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6DUD /DPEHUJ (SIOLQHDDULVWHQ ODVNHQWDPDOOLHQ NIN\WW]| N
DQDO\WRLQQLVVD

'LSORPLW\|

7DPSHUHHQ \OLRSLVWR

5DNHQQXVWHNQLLNDQ GLSORPL LQVLQ||JULQ WXWNLQWR RKMHO
CHVINXX

7IVVI W\|VVI WXWNLWDDQ HSIOLQHDDULVWHQ ODVNHQWDPDOOLF
UDNHQWHLVWHQ NHUURVWDORMHQ )(0 ODVNHQQDVVD 7\|VVI WX
KXRPLRLQQLQ PHUNLW\VWI MD YHUUDWDDQ OLQHDDULVWD VHNI |
W\[VVI S\ULWIIQ VHOYLWWIPIIQ PLOODLVLVVD WDUNDVWHOXLVVD
YRLGDDQ SLWII SHUXVWHOWXQD <OHLVHVWL RWWDHQ UDNHQWH
VHPSDD MD \NVLQNHUWDLVHPSDD YHUUDWWXQD HSIOLQHDDULVHE
YDDWLL \OHHQVI XVHLGHQ PRQLPXWNDLVWHQ \KWH\NVLHQ MD LOP
KXRPDWWDYDVWL HQHPPIQ ODVNHQQDOOLVWD W\ |WI
.RNRQDLVXXGHVVDDQ WIVVI W\|VVI HVLWHWIIQ NDWVDXV NHV
ULVLVWD HULW\LVODVNHQWDWDUNDVWHOXLVWD MRLWD YRLGDD
NHUURVWDORMHQ DQDO\VRLQQLVVD 7IPIQ W\|Q WDUNRLWXNVHQD
PDKGROOLVXXNVLVWD NHVNLWW\HQ PRQLNHUURNVLVLLQ WHUIVEF
G\WIIQ HVLPHUNNLNRKWHHVWD WXRWHWWXMHQ ODVNHQWDWDUN
DQDO\WRLQWLLQ NDDWXPLVYDUPXXVWDUNDVWHOXXQ WHUIVEHW
VHQ NXRULPDOOLQ DYXOOD JHRPHWULVHQ HSIOLQHDDULVXXGHQ
WXYDQ RQQHWWRPXXVWLODQWHHQ WDUNDVWHOXXQ 7IVVI W\|V\
(7$%6 OOD /RSXNVL W\|VVI SRKGLWDDQ VXRULWHWWXMHQ ODVNH
VHQ DQDO\WVLQ DYXOOD PDKGROOLVHVWL VDDYXWHWWDYLD K\|W\
WHNLM|LWI
(SIOLQHDDULQHQ DQDO\WVL WDUMRDD PDKGROOLVXXGHQ WXWN
VHNI WRGHQPXNDLVHPPLQ /LVINVL HSIOLQHDDULVHQ DQDOWVLQ I
NHQWDWDUNDVWHOXMD MRLKLQ OLQHDDULQHQ ODVNHQWD HL N
HSIOLQHDDULVHQ ODVNHQQDQ WXRWWDYDQ WRLVLDDQ WI\GHQWI"
WI\W\PLVHVWI (XURNRRGL HL WIOOI KHWNHOOI RKMHLVWD NDWWTEC
PHUNLNVL VLWI PLWI HSIOLQHDDULVXXNVLD PLVVINLQ ODVNHQWE
OLQQDW MIIYIW SLWNIOWL UDNHQQHVXXQQLWWHOLMDQ DPPDWWL'
NDQQDWWDD NXLWHQNLQ DQDO\WRLGD HQVLQ OLQHDDULVHHQ OC
WDSDXVNRKWDLVHVWL PLVVI WDUNDVWHOXLVVD WXOLVL K\|G\QW
VXXGHVVDDQ WIPI W\| WDUMRDD WLHWRD HSIOLQHDDULVHVVD OD
QIN|NXOPLD VLLKHQ PLWI HSIOLQHDDULVXXNVLD PDKGROOLVHVW
NRUNHLWD WHUIVEHWRQLUDNHQQXNVLD NRVNHYLVVD HULW\LVOD"

$YDLQVDQDW NRUNHD UDNHQQXV WHUIVEHWRQL )(0 ODVNHQW
PDWHULDDOLQHQ HSIOLQHDDULVXXV JHRPHWULQHQ HSIOLQHDDU

7IPIQ MXONDLVXQ DONXSHUILVA\\YV RQ WDUNDVWHWWX 7XUQLWLQ
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6DUD /DPEHUJ 7KH XVH Rl QRQ OLQHDU FDOFXODWLRQ PRGHOV
UHLQIRUFHG FRQFUHWH EXLOGLQJV

ODVWHU RI 6FLHQFH 7KHVLV

7DPSHUH 8QLYHUVLW\

ODVWHUYTV 'HJUHH 3URJUDPPH LQ &LYLO (QJLQHHULQJ

-XQH

7KLV PDVWHUYTV WKHVLV LQYHVWLIJDWHVY WKH XVH RI QRQ OLQH
UHLQIRUFHG FRQFUHWH EXLOGLQJV 7KH WKHVLV LQYHVWLJIDWHYV
QRQOLQHDULWLHY DQG FRPSDUHV OLQHDU DQG QRQ OLQHDU DQD
LQ ZKDW NLQGV RI VLWXDWLRQV WKH XVH RI QRQ OLQHDU FDOF
DQDO\VLV LV PRUH VWUDLJKWIRUZDUG FRPSDUHG WR QRQ OLQHD
GHWDLOHG XQGHUVWDQGLQJ RI VHYHUDO FRPSOH[ LQWHUDFWLRQ
WDWLRQDO ZRUN

7KH WKHVLY SUHVHQWY DQ RYHUYLHZ RI WKH PRVW LPSRUWDQW
UHLQIRUFHG FRQFUHWH EXLOGLQJV 7KH SXUSRVH RI WKLV WKHVI
ELOLWLHV RI QRQ OLQHDU FDOFXODWLRQ IRFXVLQJ RQ PXOWL VW
IRFXVLQJ RQ VHTXHQWLDO FRQVWUXFWLRQ DQDO\VLVY VWDELOL
VWUXFWXUHV XVLQJ D OD\HUHG VKHOO PRGHO VHFRQG RUGHU H
7KH )(0 FDOFXODWLRQV SUHVHQWHG LQ WKH WKHVLV DUH SURG XF
LV GLVFXVVHG WKH SRVVLEOH EHQHILWYV WKDW FDQ EH DFKLHYH(
WKLQJV DIIHFWLQJ WKH UHOLDELOLW\ Rl WKH UHVXOWYV

1RQ OLQHDU DQDO\VLV RIITHUV WKH RSSRUWXQLW\ WR LQYHVWL.
DFFXUDWHO\ DQG PRUH UHDOLVWLFDOO\ ,Q DGGLWLRQ QRQ OLQ
FDOFXODWLRQV WKDW OLQHDU DQDO\VLV LV QRW FDSDEOH ,Q J}
OLQHDU DQDO\VLV SURGXFH FRPSOHPHQWDU\ LQIRUPDWLRQ DERX
&XUUHQW (XURFRGH GRHVQfW SURYLGH FRPSUHKHQVLYH JXLGHOL
RU IRU H[DPSOH RQ ZKLFK QRQ OLQHDULWLHV VKRXOG EH FRQVLG
MXGJHPHQW RI WKH VWUXFWXUDO GHVLJQHU +RZHYHU WKH VWU
ILUVW EDVHG RQ OLQHDU FDOFXODWLRQ DQG WKHQ FRQVLGHU R
VKRXOG DOVR EH XVHG $00 LQ DOO WKLV WKHVLV SURYLGHV LC
QRQ OLQHDU FDOFXODWLRQV DV ZHOO DV SHUVSHFWLYHV RQ ZK|
VLGHUHG LQ YDULRXV VSHFLDO DQDO\VHV RI KLJK ULVH UHLQIRUF

.H\ZRUGV KLJK ULVH EXLOGLQJ UHLQIRUFHG FRQFUHWH )(0 FD
PDWHULDO QRQOLQHDULW\ JHRPHWULF QRQOLQHDULW\

7KH RULJLQDOLW\ RI WKLV WKHVLY KDV EHHQ FKHFNHG XVLQJ W
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7Pl GLSORPLW\| RQ WHKW\ 6LWRZLVH 2\M Q WRLPHNVLDQQF
ORPL LQVLQ||ULQ WXWNLQWRDQL 7IKIQ GLSORPLW\|K|Q SIIV
WDLSDOHHQL MRVWD YXRWWD YLHWLQ $DOORVVD MD OR
VLHQ YDUUHOOD ROHQ SIIVV\W NXONHPDDQ 7DPSHUHHQ \OlI
HWWI WXWNLPXVDSXODLVHQD MD VLHOOI ROHQ OXRQXW SR
VHOOI SXROHVWDDQ ROHQ VDDQXW PDKGROOLVXXGHQ NHK
LQQRVWDYLHQ LKPLVWHQ \PSIU|LPIQI

71P1IQ GLSORPLW\|Q PDKGROOLVWDPLVHVWD MD HULWWILQ P
PXVDLKHHQ WDUMRDPLVHVWD KDOXDQ NLLWWII 6LWRZLVH
$OD 2MDODD VHNI -RRQDV .RVNLPLHVWI NDLNHVWD VDDPDV\
WRQ SXROHOWD KDOXDQ NLLWWII W\|Q WDUNDVWDMLD $QV
KDOXDQ HVLWWII NLLWRNVHQL P\|V OIKHLVLOOHQL VHNI NDI
WRLVHOOD PXNDQD GLSORPLW\|SURVHVVLVVDQL

(VSRRVVD

6DUD /DPEHUJ
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7\|Q WDXVWD
7\|Q UDNHQQH MD WXWNLPXVPHQHWHOPIW
7\|Q WDYRLWWHHW MD UDMDXYV
.25.($ 5$.(17%$0,1(1
<OHLVWI
SHUXVWXNVHW
-IN\NLVW\V
(ULWALVSLLUWHLWI
7(5b6%(721,5$.(17((1 082'21088726,/0,9,7b
9LUXPD MD NXWLVWXPD
.LPPRLQHQ NRNRRQSXULVWXPD
+DONHLOX
SODVWLVRLWXPLQHQ
/,1($%$5,1(1 5%$.(11(%1%/<<6,
SHULDDWWHHW
W W |
(3b/,1($$5,1(1 5$.(11($1$/<<6,
<OHLVLI RKMHLWD
ODWHULDDOLQHQ HSIOLQHDDULVXXYV

%YHWRQLQ PDWHULDDOLPDOOLW
7THUINVHQ PDWHULDDOLPDOOLW
*HRPHWULQHQ HSIOLQHDDULVXXV

/IRNDDOLW MD JOREDDOLW YDLNXWXNVHW
+XRPLRLQWL ODVNHQQDVVD
 WHUDWLLYLQHQ UDWNDLVX

(3b/,1($$5,6(1 $1$/<<6,1 .b<77g
<OHLVWI
ODOOLQQXVPHQHWHOPLI

SHUXVWXVWHQ MRXVLWXHW
.HUURNVHOOLQHQ NXRULPDOOL
.RNR UDNHQQXNVHQ WDUNDVWHOXMD

9DLKHLWWDLQHQ UDNHQWDPLQHQ
.DDWXPLVYDUPXXV
1XUMDKGXVDQDO\WVL
2QQHWWRPXXVWDUNDVWHO X
7$3$86787.,086

.RKWHHQ HVLWWHO\



IDVNHQWDPDOOLHQ RPLQDLVXXGHW

5DNHQWHHW
. XRUPDW MD NXRUPLWXV\KGLVWHO\W
9DLKHLWWDLQHQ UDNHQWDPLQHQ

+XRPLRLQWL ODVNHQWDPDOOLVVD

SLODULNXRUPLHQ YHUWDLOX

SDLQXPLHQ YHUWDLOX
.DDWXPLVYDUPXXYV

+XRPLRLQWL ODVNHQWDPDOOLVVD
3HUXVWXNVLOOH DLKHXWXYDW NXRUPDW MD VL
.DOOLRQ NHVWIY\\V
+HUNNWVWDUNDVWHOXW

-NNLVW\VWRUQLQ MIQQLW\NVHW

.HUURNVHOOLVHQ NXRULPDOOLQ OXRPLQHQ
7HUIVWHQ YHWRMIQQLW\NVHW MD EHWRQLQ SX
7XORVWHQ YHUWDLOX

5DNHQQXNVHQ YDDNDVLLUW\PIW NI\WW|UDMDWLOT

+DONHLOHPDWRQ MD KDONHLOOXW ODVNHQWDF
3 ' HOWD YDLNXWXVWHQ KXRPLRLQWL
7TXORVWHQ YHUWDLOX

IXUMDKGXVDQDO\VL

+XRPLRLQWL ODVNHQWDPDOOLVVD

I1XUMDKGXVDQDOWVL HVLPHUNNLNRKWHHOOH

+HUNNWVWDUNDVWHOXW

IXUMDKGXVDQDO\WVL SDDOXWHWXOOH NRKWHH
2QQHWWRPXXVWDUNDVWHOX

3LODULQ SRLVWRQ PDOOLQQXV
30DVWLVWHQ QLYHOWHQ K\|G\QWIPLQHQ
9DLNXWXNVHW \PSIU|LYLLQ UDNHQWHLVLLQ
+HUNNWVWDUNDVWHOXW

-2+723bb79.6(7

6DDYXWHWWDYDW K\|G\W
7XORVWHQ OXRWHWWDY XXV
<OHLVHW KDYDLQQRW
"DWNRWXWNLPXVHKGRWXNVHW
Ib+7((7
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$PHULFDQ &RQFUHWH ,QVWLWXWH DPHULNNLE
DVLDQWXQWLMDRUJDQLVDDWLR
$PHULFDQ 6RFLHW\ RI &LYLO (QJLQHHULQJ DP
QLLNNDDQ MD VXXQQLWWHOXXQ NHVNLWW\Q\W
7KH &RXQFLO RQ 7DOO %XLOGLQJV DQG 8S8UE!
NRUNHLGHQ UDNHQQXVWHQ MD NHVWIYIQ NDXS.
)(0 ODVNHQWDRKMHOPLVWR MRND PDKGROOL
QXVWHQ UDNHQWHLGHQ DQDO\WVRLQQLQ MD VXX
JLQLWH (OHPHQW OHWKRG HOHPHQWWLPHQHW!
JHGHUDWLRQ LQWHUQDWLRQDOH GX EHWRQ |
OHPDWRQ EHWRQLUDNHQWDPLVHQ DVLDQWXQW
*HQHUDO 6HUYLFHV $GPLQLVWUDWLRQ \KG\VY
QXNVLD KDOOLQQRLYD WRLPLHOLQ
6XRPHQ 5DNHQQXVLQVLQ||ULHQ /LLWWR
8QLILHG )DFLOLWLHV &ULWHULD VDUMD \KG\V?

9HWRUDXGRLWXNVHQ SRLNNLOHLNNDXVDOD
3HUXVWXNVHQ VLYXPLWWD
9DLPHQQXVPDWULLVL

3RLNNLOHLNNDXNVHQ WHKROOLQHQ NRUNHXV
3XULVWXVWHUIVWHQ SDLQRSLVWHHQ HWILV\\V
%HWRQLQ WDQJHQWWLPRGXXOL

%HWRQLQ NLPPRNHUWRLPHQ PLWRLWXVDUYR
%HWRQLQ NLPPRNHUWRLPHQ NHVNLDUYR

0DDQ NLPPRPRGXXOL

7HKROOLQHQ WDLYXWXVMI\NN\\V

5DNHQWHHQ RPLQDLVWDDMXXYV

%HWRQLQ OLHUL|SXULVWXVOXMXXGHQ PLWRLYV
%HWRQLQ SXULVWXVOXMXXGHQ RPLQDLVDUYR
%HWRQLQ NHVNLPIIUILQHQ SXULVWXVOXMXXV
IXRQQROOLQHQ WDDMXXV

7HUINVHQ OXMXXGHQ PLWRLWXVDUYR
7HUINVHQ P\|W|OXMXXGHQ RPLQDLVDUYR
7RLVHQ NHUWDOXYXQ MD HQVLPPILVHQ NHUW
UDMD DUYR
BROPXSLVWHHVHHQ YDLNXWWDYLHQ YRLPLHQ Y
7XXOHQ HSIWDUNNXXNVLHQ MQH DLKHXWWDP
NDYRLPD

7RLVHQ NHUWDOXYXQ YDLNXWXNVHVWD VXXUH
5DNHQQHNRNRQDLVXXGHQ QLPHOOLQHQ QXUM
3\WWW\VXXQWDLQHQ NRNRQDLVNXRUPD

/L XN X P RELXSX3QUL

5DNHQQHRVDQ MI\K\WWPRPHQWWL
6XKWHHOOLQHQ MRXVWDYXXV NLLQQLW\VPRPH
O0DDQ DOXVWDOXN X

$OXVWDQ S\WW\VXXQWDLQHQ MRXVLYDNLR
5DNHQWHHQ UDXGRLWXVVXKWHLGHQ MD NLPPF
%HWRQLQ MIQQLW\NVHQ MD OXMXXGHQ VXKGH
5DNHQWHHQ MI\NNWVPDWULLVL

5DNHQQXNVHQ VHXUDDPXVOXRNDQ KXRPLRLYD
+DONHLOHPDWWRPDQ UDNHQQHRVDQ UHGXVRL



+DONHLOOHHQ UDNHQQHRVDQ UHGXVRLQWLNH
5DNHQWHHQ SLWXXV

30DVWLVHQ QLYHOHQ PXUWRUDMDWLODQ PRPI
O\|[W|PRPHQWWL

_HUURVWHQ OXNXPIIUI

3\WW\NXRUPD

1IXUMDKGXVNXRUPD

2PLQDLVKHLODKGXVDLND

5DNHQWHHQ VROPXSLVWHLGHQ VLLUW\PIYHNW
3RLVVRQLQ OXNX

OXUWRUDMDWLODQ SXULVWHWXQ RVDQ NRUNH
3DLQXPD

.LPPRLQHQ NRNRRQSXULVWXPD
-NNLVWIYLHQ UDNHQQHRVLHQ WDLYXWXVMI\NN
1IXUMDKGXVNHUURLQ

%HWRQLQ SXULVWXVOXMXXGHQ SLHQHQQ\VNH!
,ULLWWLQHQ QXUMDKGXVNHUURLQ

%HWRQLQ RVDYDUPXXVOXNX
SHIHUHQVVLSLQQDQ YHQ\PI

7HUINVHQ RVDYDUPXXVOXNX

-NNNWGHQ VXKWHHOOLQHQ YDLPHQQXVNHUURI
%HWRQLQ SXULVWXPD

%HWRQLQ VLVILQHQ NXWLVWXPD

%HWRQLQ YLUXPD

%HWRQLQ NXLYXPLVNXWLVWXPD

%HWRQLQ NRNRQDLVNXWLVWXPD

%HWRQLQ P\|WEBXWWLVWXPD

%HWRQLQ PXUWRSSXWLVWXPD

9HQ\PI

ODVVDQ VXKWHHOOLQHQ YDLPHQQXVNHUURLQ
6DOOLWWX SODVWLQHQ NLHUW\PI

6DOOLWXQ NLHUW\PIQ SHUXVDUYR
8XGHOOHHQ MDNDXWXQHHQ PRPHQWLQ QROOL

YIOLVHQ HWILVMA\\GHQ MD SRLNNLOHLNNDXNVHQ

%HWRQLQ SXULVWXVMIQQLW\V
3XULVWXVMIQQLW\V
(SIOLQHDDULQHQ MIQQIEWSA Y HQ\PI\KWH\V
YHWRUDXGRLWXNVHQ MIQQLW\V
9HWRMIQQLW\V

%HWRQLQ YLUXPDOXNX

%HWRQLQ HSIOLQHDDULQHQ YLUXPDOXNX
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7\|Q WDXVWD

9LLPH YXRVLHQ DLNDQD NRUNHD UDNHQWDPLQHQ RQ OLVIIQ
URVPIIUIW RYDW NDVYDQHHW .RUNHD UDNHQWDPLQHQ OLV
VLD MD KDDVWHLWD /LVINVL UDNHQQXVWHQ PRQLPXWNDL
QHDYXVWHLVHQ VXXQQLWWHOXQ URROL NDVYDD 1\N\IIQ

\OHHQVI HOHPHQWWLPHQHWHOPIIQ SHUXVWXYLD ODVNHQW!|
WIYLPPLVWI NRKWHLVWD OXRGDDQ \OHHQVI )(0 ODVNHQWDF
UDNHQWDPLVHQ UDNHQWDPLVWDSDRKMH HGHOO\WWII

GHQ UDNHQQXVWHQ OXMXXVODVNHOPLVVD 5DNHQWHLGHQ
RKMHOPLOOD WHKGIIQ NXLWHQNLQ DLQD NRPSURPLVVHMD
YDVWDD WI\VLQ WRGHOOLVXXWWD 7IPIQ YXRNVL UDNHQQH
ODVNHQWDPDOOLHQ WDXVWDOOD ROHYDW ROHWXNVHW MD
NIW\WW|NHOSRLVXXVDOXHHW MRWWD YRLGDDQ SIIW\I WDUN
MD WHKRNNDLVLLQ VXXQQLWWHOXUDWNDLVXLKLQ

ORQLPXWNDLVWHQ UDNHQWHLGHQ NXWHQ NRUNHLGHQ UDNF
MD DQDO\WRLQWL RQ WRGHWWX KDDVWDYDNVL RVD DOXHH
QHQ DQDOWVL YDDWLL \OHHQVI XVHLGHQ HULODLVWHQ PR
\NVLW\LVNRKWDLVWD \PPIUU\WVWI VHNI KXRPDWWDYDVWL HQ
HSIOLQHDDULQHQ DQDO\WVL RQ \OHLVHVWL RWWDHQ KLWDD
OLQHDDULVHHQ ODVNHQWDDQ -RLVVDNLQ WDSDXNVLVVD P
WIPIOOI VDDGXW WXORNVHW YRLYDW ROOD KHUNNLI ODVNH
VLVVD OLQHDDULQHQ DQDO\WVL RQ ULLWWIYIQ WDUNND P.
WDUYH RQ P\|V OLVIIQW\Q\W QRSHDVWL :ULJJHUV Vv
N\IIQ PDKGROOLVWD OIKHVW\l UDNHQWHLGHQ PLWRLWXVWD
PLQ VLOOI ODVNHQWDRKMHOPDW RYDW NHKLWW\QHHW MD
RYDW SDUDQWXQHHW +DNROD v

6XXQQLWWHOXWRLPLVWRLVVD RQ Q\N\IIQ NI\W|VVI PRQLD H
MRLGHQ RPLQDLVXXGHW SRLNNHDYDW MRQNLQ YHUUDQ WRL
ODVNHQWDWDUNDVWHOXW VXRULWHWDDQ (7$%6 OOD MRN
DQG 6WUXFWXUHV ,QF NHKLWWIPI )(0O ODVNHQWDRKMHORPI



NIW\WHWWIYINVL ODVNHQWDRKMHOPDNVL VLOOI VH SDOYHOF
URNVLVWHQ UDNHQQXVWHQ VXXQQLWWHOXQ MD DQDO\VRLQ
RQ P\|V NDQVDLQYIOLVHVWL NI\WHWW)\ )(0 ODVNHQWDRKMHC
WDYLVWD NRUNHLGHQ UDNHQQXVWHQ DQDO\WRLQWLLQ WD
(7$%6 Q DYXOOD RQ OXRWX HVLPHUNLNVL )(0 ODVNHQWDPD(¢
NHOOI PDDLOPDQ NRUNHLQ UDNHQQXV %DNHU HW DO

7\|Q UDNHQQH MD WXWNLPXVPHQHWHOPIW

71P1 W\| NRRVWXX NDKGHNVDVWD OXYXVWD 7XWNLPXV NHV
WDPLVHHQ MRQND YXRNVL OXYXVVD NXYDWDDQ WLLYLLVV
QLLGHQ VXXQQLWWHOXXQ OLLWW\YLI HULW\LVSLLUWHLWI /
PXRGRQPXXWRVLOPL|LWI MRWND RYDW \KWH\GHVVI UDNHQ
ULVHHQ HSIOLQHDDULVXXWHHQ /XYXVVD HVLWHOOIIQ WLL
ULDDWWHHW MD NI\WW| VLOOI W\|VVI YHUUDWDDQ HSIOLQI
WDDQ [/XYXVVD WXWXVWXWDDQ HSIOLQHDDULVHHQ UDNH
SXROHVWDDQ SRKMXVWDD OXYXVVD VXRULWHWWDYLD HS
ULDWDVROOD WDUYLWWDYDW WDXVWDWLHGRW VXRULWHWYV
VLWHOOIIQ WDSDXVWXWNLPXNVHQ HVLPHUNNLNRKWHHOOH
MRLGHQ DYXOOD YRLGDDQ YHUWDLOOD HULODLVWHQ HSIOL:
NXWXNVLD /XYXVVD NRRWDDQ SIIWHOPIW MD KDYDLQQRW
OXRWHWWDYXXWWD VHNI SRKGLWDDQ HSIOLQHDDULVHQ OD
YLD K\|[W\MI /LVINVL OXYXVVD HVLWHWIIQ P\|V WIWI W\|WI
WXWNLPXVHKGRWXNVLD

7IPI WXWNLPXV VXRULWHWDDQ NLUMDOOLVXXVWXWNLPXNVI
NDXWXX NDKWHHQ RVDDQ MRLVWD HQVLPPILVHVVI RVDVVD
ROHYDDQ WHRULDDQ 7\|Q WRLVHVVD RVDVVD SXROHVWDD(
QHDDULVHQ ODVNHQQDQ NI\WW|NRKWHLWD MD KDYDLQQRO
Q|VVI HVLPHUNNLNRKWHHVWD WXRWHWWXMHQ )(0 ODVNHQW
NLPXVRVXXGHQ OLVINVL P\|V WHRULDRVXXGHVVD VLYXWDD:
DVLDW PIIULWHOOIIQ (7$%6 OOD WXRWHWWXXQ )(0 ODVNHQ\
VLOWD RVLQ WHRULDWDVROOD VHOYHQWIPIIQ PLWI (7$%6 G
MRWWD ODVNHQWDWDUNDVWHOXW YRLGDDQ VXRULWWDD V
HULODLVHW DVHWXNVHW V\|WHWIIQ ODVNHQWDRKMHOPDDQ
ODVNHQWDDQ



7\|Q WDYRLWWHHW MD UDMDXYV

7IPIQ W\|Q WDYRLWWHHQD RQ NRRWD WLHWRD HSIOLQHDD!
W|VWI PRQLNHUURNVLVWHQ WHUIVEHWRQLUDNHQQXVWHQ D
ODLVLD YDDWLPXNVLD VXXQQLWWHOXQRUPHLVVD HVLWHWI
PLQNIODLVWD WLHWRD VHNI RVDDPLVWD NRUNHLGHQ WHU
ODVNHQWDPDOOLHQ WXRWWDPLQHQ YDDWLL .RNRQDLVXXG
PLVVI HULODLVLVVD HULW\LVWDUNDVWHOXLVVD HSIOLQHDE
NHLGHQ WHUIVEHWRQLNHUURVWDORMHQ )(0 ODVNHQWDPDC
MD PLOORLQ HSIOLQHDDULVHQ ODVNHQQDQ NI\WWIPLVHQ Y
VINVL WXWNLPXNVHQ DYXOOD S\ULWIIQ VDDPDDQ VHOYLOO
ODVNHQQDVWD RQ NRQNUHHWWLVWD K\|W\l YHUUDWWXQD ¢
NHQWHLGHQ RSWLPRLQQLQ QIN|[NXOPDVWD WDL NHVWIY\\GH

7IVVI W\|[VVI HVLWHWIIQ XVHDPSLD HSIOLQHDDULVHQ ODVNF
7IVVI W\|VVI NIVLWHOWIYIW ODVNHQWDWDUNDVWHOXW RYDYV
WDUSHHQ VXRULWWDD MRNDLVHOOH WDYDQRPDLVHOOH NRI
GROOLVLD HSIOLQHDDULVLD ODVNHQWDWDUNDVWHOXMD Y
VLPPLNVL NDWVRWXW NRNR UDNHQQXVUXQNRD NIVLWWHO
ROHWWDD HWWI| HSIOLQHDDULVHQ ODVNHQQDQ K\|G\QWIPL
EHWRQLUDNHQWHLVWHQ NHUURVWDORMHQ DQDO\VRLQQLV
PDDQMIULVW\VDQDOWVL .I\WIQQ|Q HSIOLQHDDULVHQ ODVNEF
SHUHKG\WIIQ YDLKHLWWDLVHQ UDNHQWDPLVHQ DQDO\VRL
WHUIVEHWRQLQ WDUNHPSDDQ PDOOLQQXNVHHQ NHUURNVH
HSIOLQHDDULVXXGHQ YDLNXWXNVLLQ VHNI SLODULQ SRLVYV
WDUNDVWHOXXQ 1IPI N\WHLVHW ODVNHQWDWDUNDVWHOXW
VDDGDDQ PDKGROOLVLPPDQ PRQLSXROLVHVWL HVLWHWW\I
PDWHULDDOLVWD HSIOLQHDDULVXXWWD KXRPLRLYLD ODVN]|
WXMHQ ODVNHQWDWDUNDVWHOXMHQ RVDOWD WDUYLWWDY|
RYDW ROHHOOLVLD NIVLWHOWIYLHQ ODVNHQWDWDUNDVWHZC
VDDYXWWDPLVHNVL



25.($ 5%$.(17%$0,1(1

<OHLVWI

.RUNHD UDNHQQXV RQ VXKWHHOOLQHQ NIVLWH HLNI NRUNEF
NDVWL SHONIVWIIQ NRUNHXGHQ WDL NHUURVPIIULHQ SHUXYV
NHDOOH UDNHQWDPLVHOOH RQ ROHPDVVD XVHLWD HULODL
QXVWLHWRD WDUMRDYDQ VLYXVWRQ &7%8+ PXNDDQ NI
QXVWD MRQND NRUNHXV RQ = PHWULI WDL & NHUURN
NRUNHXGHVWD /LVINVL NRUNHDQ UDNHQWDPLVHQ YRLGDDC
NHQQAQXVNDQQDVWD SRLNNHDYDD UDNHQWDPLVWD &7%8+

OLVWHWWX UDNHQQXNVHQ NRUNHXGHQ VXKGHWWD VLWI \I
YDLNND UDNHQQXV HL ROLVL NRYLQ NRUNHD PXWWD VHQ

NRUNHDNVL UDNHQQXNVHNVL &7%8+ . XYDVVD E RQ K
KRLNNXXWWD 5DNHQQXNVHQ KRLNNXXV PIITULWHWIIQ UDNH
O\K\HPPIQ VLYXQ OHYH\WHHQ 5,/ PXNDDQ K\YLQ KRI

GDDQ NDWVRD UDNHQQXNVHW MRLGHQ KRLNNXXV RQ VXXUL}

. XYD D 5DNHQQXNVHQ NRUNHXGHQ VXKGH \PSIU|LYIIQ UL
UDNHQQXNVHQ KRLNNXXV &7%8+

D

6XRPHVVD NRUNHLQD UDNHQQXNVLQD YRLGDDQ SLWII \OL
NHQQXNVLD VHNI HULODLVLD K\EULGL MD KRWHOOLUDNHQG
9DOMXV Y +HOVLQJLQ NDXSXQJLQ NRUNHDQ UDNHGC
PXNDDQ NRUNHDQ UDNHQWDPLVHQ RKMHLWD QRXGDWF
URNVHW PXNDDQ OXNLHQ YIKLQWIIQ NHUURNVLQHQ

SHUXVWXNVHW

5DNHQQXNVHQ SHUXVWXVWHQ WRLPLQQDQ PIIUIIYIW SIIDVL
SHUXVWXNVLOOH PXRGRVWXYLHQ NXRUPLHQ VXXUXXV MD M
UXVWXNVHW YXRURYDLNXWWDYDW UDNHQQXNVHQ NDQVVD
NXRUPLHQ VHXUDXNVHQD SHUXVWXNVHW YRLYDW OLLNNX]
YXRNVL PXRGRVWXX YDLNXWXNVLD YXRURVWDDQ UDNHQWH



3HUXVWXNVHW WRLPLYDW VLLVY UDNHQQXNVHQ NDQWDYLHQ
SHUIQ YIOLVHQI UDMDSLQWDQD VLLUWIHQ NXRUPDW PDDKD(
QLQ PXRGRQPXXWRNVLQ 3RXORYV V + (XURNRRGL O
VXXGHW MD YXRURYDLNXWXNVHW WXOHH KXRPLRLGD UDNH
PXNDLVHVWL NXQ SHUXVWXNVHQ MD UDNHQWHHQ YIOLQHQ
UDNHQWHHQ YRLPDVXXUHLVLLQ 6)6 (1 v .RUN
WDPLVWDSDRKMHHQ RKMHNRUWLQ 5$. PXNDDQ NRUN
VHOYLW\V UDNHQQXVUXQJRQ WRLPLQQDVWD \KGHVVI SHUX\

.RUNHLGHQ UDNHQQXVWHQ SHUXVWDPLVWDYDW YRLGDDQ N
MRWND RYDW NDOOLRQYDUDLQHQ SHUXVWDPLQHQ PDDQYI
UDDQ SHUXVWDPLQHQ .RUNHLOOH UDNHQQXNVLOOH \OHLVL
WDPLQHQ MD SDDOXMHQ YDUDDQ SHUXVWDPLQHQ O0DDQYD
XVHLQ PDDSHUIQ ULLWWIPIW|Q SRKMDSDLQH VXKWHHVVD N
NDVYDLVL VXKWHHWWRPDQ VXXUHNVL NXQ WDDV NDOOLRC
PLHQ MRKWDPLVHVWD PDDSHUIIQ HL PXRGRVWX \OHHQVI RQ
WHWWX WDL PDDQYDUDLQHQ SHUXVWXV WXOHH DUYLRLGD
PDQPXXWRV MD OLVIWDLSXPDW VHNI QLLVWI DLKHXWXYDW
SDDOXMHQ MRXVWR WXOHH KXRPLRLGD ' ODVNHQWDPDOOL
WDUNDVWDD ODDQYDUDLVLOOD MD SDDOXWHWXLOOD SHUX
VLVVD NI\WWIl PDVVLLYLVWD SDNVXD NRNR UDNHQQXNVHQ |
PHQWWLVXXQQLWWHOX .DOOLRQYDUDLVWHQ SHUXVWXV
VXRUDDQ NLLQWHIQ NDOOLRQ SIIOOH WDL ULNNRQDLVHOOH
WDPLVPIIUINVNRNRHOPD

ORQLNHUURNVLVWHQ UDNHQQXVWHQ WDSDXNVHVVD SHUXV
P\|[V UDNHQQXNVHQ MI\NLVW\NVHHQ 3HUXVWXVNXRUPDW YR
NLQ UDNHQWHLGHQ SDLQXPDW MD YDDNDVLLUW\PIW SHUXV
URNVLVVD VIQW\YLLQ VLLUW\PLLQ MROORLQ OLVINVL S\VW
WDOXYXQ YDLNXWXNVHW NDVYDYDW 6PLWK &RXOO Vv
NHQQXVWHQ UDNHQQHVXXQQLWWHOXVVD UXQJRQ MD SHUX
OLVWD KXRPLRLGD 3DDOXWHWXLVVD NRKWHLVVD WXOLVL }
YDW VXXQQLOOHHQ VDPDQSLWXLVLD HLNI QLLGHQ NXRUPLW
WHL QLLKLQ V\QW\LVL UDNHQQXNVHQ UXQNRD UDVLWWDYLI
VXXQQLWWHOX .DOOLRQYDULVWHQ SHUXVWXVWHQ WD:
OLRQ ODDWXD YRL ROOD WDUSHHQ WXWNLD WDUNHPPLQ HC
WXVWHQ \KWHLVWRLPLQQDQ VXXQQLWWHOX YDDWLL QILQ F
MRLGHQ MD UDNHQQHVXXQQLWWHOLMRLGHQ YIOLOOI



-I\NLVW\V

5DNHQQXNVHQ MI\NLVW\VMIUMHVWHOPIQ WDUNRLWXNVHQD
PDW SHUXVWXNVLOOH 5DNHQWHHW YRLGDDQ OXRNLWHOOLCL
NLVWHW\LVV|I UDNHQWHLVVD RQ YDDNDNXRUPDDQ QIKGHQ
WDYDW YDVWDDQ VXXULPPDQ RVDQ YDDNDNXRUPLVWD MD \
NHQWHLWD NXWVXWDDQ VLYXVLLUW\PIWW|PLNVL UDNHQWH.L
NHQWHHQ MI\NLVW\V RQ WRWHXWHWWX YIKHPPIQ MI\NLOOI
PLHQ YDLNXWXNVHVWD V\QW\\ VLYXVLLUW\PLI % < Y
OLQWDDQ YDLNXWWDD ROHHOOLVHVWL UDNHQQXNVHQ NI\W
NDNXRUPLWXVWHQ VXXUXXV . XQ UDNHQQXNVHQ NRUNHXYV
NHXWXX MROORLQ MI\NLVW\VPHQHWHOPINVL WXOHH YDOLW

.RUNHDQ UDNHQQXNVHQ MI\NLVW\V YRLGDDQ WRWHXWWDD ;
QLUDNHQQXNVLOOH VRSLYLD MI\NLVW\VPHQHWHOPLI RYDW
NLVW\WWRUQLW VHNI \KGLVWHOPIMI\NLVW\V ODVWRVHLQIM
UDNHQWHLQD S\VW\VXXQWDLVLD VHLQLI MD YDDNDVXXQWD|L
VLNXLOXLOOD MI\NLVWHWWIHVVI WRLPLQWDSHULDDWH RQ k
NLVW\NVHVVI -IN\NLVW\VWRUQL WRLPLL S\WW\VXXQWDLVHQ >
N\WW\WWWI| PROHPSLLQ VXXQWLLQ VHNI OLVINVL YIIQW|MI\NN\\W
-NNLVW\VWRUQLW RYDW MI\NNLI UDNHQWHLWD MD QH VRSI
MRWWD YDDNDVXXQWDLVHW VLLUW\PIW VDDGDDQ UDMRLWFE
U\ -NNLVW\VWRUQHLVVD RQ NXLWHQNLQ \OHHQVI MRND
KHLNHQWIYIW RVDOWDDQ UDNHQWHHQ MI\NN\WWWI .RUNHDQ
P\[V NON\WWIl HVLPHUNLNVL \KGLVWHOPIQI PROHPSLD PDVWR
ORLQ VDDGDDQ YDKYLVWHWWXD UDNHQQXNVHQ MI\NLVW\VV

RQ KDYDLQQROOLVWHWWX YDDNDNXRUPDQ VXXUXXGHQ ND
7Pl RVDOWDDQ OLVII WDLYXWXVPRPHQWWLD SHUXVWXVWD
YDDGLWDDQ WWSLOOLVHVWL VXXUHPSDD MI\NN\\WWI| VHQ D

vaakakuorma momentti  vaadittu jaykkyys

.XYD .RUNHLGHQ UDNHQQXVWHQ YDDNDNXRUPD WDLY X\
N\WWVW PXRNDWWX OIKWHHVWI (LVHOH .ORIW



(ULWALVSLLUWHLWI

N\WIQQ|VVI SHONIVWIIQ UDNHQWHLGHQ PHNDQLLNDQ SHUX)\
VXXQQLWWHOX HL \NVLQ ULLWI NDWWDPDDQ WRLPLYLHQ NF
VXXQQLWWHOXVVD RQ K\|G\QQHWWIYI OLVINVL P\|V HVLPHL
DVLDQWXQWLMRLWD VHNI PXLWD WRLPLMRLWD 9DOMXYV

WHOXVVD WXOHH KXRPLRLGD MRLWDNLQ HULW\LVSLLUWHLW
PHQ VXXULPPDW NDXSXQJLW RYDW WHKQHHW HULODLVLD N
QLWWHOXRKMHLWD MD VHOYLW\NVLI (VLPHUNLNVL +HOVLQ
NHQWDPLVWDSDRKMH HVLWWII RKMHLVWXNVLD NRUNHL

.RUNHDQ UDNHQWDPLVHQ UDNHQWDPLVWDSDRKMHHQ

DVVD UDNHQWDPLVHVVD HGHOO\WHWIIQ VXXQQLWWHOXQ F
VXXQQLWHOPLHQ XONRSXROLVWD WDUNDVWXVWD VRYLWXV
YDUPLVWXVVHOYLW\VWI 6XXQQLWHOPLHQ XONRSXROLVHQ
PDDQ VXXQQLWHOPLHQ RLNHHOOLVXXWWD MD PLQLPRLPDD
QLWHOPLHQ XONRSXROLVHHQ WDUNDVWXNVHHQ YRL NXXO X
WDPLQHQ .RUNHDQ UDNHQQXNVHQ ULVNLDQDOWVLVVD SXF
RQQHWWRPXXVVNHQDDULRW MD QLLGHQ DLKHXWWDPDW UL
PXXVVNHQDDULR VHXUDDPXVOXRNDQ && E NRUNHLOOH UDN
NHQWHHQ SRLVWXPLVHVWD DLKHXWXYD RQQHWWRPXXVWLO

. XRUPLHQ RVDOWD S\V\YIW NXRUPDW PXXWWXYDW NXRUPD'
WHWIIQ NRUNHLOOH UDNHQQXNVLOOH SIIDVLDVVD VDPRLOO
PLOOH UDNHQQXNVLOOH 7XOHH NXLWHQNLQ KXRPLRLGD F
KXRPDWWDYDVWL UDNHQQXNVHQ NRUNHXGHQ NDVYDHVVD

NHQQXNVHW RYDW HVLPHUNLNVL DOWWLLPSLD VXXUHPPDO
VHQ G\QDDPLVHW YDLNXWXNVHW RYDW HULW\LVHQ WIUNHII
VHQ UXQNR MD SHUXVWXNVHW WXOHH VXXQQLWHOOD NHV
VHNI YIUIKWHO\Q DLKHXWWDPD OLVIUDVLWXV $QDO\WWWLYV
NDVWHOOD WXXOHQ YDLNXWXNVLD MD WDUYLWWDHVVD NRI
QHOLNRNHHW (OHPHQWWLVXXQQLWWHOX BWDQGDUGL
WXXOLWXQQHOLNRNHLGHQ VXRULWWDPLVWD WXOLVL KDUNI
RQ VXXUHPSL NXLQ NHUWDD WXXOHQSXROHOOD ROHYDQ |
QHQ PLWWD WDL MRV VXRMDQSXROHLVHQ UDNHQQXNVHQ RP
(1 v ,UZLQ HW DO PXNDDQ WXXOLWXQQHC
WIYINVL NRKWHHOOH MRV UDNHQQXNVHQ NRUNHXV \OLWW|
RQ VXXUHPSL NXLQ QHOMI NHUWDD UDNHQQXNVHQ NHVNLPI



RPLQDLVWDDMXXV RQ DOOH +] ,UZLQ HW DO BXXQ
VHVWL KDUNLWD WXXOLWXQQHOLNRNHLGHQ WHHWWIPLVHQ
WHWWX WXXOLWXQQHOLNRHMIUMHVWHO\I

XYD 7XXOLWXQQHOLNRHMIUMHVWHO\ .LYLOXRPI

BXXUHPSLHQ YDDNDVXXQWDLVWHQ NXRUPLHQ OLVINVL NRU
RLGD P\|V S\WW\VXXQWDLVWHQ NXRUPLHQ VXXUXXNVLHQ Ol
WHQ OLVIIQW\PLVHQ YXRNVL /LVINVL PRQLNHUURNVLVWHQ
YDLKHLWWDLQ MROORLQ NRNR UDNHQQXNVHQ S\VW\UDNH
PDDQ UDNHQWHLVLLQ HUL DMDQKHWNLOOI NHUURV NHUUL
YXRNVL NRUNHDQ UDNHQQXNVHQ PDOOLQQXVWD MD PLWRLYV
NRNRQDLVXXWHQD YDDQ RQ HGHWWIYI NHUURV NHUUDOODTE
NHQWDD MD \PPIUU\VWI VLLWI PLWI NDQQDWWDD ODVNHD N
WRWHXWWDD 9DOMXV 6DPPL N\WIQQ|VVI UDNHQWDP
RLQWL YDDWLL HSIOLQHDDULVHQ YDLKHLWWDLVHQ UDNHQW
VHQ UDNHQWDPLVHQ DQDOMWVLQ DYXOOD S\ULWIIQ YDUPLVW
MXV 6DPPL +HOVLQJLQ NDXSXQJLQ .RUNHDQ UDNHQW

RKMHNRUWLQ 5. PXNDDQ YDLKHLWWDLQHQ UDNHQWI
NHLGHQ UDNHQQXVWHQ VXXQQLWHOPLVVD

.RUNHDQ UDNHQQXNVHQ VXXQQLWWHOXVVD RQ ROHHOOLVW
YDDNDVXXQWDLQHQ MI\NN\\W MRWWD UDNHQQXNVHQ NIN\WW
WIYLVVI UDMRLVVD 6XXUHW WDLSXPDW UDNHQQXNVHVVD [
NHQWHLVLLQ MRND SXROHVWDDQ DOWLVWDD QH HVLPHUNL
(XURNRRGLVVD HL ROH PIITULWHOW\ UDNHQQXVWHQ YDDN
VHVWL 6XRPHVVD WDLSXP DU DMIDQ Dr N ¥WH M R BRIQY BD N H Q
QXNVHQ NRUNHXV /LVINVL WXOHH WDUND@W ByDr i HWRI\RWIN R K
*3 RQ NHUURNVHQ NRUNHXV (OHPHQWWLVXXQQLWWHOX
VLVVD MRLVVD MIN\NLVWIYIW UDNHQWHHW RYDW KRLNNLD U
WRLVHQ NHUWDOXYXQ UDVLWXNVHW WXOHH RWWDD KXRPLF



ORQLNHUURNVLVWHQ UDNHQQXVWHQ VXXQQLWWHOXVVD WX
WXYD OLVINXRUPLWXV 8VHLPPLWHQ UDNHQQXNVHQ YIUIKYV
WXXOHQ YDLNXWXNVHVWD 7XXOLNXRUPLWXV YRL DLKHXWW
WXVWD 7DVDLQHQ WXXOHQQRSHXV DLKHXWWDD UDNHQQXN
VLLUW\PIQ .XQ WXXOHQQRSHXGHQ YDLKWHOXQ WDDMXXYV

MXXWWD WXXOLNXRUPDD NIVLWHOOIIQ G\QDDPLVHQD NXR L
UXVWXVWHQ WDVRVVD G\QDDPLQHQ NXRUPLWXV YRL OLVIW
\OISXROLVLVVD UDNHQWHLVVD .LYLOXRPD 5DNHQQXH
XVHLOOD HUL RPLQDLVWDDMXXNVLOOD MD UDNHQQXNVHQ
QDLVWDDMXXGHQ OLVINVL P\|V PRQHW PXXW VHLNDW NXWH

S5DNHQQXNVHQ YIUIKWHO\ RQ VXXQQLWWHOXVVD K\YINV\WW
VDOOLWXLVVD UDMRLVVD NI\WWIMIQ PXNDYXXV KXRPLRLGH:
UDNHQQXVWD WDUNDVWHOWDHVVD WXXOHQ DLKHXWWDPD

WHHQ 7IWI WDUNDVWHOODDQ NLLKW\Y\\GHQ UDMD DUYRMH
ODVVD KXRPLRLGDDQ DVXNNDLGHQ NRNHPD KDLWDOOLQHQ
NULWHHUL HL \OHHQVI WDNDD K\YINV\WWIYIl WXORVWD YIUI
WXXOLYIUIKWHO\Q RVDOWD RYDW UDNHQQXNVHQ NRUNHXV

WRMD MRLWD WDUNDVWHOODDQ RYDW WXXOHQVXXQWDLQ
MD YIIQW|YIUIKWHO\ 5DNHQQXNVHQ DOLPPDW RPLQDLVWDD
QXNVHQ )(0 ODVNHQQDQ WXORVWHHQD HULNVHHQ WDLYXW >
YIIQW|YIUIKWHO\OOH (OHPHQWWLVXXQQLWWHOX 1ILWI
WDDMXXNVLHQ DUYRMD MD QLLGHQ DYXOOD PIIULWHWW\MI

YDQ PXNDLVLLQ ,62 VWDQGDUGLVVD HVLWHWW\LKL

1

Ao L \ / A = kiihtyvyyden huippuarvo, [m/s?]
— fo= alin ominaistaajuus sivusuuntaisessa

0.1 s
Atoimisto S \ /- ja vééntovéarihtelysss, [Hz]|

Asuinrakennukset

—— Toimistot

Kiihtyvyyden huippuarvo [m/s2]

fo
Alin ominaistaajuus [Hz]

XYD O9DDNDVXXQWDLVHQ NLLKW\Y\\GHQ KXLSSXDUYRQ UlI
NHUUDQ YXRGHVVD WDSDKWXYDOOH WXXOHQ YDLNXWX
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OLUXPD MD NXWLVWXPD

%HWRQLQ YLUXPLQHQ MD NXWLVWXPLQHQ RYDW ULLSSXYD
RVLHQ PLWRLVWD VHNI EHWRQLQ NRRVWXPXNVHVWD /LVIN
NRYHWWXPLVDVWH MRND ULLSSXX NXRUPLWXNVHQ VXXUXX

Y %HWRQLQ YLUXPD YRLGDDQ PIIULWWII HXWRINRR G L
UDDYDVWL 6)6 (1 Y%

BoPR: L1 :RB; GO

O

MRV\RE; RQ EHWRQLQ %} RR®PIONXNMN XV HRMQE WWR ®IDQ WD QJ
PRGXXOL MROOH YRLGBEDQAN IMRWYIDRQ YERDNVRQLQ NLPPRNHL
NHVNLDUYR

.XQ YLUXPD RQ OLQHDDULVWD EHWRQLQ MIQQLW\VWDVR H
UXPD PXXWWXX NXLWHQNLQ HSIOLQHDDULVHNVL EHWRQLQ |
MROORLQ YLUXPDOXNXD WXOHH NDVYDWWDD %< Vv
DDULVXXV WXOHH RWWDD KXRPLRRQ EHWRQ LR SX&DVW XV M
raky; MR®BYMRQ EHWRQLQ NHVNLPIIUILQHQ SXULVWXVOXMXXV
NDDQ YLUXPDQ YRLGDDQ ROHWWDD NNWWI\W\YIQ HSIOLQH
HVVI DUYRQ MRBWRQ EHWRQLQ SXULVWXVOXMXXGHQ RPLQE
Y% (XURNRRGL Q PXNDDQ YLUXPDQ HSIOLQHDDULVXX
PLRRQ NXQ EHWRQLQ SXU LR WOLWMVQ ORNER K PWRHERRIGL Q
PXNDLQHQ EHWRQLQ HSIOLQ kPR U IMQRIND YNRXPDD XD YD Q |
YLUXPDOXBXOIIULWHWIIQ VHXUDDYDVWL 6)6 (1 Vv

Té@Fﬁ%}LTSFﬁ%}AkSéa@D?@QO
MRV;V% RQ EHWRQLQ MIQQLW\NVHQ M DByQRQM X X G H\OWKI\DM
0'C ;
QLW\B;DRQ EHWRQLQ SXULVWXVOXMXRGHQ RPLQDLVDUYR

9LUXPD MD NXWLVWXPD KXRPLRLGDDQ \OHHQVI NIN\WW|UDMLI
MIQQLW\VWHQ MD KDONHDPDOHYH\NVLHQ UDMRLWWDPLQHQ
P\[V MIANNNWGHQ YIKHQHPLQHQ DMDQ NXOXHVVD $MDQ NXOX
WXPD OLVIIYIW EHWRQLUDNHQWHLGHQ PXRGRQPXXWRNVLD
PDW VHNI KDONHLOX OLVIIQW\YIW 9LUXPDQ YXRNVL WDLSXF



+ NHUWDLVLNVL NLPPRLVHHQ PXRGRQPXXWRNVHHQ YHUUL
KDONHLOXOWD MD HSIOLQHDDULVHQ YLUXPDQ HVLLQW\PL)\
NI\WW|UDMDWLODVVD S\V\| ULLWWIYIQ DOKDLVLQD 9LUXPD
OLQHQ LOPL| PXRGRQPXXWRVWHQ OLVIIQW\PLVHQ YXRNVL
PLVVI UDNHQWHLVVD YLUXPD VDDWWDD NXLWHQNLQ SLHQH:!
YWWWI MD YIKHQWII KDONHLOXD .XWLVWXPD SXROHVWDDQ
EHWRQLUDNHQWHLOOH PXRGRQPXXWRVNXRUPDD MRND V\Q
NI\W|QDLNDLVLD MIQQLW\NVLI %< VAR % <
NRNRQDLVNXWLVWXPLQHQ NRRVWXX NDKGHVWD RVDVWD M
NXWLVWXPD .XLYXPLVNXWLVWXPD NHKLWW\\ KLWDDVWL VL
WXQHHQ EHWRQLQ OISL 6LVILQHQ NXWLVWXPD NHKLWW\\ E
NLWWIYI RVD VLVILVHVWI NXWLVWXPDVWD NHKLWW\\ YDOXQ
NRNRQDLVNXWLVWXPD PIITULWHWIIQ VHXUDDYDVWL 6)6 (1

Yoa Y6 xE %0
MRY\BQ NXLYXPLVNY%WRYWXRD @BQ NXWLVWXPD

9LUXPDQ MD NXWLVWXPDQ DLKHXWWDPLVWD PXRGRQPXXWR

HQVLPPILVHQ YXRURNDXGHQ DLNDQD NXQ WDDV NROPH
MD NDKGHQ YXRGHQ NXOXWWXD QRLQ 5DNHQQXNVHHQ \
NXWLVWXPDQ YDLNXWXNVLVWD YDVWD YXRVLHQ NXOXWWX!
Y% (XURNRRGL HL HVLWI VHOYLI UDMD DUYRMD VLLWI |
WXOLVL KXRPLRLGD VXXQQLWWHOXVVD (XURNRRGL PXNDI
NIW\WW|UDMDWLODQ WDUNDVWHOXLVVD PXWWD QH RQ KXRF
PXUWRUDMDWLODWDUNDVWHOXLVVD PLNIOL QLLGHQ YDLNX
NHUWDOXYXQ YDLNXWXNVLOOH KHUNNLHQ UDNHQWHLGHQ N
WLVWXPDOOH RPLQDLVLVVD PXUWRUDMDWLORLVVD 6)6 (1
NHQWDPLVHVVD S\WW\UDNHQWHLGHQ PXRGRQPXXWRVWHQ
PHUNLWWIYl YDLNXWXV NRNR UDNHQQXNVHQ UXQJRQ WRLFP
QXNVLVVD EHWRQLUDNHQWHLGHQ YLUXPD MD NXWLVWXPD C
ULVWXPLVWD VHNI OLVIUDVLWXNVLD MD NXRUPLHQ XXGHOC
WHLOOH MRND YRL MRKWDD HVLPHUNLNVL YIOLSRKMLHQ HS
V + .I\WW|UDMDWLODQ OLVINVL NRUNHDVVD UDNHQWDP!
PHUNLW\VWI P\|V PXUWRUDMDWLORMHQ WDUNDVWHOXLVVD
HSIWDVDLQHQ YLUXPD MD NXWLVWXPD YRLYDW DLKHXWWDE
WRUDMDWLODWDUNDVWHOXLVVD /LVINVL UDNHQWHLGHQ H
WXPLQHQ YRL OLVIWI PHUNLWWIYIVWL UDNHQQXNVHQ VLY X\



.LPPRLQHQ NRNRRQSXULVWXPD

.LPPRLQHQ NRNRRQSXULVWXPD WDUNRLWWDD UDNHQWHHV|
VIQW\\ DNVLDDOLVHQ NXRUPLWXNVHQ YDLNXWXNVHVWD /X]
MRQND SRLNNLO#HLNRBEGVD\WBWID @ SPXWWEARVRUPD VLLKHQ S
MIQQEJWAMXUDDYDQ \KWIO|Q PXNDLVHVWL

"
Co-%

5DNHQWHHVHHQ NRKGLVWXYD SXULVWXVMIQQLW\V YRLGDD!
VHQ \KWH\GHQ DYXOOD VHXUDDYDVWL

Sl 6@

MRVYy/®Q EHWRQLQ NLPHRRQHHWRQLRQRDSXULVWXPD

HWRQLUDNHQWHHQ SXULVWXPD YRLGDDQ SXROHVWDDQ F
PDOOD WDYDOOD

bL=

MRY.VRQ UDNHQWHHQ SLWXXGHQ PXXWRV HOL RQPPRNO® Q
WHHQ SLWXXV

.LPPRLQHQ NRNRRQ S/OLLEIMXPIILQ ROOHQ HVLWHWW\I VHXL
MD DYXOOD NXQ ROHWHWDDQ EHWRQLQ NIW\WWI\W\PLVHQ F
VAR

E@
%®

é-

MRZWRE S\WW\NXRQPDDNHQQHR VDRQSEMWRPLQ NLRPRNHUUF
SRLNNLOHLNNDXVDOD

5DNHQQHRVDQ NLPPRLVWD NRNRRQSXULVWXPDD RQ PDKGR
NDVYDWWDPDOOD SRLNNLOHLNNDXNVHQ NRNRD WDL YDOLW
EHWRQLOXMXXGHQ

+DONHLOX

WHWRQLQ SXULVWXVOXMXXV RQ KXRPDWWDYDVWL YHWROX
NHQWHHW \OHHQVI UDXGRLWHWDDQ 7DLYXWHWXLVVD EHW
HLOOD MRLVVD EHWRQLQ YHWROXMXXV \OLWW\\ +DONHDP
YHWRWHUINVLOOH MROORLQ UDXGRLWXNVHOOD RQ PHUNL'



WXVMNINNWWHHQ 5DNHQQHRVDW MRLGHQ MIQQLW\VWDVRG
GHQ DODSXROHOOH YRLGDDQ NDWVRD KDONHLOHPDWWRP]
KDOMHQQHHQ MD KDONHLOHPDWWRPDQ SRLNNLOHLNNDXNV
NHQWHHQ MI\NN\WV ULLSSXX NXRUPLWXNVLVWD PLNI PRQLI
UDNHQWHHQ QRUPDDOLYRLPD OLVIIQW\\ MD VXXUHPSL RVD
UDNHQWHHQ MI\NN\W\WV NDVYDD 6)6 (1 v Vv %

+DONHLOX RQ \NVL PHUNLWWIYLPPLVWI MD YDLNHLPPLQ N2X
VXXNVLVWD %HWRQLQ KDONHLOXD NXYDDYDQ PDOOLQ WXC
OLVINVL P\|V NXRUPLWXNVHQ DLKHXWWDPLD YDXULRLWD

HVLWI WDUNNDD RKMHLVWXVWD VLLWI PLWHQ EHWRQLQ K
VLVVI (XURNRRGLQ PXNDDQ KDOMHQQHLOOH MD KDONHLOLI
YRLGDDQ NI\WWII UHGXVRLQWLNHUWRLPLD PLNIOL MI\NN\\V
WLNHUWRLPLHQ DYXOOD KXRPLRLGDDQ VH HWWHL KDONHL
WRQ EHWRQL 7HUIVEHWRQLUDNHQWHLGHQ KDONHLOX YRLG
QHRVLHQ MI\NNWNVLHQ DUYRMD +DONHLOOHHQ SRLNNLO}
PITULWWII VHXUDDYDOOD NDDYDOOD 6)6 (1 \% *

‘+Nrav@®p

MRWWHOQ MI\NLVWIYIQ UDNHQQHRYV D QMI2KR\Y FERIRAHROQ\\Y LN B |
M

NHUWRLPHQ PLWRLWXVDUYR PLUVNRRDYWERNRXIVWRHRIQVRLP+H
NLOHLNNDXNVHQ RVRLWHWDDQ ROHYDQ PXUWRUDMDWLOD!'
HVLLQW\YIl YDNLR NRUYDWD YDNLROOD 6)6 (1
N\WGHW YRLGDDQ P\|V LOPDLVWD NHVNLPIIUILVHQ NLPPRNH
MRKGHWWXD UH G X Y RBONLHN HOW/WRIMOIRMNOIH P DWW RPDOOH M\
NHQQHRVDOOH VHXUDDYDVWL
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(XURNRRGLQ PXNDDQ MRKGHWWXMHQ MI\NNWNVLHQ UHGXYV
RVLHQ MI\NNWNVLHQ UHGXVRLQWLLQ YRLGDDQ NI\WWII P\|V
$&, Q PXNDLVLD UHGXVRLQWLNHUWRLPLD 7DXOXNRVWD
NHQQHRVLQD VHLQLHQ MD SLODUHLGHQ MI\NNWNVLHQ UHG

WDLYXWHWWXMHQ ODDWWRMHQ MD SDONNLHQ



Taulukko 1. 5DNHQQHRVLHQ MI\NNWNVLHQ UHGXVRLQWLNHUWRLPLI
\Y
5DNHQQ | 5HGXVRLQW $&,
6HLQIW KDONHLOOXW
KDONHL

3LO

/DD)

3DC

+DONHLOX VLLV PXXWWDD EHWRQLUDNHQQHRVLHQ MI\NN\\N
OHHQ MI\NLVWIYLHQ UDNHQQHRVLHQ NHVNHQ -RV KDONHL
GHOOD RQ PDKGROOLVWD HWWI MRLGHQNLQ UDNHQQHRVL
HLNI UDNHQWHLGHQ PXRGRQPXXWRNVHW YDVWDD WRGHOOL
MI\NLVWIYLHQ UDNHQQHRVLHQ ODVNHQQDVVD VXRULWHWDEC
KDONHLOOHHQ WLODQ PXNDLVHW DQDOWVLW MD PLWRLWH
PXNDLVHVWL +DONHLOOHHQ MD KDONHLOHPDWWRPDQ UDN
DOD MD \OIUDMD DUYLRW VLLUW\PLOOH VHNI DOLPPLOOH |
%HWRQLUDNHQWHLGHQ KDONHLOXQ WDUNHPSDD KXRP
OLQHDDULVWD DQDOWVLD 1ILQ YRLGDDQ VHOYLWWII WDUN
YRLPDVXXUHHW 5DNHQQHRVDNRKWDLQHQ KDONHLOXQ WDL
MD YDDWLL LWHUDWLLYLVWD DQDO\WVLD MRVVD YHWRUD
UHGXVRLGDDQ UDNHQWHHVVD YDLNXWWDYDQ MIQQLW\VMDN
RKMHLVWDD PIHULWWIPIIQ UDNHQWHHQ MI\NN\\GH

DYXOOD NXQ WLHGHWIIQ UDNHQWHLGHQ UDXGRLWXVPIIUIW

3RLNNLOHLNNDXNVHQ MI\NN\\W PXRGRVWXX SXULVWHWXQ E
MIW\NNWNVLHQ \KWHLVYDLNXWXNVHVWD /LVINVL WHUIVEHWR
WXNVHQ HQJO WHQVLRQ VWLIIHQLQJ DYXOOD YRLGDDQ R
\KWHLVWRLPLQWD 9HWRMI\NLVW\VYDLNXWXV WDUNRLWWD!
VIIYIl EHWRQLQ KDONHDPLHQ YIOLOOI YDLNXWWDYDD MIQQ
VLVWI MRND YIOLWW\\ EHWRQLVVD WI\WVLQ KDOMHQQHHVHI
Voot 9HWRMINNLVW\VYDLNXWXVWD RQ KDYDLQQROOLVWFE
VHHQ WHUIVEHWRQLUDNHQWHHVHHQ PXRGRVWXX KDONHDP
VHHQ V\QW\\ HQVLPPILQHQ KDONHDPD NRKWDDQ MRVVD EH
7100|LQ KDONHDPDVVD XONRLQHQ YRLPD VLLUW\\ EHWRQLO
PXRGRQPXXWRNVHW NHVNLWW\YIW KDONHDPDQ DOXHHOOH
NRKWDDQ MIQQLW\VKXLSSX %HWRQLQ SDLNDOOLQHQ KDON
MRNDLVHVVD NRKGDVVD YRLPD VLLUW\LVL UDXGRLWXNVHO
UDXGRLWXNVHQ SLWXXVNRRUGLQDDWLQ VXKWHHQ PXXWW;
UDXGRLWXNVHQ MD EHWRQLQ YIOLVHW DQNNXURLQWLYRLF
HVVI YHWRMIQQLW\V EHWRQLVVD NDVYDD NXQQHV YHWRNH
KDONHDPD 7IPI KDONHLOX MDWNXX UDNHQWHHVVD NXQQH



HQIl VDDYXWWDD YHWRNHVWIY\\WW| WDUWXQQDQ YIKILV\\G
VWDELORLWXX 5RPEDFK \% + %\ AR - ILVI
KDYDLQQROOLVWHWWX UDXGRLWWHLGHQ YDDUQDYDLNXW X\
VLLUW\YIW KDONHDPDVVD WHUINVLOOH 7IPIQ OLVINVL P\|V
YRLPLHQ VLLUW\PLVHHQ EHWRQLOWD UDXGRLWWHLOOH 5F
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.XYD D .DKGHQ KDONHDPDQ YIOLOO|I WDSDKWXYD WDUW?
WXPLQHQ MD E YRLPLHQ VLLUW\PLQHQ WHUINVHOOH K
WHHVWI 5RPEDFK \% MD V

OHWRMINLVW\VYDLNXWXNVHQ KXRPLRLPLVHVVD EHWRQLWE
GDDQ YIKHQWII EHWRQLQ KDONHLOXQ YDLNXWXNVHVWD (X
NHQWHHQ NI\WW|UDMDWLODQ WDUNDVWHOXLVVD NI\WHWW
PIITULWHWW\l VHXUDDYDVWL 6)6 (1 Vv
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MRVVD MDNDXWXPDNHUURLQ MRND KXRPLRL SRLNNLOHLN|
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WXNVHEL REUGEEA URQ NXRUPLWXNVHQ NHVWRQ KXRPLRLYD
p

NDLVHOOH NXRUPLWXNVHOOH MD &,LRION YHVINADUW B K G R IHWNONR
QLW\V ODVNHWWXQD KDONHLOOHH@E.$RQNWH\WRUBNXDB RN WHK® \
QLW\V ODVNHWWXQD KDONHLOOHHQ SRLNNLOHLNNDXNVHQ ¢
GRVWXPLVHQ KHWNHOO! M D+\DDIDYL)QWE YNNI B D\ N\DLOHNGH D P D W \
ODDQ NXO+YWDWWDD KDONHLOOHHVHHQ WLODDQ 6)6 (1

PXNDDQ YHWRMI\NLVW\VYDLNXWXV YRLGDDQ P\|V MIWWII K
VHQD 9HWRMI\NLVW\VYDLNXWXV YRLGDDQ KXRPLRLGD EHW
IXYXVVD KDYDLQQROOLVWHWDDQ YHWRMI\NLVW\VYDLN X



3O0DVWLVRLWXPLQHQ

30DVWLVRLWXPLQHQ DLKHXWWDD UDNHQQHWWD YDXULRLW
PXRGRQPXXWRV HL VLLV SDODXGX NXRUPLWXNVHQ SRLVWX|
W\ NXQ UDNHQWHHVVD YDLNXWWDYD MIQQLW\V VDDYXWWE
WHULDDOLHQ NXWHQ EHWRQLQ MD WHUINVHQ PDWHULDDO
QHQ .XQ UDVLWXV QRXVHH ULLWWIYIQ NRUNHDNVL MIQQ!
NDDUHYDNVL MROORLQ WDSDKWXX PDWHULDDOLQ SODVWIL
PXRGRQPXXWRVIXQNWLRW RQ HVLWHOW\ OXYXVVD

30DVWLVHQ QLYHOHQ PXRGRVWXPLQHQ

30DVWLVHW QLYHOHW RYDW UDNHQWHHQ NRKWLD MRLVVD
VIIQW\HVVI PRPHQWWLHQ ROHWHWDDQ S\V\YIQ OIKHV YDNLR
NDQD 3O0DVWLVHVVD QLYHOHVVI UDNHQWHHOOD RQ NLHUW
SIUL ,GHDDOLQHQ SODVWLQHQ QLYHO RQ SDONNLHQ WDSD)
VHVVD YLLYDPDLQHQ P\|[W|YLLYDNVL NXWVXWWX NRKWD UD N
QLYHOHOOI RQ WLHWW\ SLWXXV 30DVWLVXXVWHRULDQ PXN
W|PIOOH UDNHQWHHOOH VDDYXWHWDDQ NXQ VDPDVVD MIQ
6\PPHWULVHVVI NXRUPLWXNVHVVD HQVLPPILQHQ SODVWLQF
WXHOOH MD WRLQHQ SODVWLQHQ QLYHO SXROHVWDDQ MIQ
QHLVWD ULLSSXHQ UDMDNXRUPDQ VXXUXXV YDLKWHOHH V
VKWI VXXUL WDLYXWXVNHVWIY\\W .XQ NI\WHWIIQ SODVWLVX
S\WVW\\ NDQWDPDDQ VLOOH DVHWHWXQ NXRUPDQ MRV YRL
PHQWWLHQ MDNDXPD MRND RQ WDVDSDLQRVVD XONRLVHQ
PHQWLW HLYIW PLVVIIQ SRLNNLOHLNNDXNVHVVD ROH VXXUHI
SODVWLQHQ PRPHQWWL %\ Y%

30DVWLVXXVWHRULDQ DYXOOD RQ PDKGROOLVWD PIIULWW
NHHQ NXQ VH RQ VDDYXWWDQXW P\|[W|UDMDQ PXWWHL YLF
GROOLVWDYDW SODVWLVHQ PXRGRQPXXWRNVHQ UDNHQWHF
QLYHOWHQ DYXOOD YRLGDDQ WXWNLD YRLPDVXXUHLGHQ X
YDVVD RQ KDYDLQQROOLVWHWWX SODVWLVHQ QLYHOHQ P
NHQWHHVHHQ SLVWHPILVHQ YRLPDQ YDLNXWXNVHVWD .XYI
VHW PXRGRQPXXWRNVHW UDMRLWWXYDW SDONLQ MIQWHHQ
GRVWXYD PRPHQWWL RQ \KWI VXXUL :NXLIQ2S @ DWRWVQB § HPORWPD
HWWI| UDMDNXRURDWPD DY¥RRROD v 7HRUHHWWLVHYV
YHOHW YRLYDW HVLLQW\l PLVVI WDKDQVD NRKGDVVD UDNF
SODVWLVWHQ QLYHOWHQ DMDWHOODDQ V\QW\YIQ MRNR UDI



ROHWXV \NVLQNHUWDLVWDD ODVNHQWDPDOOLHQ OXRPLVWI
N|[LVLPSLLQ SDLNNRLKLQ 8)& \%
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XYD 3ODVWLVHQ QLYHOHQ PXRGRVWXPLQHQ PXRNDWMW
\Y,

30DVWLVXXVWHRULDQ PXNDLVHVVD VXXQQLWWHOXVVD UDN
VDDGDDQ PIIULWHWW\l SDUHPSL NXRUPDQNDQWRN\N\ YHUUI
QHDDULVHHQ DQDOWVLLQ (VLPHUNLNVL RQQHWWRPXXVWDU
WRUHLWWLHQ VXXQQLWWHOXVVD WIWI YRLGDDQ K\|G\QWII
(1 PXNDLVHVWL RQQHWWRPXXVUDMDWLODQ YDDWLP X
WHHVHHQ VIQW\YIW S\V\YIW PXRGRQPXXWRNVHW MD UDNHQ
OXNX NHVNLWW\\ SIIDVLDVVD SODVWLVWHQ QLYHOWHQ PIIU]
W\YIIQ WHRULDDQ MXXUL RQQHWWRPXXVWLODQWHHQ WDU

K\|G\QQHWIIQ SODVWLVLD QLYHOLI NI\WIQQ|VVI RQQHWYV

30DVWLVHQ QLYHOHQ P\|W| MD PXUWRPRPHQWWL
30DVWLVHQ QLYHOHQ P\|W|PRPHQWWL YRLGDDQ PIIULWWII

[1 L #.68, @@8s F%‘p

MRGVEDQ UDNHQWHHQ UDXGRLWXVVXKWHLGHQ MD NLPPRNH
PITULWWII VHXUDDYDVWL
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MRYVRE & L2 %L% @ RQ SXULVWXVWHUIVWHQ SDLQRSLVW

WXVWD SEQROQOWWWRUDXGRLWXNVHOQ#SRIONSXKOHVWXUVXDXGR L
SRLNNLOHLNNDXVDOD %\ \Y, *

3ODVWLVHQ QLYHOHQ PXUWRPRPHQWWL YRLGDDQ PIIULWWI
PLRLGDDQ SHONIVWIIQ YHWRWHUINVHW %\ \%
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XLWHQNLQ MRV P\|V SXULVWXVWHUINVHW P\|WIIYIW QLLGI
NXWXV YRLGDDQ RWWDD P\|V KXRPLRRQ %\ \%

30DVWLVHQ QLYHOHQ NLHUW\PLQHQ

7HUIVEHWRQLUDNHQWHHVHHQ V\QW\YIOOl SODVWLVHOOD Q
PLVN\N\ 5DNHQWHHQ SODVWLQHQ WRLPLQWD RQ PDKGROO
NLHUW\PLVN\N\ 30DVWLVHQ QLYHOHQ NLHUW\PLVN\N\ NDV
NDVYDHVVD -RV SRLNNLOHLNNDXNVHQ PLWWRMHQ ROHWHYV
PLVN\N\\Q YDLNXWWDD EHWRQLQ MD UDXGRLWXNVHQ RPLQE
YHWRUDXGRLWXNVHQ OLVIIPLQHQ SLHQHQWII PXRGRQPXXW
WXNVHQ OLVIIPLQHQ NDVYDWWDD PXRGRQPXXWRVN\N\I MD
VXXUHQWDD PXRGRQPXXWRVN\N\l (UIV \NVLQNHUWDLQHQ
NLHUW\PLVN\N\| RQ WDUNDVWHOOD SXULVWXVSLQQDQ NRUN
PDKGROOLVWDD VXXUHPPDQ PXRGRQPXXWRNVHQ MD SXULV
OHLNNDXNVHQ NLHUW\PLVN\N\ SLHQHQHH %\ Vv +

. XYDVVD D RQ HVLWHWW)\ SODVWLVHQ QLYHOHQ NRNRQDL
GRVWXYDQ HODVWLVHQ NLHUW\PIQ MD SODVWLVHQ NLHU)\
YXRNVL NLHUW\PIQ HODVWLQHQ RVXXV MIWHWIIQ NXLWHQN
NLHUW\PI RQ KXRPDWWDYDVWL HODVWLVWD NLHUW\PII VXX
. XYDVVD E RQ KDYDLQQROOLVWHWWX SODVWLVHQ QLYHO
YDLWD HWWI QLYHOHHQ HL PXRGRVWX SODVWLVWD; NLHUW
RQ \OLWHWW\/ ,0MWINBNMQQ@DXGRLWXV DONDD P\|WIl MRQND
WLVRLWXPLVWD 7IPI MRKWDD SODVWLVHQ QLYHOHQ NHKLW
WRUDMDWLODQ PDNVLPLW DY WRQNDH VWO NH WO QMARUPDD H
OLVIWI %\ Vv
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My Mpl,rd
Plastinen ] l33nnésmomentti
Elastinen
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| kiertymiskyvyn raja
Plastmen
D kiertyma

. XYD D 30DVWLVHQ QLYHOHQ NLHUW\PLVN\N\ PXRNDW
Y% MD E SODVWLVHQ QLYHOHQ PRPHQWWL



6)6 (1 NRKGDQ PXNDLVHVWL SODVWLVXXVWHRULI
SODVWLVHQ QLYHOHQ NLHUW\PLVN\Y\Q VXRUDD WDUNDVWX
NDVWHOXXQ MRV PIIUIITYLHQ SRLNNLOHLNNDXVWHQ VLWNH\
PLHQ PXRGRVWXPLVHQ NDQQDOWD G6LWNH\VWYDDWLPXNVHQ
DvLDD HULNVHHQ RVRLWWDPDWWD MRV VHXUDDYDW HKGR
\%

L 9HWRUDXGRLWXVWD RQ HQLQWIIQ QLLQ SDOMRQ HW
T, @ QrathNXQ EHWRQLQ OXIMMXXVOXRNND RQ
T, @ QraswXxQ EHWRQLQ OXRMXXVOXRNND RQ

MRVWWBQ PXUWRUDMDWLODQ SXUIQRHWERONRVOBLNRD]
WHKROOLQHQ NRUNHXV

LL %HWRQLWHUINVHW NXXOXYDW VLWNH\GHOWIIQ OXRI
LLL 7XNLPRPHQWLQ VXKGH NHQWWIPRPHQWWLLQ RQ Mi

30DVWLVHQ QLYHOHQ VDOOLWWX NLHUW\PLVN\N\ YRLGDDQ
PXNDLVHOOD \NVLQNHUWDLVWHWXOOD PHQHWWHO\OO!| MD\
WDDQ NDQWDYLOOH ODDWRLOOH (XURNRRGL HL HVLWI SO
NHLWD YDDQ NLHUW\PLVN\N\| WDUNDVWHOODDQ VDOOLWW
NHUWDD SRLNNLOHLNNDXNVHQ NRUNHXV OHQHWHOPIVVI R
P\[W|QLYHOHQ PXRGRVWXPLVWD YDVWDDYD SODVWLQHQ PX
WXV\KGLVWHO\Q YDLNXWXNVHQ DODLVHQD OLNIOL QLYHOH
W\PH RQ HQLQWIIQ VDOOLWWX NLHUW\PI SODVWLQHQ PRP
SODVWLVHQ NLHUW\PIQ YRLGDDQ NDWVRD V\QW\YIQ 6)6 (
Vv
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.XYD -DWNXYLHQ SDONNLHQ MD MDWNXYLHQ \KWHHQ VXX
QHQ NXOPDGP Y& RV v

<NVLQNHUWDLVWHWXQ PHQHWHOPIQ NI\W|OOH RQ DVHWHW
HLOOD SRLNNLOHLNNDXNVHQ SXULVWXVY\|KTN@VDP ROKNDH
HQLQWIIQ NXQ EHWRQLQ OXMXXVOXRNND RQ HQLQWIIQ



QLQ OXMXXVOXRNND RQ YIKLQWIIQ & 11ULWHWNQLNXRUPW HQ
WHULDDOLHQ PLWRLWXVDUYRMHQ VHNI WDUNDVWHOXKHWN
SHUXVWHHOOD 6DOOLWWX SODVWLQHQ NLHUW\PI YRLGDDC
SHUXVEBEgYRHLNNDXVKRLNNXXGHVWD ULLSSX¥HXO O D YNORAWMD X

sl G ® 8

MREMD¥T u NIDRQ XXGHOOHHQ MDNDXWXQHHQ PRPHQWLQ QR
GDQ YIOLVHQ HWILV\WGHQ MD SRLNNLOH @I\DKK®IN H @ )W HKR C
V + 6DOOLWXQ NLHUWMW\PRLGBHD® VD UNMRVWII NXYDQ

NXQ HQVLQ RQ VHOYLWHWW)\ SRLNNLOHLNNDXNVHQ SXULV\
T, @DUYR 3RLNNLOHLNNDXNVHQ SXULVWHWXQ RVDQ NRUNH
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(XURNRRGLQ RKMHLVWXNVHQ OLVINVL P\|V PXLVVD VWDQGD

SODVWLVWHQ QLYHOWHQ VDOOLWWXMD NLHUW\PLVN\Y\Q Dl

8)& PXNDDQ VDOOLWWXXQ NLHUW\PLVN\N\\Q YDL



PXRGRQPXXWRVRPLQDLVXXGHW VLWNH\V MIIQQ|VOXMXXYV
GHW VHNI PIIUlI YHWRUREBMDREWXMPWM X VQ D EGRIRVOIUNPY IHUIQQV X K
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Taulukko 2. 7THUIVEHWRQLSDONLQ HSIOLQHDDULVHW PDOOLQQXYV

PXRNDWWX OIKWHHVWI 8)& \Y

OXUWRWDSD ODOOLQQXVSDUDPHWUWLWNVIPLVNL

b 30DVWLQHQ NLHUW\PI >UD
a
5DNHQQHRVDQ W\\SSL

i€, NXYD \OH

30DVWLQHQ NLHUW\PI >UDG @ -lIQQ|VBIXMBRXYV su
Qt GlluL

[ f i

L 7DLYXW.

EFE +DNDUD X €

By WXV Ss (¥

[ & Ct

C LU & F o>

FLUE & Ct

FUE & F o>

[ 1& Ct

C LU 1& F o>

FLUE 1& Ct

FUE 1& F o>

LL /HLNND:
JHLNNDXVKDNRMHQ MDNR

/HLNNDXVKDNRRAVHQ MDNR

LLL S5LLWWIPIW\ WDL WDUWXQDLKHXWWDPD PXL
/HLNNDXVKDNRQMHQ MDNR

JHLNNDXVKDNRMHQ MDNR

LY S5LLWWIPIWW|PIQ WDUWXQQDQ SLCOLLWR

/LQHDDULQHQ LQWHUSRORLQWL WDXOXNRQ DUYRMHQ YIOLOOI RQ VDOOLYV
RVDW MRWND RVDOOLVWXYDW S\VW\UDNHQWHHQ SRLVWXPLVHVWD DLKHX)
PXXW UDNHQQHRVDW PIIULWHOOIIQ VHNXQGIIULRVLNVL 8)& Vv
3ULPIIUL MD VHNXQGIIULNRPSRQHQWWLHQ RQ WINWHWWIYl VHNXQGIIULNR
NXQ WI\VL YRLPD YHQ\PINXYDDMD RQ PDOOLQQHWWX VLVIOWIHQ OXMXXGHGC
GHQ

6LOORLQ NXQ XVHDPSL NXLQ \NVL HKGRLVWD L LY NRVNHH WDUNDVWHOW
WIIQ SLHQLQWI VRSLYDD WDXOXNRVVD ROHYDD DUYRD

‘& WDUNRLWWDD SDONNLD MRQND SODV® BVIHDVONLWYIH OM RV DIDXNHIQ@HDR K D
YDDGLWDDQ NRUNHDD VLWNH\WWI WXOHH OHLNNDXVUDXGRLWXNVHQ WXR
WXVOHLNNDXVOXMXXGHVWD “1& WDUNRLWWDD SDONNLD MRND HL WI\WI |
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SHULDDWWHHW

5DNHQWHLGHQ DQDO\WRLQWL VXRULWHWDDQ Q\N\IIQ \OHHC
PHQHWHOPIIQ SHUXVWXHQ (OHPHQWWLPHQHWHOPI RQ QXP
YRLGDDQ VRYHOWDD HVLPHUNLNVL UDNHQWHLGHQ YRLPDV)
VWDDWWLVWHQ MD G\QDDPLVWHQ RQJHOPLHQ UDWNDLVHP
PHWULDOWDDQ \NVLQNHUWDLVLLQ RVLLQ HOL HOHPHQWWH
HOHPHQWWLYHUNNR (OHPHQWLW OLLWW\YIW WRLVLLQVD \
HOHPHQWLOOH PIIULW HWzI & DMNDNNWPDWHOEPHQWWLHQ MI\
GDDQ \KGLVWII NRNR UDNHQWHHQ@I M\ RNXRSRDWXXWRNWHLQ V
W\WMDNDXPDQ PXRWR YRLGDDQ NXYDWD \NVLQNHUWDLVLO
YRLGDDQ PIIULWWII UDNHQWHLGHQ VROPXVLLUW\PIW MRLG
WHHQ YRLPDVXXUHHW VHOYLOOH /LQHDDULVHQ HOHPHQWYV
HOL HOHPHQWWLPHQHWHOPIQ SHUXV\KWIO| PIITULWHWIIQ VH

rLwo>

MRY\WRD VROPXSLVWHHVHHQ YDLNXWR\DY DNG QR HPIQHKQ | YN
ULLVLRMDUDNHQWHHQ VROPXSLVWHLGHQ VLLUW\PIYHNWRUL
Vot

.\WW| MD PXUWRUDMDWLORLVVD UDNHQQHRVDW YRLGDDQ
PRWHRULDQ PXNDLVWD DQDO\WVLD .XRUPLHQ YDLNXWXVWH
ULWWDD OLQHDDULQHQ DQDOWVL VLWHQ HWWI ROHWHWDTE
PLD MIQQLW\V PXRGRQPXXWRV\KWH\GHQ ROHYDQ OLQHDDU
NLPPRNHUWRLPHOOH NI\WHWIIQ NHVNLPIIUILVWI DUYRD 6)
VHVVD UDNHQQHDQDOWVLVVI UDNHQWHHQ VLLUW\PLHQ MD Y
HWWHLYIW QH YDLNXWD UDNHQWHHQ NIN\WWI\W\PLVHHQ MR
UDWNDLVWD VLLUW\PIWW|PIVVI WLODVVD 7I00|LQ DQDO\\V
NHQWHHQ NXRUPLWXVKLVWRULDQ /LQHDDULVHVVD ODVNH(
DDWH 6XSHUSRVLWLRSHULDDWWHHQ PXNDDQ OLQHDDULVH:!
OLQHDDULVHVWL VLWHQ HWWI| QLLGHQ \KGLVWHOPI YDVWD
7Pl WDUNRLWWDD NI\WIQQ|VVI VLWI HWWI HVLPHUNLNVL VL
NXYDDYD VXXUH VDDGDDQ PIIULWHWW\l NDLNNLHQ VLLUW\
QHQWWLHQ VXPPDQD 30XPEULGJH HW DO Voot (VL



NLUDNHQWHHQ WDSDBRVKXVRBLMRY WRLPrOGDLKXXWWDEQ WL
YXWXVPRPHQWLQ YRLGDDQ SIIWHOtGW HWWD LYNRHMEFODI BNTLY Y D
UXLVHNVL DLKHXW WD B OMHR $&R 0GB K WOOUXLVHQ WDLYXWXVP
NXWHQ (7$%6 OOD PIIULWHW\VWI NXYDVWD RQ KDYDLWWD

llo KN \LZS kN
(O, (]} M

.XYD 6XSHUSRVLWLRSHULDDWWHHQ PXNDLQHQ WDLYXWX
NLOOH OLQHDDULVHOOD DQDO\WVLOOD

AW W |

5DNHQQHVXXQQLWWHOXVVD RQ \OHLVHVWL NI\W|VVI OLQHD
ODVNHQWDRKMHOPLD MD OLQHDDULQHQ UDNHQQHDQDO\\VI
PXRWR 8VHLQ \NVLQNHUWDLVWDPDOOD WDUNDVWHOWDYD '
SIIVWI WXORNVLLQ MRWND NXYDDYDW WRGHOOLVXXWWD U]
QDQ HWXLQD YRLGDDQ SLWII QRSHDD ODVNHQWD DLNDD VH
YDLVWD KHOSRVWL \PPIUUHWWIYIl MD \NVLQNHUWDLVWD P
QHQ DQDOWVL VRSLL NIWWHWWIYINVL NXQ MIQQLW\NVHW S\
PRLVHOOD DOXHHOOD MD NXQ UDNHQWHHQ PXRGRQPXXWRYV
VHWW|PIQ SLHQLQI /LQHDDULQHQ DQDO\WVL SHUXVWXX VLL
VXXGHVWD VHNI JHRPHWULVHVWD OLQHDDULVXXGHVWD 5
WLHGRVWDD \NVLQNHUWDLVWXNVHW MD HSIWDUNNXXGHW
RQ PDKGROOLVWD DUYLRLGD ODVNHQQDQ OXRWHWWDYXXW
QRDVWDDQ UDNHQWHHQ ORSXOOLVHQ WLODQ NDSDVLWHHW
WXYDD HSIOLQHDDULVWD NI\WWI\W\PLVWI MD YRLPLHQ XXG!|
YXQ VLLUW\PLI MD PRPHQWWHMD 5RPEDFK Vo

<OHLVHVWL RWWDHQ OLQHDDULQHQ ODVNHQWD WXRWWDD
WXQD PXLKLQ PRQLPXWNDLVHPSLLQ MD WDUNHPSLLQ DQDO
DDULVXXGHW YRLGDDQ MIWWII KXRPLRLPDWWD DQDO\VLVYV
WXVWD UDNHQWHHQ WRLPLQWDDQ WDL MRV ODVNHQQDQ Y|
OHOOD 2Q NXLWHQNLQ K\YI WLHGRVWDD HWWI RQ P\|V XVF
DDULVHQ DQDOWVLQ NI\W|Q YDDWLPDW ROHWXNVHW HLYIW
WXRWD HQIl ULLWWIYIQ WDUNNRMD MD YDUPDOOD SXROHO(
PXLWD WDUNHPSLD ODVNHQWDWDSRMD (VLPHUNLNVL WIVV
WLODQWHLWD MRLVVD NRUNHLGHQ UDNHQQXVWHQ DQDO\V
WIl HSIOLQHDDULVWD ODVNHQWDD OLQHDDULVHQ ODVNHQQ
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<OHLVLI RKMHLWD

5DNHQWHLWD DQDO\WRLWDHVVD NI\WHWIIQ VHNI UDNHQWHH
LGHDOLVRLQWHMD 9DOLWWDYLHQ LGHDOLVRLQWLHQ WXOH
NRLWXNVHQPXNDLVLD $QDOWVHLVVD NI\WHWWIYLI LGHDOL
NLPPRWHRULDQ PXNDLQHQ WRLPLQWD SODVWLVXXVWHRUL
QHQ WRLPLQWD 6)6 (1 Vv )(0 RKMHOPLVWRMH
OLVINVL NDUNHDVWL MDNDD VWDDWWLVHHQ MD G\QDDPLVHHI
WRWHXWWDD MRNR OLQHDDULVHVWL WDL HSIOLQHDDULVH)
VLLUW\PLHQ MD MIQQLW\VWHQ ROHWHWDDQ WDSDKWXYDQ
PLVHVVD DQDOWVLVVD QH RYDW DMDVWD ULLSSXYLD (XUR
RKMHLVWXVWD VLLKHQ PLWI DQDOWVLW\SSLI PLVVINLQ W
NDLNNL HSIOLQHDDULVXXGHW WXOLVL PLOORLQNLQ KXRPLR
VXXUHOWD RVLQ VXXQQLWWHOLMDQ RPDQ KDUNLQQDQ MD I

(XURNRRGL HL HVLWI \NVLW\LVNRKWDLVWD RKMHLVWXVWEC
OHH NI\WIQQ|VVI VXRULWWDD YDDQ VH HVLWWII K\YLQ \OHL
YDDWLPXNVLD MRWND WXOHH WI\WW\l HSIOLQHDDULVHVVD
WIQQ|VVI NDNVL PHQHWWHO\WDSDD HSIOLQHDDULVWD DQD
RYDW HXURNRRGL Q NRKGDVVD HVLWHWW\ HSIOLQHDDU
QHQ \OHLQHQ PHQHWHOPI (XURNRRGL Q NRKGDQ PXND
DQDOWVLVVD YRLGDDQ KXRPLRLGD WDUNDVWHOWDYDQ WL
PHWULDQ HSIOLQHDDULVXXV HWWI| PDWHULDDOLQ HSIOLQHLE
MRPSLNXPSL QILVWI (SIOLQHDDULVLD DQDOWVLPHQHWHOPL
MD PXUWRUDMDWLODVVD PLNIOL NI\WHWIIQ VRSLYDD HSIC
SDLQR VHNI\KWHHQVRSLYXXVHKGRW WRWHXWXYDW O0XUWI
PIIUIIYLHQ SRLNNLOHLNNDXVWHQ N\N\ VLHWII NDLNNLD DG
PXRGRQPXXWRNVLD MROORLQ HSIYDUPXXGHW RWHWDDQ UL
WLVHVWL NXRUPLWHWWXMHQ UDNHQWHLGHQ DLNDLVHPPDYV
KXRPLRWWD MD ROHWWDD NXRUPLHQ NDVYDYDQ DLQD VDP
OWVLVVD WXOHH NI\WWIl PDWHULDDOLRPLQDLVXXNVLD MR
N\W\WWWI PXWWD RWWDYDW KXRPLRRQ YDXULRLWXPLVHHQ OL
W|WDUNRLWXNVHHQVD VRSLYLD PLWRLWXVPHQHWWHO\MI W
Y%



(XURNRRGL Q NRKGDVVD HVLWHWIIQ OLVINVL HSIOLQ
\OHLQHQ PHQHWHOPI <OHLQHQ PHQHWHOPI SHUXVWXX SIID
VXXGHQ HOL WRLVHQ NHUWDOXYXQ YDLNXWXVWHQ KXRPLF
KXRPLRLGD P\|V PDWHULDDOLQHQ HSIOLQHDDULVXXV NI\WW
PXRGRQPXXWRV\KWH\NVLI .XQ MIQQLW\V PXRGRQPXXWRV\Kk
YRLKLQ PXUWRNXRUPDQ PLWRLWXVDUYR VDDGDDQ VXRUDI
PHQHWHOPII P\|V YLUXPLQHQ YRLGDDQ KXRPLRLGD EHWRQL
GHVVI /LVINVL EHWRQLQ HGXOOLQHQ YHWRMI\NLVW\VYDLN:
OXYXVVD PDLQLWWLLQ VH YRLGDDQ HGXOOLVHQD YDLN
6)6 (1 v %HWRQLQ YHWROXMXXWWD HL NXLWE
WXOLVL KXRPLRLGD PXUWRUDMDWLODQ WDUNDVWHOXLVVD

ODWHULDDOLQHQ HSIOLQHDDULVXXYV

5DNHQQHVXXQQLWWHOLMDQ WXOHH \PPIUWIl HULODLVWHQ |
PXXWRVWHQ YIOLQHQ \KWH\V MD QLLGHQ DLKHXWWDPDW YD
ULDDOLPDOOL WDUNRLWWDD PDWHULDDOLQ MIQQLW\V PXRC
NIW\WWI\W\PLVWI 5RPEDFK Y% 8VHLPSLHQ PDWHULDDOI
RQ HSIOLQHDDULVWD 7HUIVEHWRQLQ WRGHOOLQHQ NI\WW
PXRGRQPXXWRV\KWH\GHQ OLVINVL ULLSSXYDLQHQ P\|V DM
DQDOWVLVVD PDWHULDDOLQHQ HSIOLQHDDULVXXV YRLGDDC
VHVWL VHNI KXRPLRLPDOOD HULODLVHW DMDVWD ULLSSXYC

%HWRQLQ PDWHULDDOLPDOOLW
%HWRQL RQ HSIKRPRJHHQLQHQ PDWHULDDOL MRQND MIQQ]

QHDDULQHQ (XURNRRGL HVLWWII EHWRQLOOH VHXUDDYDYV
.LPPRLQHQ LGHDDOLSODVWLQHQ PDWHULDDOLPDOOL
(SIOLQHDDULQHQ LGHDDOLSODVWLQHQ PDWHULDDOL
<OHLQHQ HSIOLQHDDULQHQ PDWHULDDOLPDOOL

.LPPRLQHQ LGHDDOLSODVWLQHQ PDWHULDDOLPDOOL VHNI }
DDOLPDOOL RQ WDUNRLWHWWX UDNHQQHRVLHQ SRLNNLOHI
GDDQ NI\WWIlI VHNI WLHWRNRQHDYXVWHLVHVVD )(0 ODVNH
<OHLQHQ HSIOLQHDDULQHQ PDWHULDDOLPDOOL RQ SXROHYV
QHDQEDOWVLLQ MD VH VRSLL NI\WHWWIYINVL )(0O ODVNHQWD
vV ot % < \%

%HWRQLQ NLPPRLQHQ LGHDDOLSOPY WNVQW® W WH UNDYDIOWL\PE
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XYD %YHWRQLQ NLPPRLQHQ LGHDDOLSODVWLQHQ PDWHU
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VHVWL P\|IW|OXMXXGHQ VDDYXWWDPLVHQ MIONHHQ 6)6

%HWRQLQ NLPPRLQHQ MGHPDO\WSPRORGRQPOXWRVIXQNWLR
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%HWRQLQ HSIOLQHDDULQHQ LGHDDOLSODVWLQHQ MIQQLW\)
UL|SXULVWXVOXMXXGHQ RPLQDLVDUYROOD VHXUDDYDOOD \
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XYD %HWRQLQ \OHLQHQ HSIOLQHDDULQHQ PDWHULDDOL
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%YHWRQLQ HSIOLQHDDULVHVVD UDNHQQHDQDO\WVLVVI NI\WH)
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MR&)VDQ EHWRQLG ROQQHQYRQ P\|W|YHBLPRQ PXUWRYHQ\PI
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VAR

.XQ WDUNDVWHOODDQ UDNHQWHHQ NDQWRN\N\I PXUWRUDM|
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(SIOLQHDDULVHVVD UDNHQQHDQDO\WVLVVD RQ P\|V HXURNR
PDKGROOLVWD NI\WWII PXLWDNLQ LGHDOLVRLWXMD MIQQLW
WDYDW ULLWWIYIQ K\ YLQ WDUNDVWHOWDYDQ EHWRQLQ WRI

%YHWRQLQ PDWHULDDOLPDOOLHQ YHUWDLOX MD RPLQDLVXX

.RUNHLGHQ UDNHQQXVWHQ S\VW\UDNHQWHLGHQ NXRUPLWX"
NHDPSLOXMXLVHQ EHWRQLQ NI\W|VWI WXOOD SHUXVWHOW X
WRQL RQ WDYDOOLVHVWL NI\W|VVI NRUNHDVVD UDNHQWDPL
WRQLD YRLGDDQ MRXWXD NIN\WWIPIIQ HULNRLVNRKGLVVD 9I
QHLOOD HSIOLQHDDULVHW PXRGRQPXXWRNVHW RYDW YIKII
VDDYXWWDPLVHQ MIONHHQ EHWRQLQ SHKPHQHPLQHQ WDS
Voot . XYDVVD RQ HVLWHWW\ HXURNRRGLQ PXNDLVHW I
GHQ NXYDDMDW EHWRQLQ OXMXXVOXRNLOOD & &

& OXMXXNVLHQ RPLQDLVDUYRLOOD PIIULWHWW\LQI MD

YRLOOD PIIULWHWW\LQI .XYLVWD M D KDYDLWDD
PDNVLPLMIQQLW\NVHQ NRKGDOOD NDVYDD EHWRQLQ OXMX
OXMXXVOXRNDQ EHWRQHLOOD PXUWRSXULVWXPD MIl DOKDL
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.XYDVVD RQ KDYDLQQROOLVWHWWX EHWRQLQ PDWHULDE
MXXVEHWRQHLOOH +DYDLWDDQ HWWI| HSIOLQHDDULQHQ LG
SIHVIIQW|LVHVWL WDUNHPPLQ \OHLVWI HSIOLQHDDULVWD PI
DDOLSODVWLQHQ PDWHULDDOLPDOOL .XQ EHWRQLQ MIQQLYV
NLOHLNNDXNVHQ PLWRLWXNVHVVD NI\WHWWIYIW MIQQLW\V
VIIQW|LVHVWL KLHPDQ DOKDLVHPSLD MIQQLW\VWHQ DUYRMI
OLPDOOLQ MIQQLW\V PXRGRQPXXWRVIXQNWLRLGHQ DQWDPL
YDLKHHVVD NLPPRLVHQ LGHDDOLSODVWLVHQ MD HSIOLQHD
OLQ PXNDDQ VDDGDDQ VXXUHPSLD MIQQLW\NVLI NXLQ \OHL)\
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XYD %HWRQLQ PDWHULDDOLPDOOLHQ HURDYDLVXXGHW

%HWRQLQ MIQQLW\V PXRGRQPXXWRVIXQNWLRQ HSIOLQHDD!
OXVWD (QQHQ XONRLVHQ NXRUPLWXNVHQ YDLNXWXVWD PL
MIQQLW\NVLOOH DOWLVWXPLVHVWD VHPHQWLQ NXWLVWXPL
QHWWD NXRUPLWHWDDQ VHPHQWLQ MD UXQNRDLQHHQ HUL
PLNURKDONHDPLHQ NDVYDPLVWD %HWRQLQ YRLGDDQ NDW!'
ULVHVWL NXQ MIQQLW\NVHW S\V\YIW DOOH PXUWRMIQQL
WRMIQQLW\NVHQ \OLWWIYIW MIQQLW\NVHW DLKHXWWDYDW ¢
QHHQ MD VHPHQWWLNLYHQ UDMDSLQQDVVD MROORLQ EHWI



PXXWWXD HSIOLQHDDULVHNVL .XQ EHWRQLQ MIQQLW\V VDD
WXVOXMXXGHQ KDONHLOX RQ HGHQQ\W NRNR UDNHQWHHQ
PHQHWWII WI\WLQ NXRUPDQNDQWRN\N\QVI NXQ MIQQLW\V N|
ULVWXVOXMXXWWD VXXUHPPDNVL OHKWD ORQWHLUR

11PI HGHOOI HVLWHW\W EHWRQLQ PDWHULDDOLPDOOLW HLY
PDQ RVXXNVLD MD SIWHYIW YDLQ O\K\WDLNDLVLOOH NXRUP|I
WRQLQ MI\NN\WV SLHQHQHH VXKWHHVVD WHUINVHHQ MD VDF
VLOOI MIQQLW\NVHW VLLUW\YIW EHWRQLOWD UDXGRLWXNVHI
EHWRQLQ DLNDULLSSXYDLVHW RPLQDLVXXGHW YRLGDDQ KX
PIIULWWHOHPIOOI NIW\WHWWIYIQ PDWHULDDOLPDOOLQ OLVIN
HULNVHHQ YLUXPDQ NXWLVWXPDQ VHNI NLPPRNHUWRLPHQ
RQ HVLWHWW\ YDLKHLWWDLVHQ UDNHQWDPLVHQ \KWH\GHYV
IXQNWLRLVWD /LVINVL (7$%6 VVD WHUIVEHWRQLQ YHWRMI
HVLPHUNLNVL VDOOLPDOOD EHWRQLQ HSIOLQHDDULVHVVD
YWWWI| MDWNDPDOOD MIQQLW\V PXRGRQPXXWRVIXQNWLRWD
OHOOH .XYDVVD RQ KDYDLQQROOLVWHWWX &(% ),%

W\PLVWI \NVLDNVLDDOLVHVVD YHGRVVD .XYDQ PXNDLVH:
ODVVD EHWRQLQ YHWRMIQQLW\V NDVYDD EL & DD LMH V\
PIQ MIONHHQ EHWRQL KDONHDD MD MIQQLW\S ODVXBIHVYRO (
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XYD %HWRQLQ MIQQLW\V PXRGRQPXXWRVIXQNWLR MD M
\NVLDNVLDDOLVHVVD YHGRVVD &(% ),3 V

7THUINVHQ PDWHULDDOLPDOOLW
%HWRQLWHUINVHW YDOPLVWHWDDQ MRNR NXXPD WDL N\OF

Q\PINXYDDMDQ PXRWR RQ HULODLQHQ VHQ PXNDDQ RQNR
.XYDVVD RQ HVLWHWW\ NXXPD MD N\OPIYDOVVDWXQ WH
. XYDVWD YRLGDDQ KDYDLWD NXXPDYDOVVE W X®DPWHBDOIW V H
VDWXOOH WHUINVHOOH RQ SXR O Y WMDRND NADW M R IL PAWD|J I 1\
MROOD WHUINVHHQ MII Q VXXUXLQHQ SDODXWXPDWRQ F

Vv % < Vv 7HUINVHQ PDWHULDDOLQHQ HSIOLQ
DDOLQ SODVWLVRLWXPLVHVWD MIQQLW\NVHQ \OLWWIHVVI
QHWWD MRQND MIONHHQ WHUINVHQ MIQQLW\V PXRGRQP XXV
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(XURNRRGLQ PXNDDQ WHUINVHQ P\|[W|OXMXXGHMQ/RPDRQDLVD
Bp Q xrr/2=6)6 (1 Vv

%HWRQLWHUINVHQ PLWRLWXNVHVVD YRLGDDQ NI\WWII \NVL
WRV\KWH\WWI OLWRLWXNVHQ NXYDDMLVWD YRLGDDQ NI\W\
YDDNDVXRUDD MIQQLW\V PXRGRQPXXWRV\KWH\WWI| NXYDQ

YDYDD ULLSSXYXXWWD UDXGRLWXNVHQ YHQ\PXWXLOHH UDM
.DVYDYDQ ULLSSXYXXGHQ NI\W|VWI| DLKHXWXYDVWD WHUIN’
WDYD K\|IW\ RQ WDYDQRPDLVHVVD PLWRLWXNVHVVD YIKILQ

YDDNDVXRUDD ULLSSXYXXWWD MRVVD YHQ\PIIl HL WDUYLW\
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*HRPHWULQHQ HSIOLQHDDULVXXYV

*HRPHWULVWD HSIOLQHDDULVXXWWD HVLLQW\\ NXQ UDNH
VLLUW\PLLQ YHUUDWWXQD WDL NXQ UDNHQWHHVVD HVLLQW
QHQ HSIOLQHDDULVXXV RQ VLLV KXRPLRLWDYD MRV UDNHQ
NXWXNVHVWD QLLQ SDOMRQ HWWI GHIRUPRLWXQXW UDNHQ
GRVWDDQ 7100|LQ UDNHQWHHQ MIQQLW\NVHW YHQ\PIW M
N\WWPDWULLVLQ DYXOOD 8VHLQ UDNHQQHDQDO\WVLVVD PXR
SLHQLI HWWHL QLLOOI ROH NI\WIQQ|VVI PHUNLW\VWI ODVNH
ODLVLD WLODQWHLWD MRLVVD JHRPHWULVWD HSIOLQHDDU
WDL NLHUW\PLI MRWND WXOLVL RWWDD KXRPLRRQ ODVNHO(
YLVVD DODOXYXLVVD NHUURWDDQ WDUNHPPLQ JHRPHWULYV
WIIQ \NVLQNHUWDLVLD HVLPHUNNHMI| WLODQWHLVWD MRLV
JLVINVL NIVLWHOOIIQ P\|V VLWI PLWHQ JHRPHWULQHQ HSIO
WIQQ|Q ODVNHQQDVVD

IRNDDOLW MD JOREDDOLW YDLNXWXNVHW
(XURNRRGHLVVD JHRPHWULVHOOH HSIOLQHDDULVXXGHOOH

YXQ YDLNXWXNVHW 7RLVHQ NHUWDOXYXQ YDLNXWXNVLD Y
RVDWDVROOD MD JOREDDOLVWL NRNR UDNHQWHHQ WDVROC
NHUWDOXYXQ YDLNXWXNVLD HOL YRLPDVXXUHLGHQ OLVI\NYV
HL QRUPDDOLVWL V\QQ\ OLQHDDULVHOOD ODVNHQQDOOD N
WDDQ DONXSHUILVHQ JHRPHWULDQ PXNDDQ (SIOLQHDDULV}
OHVWDDQ SILYLWW\\ NXRUPLWXNVHQ PXXWWXHVVD MROOR
WDSDKWXPDDQ 7RLVHQ NHUWDOXYXQ YDLNXWXNVHW PXRG
KRLNNLHQ UDNHQWHLGHQ WDL VLYXVLLUW\YLHQ MI\NLVW\V]I

. XYDVVD RQ KDYDLQQROOLVWHWWX WRLVHQ NHUWDOXY X
DYXOOD 8ORNHSDONLQ SIIKIQ R @ HN HDOW WX SILW WXWRLRPOQ\
NHYD SXULVWDY.BYWRLPDD PXNDLVHVWL DONXSHUILVHQ UD
WHWW\QI SDONLQ WXHQ SXROHLV HHOX S UWLQH P XARRGARVQWKW L
NHH OLQHDDULVHVWL DUYRRQ QROOD SDONLQ NXRUPLWHW
KXRPLRRQ P\|V UDNHQWHHQ VLLUW\Q\W PXRWR PRPHQWLC
PXXWWXLVL OLQHDDULVHVWL SDONLQ SLWXXGHQ PDWNDOO
E MRVVD SDONLQ WXHQ SXROHLVHQ SIIG\Q PRPHQWWL V
ULWHWWLJI RD& &6, E V XWHQ NXYDVWD YRLGDD
WDYDQ YRLPDQ VXXUXXGHOOD RQ PHUNLWWIYI YDLNXWXV P
NXQ SXULVWDYD YRLPD RQ VXXUL 7DQLMD\D .ZDQGRX



E FL
alkuperdinen rakenne T

alkuperaisen rakenteen mukainen momentti

siirtynyt muoto
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.XYD *HRPHWULVHQ HSIOLQHDDULVXXGHQ PHUNLW\V \NV
WDLYXWXVPRPHQWWLLQ D LOPDQ WRLVHQ NHUWDOXY
VHQ NHUWDOXYXQ YDLNXWXNVHW PXRNDWWX OIKWH

5DNHQQHVXXQQLWWHOXVVD WRLVHQ NHUWDOXYXQ DQDO\\
VHVWD VLLUW\QHHQ UDNHQWHHQ UDVLWXVWHQ XXGHOOHHQ
WDUNDVWHOODDQ NI\WIQQ|VVI WLODQQHWWD MRND RQ WI
NHHQ 7RLVHQ NHUWDOXYXQ YDLNXWXNVLD NXWVXWDDQ P\
NHUWDOXYXQ PRPHQWWL PXRGRVWXX S\VW\V X %QWXIDLRAH)DN
3\WW\NXRUPD2Q WRFBD NXYDQ E PXNDLQHQ WLODQQH V\QV
MDKGXVNXRAORNL VDDGDDQ PIIULWHWW\I VHXUDDYDVWL &

I_«‘36®'+
%4 v ®F.

MRVWBRQ UDNHQWHHQ WDLYXWXVMI\NN\\V

*HRPHWULQHQ HSIOLQHDDULVXXV YRL NRVNHD SDLNDOOLVF
OLVWL NRNR UDNHQQHMIUMHVWHOPIlI &6, E V % *H |
DQDO\WRLQWL YRLGDDQ MDNDD HOHPHQW L Y\WOLLW XWXV P X@
VHQ VROPXSLVWHLGHQ YIOLOOI WD S D KMWYWYLLN. QWPONR/E R Q P XX
NLNVL QXUMDKGXVDOWWLLGHQAYDNNRWKNEHY RRDODWD PX|R
NLWWIYLNVL (OHPHQWWLHQ VLVILVLOOlI PXRGRQPXXWRNVL
NLHQ UDNHQWHLGHQ VXXQQLWWHOXVVD MRWHQ XVHLQ WD
WHOXVVD YRLGDDQ SIIVIIQW|LVHVWL KXRPLRLGD YDLQ VRO
GRQPXXWRNVHW &6, D .XYDVVD RQ KDYDLQQROOLVYV
OHLWD MD ORNDDOHLWD YDLNXWXNVLD NHKIUDNHQWHHVHH



XYD 7RLVHQ NHUWDOXYXQ JOREDDOLW MD ORNDDOLW
PXRNDWWX OIKWHHVWI &6, D

+XRPLRLQWL ODVNHQQDVVD
ODWHULDDOLNRKWDLVLVVD HXURNRRGHLVVD RQ HVLWHWW\

YDLNXWXNVHW WXOLVL KXRPLRLGD MD PLOORLQ QH YRL MI
UDNHQWHLGHQ HXURNRRGLQ PXNDDQ UDNHQWHHQ WRLVHC
KXRPLRRQ MRV QH OLVIIYIW HQVLPPILVHQ NHUWDOXYXQ UL

Y% (XURNRRGL PXNDDQ WRLVHQ NHUWDOXYXQ YDL
RLPDWWD DLQRDVWDDQ VLOORLQ NXQ QLLGHQ YDLNXWXVW
VLI .\WIQQ|VVI YRL NXLWHQNLQ ROOD KDDVWDYDD RVRLWYV
VHW PXRGRVWXLVL PHUNLWWIYLNVL LOPDQ HWWI YHUUDW
PLRLYDQ HSIOLQHDDULVHQ DQDOWVLQ WXORNVLD HQVLPPIL
VXRULWHWDDQ PROHPPDW WDUNDVWHOXW %HHE\ 1DUD\D

(XURNRRGL HVLWWII NXLWHQNLQ P\|V A\NVLOQNHUWDLVWHW
VHQ NHUWDOXYXQ YDLNXWXVWHQ KXRPLRLPLVHQ WDUYHWYV
WHHULQ PXNDDQ WRLVHQ NHUWDOXYXQ YDLNXWXNVHW UL
PLRWWD PLNIOL VHXUDDYD HKWR WRWHXWXX 6)6 (1

3 A’ e @k
aeEaesél? (.)6®b

('I'a%xQ G Q%

MRYYRRQ MI\NLVWHWW\LKLQ MD MI\NLVWIYLLQ VDXYRLKLQ
QDLVNXBURP® NHUURVWHQ RRNPXPRIMWQWWLMNNLVWI\NVHQ \OIS
QXNVHQ NRNRQDE VAR WNRRRNHUWRLPH@ PQWHRLNLXYWIYYIRQ
YRMHQ MNK\WVWPRPHQWWL KDONHLOHPDWWRPDQ EHWRQLSR]|
PH@ VXRVLWXVDUYR RQ KDONHLOOHHVVD WLODVVD VHN
6)6 (1 Voo

.DDYD HL VRYHOOX NXLWHQNDDQ NI\WHWWIYINVL NDLNNL
WIl XVHLWD HKWRMD MRLGHQ WXOHH WI\WW\I MRWWD N\VH
WRMHQ PXNDDQ UDNHQWHHQ WXOHH ROOD NRKWXXOOLVHC



OHLNNDXVPXRGRQPXXWRVWHQ WXOHH ROOD KIYLIYIQ SLHQL
WA\VNRKGLVVDDQ MI\NNLI MD MI\NLVW\VVDXYRMHQ MI\NN\WGHF
PDLQ YDNLR VHNI UDNHQQXNVHQ S\VWANXRUPDQ NHUURNVL)
YDNLRQD 6)6 (1 vV = 1ILGHQ HKWRMHQ WRWH?
VDDWWDD PXRGRVWXD KDDVWDYDNVL -RV QIPI HKGRW HLY
HVLWHWIIQ OLVINVL P\|V PXLWD YDLKWRHKWRLVLD HKWRMI
YDLNXWXVWHQ KXRPLRLPLVHQ WDUSHHQ DUYLRLPLVHHQ 1l
WDUNHPSL OISLNI\PLQHQ UDMDWDDQ NXLWHQNLQ WIPIQ W\|

ODDNDYRLPLHQ VXXUHQWDPLQHQ \NVLQNHUWDLVWHWXOOD

RV WRLVHQ NHUWDOXYXQ YDLNXWXNVHW WRGHWDDQ PHUN
PHUNLNVL HXURNRRGL OLLWWHHVVI + HVLWHW\Q \NVLQNH
VHVWL VXXUHQWDPDOOD YDDNDYRLP LR, x SYRULGDDEH WMUKL W B
VHXUDDYDOOD WDYDOOD

(A& v

(aauxL S Fliawx (ia
MRVMMBE RQ PXXQ PXDVVD WXXOHQ MD HSIWDUNNXXNVLHQ |
NHWWX Y DD(NYRRLBEDVWI\VXRUD NRNRQDLVYRLPD MRND YDLI
NLVWHWW\LKLQ U P RHOOBIRNQ QG MINRQDLVXXGHQ QLPHOOLC

MRND YRLGDDQ PIIULWWII VHXUDDYDVWL 6)6 (1 V
A+
('I'@Lme

MRWVADRQ WDUNDVWHOWDYDQ VXXQQDQ MI\NLVWIYLHQ UDI
VXPPD MROORLQ RWHWDDQ KXRPLRRQ KD ORNMIUDNH @O K ISR
NRNRQDLVNRUNHXV NLLQQLW\VPRPHQW L @RNH KHWWRWY HOD K
UIVWI MI\NN\WGHQ YDLKWHOXVWD PDDSRKMDQ NLLQQLW\VY
VHVWD ULLSSXYD NLUURRY NHUQ®LW\V RQ MI\NNI -RV MI\N
RVLHQ MI\NN\\W RQ YDNLR SLWNLQ RVDQ NRUNHXWWD MD \
OLVIIQW\\ VDPDOOD PIIUIOO| BMBUGND QWWIDL@WHYHRUQDY

-2 @B ® S
JLE saxs E u&y

el ya

MRYMYPDQ NHUUBV@XN®'#+ .; RQ VXKWHHOOLQHQ MRXVWDY XXV
WLWDGROMNXQ NLLQQLW\¥ RR@® WIDINNX W X V PRFPW® BVIWLID N L H U W
'+ RQ WDLYXWXVNMIQNMIWNMLMWB/IYIQ UDNHQQHRVDQ NRNRQDLVS



. XQ UDNHQQHNRNRQDLVXXGHQjsQKU RO KGHXVNKIRURPB I\ YRLC
WRLVHVWL P\|V NN\WWII VHXUDDYDD NDD Y O{Ry,VXXWHQ\G HW X G
VHHQ

(A& % x
S F(asvx(Aavx

(AasxL

MRVARxRQ QLPHOOLQHQ YDDNDNXRUPD MRND DLKHXWWD
S\WW\NXBYRDMRND YDLNXWWDD GHIRUPRLWXQHHVHHQ UDNF
PXRGRQPXXWRVWLODQ DikHXWWOMDD INVRHWRDL PIHIULWHWW\Q
NWNVLI K\|[G\QWIHQ 6)6 (1 Vv +

3 'HOWD DQDO\\VL )(0 ODVNHQQDOOD

<OHHQVI UDNHQWHLGHQ WRLVHQ NHUWDOXYXQ VLLUW\PLHG
WDRKMHOPLVVD 3 '"HOWD DQDO\VLQ DYXOOD 3 'HOWD YDLU
NXRUPLWXNVHQ VXXUXXGHVWD MD UDNHQQHUDWNDLVXLVWLI
VXXUL PHUNLW\V VLOOI MRXVWDYD UDNHQQH VLLUW\\ HQF
YDLNXWXNVHW PXRGRVWXYDW VXXUHPPLNVL

(7$%6 OOD 3 '"HOWD DQDOMWVL YRLGDDQ VXRULWWDD NDKGF
MRWND HVLWHOOIIQ VHXUDDYDNVL &6, D

(LLWHUDWLLYLVHVVD PDVVDDQ SHUXVWXYDVVD PHQ
WRPDDWWLVHVWL NXQNLQ WDVRQ PDVVDVWD 7IPl PH(
YDDGL LWHUDWLLYLVWD UDWNDLVXD PLNI SXROHVWDLE
QDQ 3 'HOWD YDLNXWXNVHW KXRPLRLGDDQ NIVLWWHO
WXQD VDXYDPDOOLQD 7IPIQ PHQHWWHO\Q HWXQD RQ V
RLGD P\|V NXRUPLWXVWDSDXNVLOOH MRLKLQ HL VLVIO

WHUDWLLYLVHVVD NXRUPLWXV\KGLVWHOPLLQ SHUXYV
NHWDDQ WLHW\VWI VWDDWWLVWHQ NXRUPLWXVWDSDXYV
\KGLVWHOPIVWI 7IPI LWHUDWLLYLQHQ PHQHWHOPI NIVL
PHOWWLNRKWDLVHVWL . XQ UDNHQWHLGHQ RPDW SDLQ!
WXVWDSDXNVHHQ LWHUDWLLYLQHQ PHQHWHOPI RQ VXEF

y WHUDWLLYLQHQ NXRUPLWXV\KGLVWHOPLLQ SHUXVWXYD P
NHPSL PHQHWHOPI 6LLQI YRLGDDQ PIIULWWII \NVLWWILQH
YINVL 3 '"HOWD NXRUPLWXV\KGLVWHOPIQIl (VLPHUNLNVL MR
VLYDW WDXOXNRQ PXNDLVHW 3 '"HOWD NXRUPLWXV\KGLVW
GLVWHEHSOIRE raw® 7Pl \KGLVWHOPI DUYLRL 3 '"HOWD YDLNXW;
WXV\KGLVWHO\LGHQ M D RVDOWD MD NRQVHUYDWLLYLVE



XRUPLWXV\KGLVWHO\W M D HLYIW SXROHVWDDQ PXRGF
YDDNDVXXQWDLVWD NXRUPDD ODLQNDDQ &6, D

Taulukko 3. (VLPHUNNL NXRUPLWXV\KGLVWHOPLVWI PXRNDWWX Ol
3\WW\YI NXRUWPD #\|WA\NXRUPD aXXOLNXRUPD
4y

, WHUDWLLYLVWD PHQHWHOPII NIN\WHWWIHVVI YRLGDDQ YDC
VINVL P\|[V VXKWHHOOLQHQ NRQYHUJHQVVLWROHUDQVVLUDI
WDPDDQ HWWI WDVDSDLQR VDDYXWHWDDQ DQDO\WVLQ MRN
YHUJHQVVLWROHUDQVVLUDMDQ DYXOOD YRLGDDQ YHUUDWLE
VHHQ YDLNXWWDYDQ YRLPDQ VXXUXXWHHQ .I\WWIPIOOI SLH
WXORNVLD YDLNNDNLQ (7$%6 Q DQWDPD ROHWXVDUYR R
XVHLVVD )(0O ODVNHQWDWDUNDVWHOXVVD RQ PDKGROOLVWL
<OHLVHVWL RWWDHQ 3 '"HOWD YDLNXWXVWHQ KXRPLRLQWL
11LQ ROOHQ VXXQQLWWHOLMDQ WXOHH WDSDXVNRKWDLVHV
WDOXYXQ KXRPLRLQQLOOD YRL ROOD ROHHOOLVWD PHUNLYV

+DYDLQQROOLVWHWDDQ VHXUDDYDNVL JHRPHWULVHQ HSIO
UDNHQWHHQ YDDNDVXXQWDLVLLQ VLLUW\PLLQ \NVLQNHUWTE
WHWDDQ 3 '"HOWD DQDO\WVL UDNHQWHHOOH MD WDUNDVWHC
PLVHQ YDLNXWXNVLD UDNHQWHHQ YDDNDVXXQWDLVLLQ VLI
\NVLQNHUWDLVHQ P SLWXLVHQ PDVWRSLODULQ YDDND
(7$%6 OOD .\WVHLVHQ SLODULQ KRLNNXXV HOL NRUNHXGHQ
9DDNDNXRURDGOS\V\\ PXXWWXPDWWRPDQD MRNDLVHVVD WD
VHVVD 3\WW\VXXQWDLVWD NXRUPDD SXROHVWDDQ NDVYDW
WHOODDQ PLWHQ VH YDLNXWWDD SLODULQ YDDNDVXXQWD
NDVYDWWDPLQHQ HL YDLNXWD OLQHDDULVHQ ODVNHQQDQ
YDDQ VLOOI RQ PHUNLW\VWI DLQRDVWDDQ VLOORLQ NXQ D
QHQ HSIOLQHDDULVXXV 7DQLMD\D .ZDQGRX v .XYD
YDDNDVXXQWDLVWHQ VLLUW\PLHQ HUR RQ YDUVLQ PHUNLW
KXRPLRLYDD PDOOLD MD OLQHDDULVWD PDOOLD NHVNHQIIQ
KXRPLRLWDYD HULW\LVHVWL VLOORLQ NXQ KRLNNLLQ UDN}
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pituus [m]

@#® lineaarinen

88 p-delta (P=400kN)
= p-delta (P=1200kN)

&=& p-delta (P=2000kN)

# p-delta (P=2800kN)

vaakasuuntainen siirtymé [mm]

XYD 3\WW\VXXQWDLVHQ NXRUPDQ NDVYXQ DLKHXWWDPL
NLW\V \ANVLQNHUWDLVHQ PDVWRSLODULQ YDDND\

BXXUWHQ VLLUW\PLHQ DQDO\VL )(0 ODVNHQQDOOD

)(0 ODVNHQQDOOD RQ PDKGROOLVWD VXRULWWDD NDKGHQO
PHWULVHQ HSIOLQHDDULVXXGHQ 1IPI DQDO\WVLW RYDW HG
VHXUDDYDNVL HVLWHOWIYl VXXUWHQ VLLUW\PLHQ DQDO\\V]
3 '"HOWD DQDOWVL RQ \NVLQNHUWDLVHPSL NXLQ VXXUWHQ
P\|[V ODVNHQQDOOLVHVWL WHKRNNDDPSL .I\WIQQ|VVI VXXL
ODDMHPSLDODLVHVWL JHRPHWULVHQ HSIOLQHDDULVXXGH(
PXRGRQPXXWRVWHQ YDLNXWXNVHW UDNHQWHHQ WDVDSDL:
OLQHDDULVLD MDWNXYXXVVXKWHLWD 3RZHOO RV PXF
ULNNRDNVHHQ QIPI ROHWHWXW OLQHDDULVHW MDWNXY XX
NI\WW| YRL ROOD WDUSHHQ (7$%6 OOD RQ PDKGROOLVWD
VXXV MRNR 3 '"HOWD Q DYXOOD WDL 3 '"HOWDQ VHNI VXXUWH
MD VXXUWHQ VLLUW\PLHQ DQDOWVLQ HURQD RQ VLLV VH
GROOLVWD KXRPLRLGD DLQRDVWDDQ VROPXSLVWHLGHQ YIO
¢ YDLNXWXNVHW NXQ WDDV VXXUWHQ ¢VY DUMXRXHNQY DG DO N
PHQWLQ VLVILVHW PXRGRYPXXXWRNNVWAWH MRBWD KDYDLQQR
NXYDVVD 7DQLMD\D .ZDQGRX v JLVINVL VXXUW
WXOHH KXRPLRLGD P\|[V HWWI NRQYHUJHQVVLWROHUDQVVL
NLWWIYIVWL MRWWD VDDGDDQ DQDOWVLVWI K\YLI WXORNV
KDYDLQQROOLVWHWWX 3 '"HOWD DQDO\WVLQ MD 3 '"HOWD YDL
YDQ DQDOWVLQ HURDYDLVXXWWD \NVLQNHUWDLVHQ PDVW
PXRGRVWXYLHQ PRPHQWWLHQ VXKWHHQ .XLWHQNLQ NXWH
RPDLVWHQ EHWRQLUDNHQWHLGHQ VXXQQLWWHOXVVD RQ W
YIOLOOI WDSDKWXYDW PXRGRQPXXWRNVHW MROORLQ VXXLU
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XYD ORPHQWLW KXRPLRLGHQ D 3 '"HOWD MD E 3 '"HOWD
NDWWX OIKWHHVWI 7DQLMD\D .ZDQGRX \

BXXUWHQ VLLUW\PLHQ KXRPLRLPLQHQ DQDOWVLVVD YRL YD
UDNHQWHHQ VLLUW\PLLQ 1LPHVWIIQ KXROLPDWWD MRLVVD
PLRLPLQHQ YRL P\|V SLHQHQWII UDNHQWHHVHHQ PXRGRVW>
VHQ VLLUW\PIW KXRPLRLGDDQ PXXWRNVHQD UDNHQWHHQ M
(7$%6 OOD ODVNHWWX N|\WLYDLNXWXVWD KDYDLQQROOLVW
RLQQLQ YDLNXWXNVHVWD \NVLOQNHUWDLVHHQ SDONNLUDNH
PHWULQHQ SDONNL RQ WXHWWX QLYHOHOOLVHVWL SIIG\LV"
YDQ NLHUW\PIYDSDXWXNVHQ HOL QLYHOHQ P\|WI N\VHLQHQ
VHHQ RQ DVHWHWW X N1 VXXUXLQHQ SLVWHNXRUPD NHVN
OHOOD RQ HVLWHWW)\ OLQHDDULVHQ ODVNHQQDQ WXORNVF
PLRLYDQ ODVNHQQDQ WXORNVHW .XYDQ PXNDLVHVVD V
KXRPLRLYDOOD DQDO\WVLOOI VDDWDLVLLQ VDPDW WXORNVH
VXXUWHQ VLLUW\PLHQ KXRPLRLPLQHQ DLKHXWWDD PXXWRN

. XYDVWD D YRLGDDQ KDYDLWD HWWI VXXUWHQ VLLUW\P
PLHQ VI\QW\PLQHQ NXQ WDDV OLQHDDULVHOOD DQDO\WVLO
.N\WIQQ|VVI MRV N[\WLYRLPLHQ PXRGRVWXPLQHQ VDOOLWD
ROOD ULLWWIYIQ VLWNHI MD WIOO|LQ P\|V OLLWRVWHQ WXC
YRLPDW \PSIU|LYLOOH UDNHQQHRVLOOH MRWWD N|\WVLUDNF
%HWRQLQRUPLNRUWWL Voot XYDQ E PXNDLVH\
RLPLVHQ YRLGDDQ KDYDLWD DLKHXWWDYDQ UDNHQWHHOO!
OLQHDDULVHOOD ODVNHQQDOOD .XYDVWD F YRLGDDQ &k
NDXVYRLPLHQ HULODLQHQ MDNDXWXPLQHQ MD NXYDVWD

WHHOOH PXRGRVWXYLVVD WDLYXWXVPRPHQWHLVVD 7IPIQ |
WV\PLHQ KXRPLRLQQLQ KDYDLWDDQ SLHQHQWIYIQ VHNI OHLN
PDNVLPLDUYRD MD VLLUWIYIQ UDVLWXNVLD SDONLQ VXXQW



H PXNDLVHVWL OLQHDDULVHOOD ODVNHQQDOOD VDDGDD
UXLVHW VLLUW\PIW UDNHQWHHOOH VLOOI WDUNDVWHOWD"
JHRPHWULVHVWL HSIOLQHDDULQHQ HLNI HQIl WRWHXWD Ol
VLD 7100|LQ OLQHDDULQHQ ODVNHQWD HL S\VW\ NIVLWWHO
WDUNNRLKLQ WXORNVLLQ 6XXUHW VLLUW\PIW KXRPLRLYDO
WHWW\l UDNHQWHHOOH UHDOLVWLVHPPDQ VXXUXLVHW YRLI

PXNDLVHVVD WLODQWHHVVD WRLQHQ UDNHQWHHQ SIIG\L
PXXWHWWDLVLLQ YDDNDVXXQWDLVHW VLLUW\PIW VDOOLYD|
WXORNVLLQ OLQHDDULVHOOD ODVNHQQDOOD B6XXUHW VLLU
VHHQ SIIW\\Q PXRGRVWXLVL SXROHVWDDQ WIOO|LQ P\|V YDD
N[\WLYDLNXWXVWD SIIVLVL HQIl VIQW\PIIQ UDNHQWHHVHHQ

1000 kN y .
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XYD D 7XNLUHDNWLRW >N1@ E QRUPDDOLYRLPDW >N1
WDLYXWXVPRPHQWLW >N1P@ MD H S\VW\VLLUW\PIW >F
WHWW\ OLQHDDULQHQ WDSDXV MD RLNHDOOD VXXU

.XYDVVD RQ HVLWHWW\ YDVWDDYD HVLPHUNNL NXLQ NXYL
QDW RQ PXXWHWWX QLYHOHOOLVLVWI WXHQQRLVWD MI\NLN
WXORNVLD NHVNHQIIQ YRLGDDQ KDYDLWD HWWI NXYDQ F
GHW HUL ODVNHQWDWDSRMHQ YIOLOOI RYDW KXRPDWWDYL
NHQQH HL ROH \KWI YRLPDNNDDVWL JHRPHWULVHVWL HSIOI
MI\NHPSL MROORLQ UDNHQQH SIIVHH VLLUW\PIIQ KXRPDWW
YDQ WDSDXNVHVVD UDNHQWHHVHHQ PXRGRVWXYDW N|\VL



YHUUDWWXQD NXYDQ PXNDLVHQ WDSDXNVHQ N|\WLYRLPLL
OWVLQ PXNDLVHVWL . XLWHQNLQ P\|V WIVVI NXYDQ PXNDL"
ULD VLLUW\PLI MRWND YDLNXWWDYDW ODVNHQWDWXORNVL
YDUPRMD WXOHHNR VXXUHW VLLUW\PIW KXRPLRLGD ODVNH!
PDOOL OISL VHNI VXXULOOD VLLUW\PLOOI HWWI LOPDQ MD
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lineaarinen suuret siirtymat
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.XYD D 7XNLUHDNWLRW >N1@ E QRUPDDOLYRLPDW >N1
WDLYXWXVPRPHQWLW >N1P@ MD H S\VW\VLLUW\PIW >F
WHWW\ OLQHDDULQHQ WDSDXV MD RLNHDOOD VXXU

3RZHOO PXNDDQ RQQHWWRPXXVWLODQWHHQ YDLKWRH
VRLWDHVVD YRL VI\QW\I PHUNLWWIYLI HSIWDUNNXXNVLD MR
MD NDOYRYDLNXWXVWHQ NHKLWW\PLVWI 7IPIQ YXRNVL HV
NDVWHOXVVD RQ \OHHQVI WDUSHHQ RWWDD KXRPLRRQ VXX
NHUURWWX OLVII RQOQHWWRPXXVWLODQWHHQ WDUNDVWHOX

, WHUDWLLYLQHQ UDWNDLYVX

(SIOLQHDDULVHVVD DQDO\WVLVVD NDDYD HL HQIlI SIGH YDD
WXOHH VLLUW\PLHQ IXQNWLR MROORLQ \KWIO|VWI WXOHH |
YLVHNVL )(0 RKMHOPLVVD LWHUDWLLYLVHQ ODVNHQQDQ V
LWHUDWLLYLVLD UDWNDLVLMRLWD MRLVVD MRQNLQ SDUDP
NDLVXD VLLV SILYLWHWIIQ NXQQHV VDDYXWHWDDQ ULLWW
(SIOLQHDDULVHVVD DQDO\WVLVVD MI\NNWVPDWULLVLLQ VLV
PDWHULDDOLQ OLLWW\YIW WHUPLW 7IPI SXROHVWDDQ PXXV



MD PLWHQ UDWNDLVX KDHWDDQ 3OXPEULGJH HW DO \
WLLYLVLVWD UDWNDLVXPHQHWHOPLVWI RQ 1HZWRQ 5DSKVF
WHKRNNDDVWL IXQNWLRLGHQ QROODNRKWLHQ OLNLDUYRM
ROOH DQQHWDDQ DONXDUYDXV MRQND SHUXVWHHOOD PIIU
YDXNVHVVD 7DQJHQWWLVXRUDQ DYXOOD S\VW\WIIQ PIIULW
OLNLDUYR 7IWI LWHURLQWLD MDWNHWDDQ NXQQHV OIKH"
$QDOVWVLD YDUWHQ WXOHH PIIULWWII NRQYHUJHQVVLUDMD
YDDGLWWDYD WDUNNXXV 5DNHQWHLGHQ PLWRLWXNVHVVD
MDNDD NXRUPD MD VLLUW\PIRKMDXWXYDDQ PHQHWHOPIIQ

. XYDVVD D RQ KDYDLQQROOLVWHWWX 1HZWRQ 5DSKVRQ F
O\WWRLQQLVVD NDKGHOOD LWHUDDWLROOD <OHHQVI VLLUW
DONXDUYDXNVHQD NI\WHWIIQ DLQD HGHOOLVHQ UDWNDLVX:
XONRLVWHQ YRLPLHQ MD VLVILVWHQ YRLPLHQ HURWXV VDL
.LP Voot + 9DNLRMI\NNWVPHQHWHOPI HQJO &R
KRG RQ VDPDQNDOWDLQHQ PHQHWHOPI NXLQ 1HZWRQ 5DSK
WIYIQlI HURQD QILGHQ NDKGHQ PHQHWHOPIQ YIOLOOI RQ VH
WDQJHQWWLVXRUDQ DORLWXVSLVWHHVVI MRQND MIONHH
RPDDYDD WDQJHQWWLVXRUDD MRNDLVHVVD LWHUDDWLRVV]
PDQ NXQ WDQJHQW WL MIMNNYNWA\VWWHWI MRNDLVHOOD LWHUDDWL
E RQ KDYDLQQROOLVWHWWX YDNLRMI\NNWVPHQHWHOPIQ S|
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Flo oo Pu) fl— Plu)

'
! Ratkaisu i Ratkaisu
| i
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XYD ,WHURLQWL D 1HZWRQ 5DSKVRQ PHQHWHOPI MD E
HQJO &RQVWDQW 6WLIIQHVV PHWKRG PXRNDWWX Ol

(SIOLQHDDULVHVVD DQDO\NVLVVD VLLY JHQHURLGDDQ VDUM
UubDYD DSSURNVLPDDWLR MRKGHWDDQ DLQD HGHOOLVHVWI
UDWNDLVXMHQ KDNHPLVHQ NXQ VH SIIW\\ DVHWHWXQ WDU
WDUNNDDQ UDWNDLVXXQ (7$%6 NI\WWIIl 1THZWRQ 5DSKVRQ P
QHWHOPII HSIOLQHDDULVLVVD DQDOWVHLVVD (7$%6 DORLYV
NWVPHQHWHOPIOOI PXWWD MRV NRQYHUJHQVVLUDMDD HL V
1HZWRQ 5DSKVRQ PHQHWHOPIIQ O9DNLRMI\NNWVPHQHWHOPI
5DSKVRQ PHQHWHOPI PXWWD 1HZWRQ 5DSKVRQ PHQHWHORP
VHVWL JHRPHWULVHQ HSIOLQHDDULVXXGHQ RVDOWD &6,
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<OHLVWI

(SIOLQHDDULVWD DQDOVWVLD YRLGDDQ NI\WWII VLOORLQ NX
NIWWWI\W\PLVWI| UHDOLVWLVHPPLQ MD \NVLW\LVNRKWDLVHP
NIW\WWII VANI \ANVLWWILVWHQ UDNHQQHRVLHQ DQDO\VRLQWL
NDVWHOXLKLQ 7IVVI W\|VVI HL NIVLWHOOI \ANVLWWILVWHQ
UDNHQQHRVLHQ WDUNDVWHOXMD (SIOLQHDDULVHQ DQDO\\
WLHWRD UDNHQWHLGHQ WRGHOOLVHVWD WRLPLQQDVWD MI
VXXUHPSLD NDSDVLWHHWWHMD MRVWD YRL ROOD K\|W\I H\
(SIOLQHDDULVHQ DQDOWVLQ NI\W|OOI YRLGDDQ S\UNLI HVL
YDDGLWXQ UDXGRLWXVPIIUIQ VXKWHHQ NRQVHUYDWLLYLVH]
-RV HVLPHUNLNVL HSIOLQHDDULVWHQ PHQHWHOPLHQ NI\W|C
UHPSLD YHUUDWWXQD WDUNHPSDDQ DQDO\VRLQWLLQ NI\WH
YRLGDDQ WDUNHPPDQ DQDOWVLQ NI\WW]|I SLWII SHUXVWHO)
DYXOOD KDOXWDDQ XVHLQ YDUPLVWDD HWWHL WXOLVL VX
NHQWHLWD 7RLVDDOWD HSIOLQHDDULQHQ ODVNHQWD HL N
UDNHQWHHVHHQ YDDQ VH YRL \KW|I ODLOOD ROOD WDUSHHQ
VLLUW\PLHQ KDONHLOXQ WDL PXXQ YDXULRLWXPLVHQ WDU
wDD P\|V PDVVLLYLVHPSLLQ UDNHQWHLVLLQ <OHLVHVWL R
OXMD WHKGIIQ VLNVL HWWI| VDDWDLVL WDUNHPSDD MD \NV/
WHLGHQ NI\WWI\W\PLVHVWI

ODOOLQQXVPHQHWHOPLI

71VVI OXYXVVD NINGIIQ OISL WLHWW\M|I PDOOLQQXVPHQHWH(
WDD PDWHULDDOLHQ HSIOLQHDDULVLD RPLQDLVXXNVLD 11
WIITQ OXYXVVD HVLWHWWIYLVVI ODVNHQWDWDUNDVWHOXL
K\[G\QQHWIIQ OXYXQ NDDWXPLVYDUPXXVWDUNDVWHOXV\
NXRULPDOOL MRWD K\|G\QQHWIIQ OXYXQ MI\NLVW\VWR U (

SHUXVWXVWHQ MRXVLWXHW
ODDSHUIQ MD SHUXVWHQ YIOLVWI YXRURYDLNXWXVWD YRL

MRXVLWXNLHQ DYXOOD (VLPHUNLNVL YDDNDYRLPLHQ NXRU
NXWXV YRLGDDQ KXRPLRLGD VLYXWWDLVVXXQWDLVWHQ MR
URLGHQ VHNI PDDQ YIOLVWI YXRURYDLNXWXVWD YRLGDDQ



W\|VVI UDMDXGXWDDQ NIVLWWHOHPIIQ DLQRDVWDDQ SRKMEL
WXVWD NXYDDYLHQ MRXVLWXNLHQ PIITULWWIPLVWI VLOOI W
GHQ HVLPHUNNLNRKGH RQ SHUXVWHWWX NDOOLRQYDUDLVH

$OXVWDPDOOLHQ DYXOOD YRLGDDQ \NVLQNHUWDLVWDD NR
'LQNOHULQ MD 90DVRYLQ PDOOLW RYDW WXQQHWXLPSLD D!
\NVLQNHUWDLVLQ DOXVWDOXYXQ PIITULW\NVHHQ NI\WHWW\
OLVVD NDLNLOOD MRXVLWXLOOD RQ VDPD MRXVLYDNLR PX
HULODLVHW MRXVLYDNLRW HUL DOXHLOOH SHUXVWXVWD

OLQHDDULVHVWL HODVWLVHW MRXVHW HLYIW ROH \KWH\GF
YDLNXWD YLHUHLVLLQ MRXVLLQ ORQLPXWNDLVHPPDVVD 90
OHVWDDQ ROHYDQ \KWH\GHVVI YLHUHLVLLQ MRXVLLQ NLPP
NDXWXX DOXVWDVVD NXRUPDQ YDLNXWXVDOXHWWD VXXUH
PDOOD WDYDOOD :LQNOHULQ PDOOLD YRLGDDQ K\|G\QWII V
NHQQDVVD ORQLPXWNDLVHPSDD 90DVRYLQ PDOOLD SXRO|
)(0 ODVNHQQDVVD :LQNOHULQ PDOOL RQ WRGHOOLVWD DO
NXLWHQNLQ ULLWWIYIQ WDUNND HWHQNLQ PXUWRNXRUPDLE
% < %/ < V. + /LVINVL MRXVLHQ PDOOLQWDPLQHQ H
OLVXXWWD WDUNHPPLQ VLOORLQ NXQ NXRUPLWXNVHW RYTC
N\WIQQ|VVI MRXVLHQ PDOOLQWDPLQHQ HSIOLQHDDULVLQD
NLD YDDGLWWDYLD OIKW|WLHWRMD ROH YIOWWIPIWWI VDD
SRKMDODDWDQ MD PDDSHUIQ YIOLVWI YXRURYDLNXWXVWD :

oh -3 oo e

D \' AV, ANN7AN NCONUNYNE AN 778N INUNYUNLNY

.XYD D :LQNOHULQ DOXVWDPDOOL MRVVD DOXVWDD R
DYXOOD MD E 90DVRYLQ DOXVWDPDOOL MRVVD DOXV
% < %/< \Y

$OXVWDOXNXPHQHWHOPLOOI YRLGDDQ VHOYLWWII SLVWHPI
YRLPDVXXUHHW SRKMDSDLQH MD ODDWDQ WDLSXPD :LQNC
GDDQ PIHULWWII VHXUDDYDVWL %< % /< V

L
Gl
MRYRI) SRKMDBRIQQSIDMQXP D

.DDYDQ PXNDLVHVWL SDLQXPD VLLV NDVYDD NXRUPLWXN
QIVVI PLNIOL NXRUPLWXV YDLKWHOHH HUL RVLVVD SHUXVYV



D RQ KDYDLQQROOLVWHWWX DOXVWDQ SDLQXPLD HSIWD
MRVVD DOBYRMD $RNKR PLNI SXROHVWDDQ MRKWDD VLLKHQ
NXRUPLWXV NDVYDD .XYDVVD E RQ KDYDLQQROOLVWHWYV
WRLVLLQVD MROORLQ \NVLWWILVHQ MRXVHQ SDLQXPLQHQ |
. XYDVVD F SLVWHNXRUPD YDLNXWWDD NHVNHLVHVWL IlU
SDLQXPD RQ WDVDLQHQ

'LQNOHULQ PDOOLQ PXNDLQHQ DOXVWDQ SDLQXPD
VLQHQ Vv

$OXVWDOXNX RQ WDSDXVNRKWDLQHQ MD ULLSSXX PDDQ RF
UXVWXNVHQ PLWRLVWD MD SHUXVWXNVHQ WDLYXWXVMI\NN\
NDDYDQ PXNDLVHVWIL MR ISNDD QROPYOKTHID 3DLQXPD YRLWDL
WDSDXNVHVVD PITULWWII HVLPHUNLNVL QXPHHULVHVWL VLF
SLLULVHOOI WDL DQDO\W\WWLVHOOI \KWIO|OOI 7IVVI W\|VVI I
$OXVWDOXYXQ VXXUXXGHQ DUYLRLQWLLQ RQ ROHPDVVD NI
P\|[V XVHLWD PXLWDNLQ PHQHWHOPLI (VLPHUNLNVL +DVVLQ
XVHLWD HULODLVLD NDDYRMD DOXVWDOXYXQ PITULW\NVHH!
MROOD YRLGDDQ PIIULWWII DOXVWDOXNX RQ VHXUDDYDD F
\%

‘%
C_éE’L$®s FR;
MRVYRQ PDDQ NLPPRPRGSHUXVWXNVHEK RQYXPILWAMRD LMD O X

.DOOLRQ 3RLVVRQLQ OXNX YRL YDLKGHOOD YIOLOOI « |

$OXVWDOXNX YRLGDDQ PIHULWWII P\|V HVLPHUNLNVL NDDYL
GDDQ OLVINVL SHUXVWXNVHQ WDLYXWXVMI\NN\\W VHXUDDYI

C%eL$g®:sI§;

MRV VD %HUQRMﬁ§£MBFHQSHUXVWXNVHQ\NDLYXWXVMHNNH

7TDXOXNRVVD RQ NRRWWXQD HUILWI DOXVWDOXNXMHQ DUY
VLLQ K\|G\QWII HVLPHUNLNVL PITULWHW\Q DOXVWDOXYXQ VX
WLLQ .LUMDOOLVXXGHVVD HUL PDDODMLHQ DOXVWDOXNXN
VLOO!|I PDDSHUIQ RPLQDLVXXGHW YRLYDW ROOD K\YLQNLQ Y



Taulukko4. $OXVWDOXNXMHQ DUYRMD HUL PDDODMHLOOH VXRPI
V MD +DVVLQHQ v
ODDODML DOXVW*‘ >01 P
MXRNVXKLHNND WI\WH
PIUNI SHKPH
KLHNNDLQHQ SHQJHUWI\WH O|\KI VRUD
PIUNI V
7LLYLV KLHNND VE d
WLLYLVWHWW\ KLHNND k|
SHKPHI NLYLQHQ PD k|
N L

$OXVWDOXNX NHUWRR MRXVHQjVXKWHHOOLVHQ MIV\NNVWGHC
ODDWWD SDLQXX VLWI SLHQHPSL RQ PDDWD NXYDDYDQ MR
WDUYLWDDQ NXYDDPDDQ MDXVMWRMNWI\NCARUHRDXKXWH\V VDDGDD
WHWW\l VHXUDDYDVWL %< % /< \Y

(LG®U

MRWWRQ DOXVWDQ S\VW\VXXQWMRIQMOLMRXPMLYWDNLR %<
Y%

.DDYRMHQ M D DYXOOD MRXVLYDNLRQ PIHULWWIYI| \KWIO|

GL G® #
MRGYPQ DOXVWDOXMQRONNXR@P MBXVSLQWD DOD

. HUURNVHOOLQHQ NXRULPDOOL
8VHLQ WDVRPDLVHW UDNHQWHHW PDOOLQQHWDDQ )(0 ODV

RKXLWD NXRULHOHPHQWWHMI .XQ PDOOLQQHWDDQ UDNHC
\OHHQVI NDWVRWD WDUSHHOOLVHNVL VLVIOO\WWII PDOOL
E V 6HQ VLMDDQ HWWI| UDNHQWHHW PDOOLQQHWW
YRLGDDQ PDOOLQWDD P\|V WDUNHPPLQ HVLPHUNLNVL NI\WYV
NXRULPDOOLD HQJO OD\HUHG VKHOO +DOXWXW UDXGRLW
QLVVD UDNHQQHWWD MD OLVINVL NXRULPDOOLLQ YRLGDDQ
EHWRQL MD UDXGRLWHODDGXW 7100l PHQHWHOPIOOI| UDX(
UHDOLVWLVHPPLQ VLWHQ HWWI UDNHQQH YDVWDD WDUNH
URNVHOOLVHQ NXRULPDOOLQ DYXOOD YRLGDDQ P\|V PIIlULW
VHHQ RPDW HSIOLQHDDULVHW PDWHULDDOLPDOOLQVD

.HUURNVHOOLVHQ NXRULPDOOLQ DYXOOD UDNHQQH YRLGDI
VLVWD NHUURNVLVWD -RNDLVHOOD NHUURNVHOOD RQ WLH
UDNHQWHHVHHQ WLHW\OOH HWILV\WGHOOH UHIHUHQVVLSLC
PIHUIIPIVVI WDVRVVD NXYDQ PXNDLVHVWL 7IPI HWILV\\V F
SLVWHHVWI UHIHUHQVVLSLQWDDQ .XYDVVD F RQ HVLPHL



UHIHUHQVVLSLQQDVWD /LVINVL NXQNLQ NHUURNVHQ PDWH
ULDDOLQ NINWWI\W\PLQHQ YRLGDDQ PIIULWWII MRNR VXXQG
WI\NVL HQJO FRXSOHG 6XXQQDWWXD NI\WWI\W\PLVWI YRL
NXQ WDDV N\WNHWW\I NIW\WWN\W\PLVWI YRLGDDQ NI\WWII DL
NOANWWIN\W\PLQHQ RQ PIIULWHWW\ ROHYDQ VXXQQDWWX
&858 RQ YDOLWWDYLVVD NIVWWI\W\PLQHQ OLQHDDULVHC
VHQD /LVINVL NHUURNVHOOLVHVVD NXRULPDOOLVVD MRND!
PIITULWWII PDWHULDDOLQ VXXQWDXNVHQ PIIULWWIYI NXOPD
NLHUWIl VXKWHHVVD HOHPHQWLQ DNVHOHLKLQ (VLPHUNLN)\
WHHQ WRLVLDDQ NRKWLVXRUDDQ VXXQWDDQ HULNVHHQ NDI
E V & . XYDVVD E RQ HVLWHWW\ NHUURNVHQ PDWHU
WIPLVHQ SHULDDWH VXKWHHVVD HOHPHQWLQ NRRUGLQDDW
QROOLVWHWWX NHUURNVHOOLVHQ NXRULHOHPHQWLQ SHUL
WHUIVEHWRQLSRLNNLOHLNNDXVWD

2 (elementti) A3

2 (materiaali)

1 (materiaali) A"

e |3 o 2
b etdisyys
1 kerroksen|
— \a paksuus "|referénssipinta
N E— 3 (elementti, 1 (elementti)
L materiaali)

.XYD D 7RGHOOLVHQ WHUIVEHWRQLUDNHQWHHQ SRLNNL
ULHOHPHQWLQ PDWHULDDOLHQ NXOPLHQ VXXQWDXVW}
VHOOLQHQ NXRULHOHPHQWWL PXRNDWWX OIKWHH\

N\WIQQ|VVI WHUINVHW LGHDOLVRLGDDQ NHUURNVHOOLVHVYV
NRMHQ VLMDDQ WDVRPDLVLNVL NHUURNVLNVL (VLPHUNLN)
N WHUINVLVWI PXRGRVWXYD UDXGRLWXVNHUURV VH WD
SDNVXLVWD OHY\PILVWI UDXGRLWXVNHUURVWD VLOOI QILG
RQ@s. L trsil 8 MD WHUIVWHQ YIOLQHQ HW IdWh\V MRQ Y RV WY DLOEM

VRLGXQ WDVRPDLVHQ NHQ{ngme EONVXXE PEXNDDQ NHUUF

YIKILQHQ SIITOOHNNILV\\W RQ XVHLQ PHUNLW\NVHW|QWI (VL
WHLWD PDOOLQQHWWDHVVD RQ PDKGROOLVWD YDOLWD \N
VXXWWD MD QHOMI NHUURVWD UDXGRLWXNVLD VLWHQ HW\
WHHQ \OISKQ QIXOWPDVVD WRLVLLQVD QIKGHQ MD NDNVL UDX
UDNHQWHHQ DODSLQQDVVD .RVND UDXGRLWXVNHUURNVHW
VHHQ HL ROH \OHHQVI WDUYHWWD KXROHKWLD NHUURVWH ¢
NXRULPDOOLVVD NHUURNVHW \KGLVW\YIW WRLVLLQVD NLQ
QRUPDDOLW S\V\YIW VXRULQD PXRGRQPXXWRNVHQ MIONHH
VRLQD &6, E V



.HUURNVHOOLVHVVD NXRULPDOOLVVD NHUURVWHQ PDOOLQ
HQJO PHPEUDQH OHY\ HQJO SODWH WDL NXRUL HQJO
GHQ NHUURVWHQ PDOOLQQXVW\SSLHQ HURDYDLVXXGHW VF

.DOYR HQJO PHPEUDQH .H4&kRMY HOIYIHQNRYWQ DLQ
DVWDDQ WDVRQ VLVILVLVWI VLLUW&RSENSL YHDU B K MANHDDY |
DLQRDVWDDQ WDVRQ (VJA¥dd¥LLQ YRLPLLQ

JHY\ HQJO SODWH .H U3k D&% H PAPUWWHWIIQ DLQ
DVWDDQ OHY\Q WDLYXWXNVHVWD DLKHXWXYLHQ NLHU\

WHHOOD .HUURN\&H&; J8 Q&YW \NUHMWXWWDYDW DLQRDVW!
YXWXVPRPHQWWHLKLQ MD WDVRD YDVWDDQ NR
I 558 66d 56857867

. XRUL HQJO VKHOO .HUURNVHQ NI\WWI\W\PLVHVVI
PHPEUDQH HWWI OHY\Q HQJO SODWH RPLQDLVX:
Y edlgdl- AL, PITULWHWIIQ NDLNLVWD VLLUW\PLVWI MD O
WXYLHQ NLHUW\PLHQ SHUXVWH H&EEDE, JaLU8E R NMCHQI MQ Q
WDYDW SXROHVWDDQ NDLNNLLQ YRLPLLQ MD C
(5566568 558 66d 568787 &6, E V +

ILVINVL (7$%6 PIITULWWII NHUURVWHQ PDVVDQ DLQRDVWDDQ
Y\NHUURNVLOOH 7IPI HVWIIl VHQ HWWI HUL NHUURVWHQ PD)\
MRV HULOOLVLI NDOYR MD OHY\NHUURNVLD NI\WHWIIQ NHU
WHULDDOLNHUURNVHOOH LNIIQ NXLQ SIIOOHNNILVLQI NHUUI
VLVVD NHUURVWHQ WXOLVL QRXGDWWDD NXRULNHUURNVHC
\Y .XYDVVD RQ HVLWHWW\ NDOYR OHY\ MD NXRULHOHTF
UHLVVD MRLKLQ NHUURNVHHQ NRKGLVWXYDW MIQQLW\NVH
WIIQ YRLPDVXXUHLGHQ VXXQQDW (7$%6 VVD NI\W|VVI ROHY
VHOLHQ VXKWHHQ

F12 F11

Py A 44
5 A >} :{4 J’F

vi3
D F11

.XYD D .DOYR HQJO PHPEUDQH E OHY\ HQJO SODW
SHUXVWXX OIKWHLVLLQ &6, E V \Y, MD 5RP|

7TDXOXNRVVD RQ HVLWHWW\ NRRWXVWL HUL MIQQLW\VNRP



Taulukko 5. ODWHULDDOLQ MIQQLWAVNRPSRQHQWWLHQ NI\NWWI\W\P

OIKWHHVWI &6, E V

-IQQLW\VNRPS /LQHDD HSIOLQHEL HDNWLL
Iy €L <L (g .DDYD éssL L
g €g L <l gy .DDYD ég LU
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.DDYDQ PXNDLQHQ MIQQLW\V YHQ\PI\KWH\V PITULWHWIIQ V
E V
oy (8RR TY
YL\A ) B .
WL le i g Y

MREVEHE;RQ YHWRMEQ@LWQV KD LVWXVMIQQLW\V VHXUDDYLQ
& :Y.Rra;:eLr GEfYeQra., réLra

7DXOXNRVVD HVLWHW\Q NDDYDQ D PXNDLQHQ MIQQLW\V
WURRSSLVLOOH RUWRWURRSSLVLOOH MD DQLVRWURRSSLV
akhea  gR Y

dokyel J . .
e AR L

MR&WDoL~ ke kY oF 8, F¥i0d g% Rra E MRVKBRQ UHIHUHQVYV
SLQQDQ YHQ\PI

7DSDXNVLVVD MRLVVD MIQOQLW\V YHQ\PI\KWH\V RQ V\PPHW
VHOOI \é{VV;H.\WéAZFY;S|WHH 71VWI VHXUDD HWWI
v oy S BKGeA gl T
koL d v o

t &kpea gWQr
.XQ OHLNNDXVMIQQLW\V KXRPLRLGDDQ \NVLDNVLDDOLVHOO
WURRSSLVHQ PDWHULDDOLQ MIQQLW\ANVHVWI| 1ILQ ROOHQ |
WHULDDOLNHLNU(R)\P\MD\R:QWRLVLLQVD QIKGHQ NXWHQ HVLPH
NDXVNI\WWI\W\PLQHQ HL YDVWDD LVRWURRSSLVHQ PDWHUL
YXRNVL \NVLDNVLDDOLVHOOH PDWHULDDOLOOH SIWHH VHXL
. .S 8Kged gWRTY
koLl —-Jd_ . . .

t FékFYea pyWQr
/ILVINVL NDOYR HQJO PHPEUDQH W\WSSLVLGYIMEHBYRMNVLO
PROHPPDW QROOLD HOL HL DNWLLYLVLD /HY\ HQJO SODWI
VLOOH QIPI N\ VHLVHW MIQQLW\VNRPSRQHQWLW PIITULWHOOI|
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Sl @y, a IQQHHKEJ
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S\ @)q4 IQQHHKEJ

MRIYYE sdu RQ OLXNXPRBRXOHIMDHQVVLSLQQDQ YHQ\PI

.HUURNVHOOLQHQ NXRULPDOOL RQ PDKGROOLVWD OXRGD
WDSD MROOD WHUIVEHWRQLUDNHQWHHOOH YRLGDDQ OXRG
ULHOHPHQWWHMI HQJO VKHOO MROORLQ UDNHQQH RWW
WDLYXWXVMIQQLW\NVHW 7RLQHQ PDKGROOLVXXV RQ HVLP
NIW\WWIPIOOI VHNI NDOYR HQJO PHPEUDQH HWWI OHY\HOHF
HVLWHWWIYIVVI HVLPHUNNLODVNHOPDVVD K\|[G\QQHWIIQ PR
QHQ NXRULPDOOL MD HVLWHOOIIQ PIITULWWHO\DVHWXNVHW
NLNRKWHHQ MI\NLVW\VWRUQLQ WHUIVWHQ VHNI EHWRQLQ M

.RNR UDNHQQXNVHQ WDUNDVWHOXMD

<OHLVHVWL RWWDHQ )(0 ODVNHQQDQ YRLGDDQ NDWVRD RC
NRVNHYLVVD ODVNHQWDWDUNDVWHOXLVVD .RNR UDNHQQX
OXLOOD YRLGDDQ WXWNLD HVLPHUNLNVL UDNHQWHLOOH NF
NDLVHPPLQ HULODLVLVVD UDMDWLORLVVD MROORLQ S\ULW
YRLPLOOH MRLOOH VLWI HL ROH VXXQQLWHOWX /LVINVL YF
DDULVWHQ RPLQDLVXXNVLHQ YDLNXWXNVLD UDNHQQXNVHC
PDHURLKLQ 6HXUDDYLVVD DODOXYXLVVD NI\GIIQ OISL VLWI
VLHQ KXRPLRLQWL YDLNXWWDD HUILVLLQ NRNR UDNHQQXV
YXVVD NIVLWHOWIYIW NRNR UDNHQQXNVHQ WRLPLQWDDQ Ol
NHQWDPLQHQ NDDWXPLVYDUPXXVWDUNDVWHOX QXUMDKG.
WDUNDVWHO X

9DLKHLWWDLQHQ UDNHQWDPLQHQ
<OHHQVI UDNHQQXVWHQ DQDO\VRLQQLVVD MD UDVLWXVWH

UDNHQWHLGHQ PXRGRQPXXWRVWHQ NHKLWW\PLQHQ DONDLE
DVHWHWDDQ YDLNXWWDPDDQ YDOPLLVHHQ ODVNHQWDPDOC
DQDO\VLVY 7/00|LQ NDLNNLHQ EHWRQLUDNHQWHLGHQ ROH!
NXRUPLWXVKHWNHOOI 6WDQGDUGLQ 6)6 (1 PXNI
VDDYXWHWDDQ YXRURNDXGHVVD MROORLQ WIWI QRSHDP
ROH VLLV WRGHOOLVXXGHVVD NXRUPLWXVKHWNHOOI YLHOI



NHQWDPLQHQ WDSDKWXX YDLKHLWWDLQ S\VW\UDNHQWHLGH
NHQWHLVLLQ HUL DMDQKHWNLOOI NHUURV NHUUDOODDQ U
NRNRRQSXULVWXPLQHQNLQ WDSDKWXX YDLKHLWWDLQ 7RL\
WDSDKWXYDD UDNHQWHLGHQ NRNRRQSXULVWXPLVWD NRP
NDQD NXQ MRNDLQHQ NHUURY UDNHQQHWDDQ VXXQQLWHO
KDYDLQQROOLVWHWWX UDNHQWDPLVHQ YDLKHLWWDLVXXW\

.XYD S5DNHQWDPLVHQ YDLKHLWWDLVXXV YDLKHHW =

5DNHQWDPLVHQ YDLKHLWWDLVXXV YDLNXWWDD PHUNLWWIY
GRQPXXWRNVLLQ HULW\LVHVWL S\WW\UDNHQWHLGHQ NRNR
VLPHQHWHOPLI RQ WNW\Q\W NHKLWWII 5DNHQWDPLVHQ Y
)(0 ODVNHQQDQ DYXOOD NI\WWIPIOOI YDLKHLWWDLVHQ UDN
QHWHOPII HQJO FRQVWUXFWLRQ VWDJH DQDO\VLV VHTXF
WDLVHQ UDNHQWDPLVHQ KXRPLRLYDOOD PHQHWHOPIOOI S
YDLNXWXNVHW PXRGRQPXXWRNVLLQ YRLGDDQ KXRPLRLGD |
RPLQDLVXXNVLHQ NXWHQ YLUXPDQ MD NXWLVWXPDQ YDLNX:
GDDQ WRGHQPXNDLVHVWL -DQNRZVNL <LOPD] <KWHF
WDPLVDMDOOD RQ VXXUL YDLNXWXV HULW\LVHVWL YLUXPDI
VLHQ KXRPLRLPLQHQ UDNHQQHDQDOWVLVVD PRQLPXWNDLV
YXRNVL .XQ EHWRQL NXRUPLWWXX DLNDLVHPPDVVD YDLKH}
UHPSLD .XQ NHUURVWHQ UDNHQWDPLVDLND O\KHQHH EHW
MXXGHQ ROOHVVD DOKDLVHPSL MD QIPI DLNDLVHVVD YDLKF
NXWXNVHW RYDW WIUNHLWI RWWDD KXRPLRRQ VXXQQLWWH¢
OLVII DLNDLVHVVD YDLKHHVVD WDSDKWXYLHQ PXRGRQPXX!
WDUYHWWD -LDQJ HW DO Voot .RUNHLGHQ UDNH ¢
NRRQSXULVWXPLQHQ DLKHXWXX SIIDVLDVVD NXRUPLWXNVF
HURLVWD S\WW\UDNHQWHLGHQ MIQQLW\NVLVVI NXWLVWXPD
WRLPHQ DLNDULLSSXYXXGHVWD 'X HW DO v ILVIN
MI\NNWGHOOI YRL ROOD PHUNLW\VWI S\WW\UDNHQWHLGHQ 1
VDNLQ WDSDXNVLVVD YDDNDUDNHQWHHQ MI\NNVWGHQ NDVYD
WHLGHQ NRNRRQSXULVWXPDHURMD .LP VAR

9DLNND YDDNDUDNHQQH YDOHWDDQNLQ DLQD VXXQQLWHO
WHHVVD UDNHQQH NXLWHQNLQ SRLNNHDD VXXQQLWHOOXV\
HURMHQ YXRNVL 3\WW\UDNHQWHLGHQ NRNRRQSXULVWXPDH



OLVINVL P\|V QLLKLQ OLLWW\YLLQ YDDNDUDNHQWHLVLLQ 5I
VLD YDDNDUDNHQWHLVLLQ MD NXRUPLHQ XXGHOOHHQMDND.
UDNHQWHLGHQ NRNRRQSXULVWXPLVHURD YRLGDDQ S\UNLI @
.LP BKLQ . XYDVVD RQ HVLWHWW\ SHULDDWHNXYD
NRURWXNVHVWD .XYDVVD D RQ KDYDLQQROOLVWHWWX S
NRNRRQSXULVWXPDHURMD S\WW\UDNHQWHLGHQ YIOLOOI .X
VHQ DLNDLQHQ WLODQQH MRVVD HK\W VLQLQHQ YLLYD NX)\
QDLQHQ NDWNRYLLYD SXROHVWDDQ HVLNRURWXNVHQ NRUN
HWWI HVLNRURWXNVHQ P\|WI ODDWWD SIIW\\ ORSSXWLODQW

kokoonpuristuma ennen kokoonpuristuma laatan
¢Iaatan valamista esikorotus valamisen jilkeen

v [ | 2 v

1 N N EE

a) ennen laatan valamista b) laatan valaminen c) lopputilanne

.XYD 3LODUHLGHQ HVLNRURWXNVHQ SHULDDWH NRNRR¢
PLVHNVL PXRNDWWX OIKWHHVWI .LP \Y%

. XYDVVD D RQ HVLWHWW\ PXRGRQPXXWRVWHQ YDLKHLW\
HVLPHUNNL UDNHQWHHVWD MRVVD MRNDLVHVVD NHUURNVH
MRND RQ WXHWWX WRLVHVWD SIIVWIIQ SLODULLQ MD WRLV*
WXXQ VHLQIIQ 5DNHQQH YRLVL NXYDWD ODDWDQ WXNHXW X
YDDQ MINNLVW\VWRUQLLQ VHNI UDNHQQXNVHQ XONRUHXQDC
UDNHQWHHOOH RQ NRKGLVWHWWX UDNHQWHLGHQ RPDW SD
ORSSXWLODQQH NXQ ODVNHQQDVVD HL ROH KXRPLRLWX YI
YDLKHLWWDLQHQ UDNHQWDPLQHQ RQ KXRPLRLWX .XWHQ N
HVLPHUNLQ WDSDXNVHVVD YDLKHLWWDLVHQ UDNHQWDPLVH
RQ VDDWX KXRPDWWDYDVWL VXXUHPSLD PXRGRQPXXWRNYV
YHUUDWWXQD YDLKHLWWDLVHQ UDNHQWDPLVHQ KXRPLRLY
UDNHQWDPLVHQ KXRPLRLYDVVD PHQHWHOPIVVI SLODULHQ
PXXWWXPDWWRPLQD NRNR UDNHQQXNVHQ SLWXXGHQ PDWN]|
QXPLHQ NRPSHQVRLQQLQ MRKGRVWD RQ ORRJLVWD HWWI
VIQW\YIW UDNHQQXNVHQ SXROLYIOLQ NRKGDOOH NXQ WDI
S\WWW\VXXQWDLVHW VLLUW\PIW RYDW SXROHVWDDQ OIKHV \
HWWI| YDLKHLWWDLVHQ UDNHQWDPLVHQ KXRPLRLYDVVD DQE
DDQ NHUURVNRUNRRQ MROORLQ SLODULQ SLWXXV RQ NHUL
VXPPD NXQ WDDV OLQHDDULVHVVD DQDO\WVLVVD SLODULW
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.XYD D OXRGRQPXXWRVWHQ YDLKHLWWDLQHQ NHKLWW\P
ORSSXWLODVVD NXQ YDLKHLWWDLVWD UDNHQWDPLVW|
UDNHQWDPLQHQ RQ KXRPLRLWX PXRNDWWX OIKWHHVW

.RUNHLGHQ WHUIVEHWRQLUDNHQQXVWHQ DQDO\VRLQQLVVD
WHLGHQ NRNRRQSXULVWXPLQHQ UDNHQWDPLVHQ DLNDQD V
EHWRQLQ DMDVWD ULLSSXYDW RPLQDLVXXGHW MIQQLW\VYV
NDXVNRRW MD UDXGRLWXVPIIUIW YDLNXWWDYDW UDNHQWHE
.RUNHLGHQ UDNHQQXVWHQ ROOHVVD N\WHHVVI UDNHQQHD
VHQD DQDOWVLQD MRVVD YRLGDDQ KXRPLRLGD UDNHQWDF
OLHQ YDLNXWXV UDXGRLWXVPIIUIW NXRUPLWXNVHQ DOND
NXWXVDLND /XYXVVD KDYDLQQROOLVWHWDDQ HVLPHUN
NHQWDPLVHQ DQDO\WRLQWLD NI\WIQQ|VVI

.DDWXPLVYDUPXXYV
.RUNHLVVD UDNHQQXNVLVVD NRNRQDLVMI\NLVW\V RQ RWHW

PDWDODPSLLQ UDNHQQXNVLLQ <OHHQVI MI\NLVW\VWI VXXQ¢
NHQQXVWD MINLVWIYIW VHLQIOLQMDW VHNI PXXW MI\NLVW
UDXGRLWWDPDWWRPLD WDL WHUIVEHWRQLVLD VHLQLI MRV
OLXWHHQ 6)6 (1 Vv <OHHQVI YIOLSRKMLHQ YRLG
NLQI WDVRLQD MRWND VLLUWIYIW YRLPDW S\VW\UDNHQWH
VINVL NXRUPLHQ MDNDXWXPLVHHQ YDLNXWWDD P\|V S\VW\U
NWWNHVNL|[|Q /IKW|NRKWDLVHVWL MI\NLVWIYIW UDNHQWHH\
VLPPDQ V\PPHWULVHVWL .RNR UDNHQQXNVHQ PDVVDQ YRL
QXNVHQ PDVVDNHVNLSLVWHHVVI MD MI\NNWVNHVNL|Q VLMD
MI\NLVWIYLHQ UDNHQQHRVLHQ VLMRLWWHOXVWD OLNIOL U]
VIPPHWULQHQ UDNHQQXV NLHUW\\ YIIQW|NHVNL|QVI VXKWF
VINXRUPLWXNVLD UDNHQWHLOOH



5DNHQQXNVHQ UXQNR WXOHH VXXQQLWHOOD VLWHQ HWWI
W\l SHUXVWXNVLOOH 5DNHQQXNVHQ RPDSDLQR MD PXXW S\
NHQQXNVHQ VWDELOLWHHWLQ NDQQDOWD HGXOOLVLD NXRL
WDYDW UDNHQWHHW WXOLVL VLMRLWWDD VLWHQ HWWI QH
PLD MROORLQ XONRLVWHQ NXRUPLHQ DLKHXWWDPLD YHWF
NLVWIYLOOH UDNHQWHLOOH HL VDDGD MRKGHWWXD ULLWW|
GRVWXD HL WRLYRWWXMD YHWRUDVLWXNVLD 9DDNDNXRUP
VHQ YXRNVL UDNHQQXNVHHQ YRL PXRGRVWXD VHNI YHGHW"
WHOXVVD S\ULWIIQ YIOWWIPIIQ WLODQQHWWD MRVVD UDNH
NXLWHQNLQ DLKHXWXX YHWRYRLPLD QH WXOHH WDYDOOD
QXNVHQ NDDWXPLVHQ HVWIPLVHNVL B6PLWK &RXO0OO (
SDDOXMHQ YDUDDQ SHUXVWHWWXMHQ UDNHQQXVWHQ WDSC
OLRDQNNXUHLWD MRLGHQ DYXOOD YHWRUDVLWXNVHW VDD
RQ KDYDLQQROOLVWHWWX UDNHQQXNVHQ N\N\l YDVWXVWDTE
NXYDVWD NDWVRWWXQD YDVHPPDOOH .XYDVVD E RQ HVL
VLLWI PLWHQ VHLQLOWI DQWXURLOOH NRKGLVWXYDW YHW
DYXOOD SHUXVNDOOLRRQ
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XYD D .DDWDYDQ PRPHQWLQ YDLNXWXV UDNHQQXNVHEF
URLQWL NDOOLRDQNNXUHLOOD

AAWIQQ|IVVI UDNHQQXNVHQ VWDELOLWHHWWLD WXWNLWWDH
OHH ROOD SLHQHPSLI NXLQ VLWI S\VW\VVI SLWIYLHQ 5,/
HVVD NDDWXPLVWDUNDVWHOX WXOHH WHKGI VXRUDNDLWH
SIITVXXQQLVVD 1&&, Vv SDNHQWHHQ VWDELOLWHHWYV
N\N\ SDODXWXD VLLKHQ NRKGLVWHWWXD UDVLWXVWLODD H
WDUNDVWDD UDNHQWHLGHQ PXNDDQ OXNLHQ SRKMDUDNH
QXVWD NDDWDPDDQ S\UNLYLHQ YRLPLHQ YDLNXWXNVHQ DO
RQ \OHHQVI WDUNDVWDD S\VWA\UDNHQWHLGHQ YHWRUDVLW)
URNVLVVD -RV VHLQIUDNHQWHLVVD HVLLQW\\ YHWRUDVLW
ULLWWIYl YHWR MD DQNNXURLQWLNDSDVLWHHWWL



3HUXVWXVWHQ RVDOWD UDNHQQHVXXQQLWWHOLMDD NLLQQ
WV\PLHQ YDLNXWXV UDNHQQXNVHQ UDNHQWHHOOLVHHQ NI\
VXXQQLWWHOXVVD RQ KXRPLRLWDYD HWWI NRUNHLGHQ UD
PDWWDYDQ VXXUHW NXRUPDW .XQ UDNHQQXV RQ SHUXVWH
OLRQ YDUDLVHVWL HL \OHHQVI VIQQ\ RQJHOPLD PXWWD DO
KXRQRPPDW WXOHH YDUPLVWDD HWWHL V\QQ\ OLLDOOLVI
Vv RV UDNHQQXV RQ SHUXVWHWWX NDOOLRQYDUDDQ W)
YW\ .DOOLRQYDUDLVWD SHUXVWDPLVWD YDUWHQ WXOHH V
YXXV VXXQQLWHOWDYDQ UDNHQQXNVHQ NRKGDOOD WDUSH
VXXGHOOD MD UDNRVXXQQLOOD RQ PHUNLWWIYI YDLNXW X\
YDOLQQDVVD -RV NDOOLR RQ ULNNRQDLQHQ WDL HSIVWDE
HWWI VLOOI RQ ULLWWIYI YDNDYXXV 1&&, Vv -RV N
WXVDUYRD PIHIULWHWWIHVVI NONWHWIIQ NDOOLRQ JHRWHNQL
UHPSDD NHVWIY\\GHQ DUYRD NXLQ 03D NDOOLRQ NDQWRN
MDWXWNLPXVWHQ SHUXVWHHOOD .DQWRNHVWIY\\WWI PIlIU

WIIQ DUYRD 6 XRPHQ UDNHQWDPLVPIIUIN\WVNRNRHOPD
SHUXVWXVWHQ WDSDXNVHVVD WXOHH P\|V WDUYLWWDHVVD
NDOOLRWDUWXQQRLOOD 5,/ \%

3HUXVWHWWDHVVD NDOOLROOH SRKMDSDLQHHQ MDNDXPDQ
NHVWIYWGHQ PLWRLWXVHKGRQ PXNDDQ WXOHH WDUNDVWDTE
RQ SLHQHPSL NXLQ NDOOLRQ NHVWIY\WGHQ PLWRLWXVDUYR
HL YRLGD NDWVRD PXRGRVWXYDQ YHWRMIQQLW\NVLI 1&&
ODVNHQWDPDOOLQ WXOLVL WRLPLD VLWHQ HWWHL VH KXRI
WRMIQQLW\NVLI .XYDVVD RQ KDYDLQQROOLVWHWWX SRKI
WRUDVLWXNVLD .XYDVVD E SHUXVWXNVLOOH HL PXRGR\

F YHWRUDVLWXNVLD PXRGRVWXLVL .RVND NDOOLRQ MD
NDWVRD PXRGRVWXYDQ YHWRUDVLWXNVLD WXOHH HVLPH
NIVW\WHWWIYIW MRXVLWXHQQDW PIIULWHOOI VLWHQ HWWI DL
PLQHQ RQ VDOOLWWX 7100|LQ ODVNHQWD SRLVVXONHH MF
PXNDDQ YHWRUDVLWXNVLD 7IPIQ RPLQDLVXXGHQ PIIULWW

VXRULWWDD HSIOLQHDDULVHQD =KRX HW DO IXYXVVD
ODVNHOPDQ DYXOOD NDDWXPLVYDUPXXVWDUNDVWHOXD HYV
NDOOLRQYDUDLVHVWL /XYXVVD HVLWHWIIQ PLWHQ NX

PITULWHOOI ODVNHQWDPDOOLLQ NI\WIQQ|VVI MD OXYXVVD
VLWI PLWHQ WIPI YDLNXWWDD SHUXVWDVROOH PXRGRVWXY
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.XYD D 7DVRNXYD SHUXVWXNVHVWD PXRNDWWX OIKWHF
SHUXVWXV VLYXVWD NXQ VLLKHQ HL PXRGRVWX YHWR
WRD PXRNDWWX OIKWHHVWI =KRX HW DO

6WDQGDUGLQ 6)6 (1 NRKGDQ PXNDDQ HULW\LVLLQ °
WAl NXQ NXRUPLWXNVHQ HSINHVNLV\\W RQ VXXUHPSL NXLQ
OHYH\GHVWI 6)6 (1 v 71PIQ RKMHHOOLVHQ UDM

PLHQ UHVXOWDQWLQ WXOLVL VLLV VLMDLWD NXYDQ D PX
VLQ UDMDDPDOOD DOXHHOOD -RV NXRUPLHQ UHVXOWDQWYV
SHUXVWXNVHVWD RQ SXULVWHWWXQD MD VLOORLQ NXQ N
PHUNDWXQ DOXHHQ VLVISXROHOOD NRNR SHUXVWXNVHQ

\%

I1XUMDKGXVDQDO\WVL
1XUMDKGXV RQ LOPL|QI HSIOLQHDDULQHQ 1XUMDKGXVDQD

NDVWHOX NXLQ OXYXVVD HVLWHOW\ 3 " HOWD DQDO\\VI
DQDOMWVLQ YIOLOOI RQ NXLWHQNLQ VH HWWI QXUMDKGXVD(
WXNVHW MRLOOD UDNHQQH PHQHWWILVL INLOOLVHVWL VW
QHURLGDDQ QXUMDKGXVNHUWRLPLD MRLOOD UDNHQWHHVLE
YRLGDDQ NHUWRD QXUMDKGXVNXRUPDQ VHOYLOOH VDDPLVI
SXROHVWDDQ VHOYLWHWW\I WRLVHQ NHUWDOXYXQ DLKHXW
YDOOD NXRUPLWXNVHOOD

(ULW\LVHVWL KRLNDW MD NRUNHDW UDNHQQXNVHW RYDW [
VHOOH PXRGRQPXXWRNVHOOH SXULVWXVNXRUPLWXNVHQ D¢
RQ \OHHQVI \KWH\GHVVI OLVIIQW\QHLVLLQ WRLVHQ NHUWDC
VLVVI PIIULWHWIIQ UDNHQWHHQ HUL QXUMDKGXVPXRGRLO
DOLQWD QXUMDKGXVNHUURLQWD YRLGDDQ Yk U RNDNW DIV
NRLWWDD NULLWWLVHQ NXRUPDQ VXKGHWWD WRGHOOLVHH
MDKGXVNHUURLQ DOLWWDD NULLWWLVHQ QXUMDKGXVNHUW
WHHWLQ PHQHW\NVHQ ULVNL NDVYDD PHUNLWWIYIVWL MD \



NHQWHHQ QXUMDKGXVNHUURLQ PIIUIl QXUMDKGXVNXRUPDQ
PHQ@ MD UDNHQWHHVHHQ NRKG 2V XOWRK @ DO WD TN X B N PRV H H ¢
NXRURDRNMHXUDDYDQ \KWIO|Q PXNDLVHVWL 9LHLUD HW DO

%l = @4

N\WIQQ|VVI )(0 ODVNHQQDQ DYXOOD HVLPHUNLNVL (7$%6 O
PHW YRLGDDQ VHOYLWWII PIITULWWHOHPIOOI QXUMDKGXVNXI
VHQD VDDGDDQ PIHULWHWW\l QXUMDKGXVNHUWRLPHW VHNI
PLWXVWDSDXVWD OXRGHVVD YRLGDDQ YDOLWD RWHWDDC
QDVVD KXRPLRRQ 9DOLQWD 3 '"HOWD YDLNXWXVWHQ KXRPL
ROHHOOLQHQ VLOOI 3 '"HOWD YDLNXWXNVHW PXXWWDYDW
N\W\WWWI VHNI QXUMDKGXVNHUWRLPLD MD WIWI NDXWWD P\|V
MDKGXVDQDO\WVLVVI RWHWDDQ KXRPLRRQ P\|V 3 '"HOWD YDL

RQ KDYDLQQROOLVWHWWX NHKIUDNHQWHHQ QXUMDKGXV
NHQWHHVHHQ NRKGLVWHWXQ S\WW\VXXQWDLVHQ NXRUPDQ

ac - F

F B

acFy

7T v

.XYD .HKIUDNHQWHHQ QXUMDKGXV PXRNDWWX OIKWHHV\

%HWRQLUDNHQWHLGHQ HXURNRRGL HL VXRUDDQ HVLWI NUL
WRLVLQ NXLQ HVLPHUNLNVL WHUIVUDNHQWHLGHQ HXURNRR
QHQ NULLWWLVHQ QXUMDKGXVNHUWRLPHQ UDMD DUYR RQ

HOL MRV NULLWWLQHQ QXUMDKGXVNHUURLQ \OLWWII DUYF
YLWVH KXRPLRLGD 6)6 (1 Vv XWHQ OXYXVVD

NHQWHLGHQ RVDOWD HXURNRRGL Q OLLWWHHVVI + HVLWH
QHNRNRQDLVXXNVLHQ WRLVHQ NHUWDOXYXQ YDLNXWXVWH

NXRUPLEAPINTULWWIPLVHHQ /LVINVL OXYXVVD WRGHWWL
NHUWDOXYXQ YDLNXWXVWHQ KXRPLRLPDWWD MIWWIPLVHQ
NHUWDOXYXQ YDLNXWXNVLD \OL (XURNRRGL PXNDDQ

NHUWDOXYXQ UDVLWXVWHQ VE=y¥ HH&s YD D KHYR R WIWH
WIQQ|VVI WIPI WDUNRLWWDD HWWI PDNVLPLYRLPDVXXUH N



RQ KXRPLRLWX HL VDD \OLWWII D YDVWDDYDVWD OLQHD
PILVHQ NHUWDOXYXQ YRLPDVXXUHHVWD .ULLWWLVHOOH C
YLVVD ODXVHNH VHXUDDYDVWL NDDYDQ DYXOOD
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MRVWD YRLGDDQ HGHOOHHQ UDWNDLVWD NULLWWLQHQ Q>
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11LQ VDDWLLQ MRKGHWWXD NULLWWLVHNVL QXUMDKGXVNHL
PXNDDQ HXURNRRGL PXNDLVHQ NULLWWLVHQ QXUMDKGX
VVD HL NXLWHQNDDQ VXRUDDQ HVLWHWI WIWI NULLWWLVH
VDPD NULLWWLVHQ QXUMDKGXVNHUWRLPHQ UDMD DUYR HVL
1%5 VDPDVVD \KWH\GHVVI <KG\VYDOWDODLVHQ $&
PXNDDQ SXROHVWDDQ VWDELOLWHHWLQ PHQHWWIPLVF
YIVWL WRLVHQ NHUWDOXYXQ MD HQVLPPILVH@ 33 WWDOXY X
YXWWDHVVD DUYRQ $&, VXXQQLWWHOXQRUPLVVD W
YDLNXWXVWHQ DUYLRLPLVHNVL NI\WHWIIQ \OIUDMDNULWHH!
WII WRLVHQ NHUWDOXYXQ MD HQVLPPILVBZy;NNHABWDBOXY XQ
WDUNRLWWDD HWWI PDNVLPLYRLPD MRVVD WRLVHQ NHUW
\OLWWII D YDVWDDYDVWD OLQHDDULVHQ DQDO\WVLQ PX
YRLPDVXXUHHVWD $&, \Y 7100|LQ NULLWWLVHO
HGHOOI MRKGHWXQ NDDYDQ SHUXVWHHOOD UDMD DUYRN\
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-RV SXROHVWDDQ NI\WHWWILVLL@=gHOODWANYDWBUWWNLUQ NMLC
NXRUPDNHUWRLPHQ UDMD DUYRNVL VHXUDDYDOOD WDYDO
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B8VHLQ VXXQQLWWHOXVWDQGDUGLW HVLWWIYIW HWWI QXU
MDKGXVNHUWRLPHQ UDNHQWHLGHQ VWDELOLWHHWLQ PHQ!
NRVVD RQ HVLWHWW\ NRRWXVWL VXXQQLWWHOXQRUPHLV\
WHUIVEHWRQLUDNHQWHLGHQ NU %W WKV MCRLIV HXX W D KON
VLPPILVHQ NHUWDOXYXQ YRLPLHQ WB9VABUYXEMMRQLUDM B
GHQ RVDOWD VXXQQLWWHOXVWDQGDUGHLVVD HL VLLV ROH
QXUMDKGXVNHUWRLPLOOH /LVINVL UDMD DUYRW YRLYDW

VXXQQLWWHOXVWDQGDUGLVWD 7DXOXNRVVD HVLWHWW\M
YRMHQ RVDOWD WXOLVL VXKWDXWXD NULLWWLV\\GHOOI HW

Taulukko 6. .ULLWWLVHQ QXUMDKGXVlHSWRBKFV WYX DMONBIBLIYRIMD ¢
DO
6WDQGDUGL Cilg s * o,
(XURNR|
1%5
$&, M D M
OLHLUD HW DO WXWNLPXNVHVVD DQDO\WRLWLLQ QXPH

MD WRGHOOLVLD WHUIVEHWRQLUDNHQQXNVLD QXUMDKGXN
HWWI| DQDO\WRLWXMHQ UDNHQQXVWHQ RVDOWD NULLWWLVE
VHNI HQVLPPILVHQ NHUWDOXYXQ YIOLVHQ VXKWHHQ YRLWLI
GXV WDSDKWXL UDNHQQHNRNRQDLVXXGHQ MRPPDVVDNXPPI
NLPXNVHQ HUIIQ DQDO\WRLGXQ UDNHQQXNVHQ NRKGDOOD D
YIIQQ|Q KDOOLWVHPD MROORLQ N\WHLVHQ UDNHQQXNVHQ
WLLQ HWWI NDDYDQ SHUXVWHHOOD MRKGHWXW NULLWWL
WXRWWDD HSIYDUPDOOD SXROHOOD ROHYLD WXORNVLD YII
9LHLUD HW DO 9DOLGLQ NULLWWLVHQ QXUMDKGXVNH
WHLOOH YRLGDDQ WRGHWD QILQ ROOHQ ROHYDQ KDDVWDY
HWWI WHUIVEHWRQL VLVIOWII NDKGHQ RPLQDLVXXNVLOWDLE
KXRPDWWDYDVWL HQHPPIQ HSIYDUPXXNVLD YHUUDWWXQD H
UDNHQWHLGHQ RVDOWD NRQVHUYDWLLYLVHPSDDQ ORSSXW:
QLWWHOXVVD VXXUHPSDD NULLWWLVHQ QXUMDKGXVNHUWR
OLVWHWDDQ HVLPHUNNLODVNHOPDQ DYXOOD QXUMDKGXVD

2QQHWWRPXXVWDUNDVWHOX
2QQHWWRPXXVWDUNDVWHOXVVD QRXGDWHWDDQ VWDQGDUC

VHN|I QLLGHQ NDQVDOOLVLD OLLWWHLWI -DWNXYDVVD VF
NDQXW YIKILQHQ VRUWXPD HWHQHH VXKWHHWWRPDQ ODDMI



UDNHQWHHQ NHVWIY\\GHQ WDL VWDELLOLXGHQ 5,/
QROOLVWHWWX NDQWDYDQ UDNHQQHRVDQ YDXULRLWXPLVH
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.XYD -DWNXYD VRUWXPD MRND DLKHXWXX NDQWDYDQ UL

(XURNRRGL HVLWWII MDWNXYDQ VRUWXPDQ HVWIPLVHNVL N|
PDPHQHWHOPI YDLKWRHKWRLVWHQ NXRUPDQVLLUWRUHLW:!
ROHYDQ UDNHQQHRVDQ PHQHWHOPI 6LGHYRLPDPHQHWHO
PXRGRVWDPDDQ NROPLXORWWHLQHQ UDNHQWHLGHQ MDWN:
VLLUWRUHLWWHMI PXRGRVWDYD MIUMHVWHOPI 9DLKWRHKW
DONXVRUWXPDQ V\QQ\WWIPIW NXRUPDW VXXQQLWHOODDQ
WXNVLOOH VDDNND MROORLQ DONXVRUWXPDQ DLKHXWWE
PDVVD ROHYDQ UDNHQQHRVDQ PLWRLWXV SHUXVWXX SXRO'
GHQ YIKHQWIPLVHHQ YDUVLQDLVWHQ VHXUDXVWHQ YIKHQW
S\WW\UDNHQWHHQ PHQHW\NVHQ VHXUDXNVHQD VRUWXPDQ
N\WVHLQHQ UDNHQQH PLWRLWWDD DYDLQDVHPDVVD ROHYDQ
WHOPIW MDWNXYDQ VRUWXPDQ HVWIPLVHNVL YDOLWDDQ UL
UDDPXVOXRNDQ SHUXVWHHOOD 6WDQGDUGLQ 6)6 (1
PXNDDQ YDDWLYLPPDQ VHXUDDPXVOXRNDQ && E WDSDXNVL
VLD NXRUPDQVLLUWRUHLWWHMI /XYXVVD HVLWHW\Q NR
NDLVHW UDNHQQXNVHW NXXOXYDW VHXUDDPXVOXRNNDDQ &
NDVWHOHPDDQ RQQHWWRPXXVWLODQWHHQ RVDOWD DLQRD
WLHQ PHQHWHOPII K\|G\QWIHQ SODVWLVWHQ QLYHOWHQ V\
WDUNDVWHOXVVD INLOOLVHVWI VRUWXPDVWD DLKHXWXYDW

6LYXVLLUW\PIWW|PIQ WHUIVEHWRQLUXQJRQ PDKGROOLVHW
WDL YDDNDUDNHQWHHQ NDQWRN\Y\Q PHQHW\V RQQHWWRP)

Y, 9DLKWRHKWRLVLD NXRUPDQVLLUWRUHLWWHMI Y
QXNVHOOD )(0 ODVNHQWDPDOOLHQ DYXOOD RQ PDKGROOL\
SRLVWXPLVHVWD DLKHXWXYD RQQHWWRPXXVWLODQQH MD
VHNI UDNHQWHLGHQ NI\WWI\W\PLVWI (QQDNRLPDWRQ SLOD
YDQ VHLQIQ ORKNRQ NXYLWHOWX SRLVWXPLQHQ MD VHQ W)



NLNVL SDONLQ VXXQWDLVLNVL N[\WVLYRLPLNVL RQ NDRRWWL
W|WLHGRLVVD YRLYDW DLKHXWWDD VXXULD PXXWRNVLD OR
6WDQGDUGL 6)6 (1 VHNI VHQ NDQVDOOLQHQ OLLWH H\
WHQ NXRUPDQVLLUWRUHLWWLHQ VXXQQLWWHOXXQ OLLWW
VHNI VRUWXPDQ ODDMXXWHHQ .DQVDOOLVHQ OLLWWHHQ P>
WHWWDYDNVL UDNHQWHLWD \NVL UDNHQQHRVD NHUUDOOD!
WXPDQ VDOOLWDDQ ROHYDQ HQLQWIIQ N\WVHHVVI ROHYI
HQLQWIIQ NUR /LVINVL YDXULRQ VDOOLWDDQ WDSDKWXYDQC
NILVHVVI NHUURNVHVVD 6XRPHQ UDNHQWDPLVPIIUI\WNRNR
RQ KDYDLQQROOLVWHWWX SLODULQ SRLVWRVWD DLKHXWXY

(A)

S
—» ]

(B) _,/

a) b)

Selite
(A) Paikallinen vaurio, joka on enintadn 15 % kummankin paallekkaisen kerroksen lattiapinta-alasta
(B) Poistettavaksi ajateltu pilari

a) Tasopiirros b) Poikkileikkaus

.XYD +\YINVI\WWIYIQ YDXULRQ ODDMXXV 6)6 (1

9DLKWRHKWRLVLD NXRUPDQVLLUWRUHLWWHMI YRLGDDQ DQ
PHQHWHOPIOOI MRWND RYDW OLQHDDULQHQ VWDDWWLQHQ
O\WVL OLQHDDULQHQ G\QDDPLQHQ DQDOWVL VHNI HSIOLQHD
QLQRUPLNRUWWL VAR -DWNXYDQ VRUWXPDQ ROOF
ORXGHOOLVWD PLWRLWWDD UDNHQWHHW VLWHQ HWWI VDO
PXXWRNVHW .XQ UDNHQQH PHQHWWII NXRUPDQNDQWRN\N\C
NHQWHHW SXWRDYDW DODVSILQ MD PLNIOL YDLKWRHKWRLQ
VIKW\\ ORSXOWD MD UDNHQQH DVHWWXX XXWHHQ WDVDSDL
NLWWIYLI UDVLWXNVLD NDVYDWWDYLD NLLKW\Y\WNVLI 6WDE
ULWWIlI HULNVHHQ G\QDDPLVHQ VXXUHQQXVNHUWRLPHQ M|
VLVVD DQDOMWVHLVVI G\QDDPLVWD VXXUHQQXVNHUURLQWD
YDLNXWXNVHW UDVLWXNVLLQ RQ MR KXRPLRLWX 1,67

9DLKWRHKWRLVWHQ NXRUPDQVLLUWRUHLWWLHQ VXXQQLWYV
NDQVDOOLQHQ OLLWH HLYIW HVLWI RKMHLVWXVWD NI\WHW
DQDOWVLW WXOLVL NI\WIQQ|VVI WRWHXWWDD (XURNRRGL H
NHQQHRVDQ RLNHDRSSLVHHQ SRLVWRWDSDDQ ODVNHQWDF



KXRPLRLQWLLQ YDLKWRHKWRLVWHQ NXRUPDQVLLUWRUHLW)\
&& RVDOWD VWDQGDUGL 6)6 (1 NXLWHQNLQ PDLC
QHWWRPXXVWLODQWHHQ WDUNDVWHOXVVD YRL ROOD WDU
NXWHQ G\QDDPLVWD DQDO\VLD VHNI HSIOLQHDDULVLD PDO
.RVND HXURNRRGL HL HVLWI ULLWWIYIOOI WDUNNXXGHOOD \
QHWHOPIQ VRYHOWDPLVWD NI\WIQQ|Q WDSDXVWHQ DQDO\VF
WIl HXURNRRGLQ RKMHLVWXNVLHQ OLVINVL P\|V PXLWD VW
PHUNLNVL \KG\WYDOWDODLVLD RKMHLWD 8)& “"HVLJQ
VLYH &ROODSVH MD *6$ 3URJUHVVLYH &ROODSVH $0Q

MRWND HVLWWIYIW \NVLW\LVNRKWDLVHPSDD RKMHLV\
UHLWWLHQ NI\WIQQ|Q VXXQQLWWHOXD YDUWHQ 1IPI RKMHH
WHWWIYLLQ SDUDPHWUHLKLQ NXRUPLWXV\KGLVWHO\LKLQ V

(SIOLQHDDULQHQ G\QDDPLQHQ PHQHWHOPI

9DLKWRHKWRLVWHQ NXRUPDQVLLUWRUHLWWLHQ DQDO\VRL(
VLPSDQD YRLGDDQ SLWII HSIOLQHDDULVWD G\QDDPLVWD P}
PLQHQ PHQHWHOPI KXRPLRL UDNHQWHLGHQ SODVWLVHQ NI
VLOOI VHNI WDLSXPLHQ YDLNXWXNVHW UDNHQWHLVLLQ NRK
RQ PDKGROOLVWD KXRPLRLGD JHRPHWULVHQ MD PDWHULDE
PDKGROOLVHW KLWDXVYRLPDW VHNI DQDO\WRLGD UDNHQQ!
NXRUPDQNDQWRN\N\IIQ WI\GHOOLVHVWL &31, vV ox N
DQDOWVLQ HWXQD YRLGDDQ SLWII VHQ N\N\l NXYDWD WDUI
UHDOLVWLVHOOD WDYDOOD RWWDHQ KXRPLRRQ G\QDDPLVH
ULVHW RPLQDLVXXGHW 1HJDWLLYLVHQD SXROHQD N\VHLVH
ULWWDPLVHHQ NXOXYD ODVNHQWD DLND MRND YRL PXRGR
WHOPIQ YRLGDDQ NDWVRD ROHYDQ \NVL YDDWLYLPPLVWD

WDUNDVWHOXXQ NIW\WHWWIYLVWI PHQHWHOPLVWI MRND SXI
PHUNLNVL YLUKHHOOLVWHQ ROHWXVWHQ WDL YLUKHHOOLYV

(SIOLQHDDULVHOOD G\QDDPLVHOOD DQDO\VLOOI YRLGDDQ
SRLVWRQ YDLNXWXNVLD UDNHQQXNVHQ VWDELOLWHHWWLL
PLYDW SLODULQ SRLVWRQ MIONHHQ 3LODULQ SRLVWRWLOTE
NDXGXWWDYD XXGHOOHHQ MROORLQ PXRGRVWXX NRUYDDY
WHLVLLQ NRKGLVWXYLHQ NXRUPLHQ VXXQQDW MD VXXUXXC
VHQ \PSIULOOI MD \OISXROHOOD ROHYDW UDNHQQHRVDW YR
ULLSSXHQ UDNHQQHRVDQ VLMDLQQLVWD .XQ S\WW\UDNHQC
NDXWXPLQHQ YRL DLKHXWWDD VXXULD VLLUW\PLI MD PXRGH



SDLQRWLODQ PXRGRVWXHVVD 1IPI VXXUHW PXRGRQPXXWR
GHQ PXXWWXPLQHQ YHGHW\LNVL VIQQ\WWIYIW UDNHQWHLVI
VIQW\PLQHQ YDDWLL OLLWRNVLOWD ULLWWIYII VLWNH\WW]
WLODQWHHVVD UDNHQWHHOOH YRLGDDQ VDOOLD NRKWXXO
PLVN\N\LVWHQ SODVWLVWHQ QLYHOWHQ K\|G\QWIPLQHQ P
V + 30DVWLVHW PXRGRQPXXWRNVHW VLWRYDW WHKF
PHQWDYDW G\QDDPLVWHQ NXRUPLWXVWHQ YDLNXWXNVLD 7
UDNHQWHHQ WXOHH N\HWI VLWRPDDQ VRUWXPDQ YDSDXWW
PLQHQ VDDGDDQ S\VI\WHWW\I %HHE\ /LVINVL PDKGROO
WHQ YXRNVL 8)& PXNDDQ HSIOLQHDDULVHVVD
PIVVI WXOHH RWWDD KXRPLRRQ JHRPHWULQHQ HSIOLQHDDU

3LODULQ SRLVWRQ PDOOLQQXY MD SODVWLVHW QLYHOHW

.XYDVVD D RQ HVLWHWW\ PLWHQ SLODULQ SRLVWR UDN|I
VHVWL 8)& PXNDDQ S5LLSSXPDWWD VLLWI PLVWI
WI\W\\ SDONNLHQ MDWNXYXXV SRLVWHWWDYDQ SLODULQ \O
VvV % 3LODULQ SRLVWRQ VHXUDXNVHQD NDNVLDXNNRLQH
VLDXNNRLVHNVL SDONLNVL .XYDVVD E RQ KDYDLQQROO
SRLVWRQ V\QQ\WWIPLI SODVWLVLD QLYHOLI \OISXROLVLVVD
WLHGRQ SHUXVWHHOOD SDONNLHQ DNVHOLHQ YRLGDDQ RC
URPDKWDHVVD NXYDQ E PXNDLVHVWL +RX 6RQJ

alkuperdinen
rakenne

vaari lihestymistapa | 5
D pilarin poistoon

.XYD 3LODULQ SRLVWRQ D PDOOLQQXV PXRNDWWX OIK
\Y, MD E SDONNHLKLQ V\QQ\WWIPIW SODVWLVHW QL
\% MD % HWRQLQRUPLNRUWWL \%

.XYDVVD D RQ HVLWHWW\ YDLKWRHKWRLVWHQ NXRUPDQ\
PXRGRVWXPLVWDSRMD SLODULQ YDXULRLGXWWXD 3LODUL(
WHHW PXRGRVWDYDW PHNDQLVPLQ MRQND DYXOOD YDXULT
NXRUPDW VLLUUHWIIQ HKMLOOH UDNHQWHLOOH .XYDQ E
PLVVI UDNHQWHHW WRLPLYDW YHWRD NHVWIYLQI N|\VL WD
YRL PXRGRVWXD SODVWLVLD QLYHOLI WHWRQLQRUPLNRUV



ROOHQ YHWRYRLPLQD YLHUHLVLOOH UDNHQWHLOOH 2QQHW
WXX VXXULD VLLUW\PLI MD UDVLWXNVLD MROORLQ NXRUPD
QHWWDYLNVL PXRGRVWXQHHQ SODVWLVHQ PHNDQLVPLQ DY
WIVWI HGHOOHHQ RVD NXRUPLVWD S\UNLL P\|V VLLUW\PIIC
DYXOOD 7IW|I LOPL|WI KDYDLQQROOLVWHWWLLQ P\|V OXYX
HVLPHUNHLVVI

Ripustus

| 'i/ || )
== %f'ﬁl I

vauruottunut vaurioitunut
] L i}

.k JL ‘ol

koysivoima (engl.
(]

catenary force) purlstettu alue
Ry e vedetty alue (engl.
? (engl. tensio / compression ring)
: membrane)
E T T ;
XYD D 9DLKWRHKWRLVHQ NXRUPDQVLLUWRUHLWLQ PXF

NRUWWL \% MD E N|\WWLYDLNXWXV SDONHLVVD
PXRNDWWX OIKWHHVWI 1,67 \%

<KG\WYDOWDODLQHQ RKMH 8)& HVLWWII HWWI U
SDKWXD DLNDQD MRND RQ SLHQHPSL NXLQ NHUWDD ND:
ODKGXVDLND 5DNHQWHHQ RPLQDLVKHLODKGXVDLND YRLGE
UDNHQQHRVD RQ SRLVWHWWX $QDO\WVLD WXOHH MDWNDD
YIKLQWIIQ \KGHQ KHLODKGXVDMDQ YHUUDQ 8)& Vv 31
WIPIQ DLNDYIOLQ VLVIOOI VLOOI PLWI QRSHDPPLQ SRLVWR "
PLVHW YDLNXWXNVHW PXRGRVWXYDW .XLWHQNLQ NXYDQ
YLRLGD G\QDDPLVLD YDLNXWXNVLD MD MRKWDD WDUSHHW)
v 7IPIQ YXRNVL SLODULQ SRLVWR PDOOLQQHWDDQ \
WDYDOOD INLOOLVHQI PXWWHL YIOLWW|PIQI SRLVWXPLVHQI
HVLPHUNLNVL IHTUHOOLVHQ QRXVXDM DLOP, FOPDADYDIY LIRS KQDY|WL
DOXNVL SRLVWHWWDYDQ SLODULQ WLODOOH DVHWHWDDQ Y
VXXUXLQHQ MD VXXQWDLQHQ YRLPD /LVINVL UDNHQWHHVH
NLUHDNWLRQ VXXUXLQHQ PXWWD YDVWDNNDLVHHQ VXXQW]
NHQWHHOOH G\QDDPLVLD YDLNXWXNVLD 7IPl YRLPD NXPRD
PDQ YDLNXWXNVHW MROORLQ UDNHQQH RQ ORSSXWLODVVLE



r&R UDNHQWHHVHHQ HL YDLNXWD YLHOI WXNLUHDNWLRQ V
YRLPDD $LNHAWR GLODULQ NRKGDOOH DVHWHWDDQ WXNLUHI
VDDYXWWDD WI\GHQ DURR KRR NDIM DI QKMIMHNH2BQ VXXUXXV S\
YDVVD HVLWHWW\ LPSXOVVLNXRUPD PIIULWHWIIQ VHXUDD

ra PQR rQ
L:P L"L®Fﬂ%é RQPQR
o RFR

La PP R

MRYWRD LPSXOVVLNXRUMPRQ@ DXNDXXV MD

voima voima

I

P P

aika
>

Dot t 0 t1 t t
.XYD ,PSXOVVLNXRUPD MRND NXYDD SLODULQ D YIOLW
WRD PXRNDWWX OIKWHHVWI &31, \%
8)& HL HVLWI NXLWHQNDDQ PLWIIQ RKMHLVWXVW ]

YDUWHQ PIITULWHWWIYIQ DLND KLVWRULD IXQNWLRQ ODVNH
WXOHH PIITULWHOOI DQDOMWVLVVD NIW\WHWWIYl ODVNHQWD D\
MHOPLVWD YRL P\|V DQWDD ODVNHQWD DVNHOHHQ SLWXXC
UXXVOXRNDOWDDQ VRSLYDQ ODVNHQWD DVNHOHHQ SLWXXYV
WHHQ DOLPPDQ RPLQDLVKHLODKGXVDMDQ N\PPHQHVRVDD W

9DLPHQQXV

5DNHQWHLGHQ YDLPHQQXV WXOHH P\|V KXRPLRLGD G\QDDP
VLVVI RQQHWWRPXXVWLODQWHHQ SLODULQ SRLVWRQ PDOO
NXQ HODVWLQHQ MD OLQHDDULQHQ V\VWHHPL ODLWHWDDQ
QLVHVWL NXQQHV DMDQ NXOXHVVD OLLNH YDLPHQHH MD O
ODDQ 5DNHQWHLGHQ YDLPHQQXV RQ LOPL| MRVVD PHNDDQ
VAVWHHPLVWI \PSIULVW||Q \OHHQVI NLWNDQ MD PXLGHQ YD
MRKWXX P\|[V MRQNLQ DLQHHQ NXWHQ LOPDQ DLKHXWWDP

\Y, (VLPHUNLNVL UDNHQQXNVHQ YRLGDDQ DMDWHOOD OL
6WURPPHQLQ PXNDDQ UDNHQWHLGHQ G\QDDPLVLVVD W
RQ \OHLVLQ YDLPHQHPLVPDOOL G6WURPPHQ \% SDN

GHVVI YLVNRRVLVHOOD YDLPHQQXNVHOOD NXYDWDDQ \OHH
WLVWD NI\WWI\W\PLVWI 9DLPHQQXVWD RQ XVHLQ KDQNDOD



YRL ROOD XVHLWD HUL YDLPHQQXVPHNDQLVPHMD (XURNRR
QLWWHOXRKMHLVVD UDNHQWHLGHQ YLVNRRVLVHOOH YDLPH

6)6 (1 \% \Y YDLPHQQXVVXKGH YRL NXLWtE
YDLPHQQXNVHQ DUYR NI\WHWWIYINVL MDWNXYDQ VRUWXPD
PDQVLLUWRUHLWWLHQ PHQHWHOPIOOI &6, PXNDDQ PD

VHQ YDLPHQQXNVHQ DUYR SHUXVWXX VLYXWWDLVOLLNNHHC
SLODUL SRLVWHWDDQ DLKHXWXX SXROHVWDDQ S\VW\VXXQ\
MDNVR RQ O\K\HPSL .RUNHLGHQ UDNHQQXVWHQ WDSDXNYV
YDLPHQQXNVHQ DUYROOH MDWNXYDQ VRUWXPDQ DQDO\VRL
&6, D

(SIOLQHDDULVHVVD G\QDDPLVHVVD DQDO\WVLVVD NI\WHWIIQ
YDLPHQQXVPDOOLD 7IVVI N\VHLVHVVI YDLP H Q@ XREIRY OV L
PDVVDPDWU LMV LMWNNWVYPDWHNLVQMMWGBQ YDLPHQQXVNHUWR
YDQ \KWIO|Q PXNDLVHVWL &6, E

%L | ® EU®

MRYWD PDVVDQ VXKWHHOOLQHQ YDLPHQQXVNHUURLQ HQ.
MO RQ MI\NN\WGHQ VXKWHHOOLQHQ YDLPHQQXVNHUURLQ H
FLHQW &6, E

9DLPHQQXVVXMW HWHQPHQQXVNHUWRLPLHQ VHNI RPLQDLVWE

YRLGDDQ LOPDLVWD VHXUDDYDVVD PXRGRVVD &6, E
&L > ®J£]3®J
t @, |t

MRY)VIDt @ @& RQ OXRQQR OO BQRHD UDINHNDXWH/H Q RBLQ§@¢VWDD|\
(0]

RQ MI\NN\WWGHQ VXKWHHOOLQH{Q Ry R Q XPDWHVDUR NV KWDH H C
YDLPHQQXVNHUURLQ &6, E

IXYXVVD KDYDLQQROOLVWHWDDQ HVLPHUNNLODVNHOPDC
WRUHLWWLHQ PHQHWHOPII HSIOLQHDDULVHOOD G\QDDPLVF
QLYHOWHQ V\QW\PLVWI UDNHQWHLVLLQ



7$3$86787.,086

.RKWHHQ HVLWWHO\

7IVVI W\|VVI HVLPHUNNLNRKWHHQD WRLPLL NDOOLRQYDUDL)
VLMRLWWXYD NHUURNVLQHQ WRLPLVWRUDNHQQXV .\VHL
WRLPLVWRWLORMD PXWWD DOLPSLLQ NHUURNVLLQ RQ VLM
SXROHVWDDQ VLMRLWHWWX UDNHQQXVWD SDOYHOHYLD WH
NHUURVWHQ + MD + JHRPHWULDW VHNI UDNHQWHHW SR
.HUURNVHW + VHNI + RYDW SXROHVWDDQ OIKHV LGHQW
RQ HVLWHWW\ /LVINVL NRKWHHQ YHVLNDWROOD VLMDLW
SHUXVNHUURNVHQ NHUURVNRUNHXV RQ PHWULI .RKWHH
ODDWWDUXQNR MD UDNHQQXNVHQ NHVNLDOXHHOOD VLMDLYV
WRUQLQ JHRPHWULD NDSHQHH NHUURNVHQ MIONHHQ -I\N
YHQWDD UDNHQQXNVHQ \OIRVDVVD VLOO|I UDNHQQXNVHQ N
DODRVLOWD YDDGLWDDQ VXXUHPSDD MI\NN\WWWI NXLQ UDN#
HVLWHWW\ \OHLVNXYD UXQJRQ )(0 PDOOLVWD .XYDVVD E
MD MI\NLVWIYIW S\WW\UDNHQWHHW .XYDVVD F RQ SXROH
WDYDW MD MI\NLVWIYIW S\WVW\UDNHQWHHW /LVINVL NXYDV
JHRPHWULDQ PXXWRYV NHUURNVHQ MIONHHQ

=] ° ° °

b) °

D c) % :

.XYD D <OHLVNXYD UXQJRQ )(0 PDOOLVWD VHNI NDQWDY
E NHUURNVHW + MD F NHUURNVHW #




7TDXOXNRVVD RQ HVLWHOW\ ROHHOOLVLPSLD NRKWHHQ VX

Taulukko 7. 7TDUNDVWHOWDYDQ NRKWHHQ OXRNLWXNYV

.RKWHHQ
6XXQQLWWHO :
6HXUDDPXV &&
6HXUDDPXV(RQQHWWRP XXV\ &&
IXRWHWWDY) 5&
5DNHQQHVXXQQLWW 3RLNNHXNVHOC

6HXUDDYLHQ DODOXNXMHQ ODVNHQWDWDUNDVWHOXW VXR!
PHUNNLNRKWHHOOH . XLWHQNLQ QXUMDKGXVDQDO\WVLQ N
YXRNVL OLVINVL P\|V HUIIQ VDPDQNDOWDLVHQ NRKWHHQ OC
WRWHXWHWWX SDDOXMHQ YDUDDQ O0\|]V RQQHWWRPXXVWDU
NRKWHHQ ODVNHQWDPDOOLD VLOOI VH VRSLL UDNHQQHMIU
RQQHWWRPXXVWLODQWHHQ NIVLWWHO\WQ 1ILWI NDKWD P XX
HL HVLWHOOI WIVVI W\|VVI WDUNHPPLQ

IDVNHQWDPDOOLHQ RPLQDLVXXGHW

(VLPHUNNLNRKWHHQ ODVNHQWDPDOOLW RQ WXRWHWWX (7
YRLGDDQ WRWHXWWDD VHNI OLQHDDULVWD HWWI HSIOLQHD
VLOOH 7IPIQ W\|Q HVLPHUNNLNRKWHHQ ODVNHQWDPDOOLQ
WHHVHHQ -RLWDNLQ ODVNHQQDVVD NI\WHWWIYLI WLHWRM]
W\LOWI RVLQ NXLWHQNLQ PXXWHWWX YDVWDDPDDQ WIPIQ
WDUNRLWXNVHQD RQ WXWNLD HSIOLQHDDULVHQ ODVNHQQD
VHHQ PXRGRVWXYLLQ UDVLWXNVLLQ VLLUW\PLLQ MD WRLF
VHVWL PLWRLWWDD WRGHOOLVWD NRKGHWWD WDL VHQ UDN
ULRLGDDQ MD WXWNLWDDQ PLWHQ HULODLVHW PDOOLQQX\
VXXNVLHQ KXRPLRLPLQHQ MD KXRPLRLPDWWD MIWWIPLQHQ

.RKGHUDNHQQXNVHVWD VXRULWHWWDYDW ODVNHQWDWDUN
WRPDVVD WLODVVD ROHYDQ ODVNHQWDPDOOLQ DYXOOD M
PLRLGDDQ ODVNHQQ@DVVD .RKWHHVWD WHKGIIQ OLVINVL P\
PDOOL MRWD K\|G\QQHWIIQ RVDVVD VXRULWHWWDYLVWD O
RLPLQHQ ODVNHQWDPDOOLVVD WRWHXWHWDDQ VLWHQ HW

WDXOXNRVVD HVLWHWW\MHQ $&, Q PXNDLVWHQ MI
DYXOOD +DONHLOXQ KXRPLRLQWL ODVNHQWDPDOOLVVD YR
HWWI| WDUNDVWHOWDLVLLQ WDUNHPPLQ UDNHQWHLGHQ MI(
VXRULWHWWXMHQ WDUNDVWHOXMHQ SHUXVWHHOOD <NVLC
PLWD WIWI W\|WI YDUWHQ OXRGXQ KDONHLOXQ KXRPLRLYD
PHQWWLYHUNRWXNVHQD ODVNHQWDPDOOHLVVD NI\WHWIIQ
MRQND NDWVRWDDQ ROHYDQ ULLWWIYIQ WDUNND YHUNNRNI



SDNHQWHHW
.RKWHHVWD WXRWHWWXLKLQ ODVNHQWDPDOOHLKLQ PDOO

UHLVWD ODDWRLVWD MI\NLVW\VWRUQLQ VHLQLVWI VHNI

« PLOOLPHWULVLI SDLNDOODYDOHWWXMD S\|UHLWI WH
ODUHLVVD NI\WHWIIQ EHWRQLQ OXMXXVOXRNNLD & VHNI
VXXGHOWDDQ PLOOLPHWULVLI EHWRQLVLD SDLNDOODYDC

PLOOLPHWULI SDNVXMD <NVLQNHUWDLVWXNVHQD NDNYV
NRRVWXPDDQ NRNR SLWXXGHOWDDQ PP SDNVXLVLVWD
GHVVD MI\NLVWA\VWRUQLQ VHLQIW WRWHXWHWWDLVLLQ WRC
WIHVVI UDXGRLWXNVLD VHLQISDNVXXNVLD WDL EHWRQLQ
WHXWWDD WRGHOOLVXXGHVVD HVLPHUNLNVL NROPHVWD H
VLWHQ HWWI VHLQISDNVXXGHW RKHQLVLYDW \O|VSILQ PHQ

WHWIIQ OXMXXVOXRNDQ & EHWRQLD MD MI\NLVW\VWRUC
& EHWRQLD -I\NLVW\VWRUQLQ NDNVL RVDD RQ N\WNHW
VHVVD NROPHQ PP [ PP WHUIVEHWRQLSDONLQ DYXOO|

7XHQWRMHQ RVDOWD (7$%6 DVHWWDD DXWRPDDWWLVHVWL
WXHQQRLNVL QLYHOHOOLVHW WXHW MRWND MIWHWIIQ XVHI
WXV HL YDLNXWD VLQIOOIIQ HVLPHUNLNVL HULODLVWHQ OD
VLOQNHUWDLVWXNVHQD OIKW|NRKWDLVHVWL UDNHQQXNVHQ
VLLY PDOOLQQHWD WDL KXRPLRLGD WDUNHPPLQ ODVNHQQD
WHQ SHUXVWXVWHQ PDOOLQQXVWDSDD NXLWHQNLQ PXXW
VXXWWD

. XRUPDW MD NXRUPLWXV\KGLVWHO\W
7TDUNDVWHOWDYDQ NRKWHHQ ODVNHQWD WRWHXWHWDDQ ¢

NDQVDOOLVLLQ OLLWWHLVLLQ /LVINVL MRLVVDNLQ ODVNH
GHQWIYIQ WLHGRQOIKWHHQI PXLWD VWDQGDUGHMD VHNI R
NDLNNL NDQWDYDW MD MI\NLVWIYIW UDNHQWHHW MRLOOH
WLODYXXVSDLQRMHQ MD UDNHQQXVRVLHQ NRRQ PXNDDQ (L
NLVLYXW PDOOLQQHWDDQ SXROHVWDDQ XONRLVLQD NXRUF
NXRUPLWXNVHW RYBPWURVWDPRMHQ K\|W\NXRUPDQD NI\WHW
MXONLVLYXNXRUPDQD NI\WHWIIQ YLLYDNXRUPDD N1 P M|
PDD N1 P /LVIYDDNDYRLPDQ DUYRQD NI\WHWIIQ VXXQQLYV
YLVWI NXRUPLVWD VHNI K\[W\NXRUPLVWD MRND YDVWDD VYV
PIIULWHWW\l OLVIYDDNDYRLPDQ DUYRD 7XXOLNXRUPDW R
VWDQGDUGLLQ 6)6 (1 MD VHQ NDQVDOOLVHHQ OLLWW



NDVWHOXLVVD HL KXRPLRLGD WXXOLWXQQHOLNXRUPLD 77
QDVVD NI\WHWIIQ DUYRD PV /LVINVL WXXOLNXRUPDQ D>
PITULWHWIIQ PDQXDDOLVHVWL WLHWW\M| NHUWRLPLD HXUR
NHQWDRKMHOPDDQ (VLPHURML N\DL SDD XQHHQER! BINVERLINP RN Q VW D
GDUGLQ 6)6 (1 PXNDLVHVWL /LVINVL WIVVI W\|VVI WL
VLMDLWVHH DYRLPHOOD PHUHQUDQWD DOXHHOOD MROORL
RQ vVDDWX PITULWHOW\ NXRUPLWXV\KGLVWHO\W YRLGDDQ
RQV" YDOLNRQ NDXWWD MD ""HILQH /RDG 3DWWHUQV" YDOL
\KGLVWHO\NHUWRLPLD MD WHNHPIIQ NXRUPLOOH WDUSHHO(

.RKWHHQ NXRUPLWXV\KGLVWHOPLQI NI\WHWIIQ SHUXVNXR
GRVWHWWX SHUXVWXHQ VWDQGDUGLLQ 6)6 (1 20Q0HWW
WHQ RQ OXRWX P\|V RPDW NXRUPLWXV\KGLVWHOPIW /LVINV
PLWXV\KGLVWHO\MI WLHWW\M| HSIOLQHDDULVLD WDUNDVWI
\KWH\GHVVI 7IPIQ OLVINVL HULODLVLD HSIOLQHDDULVL|
OLQHDDULVLD NXRUPLWXVWDSDXNVLD NXWHQ HVLPHUNLN\
UDNHQWDPLVHQ DQDO\WRLQWLD YDUWHQ OXRWX NXRUPLW:?:
UXVNXRUPLWXV\KGLVWHOPLHQ \KGLVWHO\NHUWRLPHW .RK
OHVWDDQ KXRPLRLWX PXUWRUDMDWLODQ NXRUPLWXV\KGLYV
-;,ALsadDYXOOD (VLPHUNLNVL WDXOXNRQ PXNDLVHVVD N
WDLVHQ WXXOLNXRUPDQ ":LQG < NHUURLSAPHXBRODBRLY 9K \
7TDXOXNRVVD "'"HDG"™ NXRUPLLQ NXXOXYDW UDNHQWHLGHQ |
NXXOXYDW SLQWDUDNHQWHLGHQ NXRUPDW “(DUWK 3UHVVX
PDW “/LYH” NXRUPLLQ NXXOXYDW K\|[WA\NXRUPDW “6QRZ" |
“+J[" NXRUPLLQ MD "+J\" NXRUPLLQ NXXOXYDW OLVIYDDNDY
WHLGHQ RPLVWD SDLQRLVWD MD ":LQG ;" NXRUPLLQ VHNI -’
PDW [ MD \ VXXQQLVVD /LVINVL ODVNHQWDPDOOLD YDUWF
QXPHURVDUMRLKLQ MD VDUMRMHQ VLVIOOI PXRGRVWHWDD C
OXLOOH OXUWRUDMDWLODQ RVDOWD WDXOXNRVVD HVLLQ
ubMDWLODD MRVVD WDUNDVWHOODDQ MI\NNIQlI NDSSDOHH
VWDDWWLVHQ WDVDSDLQRQ PHQHW\VWI| MD 675 WDUNRLWWI
ObbQ UDNHQWHHQ WDL UDNHQWHHOOLVWHQ RVLHQ VLVILVYV
PDWHULDDOLHQ OXMXXGHQ ROOHVVD PHUNLWWIYI NHVWIY\\
vV = OHUNLQWI 6/6 WDUNRLWWDD SXROHVWDDQ NI\\



Taulukko 8. SHUXVWDSDXVWHQ NXRUPLWXV\KGLVWHO\W VDUMDW

ETABS Load Combinations, Finland, Eurocode
CC3  KFI 11
Multiplication Factor
Earth
S.No Code Type Dead | Super Dead | Pressure Live Snow HgX HgY HgX HqY WindX | WindY
1,000 1,000
1 EQUYPOS Ultimate 09 09 09 09 1,650
2 EQUYNEG Ultimate 09 0,9 0,9 -0,9 -1,650
EQUXPOS Ultimate 0, [¢X 0,9 0,9 1,650 EQUENY
EQUXNEG Ultimate 0, 0, 09 -0,9 -1,650
STRGMAX Ultimate 1,485 1,485 1,485
8 STRLYPOSM | Ultimate 1,265 1,265 1,265 1,65 1,155 1,265 1,650 0,990
7 STRLYNEGM | Ultimate 1,265 1,265 1,265 1,65 1,155 -1,265 -1,650 -0,990
8 STRLXPOSM | Ultimate 1,265 1,265 1,265 1,65 1,155 1,265 1,65 0,990
9 STRLXNEGM | Ultimate 1,265 1,265 1,265 1,65 1,155 -1,265 -1,65 -0,990
10 STRLYPOSN | Ultimate 09 09 0,9 1,65 1,155 0.9 1,650 0,990
STRLYMEG Ultimate 0, 0, .9 65 155 -0,9 -1,650 -0,990
STRLXPOS| Ultimate 0, 0, ] 65 155 0,9 1,65 0,990
STRLXMNEG Ultimate 0, 0, & 65 195 -0,9 -1,65 -0,990 STRENV
4 STRWYPOSM | Ultimate | 1,265 1,265 1,265 1155 155 1,265 1,155 1,650
15 STRWYNEGM [ Ultimate 1,265 1,265 1,265 1,155 1,155 -1,265 -1,155 -1,650
16 STRWXPOSM [ Ultimate 1,265 1,265 1,265 1,155 1,155 1,265 1,155 1,650
17 STRWXMNEGM | Ultimate 1,265 1,265 1,265 1,155 1,155 -1,265 -1,155 -1,650
18 STRWYPOSHN | Ultimate 09 0,9 0.9 1,158 1,155 0.9 1,155 1,650
19 STRWYMNEGN [ Ultimate 09 0,9 0,9 1,155 1,185 -0,9 -1,155 -1,650
20 STRWXPOSH | Ultimate 09 0,9 0,9 1,155 1,155 0,9 1,155 1,650
21 STRWXMNEGH | Ultimate 09 0,9 0,9 1,155 1,155 -0,9 -1,155 -1,650
22 SLSWYPOS Service 1 1 1 0,7 0,7 1 0,700 1,000
23 SLSWYNEG Service ‘] 1 1 0,7 0,7 -1 -0,700 -1,000
24 SLSWXPOS Service ;) 1 1 0,7 0,7 1 0.7 1,000
25 SLSWXNEG Service 1 1 1 0,7 0,7 -1 -0.7 -1,000
26 SLSLYPOS Service 1 1 1 1 0,7 1 1,000 0,600 SLSENV
27 SLSLYNEG Service 1 1 1 1 0,7 -1 -1,000 -0,600
28 SLSLXPOS Service : | 1 1 1 0,7 i 1 0,600
29 SLSLXNEG Service 1 1 1 1 0,7 -1 -1 -0,600
30 SLSL Service 1 1 1 1 1
31 SLSGONLY Service i 1 1
32 STRGYPOS | Ulimate 1,485 1,485 1,485 1,485
33 STRGYNEG [ Ultimate 1,485 1,485 1,485 -1,485 STRENV
34 STRGXPOS | Ultimate 1,485 1,485 1,485 1485
35 STRGXNEG [ Ultimate 1,485 1,485 1,485 -1,485

ODLKHLWWDLQHQ UDNHQWDPLQHQ

9DLKHLWWDLVHQ UDNHQWDPLVHQ DQDO\VRLQQLQ SIIDVLDO
NHQQXNVHQ SDLQXPLVWD SDLQXPDHURLVWD VHNI QLLGHQ
WXNVLVWD 7DUNDVWHOODDQ VHXUDDYDNVL YDLKHLWWDLV
UDNHQWHLGHQ VLLUW\PLLQ VHNI SLODUHLGHQ QRUPDDOLYF
NHQWDPLVHQ KXRPLRLYDOOD ODVNHQQDOOD VDDWXMD WX:
ORNVLD YHUUDWDDQ OLQHDDULVHQ ODVNHQQDQ DYXOOD V
HURW ODVNHQWDWXORVWHQ YIOLOOI MRKWXYDW MD PLWHQ
WXNVHVVD

+XRPLRLQWL ODVNHQWDPDOOLVVD
$OXNVL WXOHH PIIULWWII ODVNHQWDD YDUWHQ (7$%6 VVD

VRLQWLD YDUWHQ WDUYLWWDYDW SHUXVDVHWXNVHW .I\WI
PLWXVWDSDXV MRND VDOOLL UDNHQQXNVHQ UDNHQWHLGHC
VLWI PXNDDQ NXQ UDNHQQXV UDNHQQHWDDQ .XRUPLHQ RV
OXWDDQ RWWDD PXNDDQ ODVNHQWDDQ MD MRLGHQ ROHWF
NHQQXVYDLKHHQ DLNDQD -RV N\WHHVVI RQ VXXUL PDOOL |
GLVWII VLWHQ HWWI XVHDPSL NHUURV OLVIWIIQ VDPDQDLNI
7IPI YRL NXLWHQNLQ VDPDOOD KXRQRQWDD ODVNHQQDQ WI
GDDQ DORLWWDD V\|WWIPIOOI ODVNHQQDQ OIKW|WLHWRLQD



7IVVI W\|VVI EHWRQLQ DMDVWD ULLSSXYLHQ HSIOLQHDDULYV
NIW\WHWIIQ &(% ),3 PXNDLVLD RPLQDLVXXNVLD MD VHPHQ)
OLVWL NRYHWWXYDD VHPHQWWLI 1 VHNI VXKWHHOOLVHQ
VLVILOPDQ NRVWHXWWD /LVINVL UDXGRLWXVWHQ RVDOWD
VXKGH MD VHLQLOOH SXROHVWDDQ UDXGRLWXVVXKGH

ULLSSXYLHQ RPLQDLVXXNVLHQ PIITULWWHO\YDOLNNR (7$%6

E Tirne Dependent Properties for Concrete

[Waterial Mame and Type Time Dependent Type

Material Name C50/60 Cument Time Dependent Type CEB-FIP 2010

Material Type Concrete, lsotropic CEB FIF 2010 Parameters

Relative Humidity, % |£5—| %
Time Dependence Considered Far Shrirkage Start Age. days i-‘"i
ftem Factor Cement Type 42 5N w
Compressive Strength and Stiffness |ﬁ
{Modulus of Hasticity)
Creep hi‘
Shrinkage '1—‘

Creep Analysis Type
(®) Full Integration

() Dirichlet Series

XYD %HWRQLQ DMDVWD ULLSSXYLHQ RPLQDLVXXN

.XYDVVD RQ HVLWHWW\ HVLPHUNNL &(% ),% PXNDLVLV
NLPPRNHUWRLPHQ DLNDULLSSXYDLVWD PDOOHLVWD EHWRQ

2,00~

Creep Coefficient
=
(=]
Shrinkage Strain
=

} : : | . . . ! | ! 0 ‘ ! ! ! ! | ! ! ! |
00 10 20 30 40 50 60 70 80 90 100E+3 00 10 20 30 40 50 60 70 80 90 100E+3

D Time, Days Time, Days

Stiffness, E (MPa)

00 10 20 30 40 50 60 70 80 80 100E:3
F Time, Days

.XYD (VLPHUNNL EHWRQLQ & D YLUXPDQ E NXWLVW
PHQ DLNDULLSSXYDLVLVWD PDOOHLVWD

7IPIQ HVLPHUNNLNRKWHHQ ODVNHQQDVVD \KGHQ NHUURNV#
YIQ SILYIl .N\WIQQ|VVI MRV \KGHQ NHUURNVHQ UDNHQWL



UDNHQQXV ROLVL WIPIQ HVLPHUNNLNRKWHHQ WDYRLQ N F

NHVWR ROLVL SILYIl 7100|LQ MRV YLUXPDQ MD NXWLVW
QRDVWDDQ WIOOI DLNDYIOLOOI ROLVL PXXWRV PHUNLWWIY I
MLVVD HVLWHWW\\Q SILYIQ WDUNDVWHOXMDNVRRQ 7R

EHWRQLQ DLNDULLSSXYDLVWHQ RPLQDLVXXNVLHQ NXYDDMI
WLVWXPD MDWNXYDW YLHOI SLWNIIQ UDNHQQXNVHQ UDNHCQ
WRGHWWLLQ

/IDVNHQQDVVD UDNHQWDPLVHQ YDLKHLWWDLVXXV PXRGRVW
VHQ NHUURNVHQ UDNHQWDPLVHQ NHVWRQ OLVINVL PIIULWI
DONDHVVD 7IPIQ HVLPHUNNLNRKWHHQ ODVNHQQDVVD UDNI
HVVD RQ PIIULWHOW\ SILYIl 9DLKHLWWDLVHQ UDNHQWDPL
WLODQ S\V\YLOOI NXRUPLOOD MD HVLPHUNLNVL K\|[W\NXRUF
VHOOH YDVWD NXQ VH RQ YDOPLVWXQXW +\|W\NXRUPDW W
VLLQ RWWDD ODVNHQWDDQ PXNDDQ UDNHQWDPLVHQ MIONH|
NXLWHQNDDQ WHKGI WIPIQ HVLPHUNLQ WDSDXNVHVVD 3LQ
PDW OLVIWIIQ NXLWHQNLQ ORSXNVL UDNHQWDPLVYDLKHHQ
PLVHQ YDLKHLVWDPLQHQ RQ PIIULWHOW\ ODVNHQWDPDOOLL
NHOODULNHUURV RQ PIITULWHOW\ NXXOXYDQ VDPDDQ YDLKH
PXRGRVWDD RPDQ YDLKHHQVD 6HQ OLVINVL HWWI WDUND)\
WDUNDVWHOXD MDWNHWDDQ P\|]V UDNHQWDPLVHQ MIONHLYV
WDUNDVWHOOD P\|[V NXQ NXRUPLHQ OLVI\NVHVWI RQ NXOXC
YIOHMI 7IPIQ HVLPHUNNLNRKWHHQ ODVNHQQDVVD NI\NWHWII

YXRWWD MD YXRWWD UDNHQWDPLVHQ MIONHHQ /DVNH
UDNHQQXNVHQ NRNRQDLVSDLQXPDQ MD SDLQXPDHURMHQ C
UHLGHQ NHKLWW\PLVWI DMDQ NXOXHVVD

9DLKHLWWDLVHQ UDNHQWDPLVHQ ODVNHQQDQ VXRULWXNVF
SHUXVWXNVLOOH NRKGLVWXYD S\VW\VXXQWDLQHQ NXRUPEL
NXLQ YDVWDDYDQ OLQHDDULVHQ ODVNHQQDQ WXORNVHQD '
NDLVHW DUYRW RQ VDDWX OXHWWXD (7$%6 VWD MD QLLGHQ
WDLVHW NXRUPDW OIKWHYIW NDVYDPDDQ YDLKHLWWDLQ
YDLKHLWWDLVHQ UDNHQWDPLVHQ ODVNHQWDD YDUWHQ PIIL
YLLPHLVHQ ULYLQ SHUXVWHHOOD YRLGDDQ WRGHWD HWWI
PIITULWHW\W S\WVW\VXXQWDLVHW SHUXVWXVNXRUPDW VHNI °
PIITULWHW\W SHUXVWXVNXRUPDW RYDW \KWI VXXULD MD QILC
ODVNHQQDVVD RQQLVWXQHHVWL



Taulukko 9. BS\WWW\VXXQWDLVWHQ NXRUPLWXVWHQ YDLKHLWWDLQHC
YDLKHHQ QXPHUR VWHS NXOXQXW DLND >G@ S\VW\V
NXRUPD )]
3HUXVWXNVHW NHOC
SHUXVWXNVHW NHOODUL DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
DLND
J DLND
J DLND
YXRWWD DLND
YXRWWD DLND
YXRWW D DLND
YXRWWD DLND
/LQHDD "6/6*21/< 2.



SLODULNXRUPLHQ YHUWDLOX
.RUNHLVVD UDNHQQXNVLVVD S\VW\UDNHQWHLGHQ NXRUPLYV

WXRPDQ OLVINXRUPLWXNVHQ YXRNVL NXQ WDDV YDDNDUDI
VRD SIIVIIQW|LVHVWL S\V\YIQ VDPDQVXXUXLVLQD ULLSSXPD
PIIUIVWI (ULW\LVHVWL NRUNHDVVD UDNHQWDPLVHVVD UDNF
RVLOOH NHUW\\ \OHHQVI VXXULD NXRUPLD MROORLQ RQ RO
YLRLGD VXXQQLWWHOXVVD .XQ S\WVW\UDNHQWHLOOD RQ MI\
PDDQ S\WW\UDNHQWHLGHQ MI\NNWNVLHQ VXKWHHVVD VLWH
YIW HQHPPIQ NXRUPLWXVWD .XWHQ P\|V OXYXVVD HVL
KDYDLWD S\WW\UDNHQWHLOOH NRKGLVWXYDW QRUPDDOLY]
GHVVDDQ VDPDQVXXUXLVHW ULLSSXPDWWD VLLWI KXRPLI
NXRUPLHQ YDLKHLWWDLQHQ OLVIIQW\PLQHQ MD EHWRQLQ
20HHOOLVWD RQ NXLWHQNLQ VHOYLWWII UDNHQWHLOOH NR
WDYDOOD MD PLVVI VXKWHHVVD NXRUPDW MDNDXWXYDW HLU
PLRLGDDQ HULODLVHW HSIOLQHDDULVXXGHW RQ PDKGROC
MRLOOH NHUW\\ ROHWHWWXD HQHPPIQ NXRUPLD MD PLWRL
PXNDLVHVWL

7DUNDVWHOWDYDQ NRKGHUDNHQQXNVHQ MI\NLVW\VWRUQLQC
GHQ QRUPDDOLYRLPLHQ VXXUXXNVLD VHXUDDYDNVL WDUNI
SLODULW XORWWXYDW SHUXVWXNVLOWD UDNHQQXNVHQ \O|
W\MI NRKGDVVD 3 VLMDLWVHYLD SLODUHLWD MRWND XOR\
VHHQ DVWL 6HXUDDYDNVL HVLWHWWIYIQ WDUNDVWHOXQ C
PDWWRPDOOD ODVNHQWDPDOOLOOD KDONHLOXQ KXRPLRLY
YDLKHLWWDLVHQ UDNHQWDPLVHQ KXRPLRLYDOOD ODVNHQ
QIIQ MD OLVINVL SRKGLWDDQ PLVWI QRUPDDOLYRLPLHQ V:
. XYDVVD RQ HVLWHWW\ OLQMDQ SLODUHLGHQ QRUPDDOL
PIIULWHWW\LQI HULODLVLOOD ODVNHQWDPDOOLHQ YDULDD
KDDOWD \O|VSILQ DODSRKMDQ NHOODULQ NHUURNVHQ M
PDW 9DLKHLWWDLVHQ UDNHQWDPLVHQ KXRPLRLYDQ PDOOL
WDPLVHQ MIONHHQ VHNI NXQ UDNHQWDPLVHVWD RQ NXOXC
YXRWWD
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XYD /LQMDQ SLODUHLGHQ QRUPDDOLYRLPDW >N1@ D
OXQ KXRPLRLYDOOD PDOOLOOD F YDLKHLWWDLVHQ UI
UDNHQWDPLVHQ MIONHHQ G Y UDNHQWDPLVHQ MION

NHHQ | Y UDNHQWDPLVHQ MIONHHQ MD J Y U



7DXOXNRVVD RQ HVLWHWW\ OLQMDQ SLODUHLGHQ QRUPI
HULODLVLOOD ODVNHQWDPDOOHLOOD /LVINVL NXYDVVD |

Taulukko 10. /ILQMDQ SLODUHLGHQ PDNVLPLQRUPDDOLY]
3LODUL  /LQ H DXCDUQLNHHLGD O X WDRBEBOWWDLQHQ UDNHQWDPLQHQ
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7TDXOXNRVVD RQ HVLWHWW)\ PDNVLPLQRUPDDOLYRLPLHQ |
NDLVLLQ QRUPDDOLYRLPLLQ YHUUDWWXQD MD NXYDVVD R

Taulukko 11. /ILQMDQ SLODUHLGHQ PDNVLPLQRUPDDOLYRLF
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.XYD /LQMDQ SLODUHLGHQ PDNVLPLQRUPDDOLYRLPL



<OHLVHVWL RWWDHQ HURDYDLVXXNVLD RQ KDYDLWWDYLVVI
HULODLVWHQ ODVNHQWDPDOOLHQ YDULDDWLRLGHQ YIOLOO
NXRUPLHQ YDLKHLWWDLVHVWD NDVYXVWD VHNI EHWRQLQ D
MRKWDYDW HULODLVWHQ SDLQXPLHQ NDXWWD NXRUPLHQ H
MRNLQ UDNHQQH SDLQXX HQHPPIQ NXLQ VHQ YLHUHVVI ROH
MDNDXWXX HQHPPIQ NXRUPLWXNVLD /LVINVL KDYDLWDDQ H
PDDOLYRLPLHQ PDNVLPLDUYRMHQ SRLNNHDYDQ VXKWHHOOL
MD YDLKHLWWDLVHQ UDNHQWDPLVHQ KXRPLRLYDQ PDOOLQ
PDDOLYRLPLVVD KDYDLWWDYD HUR WDVRLWWXX NXLWHQNL!
GDOOD NXWHQ NXYDVWD YRLGDDQ KDYDLWD .RKGDQ 3

DVWDDQ NHUURNVHHQ VDDNND PLNI WHNHH N\WHLVLVWI S
PXLKLQ WDUNDVWHOWDYLLQ SLODUHLKLQ MRWND XORWWX®
SLODUHLGHQ QRUPDDOLYRLPLHQ HURDYDLVXXGHW OLQHDD
VHQ KXRPLRLYDQ PDOOLQ YIOLOOlI RYDW KXRPDWWDYDVWL
UHLVWD NRKGDOOD VXXUXXVOXRNDOWDDQ QRLQ PL

+DONHLOOHHQ PDOOLQ YRLGDDQ NDWVRD KXRPLRLYDQ OLN
QDLVXXNVLD UDNHQQHRVLHQ DOHQWXQHLGHQ MI\NNWNVLH
WDSDXNVHVVD KDONHLOXQ KXRPLRLQWL MI\NNWNVLHQ UHG
WHOWDYLHQ SLODUHLGHQ QRUPDDOLYRLPLHQ QRLQ

NDDQ SLODULNXRUPDW VLLV NDVYRLYDW KXRPDWWDYDVWL
UDWWXQD OLQHDDULVHHQ PDOOLLQ .XYDQ SHUXVWHHOC
KXRPLRLQWL MRKWL VLLKHQ HWWI WDUNDVWHOOXLOOH S|
KXRPDWWDYDVWL HQHPPIQ NXRUPDD YHUUDWWXQD OLQHDE
NDWVRD DLKHXWXQHHQ SIIDVLDVVD VLLWI HWWI NXRUPDD \
QHWWDYDNVL +DONHLOOHHQ PDOOLQ YRLGDDQ WRGHWD \
YRLPLD VLOOI MINNLVW\VWRUQLQ VHLQLHQ DNVLDDOLVWD N\
VHVWL NHUWRLPHOOD NXQ WDDV SLODUHLGHQ RVDOWD
PHOOD HOL SLODUHLGHQ DNVLDDOLQHQ MI\NNWV RQ NX
N\WIQQ|VVI WIOO|LQ YRLPLHQ MDNDXWXHVVD MI\NN\WNVLHQ
DNVLDDOLVHQ MI\NNWGHQ SLHQHQW\HVVI SLODUHLOOH MDN
OHHQ PDOOLQ PXNDLVHW VXXUHPPDW SLODULNXRUPDW YRL
MI\NN\WGHQ DOHQHPLQHQ YRL DLKHXWWDD YRLPLHQ HULODL

6DDWXMHQ WXORVWHQ SHUXVWHHOOD MI\NLVW\VWRUQLD O
NHUIQQHHW VXKWHHVVD HQLWHQ OLVINXRUPDD KDONHLOX
VDPD LOPL| RQ KDYDLWWDYLVVD P\|V YDLKHLWWDLVHQ UDN|



MRV MIWHWIIQ KXRPLRLPDWWD SRLNNHXVWDSDXVSLODUL 3
YDQ SIIDVLDVVD MXXUL VLLWI HWWI MI\NLVW\VWRUQLOWD F
YDNVL 7IPIQ YXRNVL WDUNDVWHOWDYDQ NRKWHHQ NDOWDL
PXNDLVHW SLODULNXRUPDW PXRGRVWXYDW XVHLQ PIIUIIYLI
WXQD OLQHDDULVHQ PDOOLQ PXNDLVLLQ YDVWDDYLLQ SLO
NLVW\WVWRUQLQ VHLQLOOI RQ KDYDLWWDYLVVD VDPDQNDOW
ULVHQ KDONHLOXQ KXRPLRLYDQ MD HSIOLQHDDULVHQ ODV
WHOOI! WIVVI W\|VVI WDUNHPPLQ VLOOI ROHHOOLVHW DVLDV
WDUNDVWHOXMHQ DYXOOD 2Q NXLWHQNLQ K\YI WLHGRVWI
ODVNHQWDPDOOLQ WDSDXNVHVVD MI\NLVW\VWRUQLOWD SL
P\|[V SRLVWXX MI\NLVW\VWRUQLQ VHLQLOWI MROORLQ KDO
WXRWD MI\NLVW\VWRUQLQ VHLQLHQ RVDOWD PLWRLWWDYLF

7XORVWHQ SHUXVWHHOOD YRLGDDQ WRGHWD HWWHL YIOW
OLQHDDULVHQ ODVNHQWDPDOOLQ PXNDDQ I ITULUDMRLOOH

WHWXQ WDUNDVWHOXQ SHUXVWHHOOD NRKWHHQ OLQHDDUI
WDPLVHQ KXRPLRLYDQ ODVNHQWDPDOOLQ DQWDPLHQ SLOI
NHVNLPIIULQ DOOH MROORLQ YRLVL ROOD SHUXVWHOW
WDLVLVVD NRKWHLVVD SLODULW DOXVWDYDVWL OLQHDDUL"
HVLPHUNLNVL PDNVLPLVVDDQ QRLQ NI\WW|DVWHHQ PXN
VHQ NDOWDLVLVVD UDNHQQXNVLVVD LOPHQHH HSIOLQHDDU
NXRUPLHQ XXGHOOHHQ MDNDXWXPLVWD MRWD OLQHDDULQ
PHUNNLWDSDXNVHQ WXORVWHQ SHUXVWHHOOD HL YRLGD

VLLWI PLWHQ YRLPDW XXGHOOHHQMDNDXWXYDW YDDQ VHQ
7XORVWHQ SHUXVWHHOOD YRLGDDQ NXLWHQNLQ WRGHWD

PLQHQ VDDWWDD MDNDD YRLPLD XXGHOOHHQ K\YLQNLQ HC
GDDQ KHOSRVWL SIIW\| WLODQWHHVHHQ MRVVD MRWNLQ UL
WRLWHWDDQ DLQRDVWDDQ OLQHDDULVHHQ ODVNHQWDDQ S

SDLQXPLHQ YHUWDLOX
. XRUPLHQ HULODLVHQ MDNDXWXPLVHQ OLVINVL YDLKHLWMW

PHUNLWWIYl YDLNXWXV P\|V UDNHQWHLGHQ S\VW\VXXQWDL)\
UDNHQWHLOOH DLKHXWXQHLWD SDLQXPLD MD SDLQXPDHUR|
GDVVD VLMDLWVHYLHQ SLODUHLGHQ S\VW\VXXQWDLVLD \
NXRUPLHQ YDLKHLWWDLVHQ OLVIIQW\PLVHQ VHNI EHWRQLQ
PLRLQQLQ YDLNXWXNVHW UDNHQQXNVHQ S\WW\VXXQWDLVLL
PLVWD HL ROH KXRPLRLWX VXXULPPDQ S\VW\VXXQWDLVHQ
WXYDQ UDNHQQXNVHQ \OIRVDDQ 9DLKHLWWDLVHQ UDNHQW



UDNHQWDPLVHQ MIONHHQ YRLGDDQ SXROHVWDDQ KDYDLWD
VHQ DODRVDVVD ROHYDQ OIKHV \KWI VXXUL NXLQ UDNHQQX!
VLLUW\PI PXRGRVWXX UDNHQQXNVHQ SXROLYIOLQ NRKGLOC
VINVL RQ KXRPLRLWX P\|V EHWRQLQ DMDVWD ULLSSXYLHQ F
DMDQ MIONHHQ YXRGHQ DMDQMDNVROWD S\VW\VXXQWDL
QHHQ KXRPDWWDYDVWL 1IPI VDPDQNDOWDLVHW KXRPLRW °
VLQ MD OLQHDDULVHQ DQDOWVLQ PXNDLVLVVD SLODUHLGH
NLNVL -DQNRZVNL <LOPD] WXWNLPXNVHVVDDQ MRND
QLUDNHQWHLVHQ NHUURVWDORQ SLODUHLGHQ SDLQXPLD

GRVWXYDW SHONIVWIIQ NXRUPLHQ DLKHXWWDPDQ NLPPRL\
VHVWD NXQ WDDV YDLKHLWWDLVHQ UDNHQWDPLVHQ KXRPL
WDPLVHQ MIONHHQ PXRGRVWXYDW NXRUPLHQ YDLKHLWWDL
NDQD VIQW\QHLGHQ EHWRQLQ DMDVWD ULLSSXYLHQ RPLQD
RQ HVLWHWW)\ OLVINVL HULNVHHQ KDUPDLOOD NI\ULOOI P\]|
NLPPRLVHQ NRNRRQSXULVWXPDQ RVXXGHW NRKGDQ SLOD
NRKGDQ SLODUHLGHQ RVDOWD EHWRQLQ DMDVWD ULLSSXY|
QXPLLQ YXRGHQ WDUNDVWHOXMDNVROOD RQ NXYDQ P.
WLLQ HWWI MRV WIPI YDVWDDYD WDUNDVWHOX ROLVL WHK)
WDPLVHQ MIONHHQ YLUXPDQ RVXXV ROLVL ROOXW VXXUHP:
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.XYD .RKGDQ SLODUHLGHQ SDLQXPLHQ YHUWDLOX NHL
KHLWWDLVHQ UDNHQWDPLVHQ KXRPLRLYDQ ODVNHQWI
ULLSSXYLHQ RPLQDLVXXNVLHQ YDLNXWXV SEL

S9HUWDLOODDQ VHXUDDYDNVL OLQHDDULVHQ PDOOLQ VHNI
PDOOLQ PXNDDQ PIIULWHWW\M|I ODDWDQ SDLQXPLD 9DLKF



PDOOLQ RVDOWD WXWNLWDDQ WLODQQHWWD KHWL UDNHQ
VHVWD RQ NXOXQXW YXRWWD YXRWWD YXRWWD VHN
WDUNDVWHOWDYDQ NRKGHUDNHQQXNVHQ NHUURNVHQ OC
ULVNDDODXNVHVVD OLLODW NRKGDW RYDW HQLWHQ SDLQX!
SDLOQXQHLWD DOXHLWD .XYDVVD SDLQXPLHQ YIULVNDDOD
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.XYD /DDWDQ SDLQXPDW >PP@ NHUURNVHVVD D OLQF
VHQ UDNHQWDPLVHQ KXRPLRLYDOOD PDOOLOOD E UDN
PLVHQ MIONHHQ G Y UDNHQWDPLVHQ MIONHHQ H

Y UDNHQWDPLVHQ MIONHHQ



. XYDQ PXNDLVHVWL SLODUHLGHQ MD MI\NLVW\VWRUQLQ
VHPSLI NXQ WDDV VXXULPPDW SDLQXPDW V\QW\YIW ODDWW
OLVLOOH DOXHLOOH .XQ YHUUDWDDQ OLQHDDULVHQ PDOOL
PLVHQ KXRPLRLYDQ PDOOLQ PXNDLVLLQ SDLQXPLLQ KXRPD
HWHQNLQ NXQ WDUNDVWHOXD MDWNHWDDQ UDNHQWDPLV}
VDDNND /LVINVL NXYDVWD YRLGDDQ KDYDLWD YDLKHLWW
OLQ PXNDLVWHQ KHWL UDNHQWDPLVHQ MIONHLVWHQ SDLQ X
MI\NLVW\VWRUQLQ VHLQLHQ NRKGDOOD YHUUDWWXQD OLQF
VLVVI NRKGLVVD 7IPl VDPD LOPL| RQ KDYDLWWDYLVVD P\|V
SLODUHLGHQ NHUURNVLWWDLVWHQ SDLQXPLHQ WDUNDVW

. XYDQ PXNDLVHVWL ODDWDQ VXXULPPDQ SDLQXPDQ YRLCG
VHYDQ NRKGDVVD MRVVD ODDWDOOD RQ VXXULQ MIQQHYIO
YDQ WDUNDVWHOXQ P\|WI ODDWDQ VXXULPPDQ SDLQXPDQ V
PDQ VLLUW\QHHQ YHUUDWWXQD OLQHDDULVHQ ODVNHQQDQ
WLLQ 7IVVI W\|[VVI ROODDQ NXLWHQNLQ NLLQQRVWXQHLWD
VHNI SDLQXPDHURLVWD S\VW\UDNHQWHLGHQ YIOLOOI 7IPIQ
PDQ SDLQXPDQ NRKWDDQ VHQ WDUNHPPLQ /LVINVL YRLGD
VXXULPPDQ MIQQHYIOLQ DOXHHOOD ROH NRYLQ UHOHYDQW
ROH KXRPLRLWX HVLPHUNLNVL ODDWDQ PDKGROOLVHQ MIQ
WXVWD <OHLVHVWL RWWDHQ YDDNDUDNHQWHLGHQ WDLS X
PHUNLW\VWI UDNHQWHHQ NIV\WW|NHOSRLVXXWHHQ 6WDQGD
ODDWDQ WDLSXPDQ \OLWWIHVVI MIQQHPLWWD MDHWWXQD
NIWWW|NHOSRLVXXV KXRQRQWXD 7IPI WDLSXPDQ DUYR PIIULI
OLWHVVD ODDWDQ WXNLHQ VXKWHHQ 6)6 (1 Vv

<OHHQVI NRUNHDQ UDNHQQXNVHQ S\WVW\UDNHQWHLGHQ SRL
WHULDDOLRPLQDLVXXGHW SRLNNHDYDW MRQNLQ YHUUDQ W
QHQ S\VW\UDNHQWHLGHQ YIOLOOH RQ YILVWIPIW|QWI (VLP
QXNVHQ MINLVW\VWRUQL RQ SRLNNLOHLNNDXNVHOWDDQ S
VHQ WDUNRLWXNVHQD RQ YDVWDDQRWWDD P\|V YDDNDNXR!|
QLD \PSIU|LYLHQ SLODUHLGHQ SIIDVLDOOLVHQD WDUNRLWX
MROORLQ QLLGHQ SRLNNLOHLNNDXNVHW HLYIW ROH VXKWH
UDDYDNVL NRKGHUDNHQQXNVHQ SLODUHLGHQ YDLKHLWWD
PXNDLVLD SDLQXPDHURMD .XYDVVD D RQ HVLWHWW\ YDO

MD VLMDLWVHYLHQ SLODUHLGHQ SDLQXPDW YDLKHLWWLE
WDPDOOLOOD PIIULWHWW\LQI YXRGHQ NXOXWWXD .XYDV
GLVVD MD VLMDLWVHYLHQ SLODUHLGHQ SDLQXPDHURW



PLWDWWXQD .XYDVWD YRLGDDQ KDYDLWD HWWI NRKGDYV
PIQ NXLQ NRKGDVVD VLMDLWVHYD SLODUL 7DUNDVWHOW
WRGHWD ROHYDQ VXXULPPLOODDQ QRLQ PP MD WIPI N\VH
NRKGDOOD 0\|]V PXLGHQ SLODUHLGHQ RVDOWD SDLQXPDHL
UXXVOXRNNDD
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D ee®e pilari 22 vaiheen numero (step)

.XYD D 7DUNDVWHOXSLVWHLGHQ VLMDLQQLW VHNI N\VHI
QXPDHURW HUL DMDQKHWNLOOI NHUURNVHQ

7XWNLWDDQ VHXUDDYDNVL \KGHQ SLODULQ VHNI MI\NLVW\\
. XYDVVD D RQ HVLWHWW\ WDUNDVWHOWDYLHQ NRKWLHQ
NRKGDVVD VLMDLWVHYDQ MINLVW\VWRUQLQ QXUNDQ SI
KXRPLRLYDOOD ODVNHQWDPDOOLOOD PIIULWHWW\LQI Y X
WHWW\ NRKGDVVD VLMDLWVHYDQ SLODULQ VHNI MI\NLVW\
KHWNLOOI NHUURNVHQ WDVRVWD PLWDWWXQD .XYDVWD
MIWNLVW\VWRUQLQ QXUNND SDLQXX YIKHPPIQ NXLQ VHQ YLH



