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1 [llNTRODl'CTlON
' As the result of technological advancement and

jon increase, there has been a phenomenal rise in demand
of wood in Nigeria. In view of this, biomaterial (wood) is
becoming scarce and expensive. However. there is
sign a new alternative way of using lesser known
umber material. Wood is the most abundant biodegradable and
wable material. However, some factors need to be taken into
hen optimizing its utilization and attention must
¢ and, environmental issues, such as emissions
and threats to forests, which have been
increase in the use of wood. Compared
ave played a vital role in the
development of human societies [1][2][3] and [4]. Sludit;s has
that wood is of the most multipurposc raw material the
world has ever known. So many applications have bl.‘(:{'l quc
from wood material ranging from building materials, farming
wols. bio-energy. In wood-based industries' including timber
logging, sawmilling, production of wood-based panels (i.e fibre
board, plywood, particles board, and composite) [5] (6][3]. But
the un-ending dwindling in wood resource (o wood-based
industry vontinue to underscore the need to think beyond absolute
dependence on sawn timber. Meanwhile, numerous studies have
confirmed the study by China to ameliorated wood scarcity via
creation of suitable alternative from many renewable and less
known fibrous materials in their locality [8][9](10] The
mcreasing demand of wood for diverse end uscs has great range
of deforestation. Laminated veneer lumber (LVL) is an
engineered wood product which is made of layers of veneers
produced from slicing lumber to a predetermined thickness and
‘_‘“l‘”jbk’d with adhesives to form a solid wood member. Itis used
n buildings as adhesives, beams, rim-boards, and edge forming
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“mc(urge; mcbf: \ﬂnf.t.s“As building codes allow for larger scn!e
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- Engineered wood product, Urea formaldehyde, wood utilization, mechanical properties

settlements and economic resources in floodplains and a decrease
of the natural water retention by land use coupled with climate
change.

Phenol-formaldehyde resin is neutral to oxidation and doesn't
support ignition, High density and absence of cracks prevent
from fire propagation and thermal effects inside the material.
LVL test results demonstrate the ability of the material to
maintain its properties within 30-60 minutes at 300°C. Under the
specified temperature, the beam undergoes slow charring at the
rate of 0.6 mm/min flatwise and | mm/min edgewise.
[11][12][13] The present study seeks to manufacture engineered
wood product; laminated Veneer lumber (LVL) and evaluate it
mechanical properties under various multiple bolt, and further do
comparative analysis of the behaviours of engineered wood
products (EWP); withboltand other void of bolt.

2, MATERIALSAND METHOD

Antiaris africana locally known as afara, was obtained from saw
milling station, cross river state, Nigeria. Two (2) pieces of Sawn
timber size of (100mm x 200mm x 3657mm) were re-sawed
using a band saw. Timber was spliced into thickness of 23mm x
200mm x 3657mm. the boards were further reduced to thickness
of(Smm x 195mm x 1100 mm) withan electric wood planner.

.1 Drying process
The veneer sheets were air dried for five (5) days to reduce the
moisture of the veneer at it green state, The veneer sheets were
further oven dried under control temperature of 130 C for 3hours,
the veneer sheets were conditioned to 12 Yymoisture content.

2.2 Gluing of the veneer sheets .
Urea-formaldehyde (UF) resins were used. (UF) are basically,
used in the manufacture of products requiring some degree of
exterior exposure durability. Urea formaldehyde 18 unt: mosl
superior adhesive in furniture and structural v.‘(_)rk am! are cold set
(curing). Adhesive were applied on the surface of thf_‘,fen:-er
using brush method, the ten ( 10) ply vencer Were !h"‘.n. press o ﬂ;
proper curing and Jamination with the aid of hydraulic pressure

ar. for 4hours. LVL of 50mmll95mmrl|UUmm was
et Yiele asurl’ace;end—lnmmcdand

produced. The laminates were given ¢, end g o
sand with belt sander maching; 0 ruqmn:d smoot n‘:.s.s X
compliance with ASTM D 5456[15] Figure | dcpu._tsblcg
processes involved in the production o laminate from the mber
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Figure 1: Procedure

for manufacturing of laminated veneer
lumber

2.3 Design and fabrication of steel plate

According ASTM A36 [16] mild steel late of
(Smm>590mm=920mm) was purchased from Iron and Steel
village; Alaoji, Abia state Nigeria. With aid of Oxyacetylene gas,
the steel was cut to smaller dimension of (6mmx 19 1mm~395mm
for the purposed of the study. Total of 8 bolt slots of 16mmawere
drilled with the aid of pillar drilling machine. The steel plates
were sand to required smoothness as shown in fig 2a and 2b:
below.

Figure 2a & 2b: Steel plate design

2.4 Bolt connection design Fasteners

According 10 ASTM A30'{[ 16] _Gradc B, hexagonal bolt of:
(1 Smme~ 100mm) was obtained from the local dca‘lcrs. Hole of
| 6mme was drilled on the LVL. Bolt connectors design as sholwn
on figure 3 table | below, shows the total number of bolts, design
spacing of the steel plate connector.

Figure 3: bolt connectors design

1100 |

]

!ll. of
1 L4 i
R

B
B

=100~

Volume . tsswe | Ocrtober 2024

Table I:
Bolt d_g_lgl_l_lg_d_ggeﬂlc-ﬂom :
End Bolt Row | Ne.of| No.of
= T:';Ioll't: spacing spacing spacing | row |boltina row
A oB 38.50mm | 7/mm | 131mm 2 4 m
B 8 38.50mm | 7/mm | 131mm 2 4 l.
c |8 38.50mm | 7/mm | 13lmm |2 4 7
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2.5 Tests conducted _ o
The laboratory work examined density. modulus of rupture ang

shearstress

Density test ; ) )
Density (p) is the mass contained in a unit volume (V) of the
malerial. Each test specimen's density was examined by equation

(I) below. )
m m mg & -3 eqn
pui o v—:: Pr= o (g.om™%kg.m™3)
volume of LVL.

Wherep is density, m - mass, ,,

Modulus of rupture

The modulus of rupture (MOR) of LVL was investigated, total of

10 sample specimens according ASTM D 345 [15] were tested
with Universal Testing Machine (UTM) of 100KN at crosshead
speed 0[0.001nV/s”. Five test specimens were void of connectors;
and five test specimens were with steel plate connectors. The
result values recorded were average values of 5 specimens.
Modulus of rupture was determined with equation (ii) below

_ 3PL

~ 2bd?
V\{her; modulus of rupture, P is is test load (KN) L is length (m),
bis wicon, dis depth, 3&2 are mathematical constant

eqn (ii)

Shear test
Shca_r test were conducted in the flat —
specimen using the Centre -
with ASTM D 5456.[15] To
tested five void of connectors,
with equation (iii)

wise orientation of cach
point load method, in accordaﬂcf
tal of 10 sample specimens Wer
Shear stress of LVL was evaluated

r.o eqn (iii)

is shear strength, p i IS Wi - ot
; ‘ ar s Pistestload, b is width, d is depth. -
e mattematicq| constant
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3.3 Shear strength
A 120 mesture content, lamimate (LYY without steel plate s

1\‘I“"""‘* o have shear strength of Y3 Nmm' which 18 the

ALY
:nlnl nonber from Ariarss af weana reported by [16](18] reported
al 120 meisture content Antiawis africona timber has shear
arength ol TON mm Itwas observed [rom the study, the shear
arength of the INT s lower compared to shear strength of solid
ymbet from dnraris Africana at 1 20 moisture conlent. Average
hear strength of laminated veneer lumber with steel plates and
holl CONMECTOTS Was reported as 93 IN/mmy’, This is higher than,
wlid imber of Antiaris Africana Generally, was observed from
he study, the laminate w ith steel plates connector tend to increase
the mechanical properties of the laminate with respect to

porsture contentat 12 %.

Conclusion ]
[his study has been able to produced laminated veneer lumber

(LVL) from Antiaris africana, which is not a well-known timber
material in the study area; investigate the mechanical properties
with comparison viz laminate with steel plate connectors and
jaminate without connectors. All sample specimens were
seasoned to 12% moisture content for the study, the average
density of the laminated vencer lumber produced was recorded as
405kg .m'. higher modulus of rupture and shear strength were
observed from steel plate connectors, and moderate MOR and
shear strength  of laminate without steel plate connectors,
compared to the solid timber of Antiaris africana,

References ‘
[1] FAO. Assessing forestry project impact:
strategies, F.A.O. Rome: 4-6. 2004

issues and

Daian, G.; Ozarska, B. Wood waste management practices
and strategies 1o increase sustainability standards in the
Australian wooden furniture manufacturing scetor. J.
Clean. Prod. 17,1594-1602.2009[14]A S T M

Specification for Evaluation of Structural Composite
Lumber Products. ASTM D5456. West Conshohocken,

PA, 2011

]

[3] BaisA.LS., Lauk C., Kastner T., Erb K. Global patterns
and trends of wood harvest and use between 1990 and
2010, Ecol. Econ., 119:326-337.2015

Faraca, G.; Tonini, D.; Astrup, T. F. Dynamic accounting
of greenhouse gas emissions from cascading utilisation of
wood waste. Sci. Total Environ. 651,2689-2700.2019

4]

¢ shear stress of the tested valies, against 4 1N/mm’ of

(%]

(%]

9]

(10]

(1]

(12]

[13]

(15]

(17]

(18]

-101-

bt Vol | voswe | O tober 2011
sekumade A B, Oluwatuyo | B Feonomie analysis
ofplank production in Gbonyin | ocal Covernment Area of

Fkiti State, Nigeria Int J A
{ ricaltural Fe '
Dev A(1) 3642 2011 wicultural Econ Rural

Zhang, O (1995), Bamboo [ndustralized Utilization in

uus:n Beijing, the Publishing House of Forestry of China,

Zhao R and Y Yunshui (2002). Technology of Bamboo-
H:;sctl Panel. Beijing, the Publishing House of forestry of
China

Zhong M, (2002), Discuss of Situation and Development
of Bamboo Industry of China. Periodical on bamboo
research.

Roper W.E. (2006) Strategies for building material reuse
and recycle. Int. J. Environ. Tech. Manage., 6(3-4): 313-
345.

Ghani W.A.W.A K., Mohd A., da Silva G., Bachmann
R.T.,Taufig-Yap Y.H., Rashid U., Ala'a H. Biochar
production from waste rubber-wood-sawdust and its
potential use in C sequestration: chemical and physical
characterization. Industrial Crops and Products, 44: 18-
24.2013

Ormondroyd G.A.. Spear M.J,, Skinner C. The
opportunities and challenges for re-use and recycling of
timber and wood products within the construction sector.
Environmental Impacts of Traditional and Innovative
Forest-based Bioproducts, Springer, Singapore: 43-103.
2016

ASTM. Practice for Sampling and Data-Analysis for
Structural Wood and Wood-Based Products. ASTM
D2915. West Conshohocken, PA, 2010

Oluoti K., Megwai G., Pettersson A., Richards T. Nigerian
wood waste: A dependable and renewable fuel option for
power production. WorldJ. Eng. Tech.,2(03),234.2014.

Lavers, G. M. The strength Properties of timber, Forest
Products Research, Ministry of Technology, Millbank
Tower, Millbank London. S.W.1. 1969



