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Shear rheological properties and modelling of air foamed

lightweight soil using river sludge

Gu Ran, Gu Huanda
(School of Civil Engineering, University of Science and Technology of Suzhou, Suzhou 215011, Jiangsu, P. R. China)

Abstract: The rheological properties of river sludge mixed with cement and air foam were studied by shear
rheological test. The test results showed that under the load the mixed lightweight soil by curing process
was similar to the rheological characteristics of hard clay. The soil rheological curve of air foamed soil using
river sludge mainly presented three models. When the shear stress level was low, the theological curve
appears as attenuation stable; When the shear stress levels continued to increase, the form of the
rheological curve was not stable but constant speed type; When the shear stress increased to a certain
extent, the rheological curve type was accelerated. With the improvement of the strength of the mixed
lightweight soil, the rheological properties of river sludge mixed with cement and air foam is reduced.
According to the test, the mixed lightweight soil shear rheological conformed to the seven-component visco-
elastoplastic shear rheological model. Using the model can reasonably and reliably describe the rheological

process include attenuation, velocity and acceleration of the mixed lightweight soil under various shear
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stress levels.

Keywords: river sludge; shear rheological; rheological behavior; shear rheological model

P ] VT = A U DX RS L A A AR
AR R IEMEHNA N A T Kt le . 12K
DAY IR IR AS U5 Wil 7 7K J5T . o 52 e 1 By 3k L HE 25
I T A5 A T RE 1Y) I RO . O T R R L R
o W EICAS A S b 0T T AT I R el Ut S B
TREER e A . Al A R OE 2R A T X
B3 R G A Y i PR e b TR R AR Y R R
) FEEZ TR T M Z—

TE R e B T PO L wE, B R AR 4
JZAEAE T AR R 2z R O HORS b AR B
QTN 3 WA B A 3R A P i R ) R AR T
B AR Z WAL, B A 0 X ORI
AR MEHEA TR SE . AN AE AR T i X LR
AU ERORG T 09 32 S 0 A8 e L ORI g A
FURE I #8 i G — B AE 2o VE U A8 22 90 A 4 O 7 5 7 4R
BH S A 281 AEAS TR) 88 1) 8 A A S A TR) o i B 2%
T U T b DX B U] A8 MR 45 R 1 800 A
Mg R 28 5 i Sl A0 0 8 b DX VR T - O AR R
PEAT T HFSE » FF £ 57 T AH R 19 A< #4 J5 A2 s Dobrovt ' it
ST YT AE 51 0 RS PE 1 B S BRI T RS
Lei 8550068 3 4% 0 38 0 A% 2 48 4 1) 008 45 4% 3k
RN Ee

H AT 2% SAIREE LR R TR E R e 5 7K
08 SO BV S 00 A R AR O JURE B SR
Uit SRR IR G 58 BT s 2 R IR 8 — il RIOCR Fe A
WA X TIRARE - wEIE &
THEZW5T, Yajima S50 X 2 S0 IR A A0 2L % %
T W B Ty 2 ke M E AT T BF 985 Takashi S
Puppala %5 % 22 7 5% i + 48 T8 90 4 1 3E
P R AR OG0l i B 9 I R LG B B T Y AR
FA AR 32 28 DL SORE R W 0RO 6 T A X
T HE I A A4 1) 22 B A BT e 85 A0 o TR 3k S5
TARIBBEG B LA HAE T2 Wy 2= i e T
FE R T HEAT T AR AR . T AR
A6 2 1) FH 0T 38 s R WA DR 1 H 1) 7E JB XK Gk A5 0T Y] T
IR IR A R R SR b xR
[F 25 A T B9 8T U0 AR R PR HEAT T B ST

1 REHE

L1 FE#tmtERE L&
BN e o L S I NP BT 1B 1< /[ e o i |

5 mm A [ G 13 5+ S B 358 U8 TP OROBURL R B SR
Yy FIBEFE LR, FCBEHE 2 50 3 o 1 8 0 4% Bk £ 1Y
FAY B RS AR (L3R D).

R1 EfTrWEERER

Tablel The physics parameters of raw soil
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Table 2 The mixture conditions of river sludge mixed soil
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Shear rheological curves under different cement content
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Fig.2 Stabilization phase rheological rate

curve under different shear stress
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Fig. 3 Rheological increment equitime

curve under different shear stress

R A8 o DT Xt TR 465 4 7 A S G R )
2.2 XEARESEREXMNAMRTHERNZM
B4 5 S AR ] 1 B0 42 B O 1 AN TR] 7K
B AT S N I AR G el 2 KRR R o B A A R
Mgk, 45aE 18 4 ME S nTRVE S D ZEK BT I
JIKET o 2K U8 ik A AR B, B AL <25 %0 i) A5
VAR AR YRR s /K e % i 4 i B B AL > 25 0 1)
S AR AR B N . 2) 7 BT S KE R



% 2

FRAR S THE AR AR RAE B LT R A AR 29

AR B R G, SRR IR AR AT AR o B
3) [A) 5 BY D 25 PR S KU B S N AR AR Y
B/ o 4D KU B R A R A R AR R
S BT 0028 4 B L 7 A T A R A IR X
RS T 1 JfE A e A2 R R O BB BB ) AR A
BROR A 7 5 LU A5 R A TR 45 R T AR L AR
SE WL AR R W PR AR FLORZE T R A A
R K.
0.002 0
0.001 6
1 0.001 2
o)
go.ooos

0.000 4

0.000 0

15 20 25 30 35 40
AJ%
¥ : —=—35 kPa —e—40 kPa —a—45 kPa —v— 50 kPa
—e—85 kPa—e— 105 kPa—»—130 kPa

B4 FEKELGEZFHTENREESME
Fig. 4 Rheological increment equitime curves

under different cement content
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Fig. 6 Shear rheological curves under different curing age
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Fig. 8 Five-component visco-elastic shear rheological model
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Table 3 Rheological parameter values based on five-component visco-elastic shear rheological model of river sludge mixed soil

r/kPa G1/kPa G, /kPa G;/kPa m/(kPa « min) 72/ (kPa + min) R?

12. 35 4 215.02 12 585. 46 33 016. 09 110 119. 39 7 869 781.13 0.995 7
24.70 3 302. 14 55 009. 30 56 819.49 413 872.91 26 969 974. 38 0.987 8
37.05 3421.05 24 375.00 47 173.78 463 622. 98 37 116 478. 23 0.992 0
49. 40 3 288.95 39 206. 35 49 747,59 3217 888.16 118 857 764. 68 0.997 7
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