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The Flexural Properties of Concrete Shuttering Plywood
Made in a Malaysian Mill (Part 1)

Tadao KITAMURA Wing Chong WONG

Values of flexural MOE, MOR and ultimate shear stress in bending were deter-
mined for ten sheets of Malaysian concrete shuttering plywood. The sample sheets
involved 12-mm-5 ply, and 18-mm-7 ply. Their constituents were Menkulang,
Machang, Simpoh, Kedondong, Petai, Keruing, Merawang and White Meranti.
Each sheet was divided into four segments to determine local deviations of the
mechanical properties in one sheet. Every test was perfomed in an ambient, or in
a wet, condition. The results are briefed as follows :

(1) Flexural stiffness tests on full-size plywood proved that the plywood met
the JAS for concrete shuttering plywood.

(2) Every tested plywood cleared the JAS for structural plywood either in terms
of MOE or MOR.

(3) Values of ultimate shear stress in bending were, on the average, 22 kg/cm?
and 28kg/cm? for 12-mm and 18-mm plywood respectively. These values were
almost equivalent to, or higher than, those of southern pine structural plywood.

(4) MOE values in a wet condition were 4 to 5 percent lower than the values in
an ambient condition in directions parallel to grain, and about 25 percent lower
in perpendicular directions. Corresponding decreases in MOB were 20 to 30 per-
cent for parallel directions, and about 40 percent for perpendicular directions (wet
values were determined from wet dimensions)

(5) Deviations of depth were 0.44 mm for 18-mm plywood and 0.23 for 12-mm,
according to the standard deviation. Local deviations of the depth in one sheet
were significant from a statistical point of view.

(6) Local deviations of short-span MOB in one sheet were significant for some
samples when tested in a 152-mm span distance.

(7) Correlation equations for expecting MOR from MOE and the property values
in a wet condition from those in an ambient condition were also determined. The
equation, MOB Bx MOE + A, had a correlation coefficient of 0.74,and a
standard error of 77 kg/c in normal-span and ambient tests.
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& W Top 2 nd. 3rd. 4 th. 5th. 6 th. Bottom
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B—1 734 | Mengkulang |Meranti |Merawan |Kedondong | Merawan | Kedondong Mengkulang
B—2 675 ” ” 2 Meranti ” Meranti ”
B—3 700 ” y ” ” ” P P
B—4 665 7 y ” ” ” ” ”
B—5 660 ” s 2 Kedondong 2 Kedondong s
i£) Meranti 1& White Meranti
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par perp 24
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1
432mm
5mm
32 4
200mm  par 50mm
152mm 3 2 3
1mm

MOE =

Ls
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E2&k a2y 7)) — bERIOLBANRD B AEHKRE
12& 3 7 V44 ZahiFRE: R ER

R M | #F & |~2bas|H |8 ¥
A W Yy 7%
1 G) | @m | [0k c)
12mm
A—1 .20 10.05 | & 71.2
A—2 " 9.68 2 64.1
A—3 2z 10.80 ” 49.9
A—4 ” 9.78 " 63.6
LATS & 1 975 | A 9.6
o 10.01 ” 61.7
EHsmE 0.46 7.8
18mm
B—1 50 8.71 |& & 72.7
B—2 ” 8.16 ” 73.1
B—3 ” 7.74 2 73.0
B—4 " 7.72 ” 75.1
JBTS L B 7.8 | . S 0.5
T o8 8.04 v 72.5
TR 0.41 1.6
E) Z/¢Y :1500mm
A28y A REERRER (2T
FEHR | A8 hRERTE
E3F EBRERIC LAY Y SR
(10° kg / cf)
7 G .Par. Perp.
& R ey (o) | ¥4 ()
12mm
A—1 58.9 2.4 103.2 12.0
A—2 | 63.6 2.4 73.9 8.4
A—3 | 62.0 4.0 72.1 7.0
A—4 | 61.0 2.2 51.7 15.2
A5 | 626 4.0 | 63.4 . 5.8 .
............. | 616 32 | 728 198
18mm
B—1 71.8 2.0 68.1 6.6
B—2 ! 67.0 2.8 61.8 4.1
B—3 | 62.9 2.6 52.9 5.3
B—4 | 64.4 2.6 60.8 8.3
B—-5 | 8.9 28 | 6.7 9.3
66.0 4.0 61.6 3.3
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(kg / cnf)
Par. Perp. par
4 2
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12mm
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B—1 588 15 675 69 par perp IS
B3| e S| ¥ & 1 perp
B—4 536 32 563 110 JAS Par
B=5 516 . 48 | A5 %8
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12mm  per 20x 10%k
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4 _— BE Ak BE F R 3 oHE WL E R
4 1 & B Par. Perp. Par. Perp.
9 T (o) [P (o) [ By (o) [T (0
5 m 4 x8 12mm
A—1|57.1 6.9/83.3 14.1|64.5 8.9]|95.4 16.4
20kg A—2 |63.1 1.5|54.4 1.8/69.8 2.5/60.8 2.4
A—3 (58.3 4.6(53.0 6.6|66.6 6.9]/60.2 6.3
11 5mm  18mm 50kg A—4 |58.5 2.1(43.6 18.9|65.5 4.5|47.8 20.2
A—5 |60.6 2.2/36.9 13.3(68.4 0.5[41.3 14.7
10mm L A S S s S Al Mar bkt
SR 59.4 4.1|54.2 19.7]67.0 5.3|61.1 22.7
18 mm
B—1 |65.6 3.3|55.1 5.4|70.7 7.1/61.7 5.7
A 3 B—2 |61.2 4.7|42.4 59!70.3 5.4|47°7 6.1
B—3 [59.6 3.0(39.9 6.9|67.7 2.9(455 7.5
6 3 > 1om  50x B—4 |62.0 2.8(45.8 5.4(69.5 3.1[52.1 5.9
o Sitke o B—5|617 40|50 66 69.5 3.8 575 7.3
10kg cm* 18mm 62.0 3.8 |46.7 7.8(69.4 4.352.9 8.6
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7
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5 3 12 12mm 18 18mm
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A—2 |52.2 2.9 559 47 A_2 |41.2 1.9|45.7 2.1 1409 42 439 45
A—3 | 48.6 4.2 | 577 69 A—3 |34.1 6.9]39.4 8.4 | 368 39 405 45
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ATS 487 22) 48z 29 A-513.8 32/423 40|30 45 | 3714 . 46
— 504 39|58 8 ol 400 6.0|45.5 67391 59 427 | 66
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B—1 [39.4 3.0 | 487 23 B—1 |27.8 1.4|31.6 1.9 (334 13 361- 14
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B7536.6 1.4) 468 n_ - B75 1267 27]308 33318 ] 15 1.380 ... 15
38.1 2.0 | 473 22 27.1 2.8131.1 3.3 329 19 363 22
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42 (mm)
8 | 18mm
12mm 32 18mm 56
18f
I}
12mm 0 079 i
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18mm 0 44mm 12mm

4 B 0 23m 1
5 A 2 2 18mm 0 15mm 0 23 0 O7mm 12mm
0 10m 0 08 O 15mm
Ve
2 A Ve
VA B Ffb A o B VA VB
F Ve Fo, Fo, 11
Fo ,
6 5
1 Fo A
Fo B
5 (1) 18mm & #
4 2 Par. Perp
6 2 . (#3832 | Fo (A) |Fo (B) | #E#6#2% | Fo (A) | Fo (B)
MOE (D) 2.7x10° | 6.79** | 0.61 |8.4x10°|0.83 | 0.64
12mm MOE (Ww) 3.7%x10° [1.49 |0.76 |5.0x10°[5.79**| 3.20
MOE (Wd) 5.1x10° 0.21 [0.31 |5.8x10°|5.40* | 2.16
MOR (D) 34.3 3.88* |1.15 |85.3 2.10 | 0.18
12mm MOR (Ww) 34.0 2.02 |1.78 |41.7 3.91 | 1.62
MOR (Wd) 39.2 1.31 [1.25 [47.2 3.29 | 1.20
18mm 5 MOE (S—D) |2.8%x10°{0.92 |1.00 — =— =
MOE (S—Ww) | 2.5%10° | 0.22 | 3.91* - - —
2 MOE (S—Wd) |3.0x10° | 0.09 |3.74* — - —
MOR (S—D) | 21.4 0.57 |2.07 — — —
18mm 3 MOR (S—Ww) | 17.3 1.26 |2.51 — — —
MOR (S—Wd) | 19.6 1.32 |2.30 — — —
24 18mm USS (D) 1.2 0.59 |2.58 — — —
USS (Ww) 1.0 2.09 |2.56 — — —
USS (Wd) 1.3 1.70 | 2.09 — — —
10 (2) 12mm & R
MOE (D) 3.1x10° [1.57 ]0.57 |9.5x10° | 16.06** 1.75
MOE (Ww) 4.1%x10°[1.20 |0.23 |11.6x10°| 9.33** 1.80
MOE (Wd) 6.2x10° [0.43 |0.29 |13.3x10°|13.38* 2.11
MOR (D) 56.8 0.66 |0.76 |107.3 7.22** 0.90
MOR (Ww) 41.2 0.26 |2.33 | 94.9 2.72 | 0.95
MOR (Wd) 45.1 0.25 |2.34 |102.1 2.94 | 0.88
MOE (S—D) |2.8%10°[1.33 |6.49**| — — —
MOE (S—Ww) | 4.8x10° | 3.58* |1.16 — — —
MOE (S—Wd) | 5.6 X10® [ 2.75 [ 1.32 — — —
MOR (S—D) |40.3 4.48* | 2.56 — — —
MOR (S—Ww) | 52.1 2.39 |1.02 — — —
2 12mm MOR (S—Wd) | 57.9 2.32 |1.07 — — —
USS (D) 1.8 3.82* |2.00 — — —
18mm USS (Ww) 2.2 1.86* |1.21 — — —
USS (Wd) 2.3 2.09 |1.13 — — —

7¥) MOE ; #if ¥ » 7{%$%, MOR ; BB,
USS ; ghif et AREES, D 5 WIBRER, Ww ; fakiEaER (BaK
STREREHE), WA 5 BKEBIRER (WEEHEHH#E), S ;5 HA/SVRER,
misE (=) Ve, BAL ke cr)

F 3/12 (0.05)
F4/12 (0.05)

3.49
3.26

F 3/12 (0.01)
F4/12 (0.01)

5.95
5.41

No 374 1983 3



12 13
MOR=BXMOE+A (kg /cm) MOE (f7k)=BXMOE (%88 +A (kg / cni)
r . fHES(REK r; 7Fﬁf3§]f%§5(
Se : EVR SR 5 DBEHIE (g / c) Se i WUREHA 5 DREHESE (kg / o)
r A B Se r A B Se
HE#E 2 /% L RER MOE (wet 1) .
HIGIABR 0.739"* 128.1 0.0065 76.6 _TMOE(dry) | 0.849"* 3900  0.893 8204
18mm, Par 0.733**  10.3  0.0080 HRHEA /3
12mm, Par. 0.558* - 95.4 (.0097 18 mmPar. 0.285 44271 0.269
18mm, Perp. | 0.696** 105.9 0.0077 12mm, Par. | 0.526* 16736  0.695
12mm, Perp. | 0.811** 102.2  0.0067. 18mm, Perp. | 0.712** 4234  0.693
fakAEIRER (1)| 0.781** 114.8 0.0047 49.6 #Ime. Perp. | 0.863** -8488  0.861
"""""""""""""""""""""""""""""""""""""" TV AV
18mm, P 0.559* 63.2  0.0058 e
Ve il lor e 6 001 18mm, Par. | 0.293 11319  0.413
Yo, Perm | 0.608%* 1.8 0005 12mm, Par. | 0.608** 6369  0.920
’ : : : : MOE (wet 1)
12mm, Perp. | 0.861**  99.4 0.0048
ﬁam%"gﬁ;(rﬁ) 0.778** 113.1 0.0048 51.4 _ “MOE(dry) | 0.792"* 2475 0.877 9817
""""""""""""""""""""""""""""""""""""""""" WUHe 2 /%
1 P 0.511* 6 0. Zhid
12:""'; P:; 5 gg }é‘ég o ggﬁg 18mm, Par. | 0.008 68912  0.008
18mm, Perp. | 0,39 18 600 12mm, Par. | 0.572** 5991  0.994
12, Perp' L™ T8 00 18mm, Perp. | 0.701** 7459  0.741
iy A . : 12mm, Perp. | 0.838** -2271  0.799
- Mg 28y
Al EZ * % ML
MREIER | 0.665%" 276.8 0.0051 48.2 18mm, Par. | 0.317 11076 0.525
18mm, Par. |-0.074  503.7 -0.0008 12mm, Par. | 0.635** -8806  1.078
12mm, Par. | 0.463* 193.3 0.0068 —— ”
BkREER (1) 0.728** 198.6 0.0048 432 ) et é%ﬁ&fé*
------------------------------------------------------------------------- , 3 HREST R AR
18mm, Par. |-0.084  346.8 -0.0006 & dri w
12mm, Par. | 0.655** 130.7 0.0065 L fGRE1%THEE
fakigateg ()| 0.721**  216.4  0.0047 33.7 T fERES % THE
18mm, Par. |-0.062 375.9 -0.0004
12mm, Par. | 0.664** 130.0 0.0065
E) BIKREIABR (1);BE/KEE~F R LHe
” (1) BT
R 1 % TR 5 2
VERES B THE
2
1 Y BX A
r Se
12 MOE  MOR
1
18mm  12mm

No 374 1983 3



W% KB RIRE & & BB YRR &
DFERG - [F 53

MOR (f3/k)=BXMOR (¥%&) +A
r o fERfRE

(kg / cf)

Se ; BENREGD S DIZHEME (kg / o)
l r A B Se
MOR (wet 1)
—MOR (dry) | 0.414** 208 0.306 62
g@xlf/
18mm, Par 0.454* 211 0.400 36
12mm, Par. 0.728** 95 0.576 30
18mm, Perp 0.438* 184 0.271 50
12mm, Perp. 0.506* 159 0.344 98
BiA IS
18mm, Par 0.430 150 0.382 18
12mm, Par. 0.544* 92 0.559 51
MOR (wet-IT)
—MOR (dry) 0.434** 223 0.338 67
ﬂ,’;ﬁ}(/\"/
18mm, Par 0.323 261 0.365 38
12mm, Par 0.684** 118 0.588 35
18mm, Perp 0.429 207 0.284 54
12mm, Perp. | 0.533* 157 0.400 106
LR VAW,
18mm, Par. 0.358 196 0.356 21
12mm, Perp. | 0.561** 85 0.638 56
) Wet 1 5 faskiestrssius

Wet [I ; HHE-HEER#E

*fERE1%THE
s TERES % THRE

BISE  FUKAEHT € AMTIE & & EEET ¢ A BT &
DFARY - 1R 53 H

USS (f2/k) =BxXUSS (##8)+A
r ; FHBIER¥

(kg / cni)

10

13

r 0
r 0

9

8

MOR

49

13 15

49kg cm?
14 15
MOE

8 MOR
4 USS

10

MOE
59

7T7kg cm?

MOE MOR USS

r 075

B16% KM (THE) ROHxHE

Se ; [BBREZH» S5 OBEEERE (kg / o)

B r A B Se

USS (wet 1) '
—USS{dry) |-0.768**  4.06 0.580 1.67
18mm, Par. | 0.467* 7.26  0.468 1.17
12mm, Par. | 0.514* 5.56  0.580 10

USS (wet II)
—USS(dry) | 0.770**  4.10 0.616 1.76
18mm, Par. 0.447* 7.81  0.485 1.28
12mm, Par. | 0.521* 5.55  0.545 2.21

E) Wet T 5 fkigHrrse
Wet I ; HRE-TREHHE
o ERE1I%THE
YL fERES % THE

Bz ¢ | | 2

°

/N p
£k o ’
dry |Wet TiWet [ dry [Wetll [Wet I
MOE
12mm, Par, 1100.2| 100 | 96.4 |108.9| 81.8] 64.9 | 73.9
Perp. 100 [74.5| 83.9] — | — | —
18mm, Par. 1109.8] 100 | 93.9 [105.2/57.7 | 41.1 | 47.1
Perp. 100 {75.8 8.9 — | — | —
MOR
12mm, Par. | — | 100 | 72.6 | 82.6/107.0| 78.2 | 85.4
Perp.| — | 100 | 61.4| 66.5| — | — | —
18mm, Par. | — | 100 | 79.3| 85.7 88.1/61.3 | 67.6
Perp.| — | 100 |58.8 64'0i — | i
UsSs
12mm, Par. | ! | 100 | 76.4 | 80.0
18mm, Perp. | | [ 100 | 68.2|71.6
) dry ;5 HHERER
Wet T | BOKEEIRER (Rask=Hpskig)

Wet 11 ; Ba/KEEAER (HE~REEHE)
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&5 0.44mm, 12mm&EHK ;5 0.23mm TH -7 L
fods > TS EICE g R 54, PkED <7
VFEPBREOVERDNS, FBBREYMEE Exo
Y MOE) €& - Tid, —OEWDTITIBALIC £ -
THEM LBV NT Y EDDH -7,

AV )= P ERILIARIE, v A VMR T Y —EI
BLT, BATHERINSD TEEKRDRETH H
SN B, BKOMEITIIHTKREE T O YA
EHEEINBTEHEOLDY KRBT O BUKRED B
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R AREY A
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