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I N-TRODUCT i ON

The vi gu.al. regi gtrat i on o{ the bui I di ng FrroceÍls i g a , Íneang
to sirve 'technicatL i.nf orma'Eion about- thcrt br-ri IdÍng prclceËs,
whÍch wi l.I not be visuable af ter the bui Iding h;ter been
cornlrLsPte"d. l-hi:i inclucjee both those erL,ements which arËr,
i ncorpor.rted i nto the wal. 1s or i n the {oundati on ag wel I c1ei ,

the special. blri Iding aids appt ied to achÍeve- the obtainecj ,,

resul t.

TtrÍs report has also tho f,unctíon of, an eva,luation of ,the
chosen techniques and for, that FurptrEe ít tende, to be r:ather
cri ti ca1 .

The buri L di ng procegs whi ch wàs pFacti ced wi th Èhe consítrurc*
,tion of the staff houees was à mixture of yemeni cornrnon
practÍceo irrtroduction of alternative bui Idinq methode and
sclrnë experimenting as wel1.,..

Many a4 the remarks given in this report ar'$ al.reacly
pr-ocerssed with the dasign of the Building Advice Êenters ancj
the t{odel hourses in the project àFear ,

F'roiect actÍvit"y no 81. is the visual negi,strat,ion.o{ thrio
burilding o{ the EAC's, This regietration wÍ11 be done mainly
by slÍdes and picturesr whllEt the viEuaI r.eglstrati.on o.f
the self-help hourseg will be probably done on, video.
ï t i s sr-rc;gested to do the vi gual reEi strati on, o{ the
cr:nstruction o{ the pre{abricated office buildings aIso" on
video (VHg system)

The {ournd.rtion construrctÍon is shown in chapter l.,,"l"hru-e dif{erent houreqs werr reallzedg.,.
Chapter 2 showg the cement bloqk tïousË, .u.

ch.rpterr 3 show:: the stone houee with cement h.lock corner.s.,
chelpter 4 shows tlre stone houee w*,Èh,,,[,f,,,,bJ,ctek ,GornEFEir .;,.

Chapter .S shnws the productíon o{,,,,S,l,le",til,*bl.ocks."".,i .:

Chapter 6 ie è brrief cost compariaeti6tFt,.crí,. the di{{errenl:
housies as executed. The review of thoce final coEts àt.Er
given in the annex.



1.FounrJatiorr.
1.I" Treicing of the {oundation.

C)vr*r tha total consitrutcti on arËa a gri d eystem wè{s 1aÍ d t
al.ong which the dj.{+erent houeses wêre coordinated. Thia grid
rrJ{.1Í3 tsstah:lislhed with a dËurbIe pentagon prism ;rncl a rneasur:inr:l
tape.

The posÍtiorr cr{ the {or.rndations wae indicated by means of
stcrc"L roclE and ínàsonry l ines. The excavatÍon was done
betuleen ttrose I i nes. ,

Since- constructiorr wàE réel laed nEarIy dÍrectl'y on the hard
roclq ! very I ittle alrtcavation waÉ neceeËiáFy. ''
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1.3. Chaltring 1Ínes.

A betterr t{ày o{ traci ng the {ounrlatÍ on wà6 f ound by usi rrg ,,

ctralll , wllich w,qtr dropped by hand along the maEone line. ïhis-" "way the+ mËïsictnÉ Lirre could be removed and Ëesy , excavation .,

wor-k was possíbl.e.

Thea c:crrtractor worlling símultaneourerly on the same tlrrein
utsecJ ë pneumatical hammer in order to LooEen the BUrf àtrê ;,
soiI. tt ig consi.dered that if 'the eoil is so {irm.that.
pnelrmatÍ* Ëë+etr has to be used in or"der"to loosen,it' it, doas",
not have to tre J,oosened at all, .,,

On the other hand it is ímpoÉtant- that..'.runnÍng, surf ace,,
water a{ter heavy raÍns, cannot urndermlne ,th€ f oundation, In,
that càEF, with superf icial f oundationr, direct..contact,,,hae .

to be f olrnd with the roch:.

'.1-

i:'ii?':
|fa:rat
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1. I. Use of tímber. '

For the casti ng of the #oundati on stri p a t i mber {ormwor'[,:
was ursed, consistíng of two planks qnd ver-ticaL cros*
t i rnbers. -l'he verti cal g wêFe t<ept rather I ong r Eo i t woul cJ be
poxsible to LrËe 'L,he timber a{terwerds for other purposeË. On
top o{ an unrein{orced concrete layer including siton-Ég, a,,
r-ei rrf or-ced l ayer Hérs cast. The $aíne type of, tÍmber f cJrmbJor[,:
r.Ja:r Lrs!,ecj {on this se.c:ond Iayer, lrsíng smooth timber. l-he
amournt o'f timber" used proved to be inconvenient becauge o'f
the hi gh pi ece"-:r st j. ctri ng out and expenri ve.

j
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1"4. Use of gtones and cement blocks.,

ïn order to cast the foundetion strips at lower cost, two
Lines o{ br-oken cement blocks and etonae wêFÉ used íor tho
ot,her traLrse+s to cast the rough concrete tayer, and to,
prc.rvide à flat workÍng sltrface for the foundation tie-beam.
The rough concrete was cast on the urnerven ground gur{aÈe and
the vertÍcaI reinforcements Here placed in thís concrÉte.
Ttre tot.r1 widttr o{ thi:i first leveling coLrrse iE Íntrre than
the re"qui red waI I tlrÍ ckness.
Ë'or e;n{ ter soi lg the {ourndation s}rourld be made deeper à,nd
thtp "Í:oot i ng sholrl d be made wi der .
A{te+r' hardening o{ the concrete the stones were removed arrd
r".rged irr tlre construction ai tlre walIs.
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1 .5. Ë.rsti ng of concrete.

ï'hel mixing o{ the concrete waE done with a motor mixer with
è content of tOO liter. An ef f orrt was made to keep the
water'-cement {actor aÉ low as Ct,5r. and to obtai'n a high
concrerte qual ity by mechanical vibratÍon. Due to water
absorb:ri on try the vol. caní c stone and the high evapor-ati on ,
the concrete mortar wàs too dry and even with pr-olonged
vÍbration the concrete ínas$ did not liquidize. The mogt
appropri;lte wat-er-cement {actor in combination with the
vi brator uJas (r."7.

É\{ter the ca:stinq;1 o{ the foundatj.on strip, the 6ame h,ats kept
wet Íor several" consecutive days.

IH
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I . &. B.crs i n gtone ínaEonry {oundati on t ,.:

T'hel {:j.rst Iayerr* of the foundation upto floor Ievel h,ere
made in blaclr tr"r{f stone, and the etones were laid arouncj
thel verti. c.r1 rei n{orcement hrars.''l-he' stt:ne"g m.àl;: ep o{ten contact wÍttr the reÍnf orcernent_ barri;
aTtcl Ífiay uaLltse corro$Íon, par^ticurl,ar'1y bacauee the for-rndation
may rertain Iong time lts hurmidity after raÍne.
I+ the rein{orcem*nt bare have to go through gtone Ín&cjonryr
t hey shoul d ber cast i n concrete r' whi ch doeE eu{{ i ci entl y
slrrroutnd the [:ars on arl. sides. A proposal has been rnede tO
separater tha bar f rorn the gtone dur,ing the masonry with a(temporary) 1t"t-12cm pl astÍ c pi pê. ..

".'!:9 t
t:iV:
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2" (:ËMrrN'r LILOEI-i HflUSË (house I)
f . 1. DÍstriburtion o{ rein{orcernent and Etona {oundation'

ïn tlre" cement block house a single vertÍcal rein{orcement,
bar was placed at every opening o{ door or window. At the
corners and intersections of the wal1e én àdditional bar waÍó
p I *rc erJ
Tho position o{ the bars wae planned to cqrrespond with the
trc:lesl in the hollow cement bloclrs, but beeause of the use o{
natural stone in the {oundation thie coordination was partly
lor;t. ït is not recomrnended to make a.stone f oundatÍon for ó,
cernent bLoc[* houEet but to uEe exclt-tsivel.y solÍd cement
blocks in the foundation.
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?.:, ËIeven holeE cement block. :

Ëontrary tc: the design the 11 hoLes cement blocke h,er--.e Ltliêlct .

aE hoï low cement blocks 1n order to pase the r.einf orccement,
throutgh.
l-he reslr-r1t:s wer6 that it is not possible to keep the cor-rect
ptrsÍ t i on of the bare, and the f i I li ng of the holes- - wÍ th
concret-e courld rrot be properly done.
In . oínËê càseg ttrep holes were not f irled at ,arl and in,.,,other-
ccïÊlêsi the hol es were f i I l ed wi'th. ínagong mortar. In,, both ",

cfitseÍg the covr"ring of the reinf orcement bare wi.th 6trong';,
cement mortar a4 suf {Ícient thic.kneag was not achiêvÉdi 

,.,
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:ï , ::i, Twr: l'roL ee eement b I oc lc 
"

At those places where a vertical reinforcernent bar wàE
planrredr à,8 ehaped hollow cement block was placedr which,
wcls f i I t ecj erf ter eech courgr wi th concrete wí th { i ne con- -

crete, ïhe ma>limurm aEgregate seize had to be t /2". Ër 1-
1 ,5cm
The cnncrete was rather liqurid because the very dry and
Fclr'ous cL.Ínu.nt blocl.:s absorb à Lot of water. It was necessary
to w.at er the cernent bl oclts; sr-rf { i ci entl y bef ore thel concrete
t4às cast.
The B,shaped ce'ment blocks {ormed this way e strong {raming "
o{ 'Ehe open i ngs.

1()



l.4. Lengthenlng of rei.n{orcement ,,beFE" '.

T'tre vertical reín{orcement bars hava a diameter o{ Ëmm or
lt)mm at ttre+ most . l"he 6mm vert i cal ban wi I I too eas3l I y bend .

When wor"[,:i.ncJ at à trigher Ievel t ít became di+{icult to put
the hol 1ow cement blocks over the top ' of the baret
especiiaJ. 1y when this werL5 the 1l holes bIockc.
'l-hi s probl em i s a emal L di eadvantage of the system wi th the
ho1 l ow ce.ínernt bI ockg.
Another di sadvantage of the Iong protruding lengths of
vert Í ca1 i ron , waEi theí r ewi ngi ng movemente i n the ,wi nd .
ï'hege movements cauEed that the bottom of the ban, where
cas'h-in, became separ,ated {rorn. the concretE.
The ttolr-ttion to avoid theEe both probl'ems waËi! to ghorten
Lhe lenthening bars, and to have 4 lengths ingtead. o{ S
lengths in the height of the building. i
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?. 5. !-1orí:orrtal. r'einforcement'

Under all the windows, and trver alt the doorr'e and windowsl .r

horieontal reínforcement is placed in the' wall'. '' '

ï'he lower reinf orcament coneiet out o{ ? ' timee '6mmt but '

according to the steel Éupply, 2 of $mm was Put,,, in.,-.,'[his:t
gàve an extra thi ck hori zontal joi ilt.' rn 

i ]ontafó,r*r the wi ndowg Í n' the ourteÍ de t.lel l'e 7 the""'hor
rein{grcement.is Flaced in .t}re.,li,,},'hlsck beame. Over 'the 'doors'".
ín the inside wal ls e.LÉ6}ri.u-jblocke, were' . placed* ' In' the ','

remaining wa1I the horirontat rein{orcement wae placed in
the hori::ontal joÍnts.
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?.Cr. l"lcrtrling o+ wind6w oFênings.

lhel mpertíngw r,cJere rnade with the aid of a ternporary frarne*,
wl'r:L nh urc;ru1 cj at the sáíne t i me support .t,he U ,.,b Ióc lrs f or the
I in'Le.L tie-beàín. -l"he f rqme, howelver was not *trong enough
errrd NaÈi bend under the horizontal load o{ the cement bloclle,
wfricfr t,\,Êir-e ;:r'essed against ít.
ïhe wincjot^ls and dclors wer€-r ordered when atl the opÉnings
wËfre finj.shed, and made to the eeize of the openÍnge.
ïhe u [r]ocll beam wag laid in a layer o{ very eandy mortarr.-
arrd the temporary window frame had to be supported in the
mttjdlq-" to avoid bending. on the upper eide of the frame an
extra plank had to be added in order to give , su{ficient
sr-rpport for,t.he,U+blockg.
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?."'7. Jhe U 'i:j.r:ch li.nteL bêam' ''

over the outside perimeten of the cernent block hoqse 'so' -'u'*'
bloc[,: Iintel bearn hae been made, but not over the ínsidr'"
walls, except over the inner doora'.'
In orde.r to allow the vertical rein{onceínFnt barE t9' troínë'

througfr the u,blocks at t.he rÍght places, the horizontal "'

bridge was partLy cut away wlth a háÍnmer' "'-
1-he cor-nEr solution was made by .placing .a,,d,l *bIock tarith one

wing onlY at lte side.
The littIe joints between t'he blockg wËre washed
mortar i.n order to avoid leatlage of concrete'

in with
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2.9. lïtoof plaetic,

T'hen j. mpermeabl e roof sheet was pI aced wÍ th the ei dee upagainst the walls. The gutter piece wae praced on top o{this shsent where the warl wae interrupted.,This gàvel abarrier to the draining water. In.the other houee-g ,the
gurtterpiece was placed lower, and the ptastic made fIr-rshwith the guttter.
l"he roo{ waËi {i11ed with a stabil'ieed mud layer (rnixture Icement and 2.Q mlrdsoil ), but the mixture of cement and the
mud hJcïs m;rde di f f i cul. t try addi ng water. For the rnodel housesin the proJect êrea a dry mÍxtlrre of lirne and mudsoil ir;
rÊcoínínencJed. The I i me wi I t harden i tsel f wi th the moi sturra"from the soíI.

;-\F.

\ó

16



2,1(). FLastering of the cement block houËe,.

'['lre cement block house wae plaetered ineÍde and outsida.
The {r'ont o+ the outsÍde was plastered wÍth a smooth finish,
whil.:st the backside of the houeer wàE brushed with a cement-
sanrJ mi xture, thus l eavi ng the general texture of the cernent
blnch:s in view. ïhis last rnentÍoned method is murch iheaper"
i n l arbsur- and materi aL than the 'f i r-Íit , br-rt gi ves ardequrate
se"ll. J. nq,; cl'{: the poroLis cement bl oc[': wa]. 1 

"

PLASTM.ED AGAI}IST
LEAKING WATM. OF GUITIH.

cí-)À'llll)
rriITi'I CEi"ïlllWEIl RUSH
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.?. fJ" Yemeny arclrecJ windowe.

on top o{ the Iintel tie*beam a series of traditional anched
windows were masoned. In order to have à corFect shapeq á
pLywood hal.f round form was mader agalnet which àn in{iII
{or the ar-ch was ínade, ueing 3 cement bl.ockg and e very
Éclflrl! mortar. Ëare wae taken thet the .f ormwork wàs , made,
level . The production of f orme"wae about 5-é per. day f or a.
ínason. 6ince this is too eNpeneiVe (VR $O per {orm)", it i,e,
deciderj to make a metal form which cên be reused ínËrny, timeE..,
l'he gieize o{ the doors and windows muet therefore be
standarized at a wÍdth of 90 cm.

-i i,
I
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_a; ,, gil"ut\tË: t.-loLJtSË t,tJ ï "rFl ctll"lËN"r ELOut,:: ËtlRNER$ ( h ourrge I ï )

:l . l. . Dol.rb I e reÍ ní c,rcement .

ï'hu clor",rtrln* rei n{orcementti arc,j plarced art tl"re posÍtions of tlre
cl--r(iïn i n6r of cloors antl wi ndowgii , èrs well 'l aE thar i ntsergrect i ong
o'$ 'L:he+ warll.s ancJ tl"te cornËrs o{ the butilding"l'"he Ëor-n€irË cl{ the huilding arer burild Lrp with solid Lt)cm
th i. c k cement h I ËË [':s , wi th the Etonë ÍnagonFy they { orrn a
ho.Llmw in wl"rich the reinforcement bars rise. Around these
bcr\Í-Ír c::oncreta' cërn be cast easiLy.'
Ê\f{:er tlvery coínpleted horizont.al I'ayer all the hollows have
to ber fil.l.ed with concreteo consisting cJf Ê!mal,l seised
cï!{.jr-c,:r.;ate. ï+ ínàny courBeE at once are fí'lled with concrët€
arnd contprarcted wittr a rod crr sticl":, tlre resultin6 horizontal
pr-tls$Lrre ínay push the cement bloclle away f rom the stnne
wa]..L .

----<--

t!
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:3. I. Door eafid wí ndow open I nge"

On {:tre rlidee o{ the doore and windowe srnarller seize ceínenr.
bric':lrs v'Jere usïed 7>',Lt)tr2()cm, to {orm a straiql'rt vertical
bnrder f or the sltone ínesonryr ás well as a verticaL channel
f ar the' ve"rt i cal. reÍ nf orcement
HnrÍrr.:ntal fies heLd the L:ars apartr but the dourble trarg at
thee door- and window opËnings werê {urther considererJ àË
exce$síve and curmbersorne to worli with. .
l"he openings were not rnagonerd witfí a frieme Ín the opening.

19



ï:. :ï " Over I aps or hooks i n the bars.

For lengthening the bare, a choÍce was rnade between an
overlap o{ S() tÍmes the bar diameter oF a hook on both bars.
The overlap should have been made by pushing the Iengthening
bar into the {resh concreter next to the other bar. Because
the real ovËrlapping length wilI wÍth this method. n-ot be
good control I abl e, the pref Elrenct wats gi ven to the 'doubl e
hool:: .
The mi ni mum consi dered I ength of -each hook i e to be ?(tcm t
and sr-r{ f i c Í ent concrete shouL d be poured al l around the
bsï|-Si.
Some etrength test have beeln exercltted on sarnples and the
lrool,:length o{,'lt)cm showed to be suffÍcientr only when the
concrr:te had Ën trroËtEi sectíon of minimum 1Ct cm. -

<'":È
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.l; " 4. l.{or-izontal reinf orcernents

EE'1ow window Level horiaontal reinforcement waE placed irr
Lroth the gtone wall housesr howêve.r becaurse Ëf lack of órnrn
stelel berrs tfre much ÍnoFF ridged Ë]mm bars were utged. ,,

Aïthmugh horisontal ties werÊ speËified everry 4ocml .they
weÉr€i nearly not placed at al I.
ove'r the Ëorner an extr-a diagonal bar wag placed,. ï'hie
díagmnal bar wês repeated Ín aII tintel beams.
In al l cclrnerËr the hairpÍn bare 'àre kept contÍnuous, with
the overJ.ap o{ minimum 3o bar diameters in the 1ength of ,Lhe
waII.
'T'he stonel ínërsonry wàr3 executed in horizontal Iayerso ao the
hor-Írontal rein{orcementE {itted between two horíeontal
c oLtr cieg .

3--r-
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::i:.fÍ. l"latling the c"FCh.

A temporary mourld was made to mason the Ierge arch inside
tfre house, Ëonnecti ng two Fooíns together ' Ïhe timber
{nrmworl< surpport had a height of 1.5{) m and the total height
cr{ the arch was about 2.3O m.
Ttre bottom picture ehows the basis of the piar againet t'he
outsi de wal L ,

ltr
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:;. &. l'he f or-mwork f,or the tie-beams. . .

In the mídrlle hoLrse a tie-beam was made by means of a wooden
farmwork, congistinE out of the etraight fIoor tirnberE.
Plany spè1ceÊ remained between the timbens and the eidee of
'Lher wal l.
CJn the ineide of the tie-beam a plank wEe cast in and
in position with large naÍ1s.'T'he d j. gadvantages of the maki nq, and af terwards repai ri ng
'Lhe wider- tie--beam with the timbeÈ formwork does not rnake it
en.rclvisarhle conEtruction. The wider tte-beam ie more ridged
th.rn hhe eiíncll. ler .U,,bIock beam, burt much ínorË coetly in
l al:curr and merteiri al e.

hel d

\,/IDE BEAM

I|II{BER tr0RM
]{OUSE TI

U BLOCK BEAM
HOUSE I AND III
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:5"7" l$hoes for the {Ioor joists. ,,

In orcler to maker a good connection {or the {loor joist to
{:hu" h i ghest t i e-beam , speci. aL shoes were desi gned ,
cons,i,i,oting o{: folded galvanired rnetal sheet matal wj.th 1()
nail holes on either- side. l-{owever the nailholeg wÊre burned
inl-r: the s,heets crnd thuE very rough. For the naiIs, cohcrete
crr' frarcl tlteel nails wÊFÍ-à lrsed in order to enter the hardwaotj
joi stsii.
On top o{the shoÈr}6, a pIarn}r was cast ínto the tie-bearns {or
'ther {j.x.rtiorr o{ the pl"ywood onto the tie-beam. ThE plank waË
anchured wi tl-r a I arge nurnber of nai I s i nto t he concrete
beam. ï'he whole construction proved to be veFy good but
expensÍven and coínpl icated.

Sl, DIll i.-rTllÀP

Al'ríliitlll liJG i,t)it J0TSTS
S\-il 1iLS0 |1r.RAGRA.PH 4.7.
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;5. H. [-'Iywood ,f loor diaphragm. ..

ï'he llmm thictr plywood {loor eheete are nailed wÍth Eteel
concrete nails to aII the floor JoÍsts along all the eides
of the gheet at intervale of 3O cm. i

ïhurs the plywood createe a through going
i ntegrat.ed wi th the f l oor joi sts and the f I oor
'F- i e,d to the wal I s.
Thr+ plywood j.s stopped at the walle in order to
err.-c'L i on o{ the wal I s f or the second story.
btlt:weelrr the pJ. ywood and hori zontal ínàsonry are
Àn e'i( hr'à eh-r'íp of roofÍng plastic.

' diaphràgítrr
Joi ete arE

allow {uturer
The joi ntrs

coverE-'d wi. th

\
\\
--'--,,\,/,/ \

\ ,-<'-------(','\-\-"'-1
' rr" t 't\<\ 'í2

x.l\

\
ï
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4. ï-f lE U lSLOCh:: AND $ï'ONE HOUSE. ( hou.;e I I I )

4. I " Vertical bar"s in {outndatíon
"l"he delsigrr of the houcsl had three rein{orcement bare in the
cornerc-i o{ the wal 1g. Becaurso,,no U .bIoch: si h,ere used in the
f or-rnr:la{:.ion, the barg cáírte both lnto dírect contact with
--t clrl r"-ri and werÊ* hrent si dewaye to g i ve p l ace to the dtones.
Al.so the rein{orcement barg were only surrrounded with the
nornrerl ÍïrÀEOnry mortar.-lhe U shapeld cernent trorner blocks shoulcJ be uaed f rom the
f ourrr d a,t Í on LrË) .
I'he Lrráe of three rein{orcement lrars iE Excessive f or onl.y a
irouse wj.ttrout a story or a Éne storey houee.
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4"7, Ver-tical rein{orceínenE.,

Al ongsi cle of aI I the doore and wi ndow op*ni ngs one óF ínorËvertical. rein{orcement bare wêrE deEigned. ïhe spacÍng anclthe erxerct positioning of the bare wae not maintaíned. Underthe wlndows.-no.U,blocks were ueedr so the barE wËtr-ê masoned,directly into the stone walI, wiUrr the fore menti,oneddisadvantages of contact with the etones.
Thei" {o1}owing pictures ehow the {Írst hooltg between the two,,Iengtht; of barsr àEi well aË the grouping together os the two,,
Dàr!á.
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4.:J. Horirontal relnf orcément. -

Under the door openinga and under the window openinge a
douhle horirontal reinforcement wàE placed, {rom which the
rein{orcement under the door ëpËnings cáíne directly oven the
f oundartÍon and thus iE less usef ul .
For ttre rnahing of the openings no temporary f rames arê used
ancj comnared wi th the other two houeee the ín@aËuFeínents wglrêl
k epl t mcJr (: e:r ac t .
Nate.rr- Hari constant I y supp I i ed i n order to keep wet
íïlàrironr.'/ wnrk {or several consecutive days.

eB,
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4.4. Elrt f ace etnnes.

The walls werê made with cut face stones although tha idea
of the project wàË to ureed uncoursed layers and thnough
stones as much eËi poeeible, aE wa6 lndicated on the
drawi nË:i.
oner o{: the main r€rasonË wae that at the beginning o*+ the
construrction nearly all etonee were cut into íte typical
coní cal way r and {or 6 ËoLlFsê thi cJlness o{ l2cm.
É\ r"esurlt of tlrese cut f ace etones and the Sr)cm thick wa11r,
Í g tha'L 'L:he i nsi de o{ the wal l was made wi th manv l ii:tt e
stones and ë lot of rnortar-
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rl . 5. Watc.,r i ng of the ína6onry.

l'lre ínasonry had to be watered durlng about one {ulI week {or
the proper hardening of the mortar.
ï'he-. u-.r'd tu{ { stone, absorbe l arge quant i ti es o{ water
becarrse i'E is very porouË
Firrlt ttre Iahcrurers ureed the hose or splashed water against
tht+ walIg. l"lore than 3O7. of the water (YR25/m3) came on the
grolrncJ.
Wiren 'Lhror.ri ng f rom an aI ti tude al eo mrtch water spl áshed
aw.i"ry. l"he best method wasi to slowly empty the bucket on the
top crf the warll. Bef orê every course the wal.l wae wetted
with ther aid of a little tÍn.
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4.6" Floor bearns.

Ë'r-om thel I ower I i ntel ti e-beam through the upper tie-beam,
anchors made of 8mm steel bar where fixed around the floor
joi$tsr. (ómm wàs designed but not available in time, ) It is
rercommended in the modelhouee desÍgn to urse.two times- ? mín
gal.v;:rniÍe.'cl wireg inritead and fix them by twieting and nailed
to t-.her joiste, l'he f loor joists are hardwood 7 x t? cm and
al L rrai I i nca wcïË done wi th concrete nai I g. The f I oor joi ste
háVEr a relhole wal1 thickne:;g overlap.
lhe .jcrists wherE" not cut to length, but the neare:lt ínër[': et
r$c,i :r es wherre uged.
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tl "'/ " l..lor":i :iont"ql di aphraqm,

-l'lrce g,i.dc.:' cclnnelc'{-ion o.F the fIclor jois1trs parrall.e1 to the
waI I wàEi ac;hi. eved by garl verni zed metal straps r hthi ch . -wEFLl
ca:lt j.rrto t-.he I'rÍgher tiu*br="am ;rnd naiLed with concrete nailg
t--n 't-l-rc," l,:oL'L.om o'Ê tlre two fir-s'L bearns..-.
J'heu rr".rilinc; {:rorn ,the L:ottonr appearecJ to be di++icult ;rRd it
L,.li:\!r liiL((J(lr:.:sted to ;:lJ.ace the e'tei.eI ti'L,r'aps in ftrturre: br+tweerr
thel ,ioi,.;-,f,:; trnd the plywoocl , A:; È\ {:lrrL,er rírn;rli{ic-Tti.on i.t i.t,;
r:iL(llcJeglt:cld irr the mndeltrourse to a;l;l1y rï clc-rurb.le wÍclr*
c-;,,,r1 v.:,rrr j.:i c;.tcl rrt j, r-rit mc*r;h í n 'L-.hel ws,\.|. l. .lncJ rrai I onJ. y thc. { Í r-g.l:
l:rc::r,xnr L:r:r [:lrat w:ir-n rncl3lr,

r/iIRE llEsii REIllfORCm,lIliT
NAILED TO I.TRST JOIST
NEXT TO TIE WALL

p:;:.Jà11;,l.rr+r:

{ii,ïi
É,',',iË;r,,rl*rrr, r,,y ::;,íi!
1ï,r---.__=-.---q=rd
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5, [',rRODUrjTÍON 0Ë' U,.,gLOtjKË.
5,1- Fi11ing of the mourld.,

fie'f ore the molrld wàsi f i I led, it war cleaned.
Ëtegurl ar I y the metal. moul d was moi stured wÍ th water to ,,,wh i ch
a little bit o{ diesel oil wae added.'ïhe aggregate wag rather dry and several mixtlrree weFê triedorrt, also the cement content wes gradually reduced to 1r7, ,,

The best material showed to be a Iight weight volcanic
coar'se aggregate which is widely used {or making standard
c eínE?n L tl I clc h: s .
Thp rnr:uld waË hand {illed oF with à trowel . At the game timethe secorrd pËrËon wàE compacting the material into the
mourl d.
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ïi.I" fiompacting with weight.

The morrld wásr f itled hight wÍth a topping uP and than
strongly compacted wÍth a 6 t:g heavy flet Íron'
Tlre compacting ís achÍeved by several blows on the top of
the= rnateri al I thr-ts pressÍ nE i t Í nto the moul d.
The aggregate in the mould Ehoul.d not loose any wat?r oF
get e1 shiny s{-trf ace of the water pressed out of it.
Afterr the 'Fi.rst two blowst' new material is added to
trloc[,: try toppirrg Lrp aIl three sides of fhe U,o block
c I e-an i ng the cÊantral meital top .

t,hE
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5. ;:: . Second compact i ng .

A{ter the second toppÍng upr the materÍal ie blown again
In'Lo the mould with three or fourr blowe t*ith the {Lat iron,
lrntil it doeE not compact ány ÍnorË. Attention muEt be €iven
to t-he corr-ect f 111ing of the cornerFsr ,

hlÍth ther sàÍn6r {Iat iron the top o{ ttre mould ie cleaned and
the surplus aggregate rnateriaL is coIlected {or the next
bLocll.
lrlorl':Íng on a {1at and clean eurf;ice ie important. On the
site a rnetal sheet was uged, which dÍd not abeorb any water
frclm ttrel mÍxed rnaterial.
ï'he amount o{ mixed material wag {or about 15 blocke, ao the
st.rn wourld not dry out the mixture too f aet.
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5. 4. Ds.corat i on #;1 bl oclts.

Speci.aL pIates wer6l rnade with geometric figures or with
letters in order to make decoratÍons in the eides of the
bloc[,:s. It wae' {ound that the depth o{ the decoratione wà5
mj.nimum about half a centimeter. Together with the thickness
o{ the,r plate about 7 mm 9mm, depending on the :roit o{
figr-rre. l'he eides of the U,block rnust have the're{oF€,
Í;ur'Í:'f i c i ent thÍcl':neËri.
For loosening the mould {rum the block an extra iron bar was
rnade to hcrLd tlre movabLe bottam down when pul I Íng uP the
morrl.d. Thj.s; work want done wj.th two pÉrsont alI the time.

t
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:i.5" [r1e1sË prodL.rctiÉn o+ .Ehe blocks.

ïhe h:lc.rcl,: "s wËre dernoulded on a platform consiating out o+plywood g;freetE o{ 12mm thick, whÍch later would be uEed {orthe* roof qonstructi on of the houses.'T'he dai I y product I on o+ the two I abourers ,wagi about Ér)bloclls, considering that the aggneEate wae machine mix/ed by
themgel. veË.
The blocks wëre demoulded on plywood, about á sheets ofplywood o{ l?flcm x Z40crn wËre used j
The next day the blocks wÊrê piled E hÍgh and kept wet .{or
at least one week, twice à day.
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ér. T]ilST CT]I"IPARÏZA]"ION OF THË THI.IËE ËUILDINGg. .

The* three tables in the ennexÊ ahow the {inaL sogts of the
l'lourse's. The costs of the finishtngs euch as plaster, pain-
ting I Eclnitation and electricity are Ief t out.
PlodeLhouse I is the cement block house of E3 + 25 = 78 m2.
ModElhouse ïï is the cement block and stone house o{ 5S m=.
Modelhouse III is the,U hlock and stone house o{ 53 m?.

The f ol l owi ng nlrmbers
nlrmbers of the tabIe.

ere re{edring to the t+ AËT I V I'TY

1 ) l'he ei te preparati on i ncl urdee the cost o{ the ti n sheet
buri 1d i ng stred and soÍne general cl eani ng. A surrpl us of
s[':i11sd Iabour- wag charged to house IIï.

1l) l-raci ng and excavatiorr f rorn the cement block houee wàg
nTade ex ceggi vel y. As i Ë:i shown i n the p i ctures the { ounda- ,

ti ons: of the seicond and thÍ rd house I theee f oundati one HerE
I.rrgely sinrpl j.{ied cxfld ler;s timber work w{as mada.

;Í) Ln the third house the ltnskilled labour had a larger :

e;heirer than the sl:i I l ed l abour , thus rna[,:1n€ the conetructi on
I ess e>r pensi ve.

4) Algo here the labour cogt is lower in the third house,
'[he reeson probably of obtained expeFience Ín the former two .

h outse*g .

Ë) "lhe masonry of the foundation of the {irgt cement blocl':
horrse iti coneiderable less expeneive (YR LJt)/nZ) than the'
Ínërq:i,onry o{ the other two I'rouses which wÉre rnade in the hard
trl aclr sitone (YR 25t)/n?) .

7) The ínàEonry of the cement block house in terms o{ labour
is considerably less e>rpensive (YR 5Ë/m2) than the labour
{or the ínásonFy of the two stone housee (YR LáOlmt). ïhe
cn,st of the I abourr f or the magonry of house two i s noÈ
derj.ctly comparable, because the inside wall.s of the eeconcl
holr--e werÊ+ Ín.qdea with,cement blockg with the Lower price.
-l'he coEt o{ the loc*rI rnaterials o{ house I (cement bloc[,: s)
irrclrrdinq; the mortar is lower (YR 8t)/m?) than that o{ hor-rse
twn (YF( 1.:J()/mt) r burt abaut the Ëame as the.U trlock llouse (YË,'.
7'J / nlJ.) " 'l"lrer ouJn produrct i on of Èhe U b I oc ke ínày have had
irr{llrelrcer on this {igure, but the difference is not fully
e:;<r:I ;ri. nerd cali sutch.

Ë) Thur linte1 beam o{ the cement block house waÉ as the beam
o{ the U block holrse no 3 .mad.e -r^li.th U,.bIocks.-l-hsr I;rbolrr cost wag YR 14tl and 1.5t)/m1 nesp..r but the pnice,.
waE,i f i x c,d per m?. ïhe pr i ce of the concrete beam o# the
nricldle hoLrse Ís based on dally paid labour snd came to YR .

l(:)(:l/m1. ALso the materialE {or the concretr.., tiebearn arer a
b i t ínor€? er.r pensi ve.
DurrÍng the observation dltring the constru. t i.on of the two
differenttreamg;itwaFshoF,nthattheconcr,.|ebearnrequired
nru.rclr more +rtternt-ion and Iabour than the u t.riÈrk beam"
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9) The totarl cogt {or the rnasonry of the cement block hor-rse
is srhown to be considerable lese expensive (YR ?r)/mz) than
that of the Ëoínplete stone house (YR Í.68/n?1 . Although those
{igurres coíne close to the figures of point no. Tt it ig
assurned tlrat here e regigtration eFror ig made considering
the dif+êrenceË of cost fon the local matenials.,.
Thc, ínaËorlry of hourse 1 was at this level done on daily*baeis
and cam*s to about YR 35/mt Íor the labour,, ThÍe was, treEs
e;<pensi ve than the payment pÊr sqLràre rneter prÍ ce (vR
58/m2).

l(l) The U bloctt tiebearn is here alsío less expeneive than
the concrete tie-beam. In reality Èhe.U,ÈLock was Iese"
ex p:ensi ve i n terrns o{ l abourr , ËÍ nce the part í cul. ar ínason
made rel;rtively ínany mË with the bearn, comparecl to otlrer
tl ay.:i when normaL gtone masonry was made

11.) -[he er<cessiÍvel arnount of skilted Iabour on ronf 1was due.'L,o 'L,hp ccrns+trurctl on of en Ëmrn steel bar through aI t the
be.ramsii crn t-.he outer walls and the conEtrurction.of boltE at
the joints on the mlddLe walL
Hollse'J r^,àË rather cheap becanse the beame had to be leid in
the pref abricat-ed shoeg. 'fhe shoes are aIEo reËponsable f or,,,i
the higher cost o{ Loca1 materiale.
The large amount o{ unsl{illed labour on roof s was, dua to
the fact that firet the shorter beamg o{ houge ? were laid ,,

on house three and than reínovêd.

1? and 1:li) 'fhe prices of doore (YR Lrlor)), windows (yR goo)
and the Yemeny gypgum windowe are about the eame of aI I 

"three houtse:;, however the dif {:ere!ncË in qLlality of ttre tlr*ar ,,

c,arpenteirs waE si gni f i cant.

14 ) 'l-he ÍnaEonry of thel I ast part o{ the' roo{ j. e not
r-epr-esasfrtrrtive gince additional Ínasonry and cleanirrg wa!5
clrargerd t-o tl-rj.s post.

15) ï'he roo{ covearing of hous;e l had the dieadvantage o{
tryi ng ourt ttre LrË€r o{ the pl asti c f oi L , burt i t does not
really explain the exceegive skllled labour coet, THe
er:plaDation oí e>rcegs of ungkil. led Labour of houee a is a!.so
unc l ëcaF. F or the model. housee no cement wi I I be uaed , but a
EmaI Ier amount of L ime.

Ëirtishirrgs
Then {ol lowing pictures ehow eome of the interior finishings .

of the -.taf f houses.
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2027,75 1849.00 2004.33

Ji7.00 3ó8.30 1155.00

5ïJ4.08 504?.30 325e.33

35C.00 0.00 l). c0

0.00 0.00 0.00
72i7.É7 1508.50 0.00
12ó1.00 2806.33 2?25.00

88É8.67 4314.81 ?225.00

39.4 n2

2?,0 inl

{J.V ilt

7 PL5
lít nrc_' r--
27. J ilti.

45.0 m2

lart E^ EtET it
I/T/.JV J1JJ.I'

0.00 8000.00

0.00 2t58.00
1000.00 1030.00

300.00 i13,00

1i00.00 12t5r.00

157.00 48,00 1?348, i9

10.0c 0.00 8rÉ(l.00

0.00 0.00 2t5s. c0

0.00 33.00 l0es4, 17

0. 00 17. 00 7;:?2.;:,i

10.00 55,00 2e924.50

5.00 42CÉ. ll
82.00 14719.1i
0.00 214É.0i

103.00 Jl2íJ.00

tó7,33 ?ó54.67

0. 00 I 50Bc . 67

53.00 5397. II

4C2{3,75 l2?áC,80 9?r.r5.,57 8,t95.00 32714.83 1CËÉ.33 1683.ó7 107275.C5

:t--- liii-F.;.-

, tt li-i.hi.-LrtLrr|9

:rlilEi.l0e
,.,.+-- .,,^-1,,
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l:aihnical installations
LICCliftl

_, i r -l -t--- F

tv, u liil

250 rrr?

1H
1H
1H
1H
1n

37:.00 1111.00 0.00 7t5.00 1273.3t 0.cc
3e20,0c 2010.ti lló?.83 4161.00 12?8.00 178.00

804.00 2ri0.0|] 1?30.00 0.00 112.00 0.00
1?00.00 1ó0.00 1ó57.00 0.00 0.00 0.00
1?57.33 383.00 6314.00 0.00 794.ó7 3I.3J

0.00 0. c0 15080. ó7 0.00 0.00 0.00
304?.00 2781.33 0.00 0.0c 7.00 0.00

11705,33 ó854.ó7 27451.50 43?ó,r'iC l4?0.00 2l1.lJ 415.33 51024.17

TDIAL i,IITH FINISliJNE 51954.08 19815.47 37357. l7 tJ3?1.00 J6204.83 t277.67 2099,00 1ó2299.?2
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!,.lii: rerl cost recalculation staÍfhouses

ANND(E

'l

U BLOCK AND STONE HOUSE 51n2
I'IODELHOUSE I I I

770.33 128.00 93J.00 0.00 820.00 200.00 B0?.33 3óó0.67
ó19.00 240.00 0.00 0.00 0.00 0.00 3l.iJ 8?2.1I

'i íJIT]\/ITY OUA|'|TITY SKILLED UNSKILLED IIIF.I]RT CE}IENT LOCAL ÏRA|{SF I]THER TOTí]L
LAEOUR LABOUR IIAÏEB,IAL IIATERIAI

I tl1n
IH

i :i le arepiration
I ir;cing ii excavatioo
I ioriinq

.l ild5ulií v

;rb-loial staql 1

ó doorsiilinrrcr,is {rarle:
r rr;soirry
; I intelbearr

sub-total stage 2

I riii:Onry

i0 treb*;rir
i i roofc':nEtructi on

:ub-trtal staqe i

i i dtsrs/uindows
li yerreni rrindous

l4 rti,::Onr';

i5 roo{ covering

s'rb-total stage 4

1,i ill l278.li t2i0.00 90?.00 1800.00 1060.00 t6ó.,57 54.00 67iS.00
iÉ. I I'B 175.00 400.00 0.00 0.00 7JJ.3i 1i0.00 t5rj.Í)0 Íó03.1i
i9.7 H2 5t22.ó7 270.00 100.00 ó00.00 19ó7.ó7 ll.t3 ?t.ó7 a165.tl

7?65.35 2108.00 1942.00 240r).00 4381.00 750.00 1tJS.il 21084.,57

? prs 0.00 0.00 0.00 0.00 0,00 0.00 0.00 6.Ar;
8ó'4 m2 1i?40.75 3020,00 47I.00 2400.00 64Jó.JJ 1I0.00 J64.00 2ÊsJó,cB
??,0 nl Ja4a.00 33ó.67 t9s9.s0 600.00 401.67 0.00 27,00 7L7z.B.t

17788,73 340ó.ó7 2434.50 3000.00 ó838.00 150.00 3?1.00 34008,9t

J?.4 m2 5ó75.0c zltg.ss 100.00 t3qs.00 Bzt.3J 1s,5.ó7 0.00 104Êl.tl
2?.0 ml 2438.00 450.00 19s9.50 ó00.00 401.67 0.00 0.00 s84t.17.
45.0 m2 357.00 1550.00 ti30.00 0.00 tóó.67 0.00 0.00 J,{0i.ó7

.. 8470.00 4315.33 3tB?.50 1995.00 1389.67 15ó.ó7 0.00 1971ó, r7

ï pcs 0.00 0.00 0.00 0.00 7ó00.00 10.00 0.0c 7ó10.00
10 pcv 0.00 0.00 0,00 0.00 214ó.00 0.00 0.00 Zlqó.00
29'5 m2 4?10.ó7 2470.67 0.00 t200.00 BZI.00 1a.00 ia,00 ?qJ2.3i
45.0 m? 140rj.00 1i99.iJ 2t62.00 J00.00 5Jt.ll rj.00 17.Ír0 6411.ói

4C.0 irr? 750.00 55t.33 u' 0.00 900.00 ??3.33 0.00 5.00 32c1.3/
250 ni 3?90'00 1c57.00 Jlig.tJ 27?ó.00 ó00.00 ?0,00 61.00 il75l.ll
I H 413.00 200.00 124t.00 0.00 75.00 0.00 0.00 1?34.t,i,
1 H 12c0.00 80.00 lÉ57.00 0.00 0.00 0.00 90.,]0 30?7,(ru
I H 1957.13 5?2.00 ó314.00 0.00 925.0c 33.3i 167.13 IrE?.C0
1 H 11.00 . 0.00 150e0.ó7 0.00 0.00 0.00 0.00 15080,ó7
r H 22t1.00 tïtu..tt 0.00 0.00 7.00 0.00 5s.00 4Ï0.,t7

óllc.ó7 4?20,00 2tó2.0u 1500.00 t1t04.lt 48.00 55.00 2i800.()t)

i.] iilL iIiTiiDUT FiillSHifiÊ 40534.75 r4250.00 1ó12a.c0 83?5.00 24113.00 il04.É7 15A4.33 r00É0?.75
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