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Bond properties between bimetallic steel bar and early-age marine concrete
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Abstract: To investigate the engineering applicability of bimetallic steel bars and sea water sea sand concrete,
concentric pull-out tests were carried out on sea water sea sand concrete and sea water sea sand concrete containing
polyoxymethylene (POM) fibers. Considering different concrete ages and ratios of concrete cover ¢ to bar diameter
d(c¢/d), the influences of the two variables on bond performance were studied to quantify the bond-slip
relationship. Test results show that bimetallic steel bar was suitable for the reinforcement of sea water sea sand
concrete because of its good performance. The peak bond stress 7, between the early-age concrete and the steel bar
was significantly affected by the age, and the sea water sea sand concrete with POM fibers added had better
ductility and bonding properties. The influence of concrete age on the slip value s, corresponding to the peak bond
stress and the shape parameter « of the ascending section was generally manifested as the larger the age was, the
smaller the slip value s, was, and the smaller the parameter o was. With increasing concrete age, the shape
parameter k of the descending section was increased. Based on the test results, a bond—slip model of bimetallic steel bar
and sea water sea sand concrete was proposed considering the effect of concrete age, and the model was in good
agreement with the test results. The research indicates that bimetallic steel bar and pure sea water sea sand concrete
can be used in engineering applications, and the concrete improved by adding POM fibers has better performance.
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Tab.1 Chemical compositions

WAy AR/ (mge L' WK/ (mge L7') MRS/ (mgrkg ')

i R 2 KBRS S, SCiR( 16 kB O 2.3 19 365.5 7.4
BB WA IR o o "
SREEREE, AR R A R 125.5% L . RH K+ 2.8 389.9 4.0
IE (POM) £F 42— FloHT B SR S W 47 4k, A LR Mg®* 9.6 1321.7 3.0
BRI FREERE A POM ZF4E T DU e — 2.1 258 2.8
=2 BHHFHESREER
Tab.2 Screening test results of sea sand
AL F A (4.75 mm)  A,(2.36 mm) Ay (1.18 mm) A, (600 um)  A5(300 um)  Ag (150 pm) <150 pm
R A % 4.0 14.0 29.4 49.0 68.6 90.6 99.4
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Tab.3 Mixture design, working performance, and compressive strength of sea water sea sand concrete

TREE L KR/ L ATCy/ % o i b/ biik=p v K/ 24t/ . YHER/,  PUEPERE/
KA (kg-m™?) (kgem?) (kg-m™?) (kg-m?) (kg-m?) (kg-m™?) (kg-m™?) AR mm MPa
NF 264 88 88 831 160 0 0.36 175.2 56.38
POM -0.6 264 88 88 831 160 8.41 32.1 66.39

1 :NF /R A2 POM 24 SWSSC,POM - 0. 6 FR AR5 0. 6% POM £ 4: () SWSSC.,
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Fig.2 POM fibers used in this paper
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Tab.4 Main properties of POM, basalt, and PP fibers

S v Bihr WA/ K PR i/
(kg - m~3) S/ MPa % GPa
R 1 400 970 18.0 165 8.00
ZE 2 700 3 200 3.1 1 200 89.00
BN 910 400 30.0 180 3.85
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Tab.5 Details of pull-out specimens
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Fig.4 Concentric pull-out system
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Fig.5 Failure modes of pull-out specimens with different
concrete ages
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different mixtures, concrete ages, and ¢/d
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Fig.6  Bond-slip curves of pull-out specimens with different concrete ages
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Tab.7 Key parameters of bond-slip model from test results 0st
Ui 7,/MPa s,/mm o k/(N - mm™?) 5 0.6
NF-1-1 4.17 0.35  0.449 1 — £
“oatf T\l
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_7 _ L —+—POM-1
NF-7-1 8.94 0.25 0.3116 0.2 Nl s
NF-14-1  10.63 0.24  0.2798 — .
NF-28-1  12.15 0.19  0.3208 — o5 101520 25 30
TREE W /d
NF-1-1.8 5.35 0.31 0.428 7 —
(a) T /T8
_3_ _ 06
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_ 11 ——NF-1.8
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\ —+—POM-1
NF-14-1.8 11.48 0.20  0.2007 — 04l \ L boMLs
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NF-1-2.6 5.8l 0.28  0.2619 — ER
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POM-28 -1  13.02 0.18 0.296 9 — )
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POM-3-1.8 11.11 0.38  0.3679 4.6679 01k - =20
- ——POM-1
——POM-1.8
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POM-14-1.8 12.08 0.27 0.301 4 4.1349 0 5 10 15 20 25 30
POM -28 1.8 17.88 0.30 0.210°5 — TRV /d
POM-1-2.6  6.11 0.52  0.2369 1.534 3 10 ©a
POM-3-2.6 11.14 0.33 0.257 5 4.1812
8 L
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g
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Fig.9 Effects of ¢/d on four parameters of bond-slip curves
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ZH NF-1 NF-1.8 NF-2.6 POM-1 POM-1.8 POM -2.6
y -0.736 -0.904 -0.698 -0.664 -0.852 -0.692
a 0.230 0. 620 0.278 0. 126 0. 040 0.098
b 0. 954 0. 858 0. 949 1. 008 1.253 1.025
A 1. 895 0. 154 0. 168 0. 186 0. 088 0. 545
f 2.740 0.279 0. 789 0.113 0. 055 0.832
g

K

0.224 0.202 0.201 0. 180 0.269 0.287
6.389 0.296 15.680 6. 139 0.235 -0.081
h 3. 662 0.312 6.781 6.713 0. 045 0. 695
i 0.283 0.219 0.234 0.298 0. 149 0.276
m — — — 0.191 0.111 0. 425
n — — — 2.630 2.900 2.114
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