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Introduction

Natural disasters, particularly extreme winds and Noods, have been
causing huge loss of lives and properties every year in Bangladesh, Most of the
Bangladeshi population lives in rural areas where the construction of residential
houses follow a traditional way in which houses are mainly constructed with
thatches, bamboo ete., with untreated earth base having minimum or no
foundation. In most cases, these structures have almost no lateral load resist-
ance mechunism. During Ooads, rural houses go under waler causing severe
damage to their bases. During wind events, the frames of the rural poor houses
undergo partinl or wotal collapse as they have litle or no luteral load resistance.
This paper proposes some treatments and technigques for the improvement of
rural house bases and shows the vulnerability of rural houses to failure due to
cyclic modernte wind loading

Development of durable plinth

During (loods, many house bases go under water for a cerlain period. Alter
the recession of flood-water, it is usuadly found that most of the bases are either
washed away or have been damaged 10 a considerable extent. Development ol
willer-resistant mud-concrete is essential (o miking house bases mone durable.

The bases of the rural vernacular houses are made from soil in the
traditional way. Loose soil is heaped at the location where the hase is 1o be
prepared. Water is added 1o make mud and it is positioned in the periphery of
the base arca like a boundary wall of height about 60-120 ¢m. Within this
boundary the rest of the soil is dumped and mixed with water 1o prepare mud,
Then the mud is heaped and compacted up o the desired height of the plinth,

Since the plinth is a very important pant ol the hut, it should withstand the effects
of flood. The first part of the investigation included determination of the properties
of soil mixed in the laboratory with some additive or cementitious materials, This
mixture has been termed here as nind-conerese, Inthis study, rice husk (RH), rise husk
ash (RHA) and cement (C) were used 1o make the niud-concrete.

The cementing materials were mixed with the soil in different propar-
tions then water was added to prepare the mud. The net weight of the soil and
the cementing material in cach of the cases was fixed al 68 kg. The percentage
of the ingredients RH, RHA or € was fixed at 5% by weight. To make the
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mixture to a desired consistency, water (4000 ¢¢) was added o make the mud-
comerede, The sample was then put in the wooden mould of size 81 cm x 35 cm
x 15 em (Fig, la) to make o continuous soil bed of size 75 em x 30 cm x 15 em
in five layers (Serajuddin, M., 1980). In cach layer, 25 nos. of blows were given
witha 1.3 kg hammer (Fig. Ib) from 15 cm height, After four days it was cut
into len pieces to have cubes of size 15 cm & 15 em x 15 cm each. The
compressive strengths of the samples with different combinations are given in

Table 1.

Table 1 : Compressive strength of the mud-conerete

Combination Cross- Height | Max Load | Compressive
Sectional {em) (kg strength
area (cm’) (N/mm?)
Suil 224.5 15.2 810 1,70
Soil + RHA 217 52 39491 1.81
sSoil + C 220 152 A2 .41
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Figure 1 : Preparation of mud-concrete, (a) mould, (b) hammer

The dry samples of dillerent combinations (soil, soil+RH, soil+RHA,
soil+C ) were placed on a tray and kepl under water (or ten days to have an idea
about the effect of flood on the bases of the rural houses, When the tray along
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with the sumples was laken out of water alter en duys, it was observed that all
other samples except the cement mixed soil washed away. It uppears that
although the compressive strength ol cement mixed soil (soil+C) is not the best
ol all the mud-concretes, it produces o beter plinth 1w withstand the effects of
Nood. The effect of the percentage of cement and also the use of jute-Aber,
straw, ele as cementing materials in the mud-concrete is vet to be investigated.

Common Failure modes and their prevention

The authors made visits (o several villages with a view to siudying the
framing as well as base preparation techniques and it was found that the
techniques are more or less the same. Bamboo columns are traditionally being
used as the main supporting members. The columns are embedded directly into
the ground, which tend to decay in contact with sub-soil water, In most places of
Bangludesh, sub-soil insect attack on bamboo columns forees the house owners
to replace the columns frequently. Poor houscholds are unable to afford and
repluce bamboo in necessity that leaves their houses weak and vulnerable to
moderate wind. Reinforced cement conerete pillars can be considered as a greal
innavation for the problem; but the poor rural people ofien can not afford this.

Instend of replacing the bamboo columns with reinlorced cement con-
crete pillars, its performance with respect to the sub-soil water or insect attack
ut its buse can be improved by using concrete blocks with a hole at the center
for insertion of the bamboo column. Belore insertion, the end of the post can be
coated with a layer of hitumen for further protection from water or insects. A
less expensive and simpler method would be to bum the lower part of a bamboo
column until its surface color becomes black and then to coat with motor oil as
shown in Fig. 2. Scorching dries the bamboo out completely, depletes internal
cellulose [rom which insects derive nournishment, thus retarding insect attack.
Coating it with il prevents further access by insects and additionally protecis
from sub-soil water, Instead of motor vil, bitumen can be used where available.
Motor oil, an industrial by-product, is generally less expensive than bitumen,
hut bitumen performs betler,

The lilting of the leeward roof slope of rural houses is another very
common problem in Bangladesh, The total wind force on the roof depends on
the difference of pressure between the outer and inner fuces, Any open doors,
windows or ventilators on the windward side of a house can increase air
pressure inside the building and this also increases the loading on those points
of the roof and walls that are subjected to the external suction, Openings at
positions that are experiencing external suction will also reduce the pressure
significantly inside the house thus reduces the risk of lifting of { of house roof,
Use of jule ropes or special type of rope locally called as 'sutli' to fasten
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the joint where horizontal and vertical members meet aggravates the problem
as the jute ropes roland become weak within a very short period of time and thus
the vulnerabiiity of rool w lilting increases. With a view to strengthening the
juinl, several cores ol iron wire can be twisted together and ool {rame can be
tied down to the top wall beam and column as shown in Fig, 3.

Figure 2 ¢ Treatment of bamboo column, (a) scorching the bamboo,
{b) covering with motor oil, (c) soaking in bitmen, (d) placing the
column in position (after Chisholm, 197%)

Properties of bamboo as a framing material

Gienerally three types of hamboo are uvailable in Bangladesh; they are
locally called as mahal or talla, ors and barak, Among them barak is relatively
thick-walled and widely used as column and beam which are locally named as
khuti and paire/dhynna (beam along long side/beam along short side), respec-
tively, Other types of bamboo are usually thin-walled and are split and woven
intoa variety of stiff mats that are used as walls and sometimes as roof cladding.

To determine the strength characteristics of bamboo, compression tests
have been performed on bamboo specimens of length 20-25 cm and full sized
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humboo of length 150-152 ¢m (Fig. 4a). For the tensile strength, the bamboo
was split and a reduced section was prepared as shown in Fig, 4b, Compression
test results ol both types bamboo specimen and the tensile strength character-
istics of bamboo are given in Tables 2, 3, und 4, respectively,

gy

(i) (b

Figure 3 ; Connection of house frames, (a) Three-dimensional view
{(h) Top plan of a joint

150 cm

|
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Figure 4 : Specimens prepared for testingm, (a) Full-sized comprepion
test specimen, (b) Tensile test specimen
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Table 2: Compression test results of bamboo (harak) specimen

Speci | L;n;th_ Outer | Thick | Ultimate | Compress
men {cml dis. ness load strength
N, imm) | (mm) kgl (N/mmé)
| 21 58 15 KO34 43,3
o 2 21 58 15 U524 46.1
_ 3 21 i) 16 10431 46.3
4 19 69 16 12472 45.9
3 23 74 | & 126YH 0.3
[§] 22 65 I 12472 4‘:1.'.F_
= =

Average
strength
(N/mm?)

43.1

Table 3: Compression test results of full size bamboo (barak )

Speci | Length | Outer | Thick |Ultimate | Compress| Average
men | (cm) dia. ness load strength | strength
Now imm) | (mm) (kg) (N/mm?) | (N/mm?)
l 152 54 [1:5 4535 259
2 152 63 3.5 4580 214 254
3 | 150 S8 T 4807 200

Buckling failure was observed for the full-sized specimen (Fig, 5)and the
buckling strength was found o be 0.56 times the compressive strength of the
shorter bumboo specimen. On the other hand, it is seen that the bumboo is very
strong in tension and the tensile strength is about 4.4 times of the compressive
strength of full- sized bamboo specimen. Unless it becomes weak due o the
insect attack or by rotting, bamboo was found 1o be sale o withstand the stresses
caused by the moderate wind-induced lateral load,
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Table 4: Tensile test results of bamboo (barak) specimen

! Specimen Section Ultimate Tensile Average
Number {mum) load (kg) strength strength
(N/mm?) I N/mm?)

| 15x 13 1814 9].3

| 2 I8 % 10 2403 [31.0

- - 112.5
3 17 % 10 204 ] [17.8
4 16.5%x 108 1455 105 5

Figure 5 : Testing of full-sized bamboo specimen
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Full feame under eyelic lateral load

In order 1o understand the wind resistance potential of a rural hut under
cyclic moderate wind loads, a full-scale model hut was tested under two eyeles
static lond. Although the science of theoretical Muid mechanics is well devel-
oped and computational methods are experiencing rapid growth, it remains
necessary o perlorm physical experiments (o gain needed insights into many
Muid Now elfects, s required that the houses subjected 1o wind loads be
sulliciently strong to perform adequately from a structural sufety und service-
ahility view-point. From dimensional analysis, it has been shown (Simiu et al,
1986 ) that the similarity requirements between the model and the prototype are
exactly satisficd when and only when the two systems have exactly same
scaling. From this standpaoint, full- scale model produces the best possible
result. On the other hand, the natueal wind is turbulent, and the phenomena akes
place in the boundary layer of wind is highly dependent on the nature ol this
houndary layer. Due to the physical imitamons i simulating the nawral wind
in the experiment, static load was applicd in the experiment.

Experimental set=up is shown in Fig, 6. Sutic load was applicd uniformly
to the frame of the house whose plan view 15 shown in Fig. 7 through a loading
jack. The deflections of the house frame caused by statie lateral loads were
measured by a thendolite, During application of first evele of loads, some small
cracks were observed on the hase soil adjacent to the bamboo columns and no
repair works were made before the second evele ol loading. This has been done
to simulate the phenomena of frequent storms of moderate speed that does nol
actually cause total collapse ol the house. 1t is ohserved from Fig. 8 that the
deflections during the second phase ol loading are larger than that of st cyele,
This observation can easily be extended to the fact that the house will collupse
under cyclic moderate wind loading if remedial measures are not taken in
between, The remedial measures might be 1o strengthen the loose soil adjacent
to the column base by haummering andfor o provide lateral support (o the maln
frame of the house on the leeward side of the house.

Traditional rural housing is very light and fragile, and has the simplest
form of a skeleton of bamboo framing formed by four corner poles ramed by
tour struts in the horizontal plane ai some height of 1,5-2 meter from the plinth
level. Anwar ( 1996) has analyzed such a basic frame as shown in Fig. 9 with
different kinds of wind bruces and has shown that the lateral and torsional
stiffness of the basic frime can be increased by more than 100 times by using
vertical cross-bracing along the four sides of the house, The effect of laeral
bracing on the laleral load resistance of the full-scale model is still under
investigulion,
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Figure 6 : Test Set-up of full-scale rural house under lateral load
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Figure 7 : Plan view of house under test
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Figure 8 : Behaviour of the house frame under cyclic loading

) ()

Figure ¥ : Elfect of wind braces, (a) basic frame,
{h) hasic frame with lateral braces,
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Conclusion

Experimental investigation has been carried out o understand the effects
of flood on the plinth soil and w clarify the vulnerability of rural house to the
eyclic wind loading. Based on the experimental results, the use of cement-soil
mixture with 5% cement by weight has been suggested to prepare the plinth of
houses of fload-prone areas. Remedial measures have been advised which will
create o stromg safeguard against the repeatedly occurring moderate storms,

Future investigation is to be continued with changing the percentage of
cementin the mud-concrete rather using 3% by weight. Elfeet of different kinds
of lateral bracing on the lateral lomd resistance potentiality of the full-scale
house frame is still under investigation,
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