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Plan Sudan +{249) 11 225968

Block No.7 +(249)11 227041 Plan
House No. 177 E-mail: plansudan@sudanmail.net

Riyadh, Khartoum, sudan.co@plan-international.org

Sudan.

To Whom It May Concern

Dear 5ir/ Madame,

This is to confirm that Professor Mohamed Osman Al Samani from the Environmental
and Development Services consultancy firm has collaborated with Plan International
Sudan and has promoted community based and environment friendly construction
materials and design. Professor Al Samani has contributed technically and designed
innovative methods in construction by developing and constructing four classrooms in
Um Rimta locality through the usage of locally available construction material such as
lime mixed with sand and a small amount of cement. The four classrooms located in the
following villages:

1. Wad Jabor

2. Al Shigag

3. Al Gadisia

4, Abu Nowara

The innovation contributed to the technical capacity building of the local community
construction workers, reduced the cost of the classrooms by more than 50 % (12,000
SDG compared fo 25,000 SDG) by the usage of the locally available construction
materials (lime and sand). These classrooms are currently functioning and used by the
basic school pupils (boys and girls) and have contributed to child enrollment, retention
and performance.

Yours Sincerely,

Donald McPhee
Country Director, Plan Sudan
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Khartourn 257 December 2011

CERTIFICATE

| have had the chance to get to know closely, and deal with, the building technology
innovated by Prof. M. O. Sammani, named Plastic Earth Bricks.

To start with, | am not surprised that somebody from outside the engineering realm
probes to come up with solutions for engineering questions. On the contrary, this has
arisen as a responsible response of a keen person engaged in rural development
where he could feel the shear need for producing practical solutions.

This invention builds on the much desired advantages of the material earth,
availability, workability, thermal behaviour, low cost, etc. etc. it has similarity with
Nadir Khalil's earth bag technology which uses coiled earth (sansges) in cloth 'tubes’,
| have also | had the chance to study that technelegy and follow the implementation
of an experimental unit in Khartoum. | truly believe that Sammani version is more
appropriated to our situation. The replacement of cloth with plastic bags in one
improvement,

The technology leaves room for some improvement also. These are issues of proper
garth selection for example, adaptation to roofs construction and some engineering
ar architectural modifications that may take place.

Nonetheless, [ find the achievement so far realized b;.r Frof Sammani s valuable that
lintend to apply and promote this technique where it fits. | surely stand ready fo give
my full suppert and explanation whenever needed.

CEMAN M, ELXHEIR

Ph D, Arch-Director, Mewtach Consuilting Group
Co-Chairman ARC. PEACE International
G248 G 1234 TO97
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Ep Wahund Cooperetive Credit Project

GEOLOGICAL. OCCURRENCEH AND ENGTNEARING PROPuRTILS
OF LOCAL MATSRIALS *OR THi CORSTRUCTION OF
WoTER STORAGE TANKS

/Tune, 19367

I L L L I R I B A R LR A

e

par s

wnmironment and Development Services (EDS],
£1 Zharlk Hotel - Bharis &1 Gamhoriva,

P,U, Box 10408,

Thartoun / SUDAN
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T INTRODUCTION

1.1. Bsckiround

The agres investigsted liss entirely in Ln WNahud
Trovince of Ysstern Kopdofan 3tate, bounded by letiftudes
12° 00* - 13° 30'F and longitundes 27° 30’ - 28° 15'm
{Msp Fig,1).

The areég forma ihe 5W cormper of the thirvsty trisngls
of Mazrub-Sodiri-Nghud, The ares is underlsin mginly by
the Baacment Complex rocks Which are known to he Water
devgid, Intensiv; geophysical surveys aoupled with
hammer drilling indicsted the prescence of Saline ground
Vg ters in somé locglltiea. The areg i8 extensively

covired by sand dunes and surface drgingge avsturd aTe
ill-developed.

Averagé annual rainfall varies from 300mm in the
South to around 15%mm in the Harih, Average annual
evamoration reaches 2,500mm forming an annuogl Water
deficit of more thsn 2,000mm, The msjority of rainfall
either svaporates or infiltrates through the asndy acils.
A 2mall part of the rains is collected in elsy denross-—
ions along Iinterdunal hollows or glomg inland drainags
systems. Such Waterszs sre short lived,

Historjcally rain Water storsed in Tebeldi drees
n3ed to be the main zource of Water Tor domestic supmly

in Hammar ares, It Wzs renoried that up toc 900,000 M7
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uzed to be atersd annually., Duse te gcolugical chanpsa

Tebeldil trees gre drastically diminishing.

Bn Wahud Co-operative Credit Preicet [(uNOCP) is
greriing subatantial efforts tovards solving the domestic
Water 2urwly problems. COne of the aplutiona adopted by
the project iz supporting communities throwrh svailing
credit to build concrete Water storsge funks, with the
purnes & of storing rain-Watera or tankered waters from

the far exlating Water-yards,

The construction maperials in uss, at present, are
cement, steel, Ssands and gravels and Tired bricks, The
practice s faced by many problems such gs high coste and
the importstion of cement snd steel to the ares. Addsd to
trhet the environmentsl problems resulfing from tres cutting
for brick-firing,

Caleium carbonste, locally known as Geer, had been
¥idely used during the colonial pericd inm the comstruction
ol government buildinges in Fahud town, Water storage ﬁanks
2 22 x1,5m capacity and with g wall thickness of %oom
Were bpilt of Geer and 2and in Wad Banda. They date back
to the time of Darfur Pgeification Campaisn of 1916, built

to store Water for the groy,

1,2, Study Objsetives

Levirenment and Develovment Jervices (EDS) having

ag one of ita concerne ithe prometion of domestic Wwater
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supplias, r'ipds investigating the wse ef Geer and other
lecald building materigls in the construction of water

storage tanks, an idesl 2o0lution to the wyter prohl sms
of the project args Tor the Tollowing peasons ;.
a) Availability or Geer and other butilding

sards, gravela and
in the sreg,

materials gs Ztones,

Cla¥s in many rlzoes

b) The high costs and unavailshility of impor ted
materiala, cement and steel,
o)

D Hednotion of envireommentel hazgwads of tree

Sultings Tor brickemaling,

a
L

Promotion of the gaotiviiy as g particinativs

and comnunity based technology,

1.3, Study Terms gof Referunce {T07)

2
A5 A

The pronosed prodect avttivities wepe whased intgo

3 stagea, each Emataling from the other, and 21l make the
mroject proposal, The 3 phascs are ! 1) snvestization ar
the occurrence and Enginzering propertiss of locgl conatruci-
ion materisls, 1i) selsction orf ™o villages o piloting
proto-type tanks, and, iii) Cnee the mroto-types nrgve
Sutcessiul, mobilization of the proiect Sommunities Cap
cunstrubtiou of storzse tanis 2t the needy Villages,

The TOR for Phase I, the subject of ghis renpnrt, can
be sumrarizeg intoe

a -

8] Manping of constructinon Materigls in the 2l Eg
With more emmhaais on the Gser,

28




b} Sampling of iceslly used materiala, if any,
including the existing tanks at Vigd Bandsg, for
labaratory anslysis, to verily thedir enginsering
aracartics and their suitability for the const-
ruction ol Water atorape tanka.

e) Design of twg prototyns tanka 4o be constructed

4% pilot projects using leesl mzterigls,

1.4, Study Team ¢
The study team Was composed of tWo consultants :
- Dr, .3, Daoud 3 Beplogist,

- Mohamed E, 8iddig i Civil Enginesr,

2 GEOLOGIC OCOURRENCS :

- =] = -
£,1, Field Ipvestigations;

To investigste the 8Vailability, ccourrerce, and
use of Jocal comstruction mgterigls, the Eeclogiat 2pent
iWo Weeks in the £ield. The mgior centrez of an Nahud,
Udaiya, Suga k1 Gamal, Wad Banda, Iyal Bakheit, Khuwel and
their rural villages wWere visited., More emphasis wes put
on Geer, and samples, ineluding Wad Bands tanks, werec
tollected for lshoratory apalysis.

At The earlier stages of the fieid survey the following
initial eriteris Was applied 4o indicate the prescnce of
Gger :-

i} Yceurrence of thick coveps of Acscia Nubies

trees, eszecislly true wher the meterial cccurs
av a depth of 1-1.5% metera,

25
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ii) Presence of gray clay soils, mostly in
interdunsl hollpwe, whun the denth to
mstertal i% not more than I metler.

1ii) Presence of White fragments and kanker
around mice holes, which holds Well, ¥heén
the depth to materizl is leas than 0.5 meters,

Material Investipated o

ra

The conatruction materisla inveatigsted included

Geer or ecalclum carhonate, stones, sands and gravels,

2,2.1. Catcium Carhonste (Geer)

The most important finding of the Tisld survey is
the identiffcation of the looally imevn Mungur-Monsur
or egloinm esrhonate, which is the reaW materizl Tfor the
manulfacturs of csment and lime. The geclogic conditions
and 1ts regction With diiuted hydrochleoric acid infdicate

ita cgleium carbonzte nature,

Dhe oocounrrence of calcium cerbonate in the ares,
takes one of three forms f-
i) As compacted and relatively hsrd materisl,
known locsally az Mongur-Mangur,
1i) 4 powder form, seéparatsly occurring, oT
mixed ¥ith Mungur-Mungur.
iii) &4 very hard fragmeniary lorm {Kanker ) always

found mixed with the poWder wyné,

Compositionnally, there are po diffsrepces bDeiWesn

+

the three forme, all sre caleium carbonate, The material
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Wk

is noither 5 lime-zfons nor a merble Which ia the cryatslliins
form, Some waricties :f the comrgated form are similar to
1ime-stone but the proceszes ol diagpenisia and lithilcation
were not complets.

The materigl iz a lacusirine depoait, probsbly of
Gugternary ape, denosited in continental lakes vrior 4o
aznd dunc invasion., I% is not Lknown Whether the melerial
was depoEited in a huge lake covering the whole region or
in isolated Sm=ll lakes distributed all over the area. The
poourrence of the material, in the form of Xanker nodul es,
wgs reported from all over the Bara-Umn Euwaha-ﬁénk trough,
forming the transitional Zone beit¥esn the suwerficial deposits
ané the Umn RBuwahs sediments, Within the projsct sres
investipgations revesled the Tollowing resulis from the sttes
wisited -

In Makud town the msterial s found in Ban Gsdeed,
Abu 3itta, and Geddal, gocurring in compact or powder Torms.
Around Hahrud it occurs extensively in Ivsl %ubeir dinoa
eompact form and at a depth of 20em. in a layer of 05-100cm.
thick upderlain by a 15cm, layer of powder rich kanker
fragments, The Tormation is unferlain by a 10¢m, ihick
lgver of grey =ilt folloWed by a yellowWish sgnd laysr.
Powder form rTich in kanker frogments ocours in Hahad ®1 3ilik,
While nowder and compact forms oocur exiensively in Hill=d

Tamail .
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Fo Mungur-Mungur or free powder forms Were rerorted
to oceour in Cisiya town, In Higpeirat village, east of
Odsiva, 3 White mafterisl with kanker podules Was Isnped
gt o depth of 3.5m. in s newly constructed hafir, in
Ump Kheabmein village, west of Odsiya, a vowder form lsyer
of Soom, thisk ocecurs at 2 denth of B0om, Delow gpround
aurfyce,

o) Suga 51 Camal i
Tn 3ufs-#1 Gamsel to¥n, Mungur-Mungur iz found ot the
denth af ¥Seom, and extends for 50 %o YOcm, covmwsrds, In

Tardor, @ulla, and Sallam villapss a compaoied fom oOoURS,
=p r |

In ¥ad Bands towr the powder Torm ooours extensively
Lelo® 50 %o 7o0cm. snd extends for a thickpesa of more than
soem,  In &1 Maarka villars, south of figd Bends, compach form
pooura gt a denth of 75 to 100cm,., and prtoenda for mers than
1 meter thick, followWsd hy =z layer o Whits aend with yelloW-
ish pebhles, Tn &1 Batha, near 9ad Zqnda, both the compacth
and pewder forms occur extensively and are exposed on the

surface,

g} Iya]l Bakheit

along the road from Fahud to Iysl Bakhell ihe compact
ferm of the materisl cocurs in Koreina viilage. No goourr-
4

spoe of the material was reported at the fown, hot oz comeacd

f'orm Was noticed in 2l Keiz villege norih ol ths fovn.
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£)] 21 Khuwei
In Ehuwei boih the compaci andé powder occur erxicnsively
and arae exposal af the ¥edi bed within the town., Both compant

and powder forms Were renorted to occur at 81 Ehuwei rurgl

Yillages,

2,2.7, Dther Buildine Materials

* - = -
The most important nuilding materials, othsr than the

Geer, include building stones, gravels and clavs.

a} Building Stones :

The building 3tonses =vailzhlse in the arza are the roocks
of the Basemept Complex, Nuhiapn Sandstonus, snd lateritic
atonasa,
= Rooka of the Basement Complex exposed in bha sres sz
mzinly Eranitic rocks, OGrsnitis ansd gnaésiu roas are videiy
Zpresd In the rural srasa of 81 Odadivae, Higgeirad granits
are very massif, With smooth tops snd 2ides and widely apecod
joints, Granitic rocks of Umm Fheahmein are characierized ny
eloasly anated joints and fracloros,. Quarrying of sush rosiy
to 0DSaln reasongble fimegnsions for building i9 an wasy job.
Granitic rooks Wila 2losely spacsd Jointa and fracturss cropo-
ing cut eaat ol Iyal Bakheit are extenaively uaed as building

atones,

= Horika of tha

=

Ubian 3andatons Formaticn includs madatones,

Ferrizancua ss gt i 3 ,
eelldiud sancalones, pebbly sandsiones gnd conglomerates,

Nubis W W
ian outerons ape ¥idely spresd in the sreg Large Nubi
G A - ok e dlmT
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outerore coocur esst oof Nehud, Jebsl Heildoun ia composad
mainly of mudstones, coloured in shades of deep opurnle io
white, and esnped by a thin bed of ferrugerous sandsionss,
The jointed mudstone blocks csp €asily he duarried and shgped
ip zddition to their durability, The jointe? mudaiones of
Jehel Heidoub are extonsively naed as building sionea, Sand-
atones and pravels gre Quarried =% Jebel Hiram WY of Mahud,
Outerops of Fubian rocks ocenr in the rursl areas of Suds

51 Gzmsl and Wad Banda.

Tateritic rocks gre durabis, impervious and essy for
quarrying. They are Widely spread and eXxtenalvsly nsed ag

building stones in Cdaiya and Fula areza.

b) Sands, Grovels and Clays :

Fine to medium Well sorted sands sTe available throughout
the arcs Torming sand dunes sndfor ssnd ahests, Ssnds and
gravela are aveilable along the uppsr parts of the ssasonal
Water courses o as Gutwash arount the Basement and Fublan

ountcrona,

Irn every rainy sesson g layer of C¢lay rich acil 1=
Gencsiied im naturs]l Tulas, hafirs snd interdunal hollo¥a,
In k1 Beida, scoath of Hahud, clasy rich soilas Were depoalted
in largse devressiona.  In many loeslifties olgy material 328
found under s thin aand cowver, Mors than 5 meters thick clgy

layers Sominste P Odalys area.
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In recgnt yoars manufzeturing of bricks is becoming wWide
spreat in the arez. It Nahwd animal dungs are added to the
elasyey 50ils and sczked Tor fe% dsya, FHigh Suslilty bricks gre
manufactured from the elay deposite of 21 Beida, The madior
conatrsints facing red brick manufacturing iz the atarsity of

Water and [ire-Wood,

3. SNOINBARING PROPRRTISS OF Quki

3,1, Lahorstory Testa o

Te determine the engineering oropertics of Geer, lsbora‘ory
testas were conductoed inm the Building and Boad Zesearch Tnsiitute
{BRRI) of the University of Khsrtoum. The ivats invilvde grain
size distribution, volume change (shrinksze), setting time,
solubility, Iime reacitivity, aqﬁ trial mix tuataf The follow-

ing reaults were chtainsd -

3.1.1, Grein 5ize Analyais (Fineness):

This ¥as conducted on the povder form of the materisl anpd

the following are obiainsd {Table 1 and Fig,2):

Digmeter size gruster than that of gravel = 2LF
Dizmeter =ize of gravel =
Diamuter sizZe ¢of =and {cocarse,medivm and .
fine} = ogf
Total = 15:—_@%
TFTLT

F.1.2, Volome Change (Shrinkape) ;

Total voluvme = 15,00 cm3
Deoresse in wolums = 0.b cm3
Volume change = QL%5X5%QQ = 2,67k
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3,1.3, Sedtins Time

Conzisteney (water content) = 35h
Initigl setting tims L hrs 37 min,
Final setting time & hra BT wmin,

3.1.0, Solupilitwy
The materisl is soluble inp Water, but the solubility
fetresses when

1) The meterial is compact,
i1) The water current is Wegl,
All the above teats Were carried on thé poWisp form of

the masterisl,

5.1.5. The Burning Test

The burning test to Profuce lime %as carpisd nut on

e compact form, The test EFave the folloWing resction

Ca005 Heat Cal + GCE

The maxirum tempersturs = a50 %
Helght before burning = 201948 g,
Weight after burning = ALFE.5EM
Loss by dignition = By
Lime produced = 58.55%
Loss by dgnition = 41,088
Lime purity = aly v

% of impurities = EAEE

5.1.8,. Lime Heaetivity Test

When 600 wl, of watep 4% added t0 150 sms. of Cal
the femnersture chanpe With time was recorded. The msximum
temnerature of 980 Wag revened srran 8iX minutes only. Hence
the Lime iz very reactive una the Cg0 comnlefely resctad With
&

Woter to form Ga {DH}E.

Cal + By, — Ga(@E), + Heat.
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L
Time (minuteal Tomneratyure (o0
o 37
2 3q
L Bl
£ 38
8§ 96
14 gh
12 a5
14 93
16 52
18 20
20 88
22 &7
2l a5
26 2l
25 8l
30 &0

3.1.7. Trigl Mix Testa

The following feats of strencth and
conducted oo mixes ol lime withk cement and
with cement,

3,1.7.1. Strepetn of Pure Lime :

dtrength 1.2 tons = 2,34 Kﬂfgmz

3.1.7.2, Cement * Lime in the Ratio 1:2
Strength 2.8 tons = 56,89 Kplem®

b E 4
Yolume changs

3.1.7.3, Cement + Lime in the Eotio 1:L

Strenpgth = 1.7 tona = Eﬁ.?Tngcmg

Yolume change

3.1.7.4, Sirencth pf Fure Fowder Form o

0.18 tons = 3,68 Kg/cm®

33

volume Chsnge Were

the powder form

T 2
= 0,235 K/mm
= 5,58 Nlmm
= 1.78%
& 3,31 K mm
= 2.5
= 0,36 N mmS
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Strepzth 3.3 tons = 68,21 Hglom

Volvume change

Cement + PoWder form in the BEstic 1:U

Strength = 1.4 tons = 30.77 Epfem”

"

=t

renpths of Pury Cemend,

Cement from Ching

Btrength after 3 days
dtrength after 28 days
Strength after 7 deya(?ﬂ% of 28 dayas)

atbara Cement

3trungth after 3 days
after 28 davs
after 7 daye{70% of

Ftrenpth

Ztrength 28

Ses Bulk Cement

d4rength

alfter 5 dagwvs

Btrength after 22 dgys

Strength after 7 days{70% of 28 days)
Rabak Cement i

Strength gTter 3 dars

Jtrength sef'ter 28 days

Stirength alfter 7 days(70% of 28 days)
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£ Nfﬁmz
1.3

F0e 1 v

5
180 Egfem™
it
305 Kedom®
5
217%.5 Erdfem”

Mg

290 Rglem
220 Belom”
224 Kg'em®

3

317 Kelem®
L85 Kg/om®

339,65 Kg/em

o
208 Kglom™

R
Lo Eglem®
329.0 EKglom®
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gommenis ol fhe Tesulos |

tr leboretory Sssts, Ths

— although sravel size: corstitute 24 of the powic™

farm, it oen bz sasily orushed to she fine esnd side.

— Volume chan-e {shriniz:e) bains wu legz than
a1

3% gan further he reduced when miwed with ssnd

_ pne metting af 4 to § hours is sonsidersd resgonabls.

- The maserizl, 0EF0,, is solunle in weer and sh ould
'
pe vrevenbed oM divect waier £ oy cement

Vel

« Lime purity of 26 is hich =md containes no harmTul
ingredicsbs ss sulphur, iron

-~ The stremgth of the powdler form {365 igfﬂmg} s
A : ; ; - Z 2 :
hisher than thai of iime {2.34 Kgfom” ) and 3% 1S

advigable to use the mowder Torm #ithout burnieg.

~ The TowWwdar

F bl pfaVE

gtren-th of

For constructional TUTDOSSY.

40




T— emmm——

S

3.2.1.
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L) |

Water Storage Tanka

Deaipn Criteris

In deaigning the proto-type tanks the following

criteria Were gdopted ;-

T2 0
L e

fittur

~ The 2ircular baess tank is geometrically
considured more atrong end pressure resisiant,

- Depth of the tank shovls suit 4he locase gy
formation,

= The tapk Cipacity should auit minimsl surifgoe
run off (shset £low) and water atored should be
211t free; and %ith minims) evazoration losses.

« Tank capucity i to meet domeztic recuirements
for at leaat one family, for a period of 3 montns,

- AVgilablility of loesl construction materisle much

as building etones, GaC0., s=nd, =te,,

Ues ign Feqtures

The Cesipn features comprisze the storaps tank,

ard roof, (Fig. 3,1 - 3.2).

Tank :

- Circular shape 3.6 - 2,lm, ‘LI,, 4 metursdeen
and 0.5m, sbove gruund lewvel,

= Masopary %Walls 0,35m, thick build from stones
anc lime mortar 1:5 mix, scsked for 7 days,

= Iniernal plastering of %alls With Portland
cement (1:4) of icm, thick, and base plastering
Som, thick,

- M21l fixed stairs for cleaning.
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Filter 3
- Regotengular in shaps, lm, desp, 1.5m, wids,
7.5=%5m, long: %all thickness of 0,35 meters,
with masonary hassg,
- Filled with well rounded clean coarse sgoregatos
gnd fine sand.
- Onllection channel to cateh shest flow,
- 51iding gate to avoid high silted water &ad 0 proviie
the refuired amouniz.,

- »,W.C, inlet pipe 4" & .

Thetch matting Hool

- Made from local materigls @ timber, stra¥, ste,.,
caversd internslly With polyethelens sheeis to

prevent surfzce contaminaticn and Weler evanorabion,

To gvoid surface contamination during ¥ater havling =
auction purp can be veed to drg¥ wster, To ensurdc comniets
dewatering & hole of W' B and length of 500m, can be made
4t the tank base to accommodste the pumn Cilier. The suction

ko

wump can be produced loeslly in Fahnud workahons .

%.2.%. Construction Costs !

= Dgsed on commurcisl prices af loecal and imnorted
materislis, lahour costs, tenigtive costs for a 10 ¥’ gnd
A0 W capacity tanks coats are given in Table 2.1 and 2.2,
7

It i3 %o be moted that the cosy per ¥” storapc decresses

drasticglly as the toisl capacity inereases.

= The community can contribuie by labeour provision

Thie %ill reduce the cgat by ocns third,
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Table 2,1, Sost sstimgte fap 1LM3 Isnk,
: : Tl Peuant-iUnit:  Toial :
:Item : L‘lemct-jptiun "-‘nlt: ity Comt: Cos £
: : ¥ : ila, Is. :
A Hand EXeawg tion:
~ANC MXeawvstion . .
A1 For storave tank * 31 3000 3,000
A2 For Fijtep M- 72,000 1h,00n
B Yasonary in 1:4 Time
Morfar . .
Bl For Siorage tunk 0, 35m, M- Ly 5 000 220,000
B2 For Piyter 0. 35m, e 24 5,000 123 nog
L Flastering in 1:h cemomt,
Y 0Tm thick,
G1  For 8tora e tank M 6 2,000 72,000
B2 For Piltep MY 20 2,00 M0, 000
I Fi1tep Medig Sunnly and
Flace ;
L1 Coarae aEgregate 1 - 30 frE_3 2 6,000 12,000
D2 Fine olean sand 4% 2000 3,000
£ 81iding Cate 0.8 x O.5(m)
X Amm, Wa, | 7000 7,000
7
F1  P.v.o, Fipe 4" & H. 1.5 2,000  3,00p
T2 PG, elbow gpt Mo, 1 10,000 10,000
3 “hatch matting roor 3m,
diam, 1lm, meight Mo, 1 25,000 25,000
T Bal il ity atnne e 25 3,000 75,000
x
i) Building pana M- 10 1,500 15,000
K Lime Tin 40 1,500 126,000
I Crment Hack L 10,000 40,000
M 15mm, 4 nars W, I 5,000 —6.000
T ota3 75,000
Err s T e
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= The nse of hrdrgted 1imc a8 mortsr reduces the
total cost by almost ane third, The uss of powder
form without bwrping will again reduce the cost by

at least 10%,

% %, Conclusions snd Recommendsticns ¢

- The compact form of Munpur-¥ungur is cxtsnsively used
a5 a building stone becguse of ifte durablility and easiness
to shaps. The powder form, mixed with animal dungs, ia
extepsively 1864 a5 a plasisring materisl to protsot ¥walls
from the erosive scticn of heavy rain?.

- The compact form is burned to proeduced hydrsied lime
wrich is zlso vugsd for tanning lezther.

- fgter storage tanks wepe built from Mungur-Muongur a2

btuiiding stones, using mud =3 mortar and plaatercd ¥ith cement.

- Wgter storasrs tanka built using sandsionss and 1 ime
martsr at ¥Wad Bands in 191% gre s44111 persisting.

- Bunildipg meterials a8 stones, clay3, gravel an sand
aTe availahls throughout the project ares,

- Calcium earbonate materials proved to be suitable for
constructionsl purposce, They can he uged a2 mortar or wmixed
with cement for wlsatering.

_ The wowder form should be used withvut burning, This
will reduce the cost and epvirpmmental haZards.

25 5 tank cover reflecta more heéat and incresles Svarnorsion,
The propossd theiched roof %ith an internal polythene membs L ne e

iz more cheéapsr and himhly ~TTicient.
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- The pronosed feasipne gre tentafive dezigns and need
to be improwed bREsed on piloting results, A series of
tanks can be tied to 5 specifie catehment area and wWith some

kind of wWgtershed Mg nagement,

- Finally, the implementation of such tanks shaljl

promote community benefits ineluding, availing Water

ot

during the dry neriod, creaticn of job opnortunities,
checking population out-migration, and ensurc better

utilization of available natural rescurces
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CIRCULAR MASONARY UNDER GROUND TANK
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