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Ductile Fracture Analysis of Steel Reinforcing Bar by Void Growth Model

YIN Yue"”", LI Fukang', GU Yimei'

(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China; 2. Key Laboratory of Coastal Structures
in Civil Engineering and Safety of Ministry of Education, TianjinUniversity, Tianjin 300072, China)

Abstract: Tension coupon tests were conducted on HRB40OE steel reinforcing bars. Mechanical properties and
constitutive relationship of the material were determined. Notched round bar specimens were designed according
to general stress state of steel reinforcing bars. Monotonic tensile tests were conducted on the notched round bar
specimens. The void growth model (VGM ) was calibrated for the HRB40OE steel reinforcing bars based on the
test results and complementary finite element analysis. The material parameter of the VGM was determined to
be 7=2.03. Monotonic tensile tests were conducted on HRB400E steel reinforcing bars. Ductile fracture of the
steel reinforcing bars was observed. The entire fracture processes of the steel reinforcing bars were numerically
simulated with the VGM. The fracture processes obtained by the simulation are consistent with the test results.
The fracture displacements predicted by the VGM agree well with the test results, with a maximum error within
10%. The applicability and accuracy of the VGM in ductile fracture analysis of steel reinforcing bars are thus
verified.
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Fig. 1 Location and configuration of SRB specimens(size:mm)
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Table 1 Results of tension coupon tests on SRB specimens

Specimen Diameter /mm Elastic modulus/GPa  Yield strength/MPa  Tensile strength/MPa Elongation/ %
SRB4-1 9.99 199. 6 488.6 693.2 25.6
SRB4-2 10. 02 206.5 471.4 679.5 26.1
SRB4-3 10. 00 203.8 482.2 687.7 25.8
Average 203.6 480. 4 686. 5 25.8
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Fig.2 Results of tension coupon tests on SRB specimens
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Table 2 Results of monotonic tensile tests on NRB specimens
Sectional diameter /mm
Specimen Ry/mm P/kN A/mm
Gauge Notch
NRB 4-1 12.05 10. 10 51.71 5.50
NRB4-2 10 12.03 10.01 50. 96 5.59
NRB4-3 12.07 10. 02 49.17 5. 46
NRB4-4 11.99 10. 04 48.95 6.18
NRB4-5 25 11.97 9.99 47.14 6.33
NRB4-6 12.09 9.97 45.07 6.41
NRB4-7 12.03 10.01 42.21 6.58
NRB4-8 50 12.08 10.02 42.63 7.44
NRB4-9 11.99 10.02 43.35 7.67

(a) Before fracture

(b) After fracture
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Fig.5 Load-displacement curves of NRB specimens
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Fig.6 Fracture surfaces of NRB specimens
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bars 1.2
Specimen number Ry/mm Characteristic length /pm 10L&
NRB4-1 10 233 0.8 ‘ ‘ ‘ ‘
NRB4-4 25 225 0 10 20 30 40 50
NRBA-7 50 183 Distance from section center/mm
E10 B by LIRS 5k A5 £
Average 214

Fig. 10 Void growth index (I;) at the notch section

Displacement loading
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\ \ \ \ NRB4-2 0.83 0.79 2.25
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Fig. 8 Stress triaxiality at the notch section NRB4-5 0.68 0.90 2.06
NRB4-6 0.68 0.93 2.18
b0 -+=Ry=10 mm NRB4-7 0.63 0.85 1.96
v 09 :ﬁ:i?é mm NRB4-8 0.50 1.11 1.70
2 08¢ NRB4-9 0.57 1.18 1.91
077 Average 2.03
o
g 0.6
4 HRBA400E iR & FLIA# RIS IF
=04t
. 41 EBWE (RMS) B85 it
o 1 20 30 40 50 T 56 UE T R AL B SRR Y B T I L N B

Distance from section center/mm

7S iy F FHe R
O I I 0 b FeD Jy 16 mm fe 22 mm ) HRBAOOE 5 0y 31 7H4 7
Fig.9 Equivalent plastic strain at the notch section R s e O A 11 s o A R g e



%5124

Tro B A BT AL AR Y B4 0 AT S A R ) 1297

FRBOKEE 90 mm, 1] DAk o by A i B v e A W Bl
FoI 200 7577 3 vl ) 3 B B 80 mm, b L AR A A7
2 HAE AR ST 3

K HIWAW-1000 HL Al ik 100 tJ7 Rg i 5 WL (K
B REHT IR I8 AT B A B ) 37 4 W) 4 A3 3 A B 0
PEAPR S, 38 A3 5 AP 00 b BE B AR A AR T | e e
EF A4 5 Ao 3 o 0 A B R T 22 ] . e SR T
i 5 A A7 B8 45 2%, 2k 2 1 mm/min,
A LA G R NG e S 808 88 1 A IR 22

260

L0000000000000000000000007]
\ |
LT A 1

Fig. 11 Test specimens for steel reinforcing bars (size : mm)

(a) Yielding

(b) Fracture initiation
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Fig. 13 Photos of fracture surfaces of steel reinforcing bars
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Table 5 Fracture displacements of steel reinforcing bars
Unit:mm
Transverse rib root Cross-section center
Specimen D
Test VGM Test VGM
RMS4-1 10.9 14.6
16 11.0 14.5
RMS4-2 11.4 14.7
RMS4-3 11.5 15.0
22 11.8 16.6
RMS4-4 12.1 15.3
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Fig. 15 Finite element model of steel reinforcing bars
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