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Light Weight Structure “TRITENT”

General Idea -The concept of “Tritent” is having only pure axially loaded
frame in the whole structures. The structure is consisted of 3 main
compressive bars that are formed like a three-sided pyramid. All bars are
pin joined at the top of the pyramid. The compressive frames amount is
kept being minimum (3 bar) that can still provide stability to structures.
Therefore, by ensure a perfect pinned connection at the top, all the
structure elements will only resist an axial load. To form a one-meter span,
one compressive bar (later called single compressive bar) is placed at one
side of the table and two (later called twin compressive bars) at the other
side. Each bottom end of the frames is connected by a thin tension element.
The geometry of the structure was determined to have the performance of
limit state for all the structure elements in order to achieve the light weight.

i

Figure 1 3D View of “Tritent” Structure

Optimization in every compressive member length was done.
MATERIAL

e Light Wooden Stick (5x6mm & 5x5mm) — Compressive elements
*  Nylon Cable, diameter = 0.165mm, load capacity = 2 kg — Tension elements

DESIGN

Light wood as material to resist compressive force need to be carefully designed. To mitigate the buckling failure in the structure, Euler approach was used
to calculate members strength in dependent with length. Because of a relatively low reliability level of the design parameter, a weight factor=1.2 was
introduced. Due to its uncertainty, modulus elasticity value of the wood was obtained from a simple test.

Generating Parameter

The test to obtain the modulus elasticity value of the light wood was conducted by imposing various weight
to a simple cantilever span of the material.

PP
max = 3E|

In this experiment, the geometrical values of the sample bar are as follows:

b = wide of the bar = 5 mm

h = height of the bar = 6 mm

| = cantilever span = 300 mm

| = moment inertia at strong Axis = 1/12 x b x h°* = 90 mm?*.

Figure 2 Modulus of Elasticity Test Set Up

No Weight(kg) |Deflection (cm)| E(Mpa) Description EIWH =7413.76 MPa
1, 0.200 20 7407.41 Used

2 0.305 4.4 6931.82 Not Used

3 0.400 5.4 7407.41 Used

4 0.505 6.8 7426.47 Used

OPTIMIZATION: Design of Efficient Single Compressive Bar Side

Figure 3 Front View

Figure 4 Veertical View

A %kt ) o s
The optimization of t_he structure is do.nfe by adjusting angle o, Length of single compressive bar = L, =
angle B, and choosing the most efficient bar size. It can be 2cosa
inferred that bigger angle will result in longer and weaker elements . s
(due to buckling effect). Force distribution equations are as follows: Length of twin compressive bar = L, = 2cosasinf
1.2 xm.g 12 xm.g
Py =—""< = Pk
e 2sina Pu; 4sinacosf

Pervs Length of Single Compressive Element Calculation for critical compressive force due to buckling:

200 . P, wE

O = i m < Ocapacity

It can be inferred clearly from the graph that bar size of 4x5 mm is not adequate
- - dmmXEmm oo resist the demand load (Pul). Compared to bar size 5x6mm, bar size 6x6mm
=« = SmmX&mm o . _— . .
o R only give a relatively small additional strength. Thus, bar size 5x6mm is chosen
—— pulikg) to be used as the section for single compressive bar. The most efficient usage

of bar size 5x6 is when the curve intersects at the smallest length value. It can

be seen from the figure. 5 that the most efficient length and angle for single

o compressive bar are 55.87cm=~56cm and 20°, respectively.
o0 300.00 350.00

000 5000 10000 15080 20000
Element Length jom)

Figure 5 Per vs Length of Single Compressive Element

OPTIMIZATION: Design of Efficient Twin Compressive Bar Side

The increment of B will lead to longer span (decrement of bar strength) and
bigger force distributed to the bar. Keeping B as small as possible will be more
beneficial in force point of view but it will not make the structure stable

Per vs Length of Twin Compressive Element

400 g N .
regarding side motion.
350
Bam Can be inferred from graph above that bar size 4x5mm is not sufficient to carry
> - = 4mm X5
250 "™ the load. Bar size 5x5mm offered a relatively small overstrength but barely
2 =+ = 5mmXS5mm
%2‘» ¥ [ — .~ smmxsmm  Strong enough from angle 8°<B<22°. For stability reason, § = 22° was chosen
3 \ ’ 3 oo , i :
2150 s ——Pu2(ig) so that the structure still can maintain a good side-way stability that might
100 occur from random motion of the weight. Bar size 5x5mm and B = 22° with
050 bar length equal to 60.2660mm was determined for the twin
000 = = > e compressive members.
0.00 50.00 20000 250.00

10000 150.00
Element Length (cm)

Figure 6 Pcrvs Length of Twin Compressive Element

JOINT

Al joints are made by bundling the joined elements by nylon cable. It can be achieved by making a hole through all the wood elements and looping the
cable inside the hole.

Figure 7 Top Joint of Three Compressive Elements Figure & Bottom Joint of Compressive Elements
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