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A Study on the Stresses causing the Bowing of Wooden
Flush Doors for Furnitures and Buildings *'

Woo-Yang Chung **

ABSTRACT

Hollow core wood flush doors for wardrobes, and other general openings and bathroom were
designed and fabricated to investigate the factors causing the bowing of them and to find out the
countermeasure for the phenomena. Balance in grain orientation, thickness, specific gravity and
M.C.(%) of face panel and symmetrical construction were the essential factors to prevent the de-
flection of flush doors just after manufacturing. Under one-sided severe service condition, the
unbalance of M.C. between opposite face panels is inevitable. So the material as thick plywood
with high stiffness is considered as an alternative for the stile, UF resin mixing into PV Ac emul-
sion is preferred for bathroom,
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Table 1. Book sizes of wood flush doors

Usage ] Interior flush doors Exterior flush doors
Core type Solid Hollow solid Hollow
Thick. (mm) 34.9 and 44.4 34.9 and 44.4 44.4 and 57.2 4.4
Size{mm?) 457 x 2032 457 x 2032 711 x 2032 813 x 2032
610 x 2032 457 X 2134 711 x 2134 813 x 2134
610 x 2134 508 x 2032 762 X 2032 914 x 2032
711 x 2032 508 % 2134 762 X 2134 914 x 2134
711 x 2134 610 x 2032 813 X 2032 e
762 % 2032 610 x 2134 813 X 213¢ e
762 X 2134 660 X 2032 914 x 2032 e
813 X 2032 660 x 2134 914 X 2134 e
813 x 2134 711 x 2032 1067 x 2032 eeeeeeees
914 x 2032 711 X 2134 1067 X 2134 eeeeeeens
914 x 2134 762 x 2032
--------- 762 X 2134
......... . 813 X 2032

......... 813 x 2134
......... 914 x 2032
......... 914 X 2134
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Table 2. Characteristics of ordinary plywoods, paper overlaid plywoods and red oak veneer overlaid plywoods.

Plywood Species Thick. (mm) Sp. Gr. M.C. (%) Grain
Ordinary Lauan 3.18 0.422 10.62 Straight
Paper O /L Lauan 3.17 0.428 8.96 Straight
Veneer O /L Lauan 3.48 0.484 8.12 Straight
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Table 3. Specification for the construction of a wardrobe flush door sample

[tem(size) Part Material Finished size(mm) Qty
Stile Hemlock /lauan 1488 X 40 x 22 2
Flush door Rail Hemilock /lauan 468 x 40 x 22 4
for wardrobe Lock block Hemiock /lauan 400 x 40 x 22 3
Honeycomb KP paper 22.8(height) 3
(1500 % 560 % 29) Outer panel Qak fancy on P /W 1488 X 548 X 3.5 1
Inner panel Ordinary P /W 1488 X 548 X 3.2 1
Asymmerrical Edge(long) Lauan 1500 X 29 X 6.0 2
Edge(short) [.auan 548 X 29 % 6.0 2
Table 4. Specification for the construction of a general flush door sample
Item(size) Part Material Finished size(mm) Q'ty
Stile Hemlock /lavan /P /W 2082 < 45 x 29 2
Flush door for Rail Hemlock /lauan /P /W 792 X 45 x 29 6
opening in bldg Lock block Hemlock /lauan 500 x 45 x 29 4
Honeycomb KP paper 29.8(height) 3
(2100x 900 % 36) Front panel Oak fancyon P /W 2082 X 882 x 3.5 1
Back panel Qak fancy on P /W 2082 X 882 X 3.5 1
Symmetrical Edge(long) Lauan 2100 X 36% 9.0 2
Edge(short) LLauan 882 X 36x9.0 2
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Table 5. Specification for the construction of a flush door for bathroom

Item’size) Part Material Finished size(mm) Qty
Stile Hemlock /lauan /P /W 2082 X 45 % 29 2
Flush door for Rail Hemlock /lauan /P /W 792 X 45 X 29 6
bathroom in building  Lock block Hemlock /lauan 500 x 45 x 29 4
Honeycomb KP paper 29.8(height) 3
(2100x900%36) Inner panel Ordinary P /W 2082 %< 882 x 3.5 1
Outer panel Paper O/L P /W 2082 = 882 x 3.5 1
Asymmetrical Edge(long) Lauan 2100 X 36 x 9.0 2
Edge(short) Lauan 882 % 36x9.0 2
Mid Point
A AB B
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Mid— AC (side 1) BC k Mid } prior to testing) ] ‘\\\
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o e e
L XyZ Company, Chicago, 1L
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J L J Location C side 1 >
Mid Point
Fig. 9. Sampling and identififcation for 8 Fig. 10. Labelling for specimen tested.
specimens of Type 1 and Type II doors.
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Table 6. Reaction forces of materials for stile to contant straining Unit - kgf
Deflection{mm) 1 2 3 4 5 8 7 Broken
Hemlock 49.2 105.1 163.0 217.5 270.8 318.4 362.1 452.2
Lauan 62.5 131.9 203.9 276.6 347.8 411.7 472.6 622.0
P /W(edge) 78.5 154.4 229.8 306.8 382.7 454.8 518.6 669.3
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Load (kgf)
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400 +
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L . L L L i i | ] ; | : |
1 2 3 4 5 6 7 8 9 100 11 12 13

Deflection({mm)

Fig. 12. Load-deflection curves for each stile meterials.
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Table 7. Bowing behavior of wardrobe doors under service condition for 90 days

7 ; .00 ; 1RO
Material Pact At factory Winter condi. (EMC:6%) Summer condi. (EMC:15%)
for frame MC(%) Bow{mm) MC(%) Bow{mm) MC(%) Bow(mm)
Hemlock O/F% 12.1 - 7.3 1.5 14.5 -

1/F™ 12.6 2.1 7.4 - 14.3 2.8
Lauan O/F" 13.1 - 7.5 2.1 14.3 -
1/F* 12,7 1.7 7.5 - 14.7 2.5

: outer face panel(oak veneer fancy on plywood)

2

: inner face panel(ordinary plywood)
*3 ! convex side

Table 8. Bowing behavior of general wood flush doors under service condition for 90 days

Material At factory Winter condi. (EMC:6%)  Summer condi.(EMC:15%)
Part
for frame MC(%) Bow(mm) MC(%)  Bow{mm) MC(%) Bow(mm)
Hemlock F/F" 12.3 -3 6.9 - 14.3 -
B/F* 12.5 2.8 7.0 3.0 14.4 2.6
Lauan F/F" 12.1 - 7.1 - 13.8 -
B/F™ 11.9 2.7 7.0 2.6 14.0 2.5
P/W F/F* 12.7 0.1 7.3 0.3 14.4 0.3
(edge) B/F™ 12.8 - 7.2 - 14.2 -
‘! front face panel{oak veneer fancy on plywood)
*2: back face panel(oak veneer fancy on plywood)
<. convex side
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Table 10. Bowing behavior of wood flush doors for bathroom under half-a-day service condition for 90

days
Material Days O - 30 60 90 B
for frame  p,.4 MC(%) Bow(mm) MC(%) Bow(mm} MC(%) Bow{(mm) MC(%) Bow(mm)
Hemlock I /F" 12.34 1.8 13.9 - 15.7 - 17.2 -
12.88 1.3 14.3 - 16.1 - 17. -
O/F™ 12.4M - 12.5 3.2 12.7 7.5 13.1 7.8
12.4E - 12.5 3.5 12.8 7 13.2 7.8
Lauan 1/F" 12.2M - 13.9 - 15.5 - 16.9 -
12.8% - 14.5 ~ 16.0 - 17.3 -
O/F* 11.9M 1.7 12.0 3.6 12.3 5.5 12.6 5.7
11.8% 1.8 12.0 3.9 12.4 5.7 12.8 5.8
P/W 1/F* 12.5M 0.0 14.0 - 15.3 - 16.8 -
{edge) 12.9% 0.0 14.3 - 15.7 - 17.1 -
O/F™ 1L.7™ 0.0 11.8 L5 12.2 0.5 12.5 0.2
11.8% 0.0 11.8 1.6 12.3 0.5 12.6 0.3

*'': inner face panel(enamel paint+ordinary plywood)
2 : outer face panel(UP resin+paper overlaid on plywood)
4 : convex side. M: low EMC in the morning, E : high EMC in the evening,
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Fig. 13. Cross sections of hollow core panels between warm(70° F., right side) and Cool(30°F.,

left side) atmospheres at 50 percent relative humidity.

v ; practical vapor barrier.
m; moisture content{%)
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