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Flexural Capacity of Lithium Slag

Reinforced Concrete Beams Under
Coupling Between Loading and
Thermal-cold Cycling
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Abstract: In order to study the damage mechanism and
flexural performance of lithium slag concrete beams under
coupling between loading and thermal-cold cycling,
flexural loading tests were made on 4 groups of lithium
slag concrete beams, which underwent the combined
effect of a series of thermal-cold cycling (0, 100, 300) and
static load levels (0, 0.2, 0.35). In addition, a constitutive
model of lithium slag concrete was established on the
basis of the axial compression test. Through the force
analysis of the beam section, the calculation formula of
the flexural bearing capacity of the lithium slag concrete
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beam was proposed. A comparative study was made of the
calculation and experiment results, and the theoretical
calculation results prove to be less than those of the
experiments. From the prospect of the safety-reservation,
the study provides a reference for the calculation of the
flexural bearing capacity of lithium slag concrete
rectangular cross-section beams in the areas of large

temperature changes.

Key words: lithium slag concrete beams; coupling

between loading and thermal-cold cycling; flexural

bearing capacity; elastoplastic damage constitutive
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Tab.1 Physical and mechanical properties of steel bars

SRR WA EAS/mm JERGRE/ MPa  ARBRETHIEE R/ MPa

HRB400 12 446 633
HPB300 360 415
HPB300 6 330 415
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Tab.2 Chemical composition of lithium residue

w/%
Sio, ALO, S0, Ca0O Fe,0,
54. 39 19. 83 8.30 7.98 1.40
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Fig.1 Schematic diagram of concrete beam (unit: mm)
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Fig.2 Schematic diagram of load coupling device
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Fig.4 Loading system for bending test
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Fig.5 Load-deflection curves of test beams
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Tab.4 Test results of bending capacity
JENEE s W PR Aaf 28/ kIN W BR %/ (KN"m)
LiC-0-0 107 16.05
LiC-100-0. 2 126 18.90
LiC-300-0. 2 114 17.10
LiC-300-0. 35 117 17.55

1 LiC-100-0.2 S B TR IEE 72100 YR G IA-0.2 Bk -

BT ARG G KAEET ] Z 1 54. 2 d f1162. 5 d.
IKVETKAAE L ) HE B T AN WrdE AT, KA RE AR R 5
AGBEAN T BibaZs B, 1 ELIGE 7 ORL40 SR B i
ST /= W (1
ALO; + 3Si0, + Ca(OH), + 2H,0—>
Ca0-+Al,O;+3Si0,+3H,0
Bl HREKF- 0. 235 0. 35, HE AT LK
- PR TRE B B 2 R BRI 2. 6 %6, A
TEASSCRT G KT B B TR B 2
HRE TP ARZ 5 . A I R W] IR EE 1
IR R KA 0. 3~0. 5 IX ] B, flM s AN 2 K &

250 -

—=—0kN
—o—T7 kN
200 —a—11KkN
- —— 15 kN
150 ——19kN
é «1—23]1:%
——26
E 100 o 3pkN
= —+—35kN
™ 50f —o-43kN
B
0F
-50 1
0 20 40 60 80 100 120 140 160 180 200
AT =/ mm
a LiC-0-0
12000, okN
10061 —SJiPl
= ——15kN
T 800 4 [9KN
g ——23kN
£ 6001 _, 26kN
= —o—32 kN
>~ 400F ——35KkN
il ——43 kKN
2 200}
0+
200 7

AT =% / mm
¢ LiC-300-0.2

0 20 40 60 80 100 120 140 160 180 200

J'E, HB 2455 h T 52 16 B & 4 S 8O B
- Fy 2 RE G A S R, AR R Ay 2 B4 AR Ak TG 52
JEPERZ R, Z44% 1 B A IR I T 2 S B R A7 o
A RE WA B0
2.3 #EERRITZIFEHEREE

TR TR BE - S v B T A ) 75 B A TR 8 1
N AL 6 i o AN [RIVA VIR B UCES dd/K T- A
GG TR+ R A g R v, L v R A )
TRAE AT BB IR < Y ar BB/ NG, Rl
Qb5 B T R R A 2118 8 K, v A 2
[ 5 v AT 1 B Bl A2 R XD AR E A2 )
oA R, R Ak R 2 AR X
TREE 0 AR IR . TE AR E KT, B R
T AR TH BE 51 J2 Pk m ny A ik, HLRE A oK
EANO. 2 EFHE]0. 35, ARl B 2 R R

ZEA VAL 53 BT, AN TRIVA BTG P0 U B5 8 4K
A AT HR TR R R A R AR ST i R Y R 2 v
O3 A AR E o BOFE PR AR 22 B 58 T R
P B R VIR B - % A A AT ) ST 4R T R 4T3 4R T LA
BT

1000

—a— 0O kN
—o0— 9 kN
800 - _—a—14KkN
~ DEE N
o600 —e
g ——34kN
2 a0} ZZHWN
& m| 4R
B 2000 —-s
0 L
-200 |
0 20 40 60 80 100 120 140 160 180 200
AR =/ mm
b LiC-100-0.2
1000 o okN
—o— 5 kN
800 |-
= 600}
£
5 400l
il L
= 200
0_
200 |
0 20 40 60 80 100 120 140 160 180 200
A= / mm
d LiC-300-0.35

E6 REHHERRSE NGRS TN

Fig.6 Concrete strain at different heights of mid-span section of beam
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Tab.5 Peak stress and peak strain under axial

compression
B PR AL WEAEL 1V 11/ MPa AR 75 /10
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Fig.7 Bending calculation diagram of normal section of reinforced concrete beam
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Tab.6 Calculation value and test value of flexural bearing capacity

JENCE A 2./ mm M, +/(kN+m) M,/(kN+m) M,/M,,
LiC-0-0 106. 02 16.05 13.32 0.83
LiC-100-0. 2 31.69 18.90 15.70 0.83
1.iC-300-0. 2 49.42 17.10 15.25 0.89
LiC-300-0. 35 49.42 17.55 15.25 0. 87
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