55 24 45 2 1Y) 2 OH oM O #8 F R Vol. 24,No. 2
2021 4E 4 H JOURNAL OF BUILDING MATERIALS Apr. 2021

XE4HS:1007-9629(2021)02-0348-07
AEFE/ARFENGH SRR LRIFEERE

FAR . EshA dFRS, e
(1LEHFBHTRY LRI, ILE H 5 266033;
2HEBMESXKERLIERE B, IR H5 266555)

WE. R 4 A AZ4 (18 .22 .25 mm) 4 ik B3 .8 B/ ZRAAR B 1A Rk &) 6 M 56
Ve L P SEE RS AR AEPLEGB Mg LR Hrh. R KA %
B G RE LR R A Sl AR B AR E R EMGRELE LA EMARE L
MIRFEEREZ W ENG ARG mmB A 2B IS AENS 5 RE L O AL REY D
B sMA A AR 1Ammey 2 MRMH R ARBEER AR R B ABH L EFLARR ERHFIAE
VT B /IR Rk B R A T AR AR S B IR R R AR A R HLIE A vl B R

KEBIR. 52 REAME; FEERE; BIRER

hE4SFES.TU3TS MNHEIREG A doi:10. 3969/j. issn. 1007-9629. 2021. 02. 017

Bond Properties of Graphene/Epoxy Coated Steel Bars and Concrete

SHANG Huaishuai', WANG Weizhao', LIU Xiaohua®, GUO Siyao’
(1.School of Civil Engineering, Qingdao University of Technology, Qingdao 266033, China;

2. Qingdao Huangdao District Construction Project Quality Supervision Station, Qingdao 266555, China)

Abstract: The reinforced concrete center pull-out specimens were prepared by 4 different diameters(14, 18,
22, 25 mm) and 4 different coating (3 graphene/epoxy coatins and the control). The effect of content of
graphene in graphene/epoxy coating on the bonding performance of reinforced concrete was observed. The
results show that the bonding performance between graphene/epoxy coated steel bars and concrete is worse
than that of control. The ratio of the ultimate bond strength between coated reinforced concrete and the
control decreases as the diameter of the steel bars increases. The content of graphene has little effect on
the bonding performance of graphene/epoxy coated steel bars and concrete. Pull-out failure occurred in two
groups of specimens with a steel bar diameter of 14 mm, and splitting failure occurred in the other groups
of specimen. In practical engineering, graphene/epoxy coated steel bars can be applied according to the
specifications of ordinary epoxy coated steel bars.

Key words: graphene; epoxy resin; bond strength; failure type
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Table 1 Material parameters of steel bars

Nominal Actual Height of Height of Rib Coating Yield Tensile
diameter/ diamete/ transverse longitudinal spacing/ thickness/ strength/ strength/

mm mm rib/mm rib/mm mm mm MPa MPa

14 13.5 1.2 0.9 9.4 0.18 435 550

18 17.3 1.6 1.0 10. 3 0. 24 468 603

22 21.2 1.8 0.9 10. 6 0.27 496 632

25 24.0 1.8 1.1 13.2 0. 25 504 627
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Table 2 Mix proportion and mechanical property of concrete

Mix proportion/(kg « m™")

Mechanical property

Fi C Water Cube Split tensile
in “oars
Cement Fly ash ¢ . ar et reducing Water compressive strength/
aggregate aggregate ,
seres gereg agent strength/MPa MPa
320. 00 66. 00 932.00 732.00 64. 4 185. 00 31.1 2.32

1.2 kgt 5HE

rn 3R R 4 K SF 4 150 mm X 150 mm X
150 mm, H R 2645 B K 5 d (d Ry Bl 28 FR
B A g B 290 350 mm, [ i i 2
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B PVC A E L. PVC L5 3l 2 8] 14 5% BT B
JEEE 38 . LA G B8 SN 0 30 A BE B o UL A
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Table 3 Summary of data results of center pull-out
test pieces in each group

Specimen Anchorage Ultimate Ultimate bond  Peak
No. length/mm pull-out load/kN strength/MPa slip/mm
14-a 55 17. 87 1. 14

- r7 . .—2 . 14
14-b 70 5 18. 5 1. 35
14-¢ 52 16. 90 2.37
14-d 58 18. 85 1.22
18-a 59 11. 60 0.62
18-b 58 11.40 0.72

90

18-¢ 66 12. 98 0.71
18-d 72 14. 15 0.74
22-a 70 9.21 0. 31

22-1 62 .1 0.2
h 110 8.16 8
22-c 66 8. 69 0. 31
22-d 90 11. 84 0.51
25-a 52 5. 30 0.19

25- 5 5. .2
5-b 125 52 5. 30 0.22
25-c 56 5.71 0.27
25-d 110 11. 21 0.47
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Table 4 Coefficient in bond slip expression of each group of test pieces

Specimen

No. ¢ b ‘ ¢ K

l4-a 239 28.01 —13.39 0 0.9865
14-b 2.50 2403 —9.33 0 0. 986 9
li-c 316 1532 —4.56  0.20  0.9682
14-d 4.78 3348 —22.72  4.25  0.9004
18-a 0.06  23.62  —6.75 0 0.995 9
18-b Lo4 22,99 —12.44 0 0.997 2
18-c 1L61  22.68  —9.62 0 0.9932
18-d 2.8 3248  —24.11 0 0.9818
22-a 138 3417  —28.54 0 0.996 4
22-b 0.66  50.02  —87.99 0 0.990 6
22-c 114 39.46  —51.92 0 0.9943
22-d 220 36.42  —36.51 0 0.985 6
25-a 0.04  42.59  —76.66 0 0.992 6
25-b 0.77 4251 —107.02 0 0.9741
25-c 0.77  3L24  —5L.46 0 0.983 4
25-d 198 3870 —d4d. 44 0O 0.934 6

R - T2 1 28 3 A2 B B vy il R b LT i R B
S4B B A R G R B 2 A e e T B
IR 25-d (¥ $0L6 Hl 20 7 90 1 B Y Bt 1o 3 % B B
B AR AR 2R K L 90 H R TR 2 1 A B B it 2k AR A A
XTI RS B BORE R A T BORE. (3) Hiftb 4541
IRAF A CRECR ¥7E 0.968 0 DAL, HAUA 2k
5B R A W) . X BEHTR 3 C5) L4 U4 2 49 70
TRBE LY o5 2R 58 4 I AT i . H B8 24 0 it
28 B 2 A R AR 4 100 1ok B B IR T R
= 2mA 5.

4 #Hit

(L) A 280 /P 200 2 400 7 - 8 06 - 18] () 286 4 o
WA W OO TR = A R B 22 A SR /R AW IR TR
JZ AT A0 15 0 1 R R 45 0 P AR R AR N B
ELARMUA VR 2= A A0 1R R K 5 T T )= A A TR O
A A A BIR R 4 5 JEE )N

(2) A0 880 /0 S8 R J2= A A TR o6 K ) 2
JRE N 48 G5 1 HE J0 Uk 2 A0 1R R P T L B A
WRIZ B AT 8808 T R 2 il 1 SR 48 K e i 8
PR BRI 14-c R 14-d R AR L BRAh R &
A 38 R B SRR

(3) £ S84 /0 S8, R J= A 10 TR 6 L il AR B o= 1
LA R W BB B s i R T R TR R
AR B A ) T 7. R e BB A O 02 N A TR
BE PR By BRI, TR BCRBE. M HAR KT
14 mm K2 2 Uk J2 4000 0 Bk 0 L e B 2
B H2mi 4 1 & A0 o-s fi & 5 sebrh
AT B B

COAESEBR TRE L A7 S8 06 /B0 008 J= A9 1117 /9 17
FH AT B0 2 S0 R T J2= 00 A 1 AR R A 0 S i«

S H WK

1] BRAE . PR SUR DR U 24 5 09 1 48 B iz AT 9 (] . e 1%
BL4E,2019(2):16-18.

CHEN Xingguo. Experimental and application research of ep-
oxy resin coated steel bar [J]. Fujian Construction Science,
2019(2) :16-18. (in Chinese)

[2] POKORN'Y P,TEJ P,KOURIL M. Evaluation of the impact
of corrosion of hot-dip galvanized reinforcement on bond
strength with concrete-A review [J]. Construction and Build-
ing Materials, 2017,132:271-289.

[3] HAYATDAVOUDI H,RAHSEPAR M. A mechanistic study
of the enhanced cathodic protection performance of graphene-
reinforced zinc rich nanocomposite coating for corrosion pro-
tection of carbon steel substrate [J]. Journal of Alloys and

Compounds, 2017, 727:1148-1156.



354

FES T N I

i 524 %

[4]

[5]

[6]

(7]

[8]

[10]

[11]

[12]

FA AN, T PR R AR U 2 AT A R BE N P L
O] #90 T 12,2010, 39(10) : 133-135.

WANG Ying, LI Ping, NING Huaiming. Application of epoxy-
coated reinforcing steel in concrete structure[J] . Transactions
of Materials and Heat Treatment, 2010, 39(10):133-135. (in
Chinese)

WANG J, GONG J,GONG Z, et al. Effect of curing agent po-
larity on water absorption and free volume in epoxy resin
studied by PALS[J]. Nuclear Instruments and Methods in
Physics Research Section B:Beam Interactions with Materials
and Atoms, 2010,268(14):2355-2361.

ERDOGDU S, BREMNER T W, KONDRATOVA T L. Accel-
erated testing of plain and epoxy-coated reinforcement in sim-
ulated seawater and chloride solutions[J]. Cement and Con-
crete Research, 2001,31(6):861-867.

Wl oL, I, B ARG/ N EE A SRR E
PRI ST (0] SR Tk, 2015, 45(1) :17-20.

HUANG Kun, ZENG Xianguang, PEI Songfeng, et al. Re-
search on anticorrosive performance of graphene /epoxy com-
posite conductive coatings [ J]. Coatings Industry, 2015, 45
(1):17-20. (in Chinese)

R BORAR, FAE S5 A BRI/ IR AR IR A bR RY T &
S re (1. @ 2 F MR AL 5 TR, 2012, 28 (9):
129-132.

XIE Weigang, ZHAO Donglin, JING Lei, et al. Preparation
and mechanical properties of graphene/epoxy resin composites
[J].Polymer Materials Science and Engineering, 2012,28(9) :
129-132. (in Chinese)

MATHEY R G, CLIFTON ] R. Bond of coated reinforcing
bars in concrete[J]. Journal of the Structural Division, 1976,
102(1):215-229.

TREECE R A,JIRSA J O.Bond strength of epoxy-coated re-
inforcing bars[J]. Materials Journal, 1989,86(2):167-174
EL-HAWAWARY M M. Evaluation of bond strength of ep-
oxy-coated bars in concrete exposed to marine environment
[J]. Construction and Building Materials, 1999, 13 (7):
357-362.

BAVE . BR A5 U5 B N B9 05 1 TR B R 4 B Y 5 i 3 58 B 5

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[D]. ¥ & 7 & B TR, 2018,
HU Bin. Experimental study on effect of derusting method on
bond behavior between steel bar and concrete[D]. Qingdao:
Qingdao University of Technology, 2018. (in Chinese)

VEIE R, 3 7CAE B 0 B S0 S22 0 A G 45 I 1A R 1) R 3R 43 A
[J]. Tk #47,1999(6) :45-48.

XU Qingfeng, JIANG Yongsheng. The effective factors of
bond and anchorage performances of epoxy-coated reinforce-
ment[]]. Industrial Construction, 1999 (6): 45-48. (in Chi-
nese)

PRATGB, XS BT BRI U 2 A A5 R e R st ik [T
JKiZE T 7. 1999(8) :33-37.

XU Youlin, LIU Lixin. Anchorage properties and design pro-
posals for epoxy resin coated steel bars[J].Port & Waterway
Engincering, 1999(8) :33-37. (in Chinese)

XSGR, BRSCT, 025 05 . Uk J2 A A1 - TR R 4l [ AL AT
FE IR LT IRBE I, 2018(11) :62-66.

LIU Maokang, WU Wenbo, LIU Zhiyong. Research progress
of bond anchorage mechanism between coated steel bar and
concrete[J]. China Concrete, 2018(11) :62-66. (in Chinese)
BEAT R . SR 0082 N IR g+ 2 R e o (U] . R oF ok
SFHCCA SRR ERTD , 2001, 29(7) :769-773.

XUE Weichen. Experimental studies on concrete structures
reinforced with epoxy- coated bars[J].Journal of Tongji Uni-
versity (Natural Science), 2001,29(7):769-773. (in Chinese)
CHOI O C,HADJE-GHAFFARI H, DARWIN D, et al. Bond
of epoxy-coated reinforcement: Bar parameters[J]. Aci Mate-
rials Journal, 1991, 88(2):207-217.

RIGAR, FFUINFE, S, S SRR EE T % (M. AT M AT
LA B Y URE L 1986

SONG Qigen, SHAN Bingzi, JIN Zhisheng, et al. Reinforced
concrete mechanics [ M] . Nanjing: Nanjing Institute of Engi-
neering and Technology Press, 1986. (in Chinese)

EMR IR BE RS 2 M RE 1 i SR S (D] VE 4 TG A
P KA, 2010.

WANG Dong. Experimental research on bond behavior be-
tween steel bars and concrete[ D]. Xi'an: Xi’an University of

Architecture and Technology, 2010. (in Chinese)



