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Remaining strength of frame material in wooden wall panels of
buildings at Syowa Station, Antarctica

Hiroki Takahashi', Toshio Hannuki* and Masaru Ayukawa®
(2005 4F 8 H 23 H3Zf); 2005 4F 10 H 5 H52HD

Abstract: The remaining strength of frame material in wooden wall panels of
buildings being used now at Syowa Station in Antarctica was measured by wood screw
pulling out tests. An initial value of pulling strength of wood screws was assumed
referring to the test report by Hirai et al. (Nankyoku Shiryd, 46, 481, 2002). In that
report, the relation between the strength of new wood and air-dried density of the
material was presented. The air-dried density is almost the same as what in the frame
material measured at Syowa Station. The strength has decreased gradually with the
years after the construction of buildings. The remaining strength was roughly inde-
pendent of facing direction of outside wall panels of buildings. Moreover, the me-
chanical properties of the frame material were assumed from the result of the wood
screw pulling out test. Since the deterioration speed of structural properties has been
very gradual, the wooden wall panels of buildings used now at Syowa Station are
confirmed to maintain the structural performance required by the structural design.
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Fig. 1. A typical floor-elevated building of Syowa Station, “the Observation hut”.
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Table 1. Construction years of tested buildings and structure of wooden wall panels.

He PECERE BN W2EfE(H)  RTH MeEbh HIEE(E) SRS EN B2EEE

A 1957 1967 1968 1969 1978 1979 1988 2000
g R SUVH - SUSH - SOV Suud  SUU M SUVH SO H

P WH6TTA BRAA T BERIAT BRI AT TR i SRS A 1 BERZAT 1 RS A

JZ X (mm) 6 4 6 6 9 6 6 6
AR ek LZES] BME/ /S AT LR AT RA ATN—RA AT AR ATN—R AT LR bIFEEH
= JE (mm) 100 100 100 75 100 150 120 100
N Y A FAN TOFMRE WYL
At e O gy BERIR ORI e BRI o ae wmmm i
J X (mm) 04 0.4 04 04 04 04 0.4 0.4
0 /= [| He0
oy — H
IEpEE Y IR RTHH AR FIHEBEEOIRBK BESZAEH H2HEAE S D IEBR(1968)
(1957) (1967) (1969) (1978) (1979) (1988) & HkH(2000)

B 2 5k &R e £l L 2@ o2 GERF) SECE AL

Fig. 2. Names of buildings (construction year) and layout-orientation of buildings in pulling strength tests.
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M (1968), 5 13 JE{EM (1972) 58S, B L@, v—5—7 L4 =% —% (RTHD)
(1969), HiF#R (1978), %5 1 BHAKEE&OIHM (1979), #EZEH (1988), 25 2 BB
BE&0OFH (EEH) (20000 © 8#iTh 3. EYOBIKEVWFh b B sFHETH Y, |H
R bR B N TSR TH 5. [, 52 EHKEEES3RZ 10m X & 5m, IR
S 100m> OF 9 JR M &, [E—HEOS 13 BEMEREL T, BEOhE % SREIc 13
EPATICIAIRCE L, £ 0 EcHi/zicgsE 7o o 2 @) 2 mikcbocd s (X
2). OB, AEFILcIHEEMOE E AEE) fISEERICE: L TSR S h BRI 78
O THHROFEPHEERNIAFAE L 72\, 2 T T8 2 B BIE & OFrisIc B U < (3 REpaEEH 2 b
Wiz 3 BRSO WTRIEZ TV, TSN OBICIESNE 4 BEEABGE L7, 52 ZIKEE
oo R L AEEMIAEED (ZEIR T O ABRRICE > TV 245, 2000 FicfEEEd
LHTE CTEBEICHE AIE TASD SRES N TO IR TH D, MhD/VEER & (3B
DEIZY, RERFERICENEL 2 e s TR S e,

514k Z 5REE 1 1 BENCR L C 3 B CHIE AT - 7o, MREY D 3 & A LD SR
K oteDTHEKE v ~ DR E RS 28 b, BIECE 3 AV 2OV D S5 200
mm [ 7o fiE A R & LT & A ANCRIE RS 200 mm T 3 fOFlek - 72, 772
LBl 3 FEEfi D &, AABEEE BIBICAIH L e T, SVEE BEGA» 5 200mm N3 - 727
B O 3 EAMESISBAL, /INESIC X 25 10 FBEM (1969) D/ % VR O FH LRI
FE ONES, 2002) T, —RHFNHME S X VERM O LIk T ONEIC L > TESSH D
rhgER DR (R Ic @ T, BIR~AVEE, IR-ABE AT WIS THEAFE L
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> 5 ER%Z 62mm a LiAA (K 4), R UIAAKLERZKS, 61T/Rd &5 HEMEEET]
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Fig. 3. Size of wood screws used in pulling strength tests.
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Fig. 4. A wood screw penetrating from the surface of an external wall into a panel frame.
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Fig. 5. Test of wood screw pulling strength.
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Fig. 6. Testing machine on surface of external wall panel.



250 rEgoLe - FEEES - G511

RTHH TR IEM E2EEE DB
B 7 SlHEXHBREO R VKR

Fig. 7. Surface of external wall panel after screw pulling strength test.

W ONZEDBFNGER O 1 L TR WIBA R, ABmHO S E G 10 & O BB & S EERH
ORNTHIIK 3.2mm [E) %8s, Gl OSBRI 2 ) ESHS ETHEOD DAL
e (5). AENEIRED (04mm [E) OB& 351k &R ERR, KOS R OB
KHICHOTNICES 2L bH - 7end, THRERMRDS FHIEHRICTER TS SN TV L ERT
T, BRMICEEDODDIAALIFZIREALRD SNLD - 1. 8-> THEMRIC L - T,
AREBITD 0 IAB DA U WIS O T3 nii s iz EF 2 o b, 5k BRO B
X7 FREAEROEE 7 TRIEL, ¥—VMTHhLigrk,

4, PIEREREEE
EZDFRERBROER AL T LHTER2ITRT. EXD5FKEHEE T (N/mm) 1, KU
Lo TEHE L.

_F

TITC, F:EXDFHEXICE L 2/ KTE (N), I EXDEEHEZEL 2D h LIAAES
(mm) TH 5.

® 2 U205k EHBRER & QECEEOHEEM
Table 2. Test results of wood screw pulling strength from wooden panel frames and estimated
air-dried density of wooden frames.

& INECRPR BB SB2BI%E(I0)  RTHR MR IS WRSER H2EEG)
/M Nmm) 611 94.1 154 100.7 60.5 111.9 84.9 94.5
EAOHHE  JRAME Nmm) 1318 119.9 142.5 1937 1294 157.0 1383 176.1
SR FIME N/mm) 961 1052 89.5 1432 97.5 130.3 105.4 1513
HEIREK (%) 19.0 6.7 44.5 15.5 214 9.8 17.6 174
T/ ML (N) 174.5 169.6 57.3 134.9 105.4 168.9 136.2 138.7
;}ﬁ“ﬂfi A N 383.1 324.8 474.3 365.5 7104 381.6 980.3 5283
l&zﬁr{ FHIE QD) 2677 2259 266.9 2272 2429 301.2 294.7 3025
LB (%) 23.1 255 49.6 344 713 19.5 80.7 393
IR IMil (g/em’) 0.23 035 0.06 0.38 0.23 0.42 0.32 0.35
?ﬁ%ﬁ B (gom’) 049 045 053 073 048 0.59 0.52 0.66
() T (g/om’) 0.36 0.39 0.34 0.54 0.37 0.49 0.39 0.57

AR IR (%) 19.0 6.7 44.5 15.5 214 9.8 17.6 174
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Fig. 8. Energy used in pulling out wood screw, w.
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AMOEE I ARMOFEEEERL, AMBERRBEIEERIKFLTEES. FES
(2002) FRF, /&, YHBIOHF FEL ) FOHEMEFHL TE 2053k 2 ERE 1T
WV, B2 D5k EHE KB IKEST S EEHENIYD, KRD XS5 205 Ik X560
L REEE ORfR R E W,

T=266.9 * 0., 4
ZIT, ou AMOKHZERE (g/em®) TH 5.

£ 2R LAEKEEEOHEER IR, X4 20 CTHEMETE SN & 2511k X hE
WoRDIEDTH S, Alal, FHFIEMTIT - 7513k & MERIE T, REEE S 3 Vo
ERRZAE LTI ngs, BEGROARM IHERAM T, @%, M ciEsh
EEARICS S ENTOEOLDOT, KR 15% (KFIRE) LITTh-tifEETE 3
CEE S, 2002b).

REWJSARM B O RELHE GRIMFR AR, 2004; A%, 1995) ZHW T (4) 53K
Bl E 205K EHEE AR 3 IORYT. A CBEGH SN TV 3BV O AR ¥ 3 Vs
ZOWVWTIE, ERGHKESHREOYIIMENFAE LISV, K3 hOFEEEEYIIEE LT
HU. ZhoopiifEziisEic L ClERAR (%) (=(FE21ORT ERGHRE@EDOE
BRI/ 2% 3 D5 |1k 200 O SEME) X 100) %K 72, BB & 5 1 BB S & 0Fiic >
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® 3 RENTAMO £ 2051k & BEOHEEE & KFZHE
Table 3. Estimated value of wood screw pulling strength
and air-dried density of wood.

Ak b/ AT Jo—A
eapalfx SeMENmm) 907 109.4
EOHEEM  FME (Nimm) 144, 1254

() SEEE (N/mm) 1174 120.1
$5/ME (g/em?) 0.34 0.41

KHLBE  FRfE (g/om?) 0.54 0.47
HE (g/cm’) 0.44 0.45

WTlRE / F 2R, 2NLAOEYIEZR 7V — 2 2HEICHE L, #2720, 4E, I3
FMIEMTIT - 7o 5 HR S MERAIE I, MMliiicBEERa SN caRomE b EEN TV S
DT, WEEREREICPEAFHISNIEEL->TWE b0 E-bN s, Fiz, ALk
R DX VDEAIT 04mm OFIREZEE L GREEF EX 2R CIAA TV, Thaed
HENTH IR L EOHIOIBIIIZREAEMETE2DEEZL LN 5.

KREIVEE N X VR DURFERATH & @Y% O R FE R OBRZX 9 IR T, AT
ROMFEY) T L IOHEE R L. BERGAEOME L OfEld, SBE 3 ov EOBIERE D
FEWCE > TREMEREL, BEA R IVE IR Y 2V OBEEEBICIT WALE THRIEEAME
B EVSEHR G R oNBh - o, WEERARE, §2 BHKEEEOHR @k 2 F
) PEbE<HI126% ThH -7, TOMBPIHMEL L &SV EA2RTH, F2 EHKE
EEOFHITER LT b L, MMPEERERM T s I Eh s, WIIEICEREL L
JFEMED bEENEC B -l ENELLNS. K Q) ITRLALEZRUAAES OB
fiESHOOHFEREU (N) (k2 b, F2 ZKEEEOFHEEET 3025N kb
EmWMEE S o7 Fho, H2 BHIRKEE &0 & RAHEAN 100% A TV 5
oMb 5 (M9). HIEMEYIC b TV A RMIZL B, BES N ESNEMTH
512, —RREIEAM OIE L D SEESE W EHEIIE N, 5k EEBRF O e x4
BERD SRS H AR A E®E L THMICR LIAENTO AR GO FLENLED T, HE
WAFRN100% 2 A 5E8IC » e B o b, T NN OBEERERIE 75% 5 5 90
% DHEIFAICH D, EYIEREOFRERIC L 2Z &I/ D - 7. K9 FiITR L ERR I
LMl T — 5 ofoh 2 TR T, KRtk - TN 5.

x=—0.76y+116, 5
TIT, x WEERGAE (%), y: BVERBROKBTER () Tbhs.

R X 5 ICREERAARD 100% ZBATVWA LD bH D, HIREZDIFSS>VTV S,
REEE ¥ 2OV (SRR OREERIC P> TIRAICHILL TV B EEZ b 5. Lt
TR T & 9 ITF IR  BRERIERLE DS ABE S 2 v D R d 2 L I3 EIficit Lo T, i
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Fig. 9. Relation between percentage of remaining strength and years since building construction.

ZE LTV S &b 2408 3 vthIiic T, HUERSBEE BN TV 2 AJREHE: S
FZREFE 50,

UL BN AVBE S 2OV S E S 2 HALICER L T2 O EREROEE AR A /2.
7 F— FoEBEBSILETH D, Jbd 5V IRILHOABEH O H MO ALE I & 2 BE &
DETTLTWAAFEMEAZE R 17D TH 5. 10 IZABE S 2 OV DETH9 % S0 & SR
RORRERT, Mho@ERGFROMEIESENEDHHBIOIETH 5. BIFITR
L 72 8 RO Hh# (3@ 4 0 alEaks R oof N 2 it ©, KXok S ickahs.

x=a *0%+b 0%+c *oy+d, (6)

ZIT, ow BEMIANEBEDRIE (°); 0. OEIPHIZ 0° (1) ~360° (AL). K (6) Df%E%ka, b, ¢, d D
22 4 1R,

SRR E T 5B (R REERD b ORGSO AE OBEV L D b0 s
D OARWME 2 7R3 D IS IHER R (1957), LI (1967), 111‘ﬁ§ (1969), bz (1978)
DAFDAT, ThO IR 20~40 FFE L MrE@BY Th 5. 5 2 BN ERE L HMOE
DA E IR TE L EHVDIE, T OHEBEC iﬁ%@ﬁibnfmf 2000
FICHEIN DL T TOB LT 30 FM, A%H SRS N, NEIOEVWRETRE L 2w s
FEAbhb.

C O3B SR b Rond, KFuRdT 27— 4 OISR E 4 5 LIS
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Fig. 10. Relation between percentage of remaining strength and facing direction of external wall.

x4 X (6 DR
Table 4. Coefficients of eq. (6).

/L e S R F2EfE(E) RTBE MR HIEGE(R) WEZER FEEE) &7 —4
-6.47<10°  -1.57x10°  2.15<107  -5.63x10°  1.66x10°  1.72x10%  546x10°  5.84x10°  2.96x107

a

b 3.68%10°  7.91x107"  -1.10x10"  278<10°  -121x10°  -1.98<10°  -3.26x10°  -3.45x10°  -6.96x107
c 4925100 781<10% 120102 -271<10" 2174107 551<10° 467107 487<107  -1.32x107
d 8.63x10 8.67<10 6.73+10 1.14x10°  7.77<10  108<10°  8.07x10 1225100 9.71+10

P18 K S ICEEDRLE LI & 5 P B AR OZH I IF LA LIV EA TR,

BARTOEYOFERF] (55 2 I BEEOF (2000)) 2ZH L T, £12% FEE OEIKAF
ROEE IAM OERVSIHRFHEICERT 5 b D EFA 5 &, B XX VM OREEIRAFHR
KB A ZMOEREMROFEBZEARL L TREALTED SNV, FlORAEZTNIE, 44
A v R, R O S DEE N R VM D EERNER DRI £ B IREZP X, WG/
TV AREDI A Z SO TV E D EEZTE LW CEES, 2002a).

5. AKEEE 2 VI OFPPERRE O HEE
AW E[E— DFZBIRRET D 1L, BEDORE LM S LRI R & V. s I

Pre

MICEEICL > TETE2DITRIBOWDOTE/LORETH L, BEICEHT S EARMDT)
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FHEEIC D W TBB L ZORMESIF B ENTE S, AMOEMES M OEBES L Ov v
TR E SECEE ORI (HUH, 1961) & L TkEDMREER STV B,

F.=68.6 * 0, D
Fi=84.7 - p, €))
F,=99.0 * pl?, ©)
F,=13.1 - o, (10)
E=19.6X10° - p,, (11D

CIT, Fo:HEfEEE (N/mm?), FoslBE@E (N/mm?), Fo: i@ (N/mm?), F:HA
Wik (N/mm?), E: ¥ > 7% (N/mm?») Tk 5.

XD~ AD 2@ 2RAT 2 &, KM OGHESRIERES L OY v 7R E E2 05|
k& HEOBIRIIRAD L S ickEn s,

F.=0.257 + T, (12)
F=0317-T, (13)
F,=0.121 - T'?, (14)
F,=0.0492 « T, (15)
E=734-T, (16)

H (12~ (16) ZHWT, AR THIE L. E 205K EED &AM OBEL L v
v UIREAREE U, AR THIE [ S N TV A B O ARKEEE < 2 VI 3B 1T B R

& 5 gk EmEBERE R SHEE L 7oKEEE ¥ 3 OV OREHE T 10 O 171 v
Table 5. Mechanical properties of frame material of wooden wall panel in fiber direction estimated
from pulling strength test results.

= [EEEES:Y BUEE  F2EAE(H)  RTHR HERR EIEARE) BERER F2EEE
/Ml (N/mm®) 15.7 242 4.0 259 15.5 28.8 2138 243
%E%ﬁ B N/mm® 339 30.8 36.6 49.8 332 403 355 453
G£12) FHYE Nmm?) 247 27.0 23.0 36.8 25.0 335 27.1 38.9
ZEERIL (%) 19.0 6.7 44.5 15.5 21.4 9.8 17.6 174
J/ME (Wmm®) 194 29.8 4.9 319 19.2 35.5 26.9 30.0
ZEEZEE A (N/mm?) 418 38.0 452 61.4 41.0 49.8 438 55.8
Gty _FEHENmmY) 305 334 28.4 45.4 30.9 413 334 36.0
TEEIREL (%) 19.0 6.7 44.5 15.5 214 9.8 17.6 174
F/ it N/mm®) 16.8 282 32 30.7 16.6 34.8 25.0 284
;ﬁ;gg[fi R (Nmm?) 423 37.8 46.5 67.2 414 522 44.8 59.9
14 FHYME N/mm?) 291 323 272 46.9 29.6 418 325 50.1
TEENFH L (%) 22.8 8.1 50.6 18.6 253 118 21.2 20.3
J /M (N/mm?) 3.0 4.6 0.8 5.0 3.0 55 42 4.7
ﬂ‘/g;g”gﬂi J5 KA N/mm®) 6.5 5.9 7.0 9.5 6.4 7.7 6.8 8.7
£15) P (N/mm®) 4.7 5.2 4.4 7.0 438 6.4 5.2 74
ZEMHR AR (%) 19.0 6.7 44.5 15.5 21.4 9.8 17.6 17.4
BME (N/mm®) 4.5 6.9 1.1 74 4.4 82 6.2 6.9
};ég,-?( BAME (WNmm?) 97 8.8 105 142 95 115 10.1 129
Gle) M N/mm’) 71 7.7 6.6 10.5 72 9.6 7.7 11.1

AR (%) 19.0 6.7 44.5 15.5 214 9.8 17.6 17.4
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& 6 AMOMHEA MO FIIE (hHES, 2002; BMAREHIFEAT, 2004)
Table 6. Mechanical properties of typical wood in fiber direction (Nakai et al.,
2002; Forestry and Forest Products Research Institute, 2004).

A /% AT N—A v IXERM
FERE F . 20.7 17.7 276
FLVERT R IREE lIEF, 162 135 226
(N/mm?) i F, 26.7 222 342
WA, 2.1 18 3.6
. JE#E f. 6.9 59 9.2
%ﬁ%ﬁ g B'Evf, 54 45 8.2
(N/mm?) i £y 8.9 74 114
AW S, 0.7 0.6 12
g”j‘m)(;i 12{)%4;5: E 9.0 70 105

BRUOY v IMRHOMEEER S 1ITRT. KOy, b/ FE270— 2 CEEiE)
BM DRSO 15 (RS, 2002) BE Uk F OE—FHREREERA O /i
MO (Bt S, 2002) 22 6 1T/RT. 26101 2k 3 g 4 Ll b, 58
fE%4% E105-F345 (HFHaERBiE RS ¥ v VR OES M < 10.5kN/mm?, i @S ©
34.5N/mm? DMED FRIFAATFZEAT, 2004) IZOWTHOETH S, HELLBEBSL U Y v
THREONEMEE, (BEREER & 2 2 B BE&IHBO Y » 7 RECE RO TREERDRIRES,
FBHETFRICIE S L OREEY v 7ROl % LRl - 7o, [HEZEE & 2 EHREEESIE/RO
Y v TR OHEEE b icmE 3 A Y v VR OEE BBl> TH b, SEEIE L 7oRKEEE <
FOVPE L, R SHEEEREE R > TV B EER 5.

6. ¥ & ¥

EFIEH CBIEME S h T 2 YO REEE ¥ X VP O H % © 2 D5 |1k = 35k
IC & - THEE L7, BB SRE D BE S XOURMNT 3 5 £ 2 05 |1k & 38 O PIHAE A FAE
LSWOT, EHERMSERERIZS O WS, TEEHCRIE U 72 REBE < 2 v & 13
(E[A] U KEEEEE OFMIc B 1) 2 5 1k SR & SR O BIMR 2k 1 K5 D S WIRIEZHEE
L, WEREREATA L. TOME, e/ oLl oBaic>wTid, Biho
HETE U 7o M 2 - 7270, BRI L 0 < 50, THERERIS 126% &75 - 72,
FNDAOHHM; £/ F &R TV — ZDOEMICE T B HRERFRONAHE I35 91% <, B
R ORGBERIE - TREPPICHIL L TV BEFAA O N, £1, JEEHEOEBRIC X
% BE N XOVKHEEM ~ D5 B P TAE R, EIABED B IC & 2 BERAROEIZR LA
ERoN ot FEEEGE 6.4m/s & W S IR O JE O 5228 133+ VI & T RIS
W ENErD N

BT, B0 EREREERY S, AR THEMH S TV 2 AKREEE 3OV O
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EBLUY v IREEHEE L. € OfR, BEIHRZR 2R L T, 4% b6
MR B HIEHEREZ R > TV B T &M - 72,

E i
AT OREICH 72> TR, BIEEO L WK BB 5956 43 IRELHIR D% < ©
BB DS 2 ICHIEMEEDRIIE ETITHIBW I Wi, 1, EESHLTW 21T,
HIET 5 C & 2R THRLTO Wi, ERETHIAGBICERS S & T ks BT
Ltz Bt S BIR - 1IET — ¥ 2 £ &0 BBRITIE, HARYIE T F I ser b E B
FEREOFIREICRENTO—IRE LTF — s BEAB O L. CoOfAEM O THILEL
brEd.
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