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Static liquefaction is one of the most important challenges for the stability of mining
tailings dams. Several experimental studies have been conducted on this issue within the
framework of critical state theory. Additionally, deformations such as tensile cracks and
unusual static deformations of these dams are among the other issues related to the
stability of these structures. Numerical simulation of the stress-strain behavior of
materials under various loading conditions requires a suitable constitutive model, with
one of its main components being the yield criterion. Extensive studies have been
conducted to identify the yield surfaces of soil materials (sand and clay) through
laboratory tests, but the identification of yield surfaces for tailing materials has received
less attention. This study aims to identify the yield surface of silty tailing materials from
the Sungun copper mine using laboratory experiments under initial isotropic stress and
saturated conditions. For this purpose, all specimens with a similar stress history were
initially consolidated under isotropic stress conditions and then unloaded up to 50% of the
initial confining stress. The over-consolidation ratio (OCR) of these specimens was
approximately set to be two. Subsequently, the specimens were subjected to stress-
controlled radial stresses in the effective mean stress-deviatoric stress (p-q) space. The
compatibility of the laboratory yield surface with the proposed yield surfaces of the Mroz
constitutive model was examined. The results indicate that the obtained yield surface
under existing stress conditions follows the non-associated flow rule. The proposed yield
surface of the Mroz constitutive model, by considering appropriate constants, shows
satisfactory agreement with the laboratory yield surface. The work input for each stress
path demonstrates that at approximately 0.25 kJ/m? the specimens reached yield
conditions. The flow vector plots indicate that the obtained yield surface follows the non-
associated flow rule. Observing linear trends in the deformation changes of the specimens
after the yield point indicates rapid cementation in these materials.
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This paper investigates the effectiveness of the mixed forced-displacement method for solving
indeterminate plane frames that combine force and displacement relations based on the beam’s
axial and bending deformation behavior simultaneously. In this method, the differential
equations of all structural members are determined based on the general theory of the Bernoulli
beam by considering the axial effects. In the following, with the help of an analytical solution
and application of boundary conditions, the integral constants of the equations related to the
uniaxial frames of the structure are obtained. For the effectiveness of the proposed method,
three examples of common frames have been analyzed and validated with the finite element
method. The results show that the answers determined by the two methods are completely
consistent. One of the advantages of the combined displacement-force method is determining
the parametric solution as well as the high accuracy of this method. In addition, it does not
need post-processing to find the quantity of kinematic and static responses. Therefore, this
method can be used as an alternative approach to the finite element method in solving multi-
axial plane frames. Moreover, its capability to handle intricate loading and various boundary
condition configurations highlights the method's efficiency. Furthermore, the method
simplifies the simultaneous influences of material and geometric nonlinearities in the analysis
process. Material nonlinearities, such as yielding and hardening, are accommodated by
adjusting the stiffness matrix. In contrast, geometric nonlinearities arising from significant
displacements are addressed through iterative updates of the displacement field until
convergence is achieved. In summary, the mixed displacement-force method is a
comprehensive and efficient tool for 2D frame analysis. The ability to provide accurate results
without the need for complex numerical simulations increases the importance of this method
in the range of structural analysis techniques. Future research efforts could examine developing
the process to three-dimensional frames and investigating its application in the performance-
based design and analysis areas.

Funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-

profit sectors.

Conflicts of interest

The authors declare that they have no known competing

financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Authors contribution statement

First name and Last name of Frist Author: Amirhosein
Bahreini

First name and Last name of Second Author: Ali Asgari

To Cite this article:

Bahreini, A.H., Asgari, A., Khabiri, A.R. and Taghipour, R. 2025. Analysis of plane multi-span frames with the analytical
method of force-displacement combination, Sharif Civil Engineering Journal, 41(2), 13-27.
https://doi.org/10.24200/j30.2024.64303.3318

E-ISSN: 2676-4776 © 2025 The Author(s). Sharif Civil Engineering Journal, Published by Sharif University of Technology

This is an open access article under the CC-BY 4.0 license.


https://doi.org/10.24200/j30.2024.63829.3289
https://doi.org/10.24200/j30.2024.63829.3289
https://portal.issn.org/resource/ISSN/2676-4776
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://sjce.journals.sharif.edu/

YA e AT F Ll oF o)less FY (50,50 a1 )] jos (owidige sole (salxo

Sy il ol po (i (oode alxo =

https://sjce.journals.sharif.edu

i sallie

Sl —g 8 w5 Jdx Jigy b gumge laxao ool Ldxs

29 Loy 9 s Lople & (g ySume (e (S 5 Ly yuol
o53le lyisle oty ccg yglis g g goaSils

(a.asZari@umz.ac.ir) Jsiwe odimy $5*

oS Wlio cledb

oS 5 5l a8 el oads By el lazio Gl o sln @oleing gy SO 2B wp @ ol Siegly 5o
lal csoleidun oy, 59 Spen ot Qlaspd ssb @ 5 (SheS g (§y97m JSb s 1) by bl g 9 L)
b s 9 005 et (55950 JBT (28,5 8550 b Jgip —5hsl 55 (IS (5595 (bl (slojls sliael Lwilyays sladlola
59y et lpae sl ool Cansddy sl b Las yo (slaalobes S5l clocyl s ye bylyd Jlasl g ks > a5
ol gl wlond bl i Lzel sgumme sliz] gy Ko b 5 olow Jghite slamivo clals 5 Jlie aw «solyiiny
J> G el cop 2S5 G slecaie Sl (gt Bl s he By 59 5l eddiine slagly a5 wlesls
oS il 6l ] propdle sVl 2o b ol 5l olsids sabaii o 40 lagealy 4 oliid Sl aizen 5 el
el 9,500, S plyrea Slgge bl —g 55 (oS5 G, I 0 1 e 4 (65k8 (Seslinl g (Ssless Bl

WS¢ oolazul (S )9 LS‘W &51"”“‘[5 J> I @l) LSL‘\)ZS) LS‘)'.’

VX T el s gl
VX /YYD 1 awsSlol g,
VXS XY Gy g

(gaals Bl

cSlamio laols

sl sloojle

(el —gp S5 )
(Frn ksl 5 sladslas
(=S g,

OV e é oS5, oy ) oolinal b o gonles slacls IS0 s

5 hr S e ol boesle ol (s e s
b e 3, 23 L i S o ojls Sy ganlone M s
oalslae 5l oolinul b o] (gjloaings 5 a5,bss slals >k Ml
b osl Sl ol Mga¥s slacls (b 5 Julos L
ool b o sloosb Llow Ml coie (6 o 15000 (gloo S, 5 ol
b o5 domes e 5o ojl gy siloans Mhplule 5 9,0 B, 5|
5 slaoil slos ) (b ™ T ol =35 S 5 Ll 5 oslic
sy il slacls Julows (7L ol =3 5 g, 5l oslizal L 535
Jeilyins Joass g, 31 osliciul U algl skt (2| b ™ ls
2 Sl el 5 ove Jubs M Llsians g, SO plyisa
izl bl 35, oz slacls > Mol ez sain slacls
M) s 5 TS5 5l almle s, Tl gl gume
S sl el loold 5 plall ol Mg g gy s

Jolos P la s sy lall 5 U5 s by, TS5 olle

4 Karnovsky
5 Toniolo

doddio .

Sl @8 Llod (hg) (8L deojle o Jlae cn Stes 5 (S
Slgi o S iss slaalobes 5,555, 5l oslitl ol ppnsl glamio
e 90 48,5 A o glaas ol > gl (IS S Glgiea
=250 Soenizr Sl lp el gladsle s sla s,
lagy] o 4 60l KisS5 w03l oS cloalslas ny .Cons] ot il
DO T U slaylity s Sade y92eE 8,505, b
TSt 31K (S s T 1) Tgdls I T 250) T S5
o5, g |y oS 5 oo Sag, 5 onlinl 1T

Srge Sl SN 0an 53 glaalsle glagaly L jslea
39 g i sheloians ((Ldod la g Sl esliinl b ol Samgsy oenl asd dy
ooles il a5 solus 5 BB s, o ol Lol il sy bl o a4
asle (goae sl s, sl (embin 130l Wlgh oo cams idig 1) Pl
ainy ol 5 oaplonl sl 5 D8 il o e gl o o SIS wgamme s3]

it b OB s Seelus Julos el 00,8 Ly

! Macaulay
2 Brungraber
3 Falsone

ol 4 olcewl

P (b e wdige - obule -9 oS5 Ldow s, b «5“"‘-?5" Glamao ol Jdos NFF Lo gy & 5 Loyde (g pns o e (5K (ool ¢ 0 20

https://doi.org/10.24200/j30.2024.64303.3318 ¥Y-\Y. eo

s © Hgo 3>

(OMOM

[ RO e S oKl syl

YEVPFYVSE Sy Ul L


https://doi.org/10.24200/j30.2024.64303.3318
https://doi.org/10.24200/j30.2024.63829.3289
https://doi.org/10.24200/j30.2024.63829.3289
https://sjce.journals.sharif.edu/

OLlSan 5 s y70 (e sl — lomile 55 oS5 Lo i,y b samigs (glamio sl s

P
Jf_J. X
Wix) ¢
LR
M M)
) E ‘3 R
R
Koo w
e Slaize jazmo g 50151 Gbhaz s ) JSi

Element I1 ] b

Xot Globalaxis s
I B

35 oo g 00w (595w i ladl ¥ L s S soolw B Y ST

ol

bol . . ) . o e
g o i Vg ) bl Sjgo 4 JSO ks

u. =————pi +c¢,x+tc,
(x) (EA), @ 7 ’

3 2 A
@ Xi Xi
W. =——q . +¢,—+c ,—+c s Xxitc,
@ (EI), & T 6 T2 7 ’

M

o pgo low 1 o s colice A o SlaciS Jooe B o] 5 a8
Wl L oas G bl oy syeme b s Pl ol T
Sbls i alis slaJsezme b (J1S0l ol b € 5 colall 00l

e - 4 @ .. . .
MN‘)UQ(A)5P(A)wé>‘-°;“~**%h%‘s)9"5‘@‘5);045%»‘;50
Xi Xi

J.J-pAdx liss oy p(%) -@a‘od‘ioa&u\d)ﬁleﬂlglﬁd) S5

Xi (%)
S0 by Jles! jliieds Jl o H”quX clina & q(q))
X X;

‘h.au.:\ ul.o..” kS’Le"J 9 ‘SJLLAJ‘ 6"; 99 )l g_ia » LS‘)" laaloles a5 ol ﬁ)y

9

ailcaye Oygo ol sl EYolae 4 Wigds ools

w3bdng g gy 0 T g, Sl eolil b (sl slacls
el (Seilew 9 (Sl (SasSig Gl sleojle o ln
o) b Mt s ool ol Jnl e ile s, ™l
3y abox 51 T ls¥g8 slacls sl obulr —508 (oS5 g, &
Slamio ol sl ol peosi 5 o ys (b 5 Sl sl o o5 o

al s by abulr Glagsy, 5l (S hid Ygans pg e slags2s,
@ bojle (el (MBI L (S5 p (e slaghs; b Jelod 505 o
e 955 Sy, &5 Conl 53 OLLE 0sd oo 0300 e 5 (o0 5 Sy,
2 e Shy,y S S s )5 feS o el gaz o L laosls
Lo Jie Glagts, 5l o o Cadgazs wlsi o almle -5y
Siludae bl g S sy O S me | el
ot 5l G 5 4 pdy O )50 sae 2 (S)57e 5 (50B) S> slaalolee
Sl oI Hobar wiload pall JISW lacul ©jg0d Jozme £ cadsl
Jlesl layledl 51 S5 jo b jblis 650 ali b JILS0 el £ s
Caleiyd o SIS Gl oe oleiay gy 5o (Slewbre sbilie Sl 5l s
Elaslone g dpmsy Alins cloJsizme 4 b 058 o s ile galolao il
OlFso )55 30 g, (Slelme colre 9550 30 Lol (s )15 30 (gloanzey
9 0300 S5 o 4y 2ld G ile Bl S5 o3l az e a5 caS
30 3,50 oyl a5 Gl p3Y SA ulog, o0 YU Slaslore v g (yloj Laid

Lol Bolo 38 Ko sla s,

L5 loojls oo (sl Jghio o le 5lUT solyiinn b, b dalio 4o
&5‘)’ J.J'}:\‘L;o 9 J.Sk;o solaw! LSOJ) L: 9 @z...v Uw-))JLO \_i) )l oolazul L:
ucL> O ygody @L?ub—sfu L;'“f)" ij) Lol ‘J....JL: &_MAL\.O ;OOL& LsLmo)Lw
9y 99 S 5 3l g 9 e ooliial el g Sonazmy (slaojle Julov sl
50 10l 3game 850 (F 48 Sl Soe o) B Ll el s g jTeS
‘)ii.) k;).]c )l LADO 45‘)‘ ol 6&:0)@ 61)4 ] GJL.) Jul}:kso 9 Sl
el b alie )3 oleidiy by 50 1> sladlolas (5550 Ll Jlos!
‘e)"L.J 69.: aQ f.>| L)"B) 99 Oy A_JLM‘ m;[f)}‘om ] );OOLA k_;\..\:)..VLQ
3,10 (Kt (o ynd 3 Slawlme molie g 5L50 90 <80 ()] (mels (ga> y0

Syse o Jeiliins sladolee 0,505, Garwgs o> agh 5l Sas
@l —gy Uy Ly, lal ol JLilg o el (5 jgmmeniz slacls
ailas 5 Lacl olasy om0 Gl b (Soliwl QB aw s g azzlo
“oy gy wmlisl jshaiedr ool will S, 25 pelplas sl
ey b gl 5 Jolod wgaze izl By S5 4 ol (olnl>
a3 S & ool 55 st glie Al 5, leiing

Ll 0dls di oy pol>

bl -9 cuS b, Y
\ JS..: d;Ua.o L5°|jT LSLQA?)Q 9 le;m Slate ol ‘o)'LM: )| yac le).g
[\M.Ca.wl R u}.ﬁ;u

S e )Y IS



YV e VT F Ll oF o)less FY (50,50 iy i )] jos (owdige sole (salxo

g g yilo (slog S Dy (i o |y (2958 g LS ot slaalalas
eslpe S oo KELT OA N0 clouyplo o a5 sl 55 b

A(K)  A(K) A (K) (\0)
Ui :Ai cl.—ai
AK) A (K) ~(K) 419)
Vi :Bi Ci—bi
A(K)

[, &) (K) &K)9" v
wi =[u; W ]
" K K K)qT (\A)
ri =[R® R® M®P]

X; Vi
' e il 4 el (1) coodle il onn pilo sladlolas yo S0 aiSS

A(K) A (K)

ezed ol Gldl ja sladlolee g
€ iiS o @) |, AEASS g sl STy 5 LIS peris slaalolas
ng.full)iu‘ )‘ FLRPRVGINE:S JS"")"""’ Lgc\.bl.u, BRRTES GLQJ% QLQ.Q >
Slaws g sl S50 Eol 8 colodl j (sl by olass 5 loaal g2 54,

Cols 08 e i el L1 Sl VY o ldl sl S5 slaJsens
A (K)
slcbiblac; ol Ai

iy oA Vi 9 Ui

e b 28Ty g IS i las a8 w1
A (K)

ISl el bl € culyo Bi g U5 i sbaalsles o ISl
YY IR Ly, &peo a4 byl e o8 wiies b iisTy slaalsles 5

g g0y i
01 0 0 0 O Y
A (1)
A ={0 0 0 1
0 0 0 -1 0
i ] )
I, 1 0 0 0 O
n roor
4 =0 0 - L [ 1
2
r
0 0 —4- - -1 0
o | B, 00 0 0 0] )
Bi =| 0 0 (EI), 0
0 0 0 (£, ]
o | ED, 0 0 0 0 0] (YY)
Bi =| 0 0 —(EI), 0 0
0 0 —(EDI —(EI), 0 0]
A (K) ~ (K)
s 3l b Bi g as glagldl Job 5l b Ai (S5 Sl o
AEK) A (K)
4 S Di s @i s sae 5 (b (e e (g9

(Y8 JIYY Lalg)) ajls ledl pojly =, o)l

Pxcos@=p
Pxsinf=gq

3B g (5970 (G09S sl b SIS jslaieay (IS cpl 51 LS cl p3Y
P Lgal,P)oldl g, poas leel g0, 5 b God KaSS
4558 Wi @SB L ol aS d(Cute ol 4 5)) G 5 (597 L u
Sl &g & o Ceons 51 (0) g 97 b Jb (ssl izmen 5,8

9591ty (gl a5 Gl oyl gl 48,5 a0 wb a5 6,500 asss
PSS 25Ty Jspme a9 St Jopome a0 DB sla S0 s

e VY 6”
1 40!
u=u. . =———p? . ¢
()/x,=0 (EA), " Gom=0 >
1 )
wl.(”zwA . o=—q¥ . +¢ 6
)x=0 (ED), “Gm=0 7
o _ | e ©

=L . =———q 7 . +tg
@ (p<x,-)/x,-:o (ET), q(xl-)/x,-:o 5

RY =—(EAu . . =p" . .

X, (x;)/x;=0 (x;)/x;=0

i

~(EA)c,  ®

RO =(ED,wW. . =q" . .

Vi (x)/x;=0 (x;)/%,=0

+(ED);c; 4 )

MD =(EDHw. . =q¢? . .

(x)/%=0 (3)/x,=0

+(ED)c, ®

1 )
u=u.  =———p?  tlc +c,

! (;i)/;i:li (EA)[ ():i)/xi:li .

3 2
+ L3 + I +lc  + 00
Ci,3 7 ci,4 [Ci,S Ci,()

1
wW=w, . =g
= (ED), "Gyl 6

| I am
) 3) i
=g, . =———q7 . —-Lc.-lc,—c
b=l (EI), Gy 07404
RV =-p" | +(EA)c, v
Xi () x;=1; ’
RO =—¢® . . —(EDec, on
v () =l; :

MY =—g®

(x;)/x;=1;

—(ED)lc,; —(ED),c;, 0

AY 9 i Lgl.bd.'\)l.bc EJ 91 LgLQc)f B ‘5.;‘)5\5 Ulg..-:]u.u AR 50 (_QLQCUQL'.Q
sbaslee 9ty Gléb Sy AY 9 \ lenébb.n £S5 ,97w 615‘& SS9y
5SS o ammgioolu jekiieds aitud Lo ,S 0 sdalogzgay S AF g A

' Local
1



OLlSan 5 s y70 (e sl — lomile 55 oS5 Lo i,y b samigs (glamio sl s

Sl 5 (Slin] slacead (saon 45 coul L5 Tl o 55l 5 Joles

ol j3ee jsliatr o b G il g gl ) IS pge S0 &
Dgdse oy VA galal) & o0 4y (e

cose, sing, 0 ¥
G, =|-sina;, cosea, O
0 0 1

QLQ.” Lgll.wl) 59 Gl’“’ Jre o A(X'G) ‘515 9 ‘slm 97 (2 64%.5‘} (Zi
Sl e d slao S 50 )55l bbb el 3 slewly jo (IS e
55 5 s e o Sl 39 65 (ol 5 (S 5 1 05 i
Srddoles (isi b yuizren iziwd plp oo b b S0 s 5o > 1>
03,lg (69, b i Lacel Al sl yiiSTy ggamme j953n sloo,5 jo Jolss
o _,,oO .. . e .

ASWLMUL.\Jul —uz ‘JLA‘JI}‘.CMM)JJJML’O;Q‘)’
Yo Loy, sl plp Vogledl glasl S0 s b Y Lol sl Ko s

oo GLIY JSS )0 ade e o 0,5 sl ¥ I

A(J) A(l) (V.)
W =u SG =Gy
A ) A (D) A aD )

GlAl Cl—GzAz CZZGlm —G2612

() (1) () () x'Y)
Al Cl—Az ¢, =ad1 —a

o O )
4= >Gr +Gra =f

A ) (D) N D) )
G B ¢,+G,B: ¢,=Gbi +G,by +f”

) () ) () Yd)
Bl ¢,+B: ¢,=b1 +by +f”

A () A (J) %)
) =ul” - G,ur =G, u;

() A ) ") A (Y)
G, 4> ¢,-G A5 ¢;=G,ax —Gjas

) ) ) ) YAN)
A ¢,—As ¢;=ax —as

. () A () . o)
B+ =fC>5Gr +Grs =f

A(J) /\(J) /\(.]) /\(J) (f.)
G,B: ¢,+G,Bs ¢;=G, by +G,bs +f°

) ) @ (FV)
By ¢,+Bs c¢;=by +bs +fC

4 Rotation Matrix

3 Global
ARY

(D)
ai :[—1 2. ——1 gt —1 T ™
(EA),” oom=0  (EI), “@yx=0  (EI); "tx=0
A
a(-)=[L ) 1 g9 1 O T (ve)
(EA), " eys=t (ED), o=t (ED), s
Al o " o ; (YO)
bi =[-p . =" . —47 .
l p(xi)/xl:() q(xl)/xy:o (x;)/x;=0
A() o o 2 , (Y%)
bi =[p . Do 7
l [p(xi)/xi=li q(xi)/xi=li (x;)/x;=1;
A(K) A(K)
J‘bi )QQBMJA’QMLQW‘CZZ )QJW‘J[}

ST ogd cod oaplive S5 3l (6,31 il 2BASS slo iaSTly 4 bgsyo
@lulr g 9508 45 99 o0 patine slalal) igd aglie pa b yS 90 0l
) og 08 50 50 Joeme £ a5 (Joaze VY c@dly ;0 S 0 oo oo a1,
Sl b oS oo hod wiea C e a5 0,5 5 0 Joeme ¥
L osdioe ol T alomle —g S5 sy Olsie 4 T Sl &S oy, s
Ps Wy U) sboalslee slostme 2975 5 S8 5085 sloalslee o5 5

A (Solo sl Jlr S oo o5 €; spme# 2, (M 5 R 5 R
y P

S| s 4 el Ty oFaSS 4 sleo 5 (slp 1) (650 Ll olg oo
P ab a5 6500 (a5 )5 Jlael 10,138 s ST T o fd‘)ﬁ ol
il 35 o0ls Lawy LIS clacdl gl LI ol 3145 el ol v L
$00elCawdts s pile g 0551 Camots lao,S 51 S o 40 1y (g e sile
oy BT T (60,5 10 058 o8 S Lol ) (55,0 Laulpds il j55 e
YA 9TV Ly, ©ygo  lgion |y IS8 5ss Ly &j50 cnl 5o il

~(D) A (D) A (1) xY)
u =0->41 ¢ =a
Al A (D) INU)) (YA)

us =0->4s c;=as

W el 555 wiloas (L $ 5 10 (slaalayl, 4 a5 daalsbes 05,5 oz
olass Hledl G 50 g oo bliiwl aS joboylan aizius Jogome VY g alolas
@ a2y b Ll sl 2ae WY 0,5 90 (6l (2950 5 e slooome
oo P @l 53 Jstme VY 5 o0 QLIS 2 051 Jonil s selolae
Gdolo a5 I 05 how s Jewilass gdloles glacul lon oS
b IS0 yss Vg ) Ll o aiged gl 09 4z g 15 p oSb> sy
B 5y 9 JShpesd e by el Sl LLSI 550 4 slalad,
S 5 e b (Sliwl g o Siloies (g )il sabl) as oS 595 00 Jol>

RS
N ol a8 wiloss o {6, €L €T oy 4 i sla 5o
ey s o (6l i alis b Jsazmoj=1,2,.. .6 5 el olaws
slealslee (s sl wgd allei Sl slao S Jolss g 5 155k Ll ol

2 Mixed Force-Displacement Method
3 Fixed



YV e VT F Ll oF o)less FY (50,50 iy i )] jos (owdige sole (salxo

Sladoles (yiigi b o (digd co alie (uka) 3,08 3425 o545 Lo 5o
5590 Caly 4 G 1 S > e Sale L Ko slee S o Jols
g 5l FY g YA XD XY slaalslas 09 oo diish w L sle slalans
wilosel cwoas C g B oot sloo,5 10 ¥ ISS 6l p Joles slaalolas
Slodsene 5| 45 (€ puyle wlas S 13 D usle 3 s 4 a8
oS ol il T oo sy FY salolae o b el oo 505 alis
Sl o yle el Vo aiien ol e olass 9 YN 4] sla Slan slass
AK) A (K)
ks ¥V Glo e Sle 395 oyl a5 sl oats S by g @

Ol Db 3 35 n b I G ile S @ o o i
5 a5 e (oS o Caos 1 lal pim wel D L le asle 0a
o Y galolas Jo (sl eale)s pdion aiish el slao S
Sy Jolo D s ile ugSine 53 A oo 5le 035 51 lnJseme

T (w3 9 oo sloJln F
Slamio OB 4w i galeiing Jhgy @D poloplis jslaneas ol i o
59y 45 sl ¥ Sl o Leloes nailas ¢ Ll oms 03 ial331 L
Ubey gMathematica ver \Y.- .o Jl38ls 5 laa o (508 o (golgiion
el sas ool anwgs T2 OpenSees lile 5 sy 5 Sgasme sly>]
5 3l Lasl woasbial B aw jn 0 sgame sy by, (c0naSed jsliiea;
a5 Lo oldl SO e 10 4o eljl a4 (gaaSis 4o 9 beam element

JH IR

Jol Jl 1.F
sl o 4,5 5 s Slaseie oyl LY S llae g9as dw B Sy

/=5
" P=3.0x10' Y
A=0.12m* m
I=1.6x10"m* F =15000N
E=20x10" L
m

(! Hladl goylos 1) Hlall 12 9 oS> sladlolre V)P

1

/8 +C,X—
" El 24~

2
X
? FC s XX, €6

PxSin(@) x X
=Ll Pl +¢ %

2

M, =-P xSin(Q)X%—(C}g XX, +C4 )% El

T, =~ xSin(6)xx, ~¢,, < El

G ¥Y gdsls o bcdd ip T g S0 M s Wil s a8

oas oLl QT:\.; Y Covga )oc\S‘J{l@ Cewddy C gy yilo Jlaie ¥ S

© oldl oy (S sleasles ;o C Guwile polae colo)ld L YA

e 5 5 e mess (olell Sk 1+ (o3l 55 o sloalslee

oy 5| USite [ mple usl sloaloles jo & el o3 S35 oyl
JL> o] odwm}: UT Lng.)o o)f)br:l.‘ajc)‘l.w)'l e)f)m).;o)lj U>'>)l>
Y Lily, Soo 4 F) 5 FA O XY YA XY clodlolas o le IS5

T e sty s (sla Jsgme byl o b 45 el o 1, F0 I

Dc=d (£Y)

4”0 0

0 0 4"
A(J) _A(l) 0
1 2

D= ) ) (0
B, B, 0
AQ(J) _A3(J)
) )
L B2 B} -
o
o
) %
d = JCZ1 _Ia2 B (ff)
b +b" + f
) )
a, —a,
B0 b4

G (fo)

el V5 VA Ly, 4 aily 05 FY salolas 45 conl S5 oLl
Lol Bale e a5 sl € Gl w3l ladsle slaJgeme
Ci o sle 51 So 5o el onds JS45 €5 5 €y « € lagm sile
Mop S € e ile Jlio (sl Calidyo a5 el (gladlie P Sgiw o S

el Sl gooles B Sy (gl Jopme VA isies

olgads slac! olawi b ol gl Jo pis 951 ¥
aS ] oo ooty TV salalae colp o 00,3 oolgiion g,y (sdnmgi b
crzare gllile 5l Glice oF o (sl o8 el g lo salolan S,
6l ales aolae a5, FY salolas oS colinal Lol slaalsles >
ol by -5y S5 Gy, 4 amge salasair slacls >
395 D s jle o IS 9bots 315 dnmsgi g T olasi b B o sl olgiie

AEK) A (K)
s Bi « Ai el dex (6,50 slagm b 5l JSate
5 (ol sl N Ll D sl sy sloss sl Jio o sle
AEK) A (K)
Bi s Ai sl plas Sl lewl YL s ol sla o slass
o PN e 5le o D 5l Cules ) ot Y O g0 4 ¢
AEK) A (K)

ol &S cosl Sl Bi g Ai slogm il (605,13 e 5 09 00
oS abvo,S sl slaslan 55 cnly 4 cr Coon aledl (61350 Lot L

YA



OLlSan 5 s y70 (e sl — lomile 55 oS5 Lo i,y b samigs (glamio sl s

Dgaze el321 gy b (ool —gm oS ) 3 ool Cawday ;S (samlio N Jgux

Bending Moment
Number of - - -
Element Mixed-Forced Displacement Method Finite Element Method
First node End node Max value First node End node Max value
Elementl -35202.4 24461.6 35202.4 -35202 24462 35202
Element2 -24461.6 30309.5 30309.5 -24462 30310 30310
Element3 -38059.4 30309.5 30309.5 -38059 30310 30310
Dgazo el3l gy b (ol — gy S 5 b9 3l okelawods iy (s lio Y Jgux
Shear
ngll: :;zl;l:)f Mixed-Forced Displacement Method Finite Element Method
First node End node First node End node
Elementl 11932.8 11932.8 11933 11933
Element2 -5650.93 -16257.5 -5651 -16258
Element3 13673.8 13673.8 13674 13674
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Deflection
Nl::llr: 111)1:1:)f Mixed-Forced Displacement Method Finite Element Method
First node End node Max value First node End node Max value
Element1 0 0.0059822 0.0059822 0 0.005982 0.005982
Element2 1.17728e-5 | -3.38699¢-5 0.00018 0.000012 -0.000034 0.00018
Element3 0 0.00596476 | 0.003490082 0 0.005965 0.00349
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Number of Bending Moment
l::l;: m(:;l: Mixed-Forced Displacement Method Finite Element Method
First node End node Max value First node End node Max value
Elementl -11799.43975 | 6234.797852 | 6234.797852 11799 6235 6235
Element2 -6234.797852 | 14742.13146 | 14742.13146 -6235 14742 14742
Element3 -15609.8157 14037.8402 14037.8402 15610 14038 14038
Element4 704.2912628 | 12513.94658 | 12513.94658 704 12514 12514
Element5 -14804.15992 | 12513.94658 | 12513.94658 14804 -12514 12514
Dgazo slizl gy b (2lmle — g cu 5 byl eelCawddy by Ghumlio B Jguo
Numb f Shear
l::l;: m(:e;: Mixed-Forced Displacement Method Finite Element Method
First node End node First node End node
Elementl 3606.84752 3606.84752 3607 3607
Element2 3304.614138 -11695.38586 3305 -11695
Element3 5929.53118 5929.53118 5930 5930
Element4 5138.068937 -9861.931063 5138 -9862
Element5 5463.6213 5463.6213 5464 5464
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Numb f Deflection
Elr: m:,l;l? Mixed-Forced Displacement Method Finite Element Method
First node End node Max value | First node | End node | Max value
Elementl 0 0.002260948 | 0.002260948 0 0.002261 0.002261
Element2 -6.88461e-6 -3.50697¢-5 -6.88461e-6 | -0.000007 | -0.000035 | -0.000007
Element3 0 0.002237212 | 0.002237212 0 0.002237 0.002237
Element4 -3.50697e-5 -2.05457e-5 1.03048e-5 -0.000035 | -0.000021 0.000026
Element5 0 0.00222583 0.00222583 0 0.002226 0.002226
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Bending Moment
N]::lll: :lzl:)f Mixed-Forced Displacement Method Finite Element Method
First node End node Max value First node End node Max value
Element1 -28303.58507 | 18761.52331 | 18761.52331 -28303 18762 18762
Element2 -24611.99163 | 20973.79376 | 20973.79376 -24612 20974 20974
Element3 -31804.21711 | 25901.35322 | 25901.35322 -31804 25901 25901
Element4 -21754.26828 | 25866.21513 | 25866.21513 -21754 25866 25866
Element5 -27622.56602 | 17607.75527 | 17607.75527 -27623 17608 17608
Element6 -5850.468319 | 8890.46355 8890.46355 -5850 8890 8890
Element7 -8890.46355 | 17634.35559 | 17634.35559 -8890 17634 17634
Element8 -16826.70883 | 19984.61415 | 19984.61415 -16827 19985 19985
Element9 -2350.258556 | 15189.28529 | 15189.28529 -2350 15189 15189
Element10 -8258.459858 | 15189.28529 | 15189.28529 -8258 15189 15189
q O Sl g Nghios (e eab B lee S 51 So e e bl (ol
B O R S o 538 eslisal sus 55 IS gl Koo bl slo bl
v IO (gae 0) boledl shass ploa b ol (raghy 5o (ool (hy) SeS 4
7 S 5l alais ja 50 gl (Jolow 5l 45 oy 00 Vo 4 Lo Jggme Slas
’° L solgitag i) 50 Slombone GO0 5 02 ol ] o ooty lish
5 Oh9y <0 Lol ol dalgs iy dgusme slil gy 4y Gl 00l )5S bog
g ; Z ‘ ol iy izt soleiieg
7 ; pow Jlo Y.¥
- - " ool o 48,5 L5 1 Slakie ol b £ U allas g Vo b B
= _so0x10 Y
L / (— : Lo A=0.12m" = m
500yt 4l i ladl Ve b Al ¥ g a0 ¥ (o0l il 5 S [=1.6x10"m’ F=130008
S B E:2.0x10'0£2
m
3545 T s Sy € G pile e F S5 6l BY saloles S b olll 2 » Sl sladlole ).Y.F
ol 0as o)Ll T ¥ g g x x x
W =—x—+c x—+c x—+c XX +cC_
©EI 24 7 6 T2 ’ ’

5 ol s oSl sladslis ;3 € Luryile polie cola)ls L YN F
R gosiaalone palin b 5 3y o mnss (ol S5 16+ sl 5o

dglie gaoma syl g, 51 Jgo 9 23 g h Joozr 10 An oY Jou 5o

AR

2

X
M, =-g x——(c,xx +c )xEI
5 ) ; .

I =-q,xx —c  xEI

X



YV e VT F Ll oF o)less FY (50,50 iy i )] jos (owdige sole (salxo

Dguzo el321 gy b (ol —gpm o 5 g 5 ool Cawday (i gaumlio A Jguzr

Number of - ; Shear —
Element Mixed-Forced Displacement Method Finite Element Method
First node End node First node End node
Elementl 9412.821677 9412.821677 9413 9413
Element2 -9117.157079 -9117.157079 -9117 -9117
Element3 11541.11406 11541.11406 11541 11541
Element4 -9524.096684 -9524.096684 -9524 -9524
Element5 9046.064258 9046.064258 9046 9046
Element6 2984.186374 2984.186374 2984 2984
Element?7 2195.036171 -12804.96383 2195 -12805
Element8 7362.264596 7362.264596 7362 7362
Element9 3992.091231 -11007.90877 3992 -11008
Element10 4689.54903 4689.54903 4690 4690
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Number Deflection
of Mixed-Forced Displacement Method Finite Element Method
Element First node End node Max value First node End node Max value
Elementl 0 0.004927558 0.004927558 0 0.004928 0.004928
Element2 1.44211e-5 -3.41461e-5 0.000146785 0.000014 -0.000034 0.000147
Element3 0 0.004909776 0.004909776 0 0.00491 0.00491
Element4 -3.41461e-5 -4.2775e-5 0.000385077 -0.000034 -0.000043 0.000385
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Element9 -6.91399¢-5 -6.57082e-5 4e-6 -0.000069 -0.000066 0.000004
Element10 0.0049007 0.008985605 0.008985605 0.004901 0.008986 0.008986
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Article Info Abstract
In order to analyze the uncertainty of the geometric characteristics of the river on the
Article history: hydrodynamic model, the uncertainty of the river cross-sections was investigated for a
Received: 13 April 2024 hypothetical example anc! areal river. Accordingly, taking into account 5%, 10% and 29%
) errors in the harvested points and £6%, 3% and 0 errors in the entire section, 15 scenarios
Revised: 7 July 2024 were defined for generating new cross-sections. In order to investigate the effect of the
Accepted: 13 August 2024 selected distribution in generating random points on the output results, the random points

of each section in each of the proposed scenarios were generated once by normal
distribution and once again by uniform distribution. Five statistical indicators were used
in river analysis mode and section by section analysis to analyze the two characteristics

Keywords: of the flow output, i.e. velocity and cross-sectional area. The results indicate that with the
Monte Carlo, increase of the error in picking the points of each cross-section, the thickness of the 95%
Normal Distribution, confidence interval, the coefficient of variation, the dispersion index and the result of
Uniform Distribution dividing the actual value of each characteristic by the deviation from the criterion of that
River Cross Sections’ characteristic in different repetitions for both river and cross-sectional conditions

increases. This is despite the fact that increasing the error of the entire section does not
change much in the output of the results. By comparing the results of the two mentioned
distributions, the uncertainty indices in the scenarios implemented with a uniform
distribution show more dispersion.The result of dividing the thickness of the 95%
confidence interval by the standard deviation of the data in each scenario in both
distributions is also around a constant axis with little fluctuation in change. The results of
the investigation of two types of systematic and random errors showed that the change of
systematic error does not impose uncertainty on the output of the model. Also, in the case
of normal error distribution, with the increase of the percentage of error, the statistical
indicators change in such a way that the statistical indicators do not undergo unacceptable
fluctuations up to the 20% error that was investigated in this study.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

To Cite this article:

Valizadeh, R., Mazaheri, M. and Vali Samani, J. 2025. Mathematical modeling of uncertainty in river cross-sections on
hydrodynamic parameters of steady flow, Sharif Civil Engineering Journal, 41(2), 28-41.
https://doi.org/10.24200/j30.2024.64363.3320

E-ISSN: 2676-4776 © 2025 The Author(s). Sharif Civil Engineering Journal, Published by Sharif University of Technology

This is an open access article under the CC-BY 4.0 license.


https://doi.org/10.24200/j30.2024.64363.3320
https://portal.issn.org/resource/ISSN/2676-4776
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://sjce.journals.sharif.edu/

FA-YA gao AT F (Ll oF o)leds FY (50,50 «ciy i ()l jos (swiige sole (salxo

b (gl pos (i (ole almo .| o
https://sjce.journals.sharif.edu
293 sl

B Wb ey by Saoliy g 0ud syl jb jo dils0g ) (b 5o ablio o Couxbad pue b (Gilw oo

Slobw (Jg wozo Jloxr 9 7 (5 oo G0 03139 awdl,
ol e ke o oSS (3,5l (goaSsls

(m.mazaheri@modares.ac.ir) Jstws sdins g™

ol alio OleMb|

Combdpae milie glolis (sile Jos _x,_;'|)5 3 e Blos 31 S b LgLQg—l Silw oo 0,5 0l @ azg b

VEX/VTD edl e fuyb
VP Y7o FNY : aSol G U
VX O/ 2 oy G,

S oz ol ablie 0 s gl )l 10 cabaio JS 45 aoys + 5 T ¥ T clallas g onseals y Ll o
Ogo ;0 oS el ond (adin pole Jlmgly )0 ilend by CEIeSy e s 0k s Jles @i b
4z yeSde ablie jo las oljwe az (K0 (g, o b slojlgale polar b (g)lo paids 5l ailsog, oo ,e ablas slax

1ol o 3lg

o S e

Jbs &8
Sy &8
wlog, oo gblie

ol b as J o aiS el Juess |, Slsdalaie oo o 2g)5 p Sletinn gl o a8 Col ools L
Aboe il by sbbdasin Cosladsac ( Bolai slas 5l Lols ailbog, cwais Dlasiv yshisac

oS el yiolls S5 8,90 5 b (6 S0l o Uas e cualaBaae 5l jelate
SloolKins las ¢ Ll slas : s 5l e alises Jolse 50 Cos Wil oo
Oleeds g ail g 8ol o sadosliiul sl s, las b s ,S0;ll
5 jeba Msgi o iy s wenl Ll S 5l 21 a5 plmossyy olas
EMSin i (69855 b Lo ye (6505l glalas ) lacaaladpoe
U b el e )0 G g gilwesl 5 DL b s o 6,5 L
5 dvasinl 3 Jow 4y bg e casbibpnc  amb slacabisae Masses o
doo bl alex 3l (g0 Slee lacshisae so] 6999 svosls
(PSCOUNFRUVCSURDP SN 2 K | ANE R IRVCSUP I 2 AP P RURRNCIR I PNV
5o Conhdie 4 e a5 (el Aoy g guile) 008 g1 YM
b slados o e cal (Sew Mgt o 5le e slapiana
ails coshdpae 15 Jae (699,9 Sledbl cgllas Wls L ooy
55 55 Waons Ia3h o te 5l (o anbibpne salius oplplo Flaisl,
S Cahdase (gilooeS g cal (aBly Pl 10 ile e mls

Moo s (559,0 f Lol Blaal 4 4255 L s5lo e o b

Gl )0 09250 Cumhadpnc Q%Biﬁ CoeS 4 > (g0t sla g,

slagts; 5 6oll Glagss; an lsses gl salex 5l as w)ls 3529

doddio .
dodilsog) 5o by wlasin ololid (59) Gy poe slagilly 51 (S
bl galaz 51 a5 sl (2,5 5 (599,5 slosiel )y 50 laabbpac 052
aS 0,5 o Ll ilsog, awiin Slasie 0 35> ge Caxhisie 4 gl 0
(> xS oill Sz siledae 3 e sla el 1 (S plye o )lsen
039 Ky 4450 y90 aailE0g, ;0 0a¥T LSl 5e 5 calaiio zlans
@‘J...c 6)&;14..‘4.: 6thw5) b)‘}‘o.b (W GLQ)*AI)L: w....u 5o o
alox 5lelo g, pmla 4 Cond (5 505 Conbaloie g aiiws b g, oy 5 380
d]oL.c 30 Gyl pass allee Lgl):?l ...\j)b 6‘°)|9"”L° polas )l oolazul
w6l u_,L..LQ.c G Ll g cans San 08 gunllcro Judoa ‘sﬁsz
Sloogas alox | alize Jalse 55 cov bbailssg, (uizan ol ol jan
Jolge a)ls (gpdh et (Gl (Sgpan Lalpd g dilaie owlidins;
095w palie jgbody dilsog, cwdin Dlastie 45 Wigd oo dael 00l )S3
3 s b panss 5l Jols ooy sl o 0sd Dl
Gl 10 00 7S Sllllas plowl ¢l Ly aiziacs solazwl LB ow SYsb
el Sealisngyane Jow jo 1) ailbog, gwiin Olasein coxhipsac a5

ey 0 R (695 S

i pl a4 olccwl

e BNl Sl s Gl > Sealusg s gl el o albsg) (oo ablie )3 Cualad pas (2L il e VT T Jloa (Slle (Jgdere 5 ot s yallae sl w00l s
https://doi.org/10.24200/j30.2024.64363.3320_ $\-YA. e (V)F) iy é ol

s © Hgo 3>

(OMOM

[ RO e S oKl syl

YEVPFYVSE Sy Ul L


https://doi.org/10.24200/j30.2024.63829.3289
https://doi.org/10.24200/j30.2024.63829.3289
https://sjce.journals.sharif.edu/

OHas g ooly Js avsly - BFaile cll> o b, Seolinng,ane sla il )l o ailsog, oo, ablis ;o Coahad pas b, s5le Joe

5 TGl S 0gh o et 5 e Gl U slp (Jidos &jp0n
slaoae o alhsg, cawas 3l gadlae 4 MlyaA) Kes
G ol lp 1y (oBgy 5 Ay e ot Saes
Jae gileans a5los,S ol sgase g2 g el eolaiwl b ailso,,
@S e 5l oS sl eolaiul b ailsog, (soslu sawain ululy
3l gogame Slawi 5 90 I iomiw beesls (e mhaw 0 95> ge
SHKed g 59,00 ol Cavsts Jgud JB s g ol plal lags iS5l
(Selyid ( So3lsyaen slacuabbpas Sl Julos 4 (Y1)
OKer 5 T Kilga ailes,S oslitul o Sige Lbg, ;5 lacuahisac
i e BLF g ae IS8 s cuabiBsae sasllhs & [MyeA)
500l zge ;50 g ool o (g0 S slo e yile o0 bl ¢ o
lecahioace (583 Lo g aislo, Jw o35 i8S Olles >
b dew O S8 Slibee Job 5o Jow Sh3 3l (ol (23] woanie

lools &sl,l LHS g, 5l eslazal

logisy 5l (S (seges sloalis Coabipse (esw by, GLUE
5 O & Cwlagilodae o bl Cusbdpas Jlow o Syl
5 590 (5luannd o ;0 48 wiles S sloriun 1, o (1247) T b
Gdon ,5 Cushdase GLUE g, jo Ml sas 3l 70 6,55
3 xSy O g0 (0,08 5 2l o e o ol )l o g0g,5) Jaw sl
@t sl coshadaae o g, (0 aS Jb o 0gd e aid T s
GLUE cosbipas (i) Jeloisa o 95350 3550 lizme S0t o Je
iy &5 weoe ol MThrevy) ol 5 Kl gadllas o
Wyl (s ailiwl polie Sl 4 lais s GLUE (g5luas slayal )by
hle 59 5 0l (S 5l 355 5 (Tl Slogat Sk 4 4k
salyb Casdadane 10 0,108 J.._.L, S5b osls pest Cod,S o aS
dedos S sy il salgs J.._.L, &0 Gilwdnd daxS o
P O g S @ Somgd 4l Joe slacy po Suabibese
Llos LS5 s O e85 o silaJae 5o 355 laay po [Mllaaslsss,
SrSoilil cunbipae o Mlaaslsog, jo Of mhaw jl5 cunbdpie (pim
0 )5 ,Siles a5 ol (60 g0 alox 51 M aailsog, il - oo somie g 20
el 05y swdige 10 (g y0ue Gl o guls Coxlaleae Lo 3840
By als plel sl el Coalaipae Wy mlis ol 4i5 a5 joblos
SlaThs ke 35505 955 0 @l e )3 Sliebl ol 20l
slcashisae 51 38 il S 5 bailbog; o by Sy
Wsg) owiige Sbomyn 2 SHpues oo @S 0 v92e
hb 5o plisebl el Jdssgasos plesl Mo s s 5L coenl

&l TR slsles il 550 4o i Wlgi oo Sy uue slaojl

* Generalized Likelihood Uncertainty Estimation

19 Wohl

! Jeffrey

12 Grimaldi

3 Huang

14 Beven & Binley
15 Nanding

Coxbpac 0,51 M ol (g S eigas 5 "o 5 ign (Silotns p (Sihne
DMl (a5 (e Coabbpae Jlow (oS3l oS b
4y g 43S g, 1T 68 e sy oI5 e % 1T 5
Coxbpae agec iy, 5 ULMFOSMY) oSl opgaliy sl
Conle 4 5950 (slaty, 5l ahS e Cbail 5,8 o Ll I guslen
5 &5 e (S Dl (3500 s ;0 dlea 5l Glaisj9e £5050
Jelo (agee gy Su o) Thge (g 0)l0 (S Sais g0 s o
50010 sy nlo a4 S (565 Dled 8 5 095 o0 wgnme Cababpus
Sl & azs b ohind slopite I S e Bolai polio ol )
iz sladcgorme b )L paiz Joe 9 0y bagl 4 bgye SVl
OhlSer 5 Comol s Ghagh 0 osbie L2l (5250 (sl ite
b 99 6l iie ply 50 s w5 ol Goe ol (Y41 9)
odls (Las 5 (b)) &St Jsho o3l 5 (s 05 o250 5 Job slocad
ok et (20 P b s oo CoalaBpae (S j5bas oS Sl ou
5 Sig s T ) iSen 57 T lalllas e a5 JUIS 525 5
53 el cusbibpos gila oS jolateas cad Fa 5 POY10) Ko
v 515 Slalxe 2 (299 25 Suxbadpae (o) p g JB (20 s,

el 48 S 550 o Sige Coozlr 0 O

LHS" (slagtg, a0 plsise cuabbpss samibne S0 slaghs,
SrgalS slalal g adiges LHS g, 10 5,5 olil g ol GLUE?
SrSuiged b anglio bl a5 cds 5l slaz s a4 ol b ool 5l 65
@ a8 55 g0 Sldllae 511 Ledl cans il 04,9 slo ol b 5l ol
3 Sblllas YL AAA) 7 g9 13,5 0 ,Lil 8150l 4 ol e LHS o,
Sl 4..3'.:)0 9 ools r:L?u‘ 353 w)..a L: JaLu)‘ o e MJQS‘AA; Gdon)
5l plasoS ¢ s Step-Backwater Joo b oo (peess (g, o5
L P YY) e g ooljoeme ol (25 95505 pdins o sla o,
Jol - o0 galaly wilsog, ahie (Sdsjaup 5 gwiie Dledbl | oslarul
Sl &5 el Kiilo (6525 po 5953 Sl 5l (S Lailos )5 awloa |
9 atd 025 pla g o)l 3gzg (Ao galul) 605 copd shralne
a8 ol plas plagl Sldllae gl 398 o0 035 eedS @2 pe ladgu
Sembidede Bl e 699)9 Sl Olpie @ G p) cepd e S0 4
o Prann) oLiKes 5 Vsyir il wales palS oo e o
ok sl Joe o JUE ahate sawain cosladsnc jio oS 5 sanllas
i S ol o) Gaa wilaisly, ez g glashie ubae o e
Suop eole JUIS S 45 yoloylis (gly wilgs o aS el 0090 g
Sl SO 0,00, olisl gasdlas 0ad ool Judaine o3 g Edie
ialesT 1 Gl sla JUIS w3 so a5 ol ools &slyl 1, iy Cllanil Jota
S bl s ool S@,L‘;)”l Qyoﬂ ol ool b o sdwain Jow oS
Wl e 45 el an BB ol slrawain 5 JUI Lolys b guiions JUIS

! Monte Carlo simulation

2 Bayesian information-theoretic

3 Markov chain Monte Carlo simulation
4 Mean First-Order Second-Moment

3> Dimitriadis

¢ Apel

7 Bozzi

* Latin hypercube sampling



FA-YA gao AT F (Ll oF o)leds FY (50,50 «ciy i ()l jos (swiige sole (salxo

S Camhadpas (Coshidsie sloalse lgicds alade o blas 23 3 Ly
RO PRWCER SN PN | AZmax 5l sble lgisdas oo alais

09y 9 69 (G ¥

Sumbdpac Ll (ogas )0 (cegh (9L el oad (lgie o joblea
el agh 0 ol oass plnil Sealsg)un Jao » ailsy) ablis
S oslizal b Eaile el s olym clasine s alisg, ablis S5 i
caps Dl cope JA0 plaebl godguze )bl slagasla
5 ool gxBly lade 1 /A0 lisebl (godgame Culbed Cons ((Sarisy
S5 5l e 99 50 ools jlaae 51 Blyzeil 3 720 Lol (go0g05e Caalses
el ool dnslie g Jolod (28ly gailBog; SG g (028 sulB,

Bk Lo g ST sdole o )Y
il yie g 8aile slogle 2 05,5 99 as 5l slo JUS 5o ol > gyl
i3S Lol e Jlakats SO o Bale bz 50 gl oo e
8l oo GBI gg—S50 nl Se Bwle o Ly )3 9 WS (o0 s 0o
Sleie adaio g ;0 (655 galolrs Fuile )b > 5 WSl salolan ol
D5 oo dawle 1 galayl) Gillao ailBog, jl adaie o 0 (o550l

2

0
A2g
Z JUS o i sagly @ calabo 4o ol Gee ¥ ahatio 5,51 B (] jo a8
Sl gl phie mhas A by (20 Q e sl glas | DL
W (i 5 meeal oy g g S

E=ycos’0+Z+a M

3 o9e0 b lay w055 48,5 i o adlng, s 5l st ko 95 551
S salobis ab vales (6550 Cdl o ¥ alade 45 au—w; 9 ) s
3 858l el Jlade g wlgm ¥ gadolas gllas ¥ o) zhids 50

(M0t aalgs dalne ¥ galolae illas

2 2
Q2 —h, =y,co8’ 0+Z, +a, g
1°2g A 2g

M

2
y,cos 0+Z +a,

h,=S,L )

Cod Sf5 L;”}Lo é.‘a.(u 90 Oy (salold L e Sl <él hr ‘QT 40 as
D98 g0 dmlors (F (galal)) Siile salolas 5l a5 ol (55, o>

2

4 2 L
— 3Q 2
O=—R’S, )
n
L s (Sdgyoud gl R g ahaiio pas A (b y> (00 Q (T jo a8
220 5l Slasin (oo Col jlade (28,5 1o b g 5l sladloles J>
olar ablio ( Bolai bla adgi b al> 0 0 50 090 o0 und ghafio
lad slaaleog) g5 de ablie (23,518 wa LS 5l 5 wish oo aSla
e Slasin jb e a5 Cusline (pay ol ol wislys LSS wos
wazg balye o 0 9 welie joT0e sladlslee o)l o ol

Holai gblio el cur Jloso! 21595 @b (s Y Y
Comodl calio Lozt a 595 @l 51 oolaiwl coaladane oo slo iy, 5o
S ceaS 50 Jhe Jale (ppee 0l Oloz p e 50 lohy Jls

)

o,k g dacialisie (wSs gogill slacdls casl (Sow a5 s
[v.]-%-:i.‘ Ay by

Sl 5 wslesloly (zmisly saim; 50 (Sles i glagw )y ST
P clons plul laailssg, b, Julos 5o Sy o slaJos o Slee

S pSoslail cds 4y 3 Glo sy G5 5 il Joe gy AN

el oY el sl Sy (Sgpace Joo oty 5 o
Srasinl B gams ;o gl Coshipac ( Sy 0 sle Jow ls Julos

Ded gy (53l Je

ol jsbas aS lasllas (58 s $ s o olallae 4y amg by
30 el 00l plonl (S )y o 1) A0, cwain Dliadtin Cosladpac
eor 4 el @595 s L )5 C590 by, Sl oslital b ol gy
= ol hol auatiin 9 p lbsg, (waia Sladie Cosbdpae
9 gadie jlalads jo cdlop yo las 38,5 i s0 b cplafie oo g e
as e giolay slollas ool oo azsls ) ahaie JS slas Lilnd
5 S 3235 Gt M (b, 4 45 W 5n las Tyl
(Foloai lallas 925 pogdle i)l (g y0 | (oalad oS (slas oS az
2 o0 B (652 5 Sl lallas 9 OlSel 4 4z
Cilo )0 Siletuns g (Soliad gllas g0 (328,530 b ol eghy
w35y JEuile ol > slbaas i Julog a4y cablin wiis Slas is
daails0g, j0 L ol o (Sl slaailsog, jo aS ogh Cds cwlond
b a8 Cesline pon Basleass ol Buloars (Scaws b 5 wile boes
ablis o 295 ol gh Gloj St doailsog) 1o aaly (20 3575
Baileyed bz 0,5 S, o 15l g ge g sl o Aoy, alise
Shams o g, Lol s g o SLSU il oMl ploj o b5
sl b e ol (ul el abolie Coslabpoe (o) Son a5 L]
A1 5,8 aile e slorlyz o il e 3l ablie s calizes sl oo
L Saike gy Jeloss 3l ingsy o o8 ol jlamo e & b
250 2 9ol mhw sy ool sas plosl Ol iz slasl 35 20
Ol At 505 o Blad j55 30 Coabadpac o5 ar g phade o )L
90 plml 6 St (giloslis oals S5 (g, b o aleS Jwile s
~Ei sloables Jo aiile JBudle o2 bz s by slo Sauzen
lap)| T S g adsl 5 500 Ll 55 clasi yo slo Sz 5 <l

bl walgss 8529 oy Jlul g (oles coshadpac jo

o 3 S o Wl Jao a1y Gy Cupnbibpite o Slatonpms sl s
Aplgs (6 e Hlade coadilils p bl 5 S o gl Solay slallas a5
Joe 29,5 pailBog; wain Oladk bw cosldpae Lo o dls
w2l 4 alog, wiin Slas v st comw Wlgi oo Suliyog o
sl £95 95 (cyp @ 2l G )3 09 (65 CE L oglla
iy S Bt Jloiml @l 9o b (Solai § Sslat s (ylojen
Seslizogyane o Jow Jo (0 ailsog, wais Olas in Coxbhipac
SIS pogdle bl o 0 azg Jld gaiSS o wloa b azslo
rhie & )gon w2 g Slahl O jg0n o Cushipae a5 Sl (al 0al S
ahadi o cdly o Uas cadaie (2 50 A Lis lay sl ool )y
Sl o sl coabbane o dy JE e Jule SO wily o (X,Z)



OHas g ooly Js avsly - BFaile cll> o b, Seolinng,ane sla il )l o ailsog, oo, ablis ;o Coahad pas b, s5le Joe

RUSELY- PRV WE S ‘S)Loi s esls Y Joua

Row Indicator Formula
95% Confidence
1 - -
Interval
) Coefﬁ.cignt of -9 7
Variation yz
. . O 2
3 Dispersion Index D= ” @®)

The ratio of 95%
4 confidence interval to | BS
standard deviation

_95% bc:dwidth 9)

The ratio of the 95%
5 confidence interval to - -
the original value

main cross-section

Cross section with positive a error applied
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Input main cross-section

l

Applying Systematic error +3%, 6% and 0

Applying random error to the points of each cross section according to the percentage of errors of 5%,
10% and 20% from the normal and uniform distribution and generating N new random rivers

I

Calculating flow characteristics at each cross-section

for N randomly generated rivers

:

Calculation of statistical indicators

indicators in the two productions

I

he stability of statistica

of N and 2N random riv

Increase N

ol R R 4O ouusoslaiw! o9y Oyleals Y S
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Index- Distribution -6% 3% 0 3% 6%
Normal| Uniform | Normal | Uniform | Normal | Uniform | Normal | Uniform | Normal | Uniform
coefficient of variation 0.019 0.038 0.021 0.04 0.02 0.04 0.02 0.04 0.02 0.04
Thickness of 95% 0.1 02 0.1 0.2 0.1 0.2 0.1 0.21 0.1 0.22
confidence interval
Actual value of the
5% characteristic/thickness 95%| 0.13 0.24 0.13 0.24 0.13 0.24 0.13 0.25 0.13 0.27
confidence interval
Dispersion 0.0003 0.0014 0.0003 0.0015 0.0003 0.0015 0.0003 0.0015 0.0003 0.0014
Standard
deviation/thickness 0of 95% | 6.2 6.1 6 6 6 6 6.2 6 6.35 6.3
confidence interval
coefficient of variation 0.046 0.081 0.047 0.084 0.048 0.084 0.046 0.083 0.046 0.08
Thickness of 95% 0.22 0.4 0.24 0.4 0.23 0.4 0.24 0.4 0.24 0.41
confidence interval
Actual value of the
10% characteristic/thickness 95%| 0.26 0.5 0.28 0.5 0.28 0.5 0.29 0.5 0.29 0.5
confidence interval
Dispersion 0.0018 0.0055 0.0019 0.0058 0.0019 0.0058 0.0018 0.0056 0.0018 0.0058
Standard
deviation/thickness of 95% | 6.3 6 6 6 6 6 6.3 6 6.3 6.1
confidence interval
coefficient of variation 0.086 0.17 0.087 0.17 0.085 0.17 0.089 0.17 0.088 0.17
Thickness of 95% 0.44 0.9 0.44 0.95 0.43 0.95 0.45 0.93 0.47 091
confidence interval
Actual value of the
20% characteristic/thickness 95%| 0.56 1.1 0.54 1.15 0.5 1.16 0.5 1.14 0.58 1.1
confidence interval
Dispersion 0.006 0.02 0.006 0.025 0.006 0.025 0.006 0.025 0.0064 0.02
Standard
deviation/thickness 0of 95% | 6.2 6.5 6.2 6.6 6.1 6.6 6.2 6.6 6.5 6.5
confidence interval

Ye
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Index- Distribution - 6% - 3% - 9 - 3% - 6% -
Uniform I Normal | Uniform I Normal | Uniform | Uniform | Normal | Uniform | Normal I Uniform
coefficient of variation 0.018 0.035 0.018 0.036 0.019 0.036 0.018 0.036 0.018 0.036
Thickness of 95% 31.39 59 319 58 31.1 58 315 592 | 312 607
confidence interval
Actual value of the
5% | characteristic/thickness 95% | 0.11 0.21 0.11 0.21 0.11 0.21 0.11 0.22 0.11 0.22
confidence interval
Dispersion 0.09 0.35 0.09 0.35 0.09 0.36 0.09 0.35 0.093 0.35
Standard deviation/thickness
of 95% confidence interval 6.3 6 6.2 6.2 6.2 6 6.2 6.2 6.2 6.2
coefficient of variation 0.04 0.071 0.04 0.071 0.04 0.071 0.04 0.071 0.04 0.072
Thickness of 95% 68 118 68.5 117 68 116.9 68 117 664 1163
confidence interval
Actual value of the
10%| characteristic/thickness 95% | 0.25 0.43 0.25 0.43 0.25 0.42 0.25 0.43 0.24 0.42
confidence interval
Dispersion 0.43 1.4 0.44 1.4 0.44 1.4 0.43 1.4 0.43 1.4
Standard deviation/thickness
of 95% confidence interval 6.2 6 6.3 6 6.2 6 6.3 6 6.2 6
coefficient of variation 0.074 0.14 0.077 0.14 0.075 0.14 0.076 0.14 0.076 0.14
Thickness of 95% 128 2304 | 130 230 129 233 | 1265 230 129 229.8
confidence interval
Actual value of the
20%| characteristic/thickness 95% | 0.47 0.86 0.46 0.87 0.47 0.88 0.46 0.87 0.47 0.84
confidence interval
Dispersion 1.5 5.5 1.58 4.5 1.5 6..5 1.6 6..5 1.5 5.5
Standard deviation/thickness
of 95% confidence interval 6.2 6.1 6.3 6.1 6.2 6.1 6.3 6.1 6.2 6.1
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Index- Distributi -6% -3% 0 +3% +6%
ndex- Distribution Uniform | Normal Uniform | Normal Uniform | Uniform Normal | Uniform Normal | Uniform
coefficient of variation 0.0175 0.03 0.017 0.03 0.017 0.03 0.017 0.03 0.0172 0.03
3 0,

Thickness of 95% confidence | 0.0816 15 | g0 015 | 008 o016 | 008 o016 | 00802 015
interval
Actual value of the 0.108
5% | characteristic/thickness 95% 0.2 0.11 0.2 0.11 0.2 0.11 0.2 0.1057 0.2
confidence interval
Dispersion 0.00023  0.0008 0.0002 0.0008 | 0.00021  0.0008 | 0.00022  0.0008 | 0.00022  0.0008
Standard deviation/thickness of 6.18

95% confidence interval 6.1 6.24 6 6.13 6 6.13 6.2 6.22 6.1
coefficient of variation 0.037 0.068 0.037 0.06 0.036 0.06 0.035 0.066 0.036 0.065
1 0,

Thickness 0f 93% confidence | 0.17 o3 | o185 032 | 017 031 | 017 03 0.17 03
interval
Actual value of the 0.23
10%| characteristic/thickness 95% 0.4 0.23 0.4 0.22 04 0.22 0.4 0.23 0.4
confidence interval
Dispersion 0.001 0.0033 0.001 0.0033 0.001 0.0033 0.0009 0.0033 0.0009 0.0033
Standard deviation/thickness of 6.3

95% confidence interval 6.4 6.3 6.4 6.3 6.3 6.5 6.2 6.33 6.3
coefficient of variation 0.071 0.13 0.07 0.13 0.07 0.13 0.07 0.13 0.069 0.13
1 0,

Thickness of 95% confidence | 0.34 0.7 0.34 0.7 0.33 0.67 0.33 0.67 0.34 0.67
interval
Actual value of the 0.44
20%| characteristic/thickness 95% 0.93 0.44 0.9 0.44 0.88 0.46 0.86 045 0.88
confidence interval
Dispersion 0.0037 0.013 0.0037 0.013 0.0035 0.013 0.0036 0.013 0.0035 0.013
Standard deviation/thickness of 6.4
95% confidence interval 7.1 6.4 6.9 6.6 7 6.4 6.7 6.6 7
LS ails g, ;Bwk ()b o 50 adado mhw slailbog; conhipuc s asll F oo
Index- Distributi -6% -3% 0 +3% +6%
ndex- Distribution Uniform | Normal Uniform | Normal Uniform | Uniform Normal | Uniform Normal | Uniform
coefficient of variation 0.015 0.03 0.015 0.03 0.015 0.03 0.015 0.03 0.015 0.03
1 0,
Thickness of 95% confidence | ;¢ 557 | 277 532 | 274 51 28 534 | 275 527
interval
Actual value of the
5% | characteristic/thickness 95% 0.095 0.18 0.095 0.18 0.1 0.18 0.095 0.18 0.094 0.17
confidence interval
Dispersion 0.068 0.26 0.067 0.26 0.067 0.25 0.066 0.25 0.067 0.25
Standard deviation/thickness of | ¢ 6.13 6.2 6.13 6.27 6.13 6.26 6.13 6.16 6

95% confidence interval
coefficient of variation 0.031 0.06 0.031 0.057 0.031 0.058 0.031 0.058 0.031 0.058

1 0,

Thickness of 95% confidence | g 107 605 1065 60 105.3 58 1039 | 588 104
interval
Actual value of the
10%| characteristic/thickness 95% 0.2 0.35 0.2 0.37 0.2 0.35 0.2 0.33 0.2 0.36
confidence interval
Dispersion 0.29 1 0.29 1 0.29 1 0.31 1 0.31 1
Standard deviation/thickness of

95% confidence interval 6.44 6 6.3 6.14 6.3 6.1 6.3 6.2 6.3 6.1
coefficient of variation 0.061 0.11 0.06 0.11 0.061 0.11 0.065 0.11 0.06 0.11

1 0,

Thickness of 95% confidence | 5 3 207 113.1 2065 | 1143 2063 113 212 1143 2062
interval
Actual value of the
20%| characteristic/thickness 95% 0.4 0.71 0.39 0.73 0.39 0.71 0.39 0.71 0.4 0.71
confidence interval
Dispersion 1.1 3.7 1.07 3.8 1.1 3.7 1.1 3.7 1.08 3.7
Standard deviation/thickness of
95% confidence interval 6.4 6.2 6.25 6.2 6.24 6 6.2 6.1 6.38 6.1
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The increase in construction in coastal cities, which are prone to liquefaction due to the high
Article history: level of underground water and soil type, along with their soil conditions that do not meet the
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The sands were susceptible to liquefaction in a loose state, i.e., around 25% relative density,

Keywords: when subjected to a sinusoidal acceleration of 0.35g and 3Hz frequency. A group of nine

Liquefaction, ordinary and geotextile-reinforced stone columns with a diameter and length of 5 cm and 50

shaking table, cm, respectively, has been created. In order to evaluate the seismic behavior, four reduced-

stone column, scale 1-g model tests were conducted using a uniaxial shake table on a group of ordinary and

geotextile. geotextile-reinforced stone columns. Based on the obtained results, reinforcing the full length
of the stone columns using geotextile has prevented liquefaction in the surface layers, reduced
the excess pore water pressure ratio, increased the soil stiffness, and overall, has provided more
effective performance than ordinary stone columns.
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This paper introduces an integrated approach for simulating two-phase flows in naturally
fractured reservoirs. The proposed computational process comprises two key steps: 1)
generating a representation of the fracture network from aerial images using image processing
techniques, 2) conducting two-phase flow simulations using the Embedded Discrete Fracture
Method (EDFM). The reservoir contains only oil and water as immiscible incompressible
fluids, with the assumption that the fracture system matches surface outcrop observations.
Python libraries are utilized for image processing to convert aerial images into a fracture
system defined by line segments. The effect of various tuning parameters, such as image
resolution and edge detection, on the final fracture model is investigated. Once a robust fracture
system representation is achieved, the reservoir geometry is defined, and boundary conditions
are set. The problem is solved using the MATLAB Reservoir Simulation Toolbox (MRST),
which includes an EDFM module for accurate analysis of naturally fractured reservoirs by
incorporating detailed information, yielding precise fluid flow predictions. All types of
fracture-matrix and fracture-fracture intersections and fluid exchanges between matrix and
fractures are incorporated in the EDFM. Simulation results are verified against a benchmark
problem, and the influence of rock and fracture physical properties on the flow field is
examined. The study finds that rock permeability significantly affects fluid flow compared to
fracture aperture or permeability. For instance, a 3 percent decrease in oil production is
observed when increasing fracture aperture from 0.15 (mm) to 0.21 (mm), while increasing
the matrix permeability from 1 to 20 millidarcy leads to a 22 percent increase.
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Variable Value Units
Matrix porosity 0.3 fraction
Matrix permeability 10 md
Fracture aperture 0.19 centimeter
Fracture permeability 3 x 10° md
Initial water saturation 0.2 fraction
Oil density 700 kg/m?
Water density 1000 kg/m?
Residual water saturation 0.2 fraction
Residual oil saturation 0.2 fraction
Water rel. permeability 08 |
endpoint
Oil rel. permeability endpoint 0.7 —
Water rel. permeability 4 —
exponent
Oil rel. permeability exponent 2 —
Oil (C10H22) viscosity 0.19 centipoise
Water viscosity 0.8 centipoise
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Urban development has resulted in an increase in impermeable surfaces, and consequently, volume
and peak discharge of surface runoff. In Addition, it perturbs the natural water cycle, including
reduced pervious surfaces and increased surface runoff volume. Urban development engenders
multifaceted issues, encompassing urban flood, degradation of surface water and groundwater
quality, and a drop in groundwater levels. Conventional urban runoff management has usually
adhered to a centralized approach, relying upon the construction of structural elements such as
concrete channels to divert runoff. In recent decades, in order to diminish the deleterious impacts of
urbanization, modern and decentralized methodologies have been introduced to mitigate the peak
flow, volume, and pollution load of urban runoff by restoring the natural hydrological conditions
before urban development. In different countries around the world, these strategies have been
introduced and implemented by different terminologies, such as low-impact development, green
infrastructure, sustainable urban drainage systems, water-sensitive urban design, and sponge cities.
This research seeks to study the pioneering decentralized approaches of urban runoff management,
introducing their benefits and comparing their efficacy in controlling contaminated runoff.
Moreover, the challenges and limitations of each approach are discussed. By investigating the
experiences of pioneering countries and successful projects, the feasibility of deploying these
strategies and also the optimal conditions for the implementation of each approach in the
metropolises of Iran are precisely assessed. Decision-makers and urban planners can benefit from
this research in order to apply these approaches in Iranian cities, notably the expansive metropolis
of Tehran. Reviewing the existing global and national experiences in this field shows that, in general,
none of the Best Management Practices (BMPs) and Low Impact Developments (LIDs) techniques
can alone meet all the goals of runoff management. Examining different scenarios of combining
low-impact development methods using modeling is necessary to choose the most effective and
economic scenario according to the characteristics of the study area. SWMM and SUSTAIN are
among the widely used modeling tools in this field. Finally, the use of various decentralized
techniques in each region should be based on observing all the technical principles and criteria
related to their design, implementation, maintenance, and exploitation. In this context, reviewing
the guidelines of different regions of the world can be helpful, but local studies should be done to
evaluate the effectiveness of the discussed approaches, especially in terms of reducing the types of
pollutants present in the runoff entering the facility.
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Debris flows are natural disasters in mountainous regions and are formed when loose sedimentary
deposits are carried by runoff and flow rapidly downslope. They are known for their high sediment
concentrations and fast movements, which can cause significant casualties and damage to
infrastructures. In contrast to floods and rock avalanches, where only one of the fluid or solid phases
affects their dynamics, debris flows are influenced by both fluid and solid phases. In recent decades,
the occurrence of these flows has increased due to climate change. Predicting and managing
damages caused by these flows requires a systematic approach that involves identifying the causes,
estimating the volume and distance, and assessing vulnerable areas and at-risk infrastructures.
However, the interaction between solid and fluid phases gives rise to complexity in interpreting the
development process. This complexity becomes even more exacerbated when it comes to employing
the principles of unsaturated soil mechanics to investigate the behavior of unsaturated debris flows
and the occurrence of unsaturated bed erosion. In this review paper, some of the factors influencing
the behavior of debris flows, their physics, and the complex interactions between the flowing mass
and the erosive bed, particularly unsaturated beds, are summarized and discussed. It is highlighted
that the high mobility of the debris flows results in sudden and rapid fluctuations in stress-
independent variables. These fluctuations can create regions of increased and decreased resistance,
leading to localized variations in the stability of the flow. Based on the analysis of the existing
literature, it can be concluded that there are limited numerical models capable of adequately
capturing the instantaneous nature of debris flows. As a result, there is a strong need for the
development of appropriate theoretical frameworks. Furthermore, in saturated soils, the pore
pressure diffusion time decreases with increasing permeability. The pore pressure in these beds,
therefore, dissipates rapidly during erosion. In contrast, the pore pressure diffusion time is longer in
unsaturated beds. Consequently, with an increase in the water content, the erosion rate becomes
significantly faster. This, in turn, results in a more significant flow momentum in wet beds compared
to dryer ones.
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In the city of Isfahan, taxi lines, as one of the most widely used methods of public transportation,
make a significant contribution to the daily movement of people. The current fares are set in a way
that not only do they not meet the costs of the service providers, but also lead to the dissatisfaction
of the drivers and passengers. Therefore, the necessity of revising the pricing system of shuttle taxi
services in order to fully cover the costs, the profit of the drivers, and the satisfaction of the
passengers is clearly felt. This research is based on the assumptions that form its basis, including
the lack of response of the current fares to the costs of providing taxi services and the failure to
consider the time parameter in the pricing of taxi services. The main goal of this research is to
determine pricing in a way that covers all the costs of providing the service, along with a certain
profit for the taxi providers. The research method in this study focuses on price modeling based on

Keywords: the final cost method. First, the parameters affecting the price have been identified, and then the
. contribution of each parameter to the total cost has been determined. In the following, the navigation
Taxi, cost for each kilometer is calculated, and finally, a price model that includes all costs along with
fare, . 20% profit for four different modes of operating a shuttle taxi is presented. Taxi fares are calculated
modeling, based on the distance and travel time of passengers, and different pricing strategies are used for
pricing. different hours to manage demand. This strategy sets prices higher during peak hours and lower
during off-peak hours to help manage demand. This method will encourage people to use taxis
during off-peak hours, and at the same time, the promotion of drivers to provide services during
high-traffic hours will remain. The results of this research provide valuable insight into the pricing
dynamics of taxi services in different conditions and based on the length of different routes. For
example, the cost of traveling by Samand taxi is 32183 riyals per kilometer. Also, in the conditions
of traffic congestion, the increase in the cost of each kilometer of travel has been calculated to be
38016 Riyals. These results show that for long distances, such as the Bozorgmehr Bridge-Khorasgan
University, the current fares are not enough to cover the costs.
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Cost Parameters

Revenue Parameters

External Costs Driver Costs

Taxi Costs

e Wages
e Insurance

o Air Pollution ¢ Housing & Child Allowance
e Noise e Bonuses & Festival
Pollution Allowances

o Congestion o Sick Pay

e Accidents o Worker Benefits

e Lunch Expenses
e Uniform Costs

e Capital

Depreciation e Vehicle

Occupancy

e Insurance .
e Distance Traveled

i Equllpment e Travel Time
e Fue
e Presence of Cargo
e  Weekday

e Time of Day

e Maintenance
Taxes & Duties
Membership Fees
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Comparison of Current and Calculated Fares for Shared Taxis (Scenario 1)
Fare if 5
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Along the at Speed <20 at Speed > 20 Rfarle ekng oute Number
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124000 124000 116000 50000 | 12 | PerorsmehrBrdee- Rhorsemn 7
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The objective of this study is to examine the mechanical properties of Gorgan loess enhanced with
sludge pond ash (SP4) from Gorgan Gulf under different conditions. To achieve this, different
proportions of SP4A were mixed with the loess to obtain accurate findings on the efficacy of SPA
addition on the unconfined compressive strength (UCS), cohesion (C), friction angle (f),
compression (Cc), and recompression (Cs) index of the loess. Firstly, the sludge from a pond burned
at 1000°C, which was the optimal temperature determined by X-ray fluorescence analysis (XRF),
was added to the mixture as 0, 2, 4, 6, 8, and 10% of the soil's dry weight, respectively. The studied
samples were prepared with the same energy (equivalent to the standard Proctor test) at different
moisture contents (16, 18.5, 21, 23.5, and 26%) and were tested in unconfined compressive strength,
direct shear, and consolidation devices at 56 days of curing in a humid room with a temperature of
24°C, Tt was found that adding SPA to the base soil increases the maximum strength measured in
unconfined compressive strength, which is defined as unconfined compressive strength (UCS). On
the other hand, it decreased with increasing moisture content. The addition of SPA as an additive
material to the loess mixture was found to exert a significant effect on the shear strength properties
(C and f) of the loess. The changes in moisture percentage for this test were not specific due to soil
saturation and consolidation, and did not have a great effect on the increase of shear strength
parameters with the increase of SPA. Examining the graphs of the consolidation test shows that the
addition of 2% of SPA to the loess caused a noticeable decrease in the amount of Cc of the sample
under the test after processing. Increasing the amount of SP4 up to 10% caused a further decrease
in the Cc value of the samples. This trend is also noticeable for the re-compression index, which
showed a greater intensity with the increase in the amount of SPA. Accordingly, adding SPA to the
soil caused a sharp decrease in Cs in the samples compared to the base soil. At the end, the results
of macro-scale analyses collectively confirm the superior efficacy of the SP4 replacement in
enhancing various strength and stiffness properties of the loess.
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