Y stepnslh
SB g ol cblis glayiag s &yl
1YR0 (ol 0 jlowd cfogun 9 Comny sl
http://jwsc.gau.ac.ir

G Aol balad g3 290 ST 39 (YKt il (v y 9

¥ . . Yoo . Y JOR .
uuLu.ﬁlAALAJA:u.‘.uj aleﬁS|LAJma‘ ‘:\e.:La.uJe.bLS‘ GJ‘fub-,‘-‘-“
e s b oK (Ol mnitign 058 Sl hgiie sz b olKls (T (slaejle Al il IS (g pmetils’
J.@,.:..A wa)éfé aK,ﬁ.’v‘) ‘QT J—N-L@v‘ ajjf )\.L.-:‘i ‘J.@,.i.a dﬂ))} ab{:..'v‘) ‘QT J—N-L@v‘ ajjf JLL)\I.«\T
q0/v\ J:tﬂ.b GJ‘U ¢qg/Ve/0 C,ﬁkijb GJL

oS

e w355 5 bos il b s (G e by DB — O Jlisl ) bghast e tbua g abl
337 st g SLbI 0L o Sl sdon 53 1) Glaki 5 358 (ol b i 5 4] (S50 Ol 5 g 50
Sy AP CSa g s e (LU o ) b 5 ek sl s e Stendol it 53 350 e
Nl o g 5 Sl 3 ey cotlid el oY (Il gla s il 53 g skl 5l clablow )
25 Ty Wy ol bl

e ) b AT o5 s Bl b 5 (Saetl el s ta by g sl
claie S5 an s Graks VAA 0 /Y) gy lawste 3 55 b (2ol b oy Bl (el T/A /YY)
Lyl s (V/Vem v [a) )5, L s JBul el o 0L > o (S o pls cand) (0 VKK 51 < slize
Sl sl S8 ST sy sla il oalod pleSiSt = (sl By 4 1l L el sl gl IV
St st slajubly U il Gl il 53 e eosed s3lal i 1 Ay bskst 5 a e
AL ISy JK 5 s gy adils Lo sto 65101 0L 2 Gas 0Lz 2558 e ) b ¢ uls
w235 o Sl Gee S 1y el jasiie sola

Sl S50 olg Kol Jldis 53 Ol > e 3 Bl o Coles oS o ol Sl AT = bl
2 b e a5  (Satil g Jolas 4 Oy Loy man 5 (Soetl ST Gae ) 8 I L
35,5 508 55 (Saedal Ges Sl zew D3 gdoails 5 Ay ad 05 cb Lo 5555 s Sl L oals ol
Yn/D slis 53 0L Ges &b sl O Kby sal cowsay ol 4 goms 51 S bl a8l e Gl /¥
Gos Ol et il o5 p3lie 53 503 Solear ool 5 o (Sacil Gas SIs Ol L8 W0 51 50S
s Sl L gie o3l i b ospd e edaline Ko (g 3l Cdls 0Lz Ges 3 Mt |y Saaid]
L gte o310l L lgey giuails a0l Wsa Iy 55 e sl Sani] Ges Slis s gl o8 ey
bl 53 alpmay S Dlae Sl (s b (2 150) V/E 5l 58558 Sl Sl Ll R VYA

moradi.sobhan@fum.um.ac.ir :43\<e J e *

AEA



1190 (1) )l dFF) dls S 5 f clis gla g}y s puls

0313 ok (6, Satr Dppon 1y (Sanal Fped K25 ol wnils Skl Gas Sl S o 5 s
St IS Jsb sl o)) il s VS ahaie 5 Ssline sla K (5,850 Lo
Ok oS albsl o Ll 4 B amsS 53 5 ol plp pVSKS laghie K aan gl 28 S sba
Sl Gas s st s g dsb 6 5l DL e sdalie Ll sl (o OF S5 4 5 55l Sy
Glp s VY0 e VS /Y (WL) glars p VS Sl sl 5 sl e (VS K8 ibess
S S35 3 Sy gty A &S ol A 3l 5k J VA Lol ) gy el caas gl pls p VS
b oaglie 55 5 oS (At 5 s VS o (Sl Sl Ges O 3L 0ld al g

el 33 gl VS
Sl (8 Slasite o ol ) Ga) ekt mal (VS IS 55 ok oS sls LS s i(g S o
s opmen 5 Sl Sl Gee Sllie Sl gl e NS ol LIS 50 Bl A b s
e Gl Al b 3Rl sl e 4255 ol ) olas & D3l =l o 5 5 5 G sla S

.,\..Z-L:L;a Japl;- JL?- DL ol abj..:

g Jll bl ( Sawdl Ges Sl Piggyback line  asso Sauiol sods” sloosls

Al Slamay agn ol OF (5,0 s lds Aoddo
S el O Sy ks ol slaiasy s sl (aacn s sla S3 1 alS s,
53 ol Ol 5l Ol e 4y bohast 5l Cblis g Ll 5 baailbsg) e 5o dg bk 51 0558055,
A5 Lt 055 s sl A5 5 Slse, Kot gl g Spe 5 OB~ Uil gl
23 g eslaal ;.j BERTpEe ol L;L"Lﬂ LSLMKLNL; @ ol s Glasl s 0l
el sd 5 SOL VAV O Kes 5 peillnS Gl e o S L3 ol anils ¢S i
b 3n Sl (VA (555 5 sl 5 (VAL Olsl 3 slasl Shlest odle W byl
Ol et Ol b | aly) bshas Gl b e T P G o S R
Ola b sy S8 ey 355 Jd iy 5 Y3 S bl cge --’)}TL;‘ 35ms% |y p L0l
f L b e o Sl Ges (SYslas A dd b ol el (SalSs 5 o
s 3 o3l WY S Ob o Ges (s Slac b b 5 Ok mlsel (Seolingsden slag 0
ety ol QAV) Lo 0 Y V) izels atl s et Gl p il a4 sl a2 5Y Sl
Wyl b csowl g Saei] ojis Ges &S 53 Syl Gas Sl oS cpl 5l 5 30 e g
w\%,%w,Fr=%>,;Mﬁ\wu Camdye a5 5 05 o | Ayl b 5
ez L 044 s 5 (4AY) o5 dss (OT) o el ply 23S SLal A SR
A TE AR AR ORI R PIRRU Y bl (Sawtl 5550 5 3k slaaddles 058U

oty Ol gldn 5 Ol s 3 gle eha @S Do e b8 s Ay byl
5t b |y Koeil o i slal ¢ grsmy s 5 Sl IS NS S0 Jelse 28l 5 ol

Yo



OS2 9 (5150 olowuw

Ol 35,2 3de oS Jials Ol a2l =k
25 sl Ges 3 (g5 Sl AL I
VT TN U SO i P+ I JA B PR
Lo Dhasiie ol (o] Ges
db Ok 5 b Dl s s W b 5 s 0L
() wsls slgiy
dbogss sl S glafasn wilS s
Gos Sl Gl ol Ll 5 edd pll slass
Sepl o arg Lol ol ol dy 55 Sei]
5 JSE Gy ol s eslizad sy | VS
03 580 Gl Al 4 cond Osline bl
Ll o ool (K apls A3 sla fags g el
ool e 3 sbesu | J Glbl et
eV Lol Y s i ol shaie K2 e
ol os oS o adlas 5 ey 3y
s 8 ladasin JAL{@.LU'T R s B
ol 4y 6})(/&‘}1&&45&5);4;;“&31

el 0 4.:2-\)}{ o g_M,a_’

g, 9 S0
o eyl b (sl JUT 51 Goua regalad 56T

0555 Cewddy Jiu"l.aﬂ Jbe )\Jffsl: slsds
Lelwd gl om BL O 5 Ay gbaes
oslina| Y(’L@f#:ﬂz —sb G Ol sk AL e
JEN ¢\,T CIEC U P P91 RGO [P W
e g .
Vodaly Copgon il Ay bhs 5 Sl

il e

1- Piggyback line
2- Pi-Bukingham

Yoy

Ol (il 1y Sl Al Ges 5 das I3
Sl(0 A) s S |y SKeecil sl @ O
Cogon 1y A by Seeil Ges (V4A0)
Ay G O dlols 5 0L > 54 8 sae 5l Al
3 S adsr 0) 58 Ol ess it e
Ol bl Saiol Ol ol 4 0ley (V4A4) SSL
Loy dasls Vb 1 (W 030) 3 i g bsas
iz St o @Bl Ay bk ) dl
s s ) 4 O S e
595 6 g ket s Kokl Sl Ges Al
(V444) yous b 5 el Q) W 5,5 b ol aw
e 5 ool 0 bt Kot o Gas
(V484) 5 .00 L3S 518 ) s 5l 5.
o S RS 4 Ol Ges s 818 ol 0L
S b 5 asse Saeiol sbYe
5 Wl Bl O Gas iboss Ly Jb iy
S cldls By Sdal Ges Sl iomens
o helS Sln Gl B S L b b S
5 odla (8) ALl Sl e s O
25 il A are g ees (144Y) OLKes
S Ldowy 4D ol @ 5 00,8 wsp |y dy) b
a5 gl edls 5l 3 ey 5 WS Il s S
Sis o s LS o Sateal | Sl A
A try ol (Sen G 3 A MSL
(1449) LIS 5o 5 WSI LY 35 b gze S|
2 V0 Obr Ges SR L plg (St Ges
Fn/D = 0) Gl 5 hbse Sl Gos oS Sl
5 K 00) 550 Satil Ges 55 0
Siloags b «(Y000) Ky 5 5l5 5 (VoY) Sl
ok s AU Lol en ) Lt Gl 0L a4l
o5 s ol Ss s, &S wls O )
SRl AL s b (St Gas 5 s 53
o3l L (YY) Ol es 5 SSL (YY) ) b e



1190 (1) )l dFF) dls S 5 f clis gla g}y s puls

¥n

Al Flow

00 C

Spoiler als (¢ Circle efs (b Triangle % (3

A (€ (VS Syl gl K3 (b 5 @ Y S

1 Nediment bed

| s e

\‘"‘*pipelme

o FIR Y
........ i

Ly

Figure 2. a) and b) Different forms Piggyback line, ¢) spoiler.

ok oo oSS I s 0k S 0
b St b il b gl S b 5 o
.V{;&M.\i;u
st s el 5 (0438) L 8T 5 LIS,
L slsos dmlsd sde oS L5 S ool (YerY)
Llp s 4%103 —2.6%10% oL ol
ol s eslimad sy Olo W gl Sl
N0) ol igaior BB 5 o)l has i canlllas
Lol ol sdlss st Jilis beul 3 (VY
2 Sosed @bl sl culg s 1.1 % 10%
25 Jeol=

ds

D’D

Ls

:FYn@

Fl D '’ Sgl Frl Ty FS) (i)

23 s ol sl i &bl Ol g
o O elss 5 sl LAl L s 5
gl 5 e T e e Ve dsb S
035 Sdookr sladte oKalesl 55 (e v/0
Sl o plonil dgtia g5 3 o2 T ptiga

(s

Yoy

s Sl g S bl ) S

Figure 1. Local scour influence parameters.

f(dS! LS! V, D! h! g! Yn, pW' pS! W, Sf; dSO! FS) = 0 (\ )

bt U clashe e dol Ly & S8 s
Sl Jgb e Ly s Ly ((Saaal Sl
56 Sieiil b Lg g ool 5 sVl
Ol o yte S Vo (Sl Jo 8 Gos ds
Ps 3 Pw Ok by Ges Yoy i D
o S Sl s S S e
bt b Sp ol Sl ) Sy =2

Pw

d h
/0 2S5, Fr, ST, Re, FS) ")

Ls _ F ds yn dso
» = oo

h
%0 2 Sg Fr, S, T, Re, F) (1)

14

sde ==Fr 535 sae Lily, I
vI-Vn

p.V.D

W . IJ
Yn.Sf
[((Ps—pw)/Pwl-dso

Gabs b)) o2 =Re iy,

*



OS2 9 (5150 olowuw

S ialad (Sede view)

?Ep-!ina

Wl faled (Plan view)

ALl p Y s
Figure 3. Experimental flow.

RIES A 5 as B e o) sl 5 e /Y
Lyl s obml Gl ol odd ai g5l ol 4
Cer ol e SIS pman 5 CEIES UL x
Gl /D =Y/0) o\ 3, 5 dy DA G i
23 eddinal (o 5iS Gl s 51D ki 4 Ay s

ol o o3lizal JUIS sl
e 5 e 1O S Sl S

Sl Gas Sl il 4 4 s L(Yert)

ds .

2 S a0 Sl el 4 e T e
S s @l bl b s ey Ll
IV of Lle s bl 5t SKenil Ges
i Saenl Gas sy saks bl U
(V) 555 4 S S 53 Al 5 00
S bl Sl gy Jgene gla s,
S ol ok slgdny (1447) KL b5 gy

Yor

ol or @b L ojlsen U & (60555 Ok~

2 Ste o5 301 038 r‘j S &S ey
32 0l s S el o slind o5l (gl
(o gty S il al L gI T ol
OSS aw oy mdoee 2b b L S dlsa
Glls s p g Sl eld (oSl
sedalie of 5 bbbl 38 plnil AL
Gor S8l sk s 4 ABL e s w0
S35 b s oS 4 (Sant] e 5 0L
iy S Sl et ool e e 1))
By oo 3l lopls shaie b hags ol oo
Sa Sl YA 5 ¥V Y i ks Loy (PV.C)
JUS lanl 51 gm0 adlbls 55 5 eld bl
oy skial YK Lhls
S84 coslae 6&84_5,‘: IS5 CL.L?)l L Lol

LJ"”J; cj.“w\/ Jjja LS e RGO R W 0



1190 (1) )l dFF) dls S 5 f clis gla g}y s puls

3B ase il 5l s Sl e e Sy
A kS IV IR U I S
daly, LV e cspw ail o (V/ Ve =+ /9)
ale (044Y) Lgke 5 VY e, any

Ve _ Yn
7o =575l0g(5.53 %) )

)‘605}@\);&‘J>UL;\;JJ&J~UI/*C‘5L;}\J>U
Jsbe 5 Y Jses LLos sls e SLs

SR STII SRSy

Vie = 0.0115 4 0.0125 dgo™* @)

(sob odalis il oS > sbkal asis

S ol a5 2y S el e T i,
S e € Ol Ll e Ky
ol L3l e S (ol S S sl
dalgt Uast clls b, a4 oS > alid 5,50

ol 0l oJ))I\ d_}.,\;:)) CJ\)J Slascin yY

Ll Sl S Gl e S5 Jels
D)
OS5 e Glamlie OF 3 &S e S S,

St Gl RS 5 e g Ol Db Sl

JJKL;G e
v,2
R 0
8(S¢—1)dso ©
0,24

Ocr = ——+ 0.055[1 —exp(—0.02d,)] (V)

1

_ (ps—pw)g|3
d. =ds [_pw_vz ] )

UL O Galed dm 05 2l O Aaol s oS
S Sg e G e Ve Gl S
Lied s gy Sladls
Slae laaasiie By 0 dbly 4 a5 L
St GG el Sk SO R e e
Sl Couw Ol s @ analy Gald lil)

JUIS 3 Ol oy OF 5l Sy 4 5 o S35

ool 53 ealizul 590 Sl gwy Slasede -\ gl
Table 1. Characteristics of Sediments Used in the Experiments.
Sl
s S g 0500 O35 Uniformity -

Bed Sediment Sizes (mm) popate SN s el (St
Material Specific Uniformity Standard Coefficient
Gravity Coefficient deviation  of curvature

D10 D16 D30 D50 D60 D84 D90 Cu g Ce

1 0.12  0.17 0.23 0.3 0.39 0.56 1.33 2.65 3.25 1.81 1.13

2 0.61 0.86 1.04 1.18 1.25 1.39 1.54 2.65 2.04 1.2 1.14

VA g s L jabod s awle 5 26 Jee 5 el sl cuj.ibﬂ RIS

e sk

Yot

sl 4 S a3 Calie gUudls 93 codiwr 6
Y Lge e L (ool anle) il anle Lol



OS2 9 (5150 olowuw

Sie & JUS Jls O e oS o 352 JUS
Slr b g oy i3l alnil g LS 555
o LSl Y il gl s 008 haels i
5 e 5 0L Ges =S (’UB\ WJUE o)l g
ol Lilys il s Gn/D2Y/0) s,
b opd o ol anm s bw g (V/Ve & 2 /9) OV

BN PGP ESH P SR

St i3l il g5 5 gl il plomil o gou
ey s wBmy s e Y db 4 |, JUS
5 Jb e L) LB o pen Sl
IS e S B (S oe
5 M) 53 e Sl D35 p s S
lacid s Co Sl edd mhavs g Sty Sl
JUIS sl a5 ol ok o3l ¥ s L

3l ot ol b =S B ey 5w |

Al Flow

1 Water

(Kot ) O ooy (6,8 IS8 oilSa -8 S

Figure 4. The mechanism of the formation of the phenomenon of piping (pipe scour).
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Table 2. Scour hole volume variation.
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Abstract

Background and Objectives: Waste water or fuel pipelines transmission from the erosion bed of
sea and river causes an interaction between water and erosion bed which results in some changes in
hydrodynamic flow around the tube which caused some scour under the pipeline. As a result, it may
lead to instability, bending and even breaking the pipe. To protect the pipelines in counter with
potential risks, understanding of amount and scouring pattern around the pipe is necessary.
Materials and Methods: The present study has investigated the scour below the horizontal pipeline
in a laboratory flume with three different pipe diameters (2, 3.2, 3.8 cm), located on the erosion bed
with two medium-size of sediment (0.3, 1.18 mm) and three different shape of Piggyback line
(blade, circle, triangle), under the steady, resistant and a unidirectional in lucid water conditions
(V/V¢e = 0.9). First of all, using Pi-Bukingham method all the dimensional parameters affecting on
local scour under the pipeline analyzed. Then by various experiments some important and
dimensionless parameters such as diameter of the pipe, Froude number of flow, depth of flow,
average grain size of the sediment of bed and the shape of Piggyback line have been surveyed on
maximum depth scour. Results demonstrated that the surface area of barrier opposite of flow effects
on final mount of scour and it increases by accretion of pipe diameter, depth of maximum scour and
consuming time up to balanced final sour.

Results: According to Experimental results, the surface area of the barrier affects the flow path in
the final scour and by increasing diameter of the pipe, a maximum depth of scour and time reaching
to the final balance of scour increase. In this research, by increasing in Froude number in a constant
diameter of pipe and soil grading size, maximum depth of scour obtained in Froude number of 3.0.
The depth of flow effects on depth of scour at y,/D < 3.5 was almost negligible. In this regard, in
small amount of this ratio, depth of scour is independent of depth of flow. On the other hand,
average grain size of the sediment doesn’t have a considerable impact on maximum depth of scour.
But, because the standard deviation of grain size of the sediment with an average size in 1.18 mm,
was less than 1.4 (high uniformity), it can be concluded that the standard deviation has a significant
effect in amount and location of maximum scour depth and can change the scour profiles
significantly. By using different forms of Piggyback line in equal height, length of hole scour
became equal approximately and it just depended on length of obstacle opposite of flow. The
observation showed that the wave length of the leading sediment and scour is affected by Piggyback
line. It was in blade Piggyback line form 2.42, triangle Piggyback line form 2.25 and circle
Piggyback line form established on main pipe 1.19 times more than single pipe on the detrital bed.
Different depth in maximum sour between blade and triangle Piggyback line was less but in
accordance with circle ones it was more.

Conclusion: Our results demonstrate that any change in stabilized Piggyback line on main pipe can
affect scour pattern of under horizontal pipe line. To increase in the maximum depth of scour and
transmission of electricity, telephone cables and water-sewer duct along the main pipe, triangle
Piggyback line is the better option to replace the spoilers which have been used these days.

Keywords: Local scour, Piggyback line, Maximum depth of scour, Transmission pipe line
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