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MICROSTRUCTURE AND PROPERTIES OF SPS HIGH-ALLOY TOOL STEEL

LIU Qiu-lin, WANG Yan-qun
(Guangzhou City Construction College Department of Architectural Engineering Technology, Guangzhou 510925, China)

Abstract: In this paper, the effects of SPS parameters on density and hardness of HGSF01

high-alloy tool were studied. The microstructure, bending strength and friction and wear

properties of sintered HGSFO01 high-alloy tool were also investigated. The results showed

that the materials density had a rising trend with increasing sintering temperature and hold-

ing time, while the hardness rised at first and then decreased. The samples after SPS were

characterized by a fine-grained (about 5 pm) structure with relatively small and uniform car-

bide particles located in the matrix. The bending strength of sintered materials was twice as

high as the ESR materials’ bending strength, while the wear resistance of SPS materials is

slightly higher than that of the ESR materials.

Key words : high-alloy tool steel; spark plasma sintering; microstructure; mechanical proper-

ties
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Study on microstructure and mechanical properties of spray formed 6061
aluminum alloy

LIU Qiu-lin, WANG Yan-qun
(Institute of Architecture and Engineering, Guangzhou City Construction College, Guangzhou 510925, China)

Abstract: The microstructure and mechanical properties of spray formed 6061 aluminum alloy were studied, and

were also compared with casting 6061 aluminum alloy. The results show that the microstructure of spray formed

6061 aluminum alloy is more uniform. However, there are residual pores in the samples, leading to worse tensile

properties for the spray formed 6061 aluminum alloy.

Key words: spray forming; 6061 aluminum alloy; microstructure; mechanical property
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Research status and application prospect of high-entropy alloy
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(1. Institute of Architecture and Engineering, Guangzhou City Construction College, Guangzhou 510925, China;
2. National Engineering Research Center of Near-Net-Shape Forming Technology for Metallic Materials, South
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Abstract: The preparation methods, properties and application prospect of high-entropy alloys were summarized.
High entropy alloy is a new type of alloy developed in recent years, which usually contains more than five main el-
ements, and the atom percent of each principal element is between 5% -35%. The microstructure and properties of
high-entropy alloys are different from the traditional alloys in many aspects. With the deepening of the rescarch on
high entropy alloy, its application will be more and more wide. and the influence on all walks of life will be more
and more.
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# E BAIEESAELEAT TIONALEE ARENTTUEN LT U L HMRLEHE (BRI
FR) ZALE RN . & ESEM B A LEXM S E LA EM T MR A HBANRA, ME AL D\ - \iEH 4
MREE MBE, KPR EHADEN, BRTFHNER DS BRERS, B EEEERRATE 565
HBEMTHEAR M7 PSRt AHEREDD REAXLS D - 000 - mEE, LRKRE, s, #%
NEHBRET TR REEA, BEMEERE RS ETEERATHRRMABRES EmEmm e <
100 kPa), BRI SO ECEBEBESH G L HBWAE TR, CEBFRE.

FEm: EMEE Y MET Y WA ERBES 6 SR

MICROSTRUCTURE EFFECTS OF ARTIFICIAL SOIL
IN THE CONSOLIDATION PROCESS

Zhou Hui
(Guangzhou City Construction College, Guangzhou 510925, China)

Abstract: The effect on the soil microstructure (grain and pore) of non-clay on clay minerals and clay minerals is
analyzed quantitatively by studying the artificial soil’ s microstructure in the consolidation process. The ESEM image
analysis found that the non-clay minerals feldspar sample has the following characteristics including larger particles,
face to face connection mostly with dense structure. After loaded large particles shattered inte small particles, particle
mean diameter decreases, increases, the particles directional change greatly and its distribution fractal dimension
shows a downward trend. However, clay mineral kaolin sample has smaller particles, which are connected with edge
to edge or edge to face with more pore. After loaded, agglomeration significantly causes the average granule diameter
to increase, the circularity reduce, pore also gradually change to internal porosity of agglomeration unit, in the early
stage of loading (p < 100 kPa ), directional probability entropy and fractal of particle and pore are significantly
decreased, then tends to be stable.

Keywords: non-clay minerals? clay minerals: microstructure: directional probability entropy: distribution fractal

0 31 MAEREESN, HREIGZRTHERS, FFH

THEETYRSRESR, — BB SR
BRESIMELET Y ERERHR. ENDL
R HMBEZLHHEAR ETRLEHRS
PHBASEATNRESNERLIRELT Y.

KPMIRIRER" BERIRIHRS
PRI MCERALBLITHOESBE. B
EREVLIHHERNBNEENZTREE ERE
RNBEEZRETHEMNEHNEALESR. Y14
RERITUELE RIANEITNERSARE
EHLTPBRNEE EHESLT DEZE
T EEEM, NTIE LT WSS L a R,
Lt HEREEWEERN AFERELT DN
fEM, B T LB EMEEEE, BT LHME
G, BENARTORSELMEEAT LT

84  Industrial Construction Vol. 42, Ne. 8,2012

140

Ty HSHFLIT O EMNES (FRATEMTL

B TR

1 AHREHE

1.1 REHE
AABRATERERLITOREME LT DS

Bt BRTHAAENLIRRNZETENELS

S 5b, X158 B Mastersizer 2000 B 3 3¢ fi B 47 1 (X

MAFMALILNGREDRNENRER FHH

2, MWEEEH0.02 ~2 000 pm, Wik FiEHBE.

& AR, £,1979 £, LW R L, HIG.
E - maillzhouhnianhni@ 126. com
WS B HR2012 02 - 28

T@F 2012 FE42 HHES W



RIABMAIINEIENENFSHENETH
Z. MEHRESHER REMASK L0 EHtE
HEMAR, HETRAMAL.
F1 tWHEIEVENZSHRTHNE
Table 1 The main physical and mechanical parameters

and the average particle size of the soil materials

+ Bt ] ETEE =ER
T# R/ BBR/ . ;
|y BB, THE THE
B % %
FE % &/ pm &/ pm
A 4.78 11.6 6.2 5.4 10. 24 2.70
Bkt 2.76 61.4 35.1 26.3 6.12 2.32

EHREANE NABHAENEHNGREFSETHEY
SRR FHE RERF AME, B BRI E 0B
WEEREFETHRAPHOHEEROHTHE.
ARRTOR T MER T ERRELHR

W, AR MR B L HIE T 4 A, AR o
EEMEMERNR2 Fix.
2 WAHRSTEVERR
Table 2 Sample composition and physical properties
MR W@pE

E A WAER S 5 PR EE =
paf(grem™?)

€ wi%

Y1 100% #&8 2.83 0. 69 10

Y2 100% S+ 1.10 1.51 50

Y3 50% KA +50% 55+ 1. 81 1.08 27.5

Y4 33.3%KF +66.7% S5+ 1.64 1.09 33.3

1.2 EMELHE
MEENESEERPTAERESHEXRET
RURBHERETHRERAABI o B1RH%
EEHEFRLL e BT E p ML MR (e-p BER) .
1.6

14

1.2 =

10 3
71
08
- I
065 200 400 600 800
p'kPa

1—Y1: 2—Y2: 3—Y3: 4—Y4
1 ATxil#Efe -p tE
Fig.1 The e-p curve of the axtificial soil sample

HELATM KRALE(FFITH)EERE
RN, FLERLE MR R A, HAA R EMBEN BT S
TE#(FBLIT P EEREL R, AENHENH
(p=200 kPa BY) ERERTME, MEFB (p>
200 kPaft) E#EHEE. XS HAENDRABILSE
LR AEF LT D AEAMRENERET T

AL LB BIE MBI LT R
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WA RS, BB A T aaT ks za,
@MY RS R, A THRNEZEFE S, BER
T ESHRENENRE.
1.3 ESEM #2%&
BEZHNSEWEGM LH# 550 %& ESEM
BT, B Quanta 200 B AH A FEM B
DG, RIS ZEHTANNE, EH AR
B 5 C,E/1650 Pa. 3 &l B G TR0 W
HMEFESEM BR, 8 2 Bk,

2 TRELE TS IR RO LA R
2.1 WMEHESFIES

TR S S BT, B EA kL 8 5T el AR
MANMNER EESATREEELHEEXE, O
G e ARMRE (S5H) AE (SR B
KMEER BEREHE.

BE2AM,p=0kPa BT, EF LH WEHSE
T HERBERAEESLFEREER. KARH
(YU)BHEX, S0 HEAEME -BF R
EE EEGE . EEOBRBEERTAFNZME, 7
BOMEHNRRZ S +E& (2) BTSN, X
MEER ERESTHMESERAEE. THER
KRB ERGE - B0 - EAFREE LB HE;
AR HESEEYIY4) DR AHERTRER
N T ERE R, {EAEE o KA B AL (A AR
EEM AERETRPRRS, FREHAET &
MPREThET RESK IS EMEMN, AENR
SHE, BRI HE L.

REEMHAEN Kadf (Y1) B HELE
MBZ, HENE -EEMAE, BERGEERE
MR, PHEFRIMES, ABTELSH TR
EiEETEE (V2O FREN THENEAER
S, P AR BED -3, 0 -HEENE -
EEED, ARt R BRE AR eBERERETER
AMABES.

AHTOREER# (Y3 Y4) b, KEFHEH
WHIMNEE TSR, Y3 AP, KEHR
WERBER, —BRKETM 6 (3ERM, ERHE
BF, tHPHENSE R, S TR AEEH R
BHEAE (Y4, KEFHEBREER, XMHK
AT E TRz FaeME EiER, PSS M, 8
HEIENFAAE, L7752 800 kPa AT EA KL H B
BRI Z0%h.

ESEM B R 2B, S8 S EME T Wk
BHHhMEIFHxr. METHEM, KA EH# (Y1)
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a— Y1,0 kPa; b—Y1,800 kPa: ¢—Y2,0 kPa:d—Y2,800 kPa: ¢—Y3,0 kPa: {—Y3,800 kPa: g—Y4,0 kPa: h—Y4,800 kPa
2 AILif# ESEM B K (2 000)
Fig.2 ESEM photos of the artificial soil samples { x2 000)

RR KX MARTR S, MMM FIE L, HAEEE
HEB T, KPRBHADTAER S L #
(V2) B NERE 8RS, AT 20 um MR R
HEMHES, HAPNAEAS B2 0 AT
=3 BAHPRETREN THRESH
Table 3  Size distribution of particles at different pressures

EA/ PSS EHE®/%
A
IkPa <lpm  1=5pm 520 pm  »20 pm
0 25.5 61.4 13.1 ]
i 200 32.8 59.6 7.6 b
400 33.4 60.7 5.9 b
800 35.2 61.9 2.9 0
0 15.2 78.8 6.0 0
i 200 9.3 78.7 1.6 0.4
200 7.8 76.4 15. 1 0.7
800 705 73.6 18.1 0.8
0 26.8 67.1 6.1 0.0
3 200 24. 4 68. 1 7.1 0.4
400 22.1 67.5 10.0 0.4
800 20.9 67.9 10.9 0.3
0 25.5 69.4 5.1 0.0
4 200 22.3 68. 1 9.2 0.4
400 20.8 67.3 1.0 0.9
800 19.6 65.4 13.9 1.1

PEREEHE(Y3) b, B B s gL, &g
EEAMBERD, PERERMMIENHFER X HE
A REAMBRCENEREREX SKAM
HEEREN ABHHRERATHESSER XMAK
el ttteen s (). 8FskrE8%
FHERNEAHBRENEW MERHMEX, B
86
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Jouse. All righ

MRS, KB (A gL, XFEMEFHA
HENREE.
BRENEFHE ] TRHTFHERERBEN
EMTULESNNMEI B4 Fix. AE3 M, &
TTHEERRMRME(Y2.V4), M yuED
CREX, XHAFH LT PIENTRAMFENE, &
THHESEZLENNES B4 W, SFTT D
BBl RS (Y2.Y4), R kBB ERE
Be, BREEL, MNMERSHEAHRE, A
EYERESHREXR, RPEFITORSELR
fEEMNEHRD, EHHAFEHEEL. ATHE
FHERLE W4 (Y3.Y4) B L BIFE ER K, HE B R
ERBLERER HEIE.
2.2 W MEEMI RO HE B FSE
WREHHHE T FIT T ERREWE TR 7
RaEPmHsT RE, EHNERNENLTE LK

45
40 4
35 )'17.———éﬁf
o

Y 1

dipm
o
W

200 400 600 800
p/kPa
1—Y1: 2—Y2:2—Y3: 3—Y4
B3 PHFHHNESEZEWHEXR (I -p tk)
Fig.3 The 4 - p curves of samples
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The influence of mineral constituents for fine
clay’ s strength characteristics

Zhou Hui', Fang Yingguang’, Liang Jianwei’, Gu Renguo’

(1.School of Civil Engineering and Archi , Guangzhou City Construction College , Guangzhou 510925, China;
2.School of Civil Engineering and Transportatior, South China University of Technology, Guangzhou 510641, China;
3.Guangdong Electric Power Design Institute , Guangzhou 510663 , China)

Abstract : Through quick shear test of artificial soils and natural soft soils, the effects of mineral constituents
for fine clay’s strength characteristics from micro perspective were studied. Studies show that: the shear strength
and the index of single component samples are correlated with the surface properties of mineral particles and
bound water properties. Clay minerals have larger specific surface area and cation exchange equivalent, the
particle surface produce micro electric field strongly and the formation of thick viscosity bound water film,
enhance the cohesive force between the particles which showed high cohesion, and the intergranular dislocation
easily lead to lubrication friction which present the lower shear strength and internal friction angle; strength
characteristics of artificial soils with mixed mineral composition and natural soil samples is micro factors’
comprehensive reflection, such as friction between the particles, cement agglomerated of different types of
minerals and bound water properties. As long as some fine clay mineral content exceeds a certain limit, strength
properties of mixed soil samples is determined by the fine particles of clay minerals.

Keywords : fine particles of clay; mineral composition ; hydrated water film with viscosity ; strength properties
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ABSTRACT

Sierpinski fractal model was used to test the ESEM image of the consolidation process of soft soil,
calculating elements of soft soil structure and the distribution of pore fractal dimension.The
research shows that the structure element and porosity of soft soil have obvious fractal
characteristics, and the correlation coefficient of Sierpinski fractal is more than 0.958. The pore
size distribution of the reconstituted soil is relatively concentrated, the structure is relatively
compact, and its value Dyg of pore distribution fractal dimension is significantly smaller than that
of undisturbed soil. During the initial period of consolidation of soft soil, the adjustment of pore
distribution is not obvious, and the load is increased with the increase of load. The large and
medium pores of soft soil are gradually disintegrated into small and micro pores, even the micro
pores and micro pores. The degree of group is higher, the pore ratio (ratio) decreases, and the
structure unit is arranged closely, so that the pore distribution is more significant. When the load is
further increased, the small and micro pores are difficult to be developed and adjusted to the micro
pores (mainly in the particles), so the fractal dimension of pore distribution is gradually stabilized.

KEYWORDS: soft soil; Sierpinski model; consolidation; fractal characteristic

INTRODUCTION

Fractal theory is used to describe a system which is very fragmented and complex, but the

local and global self similarity™. Because of the heterogeneity and inhomogeneity of soils, it is
very complicated to quantitatively describe the micro structure and the geometrical characteristics
of the pore. The process of forming soil particles and pores by soil accumulation is samilar to the
process of fractal structure. Therefore, the principle of fractal model for the generation of
repeated copy of initial elements by fractal theory can be used to simulate the spatial structure of
soil body structure unit™™. By using fractal dimension, the structure unit of soil (mainly composed
of single particle and aggregate) and pore is quantitatively described. In this paper, according the
measured data of the micro structure parameters of soft soil from the Pearl River Delta, fractal
characteristics of soft soil microstructure are studied, the evolution law of fractal dimension in
describing structural unit and pore in consolidation process is discussed, and the relationship
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between the macroscopic deformation of soft soil and its fractal characteristics is revealed.

SIERPINSKI FRACTAL MODEL OF SOIL
MICROSTRUCTURE

Sierpinski fractal model®? can be used to describe the distribution of the elements of the
soft soil structure, namely, computational structural unit or fractal dimension value of pore
distribution. Firstly, the 2D image information is obtained by taking the surface of soil micro
structure (ESEM image). Then, the soil structure unit or the specific the image of volume of the
pore characteristics by "sampling” to select a certain area of the image as the object of analysis
and image processing. , the white part from assuming the 1X1 image is the object of study, as
shown in figure 1. The image is divided into (1/5) X (l/) orthogonal grid by using measurement
unit size g, and then the distribution image is calculated by Sandbox method, which can get a
series number N(&) of measuring units for regular graphs. By changing the measurement unit size
g, and then making it change in the range of the domain [1, 256], 1, =2, ..., en, the
corresponding sequence value is N(g1), N(g2), **«, N(en). Finally, by making the Ins-InN(s )
map the minimum square method is used to fit the corresponding point on the map. If there is a
linear feature, then the soil structure unit or pore has fractal characteristics, the negative value of
D of the slope is the fractal dimension value®™?, The definition of D is as follows:

. InN(g)
D=-lm————=—

530 s M
In the formula: £ is the side length of square; N(g) is the number of lattices, which is the

research object (i.¢. soil structure unit or pore) after side length & of the image is divided; K is the
slope of the Ins-InN(g) function.

Figure 1: Algorithm for distributing fractal dimension of research object
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(soil structure unit or pore)

Dyqis used to express the distribution of structural units. The larger Dy reflects the disperse
distribution of particles in the soil, the lower the degree of group, the greater the density of soil.
Dpd is used to show the distribution fractal dimension of pore size, the greater the D, the greater
the distribution area of the pores. Conversely, the smaller the distribution area of pores, the closer
the particle aggregates are.

SIERPINSKI FRACTAL ANALYSIS OF
MICROSTRUCTURE OF SOFT SOIL

Sierpinski fractal characteristics of natural soft soil

The soil is a typical soft soil in the Pearl River Delta, and its physical and mechanical
properties are shown in Table 1. By shooting the typical soft soil ESEM image and binarization
image editing and morphological processing'” to accurately distinguish between structural units
and the pore of the soft soil, as shown in Figure 2. Based on the principle® of Sierpinski fractal
model, fractal dimension of pore distribution value and pore of typical soft soil in the Pearl River
Deltais obtained, and the results are shown in table 2.

Table 1: Main physical and mechanical indexes of typical soft soil in the Pearl River Delta

Physical indexs Mechanical indexs
) Soil Natural | Natural | Void | Liquid | Compress | Cohesi | Angle | Permeabilit
Soil sample | moisture | density | ratio | indexs i-on v-e of v
samples A content po(g/cm3 €, I | coefficien | force | internal | coefficient
w(%o) ) tena ckPa) | friction kv
Qe 9 | 107emfs)
Jinshazho .
; Silt 65.5 1.55 1.84 1.69 1.26 5.0 3.1 35
u soft soil
Pany;‘,]”ﬁ silt 74.1 151 | 206 | 1.59 1.48 550 | 330 2.8
soi
Panyu remolded
el SRSl 74.0 1.51 1.90 1.59 1.30 5.50 3.30 4.6
Shenzhen :
. Silt 583 1.62 152 2.23 1.01 81 7.8 1.9
soft soil

Note: after the text, the Jinshazhou with JSZ said; Panyu with PY said; Shenzhen with SZ said.
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(a) Before process () After process

Figure 2: ESEM image binarization processing and editing

Table 2: Calculation results of fractal dimension of typical soft soil in the Pearl River
Delta (vertical section)

Structural units Pore
The Cortrelation The Correlation
Soft soil types distribution | coefficient distribuition coefficient
Jractal R fractad R
dimensionD,s dimensionDyg
JaZ soft soil 1.855 0.996 1.786 0.996
PY soft soil 1.773 0.989 1.793 0.968
PY remolded soft soil 1.734 0.998 1.671 0.976
37 soft soil 1.896 0.992 1.509 0.958

From table 2, we can see that the structure element and pore of soft soil have obvious fractal
feature, and the correlation coefficient of Sierpinski is more than 0.958. Because of the
distribution fractal dimension D,; about soft soil structure clements in the 1.734~1.896,
comparatively speaking, it is slightly larger than other soft soil in Shenzhen. It showed that the
structure elements of soft soil in Shenzhen distributed dispersion, the degree of homogenization is
poor, and the degree of the group is low. So the soil mass density is high, the results show that the
conclusion of fractal dimension about structural units is consistent with the conclusions of
physical and mechanical parameters.

There are obvious differences in the fractal dimension of pore distribution of soft soil in
different regions. The fractal dimension of pore distribution Dy of soft soil is the maximum value
of 1.793 in Panyu, but its minimum value is 1.509 in Shenzhen. The pore distribution of soft soil
in Panyu area is large, and the aggregate of the particles is relatively loose, the soft soil of
Jinshazhou is the second, and the structure of Shenzhen soft soil is relatively compact. Compared
with the Panyu natural soft soil, Panyu remolded soil was influenced by disturbancing and
remodeling, so that the aggregates of its original structure was damaged, its large pore is
destroyed, pore distribution become relatively concentrated, structure was more dense, and pore
ratio decreased. Therefore, the fractal dimension value Dys of the pore distribution of
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the remolded soft soil was significantly smaller than that of the undisturbed soil, with a decrease
of 6.8%.

The Calculation and analysis of the fractal dimension
value Dgq of the pore distribution in consolidation process

Porosity is an important part of the soil. When the nature of soft soil has changed, the change
of pore structure was more direct and significant than that of the structural unit®™. Therefore, from
the point of view of statistics, the soil has the fractal structure features of self-similar. By using
the soil’s features and processing the ESEM image of the natural soft soil and the reconstituted
soil in the consolidation process, the engineering properties of soft soil can be studied from the
view the microscopic point. Figure 3 to Figure 5 respectively showed 4 kinds of distribution
fractal dimension value Dy; of soft soil pore with pressure variation curve (Dbd-p curve),
including the vertical sections of soft soil, horizontal sections of soft soil, the vertical and
horizontal sections of Panyu soft soil (including the remolded soft soil).

» (kPa)
Figure 3: Relationship between P and D, in the vertical section of the typical soft soil

19 ——ISZ saftscil
——P¥ softsail
——PY remoubed softsod
—=—SZsoftsail

Figure 4: Relationship between P and Dy, in the horizontal section
of the typical soft soil
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—+— Vertical section of PY soft soil
++=c=-= Hotizontal section of PY soft soil
—a— Vertical section of PY remoulded soft soil

it Horizontal section of PY remoulded soft soil
K3

Figure 5: Relationship between P and D, in the vertical and horizontal sections of PY
soft soil (PY remolded soft soil)

From the figure 3 and Figure 4, we can see that the distribution fractal dimension value Dy
of pore size is decreasing in the whole process of consolidation. The distribution fractal
dimension value Dy of soft soil pore of the vertical section in each soil sample was decreased at
7.8%~13.9%, and it horizontal section was decreased by 8.2%~10.7%. For natural soft soil,
because of its special structure, the structural property of the soft soil in Panyu (py) and Shenzhen
(SZ) is more obvious with comparing Jinshazhou (JSZ) soft soil regardless of the vertical section
and horizontal section.

Figure 5 shows that the distribution fractal dimension value on the horizontal plane is the
same as that of the vertical section. But the extent of the the former has a less change, it reflects
the dotted line in the upper and the solid line in the under. Furthermore, it shows that the effect of
loading on the pore of soft soil is anisotropic, and the response of the vertical to the load is more
sensitive. By a analysis about comparing the distribution fractal dimension value Dy between the
remolded soil and the undisturbed soft soil in the figure 5, it is known that the original structural
strength of the reconstituted soft soil was destroyed, so the adjusting trends of the pore and the
natural soil were significantly different in the consolidation process. Because there is no structural
strength, in the initial consolidation ((p<100kPa), the pore distribution is adjusted significantly,
and the distribution fractal dimension value decreases sharply. With the increase of the
consolidation pressure, in the consolidation and later period (p>100kPa), the fractal dimension
value Dyq of pore distribution of the remolded soft soil decreased gradually and stabilized, and
which is finally consistent with the fractal dimension value Dbd of pore distribution of the
undisturbed soft soil.

Calculation and analysis of the fractal dimension value Dpy4
of the structural units in the consolidation process

The soil properties are the comprehensive performance of the structural unit, and the
properties of the structural units are affected by the properties of the soil aggregates or ingle
particle, which are even smaller'”. Table 3 respectively showed the fractal dimension values Dsq
of structural units of four soil samples in vertical and horizontal under different consolidation
pressures.
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Table 3: The fractal dimension values D, of soft soil structural units under different

consolidation pressures

The T he vertical section The horizontal section
Samples of Jconsolidation| The distribution | The distribution .
soft soil pressure | fractal dimension The con"glanon fractal dimension The coxfre_latlon
(kPa) value Dy coefficients value D,g coefficients
0 1.855 0.996 1.736 0.992
100 1.835 0.987 1.734 0.985
JSZ soft soil 200 1.899 0.979 1.766 0.990
400 1.903 0.990 1.807 0.992
800 1.911 0.992 1.823 0.987
0] 1.773 0.989 1.769 0.995
100 1.815 0.979 1.805 0.987
PY soft soil 200 1.819 0.996 1.804 0.977
400 1.825 0.995 1.816 0.989
800 1.83¢6 0.991 1.827 0.978
0 1.734 0.998 1.695 0.999
PY 100 1.788 0.981 1.706 0.988
remolded 200 1.802 0.988 1.723 0.979
soft soil 400 1811 0.991 1729 0.987
800 1.826 0.967 1.736 0.981
0 1.896 0.992 1.908 0.991
100 1.8%¢6 0.989 1.91¢6 0.987
3Z soft soil 200 1.912 0.980 1.934 0.979
400 1.915 0.986 1.942 0.990
800 1.919 0.974 1.948 0.992

As can be seen from the table 3, the distribution fractal dimension D, of structure units of
the typical soft soil in the Pearl River Delta between 1.695~1.908, the range of its variation is
about 0.21, the mean value of 1.796. In the consolidation processing, for the four kinds of soil
samples, whether vertical or horizontal section, in the consolidation of the initial (p<100 kPa), the
structural unit of the distribution of the adjustment are more significant, and there is a large
fluctuations in the data points. With the increase of the pressure, the density of the soil increases,
and the distribution of the structural units is finally increasing and tends to be stable. When the
consolidation pressure up to 800kPa, the fractal dimension values Dy; of structural units of the
vertical section and the horizontal section are respectively between 1.826~1.919 and
1.823~1.948, which shows that the structure of soft soil is still complex.

CONCLUSIONS

Through the study on the Sierpinski fractal characteristics of the consolidation process of the
soft soil in the Pearl River Delta, the main conclusions of this study are as follows:
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(1) The structure element and pore of soft soil have obvious fractal feature, and the
correlation coefficient of Sierpinski is more than 0.958. The larger the fractal dimension values
Dyg of structural units, the larger the distribution of the particles in the soil, the lower the degree
of the group, and the greater the density of the soil body. In addition, the greater the fractal
dimension value Dy, of pore distribution, the greater the distribution area of the pores, and the
looser between the aggregate of the particles.

(2) The remolded soil was influenced by disturbancing and remodeling, so that the
aggregates of its original structure was damaged, its large pore is destroyed, pore distribution
become relatively concentrated, structure was more dense, and pore ratio decreased. Therefore,
the fractal dimension value Dy; of the pore distribution of theremoulded soft soil was
significantly smaller than that of the undisturbed soil.

(3) During the initial period of consolidation, the pore distribution adjustment is not obvious
because the load is less than the structure yield stress of soft soil. During the consolidation period,
the medium and large pores in the soft soil gradually disintegrated into medium and small pores,
even the micro pores and ultra-micro pores. Therefore, the group degree of soft soil becomes
higher, the structure unit is arranged closely, and the density of the soil is increased, so that the
distribution of the pore is more significant. When the load increases further, to adjust the pore
becomes more and more difficult, soil structure tends to be a new balance, pore distribution
fractal dimension has gradually become stable state and the fractal dimension value Dyg of the
structural unit distribution eventually was increasing trend and tended to be stable.
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ABSTRACT

Through quick shear test of artificial soils with single or mixed mineral constituents, the
effects of mineral constituents for fine clay’s strength characteristics from micro perspective
are studied. Experiments show that, the shear strength and the index of single component
samples are correlated with the surface properties of mineral particles and bound water
properties. Compared with clay minerals and the non-clay minerals, the former with larger
specific surface area and cation exchange equivalent, the particle surface can produce micro
electric field strongly and the formation of thick viscosity bound water film, enhance the
cohesive force between the particles which showed high cohesion, and the intergranular
dislocation easily lead to lubncation friction which present the lower shear strength and
internal friction angle, Strength characteristics of artificial soils with mixed mineral
composition 1s micro factors’ comprehensive reflection, such as friction between the
particles, cement agglomerated of different types of minerals and bound water properties. As
long as some fine clay mineral content exceeds a certain limit (not to the solid part 1/3),
strength properties of mixed soil samples are determined by the fine particles of clay
minerals.

KEYWORDS: fine particles of clay; mineral composition ; bound water
film ; strength properties ; microscopic analysis
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INTRODUCTION

There have widely distributed soft soil foundation formed by fine particles of clay in the vast of
coastal areas, because it often contains some substances such as clay minerals, organic matter and
oxides, the particle diameter are mainly micron and the pore diameter can reach one several tenth of
micron or even smaller [1,2].The negative charge existed in the particle surface of fine particles of
clay will adsorb cationic existed in pore water and aggregate them on the particle surface of soil. At
the same time, molecular thermodynamic movement and concentration difference cause diffusion
motion which cation divorce from the soil-water interface .The interaction of them lead to cation
present diffusion state distribution around the interface of soil particles and water, namely form
diffuse double layer, the surface of the particles forms viscosity hydrated film have the nature of solid
[3].The change of mineral composition, pore fluid concentration and other factors lead to the
thickness of water film wrapped soil particles in thickness changes, then change the lubricating
properties of the relative motion between the soil particles, making contact friction, lubrication
friction and the friction between them occur in among of particle, causing the change of deformation
resistance, which macroscopic manifestations are the change of soil cohesion, internal friction angle
and shear strength.

In this paper, the micro perspective of viscosity water film is regarded as the starting point,
through experimental we analysis the influence mechanism of strength of fine particles clay caused
by mineral composition, providing new technologies and processes, theoretical guidance and
reference for reinforce the soft foundation in large of coastal areas.

STRENGTH CHARACTERISTIC OF FINE PARTICLES OF
CLAY

The basic characteristics of soil samples

In order to study the effects of mineral constituents for fine clay’s strength characteristics, 10
groups specimen were designed for the quick shear test .Among them the group of 1-4 only have
single component, followed by betonies, kaolin, quartz and feldspar, the first two were the fine
particles clay minerals, the latter two were non-clay minerals; Bentonite content were 5%, 10% and
20% in group of 5-7,the content of quartz and feldspar remains 2: 1;Kaolin content were 10%, 20%
and 30% in group 1-10, the content of quartz and feldspar remains 2: 1.Using strike sample mothed to
make samples and made their water content in the vicinity of plastic limits, the composition and
physical properties of each sample are shown in Table 1.

Table 1: Number, composition and physical properties of samples
Dry . . -
Sample The composition of number of | density V0¥d Watter APlAaStIC L1Aqu‘1d
No. saiple seiinlen iy ratio congent W 1]In1§ Wp hrn;t
eert® e (%) (%) wy (%)
KJ-1 bentonite 4 0.96 1.59 592 56.1 187.9
KJ-2 kaolin 4 0.95 1.98 30.6 34.6 60.2
KJ-3 quartz 4 223 0.87 9.8 9.1 15.7
KJ-4 feldspar 4 2.68 0.81 6.0 6.8 12.6
5% bentonite+63.3%
KI-5 Tz 81 794 Poldsiar 4 1.70 1.53 16.0 18.1 27.6
10% bentonite+60%
KI-6 EEarEA006. Baldsger 4 1.70 1.47 17.9 20.2 34.0
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20% bentonite+53.3%
KJ-7 cxinct2 26 10 foldbpar 4 1.70 1.36 21.7 245 46.7
0, 3 0,
KJ-8 10% kaolin-+60% 4 1.41 201 159 18.0 252

quartz+30% feldspar

20% kaolin+53.3%
KJ-9 qnartzi367 % aldsnar 4 1.41 1.90 17.6 19.9 29.1

30% kaolint+46.7% quartz

i 123 3% feldspar

4 1.41 129 19.3 21.8 33.0

To analyze the effect of shear strength of the sample caused by water film, using glycol ether
adsorption (EGME) [4,5] and ammonium acetate exchange method [6,7] to test the total surface area
of each sample and the cation exchange capacity (CEC), by this convert the unit surface area of the
soil particles cation exchange equivalent (or charge density of particle surface), the specific test
method described in the literature [8], the test results are shown in Table 2.

Table 2: Total surface area and cation exchange capacity test results of samples

Sample No. Total Spegi%i s/gr)face area | cation excl(l(e:arrrll%el/iz acity CEC | cation e()icllbaglr,%z ;ﬂ;{lzi}/alent 15
KIJ-1 455.8 73.50 1.61
KJ-2 17.5 3.65 2.09
KIJ-3 6.6 0.22 0.33
KJ-4 39 0.21 0.54
KI-5 34.9 4.03 115
KIJ-6 64.0 7.84 1.23
KJ-7 JL1: 15.30 1.38
KI-8 6.7 0.64 0.96
KJ-9 7.8 1.07 1:37

KJ-10 8.1 1.82 2125

Strength characteristics test

In quick shear test each group has 4 specimens, vertical pressure respectively applied were 100,
200, 300 and 400kPa and the shear rate was 0.8mm / min. The diameter and height of specimen were
61.8mm and 20mm, the concrete method of making samples and the operation steps of quick shear
test described in “Geotechnical engineering test method and criterion” (GB / T 50123-1999), keeping
test conditions consistent. Strength and index test results for each sample as shown in Table 3.

Table 3: The shear strength and the strength index of sample

shear strength under the different of vertical pressure Tk Eaquiolmheas fosk
Sample No. 7 (kPa)

100kPa 200kPa 300kPa 400kPa ¢ (kPa) o
KI-1 58.2 61.7 64.6 68.2 55.0 1.9
KI-2 109.5 166.7 216.1 261.9 61.9 26.9
KI-3 76.7 125.9 177.3 240.5 12.3 28.5
KJ-4 5.1 116.0 163.7 224.5 2.8 28.8
KI-5 80.7 133.2 191.2 2383 28.2 28.0
KI-6 77.4 128.8 174.1 217.8 32.9 25.0
KI-7 54.0 59.6 73.1 83.0 42.4 5.7
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KJI-8 65.6 1152 174.1 2333 6.5 293
KJ-9 78.6 131.1 182.0 226.6 30.9 26.3
KJ-10 93.3 143.9 206.5 259.2 357 293

Figure 1 (a)~(f) are curves show that the relation between the cohesion, internal friction angle and
shear strength of soil samples mixed different components (KJ5 ~ KJ10) and mineral ingredients.

60 30 250

—o—P=100kPa
50 » 200 —e—P=200kPa
g = 20 = 150 —a—P=300kPa
2 40 s g —%—P=400kPa
= 100
© % 10
5 50
20 . , . . ) 0 . . 0 . . \ " '
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
bentonite content (%) bentonite content (%) bentonite content (%)
(a) Cohesion—versus—bentonite content (b)Internal friction angle—versus— (c) Shear strength—versus—bentonite
curve bentonite content curve content curve
70 50 300 - —°—P=100kPa —s—P=200kPa

—4—P=300kPa _—%—P=400kPa

10 50
0 : . 0 . . 0 . . . . )
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kaolin content (%) kaolin content (%) kaolin content (%)
(d) Cohesion —versus—kaolin content (e) Internal friction angle-versus— (f) Shear strength-versus—kaolin
curve kaolin content curve content curve

Figure 1: Cohesion, internal friction angle, shear strength with mineral content curves of mixed
soil samples

From the result of quick shear test shown in Table 3 and Figure 1 we can know there have
difference impact for the strength characteristic of fine clay caused by mineral composition:

(1) For soil samples only have single component (KJ-1 ~ KJ-4), soil’s shear strength will increase
with vertical pressure increase, but the amplification of strength is different, indicating that the
strength trait of the different component’s mineral particles has its own characteristics. Making shear
strength as a benchmark below the 100kPa pressure in Table 3 ,at other levels of pressure, the growth
rate of the bentonite sample strength was 6.0% ~ 17.2%, kaolin was52.2% ~ 139.2%, quartz was
64.1% ~ 213.6%, feldspar was 103.2% ~ 293.2%, indicating that the shear strength of bentonite
relative growth is not obvious, but the strength of the other three have increased significantly; At the
same vertical pressure, the shear strength of kaolin samples was highest and bentonite sample was
minimum, about 26.0% ~ 53.2% of kaolin strength, while the shear strength of quartz and feldspar
were similar and both of them lower than kaolin ; For strength indicators, betonies’ cohesion is higher
and internal friction angle is very small, less than 2 °.Both of kaolin’s cohesion and internal friction
angle at a high level, quartz and feldspar has a big internal friction angle approaching 30 °, but
cohesion is small.

(2) For mixed soil sample (KJ-5 ~ KJ-10), which showing the different reaction of intensity.
From Figure 1(a) ~ (c), mixed soil samples contains bentonite - quartz - feldspar (KJ-5 ~ KJ-7), with
betonies’ content increased, the sample’s cohesion increase and the friction angle reduce with the
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increase of betonies’ content, shear strength of sample is reduced at the same level of vertical
pressure. When the bentonite content in 5%-~20%, the shear strength curve occurred significant
decline with betonies’ content increased, but when the betonies” content over 20%, the shear strength
curve decline slowly, indicating that in mixed soil samples contains bentonite - quartz - feldspar, as
long as its viscosity mineral montmorillonite’s content exceeds a certain limit, the strength properties
of soil can be controlled, it’s properties are close to soil samples have only component.

From Figure 1 (d) ~ (f), for the mixed soil samples contains kaolin - quartz - feldspar (KJ-8 ~ KJ-
10) , the sample’s cohesion increases rapidly with increase of kaolin’s content , but internal friction
angle substantially no effect, only appeared + 2 © fluctuations. At the same level of vertical pressure,
the value of shear strength of sample has increased, when kaolin’s content exceeds 30%, the shear
strength curve has slow growth , indicating that in mixed soil samples contains kaolin - quartz -
feldspar, as long as the viscosity mineral kaolinite’s content exceeds a certain value, the strength trait
of soil can be controlled by viscosity mineral .

MICROSCOPIC ANALYSIS ABOUT THE STRENGTH
CHARACTERISTICS OF FINE CLAY

From point of macroscopic view, the strength of fine clay depended on the physical state variable
of soil, but the change of macroscopic properties actually caused by the change of microscopic
trait[9].In fact, the strength of fine clay determined by such factors as frictional property between
particles, cemented cohesive state and properties of bound water, the following have preliminary
analysis and discussed.

Friction effect between particles

Friction cohesive theory [10] considered that the contact between particles formed by the
respective projection, under the effect of normal stress N, these asperities formed contact surface
caused by plastic deformation and yield, and lubrication friction between particles provided by the
contact area and the shear strength at the contact, as shown in Figure 2. Strength T at the contact and
friction coefficient p can be expressed as (1), (2):

T=A4[81,+(1-8)z] ()
pu=tang, =T/N @

On the formula, Ac is the total contact area, & is the percentage of the area of direct contact
between particles, T, and 7. are the strength of direct contact between particles and the strength of
bound water film (usually considered t,> T.), ¢, is pure sliding friction’s friction angle between
particles.

Figure 2: The contact between the particles
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The formula (1) shows that the shear strength T between particles are composed by direct friction
between the particles and lubricated friction of adsorbed water film .When the normal stress is
constant, the value of shear strength and internal friction angle between particles determined by
surface characteristics of properties and the nature of bound water. Surface area of different mineral
composition have difference several magnitude, total specific surface area of clay mineral bentonite
samples is biggest (455.8m%g) .The next is kaolin, specific surface area of non-clay minerals
quartz and feldspar less than 10m” / g. Those mineral particles has high specific surface area are tend
to have an active surface energy. The equivalent of cation exchange represent negative charge density
of particle surface, the greater value represent the greater charge density of particle surface and the
more content of strongly hydrophilic mineral, which can adsorb more bound water, resulting in
surface properties of difference mineral particles produce differences, thus exhibiting different
friction traits.

From samples KJ-1 ~ KJ-4, Specific surfaced area of particle is higher than quartz and feldspar
for bentonite’s sample (KJ-1),it can absorb relatively thick water film. Under the normal stress the
particles mainly connected by water film which have lower intensity and lack of direct contact point,
cementation formed by hydrated film between the particles is obvious, particles easy to dislocate and
form lubricating friction, so the shear strength and the friction angle are low; Quartz and feldspar’s
samples (KJ-2 and KJ-3), which particle’s total specific surface area is very small, only 1.45% and
0.86% of bentonite, and the equivalent of cation exchange only have 20.5% and 33.5% of bentonite.
Making hydrated film is thinner between the particles, between the particles frictional resistance
mainly formed by direct contact with high strength, intergranular need to overcome a large resistance
for dislocation and then form direct friction, so the sample showing high shear strength and internal
friction angle; For kaolin’s samples (KJ-4) the total specific surface area of particles slightly higher
than quartz and feldspar, thickness of assorted hydrated film is limited, large direct contact can be
formed between the particles and then showing high shear strength and internal friction angle;
Strength properties of mixed soil (KJ-5 ~ KJ-10) are the result of the combined effect of the various
components ,it can be considered that the content of some clay mineral in samples is higher and the
strength properties of mixed soil samples will be close to the clay minerals.

Cementation between particles

In addition to the friction, cohesion caused by cementation and adsorption also is an important
part of soil strength. After analysis, because of the equivalent of cation exchange(see Table 2) are
large for betonies’ particle (KJ-1),the charge on the surface of particle aggregate and form strong
micro-¢lectric field, making thinness viscosity hydrated film formed on surface of particle and then
caused strong adsorption, cohesion between particles increases, and it shows high cohesion; Quartz
and feldspar (KJ-2 and KJ-3) are the non-clay minerals, surface activity is small, liquid and plastic
limit are low (see Table 1), it’s an large inert substance, nature of the interaction between particles
belongs physical interaction. Surface charge density and specific surface area of quartz and feldspar
grains are much lower than bentonite and kaolin (Table 2), they adsorbed water film are thin, and its
cohesion most rely on the mechanical bite force and capillary stress caused by particles closely
packed ,so cohesion is low; Kaolin (KJ-4) particle surfaces have a certain thinness of hydrated film,
which can produce some adsorption and capillary stress and accumulation of particles also can form
the mechanical bite force, therefore cohesion is very impressive. It is believed that the adsorption of
bound water is an important factor affecting the cohesion of clay mineral particles, the mechanical
bite force and capillary stress are the main source for non-clay minerals formed cohesion.

Cohesion of mixed soil is mainly reflecting the impact of clay mineral. Under the conditions of
dry density are same, with the content of flaky bentonite and kaolin gradual increase, granular quartz
and feldspar gradually wrapped by clay mineral and cannot have direct contact, the nature of the
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adsorption and cement between particles strengthened with the content of clay mineral increasing,
reflected in increased cohesion. Finally, the strength properties of the mixed soil will be dominated by
clay mineral, the conclusions are consistent with Mitchell's point that " clay most occupy one-third of
the solid part, it can make granular particles cannot have direct contact, and the trait of soil can be
controlled by clay "[10].

CONCLUSIONS

Tests showed that the mineral composition has a significant effect on the strength characteristics
of fine particles clay, the main conclusions are as follows:

(1) Single component samples, shear strength of soil increased with the vertical pressure
increases, but the increase amplitude strength is different, showing strength characteristics of different
mineral particles has its own characteristics.

(2) The shear strength and index value ¢, ¢ of artificial soil are the comprehensive embodiment
about the nature of friction and cohesion between different types of mineral particles, proving the
higher content of some kind of fine particles, the strength characteristics of the mixed soil samples
will be closer the clay minerals, as long as the content of some kind of fine particles clay mineral
exceeds a certain limit (less than 1/3 of its solid portion), strength properties of mixed soil samples
will be determined by the fine particles clay minerals.

(3) Microscopic nature of the fine particles clay intensity is determined by the nature of friction
between the particles when deform , cement cohesion state and nature of bound water and other
factors.
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Abstract: Rough surface construction is an indisp ble p in the production of prefabricated components, The

implementation of this process is directly related to the force of the joint surface of the component. This paper studies the
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pouring surface layer of precast concrete with original slurry aggregate is developed, The optimal location and time
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In this study, an ultrahigh drop hammer impact test system was adopted for multiple horizontal impact tests on stainless steel-
reinforced concrete columns and ordinary-reinforced concrete columns with the same longitudinal reinforcement diameter. The
damage performance after impact was studied, and the finite element model was established. The test measured the impact force,
displacement, cracking of the specimen during the impact, and the concrete damage near the bottom of the specimen. The test
results showed that the failure mode of the stainless steel-reinforced concrete specimen under multiple impacts was the same as
that of the ordinary reinforced concrete specimen. Under the same impact conditions, the maximum impact force, the maximum
displacement, and the damage degree of stainless steel-reinforced concrete column specimen were lower than those of the

ordinary reinforced concrete specimen.

1. Introduction

Compared with ordinary steel bars, stainless steel bars have
better advantages in strength, ductility, corrosion resistance,
and maintenance cost. A large number of stainless steel bars
were used in the Hong Kong-Zhuhai-Macao Bridge that has
been opened to traffic. It is a development trend to replace
ordinary reinforced concrete structures with stainless steel
bars. Reinforced concrete columns are one of the most
important components in bridges and building structures.
Damage or damage under impact loads may cause partial or
total collapse of the structure, causing catastrophic
consequences.

Tian and Zhu [1] established a damage assessment
method for members based on the vertical residual load
capacity of reinforced concrete columns after impact, which
was used to determine the damage degree of reinforced
concrete columns under impact loads and analysis of the
protective measures for column protection. Cheng et al. [2]

conducted a numerical study on the dynamic response of
reinforced concrete columns under impact and analyzed the
effects of collision velocity, mass, collision shape, re-
inforcement ratio, and concrete strength grade on de-
formation and impact force. Loedolff [3] conducted a
horizontal impact test on the impact resistance of reinforced
concrete cantilever columns, Liu et al. [4] studied the failure
mode and transformation mechanism of axially compressed
reinforced concrete columns under lateral impact loads
using the finite element method. Demartino etal. [5] and Cai
et al, [6] carried out an experimental study on the impact
resistance of scaled reinforced concrete bridge piers, Zhou
etal. [7] established a reliability analysis method for shear
performance of reinforced concrete piers under falling rock
impact load and discussed the influence of different pa-
rameters on the shear performance of columns. Wang et al.
[8] studied the dynamic response of simply supported RC
columns with axial compression under lateral impact loads
and analyzed the effect of loading rate, longitudinal
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Rockfill materials are commonly used for dam construction. Establishing an effective model that can reasonably describe the
mechanical properties of rockfill material is very important for the calculation of earth-rock dam engineering, Based on the
generalized plasticity model of sand, a modified generalized plasticity model suitable for rockfill material is established by
modifying the plastic modulus. Focusing on three types of stress paths (e.g., CT test, CP test, and CR test), the stress path
adaptability of the modified generalized plasticity is studied. Simulation results show that the proposed model can well predict the
strength characteristics while it underestimates the shrinkage characteristics of rockfill materials for constant P test. It is difficult
for the generalized plasticity model to predict larger radial shrinkage strain for constant stress ratio tests. This shortcoming can be
improved by employing a modified dilatancy equation. Finally, by introducing critical state theory and considering the effect of
initial void ratio on plastic modulus, a state-dependent generalized plasticity model is proposed and verified by experiment of
granite rockfill materials and TRM with different void ratios, These works covers the most common stress paths related to the

construction of earth-rock dams and can capture static behavior of rockfill materials.

1. Introduction

Earth-rock dams are widely built in the world for their good
adaptability to foundation conditions, full use of building
excavation materials, and low cost. As the main material for
dam construction, the stress-strain characteristics of rockfill
materials become quite complex with the increasing height of
earth-rock dam construction. The constitutive relationship of
rockfill materials becomes a key problem in the calculation and
analysis of earth-rock dam. In recent years, Dalian University
of Technology has developed the generalized plasticity model,
which is applied to the static and dynamic analysis of Zipingpu
concrete face dam [1, 2], making the generalized plasticity
model an important constitutive model in the static and dy-
namic calculation of earth-rock dam.

Wei and Zhu [3] developed an elastoplastic model within
the framework of the generalized plasticity theory and

applied the model to analyze the deformation of the Shuibuya
concrete-faced rockfill dam. Dong et al. [4] made a com-
parison between Duncan and Chang's EB Model and the
generalized plasticity model in the analysis of a high earth-
rockfill dam. Fu etal. [5] deduced the explicit plastic modulus
expression of triaxial loading/unloading process in a frame-
work of generalized plasticity and modeled the cyclic behavior
of rockfill materials. Goorani and Hamidi [6] developed a
generalized plasticity model to predict the mechanical be-
havior of sand-gravel mixtures. Liu and Gao [7] proposed a
generalized plasticity model for coarse-grained materials by
considering the effect of particle breakage on their critical
state behavior, Cen et al. [8] presented a modified generalized
plasticity model for sand considering a refined description of
the pressure-dependent critical void ratio and described sand
behavior under different densities and confining pressures.
Abioghli and Hamidi [9] modified generalized plasticity
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Research on Stability Factors and Effect in

Upper Soft and Lower Hard Stratum Tunnel
Wu Bo"**, W ang \ilnghm , Deng /ht-'ng
(1. College of Civil Engineering, Fujian University of Technology, Fuzhou 350118, P.R. China; 2. Fujicn Provincial
Key Laboratory for Advanced Technology and Informatization of Cividl Engineering, Fushouw 350118, P.R. China;
3. College of Civil Engineering and Architeeture, Guangyi University, Nanning 530004, PR, China)

Abstract: Orthogonal test method and therange analysis were adopted 1o contrast inflluence relation of some
factors such as tunnel span W, bubed depth by depth=pan ratio A, unoel excavation method, tnnel excavalion
method and the size of tumeling on the stability of upper <oft amd lower hard stratum tunnel in the engineering factors,
When the combination of soft amd hard stratim wasnol al the same e, the paper contrmstedinflsence relation of
somme Factors such as WA A, solt and hard steatum interdace position parameter 8 and apper soll fommation parameter
1, amd lower hard formation parameters [, on the stability of upper soft and lower hard <iratum el in the dual ole
of geological factors and engineering Tactors. Only when the h factor waschanged, the effect on the sability of upper
soft amd bwer hard stratum nnel was stadied, and the damage evolution law of wmnel was analyzed. The resulis
show that Woand b are the two main factors that affect the stability of upper solt and lower hard staium tmnel in the

t:rq.;inr.t:riug fa(:hrna, folbowed h)‘ A. When the tunnel is stable after rxt'u\'ul'mll, W ois the main aetor that affects the
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