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Experimental study on flexural performance of

iron tailings concrete beams after fire
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Abstract: In order to study the effect of replacing natural sand with iron tailings sand on the flexural performance of
concrete beams after fire, static load tests were carried out on three concrete beams exposed to fire for 45 min and
three concrete beamsnon-exposed to fire. The temperature distribution of concrete and reinforcement in the beam
during fire, the mid span deflection of the beam, the load deflection curve of standard post fire static load test, the
residual bending capacity, and the failure mode were compared. The plane section assumption was verified, and the
influences of all iron tailings sand replacing natural sandand thestrength of different iron tailings sand concreteon the
bending resistance of reinforced concrete beams after fire were analyzed. The results show that there is no
significant difference in the temperature fieldof concrete and steel bars and mid span deflectionbetween iron tailings
sand concrete beam and natural sand concrete beam under fire,and both meet the plane section assumption after 45
minutes of fire. The residual flexural capacity of iron tailings sand concrete beams after fire is not significantly
different from that of natural sand concrete beams, but the mid-span deflection increases significantly during
failure. The strength C30 or C40 of concrete with different iron tailings has little effect on the flexural capacity of
beams after fire.
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Tab. 1 Design parameters of beams

i Z ok BRE JREEE SCaRE SUKE
5 T /% SREE /MPa /%
ITC30L1 — 100 C30 36. 51 3.28
ITC40L2 — 100 C40 46.34  3.15
PC30L3 — 0 C30 37.86  3.18
FITC30L1 =m&zk 100 C30 38.22  3.30
FITC40L2 =MWk 100 C40 45.79  3.14
FPC30L3 =TH 32k 0 C30 35. 87 3. 20
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Fig. 1 Arrangements of rebars for beams
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Tab.2 Mix ratio of concrete/kg/m’

91 2 55 2% b IKE L2 YR ok £ K EAIIE
PC-C30 840. 5 214 60 75 997 170. 5 7..00
ITC-C30 701 271 76 95 1108 215.9 9.35
ITC-C40 572 320 90 112 1026 203.5 11. 00
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Fig. 3 Thermocouple arrangement in the beam/mm
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Fig. 6 The time history curve of furnace temperature

3.2 A

LEREN 22 T A0 G T 4 Gl I U4 E R 92 S
Wi n 58 kN Ahaf#, #EAT 45 min FRZEH] KOA5.
SRR 2 K B 25 min B, I 2 W 44T
Ky 32 KE] 40 min B, G50 5 5 85 b L AR
g H ARGy B SR 3G Bl 32 K B 45 min B, K4y ER
Gy, RS Ky TR 43 A B BT L8 K B
RIBLG A 7 s,

E7 R{BAK
Fig. 7 Experimental phenomenon

3.3 RARBRLIRNHREST
AT % 5 v 7 Y e b U R I ) A A i £
a8 . REIREE &K D R, 60 E B R
P, PR IHRE B RBME, A EALE I A
T B2 T i BE B . TR BE 4 N i EE IS B 100 °C
AR, FEVRRKEGH, XRdhTRAR
JEFHIR R 100 “CRy, 52 7K 43 26 B H ik 45028 S oK
AR, KRR HGHAEING, ThH s g, 4
BENIR G LT A Bl 28 R s, O B e,
58 IR I 7K 28 SR 2 R I T ol DU B, K 7%
ACHE B I 220 B A B A TR 4 1 s 0 R i R
— I8 i 22K [y B F AR I 2. K 250k B T
FRY R 220 B0 A 3 D) SRS 4 1 U 000 ) B — )

i ZeoK F Ry B gt s 2. fh 1 s i B ih T LU
i, SRR IRBE 4 5 A R AR b TR E B A TR

S EE AR AL

1000 2T

—e—JE 2320 mm
_—‘—EE'%J%24O mm
—v— 7160 mm
—— JEZE 80 mm
_—Q—QQFE

800

200

B IO a0iMn0ees:: s coocs

0 10 20 30 40 50
[ [8)/min
(a) FITC30L1 “& 1 J7 ] V5 B

L000T e ey

—e— JER M50 mm
—a—

—v— BEA MITE 50 mm
—— RN

600 |

800

REIT

400 F

200

0 =:,-W

0 10 20 30 40 50
i} [B)/min

(b) FITC30L1 7K J7 [t {5 &

1000 B

—e— JHA)K320 mm
—— JEEJE240 mm
—+EE%TE§160 mm
—— P80 mm
_+ Y8

800

=== =

0 10 20 30 40 50
It 8)/min
(c) FITC40L2 & ¥ J7 I i &

1000 —— L TR

—e— i /2 TS0 mm
goo f —RH

—v— P AT MITE S0 mm
—— A5

200 [

0 10 20 30 0 30
B T)/min
(d) FITC40L2 /K F-J7 [ i )



224 o o# s B Ok F E REBAREFER) 556 %
L ——
—e—JEZIK320 mm 800 T L
800 _+RE§3E240 mm - %Uﬁ;ﬁ%}ta
—v— IE42JEE160 mm +£Tﬂ!;ﬂi@£}i
—— JEZEE80 mm —‘—%‘:Piﬂjlﬁﬁ}]k
P 600" %Er‘ﬁﬁ—/»\ﬂb
L 600f —— T A
X
Jui
400
200
0 m ,
0 10 20 30 40 50
I 1)/ min o 0 10 20 30 40 50
(e) FPC30L3 & H J7 ]G ¥ I )/min
10001 o iy (c) FPC30L3
—e— PE M SO mm . . .
—— i B9 XARE A EE L&
800}
TR LM me Fig. 9 Time hist f rebar t ture in be:
I ig. ime history curves of rebar temperature in beams
o 8] 3 5 B b AR IR B Y, S
i 7 76 [R) — A% ALk i B A ARL, % RS S A R B bR,

Oﬂaaﬁﬁﬁﬁzgnﬂép

0 10 20 30 40 50
I E)/min
(f) FPC30L3 7KFJ5 [ 15 BE

8 IRk IR AT B A A 2L 2k
Fig. 8 Time history curves of concrete temperature in beams
T30 5% B v L BN 7 i I I i) 2 ke i 2%
9 PR,

800 T sp A
—e— TR 5
—a— v S
600 | —— RN
—— RGN 5

@)
400 ¢
e}

=

0 \ 4 Y 1 1 '

0 10 20 30 40 50
5 [8)/min
(a) FITC30L1
00T e a5
—e— IR A
—— A
600 }—— RIEHIA
—e— T R

\p( |
% 400

200F

0 10 20 30 40 30
I 1E]/min
(b) FITC40L2

FLUR Sy d A vb B, b 00 A T R A A R 4G
WHF, SRR IR R ¥ T 360 C.
3.4 TR

TR 2 5 o A7 % ) A A% il IS ) AR ARl 26
10 frow, Ak 45 min B, ¥ o 88 % 3
B .

—=—FITC30L1

251 —e—FITC40L2
—4—FPC30L3

00 é lIO 1‘5 2’0 2‘5 3‘0 3‘5 4‘0 4‘5 5'0
I [H])/min
B 10 %[5 4 7 FE A A 22 4 dh &

Fig. 10 Time history curves of vertical displacement

®3 ZFN4ASmin HERERRE
Tab.3 Mid span deflection of simply supported beams

under fire for 45 min

AR 5 h iR K Be ) /mm
FITC30L1 26. 056
FITC40L2 25.25
FPC30L3 24.628
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Tab. 4 The flexural bearing capacity of beams
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H V =} V
G /KN "/ % W B /kN "t/ %

ITC30L1 181 —
ITC40L2 184 1. 66
PC30L3 178
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FPC30L3 175 —2.78
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