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Response Modification Factors of Non-seismic School Buildings
Considering Short Column Effects and Natural Period
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/] ABSTRACT /

Response moadification factors of school facilities for non-seismic RC moment frames with partial masonry infills in ‘Manual for Seismic
Performance Evaluation and Retrofit of School Facilities’ published in 2018 were investigated in the preceding study. However, since
previous studies are based on 2D frame analysis and limited analysis conditions, additional verification needs to be performed to further
apply various conditions including orthogonal effect of seismic load. Therefore, this study is to select appropriate response modification
factors of school facilities for non-seismic RC moment frames with partial masonry infills by 3D frame analysis. The results are as follows.
An appropriate response modification factor for non-seismic RC moment frames with partial masonry infills is proposed as 2.5 for all cases
if the period is longer than 0.6 seconds. Also if the period is less than 0.4 seconds and the ratio of shear-controlled columns is less than
30%, 2.5 is chosen too. However, if the period is less than 0.4 seconds and the ratio of shear-controlled columns is higher than 30%, the
response modification factor shall be reduced to 2.0. If the period is between 0.4 and 0.6 seconds, then linearly interpolates the response

correction factor.
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(b) Roof floor application loads (kN/m?)
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(c) General floor applied load (kN/m?)

Fig. 1. Structure analysis model with partial masonry infills (3F)

Seismic Load

e

Fig. 2. Equivalent strut models for partial masonry infills
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RC Moment Partial Masonry | @ Classification of frame types
frame-i ) infills wall frame-j
3 [ 2
* CDR ¢opumn * CDR Coiomn (@ Calculation of average
© CDR poum * CDR capacity-to—demand ratio

(CDR) for member each
member type

|} l

CDR; = Minimum of CDR;=Minimumof | 3) Minimum of average CDRs
CDR cotnmw CDR gecen CDR, catiaray CDR infin
J

3 3

L= JL
E——

@ Calculation of base shear
contribution factor for each
frame

[ Story CDR (SCDR) = ¥ (w,, x CDR,, )
2 3

(' Building CDR (BCDR) = minimum of SCDR | © Representative COR for Building

] ® Weighted CDR for each story

Fig. 3. Linear analysis evaluation procedure
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Table 1. Analysis conditions

Shear strength of columns Ratio of column
Site class| controlled by shear” controlled
(V,50) by shear (r,,)
S 0.8V, 0%
B 18%
LOV;’ 29%
41%
jadl 53%
Sb20m! 0
L0V, 60%

"V, is defined as the shear demand at flexural yielding status

Performance
H - point
. g A
2 O Deformation-based & max
a o
CJ: i i Strength-based crE
e k V< 0.8V0x
£
g @ Effective
isplacement
range

Plastic Rotation

(a) Performance criteria of columns
controlled by shear

Displacement
(b) Effective displacement range

Fig. 4. Seismic performance evaluation criteria

Table 2. Performance decision criteria for nonlinear static procedure

Criteria ID @ @
Performance criteria of columns Strength- Deformation-
controlled by shear based based

Allowable ratio of gravity load 0%
supported by collapsed members

Effective displacement range Applied
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Performance evaluation
(R =25)

= Linear analysis using R factor
» Non-linear static analysis for
Performance level LS, CP

Comparison of
evaluation results

R factor
adjustment
(R = R-0.5)

= Linear analysis yields performance
level equal to or lower than nonlinear No

static analysis
* Yes

Comparison of damaged
members quantity

* Non-linear static analysis (LS, CP)
< Linear analysis No

¢ Yes

Final R factor selection

Fig. 5. R factor selection procedure
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(a) R factors using strength-based performance criteria for column shear

aaaaaa

-©-Vn,sc=0.8Vp

81

—A-Vn,sc=1.0V]|

=10 P
0.5

R XXX RR R X R R ER RRRXRRXR R R

Sx® o =2 |0 S ® o = m o S ® oo oo S X o o oo

EIRSERCE ) LS BRS R v o NS00 5 N T N0

2F 3F 4F SF

(b) R factors using deformation-based performance criteria for column shear

Fig. 6. Candidates of R factors for LS performance
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(a) R factors using strength-based performance criteria for column shear
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(b) R factors using deformation-based performance criteria for column shear

Fig. 7. Candidates of R factors for CP performance
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Table 3. Results of calculation ¢, factor by site class

C‘:TI
Site Class
2F 3F 4F 5F
Sg 1.05 1.04 1.38 1.58
Sb20m ! 1.05 1.04 1.27 1.59
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(a) Results of nonlinear static analysis (4F, r . =30%, 0.8 V)
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Fig. 11. Influence of low material strength
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Table 4. Proposed R factors for school buildings

Seismic force resisting system R factor
of school buildings
r..<0.3or 252
Non-seismic RC moment T = 0.6 sec '
frames with
partial masonry infills" "y = 0-3 and 2.0?
T <04 sec '

1) r,.: Ratio of column controlled by shear classified as group iii for all
columns in one story
7, First mode fundamental period, including the effects of major
non-structural materials

2) Linear interpolation with respect to 7, is applied between the values.

3) Seismic force using R shall not be lower than 85% of the equivalent lateral
force based on approximate fundamental period.
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Fig. 13. Comparison of design spectrum by site class

Table 5. Approximate period and C;, comparison by standard

Approximate period (sec) ¢, factor
Floor | kBC | kDS 41 emor | KBC | KDS41 |
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Fig. 14. R factor results according to site class
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/ APPENDIX /

Table A1. Structural characteristics of school facilities from surveys

Story fue f, Column section Height Span
(MPa) (MPa) Front Center Rear (m) (m)
400x450 400x450 400x400
18 300 (8-D19, D10@300) (8-D19, D10@300) (6-D19, D10@300) 35 45
350x500 350x400 350x400
2 300 (8-D19, D10@300) (8-D19, D10@300) (8-D19, D10@300) 36 45
500x600 500x500 500x600
3F 18 400 (12-D22, D10@300) (12-D22, D10@300) (12-D22, D10@300) 36 45
350x500 350x400 350x400
18 300 (8-D19, D10@300) (8-D19, D10@300) (8-D19, D10@300) 33 45
21 400 400x500 400x500 400x500 33 45
(14-D22, D10@300) (14-D22, D10@300) (14-D22, D10@300)
350x500 350x350 350x400
18 240 (6-D19, D10@300) ) (4-D19, D10@250) 31 45
350x500 350x400 350x400
2 300 (10-D19, D10@300) (8-D19, D10@300) (8-D19, D10@300) 33 45
350x500 350x400 350x400
4F 2 300 (8-D19, D10@300) (8-D19, D10@300) (8-D16, D10@300) 33 45
350x500 350x450 350x500
21 400 (10-D19, D10@150) 0 9 3.3 45
400x500 400x400 400x400
15 240 (10-D19, D10@300) (10-D19, D10@150) (8-D19, D10@300) 33 45
21 300 400x500 400x400 400x400 33 45
(10-D19, D10@300) (8-D19, D10@300) (12-D19, D10@300)
350x400 350x400 350x400
2 300 (8-D19, D10@300) (10-D19, D10@300) (8-D19, D10@300) 33 45
360x700 400x400 360x700
SF 18 300 (10-D19, D10@300) (10-D19, D10@300) (10-D19, D10@300) 33 50
350x500 350x500 350x450
2 300 (12-D19, D10@300) (10-D19, D10@300) (8-D19, D10@300) 34 45
350x500 350x450 350x450
21 300 (10-D22, D10@300) (8-D19, D10@300) (8-D19, D10@300) 35 45
Table A2. Structural characteristics of 3-dimensional structural models
Column Beam section Approxi- | Funda-
f | f section Height weight | mate | mental
Story N Span (m) . )
(MPa) | (MPa) Front Cent R Longitudinal Transverse direction (m) (kN) period period
ron emer ear direction | Classroom Hall (sec) (sec)
7.0
2F 400x450 | 400x450 | 400x400 300x600 300x450 (3.5%2) 16,818 0.2331 0.2742
— 18 | 300 | (8-D19, | (8-D19, | (6-D19, (6/3-D19, | (3/2-D19,
3F D10@300) | D10@300) | D10@300) 2-D10@150)|2-D10@300) 10.5 24286 | 0.3060 | 0.3923
300x500 (3.5x3)
350x500 | 350x450 | 350x450 | (3/2-D19, | 350x600 | 300x450 135 72.0
4F (10-D19, | (8-D19, | (8-D19, |2-D10@200)| (8/2-D19, | (3/2-D19, 3 5'X 4) (4.5x16) | 30,613 | 0.3735 | 0.5828
1 300 D10@300) | D10@300) | D10@300) 2-D10@200)|2-D10@300) '
350x500 | 350x450 | 350x450 300x600 300x450 175
5F (10-D22, (8-D19, (8-D19, (5/2-D19, (4/2-D19, 3 5;(5) 38,334 0.4371 0.6783
D10@300) | D10@300) | D10@300) 2-D10@200) |2-D10@250)|
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