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Study on bonding and anchoring properties of stainless steel bar and UHPC
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Abstract; In order to study the bonding properties of stainless steel rebar and ultra-high performance concrete
(UHPC), 12 groups of 36 specimens were made for central pull-out test. The effects of protective layer thickness,
anchorage length, stirrup ratio, steel bar diameter and steel bar variety on the bond performance between stainless
steel bars and UHPC were studied. The bond stress distribution of stainless steel and UHPC in the anchorage
section was studied, and the cause of splitting failure of the specimen was analyzed. The expression of reinforced
concrete bond strength was revised through statistical regression, and a more suitable formula for UHPC bond
strength of stainless steel bars was obtained. The results show that the modified bond strength expression can
accurately calculate the bond strength between stainless steel bars and UHPC.
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Fig. 1 Steel bars selected for the test
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Tab. 1 Physical and mechanical properties of steel bars

EANERES %% d/mm f,/MPa f,/MPa
38 5 155 HRB400 16 452 635
DS-R 10 611 836
WA I AN 4K 12 688 835
16 704 862
WRAWINAZEMN  ASR 16 752 885

BR8] A5 4K AS-P 16 460 657
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Fig. 2 Pulling test piece (mm)
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Fig. 4 Physical picture of steel bar after processing and bonding
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Tab. 2 Sample grouping and design parameters

K AFS5 mber Ve R d/mm c/d l,/d ¢/mm o/ %0 B R oF /mm
HC-S-1 HRB400 16 5 4 72 0 160 X160
HC-SS-1 AS-R 16 5 4 72 0 160X160
HC-SS-2 AS-P 16 5 4 72 0 160 X160

HC-HSS-1 12 5 4 54 0 120 X120
HC-HSS-2 16 5 4 72 0 160 X160
HC-HSS-3 10 5 4 45 0 100X100
HC-HSS-4 16 2.5 4 32 0 80X 80

HC-HSS-5 BS-R 16 3.75 4 52 0 120X120
HC-HSS-6 16 5 2.5 72 0 160 X160
HC-HSS-7 16 5 5.9 72 0 160X160
HC-HSS-8 16 5 4 72 0.314 160X160
HC-HSS-9 16 5 4 72 0.628 160X160
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Fig. 5 Schematic diagram of the test device

2 RBIAKRKER

2.1 HWSRRE
3T AR RBL PO A R B IR TE S
afRUAR W, R 32 IR TR Ok B 4 H B,

Ji —

A7 0 AR A A 0 7 W s 5 - B SRR
F3 ROHRIKBBIARR

Tab.3 Failure modes of central pull-out test

. . IR

R Sample 1 Sample 2 Sample 3
HC-S-1 PR BRI P wi R
HC-SS-1 B LN P B
HC-SS-2 B IR BB R PR
HC-HSS-1 T IR P IR B IR
HC-HSS-2 IR W TEIR B
HC-HSS-3 R A IR B BEIR R B IR
HC-HSS-4 BEZA IR IR 28N
HC-HSS5 L) #N LN W AR
HC-HSS-6 e AR LN R 2
HC-HSS-7 R IR B
HC-HSS-8 PR R IR AR
HC-HSS-9 L aL 20N i) E0N B IR
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Fig. 7 Pulling out failure specimen
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Fig. 8 HC-S-1 test curve
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Tab. 4 Test values of ultimate pull-out force and

bond strength of samples

el .
WS F./kN w/MPa ¢, S/mm S,/mm
SES

HC-S-1  97.77  30.40
WA HC-SS-1  156.82  48.77
2k HC-SS2 10.07  3.13
HC-HSS-2 102.85  31.98

.08 17.52 16.11
.17 13.51 11.52
.09 1.65 1.60
.08 15.53 13.25

HC-HSS-1 59.19 32.72
HC-HSS-2 102.85  31.98
HC-HSS-3  37.65 29.90 .14 6.45 5.72

.04 12.46 10.68
.08 15.53 13.88

HC-HSS-2 102.85  31.98 .12 15.53 13.57

HC-HSS-5 75.70 23.54 .14 7.51  7.02

HC-HSS-2 102.85 31.98 0.19 15.53 14.06
l,/d HC-HSS6 48.13  23.95 .17 6.53  5.89
HC-HSS-7 174.13  39.38 .08 il 0

HC-HSS-2 102.85 31.98 .05 15.53 14.38
o HC-HSS-8 149.48  46.48 .16 17.25 15.64

0
0
0
0
0
0
0
0
c¢/d HC-HSS-4 63.03 19.69 0.09 8.12 7.54
0
0
0
0
0
0
HC-HSS-9 155.17 48.25 0.21 16.14 14.52
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Fig. 9 Bond-slip contrast curves under different parameters
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Tab.5 Reinforcement strain gauge value

R4 M 4
A5
1 2 3 4 5
HC-HSS-2 5. 73E-05 1. 93E-04 3. 86E-04 5. 68E-04 9. 16 E-04
HC-HSS-4 1. 39e-04 1. 95e-04 2.72e-04 4.19e-04 7.13e-04
HC-HSS-5 1. 75e-05 1. 60e-04 3.09e-04 4. 49e-04 6. 74e-04
HC-SS-2 5.52e-06 1. 28e-05 2.06e-05 3.09e-05 6. 10e-05

B 9 (o) T, AHXT OR3P 2 5 B B P 3Rk
ZER Rk, BTLL HC-HSS-5 19 F Bk 45 3 f1 kK
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Fig. 10 Bonding stress distribution
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Tab. 6 Comparison of parameters

(4)

(5.<9)

- RS
= HC-HSS-2 HC-HSS-4 HC-HSS-5
a 1.01 1. 46 1.13
B 12. 81 11. 05 5.71
121
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Fig. 11 Fitting of each curve parameter after dimensionless
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Fig. 12 Comparison of experimental value and calculated

value of average bond-slip curve
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Tab. 7 Fit value of position function parameter

2 a, a a: a; a
LA E 2.1 —6.03 11. 82 —9.38 1. 49

MEME 0.8045 0.9986 0.9975 0.9932 0.994 1
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Fig. 13 Non-dimensional curve of bond strength at

different anchoring positions
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Fig. 14 Comparison of test curve and fitting curve
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Fig. 15 Bond-slip position function model of high strength
stainless steel bar and UHPC
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