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MATHEMATICAL ANALYSIS OF BAMBOO SPLITTING
USING TWIN RIP SAW FOR STRIPS PRODUCTION

Wan-Tarmeze WA, Nik-Adlin NMS & Muhammad-Ammar H

INTRODUCTION

Laminated Bamboo Lumber (LBL), a woody composite material made {rom bamboo, has gained global
acceptance as a sustainable substitute for conventional timber, especially those logged from natural forests.
Currently, the main usage of LBL is for flooring and the product has a value of at least USD313 million
in the international trade (Anon. 2017).

The bamboo composite 1s made of strips of bamboo, hence also known as Laminated Bamboo Strip
Lumber (Wan Tarmeze 2005 and Lin et al. 2010), glued and laminated to each other to form a block.
To produce bamboo strips, firstly, each bamboo pole has to be processed into splits. There are two
popular methods of processing bamboo poles into splits: by a twin rip saw machine (Figure 1) and by a
splitting machine (Figure 2). In the former, the distance between the circular saw blades dictates the width

of the splits. The splits are then planed into strips having a rectangular cross-section profile (Wan Tarmeze
et al. 2019).
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Figure 1 Longitudinal cutting of bamboo pole using a twin rip saw machine (a) to produce splits of fixed width (b)
for making strips (¢) of various thickness that later made mnto vertical LBL
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The bamboo splitting machine (Figure 2) produces a number of bamboo splits (depending on the splitter
blades number) in one push, thus it is a lot faster method when compared with the twin rip saw machine
that produces only one split at a time, re., after the operator has completely pushed the bamboo pole

through the pair of circular saw blades underneath.

direction

Figure 2 Bamboo splitting machine

Nevertheless, it 1s pertinent to understand that in the splitting machine method, the bamboo pole 1s not
really cut, but rather is wedge-opened longitudinally by the blades and consequently separated into splits.
Due to this circumstance, the bamboo separation lines (openings between the splits) may not be perfectly
straight, but follows the straightness of the bamboo grain (longitudinal fibre). Hence, for bamboo poles
that are known to have a less straight grain (wavy or crooked), for instance, due to their leaning posture
while growing (as can be seen in sympodial bamboo - as opposed to the upright growing posture of
monopodial bamboo, especially the Moso), splitting by the machine often ends up with crooked splits
(Figure 3a). On the other hand, the twin rip saw machine cuts through and along the grain to produce

perfectly straight splits (Figure 3b).

Figure 3 Splits produced from a bamboo pole with crooked grain: (a) using splitting machine and (b) using twin rip

saw machine (notice how the saw blades cut through and along the grain)



Wan Tarmeze et al. (2019) discloses a mathematical algorithm to explain the relationship between
bamboo diameter (@) and the number of splitter blades (N) that could guide bamboo product
manufacturers to optimise the strips production. For example, to produce strips with rectangular cross-
section 15 mm x 5 mm (width x height), the bamboo pole of 100 mm diameter and 6 mm thickness
should be split into 18, 1.e., using a splitter N18.

This article is to deliberate on the mathematical equations developed to calculate the number of strips
that can be produced from a bamboo pole (of known diameter and wall thickness) using the twin rip saw
spliting method. The validity of this mathematical work, which also enables the calculation of maximum
strip height, was verified by comparing its results with those measured from AutoCAD drawings.

CROSS-SECTIONAL PROFILE OF BAMBOO POLE SPLIT BY TWIN RIP SAW

Figure 4 represents the cross-sectional cutting profile of a bamboo pole after a complete cycle of splitting
by the twin rip saw method. At the beginning of the splitting process, the bamboo pole is pushed through
the pair of circular saw blades and the first split 1s formed. Then, the operator rotates the bamboo pole,
Just enough to ensure that the next cut by the blades will produce the second split and an off-cut with the
shape almost like an 1sosceles triangle having its apex touches the inner circumference line of the bamboo.
The process 1s repeated until no more split can be made without cutting into the first split. At the end of
this splitting cycle, there are N number of splits, off-cuts and a residue. The cross-sectional profile shape
of the splits differs from that of the residue. The former 1s more like a rectangle, but the latter i1s more
trapezoidal. The gaps between splits, off-cuts and the residue are made by the saw blades.
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Figure 4 Cross-sectional cutting profile of bamboo pole after the completion of splitting process by the twin rip saw

method. (Notes: @ and t are diameter and wall thickness of the bamboo pole, respectively)



MATHEMATICAL EQUATIONS

Figure 5 shows the three products of bamboo splitting by twin rip saw method: off-cut, split and residue.

1; = inner radius of the bamboo

S = width of the sector made by the cutting

w = width of the split (distance between the saws)
k = kerf thickness of the saw blade

O = arc angle of the sector made by the cutting
Oy = arc angle of the sector made by the residue
Wp = width of the sector made by the residue

off-cut /| [——"]

!
I

Figure 5 The three products of bamboo splitting by twin rip saw method.

From the 1sosceles triangle OAB,

(Sr#) = sin <%) => § = 2r;sin (%>

2 2

S
Os = 2sin~! <2_Tl)

But, S = w + 2k thus,

fs = 2sin~! [%] ®

After the splitting process 1s completed, there will be N number of splits and a residue, therefore, the
equation below applies.
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Substitute @ and @ mto @,

MATHEMATICAL WORK VERIFICATION

Calculation

Let us calculate the number of splits (N), width of the residue (Wg) and the height of strips (h) that can be

produced from the bamboo pole in the example below using twin rip saw.

Example: The bamboo pole has diameter of 100 mm and wall thickness of 10 mm. It will be split by a
twin rip saw with the distance between the saw equals 20 mm, and the saw kerf thickness 1s 3 mm.

P=100mm, t=10mm, w=20mm,

Calculation steps

1.

Use to find O

(20+6)
Os = 2sin™! | ————
2(22-10)
= 37.931°
Find N by replacing 6 into @,
360°
= 9.49088

s
= 9 + (0.49088)

hence, N =9 splits.

Now, use @ to find Oy,
0 = (0.49088) x 37.931

= 18.620°

Next, substitute the 8 value into @ to calculate wp,

Wp = 2 (% - 10) sin (18'2620

= 12.942 mm

k=3 mm

)



5. Finally, to find height of the strip (h) can be made from the split, using equation @,

h = %cos [sin_1 (ﬂ)] - % +10

100
= 8.9898 mm

6. The results can be tabulated as below:
Properties (unit) Symbol Value
Bamboo Diameter (mm) (0] 100
Bamboo Thickness (mm) t 10
Split Width or Distance between Saw Blades (mm) w 20
Saw Blade Thickness (mm) k 3
Arc angle of the sector made by the cutting O 37.931
Arc angle of the sector made by the residue Or 18.620
Number of Splits N 9
Width of Residue (mm) Wpg 12.942
Height of Strip (mm) h 8.9898

Measurement by AutoCAD

AutoCAD software (Onstott 2016) has a feature that allows the user to measure distances between points
in the drawings. The following steps were developed to enable the verification of the bamboo splitting
mathematical equations.

STEP 1 Draw a pair of rectangles representing twin saw blades with known
w and k values, e.g., 25 mm and 3 mm, respectively. I:I I:I

STEP 2 Draw two circles representing bamboo with known @ and t
values, e.g., 150 mm and 13 mm, respectively.

STEP 3 Place the pair of rectangles at the lowest part of the bamboo as
if the split 1s made by the twin saw blades.
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Mathematical equations were developed and verified by
AutoCAD drawings to describe the process of bamboo
pole splitting using twin rip saw method in bamboo strips
production. The equations enable bamboo processors to
calculate the number of splits and the width of the residue that
can be produced from bamboo poles of known diameter and
wall thickness. The results of this analysis are also presented
as graphs that could be used by the bamboo processors to
quickly determine the number of splits, residue width and
optimum strip height.
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