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Fig.1 Particle size distribution curve of BTs
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RT B HT AR R R IR R B b O LB, SR X B AT S ( Xeray
diffraction, XRD ) | Rietveld 4% L & 43 M1 1 M X 526 ¢ 5% 6 3% Y ( X-ray Fluorescence
Spectrometer , XRF JG3530) XF 45 A Ve AL 27 i 43 S W) 2 Wl itE A7 e PR AN &0, 45
RN 2 Mk 3 k.

2 TRV RAERS

Table 2 Chemical composition of BTs
A (ALO,)  ZFIKRE(SI0,)  AIEER(Fe,0;) ZFMLER(TIO,) AMM(K,0)  4fL55(Ca0)
38.10% 28.32% 14.93% 1.70% 0.78% 0.32%

#3 WLEYRT YRS
Table 3 Mineral composition of BTs

[1lea) —/KEER A LR KA A% BiEkH” o
(H4ALSi,04) (HAIO,) (HFeO,)  (AI(OH);)  (Si0,) (Ti0,)  (AlggSij20s6)
37.90% 20.34% 20.30% 10.70% 8.00% 1.67% 0.52%

%2 WA, 88 B EER A1,0,.Si0, Fl Fe,0,, = MY B & ik
81.35%.H1% 3 Al A iR TRy R YIS ERZ 1 RIE A, FEiAE 37.9%. \5hE T
B P A2 i A P 4 T LU AR R S A K M REER A 0, 5 & A LK
JNE KT R 5 B R A R AR A .

RIS KN 42.5 Fl-m RERRER KU, LR AR 341m*/kg, HLEE R 3 100g/cm’,
2z g 4 Frs. th3k 4 v A KU I AL 2E L0 CaO, (Y ol 64.52% , Hk &
Si0,, 5 N 20.2%.

Ha KIAERS
Table 4 Chemical composition of cement

AAbES(Ca0)  TEALEE(SIO,)  HALFR(ALO;)  FHALBK(Fe,05) ZHALER(TIO,) ZEHALHI(SO;)
64.52% 20.20% 4.85% 3.62% 2.85% 0.31%

R FERALE GRE Y A& HH ( Composite polymer foaming agent, CPFA ) 3k 4= ;=45
TR WIRE L, CPFA & —Fh i P TC (LR A, B s AR e o BE R AR AR A3
1.2 RBALk

BRI RS LT an 3R 5 FR.Ch TSR [FER - B IR 48 1 X i
PRI T L 2 PERE RS RIS ST T 5 R ICA L, SURSEERTRLE E S 300kg/m® 48+

®S5 ML RAIEIRER R AL o) e
Table 5  Constituent proportions of FMLS with BTs
Eras? SBEEERORL (kg/m®) KU/ (kg/m®) B/ % BRI (kg/m®)  WH/(L/m®)

BO 300 300 0 0 710
B10 300 270 10 30 710
B20 300 240 20 60 710
B30 300 210 30 90 710
B40 300 180 40 120 710

T B10 - i+ R PR LS BEERT R LU B 109% , At ).
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Fig.2 Influence of the BTs content on unconfined

K 2

compressive strength of FMLS
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Fig.3 Relationship between unconfined

compressive strength of FMLS and BTs content
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Fig.5 Typical failure modes of FMLS

HT P 4 R, B0 AT TR o - LA 52 T 32 203 s PR B BERBERF B BB, H.
TEF G BB 4 i 3L 17 HR I sl 18 A G0 L AT YR AT IR o e A 0 7 - 1 AR il A X
AR R RI R B B, B 2 SO AS BRI, AR R A U R AR o 4 4% SR ) 2k e
R, O D e B BE, A s B B PR A o - T S e PR G B A A S T SR IR Ay 2K
B fof A 1 — 22, 44 SOW AR 44 SONL A ik — 234 R M aed T i BE 7K 32 £ 214 i
77, M BERE RD A AR IEAE AR, MR BLRCREC BEIR i Ty 82— 22K R R L
WO AW 2 PEREGEHTIE M R IE BUE WS (K 5) SRS T R R R 5t
b B TR R AT AR (B 26 AT LAFE 2], ORI MR HL 2 7K 32 i 28 ) BiE
JO7 AL K BRI, 44 SOV S AR ARG TR B BER SB[ BE BHRE 4 44 S 38 3k e
(ENSVERE ey, 2253 7S, 3 Pt SR g SR OUR SR P VRS G AN S S S I
MG R R ALt BRI AR AR, e T BOPPRLR 307 B H B AR YRR o b e
FIIRIEAE B8 B IS ATV AR LA R BRE ) , 5 B 2 L ] T IR 4 3 3R I DR 5 o A
b 2 s e /R B AT AR T ) S PR RFAE

TEREIRST- 6 BB, 50 1 R M PR 2 0T 4 b 44 SCONE ' I oy 2 A A i 5 3l frg B 42 (BRI
PR BB BLR ) | WL TR o - AR A IO A2 A R, A2 B8 A AR B 5 4 B R 5 T S
AR AR B A AT by A A5 T B SR — D7 TR T A AR R G R oM Y
ORFaY R T M RE Rk A B el S e B E R 8 T R e p e — A
BEH g TR B, R W S 2 h T MO BE K 2R T G I 2 S S50 T BE G 7 SR R U 2
BURASY AU S5 T AL RERE TT 38 23 5 DR FT R RCR S | M e 8 RIE IR
WSS | 44 SONE TR 30 B0 1 AR AR A 55 — O TR th TR A 2
D ¥ AR R B AN B AR, o T T R B O 1 2 DR SR
SHBER (B 5(d) ), S BOREEE TAUVE/N  F 25 4 SO 3T R T 1A% A )
HBLE th RO R R AL S5 DAY , AP R AR TR AR S RIS SRR AL 340 X3 % 5
HBET Bl ST O RE R UM LA 5% B8 1 358 R rl AR PH— 7 A R REL 7 BHL 1ok 26 X Il g —
AW Bl , T FE A A P8 L B SR 38 8 S A DX, (A5 b e 1) 7R 4 BB T A5 31— 1 4R T, 3
SN RE AL LG PRI, iy T R 0 b N AR S A4 FLBR AR 2 | AR RIEIR By B A 7 1 78 4
PR AL A L5 S A BRGNS AR A AT O o e YL TR o b A ) 7 ) L e
AR, 17 25 S AR AT o 32 S Y TR AR B AR L (B AR T X R IR R R R 2 AL
BB AR A FE 2 X5,



No.3 AL A0 T R MRS B B 2R S ME R AR Y 681

A DA BB AT TR BT AR B A7 Fe ik AR o S 3 L O [R] B AR TR BIL .
b5 SE P B BE T bRk S Sk i RE A i A S AR | LA R BB AR B AN
AL ARG AR T s AERIR -5 B B, BRI I Sr A fa ™ B R BE g 1 7 224, L K
MefLJR A 52 NIE 4 FiE S a8 mT LUA H FEE 40 E R IR B s, ik 2 i+
BERHTS FIT H RE 1 LA L BT 68 1396 Fr kAR, S 85T s B T [

MIES oL 2S48 - B R B AR i A e i ) 8 P 43 47 T
7 1) 9 38 1) S0 AN B/ VRS BTN 1) B 1) A SR L R R B E R T,
AN R RS N V RISl Rt e R A 5 RIS SN iR AR
TAT B 4230 A 8 [) S 00 IR [ 4 80 Ry 2076 IR ek R £ R R B B KA Ik
R A Az R AR i TR 4023 R TR IR LA AR A A ) B4, AR R R AL B A%
DX 35t , DA TR 8 T A2 far 5[] A 052 18T (/&1 5(e) ).

AN G 2 IR A5 3 TR R AT IR R T AR P A7 e LY
REOEZ, E 6 . WK 6 7] LLFE 88 £ B iR 2 5 AR 0 g 3 2k 5 &
N 377 1] (R e F FE AR Bt 450 N BB AR 0T 285 1t 1E (B AH I 114 « 4 750 A 26 I e B 37 e
AV ET , RS T ) 72 R 330 3 B A7 BT H A ALl ) 3 5 k-0 v [ Ak
ok~ (/A
23 —#HZERGAEER

BRI R R 2R SRR, t 2.2 T A, AR SR 72 AT B B
BUAFAE N AR AN AR AT R, IR 5 10 B — e (7R 80T 36 T UL B RR A R 2
WA AR o = o B S B TR, B AP0 S8 s e AR ) 24 R BRI AR AL e T A A
AT ST -IE AR I FR A WA BT — Fh REAR G- Tt A4 ek By 7 -1 AR ¢ R AR f LAY .
HIF, B XA IR R BT - ) 2L RE, [ P9 &b X LN 7 -0 A8 4 i 40T g T 8 29T
AR T SR I B -5 B BE A S A B BE Y| — e 1k I G A R A R R A
AR R J7-R AR S R (H i 40 £ B R T 4 ) 2 M e 5 SRR R o M R
FE T A8 s Za a5 2 R D AT O, O A EEME G2 AR ¢ R A 23 I 2 A SGdE
YU R R FR M. BL A, B AT osh R IR
R AKG R B A 5T, C A AR A 5
B LR B RAE N AT FEXARS L
R IR 45 BT 0952 7 R R SR A5 4
B A B — 4 32 R A M R AR AR A | -
k2 B ==Y RN URY N 2235 o R A W TR | MY = S|
AR SE

I Lemaitre N AR FFR0BE , B o) N
MRS I 125 XN ST, & S E R 44 SR AR
BRI A —A A8 5 D, HEHA T 0 fl 1 2 O o L
B, AT D=0, 58 &0 D= 141, Guo El 6 Sl T itk ji R R BOE &
2 005) gl 7 P E S AR KRR B (2) Fig.6 Typical internal failure modes of

R sample under uniaxial compression

ShRTR



682 N TIHER 5 TRER =24 Vol.31

oy(e)=(1=-D)o(e) (2)

Horbr .o ARPRHAA RN ).

B A MR B AR A2 T ) B ) Gl 2R B AT A 4™ i i e e AT 6 1Y, 4t
PR S — A5 i (AR DG A AL i e, B AN R SRR S B AT IR 3 T8 A A ek 1) i 7.
T AR 2 4B 7S 47395 A A AR T AS AR 25728 ) R 5O 2R O S oy T X B
THCREBUAT A I FEAS BE MOV THT S R B (AT 1 38T A, 75 2 AR R 1) ) JEE AT 58 4 45 4
AR ALA T 0 ORI o, (&) R0 oA R 30 4 12 pR S, W 5728 4 D mld i 44
O A8 AIME A48 15 R BOR A, Az (3) Prrom

dD =f,(&)de (3)

522 2B, Weibull 437 BRI ACRT LA S50 1 R A0 450 003 BE AL PE SR 2 20 ik
RIS EL Weilbull 73475 e BOR A4 B5 1 AT I IR 5 - DA I BE A= I 1 D 25 oL A
TWRBCEAR A JF 75 | 4 7 W0t O e AR, M3 2 e ) Rk sn =X (4) Pl

fp(é‘):)\()\j GXP{—(AJJ (4)

YRR & IF R (4) ARAS(3) FIExH A i D BEAT BUMTHE 4521

2 (5) Frn
D = f:fp(s)ds =1- exp|:— (ij ’”:| (5)

A om 2 Weibull sRERPIZARS AL, T 6 HZ TR, m>054 2 Weibull pREC
ZH0, TR e 4878, A >0.

H1 2 (2) W, RSB A RN 1, 50 AT LAHEN — 4832 FEfl A ME G AR B, X
I AR Z 2 TP UM R 2 TR 2R AT TR TR E5T, HEARYEDT IR 50 3k
YRR F1- R A A 2R, 2 T AN ) A AR R ASE AR G Y Gibson ASES2Y Avalle #5£7501%
M Wang R R e ) P , Gibson 7Y f SR ] DUAR G Mo 348 451> B B R 5
HAZH IR L B2 R o), e, R E R TR 2%, 1Hh, i TR & A
W Bt Z 6] B 32 SR FFAN T2 G 0, AN REAR S b S et 58 SR il 6 10 92 B e . PRI
FEFEAAN A Avalle FEA K Wang FEAY,

(1) Avalle F57Y

Avalle %5 HE T — AN 22 SAA AR LM 5 0 1 P AR P A | 2 A5 AR B 5 4 1T b 4T
R ZALARH I MY = B B AR S ARAE , DTSS0I A 1 B A2 T g 24 Ry, B ik

ks
7(e) = (1 = ooy L5 (6)
- &

sk ey ey ey s AR R b S — TG TR SR B BORF- 2 B B, T
O ER 00 TR 2 S AR B B — I — 8 1 2 R R AR A BT R R 1 A
(2) Wang #&7#
Wang % 1 T WS ML AKIRRL, FHOR R Z 70 R I - R A8 6 R LAk



No.3 AL A0 T R MRS B B 2R S ME R AR Y 683

7 =n +p4[l ‘fgj (7)
K p, po by ps BINMPRISEL AL, 20(7) BRI R IR R
o(&)|.50=0 (8)
Eczlima[&(g)] _Pp2 (9)
parc PN 2
{E?[E(s)] =p, * const + p, * © (10)

A (8) ~3(10) mT A1, 3 (7) A A28 — 0 32 2w AR I PR B B KR 5 B B, 26
TIRON FEEEAR A RH B S B th 2 (9) AT, AR B BE T I VIR B A RS
Bep, Mp, SEFEFER], AN E, 5T ipE Kb p, JHT RO S8 P B B A AR5 JEE
1M p, A1 py FEHF G BB S E S, 24 p,>p, I, s AR BEALFRL; 2 p, =p, B, R
HARIBYERARL s 24 p, <py WF, 7R DR FALFERL B AN, A2 p, T pg 23 37 524k
B BT ik L i L

FIER| LR TR T AR AR i e R B A M AR I K, W 5 i A T AR IR i
SV 7 - 07 78 2R 1 SR P B BERIBEIR T 53 B B, AN 2% IS 9L AL B 4O A4S BiF e K
PN AEARTE 0.01s~0.1s Z[AAS AL | R A8 Z 060 A4 A0 B 31 A8 T 252 e 50/, 0P A 2% )8
IS AR AN BB SO X (6) A7) 20 RA R (2) T LAZRAS P Bl — 2 75 A%
FEIEY | R A B AR A AT Y TR o - A IV T -T2 56 2R R T Avalle FE7U AT Wang
B e s EA TS, O S IR B A5 R AT XS L, S S5 2R AN 7 FIAL 8 i 45 2R3
W] Avalle BT Wang 58 1 REER 4T3 Sz AR 1 FE A Y R A2 0 L ) S PR B B FIF- 15
B AT R AE  (H Avalle FE 8 RE BT 47 Mot 1R SOV [ Be 5 5 B BOSS AR 1R i
SRR AP AR 25 T BOHE AR ) - AR G 2R Ak, Wang B89 T 55 B Bt
HH B R — i A R A A 7 28 A B G I UL 5 ROCR B 22, Avalle A58 75 U] B B - i 414 3t
XEEAT R, R LT 145 b Avalle BERSF] TR A1 IRAR BT L Y1 J1-0 28 K HR

12 Sk R 121 ek REHIR
N MEZe: Avalleti® gl MEZk: Wangfsif!
1.0 § BO 1.0 || b BO
s —BIO o ] —— BI0
£ ol —— B20 £ o3 —— B20
& —— B30 £ —— B30
= R
= 06 B40 206
B AN i X YT T ———a
o s O i S y
(Y o = 0.4 firdizszss. e
0.2 e 0.2
0 0.1 0.2 . 0.3 0.4 0 0.1 0.2 0.3 0.4
K7 Avalle fEAIILG S5 55025 R AT 1L 18 Wang BAMG S I I 45 R AT 1L
Fig.7 Comparison between the Avalle model Fig.8 Comparison between the Wang model

fitting results and the experimental results fitting results and the experimental results



684 N TIHER 5 TRER =24 Vol.31

IR LA T Wang FE71.
AN AR R R 8 S AL B B, 3T Avalle 2807 () = S BB AL 41K (11)
%N
F(e)=k(1 _e(—kz/k])a(l—e)k3) (11)
Ll S B D ARARK(2) b, BIA] 152 —4E
. B4 =zuie  BAMERATIREARL R ] = S HOE R 1
— A IR AR I 10 44 SUI J- I 28 6 R AT
T SR, AN 9 R 9 FI, = S
RERCUT HU AR S B B, 4R - R e
[ SO B, BRF30MHE LRV HREKRERLE, =2

(Y

e BOBUTS Avalle R4 REARLT M4 23

0.8 H

% XM 7)/MPa

0.6 1 [l

i YL BT 25 W B A TG R R 2
0 o1 02 03 os HHEREE RSB E/ANT 30%8), =S HK
44 U RURRBAR G M At iR A4 R OB Y Bt 5 - &
Bl =SHERA LR S0 RaxT e BB I KO R N SRR B
Fig.9 Comparison between the Three-parameter BiEARE §5{ MR AE , ﬁﬁﬁziﬁggaﬁ;ﬁjqﬁﬁ
model fitting results and the experimental results b 5 B2 52 4F B 42 . Avalle 55 Wang #5555 K
SR R HANK 6 N, 45 R KR

F Avalle BB 1) R (EHIIKT 0.87, HoA BAF I35 F 4.

#6 BB R HILEK

Table 6 Comparison of R* values of all models

MR RBE BO B10 B20 B30 B40
Avalle FE2 0.89921 0.87585 0.86549 0.94191 0.94123
Wang %! 0.52234 0.71404 0.83455 0.95002 0.94994
=B 0.68589 0.69664 0.74152 0.91426 0.94269
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k, =— 1.21x° + 5.52x — 4.37, R> = 0.988 (13)

k, = 15963.98x° — 11323.344° + 2551.78x — 92.7, R* = 0.998 (14)
ky = 34233.17x° - 29254.73x" + 8218.4x — 693, R* = 0.999 (15)
k, == 26507.92x° + 24794x> — 7194x + 679.57, R* = 0.999 (16)
ks =— 1871.35x" + 1212.9x” — 194x + 8.86, R* = 0.999 (17)

A =8.34x" — 7.24x% + 1.89x — 0.124, R* = 0.999 (18)

m =- 14.35x" + 7.97x - 0.42, R* = 0.987 (19)

R FoRE L ETRBE W 10% 20% 30% M 40% 3k, k, &y k, ks 058+ 5
e B MR S5

R7T AR RS VEAE XN AR S

Table 7 Model parameter values corresponding to BTs content

R RBE % ky ky ks ky ks A m
10 4.88656  65.83281 -130.96233 183.44529 -0.29178 2.65606E-4  0.2233
20 1.6221E12  93.33381  54.7253  20.69062  3.62344 0.03045 0.62373
30 1.48408E12 85.58334  64.35585  37.5172 9.35861 0.01546 0.65206
40 -1.73469E12 139.33279  105.4031  73.27095  5.57221 0.00586 0.47855
3 g
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Uniaxial Compressive Mechanical Properties and
Phenomenological Constitutive Model of Foamed
Mixture Lightweight Soil with Bauxite Tailings

PENG Yuansheng'**,  OU Xiaoduo®, JI Fengling'”

(1.College of Civil and Transportation Engineering, Shenzhen University,, Shenzhen 518060, China; 2. College of Civil
Engineering and Architecture, Guangxi University, Nanning 530004, China; 3. Underground Polis Academy, Shenzhen
University , Shenzhen 518060, China)

Abstract

Bauxite tailings( BTs) is a common industrial waste.In order to make better use of BTs and
reduce its pollution to the environment,a new type of foamed mixture lightweight soil ( FMLS)
with BTs was fabricated. The influence of BTs content on the compressive strength and failure
mode of FMLS with BTs was studied in this paper. Based on the two-parameter Weibull
distribution function,a one-dimensional compression damage constitutive model for FMLS with
BTs was proposed.The results show that the unconfined compressive strength of FMLS with BTs
decreases exponentially with the increase of BTs content. The 7d unconfined compressive
strength up to 83% of the 28d unconfined compressive strength.Nominal stress-strain curves of
the FMLS with BTs under uniaxial compression includes elastic-plastic stage and failure
platform stage. FMLS with BTs exhibits strain-softening and strain hardening behavior after
uniaxial compression failure, showing good cushioning properties. According to the Weibull
distribution function and Avalle model,a one-dimensional compression damage phenomenological
constitutive model for FMLS with BTs is investigated. The relationship between the model
parameters and the BTs content is established, which provide a reference for the application of
BTs in FMLS.

Keywords : bauxite tailings ; foamed mixture lightweight soil ; compressive strength ; mechanical

properties ; phenomenological constitutive model



