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/D DXVHQFLD GH XQ P«WRGR GH GLWWHRXERQSYBDQGDER FUH
GHO WUDEDMR SDUD OD REWHQFLUERGHLRGN FRIFODUERHWLYSE
WHQLHQGR VLHPSUH SUHVHQWHWRUWL R DO/H WHQ HEIM RFHD® \O-D ER B |
HVSHMR GHO SURFHVR GH SURGHKY¥IEV QQH®HOH SHODLGWQ B L DY S U |
D\XGD D SUHYHU ORV FRQWUDWLBRSRYGTKUHD /W H OHNOW B U HDWHHQ \
FRPR D PLQLPL]DU ODV WDUHDV VMW HUROMGLXYFHQ TDX HU H VX D GVFDHC
VDWLVIDFWRULRYV (Q HVWH WUDEB®RLUM S OBWFFDRQMNV DIS[BHIQ
GXUDQWH OD HYDOXDFLUQ ILQIPRVGHHORKLVHWR FO\H IG B LSULNRN
PH]JFOD GH 5&& SDUD ILQHV FRQV®&HK XFDNLYGFDG \ GKQ IFRWY M/ LDRO |
HMHFXWRULD HQ OD UHKDELOL\RD KIELE D3GD 05 B R H\PID G O PHK@\S |

NLOUPHWURY DO RULHQWH GH &DUDFDV

'XUDQWH ODV OOXYLDV WRUUHGRLIBDO HWVHUXH VWR M E W DQIRFQ RX
GLFLHPEUH GH HO DOLYLDGHBR ®H OREBURDDJIO HQD/X
FDSDFLGDG RFDVLRQDQGR VX FRQDS¥RHOMWH SKWEUGD G0 XF



HQ OD VHFFLUQ GH OD SUHVD VHFQGR GHH THHHKWDLEL R LD FSLLURY
SUR\HFWR GH UHKDELOLWDFL G HYRIVQ M W HH@W®IDHQRFRHD R WRF
HVWULER L]TXLHUGR FRQ P GHHO5QXHYRUDORSRDGHUR |
FRQWUDWDGR D OD HPSUHVD +DUJQ GH O@FRE WD MHMBFHPSUH
EUDVLOHUD &RQVRUFLR &DPDUJR RWRUWOW L PRRQ WU DQWHQER UF
*HRW«FQLFD 3UHJR & $ FRPR ODERLUDSVDRIWDLRHQWOIBRSYH GGIL
PDWHULDOHYV

/IDV FDUDFWHU VWLFDV JHQHUDQRY ®HD W IV LIXHYD WA V X HO R/
GH OD SUHVD P /RQJLWXG GH ODPFOROVWPH®HGGIDODUBNVHEVD

P FDSDFLGDG GHO HPEDOVHLFLH GRO BHREPOIVH P
XVR GHO HPEDOVH DEDVWHFLPLRWWRGB D FXHBIRT@PWAY H-RUU
FDSDFLGDG RULJLQDO GHO DOLYCDGHGR GHVPDVWVJDFOSDF QXH
DOLYLDGHUR P V WLSR GHBPOHYLDGHUR IURQWDO

' 6(“2 '( 0(=&/$

1R REVWDQWH OD H[SHULHQFLD RRXBXODBGEDORY BORXVR GH
SDUD HO PRPHQWR GH HGLFLpQ GHQ VSAUHHY HOIMH PViA WIRETRVORR J C
FRQVROLGDGDV SDUD HO GLVH®R GH OD PH]FOD

(ILVWHQ JX DV GLYHUVRV DXWRUKW K DQ XSFRER WNFIQLIFR\G F
SDUD HO GLVH®R GH PH]JFODV G HRB&& QFDL Y XH\ILCOR. |®IE D Bl FR Q
TXH HV7DEODFH OD GHWHUPLQDFLQJU IGGILBQWHD WD K FIR®X ALt
XQLWDULR GH PH]FOD FRPSDFWDGPQ EBEMH DGRNJ B Q RYVD VPRQGILIFG
FRQ VXSHUILFLH VHFD

! (O DUW FXOR $&, UB WLHQHUX@ ALIDU WV P& R FRRVUGIHHG L VH3R XWL
SDUD DOFDQJDU XQD SURSRUFLuUQ uSwWLPD GHO 5&&



3DUD HO 5&& OD SUEFWLFD KD FRDLB Q WIEHARH H P L Q@IMLMILYY/ GKH
KXPHGDG PSWLPD TXH IDFLOLWHFRP@WWQDERW DEHWHEP GQSBRE
PDWHULDO FHPHQWDQWH FRQRFLkQGR®QNORM W [LVADN QG EH Q@G
ODV FXDOHV FDEH HVSHUDU XQD FHF/DE GIFROYUPEBMDEGED LIS D
GRVLILFDFLuUQ GH FHPHQWR VH KDFHLMIH@EDRY OGH OGNV HBHRT
UHVLVWHQFLD D OD FRPSUHVPH®EWQDFBE G \WFFRUARIQVSESBHUD
WRSH PE[LPR SDUD PLQLPL]DU HO FDORU GH KLGUDWDFLuQ

JUHFXHQWHPHQWH VH XWLOL]D FRPRIOSFHFREFHHBWR &HH FR
"HILFLHQFLD GH OD PH]FOD° GHIHRDVWRHFEBBRGAULVYV H®WD FAKP H
NJ P \OD UHVLVWHQFLD D ODHFERPGHMN VASIY) D5ELYHUVDV

/D PH]JFOD GHEH TXHGDU OR VXILFYHW®WDb ~HOQ WXQGH P D HSDUR
ORV HTXLSRV GH FRPSDFWDFLPQH SKWRHOGR & DX ULLF LSHUPH WH.Q W
DGHFXDGD GLVWULEXFLUQ GHO PRHW® HARRQFRODURREBKUDQWH
PH]JFODGR \ OD RSHUDFLuQ GH OIDFRPSDFWDFLuUQ YLEUDWRU

6H GHVWDFD TXH HO FRQFHSWR GIH HKXPMGID B Oy SWLPD ] DHER
VXHORV SXHVWR TXH DO QR X IERIP|R 5\DH OTH WHRVE B FR YW B R C
5&& GDGD OD LQWHUDFFLUQ GHO FRQVHRQ GFO GH KK@WED Gl H \
YDORU UHODWLYR DO WLHPSR BlHIQUEHXIDGIR K XPMH GBHIGV i 8 WL D
KDFH FRQ FXDOTXLHU RWUR SDUBABWIUMRLG DG VLRMWIKDR DG HS
HODVWLFLGDG WUDEDMDELOLGH®E HYRWH UDYRE BW RS WEF \G HRDHU |
KXPHGDG MPSWLPD XWLOL]DQGR FRPROBDUENHWWRQBIHD FIR QWM
FRPSUHVLPQ D GLYHUVDV HGDGHYV

2ZWUR DVSHFWR D FRQVLGHUDU HQ QD/ HOMDBRQGE M/ IGX M HLERQF F
HO LQGLVSHQVDEOH WUDEDMR HIGF H TNXUS K5 IRRHF DO D DV 3 O D QW
SURFHVDPLHQWR GH DJUHJDGRV GRPDRHNUHD TOQGD HE® DABER G E



SURFHVR SURGXFWLYR SRVWH UHRW QWDOXQI IHNKTUXHP D VKQF LR QL
SODQ HV7DEODFLGR SDUD HO ODERUDWRULR GHVWDF£QGRVH

(Q OD SODQWD GH SURFHVDPLHGGWR O/IHY RG]R @ FOHRAD U
PDWHULDOHY HQ HO SU«VWDPR GHGWRHTEH 90 SODRHUDFRPSR V
DJUHJDGRV PD\RUHV D ° VH REVWGEN BDIRHUIOCIDOIBYHYBQWL DV
VXESURFHVR QR VH FRQVLGHUWN HQ HO ODERUDWRULR

(Q OD HUD HWDSD GHO SURFH VIR IQHHFWM R DHIQ RS ODQ W L
WULWXUDFLpPQ GH JUDYDV SDVD/XSBLE WO VEHOQLFARY GHSDUB QD
ODERUDWRULR HVWH G«ILFLW \WH VXSOURYHR®L DQYW 8 DG 8DV P IQWA
SU«VWDPR

/D VHOHFFLUQ GH ODV SLODV GH \DHUKLJRGRNMUBQ OD
PLQLPL]DU OD VHJUHJDFLpQ TXHGCON) GR IRQWEBHRW K DNIDQ W H

UHWHQLGR HQ €° JUuDYD XQD BHWMH FIREOR SDYDQWMHMLEYD\  \
PDWHULDO SDVDQWH DUHQD
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GHV 5HVVRXUFHV HQ HDX®

+DQRL O0DL

/ 3ULPHUD HWDSD HQ SODQWAODXLQMAXBIMDSD HQ SODQWD PH]
GH PDWHULDO UHWHQLGR HQJUHJDGRY FHPHQWR \ DJXD

/  6HIJXQGD HWDSD HQ /SODQWDLPHUD \ VHIXQGD HWDSD
VHSDUDFLpPQ GH DJUHJDGRVOEBBRUDDNWRULR LJXDO D HWDSDV 3
JUDYD \ DUHQD / 7HUFHUD HWDSD HQ ODERUD\
/  7HUFHUD HWDSD HQ SBR®FWDUQ GH DUHQD WDPL]D
IDEULFDFLUQ GH DUHQDPDWHWLDIFISDODQWH ° HQ WDPL]

WULWXUDQGR JUDYD / &XDUWD HWDSD HQ ODERUDV
/| &XDUWD HWDSD HQ SODQMDD DGRYGIE B EGHHQ D V
DUHQDV SURGXFLGDV / 4XLQWD HWDSD HQ ODERUDW

SURFHVR GH PH]FODGR VHJ¥%Q GL\

$17(&("(17(6

(QWUH $JRVWR \ 6HSWLHPEUH GKXGLR\GH W BQ NV X®H H5/&&
SRU OD HPSUHVD HVWDGDO )81'$/¥DE®HY/ VUHYLHWAY GH UHIHUI
SDUD HO SUR\HFWR GH 5HKDELRDW®FLuQ GH OD 3UHVD (O *

(Q OD\R GH +$5=$% (1*,1((5,1* &203%$1< LKARWAHXQ
UH I HQ HO FXDO VH SUHVH®WDQ WWIQWE B FROWYVDN¥Q REMH HO
UHDOL]DGR SRU )81'$/$1$9,$/ ~/DV FRIGODMHJIDGRY GH ORYV
SU«VWDPRV 35 \ 35 FRQ WULMRWDFDDY SHIMRDWY SOHDFWHL
SDUD OD 3UHVD (O *XDSR \ SRD GDW BQMWIRVV3b VHCBSFFERGR
IXHQWH SULPDULD GH DJUHJDGRV °



$GLFLRQDOPHQWH \ FRPR SUHEPEXIDWR FH]FODWHEH IEQR® O G
,QJHQLHU ™D *HRW«FQLFD 35(*2 &R $F RPHBIDOMLA H Q@ DHUM\R XG3H. ORV F
SU«VWDPRV DSUREDGRYV SRU HO \0 GHL DR W USLHRF XGUI\OR B PED W & WHHC
0$51 SDUD VX H[SORWDFLuQDF XMR GIH) @D SIHKDE L QWO D U]R

VH SUHVHQWM XQ LQIRUPH HQ ¥WIRFEFQQW8 QYUGR RWHU BWH
VLIXLHQWHY FRQFOXVLRQHYV

IRV HQVD\RV HMHFXWDGRV UHYH®DYWXWXHD %Q «VIWDHPRL D
H[FHOHQWH SDUD OD SURGXFFL D@ BHIQM&HE: DOHER GRPHDL GENS R Q

IRV HQVD\RV JUDQXORP«WULFRV BMHFWIWPRER ¥ RI@ WRGRV
OD GHILFLHQFLD GH DUHQDV SBUROWRRPCH\VAHEDEBWQEBHBDDM X
D OD FXUYD JUDQXORP«WULFD HVSHFLILFDGD SDUD HO 5&&

/ID PHGLGD P£V DGHFXDGD SDUD DGDSWDWXORD DJUH.
JUDQXORP«WULFD HVSHFLILFDGD5&& UBDOB FSHR®GX¥HAUWG URKX F
DUHQDV PHGLDQWH OD WULWXUDFSP® YGH IDHIQW 3D G R VO RWX A I/ \RF
SU«VWDPRYV

(Q HO PLVPR LQIRUPH VH UHFRPHBGPVORY DG DW RSBDUWD 0D/
SURGXFFLUQ GH DJUHJDGRV PRWLYDGR D

'LVPLQXFLuQ FRQVLGHUDEOH GH OD FOQWQGPIV GH L
GHWHFWDGDV HQ HO SU«VWDPR 355DUPR @@ DL Y WHH FSHMDY WD
FRPR DJUHJDGR SDUD 5&&

'LVPLQXFLUQ GH ORV ILQRV H[L¥VYWHIPRNV BIROQW RIS RNQ O/RKV
PD\RU D VRQ ILQRV QR SOE£VWLFRGD A QRVUGH IBDIYRD CSEDH/ G L VP |
\D TXH ORV DJHQWHVY PHFEL£QLFRV BWLR\R \F XCROH D JWWHWE G RWR PS [
ORDGHU FLQWDV WUDQVSRUWDGRD DS UPDHH® BIGWHQ GPBGR XGE B0
HWF SURGXFHQ GHVPRURQDPLHQWG&RWH\ JHP ERQ \HF ¥RQNIRD IXE
LQFUHPHQWR FRQVLGHUDEOH GH ORV ILQRV



JLQDOPHQWH HQ HO 9ROXPHQ ,SHEDISPDXORQH \G I& DD \B BIR/\ H
HODERUDGR SRU +$5=% (1*,1((5,1* &203$1XXQMWXDOL]DQ DOJXQR
GH ORV SDUEPHWURYV HVSHUDGRYV SDUD OD PH]FOD

. 5HVLVWHQFLD D OD FRPSUHVLuQ D ORV G DV 0SD

. /D GHQVLGDG SURPHGLR GH OD PHNRIO® KOJP WG D PHV H/H
OD GHQVLGDG TXH IXH XWLOLJDELD H&DBOGHQED LSULWVGH HHWWWD G
HV DSUR[LPDGDPHQWH HO GH ODHGHROEBQ GRHD OXKWHOV
P<«<WRGRV DFHS7DEODV SRU OD E X\HQCF BLLLEF WIXFDN 8 HFRQ I R QAW
HTXLSRV FRQYHQFLRQDOHV! ° 7100 DEHQRLCDG UHTQWHLED H
GH OD GHQVLGDG WHHULFD GHO°5&& FRPSDFWDGR VLQ DLUH

. 7UDEDMDELOLGDG "!6H HVSHUD TKHDBRWH HREVBHQHPR X@H |
WLHPSR 9H%H PRGLILFDGR HQWUHUDWXWHGSG® X@DORHPXSH LQG|
XQD FRQVLVWHQFLD UHODWLY DPHVOWHH HVGHWADR IR BINR®HD FIDXWHE F
REOLJDWRULR \ TXH VROR VL UFRIQ &/H W LN WHDQ R QD HS/DWUHD VAIOD E D
QHFHVDULR XWLOL]DU HVWH HQVD\R

'(7(50,1$&,1 '( (1(5*$ '( &203$&7$&,1

&$/,%5%&,°1 '(/ 3315(1&'208BRIBRT $X (/S WS BT R 52 2

$0 LIXDO TXH QR H[LVWH XQ P«VWRGRVHARR) \GRHO P& PRIRD § DAMD
5&& D¥%Q QR H[LVWH XQ HVWEQGO W SWHEDBRODBH ARPEB EMD BLHI Q
FRQIHFFLMUQ GH SUREHWDV GH 5&&VW® QWDHE R HPLW R/HLR F U R W
EDVDGRY HQ HVWXGLRV SUHYLRV DEHODFHQ GG H[SHUHNQ@FLI
FRQRFLGDV GH P«WRGRV GH FRPSDFWMSHMQLGDHAGQROBERUNWRRIL
PH]JFOD 5&& \ GHO WLHPSR 9HEH GHRUFBPAD G HVERPDSRF WDOWDMQ |
DSDUDWR 9HEH $670 & PDUWIOO® RV HROKRWSDFRWGRAHV
QHXPEWLFRV R "EDLODULQD®° VLQ HVQWEQIEDHN 0P WRUPDQR



FRPSDFWDFLUQ HQ ODERUDWRULRU GIHMEH DGKN QWD WG HQ VIOGFD® ]
PE[LPD WHMUULFD GHQRPLQEQGRVH H\ODK SDEEMH WD RO E[DP [H(
$OFDQ]DEOH '30$%

'DGD OD UHODWLYDPHQWH EDMDU®BRYXKHWVWBDu® HJFSB U XGD
FRQVLVWHQFLD VHFD \ XQ WLHP®R 9HEH WWSHFIRQNDGR UDPWR V
DGHFXDGR HO XVR GH FRPSDFWDGRQ LD QG XEW HF RAE Q/®D D XY D
HVWD IRUPD GH FRQIHFFLUQ GH OIDWH SRIREMHW N0 WHLTHKR SR 1 C
FRPSDFWDFLUQ \ HO Q%PHUR GH PF®DYDYHE B VOHQRVGHIEUBUR P |
UHTXHULGD GH OD PH]FOD K¥%PHGDHTXLSRY PGLVSRQLEROHV HQ
ODERUDWRULR WDO FRPR VH PXHVWUD HQ OD )LJXUD

3DUD GHWHUPLQDU OD HQHUJ D GI¥RIPSR FGHD FDiS® VW VHP S
OOHYDURQ D FDER GRV HMHUFLFQRVPBH OAD HENDEWLPGDFREAC
DJUHJDGRY SURYHQLHQWHY GHO SUXVYWDGFPRV3IHQ AROPELFGRYHYV
VDWXUDFLPQ FRQ VXSHUILFLH VHPOVLVIBRWBURBWRUFLRQHEDY
JUDQXORP«WULFD HVSHFLILFDGRXP® GDGSGR\EBWR]BOD D/ DXWI
FRPR SULPHUD DSUR[LPDFLpQ XQDYDBQVDRER WBWHRFIRRIG DR G WIH F |
$670 ° GH ORV DJUHJDGRV Y VH GRVLILFp FRQ NJ P VREL
OD EDVH GH ORV HVWXGLRV SUHOLPLQDUHYV

)LIXUD
+HUUDPLHQWDV GLVSRQLEOHV SV GMH FRMBVWFELUQ GH SURL



OROGHYV FRQYHQFLRQDOHYV SD'LEPHWUR GHO SLVWMQ
IDEULFDFLpPQ GH FLOLQGURV GH FFPFUHWR
ILMDGRVY D XQD EDVH U JLGD - 7DVD GH LPSDFWRYV
&RPSUHVRU PDUFD 6XOOLYDQ JROSHV PLQXWR
& )0 FXELF ITHHW SHU PLQXWHV:- &RQVXPR GH DLUH oV

oV - 5HFRUULGR GHO LPSDFWR
7DPSHU FRPSDFWDGRU PDUFD PP

.DZDVDNL .37 FRQ ODV VLIXLHQWHWHVR NJ

FDUDFWHU VWLFDYV - (QWUDGD GH DLUH ~°

/JRV UHVXOWDGRY REWHQLGRV HYLGOGEFD®RVXHQX WD A HIQ
WUHV FDSDV FRQ ORV HTXLSRV IGEWISRIAQEDGM UQAD IXGH BRI
HVSHFLILFDGD VLHQGR FDUDMPWHQWMW LFIR GQ VWL GIIMW UHF @D S
GHQVLILFDFLUQ DOFDQ]DGD QR [|X®D X®DURUP I/ XAHIWLARR) ToHH FL
HVWUDWR GHQVLILFu PEV TXHWMPD TSCH WO L Q FHJBIPRIY WHRY GMEDQW L
FRPSDFWDFLUQ GHELOLWH OD PHLP@®mD SR ¥ OPRLR D XGH® IFDWER

FDSDV FRQ HVWRV HTXLSRV ©X@HRVYPH. FB ANVDE IHVHOMW G F
XQLpHQ HQWUH FDSDV \ DOFDQ]£QGR N B GDD DPRRSIHGRILF [GH) @RV
VHIXQGRV
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Design density
(2317 k/m3)
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Density (Kg/m3)

&RQ HVWDV KHUUDPLHQWDV WDPSHIHVRID&FOOQLBDQ ¥ FRP
FDSDV \ VHIXQGRV GH FRPSDNWPBFLLED OCONHQHIWDIGD HKXH UHI

Blows

# time

x timex lavers x weigth x height

Valume

_eoo blows/minz [%min}xélayersx 14 kgx 0152 m 280.840 X fen3
- 2.00530 m® T o

6LHQGR OLJHUDPHQWH LQIHULRWMQIN DB BRBBWWRSR QR HQ RO
$670 NJ P P

SRVWHULRUPHQWH VH FDPELp HO RGXICBRR FRRPSDEFWDGRU |
WDPSHXYZ WDPFRWRRPRQF®R®Y VLIXLHQWHY FDUDFWHU VWLFDV

PP ODUJR ° PP SHVR HOWVYDGDNGH DLUH «° UHFR
GHO LPSDFWR e ° PP FRQVAWR @HWLVYB GH LPSDFWR
GLVSRQLEOH VH DVXPLu JROSS\VRPLH) FRRESDHWMWH QHTXFD S D\

GXUDQWH VHIXQGRV FDGD XQD FSOL¥D X®DDISQR ULIPD GDPSHQ W
NJ PP DXPHQWEQGRVH FRQNILGHHRE OB FR3HIDNVW UDE D MR
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&RQ HO REMHWR GH GHWHUPLQDU ROHDJ FIOXP N GIOG SIROWL.ERMM G
UDQJR GH YDULDFLUQ GHO FRQWOIQD®R G K FHPH QW P HYRHO DM DG
5&& TXH VH SUHVHQWDQ HQ OD WDEOD 1]

,GHQWLILFDFLpQ

7TDEOD
OH]FODV GH FDOLEUDFLpQ WR
@R@WHQHGBFJPHQWDQWH +XPHGDG

NJ

NJ

3URYHQLHQ

SU«VWDPR
GRWDGRV GH

D QUEUEFIRF R

NJ

WH GH

% passing

100,00
90,00
80,00
70,00
60,00
50,00
40,00
30.00
20,00
10,00

0,00

Source of aggregates borrow PR-1

Composition of =and

E0% unwashed
25% washed
25% passing #10, washed

Dosage of aggregales
Graveln®1:30%
Graveln®Z: 26%

u hed sand: 22%

i
3
;'I/.f'

‘Washed sand: 11%
Passing#10, washed: 11%
Passing # 200: 4 72%

Fatd 1=«

ol !.\"

':‘Q-j_g E

*WENLFR

Grain size (mm}

$JUHJIJDGRV

&RPELQDFLpuQ GH DJUHJIJDGRV SU«VWDPR



(Q ORV *UEILFRV VH\ DSUHFLDQ ORV UHVXOWDGRV REWH
UHVXOWDGRY LQGLFDQ TXH ODWBPHRRQWKHD WRY LH/QW 8 Q ¥ LIDH/] VGID
\ ' FRQ KXPHGDGHV GHO \ FRQWH@HGRW FHMHQ@PNDQWHYV
UHVSHFWLYDPHQWH 6H REVHUYD TXBROWVY HIHBOONV' PD\RUHV
UHVLVWHQFLDVY QR REVWDQWHHPXH) WDBQHQGXQ FROWHQLGR F

*UEILFR S5HVLVWHQFLD YV HGDG,} OH]JFODV ' D'

Resistencia a 7 dias (Kpa) Resistencia a 14 dias (Kpa) Resistencia a 28 dias (Kpa)
"3,503,75 e
375
350 53,25:3,50 | W 4,00-425
375 375 .
30 - 53,003,25 W A B 3,75-4,00 i 53,75-4,00
23 7 80kg/m3 ;§ m275300 | O3 \ u3,25-375 i = m3,50-375
: 7 80kg/m3 325 + e Bukgm3
20 / 75kgima £ mas027s | 275 /' #2753 320‘3 T / gmE 325350
9% i 8 mazsas0 225 = ¢ kgl w225275 | 275 M8 TSkt w3,00-3,25
e + 65kg/m3 o 252, ) e pladeity 1 - = / AR
200 6% s "275-
8% 2,00-2,25 o 65kg/m3 s = 65kg/m3 2,75-3,00
Humedad m1,75-2,00 8% 8%
T [T 80kg/m3 vi 80ks/m3 T T 80kg/m3
- / \ ‘
| | [13503,75 / ‘\
\ |‘ [13,253,50 ‘ | £ 4,00-425
\-“ \ | £13,00-3,25 / 03,75-4,00 \ 03,75-4,00
b / J |
\ ~ \ — * prami kg/m3 02,75-3,00 \ S 75kg/m3 03,25-3,75 H 75kg/m3 03,50-3,75
. T i 02,502,75 e == 02.75-325 — 03,25-3,50
Sl e B \\ B 02,25-2.75 e 03,00-325
¥ _—
—— ) s — ] 3
w [12,00-2,25 L S | T2,75-3.00
~— 01,75-2,00 T, - |
b W t  65kg/m3 =~ | — 65kg/m3 = 65kg/m3
6% % 8% 6% % 8% 6% % 8%

*UEILFR SHVLVWHQFLD SURPHGLRDSIOUD RB]JFODV GH



35272&2/2 '( 35(3$5%&,°1 '( 0(=&/%$6 '( 5&&

$ FRQWLQXDFLUQ VH GHVEDVERHOHSDYHIR WR FRICRERUDFLUQ G
ODV PH]FODV GH 5&& XWLOL]DQ®R HAR F&MBIHRLWSR W\W O PGV MLIS R
GH EDMR FRQWHQLGR GH £OFDQWY SHMRN[H@H HGVYH ]&H ODD XEQB L
HQ 3HUWLJDOHWH /D VHOHFFLU® B REWWWGIDFEPWIQVGRI WK KEIDM
PRGHUDGR FDORU GH KLGUDWDFLRIQD VH VS FRULDDGRN HE DUWHML VSH
FUHFLHQWHY HQ HO WLHPSR 6 M JGR ¥1XDF BIRFBD QDD GH VP D
FXPSOH FRQ ODV HVSHFLILFDFLRQHVDGEDIRUR\HFWRBH\ OD Q
GRVLILFu FRQ G H$ KX HIEERY $YURYBGRNQWHY GH SU«VWDPI
35 \ 35 WDPL]DGRV \ GRVLILFD\GRXH{ @DSWIR'SRBRDRQH EDQ(
JUDQXORP«WULFD HVSHFLISBL®M YRY HQRSVR\HRAWRL USLGIL /D Y)RW L
DGLWLYRYV

/JRV FLOLQGURYV SDUD ODV PH]FODNQGW D6@&DWHGHODERWD UF
FLOLQGURYV \D TXH OD FRQIHFFHuQ BHQXWWRW W DRIGDX WRW U
5HDOL]DU XQ Q¥%“PHUR PD\RU GH FYBERBQRID WOD i «FJRGALRS [OF RX
KXPHGDG HQWUH HO SULPHUR EWOUY MW KXPRGEE®DQSRG L\GD RS X
OOHJDU DO FXDQGR VH HODERWDGH PENODRQW®WDRW HPG HKURDNMD X
$GLFLRQDOPHQWH XQ ODSVR SURDRQWRGRHNIW DOWEWDHE R SR
LQLFLR GHO IUDJXDGR XQD YH] FRIQ\WDFRMHP QW RI G @WKYD HQ

IRV FLOLQGURV SDUD HQVD\RV GHO DEXHVIBRHODERUDL
SURFHGLPLHQWR GHVFULWR D FRQWLQXDFLpQ
6H SHVp \ FRORFuy HO DJUHIJDGRHVUD WK MEE UFHR @ QX S H L
VXSHUILFLH SODQD K¥%PHGD \ QR DEVRUEHQWH
6H DJUHJp OD SURSRUFLpPQ GH FHBBOWRE SH HYRWPHQ\
DJUHJDGRV \ VH PH]JFOpu FRQ SDORVGHODOBDW BSIRWX W®& W LHHYPLSN D G
VHIUHJDFLuQ TXH FDXVDQ ORVY DSLODPLHQWRYV



6H FRORFDURQ ORV PDWHULDOHN G@CH UDWBJIGB RAXDWUR
VX FRUUHVSRQGLHQWH FDQW L G IR3J GaHH DX [P HG]IF Q VG R UBH B OV B R E
PDQWXYR FDVL KRULJRQWDO SDWD AHYEWDU VHIJUHJDFLuQ GH

6H WDSp OD ERFD GHO WDPERU VVH PH]JFOp SRU PLQ)

J)LQDOL]DGR HO WLHPSR GH PH]BODGGEHRO WH RPIS\WR U VB D
GHMp UHSRVDU HQ XQD FDUUHWKX®ED HFH UXSBUVIDFLH) R DEGRUE
SRU HVSDFLR GH PLQXWRV DG RMHDONY FOKFOR GHSORD S|
HVSDFLR GH PLQXWRV SDUD XQLIRUPL]DU OD PH]FOD

6H FRORFDURQ ORV FLOLQGURVLFRWARSRYWHY GV |
VXMHFLPQ

6H YDFLpy \ FRPSDFWu OD PH]FOD GHV S5RESDY UD]pQ
GXUDQWH VHJXQGRV FDGD FDSDFRDWHOWHP [P FW B D LOWEVIXILF
SDUD TXH FRPSDFWDGD UHEDVDUBHOQPR®EWH PP OD DOWXUD

6H HQUDVM HO PDWHULDO VREUDQWHURRQ XQD
VXILFLHQWHPHQWH U JLGD FXISGDOQIER M I8 MR FFOYRDKWERD V X

8QD YH] FRPSDFWDGR HO %OWLPRVEH WRVGHMULQGUFR
UHSRVDU HQ FEPDUD K%PHGD GXUDQWH G DV

/IXHJR GH G DV GH FXUDGR VH |G BDGRRGOGEDPH QWHQWL
\ VH FRORFM HQ OD SLVFLQD G H FOXUIDVERR GH VW DDRARPSWOH. G HIL QL

5(68/7$'26<<$$8BG($%6 (622

IRV UHVXOWDGRYV REWHQLGRWB®HIFGDLDVFHHIR XWLROLEHMQGR
5&&& SURGXFLGRV HQ OD SODQWD XQOGHWHIHSRAWWBUHQ P DKBFYXW I
RFWXEUH VH PXHVWUDQ HQ ORV JUEILFRV \
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*UEILFR SHVLVWHQFLD D OD FRPSUHVLMQ

(VWRV UHVXOWDGRYV LQGLFDQ Xu@D H®L JHH® DG M\RHEERRH GRIV DI |
PH]FOD /D DXVHQFLD GH GDWRLIN GNWD)SHUWHRRYD\VODU HDYQA WV
XVR GHO 5&& HQ 9HQH]XHOD QRV PDQWHO/GRL |PWXWRYRNR XV B/
QHFHVDULRVY QR REVWDQWH TXH/ BV GHF WXAHE GHHO KCBRRHQR R BHS H



D OD /H\ GH $EUDPV \ TXH XWLOGHD BXFHMWIGRY DFH GINUIDGEOH S|
EDMD GRVLILFDFLpPQ GH FHPHQWR FRRPRNVBDQ BIUHIF QY R \GWE LW B D E [

([LVWH SDUD FDGD PH]FOD GH 5&8 DFRRBEBEWOGGDFRQIHOLV
PLVPR QLYHO GH HQHUJ D XQ FRH SIRUMWDPLHQWR SQH 0 M XL/E\
SRWHQFLDO$ GETDMACRRHY HGVEQWLGR FRQ ORV UHNWXOWDGRYV
*UEILFD VH SXGR KDEHU SUMR\HS WRORHRG OR DHV LY WNQFRPR Vi
GHVFULEH HQ OD WDEOD

*UEILFR 'LVWULEXFLuQ GH |WHF XA @FR YYD OU H FXOWPGRA VYV DC
ILQDO GH OD REUD

7TDEOD BUR\HFFLuPQ GH UHVXOWDGRV 0SD

G DbV @R VvV GD\V GD\V GD\V GD\V|

$YHUDJH VWUHQJWK UHDO YDOXH

6WDQGDUG GHYLDWLRQ UHDO DOXH

BURMHEWWMR Qo cb\wv
GD\V A

&RUUHODWLRQ

Z Estos resultados a 90 dias estuvieron disponibles al finalizar la obra (169 cilindros)



$VXPL«QGRVH D G DV XQD GHVYLDFIPQ XHMDN EQGWULENBOLpQ
QRUPDO \ DGPLWLHQGR XQD |UDFRFQ i{HGBFH QY XRY/ Y DIBOHROU HV St
GH 0SD VH SXGR KDEHU SUR\HFW®GRPHRBPR P B\WRWMNGDQ HMD
VLIXLHQWH YDORU UHI

BURPHS G kRRFwWDGrR D = c BV ; [ 0SD 0SD 0SD

S5 HVXOWDQGR D ORV G DV HD GRYXLHRDN¥HUQMEN WHH HHQ W R
IXQFLpHQ D OD HILFLHQFLD GH OD PH]FOD

$MXVWH GRVLILFDFLpQ 0SD 0SS [ NJ PNJ P OR
FXDO KXELHVH VLIJQLILFDGR XQ DRRUSRUGHQ GHHQRANHPH® WV
SURGXFFLuHQ GH 5&&

&21&/86,21(6

IRV SDVRV D VHJXLU SDUD OD REMRHQ FLQQQVGHR QY ¥ IPXHWQ P
VRQ ORV VLIXLHQWHYV

- ,GHQWLILFDU FDGD IDVH GHO SQ@W B HS/MRU B URKEHKFRVAXRL B QDS
ODERUDWRULR

- 6HOHFFLRQDU OD IRUPD GH FRPSIDFWD BLSOQU DRV @ HYELHE U D
PDUWLOORV HO«FWULFRV FRPSDAWDGRQBY QBXPHWHFRVuUR G
IRUPD GH FRPSDFWDFLpPQ GHSHQGODGHMHHOMO PR\QE HVOVRM A I X LGHR \
XWLOL]DU HQ REUD VLHQGR HO DSDWEWRIOCOHEIDVSDUDRRH]
FRPSDFWDGRUHV QHXPEWLFRV R]FEDVOPAM YB¥DBDUD ODV PH

'"HWHUPLQDU OD HQHUJ D HVSHFDQFDU QMIF H&/HDQWLIDGBBUGH

SUR\HFWR R HQ VX GHIHFWR HO D GHp@LFBQWOGD&EGDEDLMVWH
WUDEDMR VH DOFDQ]pu PD\RU HTXAISRQFRP SOFWIDLGRQGRHX® £ARV L F



PD\RU PDVD \ PD\RU GLEPHWUR GHHFEDBHHYGHEDIUBDDXROUHH G H
GH NJ PP PX\ VLPLODU D G HOVHBLBEDREWRD ORGLILF
$670

. '"HWHUPLQDU OD KXPHGDG pSWLPHPHQ@W RGRNOHFBLR QD QGEH
XQ SDUEPHWUR GH GLVH®R VHJ%Q SIRRMVHFMIRKHUHRLMQ®W QWL B HE
FRPSUHVLPQ PHGXOR GH HODVWLRLG\DLG/ WEHHE DG D GO Bl YAP bl B DF |
RWUR 8Q SXQWR GH SDUWLGD WKXRIQ®E® Hi S\VD UMD REMMH 6 &8 OIY
KXPHGDG uSWLPD FRUUHVSRQGLH®WHFDG R GWDOR \3 DR BN RGRR/

. $PERV SDUEPHWURY KXPHGDG pSAHPBDQWRR \AX HBHRL VM & H
GHWHUPLQDGRY VLPXOWEQHDPHQWH YU H S BWREG R/ X\ FRQV WEUH
SXQWRV GH FDQWLGDG GH FHPHQ®IRG\ SDWHV FRCDWRYDGEHKN P W
SUREHWDYV

. &RQIHFFLRQDU ODV SUREHWDV G RO BD\RV M8 WDE RY G5 CEWLF
SUHYHQLU FRQWUDWLHPSRY H@®PDWY HODERUDFLuQ GH ODV PLV

JLQDOPHQWH \ GXUDQWH OD IDN® SQDRLVDD GIN §BREXWDLQM
PDQHMR HVWDG VWLFR GH GDWRW STRUD WHV COMVBIGRV. (LD F L BQDG
DMXVWH GH HVWRYV FRQ XQD BX GYDWIARM HQ BRIVO! IGHOV VBLHS B SR \
FRQ VXILFLHQWH SUHFLVLUQ ONV (WAWL\V\QHROUFRDNFLPQ DEQDGR
FRQRFLPLHQWR GH OD UHVLVWHNQBHU BHVSHFIGHFRGD GAN WRICE
QRUPDO GH IUHFXHQFLDV OD SjUR\HFWEQDS BWH RDQBMDGIDD KD VYV
IHFKD GH DFXHUGR DO 6LVWHPD G\HO®DDG B D\GL 1 © S&H XIQQW D B RF
GHIHFWXRVD SHUPLWLU D HO DEMNOWHHRMOQWR BERYGNFIDFQGGE
DKRUURV LPSRUWDQWHY HQ OD REUD
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'HVHR H[SUHVDU XQ VLQFHUR DJDQBHARP I$HGW R RIDRR , @V H)\WUI
EUDVLOH3R \ H[SHUWR LQWHUQD ERRYRU FLRQ WIMMIDIKR & KR U HH
TXL«Q QRV RULHQWH HQ HVWH WDULDISME L P DIR @ W) DEH E RS XAD U F
(UQHVWR %XHQR HQFDUJDGR GEHGOQDERUWWRGRRHO WUDEDMR

5()(5(1&,%$6

> @ $&, 5 &RPSDFWLRQ RI| 5FRROFHUSERBPSHDFWHG &
ERQOFUHWH ,@QLFIKLIDXQVB6S$
> @ $1'5,2/2 )5$1&,6&2 ODWHULDOV D®EXEEEPHQMOLW\

SURFHHGLQJ RI WKH WK ,QWHUQ&E&WRRPDGWIBGSRVLXP /
(VSD3D 1RYLHPEUH

> @ )81'$/$1%9,%/ ,QIRUPH W«FQLFR GHRPWHFOGID GHVH3R
FRQFUHWR FRPSDFWDGR SDUD ODDSOBMYD (NWDGERSR°
9buJDV O0D\R

> @ +$5=% (1*,1((5,1* &203%$1< ,17(51%$7,218WH THER
'LVH®R GH OH]JFODV GH &RQFUHWR &RPSDFWDGR 5&& °
> @ 6HIJXQGD HWDSD GHO SUR\HWWRFB HS® GHF DiDQ 3\U b M BR(C

*XDSR (VWDGR OLUDQGD(VSRBEBXRHQFLRQHV W«FQLFDV
SURIHFWR OLQLVWHULR GHO DPELHQ@BHWWXGBHO&GBRY UHI
0$51 'LUHFFLpPQ *HQHUDO 6HFQMRRLHPEIGHOWDXOLSDF
(QHUR

> @ 6&+5%'(5 ( $SSURSULDWH ODEBRWKWRV\IRRPGDIFWWLRQW
W\SHV Rl 5ROOHU &RPSDFWHGURRABHGHQPMH Rb&8EBKH WK
L, OQWHUQDWLRQDO VIPSRVLXPGRRGS&& SDPAYV 1RYLHPEUH

> @ 6+(5$5' - :22':$5' 5 * = (16., 6 *@l (9(IDUWK
DQOG (DUWK 5RFRKQPVKOH\ DQG 6RQV ,QF



&29(1,1 7THFQRORJ D GHOVWROBUHWRVHMWNDBE
HISHULPHOMNRW« 9HQH/RODQR GH I1RBGPDDFIPNGXVWULD
9HQH]XHOD



