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Abstract: Nowadays, duo to mining and construction activities' progression, the need to utilize blasting has been
increasing in order to reduce time and cost. The use of blast for drilling and crushing rock, in addition to its advantages,
has disadvantages, the most important of which is ground vibration. Vibration caused by the blast is an important and
significant part of the blast process and controling its amount in order to reduce possible damage to the surrounding
areas, is always necessary. In this paper, the field data of the blast in the second line of the Tabriz water pipeline
project have been collected using three-component Blast Recorder seismographs. By modeling the process of blast
in ANSYS-Autodyn finite element software, the behavior of the blast zone environment is simulated. The average of
numerical modeling errors compared to field surveys is estimated at about 20%. According to the numerical modeling,
the most critical state of velocity entering the pipeline is less than the allowable blast standards near the pipeline, and
the maximum stress, strain, and displacement in the boundary of pipe and soil are equal to 17.24 MPa, 135 umm /mm,
and 0.18 mm, respectively.

Keywords: Blasting, Ground vibration, PPV, Water pipeline, ANSYS-Autodyn.

How to cite this article
Bakhshandeh Amnieh, H., Azari Doudaran, S., and Alipenhani, B. (2023). “Numerical analysis of trench blast-induced vibration
on Tabriz drinking water pipelines”. Journal of Mineral Resources Engineering, 8(1): 95-109.

DOI: 10.30479/JMRE.2022.15914.1533

*Corresponding Author Email: hbakhshandeh@ut.ac.ir

COPYRIGHTS

@ ® ©2023 by the authors. Published by Imam Khomeini International University.
This article is an open access article distributed under the terms and conditions of the Creative Commons

Attribution 4.0 International (CC BY 4.0) (https://creativecommons.org/licenses/by/4.0/)


https://jmre.journals.ikiu.ac.ir/article_2845.html?lang=en

Bakhshandeh Amnieh H., Azari Doudaran S., Alipenhani B.

INTRODUCTION

Various factors which affect ground vibration, are classified into two categories. The first category
contains controllable parameters and the second category contains uncontrollable parameters. Uncontrollable
parameters include the geology and discontinuities of the region and the composition of the rock mass [1].
Since 1980, the parameter of the peak particle velocity has been accepted as one of the main criteria for
evaluating structural damage [2]. Despite the development of more ground vibration prediction methods,
distance-scaled empirical equations are still the most popular blast-induced vibration prediction methods
as shown in Table 1 [3].

Table 1. The most important equations of ground vibration prediction

Year Reference Equation
-b
1962 USBM [4] PPV = KX[RIJ
Q 2
%
1963 Langefors and Kihlstrom [5] PPV = K( RB/J
Q 2
b
1968 Ambraseys and Hendron [6] PPV =K R]/ ]
Q 3
b
1973 Bureau of Indian Standard [7] PPV =K (3/ ]
R 3
-b
PPV =K| | ¢
Y
1983 Ghosh and Daemen [8] S
PPV = K[%J e
Q 3

Xu [9] investigated the dynamic response of the pipe under surface explosion by using a numerical
method. He concluded that if the diameter of the pipe is assumed to be constant, as the distance between the
explosive material and the pipe increases, the stress in the pipe will decrease, and if the distance between
the explosive material and the pipe is assumed to be constant, the pipe with a small diameter will bear more
stress. Also, he found that the effect of the distance of the explosive material from the pipe is much more
than the diameter of the pipe in the tension created in the pipe [9]. Parviz [10] investigated the stress and
pressure caused by the explosion on the pipe buried in the soil using LS-DYNA finite element software.
The results of his research showed that the fluid pressure inside the pipe contributes a lot to the stability of
the pipe. He concluded that by increasing the density of the fluid inside the pipe, less tension and pressure
are introduced into the pipe. Also, by reducing the density of the soil used in the modeling, the behavior
of the soil acts like a damper, and less stress and pressure are applied to the pipe [10]. Bakhsandeh [11]
investigated the vibrations caused by the explosion and its effects on oil and gas pipelines with a numerical
method in Autodyn software. He compared his modeling results with the empirical equations presented in
similar geological conditions for limestone and also compared the peak particle velocity obtained from the
modeling results with the existing standards for explosions in the vicinity of pipelines. The results showed
the good accuracy of the modeling and no damage was done to the pipelines [11].

METHODOLOGY

Geographical location and seismic data collection

Figure 1 shows the location of the explosive trench and the three-component seismographs in relation
to the main Tabriz water pipeline during the blasting operation. The aim of the project is to investigate the
effects of the vibrations of the second line trench on the first water supply pipeline of Tabriz. The purpose
of this arrangement is to fully investigate the effects of vibration on the steel, houses, and the travertine rock
mass around the explosion area.
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Figure 1. Explosive trench position relative to seismographs

Numerical modeling

The geometry of the main model consists of four sections: rock mass, soil, explosives material and
pipe. The shape of the ground is created as a cube with dimensions of 10 x 22 x 45 meters. Figure 2 shows
the location of the water pipeline and the soil around it in relation to the explosive trench. The part of the
ground filled with compacted soil is modeled with a cube with dimensions of 22 x 22.4 x 4 meters and other
parts of the model consist of the rock mass. Explosives were created in the form of holes with a depth of 3
meters and a radius of 51 mm.

In Autodyn software, the JWL equation is used to calculate the volume-pressure relationship of the gas
resulting from the explosion. In this relation, the energy released from the explosive material is obtained
as equation 1. In this equation A, B, R1, R2 and o are constant values for each explosive material obtained
from the laboratory test. V equals the relative volume of the explosive and E equals the specific energy.

Figure 2. 3D model geometry in ANSYS software

Table 2 shows the geomechanical characteristics of the limestone mass. For this explosion, the wavelength
was estimated to be 1.65 meters. By examining the proposed dimensions and after sensitivity analysis of
the mesh dimensions and their distributions, the dimensions of the optimal mesh elements for the rock mass
and soil were considered to be 25 cm. Solid or shell elements are used for mesh generation of rock masses,
soil and explosives, and shell elements are used for pipes. A 10 cm square element is used to mesh the pipe.
In Autodyn software, impedance boundaries or transmit boundary are used so that the waves do not reflect
inside after hitting the wall of the model and do not cause errors. This boundary condition is applied to the
parts of the block that are not free.

Table 2. Geomechanical characteristics of the limestone [12]

Rock mass parameter Unit Value
Density Kg/m3 2680
Elastic modulus GPa 34
Poisson ratio - 0.3
Shear modulus GPa 13.3
Bulk modulus GPa 25.7
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Findings and argument

According to the investigated parameter of the peak particle velocity, the diagrams of velocity- time for
three radial, tangential and vertical components have been extracted at a distance of 14.2 meters from the
center of the explosion and on the pipeline and are shown in Figure 3.

™ - e o= ™ -

radial component tangential component vertical component

Figure 3. Diagrams of velocity - time of radial, tangential and vertical components at 14.2 meters’ distance from the
explosion center in numerical modeling

After solving the main models of the first explosion, the effects of the explosion on the pipeline were
investigated. Figure 4 shows the diagrams of maximum stress, strain and displacement caused by the first
explosion.

(©) )
Figure 4. Effective stress (Von Mises) in the pipeline with time in the first explosion after the passage of A: 50 ms,
B: 100 ms, C: 200 ms, D: 300 ms

CONCLUSIONS

In this paper, after the field sampling of the explosion and the analysis of its results, explosion modeling was
done in ANSY S-Autodyn finite element software. These modelings were done in a continuous environment
consisting of rock mass and soil without considering their discontinuities. Numerical modeling was done
to validate the model and correct propagation of waves and compare them with the results of seismic data.
The results obtained from the numerical model showed an average error of about 20%. The peak particle
velocity at a distance of 14.2 meters from the explosion center and on the pipeline is calculated to be
around 30 mm/s. The explosion results showed that the maximum stress, strain, and displacement at the
pipe boundary and its surrounding environment are 17.24 MPa, 135 umm/mm, and 0.18 mm, respectively.
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According to the peak particle velocity obtained and also the stress results checked on the pipeline, it can
be said that the amount of explosive material and also the explosion pattern used are suitable and the pipes
are not damaged due to the explosion.

REFERENCES

Jimeno, E. L., Jimino, C. L., and Carcedo, A. (1995). “Drilling and blasting of rocks”. CRC Press, pp. 408.
Mortazavi, A. (2014). “Rock Dynamics”. Publications of Amirkabir University of Technology. (In Persian).

Amra, M. (2013). “Assessment of the impact of fire on gas transmission pipes (case study of Qom-Dalijan Road railway
tunnel)”. Master’s Thesis, Faculty of Mining Engineering, University of Tehran. (In Persian).

Duvall, W. 1., and Fogelson, D. E. (1962). “Review of criteria for estimating damage to residences from blasting
vibrations”. U.S. Bureau of Mines, RI 5868.

Langefors, U., and Kihlstrdm, B. (1978). “The modern technique of rock blasting”. Wiley, pp. 438.

Ambraseys, N. R., and Hendron, A. J. (1968). “Dynamic behavior of rock masses in rock mechanics in engineering
practice (KG Stagg & OC Zienkievicz, Eds.)”. John Wiley and Sons, New York.

Bureau of Indian Standards. (1973). “Criteria for safety and design of structures subjected to underground blast”. Bureau
of Indian Standards, New Delhi, India.

Ghosh, A., and Daemen, J. J. K. (1983). “4 simple new blast vibration predictor (based on wave propagation laws)”. In:
the 24th US Symposium on Rock Mechanics (USRMS).

Xu, G., Deng, Z., Deng, F., and Liu, G. (2013). “Numerical simulation on the dynamic response of buried pipelines
subjected to blast loads”. Advanced Materials Research, 671-674: 519-522.

[10] Parviz, M., Amin-nejad, B., Fayouz, A. and Alizade Elizaei, M. E. (2017). “Numerical modeling of explosion effect on

buried oil and gas transmission pipelines in different soils by Eulerian-Lagrangian method”. Journal of Structural and
Construction Engineering, 5: 88-108. (In Persian).

[11] Bakhshande Amnieh, H., Jafari, V., and Shirin, D. (2018). “Numerical analysis of the effect of vibration waves caused

by the explosion of Izeh-Karun 3 dam on oil and gas pipelines”. 3rd International Conference on Civil Engineering,
Architecture and Urban Design, Tabriz. (In Persian).

[12] Mahab Quds Consulting Company. (2016). “Report on vibrations caused by explosions on water transmission lines in the

project of the second water supply line to Tabriz from Zarinee River”. (In Persian).



b-1-9 e o\ o)Lo.{f; ‘M 0,99 AR JLM: “s.h.\M el.auo (e A pio

esources

ngineering
INTERNATIONAL UNIVERSITY
1o 6 e dmio NE+Y Hlg ) osled (pild 090 S0 Bl gwigo 4 i
Vol. 8, No. 1, Spring 2023, pp. 100-109 Journal of Mineral Resources Engineering
(JMRE)

Pyl T JUsl gl bas Al jlmdil 1 b slagh s goue Julox

Y Sl e plug T ly0e0 63T sl sl susiis >
Ol o&zsls (8 B aSiails (yame (pwdige saSiils (Lazils -
Ol s oisls (s OFasLasls (yans R 0uSiasls sl @JL;_;L)\S -y
Ol oBasls (8 B aSasls (e (gwdige suSisls 1S (ggeisls Y

Veer[e0f+) i pdy LEXRIRS 70 & SRS P
oS>

5l eolaiwl .cawl 00 )5 lauy (s l38l 4o 3 g loy dlS Jodo & jlxail Gldoe 31 colasw] Sl yoc g (Foro OIS drwgi b 09 ol
9 S 0 0 )Ll (e 53 4 (g o0 T o yieten 3145 01 (emlro T (blse 1 egdle Sow ialo 5 g (g5lax (gl lons
p3Y Sl bl Gblio 4y Josol Sl lus G201 sl o olse S5 olsad 5 0351 laiil sl b 51 otrgh 6 3 o s slonil
Blast glaidgo aw j1550 ) ) (sloolKuws 3l solisiwl b 33 i (Sl T 090 b 0595 50 48,5 ploxil Hlxdsl Sloso Wosls dllio o] 4o .cowl
S 5wy Hlxiil ogazxe bazmo yLid ) ANSYS-Autodyn dgaze oylodl 53810 5 5o ylxsl aigT 48 (6 5w S b .l ooy elils 5 Recorder
SO0 (§5bw oo 4 4z g5 b ! suud 3,97 3 duoyd To g0 Slase EUBIS 3 4y Commi (s30 (iw e (salas Sl .ol oo
iy 5 S (G ST g 00g: gl b K503 58 okl o g Iius! 51 yiaS algl s 43 ook 3l s I (31 s
Cewl+\A mm ¢ VYO pmm/mm Y, YF MPa gl cos 5 @ buxo g g j 0 50

oS wlals

ANSYS-Autodyn «alg bas (155 cas pav pi5Ta> «cymny b5 «yloxitl

Alio ol 4y sbcew!

Uy o o JUsl dgd b g adil il 31 b sl P goue Judas” O F- Y Lo Slen e e o oly090 (58T ctal sanisy
A0-) -4 P ¢\ o)Lo.i‘: i 0,90 ¢ Sdao é.ll.;.& (e Ayl

DOI: 10.30479/JMRE.2022.15914.1533

@ ® OB ks © ilgo > Email: hbakhshandeh@ut.ac.ir S5 s oge 5 J s oo 5
(°))L52g;-4>‘ f:Lo‘ GU..c.” O oKl )...:L;
1£.F Hlg o) olod (il 0592 Yoo



P Bl guigo & 5

Sla o pla (015095 (53T dlonw (Aol ouiicty s>

Aod Nl oo el Alwd iz &y Jslg, ol ailoads 4l
388 playlil Gelul p Gladze &5 Wil 0y Ll Jl
50 Lalgy ol iasles yal s 4 ailosls ol Calises (sla,y e
plsl Jore sla g o Dol Cle 4y Jomo dadeine il 0
Al slayiahly o Lalyy cnl i wloglite ales]
CdS L lS e il Sl alols 5 55U e 0 25>
wiwd Wload 03938l Laly) cnl 4y g ytin slayuel )l olej
b colo @ iy (g aites wiedign g JLod Lulg, pgo
Ol 10 (6 i Canges 5 Comelz g 03925 (polS o3gue
Jle jsb ar igl s oolittul 55 (6,500 Slaais) yo Ly,
G390 5 (omac SbaSlh (eatas e (531 e,
ok dele 5o g ALl psle ple yo gl o8
oolawl Ll 5l ald ey iSTas g sl 51 3b 35
03 o Fedez Slaghy; dnwg e 0gh oo
o2 s 0dd elidie ol G 025 Ly, (e
DT el il (G50 35 (e Slobs) nimgee

IS ol oobas oylol lawgs ool ayljl zge jLicsl dalal,
9 318 Oy B3 St ey 50 ) 9l Cn S
(soy Sloplole wilisee ik e 4 ol Jl> 5o
alayly cpl gl oo ooliiwl o ymaie Slge adgr slaasls IS
O ) J9uz )3 098 oo odeal 13 (85 (2l ee Wslae
D] el ons 03,91 9390 22,55 Lailg,

3eolaul bolxasl 51 56 slo i) 0l sy
25 090 s9p0 4 LIl LSS L so0e laghs,
cilises glaliBle 5 5l oolial o9 ol il 48,5 15 - iie
lai o Gials 5 b iy Slaslres plosl cle 4 gous J>
35515 5o hlEZe SIS 556 oyl o)l oy o p)lS
o0t aalllae oz ol 5 agf s 5l sl iis e
olstil Jowe 5l alold @ lgioe Lo ey (nl ales 5l
12 w3 4y Sl g 595 e s il 2,5 0
3 Fee 3k layell 4z b oy o)lal ol ens S
ooliiwl e p; loosle b Ay las 4 Il glacw]
5 0l30 (2l oduzmn Slewbre tde 4 (LS la g
ade 4y goas la by, 5l eolawl o, oo Hla3 4 ooy
P e @l s 5 Sllre gl 5 plej S
el Aoy (9500 ;500 Slagty; L aslie

PS5k Ve e sl 23U goue (g 4 e o 'S
O30 5 03l 1 o 53U g S (6550 Sy as 0 TNT
Rle 5 5l Bedos nl )3 88,5 oy ]y e b alals o

doddio —)

@y wsllas o ol S 050! ol Slila 51 oolizd
Ol b ogyien e 4 S GaSa (53,50 3 g (eSS
osad llasl ol 2le sy (Sl aslind Jlo
Rl lols olian ay 1) S Sy g lse loxdil ey (3
Slaojg el dz g5y a3l (e () Lages G
sl ) sl ogdll s Sy )il 5 5 )la> Slibee b
5 o w0l il slady bghs ool o Olus 4 (5800
Sl olls izmen s Vb ol 5 conl Jo 4 58
elie 3,859, 3561 wiejls wi)ls Sy bae 59, 2 &S
ke il lie o

93 50 &S 3l 556 ey B34 555 2 B Jelse
S BB slaally Jol 09,8 wlonds ganaiws ogF
il gl bawg JuS Jlps slaallly pgs 093
ebdime @ Olges J5S BB e la el 5l acies
Siwodgs odimd JSis SluS 5 g adhaie glo Kol 4
DT ss oLl

O e 5l G 4 oad byl G355 slas laitel
Odsl el il aney e Gliie 5 Glaietils Gudod
oylol lawgy VAT Jlo o diwe) opl yo oo Slidsy
Sl 5o iz gl el ol 4285 bl 1S5 501 oles
D9 oo oolatwl jlxail resl 0dgdome S i sl b3
) e sla a3l sl 2 e ) las e
(55 S ()] G5 BBl Sl et ls ales
&S GL PPV) wl)d ce s iSTas g onls wlide alold
5 ) Soe Jsb 5 mae Job il (6,508 Jelse ilons
S las el s ls sl o (g0l Casnl 10 alice 5150
Slegss Dyt ) e 623,30 o 4 ol ey
355152 50 00 1S 5o 4y 03950l (6 5T o3ll (>, (reizman 5
@ jlre slao laslivl oga> g ojle 4 004ly &l e
Sy ey ST el VAR L 5l o5 o i3 5 IS
adpdy o5l w55 2b)l bl slajlre 51 6 Glye 4
Iv] el ons

p o G ) 6 s, ol Sllllas
3 o by, 5 €8 ol ghsa 5 b (slaosle
ol 3l ol 55 g (855 e w> e lailiu] ogas
Lyly, i ol 0925 Slaewli 5 baojle ol o Zlsal

Slhd ey I dle slp ey G5 S

127 Hlg o) oslod (piid 0592



S Bl guigo 4yl

28520 T JUsl ) b g Al 5 slomdl 31 (56 S b J v s

Ol g e, S wll e lxasl S1 o dlgd jo eals sl
Dyge &g o) i p S yeke g loxdil b BeBoS
mlo awlio gy adllae pl jo sl oals B8 slasyo
ANSYS sgamme oball 58005 51 goue sl by ilos
C"L"' L oawlis 5 ol Cewsd a CUL"’ Cewl 00l solazwl
sy Sos TSl 5l v J ) Jol>
Dyl ols plas o9 cillae doe sla il

S5 5 i bl e o N (SslS 0L
e J> Bles 5l esliiad b SBps et e S
50,8 oy Sl g go0e slo g, LIy AUTODYN
21 osles 59,y ead slml (15,5 g a8 Lad polie Ll
@l 5 00,5 (suyp 01 L (sl ool alizes folgd ol
DT wols plas oo calhe Jdos s b o

1y b il cod (siae gl (ol ly o
Sl Jelod g cnl )0 005 (o) 2 s30e gy @
s iy ol s sl 5 Sglie alols @y TNT o 5ol
30 Vg8 dod g glaule g9 5l S .28 T plxil alise
oole (gl oolatwl 550 Il Aolas .l ool a8 3 Lo
2 T oms Sl b S sl s IWL 55 5l 0 omiie
RESEERERRRIERE Tt JEFY SRR BNCeCR JNe
SialS Wl o i gl 5l o pmite oole alold iyl53l b sgds
Aol 558 o, el gl g o0,mmiie oolo (y alols 51 g asily
s sl ias lews dg) 5l o yxaie cole alold Sl aS L o
Y] el sge ddg) o oaiiolon! i o aly)

gl 595 2 oLl 5l (SBU s g s (s g a9
LS- sgame olodl Sl 5 oolil b ST o ysda
LS g5 90 5 eolamal b Lyl ais,S ow,p |, DYNA
adgd gye ol g 58 i Sl g5 dus g Sglie S8z
JLid a8 ol L LT gy 5l ol gl 5o S (3le Joe
4o Ll a8 o (b S gl (gl s alg) (99,0 Sl
(8 eS Mt 5 A5 el )0 Sl S ol L s 5
Spe S JBs palS b Grizmes S9doe o)y g @
Sl S aiile S L8, lxail jo g5l Jowe jo colaiul
DVYT 595 0 8 )lg o) ay (6 yaS Lid g a5 g 0iS oo Jos

ol Ol g il 51 b sla i) ol Ken 5 oaiisy
Autodyn |33l 5 1o goae o, Ly 515 5 i alg) bglas
@2 ably b oss iledae @l Ll oS ow)

1E-F slg o) oslod (il 0592

sly SPH-FEM) .55 i, 9 Autodyn x 0 >
ASD g by b eoliiul (g lordil lane IS (g5l Joe
Jolsd ln ganased by, g el Seop Jelsd sln
(658 aw Jow 5l S glp o soliiwl S gl yiye0
UWL) Jse 5l 0ymaie 03le sl g RHT) Jow 51 o0 sl
olbie Aol o 15 o logad bl ol eolatul
G S e o i g S SlS e g AT 0l
cilhe L3 o0 s [P W KV s Dl Cwd

[a] csls os5

il 51 (AU (o 55 (S Balgy (2 et ) Jgu

doles o275 Aolae ol | &il,l Lo
-b Y -
5 10l yolas o)yl
PPV=K><[ Rl/] = [‘f] 2 yasy
Q 2
% ./.y
PPV =K| & [5]“’,?’)’% 15y
QA O pg ks
b -
|
PPV =K R]/ 7 e VAFA
Q” [#] 09y
b
S 1t A
PPV =K (3/] ’ V] *an 7] hawy
R 3
-b
PPV:K[%] e
2
Q N (Al 7 pous g G265 | VAAY
PPV:K[QR%] e "
:\ J5~.\> )») as

(mm/sec) 1,3 sy 2Slas: PPV

(M) il Jows 51 (350 <ol Joee alols iR

Kg) 536 5 )5 pas g5 5S> Q

SVt oo o po i

Glyell 4 g Jome aasin coll ulyo b e K
il b

Sy oyl Ss o yzmaie oole cwain JSi 4 Q lgs
sl sz slp 9 s 2l Q Ol 95 s,

oS el o lp by OhKes g TGS



P Bl guigo & 5

Sla o pla (015095 (53T dlonw (Aol ouiicty s>

2 Fagke B 85 jloe w> Jlo (nl bl oal il
olpie 4 gl Loz JET vpe slocS 5l ()b 1) 4B
S o ooliiul &) bglas LS )5 jloxisl e v Cogone

[v#]

)50 5 svosls clold p g (2Ll y2 CorBgo Y

58S Sloguds Bl 5255 Sl pl pgo Lo o5g
SrogksS dw ogu> )0 g (B olml,dT bl o &l
Gl 4l 0yls 18 5030 i ed )8 s
ool aS i 35 5 adlaw] sol> g,k 5l eogue
P9d FoghS )3 g 039 pdyolel d9dse Sl 2y )8
Ol el Oldes sl 0uls &dly picore 4 J.Q,.‘L).ST
Q.\.Lo ‘6:55\“.4 L;LDJ).A.A ‘LQ&L ‘QSL"‘ oél.? » L.S)—M 0)9).1
u] 4.]5.’ .la_‘>).’).a).u L ‘Sul...u).'i ‘550 s M‘)-’ 0)5).7 )L‘>L‘U‘
Sl slaollas gl >l (b pgy) BlLbl sbls o Lol
odgasme alil i B b S o aSula as g bl ol il odg
Shol 5 s a3 T %5 Bk 45 5 gl ee
olKiws loduz cplpls w)ls )13 Lol eol> g gl ool
oBiws Loz 9,00l 5l cd,F alol (g bl Sgl B,k g0 yo
WA cwad G 050 bl o gladlge dw K005,
K05, sleoliws g (g lmail amily cusBge VIS
Sllas ;o 35 ol Jol dgf s 4 cos sladlge 4w

st 4

eptl g gt s il ot alyt lns

S0y Goliws & Cannd (glxdil alil i ComBao 1) U
4 Slwyl pgs b aiily ,o Blast Recorder gladlgo duw
sglo T JUsl 5o¥5b Ag) B3 1 155

Sal SKiwodgs gl owlid ey alive Ll )0 0o 4l
sdal Cawd 4 )3 Caepw SiSTas pien g 00,5 dunlie
5o il Gl dszge o lslinl bl g5le Jow gl ;)
> CBd 5l li gl s S duslie dlg bglas & jglxe

IVE] 098 o 81y dlgd bghas 4y ool g 009 (55l ke

gl bghas (6l oo o)y o laibiwl ¥

Soeal (Sl slaplyd 1 (S plgie 4 Ay bshas
ol pore g b ol el 5l laell g ol Slgl s
Q5510 lais 98 Caedl Ll o] wos Clge 4 axg b
s oo obon) Clueslb JLS o Jlias slacJled ac yugs
c\.n...u}v o ‘leQC)Jo Oz o )L?LQJ‘ )| oolazwl U)ﬁ)"a 9
g ) byl aloz I jsloxs slooslu il Wl 31 3ok
Sl o aey cpl Ho ol lre ol

ool 3 galz gy o b e 5 TS
RN VUN SV S PONRON E:+] G [ B LN PN
Q30,5 iy |y Hlad cow Ol g 518 dg) bglas 1) Llaw!
sloalols jo aliee sl lxiil o)y 5l 095 Guios o Ll
i Sl 1y s, g oolaiwl Ayl bglas 5l Sglate
) Ay bgas o il | Jolo 255 5 5 ol
s BB 550 e ol sl 095 gy s gl s,
Gloyd s s ol b g bglas jo ouud slogl 25,5 alal)
L soVsd sladlyd sl Joud LB (55 olie 5 (om)n
&S jsbylen 50,8 G Y Jaaz b |, 55065 Glasie
2y e VYV adlo) 6l y sloea (05, JBlas conl adrine
Do) el oass o915 ails

[10] o) Gillisn £15il g1y b3 Jlmo goos ¥ Jou

Jy g e U;.i,f““’iﬁ) i
w8 5 s )
Grade B \YY V00
X-42 AR YA
X_56 Yoo YO -

Shes ol (5S4 arg b ooy cldS L
alise QSL“C'S)—:* 9 L“QLﬂjLw 4-1-3-»»5 £y )l:m 6bo)|.le.';..u|

127 Hlg o) oslod (piid 0592



S Bl guigo & 5

25 20 T JGSl dgd bas 4Ll 5 it 1 (56 S 53§30 b

S g aly bt U olyen (g3lu o 4 iglsel o Lz
g L g, il ST g ous wladl T 00 5 5,0 JULS

S 00 o

wdd Joo —1-0

il ey Slilse & s opd ST sl aly) s
Slael S yo 5 ad)S I8 g)lrall bl sloas, g
g yo VA k8 4y o ST 37-2 o¥Ved iz 3l Ay ais
S ey S VO Bes 50 g 0o yie e VF Culis
JSablSe ) g bt Slbas JLid 5 a5 5 aly 550
U515 5 5 0392 w50 dusle 5 oasibey gl s bl bl
Fo YV BT 5 F )& el 5 0,0 ok @ slasilys
JORPrER

Slgs (S (S 0098 iou ez 5l Lol Jow awais

25 D)0 4 (e JSb el oud JuSCis alg) g 0 miie
el ¥ USs cwl oods olou!l e FO X YV x Y+ olal o
Golail aiily a4 s o) Slibl Sl g Ol dg) s
g GlLbl o anily 4 ) ) cewd 0 0 lis )
slal 4y oS b sl onls 051 0 g S L g oo (g,la>
3 USise Joe Comnd Ay g o0 Joo e YY x FY x F
s VA s 4 g S caond 3 o il Kiwosys
o i dlge ol 18 e Lo VF culs g e VY Job
) o in D) glas 5 50 ¥ s b ln Jlr 90 4

] 00

ANSYS 1580 55 55 ol Jow gl gons dw ool ¥ JSCi

1£-Y e d o kol ‘IQL:A 0,99

il il la ;) SIS (o) Bam 039 cnl o
ol 5 Gom el 30,5 Slon] sl Wy L5, pgs s
ol GV ) L5 ) S S e e
adbaie Sk ;5 055515 Gane S 0098 5 (F5Sue Jjlie
O

Hxiil g 6 > 5NN -F

o e ke 5 S5 g 3 o0litol b il oyl
oolainl cde a4 bl b el a8 5 ploxl oY gl
18 55 5l Lol 4as 5 aspr 5l oS5 5 i
@l Jlr YO il cnl 5o Wed oo omiie aili s
i it e B) B 5 ¥ Gae & oo, ¥ 0
Al oslawl il (pl jo CoVgel p,55LS VYA goemme o
3 e 0 Satan b s, 5 o laly ) plaS s Lol
Sl 0390 4o VA (30, 90 sl Jl> Jolsd

GO Lsﬂ.wJ»\.o -0

Osde Vg8 gl il o5 S eg cal o
Gl gilwJos lp ol ouls gy il Sl cou
!y Autodesk Inventor ,l58ls 5 jo cwain Jow lal
@ JUEST I G g o Sl (gam d O 50 4y S5 13
wlse plazsl aile Slles Lo ANSYS g3l 5 Lo
slool 5l o casl ouls plxl (6500 byl i Jlasl 5 (gos e
Autodyn x po J= jl8le 5 5l allace go0e > sl (oo
Ll 0ds oolazwl

San b 90 Jolsd jo lmasl 51 250 (355 (o1,
Ol 0055 oo plnil bz (oliee (olos anlllae 5 (o)
il ey lyd b illae wb ,l8, ol (gledae jskiie
9 ratuis Slaally (e b8, 105 Jolgd )0 (lis 5o
aal 8 nl )3 0 ndy o plnl jlmdil 5l (206 &)l ]S
Lo llas wo 0 b 5 e Ll L (g3ledoe (s o0
Sl bl o5

09N (e 03gn e Ll (gileand sl sl o
Sinsgi Lame o ol (gl Jly 31 JSaze 5 dy) Lt
aalol o S Lo 1, 03T e Ll b oad ol Sal
05, s b gove g5l o 5l snel cass a4 gl
ool plawedsl boicanl sals byl 5 o liel
Oeimed gl 4 ol oold Cad Lyl g Slasuie



P Bl guigo & 5

Sla o pla (015095 (53T dlonw (Aol ouiicty s>

Ayl b Bl bl Kol Kuwodyh (Suiliog) wlakin ¥ Jguz
D] 52505 Gl T Jsf

Saae axlg S 005 Slastine
YSA- Kg/m? S
8 GPa ¥l e
gl - Ogslgy Lo
'Yy GPa 2 Joswe
YoV GPa o> Jge

Sal K 03¢5 4O 6)LM.5 C‘}A‘ )Lm.».:‘ S g odwl Cewd
Shom g olait Slal (cwypr b 05150 520 VPO e
age slagldl slal o1 a9 5 L olel Caslas 5 JGT
Lld e il YO S 5 Sal Koy slp gamyine
Oledl 5l o yaie Slge 5 S ( Siwodgd (g yio (gl 0l
oo solatwl M glatwg Ll 5l Ay glp g e b Vsl
Sl Ve olal 4y (o pe Gledl sl dlg) (Gan e (sl e

Sl 00 oolawl

Sy bl -0-0

a5 050 Slosdga I Sy 536 (Sl sl Jots o
oS ol ol Lyls s Joe S50 4 zlsel LulSiail pos
1o 03,5 oalitusl UL (g g 3l sl e 5l Gl oo
oylg0 4y 0,95 1 5l A zZlsel Uil glaiss a4 Wb Jos
5o gid Uas 590 Caely g il ailas Jlo 4y U530 Jow
lp T Gl 550 b M plagel (slos e 5 Autodyn i3l
3 Sipe b cnl ogdiee ssliial (58 (al (95 el 2
ol o0l JL«C‘ 0365 oo‘ﬂ as J9L )‘ ‘le.lbw.w.‘?

o g @l -7

@y oY s ol Jlael 5 i Jow sl 51 o

Gl @l o sedion e lawe Jo ple il g0
2 Gt Slloe (LL )3 4l Yoo o (o jlndil
b osiad ) Ll @l wgone Jow o oo plasl 5l oy
oI350 (D)3 S s S (o) 2 990 il ) 425
2B g (olon e slad adlge a5l Oloj & S e
gglpl dgd b 69) g lndl 35 00 5l 6 VET s

0 yxiio oolo Jow -Y-0

ey STy SY gase o maie odle il 1 as

S nl oo dlge L8, i sl o0 B 68
oolatul oo g 3lw Joe o it Slge (5l cawlin > dolas
(WL) ¥ J -5 g 535> > dolae S job a5 058
> 9 LS O akal) g o3 (e Aol S &S
WS oo ol 1) lil 55 DY pame STy 5l epase
Autodyn l3sla 5 50 VY] sgi oo oolizul jelaie ol sl
bl 51l 5l ol 515 Lad —oes alal) asls
oole 5l oaus ol5T (65,5l adaly ol 5o .l oais ool JWL

J‘JG" wo:b\ :L]a_ﬂ) u)yocbo)zm

PoAl1-—C |tV B[ 1o 2 |e v OF M)
R,V R,V v

u‘ )d as

o yxiie ool o gl ol polie : 5R2 ‘Rl B A
Dl s 4 aBisle] bl g0l 5l aS ol

o).a_v.é.:.aool.awip_?oﬁ|ﬁzv

el 3T LS))"‘ JQLLA :E

&Ly Juo 9 9lgo Wloogas -¥-0

ool b angy sbbJoe sl Autodyn ldls
g 00 (Shpeda S9xge (Shwgnli g 05,0 5l Sle (ren @
G, gl el oal 48 5 a3 (0 dlign O jge 4 lae
Joae S a5 Sl- ST Jaw 5l S g S singlan Jowe
el 350009 ono 1 4l ass Sataodlgil] 5,5,
Shasl slge ,L8, ol sl Joe oyl ol 00t onlicl
Sl DAl sgi o solitul Siw g anle sl cslasls
el Jao 3 Sy Sl 315 oglio i, iy
Silegsy Glasein ¥ Jgaz j0 .ol oo oolatwl VS 'S
el oo 03 5] Sl Swosgs

G e -F-0
olul Wb goae Juw G o zae Jll 330 Ly sl

sl IV T sl 63559 250 Jsb *NYO L <)) o ol
oolaiwl b zge plgs (sla ey e Tl ¢ gy o Slal s
oolitul L jlomisl ;o (g lniil Jlz o)lgas 4y 00l o lg Lad
@ polie jl oolaiwl b e g 00l (6,03l CoVaal

127 Hlg o) oslod (piid 0592



S Bl guigo 4yl

28520 T JUsl ) b g Al 5 slomdl 31 (56 S b J v s

oo ylailinsl b 4z g5 b gl s ) ol (g =V

Sl & 425 g s (55, 5 03 ey 25T
ROW PR WIRIN SOV VIO VO G EXU RVERPRNYS
i3 e s S 357 3m (sl Jailin] e b ks |
Lol 4l s o 0 60V s8 o) ol £4,0 (6l
Sllas g oaii o)ly g b ay oo il ol 4 axgs
Gl sl &g 4y loxai]

2P @l g Jge G (i ySTas w0 A
8o gl o

Sl 5l 3l Sl gl il (ol slaJoe o 5l o

ST o loges Sola O IS8 ad (o) g b3 55, 2

53055 Jol Jlrdil 5l (G2 oad sl plraile 5 (255 (A
ol Lame g alg) Lo

O yS s iSTas ol Cawd 4 layloges 4 axgi b
5 o Byl Lo g dlg) 50 50 00l 3l olral>

el oo oaly Hlas ¥ SS o

ety o Lol adly =t odal Caws 4y polas
Lol 008 (g 2 5 Ao Slas

dgax lallas lawgio ool dwlxe glalaz 4 azg5 L
Gl OB oy in ol 0ul awle sy Ve
Sgin on oodlive Ol)d Ce s JiSTas aily 0 dwoys YY
ol e Skl 44y Lol Jod BB mbs Sy oS
S92y (Hly Lo )3 Ll ooy g Lae (gilaos
Sl el el (S SIS 5 058 5 (Kiaserli 455
5° oo Hlal doles 09l baosls cubls o jlade alS' L
b Sl Koy jo s03e (Gilw e g (Slowe cadls »
ol slaloges ¥ S [0 sl oo acwlxe ¥ ¥ Ly,
Gilw e 5 5,505 slacils y jo &l)d ey SSTas
sl 00 Ao ool wlide alold b goue

PPV =212.7 SD™""** ™)

PPV =192.23 SD ™" D)

*10° *10°
10d]
10 0.02
5+ _ 57 0.01
s
£ o g 0 - £ 00+
o ¢ S
g z 2
* 5 %-0.01
-5~
10 0.02
! 0]
0.03
0 100 200 300 0 100 200 300 0 100 200 300
TIME (ms) TIME (ms) TIME (ms)
el adlge solos adlye PEERE

ooe GilwJoo jo Hlxdil 35 30 51 (650 VF /Y alold j0 51 g (wlow (bl Al go yloj -0 glowls ce puw Ga,loges ¥ ISS

50

(4l sy ko) D53t pe S50

R2=009922

R*=0.9987

10.00

(255 Ojs p3° 45y o) 0ud leda alald

oo wldo adlold b goue gilw ow 9 5,505 gl p Ol yd s g S Tos Mif Ao Lo 10900 :F JSC&

1E-F slg o) oslod (il 0592



e Qe (guigo 4 5

Sla o pla (015095 (53T dlonw (Aol ouiicty s>

15 gy S5 5 Koyl JSte Ahgsy asons 5,
o (g5l o diad bl o] sla Swgnl (18,5
5 483 el glosl grazo jLisil g Laoe (i jlitel (6
ol s 4 ol Wl avglie (6,05 ) slaosls mls b
Gl Qo yd Ve dga> hwgie gllas Sl goue Jow
250l 55 e 5l e VEY alols o &l)S e 2STas
D9 o0 Ao 4l o Juo Vo Sga> o dlg) Las (g9,
Sl 5 555 G Slas ams e ol lnil gl
AYYY MPa ol sy a0 ol SLbl lase g alg) e 50

Sl @ azg L oceol VA mm 4 VYO umm/mm

7 U sl - VA mm g VYO pmm/mm AV YF MPa
Iy lxadl 5l b alg) las 5 oals sl 5raeyy Jolee (s
b 59y 5 oodd cdwline i polas b aes o lid
gl (Gl 0Y58 Sidy a5l 2S5 6S s polie) alo)

Syl Gillas Slose ol b aS 04 o (! o

S5 Az -9

3,5 alol jlrasl glowe cblo 3l am dlas ol o

Ol JI3Ble s 5o il siladae @ Ll @ls Jobos
5 gl o cpl ol pladl ANSYS-Autodyn sgome

1.2*10*
—
1510 ] i
1.0"10
& L 80°10" £
21.0"10 & 8 01
@ w 2
% i 6.0"10" 3
S | a
o
5010 -L-- b b b 4010 0.05
20"0'-
0010° 00°10' o L A
50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
TIME (ms) TIME (ms)

TME (ms)

G 09) Jolre 23

Fee GRS

4,5.’.l? al>

Ole) 4 o (o Blybl Lumo 9 Ayl §y0 35 0 3,lg JiSIas lrarler 9 (5,5 (i Hlogei i JSb

(<)

()

(s)

@

(& el o Voo (0 el oo B¢ (1 1S am Jol Hlnil 5o oloj CobdS b dlgd bas 53 o slaxy] Gimocys) Sgo s F JSib
il oo Foo (3 el oloo Yoo

1EY sla o) oslod (il 0398



S Bl guigo 4yl

25 20 T JGSl dgd bas 4Ll 5 it 1 (56 S 53§30 b

Materials Research, 671-674: 519-522.

AYAY o o o Sl oolide g (Bssd wo Wil wp cpp VY
JUST (ygda sbadlgd babs 5 lxdil Sl (g3 (g5l
S PSY- gl Shey 4 e (LSS 55 55 g ek

N A-AA P O 0,93 Sl 9 o)L» ‘SNAA.Q,Q AJ}M.;

6oue Judoi™ VYAV €0 (o 1 g o5 yha oz cdiiel oaiisy (¥l
bk ¥ 9,050l olyol31 Lkl 1 36 3 ) glgel
5 Slore Olyee Slalliny Gl (rases 3B 9 i dlgd

s s b

[15] Siskind, D. E., Stagg, M. S., Wiegand, J. E., and Schulz,
D. L. (1994). “Surface mine blasting near transmission
pipelines”. Technical Report, Unated State Department
of the Interior, R19523.

[16] Rigas, F. (2009). “Safety of buried pressurized gas
pipelines near explosion sources”. Proceedings of the
st Annual Gas Processing Symposium, 1-10.

[17] Topkaraoglu, E. (2014). “Design and development of
a cylinder expansion test setup for determination of
equation of state parameters of various explosives”.
Master’s Thesis, Mechanical Engineering, Middle East
Technical University.

[18] ANSYS Inc. (2015). “ANSYS Mechanical APDL
Material Reference”. In: Advanced Materials Research,
Trans Tech Publications Ltd, 1079: 198-201.

St P VA s lin obie tign 5,5 14
p9o b3 09 3o ol JUil bakas (g9, » )bl 1 Lab
M09y )l e 4 Sl

[20] Park, D., and J.-Kwang, A. (2016). “Numerical
simulation of blast induced vibration propagation”.
Japanese Geotechnical Society Special Publication,
4(2): 23-26.

! Wang

2USBM

3 Langefors and Kihlstrom
* Ambraseys and Hendron

3 Bureau of Indian Standard
¢ Ghosh and Daemen

7 Kouretzis

§ Esparza

® Dowding

10 Yankelevsky

1E-F slg o) oslod (il 0592

or O @l Grizmen g edel Cews @y Sl cs
5 0 oxiie 00le a0 a5 S lg5 o dlg) Las (59, oo
@ o] 5 03gr comlie oo solitul Hlxiil (oS! cuizran

g e 8y il 51 0 aalgl

&y Ve

[1] Jimeno, E. L., Jimino, C. L., and Carcedo, A. (1995).
“Drilling and blasting of rocks”. CRC Press, pp. 408.

o olSils ol Ll S Spobiyd” AYAF g (gaiie [Y]
S el

5 Jlisl sladlgd p g LeisT ,.JL, Sl YAy e d ol (Y]
bl M(glxds — o8 ool (ol oly Jigh (99,30 axdllan)
O oGNS (ase cwdige 0aSLASNS )| ol IS

[4] Duvall, W. L., and Fogelson, D. E. (1962). “Review
of criteria for estimating damage to residences from
blasting vibrations”. U.S. Bureau of Mines, RI 5868.

[5] Langefors, U., and Kihlstrom, B. (1978). “The modern
technique of rock blasting”. Wiley, pp. 438.

[6] Ambraseys, N. R., and Hendron, A. J. (1968).
“Dynamic behavior of rock masses in rock mechanics
in engineering practice (KG Stagg & OC Zienkievicz,
Eds.)”. John Wiley and Sons, New York.

[7] Bureau of Indian Standards. (1973). “Criteria for safety
and design of structures subjected to underground
blast”. Bureau of Indian Standards, New Delhi, India.

[8] Ghosh, A., and Daemen, J. J. K. (1983). “4 simple new
blast vibration predictor (based on wave propagation
laws) . In: the 24th US Symposium on Rock Mechanics
(USRMYS).

[9] Wang, Z., Lu, Y., Hao, H., and Chong, K. (2005). “4
full coupled numerical analysis approach for buried
structures subjected to subsurface blast”. Computers &
Structures, 83(4-5): 339-356.

[10] Kouretzis, G. P., Bouckovalas, G. D., and Gantes, C. J.
(2007). “Analytical calculation of blast-induced strains
to buried pipelines”. International Journal of Impact
Engineering, 34: 1683-1704.

[11] Yankelevsky, D. Z., Feldgun, V. R., and Karinski, Y. S.
(2008). “Underground explosion of a cylindrical charge
near a buried wall”. International Journal of Impact
Engineering, 35: 905-919.

[12] Xu, G., Deng, Z., Deng, F., and Liu, G. (2013).
“Numerical simulation on the dynamic response of
buried pipelines subjected to blast loads”. Advanced



S @il gwigo 4yl Sla o pla (015095 (53T dlonw (Aol ouiicty s>

' Xu

12 Mie-Gruneisen

13 Siskind

14 Jones-Wilkins-Lee

15 Von Mises

16 Jahnson-Cook

17 Solid

'8 Shell

1 Impedance Boundary

20 Transmit Boundary

1.4 VEY Hla o) o lod uiddd 098



