf)
g

50

06 mm

0 5 10 15
& U & Amount of rust (%)
Fig. 13. ®AWHELSCEOBEE (2

AW, HEREA 0.6mm)

Relationship between the load and
the amount of rust (double shear
at 0,6mm slip).

€ A BF. 71 Load (kgf)

1.0 mm
zooL
150}
TN L L
100 ”ffizﬁi A
50}
% 5 10 15
& U & Amount of rust (%)
Fig. 14. ¥AWHEZUEBOBF (2E

HAM, MR 1.0mm)
Relationship between the load and
the amount of rust (double shear
at 1.0mm slip).

#+ A W 71 Load (kgf)

200t

-

o

(=]
¥

8

50F

2.0 mm

Fig. 15.

5 10 i
& U B Amount of rust (%)

BAMAHE XUBOBE (2T
AN, MHEN 2.0mm)

Relationship between the load and
the amount of rust (double shear
at 2.0mm slip).
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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




# A B 71 Load (kgf)

10r L L
0.05mm 110 110
100+ 100} 100
90t 90+ 901
0.1 mm
8or _. 8of _ 8o}
k) 2 3
70 = L < 0-3mm
2 70 5 70
60} 3 ki [
r 60 r 80!
(2) (3) 5 T e
! ! < 50g < 50} °
N (2) (3) )
40 I ! 40r 40
o Dngu
a
30t 1] R .
" ¢ e +\ 3
. 20} i 20 &% v
a
+ go * +
v, oy 10t +‘;2:N 10} :
0 I e : ¥ () (2) &
0 5 10 % 5 10 % 5 70
& U & Amount of rust (%) & U & Amount of rust (%) & U & Amount of rust (%)
Fig. 17. ®AKHE STCEOHERK (18 Fig. 18. ®AMAHE XUVEBOBE (1® Fig. 19. ®AMADESUEBORE (11H
BAN, HENZEAL 0.05mm) HAN, HERNZEAR 0.1mm) FAM, HHMZEAL 0.3mm)
Relationship between the load and Relationship between the load and Relationship between the load and
the amount of rust (single shear the amount of rust (single shear the amount of rust (single shear
at 0.05mm slip). at 0.1mm slip). at 0.3mm slip).
A\ B Not treated.
O 24 B4 72 0 1553 MK AR 3 27°C OWRIC 24FERIHE  Kept for 2 years at 27°C in the room equipped with water spray which works for 15 minutes
at intervals of 24 hours.
+ :40°C, 90% RH ORI 240 E Kept in the room of 40°C, 90% RH for 2 years.
@ : B85 & EED SR Taken from the wall covered with lath-mortar.
( ) :4{tE Rating.

— ¥ —

FHEMEEEEY

=%tiy



110r
100}

90;

b b

80

by

0-6 mm

70

ﬁ_
o

60

"7
a

50t ™

+
+
(3

Os e

% A M J1 Load (kgf)

301

201 .
(n (2)

0 5 0
& U & Amount of rust (%)
Fig. 20. ®ANHLSUVEROMK (11H
AN, AL 0.6mm)
Relationship between the load and
the amount of rust (single shear
at 0.6mm slip).

t A BF ) Load (kgf)

I\
110f 1no .
100{
90A
A
80t 1.0mm -
. 5
70 0 *
Dnua+ + g
-
6of  rden, 2
o+ 4
+ 8 + ki . ]
sol +\ < 50¢ .
. P
40F . . IOOL
n (if) (31)
30t 30L
(1) (2) (3)
20} | I 20t
10 10r
2 . 0 R 2
00 5 10 0 5 10

& U & Amount of rust (%)

Fig. 22. ®ANAEIUBOBEK (1
VAN, HESREA 2.0mm)

Relationship between the load and

& U & Amount of rust (%)

Fig. 21. ®AMALIUCBOEFK (1|
HAN, MEREAL 1.0mm)

Relationship between the load and

the amount of rust (single shear the amount of rust (single shear

at 1.0mm slip). at 2.0mm slip).
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WARELNED, BRIELZHMERSURBIKBET 2L SFHEE2E I NETRENREVDOIIARTH
208, STOFHUEFHEIVENSANNCEEEEZ 2 RENEATFTHL LB, HLED2 &
3OZERENHEMENTRREALL L, BOERERIKEBOTAHONIERNSES S, 0, FOXAN
FCRAMOLESRELEEEEZ 2, 2ERANRREKTE, IMOSMI Y HRIHLEDZA7HOD
EHEALEY, 1HELANRBREKTREEREELTHEL, BVENENTORAKHDOESDEDE
HDO—21, ROEBRERPOLOLHE LI, AMOREOE SO EIKHETIEEZL N5,

3) BAMTHERIEFTHE R0 HLORE

FORAM DT FIZTRTER, TOEX, AHOEKE, FTHOD D ALRESR U THNIT, (a)g
OE®E, (D)FDIV, ()RKMORELILETHAS D, TTT, (DEDPVTREYEEROEZEZ LK
BBELEDNTED, (D)DIVRFOB FREWPEEDDEIICEHFS L, (C)DAMORENEAKH
LEQOHEANSZ L LHLDTH %, L L, FIELLHBRKTR, SAMNDOITI X2 HINEETE
DL BIXUAMODEICLBZETNELONE Y, &KL LTOTFHBHETH S,

Fig. 23 i3, HL3 ¥ 2MEANARKDOEAN S (B LAETERINTHM L EEFH LY
ARENA VTS, ERUHBREOEANS (58 2RLEbDTH2 (WINLd CNE0E),
1 RKOHHRIZ3EDT— 2 DFHEEH SRDI, MERS &, FOFIMESRL THENIE, ENENEL

250" glj;aﬂ‘tjicnf
200
% 150
R
5
S 100
:p
50
1 [
O0 1.0 2.0

8 & 4L Slip (mm)

Fig. 23. b LRk (1~3.5) ORAMDESIL U 8T L4
TEARH TR Lo BBA (1'~3.5") ORANH
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
3 A 8
5 120}
< -
$
100} S
32

% 1t B Rating
Fig. 24. #HZAL0.9mm iCB T2 ¥AN I EH(LE
(CN50, 2HEAK)
Relationship between the load at 0.9mm slip and
the rating (CN50, double shear).

Q : % {kakBi{X Deteriorated samples.
@ : S L7cgT L BETSARH TR LBk

The samples made with deteriorated nails and sound wood.

T, HLLEBERDIZ D BHFLOAMORBR L O AN ABATH D, BOHMEA TREDEN
BHEONB, CHRFEMUIHRBEK TR O SUBAMICER L TELLTH S 10 0o EA KT EX
XL LTWVWBEEZ NS, SUDKMOAT VLV ASTOTMORFARANENC LHBEHETH S, TNl
5L, HLUARRBRADEAMANFNERENTENDIR, KAMOFICL2HEDETHREREEZL
SNB, 2DXIC, FANAMCRETHEOREIFVHEMENTSH LN LD, O 1EEAK IO
BOENEMNTOR S DERAMOLEIR LS bDEEZEZ SN 5,

Fig. 23 it XJNdANZE 0.9 mm [FETORAN AR, HLAAMIcL 2HAREKEHF L0 AR ICE
BREBIKLDOEMTI LA LTS BT & bHEBED, Fig. 24 i€ Fig. 23 OEANER 0.9 mm itHd 3
AW HETRT, CORARARHLEEZIUVERRERL (9) XL ORDIHENEM0.9mm gkt 3
AW (Qhos) LLO—BERLTOE, 2EEANNRBLERBEKICEOTITEORANH
DEICEYT A, cOBFRRFMLLAREATIETERS, Lpl, COMERIERAMICRREZMN
HERREoROTHEA D, HAEMI0.9mm OL X, FOSTBIVAHOLEOEENFERTE 2712
BTN {85 ERE LSS, BIBICET 22 A BOBENOCNSOFOHERS, GiRE~4 Y
H DL EAWOZOTOMEOHMEN 0.9 mm KB AN NERETE S C LK 2,

5 SEEICHIT BTOHENREEL

FOHMEERIAFOMAMEFHLLO LTS, TOLBOBELZ 5700, HERYOSE
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KB ATOEEOREENENL P T ILEND 2, L LhicBd s8R 0N,
D EBILZNEDAEEIZ BT RTOHLEDEEL(Y

SARELEHORTERE I UOERIESEDE B D TH 5,

a, 3FRBLAEY : ZHETRBTONCHMBETIRCI 2 2RBETEETHD, SERAKICS S
29—V OREBBER SN T, ZORYOHEE, WHECTTE IR, HEOTH 2 WAL
72 CNB0 DBELINER TN T,

b. 11ERBLAEY  BTEBNHCETONERTRICX 2 2BETEHETH D, MITIBET
BLEESES D, BELUBCH - 5HELAEO—HTRE LI, FRIN2TH S,

c. BEFBLUALEY  HENRFRRETCESNRE A VTHIC X2 2BBEETH Y, SEEN
WIZT 7 A~ VOMBMBER Sh T, oD BEELILBEAZTAE Lz, $T13R 35125, 50,
75, 90 (mm) THY, FXEEB29EKTH 5,

d. I3FEELEY : TERMTCRONAERTHRCL, 2RETEETHD, BREDD 5HEED
—EREDLDDHLHIEEELTRE LT, ETIIN38 (204K) Th 5,

€. 344FERE LY  AINRERETIC BT ohi BRRESBREETHD 9875, 1045 XU 328
SWH 5. B2 HRE-BHAICHY, ThZN4HEHRAO 2RBRTEHEET, 328 5 dHERER TED
reHBFERTHL, oD REDTATOHNED TRERE L, FJDORE50mm, HEER2.15
mm THY, FOAKT, ThEN39, 208LPI5ARTH B,

Table 3. H{LEZ LD OERE (B2 LBDE)

Number of nails for each rating (the exterior wall covered
with lath-mortar).

£ E ¥ B 4 % Years of service
Ratings 3 1 13 13 2 34 )
1 169 0 0 0 0 0 0
1.5 19 0 1 0 0 1 o]
2 21 0 4 2 1 0 0
2.5 11 7 1 3 o] 1 0
3 55 18 3 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 5 4 1 16
5 0 0 0 0 9 3 19
£ & Sum 284 57 20 29 39 20 75
FEZEE
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

H it &

1 10 100
£ @ F ¥ Service year

Fig. 25. EnZNVBROEBCBT 58TOELEDRELL

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

—FDEFDHFOEILEOIHRTDY v 7°) Vv IDHFI K » TEL B 10, STORBBEFROEER
BETH D, ABEOTRTHOFTLRMNT I ENMBTH B4, BROFBICLD, TNMNRTHERIE
AMb 5, VTholad, RICTRESEENICENT, JOFLEOIHICABILTELDRNES
DI,

CCTHIEATFEME LS, TNTHEBRLELOES ImUTOEFR»S BRLALLDTH 5,
Table 3 L E(LET ED §TORBESBBEBICOVTRT, BEEHOMBIEICH L HIEDOESE
Z7ay 3 bE Fig. 26 OX51K %, CORFERBROLEBDTH S,

D=2.2log t+0.6 e a2
Lz TCDRFOFLE, tIBBFERTH S, HEEHB0.7THB, 4 & Fig. 25 hoR7ay
M, AESDROEBELIUHERDLDEALALDT, KOBEEOHFOLIETH S,
2 R U BRI TR (REHR)
5ARMRM U RoR AR T ks (RREE/MEHTD
9 L7c s R P AT R GRIBIBSHEERAD
26 SRR U7z [BXKERE S GRAURIITD)

NS DETDHLEHIZIZ Fig. 25 OEBMIOMIKE S &0 s (12) RRFUREDTH L L
A5,

2) TFRAREBICHITITOHENREEL

I, BMRRIICE > TABEAO TAROFERRERCDEE >TNE1D, FOHLEDT—43
BREHOENSOBREL TS, Table 4 33#E L/oEE B XU /NERKEICBT 2 T RROFTOD
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Table 4. FTRWICH T 2T OHLE & RBEY

Ratings of nails in bevel siding walls.

%eilg\%cﬁe( Nﬁumer §§f fﬁkumbfg %nd oifﬁ Sii%ég% Z0 PIE i
year house of nail nail rating ace

21 1 102 F30 4.4 gh%ﬁ%*gggf.(gziﬁ)house.
25 4 156 65mm 3.7 ?ﬁ?}ﬁmﬁ
25 1 144 F50 3.9 aiﬁt;%%;gf.(g;%o%)house.
28 1 121 Fs0 3.9 aiﬁb%@;gf.(g::’%ﬁo%)house.
29 3 44 25mm 3.7 aiﬁb%ﬁgﬂfﬁ_i
29 4 171 N32 3.2 %ﬁi?ﬂ—g
29 4 109 65mm 4.2 %ﬁiﬁﬁqﬂﬁi
30 1 47 N32 4.3 @ﬁgé%vfrﬁaﬁbif.
32 1 144 Né5 3.8 i&;ﬁ%{?ﬁg. (éjg}?oﬁ})louse.
61 1 150 60mm 3.7 ?ﬁ}@é{\i?ﬁi

FEERT. OB 2BEN 5 2FETOREE, 8.4 FBIVHEIBEELL L, Triarg
DEED (12) REWR LTS, Lich-T, TOFEKEL TR, BREVEVEDEBICBT 387051t
BLFLOLEZEATROTEAS, Lrl, BREFEK 21 FL 61 F0HILER (12) ROBEISAEL
Bihd, —RICTRRICED 280H1LE, BYOBECRBORECREBEZIPTL, Cotd®
WENBOBELHE LTS 2ENKELBIbDEELZ LN S,

6. HNEOWHTH L CHENTOHIIRIZTHE

STOMAMER, EEOWMAELFU S HIPHEICE > TRE QBT 2%, 2 TRTEDFHITRIZ
THEOB L OBEOEEICONT, BETLONIEEERT,

D ELZLBNEDS S v I 5 & TRKED®D

ENEANVBDENCET 288 LUOAMOEIICE - LB LVEBLS5Z 20, Tvardy 5y
7 THB, WEOERTIE, TV ENVERDRBRFIICTNTDS 7 v 7 %2BETEH, 77y 7i3ErZ
NVORREFTEBLTORVSDHE L, TRTHABOEEBERLTNZLFNAIND, 75570
EhAkE <, ZOEMICNAKPEEADADRETHNIE, NBOEBHEATHLAEESER IS
W, Fig. 26, 27 (3 3 FFRR L e A BE TR E O RE O HE K & HEEO AL MNC B 28T OHLE (F
HiE) offEid. BRBATENTH L, 757 v 73 1BOVILERDOERT, UXLodfo
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®E East

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

AT A - Tz, LD 1 BEDRIRD S kA
ZDI Ty s POBERICRALLOD LEZ 5
N, 77 v OFH (Fig. 27 OAW) OFNE
L<FHL, A BT RERL Shi,
%7 Fig. 26 O 2EOBDT VIV » D T B
DOHRIPICAEE BB, TThLDRMBEN
BUVPHICRA Licifsid b4, Fig. 27 0k S
COHGDEIENKE L ->TVE, TORS
ZFHELLAB L Fig. BIORT IO, 10D
ELLERD S 2BOBICHT THOHLE L 4K
DEREBER LT3, FECIOE CDHiC
7 7 vV ORABEAL, AEHEL (H1L
LT BHaE80, —ICBEHOARRY 5 v 2
BADDRTINSZ, MELME L -DRAKNEA
L, BEIEEIHE THAIE32LIK 3,
BENDKSIDRAIIRY 5 » 21X B 1203 T
<, EVZLDOBKILE - THiThbhs, Ev 4

2F
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Fig. 27. HEHZBUD 28TOHLEOST

& Height (cm)

=
=

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

70 {
60.f /
sof iy
;
40} {
’I
H
30F ;
1)
$
20 J’
S/ —o—%{LE Rating
t4
e ~e—-E7KHE Moisture
101 » g content
0 VAl . .

1 2 3 4 5

41L& Rating

5 10 15 20 30

E7KFE Moisture content (%)

Fig. 28. ZBTICBT380H5LEL

LD EkF
Ratings of the nail and the
moisture content of plywood
under the window.
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WOBRKEKEE LEZMKRZERE O THNDOS S &%, TV ZVPEKIREL 12D KBEENERT

<18 5%,

Table 5. 24 KkE (%)
Moistvre 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
Balcony_ 4.05

NW(N) : dbfagodbm
Northern aspect of the northwest
corner.

™ 7K

5EERA L BRAY R UNEHTT) @ 41
T, HEAOIE, NW (N) OFHROTOHt
EH3.9THY, BENW (W) OFHTLE T
Bt AMBERBEEICRELESIVE, I
HTRENZVTHON—T 4 ¥ T R—re— B3
S LHVKRRISEERICILY, KBBRA L
BHLNI, COEYPOELZVFERIL,
—H IR UTEKEERY (Table 5), &Y T
Bk BB %7 > 7 (Fig. 29), BKRZRT
KizEEE U, Bikid 60°C 0EBRBTER L
oo BHIZ 2~ 5 HORF OFEHETH S, NW
(N) OakEH 3.88% THLDILH UNW (W)
2 1.84% &L, BINEENW (N) OFbKE

Bk

<" Water absorption

XS &

Amount of water (%)

Dehydraton — ——————*

150

B R (%) Time (min)

Fig. 29. =2 vOBK—BKRER (hEHH)
Water absorption—dehydration test of the mortar(Koganei City).
®—® NE (E)
@---® NW (N)
O—0O NW W)
A---A s¥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 O & © % {t E AFE5/N)

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

8 Grid | g ppop | BBER gy 5| 0 8 Grid |y g g | HBER ) 4y
x v Rating ;2:1:‘(’ Remark x v Rating ‘;’71;’1;& 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
3 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 0 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. 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 32 417 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 : ABick i} 2 FR#E Sidings at interior corner,
R : HEIEL Close to rainwater pipe.
L : oA Wall to lavatory.

AEEDFTIRFHEMBERICARE L, FRABSEROKICLZ CEVALHTH 505, BBEH, AR, WEW
i, TNENBMTRITOFMEL DEFEN>PBREV, ZCTINL=Z2F2BRAEL, ENENCHT
oY —%5E% (Table 7) SEB#EIFO—DOTH KRB IMOFHLLVHEL, FILEROMTELT
sl BoNeA T IY KB Table 8 DL 5, ROFERLOEUT AN T T) —ERE—
DOFOEY, ThLAEMIZELMEDOTHENLGNS, ChEEBEOFLELOBEFRR Fig 32 ©
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40

38

NS

36
132
130

28

26

24

22

[P WSS S S SOV AT T ST ST U 0T U T I VU W0 S S N

TETI SO R PR T B ST EST T Y ST VS W P
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
X

Fig. 31. [ (s E/D
Floor plan (Kashiwa school)

®:X T % Room for drawing and handicraft.
@:X T #: {§ % Preparation room for drawing and handicraft.
@:F M #H % Room for music.
@: ¥ B§ Entrance hall.
®: & Fr Lavatory.
® : XBLALKEIIHE Special room for traffic security.
Table 8. BEMIFKIZHITFITY —HE
Table 7. 2 EwF =T - Category scores obtained by
Items and Categories. Quantification .
B R 7o) — B R (477 -— BT T —HE
Items Categories Items Categories Category scores
% i 4 % 1 21 1 4,862
Sevice years 2 25 1 2 4,243
3 28 3 4,369
A B 1 A Yes 5 1 0. 000
Interior corner 2 ® No 2 —0, 465
HOE v 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. F [i] X & mEBaD
Floor plan (Yatabe).

@ : AN Closet, @ : {#f Lavatory, ® : % Bath room,
@ : 47 Kichen, ®: %L Sink, ® : ¥ Entrance,
A #3153, Ventilator.

B, DILMEL, $EHFOHGNINED, BORLALAHICHIEED»PZLETHL, X5,
HMRBEICI > TRE LU 2B 25, PR {, HERICH->TEMBEmLE 0 LT 205
Hoh, MORBREROBYAL T4 v +BEOMIRE2ATHICHLDPTVEDEELIONS,

VIEBAREDKRTHDS » & bETOHDE LOEHRTH 228, Thi b oY O —K:, RO
TREIIIFEOEFSAONT, LBEOEH L EETOLE, HEOWHR LOBAIORETD 2.0~3.0
DIRRREVIEET, i 1.5~2.0 LED,

COEEOWL, Wk LOBMETOHLOENEADERDEITH S, LBV A T 4 vV IBORY
DHOHER, 1ABERE, FITOBEMIRSALY, ChRITAKEREL -HENTHY, =
VENVBHBCENT 5, RE LD ORI AS O, BANOBELKEEIIEREN D, BBENDIIN
DIFCHRIE S L TR, STOEHFLEEREKEER Licen Z vBOBEE B LTKRE {1k,

7. REONBEHRLTOSHIE

ZEOAMEEIL, MAND LOSEETHLH, BERMELDTENOBENEETEORELD
1500, SHBEEIL, HICTAROH SN THEERLON S, $i, ChEFIH L TASRIEL IS 3
ZEHTE D,

1) #EAaEONE

HEERDHIcd 2 SHOREOTRARECHTOFLELARAEL, BAFKSICROAD DT I35

RIGEAHI EOBFERE Lce, REOE BRI Fig. 34 0k 512, No.3~ 63 254F, No.8
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ZFE 0o B & (RF i)
Site plans (Fuchu City).

Table 9. F{ELAKBOTOEHEE

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 fiI | B 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 —_— e e e

7.

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

~11I229EZBLTOE, WEN 2HERKETH Z, BHE LA RME— TR — (I 48
ALTBOREI G MM TH2, FTRHEEBO RIS HE 1m UTFOES» o FR UL, REOHAR
P53 3 m LIRS 2 BARERD & 5 icBL LT,
B H:1mPF, 2~3m, 3mplL
EDQHKD (HEPS 2~3m ETRZ, BEH»S Im LITICZERLN,
Table 9 iz, TNThD REIOVT, FHUIDOAICET 58T (10~204) OF{LEOILHEHAER
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Lico 25 ERBLARE (No.3~6) TREHS.72TEHY, 29EHKBLIKE (No.8~11) TiZ 4.22
Thb, BHR, T TICHEET -7 29 FEKB L 4AFORBOB FRFEY 1220 TOFHE 4.05 &
WP LT G,

Table 9 i ob 2 b L DI, HFAUIICH T HENENOERBY 2 OHMEOTHEDORICHIEHD
Ho2&0% 5, COFRRRE LT, BEEYK, BEORROIPEAIOBROZENST LN TH
55, ZOBGOEERT LT, BALPHY-VORSAMELN, INOLOBERIIER LAtz i
Y, BHICTREET 5,

BHELOBERIZONTIR, AM,SI2E3m NS AEERZ SO AL E LD HF 1, it~
£, HEFLS2~ImOBFEILTHR TS FAMNEICLEA TONE, #MEMIOROWEZH
kah, AR ERnsE, BRMCENES O L L. /NE (BEOROBLE AL

(o]

-

Fig. 35. #AH LEBLOH No.5)
An example of garden trees and the ventilation (No.5).
PHLE 1 mPlRicEMNE S Tree with dense foliage above 1 m the ground.

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

t /N2 Shed.
X ULDIFER Awning.
T AMSEAIC®E  Wind is fully passable,

T FEAURAYAIZEE Wind is partially passable.

%UUEM@@

: EAER L7y Wind is not passable.



—130 — MERBREHERE $345%5
Table 10. = E B F T Y -
Items and categories for the analysis by
Quantification I.
£ A Items A7 o) — Categories
1 5% 4 & i Fully passable
1 It B Northerly wind 2 ¥ 4 & @ Partially passable
3 N 5@ Not passable
1 55 & & Fully passable
® i Easterly and . .
2 - i westerly winds 2 ¥ 4y E 18 Partially passable
3 S i Not passable
1 Bia North
3 BED N Aspect of walls 2 H East
3 ic] West
1 25 4E 25 years
4 ¥ 8 4F ¥ Service years
2 29 4 29 years

5w EE
Inspection
0~

/° ,
33 2
F A8l &
Prediction
Fig. 36. WEICX2FH(LE & THIC
L 2S5 {LBEDBEFKEUEFDRTD

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

85724 LT,

HRZIET 26D E Lic, Lied-T, JtEEiIcDINT
i1, Zhodtfilicd 2EASBILRDCTHNZHIEL, B
I HY - T FMICALE S % HHA &/ NE DSIRPE H 1 O BT &
BT ETN B, BEFLREEBCOVNTIE, 20F
NI KRN E 12 RFERO AR S ENEEE L
%, Fig. 35 W No.5 DREDHILDRAEEREL-HD
=—HlE LUTRT,

BY7D ICBRES 2 LELCHZERE LTIRED
MEDHEEZEZLI, REDOEEIC DV T T T @il
L, BYDH KL, STOHMEBEND, F2HERT
XILVEBBE N HHRAE L,

PDEDBEREZHETZ E Table 10 DX Sici b, B
TEDFOLLEDFEMEEENERE L, ChodE
HEoBEEEEL I HOFETHTERS o ADT
%7 —4%% Table 11 iZ;RY, No.3 DFEEDILEEICD
WTiE, BEMEHERE TEIAAATL EORIMBHLILVE

HETIoNhkAF Y — B4 Table 12 IC;RT, STOLLEOTFRIER, =17

NOBERICDE—DFOHEYTIA 7T —HEE MACEEE 2, P2 25 FFE L JuEET, B

HEBHREN TN 354,

BRI EIN TS &,

FLED THUEIL3.499, EANOEIh TS L&

4059 &35, MEWC LB LEOFELTFHicE2ZTh & ORI Fig. 36 X312y, JLELETD
FUEMHT 5 LEZTINTHS 5, Zhicl, HEHFADROEFER DD THIN, BOKAT
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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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(W) OEFEERADLIICIRATED Uik,

W=a;D+a,

Z onEROEHE Table13, 14 ICRT. 2HETOOROEREH a1 DZDEEEE, tREICL -

TRALREAEEIHEIPERTUAESE, SRBEOTHBEIELTRRAUREAEUTE LKA,
2, —FOREWNo. 1513 B 2REN - o, WREHIE, GKkE-FLES oy FOAETHD,
FEA 1T ETORLEREKEERT . CNOOXEOMH, BESIUCEAFHMNELTEHSC
b, HibELAKEOBFRITI, AN, ERFCIZBOE LT IORBERFMEALTNS
EEZZ oY, FRRIBLTAEMEEPTOREIICH 2 E3MALEZRAT 2 LTEERLLT

Table 12.

WERBRETARE #3455

nF Y~k

Category scores obtained by
Quantification 1.

Hb, LrAM, ABRKAOBHLTE, &P
T &, AYch (BE) SREBROTODFEHN
RERETORERGRIC L 37080, FEHENE

E R |ATTY— h7 ) -BE T D5
Item Categories Category scores BILLW, ELT2ORSELT, HFRETIC
. 5. 499 LR S T fo o (12X150X 300 mm) 2Bk &
o 757 , HEBEOTRIICETEIT-T25 L, Bl
1 2 .
N STHE (BE18) LTREBELERD, 20D
3 4,05
FHEICE T, ASEBZIIZHECE-THBADH
1 0. 000
ZEOERIIC BT ARXDTIOEREZISLT &
2 2 —0,116
WNT& B,
8 0. 186 Fig. 37 RSB EMRETICH B BMNER DN
! 0.000 EAKTHD, BEEBLTO S, OIS
8 2 —0.201 RO 7 v — P ERO AT HIEEFT 7o WEBR
3 —-0.014 HM60E7 10 B~12ATH 5, KKIT10H
1 0. 000 OEEDS 11 HOBE T/ WSKD, HLiIg
4
2 0. 265 DERRBNRTH B, 7L— F DEHFAKE (24
% wik) »oOEBEORORRZELE Fig. 38
Table 13. BEOTHOEKREFMEDORICE T 5%
Coeflicients 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 ap r
1 43 17,10 4,28 3,22 0. 86 1,64 10, 05 0,44
2 47 15,52 4,03 2,90 0, 87 1,56 9.23 0. 47
S 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 kEFEDOEH Average values of the moisture content.
D:% {t BF D ELS  Average values of the rating,
ow * AKEOFERE Standard deviation of the moisture content.
op: HLEOTE#EE#  Standard deviation of the rating,
a:ol /OB K Regression coefficient.
a:@ B OE K Intercept of regression line,

riffl MR

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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10

201

~. S~ 10 =] ——
301 Tes =~

FAEORDE

Decreasing rate of moisture content (%)

sob T

50t

80 5% 15 76770 7 12 13 % 15 16 17 * 9 10 11 12 13 14 15 16
Jul. 10 Jul. 11 Jul.12
B [ Time
Fig. 40. 4|R7v— 1+ (No. 10,11,12) O &KEDRH/L=R
UMESTED
Decreasing sate of moisture content of the plywood plate
(No. 10,11,12. Koshio branch school).

= — 5
9‘17 9‘17

1 o@ Q

210 36 —
37 1820mm
38

Fig. 41. 4 % 5 %
Kadoke branch school,

{LEE% Table 16 iT/RY . CHERNE, B3 1m UTOFHER 45 ThHD, oD RE (Table
4 LHELTHSDIRELENRED, T, SBO LTOFOFMEL RSO EANS S, LBTR
FORIFHADBHAMDOEIBEL, RFOFIHEBEATHENHOBEN, COTRROELHE
FEERD K, BEAEEOERR, MMLULALIIOTRAEISARBREDCD, 454 v v BB LI
D 28Tk 100 m! ZMATHET 24 BHEKE L, 58 UcRICHBEKIEREMZ, BUSEELT
UBIEFAYT VBA Y U ABERTHET 2 HEICL 72 13%5, EMPIZT ~T NaCl & 475 L,

—DDEHEFTROMEE 3 BOREDEGE, SRD I, AEOFTIAMC BT 2 HMEEES LU
SFIOLLEDST % Fig. 43 & Fig. 44 WORY . HILWEFRBOHR, FH (E) ThRIL@ (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




AERBOABIC BT BEDHLD 5B AMOLLRE (48 k0 - KB —187—

17

Fig. 42. BEMECBETONEHEORBER ()
Site plans of the houses in the coastal region (Takahagi City).

FURE (S) ITHAEMNDIL, No. 12SE (E) O#{HEHEES No. 4SE (E) LB
¥, No. 12 OREORENCITEHVEAS LS 5 DICK L, No. 14 TREREE~NNT S DN
LEZOND, EEENXHOBED EMRERDO LT LD HIHEEELEV, OB L UTHEAEIGEM
THOHIMWNEO Y, FTREORLR (0 Lidy v 7 4 8) KEHERSL D, AREEHICASZ L
BIERTHRARTHELEL INZ LB EZ SN A%, MEHLILEIFOEBAED 8cm), 0Dk
», LMOTRREHSPHLT, BHASHECOSHEL, BERTIIIKETATVEDLED
Nd, BitUaaRS, FOHCEORESLAN TIOREBE LT, TRARD S 2 EHICED 25tH
DFEBEEZHERERR, MOFMERTTHE2MAKDO 02 HE S LFBERICEHLCE, BXUIKOT
RRCHOABORBEHRIC L DIENHAERICETOR O DX BB EMBEZ N5, TEHEDLHE
IR THEDETRMBENL S, No. 12 DFEONE (E) OEX 3m ik} 3 FTRROAMBT
0.25%, LHMEBTO0.50% Th b, THEMDEFRRITAROEIFATORE »EERLI, FL
B OO IBORESI T 0.54%, BEDTO0.45% TH b, REHOTREOLHIET, FE5D0.42%,
TG TO.33% THY, WTFhEERAUDHIENEEIRT .

8 ¥ & ®

D STEARHO S L :
—HOENIRFEFEA0.25% LU T OB TH B (JIS G 3505), €Lz ERMicgo Sk
BEOLEUTHD, TUHEHTE, B, K, BattHE sz, SHoRETToNE, S0
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No 12 SE(E) No 12 NE(N)
NaCl(%) NaCl (%)
0 02 04 06 08 0 02 04 06 08
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wE 2f! wE 2F
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% 1t E ¥4k E
Rating Rating

Fig. 43. [EEHsIcEToAZEFsE (No. 12) OTRED
EESER (AR LE0%{tE 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.

BEEOKDERENS S EXICHLOETBRE (L, TREOES, MEEER A DML CRED
ERL, —Hohitd » TAMRER UBFRAE0, BEERA 0SB N, BROBENAHOD
GRAXET 5, £ REOIMICIEHASPIRNE S 1o BEE UEL, KIMERT 20, BEELD
BEREOH, BEANCRITILESSIELAMGBRTIBEMBE, &7, LBERENDEL, 2BE
TOEAR, ERChr - WHBRR - TFBIcEN S0, LBEMMEOHFE LTARHOHLBEL S
DEEZBND, COTKDETET 2B HHOHHIR, BRKBOED, BEHHOREEPRIMIREI
Yo THBRUEBEINTNE®, ZDXIE, FEAHOBRRDELRTRSIHMENDKTS 5, D
FILICRBLLBOKTHENTSH 24, AMEFHT2CELRODOBDOKPEIMET I L EN D
3, TREDOHA, Mok PdL, BEPTOERTRANELL, AMBEHLT S LBDEN,
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No 14 SE(E) No 14 SW(S)
NaCl (%) NaCl (%)
0 02 04 06 08 0 02 04 06 08
T T T T T T
?
3 ¢ 3
1
)
)}
1
1
i
1
[o]
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Rating

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
B, EVZNVOERGEL, HIT7 7 v 7 P S5OMKDBANLOESIIFTOHS BB Z L, HEE
Tld, BENREMENE, BKLUABL 2V BNYD, WHY AL LIEL®WIC L - TRYMBENITE
ATHEGHICHBEEELC LB EZ NG,
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SIDEAETLC LK » CATEMCHBELLE, JEXVIEE—F, FHOAHOEKENLALE
FIROEBLIANDES S, AR THERLEABOEICSEITE, ChERBDLLE, BREEOTCEL L
HAKOEERIKBEKOHICHENL, EEHENE FOREOMICIBIHABRFRERA SN, BENE
WA, OEEICE 5T, AMOEKED LRRFEDH LN D HOD, BRKRMICIEDRENIESLIZER
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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 15%. 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 9% with the possibility of misdiscrimination of 23.6 4. This moisture

content is close in value to 20 9% 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 (70:x120x12
mm) and Western hemlock (70xX120x26 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
% 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. (H—AD).

Single shear tests were carried out. Fig. 16 shows the specimen made of plywood (12
mm thick), Western hemlock and CN 50 nail. The conditions for the deterioration are (c)-
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 CN 50 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. 25 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 equation.

Table 3 shows the average rating of the nails in the bevel siding walls. The average
rating for the service years of 256~32, 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 5to6 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 I”, 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 3 m 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 (150x300X12 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 100m 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,




