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Bending Performances of Radiata Pine Veneers and
Phenol Resin-Impregnated Sheet Overlaid Plywoods
by Nondestructive Evaluation*!

Jin-Suk Suh*2

ABSTRACT

The bending performances were evaluated at the radiata pine plywood through veneer compositions
encompassing veneer quality, ply-numbers and overlays of the high density- or medium density-phenol resin
impregnated sheets (hereafter abbreviated as resin sheets) on the raw plywood. In addition, a prediction on
the bending MOE of veneers and plywoods was carried out by the nondestructive testing with stresswave

timer.
The summarized results were as follows:

1. Bending strength and bending MOE of resin sheets-overlaid plywoods in parallel surface grain direction
through 5 and 7ply were increased by 13 to 45% and 17 to 34%, respectively. Resin sheets-overlay
occurred an increasing effect of the strength efficiency i.e. strength perpendicular-to-grain direction
versus that parallel-to-grain direction, showing the phenomenon that the plywood strength becomes
greater at the perpendicular-to-grain direction of 7ply than at that of 5ply. Displacement at bending

failure had a greater trend at 7ply than at Sply, and was decreased by resin sheets-overlay.

2. After the nondestructive bending MOEs were measured for individual veneers, these veneers were
rearranged in plywood-manufacture. In these plywoods, including resin sheets-overlay, the actual MOE
was predictable with feasibility of R®= 0.53, and also the nondestructively-evaluated MOE was lower by

20% in raw plywood, and higher 20% in LVL than actual bending MOEs.

Keywords : High density- or medium density-phenol resin impregnated sheets, stresswave timer, resin
sheets-overlay, strength efficiency, nondestructive bending MOEs, actual bending MOEs
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Fig. 1. MOE of veneers nondestructively-tested by each veneer thickness and veneer grade in parallel and
perpendicular surface grain direction to loading.
Note; Unit : MOE = tonf/cm?.
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Table 1. Moduli of rupture of plywoods and LVL in static bending test.

T ¢ Surface Grain v MO Strength Increase/
ypes o A eneer . .
panels Ply Dll’CCtlf)n Grade Overlays (kgflem?) Decrease Ratio  Significance Test
to Loading (%)
Plywood 5 Parallel Prunedbutt Non-treat 730 - C,D,E
MDO 825 13 B
HDO 769 5 B,C,D
MDO+HDO 786 8 B, C
Knot Non-treat 571 - H, 1
MDO 702 23 C,D,E,F,G
HDO 826 45 B
MDO+HDO 767 34 B,C.D
Perpendicular  Prunedbutt Non-treat 377 - K,LLM
MDO 349 -7 K,LLM
HDO 401 6 K.L.M
MDO+HDO 329 -13 L,M,N
Knot Non-treat 326 - L,M,N
MDO 309 -5 M, N
HDO 374 15 K,L.M
MDO+HDO 340 4 K,L,M,N
7 Paratlel Prunedbutt Non-treat 626 - G, H
MDO 691 10 D,E,F,G
HDO 673 8 E,F.G
MDO+HDO 647 3 E,F,G H
Knot Non-treat 504 - 1,1}
MDO 534 6 1
HDO 629 25 F,G,H
MDO+HDO 722 43 C,D,E,F
Perpendicular  Prunedbutt Non-treat 313 - M, N
MDO 356 14 K,L.M
HDO 332 6 K,L,M,N
MDO+HDO 529 69 1
Knot Non-treat 253 - N
MDO 427 69 1K
HDO 421 66 LK. L
MDO+HDO 389 54 K,L.M
LVL 10 Parallel Prunedbutt - 1110 - A
Knot - 493 - L)
Perpendicular  Prunedbutt - 54 - -
Knot - 45 - -

Notes; 1. Strength increase/decrease ratio(SI/DR) denotes the ratio of strength of overlaid plywood versus non-treated
plywood at each veneer grade.
2. In Duncan’ s Multiple Range test, there were no significant differences among the descriptions of same letter
at the 5% level.
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Table 2. Moduli of elasticity at static and nondestructive bending MOE test of plywoods and LVL.

MOE
Types of Ply Surface grain  Veneer Overlays (tonf/cm?) Significance test of actual MOE
direction t
panels 1{2‘;‘;;:1 © grade Static S/DR Nondes- in bending failure
g (%) tructive
Plywood 5 Parallel Pruned butt ~ Non-treat 943 - 75.1 D, E
MDO 999 6 65.8 B,C,D
HDO 108.7 15 75.5 B
MDO+HDO 102.7 9 75.1 B,C,D
Knot Non-treat 864 - 68.4 E,F
MDO 87.8 2 68.4 E F
HDO 104 20 727 B,C
MDO+HDO 989 14 725 C.D
Perpendicular Pruned butt  Non-treat 399 - 46.7 N,O,P
MDO 441 11 58.1 L.M.N,O
HDO 66.5 67 60.2 H 1
MDO+HDO 423 6 40.5 M,N,O,P
Knot Non-treat 4.7 - 41.8 L. M,N,O
HDO 425 -5 51t M,N,O,P
HDO 503 13 52.1 LK, LLM
MDO+HDO 50.2 12 51.1 LK, LM
7 Parallel Pruned butt  Non-treat 678 - 58.9 H, 1
MDO 733 8 58.1 G, H
HDO 793 17 55.8 F,.G
MDO+HDO 705 4 540 G.H
Knot Non-treat 58.8 - 56.1 1)
MDO 66.8 14 533 H.1
HDO 726 23 53.0 G, H
MDO+HDO 78.8 34 63.4 F,G
Perpendicular Pruned butt  Non-treat 383 - 54.0 O,P
MDO 448 17 51.7 L.M,N,0
HDO 484 26 64.6 K,L.M,N
MDO+HDO 79.2 107 84.0 F,G
Knot Non-treat 338 - 47.6 P
MDO 532 57 623 LK, L
HDO 68.8 104 84.0 H
MDO+HDO 562 66 65.7 LK
LVL 10 Parallel Pruned butt - 129 - 141.5 A
Knot HDO 745 - 88.5 G, H
Perpendicular Pruned butt - 63 - 9.3 -
Knot HDO 44 - 6.2 -
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Table 3. Displacements at bending failure of plywoods and LVL.

Surface grain

Displacements at

Ty:::l;)f Ply direction to Veneer grade Overlays bending failure Significance test
P loading (mm)
Plywood 5 Parailel Pruned butt Non-treat 15 C
HDO 13 C,D,E
HDO 11 E,F,G. H
MDO+HDO 11 E,F,G, H
Knot Non-treat 10 F,G, H
MDO 12 D.E,F,G
HDO 13 C,D,E
MDO+HDO 11 E.F,G. H
Perpendicular Pruned butt Non-treat 14 C,D
MDO 1 E.F,G. H
HDO 11 E,F,G H
MDO+HDO Il E,F,G.H
Knot Non-treat 11 E.F,G H
MDO 10 G, H
HDO 11 E,F,G H
MDO+HDO 9 H
7 Parallel Pruned butt Non-treat 22 A
HDO 19 B
HDO 15 C
MDO+HDO 15 C
Knot Non-treat 15 C
MDO 13 C.D.E,F
HDO 14 C,D
MDO+HDO 15 C
Perpendicular Pruned butt Non-treat 12 D.E,F,G
MDO 11 E,F, G, H
HDO 10 G.H
MDO+HDO 9 H
Knot Non-treat 10 F.G,H
MDO 11 E,F,G. H
HDO 9 H
MDO+HDO 9 H
LVL 10 Parallel Pruned butt - 9 H
Knot - 6 I
Perpendicular Pruned butt - 8 -
Knot - 9 -

-03.-



Table 4. Comparative moduli of elasticity at static bending test and nondestructive test of veneers and plywoods.

MOE at static bending test

MOE at nondestructive test

Types of panels (tonf/cm?) (tonf/cm?)
Pruned butt Knot Pruned butt Knot
Veneer Veneers of grain parallel - - 1.2mm ( 90-130), 2.4mm (60-80),
to panel’s long 1.5mm (130-160), 3.0mm (70-80)
dimension 2.4mm (110-140),
3.0mm ( 70-80)

Cross grain - - 2.4mm (1-4), 2.4mm (1.5-2),

directional veneers 3.0mm (2-4) 3.0mm (1-2)

Plywood  Sply 94 86 75 ( 80%) 68 ( 79%)

Tply 68 59 59 ( 87%) 56 ( 95%)

LVL 129 75 142 (110%) 89 (119%)

Notes; 1. Veneers for the manufacture of plywood and LVL were nondestructively evaluated on size 40 X 40cm.
2. Values in parentheses are ratios of nondestructively-evaluated MOE versus actual static bending MOE.
Remarks; Calculation formular of nondestructively-evaluated MOE :
Nondestructive MOE= pv?/g=pv?/(9.80665 X 10,000)=pv*/98,066.5 (10°kg/cm?)
In which, p: Panel density (g/cm?), v : Delivery velocity of stress wave (m/sec),

g : Gravimetric accelerated velocity(m/sec).

Also, v= Actual measured distance(span; m) / Delivery time of stress wave(sec). Accordingly, Delivery time
of stress wave(sec) is calculated by the timer’s time countings(usec) X 10-%sec/usec.
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