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SRC ‘B fh/R 3# % 2 & MR 2

. i Hoop/Spiral Weight of . .
Column Specimen Hoop/Spiral S F;ci?l Volume Hoo ?S iral Reduction Design
Cross-Section Designation Small | Big pacing Ratio brop Factor Guide
- . (mm) (N/m)
Circle | Circle

SRC1-HC-ACI-60 #4 60 1.679% 616 1.00  |ACI-318 Code
SRC2-HC-TWN-75 #4 75 1.349% 494 0.79  |Taiwan SRC Code
SRC3-HC-WENG-90 #4 90 1.11% 410 0.65  |Weng’s Formula

B SRC4-HC-TWN-75 #4 75 1.34% 298 0.79  |Taiwan SRC Code

o S |

3 P

L. ) SRC5-HC-WENG-90 #4 90 1.11% 248 0.65  |Weng’s Formula
SRC6-HB-TWN-75 #4 75 1.349% 494 0.79  |Taiwan SRC Code
SRC7-HB-WENG-85 #4 85 1.18% 433 0.68 Weng’s Formula
SRC8-YC-ACI-75 #3 #4 75 1.25% 360 1.00  |ACI-318 Code
SRC9-YC-TWN-95 #3 #4 95 0.999 283 0.79  |Taiwan SRC Code
SRC10-YC-WENG-115 #3 #4 115 0.81% 235 0.65 Weng’s Formula
SRC11-YC-S1-60 #3 #4 60 1.56% 449 Spacing = SRC1
SRC12-YC-S2-75 #3 #4 75 1.26% 360 Spacing = SRC2
SRC13-YC-S3-90 #3 #4 90 1.049% 299 Spacing = SRC3
SRC14-YB-TWN-95 #3 #4 95 0.999 283 0.79  |Taiwan SRC Code
SRC15-YB-WENG-110 #3 #4 110 0.85% 245 0.68  |Weng’s Formula
SRC16-YC-HS-TWN-105 #3 #4 105 0.88% 256 0.70  |Taiwan SRC Code
SRC17-YC-HS-WENG-130 #3 #4 130 0.71% 208 0.57 Weng’s Formula
SRC18-YC-HC-TWN-65 #3 #5 65 2.18% 557 0.87 Taiwan SRC Code
SRC19-YC-HC-WENG-80 #3 #5 80 1.73% 453 0.69  |Weng’s Formula
SRC20-YB-HC-TWN-65 #3 #5 65 2.18% 557 0.87  |Taiwan SRC Code
SRC21-YB-HC-WENG-80 #3 #5 80 1.83% 453 0.73  |Weng’s Formula
RC-Y-ACI-75 #3 #4 75 1.25% 360 1.00  |ACI-318 Code

Note (1) SRC Short column dimensions : Height : 1200 mm ; Cross-section : 600 x 600 mm

(2) Steel section in SRC column : A572 Gr.50 ; f,, =343 MPa

Cross H : 2H350 x 175 x 6 x9 5 p,=2.91%
Cross H : 2H350 x 200 x 9 x 14 ; p,=4.72% (SRC16 and SRC17 only )
Box section : 0275 x 275 x 10 x 10 5 p,=2.94%

(3) (A) Longitudinal bar in SRC hoop Column : 12 #9 (D29); p,=2.15% ; SD420 ; f,. =412 MPa
(B) Longitudinal bar in SRC spiral Column : 16 #8 (D25) ; p, =2.25% ; SD420 ; f,, =412 MPa’
Supplementary longitudinal bar : 4 #4 (D13 ) ; Cut 50 mm short at each end.

(4) Hoop (Spiral) : #3 (D10) ~ #4 (D13) and #5 (D16) ; SD420 ; f,, = 412 MPa

(5) Longitudinal bar in RC column :
RC: 16#8 (D25) and 1249 (D29) 5 p, =4.40% ; SD420 ; f,, =412 MPa
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. Steel
Material Reinforcement Concrete
Plate Thickness (mm)
e, Normal'” High(z)
Strength 6 9 10 14‘ " 1\ #4 #8 #9 Strength Strength
; ! Concrete Concrete
Jy 437 454 419 429 49411 472 451 439 1. (MPa) 1. (MPa)
(MPa) : ‘
Ju 546 574 524 549 737 750 698 687 41.9 75.5
(MPa)

S (1)“321;%;3”,% TFESRCIS~ 192021 2% » 3% - ¥ £ R > H 28 X2 T35 RBE 5 41.9 MPa -
Q)23 2.:#8 SRCI8~19~20~21 > * F B REI » H 28 X 2 T35 RB R 5 75.5 MPa -
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(O] ) 3
Column Specimen (Pn ) (Pu )squash (Pu )test £, ),m (Pu )test Design
Cross-Section Designation (P,) (P, )Squash Guide
(kN) (kN) (kN)

SRC1-HC-ACI-60 16765 16912 20856 1.24 1.23 ACI-318 Code
SRC2-HC-TWN-75 16765 16912 19885 1.19 1.18 Taiwan SRC Code
SRC3-HC-WENG-90 16765 16912 19110 1.14 1.13 Weng’s Formula
SRC4-HC-TWN-75 16765 16912 18188 1.08 1.08 Taiwan SRC Code
SRC5-HC-WENG-90 16765 16912 17952 1.07 1.06 Weng’s Formula
SRC6-HB-TWN-75 16795 17040 18639 1.11 1.09 Taiwan SRC Code
SRC7-HB-WENG-85 16795 17040 19522 1.16 1.15 Weng’s Formula
SRC8-YC-ACI-75 16903 17148 20964 1.24 1.22 ACI-318 Code
SRC9-YC-TWN-95 16903 17148 20199 1.19 1.18 Taiwan SRC Code
SRC10-YC-WENG-115 16903 17148 20630 1.22 1.20 Weng’s Formula
SRC11-YC-S1-60 16903 17148 23093 1.37 1.35 Spacing = SRC1
SRCI12-YC-82-75 16903 17148 21337 1.26 1.24 Spacing = SRC2
SRC13-YC-S3-90 16903 17148 20827 1.23 1.21 Spacing = SRC3
SRC14-YB-TWN-95 16932 17275 20209 1.19 1.17 Taiwan SRC Code
SRC15-YB-WENG-110 16932 17275 19228 1.14 1.11 Weng’s Formula
SRC16-YC-HS-TWN-105 18943 19846 21562 1.14 1.09 Taiwan SRC Code
SRC17-YC-HS-WENG-130 18943 19846 19954 1.05 1.01 Weng’s Formula
SRC18-YC-HC-TWN-65 26860 24711 29253 1.09 1.18 Taiwan SRC Code
SRC19-YC-HC-WENG-80 | 26860 24711 24859 0.93 1.01 Weng’s Formula
SRC20-YB-HC-TWN-65 26889 24839 30745 1.14 1.24 Taiwan SRC Code
SRC21-YB-HC-WENG-80 | 26889 24839 28940 1.08 1.17 Weng’s Formula
RC-Y-ACI-75 16569 16324 18109 1.09 1.11 ACI-318 Code

NOTE : (1) Ultimate design compressive strength (P,) = 0.85 fc' A AAFFHAF,,

(2) Ultimate squash compressive strength (P,) squash = 0.85 0‘5’ Drest Aee TA(F v test A (F ) rest

(3) Test compressive strength
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r (D

1 (2)

3

. ! Weight of .
Column Specimen B fcc fcC HO;"I?S ioral Design
Cross-Section Designation 0 85f, (]le/ p) Guide
(MPa) (MPa) 09 "

SRC1-HC-ACI-60 41.9 50.4 1.42 616 ACI-318 Code
SRC2-HC-TWN-75 41.9 46.7 1.31 494 Taiwan SRC Code
SRC3-HC-WENG-90 41.9 43.8 1.23 410 Weng’s Formula

T SRC4-HC-TWN-75 41.9 40.4 1.13 298 Taiwan SRC Code

SR
I _I_I |

o ‘. ‘1 SRC5-HC-WENG-90 419 39.5 1.11 248 Weng’s Formula
SRC6-HB-TWN-75 41.9 41.6 1.17 494 Taiwan SRC Code
SRC7-HB-WENG-85 41.9 449 1.26 433 Weng’s Formula
SRC8-YC-ACI-75 41.9 50.0 1.41 360 ACI-318 Code
SRC9-YC-TWN-95 41.9 47.1 1.32 283 Taiwan SRC Code
SRC10-YC-WENG-115 41.9 48.7 1.37 235 Weng’s Formula
SRC11-YC-S1-60 41.9 58.0 1.63 449 Spacing = SRC1
SRC12-YC-S2-75 41.9 514 1.45 360 Spacing = SRC2
SRC13-YC-S3-90 41.9 49.5 1.39 299 Spacing = SRC3
SRC14-YB-TWN-95 41.9 46.7 1.31 283 Taiwan SRC Code
SRC15-YB-WENG-110 41.9 43.0 1.21 245 Weng’s Formula
SRC16-YC-HS-TWN-105 41.9 42.0 1.18 256 Taiwan SRC Code
SRC17-YC-HS-WENG-130 41.9 36.0 1.01 208 Weng’s Formula
SRC18-YC-HC-TWN-65 75.5 81.3 1.27 557 Taiwan SRC Code
SRC19-YC-HC-WENG-80 75.5 64.7 1.01 453 Weng’s Formula
SRC20-YB-HC-TWN-65 75.5 86.5 1.35 557 Taiwan SRC Code
SRC21-YB-HC-WENG-80 75.5 79.6 1.24 453 Weng’s Formula
RC-Y-ACI-75 41.9 423 1.19 360 ACI-318 Code

Note : (1) Unconfined compressive strength of concrete from cylinder test at 28 days.

(2) Calculated compressive strength of confined concrete in the column : £, = [(Pu Vst = A et = A.( fJ,,),ej,]/ A,

(3) The unconfined concrete strength 0.85f. is used to account for the influence of size effect .
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Column Specimen &y (1) Eoqp 2 o, Design
Cross-Section Designation ! o g, Guide

SRCI1-HC-ACI-60 0.0094 0.0491 5.22 ACI-318 Code
SRC2-HC-TWN-75 0.0090 0.0440 4.89 Taiwan SRC Code
SRC3-HC-WENG-90 0.0079 0.0361 4.57 Weng’s Formula
SRC4-HC-TWN-75 0.0078 0.0255 3.27 Taiwan SRC Code
SRC5-HC-WENG-90 0.0088 0.0317 3.60 Weng’s Formula
SRC6-HB-TWN-75 0.0073 0.0306 4.19 Taiwan SRC Code
SRC7-HB-WENG-85 0.0067 0.0270 4.03 Weng’s Formula
SRC8-YC-ACI-75 0.0117 0.0509 4.35 ACI-318 Code
SRC9-YC-TWN-95 0.0115 0.0546 4.75 Taiwan SRC Code
SRC10-YC-WENG-115 0.0099 0.0446 4.51 Weng’s Formula
SRC11-YC-S1-60 0.0103 0.0496 4.82 Spacing = SRC1
SRC12-YC-S2-75 0.0115 0.0581 5.05 Spacing = SRC2
SRC13-YC-S3-90 0.0101 0.0433 4.29 Spacing = SRC3
SRC14-YB-TWN-=95 0.0076 0.0266 3.50 Taiwan SRC Code
SRC15-YB-WENG-110 0.0075 0.0234 3.12 Weng’s Formula
SRC16-YC-HS-TWN-105 0.0125 0.0344 2.75 Taiwan SRC Code
SRC17-YC-HS-WENG-130 0.0096 0.0417 4.34 Weng’s Formula
SRC18-YC-HC-TWN-65 0.0087 0.0563 6.47 Taiwan SRC Code
SRC19-YC-HC-WENG-80 0.0107 0.0615 5.75 Weng’s Formula
SRC20-YB-HC-TWN-65 0.0096 0.0455 4.74 Taiwan SRC Code
SRC21-YB-HC-WENG-80 0.0089 0.0232 2.61 Weng’s Formula
RC-Y-ACI-75 0.0099 0.0263 2.65 ACI-318 Code

Note : (1) Compressive strain of column at ultimate axial load.

(2) Compressive strain of column at 709 ultimate axial load after reaching maximum capacity.

(3) a is the ductility index of the column, 4 =&, /&, .
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. ight of .
Column Specimen (Pu )test o, Volumetric Weight f) Reduction Design
Cross-Section Designation (P,) Ratio | HOOP/SPiral | b tor Guide
g nJsquash gpu ( N/m )

SRCI1-HC-ACI-60 1.23 5.22 1.67% 616 1.00 ACI-318 Code
SRC2-HC-TWN-75 1.18 4.89 1.349% 494 0.79 Taiwan SRC Code
SRC3-HC-WENG-90 1.13 4.57 1.119% 410 0.65 Weng’s Formula

& ——'. SRC4-HC-TWN-75 1.08 3.27 1.349% 298 0.79 Taiwan SRC Code

e
TN
d ‘."—,f ‘, } SRC5-HC-WENG-90 1.06 3.60 1.11% 248 0.65 Weng’s Formula

SRC6-HB-TWN-75 1.09 4.19 1.349% 494 0.79 Taiwan SRC Code
SRC7-HB-WENG-85 1.15 4.03 1.189% 433 0.68 Weng’s Formula
SRC8-YC-ACI-75 1.22 4.35 1.25% 360 1.00 ACI-318 Code
SRC9-YC-TWN-95 1.18 4.75 0.999% 283 0.79 Taiwan SRC Code
SRC10-YC-WENG-115 1:20 4.51 0.81% 235 0.65 Weng’s Formula
SRC11-YC-S1-60 135 4.82 1.56% 449 --- Spacing = SRC1
SRC12-YC-S2-75 1.24 5.05 1.26% 360 --- Spacing = SRC2
SRC13-YC-S3-90 1.21 4.29 1.04% 299 --- Spacing = SRC3
SRC14-YB-TWN-95 1.17 3.50 0.999% 283 0.79 Taiwan SRC Code
SRC15-YB-WENG-110 1.11 3.12 0.85% 245 0.68 Weng’s Formula
SRC16-YC-HS-TWN-105 1.09 2.75 0.88% 256 0.70 Taiwan SRC Code
SRC17-YC-HS-WENG-130 1.01 4.34 0.719% 208 0.57 Weng’s Formula
SRC18-YC-HC-TWN-65 1.18 6.47 2.189% 557 0.87 Taiwan SRC Code
SRC19-YC-HC-WENG-80 1.01 5.75 1.73% 453 0.69 Weng’s Formula
SRC20-YB-HC-TWN-65 1.24 4.74 2.18% 557 0.87 Taiwan SRC Code
SRC21-YB-HC-WENG-80 1.17 2.61 1.839% 453 0.73 Weng’s Formula
RC-Y-ACI-75 1.11 2.65 1.25% 360 1.00 ACI-318 Code
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SRC 417 Rf £ 5% @ 2 Ldl

Spiral . . .
Column Specimen Size Splr.al Volume Sp%ral Splra'l Design
Cross-Section Designation Spacing Ratio Weight Reduction Guide
& Small | Big (mm) (N/m) Factor
Circle | Circle
Taiwan
C-SRC1-TWN-95 #3 #4 95 0.99% 283 0.79
SRC Code
Weng’s
C-SRC2-WENG-115 #3 #4 115 0.81% 235 0.65
Formula
Gar @ Taiwan
(t ‘j‘ij } C-SRC3-TWN-95 #3 #4 95 0.99% 283 0.79
@Q@ SRC Code
@Vﬁ\(@ Weng’s
( T :> C-SRC4-WENG-110 #3 #4 110 0.85% 245 0.68
S Formula
Note : (1) Total number of SRC column cyclic test specimens : 4
(2) SRC column dimensions : Height : 3550 mm ; _ Cross-section : 600 x 600 mm
RC foundation size : 2500 x 1800 %750 mm
Full height of the specimen including RC foundation«: 4300 mm
Top portion of SRC column is enlarged to 600X 600%:900 mm to connect the MTS actuator .
(3) Steel section in SRC column : A572'Gr.50 ;5 f,+=343 MPa
Cross H in SRC1 and SRC2 : 2H350 % 175%6 x93 p,=2:91%
Box section in SRC3 and SRC4 *.[H275 x 275/ % 10x 10 ; . p,=2.91%
(4) Longitudinal reinforcements in SRC ¢olumn : 16 #8 (D25 ) ; p,=2.25% ; SD420 ; f,, =412 MPa
Supplementary longitudinal reinforcements 14 #4/('D13 ) as required in Taiwan SRC code.
(5) Spiral : #3 (D10 ) ~ #4 (D13 ) ; SD420 ; f,;, = 412 MPa
(6) Normal weight concrete : f.'=34.3 MPa
£42 SRCHLF Rt Eid%k2 MR
Material Steel '
Reinforcement Concrete
Plate Thickness (z72n)
!
6 9 10 #3 #4 #38 f. (MPa)
Strength
37.3 40.0
S 365 457 422 414 444 453
(MPa)
/. (C-SRC1 ~ | (C-SRC3 ~
u
(MPa) 468 557 538 541 651 649 C-SRC2) C-SRC4)
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Drift Angle Displacement
(% rad.) (mm) Number of Cycle
0.25 8.1 )
0.5 16.3 2
0.75 24.4 )
1.0 32.5 2
1.5 48.8 )
2.0 65.0 2
3.0 97.5 )
4.0 130.0 2
5.0 1625 )
6.0 195.0 2

% 44 FERMMARRIEPEEITR GEBE Y

: B
Specimen :
Designation Drift Angle (rad.) Y
0.5% 0.75% 1.0%
C-SRC1-TWN-95 0.48 0.41 0.37 0.35
C-SRC2-WENG-115 0.49 0.41 0.38 0.32
C-SRC3-TWN-95 0.43 0.36 0.32 0.31
C-SRC4-WENG-110 0.42 0.34 0.30 0.29
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. Pa PP—A Ph (Ph)test (Mn SRC (Mn test
Column Specimen I I i L N N M) et
Cross-Section Designation (kN) | (kN) | (kN) | (KN) | (kN-m) | (kN-m) (M) e
(1) 2 (3) (C)) (&) (6)
C-SRC1-TWN-95 1380 26 597 623 1414 1791 1.27
C-SRC2-WENG-115 | 1380 26 626 652 1414 1875 1.33
{ }) C-SRC3-TWN-95 1380 26 623 649 14383 1915 1.29
( }) C-SRC4-WENG-110-] /11380 26 602 628 14383 1853 1.25
S

Note: (1) P, is the fixed axial load applied to.the column, P, = 0.1 P, , where P, is the nominal axial

strength of the column calculated according to Taiwan SRC Code.

(2) P,_, is the lateral load caused by the P- A effect, as given in equation (24).

(3) Py 1is the recorded maximum lateral load applied to the column by the MTS actuator.

(4) (Pp)res 1s the total lateral load applied to the column including the P-A effect; (4) = (2) + (3).

(5) (M,))srcis the bending moment can be resisted by the column while subjected to the axial load
P,, calculated according to Taiwan SRC Code.

(6) (M) s 1s the total bending moment applied to the column including the P- A effect. The value
of (M), 1s equal to the product of (P}, and the distance between the loading point of the

lateral force and the center of the plastic hinge of SRC column.
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f =343MPa

(4% 5500 1 440%))|

16-#8 (D25)
[ER ¥ T
(fLi & - SD420)

#4(F
(D1=540 » SD420)

2-#9 (D29)
i %0 SD420)

# (i)
(D2=150 » SD420)

600)

Unit © mm

[ =34.3MPa

12-#9 (D29)

#4 (A KD
(SD420)

4-#4 (D13)
(GH8h )

2H 350%175%6x9
(A572 Gr.50)
(588 1£:2.91%)

#47 AEA
(SD420)

Unit : mm

() @

[ =343MPa

12-#9 (D29)
(414 % > SD420)
(48 55 4% 1 2.15%)

#4 (F éi_iu'w;)
(SD420)

4-#4 (D13)
(it es i)

2H 350x175%6x9
(A572 Gr.50)
(s 4 1+:2.91%)

rvea

325

600]

Unit : mm

600

[ =343MPa

12-#9 (D29)
(R E ) » SD420)
(AL © 2.15%)

#4 (P44 )
(SD420)

4-#4 (D13)
(iBh i)

[1275%275%10% 10,
GAS72%6r.50)
(R E6:2:94%)

#4755
(SD420)

600

Unit : mm

(d)

/! =343MPa

168 (D25)
(424 85+ SD420)

[ =34.3MPa

16-#8 (D25)
i » SD420)
1225%)

EICET D)
(D540 + SD420)

D « Grsm
(3 e235)
2H 350%175%6x9
[1275x275%10%10 (A572 Gr.50)
(A572Gr.50) (4 14:2.91%)
(4 % 1-:2.94%)
#3 (L 3]
#3 & 3) (I),ZISOKjSD-"ZO)
(D,=150 » SD420)
Unit : mm
Unit : mm
L 5% s ke T s
() I ¥tj# ¢ B3 SRCHL¥Ta H T¥Eeh
ST P 2 % 7 4 s 2k s %
B 3.1 A7 & ke @
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600mm
/ Strong \
Frame
o4 58800 kN
Hydraulie-Jack
i . —>  Test Specimen
A A »
"\
Bk o4 60319 kN
Bk A 500 mm
Bt bR R 0.58 mm/sec
g 2000x2000 mm’

A-A ?]® : SRC H %%

B 3.2 SRC ‘EfrfiR#5 7 & SRC 11475 7+ & §
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P (Axial Force)

Psin6 = ---q
1 Py, (Lateral Force)
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Drift Angle (% rad.)

Lateral Displacement (mm)
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Moment (KN-m)
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(a) #* ACI-318 Code % 3+ (b) & * ACI-318 Code & 3+
( 4a 85 B §E 75 mm ) LTI T ( 4a 85 B §E 60 mm )

i 1 7
(c) # * Taiwan SRC Code 3% 3+ (d) # * Weng’s Formula & 3+
(%‘§=§§F'a%ﬁk75mm) (:]‘ﬁaéiﬁ'?}iﬁ90mm)
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(a) #* ACI-318 Code % 3+
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e s 3.7 I 434 RCHL (RAHRC) g &' 8502 BALH fi SRCHL (342
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(b) # * ACI318 Code 3 3 (4 5 FF BE 60 mm)
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(a) # * Taiwan SRC Code 3% 3+ (b) #* Taiwan SRC Code #*k 3+
(e w75 mm) 05 e (G 8 e 75 mm)

(c) #* Weng’s Formula % 3+ (d) # * Weng’s Formula 3% 3+
(%ﬁvﬁiﬁfﬁﬁ'90mm) (%%53?&E9Omm)

i 3.9 iYL dh SRC AL F 314k %75 (3## SRC2 ~ SRC3) £ 44304k ¥
# 5 (3## SRC6 ~ SRCT) &I & Py pr 2 BLIR )

106



(a) # * Taiwan SRC Code 3% 3+ (b) #* Taiwan SRC Code #*k 3+

(Jfﬁv 55 B BB 95 mm) S . (ﬁfﬁis % BE 95 mm )

(c) # * Weng’s Formula % 3+ (d) # * Weng’s Formula & 3+
(%‘%fﬁf‘aﬁ?ﬁEllSmm) (Jfﬁaéiﬁ'?ﬁf: 110 mm)

PR 310 T 43 4@ SRC AL+ F A4 F %75 (#4148 SRCO ~ SRC10) £ 44 414 ¥

#75 (#4 SRC14 ~ SRCI5) 18U & Py pF2 BOR A7)
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(§# 5 B ¥ 75 mm)

SRC10

(d) #* Weng’s Formula 3% 3+
(i 55 B §& 115 mm )

(c) # * Taiwan SRC Code % 3+
(4@ 55 R B 95 mm)

e s 311 1 ;&ﬁl‘;’fﬁ, SRC # (#%% SRC8 ~ SRCY ~ SRC10) ¥ 7 i,g:]!%ﬁ’ RC . (3#
WRC) 18U E P, P2 R
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1143 SRC 11

-
1

(b) 7+ F 3 ¥ 2

47 Ji (5-Spirals) £ jr

-
1

|
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(€) b fisigri imf xS (d) i8R

i
e 42 ARG SRCHA T ~ 1 812 fi 8w 2 grimyed @
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43 A SRCH KR £y

(a) i &:F 3.0% A (b) %k iF 5.9% 5B pF

P 44 #4 C-SRCI it P =41 3.0% 2 5.9% 3% & BF2 )
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(a) %= b2

3.0% AR ® i h i 57% AP

BE 45 Ay c-SRcz-‘tté] f%w_, wi 3.0% 2 5.7% ¥R P2 13

(a) LA 4H

RRLMERT 0 BIRERETER AR
;Paw;a 2 = 1

B 4.6 F4 C-SRC2 B ¥ Bk
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(a) 81k iF 3.0%5% B pF (b) %4 6.0% HAERF

BT 48 M C-SRCA & FRidd3.0% % 6.0% &2 H;
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