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Experimental Study on Bond Behavior Between Steel Bars and Ceramic

Concrete and Flexural Behavior of Ceramic Concrete Beam

XU YingT ,JIN Gan,GUO Jiaju
(Guangdong Provincial Key Laboratory of Intelligent and Resilient Structures for Civil Engineering ,

Harbin Institute of Technology, Shenzhen 518055, China)

Abstract: To apply ceramic concrete to engineering structural components, the bond behavior of steel bars and
ceramic concrete was studied through a central pull-out test, and the bond-slip constitutive model of ceramic
concrete and the prediction formula of ultimate bond strength were given. The flexural behavior of reinforced ceramic
concrete beams was studied through four—point bending test, and the flexural performance was studied from the
aspects of bearing capacity, deflection, longitudinal bar strain, average crack spacing and maximum crack width.
The results show that the bond behavior of ceramic concrete is weaker than that of ordinary concrete, the ultimate
bond strength is close to that of ordinary concrete, the rate of descent is greater than that of ordinary concrete, and
the residual bond strength is lower than that of ordinary concrete. The bending process and bearing capacity of

reinforced ceramic concrete beams are similar to those of ordinary concrete beams, but the average crack spacing is
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greater than that of ordinary concrete, and the calculation of the maximum crack width still agrees with Chinese

concrete design code.

Key words: ceramic waste; recycled ceramic concrete; bond behavior; four—point bending test; flexural

behavior
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Tab.1 Drawing test piece number

WIS BRI W ER/mm e AN ig
N-0%-12 12 = 3
N-0%-14 0 14 = 3
N-0%-16 16 = 3
C-50%-12 12 b 3
C-50%-14 50 14 = 3
C-50%-16 16 = 3
C-70%-12 12 = 3
C-70%-14 70 14 = 3
C-70%-16 16 = 3
C-100%-12 12 I 3
C-100%-14 100 14 = 3
C-100%-16 16 = 3
Pt i 42
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Tab.2 Beam section and reinforcement parameters

PR Fi A

B WA BT A
(mmXmm ) /%
0 150%250 3412 2610  $10@100/150 1.009 2

50 150250 3412
100 150250 3412

2¢10  #10@100/150 1.009 2
2¢10  #10@100/150 1.009 2
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Fig.3 Beam loading scheme (unit:mm)
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Tab.3 Bond performance parameters of each group of specimens

W S AR SR BE /M Pa e B 45 580 BE /M Pa WAEAE ¥ 7% /mm WEIRBE
N-0%-12 23.838 1.286 P BIR
N-0%-14 38.21 23.317 1.292 P BIR
N-0%-16 23.184 1.764 P - AR
C-50%-12 23.640 1.404 P IR
C-50%-14 43.48 23.205 1.586 P IR
C-50%-16 23.390 1.526 P - AR
C-70%-12 25.548 1314 P IR
C-70%-14 55.99 24.854 1.011 P IR
C-70%-16 24.500 0.886 P B AR
C-100%-12 24.468 1312 P IR
C-100%-14 43.32 24.103 1.533 P IR
C-100%-16 23.500 1.508 P -BE IR
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Tab.4 Compression strength and relative bonding strength

of each group of specimens

AR B4 5 /M Pa'”

BEI%  PURHELE/MPa
2 mm 14 mm 16 mm
0 38.21 3.856 3.772 3.751
50 43.48 3.585 3.519 3.547
70 55.99 3.414 3.322 3.408
100 43.32 3.351 3.301 3.218
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Fig.6 A three—dimensional prediction model for relative bond

strength
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Fig.7 Mid-span crack morphology for reinforced ceramic

concrete beam with different replacement rate
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Tab.5 Load and deflection of components at each stage

B JFRAT xEie EMReT ERPE WBRAr xR
/% AN E/mm AN FE/mm AN E/mm
0 20 0.547 102 6.008 1132 29.506
50 263  0.661 100 6.018 1172 35.662
100 195 0517 94 5.544 1160  37.345
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Fig.9 Load-longitudinal reinforcement strain curve
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Fig.10 Comparison between maximum crack width and

calculated value using standard formula

4 % it

1) 383 BRIS 3B Kb DR HGR S, XL AN ]
B ACA AR B B TR B T i TR 5 A A O R
PERE , 45 SRR« Mg Bl B A PR B2, 988 2 5 e R
TGk W PR A5 50 B2 BON R, HoA B RO RE 4 P RE

2) dd 37 AN [ AR R A g R T G A X Rl 4
5 5 5 B RS A B R AR R R R S AN BAS
PUAR A = HE TR, 45 th T R TR GE L R S5 A
e 5 A LA R 286 45 i B T 2 3, 23 B 1 AR B
450 JIE B P e A0 R AUR B A S S L

3) XF 3 AR [R] ig e AORHEAR  HAT B R R
BT RZ B PEREIEAT TR ST, 45 R W] # AT 7
P i e TR G - SR A3 A2 5 R A o A ) AR TR
B 3 A 52 2 AR, 20 S AR TT SR B i 44 T AR
I B e i AR o B, 35 AT RS R A 80 i e e e 1
TR AT LRI 5870 B BB PRI R T . A A P
TR GE 1 A2 25 1 R AR 3y -5 33 4 91 1 6 - TRk
DHEIT 28 Sk R I O AR 2 2 5
5 v B B R PR, 1 14 4% [ E AR K (fH B K54
i BE A SR EAT AT 5 IS T H R A 20D, B v N il A
L Ji R ELR AR (AR . A, P A P e TR 5 SRR O
IR Ay 28 vy T R OB -, TSGR 1y TR E
Fe S B AR BR AR 2T B BIR, S TR IR I

e
S 3k

(1] PhER. BT W8 OB TR BE T 00 1 2 PEREDESE (D). M5 . MW
BRI, 2014: 1-3.

SUN C. Study on mechanical properties of concrete based on
ceramic waste [D]. Yantai: Yantai University, 2014: 1-3 (in
Chinese) .

[2] PETER D M, AWANG A Z, SAM A M, et al. Eco—efficient
concrete containing recycled ceramic wastes aggregate [J]. IOP
Conference Series: Materials Science and Engineering, 2020,
849(1): 012035

[3] RAJPRASAD J, SARATH B K, PANNIRSELVAM N.
Experimental investigation on partially additional of coarse
aggregate with ceramic in concrete [J]. 10P Conference Series:
Materials Science and Engineering, 2020, 912(6): 062074.

[4] ZEGARDLO B,SZELAG M, OGRODNIK P. Ultra-high strength
concrete made with recycled aggregate from sanitary ceramic
wastes—the method of production and the interfacial transition zone

[J]. Construction and Building Materials,2016,122:736-742.



5511

VRIS - A ) eI+ B4 TR

5]
#
W
&
=
=
=
)

=2
&

103

(5]

[9]

[10]

[11]

RASHID K, RAZZAQ A, AHMAD M, et al. Experimental and
analytical selection of sustainable recycled concrete with ceramic
waste aggregate ] ]. Construction and Building Materials, 2017,
154: 829-840.

R TR Pt FE A iR L A P RE BT E (D]
L T R R K57, 2016:17-30.

LI H L. Neutral performance research of the waste ceramic tile
recycled concrete under acid rain erosion[D]. Xiangtan: Hunan
University of Science and Technology ,2016:17-30. (in Chinese )
TR T8, MRy )L, 55 TRARFA AT T R Em AR IR e L
PUBR R ER = TP RE S T SEVEAMAT LD ], I 2R 5 TRy
#%,2021,29(3) : 752-760.

QIAO H X,PENG K,CHEN K F,et al. Resistance and reliability
analysis of ceramic powder recycled concrete to sulfate dry—wet
cycle erosion [J] . Journal of Basic Science and Engineering,
2021,29(3):752-760. (in Chinese )

SAMADI M, BAGHBAN M H, KUBBA Z, et al.

Flexural
behavior of reinforced concrete beams under instantaneous
loading: effects of recycled ceramic as cement and aggregates
replacement[J]. Buildings,2022,12(4):439.

KAVIPRIYA S,DHAVASHANKARAN D, RAMKUMAR S, et al.
Flexural strength characteristics of high performance geopolymer
concrele using ceramic waste aggregates and silica fume [J] .
Materials Today : Proceedings,2022,62:6879-6883.

TRATAR . IR ARG 455l B RE A I IR T ()], 45, 1996,
26(5): 34-37.

XU Y L. Experimental study of bond-anchorage properties for
bundle of bars[J]. Building Structure, 1996, 26(5): 34-37. (in
Chinese)

TRAAR, XUSCH, k. W 0 22K 45 44 [ 1k R i B

[12]

[13]

[14]

[15]

[16]

[17]

FEL) ] WEE L oKl b, 1998(4) : 22-27.
XU Y L,LIU L X,GUAN P W. Experimental study on bond and
anchorage performance of spiral rib steel wire [J] . China
Concrete and Cement Products, 1998(4): 22-27. (in Chinese)

ZHANG J W, TAO X Y, LI X Y, et al.

experimental investigation of the bond behavior of confined high—

Analytical and

strength recycled aggregate concrete [J]. Construction and
Building Materials,2022,315:125636.

PRINCE M J R,SINGH B. Bond behaviour of normal- and high—
strength recycled aggregate concrete [J] . Structural Concrete,
2015,16(1):56-70.

ALVES A V, VIEIRA T F, DE BRITO J, et al. Mechanical
properties of structural concrete with fine recycled ceramic
aggregates [J] . Construction and Building Materials, 2014, 64
103-113

TEIE. RG22 5 T 200 WL 4547 9 e N JFC %o 0 i e 5 - 2 g e e IR
FEAEIHLIID]. Rt FRI %%, 2016:38-41 .

WANG X. Meso—damage evolution of RC bonding interface and its
action—mechanism to RC property pegradation [D]. Nanjing:
Southeast University,2016:38-41. (in Chinese)

T E G5BT L (2015 41 ) : GB 50010—2010[S]. Jbst:
T RS Tl AR, 2015

Code for design of concrete structures (Version 2015) : GB 50010
—2010[S]. Beijing: China Architecture & Building Press, 2015.
(in Chinese)

E RS T AR R A R BE R IR A R IR Y T A g
WEFELD ). WARYE: M/REE Tl K%, 20201 37-40.

WANG S. Study on mechanical properties of recycled aggregate
concrete with waste sanitary ceramics at room temperature and
high temperature [D]. Harbin: Harbin Institute of Technology,
2020:37-40. (in Chinese)



