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Abstract - Composite flooring mechanism is introduced to
reduce the wood composites in wooden floor. Deformation
and stress in wood composite mechanism is analysed by
varying depth by using ANSYS 18.1. Yellow Poplar, Eastern
White Pine and Douglas Fir are used as wooden panel
materials. Different composite arrangement with wooden
laminates such as Carbon Fiber Reinforced Polymer (CFRP),
Glass Fiber (GF) and Polyethylene are used. From these worst
perform wood under standard floor load by US code (40 psf)
is identified.

Result showed that Yellow Poplar wood - Glass Fiber with
10mm panel width on top and bottom with Glass Fiber 20mm
that possess optimal arrangement. It consumes 80.208 % less
wood compared to conventional wooden floors. Modelling a
wooden structure and introducing this wooden panel and
identify the stress at joints. Here induced yield strength is very
much less than the yield stress of wood. The use of wood with
composites the wood consumption is saved and to easy to

replace. From these arrangements it will lo carry load and LITERATURE REVIEW

structure remains stable. - ’ g
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1. INTRODUCTION ) " ’

Wood flooring is any type of permanent floor that has the VALIDATION

appearance of wood, whether it is made out of natural or

synthetic lumber. Wood is a versatile flooring material that '

comes |_n a number of styles, (_:olours,.and specu?s. There are MODELLING

two main types of wood flooring, which are solid wood and

engineered wood. Solid wood flooring is made from solid ‘

planks of lumber. Engineered wood flooring has a lumber

veneer over a synthetic, reinforced underlayment made of ANALYSIS

something other than wood. A building engineer is recognised '

as b_elng exper_t in the use of t(_echnology for RESULT AND DISCUSSION

the design, construction, assessment and maintenance of

the built environment. Commercial Building Engineers are '

concerned with the planning, design, construction, operation,

renovation, and maintenance of buildings, as well as with their CONCLUSION

impacts on the surrounding environment Building material is
any material used for construction purpose such as materials
for house building. Wood, cement, aggregates, metals, bricks,
concrete, clay are the most common type of building material
used in construction. The choice of these are based on

their cost effectiveness for building projects. Many naturally
occurring substances, such as clay, sand, wood and rocks,
even twigs and leaves have been used to construct buildings.

2. OBJECTIVE

To find the deflection of wooden panels of Yellow
poplar, Douglas fir and Eastern white pine under
dead and live loads.

To find stiffness to weight ratio of the floor.

To find the strength of wooden panel with Carbon
Fibre, Glass Fibers, Polyethylene composites by
design modification.

To design an optimal arrangement and material of
structural members with less consumption of wood
with higher strength.

3. METHODOLOGY

Fig.3.1 Flow chart showing methodology of the study
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4. MODELLING

Wooden panel CLT of size 1500 x 1000 x 101.6 mm is
modelled in ANSYS software. Materials such as CFRP, GF
and Polyethylene are used for strengthening the wooden
panel. Wood material properties are taken as orthotropic
material properties. The properties are taken from the Wood
Handbook reference. Material orientation directions for wood
material are depicted in the Fig 4.1.

oo 5000 20800 tmin)

Fig. 4.2 Wooden Panel with 70 mm depth WP70

- 10Omm

78mm

1Omm

Fig. 4.1 Wood Material Orientation

"

Direction 1 is the longitudinal / fibre direction while 2 & 3 are e
the radial and transverse directions respectively. Properties of Fig. 4.3 Yellow Poplar wooden Panel with 95 mm depth
the materials used for modelling is shown in Table 4.1. (YPP95)

Table 4.1 Properties of wood

Properties
10mm
Young's Modulus Poisson’s ratio Torsion Density
Wood ) © MPay « Tomm
L) a; ) “10mm
(MPay (Kg/m?)
5 E: Ea Viz Vs Via Gaz Gas Gazs
Yellow 8690 | 374 | 678 | 0.372 | 0.467 | 0.435 | 556 530 86 330
popular
wood
Douglas 12300 | 836 | 615 | 0.292 | 0.390 | 0.449 | 787 959 86 480
fir wood
Eastern 8158 | 700 | 341 [ 0.329 | 0.410 | 0.344 | 466.6 | 430.7 | 44.9 340 Flg 4.4 Grld type panel Of YeIIOW P0p|ar Wlth CFRP
white
(GYC95)
Table 4.2 Properties of composites
Materials Properties
Young’s Modulus Poisson’s ratio Density
(E). (MPa) W) (), (Kg/m?)
Carbon Fiber Reinforced Polymer 37000 0.33 1250
Glass Fiber 68900 0.183 2440
ooo 500.00 1000.00 (mm)
Polypropylene 200 04 895
Fig. 4.5 Honey Comb type panel of Yellow Poplar with CFRP
Table 4.3 Model description (HYC95)
Nodel Nodel description
name
P Wooden Panel of Yellow Poplar material
EP Wooden Panel of Eastern White Pine material
DF Wooden Panel of Douglas Fir material
¥PP70 | Yellow Poplar wooden Panel with 70 mm depth.
¥YPPes Yellow Poplar wooden Panel with 85 mm depth
GYCoes Grid type panel of Yellow Poplar with CFRP (10 mm /75 mm/10 mm)

HYC25 | Honey Comb type panel of Yellow Poplar with CFRP (10 mm /75 mm10 mm)

WY GTS | Wooden Panel of Yellow Poplar with Glass fiber (10 mm /75 mm/10 mm)

WY G40 | Wooden Panel of Yellow Poplar with Glass fiber (10 mm /20 mm/10 mm)

WYPE0 | Wooden Panel of Yellow Poplar with Polyethylene (10 mm /40 mm/10 mm)

Fig. 4.6 Model of framed structure (FYPGF)

FYPGF | Framed structure with Yellow Poplar wood with Glass Fiber (20mm)
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5 . ANALYS I S Total Deformation
3 . Type: Total Deformation Equivalent Stress
5.1 Analysis of wooden panel (CLT Analysis) Unit o Tl ise) S
Time: 1 Unit: MPa
Tirne: 1
038015 Max
51477 Ma
033791 i *
029567 i
025343 i
021 28765
0.168% 23087
o167 1408
008478 um
0042239 065
o 0o X 0Min (a) 0037434 Min (b)
—

Fig. 5.1 Model of framed structure (FYPGF) Fig. 5.5 WP70: (a) Total deformation (b) Equivalent stress
ii.  Yellow Poplar wooden Panel with 95 mm depth
(YPP95)

a) Yellow Poplar (YP)

Max. Def. : 0.31127 mm I

¢) Eastern White Pine (EP)

<>

b) Douglas Fir wood (DF)

Max. Def. : 0.30972 mm

Max. Def. : 0.090651 mm

Fig. 5.2 Total deformation of various wooden panels (CLT)

a) Yellow Poplar (YP) ¢) Eastern White Pine (EP)

Max. stress : 1.2025 MPa
b) Douglas Fir Wood (DF)

Max. stress : 0.48394 rvlla .

Fig. 5.3 Equivalent stress of various wooden panels (CLT)

Max. stress : 1.2057 MPa

Table 5.1 Results obtained from analysis of wooden panel

B

" som mom
e _—

Fig.5.6 Model of WP95

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirne: 1

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

0.22945 Max

020306 32432 Max

017846 Lt

015297 2519

012747 um

o019 1415

007642 14585

005099 11016

002549 wma

0Min 0 (b)

0.030797 Min

Fig. 5.7 WP95: (a) Total deformation (b) Equivalent stress

Nodl Tomal deformation - equivalent Table 5.2 Comparison of resul_ts of Yellow Poplar wooden
frame varying depth
{mm) stress (MPa)
Model Name Total deformation (mm) | Equivalent stress (MPa)
YP(28.8Kg) 125.59 13.7 YPP70 (20.95 Kg) 038015 5.1477
EP (56'?6 K'g} 13.157 23.05 YPPO5 (25.734 Kg) 0.22045 32432
DF (48 36 Kg) 65066 2662

5.3 Analysis of Yellow Poplar panel with composites
5.2 Analysis of Yellow Poplar panel to determine the depth

i Grid type panel of Yellow Poplar with CFRP
(20 mm /75 mm/10 mm) (GYC95)

i Yellow Poplar wooden Panel with 70 mm depth

(YPP70)

70mm |

Fig.5.8 Model of GYC95

Fig.5.4 Model of WP70
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E: Static Structural
Totel Defarmation
Type: Total Deformation
Uit mm

Time: 1

0.35548 Max
03153
027640
Q28
[AEEE)
0138

LAY

Qo
B
Hin an 50000

23000

ig. 5.9 Total deformation of GYC95

100000 {mmp
I

T

E: Static Structural

Equivelent Sress

Type: Equivalet foon-Mises) Sress
Unic P

Time: 1

0.49121 Max
043565

03821

Q32734

umnm

01883

Q1636

010933

Q054772
0.00021743 Min

Zi‘ X
w S0
000

1000.00 (mm)

000

Fig. 5.10 Equivalent stress of GYC95

ii. Honey Comb type panel of Yellow Poplar with
CFRP (10 mm /75 mm/10 mm) (HYC95)

00 1000.00 (mem)

e

0.00 s00.00 1000.00 (mm)

- a—c

Fig.5.11 Model of HYC95

E: Static Structural
Total Deformation
Type: Total Defarmation
Unit: mm

Time: 1

0.015764 Max
0.014012
o.012261
0.010509
0.0087576
0.0070061
0.0032546
0.003503
0.0017515

0 Min

Q.00 500.00
250.00

Fig. 5.12 Total deformation of HYC95

100000 {rrm)

750.00

E: Static Structural
Equivalent Stress
Type: Equivalent fwon-Mises) Stress
Unit; MPa
Time: 1

0.16692 Max
014838
012984
01113
0.002764
0.074226
0055689
0.037151
0.018813

500.00

1.5144e-5 Min o — 100‘(100 (mim)

250.00

Fig. 5.13 Equivalent stress of GYC95

720,00

iii.  Wooden Panel of Yellow Poplar with Glass Fiber (10
mm /75 mm/10 mm) (WYG95)

1omm

75mm

| 1omm

Fig.5.14 Model of WYG95

E: Static Structural
Total Defarmation
Type: Total Deformation
Unit: mrm

Time: 1

0.015764 Max
0014012
0012261
0.010509
00087576
0.0070061
0,0052546
0,003503
00017515
o Min 0.00 — 500.00
25000

1000.00 {mm)

750,00

Fig. 5.15 Total deformation of WYG95

E: Static Structural
Equivalent Stress
Type: Equivalent tvan-ises) Stress
Unit: MPa
Time: 1

0.16692 Max
0.14838
012984

01113
0.092764
0.074226
0.055680
0.037151
0.018613
7.514de-5 Min

0.00 500.00

1000.00 (mm)

250,00 750,00

Fig. 5.16 Equivalent stress of WYG95

Wooden Panel of Yellow Poplar with Glass Fiber (10 mm
/20 mm/10 mm) (WY G40)

1omm

Fig.5.17 Model of WY G40

F:gf20mm
Tatal Deformation
Type: Total Deformation
Unit: mm

Time: 1

0.14184 Max
0.12608
0.11032
0.004563
0.078802
0.063042
0.047281
0.031521
0.01576

0.00

0 Min —
250.00

Fig. 5.18 Total deformation of WY G40

500.00 1000.00 {ram)

75000

F:gf20mm
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

0.96986 Max
0.86239
0.75493
064746

054

043254
032507
021761
0114

0.0026799 Min 000 —

500.00 1000.00 {mrm)

250.00 750.00

Fig. 5.19 Equivalent stress of GYC95
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i.  Wooden Panel of Yellow Poplar with Polyethylene
(10 mm /40 mm/10 mm) (WYP60)

0 ) e ()

Tesld

Fig. 5.24 Modelled FYPGF

Fig. 5.20 Model of Wooden Panel of Yellow Poplar with
Polyethylene (10 mm /40 mm/10 mm) (WYP60)

G: polyetelyne
Total Deformation

Type: Total Deformation
Unit: mm

0.174332 Max
0.15496
0.13559
011622
0.096848
0.077478
0.058109
0.038739
0.01937

0 Min

0.00 500,00 1000.00 (rmm)
25000 50,00 o 15000

Fig. 5.21 Total deformation of WYP60 - o

3000.00 (mem)

Fig. 5.25 Total deformation of FYPGF

G: polyetelyne
Equivalent Stress

Type: Equivalent tvon-Mises) Stress
Unit: MPa

Tirne: 1

0.55024 Max
0.4892

042817

0.36713

0.30609

0.24506

0.18402

0.12298

0.061243
0.00090579 Min

0.00 500.00
250.00 750.00

Fig. 5.22 Equivalent stress of WYP60

1000.00 {rmm)

Table 5.3 Comparison of results Yellow Poplar wood and

Fig. 5.26 Stress at joint FYPGF

Composites
Model Total deformation| Equivalent stress Weight of Weight of
name (mm) (vPa) Yellow Poplar | composite 6. RESULTS AND DISCUSSION
wood (Kg) e

Ye 03939 ot > o148 Wooden panels of Yellow Poplar, Douglas Fir and Eastern
[rres 03408 . > o145 White Pine were analysed to examine the deformation, stress
Ve 00176t 010032 > oz and weight. From the analysis of wood Yellow Poplar wood
et o 026986 > 1657 panel shows higher deformation of 0.31127mm and stress of
[pee o173 o250 > 1o 1.2057 that is low strength.

5.4 Analysis of framed structure by the combination of
Yellow Poplar with Glass Fiber (FYPGF)

Table 6.1 comparison of wooden panels.

Material Deformations Maximum equivalent Weight of wood
(mm) stress (MPa) (Kg)
YP 0.31127 1.2057 28.8
DF 0.090651 0.48394 56.76
EP 0.30972 1.2025 48.36

100000

50000 150000

2000.00 ¢mm)

Fig. 5.23 Modelled FYPGF

4550 FhL I

An optimum model is attained by changing its depth.
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Table 6.2 comparison of results of deformation wooden

panels.
Model Name Total deformation (mm) Equivalent stress (MPa)
WP70 0.38015 5.1477
WP9S 0.22945 3.2432

In order to increase the strength of Yellow Poplar panel by
introducing the composites of CFRP, GF and Polyethylene.
The depth of composite is varied, the depth of wooden panel
is 10mm in each at top and bottom which shows the wood
reduction. From this Yellow Poplar wood with Glass Fiber
with 20mm thickness shows this less weight (16.597 Kg) is
comparatively low and also the deformation (0.14184 mm).
The deformation and weight of the structure is reduced. Table
6.3 shows the strengthened results of Yellow Poplar wood

panel with the composites.

Table 6.3 Comparing the results of wood and Composites

Model Name | Total deformation Equivalent Weight of Weight of
(mm) stress Yellow composites
(MPa) Poplar (Kg) (Kg)
GYC95 0.35549 0.49121 5.7 61.486
HYC95 0.34045 047253 5.7 61.486
WGF95 0.015764 0.16692 5.7 62.24
WGF40 0.14184 0.96986 5.7 16.597
WYP60 0.17433 0.55024 5.7 19.112

Table 6.4 Comparison of CLT panel and Yellow Poplar-

Glass Fiber

7. CONCLUSION

CLT panel of Yellow Poplar wood shows an increase
in deformation and increase in stress compared to
CLT panels of Eastern White Pine and Douglas Fir
woods.

In Grid and Honey comb structure both shows a
slight deformation and equal weight of the panel.
Grid type is easier to install and construction than
Honey comb structure.

Glass fiber has high strength and stiffness when
compared to composites of CFRP and Polyethylene.
Combination of Yellow Poplar and Glass Fibre
composites of 20mm panel thickness shows the
maximum resistance to deflection.

Deflection is controlled and the amount of weight is
reduced which shows better results.

Compared to normal consumption, 80.208 % of
wood is reduced.

It can be concluded that the combination of wood
with Glass Fiber is effective in reducing deformation
and increase the weight to strength ratio.

By the property of the wood, the if the induced stress
is greater than the vyield strength of wood the
structure become failure.

Here, the Yield strength is very much lesser than
wood yield strength that is 11.366 MPa < 41.4 MPa
so there is no failure.
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