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GABION BANDS

Alternative to timber bands for masonry in mud mortar

A report submitted to the Nepal DUDBC by Randolph Langenbach,
Conservationtech Consulting,  www.conservationtech.com

Thisproposalis not for a singlehousetype, but is rather a simple modification of what is already
permitted in the Nepal National BuildingCode (NBC)in responseto following criteria:  First, the
geographyof Nepal makesaccessto industrially produced heavy construction materials such as
concreteand steel prohibitively expensiveand difficult or impossibleto deliverto many of the rural
mountainsidesitesin the country. Secondthere is a profoundneedto providea technologyfor the
safereconstructionof owner-built rubble stone housesthat is not dependenton high quality timber
in areaswhere timber hasbeen depletedor is too costly for many familiesto afford. The system
proposedhere, which hasbeen invented and named dGabionBand€ by RandolphLangenbaclof
ConservationteclConsultingjs intended to be an alternative meansto meet the provisionsof the
National Building Code, but with a substitution of wire mesh (or polypropylenegeogrid mesh)
insteadof the timber or reinforcedconcretethat are shownin the NBCfor bands(ring beams)in the
masonrywallsof codecompliantbuildings

By unique circumstancethis conceptwasrefined and demonstratedin the constructionof a house
in the hillside village of Mankhu, in DhadingDistrict Thisopportunity to demonstratethe system
arosewhen the proposalcameto the attention of LiesIClarkof SkydoorFilms,who was makinga
sciencedocumentaryfilm for the USAPublicWGBHTVprograma b h £ TheGabionBandconcept,
andthis veryfirst houseincorporatingit in rural Nepal,isillustratedin this submittal
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Theadvantage®f this systemare potentially profound. Since
it doesnot require the use of any Portland cement, sandor

rebarin the construction,but rather, only requiresthe useof a

much lighter galvanizedwelded wire mesh (or polypropylene
geo-mesh),the weight of the materialsto be carriedto the

site aswell asthe costare far lessthan for any construction
whichrequiresreinforcedconcrete It isalsolighter and more

affordablethan usingtimber for horizontalbands

This Gabion Band proposal is built on a fundamental
philosophicaboint that constructionin the mountainousrural
regions of Nepal must be based on the use of the local
materials of recycledstone and timber with newly dug local
clay mud from the site itself, with nothing addedthat cannot
be hand carriedto the site or loadedonto a packanimal A
cementconcretering beamcannotbe saidto conformto this
criteriain anyrespect

A longerexplanationof the GabionBandsandthe background
history canbe found at: canbe found at:
www.traditionatis-modern.net/nepal.html

Above shows a roll of wire mesh for GabionBands
being carried Only about 2.5 rolls were neededfor
the houseshownin thisreport. Thiscanbe compared
with carryingof cement,sandand rebar for concrete,
asis shown below. (Photosby RandolphLangenbach)
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Reconstruction Progamme *™eTERamestHardwaresn Kathmandu PR3 qoiph Langenbach (USA)

DATE
None 26/11/2015 3



http://www.traditional-is-modern.net/nepal.html
http://www.traditional-is-modern.net/nepal.html
http://www.traditional-is-modern.net/nepal.html
http://www.traditional-is-modern.net/nepal.html
http://www.traditional-is-modern.net/nepal.html

wi..[9 {¢hb9 a!{hbw, Lb a; 5

ahwe¢!w SAGK aD!.Lhb .1 b5{

Thisidea for the use of galvanizedwelded wire meshwas
conceivedof in responseto the April 25th Gorkha,Nepal
Earthquake It is basedon over 30 yearsof researchon the
history and effectivenessof the use of timber lacing in
bearingwall masonryconstructionin Kashmir, Turkey,and
other parts of the world. Thesesystemshave repeatedly
proven to be effective in reducingthe risk of collapsein
both historicalandrecentearthquakes

The kind of timber bandsin Kashmirillustrated here are
alreadyrecognizedn the NepalNationalBuildingCodes

The photos on the left and center are of Srinagar, Kashmi
India showing historic buildings reinforced with horizontal
timbers. The one in the center is over four stories in
height. It has no vertical reinforcing, but has survived a
number of earthquakes, as has the one on the left, which
is known to have been constructed in the 1820s.

The photo on the right shows a nineteenth century fort in
Northern Pakistan that survived the 2005 Kashmir
earthquakewith little damage. That earthquake killed
over 80,000 peoplealmost ten times the losses in 2015
in Nepal. Most of the casualties in Pakistan in 2005 were
in concrete buildinggPhotos by Randolph Langenbach)

Nepal Housing TFEOFHOUSE - G ABION BAND submitted proposal

ISCALE DATE
None 26/11/2015

Reconstruction Programme PWINCTTE Pakistan and Indian Kashmir P R Ahdolph Langenbach (USA)




L b

al b

ahwe¢!w gAGK aD!

The timber lacing seen in the buildings on the

previouspageis laidin the wall andtied throughthe

wallslike that visiblein the photo on the upper left.

The middle photo shows a full-size model of this

system,usedfor the training of masonsconducted
under the auspicesof the Governmentof Pakistan
after their approvalof this system,knownasbhatar.

Onthe right is new bhatar constructionin Pakistan
After approvalof this system(and of dhaijji), there

are close to a quarter of a million new houses
constructedusingthesetechnologies

Right: Frommanual for
timber-laced construction
produced for theGovern
ment of Pakistan after
2005 earthquakevhen
they approved this
timber-laced construction
for new buildings. The
gabion bandgroposed
here are intended to work
the same way. (Manual
and photos in center and
right byTom Schacher of
SDG. Left photo by
Randolph Langenbach)
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KATHMANDU

Although less common than in
Kashmir,the use of timber bands
has been found to exist in the ¢
older of YI (0 KY|I Yidiiaze a,
structures The 2015 earthquakes
haveproventheir effectiveness

Exceptfor the lossesof the very
tops of some of the towers, the
much older sections of the
Hanuman Dhoka Palacewith the
bandssurvivedin good condition
Ascanbe seenin the photo on the
lower left, the earthquakecaused On the left, the 18 century sectio_n of the
the plaster to break off revealing o oo e e e
the bandunderneath Thisproves pehind plaster on the interior. Those wing
that the wall experienced stress with these b_ands survived the recent
and deformation and thus, the  SEUee n mueh bt enciion e
bandspreventedwhat would have  apove that did not have timber

been signiﬁcantlymore damageor reinforcements. (Photos by Randolph

collapses Langenbach)

Nepal Hous ng TYPEOFHOUSE GABION BAND submitted proposal None DAT%5/11/2015 6
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BUILDERS masons and 6 family members worked on the project. Guidance y
and oversite was provided by Randolph Langenbach, assisted by native Nepaleg
Lakpa Sherpa and Dipendra Gautam, recent graduates in the fields of
environmental science and Civil Engineering.

TIME: The one room house shell was completed in 4 days to the level shown.
The roof structure was still to be finished, and the roof shown was put on for
temporary protection.

COSTThe added cost for thgalvanized welded wire mesbr the Gabion Bands
(purchased in Kathmandu) was only about 15,000 NPR (Approximately $150 US
Purchase of hand tools to cut and shape the wire mesh came to about 3,00 NPF
($30). The stone and the clay for the walls was available at the site from the
collapsed house. No Portland Cement concrete was used. The GCI roofing sheets
were purchased in the village at the base of the mountéhotos by Randolph
Langenbach)

TYFEOFHOUSE SCALE

Nepal Housing GABION BAND submitted proposal None DAT%3/11/2015 7
Reconstruction Programme *"NeTT= Gghjon Band demonstration projedt*Randolph Langenbach (USA)
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Masonry Bond The damagein many of

the highmountainvillageswasnearlytotal,

while in lower areasand further from the

most intense vibrations, partially damaged
housesreveal the most common reasons
for the vulnerabilityof the stonestructures

When rubble stone is used with mud

mortar for masonrywalls,to obtain smooth
surfacesthe undressedstonesmustbe laid
parallel to the inside and outside walls

Rarelyare stones even availablethat can
serve as & U K N& dz2 #aS spécified in

NBG202 for a bonded & NJ y Rubbte
YI a2 ywale ¢

Thus most often rural stone construction
lacks bond stones to hold the two leafs
together, leaving nothing to prevent the
wall from bursting as clay and rubble is
shakendown betweenthe inner and outer
leafs

GabionBandsare designedto addressthis
in a way that is most compatiblewith weak
andunevenstoneconstruction

The above photos show the ruins of the main
house at the Sundfarm. This wall shows
evidencethat the collapse of the wallesulted
from the separation of the inside and outside
leafs and the spreading of tletones at the
corners.

Theimageon the right is fromA Tutorial:
Improving the Seismic Performance of Stone
Masonry Buildingdy Jitendra Bothara &
SvetlanaBrzey EERI World Housing
Encyclopedia, 2011(JitendraBotherais from
Nepal) (Photos by Randolph Langenbach)

Half-dressed
oblong stones

a)

Vertically split
layer of wall

Vertical gap

Outward bulging
/ of vertical wall
/ layer
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Reconstruction Programme

P Rural rubblestone masonry in Nep@P® B2 qoiph Langenbach (USA)
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Strong Corners The onset of damage leading to
collapsein earthquakesis often at the cornerswhere
the in-plane and out-of-plane motion coincide The
GabionBandtechnologyis particularly resistantto this
kind of damage because, with very little training,
masons understand the value of wrapping the wire
meshfrom eachwall over one anotherto form a very
stronglyreinforcedcornerwith eachband

showing characteristic example of the fact that
unreinforced masonry buildings often experience
damageeadingto collapsefirst in the corners

Left: Photo of damaged masonry house in village neX¥lamkhshowing
characteristic example of separation of the walls in the corgexs
frequent precursor to total collapse of the building&bove:View of the
Gabion Banavrapping of a corner designed to avoid the kind of common
failure shown on the left. (Photdsy Randolph Langenbach)

Nepal Housing
Reconstruction Programme

TFEFTOUSE " GABION BAND submitted proposal M= None  |""36/11/2015 10

PRNeTE Rural rubblestone masonry in Nep@P R qoiph Langenbach (USA)




