WY T e,
Y afg |
HqT H,
it e gerfire,
HIeN Ud gfefar gved |

qe1—15, fadie— ///;// e
v qr O e g B e P g ArfeRier BT v

HERTY,

WA favy & dag ¥ e 2 ¥ geady qEH ¥ sy RER
& g wHl STt ofy af ol B ) e A e AR @) gois @ 8
ArTl B O N SR 2 T R ey oy § S ol sl iy
vd o amz0 Sho w1e’l § g B ¥ 3 A @ = ¥ W 5w S
A WO A, Hew, [ER Iy AT yeed wildrRer gR1 g e
HFRE) 919 @ S & At g ArteRier g\ w8

ANIERIGT §6 U9 & WRI Werd 3X AN o %@ ¥ guar w9
IR YaTRa R BT BE Y|

AT AT | .
ey
At



GUIDELINE FOR WIND AND EARTHQUAKE RESISTANT
CONSTRUCTION OF BAMBOO HUTS IN BIHAR

BY

DR. ANAND SWARUP ARYA
Professor Emeritus, IT -Roorkee
Member Bihar State Disaster Management Authority

BIHAR STATE DISASTER MANAGEMENT AU THORITY
GOVT. OF BIHAR
2010



PREFACE

On 13" April 2010, acyclonic windstorm got diverted from West Bengal into North Bihar and created
disastrous situation in five districts e.g., Kishanganj, Purnea, Araria, Supaul and Katihar in which
about 95 hman lives were lost due to collapse of their huts. The huts mostly constructed of bamboo
walls and CGlI sheet roaf8Vhile falling down CGI sheed injured the people to the extent tisaime

of them lost their lives. The author visited the area and obtaiingichand information about the main
causes of the collapse of the bamboo .hdence,the guidelinehave beerprepared, by which the
people could reconstruct their bamboo huts with higher safety and durebihty given terrain

AcknowledgmentThe photographs of the bamboo huts were taken by Dr. Satendra, Additional Secretary,
Disaster Management, Govt. of Biharhe assistance provided in preparation of the figures by Sh. Barun Kant
Mishra, Executive Engineer Advance Planning Circle, Govt.ilaBis gratefully acknowledge

May 25, 2010

Dr. Anand S. Arya

Professor Emeritus of [IT-Roorkee

Member, Bihar State Disaster Management Authority
Patna
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GUIDELINE FOR WIND AND EARTHQUAKE RESISTANT
CONSTRUCTION OF BAMBOO HUTS IN BIHAR

1. BAMBOO HUTS IN BIHAR

Some typical huts ini®neaDistrict of Bihar are shown in Fig. 1 to 4.

Foundation Earthen plinth with bamboo podtged into ground by about 9G@m (3 ft).
Walls Organic material§ bamboo matsbamboojafri work, clay mud plaster on both
faces,etc. Split bamboo framing.

Eartherwallsin some areas.

Roof i) Thatdh i rice or wheat or maize stramith split bamboo or sometimes resihlk
framing

i) corrugatedgalvanizedron (CGI) sheeting supported by bamboo purlins and rafters.

= =4 =4

= =4

1- Bamboqgjafri

2- Straw infill
3- Bamboo post at corner
4- Clay wall 5
5- Thatch roof
1
4
3

Fia. 1 Bamboo & ClavHuts

Bamboo post at corner
Bamboo wall

Hipped CGI roof fallen
on thehouse

Bamboo post

Fig. 2 Damage under high wind




- aid

Fig. 3(a) Well constructed bamboo housgestrong posts, hipped CGroof, with Attic inside

Fig. 3(b) Attic floor entry window

Fig. 4 Wattle & Daub Construction



REASONS FOR DAMAGE TO HOUSING IN FLOODS AND HIGH WINDS.

T

The impact of flood to housing is due to several reasons: a) Flood depth, b) Flood duration,
3) Uplift due to soil satuteon and 4) Horizontal force created by flood waves or currents.

Direct wind hazard is associated with other types of hazards such as flood, ground
saturation, slope instability, ground settlement, etc.

Wind storm with heavy rains can submerge bambod pmstings and cause various
degrees of damage, tilting of clay mud covered bamboo walls with total structural collapse.

Bamboo mat wallsTypically used in varioukutchahouses; Organic materials, thatch etc,
have a lifespan of-3 years and bamboo m&t5 years. Decay can get accelerated in wet
condition the damage beginning in the lower part of walls embedded foot of the
bamboo posts. This would weaken the walls and eventually results in complete damage.
High wind can detach wall panels and cadmrttilting and falling away, leading to partial

or complete collapse of the hut, especially if the connections to posts are weak.

CGI sheet roaofUsed in huts as well as sépucca houses. The latter are usually with
timber under structure framing, soatimes with bamboo framing and in some cases fixed
by nailing on purlins and rafters without any framing. These are particularly vulnerable to
strong wind, can crumple and get blown off, especially if connections to the frame purlins
are inadequate. Segfh.
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Fig. 5 Permanent Hostel Building with CGI sheet roof

1- Uplifted sheeting

2- Masonry walls

3- CGI Sheets blown off
4- Wooden rafters



FLOOD RESISTING FEATURE S
Raising the plinth

Raising earthen plinth as high as feasibleefgnably to higher than annual average flood
level)

Stabilization of the typical earthen plinth can be carried out with a mixture of earth and
cement. For the stabilizing process, see Annexure A.

Brick Perimeter Wall
A brick perimeter wall around thegical earthen plinth will resist erosion from the sides.

If soil is too weak or loose, the foundation of the perimeter wall should penetrate to
sufficient depth, preferably with a spread footing.

Since very little load is imposed on the wall, the footoam be constructed with brick
without the need for a concrete footing.

Minimum 1:6 cemensand mix should be used for mortar.

Soil cover on the foundation should be thoroughly compacted and should preferable have
plant or grassy cover to prevent scagrduring flood.

Infill should preferably be of cemestabilized soil to prevent muddiness, settlement due to
saturation and loss of support from below.

TYPICAL HOUSE PLAN

Simple rectangular plan of sizea & 2a may be adopted in whichmay be aken from 1.5

m to 1.8 m (5 ft to 6 ft). Taking = 1.6 m the house plan will be 4.8 m (15 ft 9 inches) long
and 3.2 m (10 ft 6 inches) wide. See Fig 6 for a typical new home.

The bamboo posts may be located at distanapart all along the peripheryhe existing
houses use the posts only at the corners which is making the house very weak.

1 The bamboo wall panels

w I i | & st s sonatacicn will now be reduced to only

A Foor 1.6 m (5 ft 3 inches) wide

A P Compasied which will be very stiff
4550 I against the high wind
ol pressures  taking  their

ROOM 4.8m x 3.2m support from e bamboo

osts.
J\ D\ | : ) ﬂ-/ Bamboo Post P

i 1 If a verandah is desired,

Verandah 4.8mx 1.5m — bamboo posts for the
B verandah may be located in

- : : 4 front of the main room

up Fig.6. Bamboo House: PLAN



posts keeping the width of the veranda 1.5 m to 1.8 m (5 ft to 6 ft).

l

As stated later , (Par@) all such panels will have to beérossbraced using half split
bamboos the ends of which will be tied with the bamboo posts and long bamboo wall plate
running near the top of the bamboo posts all along the periphery.

Such a braced bamboo structure whose footings are properly treated and &>axhtoete
stumpwill be fully stable not only against high winds but also against the earthquake
forces.

TYPICAL SECTION OF THE HOUSE

1- Attic Floor
2- Cross Bracig
3- Verandah

Fia. 7 Bamboo house withAtti ¢ floor

It will depend on the type of rogBee Fig. 7)As suggested latéParal0), hippedroof (4
slope type) is best from aerodynamics under high wind and to act as a rigid cap under
earthquake forces.

The followings heights of bamboo posts will be suitable: Veramasts 2to 2.1 m main
room posts 2.4 m, slope of the roof from 220630°

An attic floor may be added at a height of 2 m above the ligr 7, 8) This will provide
high rigidity to the structure in the horizontal ptan

Tying with Rope 2 Bamboo Column

Main Beam N ‘ Secondary Beam

Not more than 60 cm

Added /)eg@\j\\\ ]
~— w

column to \

support ~
Attic Fig. 8 Attic column beam joint details



BAMBOO VARIETIES AND USES

The Gangetic basin of North Bihar has several bandp®cies that are used by the people

in the region. Haro{bambusa balcda Chab (bambusa tuldpand Makhaur(bambusa
nutans)are used for building houses.

Haroto6s thick wall makes it strong and i s
the house includingposts trusses, rafters, ridges and purlilibe straightness of Chab is

used for the roof rafterand purlinsand Makhaur along with other bambcare used after
splitting and weaving into mats for making stiff wall panels and some tioodisg as well.

SAFETY OF LOWER END OF BAMBOO POSTS
Cheapest method for protecting from dampness the lower ends of bamboo/ timber posts

which are usually embedded into the ground ipamt them using Molten bitumen, Mobil
or sump oil, or a conibation of these.

Should paint the lower end with brush or cloth and continue coating above plinth level upto
the last flood level.

This will extend life of bamboo post by a couple of years or so. But this provides mainly
damp proofing but does not pvent much insect or fungal attack

For longer life to 15 years chemical treatment has to be used. For chemical preservative
treatment of bamboo posts, refer to AnnexuBe

USE OF CONCRETE STUMPSAS FOOTING OF BAMBOO POSTS

For protecting the basef @damboo or timber posts, they can be supported on concrete
stumpsmbedded into the plinth or ground and connected by MS (mild steel) clamps.

Greatest advantage is reduction of recurrent - P
expenditure on replacing bamboo posts; a |
bamboo post protected frothe ground by a
stumpmay last more then five years or longer,
representing more than double lifespan.

Single metal clamp

RC clamp
125 x 100 x 600 mm
[5“ x4“ x zlulll

For a bamboo post supported on the stump, it
is better to paint its lower end with bitumen
for additional damp proofing. Termite shield

V-shape for

better grip
. mm bar -
made of polthene or metal can be used in th )

space between bottom of post and above 15 \:‘ ﬂ
F g

stump. E

125

The concrete stump with size 100 x 125 x 6
mm (4 in x 5 in x 24 in) may be made using 4190mm,
concrete mix 1:2:4 (1 part cement2 parts -4 DETAIL AT
sand and 4 parts of aggregate fromrewarnt PLAN TOP END
brick of 12 to 20 mm size). (See Fig. 9) with

Fia. 9 Concrete Stumn(Source ADPC)



10.

one TOR bar 10 mm (3/8 in) dia at its centre.

1 In each stump, at top end, a 250 x 30 x 4 mm (10 inch long,;bindh wide and 1/5 inch)
MS flat bar is to be cast in position so that after castirgembedded by 125 mm (5 inch)
into the stump.

1 The flat bar should have two 10 mm dia holes towards the upper end to insert screws or 8
mm dia bolts for attaching the post, thus serving as a clamp.

USE OF CROSS BRACING

1 To increase stability ofthe
structural frame of bambeo
framed houses  against
earthquake shaking and wind ===
storm, crossracing with half- Fix bamboo pieces
split bamboo sections should b&ae eamer o _

done in both directions. See Fig. et . B

10. :

1 If a house becomes weak at its ™
base due to flood or moisture, -
crossbracing helps to keep the
structure stable.

Fia. 10 Cross Bracina in naneld Source ADPC)

1 Split bamboo sections used for crdsacing should be treated with chemical preservatives
so that they do not decay easily and lose their strength. (See Annexure B).

WIND T RESISTANT ROOFING

Hipped roof is more wind-
resistant than gable and lean-to
And also less rain penetration

Protection againts wind-hazard

contributes to the  overall
improvement of bamboo housing.
Four basic principles should be
followed to achieve good
Aerodynamic roof form:

1 Use Hipped (4 slope type)
instead of gable two slopes
roof housing (Fig. 11). [f === .
gable then ends to bied [ItIUReiE g meu
down flrmly to the rest oOf usedtosecure Gl @;«_wnsher Gable (2-sl
structure. Ledito (one slope Sheettoroof sealing able (2-slope)

frame
type) should be avoided. } > washer

Roof slope should be
2.5" - 30" to resist
uplift and suction

by wind

T Roof Trusses made from square . i
H min dia.
bamboo should preferably be :‘;"'fr:ﬁ;' hook belt
used instead of rafters alone nail .
(Fig 12) Lean-to (single slope)

Fig. 11. Basic features of windresistant roofing
(Source ADPC)
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111

Roof slope of 22.5to 30 should be adopted to reduce effects of sacind uplift.
Keep overhang less than 750 mm (2 ft 6 in). Provide vents in roof and masonry parapet.

RCC roof provides superior protection, but will be heavy, much increase in earthquake
force, hence not suitable for bamboo houses.

Rafter made up
of twin bamboo

Use 75mm to
100mm dia.
Harot bamboo

Purlin

3 mm gusset plate on both side of joint

3.2m to 3.6m (10'8" to 12'0"

—
—

Fig.12. Bamboo King Posts Trussess
(1.6 mto 1.8 m apart)Source ADPC)

INTEGRAL CONSTRUCTION OF BAMBOO FRAMEWORK

Roof connected to structure:

il
1

Provide trussebetweerthe posts to support purlins; &afters at recommended spacing.

Crossi bracing in plane of roof and ceiling, and also for openings, if any. Ggeno be
restricted in size.

Strong connection between roof and vertical structure. Use metal straps, bolts with washers
on both ends, instead of simple nails. If using nails, keep them long enough to be clenche at
the other end.

Instead of jute or coirope, nylon rope of good quality or galvanized wire should be used
for tying the elements of the structural frame, namely, the post, the cross bracing, the
battens, the rafters and purlins, the bamboo wall panels, etc.

Welli fixed roof covering:
Cl sheet to be screwed at every corrugation. Tiles fastened individually.

Use of Jhook bolts or threaded / screw. Where nails are used, they should be long enough
to be clench across the purlin.
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13.

GUIDELINES FOR WATTLE AND DAUB CONSTRUCTION

The famework should include structural posts (bamboo, timber or reinforced concrete) to
support the roof (Fig. 13).

The frame should have credsgacing to increase its sturdiness.

In the case of bamboo framework, substantial horizontal members made esf dphg
bamboo sections or two sections tied together should be used at 900 mm (3 feet) intervals to
reduce the size of panels which are to beiwire or Nylon —
filled in with smaller split bamboo rope forlashing
sections and earth. This bears the Weigﬁj'f1 d fastening

of the clay plaster adequately, iafm can  Structural post
otherwise cause frame distortion and“PP°r"¢" "

make the plaster fall off.

Daubing with
cement-stabilized

Strong horizontal §
members at

Bamboo battens and posts used for tH@0 mmintervals
framework should be chemically treateqy.ie materials
against decay and insect attack. Sebouldbe

tasted
Annexure B.

S o =\
= -
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Cross-bracing

Earth used for plastering should -
preferably be stabilize with cement. S5hen stabiized

See Annexure A.

Instead of jute or coconut coir rope,
good quality galvanized wire or nylon rope sho Fig. 13. Wattle and chub construction
of the framework. (Source ADPC)

Wattle and daub walls should be built on a solid plinth, at the least lfiz#d earthen
capping.

REGULAR MAINTENANCE
Should make regular checks, especially around ridge and corners.
Should replace weakened members, tighten loose members.

Gl sheet should be tied strongly to structural frame to resist uplift by swordy To
further increase windresistance, number of purlins should be increased near eaves, ridge
and corners.

Every sheet to be fixed to purlins with hook bolts or twisted nails at each corrugation. More
frequent fixings at edges to prevent uplift.

Roofing elements should be connected properly: purlin to rafter, rafter to wall plate, wall
plate to posts.

Even though more expensive than lganone slope) angable(two slope) roofinghipped
roofing (fourslope) is more resistant to wind and pragegaible end walls from exposure to
rain and water penetration.
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A.2

Annexure A

STABILIZATION OF SOIL WITH CEMENT

Stabilization with Cement

T

T

Mixing a small amount of ordinary Portland cement to earth greatly increases its resistance
to water. This proceasis known astabilization.

Together with the addition of cement, stabilization works best if the mix is also compacted.

Soil Selection

T

Cement stabilization is suitable for soil that has low clay content, that is, it should be
composed of largesandy content. See table for optimum Soil Components.

Soil with less than 40% sand content cannot|be Particle Size (mm) | Percent
satisfactorily stabilized. With such sodand has| Fine Gravel 2.004.00 7
to be added until its composition is suitablsand 0.022.00 53
modified. Silt 0.0020.02 20
Clay Below .002 20

The proportion of cement to be added depends
on the nature of the soil which can easily be tested on site.

Soil with more than 40% sand content can generally be stabilized with 5% cbynent
volume.

Test blocks should be made on site to determine the suitability and proportions of the
mixture, keeping in mind the above point.

Soil should be crushed and sieved into a fine form and cement in the right proportion to be
added in dry conditiofunusable as it begins to set and harden).

Stabilization works best together with compactidnlayer can be cast and compacted by
hand and using a right wooden hammer.

For further compaction, a simple hand rammer or wooden battens can be usegeiltse la
then finished with a trowel.

At least 3 weeks curing by water should be done. Can be covered by jute sacks to keep
moist and water poured at regular intervals to prevent drying.

Capping the plinth with cement stabilized earth is cheaper, eas@nstruct and maintain.

Complete stabilized earth plinth is more expensive and harder to construct, but the result
are very durable.



A.3  Soil Identification

1 Ranging from simple field methods to complex laboratory testing, there is a variety of
techniques for identifying soil composition for compaction and stabilization.

1 For the purpose of this Guide, a basic test is described here which can easily be carried out
in the field without special equipment.

Sedimentation Test

1 A transparent cylindridgar (or tumbler) of at least 500 ml should be filled with soil to ¥4 of
its height.

1 It should then be filled up with water, its mouth closed and shaken thoroughly.
1 After that it should be kept still for 1 hour, then shaken again and left to settle.
1 45minutes later the height of sedimented gravel, sand and silt should be noted.
1 8 hours later the height of sedimented clay should be noted.

1 Then the percentages of each layer can be calculated.

1 If clay is higher than 30% and sand is less than 40%, satrd has to be added to achieve
the optimum soil composition outlined in the preceding section.

1 The sedimentation test has to be carried out until it is noted that the optimum composition
has been achieved.



Annexure B

PRESERVATIVE CH EMICAL TREATMENT OF BAMBOO

B-1. Non-Chemical Preservative Treatment
1 Cheaper compared to chemical preservative methods, but less effective.
1 Can be done easily in rural areas without special equipment.

1 Need to be promoted where such old practice irdeg.

Soaking in Water
1 The culms should be placed in water for around two weeks.
1 Then they are to be dried for a week (in the shade).

9 This process eliminates the starch sought after by bamboo borers.

9 Does not retard termite infestation.
Clump Quring

1 Cut bamboo should be stacked vertically for a few weeks after felling, with branches and
leaves intact.

1 Such bamboo continues to live off its own reserves and hence reduces starch content and
thereby insect attack.

91 Does not retard termite infestart.

Seasoning

1 This should be done by drying bamboo in the open, under cover, with as much air
movement as possible.

9 It can take a couple of months.

B.2 Chemical Preservatives

T A highly effective chemical t r elfad meemd prred
but since it needs special equipment, it has not been discussed in this guide.



1 Very important to remember safety measures for chemical preservative treatment. Basic
measuresi) Plastic Gloves covers should be worn on hamyi&void geting into the eyes.
iii) Keep children and animals away during processingy.Discard used chemicals in
designated waste areas.

There are number of Chemical Preservative Types, out of which the simpler ones only are given
below:
) CCA (CoppetChromeArsenic Composition)

1 Mixture should be prepared in the proportion 3:1:4 (copper sulphate: sodium dichromate:
arsenic acid).

1 Because of the use of arsenic, the mixture is toxic, so should be applied with care using
gloves or plastic bag covers on hands.

1 CCA once dried remains fixed within the bamboo material and there is then no danger of
leaching out and causing harm.

1 The concentration of the solution in water should be appropriate to the use of bamboo poles
- In contact with atmosphere & soil: 8%2%.
- In contact with atmosphere, not soil: 53%o.
- Under cover (trusses, purlins, ceilings, etc)-2%.

i) CCB (Coppeii Chrome Boron) or Boron

1 To be used in 3:1:4 (Copper sulphate: sodium dichromate: boron) proportion or only boron
can be used, which is a compouwfdoric acid and borax.

1 10% solution in water where boric acid: borax = 2:3 i.e. 2 kg boric acid and 3 kg borax in
45 liters of water.

1 However, it is difficult to get the mixture completely fixed and there is possibility of
leaching out. Should not hised where it is subject to repeated wetting.

iii) Oils
1 Mobil, ump oil, kerosene, creosote (bitumen / tar oil) can be used independently or in
combined form.
91 Diesel and kerosene are less toxic and insects are repelled by their smell.

B.3 Chemical TreatmentMethods

1 Simple chemical preservative treatment methods for increasing the longevity of bamboos
have previously been developed. This treatment will Increases cost-2§%20but can
increase longevity by more than three or four times. If untreated, lmambbwalls do not
last more than-% years in outdoor conditions, but after treatment may last f@0tears.



Freshly harvested bamboos are effectively treated, but dry ones can also be treated.

Bamboo battens and mats are to be first soaked in foatat least 24 hours and then dried.

Dip Diffusion Method (using CCB or Boron)

Mixture should be
prepared in the
proportion 3:1:4
(copper sulphate 3 kg:
sodium dichromate 1
kg: boron 4 kg) in
about 80 liters of
water.

6 mm holes drilled
in internodes

Inside of tank coated
with bitumen

Whole or split
bamboo culms areut 2
to size or bamboo Chemical
mats of  suitable zgf:t?;:at'“e
dimensions are

dipped in chemical

solution  (preferable

CCB or boron) in a

tank.

Qil drum cutin
half lenfthwise
and welded end

Fig. B-1. Dip diffusion treatment of whole bamboo culm
(Source ADPC)

Instead of a plastered brick or concrete tank, a simpler tank can be make from oil drums cut
in half lengthwise and welded erido-end. Even cheaper to line an excavation in the
ground with polythene sheet.

If metal tank, its inside should be painted with bituminous coating to protect from
corrosion.

During dipping the bamboo should be pressed down with stones or bricks to completely
immerse in solution.

For whole bamboo culms, a 6 mm hole should be drilled in eachnotEr for more
effective chemical penetration.

Whole bamboo should soak for at least a week, split sections for three days.

The tank should be covered with polytleesheet to keep rain out.

After soaking, the preservative should be allowed to drain back by raising the treated
bamboo above tank on bamboo supports for a few hours.

Finally the treated bamboo should dry for 1 week in a rack, protected from direghsunli
and rain.



i) Internodal Injection Method
1 Simple method requiring little equipment.

1 6 mm hole should be drilled in each internode of a whole bamboo culm abd 20
coreosote (tar oil/ molten bitumen) combined with kerosene/sump oil/ Mobil / diesdétish
be injected with a large syringe.

1 Paraffin wax (or putty, if available)
should be used to plug the holes.

1 The culms should be rolled2times a
day for 710 days to distribute the
preservative and complete the
treatment.

1 Treatment method appliclbfor green
or dry culms used for making
members ecposed to occasional

wetting, such as bamboo posts.
Fig. B-2. Internodal injection method for treatment

of whole bamboo culm (Source ADPC)
iii) Hot1 andi Cold Method

1 Bamboo end portions to be treated should be
submerged in tank or oil drum of preservative
that is directly heated by fire.

1 After a period of maintaining constant
temperature, the container should be allowed to
cool, when the preservative is drawn into the
bamboo.

1 This method can be used for green or dry
culms.

1 10% boron solution or creosote + kerosene /
Mobil/ Sump oil/ diesl should be used as
preservative.

1 Should be heated to about°@0for 3-4 hours
and then allowed to cool overnight.

Fig. B-3. Hot and Cold Method for treating bamboo

REFERENCE posts (Source ADPC)

1. Handbook on Design and Construction of Housing for Fomthe Rural Areas of Bangladesh, January
2005, published by AsmaDisaster Preparedness Center, Author: Dr. K. Iftekhar Ahmed.



