[bookmark: _GoBack][image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 01\01 002.jpg]
[image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 02\02 002.jpg]
[image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 03\03 002.jpg]
[image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 04\04 002.jpg]
[image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 05\05 002.jpg]
[image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 06\06 002.jpg]
[image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 06\06 003.jpg]
[image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 07\07 002.jpg]
[image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 09\09 001.jpg]
[image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 10\10 002.jpg]
[image: C:\Users\CIVIL ENGINEERING\Pictures\2016-08-13 11\11 002.jpg]


image6.jpeg
Journal of Applied Science and Technology (JAST), Vol. 13, Nos. 1 & 2, 2008, pp. I - 129

14. Design equation for ayin (anogeissus leiocarpus) timber beam at ultimate loading

capacity
A.A. Jimoh

Effects of heat treatment on deformation characteristics of medium carbon steel
(RST 37)
B.0. Adewuyi, J.O. Omotoyinbo and Z.0. Opafunso

Fatigue damage assessment of recycled metals and alloys
A. Ayensu Gyeabour I and O. Owusu-Korkor

Low earth orbit satellite (LEOsat) for information exchange and retrieval in
remote locations in Ghana
A.M. Muhammadu and A. Ayensu Gyeabuor I

Re-alignment of Naur Road by Remote Sensing Techniques and Geographic
Information Systems to offset impact of water movement
O. Dhaimate

Analysis of rainfall intensity - duration - frequency (IDF) models for design of

flood control structures
I Ologhadien

Dependence of rate of germination of teak (tectona grandis) seeds on sources,
periods of soaking in water and pericarp treatments
KA. Nkyi

A semi-empirical model for predicting crown diameter of cedrela odorata L)
using age and breast-height diameter

KA. Nkyi

Forecasting product demand of a bottling company in Ghana

S.B. Adejuyighbe

Guidelines for Authors

99/103

104/107

108/113

114/121

122/128





image7.jpeg
Journal of Applied Science and T echnology (JAST), Vol. 13, Nos. 1 & 2, 2008, pp. 76 -

DESIGN EQUATION F OR AYIN (dnogeissus Leiocarpus) TIMBER BEAM AT
LOADING CAPACITY

A.A. Jimoh

Department of Civil Engineering, University of Ilorin, Ilorin, Nigeria

1. INTRODUCTION
The hardwood of Ayin (Anogeissus
d leiocarpus) is of grayish colour outside and
dark brown at the heart. As the air-dried Ayin
timber is very strong and can resist attack of
borers and termites the wood is used for const-
struction as beam in roof trusses of buildings. *
The commonly adopted equations for
design of timber beams are based on modulus
of rupture, where the tensile stress for rupture,

O, at the bottom of the beam is as [1, 253],
M

g =gl "
where Mj is the bending moment and S is the
section modulus. Equation (1) is unreliable or
inappropriate for estimating the ultimate bend-
ing capacity of timber beams [1].

In the paper, the ultimate strength the-
ory involving stress-strain equations were dev-
eloped as alternative method for the design of
timber beam. To accomplish ultimate loading
capacity for Ayin beam, the axial stress-strain
equations in tension and compression [4],

op =1.00x100¢,3 ~154x105, 2 7.56x10%¢. @

o =-3.00x10 55C3 +1.01x10 3¢ 2 +I.18x103ec

(3) were applied, where o1, Oc, & and g
denote axial tensile stress, axial compressive
stress and  corresponding  strains. The
experimental values of ultimate tensile stress
(oer = 128 N/ mm?) and ultimate compressive
stress (ogc = 54.35 N/mm?) [4] were used to
validate the theoretical parameters calculated
by the design equations.

2. THEORETICAL ANALYSIS
2.1. Assumptions

The design assumptions adopted were

M
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Design equations for determining ultimate loading capacity of Ayin timber beam have been devele
the ultimate tensile and compressive stresses, instead of modulus of rupture, which has been the ue
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that distribution of strains in a sects
beam was linear, resultant tensile fa
ed resultant compressive force and &
resistance of the section balanced mo
sed by applied loads in static equilibrs

2.2 Ultimate or maximum stresses

Equations (2) and (3) were di=
ted and equated to zero to obtain the res
strains, which were substituted into the
ons to obtain the corresponding ulti
sses. The theoretical ultimate values o
were tensile strain, gr = 0.04; ultimate %
stress, orr = 119.92 N/mmz; compressive
in, &7c = 0.03; and ultimate compression
orc = 46.63 N/mm’. The theoretical
tensile stress was 94 % of the experiment
erage value of 128.00 N/mm?, while the
etical compressive stress was 86 % of the:
rage experimental value of 54.35 N/mm-.
high correlation indicated that the two stres
values agreed, and the theoretical ultimase’
esses (orr, 61¢) and strains (erT, €1¢) Were
in the subsequence analysis.

Wiy eane ()

2.3. Flexural (Bending) stress - Neutral a1
depth relationships

The flexural or bending equations
re derived by expressing the strains in e
(2) and (3) in terms of Neutral Axis (NA) d=
th and substituted back into the equations.

The procedure is illustrated in Fig.
The beam section of width, b, and depth,
was divided by NA into compression zons
above NA and tension zones below NA. =
Fig. 1, h is the overall depth of the beam and ¥
is the depth from NA to the extreme fibre =
the compression zone and h - y is the distance
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from NA to extreme fibre in the tension zone.
The extreme fibres in the two zones were subj-
ected to ultimate stresses and strains (orr, o1c,
err, €rc). Depth <y was represented by yc wi-
th corresponding strain ec, while depth <h -y
was represented by yr with strain er.

P' If or was the ratio of tensile strain to
NA depth (for tension zone) and cc was the
ratio of compressive strain to NA depth (com-
pressive zone), then assuming linear strain acr-
oss the section,

@ ®)
h-y h=y yp Ty Ty e

The corresponding strains at depth yr or yc

from NA were &7 =0 Yy and gc =8¢ Ve

and upon substitution in eqns. (2) and (3), the
stress-neutral axis depth relationships for tens-

ion and compression were respectively,

opy = 100x10%(@py)® ~1.54x10°(apy ) +7.58x10 (epy ) (6)"

@,

o)’ ove)? cve)
where ogr denoted the tensile stress in bending
at depth yt below NA and opc denoted the co-
mpressive stress in bending at depth yc above
NA. Equations (6) and (7) are represented by
curves DJ and DE respectively in Fig. 1(d).

o =-3.00x10 S(a, +1.01x10 # (¢, +1.18x10 3 (g,

2.4. Bending moment parameters

The bending moment parameters sho-
wn in the stress diagram of Fig. 1(d) are tensi-
le force (Fr)compressive force (Fc) and lever
arm (Z) or distance between resultant forces.

2.4.1. Resultant forces (F; and F,)

The resultant forces are the product of
beam width b (Fig. 1(b)) and integral of the
stress areas (Fig. 1(d)), such that upon substit-
ution of eqns. (6) and (7).

{ Aoy } @®)
Fp=b| [ oppdy, |=85.14b(h-y)

yp =0
©)

Fo=b I Tpe & |=26 558
P =0

In eqns. (8) and (9), h is a measurable
parameter, but y, is difficult to determine. To
avoid any difficulties in the design, y was exp-
ressed in term of h by equating Fr to F¢ as
adopted by Mosely et. al. [6] and William [7].
Hence, y=0.7624, and therefore,

F;.=20238h (10) and F~=20237b (11).
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2.4.2. Expression for Lever arm (Z}

From Fig. 1(d), , _ cp +

where Cr is the centroidal distance
area At (enclosed by points D, H and
1d) from NA and Cc is the centroida’
of compression area A (enclosed by
E and G ) from NA. Cror C¢ was @
the sum of first moment of area abo
divided by the respective area (A; ar
7], where the sum of moment of area
integration of first moment of shaded
Fig. 1(d) about NA. Using expressia
ess areas Ar and A, determined in &
and (9), and values of y=0.7624.

TR E LR R

h-y

I,OUBT (yp)dy ¢ o
coedr ™ 0 S(-nt S
& A 85 14 (h—y)

y
I o%8c el e 3
= 1.y

26 54 y

y
&6~ AC

hence, Z = 0.654h

= 0.

2.5. Moment of resistance (Mg)
The moment of resistance (M;
beam section was the product of F; ar

Z; e, MR:FTZ or FCZ' Substituting

sions from eqns. (10), and (11), and
Z, the tensile component of Mg was

MRT = 20.238bh(0654h):13.225bh2

and compressive component of Mg was
MRC =20.237bh(0654h)= 13.225bk2

The lower value of My was coms
for the design, but since eqns. (15)
were the same, a single equation of the

_ 2
MR =13.225bkr

was used in the Ayin beam design cal
at ultimate loading capacity.

2.6. Validation of the design equation

The design equation (17) was »
ed by determining the theoretical ultimass:
capacity to be compared with experimens
lues obtained from mechanical testing of
timber beam, with centrally applied Is
(Fig. 1a). The maximum applied bending
ment (Mg) occurred at the middle of the
of span L, where,

PL
MB =7
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mparison between the experimental and the theoretical ultimate loads on air-dried Ayin beam loaded

Specimen  Width

Sy design assumption, in static equili-
e moment of resistance (MR) in the
Balanced applied bending moment
sed by applied ultimate (theoretical)
Mz = Mg, such that

R (19)

parison between theoretical ultimate
P=) and experimental ultimate load
s evaluated as,

(20)

P
PTL x 100%
EL

son =

=ats were conducted to generate valu-

RIMENTS
Experiments were conducted to deter-
e maximum or ultimate load capacity
~“yin beam. The air-dried timber was ob.
from Ilorin market, and cut into 8 short
=ns each of dimension ~ 400 x 50 x 50
An Avery Denison Universal Testing
sme was used for the mechanical tests.
Specimen supports were adjustable up to
=m apart, and a span length of 350 mm
sed with 25 mm over hang.
The load was applied at the centre of
pecimen, increased until failure, and the
um or peak load was recorded. The
“men was removed and the test repeated.
After the mechanical testing, samples
<cut from the specimens for moisture con-
determination using oven-dry mass meth-
‘The samples were weighed and kept in ov-
Sor 24 h and re-weighed, and the process
==t=d until constant weight was attained.
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Depth SpanL Py My - Py, %

No. b mm h (mm) (mm) (kIN) (kNm)  (kN) Comparison
1 2 3 4 5 8 9 10
1 525 53 350 225 1.95 22.29 99
2 522 522 350 29 1.88 21.50 74
3 43 512 350 2325 1.49 17.04 73
4 35 -47 350 12 1.02 11.69 97
5 50 63.2 350 325 2.64 30.19 93
6 472 46 350 22 1.32 15.10 69
i 40.6 46 350 18 1.14 12.99 72
8 49 53 350 26.5 1.82 20.80 79

Mean 82

The moisture content was calculated as ((Initi-
al Mass - Oven Dry Mass)/Oven Dry Mass) x
100 %. The ambient test conditions were 30
°C and relative humidity of 35 %,

4. RESULTS

The beam dimensions, b, h, L and exp-
erimental value of ultimate (maximum/peak)
loads (Pgy) are given in Table 1. The moment
of resistance (My) were calculated by substit-
uting values of b, h and M in eqns (17) and
(18) to determine the theoretical ultimate loads
(Prp). To compare the theoretical ultimate loa-
ds with experimental ones, the load data in
Table 1 were substituted into eqn. (20) to dete-
rmine the percentage comparison.

For a typical specimen, b=752.5 mm,
h=53 mm, L =350 mm, Py, =22.5 kN, M=
13.225bh = 1.95 kN-m and Pr, = 4Mg/L =
22.29 kN. The % Comparison = (22.9/22.5) x
100 % = 99.06 %, which was an excellent
correlation.

5. DISCUSSION

The design eqn. (17) developed for
determining the ultimate loading capacity of
Ayin beam does not contain the axial stress
terms ot and o, as the ultimate tensile, comp-
ressive stresses and corresponding strains were
used in generating the design equation.

In the design formulation, the beam
width b and depth h were required to determi-
ne the value of beam moment of resistance.
The moment of resistance equations gave the-
oretical loads that were 69 to 99 % (with ave-
rage of 82 %) of the experimental values. The
wide margin of 69 to 99 % could be attributed
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to Ayin wood being a natural material (plant)
where visco-elastic properties vary considerab-
ly [4]. The 82 % average comparison meant a
safety factor of 1.2 against the experimental
ultimate load. The Ayin wood used had moist-
ure content ranging from 9 to 13 %, which was
an indication of the timber being dry [8].

6. CONCLUSIONS

The procedure for developing design
equations for air-dried Ayin timber beam at
ultimate strength was presented. The equation
derived for computing the ultimate load capac-
ity of the beam was My =13.225bh 2, where

b is the beam width and h is the overall depth.
Verification using a beam with central point
loading showed that the equation provided
average theoretical ultimate loads of 82 % of
the experimental values. The high percentage
of correlation proved that the equation can be
used to design Ayin timber beams at ultimate
load capacity.
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