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Experimental study on flexural performance of concrete beams with graphite tailings
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Abstract: Five reinforced concrete beams with different replacement rates of graphite tailings sand
are subjected to bending tests. In order to explore the influence of different graphite tailings re-
placement rates on the bending performance of reinforced concrete beams, the cracking load,
crack development, flexural capacity and mid-span deflection of graphite tailings reinforced con-
crete beams are analyzed. The results showed that the bending failure process of graphite tailing
sand concrete beam and ordinary concrete beam are basically the same; it still has four stages of
elasticity, cracking, yielding and limit. The crack development process is basically the same. The
strain of the normal section of test beam obeys the assumption of the plane section. The load-
deflection curves of graphite tailings concrete beams and ordinary concrete beams are similar. As
the replacement rate of graphite tailings increases, the ultimate bearing capacity of the test beam
increases first and then decreases. Among them, when the replacement rate of graphite tailings
sand is 10%, 20% s or 30% sthe ultimate bearing capacity of this test beam is higher than that of
ordinary concrete beams. The bending performance of the test beam with the substitution rate of 10 %~
20% is the best. The formula for calculating the ultimate bearing capacity and deflection of the
beam’s normal section in the current code is not applicable to the graphite tailings concrete beam.
Key words: graphite tailings sand concrete; flexural performance; ultimate bearing capacity; mid-
span deflection

WKfHER: 2021-04-08; MMM AHE: 2021-06-08
M 4& H AR 4k : https://kns. cnki. net/kems/detail/61. 1294. N. 20210607. 1803. 008. html

HEeWAR: I748 AARR RIS SR H (2019-ZD-0571) 531 T4 MAT A4 8 W H (XLYC 1807219) 5 K i K2 Ft

AR A A B (XQN202002) 5 2K % K% B & # i3 H (202101ZD02)
F—1EE . DM, L WAL BFE T 1A S TR . E-mail: 1715373797 @qq. com

BASAEE : XU I, 1t R W5 05 100 D8 226 R S 2R PR P 1) ) 2 ()RR i A PERIESY . E-mail : 174877444@qq. com



280 P22 P TR 22 4R (2022) 45 38 45 2

A BB IR A A B HE R L
W AL GEA TR T N B R X HE A, AR i 1 £ A
o E R R AR AR 2010 4R, R E A BB E
FEAEIR 9 216.5 L, 5 2018 ARG KT 67. 7 %% L 1M 4
PR I AL S 10t B, — . A SRR
KRR 2 X6 L 7 9 25 R R K b R K AR
B G Y s g — O T BE A R S Y R
Ji& K KARAD ()T 2R H 28 38K L 1M K AR E A AT F
AR C WG AL 8, E R C A EEIT R, £F
I QSR B 5 R AR AW PR AR AL, 2 B 3K 5 1Y A1 AR
S O Ut 5 e AV N/ (1 (W R 8 e i SO e O
HEBE T AT A [ 50T 2 A T B P D D 6 A
R, H AR RE 08 15 B35 B BE LYY 2 BE R A oW R
Hi.

UEAE SR, Rk Ok L 2= 0 AR X A R R T K T ik
R SR EE AR EAT TS 25 R, 5 TR
B AR, — 2 B A R TR EE PR
JERRRE Rt tEie BB EL, Hin A A SR b
AR FHE T K Ve AR Sy 2 R . Eoea S A
98 1 A 28 R IR EE T 09 T MR ) e R 2 R YOG
F I ST TR B R T R R (] S L R L P
ANER AR S R0 T T E Y T R MR TR B - A L
JETERE A5 R R B AE A BB LI B
PR, HAT, ¢ TIREE 1 21t Z il 5
A R R 7 28 g A e B SR B AR G Y & 2 AT T
AT GRS T AE AN [ 41 R 1 R AR B N
A TR B 1 R 1 ) 2 PR RE D T A R A A AT T
¢, ARG XV B IR B R AT T P
REAFFIT , 45 R R I, VD IR IR BE 1+ 2 i i SR TR 38 B
WAL 55 8 5 YR BE - R A A W], W] DL T TR
SR, M RN AR X A AR AT D IR
AT T U HERE MY, 45 R BB 100 %
I BRIERT A7 401k e, 2485 0 55 B 2 4y ) 4
1 5. 44 %1 2.00%

HAT. & T SR iR BE - po b o¢ 3 24k
TEMS R BETT 1T 100 & X A7 88 2 A b 1R Bk £ 22 Pt
Pk AR B 7 ) & DL AR . DR A R A
£ A W0 AR 0 K AR o A TR OB R L TR M TR
B 2T AR A S5 R A R U (0,10 20,20 %0
307640 %0) HYTRBE £ B HEAT =2 s #HGX 5 , i id
I AT HEREIR I 25 2 T Ji i A L R A S ) £y -
HEVE R AR TEA R U A TR 55 L 2 A B PR 25
IFER HGE T A SR R0 W R BE - R R RT3
S DU O s R AT IR BE A R R T AR
LPRPE S H AR

1 REHR

1.1 E&#

1) JK 6« 3k K3 & ROK e il 1 2 7 AR =
P. O42. 5 &3 fif: 2 £h K e .

2) AFEHRERHEIED AT EEA,
RAE N 5~ 20mm, KL B 4F, KWE N 2 650
kg/m’.

3) RARWTAY - 4 FH R 3% B b3 I i0 A2 ) A2 77 1 3]
b M BE R 2. 49,

) AR SRR IR XYV T A B
WIEWABREY . RAW S AEET MY HEE
fEVEIL R 1, Horb pH AW E 7%k R K 100 g #bF
FES LR T 100 mL 4K, §E 30 min J5 ., I EE
YL U8 AR5 I E W) pH E .

5) FRBRWOKA 8 R E T # R T & f
BN\ AR 7= 1 MZ-10C BRI = M Rk R . th &
1 AT, A 2 A 1D B IR K R 8 R R b ey, A 5
N RR TR WK T I LARS R &8 1 04 Fi 5

6) AT AR Z ALY R E AN 10 mm
1) HRBA0O 897 , % I BCRE 3 47 44 PR 55 0 45 J
R38N 415 MPa,

#1 ASRE RS RAE Y BB

Tab.1 Physical properties of graphite tailings sand and natural sand

) KM/ W= B/ o
kL K% /mm e - MEERH KR/ Y pH fi
(kg * m™?) (kg *m™®)
KIRAD 0.16~5 2 620 1 540 2.49 21.87 8
ARy 0.01~3 2 855 1 630 0.90 30. 10 10
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Tab.2 Mix ratio and mechanical properties of 1 m® graphite tailing sand concrete

A K/ TKIe/ KRab/ HTF/ ABRETE/ WK/ KK R, fu/

G (kg e m™) (kg * m %) (kgem*) (kgem *) (kg * m %) (kg * m *) 4 % MPa
SMK-0 180 409 535 1294 0 15 0.44 30 36.1
SMK-10 180 409 481 1294 54 15 0. 44 30 37.2
SMK-20 180 409 428 1294 107 15 0. 44 30 37.9
SMK-30 180 409 374 1294 161 15 0. 44 30 36. 2
SMK-40 180 409 321 1294 214 15 0.44 30 35.7
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Fig. 1 Production process of the test piece
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Fig. 3 Layout of measuring points and loading device diagram
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Fig. 4 Diagram of the failure shape of the test beam
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Tab. 3 Results of loading test

TrRfGE/ JTREE/, A

Mesrak/ MR/ WRATER/ R/

W =
kN (kN « m) kN (kN « m) kN (kN « m)
SMK-0 12.12 3.03 41. 37 10. 34 49. 25 12.31
SMK-10 13.25 3.31 44,58 11.15 52.01 13.00
SMK-20 13. 36 3. 34 44.92 11. 23 53.16 13.29
SMK-30 12. 43 3.11 42.35 10. 59 50.33 12.58
SMK-40 11.21 2.80 41.98 10. 50 47.01 11.75
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Fig. 5 Strain distribution in the mid-span section of the test beam
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Tab.4 Comparison of calculated value and test

value of ultimate bearing capacity

s MJ/GN-m) MJ/(kN+em)  M/M,
SMK-0 9.22 12.31 1.34
SMK-10 9.23 13.00 141
SMK-20 9.24 13.29 1. 44
SMK-30 9.22 12.58 1.36
SMK-40 9.21 11.75 1.28
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Fig. 7 Fitting curve
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Tab.5 Comparison of calculated value and test value

0

of ultimate bearing capacity after revision
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M=yM, = (B 2> +Ba+C M, (3)

A5 M/(kN *m) M./(kN+m)  M./M
SMK-0 12.35 12.31 0.996 8
SMK-10 13. 10 13.00 0.992 4
SMK-20 13.25 13.49 1.018 1
SMK-30 12. 77 12.58 0.985 1
SMK-40 11.71 11.75 1.003 4
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Fig. 8 Comparison of calculated and

measured deflection values
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Fig. 9 Deflection fitting curve
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Tab. 6 Correction coefficient 5 correlation coefficient

T ]
D, D, E R?
(kN * m)
5.1 7.253 6 —2.6827 0.9196 0.836 0
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7.7 4.817 3 —1.663 3 0.939 0 0.892 9
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