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Seismic Performance Evaluation and Economic Analysis

of 5-Story RC Moment-Resisting Frames
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Abstract

Recently, the concept of seismic design has changed from prescriptive to performance based design. For the
performance based design with the specified target performance of the structure, it is necessary to execute the
inelastic structural analysis to predict precisely the actual behavior of the structure. To address this issue, the seismic
performance of the 5-story RC moment-resisting frames designed in accordance with KBC2009 is evaluated through
push—-over analysis and economic analysis is conducted focused on the direct construction costs. The results show that
the ordinary and the intermediate moment-resisting frame are evaluated to meet the required performance design
criteria and that the direct construction costs of the two frames are similar. However, although the special
moment-resisting frame designed with strong column-weak girder philosophy satisfies the required performance
design criteria, the direct construction cost is uneconomical compared with other frames. Therefore, although the
intermediate moment-resisting frame of design category D is prohibited in IBC2012, the ordinary and the intermediate
moment-resisting frame are estimated to be more reasonable than the special moment-resisting frame for the design

of 5-story RC moment-resisting frame.
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Figure 1. Fiber model
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Table 1. Design parameters

Design details Content
Seismic force Reinforced concrete moment-resisting
resisting system frame system
Seismic zone 1 (Site coefficient A=0.22)
Seismic use group | rating (Importance factor le = 1.2)
System type Ordinary Intermediate Special
R 3 5 8
Qo 3 3 3
Cq 25 45 55
Fundamental period RCMEF:(CQTEHSS.OB)

Building height, width 5 Floor : 20m, Width: 36m x 19.8m
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Table 2. Overview of building

] KBC2009
Design code KCI2012

Story (height) 5 (20m)
Floor height am
Type Office building
Material Reinforced concrete
Concrete Fa = 24MPa

Strength )
Reinforcement Fy = 400MPa

X1 X X3 X4 X9 X6
7200 @ 7200 7200 O 7200 7200 O
C3 @4 JC2 G4 [C2 G4 C2 G4 [C2 G4 cs
I I [ I |
| | | | |
Gz a7 [T a7 [T G2
C2A @3 ICLﬁi_ |91_@3__ Cl _G8 JC1 G8 lcﬂ*
G2 im im icﬂ iew iez
(A G3 _ o1 G8 _ Jct G3 ot G8 ot G3 _ JC%A
| | | | |
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Figure 2. Floor plan
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Table 3. Structural design results (Category C, OMRF)

System Ordinary moment-resisting frame
Member Story Dlrrzrennns]|>ons Reinforcement Stirrup
Gi Top 8-D22
Bottom 3-D22
Top 7-D22
Beam 1-5 G2 480 Bottom  4-D22 2-D10@200
(end) a3 600 Top  7-D22
Bottom 3-D22
G4 Top 7-D22
Bottom  4-D22
C1 14-D25
I 10-D25
C2A 500
Column 8? M 8-D25 2-D10@200
Co 500
2-5 CoA 6-D25
C3

Table 4. Structural design results (Category C, IMRF)

System Intermediate moment-resisting frame
Member Story Dlrrztrennns]|>ons Reinforcement Stirrup
Top 8-D19
G 480 Bottom 3-D19
Top 5-D19
600
Beam a2 Bottom 3-D19
1-5 2-D10@100
(end) a3 Top  6-D19
30 Bottom  3-D19
Top 4-D19
600
G4 Bottom  3-D19
C1
. Cc2 500 g 2-D10@ 150
Column 1-5 CoA X 8-D22 (end)
o3 500
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Table 5. Structural design results (Category D, IMRF)

Table 7. Notation for frame

System Intermediate moment-resisting frame

Member Story Dirrzﬁ]nrf]i)ons Reinforcement Stirrup
G Top 11-D19

40 Botiom  4-D19
B a2 o0 Bgtct)gm Z*B 1 g
eam _ B _
(end) 1-5 - Top 8-D19 2-D10@100
320 Bottom  3-D19
G4 600 Top 7-D19
Bottom  4-D19
C1 16-D22
c2
1 CoA 12-D22
500 _ _

Column cs 0 10-D22 2-D10@150
C1 500 (end)
c2

2-5 CoA 8-D22
C3

Table 6. Structural design results (Category D SMRF)

System Special moment-resisting frame
Member  Story Dlm(rennrsrsll)ons Reinforcement Stirrup
G Top  6D22
Bottom  3-D22
Top 4-D22
Beam s 2 40 Botom 302 L3010
tend) G3 600 P 4D2
Bottom  3-D22
a4 Top  4-D22
Bottom . 3-D22
600
1-5 Ci x 18-D22
600
C2 550 14-D22 -
Column 1-3 C2A x 12-D22 3 D(;C::]%WO
C3 550 8-D22
c2 550
4-5 C2A x 8-D22
C3 550
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o - C - 5
® @ ®
Type Notation Content
S Special moment frame
Moment-resisting )
| Intermediate moment frame
frame
O Ordinary moment frame
Earthquake C Earthquake design category C
design category D Earthquake design category D
® Story 5 5-story
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Table 8. Design coefficient (RC Moment-resisting frame)

Design coefficient

Q C R
System 0 ?
RC SMRF 3 55 8
RC IMRF 3 45 5
RC OMRF 3 25 3
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Table 9. Design coefficients (example structure)

Design coefficient

Q C R
System 0 7

OMRF 1.90 1.76 3.33
Category C

IMRF 277 2.85 7.89

IMRF 1.76 2.25 3.95
Category D

SMRF 2.39 3.85 9.18

42 MsH
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Table 10. Performance level (FEMA356 - Drift)

(unit : %)
Performance level
I-O L-S C-P
Structural system

Concrete frame 1.0 2.0 4.0
Concrete Walls 0.5 1.0 2.0
Steel moment frames 0.7 25 5.0
Braced steel frames 0.5 1.5 2.0
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Table 11. Quantity take-off

System A A A A
Work o-Cc5 I-C-5 I-D-5 S-D-5
Column 187 17.6 19.1 332
Reinforcement Beam 55.7 445 51.7 59.8
(ton) Others 94.0 94.0 94.0 94.0
Total 168.4 156.2 164.8 187.0
Column 924.0 940 9240 10472
Form Beam 15831 15831 15831  1583.1
(m°) Others 40729 40729 40729 40729
Total 65800 65800 65800 67032
Column 1155 1155 1155 1486
Conojete ~ Beam 3166 2622 2622 316.6
(m°) Others 9197 9197 9197 9197
Total 13518 12973 12973 13849
Table 12. Material cost
System A A _N_ PN
Work 0-C-5 I-C-5 |-D-5 S-D-5
Scrap iron(ton/1,000 won) 52261 42/ 41%})82/ 51 1E?87/ 5272%‘{
D10 5460 /| 5864/ 5942/ 4504/
41,830 44857 45453 34453
D13 250/ 250/ 250/ 3165/
foi t 1884 1884 1884 1884
elintorcemen
(ton/1,000won)  HD19 323415 47/ 3&?978306
D22 9968 / 6669/ 6819/ 11607 /
74757 50018 51,145 87,050
1773 /
HD25 13203
. 37/ 37 37/ 37/
Ready mixed 2571808 y9a)  1gs1 1864 1864
concrete ’ ’ ’ ’
§ n 1366/ 1311/ 1311/ 1399/
(m71,000won) 25-24-12 Jovo)  F5ap9 75420 80492
5265/ 5265/ 5265/ 5266/
Form Pywood  ag574 108574 108574 108595
(m?1,000won) 1314/ 1314/ 1314/ 1438/
Buro-form — Joo13 {9213 19213 21,026
Total (1,000won) X796 244 BI3B | FB118

ofAEZRl| T eH] 2] 73, Table 130142} o]
[-C—50] Hlg}e] O-C—5&= 8.4%, I-D—5%= 15%, S—D—5
= 32.4% =A e,

Table 13. Labor cost

System A o N _P-

Work 0-C-5 I-C5 I-D-5 S-D-5
Reinforcement installation 17459 / 16095 / 9897 / 99.74 /
(simple) (ton/1,000won) 71,287 65,719 40,410 40,725
Reinforcement installation 7087 / 93.01 /
(complex) (ton/1,000won) 35,192 46,187
Total (1,000won) 71,287 65,719 75602 86,912
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71A7gu1e] -, 1-C-59] H[st O-C—5= 4.3%,
[-D-5% 0.3%, S-D-5%= 7.2% =A| Lkt

Table 14. Equipment cost

System A A N _P—

Work O-C-5 I-C-5 I-D-5 S-D-5
Reinforcement transportation ~ 174.59 / 160.95 / 169.84 /| 192.75 /
(ton/1,000won) 240 221 234 265
Reinforgement concrete 1352/ 1,298/ 1298/ 1385/
(m/1,000won) 4,625 4,440 4,440 4,738

Total (1,000won) 4,932 4728 4,741 5,070

2 AolA] APt AjEn], =] E 7 A EE Edf=
AATZE AeAMRE I-C-5+= 395,251¢, O-C—5
L 41419589, I-D-5% 411,718H¢Y, S-D-5=
447,100 e]et, ths Figure 72} o] I-C—59] 2%
Ao BIElo] O—-C—5% 4. 7%, I-D—5%= 4.1%, S—D-5
+ 13.1% =4 Yepsitt

447,100

450,000 (113%)

430,000 414,195

(104%)

411,718
(104%)

::::::
JJJJJJ

(100%)

410,000 -

390,000 -

370,000 —

350,000 -
(Unit : 1,000 won) O-C-5

I-C-5 I-D-5

Figure 7. Direct construction cost
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