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ABSTRACT

In concrete structural design provisons, there is a minimum allowable strain of steel to ensure a ductility of RC members and a c¢/d is
limited for the same purpose in EC2. In general, a ductility capacity of RC members is evaluated by a displacement ductility which is
a ratio of ultimate displacement to yield displacement, and it is necessary to calculate accurately a yield displacement and an ultimate
displacement to evaluate a displacement ductility. But a displacement in members is affected by various member characteristics, so it
is hard to calculate a displacement exactly. In this study, a displacement ductility is calculated by calculating a yield displacement and
an ultimate displacement through a moment-curvature relationship. The main variables examined are concrete strength, yield strength,
steel ratio, spacing of confinement, axial force ratio and concrete ultimate strain. As results, as a concrete strength is increased, a
ductility displacement is increased. But as yield strength, steel ratio, spacing of confinement and axial force ratio are increased, a
displacement ductility is decreased. And a displacement ductility is necessary to calculate a response modification factor (R) of columns
for seismic design, so it is appeared that it is important to calculate a displacement ductility more accurately.

Key words : Displacement ductility, Yield displacement, Ultimate displacement, Moment-curvature relationship
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Fig. 1. Stress-Strain Curve for Concrete
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Fig. 2. Correction of Strain Distribution for the Effect of Tension
Stiffening
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Table 1. Variables by Denpongpan and Shima (2005)

Section S Axial load
No.
[mm % mm] [MPa] [kN]
1 0
2 310
300 x 300 30
3 620
4 930
Table 2. Variables by Rashid and Mansur (2005)
s Longitudinal rebar Tie
Name ° Tensile | Compression
MPa T ) T %
[MPa] | Type ) %] 5 1] ype | p [%]
A211 | 42.8 | 4-T250 2.20 0.30 TI10 | 0.62
B211la| 73.6 | 4-T25 2.20 0.30 TI10 | 0.62
B311 | 72.8 6-T25 3.46 0.31 TI10 | 0.62
B321 | 77.0 6-T25 3.46 0.62 TI10 | 0.62
B331 | 72.8 6-T25 3.46 0.94 TI10 | 0.62

1.69%om, ko] SRzt 338 MPaza] 70 mm (Ho 2
Hjjx]=]o] 9Jr}. Denpongpan and Shima (2005 Z39] 7]
w2 7E A= Wk AR 913 0~930 kN 35S
AskstaAnt. wh s dxE oleldt Ssles 27| EEe R
Zgate] A 52 Qe BREE F3l FRRE-2
£ BAIE 2431tk Table 194 Denpongpan and Shima
(2005)°] 2ol AHE-E F8 HFE HERNITE Denpongpan
and Shima (2005)2 AS F3l 2HH a9 WA =N
shgo] 7Haslr] ARl Ao] WSlE SRR gojtoZM
AREE AT

Rashid and Mansur (2005)2 173%= SIB|EE AM83) BT
FEE Ho| TS B3 INEE Ak AR AR
THH2 250x400 mm (FxZlo)oat, He] Hol= 3,400 mme|tt:

150

—=—Po= O0kN (Experimental)
0 Po= O0kN (Analysis)

—e—Po=310kN (Experimental)

o Po=310kN (Analysis)

(

(

(

(

—A—Po =620 kN (Experimental)

4 Po=620kN (Analysis)
—+— Po =930 kN (Experimental)
X Po =930 kN (Analysis)

100 |

Load (kN)

0 1 1 1 1
0 10 20 30 40 50

Displacement (mm)

Fig. 3. Load-Displacement Relationship Calculated by Denpongpan
etal.

ARH EZTTE AT E 72.8~77.0 MPa, 2] &7
= 460 MPa, 2= 220 2 346%0]11, 3He] R
479 MPao]H, 200 mm 7FFo 2 vjX]=it}. Table 20)4=
Rashid and Mansur (2005)0] =883+ Ho] Ao gt 2=
245 YeRAc). Rashid and Mansur (2005)-2 Bai and Au
(2011)°] AAGE 2 o] Hfal2] 85% F<F o2 3F50]
Fashe HeAe] M9E ShYR Aot

fr K

m

= Zdu}

1831 Denpongpan and Shima
(2005)2] el ot a5 TAle] A IRHE-S=E
A ZHE A3t sl TAE e Aol 314
WA FHd 8l% o] FollM s Adgkel] vial Ham7 =]
=, ol sEEaEES] Bld) ofal] Y5He] 4Bl i
o7 ek Jjal SRl sjAgke SElo] SIS

Table 3. Load-Displacement and Curvature Calculated at Yielding State and Ultimate State

Axial Yielding state Ultimate state Hy K
load [kN] | P [kN] | A [mm] | 1/r[t/m] | P, [KN] | A, [mm] | 1/r[1/m] | Analysis Test Analysis Test
12.36 6
0 47.86 3.94 0.00976 55.31 48.73 0.12082 [2.06]* [1.00]* 12.36 -
310 74.80 5.23 0.01297 74.52 30.54 0.07573 >-84 > 5.84
’ ’ ' ’ ’ ’ [1.17]* [1.007* ’
620 95.71 5.71 0.01415 86.21 23.31 0.05780 408 3 4.08
’ ' ’ ’ ’ ’ [1.36]* [1.007* ’
930 112.15 6.73 0.01670 88.99 18.30 0.04537 272 2 2.72
' ’ ’ ’ ’ ’ [1.36]* [1.00]* ’

[ T* : ratio of analysis result to test result
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Table 4. Displacement Ductility by Rashid and Mansur (2005)

Yielding state Ultimate state
Name p, A, P, A, Hy
[kN] [mm] [kN] [mm]
2.59
11 475. . 450.4 19.61
A2 75.8 7.57 50 9.6 [230]"
4.94
B211 496. . 2. 2.
a 96.6 6.50 502.9 32.08 [2.82]*
2.39
B311 719.8 7.30 710.4 21.08 [1.59]%
343
B321 727.1 7.11 729.3 24.40 [2.22]*
3.61
B331 727.1 7.14 731.3 25.80 [1.64]%

[ J* : experimental result

A el oF 114~60% GO = HA37 = 3Ack

Table 3ollA= T sA3E B3f 2FE WS d=e) H3gks
LERNQICE #9] =9 saghe S uje) 2.72~12.360] 1,
olel] the3te HEE 2-69] 7k ERN] siAdgke] oF 48~86%
o2 AR A0 2 e W] s tig A3
3 sl2dgke] olEdt Aol FEA o7 g Eo} S EIE
Aefeh= oA Zfo|7} Q7] wEe = Ik 71Fe] S5k
HE vl E3EES] S3hAFER] 000322 AJogt uf ¥
A 747t 447, 3.37, 2.10 E 1.360.2 A Eo] A3zk
9 F9g 335 aegh MY =R 2R ghs UERITh
=, W] AEe SIS golehs el ulet AdgkE Tt
I 2 4 1 F Qv A0 2 YEITE kA He]
I=E S Aol I8 E Sedelol digk et Aot
M0 2 o] For]of sk Ao R VERITE T3l ALEIEE
I'5e Fo) ofal FrAE o] Urk= Helx 714 Ftol
g HI¥E 2 ATl e AgsA e Al Agst
J%= W] Mezdde] "8 & 5 Atk

Table 40l&= 17} E38)EE A18-3F Rashid and Mansur
(2005)2] Ko FARS Fo A= AF dHe} A dAE
HERSITE E2RE 4S5 =7T 715t Wl (A211—-B211a)
He A== AF 9 S AN BT FT8IcE T3
U5 F2H(p')7F S7H] Wei(B311-B331) ¥ s
IRk W9 dme] ARk siAdgke] oF 45-92% o
2 IR, WY A= ofHgh Alole AdF sAA]
PEFE} SIS o)k WHol Adolelr] Wk 2wk
ot olefgk AEH saas=HE] EC2o AXE A =2E S
B3l THASAd] IAIgle] M TS 2Pl o|2HE FelHe
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Fig. 4. Cross-Section Analyzed
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Table 5. Variables and Analysis Results of Unconfined Cross-section

Fur f , Yielding state Ultimate state
No. i u Py Py Hy
[MPa] | [MPa] A, [mm] P, [kN] A, [mm] P, [kN]
1 30 2.65 27491 8.77 287.36 3.31
2 40 2.44 279.75 10.90 292.81 4.47
3 50 232 283.50 12.81 296.70 5.52
4 60 223 286.40 14.56 299.75 6.53
5 70 2.13 288.46 16.17 302.28 7.59
6 80 4001 00033 ) 002 0:006 2.07 290.41 17.67 304.47 8.54
7 90 2.01 291.97 19.09 306.41 9.50
8 100 2.01 293.63 20.41 308.18 10.15
9 110 1.98 294.89 21.67 309.78 10.94
10 120 1.92 295.81 22.85 311.27 11.90
11 300 1.94 207.99 11.68 220.44 6.02
12 30 500 0.0033 0.02 0.006 3.44 339.46 6.81 349.39 1.98
13 600 4.29 400.70 5.49 405.79 1.28
14 0.002 2.78 269.41 6.86 27791 247
15 0.004 2.70 272.39 7.72 283.23 2.86
16 0.008 2.61 277.00 9.73 289.74 3.73
17 0.010 2.55 278.59 10.67 291.28 4.18
18 30 400 0.0033 0.02 0.012 2.50 279.99 11.56 292.27 4.62
19 0.014 247 281.26 12.36 292.90 5.00
20 0.016 243 282.26 13.09 293.31 5.39
21 0.018 241 283.25 13.73 293.59 5.70
22 0.01 0.003 221 143.20 14.39 149.87 6.51
23 30 400 0.0033 0.015 0.0045 243 209.81 10.87 219.61 447
24 0.0023 2.65 27491 4.99 283.17 1.88
25 30 400 0.0043 0.02 0.006 2.65 27491 12.16 287.88 4.59
26 0.0053 2.65 27491 15.51 288.04 5.85
Table 6. Variables and Analysis Results of Confined Cross-section
No. Fur f, N . s Axial force Yielding state Ultimate state "
[MPa] | [MPa] ’ “ | [mm] | ratio [%] A, [mm] P, [kN] 4, [mm] P, [kN] ‘
1 0 2.14 75.38 89.46 81.75 41.80
2 10 3.12 141.48 63.20 134.47 20.26
3 % 400 | 001100053 ) 50 20 3.73 196.09 23.83 164.88 11.75
4 30 4.42 238.24 38.40 177.72 8.69
5 100 3.09 141.33 24.75 132.05 8.01
6 30 400 0.01 | 0.0033 | 200 10 3.04 140.93 13.25 153.07 436
7 300 3.05 141.03 12.30 165.78 4.03
8 40 3.04 167.38 21.19 151.51 6.97
9 50 400 001 10.0033 | 100 10 3.00 193.14 19.24 174.12 6.41
10 60 2.96 218.72 18.03 194.62 6.09
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Table 6. Variables and Analysis Results of Confined Cross-section (Continue)

Fur f, s Axial force Yielding state Ultimate state
No. C ! s Ecu . a
° | MPa] | [MPa | " mm] | ratio[%] | A fmm] | £kN | A [mm] | 2, [kN] Ha
11 70 2.94 24437 16.75 215.00 5.69
12 80 2.95 270.35 16.55 241.78 5.61
13 90 2.95 296.12 16.61 269.07 5.63
400 0.01 | 0.0033 | 100 10
14 100 2.94 321.72 16.64 296.85 5.66
15 120 2.95 373.37 17.07 360.42 5.79
16 140 2.94 424.69 17.26 417.38 5.87
17 300 2.37 122.39 25.19 113.77 10.63
18 30 500 0.01 | 0.0033 | 100 10 3.75 159.16 24.42 147.99 6.51
19 600 4.46 179.80 24.22 165.27 543
20 0.02 3.27 203.01 22.95 199.17 7.02
21 0.03 3.40 263.34 21.78 265.90 6.41
22 0.04 3.50 322.71 21.10 330.95 6.03
23 0.05 3.61 382.28 20.55 394.53 5.69
30 400 0.0033 | 100 10
24 0.06 3.69 44147 20.08 460.79 5.44
25 0.07 3.73 499.79 19.78 526.77 5.30
26 0.08 3.79 558.81 19.48 591.24 5.12
27 0.09 3.84 617.68 19.30 657.46 5.02
28 0.0023 3.09 141.33 21.59 128.99 6.99
29 30 400 0.01 | 0.0043 | 100 10 3.09 141.33 27.92 133.10 9.04
30 0.0053 3.09 141.33 31.33 134.11 10.14
7 8
6 |- [ | 7L
|
- 5| >
= Ee6f
© k3]
g ar 2
< T 51
£ 3 - £
o | @ =
E \ (_LU) AL
2ot 3
a a
\. .1
1
0 Il Il Il | 2 L L
200 300 400 500 600 700 0.0 0.1 0.2 0.3
fy [MPa] Steel ratio, p_
Fig. 6. Displacement Ductility for 1, Fig. 7. Displacement Ductility for p,
42 HIT Ciolo| GME sk Zot T 7ML oF 6.8%0IN 35% o Zassior)
Fig. 5+ I8 U4S=(f 1) W 9] =S R fu. > 100 MPaol|d W9 =9 Z7He-2 oF 7.7%004 8.7%
Zo R FIE YAt SR wt Mg s STkt 2 23]y Ik AEs Bk
Sk e £, = 100 MPao 577t 3710 wheh s ol E=Ele g} SNt Wt £, < 100 MPa oA
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71 FEASNS) 2B 2L, £ > 100 MPacHS]
W] P e S7hsRed) v, Samisle] Bhee Ao w
astE olsh g AL Uil Aoz AREh
Fig. 69 H29) FRA(/, el 1 9] Qs

ok o] Puest Shge) vk we) dws sk,
ool whe wis] Q] Fhage Fhasieich He] YR
Z7htel we} 9 W Be] F7ksle] sl S,
Sehsl) wbehs S MRS FUshuE We e
sk Ao Ve 22 g B Akgo] BelAs
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