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DDOMY DVHIP HQAR \WH5+5 SISIQ) WDNGFOGY/DKHDA P RRURSHDAGYDOH 0 29 | @QIHGNIQN
DQG WA Z DV QP HIFDD P RCHIBG \R P XOW \WH G P LE EHDYIRXUXQGHIWIRY HIWIDONY
7KWHNGQB/R WNVZ HHFRP SBIMG LOWIVVMG \R YHIL\ WHOFPXUIR R \WHQXP HUFDOP RGHD) LWXWKH
SXUH EHIAQ) WAV Z W | RAUSRQAR FIE GOAQ) Z HH DERIWMG | RUWH | GQJIHG NRLQAKR LQYHXM DM \KH
QRQIGHU EFKDYIRXY DG RABEQK UHIDE®! FRP SRHQAP RGHY XMQ) | LQW HBP HOADDOMY \R\Z DH
6HRIG TXOL\WEME WV | RUWH AKRHD VHIP HV R SISIQJ ZHH H HIAMG \R FDBX@ REVHLYH \WH
UASROHR WHSISIQ) XQE-UP FIF GDAQ) ) LD KINGQ) \EEGIMAV | RUWHVHIP HQAR 5+5 SISIQ)
Z HIH FRP SBIAMG R LOYHXM DM LW G (TP LF AKOUDRAMIMIFEY DQG W YHU\  \WH Q<P HUFDODCDOMY KOV
$ FARAQ W \KH WXV WH\VHP LF SHIRPDFHR WH5+5 SISIQ) W WP LQ WH \IP SBI QFBDU
SRZHJSOQNV1 33 1V EFWUWDQ \WH DARXP HOMBXOV 1Q \KH ) LBD6 D HV $ QOMY 5 HBRW) 6$ 5
+ RZ HYHJ MW/ QRMG\WDADQXCH SHAMS | DOUHP REHR! \WHI OQIHG MQNRFPXUHG GAUQ) WHSXUHEHAQ
\MANQGFDAHGWHBINDIHR WMAG\SHAP HD
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D QFBDUSRZ HUSOQV1 33 1Q70Z0Q WHIDMHR 5HIGO0O+ HOABHPRDD 5+5  SISIQ) WP LV
LGHNVLHG Z WK \WWH KL KHARQUIBXMRYY | RUD QEFBDUP HIWGRZ Q XQGHUWH D HA VKXWERZ Q HOWKTXONH
66(  LQWH CFAG-QANHIXHIAHY 7 KHP DQIXCAMRY/R 5+5 WP LFOGH SIRVIGQ) FRRIY) Z DAUWR
FRUM DV ®WR FRROQACFAGHQV/ 2 &$  KDSSHIHG \SWD LQ) 1Q ARQEIGP HQWVUP RYIQ) KHDATURP FRUH
UBAQ WP SHDMHR \XSSUAMRQ SRRODQG FRRIR WSLFDOFRP SRHOVR  FRUH D\MMKAERZ Q 7 KHH
| XQRANRQY DUH EDHG RQ DP XABBI XVHW MM R 5+5 WP Z W PRGVR RSHDMRQIRUGZ SUHWKUA
IGRFU/3)/ FROEPHMWSD &6 WSSHMRQSRROFRRID) 63& WXERZQFRRIY 6' & DG
$& LOE-BHG-Q\Z DMDEAMRY $&,0 $ $&,: $ WP KDV\R SIRVICH BQ WP ZDMJIHEQ \R
ULRARY XQEH WBIRQ EOFNRWWRW 692 FRIAWRQ XQMDSRZ HJ WFRYHUDQG WH IDOWH R $&,: $
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&RH 6HAIRY,,, ' LYMRD 6XEVRIRQ 1% > @7KH5+5 SISIQ) WPV FROIMAR SISHY/ \KSSRW
SISQJ ARP SRHQN HW 7 KH SIS.QJ ARP SRQHQIV DUH [P SRAIQM RUWH LQMIUW R SISHICH LFOAQ)
HERZV | OQIHG NRQN UHSFHY DQGWH/DQGLQ AHHTIXSP HOAS FFREQ) RWH( 35, > @WH
KHD\ 1Q @CH FRP SRGHQV RUUMVAY \KRX@ KDYH D YHWFDDXSSRWWBFDMG FRHE. DG \WH @MBDOKSSRW
\SOQV\KRXG WD WP H/R WH \KIJ HAMG YHWADOWKSSRWWGTAQ) ) URP \WH GV LIV DG WH LQ
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VIR HOWKDXAONA/ 7KHO 29 ) LIXH D ZHIKIQ) XS W NJ VP DQD \XSSRWGE WH5 &89 DV

DAWMHAR P 7KHCH WHER YHWDOXSSRWRUWHO 2 9 LVDVAUWQ) KDQIHJ ) LIXWH E CRRW
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,QREGUWRFOU\ \WHFRQUEXWROR WHS +5 SISIQ) VAP | RUDQFEBDUP HIVGRZ Q KV MG OP VAR
HASEQK FUHEME®! Q<P HIFDOP RHY | RUIIDJLON DROMY R WH5+5 SISIQJ WP 7 KH LG-DOWKLY
DQG DEDOMY VRSH R WH SISIQ) \WKDDWKQ 1URP AKFMWUDODGRKRU MR MKRMUDODGFKRU EXWILY TXM
QI IFXOWR DAKIHYH 1Q DBSTFDIRY ,Q JHIHID LQXAMDG R D WDODGRKRUIDIH SRIQVWH ERXQEDY R DY
HASEQKHE P RGHOKDY \R LGFOGH DABDXKUH FKDQIH/R- GUHRNRQ DQG \B R VHMP LF \KSSRWLQ HIFK R
WUHRWRIRDOAUHURY $ V\KRZ QLQ) LIXWH  \WHNRQN DG DUHVKSSRWGE. DEYWIE®!
SISH \DEEDI KSSRW Z W 8 ERO\DQG WH NIQWV LV \IKSSRUMG B\ SISH \DG3BI Z W WES DAKH | GRU
SHIHADIRY , QWHSXERHR WHLOYHXM DIRQ LOR WHVHWP LE HIHAWR \WHO 2 9 RQ\KHDGMFHG + 5
SIS \HIP HQVDQGHRP SRHOV (RGV DG Z HHGH LQHSD/WHI L HSHIG/R WHP RGHDR U-BUAHQWV
\WH FUMFDOSDWR WH5 +5 SISIQ) WM CFRRAEQ) \R \WH DDOMY WAXWV 1Q 6KHD > @$ V\KRZQ LQ
YUXWH  WHVPSBIS+5 SISIQJ VAP LVGHIGHG I URP \WH\KSSRWR WH | GRUSHHADNRQ J XOLE DAWH
IGRHMODIRY P \RWHZ HOHG FRIGHAIRQ\R WH5 &89 SHHADNRQIXDGDAMHHIODIRY P
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| @QHG NALQVDQG TXOWL WIME WAV DQG VKONGQ) \BE®! WV | RUWH UWVHDUK VFRSHR WH 5+ 5 SISIQ)

MW ) LUXH  7KHSXERH/R WMV DUH R REVQ P HFKDQADOSURSHWAY/ R \WH MIQAFRP SRHOVDG
W YHI\ WHOFRXADMR \KH | LQW HBP HOAP REHY 7 KLY SCEHUOP VR VAW WHUAXAOVR WH WMV DG

DDOMY DAKHM VMR GYHD LGFOXAQ TXOL WA WAV DG WENQJ \BEGI WMV 0 RUH GARYY CERXVKH
FRP SRHOMWIVI RAWHI @Q) HS MQADHIQRRGH-GLOQ&KDL> @

) LUIXWH 5 R SBRAHW
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7KHSXSRHR \WH TXOL WIME \MAR WH | XEWDBIVCP SBI5+5 SISIQ) VR YHU\ \WHIOFFXIR R \WH
QP HIFDOP RGHODQG R FOUHX@ REVHYH \WH BHKDYIRXUDGG | DOWH R \WH SISIQ) XQGHUR FOF GDAQ)
7 KHIDOWHP RGHR WH5 + 5 SISIQ) W WMP LV GH IGHG DVGINDIHRUDECRUP DOGH RP DIRQR  FRP SRHQV
+HFH WHSISIQ) \GHAP HY/ GXUQ) \WIVZ HMIXER Z DMUXQEHWHWIELD] HS SHAKIHR NJI FP \R
REVHYHWHBINDIHSKHIRP HIRQ 94H RMH HRAMY WMV \WHCSSTHG R FIE GOAQ) SDAOZ D/HAWP DAG
\WURXI K QP HUFDCDDOMY\R P XOMWKHP DQICHWIO RAVR WHVP SBISISIQ) GAUQ) HWXINY

( WP DARQR 4 XDV 6\ / RDG 3 DIWLD

, QRGUWR HXP DM WH TXDL M GOGSDAO D ' 1LQW HBP HOAWP RGOR WH\OP SBISISIQ) X WP
ZD/GIYHBSHG Z W 6$ 3 VR DH\WR MP S@\ WHG P LIF VHWP LF 1RFH W WH FHORDD HS WA
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IRFH $V\KRZQIQ) LUXWH  WHIOQHE MQAEHEHQMIQN DG ZDVMP XORGE D QGHUMN
HBP HQAZ M WBQIHUMMIGHVR NL P DQG IRBARQ W GHWVR NL P GOUHDFRAQ \WR\WH
UAXOVR \WHFRP SRHOAMIVRUHI OQIHG NIQA @7 KHO 29 ZD/VHVURP NMIQV \R DG \WHNRQW
USUAHOANHAHOMIR JUDYW R WHO 29 7KHPRGHCR 0 29 ZD/MP XODMSE\ DUIG QN HBP HOAR
FROHAWVERK MGVR WHSISH 7 KHERXQEUHYR \WHP RGHZ HHVANR EHI [ HG\R P XOWMWH\XSSRW
IRP 5&&9 DQGIGRJ) LIXH  G-BIAV \WH I LQW HBP HAP RG-OR WH\IP SBISISIQ) AP Z KIEK LV
GHYHBSHERQWHEDAVR D RUP HMRGHG GHBY DG \WHRWLQDOGIY L)

)LUXH 1 XPHIFDCPRGCR 5+5 SISIQ) MWMWP

7 KHIGXWP RARY/ | RUGRIIGHIUUASROH KIMRY  DIDOMY Z HIH GHUYHS | RUWH QRGH GFDAMG RQWH | GRU
R \WH5 HORRUYX@IQ) XMQ) DOP SHEP DVP RIOR WH\CP SBI1 33 \KEMPMG\R66(  7KHAP SIQJ
WDRR SSQ MMM ZDVGHIGGE DFRGAQ WR( 35, > @YDHE RQWHUAXWVR  LGHWIO
| RUPH DG WH UASRQAY DAVRIMFDOBADARQ/R \WHSISIQ) AP XQEHUBE( | RAUHNLYDBQNFRFHOADAG
WM GG/ Z HH GAMP IGHS ) LIXUH  \WKRZ V \KH FREFHQADAG B0G P D) QWCH DG GUHRIRY + HIAH 1Q
REGUWR YHU\ WH SURSRHG BOG SDIWLD \WH AMIEXIRQ R AVSOFHP HOAHSRQH XQEHUWH SIRSRHG
FROFHOADAG WIME GO0/ LV FRP SDUHG Z W \WH P RAHWKTSHR WH I LWIXP RGHR WHSISIQ) 2 Q\WHRMHU
KDQG \WH GMIEXWRQ R GVSORHP HMBASROAY XQEHUFRAHQADAG \WIME GO0/ 1V DOR FRP SDUHG Z WM

WHP O [P XP UASRQH/ RAPAUHG XQEHULGXWP RIRD $ VVKRZ QLQ) LIXUH BRI WHARP SCUMRQ/DHIQ
JRRGDIBHP HQW
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4 91KkN (0.2)
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3.92kN (0.16) —__|

— Mode Shape ) _— lnput Motion #82
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LXK \H)(Ngl ) LUXWH 7 KHARP SDIMRQR GVSORHP HMAMWMEX\WNRQ

7HVBHXS

$V\KRZQIQ) LUXH  \WHR FIF GDAQ) WWAR 5+5 SISIQ) WP Z DVVANS DFFREQ) \R\KHQKP HIFDD
P REHD2 QWH\RS R \GHAP HD WHHZ HIH\E R DEDBM.Y Z LW | RAUGDG FHDY LQ EHE HHD DABRKHG ROR \WH
ULRIRQ Z DR [P XDMWHS 8&9  Z KIBIWH\SHAP HQEHQ) Z HBHE RQWHRKHUMGHR \WH DEDBMY
2 QWHRMHUKDGG WHERMP R \WH\SHALP HD Z Dv FRQQHAAG \R WH WY | GRUZ W RH BOG FHDIQ
EHEHHD 7 KHSISHIGH | OQIH UHBFHJIDG\SUQ) KDQIHJLQ WH | XEWDBI\MIZ HIH CXSTEDMG | URP \WH
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B DMMCEGAN\XSSRWGE D ARAUAM | @G WMHOSLISHIXH Z W WHMVEP HZ HIKWAMIY GHAY DG GFRDINRQ

R FHQAMR JUDYW DVWHCRXOORGHVIQWWH1 33

) ROWH R FOF GOAQ) \MWKH WG SIRRFROZ D/GHIGHGE\ \ERWSHVR! LGEXWP RIRQY Z WK QLT HHWV
LOMMW GYHY 7 KH RGH Z 1\ WP DEBULQAMMW LV R NHE WH UASRQH R \GHAP HD Z Q) \WH HDWF
WDQIH DQG WH RKHUZ WY OLIHULQAQUW 1 DERSWG | RUWH | UDILON \MAMY ) RUWH HIDXME ML) \MHUH
Z HH REDWUHH CRXDRLY XVHG VR CSSO GOG/ROWHGFDIRY/R 0 29 HERZ DQGI@QH UASHRIYHD
7KH P DM CRXDRU CSSOLQ) GOGWR 0 29 Z DV XQ3HU QASORHP HOMRQAROXMQ) \KH QASOFHP HOV
ZDHRP DAKRZQIQ) UXWH D Z KUBIWHRKHZ R VDYHORXDALY CSOLQ) GO/ ROWHHERZ DG
| @QIH Z HH XQG-UI RIFH FRQUROE. \WH DARADMG | RUFH 1Q DAFRUEDGFH R \WH QP HUEDOUAXOWV 2 Q \WH
RMHUKDQG RQD Z Dv\WH DRMDRUCSSOLQ) GOG\RO0 29 XVHG I RUWH I UDILON \MXY 7 KH DRAMDRUZ D/
XQEHU Q\SOAHP HOAFRQURORQ WH EDIV R \WH GQVGORP HMWZDYHRP YWIXMH  E  Z W LGRUDIQ)
[P SOMGHWEDAHSISIQ) WP | DOG

$P SOXGH PP

L x | x
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7 R HXQOV

( OWIF WAM; 7 KHVRELQ I DXIHYZ H3H DUDQIHG ROWH\KUDFHR SISHICH DQGKHIFH WH WA/ FDQEH
GMP IG-GE ( TXOIRY  1URP WH P HDAXUHG ELQY XQEHMHSOGH Y DG AHDUHDWE FRGUWRYY

v, ‘Q%%

+HH Q DQGQ, DUHWH P HDXUHG WIEIQV DY) [ [DCOQG DUF GUHANRYY URSHRARYHD DOGWH SRARQ UDIR
Q  ZLW<RXQIVPRXOV( * 3D

7KHP O P XP \KUELQ DG WH DWRADAL WA REFXUHG DAWHERXQEY FROQHANY) 58&9 6 DQGWH
7 MIQNXSSRMQ WHO 29 6 $V\KRZQIQ) UXWH  WHPL IPXP AN 0 3DLVEOW\KDQWH
\IHEQ W 0 3D \XAK \WDWHSLSHICH LV MM Q\WHHDWF IDQIHDVH SHAMS

) IDILOW WA ) LIXUH  \KRZ V\WHLQBAHE WA/ DAWHERXQEY RGN 5&89 6 DOGWH
7 NRLQNXSSRWY WHO 29 6 SHHUMG\RWHSIRRFROD/AKRZQIQ) UXIH  E - IWFDQEHI RXQG\KDV
WHWHVD/S  LGRUDAALIQLLEDQE® DAWHAVSORP HYWR 0 29 IGFUDHARWHIIQHR  \R PP
MY FXHGEL \WHEWR HIKDGR-P HOVURP \WH LQ LABEG FRQAUM GXH\R LW XSWUH DG GRSSIY) R 1Q
\WH7 \KTBHGO0 2 9 \XSSRWIXQEHMAK GH RUP DIRQFRQAURY , QDBAMRY GHWRWHZ HONHHS GOGSDM
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DOGOONDIHR \WH5 +5 SISIQ) WX \KAP
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\ IHTQ) KWW/ RUHDWIF \MXAL) \ LHEEQ) VK| RUI DI LN KXY

&RP SDUMRQR! 1 XP HIFDODQG( [ SHUP HAICE HXOW

UHDVHR \WHGHRP DARQR  (BOG FHIY DUDQIHG LQ WH TXOWL WEIF WV \WH 1 L[ H5 ERXQEL FROGWRQ

DAKP H3LQWHQP HUIFDODIOMY\KRXG EHP RALLHG 7 KH3 AN HBP HQV Z DV DERSWGWR P RG-OKHBOG

FHDY DQGWHI] IDOD@G\KHUMYI QAW ZHHGHIGGE NL PP O NL PP 1GRP WHWMMRQDEG

\KFDOUMAVR \WH GOGPHTY UASHRYHD 2 QWHRMHUKDQG EDHGRQWH P DX/ MALIQ YOOHY GHOUWH

ERWEP R \WH\SHAP HQLQWH TXDUL B WMAKHLQGXPHG WA DG \WHQWWH P RP HOWDQEHGHMP LQHG

7KHD \RIHKHU Z WK \KH P HDKUHG WIADQI B \KH URIARQ I AW/ R \WWH DG FHDFDQ EH GHLQHG B
i N PP WG

7KHUWASROHR WH5+5 SISIQJ WP DARADMG Z WK \KH LGBXWP RARQY | RUIUDI LAWY M) FOQ EH
GHAP IGHG XMQ) WH P RA LHG QP HIFDOP RGHD 7 KHUHCRNRD I RIVRQWH5 &&9 ERXQEN GAMP L1QH3
B\ \WH Q® HIFDCODOMY DQG P HOKUWG I URP \WHWAUWDHARP SIBGLQ) UXWH D ZKIB) UXWH  E
\KRZ Q) WH FRP SDIMRQ R GVSORHP HQMHSRQMY DS KDQIHU ' ;. 7KHIRRG DIUHP HOAR \KH
QP HIFDCDQGH SHIP HBOAXOVYHI LRAKHFRUHAGHAR \KHSURSRHG QP HIFDCP R3O

PP

YFUE M

"STHPEC

7IPH \HF 7IPH
D 5SHANR)) RAB; a E' MSOHPHW

JUXW$  &RPSOLRCR W QP HIFE DQGH SHIP HOBOWXY
6+$. ,1* 7$9% ( 7(672) 5+5 3,3,1* 6<67(0

, Q DEAWRQ VR WH TXO I WMAKH\KEN.Q) \REGIVWMIVZ HHLP SBP HOMGIRUMMHS5 +5 SISIQ) M WP R
YHUN WHFDEEHOWV R SIRSRHGQXP HIFDOP RGHOR DBOMQJ WHG (P IF LWSRQHR SISIQ1 WPV

7 HNANS
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) RUWH\KING) \BEG WAWH WG BERNRQ 1P HDV\KRZQLQ) LIXWH  Z DV GIMIGHE R MP XOWM \KH
58&&9 ERXQAN 7KH\SHAP HQR \KH5+5 SISIQJ WP |RUMKINQ) \EEGIMAXAY DB RIAKH\CP HDV\KH
ROHXVHG LQWH TXOUL WIE WK+ RZ HYHU LQREHR DYRGWHXQH SHARGI DIOUWHR WH7 \KCSHG0 29
\KSSRWWDY RAPAUICY 1Q WH TXOVL\EME \WV\KH WY AW R WH 0 29 \KSSRWWZ DV WHIWHIHG B\
IFUDIQ) WHWIENCHVR WHUWMOMEH 68+  BXWRME WHIQLABG FRFUM , QDEAWRY EHDXH
R \WHQMBIH I HAWR WH\SUQ) KDQJHURQWHUHSRQHR SISIQ) WP \KH\SUQ) KDQIHJZ DVUP RYHG
LOWHVKEN.Q) \BEBGIWWMAVRUMP S LEDNRQVKAK \WDAR W LG | LTP HVR KDQY WH\SUQ) KDQIHUY GHHEHG

7 KHIQWWKP HOADQG LW P DNRUSXUSRVHDUDQIHG | RUWH\KING) \BEGIWMNGFOGH Z DAUSIAKHIDIHWR
GHARADQG P DQEQWHIDIHSUAKKHR (QLEGZ DMIDN NIl FP - GOG FHDY DUDQIHG EHE HQ WH\RS
HXGR \SHAP HY DQG \WH WG 1P H DQG BREH-Q \WH ERARP HOG DQG WH \KONGQ \BEGI R P HDXUH\KH
URRQI RUAHY/DQGP RP HOW \KUHH O] LDOWAELQI DX HVAR P HDUXU\KH LI Q DG WHQWEQ HUBGWR A/
[j LDOI RAH DQG EHQEQ) PRPHQWV/ 9 7 DQG LP DIHEDWHS P HDKUHW WP \IR P HDVWKUH WWH GAVSTR-P HQV
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