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Performance Assessment of Solid Reinforced Concrete Columns with
Triangular Reinforcement Details Using Nonlinear Seismic Analysis
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/] ABSTRACT /

This study investigates the seismic performance of solid reinforced concrete columns with triangular reinforcement details using nonlinear
seismic analysis. The developed reinforcement details are economically feasible and rational, and facilitate shorter construction periods.
By using a sophisticated nonlinear finite element analysis program, the accuracy and objectivity of the assessment process can be
enhanced. Solution of the equations of motion is obtained by numerical integration using Hilber-Hughes-Taylor (HHT) algorithm. The
proposed numerical method gives a realistic prediction of seismic performance throughout the input ground motions for several column
specimens. As a result, developed triangular reinforcement details were designed to be superior to the existing reinforcement details in
terms of required performance.
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Fig. 1. Solid reinforced concrete columns with triangular reinforcement details [3]



Table 1. Properties of test specimens [3]
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Fig. 2. Solid reinforced concrete column specimen (Unit: mm)[3]
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Fig. 6. Sample test setup [14]

06

Acceleration (g)
o
|

S
ho
\

0.4

06 \ \ | '
0 4 8 12 16
Time (sec)

Fig. 7. Artificial ground acceleration [14]

o|2 &= F9irk. AN TS AINEEES F A Flo] <fsiA AAE
22200627 g, 0.0803 g, 0.11 g,0.154 g,022g,03 g, 04 g, 0.5 g,
0.6g,0.7 g 0.8 g, 0.9 g7k 7FA AA|3IIct. = Fig. 73} 2-8 9J2%]
Auto] Zti7 e 718 2A510] g AL et A Xus A
gatgick olul JeiIste] ek 4T T LS HAS
chasl e 3 3l B|wslo] Fig. 8ol Lrehlgict.

of gollA] FEE] MBS T4 S FFYH A A
W3} ol edsly] iRk WEARI S A 024 S il
o A7 go] o83 gl A AEe}A 2l Hilber-Hughes-Taylor
(HHT) %[18]:& A1=}3Liek. HHT %2 712] Newmark o] 2631 gl
T AR A A E FEd ) BYshs et AiE Wt
AT © 24 Hughesol| 9J8f 21 4847} o4 Alo] 55 2 25w
olcH19].

AT ATINE 2= S 715 A8AY AREE SR S

o fr

3.0

2EME HE B BIEIEE JISY

5%

20 —

Normalized Acceleration
L

Input Acceleration
Design Spectrum

Period (sec)

Fig. 8. Response spectrum

Table 2. Natural frequency for specimens
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Table 3. Failure criterion and damage indices [12]

. o Damage Index
ltem Failure Criterion (e, or ¢, (gD[)
_ L40.f s e ™ e 1o

Concrete Compressive and Shear 0.004 + —="2 1—ftg (T)

Steel Tensile 0.10 1. 20(#7%)“'“7
*p, = transverse confining steel ratio; f,, = yield stress of the confining steel
€,,, = steel strain at maximum tensile stress; /.. = confined concrete compressive strength
ftg, = fatigue parameter for concrete; ftg, = fatlgue parameter for reinforcing bars
€., = compressive strain in analysis step;e,, = tensile strain in analysis step
€., = ultimate strain of concrete;e,,, = ultimate strain of reinforcing bars
Table 4. Description of performance levels[13]
Performance level Service Repair Pamage
State Index
Fully operational Full service Limited epoxy injection Hairline cracks 0.1
Delayed operational Limited service ngzz;né:ﬂﬁ;g Co(rigreer:ec;caklﬁng 0.4
Stability Not useable S:n':':g:’::;f;: Bar bucking! iri‘:g’wre 0.75
Table 5. Comparative evaluation of progressive damage for specimens
Input S—RSC-80 S—RST-80 S—RSC-120 S—RST—-120 S—RSC—-240 S—RST-240
Accel,

(9) D.l. P.L. D.l. P.L. D.l. P.L. D.l. P.L. D.l. P.L. D.I. P.L.
0.0627 0.01 o 0.01 o 0.02 [ J 0.01 o 0.02 o 0.02 o
0.0803 0.02 o 0.01 o 0.02 [ J 0.02 ([ 0.03 ([ 0.02 o

0.11 0.03 o 0.03 o 0.03 [ J 0.03 ([ 0.04 ([ 0.04 o
0.154 0.04 o 0.04 o 0.05 [ J 0.04 ] 0.08 ] 0.07 ([
0.22 0.10 o 0.08 o 0.1 © 0.09 ] 0.13 ©) 0.10 ([

0.3 0.33 © 0.26 © 0.32 ©)] 0.24 © 0.32 @) 0.27 ©)

0.4 0.42 O 0.39 © 0.44 O 041 O 0.42 O 0.38 ©)

0.5 043 O 0.39 © 0.44 O 0.43 O 0.43 O 0.40 ©)

0.6 0.48 O 0.43 O 0.48 O 0.44 O 0.62 O 0.43 O

0.7 0.65 O 0.53 O 0.51 O 0.50 O 0.98 0.43 O

0.8 0.69 O 0.57 O 0.70 O 0.58 O 1.00 0.51 O

0.9 1.00 0.68 O 0.70 O 0.69 O 1.00 0.76

(Note) Performance level: Fully operational - @, Delayed operational - ©, Stability - O
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