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Abstract

Essence polymer mixes combining low viscosity, high strength mixes with largely ductile and tough essence
have gained traction over the last many decades as featherlight and high- performance accoutrements for artificial
operations. Still, the mechanical parcels are limited by the interfacial cling strength between essence and polymers
achieved through bonds, welding, and face treatment processes. In this paper, a new manufacturing process
combining cumulative manufacturing and contraction molding to gain cold-blooded essence polymer mixes with
enhanced mechanical parcels is presented. Cumulative manufacturing enabled deposit of polymeric material with
filaments in a destined pattern to form acclimatized charge or preform for contraction molding [1]. A grade 300
maraging sword triangular chassis is first fabricated using AddUp FormUp350 ray greasepaint bed system and
contraction overmolded with additively manufactured long carbon fiber- corroborated polyamide-,6 (40 wt. CF/ PA66)
preform. The fabricated mongrel essence polymer mixes showed high stiffness and tensile strength. The stiffness
and failure characteristics determined from the uniaxial tensile tests were identified to a finite element model within
20 divagation. Fractographic analyses was performed using microscopy to probe failure mechanisms of the cold-

blooded structures.
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Introduction

In recent times, several essence polymer mongrel mixes have been
developed in the pursuit of feather light accoutrements with superior
mechanical parcels similar as high modulus/ strength and energy
immersion for operations in the automotive hoods and cushion shafts,
aircraft machines, and dental implants. Combining low viscosity, high
strength mixes with largely ductile and tough essence offers great
design inflexibility and enhanced mechanical parcels for cold-blooded
structures which aren't doable by individual ingredients [2]. Still,
fabricating cold-blooded structures with tunable mechanical parcels
using traditional manufacturing processes is challenging due to limited
design freedom, lack of control over fiber exposure in compound
corridor, and poor interfacial cling between different constituent
accoutrements. Cumulative manufacturing (AM) has multiple
advantages over the traditional manufacturing processes similar as:
(a) freedom of design thereby enabling complex structural shapes,
(b) mass customization and waste minimization, (c) control over the
fiber alignment through deposit in a destined pattern, and (d) new
avenues for combining distinct accoutrements together. The focus of
this paper is to develop a new cumulative manufacturing - contraction
molding process through which essence polymer mixes with tailorable
mechanical parcels can be attained. The strong mechanical interlocking
attained by contraction overmolding acclimatized preforms on essence
chassis overcomes the unseasonable interfacial failure. Essence polymer
mixes offer advantages over monolithic accoutrements which are
generally manufactured using tenacious cling and welding processes.
In essence polymer mixes, the interface between essence and polymer
compound generally determines the mechanical parcels of the cold-
blooded structure [3]. Accordingly, several manufacturing and face
treatment approaches have been proposed to fabricate essence polymer
mixes with bettered interfacial cling strength. For exemplifications, an
epoxy resin resin was employed as a relating agent for sword- polymer
sandwich structures that were produced through roll cling technology.
Alternately, essence and polymer layers were clicked by resistive

spot- welding line mesh to sword wastes before vacuum hot pressing
to produce sandwich panels. face treatment ways include chemical
drawing processing, air tube treating to delay delamination, fortitude-
firing, exercising bruise to enhance face roughness, and ray- grounded
face treating. An Adjoining manufacturing approach was proposed for
layered mongrel mixes with bettered interfacing cling, which entails
beach firing and polymer coating of essence face followed by deposit of
corroborated or unreinforced polymer layers [4]. Different mechanical
interlocking structures were also explored to ameliorate the interfacial
cling strength between essence and polymer compound fabricated via
ray greasepaint bed emulsion and fused hair fabrication processes,
independently. To achieve high tensile strength, colorful chassis
structures were introduced at the interface by picky ray melting of the
chassis structures on essence substrates followed by injection molding
of a resin to insinuate the pores. The below approaches generally
concentrated on perfecting the interfacial cling strength through face
treatments or mechanical interlocking at the interface [5]. The lack of
control over the fiber alignment and limited design freedom makes
it grueling to achieve tunable mechanical parcels. In addition, the
being essence polymer mongrel structures are substantially grounded
on joining at the interfaces rather than intertwining the essence and
polymer to produce a new set of cold-blooded structures with strong
mechanical interlocking. A new cumulative manufacturing contraction
molding (AM- CM) process exploiting design freedom and deposit
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control offered by the AM process to gain acclimatized preforms
and contraction overmolding them onto metallic chassis to produce
mechanically interlocked cold-blooded structures at scale without the
need of bonds or precious face treatments is developed in this study [6].

Materials and Methods

Manufacturing process

In this study, maraging sword and carbon fiber corroborated
polyamide-,6 (40 wt. CF/ PA66) were used to demonstrate the new
manufacturing process. First, triangular chassis structures with a
side length of11.5 mm, strut consistence of0.5 mm, and an eschewal
of aeroplane consistence of 4 mm and 13 mm were fabricated using
a ray greasepaint bed emulsion (LPBF) fashion [7]. A stretching
dominated triangular chassis was chosen due to its high modulus.
AddUp FormUp350 ray greasepaint bed system with a figure volume
of 350 x 350 x 350 mm was equipped with a 500 W nonstop ray and
essence comber recoating medium to fabricate grade 300 maraging
sword structures as shown. The effect of process parameters on blights
similar as pores and geometric defects and mechanical parcels of
maraging sword 300 corridor were delved preliminarily and optimal
parameters are chosen. The process setting used in the LPBF process
are a ray power of 130 W, ray speed of 1500 mm/ s, 45 pum subcaste
consistence, and 50 pm door distance. The mechanical parcels of 40
wt. CF/ PA66 panels are largely dependent on the fiber alignment
which is determined by the deposit pattern and melt inflow parcels
of the polymer compound. In this work, an extrusion- grounded
rapid-fire deposit system known as Big Area Additive Manufacturing
(BAAM) that uses bunched feedstock for rapid-fire deposit (45 kg/
h) producing complex structures with little material waste was used
[8]. BAAM produces acclimatized preforms with high fiber alignment
along deposit direction for contraction molding rather of traditional
extrusion process which lacks control over the fiber alignment. Single-
and double- subcaste compound preforms of12.5 mm and 25 mm
thick were 3D published by depositing 40 wt. CF/ PA66 in a rectilinear
pattern using a single screw extruder mounted on the Cincinnati Inc.
BAAM fitted with al0.16 mm periphery snoot. The temperatures for
four different zones, and the tip temperature were set as 250°C, 265°C,
280°C, 280°C, and 285°C, independently. The compound preforms
were cut into square pillars to exactly fit into152.4 mm x152.4 mm
earth. The compound shrine was latterly placed in the earth on top of
the essence chassis. The earth was hotted up to 240 °C and a pressure
0f6.434 MPa was applied for 5 min while the temperature is maintained
at 240°C. latterly, the heat was turned off and the system was cooled
down at room temperature and under6.434 MPa pressure for 25 min to
gain the mongrel essence polymer compound panel [9].

Results and discussion

Blast response of essence and mixes equal consistence

This section presents the experimental and modelling results on the
blast- convinced distortion and damage to the essence and compound
plates with the same consistence (4 mm). The plates were subordinated
to shock surge (far- field) or shock surge and dynamo (near- field)
cargo conditions in the experimental explosive blasts. The explosion
caused the plates to originally redirect in the direction of the shock
surge before diverting backwards (incompletely or fully). High- speed
3D DIC imaging of the relegation and strain fields at the reverse face
to the plates revealed they originally misshaped in a hollow shape and
also veered backwards into a convex shape, as shown schematically.
An illustration of the deportations to the carbon fibre laminate plate

measured using the DIC fashion and calculated using the FE model at
different time supplements are presented. The figure shows the reverse
face relegation at the exact time the front of the shock surge reached
the plate (t = 0.7 ms), at the peak out- of- aeroplane relegation when
the plate formed a hollow shape (t = 1.4 ms), and the peak relegation
in the form of a convex plate (t = 3.2 ms). The shock surge applied
a distributed impulse cargo over the frontal face of the plate, and the
deportations were loftiest at the centre- point due to the plate being
supported along the edges. The FE model was suitable to prognosticate
the relegation field of the plate with reasonable delicacy (as described in
further detail latterly). FEA was suitable to cipher both the distribution
and magnitude of the deportations. The essence and compound plates
showed analogous out- of- aeroplane relegation biographies (i.e.
concave followed by convex) to those shown for the different blast
test conditions. exemplifications of the centre- point relegation- time
histories of the different material plates of equal consistence (4 mm)
when subordinated to far- field low impulse and near- field high impulse
blasts are presented. Both the experimental angles (solid lines) and FE
advised angles (dashed lines) are shown for the different accoutrements
[10]. As mentioned, the plates originally misshaped into a hollow
shape to a peak centre- point relegation, and this generally passed ~1.0
-1.5 ms after appearance of the shock surge front. The FE model was
suitable in utmost cases to prognosticate with reasonable delicacy the
distortion- time history of the essence and compound plates for the
different blast test conditions. The only significant distinction passed
for the compound plates following the peak relegation due to damage
caused by the blast, as described latterly. The damage sustained by the
essence and compound plates due to blast lading was different, and
the damage types are summarised. The sword plate didn't witness any
endless distortion or damage in the blast trials, indeed at the loftiest
impulse value used (472Pa.s). (A advanced blast impulse value of ~
525Pa.s was demanded to beget the onset of malleability damage to
the sword. The aluminium plate didn't sustain any damage until
the blast impulse of ~ 350Pa.s, when it passed tattling- type plastic
distortion- defined as Type I damage by Nurick etal. which increased
in inflexibility with the intensity of the blast event. Blast lading of the
mixes caused fibre- matrix debonding, matrix cracking, delamination
cracking, and (for the carbon fibre material) fibre fracture and ply
rupture exemplifications of these types of damage are shown. The
glass fibre laminate was further blast damage resistant than the carbon
fibre compound, and endured lower delamination cracking and didn't
sustain any fibre fracture or broken plies [11].

Blast response of essence and mixes near equal areal mass

This section compares the blast response of the essence and
compound plates with a near original areal mass. Under blast lading,
the plates passed an analogous mode of out- of- aeroplane distortion
as the plates with the same consistence (4 mm), as described in the
former section. That is, the plates with near equal mass originally
misshaped in the direction of the shock surge (concave distortion) to
a peak relegation before diverting back incompletely or fully towards
their original position. Still, the deportations endured by the fairly
thin sword plate were lesser than the other accoutrements. All plates
originally veered in a hollow shape at an analogous rate, still the sword
veered further than the other accoutrements and didn't witness any
backward (convex) deviation due to severe endless tattling damage. The
aluminium endured less deviation than the sword, but also endured
endless distortion. The two compound accoutrements, still, returned
to their original position and didn't sustain any endless distortion [12].
The accoutrements with near equal mass endured the same types of
blast- convinced distortion as reported for equal consistence. The thin
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sword plate endured tattling- type distortion, and the endless distortion
increased fleetly with the blast impulse. The aluminium plate (3 mm
thick) began to plastically distort at the advanced impulse than the
sword and sustained much lower endless distortion. The compound
plates (4 mm thick) sustained no endless distortion although they did
experience internal damage (e.g. cracking).

Conclusions

The use of different types of structural accoutrements in the
construction of nonmilitary vessels creates uncertainity in their relative
performance against shock swells generated by airborne or aquatic
explosions. This study has compared the explosive blast performance of
sword and aluminium amalgamation against glass fibre and carbon fibre
compound accoutrements . The blast performance of the accoutrements
was estimated using several parameters, including the maximum
centre- point relegation, the quantum of endless distortion, and the
types of damage. All these parameters are important in quantifying and
comparing the relative blast performance of accoutrements.

Acknowledgement
None
Conflict of Interest

None
References

1. Zhao ZL, Jing HW, Shi XS, Han GS (2019) Experimental and numerical study
on mechanical and fracture behavior of rock-like specimens containing pre-
existing holes flaws. Eur J Environ Civ Eng.21: 299-319.

2. Li X, Peng K, Peng J, Xu H (2021) Effect of Cyclic Wetting-Drying Treatment

on Strength and Failure Behavior of Two Quartz-Rich Sandstones Under Direct
Shear. Rock Mech Rock Eng 54:59,53-60.

Chen B, Xia Z, Xu Y, Liu S, Liu X (2021) Failure characteristics and mechanical
mechanism of study on red sandstone with combined defects. Geomech Eng
24:179-91.

Wang X, Tian L-g (2018) Mechanical and crack evolution characteristics of
coal-rock under different fracture-hole conditions: a numerical study based on
particle flow code. Environmental Earth Sciences 77: 297.

Gratchev |, Kim DH, Yeung CK (2016) Strength of Rock-Like Specimens with
Pre-existing Cracks of Different Length and Width. Rock Mech Rock Eng
49:4491-4496.

Liu J, Wu N, Si G, Zhao M (2021) Experimental study on mechanical properties
and failure behaviour of the pre-cracked coal-rock combination. Bull Eng Geol
Environ 80:2307-2321.

Meng Q, Han L, Xiao Y, Li H, Wen SY, et al. (2016) Numerical simulation study
of the failure evolution process and failure mode of surrounding rock in deep
soft rock roadways. International Journal of Mining Science and Technology
26: 209-221.

Yu WJ, Wang WJ, Huang WZ, Wu H (2014) Deformation mechanism and
rework control technology of high stress and soft rock roadway. Journal of
China Coal Society 39:614-623.

Dong FT, Song HW, Guo ZH (1994) Roadway support theory based on broken
rock zone. Journal of China Coal Society 19:31-1932.

.Meng B, Jing HW, Zhu TT (2014) Model experiment on the evolution

mechanism of broken rock zone of the Jurassic soft rock roadway in the west of
China. Journal of China University of Mining & Technology 43:1003-1010,1037.

. Kang HP (1997) The key ring theory of roadway surrounding rock.Mechanics

in Engineering 19:34-36.

.Fang ZL (1999) The characteristics of tension and pressure domain area and

the maintenance theory primary and secondary bearing area.The present
situation and prospect of soft rock engineering at the turn of century 48-51.

J Powder Metall Min, an open access journal

Volume 12 + Issue 2 » 1000348


https://www.google.com/search?q=1.+Zhao+ZL%2C+Jing+HW%2C+Shi+XS%2C+Han+GS.+Experimental+and+numerical+study+on+mechanical+and+fracture+behavior+of+rock-like+specimens+containing+pre-existing+holes+flaws.+Eur+J+Environ+Civ+Eng.21.&oq=1.%09Zhao+ZL%2C+Jing+HW%2C+Shi+XS%2C+Han+GS.+Experimental+and+numerical+study+on+mechanical+and+fracture+behavior+of+rock-like+specimens+containing+pre-existing+holes+flaws.+Eur+J+Environ+Civ+Eng.21.&aqs=chrome..69i57j69i60l2.487j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=1.+Zhao+ZL%2C+Jing+HW%2C+Shi+XS%2C+Han+GS.+Experimental+and+numerical+study+on+mechanical+and+fracture+behavior+of+rock-like+specimens+containing+pre-existing+holes+flaws.+Eur+J+Environ+Civ+Eng.21.&oq=1.%09Zhao+ZL%2C+Jing+HW%2C+Shi+XS%2C+Han+GS.+Experimental+and+numerical+study+on+mechanical+and+fracture+behavior+of+rock-like+specimens+containing+pre-existing+holes+flaws.+Eur+J+Environ+Civ+Eng.21.&aqs=chrome..69i57j69i60l2.487j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=1.+Zhao+ZL%2C+Jing+HW%2C+Shi+XS%2C+Han+GS.+Experimental+and+numerical+study+on+mechanical+and+fracture+behavior+of+rock-like+specimens+containing+pre-existing+holes+flaws.+Eur+J+Environ+Civ+Eng.21.&oq=1.%09Zhao+ZL%2C+Jing+HW%2C+Shi+XS%2C+Han+GS.+Experimental+and+numerical+study+on+mechanical+and+fracture+behavior+of+rock-like+specimens+containing+pre-existing+holes+flaws.+Eur+J+Environ+Civ+Eng.21.&aqs=chrome..69i57j69i60l2.487j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=2.+Li+X,+Peng+K,+Peng+J,+Xu+H+(2021)+Effect+of+Cyclic+Wetting-Drying+Treatment+on+Strength+and+Failure+Behavior+of+Two+Quartz-Rich+Sandstone+Under+Direct+Shear.+Rock+Mech+Rock+Eng+54:59+53-60.&spell=1&sa=X&ved=2ahUKEwjij4OZiP77AhUI9XMBHeTvCoIQBSgAegQIBxAB
https://www.google.com/search?q=2.+Li+X,+Peng+K,+Peng+J,+Xu+H+(2021)+Effect+of+Cyclic+Wetting-Drying+Treatment+on+Strength+and+Failure+Behavior+of+Two+Quartz-Rich+Sandstone+Under+Direct+Shear.+Rock+Mech+Rock+Eng+54:59+53-60.&spell=1&sa=X&ved=2ahUKEwjij4OZiP77AhUI9XMBHeTvCoIQBSgAegQIBxAB
https://www.google.com/search?q=2.+Li+X,+Peng+K,+Peng+J,+Xu+H+(2021)+Effect+of+Cyclic+Wetting-Drying+Treatment+on+Strength+and+Failure+Behavior+of+Two+Quartz-Rich+Sandstone+Under+Direct+Shear.+Rock+Mech+Rock+Eng+54:59+53-60.&spell=1&sa=X&ved=2ahUKEwjij4OZiP77AhUI9XMBHeTvCoIQBSgAegQIBxAB
https://www.google.com/search?q=3.+Chen+B%2C+Xia+Z%2C+Xu+Y%2C+Liu+S%2C+Liu+X+(2021)+Failure+characteristics+and+mechanical+mechanism+of+study+on+red+sandstone+with+combined+defects.+Geomech+Eng+24%3A179-91.&oq=3.%09Chen+B%2C+Xia+Z%2C+Xu+Y%2C+Liu+S%2C+Liu+X+(2021)+Failure+characteristics+and+mechanical+mechanism+of+study+on+red+sandstone+with+combined+defects.+Geomech+Eng+24%3A179-91.&aqs=chrome..69i57.469j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=3.+Chen+B%2C+Xia+Z%2C+Xu+Y%2C+Liu+S%2C+Liu+X+(2021)+Failure+characteristics+and+mechanical+mechanism+of+study+on+red+sandstone+with+combined+defects.+Geomech+Eng+24%3A179-91.&oq=3.%09Chen+B%2C+Xia+Z%2C+Xu+Y%2C+Liu+S%2C+Liu+X+(2021)+Failure+characteristics+and+mechanical+mechanism+of+study+on+red+sandstone+with+combined+defects.+Geomech+Eng+24%3A179-91.&aqs=chrome..69i57.469j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=4.+Wang+X%2C+Tian+L-g+(2018)+Mechanical+and+crack+evolution+characteristics+of+coal-rock+under+different+fracture-hole+conditions%3A+a+numerical+study+based+on+particle+flow+code.+Environmental+Earth+Sciences+77.&oq=4.%09Wang+X%2C+Tian+L-g+(2018)+Mechanical+and+crack+evolution+characteristics+of+coal-rock+under+different+fracture-hole+conditions%3A+a+numerical+study+based+on+particle+flow+code.+Environmental+Earth+Sciences+77.&aqs=chrome..69i57j69i60l2.446j0j9&sourceid=chromeFILENAME
https://www.google.com/search?q=4.+Wang+X%2C+Tian+L-g+(2018)+Mechanical+and+crack+evolution+characteristics+of+coal-rock+under+different+fracture-hole+conditions%3A+a+numerical+study+based+on+particle+flow+code.+Environmental+Earth+Sciences+77.&oq=4.%09Wang+X%2C+Tian+L-g+(2018)+Mechanical+and+crack+evolution+characteristics+of+coal-rock+under+different+fracture-hole+conditions%3A+a+numerical+study+based+on+particle+flow+code.+Environmental+Earth+Sciences+77.&aqs=chrome..69i57j69i60l2.446j0j9&sourceid=chromeFILENAME
https://www.google.com/search?q=4.+Wang+X%2C+Tian+L-g+(2018)+Mechanical+and+crack+evolution+characteristics+of+coal-rock+under+different+fracture-hole+conditions%3A+a+numerical+study+based+on+particle+flow+code.+Environmental+Earth+Sciences+77.&oq=4.%09Wang+X%2C+Tian+L-g+(2018)+Mechanical+and+crack+evolution+characteristics+of+coal-rock+under+different+fracture-hole+conditions%3A+a+numerical+study+based+on+particle+flow+code.+Environmental+Earth+Sciences+77.&aqs=chrome..69i57j69i60l2.446j0j9&sourceid=chromeFILENAME
https://www.google.com/search?q=5.+Gratchev+I%2C+Kim+DH%2C+Yeung+CK+(2016)+Strength+of+Rock-Like+Specimens+with+Pre-existing+Cracks+of+Different+Length+and+Width.+Rock+Mech+Rock+Eng+49%3A4491-4496.&oq=5.%09Gratchev+I%2C+Kim+DH%2C+Yeung+CK+(2016)+Strength+of+Rock-Like+Specimens+with+Pre-existing+Cracks+of+Different+Length+and+Width.+Rock+Mech+Rock+Eng+49%3A4491-4496.&aqs=chrome..69i57.541j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=5.+Gratchev+I%2C+Kim+DH%2C+Yeung+CK+(2016)+Strength+of+Rock-Like+Specimens+with+Pre-existing+Cracks+of+Different+Length+and+Width.+Rock+Mech+Rock+Eng+49%3A4491-4496.&oq=5.%09Gratchev+I%2C+Kim+DH%2C+Yeung+CK+(2016)+Strength+of+Rock-Like+Specimens+with+Pre-existing+Cracks+of+Different+Length+and+Width.+Rock+Mech+Rock+Eng+49%3A4491-4496.&aqs=chrome..69i57.541j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=6.+Liu+J%2C+Wu+N%2C+Si+G%2C+Zhao+M+(2021)+Experimental+study+on+mechanical+properties+and+failure+behaviour+of+the+pre-cracked+coal-rock+combination.+Bull+Eng+Geol+Environ+80%3A2307-2321.&oq=6.%09Liu+J%2C+Wu+N%2C+Si+G%2C+Zhao+M+(2021)+Experimental+study+on+mechanical+properties+and+failure+behaviour+of+the+pre-cracked+coal-rock+combination.+Bull+Eng+Geol+Environ+80%3A2307-2321.&aqs=chrome..69i57j69i60.442j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=6.+Liu+J%2C+Wu+N%2C+Si+G%2C+Zhao+M+(2021)+Experimental+study+on+mechanical+properties+and+failure+behaviour+of+the+pre-cracked+coal-rock+combination.+Bull+Eng+Geol+Environ+80%3A2307-2321.&oq=6.%09Liu+J%2C+Wu+N%2C+Si+G%2C+Zhao+M+(2021)+Experimental+study+on+mechanical+properties+and+failure+behaviour+of+the+pre-cracked+coal-rock+combination.+Bull+Eng+Geol+Environ+80%3A2307-2321.&aqs=chrome..69i57j69i60.442j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=7.+Meng+Q%2C+Han+L%2C+Xiao+Y%2C+Li+H%2C+Wen+SY%2C+et+al.+(2016)+Numerical+simulation+study+of+the+failure+evolution+process+and+failure+mode+of+surrounding+rock+in+deep+soft+rock+roadways%5BJ%5D.+International+Journal+of+Mining+Science+and+Technology+26%3A+209-221.&oq=7.%09Meng+Q%2C+Han+L%2C+Xiao+Y%2C+Li+H%2C+Wen+SY%2C+et+al.+(2016)+Numerical+simulation+study+of+the+failure+evolution+process+and+failure+mode+of+surrounding+rock+in+deep+soft+rock+roadways%5BJ%5D.+InternationalFILENAME
https://www.google.com/search?q=7.+Meng+Q%2C+Han+L%2C+Xiao+Y%2C+Li+H%2C+Wen+SY%2C+et+al.+(2016)+Numerical+simulation+study+of+the+failure+evolution+process+and+failure+mode+of+surrounding+rock+in+deep+soft+rock+roadways%5BJ%5D.+International+Journal+of+Mining+Science+and+Technology+26%3A+209-221.&oq=7.%09Meng+Q%2C+Han+L%2C+Xiao+Y%2C+Li+H%2C+Wen+SY%2C+et+al.+(2016)+Numerical+simulation+study+of+the+failure+evolution+process+and+failure+mode+of+surrounding+rock+in+deep+soft+rock+roadways%5BJ%5D.+InternationalFILENAME
https://www.google.com/search?q=7.+Meng+Q%2C+Han+L%2C+Xiao+Y%2C+Li+H%2C+Wen+SY%2C+et+al.+(2016)+Numerical+simulation+study+of+the+failure+evolution+process+and+failure+mode+of+surrounding+rock+in+deep+soft+rock+roadways%5BJ%5D.+International+Journal+of+Mining+Science+and+Technology+26%3A+209-221.&oq=7.%09Meng+Q%2C+Han+L%2C+Xiao+Y%2C+Li+H%2C+Wen+SY%2C+et+al.+(2016)+Numerical+simulation+study+of+the+failure+evolution+process+and+failure+mode+of+surrounding+rock+in+deep+soft+rock+roadways%5BJ%5D.+InternationalFILENAME
https://www.google.com/search?q=8.+Yu+WJ%2C+Wang+WJ%2C+Huang+WZ%2C+Wu+H+%282014%29+Deformation+mechanism+and+rework+control+technology+of+high+stress+and+soft+rock+roadway+%5BJ%5D.+Journal+of+China+Coal+Society+39%3A614-623.&ei=UFycY9nbJdap3LUPtOSl6Ak&ved=0ahUKEwjZw_T8if77AhXWFLcAHTRyCZ0Q4dUDCA8&uact=5&oq=8.+Yu+WJ%2C+Wang+WJ%2C+Huang+WZ%2C+Wu+H+%282014%29+Deformation+mechanism+and+rework+control+technology+of+high+stress+and+soft+rock+roadway+%5BJ%5D.+Journal+of+China+Coal+Society+39%3A614-623.&gs_lcp=CgxndFILENAME
https://www.google.com/search?q=8.+Yu+WJ%2C+Wang+WJ%2C+Huang+WZ%2C+Wu+H+%282014%29+Deformation+mechanism+and+rework+control+technology+of+high+stress+and+soft+rock+roadway+%5BJ%5D.+Journal+of+China+Coal+Society+39%3A614-623.&ei=UFycY9nbJdap3LUPtOSl6Ak&ved=0ahUKEwjZw_T8if77AhXWFLcAHTRyCZ0Q4dUDCA8&uact=5&oq=8.+Yu+WJ%2C+Wang+WJ%2C+Huang+WZ%2C+Wu+H+%282014%29+Deformation+mechanism+and+rework+control+technology+of+high+stress+and+soft+rock+roadway+%5BJ%5D.+Journal+of+China+Coal+Society+39%3A614-623.&gs_lcp=CgxndFILENAME
https://www.google.com/search?q=9.+Dong+FT%2C+Song+HW%2C+Guo+ZH+(1994)+Roadway+support+theory+based+on+broken+rock+zone.+Journal+of+China+Coal+Society+19%3A31-1932.&oq=9.%09Dong+FT%2C+Song+HW%2C+Guo+ZH+(1994)+Roadway+support+theory+based+on+broken+rock+zone.+Journal+of+China+Coal+Society+19%3A31-1932.&aqs=chrome..69i57.525j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=9.+Dong+FT%2C+Song+HW%2C+Guo+ZH+(1994)+Roadway+support+theory+based+on+broken+rock+zone.+Journal+of+China+Coal+Society+19%3A31-1932.&oq=9.%09Dong+FT%2C+Song+HW%2C+Guo+ZH+(1994)+Roadway+support+theory+based+on+broken+rock+zone.+Journal+of+China+Coal+Society+19%3A31-1932.&aqs=chrome..69i57.525j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=10.+Meng+B%2C+Jing+HW%2C+Zhu+TT+(2014)+Model+experiment+on+the+evolution+mechanism+of+broken+rock+zone+of+the+Jurassic+soft+rock+roadway+in+the+west+of+China%5BJ%5D.+Journal+of+China+University+of+Mining+%26+Technology+43%3A1003-1010%2C1037.&oq=10.%09Meng+B%2C+Jing+HW%2C+Zhu+TT+(2014)+Model+experiment+on+the+evolution+mechanism+of+broken+rock+zone+of+the+Jurassic+soft+rock+roadway+in+the+west+of+China%5BJ%5D.+Journal+of+China+University+of+Mining+%26+Technology+43%3A1003-1010FILENAME
https://www.google.com/search?q=10.+Meng+B%2C+Jing+HW%2C+Zhu+TT+(2014)+Model+experiment+on+the+evolution+mechanism+of+broken+rock+zone+of+the+Jurassic+soft+rock+roadway+in+the+west+of+China%5BJ%5D.+Journal+of+China+University+of+Mining+%26+Technology+43%3A1003-1010%2C1037.&oq=10.%09Meng+B%2C+Jing+HW%2C+Zhu+TT+(2014)+Model+experiment+on+the+evolution+mechanism+of+broken+rock+zone+of+the+Jurassic+soft+rock+roadway+in+the+west+of+China%5BJ%5D.+Journal+of+China+University+of+Mining+%26+Technology+43%3A1003-1010FILENAME
https://www.google.com/search?q=10.+Meng+B%2C+Jing+HW%2C+Zhu+TT+(2014)+Model+experiment+on+the+evolution+mechanism+of+broken+rock+zone+of+the+Jurassic+soft+rock+roadway+in+the+west+of+China%5BJ%5D.+Journal+of+China+University+of+Mining+%26+Technology+43%3A1003-1010%2C1037.&oq=10.%09Meng+B%2C+Jing+HW%2C+Zhu+TT+(2014)+Model+experiment+on+the+evolution+mechanism+of+broken+rock+zone+of+the+Jurassic+soft+rock+roadway+in+the+west+of+China%5BJ%5D.+Journal+of+China+University+of+Mining+%26+Technology+43%3A1003-1010FILENAME
https://www.google.com/search?q=11.+Kang+HP+(1997)+The+key+ring+theory+of+roadway+surrounding+rock%5BJ%5D.Mechanics+in+Engineering+19%3A34-36.&oq=11.%09Kang+HP+(1997)+The+key+ring+theory+of+roadway+surrounding+rock%5BJ%5D.Mechanics+in+Engineering+19%3A34-36.&aqs=chrome..69i57j69i60.529j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=12.+Fang+ZL+(1999)+The+characteristics+of+tension+and+pressure+domain+area+and+the+maintenance+theory+primary+and+secondary+bearing+area%5BA%5D.+The+present+situation+and+prospect+of+soft+rock+engineering+at+the+turn+of+century+48-51.&oq=12.%09Fang+ZL+(1999)+The+characteristics+of+tension+and+pressure+domain+area+and+the+maintenance+theory+primary+and+secondary+bearing+area%5BA%5D.+The+present+situation+and+prospect+of+soft+rock+engineering+at+the+turn+of+century+48-51.&aqs=cFILENAME
https://www.google.com/search?q=12.+Fang+ZL+(1999)+The+characteristics+of+tension+and+pressure+domain+area+and+the+maintenance+theory+primary+and+secondary+bearing+area%5BA%5D.+The+present+situation+and+prospect+of+soft+rock+engineering+at+the+turn+of+century+48-51.&oq=12.%09Fang+ZL+(1999)+The+characteristics+of+tension+and+pressure+domain+area+and+the+maintenance+theory+primary+and+secondary+bearing+area%5BA%5D.+The+present+situation+and+prospect+of+soft+rock+engineering+at+the+turn+of+century+48-51.&aqs=cFILENAME
https://www.google.com/search?q=12.+Fang+ZL+(1999)+The+characteristics+of+tension+and+pressure+domain+area+and+the+maintenance+theory+primary+and+secondary+bearing+area%5BA%5D.+The+present+situation+and+prospect+of+soft+rock+engineering+at+the+turn+of+century+48-51.&oq=12.%09Fang+ZL+(1999)+The+characteristics+of+tension+and+pressure+domain+area+and+the+maintenance+theory+primary+and+secondary+bearing+area%5BA%5D.+The+present+situation+and+prospect+of+soft+rock+engineering+at+the+turn+of+century+48-51.&aqs=cFILENAME

	Title
	Corresponding Author
	Abstract

