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A EBEREREM & OERFRE

i BERLR2S, SPIREERR?, N E S

Frictional Coefficients between Timber and Some Structural
Sheet Materials *!

Qingjun MENG *%3, Takuro HIRAT*2? and Akio Korzumr*2

Friction between timber and timber or other structural materials plays an important role in actual mechanical
behavior of timber constructions. To consider the effect of friction in structural design of timber constructions,
frictional coefficients between the structural materials used should be evaluated as the first step. In this study, we
conducted experimental measurements of frictional coefficients between structural timber and some structural sheet
materials. We prepared planed softwood timber specimens and some typical structural sheet materials : softwood
plywood, hardwood plywood, OSB and MDF. We also prepared “volcanic silicates fiber reinforced multi-layer board”
and SS400 steel. Static and dynamic frictional coefficients between timber and these materials were measured for
every combination of grain or direction of greater strength. The obtained static fictional coefficients ranged from 0.2
to 0.4 among all combinations of materials and slip directions, and the relative order was MDF >Softwood plywood
>Hardwood plywood >volcanic silicates fiber reinforced multi-layer board >steel >OSB. The ratios of dynamic
frictional coefficients to static frictional coefficients ranged from 0.6 to 0.9, and the relative order of the average
values was volcanic silicates fiber reinforced multi-layer board >steel >hardwood plywood >0OSB >Softwood
plywood >MDEF. Test results showed negative correlations between specific gravity of timber and static/dynamic
frictional coefficients among all combinations of test materials and slip directions. Frictional coefficients
perpendicular to the grain of timber were found to be larger than those parallel to the grain. Although the surface
grain of plywood showed a similar effect, we found only a little difference between both directions. The effect of
strand orientation of OSB was almost negligible.

Keywords . frictional coefficient, structural sheet material, specific gravity, slip direction, practical evaluation.
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Table 1. Specific gravity and moisture content of timber

specimens.

Species "u u(%)
Cryptomeria japonica 0.303 133
Cryptomeria japonica 0.335 134

Abies sachalinensis 0.378 132
Abies sachalinensis 0.402 12.3
Larix kaempferi 0.419 131
Larix kaempferi 0.441 12.7
Larix kaempferi 0.465 12.3
Larix kaempferi 0.479 125
Larix kaempferi 0.501 12.2
Larix kaempferi 0.524 12.0
Larix kaempferi 0.539 12.1
Larix kaempferi 0.562 12.2

Legend : 7.: Specific gravity at moisture content #%, u :
moisture content.
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Table 2. Specific gravity and moisture content of structural
sheet materials.

Material Ta u(%)
Steel 7.85 -
VSB 0.724-0.766 -
MDF 0.779-0.800 75-82
OSB 0.686-0.737 8.7-95
HPW 0.549-0.620 10.7-11.7
SPW 0.538-0.590 10.0-10.4

Legend: VSB: Volcanic silicates fiber reinforced multi-layer
board, HPW : Hardwood plywood, SPW : Softwood
plywood.
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Loading direction
—
Load cell

Fig. 1. Testing method.
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Fig. 2. Determination of static and dynamic frictional forces,
F..and Fy,, in Egs. (1) and (2).
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Uan TH 5B

045 A r B
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035 * .
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025 | oo 3 o
020 | o oo gato
o

015 |
o0 , , , , , ,
03 04 0.5 06 0.3 0.4 05 0.6

Specific gravity of timber

Frictional coefficient
[m]
>
-
*
[m]
*,

Frictional coefficients between timber and SS400
steel.

Note : A : In slip parallel to the grain of timber. B: In
slip perpendicular to the grain of timber.

@ : Static frictional coefficient [] : Dynamic
frictional coefficient.

045 1 A r B

040

035

025 | r

020 F

015
0.10 ! ! ! ! ! !

0.3 0.4 0.5 0.6 03 0.4 0.5 0.6

Specific gravity of timber

Frictional coefficient

Fig. 4.  Frictional coefficients between timber and VSB.
Note and legend : see Fig. 3.

72720, Wik OKEHTEIIAM & ZEB)IEDPE
Wiz, Ko £ MR 6 AR5 2 B
BREOFMEE L, KM OREZLE L OBBORZ
RLTWA,

Fig. 3-8, Table 3 28789 & 912, #f Ik BEIBEREK
User BB pg & D, TRTOMmMMIZONT, A
M OREILEy, L ORICEOMBFED b7z,
R pcld, CORMHEERMIRNTILIITEL
WAL EERNCIEUTO X ) RERPTRETDHA I,

045
040 [
035
030
0.25
020
015 r
0.10 . . ! . . !
03 0.4 0.5 0.6 03 0.4 0.5 0.6

Specific gravity of timber

Frictional coefficient

Fig. 5. Frictional coefficients between timber and MDF.
Note and legend : see Fig. 3.

045 1
040
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0.30
025 |
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Specific gravity of timber

Frictional coefficient

Fig. 6.
Note :

Frictional coefficients between timber and OSB.

A': In slip parallel to both the grain of timber and
the stronger direction of OSB.

B : In slip parallel to the grain of timber and
perpendicular to the stronger direction of OSB.

C : In slip perpendicular to the grain of timber
and parallel to the stronger direction of OSB.

D : In slip perpendicular to both the grain of
timber and the stronger direction of OSB.

Legend: seeFig. 3.
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~N—
g s T = 015 |
‘D010 ‘ 2
2 S 010
g 03 04 05 0.6 03 0.4 0.5 0.6 = 03 04 05 06 03 04 05 06
=3 %]
°© 3
= ™7 C D —_ 045 T C
= 040 [ F s
3 4 = 040
=035 | =
3] =035
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’ 3 = s %
020 3 I
020 |
015 3 8
015 |
0.10
03 04 05 0.6 03 04 0.5 0.6 0.10
03 04 05 0.6 0.3 04 0.5 0.6

Specific gravity of timber

Fig. 7. Frictional coefficients between timber and HPW.
Note : A : In slip parallel to both the grain of timber and
surface grain of HPW.
B : In slip parallel to the grain of timber and
perpendicular to the surface grain of HPW.
C : In slip perpendicular to the grain of timber
and parallel to the surface grain of HPW.
D : In slip perpendicular to both the grain of
timber and surface grain of HPW.

Legend: seeFig 3.

IREE M RE DS I X S FIRIE—E %
DT, HEOBEIZHINLEE O EEHRIKET 5, Bl
A BRI TE0I L 05D ARM D FEFIZ, MLREE
KROEWILEZ15ET 5L, ZZEN20%, 33%I2
MY L, W3R Thsb, 20k S AN 2
FCEUHIS 2 &, ST I3 SR RIS U 7 MkHE (i

W) HICHEBEWMI BN G 2 Lk b, FER

W L7283 o 8565, oMo TS AHY
T LB E O L K X1 FNEN20~50 um FEEE,
&6mmﬁﬁ@ﬁ@’&éa%ignao:®;5
AN R B O, MlEEIEER (WIHIES
WL AR &, LI ﬂmﬁzﬂkummb_
LD EHOMMAH L, ZNHEEEEIIZ A S
TWAH IR L Mg SN b,

FEBEOARM YT I, = OMIFREIE =5 % 5,
BRI L2 sz, MYl > 1 7 <
— 7 RWED 5 RV A EAE R ) Ao THIMEZ R
PIRZIRT . D720, KRR 0Kk
AR L OBRIZOWTIE, SBROFERRE
VRBETHILEEZEZ BN,

W S N7z L BEEAR BT B B 12027 504D

Specific gravity of timber

Fig. 8. Frictional coefficients between timber and SPW.
Note : A : In slip parallel to both the grain of timber and
surface grain of SPW.
B : In slip parallel to the grain of timber and
perpendicular to the surface grain of SPW.
C : In slip perpendicular to the grain of timber
and parallel to the surface grain of SPW.
D : In slip perpendicular to both the grain of
timber and surface grain of SPW.

Legend: seeFig. 3.
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u=A-r,+By (4)
u=Ar,+B; (5)

Table 3121%, (4), G)XOEEMYI By, Bs d

FIFISRLTH D05, HRMIZW XD B, & )X
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Table 3. Empirical coefficients of Egs. (3), (4) and (5).

Timber grain Material (direction) A B Vg B Bs
PL Steel Static —0.325 0.409 0.628 0.406 0.377
¢ Dynamic -0225 | 0318 0438 0.314 0.284
PP Steel Static —0.386 0.468 0.515 0.463 0.416
Dynamic —0.304 0.367 0.619 0.354 0.333
PL VSB Static —0.157 0.359 0.666 0.359 0.341
Dynamic —0.145 0.320 0.638 0.319 0.303
PP VSB Static —0.124 0.363 0.447 0.362 0.338
Dynamic —0.153 0.341 0.728 0.341 0.340
Static —0.395 0.508 0.787 0.507 0471
PL MDF Dynamic —0.343 0.380 0.675 0.319 0.289
Static —0.433 0.544 0.661 0.542 0.500
PP MDF Dynamic —0.399 0.430 0.676 0.428 0.392
Static =0.237 0.348 0.895 0.347 0.328
PL 0SB (PL) Dynamic —0.190 0.262 0.873 0.262 0.251
Static —0.206 0.339 0.793 0.338 0.320
PL 0SB (PP) Dynamic -0.174 0.260 0.762 0.259 0.247
Static —0.235 0.344 0.895 0.343 0.323
PP 0SB (PL) Dynamic —0.186 0.261 0.892 0.260 0.250
Static —0.166 0.332 0.842 0.331 0.311
PP 0SB (PP) Dynamic —0.161 0.265 0.756 0.264 0.250
Static —0.261 0.402 0.549 0.400 0.366
PL HPW (PL) Dynamic —0.266 0.347 0.694 0.345 0.320
Static =0.395 0.508 0.787 0.507 0471
PL HPW (PP) Dynamic —0.289 0.357 0.650 0.356 0.327
Static —0.298 0.425 0.821 0.424 0.394
PP HPW (PL) Dynamic —0.305 0.356 0.816 0.355 0.334
Static —0.247 0.439 0.518 0.437 0.400
PP HPW (PP) Dynamic —0.274 0.384 0.666 0.383 0.356
Static —0.387 0.478 0.727 0.476 0.435
PL SPW (PL) Dynamic —0.429 0.402 0.844 0.401 0.370
Static —0.357 0.482 0.731 0.480 0.433
PL SPW (PP) Dynamic —0.477 0.456 0.706 0.453 0.397
Static —0.362 0.464 0.766 0.462 0.421
PP SPW (PL) Dynamic —0.411 0.403 0.732 0.401 0.365
Static —0.216 0.466 0.416 0.464 0421
PP SPW (PP) Dynamic —0.405 0.462 0.624 0.460 0.409

Legend : A, B : See Eq.(3), R : Correlation coefficient, Bsx
Perpendicular to the grain.

DBDEZIHLTNTH - 720
3.2.2 KM - EH OBEHET M GREhT)  EEER
¥k

A V2 12 T5 1) O BEAEAR B O 8t AT HT T
VEIAR B R § % IO SF ) fii % Table 4 12783, 3£
DOHIHL, VSB, MDF D #4535 & 1%, AtF oM LC
1B 38 7 [11) O BESEARFLASHIHE |2 P AT 7 1) ) BEAE AR B
HARTKEL B AEMDRD SNz THUTHIHO
HRAME T AR VR M PR & 5D i e o
B2k b0 riEsEsng,

—77, 0SB & UL T B IR RITHEEZ FEO 720,
LFEDFDMAEDEIZOVWTOI]IEE 4 5,

: See Eq.(4), Bs : See Eq.(5), PL : Parallel to the grain, PP :

Table 4 ® OSB O#fsr% W5 &, RMMEHEZ AT
[ & OSB i@l /1 & o#lAaLbE (PL-PL) &,
R REAE (2 T2 J7 1) & OSB D 851l J5 1 & DAl A
bt (PP-PP) L OMICIZESRSNEH DD, PL-
PL, PL-PP, PP-PL OJIEMHKOE NI DT HTH
572 IhUE, OSBDOA M5 ¥ FEAIZIE 2% 1
BWAd Y, Hmeks LCiZhmoBErbi
MolzlzdTHDEHENEIND, Tz, EMFORE
MES EMRF OB LY, T FMIZL D5
HPEIRDE DI LT B IR Z 2 5N b,
Ji 3R 4 M (HPW) @ PL-PL & PL-PP, PP-PL
& PP-PP, PL-PL & PP-PL, PL-PP & PP-PL @ It
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Table 4. Relative ratios of frictional coefficients among slip directions.

PL-PL” ‘ PL-PP¥ PP-PL” PP-PP¥
Steel Static 1.00 113
Dynamic 1.00 1.07
Static 1.00 1.06
VSB Dynamic 1.00 1.07
Static 1.00 1.06
MDF Dynamic 1.00 111
0SB Static 1.00 1.02 0.98 1.06
Dynamic 1.00 1.03 1.01 1.09
Static 1.00 1.04 1.02 1.15
HPW Dynamic 1.00 1.00 097 1.15
Static 1.00 1.06 0.99 121
SPW Dynamic 1.00 1.15 1.04 1.33

Note : ' The former notation, PL or PP, shows the direction to the grain of timber and the latter notation, PL or PP, shows the
direction to surface grain or stronger direction of sheet material.
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SHEBHOI (SPW) O¥i& b, S IMoMAsH
L BEAKO BRI, HPW & FIZF B 6 2
AL, WEMOAIHFIZKE L, PP-PPD
BEEAR B PL-PL & V) i1l BRI T20%, BYEEIE T
30%REBER & H o 720
3.2.3  BERELREE HE BRI

BB AR B O i 1R B AR B3 57 % [k % Table 5
WRT o BYBEEAR AL O B 1k BEEAR B0 3 % LhiE,
AR D H T R HE T 1112 & B 7S IR I3 S e
S72h, MM OREEICL > TENR LN, Ol
BB LZE, 062250908 E Y, FHMHETH

% &, VSB>#i # >HPW >0SB >SPW >MDF O JI
Elrolze 72, TOEBREID WML o TED
Hoh, 0SB A%k b ZEEI M <, SPW d3i b %
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Table 5. Ratios of dynamic frictional coefficients to static frictional coefficients.

Combination” PL-PL PL-PP PP-PL PP-PP
Steel 0.756-0.899 0.735-0.884
VSB 0.854-0.904 0.849-0.924
MDF 0.617-0.733 0.671-0.761
0SB 0.706-0.758 0.711-0.761 0.721-0.779 0.723-0.780
HPW 0.745-0.849 0.712-0.837 0.684-0.818 0.753-0.849
SPW 0.563-0.806 0.638-0.855 0.610-0.807 0.661-0.878

Note: ¥ See Table 4.
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