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Comparative Experimental Study on the Bonding Performance of Concrete with Duplex Stainless Steel Reinforcement
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Abstract: This study investigated the bond performance between duplex stainless steel rebar and two types of concrete, ordinary
concrete and ultra high performance concrete (UHPC), using 17 sets of center pull — out tests. Key parameters including
concrete strength grade, rebar diameter, relative cover thickness, and relative anchorage length. The results show that ordinary
concrete specimens failed primarily by rebar pullout, whereas UHPC specimens exhibited three failure modes: rebar pullout,
concrete splitting, and rebar fracture. Enhanced bond performance was observed with higher concrete strength grade, larger
relative concrete cover thickness, and longer relative anchorage length. Under identical conditions, UHPC demonstrated
significantly superior bond capacity with stainless steel rebar compared to ordinary concrete, attributable to its ultra high strength
and steel fibers that restrict lateral expansion. Thus, UHPC exhibits markedly better bond behavior with duplex stainless steel
rebar than ordinary concrete.
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Table 1 Optimize concrete mix proportion

TeBE 2 TR E P 042.5Kkijg/ke K/kg b/ kg £1¥/kg PEH A4/ kg WK kg
€30 5.544 2. 664 13.824 13. 680 0.101
R 40 6.480 2.592 11.520 13.968 0. 144
€50 6.912 2.448 10. 944 14. 400 0.216
B eI e 43.200 4.968 4.752

RIS B2 10, 12 F116 mm 1) 1. 4362
RO A S RARAT ', a1 BT R, AR
SRR ) 5 3 3 A A R B[R], A W e T N
fifio MG GB/T 228. 1—2021 (4 J&@ # kHA 55 Fr A )
IURE, R SHT4106 - G SipL4s il v i Al il fig 1
B, LA 10 MPa/s (3R AT hr i, 45 2855 30 5 A
W BRHTRIREE , FH LASR AR AR Y 0. 2% Jir Xof Rz A fr 2K
YEN MRS L, AT 25 RO (E, HJj 2=k Re W
F2 ME2,

E1 WiBEEERIWAET

Fig. 1 Duplex stainless steel reinforcement
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Table 2 Physical and mechanical properties of %ﬂ\ = gLl -
duplex stainless steel reinf t L . 1 o é |3
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Fig.2 Stress—strain curves of steel reinforcement
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Table 3 Sample grouping and design parameters

WIS REELIS d/mm c/d l,/d po/ %
S-1 €30 16 2 5
S-2 €30 16 3.25 5
S-3 €30 16 4.5 3
S-4 €30 16 4.5 5
S-5 €30 16 4.5 6
S-6 C40 16 4.5 5
S-7 €50 16 4.5 5
S-8 €30 12 4.5 5
S-9 €30 16 4.5 5 0.314
HC-S-1 UHPC 12 4.5 5
HC-S-2  UHPC 16 4.5 5
HC-S-3  UHPC 10 4.5 5
HC-S-4  UHPC 16 2.5 5
HC-S-5  UHPC 16 3.25 5
HC-S-6  UHPC 16 4.5 2.5
HC-S-7  UHPC 16 4.5 5.5
HC-S-8  UHPC 16 4.5 5 0.314
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Fig.4 Diagram of test device
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Table 4 Failure mode of central pull — out test

N R [lZZ8iZ LN WERTE
S-1 BERLBIR HC-S-1 R
S-2 BEZLEIR HC-S-2 PR
S-3 IR HC-S-3 R
S-4 R HC-S-4 BEBLR
S—5 R HC-S-5 PR RIR
S-6 PR HC-S-6 PR RIR
S-7 PR HC-S-7 RN
S-8 R HC-S-8 R
S-9 e H IR
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Fig.5 Comparison of splitting failure of concrete specimens
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Fig. 6 Comparison of pull — out failure of steel
reinforcement specimens
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Fig.7 Load - displacement curves of extraction
failure of steel reinforcement
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Fig. 8 Load - displacement curves of splitting failure
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Fig. 9 Load - displacement curve of pull off
failure of steel reinforcement
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2513.09% ; [ C40 K5 C50 (S-7) HF, FhizhsR
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Table 5 Ultimate drawing force and bond strength test value of samples

95 F,/kN T/ MPa S/mm
S-1 28.51 7.09 4.35
S-2 56. 34 14.01 5.49
S-3 40. 12 16. 64 5.53
S-4 65.13 16.20 6.98
S-5 66. 06 13.70 7.37
S-6 73. 65 18.32 7.56
S-7 83.09 20. 67 7.97
S-8 34.85 15.42 4. 46
S-9 70. 95 17. 64 7.92

HC-S-1 59.19 32.72 12.46

HC-S-2 102. 85 31.98 15.53

HC-S-3 37.65 29.90 6.45

HC-S-4 63. 03 19. 69 8.12

HC-S-5 75.70 23.54 7.51

HC-S-6 48.13 23.95 6.53

HC-S-7 174.13 39.38 EAL

HC-S-8 149. 48 46. 48 17.25

TE: FONRBRBAR TS, S MBI,y NRhAERE
R6 TREIREETNWAETE MW NRLE X L

Table 6 Comparison of bonding properties of different concretes
to duplex stainless steel reinforcement

Fhaiisbn €30 €40 €50 UHPC Tywpe/Tczo Tumpc/Tcao Tunpe/Tcso
FhE4ETRAE 16.20 18.32 20.67 31.98 1.97 1.75 1.54
WIRIEHE 6.98 7.56 7.97 15.53 2.22 2.05 1.94
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Fig. 10 Effect of different concrete strength
on the bonding performance
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Fig. 11 Relationship between relative cover thickness and bond strength
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Fig. 12 Relationship between relative anchorage length and bond strength
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Fig. 13 Relationship between steel reinforcement diameter and bond strength
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Fig. 14 Effect of stirrup ratio on bond strength
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