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B T & F A 2
Test on Glued-laminated Wood
Studies on Gluing Properties of Native Species (1)
by
Tze-Ping Ma Ming-Yuang Lee
— & Z (Introduction)

BEKRTFES » ALFTHEH KR 24 (Glued-laminated Wood)[i s o BFillE a4} » B G S
TARRERIRARFT ZH B ST o KARZILEE 4/~1" B » B 37~8" [ o A4
BERKHERE o

BB ERAEARZ R  EEHBHHE - SBE Q19074 » BN ST BT DS ERH TR EEA
ZHARR o RIS » BB 2% E e A S BRASIEE  BIERRR
AR » MR NES h - LR KPR (Forest Products Laboratory)jit10344F i fy—
BRSPS 0 R T S PP B ~ B0~ TR~ AP ER o B A LI

» URB K ARRBIIRIE S S BB & BT S e B o AR R ~ B R a5 MR BRRE A
ML rhRTE M —E o

— R B LI R — SR AR R » R BRI TR L AR R 2e f 3B S R P HE B AR K
Z BB A o BERREERAEARA—RE N » S HRIEIE » Y B4 R E 2 RS -
MBS T REBRAE IR B RIS (Delamination) » Mk » AR Z MR R 2E L o AN » A Z 4K
EHBATOREERANER  BAKGREEZAKRESAHBKBEHASE - HaXBENERE
HRABEZ T EKE » —BRUATRETAKE 88 ~1248% BARMEABZERLREBR 1Y

BEA » SO BN MAET o AKE LBAKEY - BEFEIYS » RFETHE - BAHZES
WEHATE B AT « $AEAT - #ABATSHE - HAEATYETSE (Plain Joint) » SHEAT—

BT FERERE (Tongued Joint) » MikEE (Grooved Joint) %5 » 44 A8 A A i 542

—f&A#TH (Plain-Scarf Joint) » 7% fA31#E (Serrated-Scarf Joint) » 23542 (Finger-Scarf
Joint) » HPEZ M E—BB1:10F1:15 o AT ZINT 2 F K » USRS ~ B R oSy
o B AR ELARBE IR 2 U 1B AT 6 8 L S0 » R RBE B SR B AU B 24 D) 1 HHEMEZAMBA
2 EEREAZE 30cm D I o [ BAM A ZBABNEREEF2 BE R AN » — R R A PRI RS
<R ZRABRBRAELR » FBLIEE FESE » AR TR S AICISTE FBRE ASERY,
RlF BT » RIEEIEA o 12 )% f 81 B — 4285 10kg /em? » B — 42 /5 15kg/cm? » B B 7 52
cRBREAMS— TBHAMI o —BEZ » AEAZAH » BB A2 470 e £ M4 8 15 262 3 » HEs



= o L
ZHRFEBARI AR B 2 R EARRE A » I ARH RIS BOR SRR AT AR © 35 R efr’"/f\]T‘ﬁ'Z’Ji}ﬂ
}?';\"i{ﬂﬂ—:f BT R R ST B S T T o, L RS T B I T T+ IR AT BB TR B 2 T o
BB ZRISRFIERT
R, .
1 AR/ S 2 B M R AR HE e TR ~ A2 IS, » T AR R A -
2 AT R Z GREE SRR B P o SRR - RS WL S BERLSSIR R B IR o
8 BURIREE 2R WA e
4 HEUNTEE - BoRERR ~ B 2R ek 5 -

OfhE :
1 SRR A 28R - BT R R R ks 19 SR Rl o

R — ARk .-jFE <

2 EEBMA - BHREELL - FRIE
FERE BT T S ATER IR BY - MERLEURBUM R & E/ VA BT EL - fﬁi'[ff =4 /ﬂﬂﬁkfif"%&*’* fifi AR
THR=MLLALE » fES 2B T(F » RARDEETZHM - /? mﬁ“ﬁ BHE - WABTES W
28k~ MIERHZBAWERIA R Z 3 » 15 ?}ﬁ-giﬁﬁ' BRTGELZ 255 o
AR RRDBRENERBEAZHE ~ B4EARTERER "T-i'lé!HrEFii!éﬁﬁ%??}?f%ﬁ?i’*ﬁﬁ%ﬁ
PREREE RN » 1RSI ¢ RER AR o

= ~ KB # (Testing Materials)

— ]

e
%

Pl

ABLBRUCSLIE AT I ~ BEARIS ~ B ~ KN ~ BERMSEN  HAESBZ - S 1

BAHRAAM Z AR

(%148 (Chamaecyparis formosensis Matsum.) : BIEFE T » OB LG o Seidsd 4+ (018 PR T T
BEPETR » EIZ . BASY  BENERA - RARMLEe R (Hinoki) » REEEZ A » LM
WIRBGE R 2 22 - AR BRI o SUMZ RS 0,333 » FRIMECESE 2.66% » 30
152%7? <3.90% » 54 FE KAERR6. 24 % VIR R 2 MEHEIE 1556 1%-‘--6(>kg/cm— » TR ,.:fi’ﬁ}afﬁ‘)“ L 76kg/cms
v PR SR E2116, 200 :20,400kg /em?® » ARSI 1 8526.1 2. 0kg /em? » 5 13 5 1024 +19kg/em’

@%ﬁ&g%zmo

(C)EE#EL (Picea morrisonicola Hay.) : SHIKNEE » Hillt: HMap@Es » S8R0 ZER
RORE - SRR RS0 B A e ZHER0.434  RildEER 3.33% » Wi

WriEskd 6095 » RUTHIIEERT 049 » THVERE 'fié%.wu' EHE 830+61kg/em® ¢ HEIGAECE 1,122-268
kg/cm? » BFEGEE132,200+13,100kg/em? Lk EE R 8530, 6£2.0kg/em? » #7750 £ 187 2
kg/cm® REMIHEENS8732104kg/cm® F SR ESS3.01 0

(2)4k¥2 (Tsuga chinensis Pritz.) : #Ehff » B g kAa - f80F 24 0 Eilik i
1 BRI RISIE - BPRUHELEE - BU05 - THEVLMEE o B2 i R0.499 » AEIINEE 3.65% « F

I%’\(avﬁﬁ‘ €4.81% » HTARRTERS.82% » HRHEIR A Z M AR AR, 221 =114

£ 515%941 +106kg/em? » {i
kg/em® » BEFE G149, 300133, 200kg/cm? » fEAHE RS 33.8+3. 2kg/em® » B 175137 £21
kg/cm?® » m%mﬂm&(}o °

A EERE (Michilus kusanoi Hay.) @& 0B EBINEEEHT » DB EeAIES® » SSRIKIES » BIEEE »
Wosrh » TRERER NTAS  BENE  KEEMZRTE0.57 » Malinss1.80% » s
£3.20% » HEHEVEERE5.00% » BRIEIR B2 M HEIE T /5420 2 37kg/em® » B SR 6562+ 30kg /em®
s AR £5104, 00045, 200kg /em® » S ARERBY J15523.1 £1.1kg/em? » B Jy5i £ 92+ 12kg/cm?® »
REmPusRIR 75 688kg/cm® » B MELFS3.67 o

(75 B4 (Castanopsis carlesii Hay. var. carlesii.) ; X & E Rk AMS 0k Z ERAEDE » 2




= e

HEA - DHBEEE ERREEREaA o JLATRERN - BIgEE o LFRIE  BECEY » INITAE S
o ER2H 2 F0.607 » &a i 6.25% » i [ IBcKEER 58 . 50% » B iSRS 14.25% » JLaEE
5 i o 10 1 5835 476k /em? » BEEEHUS], 236 +114ke /em® » Bk ik 55145, 800 +13,100kg /om?
v S S B342.515.0kg/em® » BY 7 5253 £47kg/em?® » #EIHISRIA R 808 £128kg/cm® 4
R EER3.46 0
AR A B R R GEE R » KR ¢

5% #lZ(Urea-formaldehyde Resin Glue) : £ E#AGERIRATH S22 EHUF-1,00080KH%E » &
Bfhfinal » ARER0%  RERIER WARGHESREART AWM

(E)E e (Resorcinol-formaldehyde Resin Glue) : £& B A ksl Gk N FaELEIRE)E h &2 H R4 K
REFESE (v A 7 —A %Ry FKR) » BIFIEAKIT » HAEERL,000~3,000C P S
» SR EEA50~55% » B B AR A — (R o

Z3# % % & (Experimental Methods)

AR 2 AL ~ B - S Rh AR ERE - BRELEZER - KRER  RERASME
B T R 2 kT o 3 Z RS B BT R A » DATESRERIR 11 x 67 X 10 ZH#F » ARBIRAE R
iR o WE AR D2 A REL0~12% Rk « R E DR  RHE S RERZREE
WE LR REGEH LRI Z A BEERA LR
AREBE TR R AN RATZ U e R RE 100 B EREE 6 RA"S  —
SR i T AESEhk % » TNA B (L3 T AWO0.4~0.563 » 398 » ERISTEE30SEM « BRER
- SRR B » U G TSR - MR R 100 (BB A KIS0 A RIFRERZ
{5 A RS ZE— /NPy o
EREE B AVATEMC: (Clamps) FEMES » BAAMGREZEMN » KN SRS TRRARN Z AR
IR o JUMENG  KRFARILUEIRRIE DB BASMMEARE o SRS LIBRY IR - R
5 ~104346% » BERE20~30g/ft* » BT IE 10kg/cm? » R IR ERIE o3 MR 2 IS IR RS T
18 o M FEIGFE24/N » 6RIE 7 BB IATT B B B R T A PERR R o 3 EIABREE T A% Amsler
P A B SR o AT B AR T ¢
Bk A2l (Determination of moisture content) : BERTIESEZEMH » KM FEHEER
105850 » AR rhBar » B2 X 2 X 2 ASHZRM 1M » SHTWERI0E  FERER REH
SREREH105°C 2 PP o I ANSFRERER—X EHEEREEERIL c BEAMZEERW
» PR Z A ERW, » [l ¢
AREA R SR e X100
fk EREI A Z Ak » KITIE » BVRARH S THAKE o
(£)F1Ea k05 (Tests on Mechanical Properties of Wood) :
1 %¢fIEE 736 (Test on Tension Parallel to Grain) :

(1)ZF58E 368 (Test on Tension Parallel to Grain of Plain Joint) : ARG
1 x1.5x 15cmZ &t i i sz i B A i ik » EEFER o BAHAERE » BAEERL. Sem? » B4

SBFHLON » T4~ A4 o MBI EARRBANERRET R EEATRRAL
o HHURBMATFRAN :
T,=P/A kg/cm’
T, : #AbiiRE kg/cm®
P : GOETE kg
A : BATEH em®



}W\é\?’i (Glue Jine)

T N e R Fras

r =

1L5emy = = =

30cm )‘}
B Fig. !

(2)F R EEMEr5R Bk (Test on Tension Parallel to Grain of Plain-scarf Joint) : BA&ZH
EREARNGEEFTUR « AR BEAAIARNTE  HPER L : 10 MBIHA 1.5cm® » B
AL UETI0ME » YD » YA o BB AR BA SERRARE D » MK » ZEATHES
1k o FPuiRM A LIFAIRER ¢
T,=P/A kg/cm?

T, : #tAmIRE kg/em’
P : pkBEnsE kg
A : BiEEE em?

T T

ﬂ),j\/a\f\\?\ (Glue line)

it

it 35" S
RS\

2 ¢y 13kEx (Test on shear Parallel to Grain) : BARBIEKEA/NIE SRR - BARRE
2% 5% 5em Z,:Eﬁ’,jﬁ Zﬁm!ﬁ})‘x’%é‘fﬁﬂz ' J@ﬁ'?ﬁﬁf ﬁi/-\f(?(é}lue i)
F520cm® » BARMEI 100 - ST BRI o By a K\ :
IR I Sl A B 7 2% rh » Iy AR Ak o B
54 J155 A RS -

S=P/A kg/cm®

S : $0IH kg/om? f)

A H’;"é‘ﬁﬂ?ﬁ em® 2cm >}) ]’/ '
il

ErEa FHBY B rhER I « FELS AT 1 % A
g =1, It A 1), T e ead e I = k m 5
R 27 » AP EmE R RESERZ e » 7 ! 5 ¥ |
|em 5S¢

REFAM NI & 4388 (Wood Failure Percentage)

: [Eez Fig.3
3 M IhEEER (Test on Static Bending) : EAH

R L X 2 x36em ZHNH 2 B AR » AujE



== R
FHETR o BATHIR72em? » BARMEIO0E « TYRERWAP o RERN A mid: » HEBEHE
#5 (Supporting knife edge) FOHEBNERIREHE (Span) % 28em » [ ASRBAKRE AL » A
BE0 0 B0 s How B B 2 A0 (Load-deflection curve) » MEd@dVE[RA F2>ifE  BAY
(1)l seni ) (Fiber Stress at Proportional Limit) :

K,=1.5 P,L/bh® kg/cm?®

K, : il kg/em®

P,: HARARZHER ke

b.h.L. : BAHAMZH ~HKkE cm

ﬂ%:‘\/ﬁ\?\i (Glue line)

e e e 2 —
Iette . —= =~

|
3I6cm )1:

&l (= F_;ﬁ. 4

(25 (Modulus of Rupture) :
K=1.5P L/bh? kg/em?®
K : B ae ke/em?
P : BEATR kg
b.h.L. : BARMZE - HEkER cm
=AM By (Delamination Teat)
18k (Water Immersion Test) : fERIZBARMEM MY HHBEHE » BARNI10E »
TEIEARGIEL o RN EERTHBAREEAKS » REE G » EHEEBA KD - 4824
AINE BRI BRIRE 21T » MIRBEZREGREREZH  SRERBZE 55 WEEERNERS
-3
272 BB KEE (Cycle Test) & (HAZEARA AN AN JABER » BAREI10H » TEagyy
R4 o ERBARBERRTEAK S » ERERGE » 4/NFHERE » ERRA » ZI00°F 21 e
BAR20/NEs » REBAGIBERE —X « BERBEZHE  hREBZRERFEREE K » REBEZ 5
SRR o WHEBMARSAZHE o

o~ RF & 3 (Experimental Results)

WREFRRZAERFIZIRT ¢
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Table 1. The Moisture Content of Test Samples.

-] #ii (Species) 753447k (Average Moisture Content)
#L# (Chamaecyparis formosensis Matsum. ) [t
MM ZEX (Picea morrisonicala Hay.) 14.4
%2 (Tsuga chinensis Pritz.) 13.3
K#ER (Michilus kusanoi Hay.) 152
ERHF (Castanopsis carlesii Hay. var. ca- 14.8
rlesii.)
F =k Figsgdin
Table 2. The Tensile Properties of Plain Joint.
%
A m | 2 OH S| o B [5LEERRIE (kg/cm?)
(Kmds of Glues)\ (Specres) gl(slglds of Secti- (Specimen No.) (T}er{sif?a Stréngth)
bt ES JI’Z- L 5} 1 L] i) ‘| 1 70.0
(Urea-—formalde-—i (Chamaecyparis| (Tangential Se—- 2 120.0
hyde resin glue)| formosensis ction) 3 86.7
| Matsum,) 4 106.7
5 96.7
2B ¥ (Average) 96.0
& ¥ W 1 53.3
(Radial Section) 2 76.7
3 76.7
4 70.0
5 50.0
7R 3 (Average) 65.3
& Z ¥ (Average in Total) { 80.7
B z @ @ 1 J 160.0
(Picea morri~ | (Tangential Se- 2 130.0
sonicola Hay.)| ction) 3 190.0




| 5 120.0

| Z 3 (Average) 158.0

4 4] i 1 140.0

(Radial Section) 2 173.3

3 120.0

4 173.3

5 120.0

b ¥ (Average) 145.3

i U ¥ (Average in Total) 151.7
Lol ol RS © -

it ¥ 57 L) 1) 1 150.0

(Tsuga chine- | (Tangential Se- 2 150.0

nsis Pritz.) ction) 3 130.0

4 90.0

5 153.3

Z5 ¥ (Average) 134.7

& ] H < 120.0

(Radial Section) 2 123.3

3 166.7

4 133.3

5 100.0

s ¥ (Average) 129.1

it 2 ¥ (Average in Total) 131.9

K OE K 17 B | 1 126.7

(Michilus kusa-| (Tangential Se- 2 173.3

noi Hay.) ction) 3 190.0

4 190.0




5 183.3
ZE ¥ (Average) 172.7
= 2} H 1 160.0
(Radial Section) 2 133.3
- 3 153.3
4 163.3
5 166.7
F 39 (Average) 155.3
%‘&l s ¥ (Average in Total) 1640
E B & GRS 1 1 183.3
(Castanopsis | (Tangential Se- 2 156.7
carlesii Hay. | ction) 3 173.3
var. carlesii.) 45 143.3
) 140.0
Z5 # (Average) 159.5
|
g i} fife) 1| 163.3
(Radial Section) |. 2 130.0
3 136.7
4 163.3
5 143.3
Fail 3 (Average) 143.3
o Z #] (Average in Tatal) 151.4
B R ¥ B| & i B2 . B 1 106.7
(Resorcinol~ | (Chamaecyparis (Tangential Se~ 2 103.3
formaldehyde | formosensis ction) s 113.3
resin glue) Matsum. ) 4. 86.7
5

86.7




Z ¥ (Average) 93.3

| g fid] 1 96.7

{ (Radial Section) 2 120.0

3 116.7

4 93.3

5 123.3

A ¥4 (Average) 110.0

il 3 #j (Average in Total) 101.7

BEm =R T W B 1 100.0
(Picea morriso-| (Tangential Se- 2 60.0
nicola Hay.) | ction) 3 100.0
4 103.3

5 93.3

B ¥ (Average) 91.3

Fic 5] H 1 80.0

(Radial Section) 2 96.7

8 116.7

4 93.3

5 113.3

75 #3 (Average) 100.0

1 & #3 (Average in Total) 95.7

&k 2 [ ¥ - m| 1 83.3

(Tsuga chine- | (Tangential Se- 2 80.0
nsis Pritz.) ction) .3 76.7
4 100.0

5 116.0




2= '

E # (Average) 91.3
® 9 W } 1 60.0
(Radial Section) 2 83.3
3 80.0
4 113.3
5 60.0
2s ¥ (Average) 79.3

e J
b 5 ¥ (Average in Total) 85.3
o 3 W ) iéi) 1 150.0
(Michilus kusa-| (Tangential Se~ 2 116.7
noi Hay.) ction) 3 93.3
4 80.0
5 146.7
K ¥ (Average) 117.3
& 4J [i4] 1 113.3
(Radial Section) 2 163.3
3 143.3
4 100.0
5 120.0
2N ¥ (Average) 127.9
sl i # (Average in Total) 122.6
R B ®| ®% & @ 1 143.3
(Castanopsis (Tangential Se- 2 933
carlesii Hay. | ction) 3 103.3
var. carlesii.) 4 90.0
5 73.3




—_—11 =

75 # (Average) { 100.6

& gl 1] 1 86.7

(Radial Section) 2 116.7

3 123.3

4 7%.8

5 ' 83.3

P2 ¥ (Average) 1 96.6

i s #3 (Average in Total) | 98.7

PR S i $ AR )
Table 3. The Tensile Properties of Plain-scart Joint.

B ok o8| B i . .| B W | puikiEs e (keg/cm?®)
(Kinds of Glues) (Species) ((If;:)ds of Sectz ‘ (Specimen No. (Te,nsJile,LStrength)

bR ES & | L # [ R 1] 1 320.0

(Urea—formalde-| (Chamaecyparis| (Tangential Se- 2 153.3

hyde resin glue)| formosensis ction.) 3 293.3

Matsum,) 4 283.3

5 ; 180.0

75 ¥ (Average) 226.0

s 4] 1| 1 150.0

(Radial Section) 2 236.7

3 190.0

4 240.0

5 146.7

7is #5 (Average) ‘ 192.7

! |
s 7 # (Average in Total) 209.3
1l
I8 E | = 17 i 1 = 306.7
(Picea morri~ | (Tangential Se— 2 580.0

}



sonicola Hay.)| ction) 3 413.3
4 676.7

6 333.3

Fi ¥ (Average) 462.0

g’ ] i 1 33

(Radial Section) 2 486.7

3 356.7

4 436.7

5 430.0

B 1 (Average) 414.7

ﬁ B ¥ (Average in Total) 438.3
] ¥ R W & 1 343.3
(Tsuga chinensis' (Tangential Se~ 2 510.0
Pritz,) ceion) 3 280.0
4 350.0

~) 280.0

R ¥ (Average) 352.7

® W W\ 1 316.7

(Radial Section) 2 236.7

= 423.3

4 256.7

5 260.0

R ¥ (Average) 208.7

b Z ¥ (Average in Total) 325.7
K- & i ] i) 1 263.3
(Michilus kusa-{ (Tangential Se- 2 333.3
noi Hay.) ction) 3 260.0




S |

Al 3 i ? 4 350.0

5 216.7

L 33 (Average) 284.7

ﬁ{_: A ) 1 263.3

(Radial Section) 2 390.0

3 183.3

4 266.7

5 166.7

i ¥ (Average) 254.0

L} : FE # (Average in Total) 269.3

E B H|% w & 1 203.3

(Castanopsis | (Tangential Se= Eure 303.3

carlesii Hay. | ction) 3 213.3

var. carlesii.) 4 213.3

5 193.3

) 3 _ ¥ (Average) ; 225.3

& @ @ 1 203.3

(Radialal Sec:ion) 2 180.0

3 200.0

4 266.7

5 306.7

i ¥ (Average) ) 231.3

b | - 7B ) i":] (Ayerage_in Total) 228.3

B ¥ B|AL ‘W | % W O®m =2 ‘ 180.0
(Resorcinol- |(Chamaecyparis| (Tangential Se~ |’ CodiaT o 256.7
formaldehyde | formosensis | ction) | 3 293.3
resin - glue) Matsum.-) 4 216.7




Y e

5 313.3

pasy ¥ (Average) 252.0

= 7 fii7) 1 246.7

(Radial Section) 2 336.7

3 263.3

4 146.7

5 190.0

B ¥ (Average) 236.7

bl B #5 (Average in Total) 244.3

Z M8 Z2 EB| = 87} T 1 436.7
(Picea morriso-| (Tangential Se~- 253.3
nicola Hay.) ction) 396.7
4 353.3

5 493.3

7z ¥ (Average) 386.7

& )| 1] 1 346.7

(Radial Section) 2 323.3

3 336.7

4 226.7

5 260.0

= # (Average) 298.7

i 3B # (Average in Total) 342,7

& * 5 1) TH] 1 306.7

(Tsuga chine- | (Tangential ‘Se~ 2 230.0
nsis Pritz.) ction) 3 1490.0
-4 - 210.0

5 343.3




PIN ¥ (Average) 316.0

(Radial Section) 2 I 340.0

| 3 166.7

4 150.0

5 243.3

75 5 (Average) 246.7

“u birs ¥ (Average in Total) 281.3

K BE | = 2] i} 1 260.0

(Michilus kusa-| (Tangential Se- 2 296.7

noi Hay.) ction) 3 186.7

4 253.3

5 253.3

7 #7 (Average) 250.0

& 1) ] 1 | 410.0

(Radial Section) 2 | 236.7

8 | 223.3

4 176.7

5 153.3

bi ¥ (Average) 240.0

fa s ¥ (Average in Total) 245.0
M | e

& 2 *ﬁf‘ 57 £ il 1 236.7

(Castanopsis (Tangential Se— 2 173.3

carlesii Hay. | ction) 3 223.3

var. carlesii.) 4 236.7

5 150.0




= 16 —

‘ 7R #3 (Average) 204.0
JH
‘ ® ifi 1 256.7
: (Radial Section) 2 266.7
g 223.3
4 216.7
5 243.3
[- ¥3 (Average) 241.3
i . 2 #9 (Average in Total) 222.7
Pk @ w W 7N

Table 4. The Shearing Properties (Parallel to Grain) of Laminates.

B RORE | .
B M T | Eow m o E | P B o)
(kinds of (Kmd<; of Sect-| (Specimen (Shearing ‘St- (Wood Fai-
Glues) (Species) | 1ons) ] No.) | rength) g lure %)
R % B4 W | ® W E 1 54.5 10
(Urea forma-|{Chamaecypar-{ (Tangential Se- 2 57.0 20
ldehyde resinlis formosensis| ction) 3 70.7 90
glue) Matsum. ) 4 Tiisls; 30
5 64.5 30
i 75 ¥ (Average) 64.4 36
& )] T ! 1 25.0 0
| (Radial Secti- 2 38.5 0
no) 3 55.0 0
’ 4 31.5 0
| 5 24.0 0
7R #) (AAerage) 34.8 0
A 7R ¥ (Average in Tatal) 49.6 18
e J Ifﬂ' 1 97.0 100




=17 =

|(Picea morri~| (Tangential Se-| 2 90.5 100
l
sonicola Hay.| ction) ‘ 3 87.0 100
) | 4 91.5 100
‘ 5 [ 91.0 100
ZR 3 (Average) 91.4 100
) . |
P 87} i 1 89.5 100
(Radial Sction) 2 106.0 100
. 3 102.0 100
' 4 100.0 100
5 98.0 100
R ¥ (Averag:) 99.1 100
4 ZR 3 (Average in Tojal) 95.3 100
§5; 2|z 1] i) 1 103.0 920
(Tsuga chine~| (Tangenial Se- 2 81.5 20
| nsis Pritz.) | ction) 3 61.5 40
|
4 | 100.5 100
‘ 5 ‘ 99.0 50
s #) (Average) 88.9 60
& 1) i} 1 | 75.0 60
(Radial Section)i 2 67.0 70
3 68.5 20
4 93.0 90
5 76.0 20
b ¥ (Average) 75.9 52
$a PaiS #5 (Average in Total) 82.4 51
KB [ ) i) 1 132.0 80
(Michilus ku-|{ (Tangential Se:—l 2 109.0 50
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|
\
|
|

|
|
|

FHER
(Resorcinol-

formaldehyde

| sanai Hay.) | ction) 3 115.0 20
4 107.5 40
5 101.5 [ 40
Zp. ¥ (Average) 113.0 46
i S 1 I 1] 1 74.5 30
(Radial Seccion) 2 76.0 100
! 3 89.0 100
" l 4 76.5 100
E 5 97.5 100
7F #3 (Average) 82.7 86
8 25 l's“’:] (Average in Total) 97.9 66
E R @lm w ® 1 103.0 4
(Castanopsis | (Tangential Se- 2 92.0 40
| carlesii Hay.| ction) F 3 81.5 5
\var. carlesii.) 4 100.0 35
{ 5 77.0 5

|
(S 3 (Average) 90.7 25

!
& @ m| 2 77.5 30
((Radial Section)| 2 70.5 90
| o 79.5 50
‘ 4 80.5 100
| 5 76.0 50
|

i # (Average) 76.8 J 64
Hal EE ¥ (Average in Total) 83.8 ‘1 44,
AL BlE W T et 67.0 50
(Chamaecypa-| (Tangential Se— 2 63.0 90
ris formosz— | ction) 3 75.0 100
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| Tesin glue) 1nsis Matsum. )| 4 ‘. 2.0 | 100
‘ ‘ 5 I 68.0 100
|

| 7
‘ 7 ¥ (Average) ‘ 69.1 88
(m o 1 | 90.5 50
Radidl Sketion) 2 ‘ 89.5 90
\ 3 | 84.0 100
‘ 4 (‘ 87.5 100
‘ ‘ 5 ‘ 89.5 70

| : |
| 7 #] (Average) 88.2 | 82

— —_— S l — | SR—

b s ¥ (Average in Total) 78.7 85
= ) Tz 1 90.0 100
(Picea morri-| (Tangential Se- 2 87.0 80
sonicola Hay.)| ction) 3 72.0 90
4 94.0 30
. 5 54.0 30
i ¥ (Average) 79.4 66
£ ] 1] 1 104.0 80
(Radial Section) 2 85.5 90
3 99.0 90
4 98.0 90
5 87.0 40
s ¥ (Average) 94.7 78
Fi) ZR g (Average in Total) 87.1 72
&k | 5 ] i 1 84.0 90
(Tsuga chine— (Tangential Se— 2 60.0 l 50
nsis Pritz.) | ction) 3 76.0 60
4 95.0 50
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5 75.0 100

P2 ¥ (Average) 78.0 70

& i} H 1 75.0 50

(Radial Section) 2 57.0 80

3 68.0 10

4 73.0 90

5 89.0 20

pass ¥ (Average) T2t 50

# B ¥ (Average in Total) 75.6 60

N - Y i} 1 97.0 70

(Michilus (Tangential Se- 2 67.5 30

kusanoi Hay.)| ction) 3 88.0 20

|

4 97.5 40

5 85.0 50

F 13 (Average) 87.0 42

£ ) i 1 75.0 0

(Radial Section) 2 65.0 30

3 78.5 25

4 63.0 10

5 102.5 10

75 ¥y (Average) 76.8 15

gl 7] ¥) (Average in Total) 81.9 29
PRt |

E B M|®m W Wm 1 42.0 0

(Castanopsis | (Tangential Se~ 2 45,5 5

carlesii Hay. | ction) 3 92.5 5

var. carlesii.) 4 63.0 5

5 43.0 0
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B ¥3 (Average) 57.2 3
® 4] | 5l 58.0 30
(Radial Section) 2 81.5 20
3 78.5 70
4 66.0 40
5 54.0 30
iy ¥ (Average) 67.4 38
b4 i ¥ (Average in Total) | 62.4 21
BEA W A2 % @
Table 5. The Bending Properties of Laminates.
BT |8 e oE om M| e | FEAREROT | s v
(Kinds of Gl- (Kinds of Se- | (Specimen | (Fiber Stress (16[1;%{1 ‘iﬂ‘; )of
ues) _(Species) ctions) No.) ;gllj{?gﬁgw_ Rupture)
R % B J #L B EZ W @\ 1 420.0 735.0
(Urea forma—|(Chamaecypa— (Tangential Se- 2 446.3 840.0
ldehyde resin ris formosen-| ction) 3 446.3 892.5
glue) sis Matsum.) 4 420.0 866.3
| 5 472.5 761.3
R # (Average) 441.,0 819.0
R 4 T 1 498.8 |  813.8
(Radial Section) 2 446.3 |  813.8
3 551.3 |  813.8
4 577.5 840.0
5 630.0 840.0
P2 ¥ (Average) 540.8 824.3
i Z ¥ (Average in Total) 490.9 821.7
=T W OB 1 761.3 |[ 1,155.0




(Picea morri-| (Tangential Se- 2 813.8 i 1,023.8
sonicola Hay.) ction) 3 866.3 1,181.3
4 840.0 1,128.8
5 892.5 1,102.5
e ¥ (Average) 834.8 1,118.3
!
£ 91 il 1 813.8 1,020.0
(Radial Section) 2 892.5 1,181.3
g 840.0 1.128.3
4 761.3 1,102.5
5 787.5 1,102.5
R # (Average) 819.0 1,107.0
b4 Z3 ¥3 (Average in Total) 826.9 1,112.7
k= y WA 5] T 1 Sl 840.0
(Tsuga chi- | (Tangential Se- 2 5775 813.8
nensis Pritz.)| c}ion) 3 420.0 735.0
4 840.0 892.5
5 427.5 630.0
Paiy ) (Average) 572.3 781.3
i g i) 1 420.0 708.8
(Radial Section) 2 420.0 735.0
3 498.8 656.3
4 498.8 735.0
5 603.8 787.5
R # (Average) 488.3 724.5
#a P ¥#) (Average in Total) 530.3 752.9
X OB OR|® b ] 1 1 5775 892.5
{(Michilus ku- | (Tangential Se—" 2 682.5 1,128.8
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1

93]

Z5

35 (Average)

S|

Lo

0

EElnio i

945.0

918.

oo

945.0

966.0

B i

(Radial Section)

i)

= W

971.3
Q97.5

|

4 840.0 e 5500

5 630.0 1,102.5

Zs i (Average) 745.5 1,149.8

o 75 #3 (Average in Toial) 735.0 1,089.4

WmOE ¥R M| ] I ‘ 1 577.5 #40.0
(Resorcinol- |(Chamaecypar- (Tangential Se- 2 472.5 787.5
foermaldehyde is formosensis| ction) 3 498.8 735.0

5 603.8 1,023.8
| : = -
| 75 i3 (Average) 582.8 1,044.8
i T i3 (Average in Total) 95.9 1,000.4
- g - ‘ . —ry— —
| B B T |5 il ] 1 735.0 1.050.0
| |
I ' (Castanopsis | (Tangential Se— 2 708.8 1,076.3
carlesii Hay.| ction) 3 735.0 997 .5
1
! var. carlesii. )| 4 761 1,02
|
5) 682 5 ag7.b
|
7 4 (Average) 724.5 1,029.0
| poue L | el S =
® ]| il 10 TOR.8 1,102.5
(Radial Section) 2 708.8 1,233.8
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resin glue) Matsum. ) |’ 4 472.5 787.5
|
| 5 446.3 ‘ 787.5
l i #] (Average) 493.3 ‘ 787.5
|
| | F==
® B T 1 577.5 | 892.5
|
(Radial Section) 2 DTT:5 : R92.5
{ 3 693.8 f 892.5
4 682.5 | 947.5
5 l 656.3 866.3
7R 9 (Average) E 619.5 l 908.3
i =yl i
| 71 # (Average in Total) 556.5 J 847.9
|

A ] il 1 787.5 1,128.8
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(Picea morri- (Tangential Se-

sonicla Hay. )| ction) [

< ERR - S L R
L = ¥
) oy 3
& O 5
5
—
B
o0
—
=)

w N # (Average) 756.0 1,133.3

“

‘ S ) B ] 1 735.0 971.3
! (Radial Section) 2 892.5 1,155,0
3 840.0 1,155.0

4 945.0 1,312°5

840.0 1,102.5

197

) 13 (Average) 850.5 | 1,139.3

i it #3 (Average in Total) 803.3 1,136.3
i ¥ | Ly ] 1 367.5 603.8
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|(Tsuga chine- (Tangential Se-

nsis Pritz.) | ction)
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| 5 Sl 866.2
75 4 (Average) 430.5 729.8
% Ly i ‘ 1 315.0 540.0
(Radial Seci:ion)i 2 172.5 H1R.8
3 525.0 708.8
‘ 4 595.0 9973
5 525.0 918.8
s | e
5 i (Average) 472.5 816.8
1 CAverags in Total) " 451.5 773.3
y SR S il i} 1 708.8 L1813
' (Michilus ku- (Tangential Se- 2 172.5 91R8.8
ciion) 3 735.0 1,207.5

‘ sanoi Hay.)
\

| # 715
| s

1,286.3

3 (Average in Total)

R R M
. (Castanopsis

carlesii Hay.

var. carlesii. )|

5. ty i 1
( Ta-ngential Se- 2
clion) 3
4
5

661.5

735.0
735.0
813.8
708.8

- 5 787.5 1,260.0
| £
b #3 (Average) 687.8 1,170.8
| 7% 1 it} 1 498.8 656.3
(Radial Section) 2 498.8 918.8
3 708.8 1,233.8
4 761.3 1,023.8
153 | 708.8 1 207.5
| |
7 3 (Averag®) 635.3 1,000.8

1,089, 4

1,028.8
1,023.8

1,050.0
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Z ¥ (Average) | 756.0 1,081.5
Fisfs b 11 1 761.3 1,102.5
(Radial Section) 2 787.5 1,102.5

3 787.5 945.0

4 813.8 1,155.0

5 787.5 1,155.0

— 1 —
[ :

ZR 33 (Average) | 787.5 1,092.5

L N #7 (Average in Total) 771.9 1,086.8
Pk E K B®H OB

Table 6. Results of Water Immersion Test.

B i e W M S|k B F 5 =
fI\vndﬂ of Gluo ) (SDCCIC (Ku‘du of Sections) (Delaminatien )
5 | o 3 \ 5 1 Ifij 80
| [ (Tan"emml Seciion)
A 3 - CoF W 100 _
(Urea—fermaldehyde | Chamaecyparis fo i 5 i |
| rmosensis Matsum) | 2 100
resin glue) ‘ ‘ (R“ldil_Se:uon) 7‘ 2 ) oS
| 7k i (Average) a0
E M BB e sectil | 0

(Tangential Section)

(Picea merrisenicola - —

- R 1) i}
Hay.) (Radial Sec uon) 0

7 # (Average) 0
ph } 372 ] | 0
?ﬁ; » ) 1 (Tangential Secuon) &
suga chinensis —
- % ] 1]
Pritz.) (Radial Section) 0
7K 33 (Average) 10
lz ?i/.: tJ.J HJI
Z S H ETangential Section) ¥
(Michilus kusanoi =,
i blJ i
Hay.) (Radial Section) @
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7383

¥ (Average)

(Castanopsis carlesii |
Hay. var. carlesii.)

5 HJ fifa}
(Tangential Section)

" 1] 1m
(Radial Section)

H OB ¥ B
(Resorecinol-formal-

dehyde resin glue)

# (Average)

AL i
(Chamaecyparis fo-
rmosensis Matsum. )

57 1 ifi)
(Tangential Section)

RE 7 it

] i}
(Radial Section)

.l_}i

# (Average)

(Picea morrisonicola
Hay.)

i1} | -‘
(Tangenhal Section)

& 4] ifi}
(Radial Section)

(Tsuga chinensis Pri—
tz.)

|

5 ¥ (Average)
5 AR 4]
3 =~ | (Tangential Sectlon)

78 4] 4]
(Radial Section)

¥ (Average)

(Michilus kusanoi
Hay.)

?‘r/ R i}
(Tangential Section)

& ] i)
(Radial Section)

7

# (Average)

£ e vl
(Castanopsis carlesii
Hay. var. carlesii.)

3 | |

(Tangential Section)

£ 1) i}
(Radial Section)

8

¥ (Average)
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Table 7. Results of Cycle Test

B o ®m #H B i B ® R B B R
(Kinds of Glues) (Species) (Kinds of Sections) (Delammatmu%)
- 57 o) T
IR #® B | AL 1 L (Tangential Section) 105
(Urea-formaldehyde (Chamaecyparis fo- =
rmosensis Matsum.) | & d&i g | 100
resin glne) (Radial Section)
Fi #3 (Average) 100
ST e = 2 @J E
= i z % (Tangentiel Section) g
(Picea morrisonicola
Hay.) (Radial Section) i
78 #5 (Average) 0
n . "/ UJ [rl
£ 1% éTangentxal Section) ’ 2
(Tsuga chinensis
: & 9] ] 5
Pritz.) (Radial Section) 20
Z5 ¥ (Average) 10
R ET ﬁ {37] i
X ES i (Tangential Section) 0
(Michilus kusanoi
& 4] [ii]
Hay.) (Radial ‘Section) a
b ¥ (Average) 0
- 172 il i}
& = q (Tangential Section) 2
(Castanopsis carlesii |— - =
Hay. var. carlesii.) ® (Ra dialﬁéection)ﬁﬁ 0
Py ¥ (Average) 0
& " ¥ B & 3 1 (Tangential Section) g
(Urea—formaldehyde (Chamaecyparis fo- 7
rmosensis Matsum.) & A J"JJS 3 ] 0
resin glue) I (Radial Section)
75 ¥ (Average) 0




= 434 V=) Y P? 4 . _fﬂ .
2 L] = 2 (Tangential Section) <
(Picea morrisonicola
78 ] idi}
Hay.) (Radial Section) 4
25 ¥ (Average) 0
1y 7 ’LJJ fﬁ :
L % ET ngential Section) 0
(Tsuga chinensis
iy &K i
i) (Radial Section) 0
7 ¥ (Average) 0
A o 5 | T 4 Thi
K ES i (Tangentxal Sectwn) 0
(Michilus kusanoi e —
' i 4] T
Hay.) (Radial Section) 0

v 75 - ¥ (Average) 0
E = o | )
& = i (Tangential Sec txon) 9

(Castanopsis carlesii

] i 0

Hay. var. carlesii.) (Ra dial Section)

P ¥ (Average) 0
&~ 3 % (Discussion)
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(English Summary)

Test on Glued-laminated Wood
Studies on Gluing Properties of Native Species (1)
by

- Tze-Ping Ma - Ming-Yuang Lee

1. Introduction:

Glued-laminated wood or “Glulam” is the construction product obtained by gluing
together relatively thin laminations of wood, whose grain directions are essentially
parallel. The lumber for laminating is dried to a uniform moisture content from 7 percent
to 16 percent, surfaced to uniform thiekness, and end-jointed to provide for laminations
longer than those which can be obtained from pieces of commercial saw-lumber. Then
the laminations are spread with adhesive, laid together, and pressed under clamps or
hot press until the adhesive is set., The “pressure package” is then untied, surfaced,
some times glued up with face veneers. The thickness of each lamination, as usual, is
between [’/ and 1”/, and the width is between 3/ and 8. Glulam has two types, the
curved form and the straight form.

Glued-laminated wood can truly be said to have come of age, although its develop-
ment before world war Il was very slow, but after the war, as a result of the develop-
ment of highly waterproof synthetic resin adhesives, it has become an important branch
of the lumber processing industry. Because of its limitless range in size and shape and
other advantages which can not be had from the saw~lumber, Glulam has been widely
used in the U.S.A. and most of the developed countries for almost every kinds of
structure even those items for which structural steel or reinforced concrete is cOmmonly
employed, especially in constructions of buildings, spOrts arenas, ships, and bridges.
Nevertheless, so far “Glulam Industry” has just begun on this island, a research in this
direction would doubtless be of great significance. The main purpose of this experiment
is, therefore, to determine the gluing properties of five native species commonly used
now in Taiwan, It is belived that the information obtained from the studies will enable
the manufacturers to select the most suitable species for wood lamination.

2. Testing Materials:

In the experiment, the native species used were Taiwan red Cypress (Chamaecyparis
formosensis Matsum.), Morrison Spruce (Picea morrisonicola Hay.). Chinese Hemlock
(Tsuga chinensis Pritz.), Large-leaved Michilus (Michilus kusanoi Hay.), Caudate-leaved
Chinkapin (Castanopsis carlesii Hay. var. carlesii.), the adhesives employed were Urea-
formaldehyde Resin Adhesive (UF-100. Chang Chun Plastic Co. Taiwan) and Resorcinol-
formaldehyde Resin Adhesive (Konisiginosuke Co. Japan).

3. Experimental Methods:
The lumber for laminating was sawn to '/’ in thickness, 3/ in width, 8 in length,



then kiln dried to a uniform moisture content of 129. After drying, the.planks were
piled up in a windy place that was provided with a covering.

The test specimen were fabricated from planks that were without any defect, the
gliing faces were surfaced with preciseness; and the adhesives were ‘ préepared in accor-
dance with the preseriptions provided by the manufacturers,

The specimen were made as following:

(1) Spreading quantity: 20-30 g/ft*. Both sides.

(2) Permitted assembly time: 5-10 minutes.

(3) Pressure: 10kg/cm?®

(4) Temperature: 20°-30°C

(5) Pressing time: 24 hours.

All the tests were done at least seven days after the pressure was released. Tests
on mechanical properties were carried out by means of Amsler universal test machine
(4 tons. Shimadzu Seisakusho Ltd. Japan). Each test can be summarized as below:

(1) Determination of moisture content of wood: The size of the specimen was
2X2X2 cm.

_ W-Wo
MC_T % 100

Me: percentage of moisture content of wood.
W: Kiln dry weight.
Wo: Oven dry weight.
(2) Test on mechanical Properties of wood:
1. Test on tension parallel to grain of plain joint:
The shape and size of the specimen are shown in Fig. 1.

SBY=R LA . kg/em?®
T, : Tensile strength kg/cm?
P :Maximum load kg
A :Glung area em?®

2. Test on tension parallel to grain of plain-scarf joint:
The shape and size of the specimen are shown in Fig. 2.

Ti=P/A kg/cm?
"T, : Tensile strength kg/cm?®
P : Maximum load kg

A : Cross section area em®

3. Test on shear parallel to grain: .
The shape and size of the specimen are shown in Fig. 3.

S =P/A kg/cm?
S :Shearing strength kg/em?
P : Breaking load kg
A : Gluing area em®

4. Test on static bending: -
The shape and size of the specimen are shown in Fig. 4.



A. Fiber stress at proportional limit;

K;=1.5 P, L/bh? kg/cm?®
K, : Fiber stress at proportional limit kg/cm?
P, : Load at proportional limit kg
b,h,L ¢ width, height. length of specimen em
B. Modulus of rupture: ‘ i
K =1.5PL/bh? kg/cm?
K : Modulus of rupture kg/cm?
P :Maximum load kg
b.h,L : width, height, length of specimen cm ]
(3) Delamination test: The specimen were the same as those being used in the shear
test.
1. Water immersion test: The specimen were submerged in water at- room

temperature for 48 hours, separated by wire screens, observed the delamina-
tion after soaking to determine the percentage of delamination.

. Cycle test: The specimen were first submerged in water at room temperature

for 4 hours, separated by wire screens, then the specimen were dried for 20

hours in an oven at 100°F. Repeat the entire soaking-drying cycle for a

total of 2 days. Observed the delamination after each test to ‘determine

the percentage of delamination.

Experimental Results: See Table 1-7

Conclusion:

(1) A comparison of gluing properties between species: when urea-formal-
dehyde resin adhesive was employed. Chinese Hemloek, Morrison Spruce,
Large-Leaved Michilus. Caudate-leaved Chinkapin showed excellent
results, while Taiwan red Cypress showed poor results, especially in
radial setion. When resorcinol-formaldehyde resin adhesive was employed,
each and every species showed excellent results.

(2) A comparison of tensile strength parallel to grain between plain-scarf
joint and plain joint: The plain-scarf joint showed much greater tensile
strength f:hankthe plain joint. Generally speaking; the tensile strength of
the former appeared to be greater by two times that.of the latter.
However, it measured about only half that of the sqlid wood.

(3) A comparison of gluing properties between Tangential Section & Radial
Section: The former occasionally appeared a little better than the latter.
but there was no significant difference.

(4) A comparison of gluing properties between Urea-formaldehyde Resin
Adhesive & Resorcinol-formaldehyde Resin Adhesive: The initial bonding
strength of laminates applying urea-formaldehyde resin adhesive showed
a little stronger than that applying resorcinol-formaldehyde resin adhesive,
But the latter showed much higher durability of water resistance.
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