
SULTANATE OF OMAN

Planning Committee for
Development and Environment

in the Southern Region

DHOFAR KHAREEF STUDIES
FEASIBILITY OF FOG & RAIN
WATER COLLECTION AND GUIDELINES
FOR PILOT PROJECTS

REPORT No. 1

COLLECTION SCREEN

DESIGN

JUNE 1990

CO\Mlconsult .l;tS,s-#

'$rk#re
-r:,pJV-;*\));#{[ritJ

vfrr* 
'

-L'LIJ +-u^ el.rl-::-l
Consulting Engtneers and Ranners



c0r'lTlNT

1 i l'lTRolrUCTl0N

2. OEJIUTIVIS ANO

3, DESCRIPTION OF

4, HONITORiNG O}'

5 . COST IST I rlATLs

Page

I

Irllsl cN RIQUiREMINTS 2

COLLICTOR DES]CN 4

Dti:ilor.i sr.l l TAB I LI TY 6

I



i-
I NTRC]DUCT I OI]

Ilur. irrg Flre 1990 K1r,-rle!-f Jca!on, .r cotrprl:hansivc- ro8 and r dirl
water oc,l lccEion pr'oB)-alrnre wi l1 bJ c.1rf ied out by TS-PCDESR
11isi5L€d by a [earr of co]lsulfanLr froft Ccwicc]nsulE. The progrannre
i; a iollo.",r-up Lo Lllc pr-evious, ycrtrs experillenEal work, ,Jhich
was st.rr-Led in i985- lhe 1909 -ce;{l:rlch ald developmenC prsgramnre
rlade iL posgible bo drau .{ rl!lll]b.t" of colclusions abouL Che
po;:ibilily of collr,ci-iog :i!iIlir iiraol aurounLs of wdler by
:1pfil'cJpr i.i!e siLing cf col loctiJ']r: ^;i:r.i::elt!. Il r,r"r s f urther
derlroosLr.rbc.l, th.tl vetcltJt-l.,tr i I r.,\:,r ) ccl l.:c! .Iuounf.s ot w:tLor
ritlich crici)cdE Llreii- .':on:utrr1'r: i vi u.,rr. :l'tje results altd
intelr-prL:EaLigns of Ehe exlJi-rr jiil!:-1r[, lo e, fully jusLify a furlher
dc'\,,irl oFrrctt of f,lic fog coll+ct i.,r) t-e chn i:1ue and !e,rling sf
pritrciplcs rjnd Llesigr'ri at a fuli jc.rle, :rod ho.lds pronrise for a
c:olltr ibui-ion to bl',l] de ve 1r.lpue.-r.tr- .f ths Jebei Qa|a are.,.,

f ire pre:e::lt report ,1e:l1s !Ji th [],-
cbjec!iri's of the iltgigu rroll: .rr-
ald dc:iSn basis are outl incd. ttr i

:j izds o1' col l€jclors ri e described
p.r'itrcipies and jds:,: ari discusr;.i
Tli-.P00llSli sraf f .

rb;ign c,f col lecbors. The
ef ,,rted aud t:equireltenLs

.,-11y LhLj' JcrrSrre of chrce
ai rs-gald s lhe underlying
;1lrJ l.:ntagiv(:iy agreerd with

'fht rc,1)or L is aII iuts-I'ilr rel)o.r t. l'lrcr u!nf entG lrrdy latef be
irrcludsct ro lire f iri!:rl Jr:po)-f en Llll.' :rcLiv j ties and outcome of Llte
1:rl.oject ,



:l .rrlj ll r"l'lVlr'. Atilr i.rlrt.i []tj til,r(rll't Ii ,,t t.;

'l'hc, ob-.1r,ctivu;i Lohin,l Lrl,t dr-r?;r r,tt.li il.tjltii .rr\.1 l-o tcsb a nulrbcI
of ilif f t,r"iirt clij:;i!rr:: !:., tc llt!.ij <iL.F,Licrl.,r I iLJ, iu te].D$ oI. fo!
'daICjI co] lacliorl iI-i thi -I[,Lc] (r.1i n .-Ilvii c'ntrrent. Thts eriv i I'' onlrlcrn i_
[-rc C]r": cha{!1cter:j Jfic (Jf rrroi[:l ..r1...,. i.t] lrt r oo!1 w.inds clur.ilg tlre
l'.h+reef :ic-:rsoo, rl.1i le ,,.j Slirrrr.ll rin,j cijir l)e couriderably fiiore
f ierc.. lL is ho\riiyer l,:;s fre,,1r.tc,lll . /\:: conrlrauartor, arna
oper,iIic]n a0d rrrailrf,srijoce woc!: wi l l h.rv,. Lr, r3!ii] jnco aQcounc tircj
reftOten*::5 qf' col lcctir,i: jitc,:, n I ol,u":l cJ,.r.,:i 1rl iS d0i;il-abl(:" A
Jur,lrjd-fy of thu lr,ailr ,1sri,qo ci.,It,i,Jel-tjr.r(r! Jltd l'equirefi{rnts is
3.;ivcr, Lc I ow.

?. -l-. ll,a i l . dct'; r-aq..-t!-t{l!-!.!-r:11!:.11l ! ir-.

Ilavirg ::tudi,..:d tliu ,.rrtvir or!l*1)t., r:l ilc,.i:;:,.,"1 p).ilcip.Lr.s \riLll
!clAvdiltf ,:.jXps-f l9 .:rlid !1rr,,/tlttl irh !r..:l).i.ii:jfi.c floiir r:.rl1ier
{:xperi|r\iri)ts al.l pr ojccf r ir t},i. .le,,l,r.L .rnd it] {llLi.li. (:cef .1), wel:lve arrivetJ :L: Llr.: iuJ 1r.,wirr1 lrr-,rr, i!:rriui.L qt|r,irti:i:

'.Ccrl l+cLion cff icr;,rr;7. lrr rh., .1,.:r i:tit ,:,.)rrf r.:{L ia.j:utniIrfl a gjven
:ujC,rb1i: sit-,e ) {,1'ii{rj.1.ry d!I!.t,,i:. ,,o tl.r,Elr |Je3VE. chiitracteriFt.ics,
llre$h tu sicifl (uvi,iii.il]1 ijrl.l t,!Lr;0; I l:id :jultir dcjJigD. Lost of
dtops l'c:-rllred oIl f]-rc irlr rtrL_i:,1. 1.,,, ,rv{J j,i:d. Ifi.icrgnay jLrcr-*asel
wilh ;ii-,d sp,c.r!j, lrLi!:lj j,rc,.it:^j tlL.,t l lrir lrjlrlri.r- tltr rrc:l.r is
p.,siLii,]].:id, c)rc !rl.,t:r 

',l-t.!r' 
iiill l,r, i:;, 11,.i t,Jal. L l.righei irLr.ucl,ure

on thi'r othe.f lr:rl),1 , irrrr!:r;i;a,l; 1...-1. Ilri;l l...rd:.j bo thu nexl- poijtt
-.f .:o-L -- f ri.-1,..i...y.

-(o;r- cl't'icieTrcy. Co;l- critcri:r !\ri I r: Iow co-jL p€r utliU cf
!J,it!J pioduc€d, I*..rtl; lu j.ai.lujt.r.tI(.t]i:j f r.)r a ;iurple st]:UctuX.l
:oluIia,1i i]sitri lrrlLijr'1.]1s of lr..rrrJ_rril d ii,,tr',sionr .rrd locili well
knovrrL rrenuf actu|il-j:t rtrd atnn;t r-i.ti.f j c,n trrt tltorlc.

-.,5uitirL:i1iby i'oi 11,..,1 \_!orr r\-I.
lualcj it pot:;ibl,. i..' l(s. | - ,. L

li,! Lcc.rl cil],.rl r1.t.r., "/il1 o:.,
eX [:,"^:'r Ii::t rc.q|riI\:.il rlr i:,.,:;: rl ),

--,..iL.L,lrl/ Lr 't t 1., Jr r -r. .:
f]i,. julli,r t;r)i: iol. ke'iljiIg Lhf !.,
rrC;(-,$ 5 d r ly' fepIsci:l'i+[Lj il!1.rt]i ,

-Loirg I itci-iti,c of F;rr r.;:,rr,-lt !.,,1 ,

pJi-L ot: lhc >t..i tri.:Lui !. rrjpr,..!irL
de."lred i!rpc\l.tatt t!l u::e- Llur:,i,1,

'f 1,,,' 1,.,c;,1 colttrnci- i ng lli I I
lr.i j \ l:.)n:11-rly 1cw. ilur..lher,

L 1,., 111',,1,155.1"y ski I I s and
,, r I ..rr !e.-.:;c;r I e, dcve I rrpnerri: .

i.,r.:-, I rrr",Lei ial,:. 'lhi: .rg.:in wj!,l-
.1--: iJi,,,rn -rrcl ',rr,uld siurpl.ify any
r,!, upi-r.1Liol'] i]od naintel)ance.

,.,r i ;l lL,i:jtor. Ae lhe p.,-rnaDel] t_

.. .-J lrri:.iol .ili[ .it]i.yir, it l-raS bCen
lli.rt er i,r.l ll.

:i.

" liillplc (ilrtr.;tlur) ..irr.l Lrrr rc, lrLcl!r , ,-.r;, tr.,!I][soJ [e. llhes,: are
il)ilo] bri_it ;:jLJq.eir::rj ii;1t.rxr(,Larr,j -1.. \.ri, a:ll\.r j l:;ge th:l !glr.i*Jki l led
li,b;r' urlJ l,,r: in rhar:,;r, i,r, tl,r i. l,l lur rrt3 a f().:rLl€. lJurjc
1.,: ;... .. ., I LJ .v, l , r,,.. r.'



-_...
-Ea:1y iligrnantl ing ;f tel (l-'ar*.:f . lo or.lLrr Co .1pply a reasouably

lcu design cf icrr.cia .1i reB.j.rLlr: vrilJ speecl and Uhus keep cost
do;rr lowering of llrc :icrueL!Lt -, af l;,r Llti Ilirareef rhoulci be er;rl;y
atld i",rrluOv4l Of tricslr ;;hc,tr1il b. 1:t.-'SSiblc.

*Easy tran$port, The accessabi I i !y
di ffi cul t and rcquire relativ;ly
transporc on sirralI trucks l.riII be
the c.-,tls down. fur'lher, avoiclitrg

0f potefitial sites inay be
rlr.1l I Erucks. ln addi bi,ori
au iirpor-talrt faclor in keepipg
trraff jc by very heavy vehjcleE
fronr an elnvironmelrtal po.i n tloulside toads wi I I bo an advrltagtl

of' v iew.

-fj.-rnag",:ibi I i by, 'fl)e geller.r1 rr'ait:rlle;rb i I i Ly in b€.r.0rs of tr;rni1l i r.rg
of cr:rrponents dut:iDg tlanr!'iirl and at sitt-. has ,.r.!.so beet) a
l-e(lu i:r €menE. - l-oading/r.rnlt-,arJing by hand and iowering and erecticn
r:f the pernr:rDenL !::tt-licfut-e witirout u9 j I'Ig !peciiil equiF[]enL hat
been errphas i zcil.

In gu-nera1 a Jesigo !iiod e!t'c,.t , f 50 rui s or 100 nr.p.h. is
recc'mlreuded for rtrucL:ure:, io tjlris are;r. 'ihi: figure is believed
bo correspond lo;i 5tl ycar ret\l(n pcl iod ;rnd covers the hlho.le
year ( inclucling th* Sharr-ra.l rinii:; ). L; liic col lecEors };hall only
fuirclion during Kharr"e.f and as Lhey will be lowered or screen
parele disnarrlled.rfber- the libar-eef , a v3lu€ qf less lhe abover
car be adopE€d, tlius lleeping coosLrucEion cost clown, It is
also t;rken inlo acoounl that il strucgura.t failure ltill not
pregenE a dange.r Lo hulran 1ii-e ald rhaL any repair coslE Hi1l be
Jelabively sna l l.

A design ';ind speed of 25 utl:; h.rs been adopted. Reliable long
tern iDaasuremetts of wind speec,J hnve noE been n:ade in lho -Tebel
a.re3- Qeiroon Hoir itLi dat.a arc' inf lLiencred by
anellomeCe)- on bop of a Lr\ri ldinr end drrc,; ni-.!
.inalysis due !o Llrc rul."rlivaly ;hot t- r'trccrl,rl.
]! :il also talien .irf o .rccorrnt t,l:.,1 ;ollc.ctor
localed wlrere c,rogra,ph.ic efi€c:t5 create local
fol instance lhe IrQlie cffecL.
1-ocal experi.enco si::eu to Eueg..-l- lr.:ar rtirid speeds during the
lihari+ef of more !h:ir-r l0 r)./s, Itc rrtril0..rle a S'year wind speed to
be iD llie ord,:r ol 15 to 20;rt;j. Alloeing for orographlc effecEs
and taking intio accourL Ehat tir.-, de;iglr shor.ild bo potenEially
applicable al a.!.! i,oil|tb of t t,,,:, Iebol area w!: adopL 2l; nrls.rs Lhe
design lrind spi.ed r,rith rl] e;rilr.!fid.recul-t-ence interval of 5
Y€'rlr:t ,

LhL. I ocat i on of tlre
al.loe a st.]tisbic.il

>.iLr,:: will be
hiUh wir,d speed;,
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DESCRIPT]ON OF COLLECTOR DESI GN

-1,I 9i::n q.l]'+ l - -a t p:ec !r

Tle :oilecLors have generaliy boen .lesigrled a"coI-Cing tc ihe
des.iEn,requireitsnbs ait sunmari?ed in Seclion 21. The purpose of
the C,.signs is Lo le3t Lhe applicability cf various desiEn
cptions and aL t-he same time Sajn e-lperience cn ccnslructiioo of
j,Jch st.rucLure! in the ,lebel area. tiario''ls 5i"es of ocl icclors
ir--r',,i'' becr selected lo tegt tho nlertil?.':abi lif!. .ill aC.liticr l:hesii
.;; ic::-. ;:1lr,]'*' .r i:.rnpalis.]n !i tir-- ,-ilt-'-cit,n :tilieocy ct'
i:irl lecb.rri-j with cliffergll ratio:; betvieeJl heigtrt ard v'idLh.

Thus we have de;igned th:cee collecEors of noninal sizes of
4 by 4. DeLers, 4 by I neters and 4. by 12 melers. The majcr
C-sign opbions ccncern ailsrnabive ways cf fix;ng the colurnns
r.j llii? bar:e, altre]:nabive gubtar 3hape!, :lDd matel la.t and
rlL:.,,rnati!!'. way: of at\:acl"riilg lhe li,e3li :i1 tho coluifns. :lhe
da-tails c,f the ciesigr: alrd Ehe dlawings are f o.r'td at the ond of
::he repolt for lhe lhree differenb sizes and fypes of col ieccors
r esFect ivel y.

l.-2-. !q i.lcc!qr .!, f pqr .bu.-f-qvr..,-

'Iher i:,;l.lector i. designecl lc leFl the;uita!,iltLy cf atr,aDhing
:hc nel;h tc l.tle i:cluxrns by r,rl1 lng i I ali:uttd !l:e coiirmn. Tire end
c,f lhe! nesh is i11jtially allach€]d by a lape or- by placing i';
undel' a ftat iron bent tro shape and screwed on to bhe column.
ThiI ar-r-angenent allows the attachitg of tho net Lc be nade in
lhe ';orkshcp ili)C an easy transFort Ec, sile of tiro co1'.rnns with
i:he ne;h rcl lercl up,. A'; site ] ,'(,'.rrlil sta.lff colunrr lba:o l

:l lr"r: l--he :!r:..!'. i. i.r tr'L- tiightcr(:.i by ri,L.iri.rg lho l-iiP .:91unn
A ;"Jive1 ar'f :n8emsni, ,,l-re ro Lhe slay 'tires are atEa''rhecl jJJrkes

such rclat i on pos;ib1e.

'l'iie gulter design is a PVC pipe from which a section of 90

Cogrees has becn cutr ou1--. The pipe i5 atlacl,ed lo the lcHel: n€l:
I'en ! i on cab1e.

Th€ screen tc ire rrsed is a dcublc layer of Ti lderet PVC rresh wirh
a ccvel".rge cf 47"1,. This screen ii,rlerial hae been tested in
earlier experineni;s and has shcwn good colleclion efficiency

An jnpol tant fs;rlure of the dsFigr is lhc te.lescopic design of
1:fr!,. b,l:rr ;rl llwirg {'o. :rd-juslrrerr:i i:i:' 'oe nr;:Cl" ,.ll-:c''lding lcr

vaj iaLionri il er'o'.rnd lavo.l :rt the ::ill'.

.- J-ll-*ccr. l. :'3ui b,, c.ql,t

This col lector i:t designed as a rigid f.::ane w th
.i'.r'anged in renovable pane!3. Th:i ; desigrr ;:llcws
t. l,e Lefl ir prtiticn o.re'r irhe ;'h.le year, rl. j1
i. - ,,::r- 1 . .1 -'i'. t hi fl r. .'.: .

lhe screens
1:he or3in frame

e thE panel:i arc.
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The individual pan€lF are nade with different frame designs.
Four diff-^renL deEigns have been made in order bo test the
practicabil ity of transport and atEachtrrent to the main frame.
One panel is nade aiih a t'rame ot' plain steol 16 mn reinf arcefirent:
bers and the ltre'eh is s€.\,,,r lo the frarre. The panei is hooked orr
:r l-hf nain rigiC frane, t\notho{ panel, rh.i.:h r/i1l be tesled, is
I'i:de of angle sLeel with nebting abtaahed by placing it beLreeo
:he eteel angle and a 2 nm flat plate bolled co the angle. The
pa::el is hooked on lo the nain rigid frame, These tpo paneis lril1
r.a. give experience on how easy il ui11 be to trandle panels of
this weighl and size.

A rh j-cC panel design has a Lelescopic arrang.jrflen! al lcwing il '.r o
be reCuced Lc approxinatet;' half widtb during lransFiort 3nC
handilng, The mesh is seen bo the Fralte.and the par:el can be
hooked bo the ri8id main frane. The fourth pane.l is based on
tbe princj,ple of rol l ing the mesh around t'",ro iron bars- The mesh
is eiEher injtially altached to tlre bar by iape or b5r placing it
b:-lween i:ltbr bar anC a f13t .,rcn bcict tro Eh:iper :rod scre,red to th€
bar. The bar; ate f i:<ed to Lhe rigrcl franre L,; horking thern on
1eg: ;e J.leC rr th. r,d jn Ifirrl.

The gulter design is a 2l3nn cteel plate bent to shape and
attached i:o the lower member of the rigid rnain frame.

Tho screel to be ,l:ed is a Coubls .layel of Tilderet PVC Desh
t; i rh a coverage of /+7'X, .

:in aCjustable 'Jesign of lhe base allows foi correclions according
t.r ground 1eve.l variations. Ful:Lher, the design aJ lows the frame
io be lowered and erected by pivoting Lhe columns arounC a boit
in Lhe base struc tur e,

.1 ,t !lo!Ie-a!.9_r,_.i..-.f-srtl:. b.x._g_!ie l.-v e.

This collector i!: des;ign!-d to test ',:he suitabi.i jty of atLaching
a !arge net t.c tbo columns by se\,)ing or by using special cl:ips,'It is Cesigned lo te5t the manageability of the rather large
dinension colunns. It is furth€r f,ested if t:he f,ension cables in
conbinaLion with ihe meLhqd of nl€r::h attachmeol ,ril! be able bc
',(eep rhe melih irer,l b"rllooning ro a ,legree '.'i-rcri1 .oilocticn
e:flciency ia reC,lce.1. Thet i:ase Da!:e!: ad-jusLi0ents :ccordirg fe
ground level vzlrlabroDs pogsjllle and iowering aarl erecbion of lhe
structure :is done by pivcting of the columns alound a bolt in the
b,3 se slructure,

The gulLer dqsign is a 2/J nnr s1;eel p
iJr 2 rn Feclions t.o illlcl for moyeDenl:
!l-re curvalure of Lhe screetn uldel ther
Ihe mesh lype to be uled :i s a doubl cr

wi th a covera ge af 1,,7'1,,.

late bent to Ehape and aut
cf Lhe. guli-er tc fcl1cw
wind preesurs -

.layer of Tildenel PVC mesh

The tension cabies can be stl:erched by Curnbuck.les and are
at:l.rL:hed to tlre !round vi"r llte anchors c,f bbe ;tay cablc-s,
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MONITORING OR DESIGN SU]TABILITY

4 -1*,q-9ner.ai--e.Fp e-,q!,1

As ooe of lhe purposes c., f thc' design and conglruc.tion cxercise
is ic gain experielce cn Lhc :rritability of the de5ign in
rela!ion to the requiremenve a$ surnmarized in Section 2.1, il is
r,rcrthr.rhi. 1e ccnsidering hotr moniLoring of compliance wibh tbese
r.equirenentE wi 11 trake place. ifhe results of bhe moniloring
pl:ocess uill be incorFcrated in lhe finirl report on the sludy
and apprrpr.iat€ desigr rnodificalions and r'.conrnendati'oos will be

{--2-llo,n!!pd,oc-ead--ass-!ru 9.!,a! l sllif-expe!-9n ee

Below we go ihrough lhe desjgn requiremenls one by one and staie
rhich efforEs we will nake lc Ilonitor lhe perforfiiance :in lelaticn
!c i: lle se requi.ementg.

-lctlecLion ef{'i.,triency. Du!ing Lhe visiLs 1;o the main site it
shculcl be checked tro which degree baliooning takes place and if
ii resulls in loss of drops failing oulside the gutter'llind
speed will be recordecl during Ehe observalion' Tension of nesh
;iay be increased, but a cerla:in amount of ballooning will always
:r!:e place unde:- -rinC pl:ess\lic. The visr.raL ncriloring nay lead
i:) .hanges i.r gutter clersign or iDprcvcmeJll of pcssibiliLies for
tensioning cf the l;cleen me'sh (for .instance by adding extra
cables ). Tbe form ragic (heighb to widtl ) ir anolher efficiency
p3rarneLsr uhich will be assessed through lhe comparison of the
lbree sizes of colleclors. Due to the dynanic behavjor of the
wind there is not a d:irectly proporlional relation betHeen th"
Ji;e of scrcJeo .rrd t-he (]ol lecLion rale, In practic-:al terris this
rreanr lhaf rl.]crea!in8 f he ecreelr !t:iCtlr t'i the clouble rl! 1l not
rolrbIe l;he col lection raLe.

-Cost-efficiency. The constl:ucbion cost of the diffelent sizes
of coilectors wil1 be extracted fl:om Ehe contractors quolatjons
3nC if necessary sr.rppienented by oun ccst estirnates to Sive a

.;tanda.dized pi{rlri.':e of lhe ;ost of each siz-e By conpa''ing
:c:t per uDil of water ccllecteC the m.st co:it efficient sizr: af
.'riiLeclcr :ral) ber iCenlif ied.

-Suilability for local ccnlracting The designs p:'epared are
assumed fc, be suitable for local conlractins. The adequacy cf
lhe construction wolk will shov to which degree lhis is tr.-ue'

-:l,.ri labi I ity fc,r .1pIJi icaf,ico of iocal mater iais The Cesign
l,as rL-1- inpl ieC lhe use of ttr.:lerial;, Hhich aio DcE available
in.aily. !1owe"'er, Curing ccnsi,ructricn any :ippliance of non local
nacerials i^ri 11 be recqrded anC if appropriace, design and

specif icat i ons wi l1 be amended.
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-Long lifetime of permanenL parb of lhe structure. Compliance
with this pararnelcr cannclt be checked fully under lhis
conFultancy. Holnever', eigns of wear and tear shall be nolecl
dur ing f ield v.isits.

-Simple operalion and infrequenEJ easy mainlenance' Compliance
with this performaDce parameter !]i11 be checked during the
visits to lhe nain site for which a record of naintenance ''iill
be nade.

-Easy disnantling after Lhe Kharc'ef The disnranll ing and the
eaEe eilh !,,hich it can be done will be tesF-ed using the
contracEors staff under the supervision of [he consultanl.
The nunber of persons and lhe use of any equiPmenl nob normally
available in the a:-ea will be notod for future reference and
used tc assess the suitabiIity of tbe va]-ious designs'

-Ea;y transporl. The vehicle sizes required for transport lo Ehe

s ii te !i i 1 I be recorded ,

-Manageabili!y. The use of any equipment in addibion to manual
labor for loading/unloadin8, erecgion, lo$ering, fitling of
mesh, repla.:ement of damaged nesh elc. shall be ncted and taken
inLo account during lbe preparation of reconmendaEions of
design.



5. COST EST l MATES

The materials and lrorkshop costs can
0f accuracy, bub fhe cosl of $ork to

estimated !o sone degree
done al site isbe

eonsiderably more difficult bo assess. This is due lo lbe
uncertainlies about ho',) much a conlractor lnould generally add for
difficull working condilions, cransport to siEe and unforeseen
si.E€ conditions. Fureher, the conpeletive siluation and lhe
conuractor's present porlfolio of jobs would influence his
price.However, a rough estimale of fabrication cosEs would be
betvreen 150 and 200 Rialp per coll@ctor depending on size. lle
i.rould assunie fabrication cosl to be in the range of 30% of total
cosb. The toEal conElruction cos! for three collectors s,ould be
expecbed !o be in !b€ range of 1500 uo 2000 Rials,
Contractor's quotati.ons are at lhe momenu of '.,rriting underway
aDd a separate presentaCion of lhe offers \.'i11 be nade.

References:

1. Proyecto Camanchacas-Chi le. Informe Final I Fase. Junio 1989
lla1do CanLo Vera, Deparlamengo Tecnico, Corporacion Naci,rnal
Foreslal, 4. Region, Chi 1e
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CO\MIconsult
Consunim Eigineo.s .nd Aanmrs

GENERAL IJOTE

STEff,

Ail steei to be gaivanized arrd painted (inc1. boits).
Paint system: Primer' pius 2 coats of coai tar epoxY, total dry film
thlcinless 150 mi cron.

Re i nforcernent bars for panels should be epoxy coated or painted as
a-l:xrve.

(Due to both time and cost restrictrorrs, this year the above two
prcr-:edu1'es are going to be avo ided when buiiding the 3 I arge foq
water col lectors proposd in this report. )

FTXJNDATICIE:

CAEILES:

Ai1 concrete for foundat iorrs to be 1:3:6 mix

Fourdat iors for colurnns to be a-s shotnrn on drawings, If 0-5 m depth of
excavat.ions can not be obtained due to existence of rock, then rock
anchors shail be used as specified in Schedule 1.

Foundat rons in soil for cables/wires shali be as shown in Schedule 2.

Foundat iorrs in rock for cables/wires shall be a-s shown in Schedul e 3.

lvpe I : For tying the net:
Min. breaking strength : 5 KN

TVpe 2: ror stabilising 4 x 4 Col lector and outer colunns of
4 x 8 Collector'.
Min. Breaking strengrth : 10 XN

Tlare 3: For stabiiisirig outer columrrs of 4 x 12 Co]lector.
Min. breaking strength : 12 KN

Tlpe 4: For stal:i i ising middle col urrrr of 4 x 8 and 4 x 12

Col I ectors .

Min. breal<rng strengrth : 15 I(N

A11 cabies/wires for stabilising columns shali be establ ished under
45 deq. to horizontal .
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co(rJnhg Enc..r...s .nd Pl.d..s

SCEEDI'IJ 1

Foundation for Colunns in rock areas:

Anchors
Nos

AT
KN

lxbxh
nn nm mm

Note:

0.5

1.0

1.5

AT : PU] 1

3

t

t

out strength

800 x

800 x

800 x

of rock anchor.

800 x 500

800 x 400

800 x 300

LXB#
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Foundation for cables/wires in soil

Cable Tmin h
mm

b
mn

I
mm

Note: Tmin =

700
800

1000

700
800

1000

700
800

1000

Mi n. strength of

10

KN12

tf,

x
x

x

x

x

x

x

x

x

x

x
x
x

?00
800

1000

700
800

1000

700
800

1000

1000
800

1200
1000

650

1400
1 150

800

cab 1e .

/2 nn bLT

4OttcTErE
ftnn o,AEs

E'frsr €/coaoo

fuctsree 5(EEr

. LXBx_____+
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SCHEDULE 3

Foundat ion for cables/wires

CabIe Tmin
KN

in rock

Anchors
Nos mm

bxh
mm mm

AT
KN

10 950
800
700

950
800
700

950
800
700

0

1

1

0

1

1

0
1

1

2
2
)

3
3

4
4
4

x

X

5

.0
q

R

.0
q

x
X

x
x

PuIl out strength of rock anchor.
Min, strength of cable.

.0
q

950 x 400
800 x 400
700 x 400

950 x 400
800 x 400
700 x 400

950 x 400
800 x 400
700 x 400

tz

15

Note: AT
Tmin =

PoYggsTEE
SITEET'

lzHm baRs
EbeK Aluc*oA

12H/'l BotT
eoNC etTE

Sot4

Ecc.K
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Workshop

1. Net prepared - cable/wire
middle and boLtom.

via 3 ho1es, and

to be connecled along toP,

Cab l es /wi res

- Cables /wine
net is ro11ed on

attached
tigh tl y .

to co lurnns

Add cables to swivel
ring so hang j"ng loose

1. Casl ln sLarler columns

2. Unroll neLling so dislance belween columns
between slarLer columns.

3. Pface in starter columns.

4. Bv using a bar through one of the holes, as

columns so netting tighL -

5. ConnecL/Lighten cables Lo cast foundatlons'
so whole lrame stable.

equal d i s lance

a 1ever, twin

anchors

Kr'\\
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This solution enables ihe
frame with the netting Lo
be put into place and then
Lension added to Uhe net!ing

column wibh lever
(7) holes sets
(612) at 150 mm Q

LI
U
U
U
U
U
LI
LI
L]
L]
LI
LI
LI
LI
L]
L]
LI
LI
LI
L]

T
-l,r
ol

-l
OL

A 11O x 6

T

rnTJ
SECTION

,,,r A 12\ x 5
2x3holesets

PolyLhene
sheeL around
excavation

Cast in siLu
concrele

Large base PlaLe
weLded onto sLarLer
column

Possible
of colurnn

to vany heighl
by -] m

Max
hL.

J-
X

i_
X

I4in. hL.

rnust have
nin. 3 hole s
bolled

IJse lo
lever
co lumn
around to
tighten
rope

rl
L__r I

I

I

I

I

I

I

I

I

J

Bar for lever fot'
burning col-umn
Min. 3 bolls M10

Holes in cast-in
sLarler column at
'I 0 deg. so can turn
col.umn and fix il
require more tenslon
in net

SECTION X - X



Swlvel ring wi!h
transverse bar
welded on to
prevenl falling
through

?
il
Lr
Lr
LJ

LJ

LJ

L]
U
LI
LI
U
LI
LI
L]
LI
LI
L]
LI
LJ

X1

{
X2

-,t-

_'t_
7

6 mm plate aLlached
to ring (eye)

6 mm cover
plale wibh
center
cul oul SECTION

xz-xz

Y.Y

z-z

.-\

\- crrtter

Cables for stabilizing not shown bul to be atLached lo
swivel ring/eye and pul1ed oul.



Slopes lo
out 1e t

Connector to neil
cabl,e every Im

Glltter frorn
100 mm 0 PVC
draln pipe cut
as shown
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Main column musL
rnusl jusl fit inlo
starLer column
without Loo much

RHC '1 10 x 6

Holes
a8

RHC 124 x 5

Ts
+:
Ito

l!n

to

{€

I

1,","" 

,',

-t
o

o
a'r

STARTER COLUMN - 1:25 MAIN COLUMN - 1:25
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Panel 2

(2.6)(

t
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0 10 mm

bol.t welded
to tube cap

Nut fastened
after placj-ng
channel
(oblong hole in
channef 25 x 1\'.

Asfor!byl
frame except
only perpendi
cular Lo plan
of nels.

Channel
attached via
bolt through
bnacket

A,/l
I

Cabl es
t}|in
> 10 KN

x l+-

LJ
LJ
LJ
LJ
LI
LI
LI
LI
LJ
LJ
LI
LI
LJ
LJ
LJ
IJ
LJ
LJ
LI
LI

c

panel
mm)

xF-

Top plate 6 mn lhick
!,re]ded to tube rlith boLt
placed cenl t"a I1Y + verti-
ca11y for aLtaching trans-
verse channeL

A 110 x 5

(PANELS AND

NOT SHOWN)

50xLx6PlatefullY
r"elded to tube on both
s ides

a

Hole for fixi-ng of
(nexl hole - 1750

SECTION X-X
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Stabi l izing
cable twin
15 KN

Top plate 6 mn thick
Eelded Lo tube wiUh 2
bolts HeLded to Plale
fo:' conneclion Lo transverse
channels

SECTION X-X

4110x15

ri+3etiaiElt

SECTION Y-Y
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LJ
LJ
LJ
IJ
LJ
LJ
LJ
LJ
LJ

^1004
uof

6 16

Plain stee I
616
Plain steel

LJ
LJ
LJ

RSA 75x50x6
welded !o
vertlcal bar
66or8mm
boll (hole
in channel )

x!-
]-u

1750
SECTION X - X
(1 , 10)

oo Frame (1: 50)

Ftlr;-,

/'
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1750

Netting

Channel
50x50xlt
(or s imi 1ar

(I-ocal thinning
of gap to avoid
ratling of parre 1

made near corners
just by weiding
two 16 nm 0 bars
to each side top
me*nber only as
botton one is
boi ted)

hol-e on backside )] y01 channel lor I

-Nv

Verlica-l
ar€]e

( fi.bs on Lo main
frame horlzonlal )

(1:20)

Angle

Channel ( fits on Lo
main frame
honi zont,al )

HorizontaL
/- cnannet/

---7-----qal
/ \ lfnsn.. / " loox'toox6

Ne t_ _,/ \
\- 2 mm flat

atLached wi t.h
net in betwee
viarpopr
bolLs

l_
X

l_
x

2 mm llat
atlached with
net in belween
v j.a rpop'
bolLs

SECTION Y-Y

of channel
fixing

f:1
b{J

SECT]ON X_X
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6mmWelded to tube
capp j-ng plale

LJ
tJ
LI
tJ
LI
LJ
LJ
LJ

ry
+
LI
ry
ry
rJ
ryLI

'

H
ry
LJ
LJ

12
hole for fj.xing to
peg on frames horizontaL

Cables with
nett irg attached

NelLing wound
around tubes

HoIe for
fixing cable

L^\c

SECTION X_X

o,
O4
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6 rrn plate
200 x 200
relded to angles

SECTION X - X

u2x100x100xB
(110 rnn clear
distancre apart )

PlaLe vrelded Lo
angles (450 x 200 x 6)

Holes for
bolts every
300 Dn

Holes in
tube ever.y
150 mm

(Scale 1:10)
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X

6 1\A x 5

8 mm p1a te
2OA x ?Ao
welded to

SECTION X- X

L2x15Ax15Ox8
( 140 nm clear
distance aparl )

Ho1es for
bolLs ever
300 mm

Holes in
tube every
'150 mmM1! bol t

x 6)
PlaLe welded to
angles ( 450 x 200

Cast in
Concrele
(1:3:6)

=f--lt
rtilil

_L-l.j-__rl--L -

1:10)( scale
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