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1
Tablel Bending strength of glulam timber and
LVL in small specimen size

Modulus of rupture® Modulus of elasticity
(kgf/cm?) (tonf/cm?)
sawed L.VL ®/® sa%ed L(\@/L ®&/®
Sap- average 850 726 0.85 117 109 0.93
wood max. 1001 847 141 140
® min. 698 579 97 80
Heart-  average 630 525 0,84 72 69 0.96
wood max. 759 651 89 89
0] min. 500 399 59 59
@/® average 0.74 0.75 0.62 0.63
Total average 740 629 0.85 95 89 0.95

a) : the values were adjusted by beam depthes for 5 cm according

to 'seq.*
* F= (W5)Y°, h  beam depth

2

Table 2 Preparing specifications of standard LVL

Condition of rotary cutting

Pre-treatment 60°C—16hr.

Knife angle (degree) 2+4

Horizontal opening (%) 95
Veneer of specimen

Thickness (mm) 4

Length  (mm) 450

Width (mm) 480

Dring method of veneer

Pre-dring
Finish-dring
Finish-moisture content

Roller dryer
Platen dryer
5~10 (%)

Condition of gluing veneer

Adhesive agent

Spreaded quantity (g/m?)

Number of plies

Distance from adjacent
butt joint (mm)

Dimension of LVL block

Heating way
Heating time (min)
Setting pressure (kgf/cm?)

Urea-resin
200 (one side)
8~24

112.5

30.4~91.2 (thickness)
x 480 % 3700 (mm)
High frequency heating
35 (7 min. X5 parts)
14




4.1
1
4.2
39),41),42
3 2
38 x 89
204
4.3
4.3.1
4.3.1.1
Vertically
Laminated beam Ver LVL Horizontally lami-
Nated beam Hor LVL
Ver LVL
204
Ver LVL 38 56 150 89
mm 30 89mm Hor LVL
4 10
3.60 3.85mm
s LVL
Table3 Specimen dimension in standard
for bending test 203 206
Beam Beam Span | Number
breadth depth of
(mm) (mm) (mm) plies
Ver. LVL® 38 56 1500 10 | 450 |
38 75 2000 10 l_ ’
38 89 2400 109 | 712.51 i
B 1zs w0 | 10 /%l 3839
38 150 3300 10 (,5 = | L
30 89 2400 8 3 3 2 2 3!
46 89 2400 12 (Butt joint)
62 89 2400 16 . . ;
76 89 2400 20 ! ' : ! T
91 89 2400 2 ‘ ' ' L 87-89
Hor. LVLY 38 80 2400 24 ’ I . ' 1
unit:mm
a  Vertically lanlnated beam LVL
b horizontally laminated beam LVL 3 Ver
c

main specimens

Fig 3 Form of Ver

specimen



204 LVL
3
LVL
1.0 0.7 0.5 0.3 0 |
900
0 0.3 0.5 0.7 1.0 180
1
12 —1 1 10plies
1 1 - I 4mm
24 —
T T
4.3.1.2
| 900 i
Irsol
204 ver LWL Z ===
90cm — T — - 33mm
4.0 3.3 2.5 2.0mm —T—
900
112.5
————16plics
= 2.5mm
4 T
Table 4 Specimen dimensions of LVL' s by various
manufacture condions for bending test L 900 .|
Beam Beam Thickness Veneer Number El 90] -
breadth depth of veneer length of 20plies
(mm) (mm) (mm) (mm) plies 2mm
Ver. LVL 38 89 4.0 900 10
38 89 3.3 900 12
38 89 2.5 900 16 unit:mm
38 8% 2.5 900 20 .
38 8 2.5 900 2 Figd Forms of LVL specimens in various
a  sapwood veneers only manufacture condition
4.3.1.3
LVL
204
LVL
a h 8.9 h  150mm
a h 7.3 Ver.
Hor
4.3.2
4.3.2.1

O bp/C0 b



5 Ver
Table 5 Results of bending test for standard Ver LVL to the
mixing ratio or sapwood to heartwood veneers

Mixing Average S.D.P  C.D.® Value 5 %M
ratio of exclusion
sap : heart X S (%) max. min, limit
Total anf) 356 88 24.6 537 229 211
Ee® 110 13.2 11.9 134 88 88
E¢® 105 12,0 11.7 128 86 85
rd 0.54 0.57 0.51
Jbb 467 42 8.9 537 399 398
1.0:0 Ee 125 5.5 4.6 134 115 116
Ef 120 4.6 4.0 128 108 112
Tbp/Tbb") 0.76 0.88 0.70
r 0.55 0.57 0.53
Tbb 357 21 6.6 379 319 323
0.7:0.3 Ee 114 2.4 2.3 117 110 110
E¢ 101 2.1 2.0 104 98 98
Obp/ Obb 0.81 0.85 0.77
r 0.53 0.53 0.53
Obb 334 25 8.3 363 295 303
0.5:0.5 Ee 116 1.9 1.8 118 113 113
E¢ 113 2.3 2.3 117 111 109
Obp/0bb 0.84 0.89 0.78
r 0.55 0.55 0.54
Obb 298 11 4.2 321 278 280
0.3:0.7 Fe 101 3.6 3.9 106 96 95
Ef 93 3.1 3.7 96 87 88
Obp/0bb 0.88 0.95 0.86
r 0.52 0.52 0.51
Obb 272 27 10.5 326 229 228
0:1.0 Ee 96 4.6 5.0 103 88 88
Ef 95 4.8 5.0 102 89 87
Obp/Tbb 0.94 0.99 0.89
r 0.53 0.56 0.51
a  modulus of rupture in bending kgf o
b modulus of elasticity edge wise tonf cnf
C  modulus of elasticity flat wise tonf o
d air dried density
e  proportional limit
f  Standard deviation
g coefficient of deviation
h x 1 65
1.7
1.3
4.2 10.1
Hor LVL 24 12
12
Ver
Ver. Hor . 10

Hor



6  Hor
Table 6 Results of bending test for standard Hor LVL

Total ®° @ ®
No. specimen 45 15 15 15
T X 0.55 0.56 0.54 0.54
Eb X 105 118 105 92
ton{ S.D.B 12.1 8.5 6.7 5.5
cm? C.D. (%) 1.5 7.2 6.3 5.9
5 %excl. ¥ 85 104 94 83
max. 124 124 113 102
min, 82 104 94 82
Obb X 327 406 329 256
54) S.D 72 42.2 30.9 21.9
cm? C.D.(%) 22.1 10.1 9.4 8.5
5 %excl 208 338 278 220
max 470 470 380 295
min 215 335 273 215
Obp X 282 338 275 234
kef S.D 37.8 25.5 25.4 19.0
(—g—cmz) C.D.(%) 13.4 7.5 9.2 8.1
5 %excl 220 296 233 203
max 379 379 310 265
min. 214 298 234 214
Obp/Obb X 0.86 0.83 0.85 0.91
S.D. 0.042 0.036 0.029 0.030
C.D.(%) 4.9 4.4 3.4 3.3
5 %excl 0.79 0.77 0.81 0.86
max. 0.97 0.94 0.96 0.97
min 0.78 0.78 0.80 0.87
a X average
b S D.:Standard deviation
¢ C D.:coefficient of deviation
d 5 excl.:5 exclusion limit x 1.65S
e tension side consists of sapwood only
sapwood and heartwood are arranged altermately
tension side consists of heartwood only
9’
1.6
LVL
LVL
4.3.2.2
LVL
® LVL
LVL
LVL 3.65 24 LVL

LVL
95
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4.3.2.3
LVL
4.3.2.2
ASTM D 245
204

204
0.956 75mm 0.981 112.5mm 1.020 150mm 1.060
204 56mm

204
56mm

75mm 112.5mm 150mm 204

3.5 3.9mm
ASTM

—500

500 2
X
F=(8.9/h)

X
NN 1 1/9
X O X n
x e |
x x N
- y=-607x+3361 “i\i\\i > |

(total) x’_nﬁ Bx
_/ ><x T ﬁ |

y=-782x+ 3287
(204)

X '
\iittf\\\\ " ‘
T
N x | ASTM equation
]

400

400

MOR (kgt/cm?)

300

200

=

x

h(mm)

: 56
: 75
21125
1150

: 89 (20|4)

300

200

3.6 3.7 3.8
Average thickness of veneer(mm)

8
Fig 8 Relationship between average veneer thickness and strength

after the compensation of beam depth dimensions by the
ASTM s equation

204

LVL

3.7 3.8
Bohannan

Schneeweiss
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Fig 9 Relationship between bending strength
in LVL and beam breadth
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2110f *
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& 100 ® y=0953x+4.89
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Four points test

10 3 4

Fig 10 Comparision of bending strengthes of Ver LVL
resulted from 3 points 4 load method and center
concentrate method

7 LVL
Table7 Comparing MOR' s in bending test small
size specimen with actual LVL

Small Actual |
(kgf/em?) | (kgf/cm?) A8
Sapwood | average 726 541 0.745
LVL 5 % excl.? 603 495
limit
Heart average 525 383 0.730
wood 5 % excl.® 420 344
LVL limit

a seeh of Table 5



LVL

On

LVL

Oo

LVL

LVL

LVL

46)

0.85

LVL

LVL

LVL

0.85

LVL

0.90

0.723 0.765

0.85 0.90

0.85x%

LVL

4.3.2.4

1

Ver LVL

204

47

50 160tonf

150 800kgf cn?

N
72

Lumber

cm?

g
€
-~ O
s S
38 g
> 3 ~
23 S
oD g
=} K
8 ©

X=

4.53x 10 3

2.27 6.79x 10 3

obb E

Q
Lo
N
™
[}
—
X
m3
O
oM
3
™
=
O
“.I.D
55
o2
S— O
D N
S ©
~

12

4.3.2.2

3.7

90%.%%.%.¢,

3.8

3.7 3.8

RS
0.0»0.00N0N0N0ﬂ X
000700

.

95

160 ( 10nf/cm2)

120

%

80

40
Ver LVL 204

20
5

10
5
0

(u)1equnu doueieaddy

~20pF

u) 40qunu ddueieaddy

1
Fig 11 Bending strength distributions of Ver LVL
And 2 by 4 dimension lumber



600

500

-~

average of /
veneer /’
thickness(mm) , /
®: below3.7 / o
0:3.7-3.8 / W
W .above3.8 ’/ .: .
/ .
y=530x-64 * o“°-

e/ o
= . []
r=0706," o g e,

~ 400
§ Lumberﬁn:G?) o %:e
B /' 08 9 ‘0‘8
X300 Vi s
g y j}’{ y=7.32x-441
b3 ‘ L r= 0875
200 ./ / . LVL (n=75)
/ K
100 ’
0 L _J | | I | | i 1 | |
60 80 100 120 140
MOE (tonf/cm?)
Fig 12 Relationships between MOR and MOE in
bending for LVL and dimension lumber
LVL
4.3.2.5 LVL
LVL
LVL
Obp Obb
2.5
4
3.3 12.5 2.5 30 2
LVL LVL
LVL
LVL 0.300
LVL 4.0 0.200 3.3 0.167 2.5 0.125 2.0
4.3.2.3
LVL 4.0 3.3 2.5
12

49

25 75

LVL

10

0.100

2.0

2.5mm



8
Table8 Results of bending test for Ver LVL on various

LVL

menufacture conditions

Standard Thicknsss of veneer (mm)f
LVL 4.0 3.3 2.5 2.0 2.0%)
No. specimen 60 15 15 15 10 10
r 32 0.53 0.54 0.55 0.54 0.56 0.66
Ep X 110 109 115 118 125 140
tonf) S.D.P 9.7 5.9 4.9 9.0 8.7 4.2
cm? C.D.(%)° 8.8 5.4 4.3 7.6 7.0 2.8
5 % excl.® 9 99 107 102 110 130
max. 118 117 121 137 144 156
min. 97 98 107 105 112 132
X/Xst 0.991 1.055 1.074 1.132 (1.273)
Obb X 356 367 388 462 523 670
kgf S.D. 52.7 21.0 39.5 47.0 49.8 34.1
cm? C.D.(%) 14.8 5.7 9.1 10.1 9.5 5.1
5 % excl 269 333 364 384 441 614
max. 425 397 512 558 648 722
min 278 330 369 403 449 616
X/ st 1.031 1.090 1.298 1.469 (1.882)
obp X 310 308 318 389 413 495
kgf S.D. 23.0 25.8 24.2 54.3 50.7 42.9
om? C.D.(%) 7.4 8.4 7.6 14.0 12.3 8.7
5 % excl 272 266 278 299 329 424
max. 336 337 375 433 484 554
min. 278 277 280 288 320 429
X/ Xst 0.994 1.026 1.255 1.332 (1.597)
Obp/Obb X 0.85 0.84 0.82 0.80 0.78 0.74
S.D. 0.055 0.073 0.104 0.064 0.054 0.039
C.D. 6.4 8.7 13.3 8.3 6.9 5.3
5 % excl 0.76 0.72 0.61 0.70 0.69 0.67
max. 0.99 0.95 0.94 0.90 0.87 0.94
min 0.77 0.75 0.68 0.70 0.69 0.67
a d seeTableb
e  sapwood veneers only
f seeFig 4
LVL LVL
LVL
LVL
2mm
LVL
LVL
LVL
LVL
4.4
4.4.1
4.4.1.1
LVL 13 204
Ver. 10 Hor. 24 10



B 9 B A LVL I——450mm1
Table9 Specimen dimensions or standard LVL and sawed X 1

lumber for tension test I T
T I
T
Beam Beam Number @ — T~
breadth depth of Remarks T X
(mm) (mm) plies L —
Standard 38 89 10 see Fig. 13 @ sap. heart. mix. 3 3 223322
LVL 38 89 10 ” ” @ mix.
38 89 10 ” #  ® mix. " —
38 89 10 ” 7 @ mix. T I
8 89 24 mix. @ T ——
I
Lumber 38 89 I 1 T

sap. :sapwood veneers only heart. :heartwood veneers only
mix. :mixed sapwood and heartwood veneers T I

-

N
N
W
1xHH
N
N
(%)
W

13 I T

2LVL Q= - —

-

|¢\..-
N
~
(%)
1aHHH
N HH
~
W

13

1 4.3.1.2

204 Fig 13 Forms of standard LVL
specimens
standard  butt joints
4.4.1.2 of inner layer at interval
a of one layer  butt joints
of outer layer at interval
of one layer three joints
100tonf at same section butt
14 joints of outer layer at
interval of one layer four—
joints at same section

15

100tont  100tont
. . hydraulic  load
tensile grip c?;'li n del' r cell

= \

"""."”""""""""".""“(”"""-\""""'"""'”‘\".'"“‘hng-

[ L— il ] Lvégiﬁ%__jo<,
:E_Er[ T <specimen ] @ L < NS

S FZ 22 LAl I SrSISLISS SIS SSTES5322IRE S S TSI 2T T YR l-l%ll!‘&t!l!l"lll'—'—!l;-'—'-s T - T g:'l
b—1350 +—1200 —4—1350 -]
6500
unit:mm
14

Fig 14 Outline of 100 tonf testing machine for tension



frame
=) load cell
unit:mm
15
Fig 15 Side view of horizontal tension grips
ASTM % 12
200
1350 200 105
20tonf 60tonf
100tonf
600 1200 3000 3600
b = i‘4
3000 = ===
600 butt dispi ;
Coi isplacemen
200kgf cm? 16 joint \ transducer
1000
N
L #22

16
Fig 16 Measuring method of tension
deflection

4.4.2
4.4.2.1
10 Hor 24



24 10

17
10 LVL
Table 10 Results of tensile tests parallel to grain in
standard LVL for the mixing ratios of sap
wood to heartwood of veneer assemblies
Total Sapwood Heartwood Mixed 24 plies
10 - veneer veneer
plies only only
No. specimen 45 15 15 15 24
£ © xR 0.56 0.57 0.56 0.56 0.55
Et X 116 127 104 117 115
thnEY = S 130 11.4 10.5 13 7.5
e C.D.(%)® 12.6 9.4 10.6 6.5 %2
5 % excl® 93 108 87.1 105 103
max. 151 151 128 127 125
min. 91 110 91 105 104
dtb £ 262 311 219 256 252
kgf S.D. 48.7 34.5 19.2 27.3 23.6
(sz) C.D. (%) 18.1 131 8.8 10.7 9.4
5 % excl. 180 254 187 211 213
max. 354 354 246 278 289
min. 184 278 184 203 210
Otp F 250 298 214 244 241
kef SD. 81.8 18.2 29.7 26.0 29.2
(cmz) C.D.(%) 32.7 6.1 13.8 10.7 12.1
5 % excl. 163 268 165 201 193
max. 317 317 230 257 263
min. 162 212 162 203 198
Otp/Oth x 0.96 0.94 0.98 0.97 0.98
S.D. 0.055 0.037 0.018 0.030 0.027
C.D. (%) 5.7 3.9 1.9 3.1 2.8
5 % excl 0.87 0.88 0.95 0.92 0.94
max 0.9'9 0.98 0.99 0.99 0.99
min 0.88 0.88 0.94 0.92 0.93

a d see Table 6

a b
17 LVL
a b
Fig 17 Examples of tension failures in standard LVL
a weaker b stronger



Bohlen  Douglas fir LVL 294
kgf cn? B LVL
(4.3.2.3
LVL LVL
4.3.2.2
4.4.2.2
LVL 13 LVL
11 LVL
LVL
1 LVL LVL 12
Table 11 Results of tensile tests parallel to
grain of standard LVL for differ
ence of joint position
@ @ ® @
No. specimen 15 10 10 (V] LVL
r X 0.56 0.55 0.56 0.54
E X 117 114 103 9% 2.5 2.0
tonf) S.D. ™ 7.3 9.6 2.8 7.9
o | C.D. (%)Y 6.5 8.8 2.7 8.7
5 % excl. | 105 98 98 83 Douglas fir
max 127 127 107 104
min. 105 102 97 85
X/Xg 0.974  0.880  0.821 LVL
atb X 256 235 183 178 7
kgt S-D. 27.3 18.2 29.1 26.7 1 430kgf  crr 450kgf
cm?) C.D.(%) 10.7 8.4 15.9 15.0  CI¥
5 % excl 211 188 135 134
max. 2 o 22 207 Bohlen
min. 203 184 139 138 2 3
X/ %o 0.918  0.715  0.695
a d see Table 6., see Fig 13



12 LVL

Tablel2 Results of tensile tests parallel to MOOdy LVL
grain for LVL' s on various manu
facture conditions
Thickness of veneer (mm)®
4.0 3.3 2.5 2.0
No. specimen 10 10 10 10 55
r x® 0.55 0.55 0.54 0.56 80 1
Et X 118 128 131 134
tonf S.D.» 6.1 5.6 5.4 4.0
cm? C.D.(%)? 5.3 4.4 4.3 3.0
5 % excl.9| 106 118 119 127
max. 123 134 137 139
min 106 120 119 128
X/ Xst 1.009 1.094 1.120 1.136
Otp x 278 303 344 364
lgi) S.D. 23.4 20.9 35.0 26.5 Jung 51
cm? C.D.(%) 8.5 6.9 10.2 7.3
5 % excl 239 268 286 320
max. 313 327 383 391
min 236 279 288 323
X/ Xst 1.086 1.184 1.343 1.422
atp B3 262 273 296 321
kgf S.D. 21.5 19.4 26.3 25.0
cm? C.D. (%) 8.2 7.1 8.9 7.8
5 % excl 226 240 252 279
max 293 308 338 345
min 229 238 253 282
X / Xst, 1.074 1.119 1.213 1.316
O1p/O1p X 0.94 0.90 0.86 0.88
S.D. 0.037 0.033 0.036 0.029
C.D.(%) | 3.9 37 42 33 Moody
5 % excl 0.91 0.84 0.80 0.83 " 1t
max. 0.99 0.96 0.94 0.93 ’ l/ 1/1
min 0.90 0.85 0.81 0.92
a d seeTable6.,e seeFig 4
2
10t t
10t
Hor LVL
0t
45
4.4.2.3
13 18
13 204
Table 13 Results of tensile tests parallel to grain
In 2" by 4" dimension lumber
Et Otb atp Otp/Otb
r (tonf kgf (kg{ )
cm? cm? cm?
x? 0.51 88 261 221 0.85
$.D.D 0.042 33.0 106 79 0.068
C.D.(%)9 8.3 37.5 40.4 35.7 8.1
5 % excl.Y | 0.44 34 87 91 0.73
max. 0.55 148 475 344 1.00
min 0.41 49 89 89 0.72
a d seeTable 6

number of specimen 24 specimens
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Table 14 Specimen dimensions for compressive test
Breadth Depth Length No. of Remarks
(mm) (mm) (mm) plies
Parallel LVL 38 89 250 10 joint
to 89 38 250 24 joint
grain 38 56 250 10 no joint
Lumber 38 89 250
Perpen- LVL 89 89 600 24 joint
dicular
4.5.1.2
a
100tonf
LVL 400kgf
b
IS 10000 20
10 100 150
edge center
load y load
ate
i+ ° 4
T [ g | 1 |
" 89 specimen
L 20 a
1 Fig 20 Method of compression test
l'30 600 __I perpendicular to grain  a testing method

unit:mm
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fixed
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21
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) 112 )
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Tablel5 Results of compressive tests parallel to grain both
in LVL and lumber
Total Sapwood Heartwood Mixed No
10 veneer veneer 24 joint Lumber
plies only only plies LVL
No. specimen 90 30 30 30 24 10 24
r x 0.54 0.55 0.53 0.54 | 0.55 0.59 0.50
E¢ X 115 127 100 119 113 120
tonf) S.D.» 18.7 8.8 9.0 9.2 8.9 9.1
cm? C.D.(%)9 16.2 5.2 7.5 7.7 7.9 7.6
5 % excl.® 84 116 85 104 98 105
max. 135 135 112 130 128 132
min 86 118 86 97 99 107
Ocb X 445 450 458 427 432 560 335
kgf S.D. 33.5 25.8 38.8 27.7 17.9 31.5 80.0
cm? C.D.(%) 7.5 5.7 8.4 6.5 4.2 5.6 23.8
5 % excl. 390 408 393 382 402 508 203
max. 539 516 538 476 461 625 505
min 370 405 401 370 394 503 225
Ocp X 325 332 322 322 335 398
kgf S.D. 33.9 34.2 32.3 23.6 30.6 33.9
cm? C.D.(%) 10.5 10.3 10.0 7.3 9.1 8.5
5 % excl 269 2176 269 283 285 342
max. 383 369 383 349 362 434
min 261 267 274 261 283 348
Ocp/Ocb X 0.73 0.73 0.70 0.74 0.73 0.71
S.D. 0.048 0.054 0.049 0.027 0.041 0.018
C.D. (%) 6.5 7.3 7.0 3.6 5.6 2.6
5 % excl 0.65 0.64 0.62 0.70 0.64 0.68
max. 0.81 0.81 0.79 0.79 0.80 0.75
min 0.64 0.65 0.64 0.71 0.63 0.67
a d see Table 6
s/
U 1) U
(a) (b) (c) (d)
21
a b c d
Fig 21 Examples of compression failures
a normal b buckling ¢ opening d taking to pieces
4.5.2.2

16

Ver

Hor
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Tablel6 Results of partial compressive tests

perpendicular to grain in LVL and

lTumber
LVL Lumber
Ver Hor.
center edge center edge center
Ps®) x 9 115 89 101 79 76
kgf | S.D.» 8.2 5.7 1.7 7.9
cm? /| C.D.(%) 7.1 6.4 11.6 9.9
5 % excl.® 102 79 82 66
max. 130 101 123 94 90
min 103 78 76 65 56
PP X 83 68 79 61 58
( kgf | S.D. 5.8 3.3 14.1 4.6
cm? | C.D.(%) 6.6 4.8 17.9 7.6
5 % excl. 78 62 59 53
max. 100 74 98 73 66 _
min 79 61 55 52 44
a d see Table 6
e Ps -5 of total sank depth
f  Pp - proportional limlt
4.6
/2 2/3 22
59
&
Q
~
.
O
X
N
(%]
7]
L
[
-~
"))
Oc €c

Strain

Fig 22 Example of stress strain curves
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18
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Tablel7 Avarage MOR in bending tensile
and compressive for 2" by 4" di

mension_lumber

Obb Otb Ocb
(kgf/cm?)
n® 66 24 24
X 399 261 335
s.D.» 141 106 80
C.D.(%)9 35.4 40.4 23.8
5 % excl.d 166 87 203
max. 812 475 505
min. 158 89 225
0% /0bbx 0.654 0.840
a d see Table 6
e  number of specimens
18 LVL
Tablel8 Average MOR s in bending tensile and
compressive tests for standard LVL' s
and clear L\L' s
Obb Oth Occ
~ (kg/cm?)
Clear 730 800" 560
Standard
n® 60 15 30
x @ 356 256 427
S.D.® 52.7 27.3 21.7
C.D. (%)% 14.8 10.7 6.5
5 % excl.® 269 211 382
max. 425 278 476
min. 278 203 370
Xst/ Xel 0.488 0.320 0.763
0x/0bbX 0.720 1.199
a d see Table 6
e  see Tablel7
f  presumed value 10 up of bending MOR
7
1.0 1.5

LVL

1.3
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Fig 23 Examples of stress Strain curves on tension and
compression parallel to grain for standard LVL
a tension b compression
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Fig 24 Examples of stress strain and stress deflection curves in bending for

standard LVL



5.1
4 61 8 2%
5.2
5.2.1
45cm
LVL
7 3
5.2.2
5.2.2.1
19
38mm
10 15
Ver 10 3 Hor
19
Tablel9 Condition of bending test
Specimen Span-to-depth Direction
dimension ratio of
h b I/h load
(mm) (mm)
No joint 25 38 4. 6. 8 10. 12. 16. Ver.
LVL 38 38 4. 6. 8. 11, Ver. Hor.
64 38 4. Ver.
89 38 4. Ver. Hor.
Standard 38 38 4. Ver.
LVL 64 38 4. Ver.
89 38 4. 6. 9. 12, 16. 20 Ver. Hor.®
112 38 4. Ver.
150 38 4. 12 Ver.
a Hor onlyl/h 4.6
5.2.2.2

25



10 5 5.3
>~
g £l 5.3.1
25
/5
e
25 %
® @ ® ? v
I h
unit:mm
25 El
Fig 25 Block Shear specimen orientation and dimension
shear plane tangential  shear plane radial
shear plane rolling shear Ver. 25 38
Hor 38
Ver 89mm E I h 26
I h 10 I h E E
26 E I/h Wangaad® %
20 LVL
Table 20 Results of bending tests for no joint L' s
Type h b A I/h Tmaxb) gbb E© IFailure
of , D ; form
Ly | (mm) (mm) (cm® average S(n) average : S{(n) average S(n)
(kgf/em?) | S(38) | (kgf/em?) i S(38) | (tonf/em?) i S(38) (n)
Ver. 25 38 19.0 4 85.2 1.161 684 1.114 54 0.939 | shear
LVL (81.2—90.8) (648—1725) ( 45— 60)
28.5 6 64.2 0.870 770 1.254 79 1.383 | tension 7
(55.5—172.1) (660—867) ( 76— 84) shear 3
38.0 8 52.0 0.705 816 1.328 95 1.659 | tension
(46.4—56.0) (729—920) ( 88—106)
47.5 10 41.7 0.585 819 1.334 105 1.839 | tension
(38.0—43.8) (748—898) ( 95—116)
57.5 12 35.0 0.474 833 1.357 109 1.899 | tension
(31.8—39.0) (752—927) 102—-117)
76.0 16 26.2 0.355 838 1.365 119 2.079 | tension
(24.1—28.5) (766—217) (114—122)
38 38 28.5 4 73.8 1.000 596 1.000 57 1.000 ! shear
(65.6—83.8) (530--677) ( 54— 63)
43.3 6 59.8 0.810 703 1. 180 80 1.404 | shear
(52.1—65.5) (612--770) ( 73— 85)
57.8 8 48.7 0. 660 810 1.359 102 1.789 | tension 9
(43.8—54.0) (719--810) ( 95—109) shear 5
79.4 11 36.7 0.497 820 i 1.376 115 2.018 | tension
(32.9—42.0) (725—-926) (110—125)
64 38 48.6 4 69.6 0.943 572 0.960 58 0.930 | shear
(62.6—75.6) (514—621) ( 47— 59)
89 38 67.6 4 63.0 0.854 526 0.883 53 1.018 | shear
(57.3—69.0) (478--581) ( 55— 62)
Hor. 38 38 28.5 4 74.0 1.000 581 1.000 57 1.000 | shear
LVL (72.0—80.6) (565—633) ( 50— 64)
43.3 6 60.0 0.811 684 1.177 77 1.351 | shear
(53.9—65.4) (614—745) ( 69— 90)
57.8 8 49.1 0.664 777 1.337 98 1.719 | tension 6
(38.9—52.9) (617—837) ( 92—103) shear 4
79.4 11 31.3 0.504 800 1.377 113 1.982 | tension 9
(29.2—41.2) (626—-883) (105—120) shear 1
89 38 67.6 4 58.7 0.793 475 0.818 50 0.877 | shear
(52.9-61.0) (449—508) ( 39— 56)
a As sheararea As a b a shear span b T max effective shear strength ¢ E  effective moduli

of elasticity d S n S 38  Strength ratio for hand b 38



21 LVL
Table2l Results of bending tests for standard LV\L' s

Type h b Asa) I/h Tmaxb) Obb E®
f 2 :
L?/L (mm)  (mm)  (cm?) average S (¥ average S (n) average | _S(n)
(kgf/cm?) S(38) | (kgf/cm?) | S(38) |(tonf/cm?) i S(38)
Ver. 38 38 28.9 4 5.5 1.000 516 1.000 42 1.000
LVL (567.4—67.3) (459—546) ( 39— 45)
64 38 48.6 4 59.0 0.901 465 0.901 42 1.000
(53.3—64.6) (420—509) ( 36— 46)
89 38 67.6 4 52.9 0.808 436 0.845 44 1.048
(44.9—60.5) (366—498) ( 38— 53)
101.5 6 38.2 0.583 470 0.911 69 1.649
(32.7—42.0) (403—517) ( 65— 74)
152.2 9 28.9 0.441 491 0.952 97 2.310
(25.5—32.6) (434—554) ( 87—101)
202.9 12 20.6 0.315 507 0.983 104 2.476
(18.1—23.7) (445—583) ( 99—112)
270.6 16 15.2 0.232 497 0.963 108 2.571
(13.7—16.1) (451—527) ( 97—116)
338.2 20 13.1 0.200 510 0.988 117 2,786
(10.8—13.7) (445—561) (114—121)
112.5 38 85.5 4 47.2 0.721 381 0.738 44 1.048
(39.7—52.4) (321—423) ( 38— 46)
150 38 114.0 4 41.4 0.632 332 0.643 44 1.048
(37.7—45.0) (302—361) ( 41— 50)
342.0 12 16.7 0. 255 402 0.779 130 2.857
(14.9—20.6) (397—484) (107—138)
Hor. 89 38 67.6 4 45.8 384 47
LVL (38.7—51.6) (325—429) ( 40— 54)
101.5 6 38.7 403 65
(29.5—46.9) (337—484) : ( 62— 71)
a)-d) : see Table 20., Failure form : all tension.
Ver.LYL (no joint) I Ver.LVL (no joint) 'y
= aanul
— h=38(mm) h=25 -
NE 100~ 100 I
g 1/ 7
5 7
£ so so- &
Ly
0 | | 0 | I 1
0 5 10 0 5 10 15

1

(Effective modulus of elasticity)

E’ (tonf/cm2}

0
o

|
e

Hor.LVL (no joint)
h=38
oor 100

Ver.LVL (standard)

h=89

¢t

-

50—
$
0 ] | 0 | ] | 1
0 5 10 0 5 10 15 20
(/h { Span-to-depth ratio) {/h
26 I h E

Fig 26 Effective moduli of elasticity E
span to depth ratios 1

h

in bending for LVL according to
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(2 h
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0
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Fig 27 Method used for determination of pure modulus
of elasticity and modulus of rigidity
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Table22 Average elastic properties in
bending tests of Ver and Hor

LW s

Type Pure

of h E G E/G

LVL | (mm) (tonf/cm?)  (tonf/cm?)

Ver. 25 130 7.3 17.8
38 138 7.8 17.6
89 125 6.6 18.9

Hor. 38 129 6.9 18.7

a Standard b 38m

LVL

27 Ver LWL

0.99

22

125 138tonf cm?

LVL

Ver LVL

LVL

26

6.6 7.8tonf on?

L

LVL

T 17
LVL

5.3.2
5.3.2.1

LVL

3

38

mex/2bh,
I/h

LVL

L

LR

25

22

T max
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Table23 Values of shear and compressive strength of
LW s determined from bending tests
Ty?e Obb ach b Ocb/Th ocb®
L({/I, (kgf/cm?) (kgf/cm?) (kgf/cm?) (kgf/cm?)
Ver. 820 434 9 4.167 432
Hor. 805 410 90 4.556 432

a  from compressive test
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Table 24 Specimen dimensions and condition of creep tests
Specimen dimension Condition of creep test
Depth Breadth Butt® | Stress Span Shear b Load | Temp. : Humi.
joint ratio span a’/h time R.H.
(mm) (mm) (mm) (mm) (hr.) [&®)] (%)
LVL 25 15.2 O 8 600 180 7.2 120 20 65
25 30.4 x 2 600 180 7.2 120 20 65
56 45.6 O 19 1340 420 7.5 720 20 65
89 45.6 O 8 2250 700 7.9 1080 20 65
89 45.6 O 19 2250 700 7.9 1440 left in room
Lumber 25 15 — 8 600 180 7.2 360 20 65
89 38 — 19 2250 700 7.9 1080 20 65
a o with x without b a h shear span depth ratio ¢ 1 o 90kgf o
6.2.2
o 90kgf o
6.2.2
24 2



20 65

20 65 .
2
56mm
90kgf cn?
0.15 0.90
89
Ver
7.5
1440

37

36

0.2 0.3

89

90kgf o

1/100

120

360

load

T“"A %‘\\ —

[

a:shear span
{:total span

36

displacement
transducer

Fig 36 Method of creep test

j 7

compressionfi 2

side

j 3

— =4

tension
side
8

i 5
1 6
) 7

37

]
jlkpla te

strain

gauge No.

TS - o5
=
3e=--- I3
== ——
5=3--- %‘;(mfm
g@ 13
- 5|

Fig 37 Position of strain gauges

1440



6.3

6.3.1
N
o t O, 0 b 5
O T AL e, 6
AN 5 6
o t 0, 1 A S, t 7
Ao,
38 24 120
LvL (time)
h=120
1.3
o
g h=24
©i2
.g h=8
S
L
@ .7
1.0 ! ]
fracture @ h=120
h= 24
1.3
h= 8
Q
Q
2
512
2
I
& .
1.0 1 L1 1 J
0 02 04 06 08 1.0
Ratio of stress
38

Fig 38 Relationships between ratio of stress and relative creep

for small specimens



0.45 0.55
67
15
0.6
39
39
10 20 25
172 77
70
0.24 0.27
10 20
0.2
26 25
3, o,
25 LVL
Table 25 Creep constants and the presumed relative creeps for small
Specimens of LVL and lumber
Stress AP N# A/do A 310/ 80 O/ 00
ratio (mnm)
LVL 0. 100 0.09 0.21 0.0652 1.38 1.71 1.82
0.250 0.23 0.23 0.0627 3.67 1.86 2.01
0. 400 0.39 0.23 0.0671 £.81 1.91 2.07
0. 467 0.49 0.23 0.0712 €.88 1.98 2.15
0.510 0.62 0.23 0.0820 7.56 2.13 2.33
0. 560 0.64 0.27 0.0792 8.08 2.72 3.07
0.625 0.77 0.27 0.0869 .86 2.86 3.25
0.675 1.00 0.26 0.1008 9.93 fracture at 336 hr.
Lumber 0.100 0.06 0.26 0.0365 2.06 1.64 1.76
0. 200 0.16 0.25 0.0393 4.19 1.69 1.82
0.335 0.28 0.26 0.0389 7.09 1.76 1.90
0.450 0.34 0.27 0.0367 9.24 1.84 1.96
0.525 0.45 0.28 0.0410 10.96 1.97 2.12
0.600 0.78 0.30 0. 0594 13.12 2.79 3.21
0.675 1.04 0.33 0.0631 16. 41 fracture at 284 hr.
0.750 3.26 0.19 0.1850 17.60 fracture at 72 hr.

a A N creep constant b & o initial deflection

C d1 O presumed deflection after 10 years and 20 years
average of four specimens for LVL

average of two specimens for lumber

26 LVL
Table26 Creep constant for no joint LVL
Stress A? N® A/Bo 5,%
ratio (mm)
0.30 0.26 0.23 0.0654 3.97
a b seeTable 25

0.3
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Ratio of stress
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Fig 40 Relationships between ratio of stress and relative creep for
fullsize LVL
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Fig 41 Creep deflection curves of full size specimens
deflection(mm)
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Fig 42 Creep deflection and strain curves for full size specimens



do do
6.3.3.1
N
27
43
43
1.1
S
[ )
1.Of— —~esg—g®— - —— —e— — —-
a .: [ ] ‘\L.‘.‘ ¢ L
o ST ——@p oo
L\u 0.9+ [ ]
L]
S y=-0.103x-1.01
08l r=0597
L | | 1 | | | | |
0 0.2 0.4 06 0.8

Ratio of stress

43
Fig 43 Relationship between moduli of elasticity before
after creep on stress ratios
Ecb before creep ca after creep

6.3.2.2

1 "8 6.1 731 2 8.2 10.2 3 10.3 124

73

6.3.3.

,6.3.2.3



(1)'83.6.1-731 ]
1.3+ ..-.'.'..J’
<
t72 o I
Q. - . --—----.-‘—--.
g .,.:I{'.'""--
= L%
817k
& fé’
7.0 L— L . l l l |
0 10 20 30 70 55 4 .
Q
° °°o°o o4 oooo °°o°on°°no m,.,u °°°o°o°"° 80
:G J0T *oee % ° 00 "0 1000000 ° - 60
g N . o . %00 0
gzo .”...'“.".-0.....0"...'."‘. -.o"' 00”0% 0%0" d40
o 10+
) o T 20
N e N
<10
— 1 t , | l l
0 10 20_. 30 = 60_‘ 0
Time (day)
e ez e 6% gq 00
1.3 .......ﬁ_....l’i‘.'.
& o
@
N S - .-
2 e
g 1.1
29
1.0 , . . l I
. ” ‘0 °0 &0 100
° 000
%009 06° DcoOOoo ooo°°°l)°°°°°°°n°o 0%9°°%, 00,005 00 180
;a Jor oe"Cee 00"”'0 o0 ° 0004 °,n° no°_50
s 201 * ’ ..‘... * ® %% ® o
Q 'y %0 g0, severnety d40
S0
) -
ok % 120
-—‘\_‘70
[ 1 1 L N ) o
0 10 0 35 5
Time(day) 50 50
13 (3)'83105-12.4
Q .
.
§ .0.’0..’_‘..___'____,._._
Gl2F ....'.-—.-.: -------- o T
% Y il .
17 &
Q [/
1.0~ " v v 1 1 I 3
. 0 10 20 30 %0 5 =5 .
80
S30F °°°°°°e°°°° 00 60
':. 0 g°°°°°°°oo°°e°g 0%00° 05000 °°°°°°°° ”
- 20}
g L] o
g 10k o... nu..o'..l.......... ......... ... -t
0 . 20
N e — —— ‘0
L 1 1 L \ , \V" .
0 10 0_ 30 %5 =% s
Time(day)
“ Temp
R.H. AN

Fig 44 Relative Creep deflection curves and changes of

temperature Temp
and absolute humidity A.H.

relative humidity R.H

ina room

R.H. (%)

A.H.(g/m’)

R.H. (%)

AH (g/m®)

R.H. (%)

AH (g/m3)



10

) )
45

68.5

73

1.3
1.6
6.3.3
6.3.3.1
46

LVL 16

0.3

20

44
18 20.5 15.5
75 .. 62
3
1.3
&
@ _ 0.29
S 12 y-0<0\42t
. R
3
= e T~y 20.041¢ 0%
0.036 N 0.26 é:”—;" (cons tant temp.and R. H.)
10 { L 1 1 | 1 J
0 10 20 30 40 50 60
Rl
S 201 0% ceng0es. T e ® %, s es 3 ae. "
10 1.5 50 I e P,
@
[
or 1 1 1 1 1 ]
= 80
< IO °- - - o T T LT T Tt
270 % # * P4 °
X
% gol- -.._.- I VNN e di N P eee® ...O.O.O'.Q
2w ! | 1 ] L i
0 10 20 30 40 S0 60
Time(day)
25 s .
Fig 45 Average of three curves obtained from each
creep period



,'20 ] /0/‘-0',2{,;,")
/O/O/O/o
1.15F _Lo 0356
5 e o i
o 110k 5—:"
2> /a/"
S 05k 2 o:LVL
@’ A :lumber
1.00L L 1 1 I 1 1
0 20 40 60 80 100 120
Time(hr)
46
Fig 46 Relative creep curves for specimens differed beam depths
LVL 56 89 89
7.2 7.9
LVL
28 LVL
28 LVL
Table 28 Creep constant and the presumed relative creeps for specimens
differed beam depths of LVL and lumber
h ¢® E A? N® A/8 aob) 810/80 ¢ O/ 069
(mm) (kgf/cm?) (tonf/cm?) - (mm)
LVL 25 90 98 0.19 0.23 0.0647 2.91 1.87 2.04
56 90 110 0.36 0.24 0.0476 7.56 1.74 1.87
89 90 107 0.45 0.23 0.0416  10.81 1.58 1.68
Lumber 25 90 114 0.16 0.26 0.0385 2.50 1.89
89 90 123 0.33 0.27 0.0341 9.68 1.89
a c see Table 25 allowable unit stress
A do LVL
1.2+ \‘
10 20 ! .
Q
25 VL @ --B-. : :
: e 3§
89 ©
o o
LVL 2
L) .
47 120 3 o — LVL
@ o----:Lumber
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47 120

Fig 47 Relationships between beam depth and relative

creep of after 120 hrs
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7.1
LVL
7.2
LVL
o]
S a
Y
Fo FxSxaxBxyxKi...... 8
LVL k®
k", Ks
S K'Y X K" X Ky e, 9
LVL
7.2.1 k*, k% ki 4
cm LVL
29 LVL
29 LVL
Table29 Comparison of MOR in bending of
lumber with LVL
Lumber LVL
No joint Standard
©) ®/® ®/®
(kgf/cm?) | (kgf/cm?) (kgf/em?)
Sapwood x 850 726 0.854 541 0.752
S 5 %2 702 603 495
Heartwood X 630 542 0. 860 393 0.735
H 5 % 510 420 344
H/S 0.741 0.747 0.736
a 5 5 exclusion limit correction F 5 h
the value of bending test at three points
3.2.3 10
T 2
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3 4 95

95 0.842
0.838 0.885
B 0.83
y 3.1.1 38
0.45 33.2 48
0.50 LVL

axpBxy 0.70x 0.83x 0.50 0.29

axpBxy 0.67x0.75x 0.50 0.25

F, 850kgf o 10
an
7.3
7.2
7.2.1 7
0.2 f 0.16 f,
3.3 35
40 9 76kgf cm? ”
£ Fx2 3x1 3.5x1 2 76x 0.095
30
30 kgr o
Table 30 Presumed allowable unit-stresses kgf or

Bending  Tension Compression Shear MOE
parallel  parallel perpendicular tonf
to grain to grain to grain cm?

Standard LVL
Sap. ratio above 75% 120 85 180 35 7 125
” 75—25% 100 70 180 35 7 110
» below 25% 85 60 180 35 7 95

Changed LVL
Veneer thick. 4.0mm 105 85 — - — 110
(Sap. ratio 3.3mm 115 90 - - — 115
75—25%) 2.5mm 130 105 — - — 118
2.0mm 160 110 - — - 125
(Sapwood only) 2.0mm 200 130 — — — 140
Lumber 90 90 70 25 7 90

a presumed value
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