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Examination of Sliding Windows that Considers Operativeness(I)

-Research on window operating force -

Akimitsu HIRAMA  Tetsunori SAWADA Nobuhiro ASAKURA
Yoshiaki SATOH Terutoshi SATOH

To determine actual conditions for window operating force in highly airtight and highly insulated
houses, we measured the opening and closing forces of sliding windows and outswinging casements
that were installed in detached houses in the city of Asahikawa. The results were as follows:

1) For sliding windows, the opening force was higher than the closing force (t-test, P=0.0002). There
was no significant correlation between opening force and closing force (R>=0.196).

2) For sliding windows, there was no significant correlation between operating force and sash weight.

3) For outswinging casements, there was a significant correlation between opening force and closing
force (R?=0.759), but there was no significant difference between opening force and closing force
(t-test, P>0.05).

4) For outswinging casements, there was no significant correlation between operating force and

sash weight.

Key words: window operating force, opening force, closing force, sliding window, outswinging
casement
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Fig. 1. An illustrated scheme for a measurement of
operating force(sliding window).
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Fig. 2. An illustrated scheme for a measurement of
operating force(outswinging casement).
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Table 1. Outline of specimens (sliding window).

ooo goooooo ooooo ooooo oooooo oooooo ooooo ooooo
ooo ooo oooo oooo
Specimen No. Tracking Top sealing type Bottom sealing Weatherstrip type ~ Weatherstrip ~ Weatherstrip ~ Weatherstrip type
material on meeting stile type on meetingstile  of meeting stile typeof stile  type of top rail of bottom rail
1-L? gooo goboooooogo p-f R P-fO R? P-f P-f
1-R® Aluminum P-f9 1 0o R 1 1
2L 1 T 1 Non 1 1 1
2R 1 1 1 R PfOR 1 1
3-L PVC ooo S P-f P-f 1 1
3-R Polyvinyl chloride RY 1 Non 1 1 1
4L 1 0ooooo p R T 1 1
4R t S9 t 1 1 1 1
5-L 1 R S 1 R R R
5-R 1 1 1 1 1 1 1
6-L 1 1 R 1 1 P-f P-f
6-R 1 1 1 1 1 1 1
7-L 1 1 S 1 1 P P
7R 1 1 1 1 1 1 1
8-L 1 S P 1 P-f P-f P-f
3R 1 1 1 1 1 1 1
9-L 1 1 S 1 1 1 1
9-R 1 1 1 1 1 1 1
10-L 1 oooo P 1 R R R
10-R 1 Po 1 1 1 1 1

D 000000000000 DI 00D000000000cDO00MOo0000OIdM U000 000000000 gO0D00000
gooooo
a) Outside sash; b) Inside sash; ¢) Pile type (Attached fin seal); d) Rubber type; ¢) Sponge type; f) Pile type; g) The combined use of P-fand R

O20000000000000000
Table 2. Results of measurement of opening and closing force (sliding window).
agooad
ooo O0oOND OoaND Sash size 0000000keD
Specimen No. Opening force Closing force [J 0 0 mm[] [J 0 mm[] Estimated sash weight
Hight Width

I-L 441 294 1415 885 18.8
I-R 24.5 24.5 1375 900 18.6
2-L 29.4 19.6 1375 900 18.6
2-R 343 24.5 1415 885 18.8
3L 44.1 343 1910 1298 372
3R 49.0 29.4 1910 1298 37.2
4-L 24.5 19.6 1160 867 15.1
4R 29.4 14.7 1160 867 15.1
5-L 29.4 19.6 1757 822 217
5-R 24.5 19.6 1710 822 21.1
6-L 343 19.6 1765 1330 352
6-R 24.5 19.6 1740 1330 34.7
7-L 343 24.5 1945 852 24.9
7R 24.5 29.4 1905 852 243
8-L 53.9 9.8 1512 912 20.7
8-R 24.5 9.8 1512 912 20.7
9-L 539 343 1905 1302 372
9-R 29.4 14.7 1905 1302 372
10-L 44.1 19.6 1510 1300 29.4
10-R 14.7 9.8 1510 1300 29.4
ou 33.6 213

Average
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(t-test, P=0.0002)
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Fig. 3. Opening and closing force (sliding window).
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Fig. 4. Relationship between opening and closing
force (sliding window).
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Fig. 5. Relationship between opening force and estimated
sash weight (sliding window).
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Fig. 6. Relationship between closing force and estimated
sash weight (sliding window).
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Table 3. Outline of specimens (outswinging casement).

goooo 000000oooong
Specimen No. Type and number of hinge
go0oooooooooooz200
Two friction stays locate top and bottom

ooooooooooooliooooooooooobobooOooosno

1

2 One friction stay locate bottom +Three hinges locate top and middle and bottom
3 ooooooooooooiooooooooooooboo2200
One friction stay locate bottom +T wo hinges locate top and bottom
4 0000o0oooooooooz200
Two friction stays locate top and bottom
5 go0oooooooooooz200
Two friction stays locate top and bottom
6 0000oO0o0oooooooz200
Two friction stays locate top and bottom
7 O000oooO0o0o0ooolooooooooooOooo200
One friction stay locate bottom +T wo hinges locate top and bottom
3 0000o0oooooooooz200
Two friction stays locate top and bottom
9 00000ooooooooliooooooooooooooooOg3no
One friction stay locate bottom +Three hinges locate top and middle and bottom
10 0o0o0oooooooooioooooooooooooooogsno

One friction stay locate top +Three hinges locate top and middle and bottom

oMoooooooooooooooooooooooog
Note) All the weatherstrips of frame and sash were rubber type.
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Table 4. Results of measurement of opening and closing force (outswinging casement).

oood
ooog oooNg OoooNg Sash size 0o0ooOoooken
Specimen No. Opening force  Closing force [ J [0 mm[] 0 0 mmQJ Estimated sash weight
Hight Width
1 24.5 39.2 1395 735 15.4
2 19.6 24.5 1705 596 15.2
3 9.8 19.6 1378 678 14.0
4 49.0 49.0 1245 434 8.1
5 14.7 29.4 1442 740 16.0
6 39.2 44.1 1396 434 9.1
7 9.8 9.8 1088 583 9.5
8 19.6 19.6 1745 445 11.6
9 9.8 24.5 1883 761 21.5
10 294 294 1970 710 21.0
0O 225 28.9
Average
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Fig. 7. Opening and closing force (outswinging casement).
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Fig. 8. Relationship between opening and closing
force (outswinging casement).
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Fig. 9. Relationship between opening force and estimated
sash weight (outswinging casement).
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Fig. 10. Rerationship between closing force and estimated
sash weight (outswinging casement).
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