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Bond Behavior Between Seawater Sea-sand
Recycled Aggregate Concrete and Glass-Fiber-
Reinforced Polymer Bars
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(1. College of Civil Engineering, Tongji University, Shanghai
200092, China; 2. Key Laboratory of Performance Evolution and
Control for Engineering Structures, Ministry of Education, Tongji
University, Shanghai 200092, China)

Abstract: The standard cube pull-out tests were conducted to
study the bond behavior between the ribbed glass-fiber-
reinforced polymer (GFRP) bars and concrete made with
different raw materials and different strengths. The results
showed that the use of recycled coarse aggregate (RCA)
decreased the bond strength while seawater sea-sand (SS) had
nominal effect on that of concrete. Different concretes shared
similar bond stress-slip curve. Similar with natural aggregate
concrete (NAC), the bond strength between seawater sea-
sand recycled aggregate concrete (SSRAC) and the ribbed
GFRP bars improved with the increase of compressive
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strength of concrete. Furthermore, four bond stress-slip
models were selected to fit the experimental curves and the
results showed that all the four models fitted the experimental
curves well and the model proposed by Malvar had the highest

coefficient of determination.

Key words: seawater sea-sand recycled aggregate concrete
(SSRAC) ; glass-fiber-reinforced polymer (GFRP) bars; bond
behavior; pull-out test
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Tab.1 Basic properties of sea sand
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Tab.2 Chemicals in seawater

Ak2=4
NaCl MgClz Naz;SO, CaCl,

KCl NaHCOs; KBr

BRI/

(go L1y 2453

5,20 4.09 1.16 0.695 0.201 0.101
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Tab.3 Basic properties of recycle coarse aggregate

EMEE/ (kg - m™®)  BKFE/%  FARR/N BRER

2 536 5.8 3.3 T2k
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Tab.4 Material properties of GFRP bars
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&gk C30). IR : 150 mm X 150 mm X 150
mm, BHFIE 6 A, HA 3 N T HO0ER KR, 3
AT IR W RS A, A
& 5. #H . NAC R RARRE LT . RAC RonHAR
&1 , SSNAC KoK KA REE L . SSRAC %
NG AR IR+ CRRD.
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Tab.5 Mix proportion of different C30 concrete
EEE S (ki ?EIZJEQ) affff”ﬁi/n (‘1%{\,?%-7};%/) (k;k-”:i/*3) P (igiﬂ) ﬁ?ﬁﬁ) (gikj{/w

NAC30 42.5 0.47 150 0 150 319, 15 0.43 829.03 109895 3.19

RACS30 42.5 0.47 150 11.15 161.15  319.15 0.43 829.03  1098.95 3.19

SSNAC30 42.5 0.47 150 0 150.00  319.15 0.43 829.03 1098, 95 3.19

SSRAC30 42.5 0.47 150 11.15 161.15  319.15 0.43 829.03 1098, 95 3.19

B RS k. C20.C30.C40.C50). 7 7 ik
150 mm X 150 mmX 150 mm, &0 HI/E 6 4, H+ 3

AMRTF ORI, 3 AT RIREE LM 7
ARG R , KA LWL 6.
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Tab.6 Mix proportion of concrete with different strength grades

Y KREL KK (k?; EE;JE/% (Egj ijur;JE/S) €§§7ii€ (k;(-{?n/ﬂ D (155 %f% <f§f§’f—@> (E{Jﬁ%)
SSRAC20 42.5 0.52 150 11,15 161. 15 288. 46 0. 43 843. 46 1 118.08 2.31
SSRAC30 42.5 0. 47 150 11.15 161. 15 319.15 0.43 829. 03 1 098. 95 3.19
SSRAC40 42.5 0. 40 150 11.15 161. 15 375. 00 0. 40 748. 50 1112.75 4. 50
SSRAC50 42.5 0. 37 150 11,15 161. 15 405. 38 0. 38 699. 23 1 133.85 5.27
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Fig.1 Specimens of standard cube pull-out

tests (unit; mm)
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Fig.3 Failure mode of specimens
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Fig.2 Set-up of standard cube pull-out tests
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Fig.4 Stress analysis model of concretel '™
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material in the ribs
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Tab.7 Basic mechanical properties

of concrete specimens

P! biERE  WRFSRE ENESRE

feu/MPa za/MPa w/ fa

NAC30 43.2 21.8 0. 50
RAC30 31.8 18. 2 0.57
SSNAC30 43.5 21.9 0. 50
SSRAC30 36.8 18.1 0. 49
SSRAC20 33.2 17.1 0.52
SSRAC40 42,9 21.9 0.51
SSRAC50 46,7 24.7 0.53
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Fig.6 Bond stress-slip curves of concrete

with different concretes
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Fig.7 Non-dimensional bond-slip curves of

concrete with different concretes
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Fig.8 Relationship between bond strength and
compressive strength of SSRAC
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Tab. 8 Coefficient of determination of the fitted

equations for the relationship between bond

strength and compressive strength

PEFE 00=3.26 Vfu w=L130/4" £,=0.32fL"

YUERBR? 0. 68 0. 87 0.97
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Tab.9 R? of the fitted equations for bond

constitutive relation

PERE R
SSRAC20 SSRAC30 SSRAC40  SSRAC50
BPE i 0.9092  0.9703  0.944 4 0.986 9
Malver 58 0.9972  0.9922  0.998 8 0.998 3
CMR #E#1 0.9922  0.9842  0.9908 0.978 4
HEWMEHEAE  0.9726 0.981 9 0. 980 3 0.994 2
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Tab.10 F',G value of SRAC with different strength

SSRAC20 SSRAC30 SSRAC40 SSRACS50
fa 33.2 36.8 42,9 46, 7
F 2. 385 1,192 1. 876 0. 697
G 1. 320 0.192 0. 425 0. 515
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