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Abstract

It is known that seismic damage cannot be avoided, but can be
minimized by following seismic design guidelines. On the other hand,
seismic design according to the methods currently approved in codes
and based on elastic design often leads to undesirable collapse patterns,
so it is logical to search for design methods that achieve better
performance and a desirable collapse pattern that meets seismic design
standards. The research aims to compare the behavior of RC dual
systems (frames - shear walls) using both the traditional design method
followed in the codes and the performance-based plastic design method
by monitoring the response parameters in the structure according to the
followed design method, by conducting an applied analytical study on
Three models of dual systems with 10, 15 and 20 stories are designed
according to both the code method and the performance-based plastic
design method. The results were discussed after studying the total
displacements, response, collapse mechanisms, and changing the
dimensions of the design sections in the two types of design.
Keywords: Dual system, Performance-Based Plastic Design, collapse
mechanisms.
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il ol | auladl Jo. e | em) B | dsilo| (cm) | (cm) aubdl csodl| auludl JyHl |(cm)sle ss0dl
N *
3T8/10-15 | 14T14mm | 30 | 60 |6T12/m |7T14/m| 30 | 300 |AT8/10-15 | 20T20mm | 45*100 | €1 | , ,
4T8/10-15 | 24T20mm | 50*100 | C2
_ *
278/10-15 | 12T14mm | 25 | 60 |6T12/m |7T12/m| 25 | 300 | 2T8/10-15 | 20Ti6mm | 40%80 | C1 | .,
3T8/10-15 | 20T16mm | 40%80 | C2
- *
278/10-15 | 8T1amm | 20 | 60 |6T12/m|7T12/m| 20 | 300 |2T8/10-15 | 14Tidmm | 30*70 | €1 | o,
2T8/10-15 | 14T14mm | 30%70 | c2
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15 STORY CODE DESIGN

sonsdl iedl Syl Ladl b adl FXWAY]
2ubudl Csodl | puludl el ol | Johdl alagll Sladl| skl 2udill o dl| auladl Jell | (cm)slaVl ab | sl
(em) | (em) - —— (em) | (cm) Sgadl
) S8l
6T8/10-15 | 24T20 mm | 40 120 | 6T12/m |7T16/m| 40 600 ST8/10-15 | 24T18 mm 50*100 cl 1-3

5T8/10-15 | 28T25 mm 55*130 C2
- *
6T8/10-15 | 24T18 mm | 35 120 | 6T12/m |7T14/m| 35 600 ST8/10-15 | 22T18 mm 45%100 c 4-6
5T8/10-15 | 28T20 mm 50*120 C2
- *
5T8/10-15 | 22T16mm | 30 120 | 6T12/m |7T14/m| 30 600 ST8/10-15 | 20T16 mm 40*100 = 7-9
5T8/10-15 | 24720 mm 40*120 C2
- *
5T8/10-15 | 22T14mm | 25 120 | 6T12/m |7T12/m| 25 600 ST8/10-15 | 18716 mm 40780 cl 10-12
5T8/10-15 | 20T16 mm 40*100 C2
- *
4T78/10-15 | 18T14 mm | 20 120 | 6T12/m |7T10/m| 20 600 ST8/10-15 | 16T16 mm 40760 c 13-15
5T8/10-15 | 18T16 mm 40*80 c2

b 20 5 Y Jdal cr a8t gY) psacail) JUJ-\AJlA 16 Jgaad)

20 STORY CODE DESIGN

soeell el Syl Ladl o oadl FRWAY]

g 4 vosdl | JoHl | zuludilidl  |&laddl | Johdl a ] G| sl | @l
el ol el Jplll| 2| 2 BRI 2 il ol ol [ (emblal |
6T8/10-15 | 30T20 mm 45 120 | 6T12/m |7T16/m| 45 600 578/10-15 32720 mm 60*120 €l 1-4

5T8/10-15 | 38T25mm | 60*140 C2

X *
6T8/10-15 | 24T20mm | 40 120 | 6T12/m |7T16/m| 40 600 ST8/10-15 | 24720 mm 557100 c 5-8

5T8/10-15 | 32T20 mm | 55*120 C2

- *
6T8/10-15 | 24T18 mm | 35 120 | 6T12/m |7T14/m| 35 600 ST8/10-15 | 24T16mm | 45*100 c 9-12

5T8/10-15 | 30T20 mm | 45*120 C2
- *

5T8/10-15 | 22T16mm | 30 120 | 6T12/m |7T14/m| 30 600 ST8/10-15 | 16T16 mm 40780 cl 13-16

5T8/10-15 | 26T16 mm | 40*100 C2

X *
5T8/10-15 | 22T14 mm | 25 120 | 6T12/m |7T12/m| 25 600 5T8/10-15 | 12716 mm 30780 cl 17-20

5T8/10-15 | 24T16 mm 40*80 c2
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.PBPD 43,k 389 salsh 10 o JUY) Jal e asaadll ady cljial)ly 17 Jgand)

10 Stories
F, %= Fi + Fp_p |Fip—a = Ou * Wi| Fi = 2ix Vy X

Vi (ton) ) Aixhi | Ai |Bi—pG+1)| Bi |=Withi | Withi | (wi) | (Wi) | hi |story

Gobll p=ill s é | P-delta sl Jss|  STORY (kN.m) | (KN.m) | (kN/m) | (kN) |(m)| (i)
(kN) (kN) FORCE (kN)

336.1 336.1 35.6 300.5 807 | o027 1.00 1.00 | 53460 | 53460 66 1782 |30 | 10
563.9 2278 35.6 192.1 464 | 017 0.64 164 | 101574 | 48114 66 1782 (27| 9
752.6 188.7 35.6 153.1 329 [ 014 0.51 2.15 | 144342 | 42768 66 1782 (24| 8
913.7 161.1 35.6 1254 236 | 011 0.42 2.57 | 181764 | 37422 66 1782 21| 7
1052.1 138.5 35.6 102.8 166 | 0.09 0.34 2.91 | 213840 | 32076 66 1782 (18| 6
1170.7 118.6 35.6 83.0 111 | 0.07 0.28 3.18 | 240570 | 26730 66 1782 (15| 5
1271.2 100.5 35.6 64.9 0.70 [ 0.06 0.22 340 | 261954 | 21384 66 1782 [ 12| 4
1354.7 83.5 35.6 478 0.39 [ 0.04 0.16 3.56 | 277992 | 16038 66 1782 [ 9 | 3
1421.9 67.2 35.6 315 0.17 [ 0.03 0.10 3.66 | 288684 | 10692 66 1782 [ 6 | 2
1473.2 51.3 35.6 15.7 0.04 [ 0.01 0.05 3.72 | 294030 | 5346 66 1782 [ 3] 1
1473.2 22.43 | 1.00 372 27.79 17820 3

.PBPD ik 3hy (sl 15 o JUaY) Jal (e asasadl) sy ciially 18 Jgand

15 Stories
F, *= Fi + Fip_p [Fip_a = Ou * Wi| Fi = Ai x Vy - - ] - )
. . i * hi : i—B(i i | ZWi*hi | Wi*hi (wi) (Wi) | hi |story
Vi(ton)| i a5 | P-delta s Js3|  STORY 2 |pi-pa+) B N | v | gowmy | gy el @
(kN) (kN) FORCE (kN)
481.7 481.7 39.6 4421 9.80 | 022 1.00 1.00 | 89100 89100 66 1980 | 45| 15
796.0 314.3 39.6 274.7 5.68 0.14 0.62 1.62 | 172260 | 83160 66 1980 | 42| 14
1059.2 263.2 39.6 223.6 4.30 0.11 0.51 2.13 | 249480 | 77220 66 1980 | 39 | 13
1289.0 229.8 39.6 190.2 3.37 0.09 0.43 256 | 320760 | 71280 66 1980 |36 | 12
1493.2 204.2 39.6 164.6 2.68 | 0.08 0.37 2.93 | 386100 | 65340 66 1980 133 | 11
1676.1 182.9 39.6 1433 212 0.07 0.32 3.25 | 445500 | 59400 66 1980 |30 | 10
1840.3 164.2 39.6 124.6 166 | 0.06 0.28 3.54 | 498960 | 53460 66 1980 | 27 9
1987.7 147.4 39.6 107.8 127 0.05 0.24 3.78 | 546480 | 47520 66 1980 | 24 8
2119.6 131.9 39.6 92.3 0.95 0.05 0.21 3.99 | 588060 | 41580 66 1980 | 21 7
2236.9 1173 39.6 7.7 0.69 0.04 0.18 4.16 | 623700 | 35640 66 1980 | 18 6
2340.4 103.5 39.6 63.9 0.47 0.03 0.14 4.31 | 653400 | 29700 66 1980 | 15 5
2430.5 90.1 39.6 50.5 030 | 0.02 011 4.42 | 677160 | 23760 66 1980 | 12 4
2507.7 77.2 39.6 37.6 0.17 0.02 0.09 4.51 | 694980 | 17820 66 1980 | 9 3
2572.2 64.5 39.6 24.9 0.07 0.01 0.06 4.56 | 706860 | 11880 66 1980 | 6 2
2624.2 52.0 39.6 124 0.02 0.01 0.03 4.59 | 712800 5940 66 1980 | 3 1
2624.2 33.55 | 1.00 4.59 51.35 29700 z

.PBPD 4iy)h 58y 5tk 20 o JUY) Jal (e asaall) ady el 19 Jgand)

20 Stories
Fo= Fit Fipog Fipog = Ous Wi Fi=2ixVy | i— B Bi |=withi | Withi | (w) | (W) | hi |story
Vi(ton)| il <5 | podelta »85 03| STORY xhi AL (pi-pE+D) PL avmy | o) | gnm) | g || @
*N) *N) FORCE (kN)
7100 710.0 396 670.4 1L73 | 020 | 100 | 100 | 118800 | 118800 | 66 | 1980 | 60 | 20
11449 4349 396 3953 657 | 012 | 059 | 150 | 231660 | 112860 | 66 | 1980 | 57 | 19
1506.7 3608 396 3212 506 | 0.00 | 048 | 2.07 | 338580 | 106020 | 66 | 1980 | 54 | 18
1820.7 315.1 396 2755 410 | 008 | 041 | 248 | 439560 | 100980 | 66 | 1980 | 51| 17
2102.2 28L5 396 2419 330 | 007 | 036 | 284 | 534600 | 95040 | 66 | 1980 | 48 | 16
2356.9 2546 396 2150 282 | 006 | 032 | 3.16 | 623700 | 89100 | 66 | 1980 | 45| 15
2583.8 232.0 396 192.4 236 | 006 | 029 | 345 | 706860 | 83160 | 66 | 1980 | 42 | 14
2800.9 212.1 396 1725 196 | 005 | 026 | 371 | 784080 | 77220 | 66 | 1980 |39 | 13
2995.2 1943 396 1547 162 | 0.05 | 023 | 3.04 | 855360 | 71280 | 66 | 1980 | 36 | 12
3173.1 1779 396 1383 133 | 004 | 021 | 414 | 920700 | 65340 | 66 | 1980 |33 | 1L
3335.9 1628 396 1232 108 | 004 | 018 | 433 | 980100 | 59400 | 66 | 1980 | 30 | 10
3844 1485 396 1089 086 | 0.03 | 0.6 | 449 |1033560] 53460 | 66 | 1980 | 27 | O
3619.4 1350 396 95.4 067 | 003 | 014 | 463 |1081080] 47520 | 66 | 1980 | 24 | 8
37414 1220 396 824 050 | 002 | 012 | 475 |1122660] 41580 | 66 | 1980 | 21| 7
38508 1005 396 699 037 | 002 010 | 486 |1158300] 35640 | 66 | 1980 | 18 | 6
3948.2 7.3 396 57.7 025 | 002 | 009 | 494 |1188000] 29700 | 66 | 1980 | 15 | 5
4033.7 855 396 45.9 016 | 00L | 007 | 501 |1211760] 23760 | 66 | 1980 | 12 | 4
41075 738 396 32 000 | 001 | 005 | 506 |1200580] 17820 | 66 | 1980 | 9 | 3
41698 623 396 27 004 | 00L | 003 | 510 |1241460] 11880 | 66 | 1980 | 6 | 2
42208 50.9 396 13 001 | 000 | 002 | 51 |1247400] 5040 | 66 | 1980 | 3 | 1
42208 4497 | 100 | 511 | 7666 39600 x
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10 STORY PBPD DESIGN

sondl el Byl oo T ol FRvsY]
a1 J vl | Jodl | aulashidl | Sladl | Jokl g r o | ad | @l
2uldl sodl | pulil Je I em) | (em) &l ila| (cm) | (cm) 2ulil sodll| auldl JolI |(cm)slaVl soedl
378/10-15 | 12T14mm | 25 | 60 |6T12/m |7T14/m| 25 | 300 |AT8/10-15 | 18Ti8mm | 4080 | €1 |, ,

4T8/10-15 | 18T18 mm | 40*100 c2

. "
278/10-15 | 10T14mm | 25 | 60 |6T12/m |7T12/m| 25 | 300 |21/10-15 | 16Ti4mm | 3080 | C1 | .,

3T8/10-15 | 16T16mm | 30*100 | C2

- *
278/10-15 | 8T1amm | 20 | 60 |6T12/m|7T12/m| 20 | 300 |21/A0-15 | 16Ti4mm | 30*70 | €1 | o\,
2T8/10-15 | 16T14mm | 30%70 | C2

Ll 15 o JUY) Jal ¢ PPBD 45k (385 asasail) ady ciially :11 Jgand
15 STORY PBPD DESIGN
ool aedl Syl adl Sl adl PV

e ; vl | Jodl | auladdbidl  |&@ladl| Joll e ; g | ad | Wl
2uludl (ol | zubl Jo I e | (em) &l B3| (cm) | (em) ulidl sodl| zuladl JoHI |(cm)slaVI ssed
5T8/10-15 | 22T16mm | 30 | 120 | 6T14/m |7T16/m| 30 | 600 |[olo/i0-l5 | 24Ti8mm | 457100 | C1 |, 5

5T8/10-15 | 26T20 mm | 50*120 Cc2

- *
5T78/10-15 | 22T16 mm | 30 120 | 6T12/m |7T14/m| 30 600 ST8/10-15 | 22718 mm | 407100 c 4-6

5T8/10-15 | 26T20 mm | 45*120 C2

- *
5T8/10-15 | 22T14mm | 25 120 | 6T12/m |7T12/m| 25 600 ST8/10-15 | 20T16 mm 357100 c 7-9

5T8/10-15 | 24T18 mm | 35*120 C2

_ *
5T8/10-15 | 22T14mm | 25 | 120 | 6T12/m |7T12/m| 25 | oo |2re/10-15 | 18Ti6mm | 30780 | €1 |, ,

5T8/10-15 | 22T16 mm 35*100 C2
X *

4T78/10-15 | 18T14 mm | 20 120 | 6T12/m |7T10/m| 20 600 ST8/10-15 | 16T16 mm 30770 cl 13-15

5T8/10-15 | 20T16 mm 35*80 C2
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20 STORY PBPD DESIGN
Sgasdl gl Syla> aill sl padl sVl

g | wodl | Jodl | aulidshidl  |Sladl | JoHl o r g | b |
2uludl (sodl | puludl Jell e | (em) &l Sl | (cm) | (em) 2uldl sodl| zuludl JodI |(cm)slaVI ssedl
6T8/10-15 | 24720 mm | 40 | 120 | 6T12/m |7T16/m| 40 | 600 |21/10-15 | 30T20mm | 60%100 | €1 |, ,

5T8/10-15 | 30T25mm | 55%130 C2

- *
6T8/10-15 | 24718 mm | 35 | 120 | 6T12/m |7T14/m| 35 | 600 |21S/10-15 | 24T20mm | 50%100 | €1 | g
5T8/10-15 | 32T20mm | 50120 | C2

- *
5T8/10-15 | 22T16 mm | 30 120 | 6T12/m |7T14/m| 30 600 ST8/10-15 | 24Ti6mm | 45°100 c 9-12
5T8/10-15 | 30T20 mm | 45*120 C2

- *
5T8/10-15 | 22T14 mm | 25 120 | 6T12/m |7T12/m| 25 600 ST8/10-15 | 16716 mm 40780 cl 13-16
5T8/10-15 | 26T16 mm | 40*100 Cc2

- *
4T78/10-15 | 18T14 mm | 20 120 | 6T12/m |7T10/m| 20 600 ST8/10-15 | 12716 mm 30780 a 17-20
5T8/10-15 | 24T16 mm 40*80 Cc2
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Story Disp

Story15

Story14 4

Story12 4

Story11 4

Story9 4

Story8

Story6 4

Story 4

Story3 4

Story2 4

Base

0 25 S50 75 100 125 150 175 200 225 250 E-3
Displacement, m

Max: (0.229632, Story15); Min: (0, Base)

Code (k20

Story Displ:
Story20 3

Story18 4
Story16 4
Story14 4
Story12 4
Story10 4
Story 4
Story6 4
Story4 4

Story2 §

Base

Tt
0 30 60 90 120 150 180 210 240 270 300 E-3
Displacement, m

Code Gk 15

Story Displ:
Story10 5

Story9 4
Story8 4
Story7 4
Story6 4
Story$ 4
Story4 4
Story3 4
Story2 4

Story1 4

Base.

L e
0 20 40 60 80 100 120 140 160 180 200 E-3
Displacement, m
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