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A MODEL OF CALAMITY-RESISTANT RURAL HUT WITH
FERRO-CONCRETE THIN SHELL ROOF
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Introduction

Bangladesh is a disaster prone country which has been facing perennial
problems of natural disasters. In almost every year, the country is hil by
different natural calamities such as floods, ¢yclone, and tidal waves, which
sweep away the unstable rural houses. Most houses in the rural arcas in
Bangladesh are of non-engineered roof consiruction which have virtaally no
lateral load resistance mechanism. They can not survive a windy storm of even
moderate intensity. The calamities have been causing huge loss of lives and
other casualties every year especially due to extreme winds and tloods causing
massive loss and colossal damage to the economy of the country. Most of the
Bangladeshi population lives in rural areas (about 80%) where construction of
dwelling houses is made of traditional materials adopting conventional non-
engineering methodologies which are not covered in any code. In rural areas,
houses are constructed with thatches, leaf, tin, bamboo, corrugated iron sheets
etc. with untreated earth base having no foundation. They exhibit little or no
resistance to natural calamity. Tin and iron-sheet houses are non-resistant to
temperature variation and their cost is getting higher day by day. The thatched
houses are vulnerable to destruction to weather and require frequent repair and
alteration. Thus maintenance cost is high for these houses. Majority of loss of
lives and injury are caused by the collapse of these structures during cyclone,
storms and flood. A stronger and saler buill environment can protect both lives
and livelihood. An improvement to the calamity resistance potential will
significantly minimize loss of lives and other causalities. One way of reducing
the damages caused by these disasters is to take structural measures through
building infrastructures such as rural hut that should be strong enough to
withstand disaster of any possible magnitude. Moreover, Bangladesh is lacing
an alarming situation of population explosion and thus housing problem is
emerging horrendously. Durable, constructable and viable low cost house is
obviously cssential for the rural people.

An alternative to the traditional building materials, ferro-cement and
conerete reinforced with wire nets can be used. These are new imputs to the
horizon of construction field. The potential uses of these materials especially
in shell roofing have long been recognized. In developed countrics, ferro-
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Physical Model

The study was conducted through a physical model. A testhouse was built
for the study al an open site at Joar Shahara, out skitt of Dhaka City. The
scctional elevation of the constructed house is shown in Figure |. The portion
ABC (in Figure 1) isthe circular thin shell and AD and CE are the flange portion
of curved shell. The meridional thrust of circular shell acts as the concentric
load on AD or CE and resists the self-weight as transverse load. So, the overall
behavior of AD or CE is partly a bcam and partly a column. The part AD and
CE are nomenclatured as the shell-flange. The radius of shell curves
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Figure 1 ; Cross-sectional elevation of the model house
R=1 Sina
2

Where, Wp = Bay width and a = Curvature angle of the shell
The slope a is the main design parameter of the thin shell. Because of the
construction difficulty i.e., difficulty in concrete casting, it is not suitable to
design a shell with a>459. Steeper slope of roof requires top shuttering form
which incurs extra expensc. The shell with a<459 is easier in construction but
produces higherstresses. Thus the slope should neitherbe too low forconstruction
economy nor toosteep to reduce structural thickness. Asa practical compromise,
a value of a=359 was used in this study. The other design parameters of shell
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section ABC were calculated by shell equation (Billington, 19635). The flange
AD or CE was designed according to ACI specification (Winter et. al. 1979},
A compromise among the bay width, width of the house, slab thickness and
lateral force acting on edge beams was considered for selection of the design
components. A computer software based on Finite Element Method *STAAD
IV” was used to find out the stresses and moments for an acceptable design
section of the roof shell.

Design Loads & Roof Details

The design loads were as follows: Dead Load = 1180 N/m’, Wind Load
= 720 Nfm’, Weight. of Plastering = 480 N/m?, According to ACI Code
provisions (rel. Winteret. al., 1979), Equivalent ultimate load=1.4 (Dead Load
+ Wit. of Plastering) +1.7 (Wind Load)= 3.6 kN/m?. The sclceled thickness of
the roof slab are as follows (Figure 1): thickness at the crown of shell (at B) =
3 cm, thickness at the junction of shell and the shell-Mlange (at A&C) =4 cm,
thickness al the edges of roof (at D&E) = 5 em. The reinforcement arrangement
of the shell roof and the shell flange are shown in Figure 2. The wire (gauge no.
14) mesh of 2.5 cm square was used for netting the reinforcement skeleton, Two
wooden-models were made to maintain the geometry of shell and shell-flange
for pre-casting. The brick chips (KAoa) of 12.5 mm downgraded and sand of
Fincness Modulus = 2. 18 were used respectively as coarse and fine aggregate.
The mixing proportion of concreting was 1:2:3.
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Figure 2 : Thin shell roof: layout of pre-cast roof elements and
reinforcement details
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Structural Configuration

Actotal of 6 shell elements (each 55 x 90 ¢cm) and 6 shell-tflange each (each
55 x90 cm) was cast according Lo design thickness. The elements were cured
by covering with wet sacks and spraying water over it time to time whenever
required. The pre-castelement was then arranged according to Figure 3 overthe
pre-set roof scaffolding. The panels were then connected each other length and
breadth wise by the @6mm steel bar passing through the hooks. The joints were
filled up with the concrete having the same proportions (1:2:3) as the panels are
made of. Figure 4 is a Photograph showing the layout of roof joints. The house
is founded on 4 footings {each 40 c¢m x 40 cm x 30 cm depth). The footings are
atdepth of 1.2 m from ground level. The shell load is transferred into four 15
x 15 emsquare R.C.C columns through 15 x 15 cm concrete edge beam. Mixing
ratio of concrete was 1:2:4. The columns are reinforced with 4¢10 mm steel
rebar having stirrup of @6 mm @ 15 cm ¢/c. The edge roof beams were
reinforced with 2¢ 10 mm at top and 210 mm at bottorn having stirrup @ at 15
cm ¢/c with gauge no. 8 wire. The roof was extended downward with same rate
of increasing slope (o act as sunshade, wire mesh of 2.5 cm square were
provided on the reinforcement.

hil- (Totat 6 Nos)

hati-Flange { Total 6 Nos)

Pre-Cast Roof Elements
—Bamboo mat '
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Figure 3 : Wooden framed bamboo mat walling system and
arrangement of pre-cast roof elements
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Fence Construction

In order to construct fence, culims of thin-walled bamboo (locally called
BORA) were seasoned under water for four weeks. These were splitlongitudinally
and sized down to rectangular cross section of 10 x 15 mm. The steel bars @6
mm @ 40 cm cfc were used as collar for reinforcing the bamboo mat. The
bamboo-mat was fixed with preset wooden frame trom the outer side, The
arrangement is shown in Figure 3. The mortar (1:4) prepared with ordinary
cement and sand (Fineness Modulus = 2.18) was applied to both sides of
bamboo-matand trimmed with trowel until the fence thickness finished to 5 cm.
The photograph of the plastered [ence is shown in Figure 4. The constructed
fence was cured with water by jute bag for 28 days,

Figure 4 : Photograph showing plastered bamboo fence and
layout of roof panels joints

Rigidity Test of Bamboo-Fence

In order to determine the rigidity ol bamboo-fence against applied load,
a test specimen of fence element 90 x 35 x 5 cm were used. The test specimen
was cured for 28 days. The fence element of 90 cm length weighed 340 N. The
equivalent self weight of test slab was 378 N/m length. The model fence slab
was tested for flexural rigidity against line load as shown in Figure 5. The load
is substantially converted to wind pressure by simple mathematical calculation
as follows:
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Figure 5 : Load test arrangement for rigidity test of plastered
bamboo mat fence

If a slab of length L fails at line load P then the bending moment,

Mp = PL/4 (N
For a simply supported beam loaded with uniformly distributed load, w , the
bending moment,

My =0.125wy L2 (2)
Equating both the failure moment of (1) and (2), i.e., My = Mp, then,

w = 2P/L per unit length.
The load w combining with w_(selfof the slab) acts as the load bearing capacity
g per unit length of the slab as q = wy + wg. If bis the width of slab then ultimate
bearing stress,

qu=19q/b 3
The wind pressure that acts at right angles to the wind stream (for an air of
density 0.0764 1b/ft*) can be found using the following equation (Wp is the
wind pressure in 1b/ft> and V is the wind speed in miles/hour)(Barre & Sammer,
1963):

Wp = 0.00256 V2

4)

Equating qu = Wp in equating (3) and (4).

V=14532 q, (5)
where V = wind speed, km/hr and q_ = bearing stress, kN/m2
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The speed obtained from equation (§) is the required wind speed at which the
slab collapses. qu value at failure can be obtained from the test. For flexural test,
the test slab was placed aver tworollers at 82 em apart. The line load was applied
at mid span of the slab through roller. Figure 5 shows the testing arrangement.
The slab was failed at 952 N line load. The pholographic view of the completed
built up house is shown in Figure 6.

Figure 6 : photographic view of the completed built up house

Analysis and Results

Computer program based on finite element analysis STAAD IV was run
to find out design values of moment and forces developed in different sections
of the shell; these values are presented in Table 1.
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