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e, AR HAL A o M 6 A3k 2 RN 3 B R EE il A HURE R e an P 23858
BRI AN AR S (T ARRD ST ) DRI E , (S Bk TR M R T A A
XFHC B CRerp SRR 10 B 0 S BUREAY FL 1 RIS 2k B 0 B AR KR B i R
W+ BT 1Y 30% , K 948 BEARRE D £ BT Y 50% . 45 A URE A A RHIC & L n 2 3
Fi7R.

K2 BREN RSt R BRE AR A A i o

Table 2 Chemical composition of iron tailings sand modified cemented soil and iron tailings sand

R RPEE K T 4 B b
5% T/ % 2% TR/ % 2% TR/ % % TR/ %
Si0, 62 PrO, 4 1 Sio, 39 Pr,0, 9
CaCOj, 36 CaF, 1 NaErF, 11 CaF, 8
Si 3 CusFeS, 1 vo, 10 CuFeS, 5
vo, 1 Si 10 NaCl 3

*3 AR RTRBC A L

Table 3 The material mix ratio of each group of samples in the test

K/ (L+BRET ) K/ ( L+ BT /(LR RY) R/ ( L+ )

[{)5iesiqia )issiqia ()iesqid BT L (BRI
0.5 0.3 1.00 0.00
0.5 0.3 0.90 0.10
0.5 0.3 0.85 0.15
0.5 0.3 0.80 0.20
0.5 0.3 0.70 0.30
0.5 0.3 0.65 0.35
0.5 0.3 0.60 0.40
0.5 0.3 0.55 0.45
0.5 0.3 0.50 0.50
0.5 0.3 0.40 0.60
0.5 0.3 0.35 0.65
0.5 0.3 0.30 0.70
(RN | 100
Ce=9.84 Ce=1.00
- Cu= 144,36 . - Cu=271
b=
=F 60
=5 40 40
T 20
. (T T BRTY TR YT ! 0l [ 0001
b B i W B E (mm
BT A O 2 I 2k K2 BRI BRSO £k
Fig.1 Particle size distribution curve of Fig.2  Grain gradation curve of iron

soil sample tailing sands
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Fig.3 The XRD analysis results of iron tailings and modified cement soil
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FEAP A ) .
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ZENTE 48h AR5 AT IR BRI i
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{EAE NIRRT
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Electron Microscope , SEM ) FlIG2% 2 U5 A K FL 1133 LT Z 494 ( Computed Tomography,
CT) 4 FMR Ty . XRD S — R 38 o AR A 746 I (4 5 2 2 B ik, 008 58 4k B4 14
PR 5k 4T I 25 BOE 285 455 B, 5 1058 it AR L5 28 Bruker D8 Advance ; BUR KR
(R BRS¢ T AR S, T T RS 10° ~80° , F13HE S 10°/min. SEM & — 7 FH 13
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Gemini 300; 58 AT A 622 BB XA 58 Olympus MVX10.CT J&—FhFIH X STk ek v
SSPE AR ST S0 TS ATL T 2 4 B 5 = R IR A 0 A P S B 45 A R B 4 BT
2 RIS T AR 5 R skysCan2211.

2 ABER

2.1 SEREIIRER

BRI AN U2 S PR R S PR BRI, A K U8 A S R B3 4
%5 PR JETHRCRFACR R R 138 73 AR I 7KV ke A9 T 8 A RO HE R 247
BREER W0 (8 K e A aaURE 1Y S BAAR BAY HE 3 ATNE p AR A R B an B 4 i, v] LU
i, P R B A A RBONIR] , R HEAR B AR AP 2K Je L & B AU
BREEA BV MK Ve 4 5 R BRI TR T TR AR BRI R B g
THECRIFAWILE,, e KA THRCR I BAE 0.6 AU A3 409% ; 0 TR ik Bk
WAERIUR T 0.4 W RIATIAFIHE 709% 19 34 R AR THRCR (B R, (e - 10
RN 0.5 i, S 2 A 20 3Ok AR R MO R AT A, IR 35 30K U8 A K-

x4 RKIMGUAR- SRR

Table 4 Long-term group sample thermal conductivity

e KT D (LT B - —
Comit )RRV () s
1.00 0.00 0.27 0.0
0.90 0.10 0.34 25.9
0.85 0.15 0.30 11.1
0.80 0.20 0.31 14.8
0.70 0.30 0.41 51.9
0.65 0.35 0.44 63.0
0.60 0.40 0.47 74.1
0.55 0.45 0.41 51.9
0.50 0.50 0.33 22.2
0.40 0.60 0.43 59.3
0.35 0.65 0.44 63.0
0.30 0.70 0.48 77.8

®5 EIMAUAR S RAR R

Table 5 Short-term group sample thermal conductivity

+/(H+EET ) YRET W/ ( L+ BT ) " N
O B F T B e BV £ %) FREB (W/(mK)) - RIABR/%
1.00 0.00 0.20 0.0
0.90 0.10 0.19 -5.0
0.85 0.15 0.20 0.0
0.80 0.20 0.22 10.0
0.75 0.25 0.23 15.0
0.70 0.30 0.25 25.0
0.60 0.40 0.25 25.0
0.50 0.50 0.20 0.0

0.40 0.60 0.28 40.0
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Fig.4 Relationship between thermal conductivity

1

and substitution rate
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IR A TR 0 58 B AR B 1SR % 5 X AR AR S an ] 5 FNIEL 6 . B ek R i 2 AR
FHahn K P HIRRE BT IR EAE 1.3 ~ 1.6MPa (8725 4k, /K Y8 3 kE 1940 R 38 B 7E 6.6 ~
9.0MPa [HZE 1L, BAK I M LR IBARET P R K Te B ARES B XK £ Pk
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Table 6 Mechanical performance indices

T/ (LR BRETT/ (LR ) FeAF I/ MPa

BAUR/ % PUESRE/MPa AR/ %

B B L B S L (B AR )

1.00 0.00 1.33 0.0 8.58 0.0

0.90 0.10 1.50 12.8 8.10 -5.6
0.85 0.15 1.37 3.0 8.05 -6.2
0.80 0.20 1.50 12.8 7.95 -7.3
0.70 0.30 1.60 20.3 7.90 -7.9
0.65 0.35 1.47 14.0 7.32 -14.7
0.60 0.40 1.43 7.5 7.68 -11.7
0.55 0.45 1.50 17.0 7.28 -17.9
0.50 0.50 1.40 53 7.37 -14.1
0.40 0.60 1.51 18.0 7.98 -7.0
0.35 0.65 1.54 15.8 7.30 -15.0

0.30 0.70 1.57 18.0 7.00 -18.4
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Fig.5 Relationship between compressive strength Fig.6  Relationship between flexural strength
and substitution rate and substitution rate
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Fig.7 SEM images of iron tailing sands modified cemented soils under different substitution rates



No.6 TR A BRI R AR K Y8 AT M RE 1 S 1577

B, AURBUR (<0.2) , WURER TR B, £L B2 (A1 H K, K Y8k A Sz i #EFL B K | 3
FEAT B FLBTAR 2 A FL BRSO AR 2 i) (B4 /K e /K AR e e ) Rk 8 1ok A4S i)
P FERON G T MRS T (] 4) AR 0.2~0.4 BF, B 67 P1 b,
IKYEHIRALEE Sl b  SLBTRTE b i R R T R, PR AL fn st e, A R
FERY AL Rk L R 32 5 IR O A T

K8 AR T R 0 etk v 1 e A
Fig.8 Optical microscope images of iron tailing sand modified cemented soils

under different substitution rates
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Fig.9 CT images of iron tailing sand modified cemented soils under different substitution rates
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the Thermal-Mechanical Properties of Cemented Soils
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Abstract

With the increasingly versatile application scenarios of cemented soils piles and cemented
soils anchor used as energy piles and energy anchors and other energy geotechnical structures,
the cemented soils serving as binders and heat change materials are required to meet the dual
requirements of mechanical and thermal properties. As a type of industrial solid waste, iron
tailing sands demonstrate good thermal conductivity due to its contented metal components,and
deemed as a potential substitute of a part of soils to improve the thermal conductivity of
cemented soils. In this study, an experimental investigation was carried out to explore the
microstructure and the thermal-mechanical properties of cemented soils with different
substitution rate of iron tailing sands.Hence ,the impact of substitution rate of iron tailing sands
on the thermal and mechanical performance indices of cemented soils was investigated. The
following concluded remarks can be found.The increasing substitution rate of iron tailing sands
leads to the improvement of the thermal conductivity of cemented soils, in which a maximum
increase of 77.4% can be found with specimens under long-term curing condition. The
increasing substitution rate of iron tailing sands results in the deduction of the compressive
strength of cemented soils, with the maximum reduction of 18.4%; but results in the
enhancement of the flexural strength of cemented soils, with the maximum increment of 20.3%.
The microstructural analyses reveals that the substitution rate of iron tailing sands affects the
thermal conductivity of cemented soils via pore space effect, medium filling effect, and medium
transmission effect;and affects the mechanical performance of cemented soils via the effect of
hindrance of cementhydration , the effect of competition effect for heavy metals,and the effect of
reduction of active minerals.

Keywords : cemented soils ;iron tailing sands ;substitution rate jthermal conductivity ; compressive

strength ; flexural strength ; microstructure



