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Experimental study on flexural performance of full iron tailings

concrete beam
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Abstract: In order to make full use of iron tailings, and study the mechanical properties of
concrete structures with iron tailings, using iron tailing powder as admixture, iron tailing gravel
and iron tailing sand as coarse and fine aggregate respectively, the full iron tailings concrete
(FITC) beams were prepared. FITC was compared with conventional concrete (CC) beam using
fly ash as admixture, common crushed stone and river sand as coarse and fine aggregate in the
bending test. First of all, the parameters of iron tailings were tested to verify their feasibility as

concrete raw materials. Secondly, the bearing capacity and deflection of each stage of the beam
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were calculated based on the current code formula. Finally, the measured and calculated values of
FITC beams and CC beam were compared and analyzed. The results show that the strength of
FITC is slightly lower than that of CC, and the elastic modulus is significantly reduced. The
cracking moment and ultimate moment of FITC beam are equivalent to those of CC beam. The
crack resistance and bearing capacity of the beam do not significantly decrease due to the lower
strength and elastic modulus of FITC compared to CC. The concrete strain of FITC beams is in
good agreement with the plane section assumption before cracks appear. Under load, the strain of
concrete in the tension area of FITC beams is larger than that of the CC beam. The ductility and
crack spacing of FITC beams are close to those of CC beam, and the oblique crack in bending
shear zone of FITC beam is closer to the top of beam than that of CC beam. The deflection of
FITC beams is larger than that of CC beam under the same bending moment, and the strain of
longitudinal reinforcement in FITC beams is also larger than that in CC beam. The current design
code of China is appropriate for calculating the bearing capacity of FITC beams, but the deflection
calculation formula should be modified.

Key words: full iron tailings concrete beam; bending test; characteristic bending moment; plane
section assumption; flexural stiffness
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Fig. 4 XRD pattern of fly ash
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Table 1 Chemical compositions of iron tailings power and fly ash
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Table 2 Parameter comparison of iron tailings and 1.2 RIEEit
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Table 3 Mix proportions design

BB/ (kg « m™?) PHE R/
PR | kL . _ 9
K Kile | SRR R | RO | BRET A | BER | W | Ra PC mm

FITC 0. 40 170 301 129 791 1086 2.1 210 460 mm X490 mm

cC 0. 40 170 301 129 746 1031 2.6 225 530 mm X560 mm
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Fig. 5 Stress-strain curves of steel bars
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Table 5 Mechanical properties of steel bars

R4 ORBLAFIER IR | IR | B | WERCR | R R
Table 4 Mechanical properties of concrete mm fy/MPa fu/MPa |E./10° MPa 8/ %
B fu/MPa f./MPa fJ/MPa | E./10* MPa 8 165 673 2.06 17.9
FITC 45.9 35.2 3.1 3.18 12 442 604 2.01 17.7
CcC 48. 8 36.8 3.2 3.83 16 466 653 2.04 20.2

K HRB400 249 # . Ji 4l Rk H] B4 8 mm #Y
A7 AT B R EE D 150 mm. &5y 3 B ELARH9 A 1Y
N - AR M4, 5 N EY ) e RE R bn . B9
TR 5 22 SR HH S 48T 80 T RO~ AN 57 A 14
6 . BEAEICEE N 3 450 mm, P Sy 9 H R B
BN 3 250 mm,

1.3 RWH*E
RS2 LGN A LA R A 6 i s s TR BE

IO AR R VR % v A T 4l BRI A A Y B, N
AF B LR 6. SR T A X B 28k AT A5 i
RES ) K E A 1 080 mm. 4172 X K
1090 mm, &7 hilde s, K 8 HikymidfE, 78
Pl P B L% T Ui #R 1 000 kNl A v R
A E RE A EAERS. ERN T NiRES
MR A oY N Sl = AR VA = 3 P L

R EIL B .

o 90
MR R %

200
200 ! = (]
—— < T — ——
12 T— " : L & & i —
S . — — ol =
* ! i ; b vk R S R e
16 il & i ] [ H ) f i ! H i i
asim A E 1 i ISR T
100 150, 150, , 540 , 545 R , 540 | 150,150, 109
) T 1 I T 1 ) 1 ) T 1
540 | 1090 | 540

6 WEMBRLIETRHE(LEAM mm)

Fig. 6 Steel bar and concrete strain gauge layout (unit: mm)



124 EAAFE TEFR

7 FEREEE
Fig.7 Bending test device

ES8 Ziikiidtie
Fig. 8 Bending test process

1.4 m#FEHFRX

I GB/T 50152—2012, A 3238 6 % ) i 25
W . e H/N TS 2 8 Fo O i GB
500102010 HJFZZ5 4 M) 1Y 50 %6 7 2% . 46 56
YR BRARE NIRRT IER T, mE&JrmE .k
DAHEHE R 7K 28 71 F, G R GB 50010—2010 4
BEUR 45 ML) 1 20 26 kg 1 0 i J32 4 o 2 3 2
W TT 240 2 F I B G0 4830 fin i B /N3 FL Y
5%, MALE I LLE B YO E G g AR N F,
M 10% . FEfa 830 Fo B, a8 B wh ok F,
5%, ELENREE + 20N . a0 i F b, i e
A N ASOULGE I 10 % 1 AT B M AE B T 5
BER RN O .

2 RBRERSHN

2.1 TE-HREXZR

B9 R 3 MR 4aekEy REE+ 2 (FITCB1~
FITCB-3)f1 1 #id % HLIR & + % (CCB) 19 4 Ji-4% )&
HHER . B8R A BB oA 0 7 B T34 5
R P S g O RS B . BT R R A 1R
Z PR B IRAS T Lo 3 A B

F— B B s v B B (OA Bo) , I i T 24 4% JF
J&. M9 rLIE L 7R — B B IR EE 2 5
SEREVIRE L RN EREIMEEARES, Y
R 0 ) S e, R JEC R R S A L FEAC T

2024 %
1201

E 100} < c
% g-ﬁ- 'z_f’B

| E VX
g 80 ~:.)-?£',/ — — - FITCB-1
5 ol 72— FITCB-2
o < ---- FITCB-3
x| 40F E¥ &eB.
o ;A, ----- BEHE
2 oo I RREGEE

0

I5 1I0 1I5 2I0 2I5 3I0 3I5
¥ 52 B /mm
B9 THE-BHRREXRA

Fig. 9 Moment-midspan deflection relationships
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Table 6 Bearing capacity of beam specimens

B | Mo/ RN - 1) | Mo/ N - i) || M /GN ) | Moy /GN ) |t | M/ GN ) | Mo /GRN - ) |t
FITCB-1 28. 84 30. 14 0. 957 105. 03 96. 89 1.084 109. 08 95.27 1.145
FITCB-2 26.41 30. 14 0. 876 102. 33 95. 00 1.077 107. 46 95.27 1.128
FITCB-3 26. 30 30. 14 0.873 104. 76 96. 81 1.082 109. 35 95.27 1.148
CCB 28.57 30. 29 0.943 105. 46 96. 06 1.098 110. 16 95.51 1.153
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Table 8 Flexural cracks in pure bending region

WS | REERCE | REMIEE/mm | RERRKE/ mm
FITCB-1 13 83.8 345
FITCB-2 10 109. 0 323
FITCB-3 11 99. 1 313
CCB 11 99. 1 336
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Fig. 15 Moment-midspan crack width relationships
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Fig. 16 Mid-span section strain of FITC-3
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Fig. 17 Mid-span section strain of CCB
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