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m ABSTRACT : The presence of log house in agro-tourism is one of type of attraction to the
tourists to come for agro-tourism. The tourists come for tourism and they stay in log house. The
main advantage of alog houseis a healthy living environment. The log house is made up with the
locally available wood or light weight wood. The demand for wooden products is continuously
increasing day by day. Wood isexposed to both periodic water absorption and desorption process.
Understanding water absorption and desorption in wood are of practical importance since they
also affect the mechanical properties of the product. In residential building and in industrial
application some of the components are often wood (Ostman, 1985). For the purpose of the study,
Agro-tourism for farmersis considered asarange of activities, servicesand amenities provided by
farmersand rural peopleto attract tourist to their areain order to generate extraincome for their
businesses. Agro-tourism for tourists is considered as anything that connects tourists with the
heritage, natural resource or culinary experiences unique to the agricultural industry or a specific
region of the country’s rural areas. The designed log house was safe from different loads point of
view.
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for anumber of industrial sectors such as construction,
furniture and the packing industry. It is much more
variablethan that of materials such as concrete or metal

of type of attraction to the tourists to come for

The presence of log house in agro-tourism is one
agro-tourism. The tourists come for tourism and

they stay in log house. The main advantage of a log
houseisahealthy living environment. Thelog houseis
made up with thelocally avail able wood or light weight
wood.

Wood is one of the earth’s most valuable resources
and it conforms to the most varied requirement. There
are over 1600 different species of woodswhich are used
for various purposes. Wood shows a remarkably wide
range of variation intheir properties, timber and thetype
of end use (Rajput and Shukla, 1996). Wood isamultiuse
biological raw material with ahigh economicimportance

(Michael, 2016). Global production of wood is estimated
at 3469 million méin 2011, of which 1891 million mdis
fuel wood and 1578 million m®isindustrial round wood.

Wood is a natural, renewable and valuable
congtruction material. Since being thought of asnaturally
resistant to wood degrading organisms. Wood has been
used as a shelter and has many outdoor applications
thought out human history. However, the durability of
wood varies depending on its tree species, chemical
composition, and the environmental condition. Wood
bi odegradation occursin different ways such asfungal,
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bacterial and insect attack. Fungal decay is the most
widespread type of wood degradation.

The demand for wooden products is continuously
increasing day by day. Wood is exposed to both periodic
water absorption and desorption process. Understanding
water absorption and desorption in wood are of practical
importance since they also affect the mechanical
properties of the product. In residential building and in
industrial application some of the components are often
wood (Ostman, 1985).

For the purpose of the study, Agro-tourism for
farmersis considered as a range of activities, services
and amenities provided by farmers and rural people to
attract tourist to their area in order to generate extra
incomefor their businesses. Agro-tourismfor touristsis
considered as anything that connects tourists with the
heritage, natural resource or culinary experiencesunique
to the agricultural industry or a specific region of the
country’s rural areas.

The compression stress is one of the important
parameter in building design. The Ain wood is selected
for study because the compression stressof Ainwood is
1.3x 10" kN/m?which is higher than compressive stress
of commonly used teak wood i.e. 5 x 10*kN/m?. Hence,
present research work entitled “Design of Log House
for Agro-tourism” was under taken.

B METHODOLOGY
The various materials and the methodology used
for the present study are as follows.

Ain (Terminalia elliptica):

Among the popular varieties of wood availablein
the Konkan region of India, Ain was selected for the
study. Ain is deciduous tree which can grow upto 32 m
in height. Theleavesof thetreeareéllipticto ovatewith
oneor two glandsat laminar and petiol e junction.

Machine and instruments: Universal testing
machine :

Thefollowing machinesand instruments were used
for the study.

Universal testing machine:

Universal testing machine was used for
measurement of compressive and bending strength of
Ain samples. The capacity of the machineis 50 kN.

Hot air oven :
The hot air oven was used for the determination of
the moisture content of Ain wood sample.

Weighing balance:

Wei ghing balance having capacity 1000g was used
for measuring weight of the Ain samples. Least count of
weighing balanceis0.001g.

Methodology :

The properties of wood required for design of log
house were determined with the help of above
instruments. The properties determined were moisture
content, shrinkage, compressive stress and bending
stress.

Design parameter for log house:

The 12m x 5m area was selected for the design of
the log house. The following design parameter was
considered under this studly.

Dead load:

The dead load includes its own weight, the weight
of any permanent non-structural partitions, built in Cup-
boards, floor surfacing materials and other finishes. It
was worked out precisely from the known weights of
the materials and the dimensions on the working
drawings. The dead loads considered hereare asfollows.

Specification of roof :

Areaof roof = 1.07 m x 3.66 m; Length of roof =
14 m. Total number of roof sheets required on both the
sides =28 (considered roof sheetson oneside = 14).

Specification of Purlins;
Dimension of purlin=14mx 0.10m x 0.05m (Lx B
x T); Number of purlins on both sides = 6; Volume of
purlin=(Lx B x T) m3
Mass

Density of wood =
Volume

Weight of purlin = Volume of purlin x Density of wood

Specification of trusses:

Dimension of wood = 0.10 m x 0.05 m (B x T);
Volumeof truss= (L x B x T) m?

Weight of truss = Volume of truss x Density of
wood.
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Specification of rafter:

Dimension of rafter =12mx 0.10mx 0.10 m (L x
B x T); Volume of rafter = (L x B x T) m3;, Weight of
rafter = Volume of rafter x Density of wood

Specification of column:
Dimension of column=2.6 m x 0.10 m x 0.10 m;
Number of column =12

Live load:

All the movable objects in the building such as
people, desks, cupboards and filing cabinets producean
imposed load on the structure. Thisload may come and
go with the result that its intensity was varying
considerably. At one moment aroom may be empty, yet
at another packed with people. Imagine the extra live
load at a lively party. Roof and Floor live loads are
produced during maintenance by works egquipment and
materials, considering 95% for human + other weight
i.e. 200 kg.

Live load = [(Weight of human + other) x 9.81] (1)

wind load:

Wind has become a very important load in recent
years due to the extensive use of lighter materials and
more efficient building techniques. A building built with
heavy masonry, timber tiled roof may not be affected by
thewindload, but on the other hand the structural design
of amodernlight gauge stedl framed buildingisdominated
by thewind load, whichwill affect itsstrength, stability
and serviceability. The wind acts both on the main
structure and on the individual cladding units. The
structure has to be braced to resist the horizontal load
and anchored to the ground to prevent the whol e building
frombeing blown away, if the dead weight of the building
isnot sufficient to hold it down. The cladding hasto be
securely fixed to prevent thewind fromripping, it away
from the structure.

For project study 50 year’s highest wind speed (v,)
of 72 m/s was taken. This study was considered the
value of the probability factor k; asl. Theterrain, height
and size factor k, of 1.0 had been considered since the
proposed structure belongsto classA as per 1S 875 part
3. Finally the topography factor k,had been chosen as
1.0. These factor resultsin a design wind speed of 72
m/s. The external and internal pressure co-efficientson
the wall and roof are considered in accordance with IS
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875 part 3.
Wind speediscalculated by following formula:
Wind speed = Vz = Vb x K1 x K2 x K3 ()]

Wind pressureiscal culated by following formula:
Wind pressure = Pd = 0.6 x Vz2 3

Wind load was cal cul ated by:

wind load = F = (Cf x Ae x Pd) x 1.7 (@]
where,

Cf= Force co-efficient for building.

Pd = Design wind pressure.

Ae= Effective area of the structure.

Total load:
Total load iscalculated by using formula:
Total load =Wind load + Dead load + Liveload
Wind load = F = (Cf x Ae x Pd) x 1.7

Foundation:

Isolated type footing of rectangular shape was
selected design following formulaswere used for design
of foundation

Area of footing :

Areaof footing= 1.1xL
Fb

where,

P=Axial load on column

F, = Safe Bearing capacity of soil.

Cantilever projection:
Cantilever projection of footing for bending about
X-axis
cx=(Lf-D)
2

©)
Cantilever projection of footing for bending about
y-axis
_(Bf -b)
Cy= >

(6)
where,

D = Depth of column

b = Width of column

For equal projection,

Lf-D Bf -b
( - ) _( : ) @

or
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Bf=Lf-D+b
Substituting the value of B, inequ. (1) and solving

the quadratic equationin L, we get,

(D-b) . root of (D-b)

L= 7+ Af (8)

Select thelength of footing by rounding out thevalue
of L, recalculate,

cx=Li-D)
2

(Bf -h)
Cy=—_2
y 2

where,

Breath of the footing=B,=b+2xC

L, and B, are the length and breadth of footing
provided.

Areaof footing provided (A)

A =L,xB,

Upward factored soil reaction (W)

w, = (9)

P, = Load factored x Axial force
=15%xP

The value of W may be greater than the bearing
capacity of the soil. This is not unsafe because the
comparison can be made with the upward working soil
reaction which can be obtained by dividing W by the
load factor of 5.

Thevalue of working soil reaction so obtained should
be less than bearing capacity of the soil.

B RESULTS AND DISCUSSION
The results of the study under taken are given in
Fig.1to 6.

Compression stress:
Theallowable compression stressof Ainwood found
from present study was 1.3 x 107 KN/m?.

Bending stress:
The allowable bending stressh of Ain (Terminalia
elliptica) was found as 5.67 x 10’kKN/n.

Design parameter for log house:
Thevariousloads going to act on the foundation of
the structure were found as,

Dead load:
Dead | oad was cal cul ated as follows.

Roof load:

Roof sheet size considered as= 3.5x12 ft.
(1.07x3.66 m); Overlap =0.07 m;

Total length of side= 14 m; Number of roof sheets
= 14; Total number of sheet on both side = 28;

Weight of oneroof sheet = 46 kg; Total weight =46
x 28 = 1288 kg (= 12.63 kN)

Purlin design:

Number of purlinson both sides= 6; Dimension of
purlins=14x 0.10x 0.05m;

Volume of purlins=0.07m3; Volume of six purlins=
0.07x6= 0.42m?; Density of wood = 1250kg/m?

Weight of purlins = 0.42 x 1250= 525kg (= 5.150
kN).

Roof load on purlins=12.63 kN; Areaof purlins=
14x0.1m= 1.4m?

Number of purlins on both sides = 6; Total area=
1.4x6=8.4m?

Bending permissible (Gper) stress=5.67x10’kN/m?

Total load on purlins = Weight of sheets + wind
load + liveload = 12.63 + 15.23 +1.96 (= 29.82 kN).

.82

Stresstaken by purlins= 2: 7 =3.55kN/m?

Bending stress permissible = 5.67x10’kN/n?

The of bending stress was 3.55 kN./m?2 which was
lesser than permissible bending strength (5.67x107kKN/
m?) for purlin. Hence, the design was safe for purlin.

Truss design:

Dimension of wood = 0.10 x 0.05 m; Total length
of wood required for one truss= 18.08 m

Volume of truss = 18.08 x.0.1x 0.05= 0.0904 m?,
Weight of onetruss = 1250 x 0.0904= 113 kg

Number of trusses= 4; Weight of four truss= 113 x
4 =452 kg (= 4.43 kN).

Load on truss=Load on purlin + Weight of purlin=
29.82 +5.15 (= 34.97 kN).

Area of truss:
Bending=3.66 x 2 x 0.1 x 4=2.928 m?
Compression=0.05x% 0.1 x 3 x 4 =0.06 m?
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Stresstaken, Bending = % =11.94kN/m?

34.97

Compression = =582.84kN/m?
0.06

Permissible stress, Bending = 5.67 x 107 KN./n,
Compression = 1.3 x 107 kKN/n.

Thevalue of Compression and Bending stresswere
582.84 kN/m? and 11.94 kN./m? which were | esser than
the permissible compression and bending strength,
respectively. Hence, design was safe for truss.

Rafter design:

Dimension=0.10 mx 0.10 m; Total length of rafter
=12+5+12+5+12=46m

Volumeof rafter =46 x 0.1 x 0.1 =0.46 m3; Weight
of rafter = 0.46 x 1250= 575 kg(= 5.64 kN).

Load on Rafter = load on truss + weight of truss =
39.4 kN; Area of Rafter = 46 x 0.1= 4.6 m?;

Stress taken, o = 39.4 + 4.6= 8.56 kN/nv

O = D.67%107kN/m?

The value of bending stress was 8.56 kN/m2which
was lesser than the permissible bending strength
(5.67x107kN/m?) for rafter. Hence, the design was safe
for rafter.

wind load:
Wind speed was calculated by taking Wind speed
of Orissa (1999) was 72 m/s.
Velocity = 72m/s = 259.2 km/hrs.
V,=1x1x7=72m/s
P =0.6x72x72= 3110.4N/n?
Wind load = CxA x P+ CxA xP x0.7
0.1x18.08 _

Solidarity ratio=——
0.5x5x1.44

-_— . q 1 . 2 -_—
C¢ =1.6; Framespacingratio= 07z 2.78
Windload = 1.6 x 1.8 x3110.4x1.7 = 15.23 kN

Live load:
Load of person + others = 200 kg
Liveload = 1.96 kN

Overall load :

Overadl load= (Roof + purlins+Truss +Wind +Rafter
+ Liveload)= 45.04 kKN

Considering factor of safety=1.2
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Total load= 1.2x 45.04 KN=54.05 kN.

Column design:

Cross section area= 0.10 m x0.10 m= 0.01 m?;
Load on column = 54.05 kN

Number of columns= 12; Compressive stress (c,)
=54.05/ 0.01= 5.405 x 10°kKN/m?

Permissible compressive stress (c,) = 1.3 x 107
KN/m?

Columnheight =2.6m; R . =2inches= 0.05m

Slenderness ratio(A) = =26x0.8, 0.05=41.6

The value of compression stress was 5.405 x 10°
KN/m? which was lesser than permissible compressive
strength (1.3 x 10”kN/m?) for column. Hence, thedesign
was safe for column.

Foundation design:
Axial load on column =54.05 kN; Bearing capacity
of soil = 250kN/m?

=0.24m?

Areaof footing =1.1x 54.05
250

=B; =JA f =024=048m
D (Depth of column) = 0.1 m
_ (L;-D) _(0.48-0.0) _
2 2
(B -b)
2

C, =0.19m

Cy =

Safeload (soil resistance) Wu=1.5P/A, =337.81
KN/m?

=0.19m

Moments (Bending moments):

M, =M=W, xLxCx?*/2=337.81x0.48 x0.19*
/ 2=2.93 kN-m

Ru_=0.36fku (1-0.42ku_. )

700
Kumay = J705+087x 250(N/mm?) = 0.53N/mm?

Ru__ =297 N/mm?
Let offset provided for setting column (e) = 0.025

D,=D+2e=10+2x25 =15cm =0.15m
Depth of footing, D,
Dy = |— " —315em
RUpa XDy
Total depth =2 xD,=6.30 cm
Design of footing having upward soil reaction 337.81
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kN/m?2 was greater than soil bearing capacity (250kN/
m?). But thisis not unsafe because the comparison can
be made with the upward working soil reaction which
can be obtain by dividing W by load factor of 1.5. Then
it was seen that the value of working soil reaction so
obtained (W, / 1.5) was less than the bearing capacity

of the soil.

Thefresh Ain sample contains moisture content of
36.21 per cent. The average volumetric shrinkage of
wood was 20.41 per cent. The compressive strength and
bending strength were 1.3 x 107 kN/n? and 5.67 x 107
kN/m?, respectively.

Fig. 4: Isometric view of Purlin

Fig. 1 Isometric view of column
Fig. 2 Isometric view of rafter

=

Fig. 5: Isometric view of Asbestos cement roof sheet

e

Fig. 3 Isometric view of truss

—~—

Fig. 6 : Isometric view of log house
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The compressive strength and bending strength hel ps
indesign of log housefor agro-tourism. The compressive
strength of Ain and teak wood were 1.3 x 10 kN/m?and
5 x 10*kN/m?, respectively. It meansthat the Ain can be
used asaBuilding material for construction of |og house

Conclusion :

The total load acting on footing was 54.05 kN.
Design of footing having upward soil reaction 337.81
kN/m? was greater than soil bearing capacity (250kN/
m?). But thisis not unsafe because the comparison can
be made with the upward working soil reaction which
can be obtain by dividing W by load factor of 1.5. Then
it was seen that the value of working soil reaction so
obtained (W, / 1.5) was less than the bearing capacity
of the soil.
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