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301 B4R

# 43 B (KN/mm)

Specimen | % | fw | T35 | TR
R | AR | PR | #fH
CB20SP1 | 756.9 | 711.8 | 7344 -
CB20SP2 | 820.6 | 826.6 | 823.6 | 12.1%
CB20P1 | 878.1 | 969.6 | 923.9 | 25.8%
CB20P2 | 916.2 | 901.7 | 908.9 | 23.8%
CB20P3 | 794.1 | 766.8 | 780.5 | 6.3%
CB20P4 | 934.2 | 852.0 | 893.1 | 21.6%

—1500—

hoops D13@100mm

1350 x 1500 x 1500

T Head
0/

1350 x 1500 x 1000

0j

I

I

SD420-D25@150mm T’

:
Lo play o oo b o po o o oo o4

20(#300—‘-309—1200 1 225—""fL

1350

= strain gauge unit mm

Bl 1 A3 c# 4l e 52 ]
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g 200 E: > § e
g o i £ 0
T -200 23 B T -300
% 600 M peak farce b5 E T 600 M peak farce
= aon L & UDR o7 B - oon | & Uk
t Hirst ylald of long. bar e = 3 first yield af lung, bar
1200 R 1.1 @3 1200 | first yield of wiuuel plaps
-1500 S — TR 13 -1500
-8 =B -4 =2 o 2 4 6 B -& -6 -4 -2 o F4 4 & B
Drift Ratio("%} Drift Ratiof%}
1500 1.4 1500
1200 + CBZOP4 g-z ""E 1700 b CE20P2
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£ 900 [ UDR=2.95% na = = 00 UDR=4.05%
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5 o 0§ £ o
: 538 % 0
ﬁ -800 M peak force -0.6 E % -600k M peak force
oo - F 3 unk 0.8 g 800 F & UDR
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-1200 first yiald of stoed plata § 4 3 00 1200 Irst yhald of stac plata |
-1500 - . . -1.4 =1500
£ -8 4 -2 0 2 4 L3 B 4 46 4 -2 i] 2 4 L] &
Drift Ratio|¥) Drift Ratio{%)
1500 13 1500
1200 + CB20P3 L1l o= 1200 } CBE20P4
900 Vmax(+)=1188.5 kN 0.4 {E 900 Vmax(+)=1308.9 kN
= [ Vmax(-=1122.3 kN 07 T, = [ Vmax(-}=1201.8 kN
£ 6800 © UDR=3.92% 05 & =2 600 F UDR=2.92%
3 300 03 % & 300
5, wE 5,
w 01w
g -300 0.3 g g 300
E -600 M prak force 05 E ﬁ -B0g M prak force
A& UDR 07 m & LDR
800 ¢ 3 st viald of long. bar 0.4 E 800 | 3t first ylald of long. bar - 4
1200 p 41 00 1200 F first yield of stecd plate |
-1500 1.3 =1500
4 £ 4 -2 1] 2 4 [ 8 4 £ 4 -2 1] 2 4 6 &
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Lateral Force(kN)
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F 1 p R e SR £

f £ Beam Beam Column | Column Moo/

Spec. J ¢ Bars (bxh) (bxh) Depth "
(MPa) | (MPa) Top Bot. (mm) (mm) (db) ZMns

J1 2-D32 | 2-D32 1.94
32 | 420 2-D25 | 2-D25 650x650 | 20 [ 214
J3 | 550 42 | 4-D25 | 4-D25 2.22
J4 | 420 3-D32 | 3-D32 | 200%600 26 2.91
J5 500x850 21373
JI6 . 70 4-D25 | 4-D25 650x650 26 2.42

ofy R A REAR(MPa) s f 2 RS FURR R (MPa) s b A 2 %5 T A& (mm) ;

h 3 P ’E’i—' %7 o (ﬁ’;}i(mm) ZMnc/ZMnb = 53 ’h Il o

W E— Load Cell 3 E
N — i

\ ;

N [T]3000 | 3000 1] =
N 14t | a4
BB ===p==iz g
s ir 2700 2700 i 43
N\ I = 1ol
\ | i//? L]
N\ VA ! H Ik
\ 4 i

s N

AN \\\\\\\\\\\\\\\\\\\\\

1 EE e

F 650 1
1150 125} 1150 | 150 | 150 | 1507 125/150]
1T 11 1 m 11
B1-1 B1-2 B1-8 B1-9 g]goo
= :2-2 B2-§ B2-9
B3 B4
@000

Bl 2 328003 82 ¥l b
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South Beam Moment (kN-m)
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01 PR PR R SR £
Spec fc'(MPa) fy(MPa) db(mm) Rr Rr Cb,swde(mm) Cb,top(mm) Ss(mm) Ktr(mm) Cb,top/db Cb.side/db Ktr/db (Ktr+cb,mp)/db Ld.dem
SP1 42 420 32 0.083 75 75 125 40.54 | 2.34 2.34 1.27 3.61 746.58
SP2 42 420 32 0.850 | 0.084 75 75 250 20.27 | 2.34 2.34 0.63 2.98 746.58
SP3 42 420 32 0.085 75 75 0 0.00 2.34 2.34 0.00 2.34 796.35
SP4 42 420 32 0.088 75 75 125 40.54 | 2.34 2.34 1.27 3.61 746.58
SP5 42 420 32 0.090 | 0.089 75 75 250 20.27 | 2.34 2.34 0.63 2.98 746.58
SP6 42 420 32 0.091 75 75 0 0.00 2.34 2.34 0.00 2.34 796.35
SP7 42 420 32 0.094 75 75 125 40.54 | 2.34 2.34 1.27 3.61 746.58
SP8 42 420 32 0.095 | 0.096 75 75 250 20.27 2.34 2.34 0.63 2.98 746.58
SP9 42 420 32 0.097 75 75 0 0.00 2.34 2.34 0.00 2.34 796.35
SP10 42 420 32 0.101 75 75 125 40.54 | 2.34 2.34 1.27 3.61 746.58
SP11 42 420 32 0.100 0.101 75 75 250 20.27 2.34 2.34 0.63 2.98 746.58
SP12 42 420 32 0.103 75 75 0 0.00 2.34 2.34 0.00 2.34 796.35
SP13 42 420 32 75 75 0 0.00 2.34 2.34 0.00 2.34 796.35
SP14 42 420 32 0.104 75 75 125 40.54 | 2.34 2.34 1.27 3.61 746.58
SP15 42 420 32 0.105 | 0.105 75 75 250 20.27 2.34 2.34 0.63 2.98 746.58
SP16 42 420 32 0.106 75 75 0 0.00 2.34 2.34 0.00 2.34 796.35
SP17 42 420 32 0.125 0.124 75 75 125 40.54 | 2.34 2.34 1.27 3.61 746.58
SP18 42 420 32 0.125 75 75 0 0.00 2.34 2.34 0.00 2.34 796.35
SP19 42 420 32 0.140 0.141 75 75 125 40.54 | 2.34 2.34 1.27 3.61 746.58
SP20 42 420 32 0.148 75 75 0 0.00 2.34 2.34 0.00 2.34 796.35
ﬁﬁhé%g%& & (MPa) 5 fo 5 iR gt #uR s &mwm:%éﬁﬁﬁﬁﬁﬁmmﬁ
Rra 5 b 552 & F &2 BV B 5 Ss 5 4 45 1 K e B 2 B A 4w 55 R EE(mm)

K 5 # v B & 4% 5% :ffl ﬁi(mm) Ld,dem = ﬁ&% S22 sS4 W EERE FR(mm);

Ch,side 2 Chop~ BG4S Y o TIRAD Ble 2278 e 2 fEdE(mm) o
1000 mm
150 mm i, L, =750mm |
i) l I
75mm
450 450( | B
mm mm
[
(—
B 1 EMx Apy i)
Reaction N
Frame
1400 mm Qil
£ Load
% = Ld.msl JaCk c "
i Specimen
| —1 I
450 ¥
WW//{%//{{“//W/WWW////////A
L |
Bl 2 ERFHRZ K FREL B B3 HERFHKZF
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longitudinal bracing of main pipe
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Configuration | Original |—2s8 1 | Case2 | Case3 | Cased | )\,
¢ g (AXX) | (ABR) | (SBH) | (AHL)
Main pipe bracing - Vv Vv V Vv V
Branch pipe bracing - - V V - -
Sprinkler h_ead w/ _ _ _ vV vV )
steel wire
1-inch pipe replaced ~ _ _ _ _ vV
by Flexible Hose
Fund.
Freqg. of
Complete transvers | 1.3 3.07 8.71 8.75 4.23 -
e mode
System
Analysis (H2)
Mass
participati| 0.31 0.2 0.3 0.3 0.25 -
on ratio
Fund. Freqg. of
transverse mode of | 2.8 5 4.7 5 4.7 4
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No Leakage No Leakage
Performance Leakage at Leakage at Leakage at / Deformed | No Leakage | / Deformed
10% S 60%
40% attachment attachment
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M FIT:

1. F.-R. Lin, J.-F. Chai, Y.-A. Tsai, et al., “Optimized seismic strengthening strategies for a
typical sprinkler-piping system in a hospital”, 17th World Conference on Earthquake
Engineering (17WCEE), Sendai, Japan - September 13th to 18th 2020.
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Sweep sine 50gal X-dir. (Before EQ.) Sweep sine 50gal X-dir. (After EQ.)
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Source of torsional Torsional Damage Non-ductile irregularity
response irregularities irregularity

80



2020 M Baferm g ¥ P kS 7 €(|)
Bpd B4 g ¢ w0 2020/06/16

INustration of irregular S 1 S S .
systems URM infill M it Ductle
I( R¥Cv . t',Ic“x Symmetric . +ov
e B TE e B atey W e w EE]“CV .‘ﬁ‘w’) o "
Damaged elements . sSt];: ;tﬁli(lif;adation
h I Non—_iuctlle
| B | B —— oot e
Irregularity produced by | URMinfillin | Damage on East | Early strength degradation in East
West frame frame (non-ductile) frame
Columns| Dimensions 250 mm x 250 mm
(UnitA) | Longi. Reinf. 2.6% from 8 D16 bars
Trans.| Ductile| D10@50 mm hoops (135-degree hooks) and cross ties (180-degree hooks)
Reinf.| Non-du N/A D6 (East) or D10 (Middle)@250 mm
ctile hoops with 90-degree hooks
Beams | Dimensions 250 mm x 400 mm
(X-dirin| Longi.Reinf. Ends: 4 D16 top and bottom; Middle: 4 D16 top and bottom
Unit A)
Beams | Dimensions 250 mm x 450 mm
(Y-dirin| Longi. Reinf. Ends: 6 D16 top and bottom; Middle: 4 D16 top and 6 D16 bottom
Unit A)
Shear Thickness 150 mm
Walls | Reinforcement Two layers of horizontal and vertical D10 bars @ 150mm
Slabs Thickness 100 mm
Reinforcement Two-way D10 bars spaced @ 150 mm top and bottom
Weight Additional 2.3 ton (at each story from cast-in concrete block)
Total 136 ton (Including the base)
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Common details (Column

<Elevation of masonry infill (Series-1A only)>

Yvuice (OIS i

Unit B

<Ductile 1st story columns>

= ] Longi reinf : 8-D16
= Trans. hoops : D10G 50

1 s_unc._ Cross-ties - D10@ 50
LT

Specimen-2 only
<Non-ductile 1st story columns>

T East frame = i
Z E::] Longi. reinf. : £-D16 12m| |11 5 e R |~ | -
L Trans. hoops : D6@250 Z = . — .] H,]H,”HIH” ”Hl.. il ‘

.

Longi. remf. : D16
Trans. hoops : D10@ 250

E
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Data paper:
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Hwang, S.-J., Lee, H. J., and Elwood K. “Shake-table Tests of Seven-story Reinforced
Concrete Structures with Torsional Irregularities”
https://doi.org/10.17603/ds2-g6cf-mb79 (Specimen-1)

https://doi.org/10.17603/ds2-94sa-7r36 (Specimen-2)

Conference paper:

1.

Suzuki, T.*, Purannam, A. Y., Elwood K. J., Lee, H.-J.,, Tsai, R.-J., Hsiao, F.-P., and
Hwang, S.-J., (2019) "Seismic Response of Half-Scale Seven-Story Reinforced Concrete
Structure with Torsional and Damage Irregularities,” International Conference in
Commemoration of 20th Anniversary of the 1999 Chi-Chi Earthquake, Taipei, Taiwan,
September 15-19, 2019.

Suzuki, T., Elwood, K., Puranam, A., Lee, H.-J., Hsiao, F.-P. and Hwang, S.-J. (2020).
"Seismic response of half-scale seven-storey RC systems with torsional irregularities:
blind prediction”, Proceedings of the 2020 New Zealand Society for Earthquake
Engineering Annual Technical Conference, 2020-04-22.
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