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ABSTRACT

The deformation and energy dissipation <ca
column and shead f wdtel seams mdicr @etr IfBoerrniaonrcnei ngf
accurate caltutative pedf grmRaa roceea mg S scedsleswnmenn ta r
wal | I's an I mpor thaanse ds tseei § hme cpkeer ¢ sotr grmanncoel o g y
guantcompomaspeedr f or mancet as st abddfmernma tilisomi tisnde
f RFC beam, col unm mgpnod ednhte @ r & sna hbtta,es epde rsfeoi s mi ¢«
condeapt been i ntr oGhuicreedsdeen Hbweeviengdenhd assess
performance on components ichencakdimdegfd baaedonrt
demands of components uardeeari rgiugarrea nd a&retdh gbuya k re
constructional dmefasrumaetsiodand mpendarhtes are not
Therefonatbhdenh deatnt i t ati ve asseses mdmtt esn otfhet
components. Moreover, seismic performance as
to deformation I imits in f13,0i-3E68ectocde)s. (Ssiunc
material and construdteisomale meddseresntish r oor ¢
thus it is necessary to find out whether de-
structures designed Heoweonrda, ngxitot iICthg nres®e aroa
are extr &mwrl yt raeeliovery essteatdéfad hnaot i on | i n
comporogemps i L£rhti nweistdhheo dnee s Bvaarckhns and t a@esgl 8s ¢
i nclude
(1Def ormation | imits of RC c¢cond,0 nEQRBG , gi
t r opdruecvei doauwsrleys elay onve egxrpoouuphlde dsi mi | ari ti es, d

5

suffoti @rheeys e def ormati omel smi ts pket al mmaens

o

formation index and verifdcampdndedzoe@®ad ded alr
i's 7Tbaséiss mi c performance st afi @as0a®ifi gvhQ | ¢go

madg,esdl i grotdley at el ¢, mbA@magae k| ¢, skvmaged at el y

O @ = @d S

maog,esceiver e odamihaged wWede put t dloirwag rrdecl caot uendt
ovisions of seismic performandbaboe®ekeyn c

erformance points (yielding point, strengt

- T T o o -
-

ordada ft angle skel et,o;n mnoeutrhvoedh wha k e mpgon & nt
components as defor magputonf pewdeftinmer ccee fi mrdat |
RC compmfeaaohsperformance state. This frmet hod
estabtdesbr mgt,compll i ®@Diiessve (fdordeadds of RC comp



(20 database of 103 rectangul ar RC beams,
rectangul ar RC shear walls was coll ected fro
| at er al |l oadi ngoRCwcomponeakPaanbhmebadsappl ped
points of each spgdei Man abwarse geadng pparitdendedchd a |
badiodr researches on dsediogmadaoa e RTaoomepsoaeahnd.

( 3) The icmforsermde ffaal ure modes ofweRrCe bear
analgmedsumwmiarhzedat abawdf ai l ure mode <cl assi
based on fl exur al shear ratio and shear spal
col umreand wal |

(4) Through r e¢hesisli Bt ednapagrsarstalf sorweu lea
established trhesgwgltféeiwfa ISRCf lbe a m, column and s
key perfor(nanqediscthadt ersat elop nidamag e doduanndaegre d
di fferent failuhdscanmdabtdhBamedhod proposed i |
determining eadh ode fRCr ntaotmpoonn elnitmi under each
angle |Iimits ofaR€C dleaar wadriugperteebdadfi kfpaigli Ui e
were put forward for:dAtnhteas i glet If v rsidnmgahgtel dyt a
moder ateldy mididmagedloy,s da-mageyatdalnaqnddever e
d amadgTlehden assessment wofacsthhei dfdri ddainkaghigy emé i mo d
suggest exd8eisnu | ATSC ,$ hhew exlt®@tedance probability
fi tnaoc,$ efiv-mo @éer at elop nibaemagedopamdgedance st ate |
than 35%, 35% and 15% respectively.

(5Based on the coll ectfda G adwgsgpasmeEwndt eddtta
compare drift angl e alnidmisthe®e aof WRC| bpamposce@ldu i
given in ASCERRRBI oppsedi ouusrey elay ch group. Th
di screteness and saf ewaysumfmagad zte dd efnar matei odrr
proposed wawvtehi § i papémo be optimal in these d
of research work provides a theoretical bas
structure.

(6lpwcyclic o6B®a®RCt e tams, 12 RC colummes and
conduct éfdaialnudr e babbppeicomensef under each | oadi
i n dAntaaliyls.i s was pe«mpfeonn imeinhltarbe tthehavi ors of
col umn and Shearwiwadal It hep ecipreeOho atsha ssc ebf at At
characoér RE€tcikopdsutmn and s htekbe pwealflo,r maefcer sttat
fi ntogsclti ght | ¢ ,sdid gadogdéedr at e loymafthenragtealloys elaemrae e d

\



moder at elognid @ ma g e dodvee noabot eadh m ¢h déss t atbtrees Bt i ons hi
bet ween per def ma maé¢a midhded @mdngafsolr, RC beam, col
shear wall

(7) I n ortdheler i f o wegileyl i mits of RC beam, ¢
i n this paper, the RQGibdagaanasnglle2 IRGidesl wMns a
under 3 key pwerfeoroanameneaed gfecesisane pt acement sk
cur,adstcempared with the dmitthi sasnmdpped.i MRdsul
t he adrgilfet | i mits of RGvabl e anpr ocpoolsuendn ianm di chsi hse apr
smal | ex pth awael nutiegslImadlilscr et eness.

(8)ef ormaltiimi ts of 3 key performance point s
20 RC shear wadll sulidt edthmbBy pampelri mits systems
ASCE/ SBERB, 4ZEZC8nd the one proposed prwevrieous]| y

compad éwpehement@asulone show that the def or ma

andearh wal | proposed in this paper are the |
which are close to and smaller dshsa.n experi me
The deformation | imitarowaRC peampsedhemnt

guantifies the def or matnich@ark es amuagc itthye osfhoc d mam
performance assessment of componeess baspdow
a theoretical basi s-bdoved reailsmingdeoxirgror ma

components | evel

Kewor:dsRei nf or cdPeed f @cbmaagr@cdiees, mis¢ giPer f or mance Le

Def or matsf oRCLmenmber t est
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79~80 2 193] 28.5 2.64~3.85 0.31 0.48 0.04 0.18~0.25| 0.013~0.019
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9-13 | 5 |M4100]3201-3432] 422 | 0.29~2.17| 0.61~0.86] 0.07-0.39] 0.17~0.57| 0.043~0.053
14-21 | 8 | 44100 2167-27.12] 3.3-4.57 | 0.75-1.06| 0.12~0.36| 0.21~0.41| 0.27~0.41| 0.053-0.071
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23 1 | @0a| 1744 1.7 0.89 0.39 0.41 0.55 0.141
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26-28 | 3 | 44103 21 4.46 0.32 0.04 0.12 0.35 0.033
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43-44 | 2 |@eud| 2184 1.7 081 | 03~073| 039 | 0.65~0.68| 0.157~0.165
45-51 | 7 |W@eun| 753 |227-2.38| 0.51~0.79| 052 | 0.08~0.22| 0.83~1.41| 0.082~0.116
52-57 | 6 |4112|2489-27.09 6.4 | 0.37-0.61] 0.21~0.33| 0.13~0.24| 0.26~0.36| 0.038~0.041
58-50 | 2 | 41131 | 3222-32.50] 3.38~3.4 | 0.52~0.93| 0.25~0.38| 0.23~0.3 | 0.38~0.49| 0.07~0.077
60~62 | 3 |14 |2705-3557 317 | 0.3~0.9 | 0~0.18 | 0.09~0.36 0.49~0.85| 0.062~0.102
63-86 | 24 | #4115 | 5648 | 5.3-5.43| 0.54~1.61] 0.28~0.42| 0.11~0.4 | 0.18~0.65| 0.036~0.062
87-90 | 4 | 416 | 2303-23.79) 4.06~4.08 0.27~0.36| 0.11~0.28| 0.1~0.13 | 0.48~0.58| 0.056~0.067
91-97 (27,44 | 21.50~27.85| 3.63~3.65| 0.07~0.17| 0.09~0.34| 0.02~0.08| 0.82~1.21| 0.045-0.091
98-107 | 10 | 44117 | 54.02~76.32] 2.16~2.19] 0.75~1.64| 0.14~0.93| 0.12~0.68| 0.31~0.89| 0.078~0.119
108~117| 10 | W41sl| 285 | 528~537| 0.4~1.07 | 0.24~0.55 0.19~0.51| 0.22~0.38| 0.048~0.066
118~129| 12 | W419] 3125-49.97 323 | 0.9-0.92| 0-0.44 | 0.17-0.33| 0.28~0.5| 0.045-0.1
130~138| 9 | K410 | 2108~2326] 3.93 | 0.59~0.63| 0.13-0.25] 0.28~0.33| 0.4~0.44 | 0.072~0.081
130~141] 3 |B4121| 5828 3.85 137 | 0-023 | 012 | 0.2~0.34 | 0.024~0.047
142-152| 11 | #4122 | 4861~69.18] 4.37 | 0.4~07 | 0-0.29 | 0.17~0.42| 0.14~0.39| 0.022~0.051
153~154| 2 | .44 | 17.86-18.46 3.9 017 |o017~018| 0.3 091 | 0.095~0.098
155~160| 6 | 44123 | §3.7-69.98| 7.22 | 0.86~1.87| 0.2~0.58 | 0.12~0.27| 0.16~0.38| 0.024~0.037
161~166| 6 | 44123 |5569~72.51] 7.22 | 0.99~1.87| 0.53-0.79] 0.26~0.38| 0.16~0.24| 0.032~0.038
167~160| 3 | 14124 | 31.05~32.15| 2.21~2.78| 0.5-0.84 | 0.36~0.73| 0.18~0.32| 0.49~0.73| 0.095~0.103
170~172| 3 | W12 | 2872-20.85 3.4 0.2 0.03 0.06 052 | 0.033~0.035
173-178| 6 | 44120 | 4591-47.26| 3.92 | 0.78~1.17| 0.27~0.45| 0.17~0.27| 0.38~0.5 | 0.061~0.071
179 | 1 |®ewn| 2557 3.17 0.3 0.19 0.13 0.99 0.109
180~183| 4 | W41 | 17.1-1047| 221 | 0.52~0.65 0.24~0.39] 0.22~0.32| 0.74~0.84| 0.143~0.162
184~187| 4 |Wa1m| 2091 6.78 | 0.33-1.05 038 | 0.19-0.59] 0.13-0.29] 0.043
188~191| 4 | 10 | 2507-27.31] 432 | 0.07~0.28| 0.09~0.1 | 0.02~0.06| 0.46~0.63| 0.033~0.035
192~199| 8 | b3 |1033~2337] 549 | 0.26~0.62| 0.23-0.24| 0.18~0.3 | 0.19~0.27| 0.035~0.044
200~201| 2 | 1% | 22.69-22.94] 1.85-2.66| 0.13-0.18 0.12~0.21| 0.07 | 1.31~1.34| 0.083~0.113
202~210| 9 | U6 | 34.35-37.32| 4.3~4.32 | 0.37~0.5| 0.29~0.44| 0.11~0.14| 0.4~0.46 | 0.045~0.048
211~212| 2 | 13 | 228-269 | 3.23 038 | 0.1~0.3 | 0.09~0.1 | 0.51~0.53| 0.055~0.056
213-216| 4 | 13 | 2242-2087| 2.31~3.23| 071 | 0.1-0.3 | 0.16~0.22| 0.29~0.54| 0.036~0.093
217-221| 5 | # | 2219-2333] 435 |045-1.12] 035 | 0.14~0.36| 0.25-0.44| 0.056~0.058
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222~225 sl | 2288-29.11 4.19 | 0.7-0.86| 0-0.35 | 0.17~0.45| 0.14~0.39| 0.029~0.058
226~229 137 | 2158-31.24| 4.15-4.19] 0.34~0.54| 0~0.35 | 0.13~0.29| 0.25~0.41| 0.028~0.082
230~233 s | 1436 | 3.23-3.24] 0.42~0.69| 0.13~0.62| 0.2~0.27 | 0.36~0.44| 0.07~0.08
234-255| 22 | 139 | 26.3-50.8 | 1.61~2.69| 0.24~0.47| 0.04~0.2 | 0.06-0.17| 0.55-0.91| 0.046~0.141
256~279| 24 | 140 | 4191 | 1.54~582| 0.33~0.66| 0.2~0.49 | 0.06~0.13| 0.28~1.24| 0.03~0.135
280~283 e | 448-47.2 | 311 | 1.66~2.98| 0.46~0.59| 0.31~0.57| 0.37~0.58| 0.114~0.124
284~292 42 | 56.09~62.19| 3.23-3.27| 0.34~0.95| 0.35~0.51] 0.06~0.13| 0.49~0.9 | 0.058~0.077
203-302| 10 | 143 | 57.89~72.16] 4.33 | 0.55-0.88| 0.34~0.45| 0.17~0.37| 0.24~0.34| 0.042~0.047
303-308] 6 | 14l | 56.68-85.33] 2.78 | 1.14~1.68| 0.3~0.54 | 0.1~0.15 | 0.48~0.58| 0.051~0.071
309~319| 11 | 145 | 50.98~56.38] 3.07~3.4 | 0.25-0.9 | 0.32~0.55| 0.03-0.11| 0.68~1.18| 0.058~0.08
320~330| 11 | 1461 | 23.71~46.44] 1.6~7.55 | 0.47~1.35| 0.25-0.63| 0.08~0.3 | 0.2~1.03 | 0.028~0.143
331~340| 10 | 147 | 57.51~73.8| 1.67~2.23| 0.39~1.06| 0.43~0.65 0.14~0.43| 0.47~0.9 | 0.088~0.117
341~346 wel | 4614 | 1.67-4.46| 0.75-1.34] 047 | 0.18~0.34| 0.28~0.82| 0.047~0.124
347-350| 4 | 14 | 67.57 | 4.31~4.36] 1.68~2.68| 0.15-0.23| 0.25-0.4 | 0.16~0.3 | 0.032~0.044
351~355| 5 | 10 | 53.01-68.61] 4.08 | 0.68~1.35| 0.22~0.53 0.12~0.72| 0.12~0.41| 0.039~0.047
356~367| 12 | USU | 51.17-69.62] 3.76 | 0.48~1.65| 0.24~0.52| 0.05-0.24| 0.26~0.51| 0.035~0.043
368~371| 4 | 152 | 19.09-225| 4.3-435 | 0.29~0.59| 0.35 | 0.17~0.38| 0.26~0.4 | 0.057~0.065
372-373| 2 | bS8 | 4427 501 | 0.67-0.84] 0.17~0.43| 0.11~0.14| 0.36~0.38] 0.036~0.043
374 | 1 | s | 3116 1.63 1 0.42 0.3 0.81 0.17
375-380| 6 | U5 | 30.48~31.31] 3.45 | 1.42~2.15| 0.18~0.5 | 0.37~0.64| 0.24~0.36| 0.067~0.078
381-386| 6 | U6 | 32.07-42.53) 3.54 | 0.67~1.75| 0.1~0.24 | 0.17~0.38| 0.3~0.5 | 0.056~0.077
387-388| 2 | 157 | 40.63-41.65 1.62 | 0.6~0.8 | 0.46~0.47| 0.19~0.24| 0.63-0.73| 0.118~0.119
380-304| 6 | US| 27.44 357 | 0.38~0.75| 0.12~0.49| 0.16~0.32| 0.34~0.51| 0.059~0.072
395-396| 2 | bs | 2888 3.91 0.88 | 04~06 | 031 | 0.25-0.27| 0.051~0.055
397 | 1 | s | 2064 2.49 0.88 0.61 0.25 0.42 0.079
308~401| 4 | 161 | 3116 | 5.2~5.22| 0.4~0.54 | 0.3~0.41 | 0.15~0.21| 0.33-0.42| 0.043~0.055
402~411| 10 | 162 | 32.6-48.15| 4.68~4.69| 0.43~0.79| 0.06-0.08| 0.12~0.26] 0.15-0.25| 0.02~0.04
412-426| 15 | 163 | 21.96-24.78| 3.41~3.42| 0.11~0.32| 0.24~0.48| 0.04~0.12| 0.36~0.67| 0.045~0.057
427 | 1 |4 | 5619 2.38 0.76 0.42 0.11 0.7 0.075
428-429| 2 | sl | 3564~42.53| 4.36~4.37| 0.65 | 0.03-0.04] 0.12~0.15| 0.27~0.37| 0.025~0.039
430 | 1 | s | 2648 2.73 0.9 0.24 0.42 0.34 0.085
431 | 1 | b1 | 2648 1.91 0.9 0.24 0.42 0.46 0.121
432 | 1 | s | 3708 4 0.67 0.15 0.17 0.28 0.035
433-434] 2 | sl | 3093 3.28 034 |001-0.17| 007 | 0.53-0.72] 0.04~0.063
435 | 1 | wo [ 3131 4.43 0.34 0.32 0.09 0.6 0.062
436~445 10 | W71 42 469 | 0.95-156| 0.38~0.47| 0.23-0.38| 0.48~0.7 | 0.104~0.109
as6 | 1 | wa | 5502 2.13 05 0.15 0.07 1.16 0.081
as7 | 1 | wa | 2205 2.55 0.19 0.58 0.16 1.05 0.117
448-469| 22 | ©sl 27.25 252-3 | 0.6~1.1 | 0.35~0.45| 0.17~0.37| 0.39~0.82| 0.083-0.111
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RC & 1 «z
33RC <z ~
- f, IMPa / rol % rol % % /, AFf:k
8~14 | 7 | U7 | 3212~73.21 2.33 0.83 0.57 114 | 0.049~0.14 | 0.14~0.29
15~18 | 4 | we 5251 | 2.3-251| 0.66~1 025 | 2.32~3.05| 0.122~0.245| 0.14~0.19
19~23 | 5 | 07 5758 | 1.11~1.71| 1.18~1.96| 0.66 | 2.33~3.26| 0.283~0.36 | 0.17~0.28
24~27 | 4 | 078 | 62.91~68.98 1.11~2.33| 1.26~2.62|  0.66 276 | 0.222~0.289| 0.17~0.24
28~32 | 5 | 079 | 1061~35.1| 24 |0.21~056| 0.5 151 | 0.074~0.132| 0.17~0.31
33-37 | 5 | 80 | 4546~50.16 1.62~2.55 0.74~0.99| 0.83~0.99 | 3.42~4.31| 0.06~0.224 | 0.15~0.25
38 1 | by 17.4 2.25 0.57 0.38 2.36 0.21 0.2
39-56 | 18 | (e2 19.64 | 1.02~2.15| 0.16~0.25| 0.16~0.25| 0~1.06 | 0~0.045 0.15
57~58 | 2 | (83 3245 | 1.2-173| 0.33 0.33 1.33 0.062 0.04
50~61 | 3 | 184 | 34504513 1.26~2.37| 0.51 0.51 287 |0151~0.197] 0.1
62~74 | 13 | ussl 22.84 | 1.79~2.32| 0.15~0.33| 0.15~0.33 | 2.73~4.52| 0.069~0.195| 0.06~0.09
75~78 | 4 | 188 | 2535-28.82| 2.36~2.42| 0.28~0.42| 0.28~0.84 | 1.26~1.34| 0.155~0.176| 0.17~0.23
79~80 | 2 | {87 30.08 2.9 0.84 0.7 3.72 0.136 0.1~0.2
81~84 | 4 | uss 29.44 2.7 0.72 0.6 2.06~2.2 | 0.18~0.468| 0.39
85~90 | 6 | (9l 2143 | 1.93-2.16| 057 | 0.33~1.26| 0~3.01 | 0~0.331 0.11
01 1 | [oo 28.01 2.7 0.72 0.6 2.2 0.214 0.39
92~94 | 3 | oy 36.3 2.88 0.47 0.47 1.26 0154 | 0.29~0.4
95-97 | 3 | o2 59.7 2.88 0.67 0.38 1.36 0.068 | 0.29~0.4
08 1 | no3 26.87 2.33 1.18 0.32 1.63 0.063 0.33
99 1 | bog 16.59 1.02 0.39 0.39 2.91 0.293 0.18
100 1 | s 27.62 1.62 0.5 0.54 0.89 0.043 0.14
101~104| 4 | o8 2181 | 2.13~2.32| 0.31~0.47| 0.51~1.33| 1.46~2.26| 0.024~0.186| 0.11~0.17
105~115| 11 | 197 | 26.69~34.4| 1.85~2.38| 0.38~0.67| 0.38~0.67 | 4.52~6.15| 0.063~0.095 0.05~0.1
116 1 | b 53.2 171 0.51 0.51 6.15 0.068 0.07
117~120| 4 | 199 | 20.26~27.27| 1.27~2 | 0.5~0.71 | 0.54~0.71| 1.18~2.01| 0.044~0.073 0.2
121 1 | o0 21.67 2.4 0.28 0.85 3.01 0.048 0.1
122 1| fom 24.34 4.01 0.56 0.42 5.22 0.119 0.15
123~125| 3 | 22 | 47.74~55.62] 2.31 | 0.79~1.26| 0.43~0.57| 1.63~5.48| 0.021~0.15| 0.26~0.32
126 1 | o3 51.01 1.11 0.45 0.29 2.26 0.052 0.1
127 1 | o4 20.26 1.94 0.39 0.39 1.13 0.204 0.1
128~133| 6 | 1209 10 3.11~3.73| 0.07~0.14| 0.14~0.19| 0 0 0.2~0.32
134 1 | [0 26.8 1.18 0.33 0.77 4.19 0.048 0.06
135 1| o7 27.45 2.35 0.39 0.53 1.25 0.033 0.06
136~138| 3 | [208l 3366 | 1.1~221| 0.34 0.22 1.73 0.35 0.23
139 1 | oo 28.65 1.62 0.5 0.54 1.34 0.035 0.29
140~142| 3 | 20 20.78 2.27 0.57 039 |0.75-2.00| 0.166 0.1~0.3
143 1|t 31.87 2.44 0.52 0.5 2.01 0.073 0.08
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R N B
3-3RC «z h ~
- f, IMPa / ol % rol % 1% /, Aik
144 1 [212] 25.75 2.44 0.63 0.63 2.51 0.202 0.18
145 1 [213] 24.08 3.12 0.98 0.98 2.53 0.146 0.1
146~150| 5 [214] | 29.36~31.67| 2.38~2.48 0.25 0.24~0.57| 0.87~1.97 | 0.034~0.183| 0.07~0.16
151~152| 2 [215] 23.96~38.2 | 2.21~2.23| 0.59~0.66| 0.59~0.66| 4.6~5.22 | 0.175~0.223 0
153~155| 3 [216] | 17.02~39.03| 0.69~0.77| 0.26~0.28| 0.34~0.39 0 0 0.03~0.11
156~159| 4 [217] 39.96~47.1 1.25 0.53 0.53 2.14~3.8 | 0.411~0.484| 0.28~0.36
160 1 [218] 35.45 1.19 0.93 0.81 6.78 0.167 0
161~164| 4 [219] 27.7~30.07 | 2.11~2.17| 0.23~0.39| 0.29~0.36| 0~1.77 0~0.131 0.12
165 1 [220] 23.11 1.64 0.81 0.81 2.57 0.268 0.08
166~167| 2 [221] 26.75~28.5 3.35 0.33 0.33 2.46 0.141~0.15| 0.08~0.12
168~172| 5 [222] | 35.36~41.72| 1.62~2.16| 0.27~0.74| 0.27~0.74| 3.75~8.49 | 0.196~0.438| 0.02~0.1
173~183| 11 [2222; 18.48~41.14| 2.53~2.61| 0.27~1.36| 0.24~0.61| 1.09~3.9 | 0.005~0.32| 0~0.19
184~191| 8 [225] 23.7~32.75| 2.27~2.33| 0.67~1.51| 0.67~1.51| 1.51~3.22| 0.073~0.21 0~0.1
192 1 [226] 27.62 3.85 0.17 0.57 0.95 0.367 0.04
193~195| 3 [227] 23.2 2.65 0.44 0.72 0 0 0.18~0.41
196~201| 6 [228] 23.2 2.02~2.65| 0.44~0.46| 0.56~1.44| 0~3.93 0~0.2 0.18
202~204| 3 [229] 49.58 1.94 0.55 0.55 1.94 0.135 0~0.3
205~206| 2 [230] 23.37 1.59 0.31 0.36 1.61 0.061 0.12
207~208| 2 [231] | 29.78~30.35 1.56 0.39~0.52| 0.52~0.79 2.29 0.054~0.055 0
209~212| 4 [232] 35.1 1.27~1.44 0.52 1.51~1.56 0~3.15 0~0.245 0
213 1 [233] 28.86 3.22 0.27 0.27 3.29 0.132 0.09
214~219| 6 48] 29.72~34.65| 1.05~1.1 | 0.35~0.6 | 0.75~0.86| 6.85~12.73| 0.048~0.199 0
220~221| 2 [234] 37.81 1.07 0.27~0.53| 0.37~0.55| 2.01~9.62 | 0.634~0.667 0.09
222~223| 2 [235] 36.66 0.88~1.23 0.55 0.55 0.92~1.05 | 0.099~0.109 0
224~225| 2 [236] | 25.99~26.07 2.57 0.42 0.42 0~5.06 0~0.131 0.12
226~230| 5 1237 | 31.25~38.12| 1.26~1.59| 0.5~0.7 0.5~0.7 | 5.54~11.35| 0.07~0.09 0
231~233| 3 [238] | 24.61~28.53 2.31 1~1.34 0.67 4.52~12.56| 0.167~0.291| 0.24~0.35
234~235| 2 1239 | 27.85~50.63 3.41 0.31~0.37 0.29 3.14 0.115~0.209| 0.05~0.09
236 1 [240] 32.15 2.5 0.63 0.21 0.5 0.12 0.09
150 - 100 80
& 100 2 » 5 &
£ s £ 0 gL
20
0 R g % 1 2 j?_'_' 1 % 01 oz 03 o4
Failure Mode 1 Iy 1

46



(=)
[=¢)

0 0 0 0
[T=] <+ o~

Aauanbalg

Aauanbalg

I |

Aauanbalg

100

50
7, (Mpa)

60 80

40
£, (Mpa)

20

40 60

20

Shfdb

[\p]
(o]
-
o
o o o
L= wn
=
Aauanbalg
uw
-
o
=
['e]
o
o o o o o
=] [{a] =+ o~
Aauanbaig
«©
o
[
o
=
o
™
o
(=)
o o [} o o
=] [{a] =+ o~

Aosusnbaig

£, (%)

A (%)

0.4 06 0.8

Vtaluy .

0.2

Aouanbalg

0.1 0.15 0.2

V/fcbh

0.05

Kauanbarf

e |
1.5

2, (%)

0.5

60

(=) [=] o
-+ o™

Kauanbarf

0.4

0.3

02

0.1

o

o o o o o o
& © @ * «
=
Aauanbalg
o =) =) [=)
@ <+ ~
Aosusnbaig

0.2 0.3 0.4

0.1

[
(=]

Aauanball

(=)
o (=] o
=+ o~

P/Afc

3-7R C«z

3.6

o]

C

A46@RC I 23@6 RCu«z

RC

47



B N
RC 0 W
4.1
G " PBSD, Performance”™ basea@ sei smi
b W A G
W e G b i b i T v A v
i v %o T l A 0
" RC buwuRC h Iz D~ %o [ 1 v RC
i y A RC T Vou W T RC
) %o W RC L A
108 RC * RC 75 No
" b 1 RC 3e " Ly H LT T H
L~ B v Ne ~ RC L H LT T H
- B v E A
j E v RC | &) Lar Lar T
13 H LY T H 6@ i B V>
Neo i A
" YW ¥ RC b vb
ASCE/ SE®a 41 EcC8® QvyL &% ¥~ RC
v Ny b V % A 1 n °
F RC 1 no A
42R C od
“RC b b il A
W "N 4@ ) - A RC T
v Ne 30 ~RC b i1 v 3bW
A~ u RC RC Ne ~ P b N
RC i RC T v A
273 RC b T ¥ RC
i [ 7 v b o " b G
Neo T Au 3 G }

48



RC \
) a Ne ) A vy
Ne a ~ % RC 7 No Fidl v W A
RC 7 No A
4.2.1 RC
Y RC h & YW ¥ RC 108 RC
L h & i A T " I FLAT FE1T I Sk Nez
Y a <1 <4®A
2 sk o o m O O Z IES—
?_aFS—AAAAAAA AN XA A 0 s -
=
s OFf OO0 o™ 00 O e .
0 I 2 3 4 5 6
A
a L <« v
% O ol © F o
S A FS
o oS |
=
E -
2 2.5 3
—QS) O o F
S AFS
o s
E
0 0.5 1 1.5 2 2.5 3
V/’VU
¢ L <«® z "
© T T T
“ES st 0O 0o O ODoo o 0O 2 Fol
S FS| AN DAAN AR AN A At
=
2 |
0 0.05 0.1 0.15 0.2 0.25
Vi1 bh
d L 4y «1

49



AR \ B

Sr (m m O O
W/ VAN \NVAVS WA 4 VANVI VN3 ' \VANPI AVANY).

O .

o > 0|
720y M5!
N
I

Failure Mode
T
[#5]

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

V/tdufe
€ b H < Z i
T st nn 000 i1 o F ]
= A FS
5 FS| ANADNIDNAN A AN A A —
E F- oG QD ©®O O O :
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8
P, (%)
f L 7
3 0 O F |
= A FS
E A A o S |
5 1
0 | 2 3 4 5 6
£, (%)
g b v
4-1 Lh & v
[ Y:r RC LNh & H i TF
- T M NeR C h a < “/7a <« T mTi
<«® z "V /V,” 4T a3 i~ ¢ A 57 < P
G 4 1 4® z Y0P G €4® A
~ 2 RC b av a y <4 1 H <
z " b - " a M NeR C A
4.2.2R C o
(Y Ne = ~ RC L < /a <« mi <«® z
VoIV, 7 “bita v b A ¢ <« b <®
z 3oy 7 Y < <« wd ° ¥ RC
o # %ot ~ 4-1 A 4-17N%ot b 108 RC b i
4-2 A

50



RC [ \
4-1RC 7s NoY%o 1
< <
=20 | m<=1.0
=20 m1.0
R |
<2.0
_ TO F
2.5¢ - A FS(
= o S
2+
- By X
£ 1.5 o
1r i -----
N A éj‘ /
A AN A Ny
ost A ﬁoiﬁ
8
0 X 1
0 1 2
A
4-2R C % No%o t
Y 4-1 Y £ 4-1  7sNo%ot 108 RC
7 No 4-2 A
4-2RC Ne
No Ne
36 97.30
37 < 1 2.70%
25 62.500
< 40 < 15 37.50%
0 0.00%
<© 26 = 26 [100.00%
103 103
4-27 - 41 ¥ 78 No i €4® i
0# 0 D 9730% 7sNow Ny 0 <«® )
100.00 7sNow <« A 0 < P 62.50% 7sNoy ¥ 37.50% 7sNe
uea A i G < R <«®
v RC L < a <« L €4® H YH M
Ne v [ W RC a < «©® Ne % 7Ne @
MNe A RC No h TRV | M




AR \ B
Ne ~ yB v il RC Ne 7
<® H L b w#E 47 A :”
¥ RC Ne A
4.3 r W
F o 108 RC b 13 51 6 B v
ch @ A Lp v G a Ty
a B Vv 5 A
4.3.1 1 W
0.05 T 0.05 T
O TE o TE
0.04 S E 0.04 *  BEE
0.03
CD— CD— * *
t Q
0.02 § o 4*6 *
i 0
0.01
* gB® 7% *.o
. 0 *
.5 2.5 3 1] 0.5 | 1.5 2
m £, (%)
a < b~
0.05 T T 0.05 T
O TE o ZE
0.04 f * B 0.04 f * B
0.03 |
CD— GD—
0.02
0.01
? *
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0 0.05 0.1 0.15 0.2 0.25
A, VIf bh
c Y, d 1y <«
0.05 T 0.05
O TE o TE
0.04 1 * B 0.04 1 * B
0.03 | 0.03
CD— * * CD—
0.02 P o * 0.02 f
0.01 ¢ é;ﬁ% ** 0.01
‘ . ‘
o odﬁ ‘ © % * Ok 0 ok
0 02 0.4 0.6 0.8 1 0 2.5 3
V/td ff.
€ H a4 2z

52




RC 1

0.05 -
o TE
0.04 * B
0.03 B
GD'_‘ * * [=r]
0020 * g
%+ 7
0.01} 8
K )
0
0 1 2 5 6
g <«
4-3 1B
4.3.2 5¢ W
0.08
(ORI
0.06 * D]
27 0.04] _
0.02 *
X r * K
U L 1 L 1
0 0.5 1 1.5 2 2.5 3
m
a <
0.08 ‘
o B
0.06 | * 0E ]
27 0.04F =
0.02
*
0 n I L
0 0.1 0.2 0.3 0.4
]
.
c v
0.08 -
O L
0.06f * O ]
O *
70041 % @ **5* i
oq) B .0 4 Ky
® o@ o i“ *ak X
0.02 fo %38 0% ©x *
o i * * ¥*
U 1 i 1 1
0 0.2 0.4 0.6 0.8 1
7_5
Vit [,
€ H§ <« %

53

0.05

0041

003

0021

0.01}

0.08

0.061

0.04 1

0.021

0.08

0.06

0.04

0.021

0.08

0.061

0.04

0.021

O T
* B
*
1 2 3 4 5 6
P (%)
H
a
RiE]
0 0.5 1 1.5 2
£, (%)
b
O
*
%o 0O *
¥ ko x
o
o® e HK g
§ ;* * *
0.05 0.1 0.15 0.2 0.25
Vi Lk
d 1y «4
o B
¥*
e|e
*
O
* *
0.5 1 1.5 2 25 3
Ple
f z




AR

4.3.3 6r W
0.1
O o
0,08t % BT
0.06
=
fan]
0.04
0.02 * o3 i
0 1 L L 1
0 0.5 ] 1.5 2 25 3
m
a <
0.1 ‘
O B
0.08} % uE
0.06}
=
fan]
0.04 |
0.02} "
0
0 0.1 0.2 0.3 0.4
)“\
c v
0.1 -
o af
0,08} % W |
_ 006} %
B _
ol RSB %8 L s
i) *
0.02r0 CQ(300 O*** % *
U 1 i L 1
0 0.2 0.4 0.6 0.8 1
Vitde Jf
€ H§ <« %

\l B
o BFE
*
5 6
0.1 ‘
o T
0.08} * % |
0.06
&
=
0.04
0.02}
0
0 0.5 1 1.5 2
P, (%)
b
0.1 :
o T
0.08} % o |
006} 0 8 *
= *
c:o g * *
0.04 | o¥fx T
g*ﬁeo * *ék
0.02 {0 8)% ¥*2'* . .
0
0 0.05 0.1 0.15 0.2 0.25
wfckbho
d 1y <«
0.1
o L
0.08} * I [
0.06}
m:
0.04 |
0.02} "
0 1 L 1
0 0.5 1 15 2 25 3
Pl
fz

54



RC 1 \

0.1 0.1
O I O I
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i P (%)
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4-5 6 B v a
4.4 r W 4
4 . 3 vb " a Y ¥ <4 m v ab RC
P v ’ ) P v a A Yy <« m
Vv &va H «41 Vifcb v Jtar vl Z Jfy {ft
6@a b . b B v E ~
4. 4114 . 4 y2 F~ TR i “p F pv " P
v 60.°05 A T Y ! l L a
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44.1 L 4
G RC T 78Nou D~ 6™ N p~ 3a”
z " MA T 3.2.3 Ne 51
6 1 v vZ ~ %o 1 v’ RC 51 6
i v Ne ~ 7 G z A
4.4.1.1d; B
di 4-3 N E Vv Vv 4-6 A
4-3 oh Ne
a 1 In IR m m m Vifabhy | Vifabho | Vifabhy | Vifadbho m Y
a a m m Vifybho T 1 /f T 1o/, Iy a 3 m
a Vifabhy | Vifoabhy V/fabhy
0.005 0.000 0.004 0.004 | 0.003 0.007 0.007 0.007 0.006 0.001 | -0.013
1 -0.211 0.004 0.008 0.009 | 0.009 0.068 0.051 0.053 0.037 0.009 0.146
2 0.005 0.016 0.009 -0.008 | 0.001 | -0.415 -0.001 -0.148 0.006 0.023 0.047
3 0.034 -0.059 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000 | -0.295
R 0.437 0.474 0.427 0.424 | 0.447 0.419 0.349 0.354 0.341 0.511 0.786
a p 0.145 0.090 0.073 0.076 | 0.055 0.081 0.185 0.175 0.201 0.020 0.000
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AR \ B
m-,i.v V/}"c kbhu-j.v ch kbhu"”\» l'if’)‘;kbhu-p tf‘ T_/)q
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Measured drift (rad) Measured drift (rad) Measured drift (rad) Measured drift (rad)
V.ffc kbhu-p‘ m-prfv‘ ‘jfl m-p, m-V;‘fC kbho
0.010 0.010 0.010 0.010
5 0.000 5 0.000 5 0.000 = 0.000
% 0.030 % 0.030 % 0.030 % 0.030
;; 0.020 & % C :; oo} © i%) o) :; 0.020 c@% o i; 0.020 @ o)
o 0.010 o 0.010 o 0.010 < 0.010
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Measured drift (rad) Measured drift (rad) Measured drift (rad) Measured drift (rad)
p(.@ Jem=VIf, bhy prm-Vif, bhy A -m-Vif bh
0.010 0.010 0.010
~ 0.000 ~ 0.000 ~ 0.000
K K K
s € e
= 0030 = 0030 = 0.030
3 0.020 g o 3 0020 @ o 3 0.020 o)
S o010 < o < gon|Q o
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0.000 0.010 0.020 0.030 0.000 0.010 0.020 0.030 0.000 0.010 0.020 0.030
Measured drift (rad) Measured drift (rad) Measured drift (rad)
4-6 b v b \Y;
4.4.1.2ds 4
dsp 44 N E v v 47 A
4-4 dsp No
a 1 In }fy /e m m m Vifabhy | Vifabhy | Vifubhy | Vifadbhy m &
a a 2 m m Vifabhy e s Iy e s I I 3 Y m
& 3 | Vifubho | Viybho Vifabhy
0.040 0.032 0.040 | 0.038 | 0.035 | 0.036 0.034 0.034 0.033 | 0.033 | 0.010
1 0.089 0.008 -0.012 | -0.005 | -0.004 | -0.018 | -0.038 | -0.038 | -0.069 | -0.003 | 0.264
2 | -0.011 0.005 0.067 | 0.431 | 0.005| 0.531 0.007 0.708 0.089 | 0.062 | 0.058
0.057 -0.072 0.000 | 0.000 | 0.000 | 0.000 0.000 0.000 0.000 | 0.000 | -0.482
R 0.178 0.248 0.178 | 0.163 | 0.235 | 0.141 0.244 0.226 0.374 | 0.332 | 0.521
a p 0.844 0.656 0.659 | 0.703 | 0.478 | 0.770 0.449 0.505 0.141 | 0.218 | 0.045
m-»'_v ch kbhu"“v Wf;_ kbhu"”\» L‘iﬂ’)‘;kbhu-p tf‘ T/}q
0.080 0.080 0.080 0.080
2 0.060 2 0.060 2 0.060 2 0.060
= = s =
= 0.040 = 0.040 0 = 0.040 = 0.040
] 2 z 2
k] = = =
Z—J) 0.020 3 0.020 3 0.020 3 0.020
0.000 0.000 0.000 0.000
0.000 0.020 0.040 0.060 0.080 0.000 0.020 0.040 0.060 0.080 0.000 0020 0.040 0.060 0.080 0.000 0.020 0040 0.060 0.080

Measured drift (rad)

Measurt

ed drift (rad)

Measured drift (rad)
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Measured drift (rad) Measured drift (rad) Measured drift (rad) Measured drift (rad)
plf: v/r;-m-Vf’)‘:_ kbho pom- V:’f;kbho }.‘.—m-J*T/L kbhu
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Measured drift (rad) Measured drift (rad) Measured drift (rad)
4-7 dsp v b Y,
4.4.1.3dsp 4
dlep 4-5 "N ‘E Y Y 4-8 A
4-5 dsp N
a 1 In iy Iy m m m Vifabhy | Vifabho | Vifabhy | Vifubhy m =Y
a a 2 m m Vifabhy It 1 /f e b /f; Iv 3 & m
a 3 | Vifabhy | Vifubhy Vifobhy
0.0522 | 0.0492 | 0.0444 | 0.0432 | 0.0408 | 0.0401 | 0.0381 | 0.0386 | 0.0357 | 0.0367 | 0.0203
1 | -1.3091| -0.0047| -0.0170| -0.0061 | -0.0055| 0.0211 | -0.0077 | -0.0071| -0.0647 | -0.0043| 0.2107
2 | -0.0337| -0.0267 | 0.0951 | 0.1863 | 0.0034 | 0.0259 | 0.0039 | 0.3954 | 0.0927 | 0.0670 | 0.0395
3 | 0.2482 | 0.1729 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 [ 0.0000 | 0.0000 | 0.0000 | -0.3434
0.2712 | 0.2138 | 0.1993 | 0.1043 | 0.1508 | 0.0599 | 0.1244 | 0.1154 | 0.3155 | 0.2923 | 0.3714
a p 0.5834 | 0.7549 | 0.5906 | 0.8674 | 0.7417 | 0.9544 | 0.8166 | 0.8400 | 0.2560 | 0.3131 | 0.2859
m-A, Vilgbhy A, Vilabhye, VilabhypdJh
0.080 0.080 0.080 0.080
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Measured drift (rad) Measured drift (rad) Measured drift (rad) Measured drift (rad)
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E E 2 E o
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Measured drift (rad)
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Measured drift (rad)
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Measured drift (rad)
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Measured drift (rad)
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p(fw/ﬁ-m-lffckbho prm-Vif, bhy A -m-Vif bh
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0.000
0.000 0.020 0.040

Measured drift (rad)

Measured drift (rad)

Measured drift (rad)

4-8 dsp v b Y,
4.4.2)» 3 4
4.4.2.1d; E|
di 4-6 “ N E Vv Vv 4-9 A
4-6 « (o1 Ne
a 1 It ydp /e m m m Vifabho | Vifabhy | Vifabhy | Vifabho m a
a a 2 m m Vifabh It S /fe Jt S /f v 3 Y m
G 3| Vifubhy | Vifubho Vifabho
0.0041 | 0.0043 | 0.0044 | 0.0059 | 0.0063| 0.0060 | 0.0058 | 0.0062 | 0.0061 | 0.0050| 0.0040
1 | 0.0958 | 0.0001 | 0.0009 | 0.0014 | 0.0012| 0.0320 | 0.0360 | 0.0272 | 0.0282 | 0.0017| 0.0132
2 | 0.0011 | 0.0009 | 0.0346 | 0.2904 | 0.0017| -0.0345| -0.0006 | 0.0235 | 0.0008 | 0.0239| 0.0014
3 | 0.0286 | 0.0333 | 0.0000 | 0.0000| 0.0000| 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000| 0.0207
R 0.2507 | 0.2461 | 0.2458 | 0.1984 | 0.1666 | 0.2215 | 0.2273 | 0.2213 | 0.2206 | 0.2423| 0.2615
a p 0.4756 | 0.4929 | 0.2966 | 0.4571| 0.5777| 0.3748 | 0.3556 | 0.3757 | 0.3781 | 0.3074| 0.4358
m-).v V/}"C Kbho-i.v ch kbh e I'if’)‘;kbhu-p r/" ‘jf‘
0.010 0.010 0.010 0.010
= 0.000 = 0.000 = 0.000 = 0.000
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If’.ﬂ'fc kbhu'pt m-pr/; T_fft m-p, m-l’;‘fc kbhu
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= = = =
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E 0.020 o @ Z 0020 g 0% O % 00| 8 005 O 3 0020 o> ©
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Measured drift (rad)

Measured drift (rad)

Measured drift (rad)
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RC [ \
'{)tf;'vff;-m-r’ffékhhn
0.010 .
o 0000
%n.nm
f:g 0020 8 o2 @
< ool ©
0.000
0.000 0010 0020  0.030
Measured drift (rad)
4-9d; v b Y,
4.4.2.2ds 4
dsp 4-7 "N ‘E Y Y 410 A
47 < dsp No
a It § iy I m m m Vifabhy | Vifabho | Vifabhy | Vifubho m Y
a a m m Vifabh It yp /e ht 1o /R by 3 Y m
a Vifabhy | Vifubhy Vifabhy
0.0284 | 0.0284 | 0.0297 | 0.0290 | 0.0294 | 0.0158 | 0.0154 | 0.0151 | 0.0176 | 0.0269 | 0.0279
0.5240 | 0.0030 | -0.0093| -0.0077 | -0.0078 | -0.0125| -0.0069 | -0.0167 | -0.0583 | -0.0070| 0.0621
-0.0078 | -0.0079 | 0.0432 | 0.5953 | 0.0038 | 1.4062 | 0.0093 | 1.3268 | 0.1217 | 0.0506 | -0.0068
0.0105 | 0.0164 | 0.0000 | 0.0000 | 0.0000 | 0.0000 0 0 0 0 -0.0223
0.5982 | 0.5950 | 0.5871 | 0.5977 | 0.5938 | 0.4934 | 0.4878 | 0.5519 | 0.5421 | 0.6121 | 0.6138
a 0.0007 | 0.0008 | 0.0003 | 0.0002 | 0.0002 | 0.0043 | 0.0050 | 0.0008 | 0.0011 | 0.0001 | 0.0004
4-1 @lsp v b v
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