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Analysis of the soil arching effect under pile-
soil coupling for a landslide in the Three
Gorges Reservoir Area based on three-
dimensional numerical simulation

Baogin LIAN
Department Department of Building Engineering
Guangzhou City Construction College, Guangdong
Guangzhou. China
e-mail: 328602223 (@qq.com

Xingang Wang*
State Key Laboratory of Continental Dynamics
Northwest University
Xi'an, China
e-mail: wangxingang4202(@163.com

Abstract—Deflection of stress direction occurs mear anti-
slide piles. forming obvious soil arches with adjacent piles as
springers and creating the “soil arching effect”. Based on the
stress conditions for anti-slide piles, a mechanical analysis is
conducted on the soil arching effect, and three rational
equations are concluded, namely, the arch axis equation, the
soil arch thickness equation, and the theoretical equation of
soil arch thickness along the sliding direction. Combined
with onc landslide in the three gorges reservoir area,
numerical analysis model is blished, the landslid

displacement and shear stress calculation results show that
the pile has obvious slip resistance effect, the piles and soil
coupling to prevent sliding. Three-dimensional numerical
analysis was carried out on the pile, the intuitive "soil
arching effect” be found from the anti-slide pile and soil.
The soil arch thickness and height of anti-slide pile can be
determined according to the soil sliding thrust and the
theoretical formula that combines three dimensional
numerical analysis for the soil arch effect. which can provide
references for the anti-slide pile design and achieve the goal
of safe and economic to prevention and control the landslide.

Keywords- landslide; soil arching effect; anti-slide piles;
numerical calculation; the coupling of piles and soil;

I.  INTRODUCTION

In slope protection engineering, anti-slide piles, for
their strong anti-slide performance, flexible pile position
and wide scope of application, have become one of the
most widely used deep anti-slide retaining measures at
present|1]. Under lateral load, anti-slide piles generate the
so-called “soil arching effect” as they interact with the soil,
which is an important basis for investigating the
reinforcement mechanism and design theory regarding
anti-slide piles'"?. Soil arching was first proposed by
Terzaghi based on trap door experiment'”), Later, a number
of scholars began to vigorously study the soil arching
effect. Their research outcomes are mainly divided into
three categories: (1) theoretical analysis™®, mainly
involving the establishment of relevant mathematical
physics equation and investigation of the relationship

2015. The authors - Published by Atlantis Press
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between soil arching effect of anti-slide piles and pile
spacing; (2) numerical simulation'*"", mainly involving
the simulation of pile-soil interaction by use of numerical
analysis software; (3) experimental study'™, mainly
involving the study of pile-soil interaction by laboratory
experiment.

The landslide sliding force is in non-horizontal spatial
distribution, while the direction of stress near anti-shide
piles deflects. forming soil arches with adjacent piles as:
springers. Among the references. little consideration is
given to the soil arching effect under pile-soil interaction
in three-dimensional status™™'", In this paper, a landslide
in the Three Gorges Reservoir Area was chosen as an
example to conduct a three-dimensional numerical analysis
on the soil arching effect under pile-soil interaction by use
of the three-dimensional numerical analysis software
FLAC3D.

II.  MECHANICAL ANALYSIS OF SOIL ARCHING EFFECT

Soil arches arc formed under the effect of landslide
sliding force, further forming arched stress zones, similar
to statically determinate arches in structural mechanics;
soil arcllmg'l unit thickness was taken for stress analysis (see
Fig.L.) 2

q

'lVVIY'V!Y

5 ok
4
( ® -
i
Fawi] A~ ' 1 _VFs
= i
o
e - -
Figure 1. Mechanics calculation chart of soil arch
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Figure 2.  Mechanical analysis of soil behind piles

Fig .1, q represents landslide sliding force: |
s soil arch span. i.e., pile spacing: t represents soil
ickness; f represents soil arch height: Fy,, Fl,. Fa
s are respectively horizontal reacting force and
al reacting force at springers. A rational arch axis
on can be obtained. which is written as

4f
/

y=—75({U-x)x

(1)
Stress inside soil arches will form a compression zone:
force applied to the soil in the compression zone is
than the soil shear strength, failure of the entire soil
h will take place. Fig .2 shows the mechanical analysis
“soil arch height and thickness. In Fig .2. AB=b is back-
 thickness of pile; AD=t is soil arch thickness: AC is
ith of failure surface; 8 is angle between failure surface
ind maximum principal stress surface; ¢ and t are
ectively normal stress and shear stress on the failure
e; FA is resultant force at springers.

s=45+2 @
2

B =JF  +F = %,/]6}’3 +’

bcosd
2cosd @

=135 +2_¢
2

(3)

t=hsinf =

(5)

beos(45 +2)
LS it
2cos(135 +Z2-a)

2 ©)
ting Eq. (1)-(5) into

tana = g a =arctan¥ gives:

A

\
/i
~
~
H

1283

tana = 4tan & = 4tan (45 +2)
(7
Substituting Eq. (7) into Eq. (6) gives the soil arch thickness along the
sliding direction:

LS)

bcos(45 +
2

f R -
2cos(135 +%’*a)

@
hcos(45 +§ ) ®

2cos(45 +%’) sina —sin(45 +g) cosa
2,

beos(45 +
2

6cos(45 +%’) cosa

b :
=—cot(45 + 143
6 2 cosa
IIT.  ENGINEERING EXAMPLE AND THREE-DIMENSIONAL
NUMERICAL MODEL

In the three-dimensional numerical model. Majiagou
Landslide I in the Three Gorges Reservoir Area was taken
as example: the medial axis profile of Landslide 1 (see
Fig .3) was chosen to establish the numerical model. At
present, this landslide has been controlled with anti-slide
piles. Considering the pile-soil effect and pile-pile effect,
four completed piles (length: 18m; cross-section: 2m»3m;
pile spacing: 5m) in the middle of the landslide were
chosen for three-dimensional analysis of the anti-sliding
effect of anti-slide piles and the soil arching effect.
ANSYS pretreatment was adopted for the model: densified
meshing was carried out partially in the pile and soil
survey zone and landslide-slip zone: FLAC3D software
was introduced; the model had 117,544 units and 118917
nodes in total (see Fig 4). The pile side friction was
simulated through the interface set between the pile side
surface and the soil layer[16]: an interface was also set
between the pile tip and the soil layer: the “guide-in guide-
out method™ was used to establish the interface model (see
Fig .4).

The undersurface and left and right sides of the
computational model were fixed and its top surface was
free: the front and back sides of the model were also fixed.
The mechanical parameter of each medium in the pile-soil
model could affect the accuracy of calculated results:
Mohr-Coulomb model was adopted for rock and soil mass
and elastic model for anti-slide piles: parameters were
obtained by laboratory experiments.




3
\
%

0“‘ C“"'ye'
%
Z 3
2
L3

Y

Jo oM 38 3% BA k& FR

GUANGZHOU CITY CONSTRUCTION COLLEGE

slip soil

gravelly soil

silty clay

sl
o
mudstone
B
ke L 4 L ol A L L 2L 1=
= e 15 ¢ = 3= = S = £ [

Figure 3. Engineening geologic profile of Landslide |

. g

TN
i

AN

il AR
A\ VU

Al s

Figure 4. Pile-soil’s interface in the model
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TABLE I, CALCULATION PARAMETERS OF MODEL
el SRS bulk  Shear
density Cohesion internal

jrane (@/cod) (o)  fricvion "odulus wodulus

b PP ©Pa)  (GPa)

silty clay 2.1 0.052 33 0.011  0.0083
slip soil 2.4 0.018 14.5 0. 0083 0. 0018
gravelly T 090
soil 2.1 0. 063 35 9.0p67  0.0222

nudstone 2.4 2,16 32.3 1.55 1.16

anti-slide
pile 2.5 - E 11.667  15.356
IV.  ANALYSIS OF CALCULATED RESULTS

After numerical calculation, a series of sections were
taken to conduct a three-dimensional analysis of the soil
arching effect. The elevation of pile top is 104m; the
results of several experiments show that the soil arching
effect of shear force is obvious from the elevation of
97.5m (Y-axis), ie.. 6.5m away from the pile top (see
Fig .5 a~h).

For the section 6.5m below the pile top (Fig .5-a), the
map of shear stress of pile side soil shows arches looking
like “round-backed armchairs™: the friction between pile
side soil and pile causes obstruction again the soil, which
results in deflection of shear stress trajectory and thus
forms shear stress arches on the pile side and wide-angle
layered stress arches behind the piles. For the sections 7-
7.5m below the pile top (Fig .5 b~c). there are obvious

layered shear stress arches behind each pile; the arch
angles tend to be steep: the “saddle-like™ area enlarges:
there is an obvious shear stress compression zone behind
each pile, and the compression zone gradually enlarges,
For the sections 8-9m below the pile top (Fig .5¢~f), the
“saddle-like™ stress arch arca gradually reduces, and the
value of shear stress in the compression zone behind each
pile increases up to 0.26MPa. For the sections 9-1Im
below the pile top (Fig .5 g~h), the compression zone
behind cach pile enlarges, and the value of shear stress in
the compression zone behind each pile increases up to
0.3MPa; stress arches between piles gradually disappear.

The arch thickness and height can be determined
according to the landslide sliding force and Eq. (1)-(8)
with combination of numerical simulation analysis of
sectional diagrams. Shear stress arches behind the piles are
6.5-9.5m away from the pile top (Fig .5 a-g); principal
stress arches behind the piles are 7-9.5m away from the
pile stop (Fig .5 d-g). The pile-soil stress changes at the
position 9m away from the pile top; the soil around pile
bears partial downslide stress of the landslide.

Figure 5. Section of a-h shear stress

V. CONCLUSION

Based on the stress conditions for anti-slide piles, a
mechanical analysis was conducted on the soil arching
effect, and three rational equations were concluded,
namely, the arch axis equation, the soil arch thickness
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ANALYSIS OF MINERAL COMPOSITION IMPACT ON SOFT
SOIL’ S STRENGTH PROPERTIES

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

Abstract: The mineral composition of the PRD’ s soft clay was analyzed quantitatively by using the X-ray diffraction
method, and the total specific surface area of artificial soil samples and natural soil samples was tested by EGME
method for studying the influence of mineral composition to the soil” s strength characteristics. It is found that clay
mineral (such as montmorillonite) is usually lamellar particle, has a lareg specific surface area, the adsorptive bound
water membrane is thicker, intergranular direct contact between particles is less, the cementing actions connected by
the combined water film is more obvious, and lubrication friction is formed intergranulas due to easy movement,
which can be expressed by the lower shear strength and smaller angle of internal friction and the high cohesive force.
And non-clay mineral particles (such as quanz) are usually granular or needle, specific surface area is small,
adsorbed water film is thinner, cohesive force is low, and there is a direct contact with the friction angle between
particles, so as to increase its strength.

Keywords: soft soil; clay mineral; non-clay mineral; specific surface area; strength
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Table 1 Mineral composition of typical soft soil in PRD
L SR AR AR LS L /%
BA PRE AZ8 SRA BRA KX KA AMAE  RE  RE @KER AU
CEZ S 22.2 — 28 121 109 19.0 7.6 2.0 - — 3.0 -
EHRRR L 23.2 - 117 8.4 — 47.9 4.9 — 3.9 - — —
& Wikife 2.5 - 83 10.5 — 32,9 10.1 - - 2.6 — —
BRYIRTER £ 25.1 — 7.2 36.0 — 1.2 83 — — — — 2.2
TRt 18.4 118 — 26.4 — 15.1 8.9 — 8.8 6.0 — 4.7
700 . W, - W,
g Sy = 1
600 8 * 7 2.8 x10 * x (W, - W,) @
& 0 Z KPS AHABLLRER o /g W, HBERE, £ W,
B 0 g5 e _ HEE+ THRE, oW, BERE + TH + WK
30 L) ]
#.] 7| 8§ ¢ EGME fR2, ¢; 2.86 x10 *HRHER.
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0 y RLRIDANAKIZAMNRLEIET M
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350 G %2 EEGMHSBUERARMLLER (EGME i%)
300 ~ Table 2 Total specific surface area test results of main
& 250 b mineral composition (EGME method)
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201°) =+ (E 88911 08072 9.9023 17.6  11.6
y ERSE  9.5324  10.5369 10.5419 17.3
a— B BT b— IR + L 0.5313 105343 10.5395  18.0
B2 II=MMKL X ai e 8.0446  0.0479 0.486 2.4 2:7
Fig.2 X-ray diffraction pattern of soft soil in PRD GES L7136 2By Q61 2.8
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Wik HhEERARS | AXFRANZZ .95 1006 10,029 45 45
- O O 3 3 = i A 8.5901  0.6014 9.6027 4.5
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Table 3 Total specific surface area test results of the (REMKA)PEVNEEES, Lt HNELER

PRD’ s natural soft soil (EGME method) Bt . N BERE R LT MR
o SRR+ EE4T BHEE@R/ AREM (R, RESHEEEMEY (26.5% M
s e gy HBRM el
Wole w1 ”vfcl’:E s s 251%) BRENSRE.AZESEERE KA.
Wit 8.3132  9.3176  9.3455 94.5 92.8 Eﬁ&’-}@iiﬂiﬁ%:}:ﬁ%‘. &E'ﬁ‘ﬁﬁﬂ:{&ﬁgd\'
8.5961 9.5928 9.6198 922 RIFHIERR T LB ELLRE RN ERSET W
9.0233 10.0216 10.0485 91.7 ﬁiﬁmgﬁmﬂggg%mMAﬂ

&bMEE 86780  0.6848  9.7135  97.0 9.4
RER#EE 00271 10,0312 10.0595 95.8

85035 05056 9.6249  99.3 3 MRS LEENRRSHT
FBRE  8.5634  9.5616 9.5874 88.1 80.1 HEhART YRS BEHASERR, S

8.9541 9.9520 9.9783 89.8

0532 00525 00587 503 LERER RAMBIGERE . EEKEEER KLY

WY 83227 9.3289 9.3632 1153  115.5 EREHARE, #MEmRtaEESE . T

REL - 9.0277 10.0315 10.0656 114.9 ZAMART YA TLHEMXARTHEARIS

e BEASHAE. ERNZBBSARLE 1, 5

27w g, FRANSHRERSIRAE KA 35N 100,200, 300,400 kPa §)2 @ E /1, BT )i%

158. 1 {%.94.9 5, SR AR BREARSURAE.  FH0.8 mm/min, Hef, ATEHUHHZHE, B
KAMGS{E3.9E. AMBEETHM BFRLT  FNSKEELRMIE, RARLHBERE.

NEBE. BREREREBE RABHOR 4 sogmoA T HOXRREEORERSESH

(B)REH(B ), KESRAREAFENLYT Table 4 Quick shear test parameters of of typical mineral”s

MPARMKA FRLT DI ARREET= artificial soil samples and natural soft soil samples
FRABRBE BRERETOEMRBE, MK —
BEBHATT o b M3 o WA R ER T WA ﬁfg ffi i
ik, EHTABRLT MM AR RS, Mol Lo B
ﬁ%i,&:ﬁﬁﬁﬂﬂ]md\(l)o it 0.96 1.59 180.9 52.3 53.9

4

Ak 4 2.23 0.88 16.8 1.1 12.7
4
4

BRI AL, RIZANSRRENEHRE T 1.36 2,06 426 22.9 74.1
FA7ESS.0~115.5 m’ /g, FHEH 95.96 m*/go B RUBREL .34 152 451 19.8 583
WK, AR (AEED DN EB) HEr ERL R RS R LR
BILRERERYIGX LEREREE D WTMAES B3 A REHNRETEE KM% HAK
MAERE MREOHET Y (NRBR) Ex BEFTFES .

100 3007 50 100
80 250~ 40 snl
£ P £ 200f s o 6
z 0 = 150 g2 z ]
= 40 =100 =20 = 40
20 50t 10 20
0 0 . . i i 0
0100 200 300 400 500 0100 200 300 400 500 0 100 200 300 400 500 0100 200 300 400 500
445K )1 p/kPa 441 )1 p/kPa [B1451% 1 p/kPa 451 ) pikpa
a b c d

a—Wilt, c=57. 1 kPa, =2.0° b—F %K, c=12.9 kPa, ¢ =27.4°;
c—BMHNR, ¢ =5.5 kPa, =3.4° d—FYIHRM L, c=8.1 kPa, ¢ =7.8°
B3 i A bR N S I 3 i 2

Fig.3  Quick shear strength test curve of the samples
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Table 5 Shear strength of soil samples and
their strength index
W o o S B3 58 IS T PreTerey
AL %1%;)1“&2?01—%;"‘3?0@? 74/0:)% c/ffl:’ ﬁ:;r(")
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Ak 64.5 116.9 167.8 220.1 12.9 27.4
& WiiTe 1.4 172 23.0 29.1 5.5 3.4
RYGSRR L 218 355 49.2 62.9 8.1 7.8
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A2, MAENABERAEIE 28°, FEAEE
13 kPa.

DRFEBMRMERARLMS, BFER
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$/hTF 10 kPa, 43515 5.5 kPa 71 8. 8 kPa, FEIE
BF 100, 5514 3.4°717.8°
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i EIRNEESNESAT LOMREH HREM LTSS LG W3 LR (kL
BR) AL R BN . 4 ESEM [ 5 L3I 347 5 A0 E S LA A A Bk K, ) K & U - i 4R, 48
S BE, ndkfE, K Bk W R N ke, ke P ke R R, B AR, PR )t SR AL R K H 5 b
SR T RS A R B RN, R K B BGA - bk - EE R, SRR S, R, B R
SRR T KR K, B R R, FLBR R e IR TR IR LIRS I, S A (p <
100 kPa) , il SHALBRME P MEH S X H A HMBME TR, ZE8FRE.

Xurial: S LAY SEE W NS SR BES SHSHR

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 consclidation 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 into small particles, particle
mean dizmeter 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
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RIABHAITIHNEIENENSSHN R
Z. MEHESHLER RENSK LM FHHE
BEMAR, HETRAMA L.

F1 tHIENBNFSHRIHME
Table 1 The main physical and mechanical parameters

and the average particle size of the soil materials

T ] ®r AR ZER
4 WS BR/ ) ’
FEET mEME THE  FHE
BER % %
2E % Fipm %/pm
®a 4. 78 11.6 6.2 5.4 10. 24 2.70
Em’éi 2.76 61.4 351 26.3 6.12 2.32

IR EANE MATREENTHNEREFETHRES
SRV ORER Y A0 ME RERTF 1R, B AT 005 MBI
MEEDREFSTRRPHNEERHTHE.

AMET MRS MBE T EMNEH O
i, RAEE MRS BRI T 4 B, KRS
EEMIERRNER 2 FixR.
F2 WHEASRMELR
Table 2 Sample composition and physical properties
MET M@pE

HS A L B k=
pd/(g'cm )]

£ wi%

Y1 100% #& 2.83 0.69 10

Y2 100% &k + 110 1.51 50

Y3 50% K7 +50% Sl + 1.81 1.08 27.5

Y4 33.3%RKFE +66.7% S+ 1. 64 1.09 33.3

1.2 EMELERE
MEEMBLEL R THRERESHELFEA
REABHTIRERNERERMOA B, B 181 H
BB ARE e W Hp TR (e-p MR,
16
14
12 =

T 10 3

71
08
. i
% 200 00 600 800
pkPa

1—Y1: 2—Y2: 3—Y3: 4—Y4
1 ATtik#EMe-p fiék
Fig.1  The e-p curve of the artificial soil sample

HElTH Kad# (1T H) EERE
R, FALRLEREER N, RAEEWHENBE B
TER#H(FITV R EERER X, AENFNH
(p=<200kPa i) ERERTME, MEFH (p>
200 kPafY) ERBE. XRSEENMBABILE
XERMMIEH LT D EHOUNENERET T

ALLBEEWNRFHNLEHREHRT—F B

BRTRERHE, EABE AT AT Bl zME,
AT EER. B THRAZREFH S, BE
T ESHMERNENRE.
1.3 ESEM # @5 &
BELERINSHHHE N #5305 & ESEM
& YT, BN Quanta 200 EBRABR FEHERD
BAch, ZELHSEHTANNE, EH AR
ES5C,[Ef650Pa. WEAHERHITHIAANL
HE ESEM B A, @ 2 Bix.

2 TRELEE RS
2.1 WREHRETRBIESF

TR TS S T, BB AL B T (R Al LR
RN R ZARTRETEHALEEXER, o
FHEBTEHAABPHHE(5H) AE(HH).B
KuSER ERAFRHE.

BAE2AM,p=0kPafit, EF LT WABSH
THHEABREHNARESLEEMEER. KAR#E
(YO FHEX, EESM. AEAXENE-TF R
EE AERE RENRBER FAMMAZE, 7
ROMERNBHT SR TR (2) BHEN T
HEER FRESTHMEBEHAEARE, TIEAR
R HEED -B R -AFREE ARSG S
BRE RS (Y3.Y4) d R A KEF TS
IS TR ER, EARS KA T AL T
EEM AAGEERNERS FRSHAEE &
MPRNE TG BESKR T SEMIEN, HER
SHE, B HEE.

REEMHAEMN, KA RS (Y1) B HENE
NEZ, HEME -EEMLIE, HERGEERE
TERE, ki TR ME, AREESH T
Erimltd# () HEREA THEMNEAER
S, FAHFFABHD -0, 0 -BEZEDHE -T
EEET, ABERAEABROAEETEN
FRFARES.

AR RS (Y3.Y4) b, KATR SH
WHRPAHSE TFRAEE, Y3 S, KEFEE
WEREER —LRAFHZQBEM, EHEE
BT, tERRENZE Rz, o TR ALEEE
EHEE (V) KEFREEREEE, AFHK
AERS PR (8RR E AL, TS AEN, B
HEAENRAE, 477553 800 kPa AT HA #L H
BREEZESH.

ESEM BH 418, S EENE TR0
FEHHMEI Fx. BERHEM, KAH# (Y1)
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a— Y1,0 kPa; b—Y1,800 kPa; c—Y2,0 kPa;d—Y2,800 kPa; ¢—Y3,0 kPa; {—Y3,800 kPa; g—Y4,0 kPa; h—Y4,800 kPa
B2 AILif# ESEM B A (x2 000)
Fig.2 ESEM photos of the artificial soil samples ( x2 000)

BB R RMREA B L, MR GIE L, AR E
FEBT, KBRS NAAER, S0 T
(Y2) B IFREERD, AT 20 um HBHE
WHRHE L, R RO R EH 20 @M

£3 ERHEREFRENTHRESS
Table 3 Size distribution of particles at different pressures
EA/ BHASEHER/%
s
kPa <lpm  1~5pm 5~20 um  >20 pm
0 2545, 61.4 13.1 0
Y1 200 32.8 59.6 746 0
400 33.4 60.7 59 0
800 35.2 61.9 2.9 0
0 15.2 78.8 6.0 0
Y2 200 9.3 78.7 11.6 0.4
400 7.8 76. 4 15.1 0.7
800 5 73.6 18.1 0.8
0 26.8 67.1 6.1 0.0
Y3 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
va 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

iR EEAE(Y3) o, WA B ERL, B HEm
FERNERS, P EREMAENHERXNE
FERAEBHMEHNIENEREREX SKEM
HEBREN, AWHEBTEFRSEE XM H
ek rttAsmEE(Y4) aFektEes
HHERNAHNER LN MERDNEX, B

\
/|
-
N
=

ANEREUR D, K B A (B ) B L, XH R E BA R
FIENSEZE.

ERENEYHNE I TR THERER B
BHNTULESNNMEI B4 Fx. AE3 M &
THMEBRAMORME (V2. V4), FHREHHED
hREX, XRMAFH LT DB TRRMOENE, &
THHNESEZAEIMES AE4I N, SFHELTY
BBl S (Y2.Y4), B RS BB E
e MRS, PN ERSREARE, Bk
THEPZESHREXR, HBEHF IV HALIELR
FEENESIBD, ERAMENIEEL. BTFH
FELLE A (Y3.Y4) o LEBIFE T A, MERER
ENZkERBE HIEER.

2.2 W M EEW R HEF ST

WMEROHTIFTE B R ENE TR 7
FRASEOOHETI IR, EMAERWENTE LB

dfpm

400 800

p/kPa

0 200 600
1—Y1: 2—Y2:2—Y3; 3—Y4
P FHHESEERE AR (4-p Bk
Fig.3 The d - p curves of samples
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.5
o 190
0.54 1.85
= 053 = 1.80 "
052 175
951 4 1.70
0.50 ’) i
0.49 f 4 ]
0 200 400 600 800 1.60 . ,
p/kPa 0 200 400 600 800
p/kPa
1—Y1: 2—Y2: 3—Y3: 4—Y4 e a
4 PHIHEARESELZWHEXR (R-p #ig)
Fig.4 The R —p curves of samples 1.95 1
TEXRNY . RSB HEH D, T BB EM ST I—
H, PS5 7 R0 B S M B S AT BT R 35 =
2.2.1 HEHERD, )
EREXBTD ! HHH%ER D, T ERM 1805555400 60 80
STHS LB 4 HOR, D, MK AR BT B FLR A s

5 34m

SEL R RRAEREERES.

HES TN, FHASHSHEREABROSH
NERBHENRTEENE XERTABRER
HEMpEE D, ANEEXABSBERNARS
PABREFRAABROIASE, BSHEHSHHERD
hEEHNES, CEASN THREY. ENEM
HA(P<200 kPa BY) , RA R BT H 4 F 44 8
TEH K, & 7 £ 1% B 400 kPa BY, £ A E# (Y1) B
FENBLPHHEER S HOERBURR, H
HEFRSHRELBTRE.

2.2.2 EEHESH,

TEHERHE Y T e A A NS
FiRE B MAFABRSAROEFEELEZE,
Rz,

6 hEBMERH MBRENZHLE. B
FEARBEE DT P8 F ST, AR
NEBER L BES, RNHEANEFE ME
AR ARONEOMER H R, RERT
B EHEREAGE B BEREREF.

PEERHAEN, SELEMTREARNE
EEEBHBHENTHEEYE, RPEEFHIEE,
EBEARNNEER. KARBE (YL BFEWE
FABHWNEERN, RS E LB, E5
R E S KRN, BRI EANTFRES
BriEgs (V) ZREERR FREaMSEE
EZ(P<100 kPa BY), BIAF LT D HFRFEHER
BEZEEES, SWHBT 100 kPa 7, THE
EER SIS A m ME L i (Y3.Y4) Z a2
(b A RUB AR, B T8 P A o EL B R A, BB X
AR —EMEBER B THALEWA

AT +EEIRPMALEHAEFAR

BB

\|
/|
-
N
=

a— it b—FL 0%
1—Y1: 2—Y2: 3—Y3; 4—Y4
BS5 ATLHH AL D, -p XF
Fig. 5 The D, - p curves of artificial soil particles and pores
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6 AT ABBA, -p XFR

Fig.6 H, -p curves of artificial soil particles and pores
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8], T H0 515 K BRI P SR /N Bk e £k 4
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DEEENESRALEBRASIBRNER
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AIXHELLEXFE, BiE ot ELRN BE
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WEEBIER, BB T RNEH N BB EXZ T
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MEMUELRE.
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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

% 43|

properties for the spray formed 6061 aluminum alloy.

Key words: spray forming; 6061 aluminum alloy; microstructure; mechanical property
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MICROSTRUCTURE AND PROPERTIES OF SPS HIGH-ALLOY TOOL STEEL

LIU Qiwlin, WANG Yan-qun
{Guangzhou City Construction College Department ol 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 HGSF01 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 ym) 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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Collapsed sliding failure mechanism of slope excavation in joint loess

Fh, #d KX 430074)

LIAN Baogin', WANG Xingang”
(1. Department of Building Engineering, G hou City Construction College, Guangzhou 510925, China;
2. Department of Engineering, China University of Geosciences, Wuhan 430074, China)

Abstract: Transport channels of groundwater or surface water in loess area are controlled by loess joint, loess joint
development leads to the loess joint expansion and becomes local large tensile cracks, collapse sliding disasters
have occurred frequently under the action of tension in the loess plateau. Through the field investigation and
analysis, the collapse loess slope sliding failure can be divided into four stages: slope erosion peeling off stage, the
top tensile splitting stage, vertical crack expansion stage and slope overall collapse sliding failure stage. The col-
lapse sliding failure situation was simulated and ion analyzed by using the geotechnical engineering software
FLAC® through 3d numerical analysis model in combination with practical engineering cases in three rainfall
conditions {40 mm/day, 80 mm/day, 100 mm/day) after two raining days, providing an effective analysis paradigm
for analysis and control of collapse sliding deformation and failure under the same engineering geological condi-
tions in excavation of loess slope.

Key words: loess joint; collapsed sliding failure; collapse and sliding stage; numerical analysis
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Table 2 Parameters for contact surface calculation

®1 #AHESY
Table 1 Parameters for model calculation
£tk EBE/  EE RE By L3 ]
GHERH (g em™) H/kPa f@/(° £/MPa & /MPa
ZEE  1.86 5 4 1.79 8.3
BREL 197 18 35 6.67 2.00
wARt 193 42 14 1.75 2.33
®E 2.67 2000 48 9.02x10°  1.31x10*
dR 2.50 1.17x10*  1.56 x10*
i 2.50 1.00x10*  3.00 x10*
Wx 7.8 8.33x10*  1.11x10°
% 2.50 1250 47 2.98x10°  1.53x10°
iR 2.50 1800 48 4.46x10°  2.29x10°
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Monitoring and Numerical Analysis on the Foundation Pit Excavation

for Mingdu Station of Wuhan Subway

LIAN Bao-gin', HU Bin®, WANG Xin-gang’, LIU Fei’, YU Hong-ming’
(1. Department of Building Engineering, Guangzhou City Construction College, Guangdong 510925 ;

2. Faculty of Engineering, China University of Geosciences, Wuhan 430074, China)

Abstract :FLAC™ was employed to establish the numerical model of the foundation pit of Mingdu station of Wuhan

subway line 2. By comparing the numerical analysis with field monitoring data, we analyzed the regularity of de-
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formation caused by excavation. Results show that numerical analysis is consistent with field monitoring results.
High-rise building Baolihuadu in the north of the foundation pit suffers small settlement owing to its pile foundation,
and the settlement curve of the side-pit’ s ground surface displays a triangle shape; while Tibetan school in the
south undergoes large settlement because of its strip shallow foundation, with stepped settlement curve of the side-
pit’s ground surface. The numerical simulation analysis could well reflect the deformation regularity, and could
provide effective and reasonable basis for the informatized construction and the modification of foundation pit support
scheme.

Key words Fast Lagrangian Analysis of Continua in 3-dimensions (FLAC™) ; subway foundation pit; deformation

regularity; numerical simulation analysis
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Research Progress on Several Issues of Estuarine Water Resource

XIA Huan, CHANG Fu—=xuan
(Water Resources Department, Yangtze River Scientific Research Institute, Wuhan 430010, China)

Abstract: At present, researches on estuarine water resources are focused on seawater intrusion, water quality and
ecological environment. In this paper, the characteristics of estuarine water resources are summarized, and the re—
cent research progresses on estuarine water resources are presented from the following four aspects: seawater intru—
sion, adverse impact of human activities, evaluation of estuarine river health, and estuary management. As the e-
conomy grows, increasing attention will be paid to estuarine river health. Researches on the characteristics of estu—
arine water resources and the estuarine region” s socioeconomic demand should be strengthened to support the socio—

economic development and eco-environmental protection.

Key words !estuary; water resources; impact of human activity

(H§E3$33 W)

Jinsha River, we selected slope angle, formation lithology, geological structure, bank slope structure and other 6
factors to assess the bank slope landslide hazard. Fuzzy comprehensive evaluation (FCE) model and medified ana—
lytic hierarchy process (AHP) are employed for the hazard assessment. Results revealed that the Wudongde reser—
voir area can be divided into high risk area, medium risk area, low risk area, and extremely low risk area, respec—
tively accounting for 6.64% , 5.77%, 60.20%, and 27.39% of the whole area. The result provides support for
the prevention, reduction, and governance of bank slope landslides.

Key words:modified AHP; FCE; risk assessment
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The Study of Management of Design Changes and Engineering Visa in YJ Projects

B4 ZHANG Zhao-hua;3 H ZHANG Yuan
EFRBIAFIASTEFR, [ 510640
chool of Civil Engineering and Transport, South China University of Technology, Guangzhou 510640, Ching

WE. AmeTES
BIEEENERE.

FATT I RERAZERTRSEEETFENESE, EREM R T SRRt BRENTRE

Abstract: In this paper, the author puts forward the problems in the management of design changes and engineering visa in YJ projects.

On this basis, some measures are proposed to strengther: the management of design changes and engineering visa.

KR YIRE: Ot RERTREEEE: B

Key words: YJ projects; the management of design changes and engineering visa; measures
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Project Construction Quality Control Research

B # QU Song; £ % WANG Dong
@EFELAFRAF, L= 100010
(Minmetals Real Estate Co.,Ltd., Beijing 100010, China
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Abstract: The focuses of this paper are quality problems that often appear in the construction and measures. Construction project

quality control is a system control process including process quality, the quality of the sub—project, quality of the segment project, the unit

project quality, also is a whole—process systems engineering from quality control of raw materials to the overall project quality inspection.

X, TRREBT . REEE i ShinkE

Key words: construction of the project; quality control; analysis and preventive measures
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The Study of Project Cost Control Strategy during the Construction Phase of the Project
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Abstract: First, this paper elaborated the basic theory of the project and cost management process.Then it instanced YN projects as an

example to analyze the problems in the construction phase of the project cost control. Finally, it proposed the strategy of construction phase

of the project cost control.
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Problems in China’s Rural Highway Maintenance and Countermeasures
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Abstract: As an important infrastructure, rural highway plays an important role in the new rural construction. But after highways are

built, legal probl in ance and

t process became the focus of society. This paper introduced the current situation of

rural highway maintenance, from a perspective of legal system, further analyzed the importance of the highway maintenance, and then put

forward the counter to hen rural high

XU FORAT R RAT A8 3R

y maintenance.

Key words: new rural construction; rural highway; maintenance; countermeasures
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