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ABSTRACT

The routing of integrated circuits is an important procedure of the physical design after the layout. For this reason,
an improved Field Programmable Gate Array (FPGA) routing approach is proposed based on the ant colony
optimization. Experimental results suggest that the proposed approach is feasible and correct.
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INTRODUCTION

Much compound roof is composed of multi-thinnerkrstratum which is filled with beddings, joints dtared, and
this structure of weak coal seam roof in coal-begpstrata is widely distributed [1-2].The compoundf strata has
low intensity, poor self-stability, joints fractuteand it contains much montmorillonite, kaolin aiter ingredients,
leading to water swelling, easily producing plasteformation, and the physical and mechanical pt@zeof the
rock stratum are significantly different betweeg thterlayer , moreover, the contact of the rodkriayer does not
close , so the friction of them is small, leadingptoduce separation easily. In a word, the supgfoatlarge section
roadway with complex roof is very difficult [3-4PAbout more than one-third surrounding rock of cazdway
belongs to the weak compound roof in China, compb®{ support is the key problem we facing whereaging
our coal mining to deep and stopping.

Zhang Lei etc[5] by using "high prestressed anataisle + cable truss body" jointly controlled thempmund
mudstone roof to protect the stability of the reofport, and Fan Jian [6] used numerical simulatiod field
experiments to find that high strength prestresmechor pole cable support systems can effectivefyrol the
complex roof roadway deformation and destructiohigh stress deep mine, Yue Zhongwen, etc[7] adegri the
deformation and failure characteristics of the ctempoof of large section roadways conducted simslenulation
experiments and found that compound roof’s top battom angle prone to shear failure, causing tlef to
increase the actual span, Bo Jianbiao [8] analyzedilamage characteristics of compound roof ineexéty soft
rock roadway, and proposed the use of grouting lawiting to control compound roof in extremely sofick
roadway, Gao Feng[9] pointed out that the deforomagéind failure of compound roofs is mainly assedatith lack
of bolt (Cable) initial preload, leading to the ezsive amount of separation and deformation o€timepound roof,
He Bingyin[10] analyzed the compound roof anchaogalting conditions and reasons, Zou Hu[11l] analythed
influence of the compound roof span to the surrcumndock stability of coal roadways and proposeghkstrength,
high preload, high stability support ways, Li Weiteetc[12] made theoretical and numerical analg$igour
different arrangements of the pressure releasibtedaox girder, Zhang Yongging, etc[13] studied tisdormation
and failure characteristics of compound roof, amalyred the supporting effect of the truss ancliraleg

Many scholars have done a lot of researches ablmuapeund roof deformation mechanism and its suppgrti

391



Zhao Mingzhou et al J. Chem. Pharm. Res,, 2014, 6(10):391-398

technology, and also achieve fruitful results, st studies are directed at relatively small sestiof roadways,
and lack of large roadway section research, edpetti@ research of large roadway section deforomatind failure
characteristics under the anchor beam supportiaking the compound roof of the 11604 cut-hole lasgetion
roadway, a coal mine roadway in Guizhou, as th&dracnd, we analyse the support mechanism of ariobam
that supporting large section roadway, and appyatichor beam support way in 11604 roadway. Tkisareh has
important theoretical and engineering significance.

THE ANALYSISOF ANCHOR BEAM MECHANISM IN LARGE SECTION WITH COMPOUND ROOF
Anchor cable beam consists of high prestress aaldehigh stiffness joists, which are squeezed hegeb form a
high strength and stiffness combined rock beam tBstpess, so as to effectively control the roadwagk
deformation and failure, its supporting schemaiggchm shown in Figure 1 .

Fig.1 Large section compound roof anchor beam supporting Schematic

(1) Joist squeeze in the upper strata under thenacf anchor cable’s prestress, which change dbé strata from
the unconformity contact rock strata under the weaional and bidirectional stress condition iateombination of
three-dimensional stress state of the beam, whédehorizontal joists anchor squeeze rock beamsiiizdntal and
vertical direction, to increase strength and sti$f of rock beams.

(2) The joists in anchor beam supporting structime greatly increase the surface area of the stipgatructure,
squeeze the compound roof strata under the acfibigb prestress, eliminate the gap between thpau@nd the
surrounding rock, so that the supporting structcae evenly bear deformation pressure of surroundaul,

preventing the support’s bearing capacity greatiucing caused by uneven concentrated loads aedteicdoads,
while the anchor can effectively spread in the roof

(3) Rectangular roadway, especially in the larggise roadway with compound roof, prone to sheduorfa, whose
shoulder angle is the shear stress concentratiea, and the effect of shoulder angle surroundirak rafter
destruction supporting roof weakens, causing tlé aotual span increases, so that the rectancguaaiway prone to
cut the top and fall accident. The prestresse gl Joist anchor that is through the shear st@ssentration area,
can offset some shear stress of the surroundirg amel the anchor has a strong shear resistandeaanrock form
anti- shear structure with beam, shoulder angld@ntogether, which can effectively control sheditufe of the
shoulder angle.

THE DESIGN AND ANALYSIS OF COMPOUND ROOF SUPPORT PROGRAM IN LARGE SECTION
ROADWAY

1 Project Overview

The 11604 working face 16 # coal mining of a coalerin Guizhou, is relatively stable, and its ineliion is 10 ° ~
17 °, an average of 12 °, and its direct top is poumd roof which consist of six layers of shale aodl seam
interaction occurrence, with an average thicknésa.2m; and the roof above the direct top about 8m-thick is
mudstone or shale sandstone, and thin-bedded, emgtansive; the layer above the shale layer, tickribss of 7 ~
8m, is the aqueous K8 sandstone. The floor is fireysandstone, horizontal bedding, clip black nos bands,
the average thickness is 2.0m. The Cut Coal Lan&l#04 working face is a large section compound,roo
measuring 7.0m x 3.2m (width x height). 11604 roaglnitial design uses anchor net support, aftggidg tunnel
the roof continues deformation, and appears ldarde Block caving phenomenon, and the deformatietwben two
and kick drum is obvious, and there has been gdatteoanchor bolt pulled off. After the renovatidhe support
program is still not effectively control the roadwsurrounding rock deformation. It causes a serioysact to mine
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safety in production.

2 Design of support program

The section shape of 11604 cut-hole compound roaflway is rectangular, its dimensions are: lengthidth =
7.0m x 3.2m, twice forming. The first excavatiorcten size is 3.5m x 3.2m (width x height); and #exond
tunneling section size is 3.5m x 3.2m (width x h&igUsing anchor beams to support, the parametersas

follows:
FE?OO 800_,_800 | 800 | F_QJSUQ 800 | 800 | 800 ’ljﬂ

Fig.2 Anchor beam support program

In the roadway roof we arrange ®@0mm x 2500mm L no longitudinal reinforcement higtength steel bolt, the
inter-row space is 800mm x 800mm. The roof boltadise of first tunneling section and the secondi@eds
300mm, and every bolt anchor length is 1600mmtjgtstening torque is not less than 140N « m. Thglawof the
roof corner bolt and the plumb line is 20 °, thetref the roof bolt arranged vertically. Roof anclsmpport
alternately arranged anchor joists and anchor menotine row spacing of anchor is 1.6m. When hitangw of
anchor joists, we hit a row of anchor monomer;dpace of adjacent raw is 1.6m, the anchor in tisé dixcavation
roadway and the joist anchor in the second exaavatbadway display in the same cross-section. Ancho
specifications i$15.24mm x 10400mm, and the anchoring length is 8800and the preload force is not less than
120kN. The distance of the anchor monomer to ciol@ s 1.8m, and the anchor beam bottom span s, 20e
distance of the anchor joists to coal side is 1ihmangle between the anchor joists and the a¢fire is 20 °, and
the angle between the anchor joists close to thdway middle and the plumb line is 5 °, the joisséng 12 #
channel steel, the length is 2.0m.

Using 920mm x 2500mm high strength steel bolt without fardjnal reinforcement support the roadway two
left-handed, anchoring length is 1.2m, tightenioggtie is not less than 100N  m, the row space destweach
anchor raw is 800mm x 800mm, and the distance efuibper side anchor to the roof is 400mm, and tiggea
between the upper side anchor and the horizontttitn is 10 °, the remaining three bolt arrange a horizontal
layout. The lower side anchor to the bottom is 480rthe steel pallet specifications is 180mm x 180m8mm
(length x width x thickness), and using diamondewitesh support surrounding rock, the metal mestifggions

is: length x width = 11m x 0.85m. Steel ladder bg@welded byl4mm steel bars, width 80mm and length 3.0m.

3 Numerical analysis of the support program

To analyze the supporting effect of anchor beanpsrimg to the large section compound roof, we ldsth the
numerical model of the anchor beams support andtigaal anchor net support, the model is showeHigure 3,

the size of the numerical calculation model is 9080m, and the rock constitutive relations uses MaBoulomb
model; the model upper boundary conditions is tlness boundary conditions, the stress is uniforedloq =
5.886MPa, and the lower boundary, the L-boundarg &boundary conditions are displacement boundary
conditions. The rock physical and mechanical patarseof the model are displayed in the followingl¢a In this
numerical calculation model, the bolt length isr2,%and the anchor length is 10.4m, Table 1-2 shbegphysical
and mechanical parameters of every rock stratunbatidanchor mechanical parameters.
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Fig.3 Rock stratum distribution in the model

Table.1 Coal and rock mechanical parameters

Lithology Density Shear modulus Bulk modulus Bond force Internal friction angle Tensile strength
g/cm3 /GPa /GPa /MPa 1(°) /MPa
Medium sandstone 2.63 12.5 16.5 14.15 31 9.1
Fine sandstone 2.60 111 14.7 8.58 30 3.53
Shaly sand 2.57 20.3 27.1 4.52 29 2.24
Mudstone 2.50 10.2 17.0 2.34 29 1.05
Coal 1.40 7.5 16.3 2.52 28 0.81

Table.2 Anchor and bolt mechanical parameters

Mechanical parameters Bolt Anchor
Elastic modulus 98.6GPa  150GPa
Tensile strength 600MPa  900MPa
Compressive strength 600MPa  900MPa
Resin stiffness 19MPa 19MPa
Resin cohesion 35MPa 35MPa

As shows in the roadway displacement vector figuod the former anchor net support and the anchanbsupport,
the roof support is the difficult and key problemthe large section compound roof. The fastestwagdsurface
deformation rate often appears in the middle ofrtdsdway roof, and the roadway surface deformatie under
the anchor beam support is 35.1 percent of thenaliganchor net support, and the maximum deformatid
roadway roof under the former and the latter supEo432mm and 142mm, obviously after the roof sldisce
decreases 67.1% after using the anchor beam syugmattthe roadway roof sink is controlled effedjvéJsing
anchor joists reinforce the surrounding rock atrbwdway shoulder, the failure caused by excessdfermation
get better control, and two coal sides deformaisaaiso significantly reduced, floor heave alsordased, as shown

in Figure 5. The roadway surface deformation igigicantly lower under the anchor beam support tthenoriginal
anchor net support.
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Fig.4 Vector displacement of the roadway
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(b) Anchor beam support

Fig.6 Roadway plastic zone distribution

11604 cutting whole compound roof is composed fsiidstone and coal seam which is interactive oecge, its

strength is low, its span is large, and its ovestdbility is poor, and under the original anchet support the
roadway severely damages, as shown in Figure 6T{@.numerical simulation results show that theatgst

damage depth of the roof rock is 8.4m. After ugimganchor beam support, the joists of the anchambincreases
the surface area of the support structure, so the Bghtening Force of the preload anchor inrtef get effective

diffusion, effectively reducing the roadway roofckotensile stress, and reducing the roadway raatsstdamage
extent, while the roadway compound roof in the aniciy range squeezed into a large rock beam whagle targe

strength and stiffness, thus effectively contrglithe roof deformation failure, as shown in 6 (bhe numerical

simulation results show that under the anchor bsapport the roof destruction depth reduced to 3.2snjoists

anchor pass through the roadway shoulder whichéarsstress concentration area, the prestressiog foe joists
anchor produces can offset some of the rock shezsss meanwhile the anchor has a strong sheatamese, so it
can effectively control the shoulder shear failleading to reduce the plastic zone of the roadwaysides.

SITE MONITORING

In order to observe the supporting effect of thehan beams in cut roadway with the large sectioadway

compound roof, Surface displacement monitoringiseds set using cross distribution point methaas (shown in
Figure 7 ) and three stations are set in cut rogdmith the large section roadway compound roof,upper station
is 35m away from the track crossheading, whileltiveer is 35m away from the transportation crossheadhe

central station is located in the middle positidthe cut roadway, the monitoring of changes inrtieedway surface
displacement as shown in Figure 8.

400mm

B

Fig.7 Roadway surface displacement monitoring sections arranged
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Fig. 8 Sation roadway surface displacement

The change curve of the amount of roadway roofidebse and side wall is divided into two stagefdore. Roof
moves down on average at the rate of 7 ~ 8 mmitdrinitial roadway excavation and the roof gode i stable
deformation stage after 20 days, roof subsiden@edpgradually reduces to 0.5mm/d, at this time ribef

subsidence is 171mm; while two sides of roadwayawerage, move at a speed of 15 mm/d early inxtbavation,
the deformation is gradually into the stable perddir 12 days, and the speed of two walls closeeduced to
0.5mm/d, at this time the amount of two walls ctdsel48mm. Roadway surrounding rock control effedietter.

CONCLUSION

1) The view of controlling compound roof of roadwadgformation is put forward by using anchor beappsuting
technology from the perspective of improving stitbtngnd stiffness of surrounding rock, and from pess
diffusion, the formation of high strength and higfffness YanLiang, shoulder Angle shear struchomt of view,

the mechanism of controlling compound roof roadwdsformation and failure is analyzed by anchor beam
supporting.
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2) The support scheme is designed under the conditf the anchor cable beam supporting combinéud 14604
engineering geological conditions of the large isectut roadway with compound roof, and the chamastics of
roadway deformation and failure are analyzed cetitrg the anchor cable beam supporting with thgimai anchor
wire rope supporting, using the method of numerstalulation. The results show that, roadway rodfssdence is
reduced by 67.13% and the amount of two walls melareeduced by 58.72% under the condition of thehar
cable beam supporting.

3) Anchorage beam support technology is succegstytiplied in 11604the large section cut roadwayhwit
compound roof. The two sides and floor tends tethble after roadway digging around ten days, whieroof is
stable after 20 days later. The roadway roof s@pgid is 171 mm, the amount of two walls neared&rhm.
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