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Structural Behavior of RC Beams with Headed Bars using Finite Element Analysis

Kun-Soo Kim'", Ki-Tae Park’, Chang-Jin Park’

Abstract: In this study, the structural behavior by the details of the lap region with the headed bar was estimated through finite element analysis.

To solve the finite element analysis of the anchorage region with complex contact conditions and nonlinear behavior, a quasi-static analysis technique

by explicit dynamic analysis was performed. The accuracy of the finite element model was verified by comparing the experimental results with the
finite element analysis results. It was confirmed that the quasi-static analysis technique well reflected the behavior of enlarged headed bar connection.
As a result of performing numerical analysis using 21 finite element models with various development lengths and transverse reinforcement indexes,

it was confirmed that the increase of development length and transverse reinforcement index improved the maximum strength and ductility. However,

to satisfy the structural performance, it should be confirmed that both design variables(development length and transverse reinforcement index) must
be enough at the design criteria. In the recently revised design standard(KDS 14 20 52 :2021), a design formula of headed bar that considers both
the development length and the transverse reinforcing bar index is presented. Also the results of this study confirmed that not only the development

length but also transverse reinforcing bars have a very important effect.
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Table 1 Test specimen details (Choi and Park, 2019)

Table 2 Test results (Choi and Park, 2019)

Anchor Stirru Concrete
Specimen Longitudina ¢ X ¢ Barsp Compressive Strength
1 Bars [mm] [MPa]
Exp-Ref -
Exp-D13 SD400-D19 50 x 30 SD400-D13 30
Exp-D16 SD400-D16
(unit: mm)
gL 50, 150,150,150, 150,150, 300 600 300 ,150,150,150,150,150, ,50
%ﬁ 300 2800
<Side view> <Front view>
(a) Exp-Ref
(unit: mm)
E{L 50,150,150 150,150,150, 300 200 10010Q 200 300 ,150,150,150,150,150, .50 a‘]
<Side view> <Front view> <Side view>

Hte [ [T T[]
I I I S =
[Ty

<Bottom view>

(b) Exp-D13 and Exp-D16

Fig. 1 Dimension of specimens (Choi and Park, 2019)
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42 SHRAEZZICH X|A2| R 5HE =2 F M 252 ¥ 5% (2021. 10)

PITIaX Py 5max 6y
[kN] [kN] [mm] [mm]
Exp-Ref 273.9 238.0 31.1 6.40
Exp-D13 240.6 215.8 16.0 6.44
Exp-D16 255.0 239.5 17.4 7.49
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Region)< ARt B3 H 23} FA2 ES| F2tuk 7}
A Sh= Al ol A 2] AT} 54 8HA A sk A Wist
go| §&3] A EE FH- AP E FAS Zolste] F2t
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(a) Compressive behavior (b) Tensile Behavior

Fig. 2 Stress-Strain model of concrete (Kim et al., 2019)
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(b) Finite Element Model and Crack Patterns

Fig. 3 Comparison of load-deflection curve and crack pattern
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5. U] 0|25 HMol (= HT 24

51 2 A8 22 X

3t s Aol AREE 2Ee 2 300 mm, 3=°] 400 mm,
% 20] 3,600 mm, <= 747} 3,200 mm £ ZH= B A A o)m,
47 38 AP oz 2yt /3ol SD400-D19 2]
Aol Z4zF 2 vl =113, SD400-D13 o] 150mm 3t
20 & THRo A staAlst A 74A] Aer A = stk
A3HE 2] 7448 1,200 mm ©|H, s bl S| o] A
o] g Akn 7} A v S WS A 8519 f3ke
S

R o] Al A AIE Fig. 40 HERAAT.

F QS e G o] 355 Zte Bo| Al &
07} AZe) G B SIsked theksk 2k 124
HK,)E AL A mdol h3h ek e 284S FEkg
ok 241 2] (4ol LR Bheh o] A BEAH( K, )=
ARz Adg o= Y F HA(4,,) 0 THA(s), 7E
W B AT ()] TS BT SrieiE] o] g

W (unit: mm)
A 3200 r
3600
(a) Boundary Conditions
(unit: mm)
0] I8
<Sideview> <Front view> <Sideiew>
[ NI
<Bottom view>
(b) L00-D00
(unit: mm)
'l 11]] T
<Sideew> <Front view> <Sideew>

<Bottom view>
(c) L21-D13/16/19

Fig. 4 Boundary conditions and dimension examples
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)
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o5 AgAo
21 2 o)(1,) sk BAE MAoITEZ L7 1, 2] 0.7 ),

L12& 1, 9 128, L1551, 9 1.5 8], L2181, €] 2.1 v
AZA0)(1)E zte=th f3teard WA D = AR
A AE(d,) & FEE Wro|n, D0 MR A
o] gl= 2d o)t} & DI3 2 SD400-D13 &) Wd o] Mgk
B 2do)1, D16 & SD400-D16 & ¥ o] Ada 7}
¥ wdo|t},

Table 3 Finite element model for headed bar analysis

l, K, Anchor
Model L/l K,/d,  ¢xt
[mm] [mm] [mm]
L00-D00 - - - -
L07-D00 250 0.7 0 0.0
L07-D13 250 0.7 16.9 0.9
L07-D16 250 0.7 26.5 1.4
L07-D19 250 0.7 41.1 22
L10-D00 350 1.0 0 0.0
L10-D13 350 1.0 16.9 0.9
L10-D16 350 1.0 26.5 14
L10-D19 350 1.0 41.1 2.2
L12-D00 400 1.2 0 0.0
L12-D13 400 1.2 16.9 0.9
L12-D16 400 1.2 26.5 1.4 2030
L12-D19 400 1.2 41.1 22
L15-D00 500 1.5 0 0.0
L15-D13 500 1.5 16.9 0.9
L15-D16 500 1.5 26.5 1.4
L15-D19 500 1.5 41.1 22
L21-D00 700 2.1 0 0.0
L21-D13 700 2.1 16.9 0.9
L21-D16 700 2.1 26.5 14
L21-D19 700 2.1 41.1 2.2
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Table 4 Results of finite element analysis s s — ig;_gig -
S = 107-D00
Model 1 /l K /d Pm'dx 5max 6,1/ k) /5 "0 s 10 15 20 25 30 35 40 4I5 slo sls slo sls 70
Rt "t !t [kN] [mm] [mm] maxt "y Deflection(mm)
L00-D00 i i 2272 64.5 9.5 6.8 (a) L00-D00 and L07-D00/13/16/19
(1.00)  (1.00) (1.00) (1.00) < |
910 45 25 18 g 1 \
LO7-DO0 0.7 0.0 0.40)  (0.07) (026) (027) S 4 \
~
1317 85 5.0 1.7 g s
L07-D13 0.7 0.9 E s = 100-D00
(0.58)  (0.13)  (0.53) (0.25) 5% -+ — lioplo
157.9 115 6.5 1.8 S L10-D16
L07-D16 0.7 1.4 = L10-D13 |—
(0.69) (0.18) (0.68) (0.26) ';.‘Q = 1,10-D00
183.8 17.0 8.0 2.1 "0 5 10 15 20 25 30 35 40 4I5 slo sls slo 6’5 70
LOT-DI9 0722 081y (026) (0.84) (031 Deflection(mm)
110000 10 0.0 108.3 6.0 3.0 2.0 (b) L00-D00 and L10-D00/13/16/19
: : 0.48)  (0.09) (0.32) (0.29) s -
1671 12.0 7.0 1.7 & \
L10-DI3 1.0 09 074) (019 (074 (0.25) S \\ \
~
2033 205 95 22 ¢ s A \
L10-D16 1.0 14 EarS — 100-D00
0.89)  (0.32) (1.00) (0.32) 5% /1 — I1>Dlo
S L12-D16
L10-D19 10 29 210.4 23.0 9.5 2.4 ~§ — 112013
(0.93) (0.36) (1.00) (0.36) N — 1,12-D00
136.2 7.5 4.5 2.1 0 5 10 15 20 25 30 35 40 4I5 slo sls 6Io 6‘5 70
LI2-D00 1200 60y 012) (047) (032) Deflection(mm)
L12.D13 - 0.9 196.8 19.0 8.5 2.2 (¢) L00-D00 and L12-D00/13/16/19
(0.87)  (0.29) (0.89) (0.33) s |
2122 225 95 24 & \
Li2-Di6 1.2 L4 003) 035 (1.00) (035 § N
AN
2160 255 95 27 ¢ s N JE———
L12-D19 1.2 2.2 (0.95)  (0.40) (1.00) (0.40) 3% A — L15D19 |
§ L15-D16
L5000 1.5 0o 1893 100 55 1.8 i / —_— 1sD13 |
' : (0.70)  (0.16) (0.58)  (0.27) K = L15-D00
221.4 28.0 9.5 29 0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70
LIS-DI3 1.5 09 0.97)  (043) (1.00) (0.43) Deflection(mm)
(d) L00-D00 and L.15-D00/13/16/19
L15-D16 15 14 223.2 28.0 9.5 29
(0.98) (0.43) (1.00) (0.43) s —T N
2237 28.0 95 2.9 v
L15-DI9 1.5 22 0.98) (0.43) (1.00) (0.43) N N \
2 s
1940 125 7.5 1.7 T S / — 1.00-D00
L21-D00 2.1 0.0 (0.85)  (0.19) (0.79)  (0.25) S e / — LDy 1
S R
225.3 30.0 9.5 3.2 S m— 121-D13 |
R s
L21-D13 21 09 0.99) (0.47) (1.00) (0.47) N — L2IDO%
2253 295 95 31 ‘ 1] 5 10 15 20 25 30 35 40 45 S50 55 60 65 70
L21-D16 2.1 1.4 (099) (046) (100) (046) Deflection(mm)
(e) L00-D00 and L21-D00/13/16/19
L21-D19 21 29 225.3 30.0 9.5 3.2 ' '
0.99) (047) (1.00) (0.47) Fig. 5 Load-deflection curves of FE models
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Fig. 6 Strength ratio of FE models
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Fig. 7 Ductility ratio of FE models
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