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Photolysis System Performance in Petroleum Hydr ocar bons Removal
from Wastewater and its Modeling

M. Gh. Rahimi A. Khodadadi B. Aydti

Abstract Water contaminated with petroleum hydrocarbons has harmful effects on health, economy and
environment. In this study, photolysis process for treating petroleum hydrocarbons was investigated.
Hence different initial CODs with different UV-C radiation power were examined. Based on the energy
consumption per unit of COD removed, COD of 350 mg/L and radiation power of 80 W were chosen as
the optimum conditions. To improve model prediction, in addition to the aforementioned CODs,
COD=1000 mg/L in 60 W was also tested. The findings indicated that photolysis can be considered as a
suitable pretreatment process for the biological systems.

Key Words Photolysis; Petroleum Hydrocarbons; COD; Radiation Power; Energy Consumption.
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Free Impinging Jets Scouring, Using Numerical Model

K. Hosseini  H. Nokhasteh  H. Karami  S. A. Salamatian

Abstract Investigation on local scour phenomenon downstream of impinging jets is very complicated.
Different parameters such as geometry of stream, characteristics of flow and sediments have great
influences on the scour phenomenon. The present study is preceded to numerical modeling of scouring by
impinging jet via SSIIM 2 model founded on a physical model tests. The numerical model is calibrated for
roughness coefficient, turbulence model and the bed load sediment transport function by using the
coefficient of determination and the mean absolute error. Effects of Froude number, densimeteric Froude
number and drop height on scouring by impinging jet were investigated. The results indicate that the
maximum scour depth increases by increasing Froude number; densimeteric Froude number and drop
height.

Key Words Scouring, Numerical Modeling SSIIM, Densimetric Froude Number, Impinging Jet, Drop

Height.
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Efficiency Improvement of the Structural System I dentification by Reducing
Singularity of the Response Matrixesin Inver se Solution of Equations of Motion

M. Ghasemi B. Taghavi S. Abbasbandy

Abstract This paper presents a method for identification of linear system physical parameters
(structural mass, damping and stiffness matrices) using the inverse solution of equation of motion in the
frequency domain, by focus on the reducing the illconditioning effect. The method utilizes the measured
responses from the forced vibration test of structure in order to identify the system properties and detect
the probable damages. Inputs and outputs data is gathered in an augmented matrix [A|b], that large
number of this data is caused to ill condition problem. Moreover, as an inevitable problem, there is a
noise in the measurement and makes discrepancy in result of identification. Il conditioning causes
instability in the result of identification, the instability and noisy result reduce validity of the results and
accordingly will be valueless statistic methods in the system identification (9). This paper is presented an
algorithm to improve the ill conditioning problem that is a special upper triagularization matrix method.
The proposed algorithm can identify parallel and pseudo parallel vectors in coefficient matrix of linear
equations. By removing these linearly dependent vectors and thus reducing singularity of the matrix,
stabilization is resulted which is a key objective in numerical linear algebra. In order to optimal
estimation of identification results, least-squares and penalty function methods is used. The validity and
efficiency of the reduce singularity of matrix method is tested on a eight non shear story frame structure
by using direct model updating method. Aforementioned structures have a non-proportional damped
matrix and subjected to sweep harmonic forces. The results show that the proposed algorithm improves
the stability of the estimation and the answer is quite useful.

Key words System Identification, Inverse Problem in Equation of Motion, IlI-Condition Problem,
Singularity of Matrix.
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Damping Matrix | (0103) | (0506) | (0312 | (1810) | (2910) | (5139 | (5825 | (1622
(KN.sec/mm)
-2
x10 0.00 -0.04 -0.05 -0.04 -0.09 -2.04 3'(*_37 2,04
(0304) | (1207) | (1112) | (1315 | (8621 | (5825 | 119,44 | (0633
0.10 -0.01 0.06 0.03 0.04 0.26 2,04 1.66
(0806) | (-0206) | (0908 | (-1113) | (0017 | (1622 | (0633) | (0.224)
16.45 -9.43 -0.17 032 -0.16 015 0.02 0.14
(-21,04) | (1302 | (-0202) | (0201) | (0002 | (0201 | (0201 | (0.002)
-9.43 10.83 0.36 -1.99 021 -0.06 -0.01 -0.03
(1304) | (1502 | (0001) | (0402 | (0002 | (0000 | (0001) | (0.1,01)
-0.17 0.36 2.70 -2.82 -0.40 0.21 0.05 0.19
(-0202) | (0001 | (0602 | (0903 | (0301) | (0301 | (0303) | (0.00.1)
0.32 -1.99 2,82 5.77 0.48 171 -0.09 -0.02
(0201) | (0402 | (0903) | (2107 | (-0402) | (1304) | (-0803) | (0.1,0.1)
-0.16 021 -0.40 0.48 2.39 -2.96 0.06 0.43
(0002) | (0002 | (0301 | (-0402) | (-0902) | (1906) | (0703 | (0302
Stiffness Matrix 015 -0.06 0.2 171 -2.96 8.54 -4.28 0.07
(KN/mm) (-0201) | (0.000) | (-0301) | (1.304) | (1.906) | (-6117) | (2909) | (-0403)

0.02 -0.01 0.05 -0.09 0.06 -4.28 8.26 -4.20
(0201) | (0001) | (0302 | (-0803) | (-0703) | (2909 | (-3320) | (1309

0.14 -0.03 0.20 -0.02 043 0.07 -4.02 3.32
(0002 | (0101 | (0101 | (0101 | (0302 | (0403 | (1309 | (-040.9)
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Storey 1 2 3 4 5 6 7 8
Mass of storey 69.44 54.37 39.54 54.01 39.36 56.86 59.02 54.34
(ton) (-080.1) | (-1201) | (-1.0,04) | (-2008) | (-1401) | (5219 | (-1621) | (-1.220)
4.90 -3.56 0.06 -0.03 -0.02 -0.02 0.00 0.09

(3006) | (0903) | (0801 | (-1407) | (0507 | (-0203) | (0004) | (1.007)

-3.56 4.90 -1.04 -0.34 0.01 0.01 -0.03 -0.01
(1503) | (1007 | (1201 | (-0306) | (0.006) | (0206) | (-1206) | (-0.30.7)

0.06 -1.04 213 -1.15 0.04 0.01 -0.05 0.03
(09,08 | (-1805) | (0709 | (0305 | (0508 | (0312 | (-1.610) | (0.308)

-0.03 034 -1.15 2.78 -1.07 -0.34 -0.06 0.03
(-12,06) | (-0305) | (0305 | (-11,10) | (0208) | (1408 | (-1512) | (-1.111)

-0.01 001 0.05 -1.07 1.94 -1.06 -0.07 0.02
(:0306) | (0005 | (0408 | (0109 | (2810 | (LOLL) | (-3421) | (-04.11)
Damping Malrix -0.01 001 -0.02 -0.34 -1.06 3.28 216 018
(KN.sec/mm) (0103) | (0106 | (0512 | (0510 | (L009) | (5230) | (2424) | (0821
x1072
0.00 -0.03 -0.05 -0.04 -0.09 -2.16 3('_9 -2.08
(0104) | (1107 | (1412) | (1315) | (3920) | (2422 | 15750 | (0631
0.09 -0.02 0.04 0.02 0.03 0.24 211 157

0703 | (0405 | (0404) | (1103) | (0015 | (1222) | (0631 | (0319

16.46 -9.47 -0.17 0.32 -0.16 0.15 0.02 0.14
(21,04) | (0701 | (0102 | (01,01 | (0001 | (0001 | (0201 | (0002

-9.47 10.87 0.36 -1.99 0.21 -0.06 0.01 -0.03
(0801) | (-1402) | (0001 | (0303 | (0002 | (0000 | (0000) | (01,01

-0.17 0.36 2.70 -2.83 -0.40 0.22 0.05 0.19
(-0102) | (0001 | (-0601) | (0803) | (0201) | (-0201) | (0302 | (0.1,01)

0.32 -1.99 -2.83 5.80 0.49 -1.73 -0.06 -0.02
(01,02) | (0303) | (0803) | (-2006) | (0302 | (0905 | (-0503) | (0.1,0.1)

-0.16 0.21 -0.40 0.49 2.40 -2.98 0.07 042
(0002) | (0001) | (0201) | (0302 | (-0801) | (1610) | (-0403) | (0.201)

Stiffness Matrix 0.15 -0.06 0.22 -1.73 -2.98 8.63 4.32 0.09
(KN/mm) (0001) | (0000) | (0201) | (L003) | (1604) | (5916 | (231) | (0102
0.02 0.00 0.05 -0.06 0.08 -4.33 8.32 -4.03

0201 | (0000) | (0302 | (0503 | (0403 | (2308 | (-30,16) | (L10.7)

0.14 -0.03 0.19 -0.02 0.42 0.09 -4.03 3.33
(00,02 | (0101 | (0101 | (01,01 | (0208 | (0102 | (11,08 | (-040.8)
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Displacement Control Based Analytical Description of Pinching, Sliding, Degrading
Hysteretic System

M. Zeynalian M. Mokhtari

Abstract In this paper, an analytical model is introduced to show the cyclic behavior of the structures,
considering degradation phenomena including pinching, stiffness degradation, strength deterioration and
diding effects. This model is based on well-known Mostaghel’s model though some essential
modifications as well as dliding effect are also taken into account. This model is developed based on a
simple single degree of freedom and multi-degree of freedom multi-linear mechanical systems and
developing of partial differential equations. The proposed model includes basic characteristics of the
hysteresis cycles that can be easily measured through the experimental tests. It is notable that usually the
experiments conducted on the structural members are displacement-control based. Hence, in order to
properly implement the analytical model with the experimental results, the proposed model has been
developed according to displacement-control. The cyclic loading regime applied to this model is based on
standard ASTM E2126-07 method B. In order to demonstrate the degrading phenomena of the hysteresis
behavior of the structures, several examples of a structural system are presented to show that the
proposed analytical model can provide realistic descriptions of the structural hysteretic performances.

Key Words Hysteretic Behavior, Analytical Model, Displacement-Control, Pinching, Stiffness

Degradation, Strength Deterioration, Sliding.
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Gill Cells Experimental Modelingin Very Large Floating Structures
A. Parizadeh Qushkhaneh M. Javad Khanjani

Abstract When very large floating structures unevenly is loaded in the central portion, the difference
deflection between its central section and corners will increase. One effective solution for reducing the
differential deflection is gill cell. These cells are compartments in the VLFS that the buoyancy forces are
eliminated at their locations. In this study, to investigate the gill cells behavior, an experimental model
was conducted and two separ ate experiments were performed. Satic experiments results showed that the
model with 10% of gill cells at both its ends has best performance in difference deflection reduction. Also,
the model with 5% of gill cells with symmetric L-shape arrangement in its corners has highest degree of
bending moment reduction. Dynamic experiments results showed that in the model with 15 percent of gill
cell has been created the lowest stress. Although these cells could reduce the stress acceptability in
model, generally, they did not reduce the model displacement against waves. From this result can be
realized, for better performance in reducing the displacement, gill cells must be used with other methods
such as hinge connection in the structure.

Key Words Very large floating structure, Gill cell, Difference deflection, Experimental modeling,

Dynamic experiment.
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Improved Stability Transformation Method to Control Convergence of Structural
Performance Measur e Approach

B. Keshtegar

Abstract Performance measure approach (PMA) is a method for evaluating the probabilistic constraints
in reliability-based design optimization of structures. The advanced mean-value (AMV) method is
suitable for PMA, simply and efficiently. The iterative AMV scheme could be yielded to unstable solutions
such as periodic-oscillation and chaos for highly nonlinear performance functions. In the present paper,

an improved stability transformation method (ISTM) is proposed for appropriate convergence of
nonlinear performance functions. This iterative approach has been established based on a suitable
stepsize between one and zero that is simply calculated on the basis of the new results of AMV scheme
and the previous results of the improved stability transformation iterative formula. The descent condition
was applied in the iterative sequences of the ISTM to achieve stable convergence. The results of several
nonlinear performance functions in reliability-based design optimization demonstrate that the ISTM is
laded to control instability solutions of PMA and also, it is more robust than AMV and mor e efficient that
stability transformation method in structural problems with nonlinear performance functions.

Key Words Performance Measure Approach, Advanced Mean-Value, Reliability-Based Design

Optimization, Improved Stability Transformation Method.
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Efficiency Assessment of L ocal Prediction Method Considering Reconstruction of Phase
Space and Artificial Neural Network Model for Prediction of Runoff
(Case Study: Pole-K ohneh Station, Kermanshah)

M. Zounemat-K ermani Kh. Amirkhani

Abstract In this research, prediction methods of artificial neural network and local prediction method
(LPM) based on the chaos theory are employed to predict daily, weekly and monthly runoff. For
achieving this purpose, runoff series data observed at Pole-Kohneh located in the Qareh-Soo River were
utilized. The nonlinear predictions of LPM are found to be in close agreement with the observed runoff,
with high correlation coefficient for daily and weekly time scales. Predicted results of monthly time scale
are not satisfying which indicating the signs of existing chaos behavior in daily and weekly scales. The
predicted results of ANN are inferior to LPM for daily and weekly scales but superior to LPM for monthly
scale.

Key Words Runoff Time Series, Chaos Theory, Local Prediction Method.
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M odeling the Patch L oad Resistance of Plate Girders Using a Support Vector Machine
A. Kordjazi F. Pooya Nejad F. Shahabian

Abstract The support vector machine (SVM) is a relatively new machine learning method which is
increasingly being applied to engineering problems and have yielded encouraging results. Because of
complex behavior of elastoplastic of web panels of plate girders under patch loading, almost none of the
proposed methods provides consistent and accurate predictions of patch load capacity. Consequently,
alternative solutions are required to overcome these limitations. In this paper SVM models are developed
for predicting the ultimate resistance of plate girders subjected to patch loading. The training and testing
patterns of the proposed SVM models are based on well established experimental results taken from
literature. Finally a comparison is made between predictions obtained from the SVM models and a
traditional method for determining patch loading resistance. The comparison confirms that the SVM
models developed in this paper, outperform the traditional method.

Key Words Plate Girders; Patch Loading; Support Vector Machine.

b e AV N OT B ol AV/V/0 dlie 3l s b K

A g3 b oSl pdige 8USES (A ) b3S (g eils (V)

gt wss b oSS (i 8085 (e 05,8 Sbsliad (V)

shahabf@um.ac.ir e s b ol (ki 5023 Ol e 058 sliwl 1 yis skiny 55 (T)



solais s o il gladde LS 5 T > b
oL Jle ol s sl el Cu Aol (¥
L;"L@JC,_A)LS.AQ_%{J%_;)JJJU_ZAL;'&MJ:})

oG, s

Oledy s 2 (pele

GRSl Gl s, 5 S Olatty Lls p opmdle s,
Sl s oMo A das By, ol el odbe
sl 05 S wwS gl [6] Lo S 4l s
S3ltaS Oyt Ly o Jyol 5| syl s J
(Structural Risk Minimization) ¢l o S
S o 53 ol 0l eslinal (L5 e 4zl (SRM)
(Frman pas sl fy, b) b by, e
Empirical Risk) o Sevs) $3lwaneS J sl
[3,7] & 51 s o ¢ (ERM) (Minimization

Jls 53 Ol Sl dtle (S 5 bes
oLl 5550 O g S5 5 any S L b 53 Guluaid
S sl i 3l ol Al 3,8 e 3
5 Jold Je ol T3 55 (B ol 3 e
5 sl s sl e Silasl 5 ol > e
L odionls (i3 gmel Jie by oeass Cobl 55 sal
S o o3 Sl 2sse ShlesT slaesls I eslixd
L1 O S s Olatdy gl ppile 1305
o=l 05 L e e &b s K 6,8 8w
3l e jledd A palde OBl sl ‘@U
3> .((loss function) colals @U) sl Slmn £ Ol a0
Sz GolwanS gl SaSas Ol o e ol
U s eld Sl S o ol
5] 5550 a1l coslizal 3, 50 il

S 89— SVM 3 b S5 s |

o3l 3l 4

Q)n 24 :l Qw
b sl g@{(xl,yl), ..... (x,,y,)e R™,ye R}
by s sl Lz oS w3l _e (V) B, Ssay

L e laga ;s sbs

4o dle

b 3 el Sladge oS (iles o Sge Sl S
Gos s Ol oL aen 55a5, 0T L a5,
8300 S 53 &S Sl ab g0 bl L}T;\ S
Pl et SladliS e > S S
o sl Sl Co WG S e S, S
S 6 el darly Kl il Sl s sy
Slasiss 33,5 San b Ly i ole S o
Sl dsdmme Gl oo s i 5 el
el 035 ol g5 B glallas U 55l o)
— s bl 5l ol b S S 5
Sl oo oo ) Jools s s 5 B
Loty 4 3L g pe gl bl mls b s sious
S e Sl |y S G8s

Aile eile (6 S5k Gla B, ol glaans o
3 ol lwdde Gl (o smae mas $aaS
o) 3 Jeole s 5 ekt 455 JiSw p e fils
o (5 S eIl palie b g 5 LB (850 ba s,
IXT 5 [T Gl a2l a3 5y 50 504y _padly olide s
(Suport Vector Machine) ol sls 5 edle g,y
S ol el 6,5k sl iy 5l S e (SVM)
3o 4S5l o sl s S Ll eoble A0 das o
ssba Ll dyr bd 355 bty Jls il
o3 g SLaeddy (Sladds 53 63 xS
s s ol b S 53 eslital 3550 Ol s wdigs
[3:4,5] ol 423ls ol janas syl

Sl Ol Jla Gedle (25 5 a3y ol 52
slasl Sl cs Lads s ole Cuslie o b
Sl Sl 5l ol mls Glos as 5o
ol Glial ol sl eslinal ad e 4L i o
=0 Jas S 5l Ol asle dlas
Cod i, ,s ole Ceslie sw i sl Oleabl
Olady ol edle (2, Sl eslitall md 50 L
sbo el eslia 5 il 1S w1 sl (Y

\Y40 9 E_)La.:a AVLM}WJLJ

93 Ol pes (ilige & 22



ARR

Olpleet 318 =3l g Ok =505 Ll

2o s sl Lo G50 mb O i b
el vl ol Al e S oL ol
g r okl 515
Yo -Ye
0<a; <C for
0<a,<C
(¢)
b= C ol SV mls = Lodads) ol 3
Ak e e bl b oae
Bsb (Slwting s &S ol O a5 B &S
QuadraticProgramming ) sls %5, SeSay J> LG
L) &l 0 Odewsy a2l )3 (AL o (QP) (Method
O3l pls ay last 535 dal i alad 5 Gllas (aeS
[7) 5005 3 5m5 omn (405 L) s 3
sp el 5 Do 2le mel 55
3]

W, = Z(ocf—oci)xi (0)

sup portvectors

bo =~ Ivolx, +x.] Q
f(x)= Z(ocf -0, Xxi —x)+b0 )

sup portvectos

OT L Jdoe a8 (635,55 s X, cdalsy cnl 5o
XX, (83505 Sl X e esls gyl
ag JMieby g O35 Ul W Ol s
Al e bl
o T L blae 518V (ol a5 sl

f(x)=(wx)+b ")

s ged sld =1 (V) daly 5 Laesls 4o sazma o
57 JM—2e =y (XER™) (3555 Hls — =X
ol—b=b (weR™) 035 s ——=w (YER)
LS J S (sl bl (DU b 5l eslinad L
Lol 5 055 U s SVM 5w ol U

Minimize <I)(W, ¢, C) = @ + C(Z G+ z C)

(DY)
yi = ((wx,)+b)<e+g,
Subjectto  ((w.x;)+b)-y, <e+{;
§.¢i =0
i=12,...,1
(%)

DLy w55 Jsd 2 5e Gla €l ol 5o

(iwfj ST i) 03 b e 5 W] O U
e\;g «S Az slack gla s =§*, 4 (WL e
e eals 0LE (1) K2 55 Sl b

o

-£ +£

v

(71 o la pize 5 Lk b s

bl ilwaiag e GIEY ()55 elal
ibe 515 b Jias L6 (1)

93 Olpes (ilige & 200

\Y40 4})3)@&@)%.3‘)@



VY

a3y o O S ) eslinad Ol L O
2348 Lledd yme SSUS LS mly 0586 A5
Sladartin gloa | S o 055 e Oloe
(function Radial Basis) s 4L 5 (Polynomial)

[7] 5.5 oLl

L,y 8
oS Sl s U Gy Sl (S psk 51 bG8
S st ol s WS 55,00 Ol Ol sews
o 253 S 35 ol 5 V6 ladl s

.L._\.::L»wd )RR (vjl_;) ﬂjp L_Sl_hb.)_msw

(Y IS5
bt
M’ -
_ = [ = |
fw
il d,,
by ty

Ol £, du (B8 Ol o5 bu G il Y IS
u.bjﬁcLdlfﬁwwtfgdl{yj&bfgi)le-ﬁwwtwnd)jj:.v“
©S,L

GS s Gl p LS 5 ol Cwslie st

S 5 aS olasls S cos Ol G5 ol gl
P GLaeliS S 53 S S 83 5o
Dt 3 S (e sla ) A e
Jelse dien 555, OF L Oladige 45 ol SSie
Oler LS 1 5l a0 MLL b F5e e
Esl Ol & Jb Jlasl e 55 S bl 5 JUs
st Sl il Cod Gl 0 S, OAd ey

05551 Cmwsans 45 ol 0 sl odody pl ol e

e 5l S5 o et shls Laesls ol wia
S Ee o3 00 Olady lasls 5 cpl by s
J S 1y Ol glasls s sl € Slkie 5 45,8 as
S s pd e odaline (0) Aol 4 ax 5 L [5] AS e
35 i diten o 6T 51 SY (s a5 laesls
Oy Slasls K3 oo 4 sl ol ey
e e b b ol 050 S 0l S s
LS s

Sl el by s eile Jie el gl
S C bl s de i 28 bug € 5C
Cale i U de pslie Llg oo 5 Sl oaad il
Pt (Sop pelie bl il 4 (B s nda
ool slaesls 3 las g5 3rl SVM 5 ol
5 dal s sdomn Jde S ol o 5 das o
s Skl Al e (R e plasd LG 1
U PR S D DCIUPH Pt S
dalgt S Jdoe (S s e b ok
[5.8] 55

Lozlem U jhe polie Ll e 55 € el
Olais slajls p sy 5o eyl pl Hlde s i
AS Lo a el e b Jo SIS emgts
-l sliss Al e € S sl slie Ol
Ll mcl i 5 osllan 5 =32 e Oty slo
S sl E a3 05,5 as e b OGua cpl 4 Ol
bl ol S8 e slie S5 G b 51
Sl Oy Sl ($ob5 2l B ol s s
O (Overfitting) u;:)'j_ﬂd':ﬁ st Jla| 5 54l
5] b e Ll 3l

J=B LT SVM s s Ope S5 s
S o fpdey ol (o O S5 0 S
Sy besls ¢ 5 &l st e ool ks &S
534S S e oK (Feature Space) S4s slas

\Y40 9 E_)La.:a AFMJWJL

93 Ol pes (lige & 20



VY

Olpleet 318 =3l g Ok =505 Ll

Sl s GG, W a5 ARSI
dwdia 4 S 355 e edalin [10,12,13] a4
Flhae S Slakis AL e (Bos,s
(FDlas ks 2 5 SOL Jsds Jold) G50
SRl 2l Suslie s 5o bl S
Aiea b g oL jless

JS=ian SVM e (63555 sla zalb 0! 5
Kledds 4 S Loy 3
(bw) G Ol Lo, ()
() 3558 Obr glis! (¥
(ty) Ob= b (F
(bp) JL 20 (¢
(tp) JL Cwlss (0
ORFISPFEIAQ
(Oy) Olr Ol (g5l = (V
(0p) Jb 0 ol 4> (A

Sos s 2l Coslie 5 Jhe pl s 2 S
el (Py)

eile Jde SO B S sl Lleesls silweslel
J';i\_ﬂﬂ B uﬂ)}_ﬂ s 95 4 baesls Oluiy Hls
S asgad Ver sl e ol 53 s e Sl
Laesls iy 5 550l gl (JAY 350>) Laesls JS
osliul 5550 die 1S L5l sl €500 YT el
Slasin U Gl odd s ol ol ab S 51 3
5 sl hesame 63555 sl bl 3 S A bl
i ol Sl 5 S0l 1l (BLa5T e sases
Sobel Slastia (V) Jadr 55 il Sosp KU
i 5 eS|kl Gl il (ke ol Laesls

g;..w‘ ol 6‘)‘ Wosls :LAA‘J 39

DSt 2l b e G DelS Al
5 =S dlanils s ey ol 534S Slidme 35 S
)oiﬁoém‘éf&ﬁ‘Q‘Mm)@t}j\&ﬁ
uub—wﬂ@)bd&\bbﬁbwb&u&b
Jdes il atdls s s Y 1 i (g ST glas
@MQLKA phe Sl o sl il o
ol WLUZ_:U\ LgLau:;J)LAJSJJWJJJw\
)[1] W\ojﬁatﬁwp)‘}gb)wé))ﬂj
Y]
)J_:JM(,_AJ\O\VY JL&)J &;j\)bjrlgs
ASJ_'ssﬁu.ll_wSO,:_‘)\;j_?\‘\Y‘O dl.wﬁé,é)_,f
LG s Cmslie oy sdiiens |y oo ilesl
Y4 Jle 51 7] Lsls (slee.ll Y slayl Jhcss
o S ‘c,_l.éfﬁ ‘(.J.@'\J_fﬁb'é;l.lj el Ay
L el s 5 G ey 0l 5 50l 5 S
9 6:L€.._.§~:.; L;uu.::)) )‘ JLAlS :U«jw Llesls rl}u\
Olioes ol Lo 5 sddplol sla b3l s

[9,10,11] <ol oo S 5155 5 chg

J.LA ‘;>|}.b

oS (Sl e ol ys Leslde 5 40 (sloesls
sl Saslle ot sl Oty Ul (ptle Joke
s gazme S 3l e Ll Sl o GG 8
35 A g0l el o oalizal €503 1Y Ll sl
EB 5 Sus Sl 5 wdis Slaaside 01,5 5
- s L i s slaGos s ARSI
S s sl dlie cpl j eslatal 5550 glaesls Lail

[10,12,13] o gl sl o iz
=i S Al e SO b
=2 sl Sl o e s ol Caslie
ol e Coslie 53 e sl bl Lol deasls

533 Olas (pdige &y 20

\Y40 4})3)[&.«2&@)%‘)@



AR}
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5 dhe gl s bl sl el

Wsesls 45 yazee Sl 3\l Gl ‘ S ‘ i | R
b,, (mm)

Szl 45 gara 1253.24 1460.66 300 9800 9500

ilesl as pazes 1237.69 838.79 400 3000 2600
d,, (mm)

Szl 45 gara 585.05 225.66 250 1000 750

Silosl as pazes 650.38 221.48 250 1000 750
ty (mm)

Szl 48 gorma 2.89 1.42 0.99 9.95 8.96

Silosl as pazes 2.79 1.58 0.99 9.95 8.96
b (mm)

Szl 48 gorma 142,51 70.37 45 300 255

oelesl 4 gazes 160.96 68.40 50 300 250
te (mm)

Szl 48 gera 10.72 5.69 3.05 30.5 27.45

olesl 4 gazes 10.83 5.03 3.05 24.6 21.55
¢ (mm)

Szl 48 gorma 70.20 43.46 30 200 170

olesl 4 gazes 68.46 49.69 40 200 160

oy (N/mm?)
Szl 48 gorma 255.70 41.93 178 354 176
ool as sae 255.88 46.44 192 354 162
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Szl 48 germa 273.42 25.42 21 347 126

Siolesl 4s pazes 271.15 24.16 221 305 84
P..(kN)

Szl 48 gorma 106.20 114.19 8.45 787 778.55

ilesl as pazes 104.79 134.85 10.8 738 727.2
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WLl Ol Vor g o/ L5 54 (C 5 & o)
5 (RMSE=0/ATVKN) Usst jlidde oy ;508 o2l U
oo = R=2/839) S o pb 5l o 2l
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a3 e I, |, RMSE="UY) kN

3 slss alS g ol 4 O St
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e 3 ey 03 L 2eS A Ol
03,30 & el L Ll ol jnlin L (Koo
sl s (1) st b wlie j5ba 3 8
(C) el Sleis il 08658 sladus
sl 0 ld A (V) Jgd s
Ol 52 M) s (M) gladsdzr a5
medd e3ls eSO BS @l L oS aladis
U5 S sl e, s €=2/0 01 =00+ L Joe i
I, (6/VAKN=)RMSE ,l1_is 'y ;S ©=Y ;G'=0
0> ey 5 doms e 0L a3l glaesls (sl
g dide (J5 S ol Lesls B xS e Ol

il e
E el OSUS ool gl die L3l Y Jsd
sFldaly 5 &b Oy JS b Sldordir 5 &6
C=150 & o=15 C=500; 0=3 & o' =5 C=20 & d=2.5

P Nsv R | RMSE e Nsv R | RMSE e Nsv R | RMSE
0.001 93 0999 | 7.59 | 0.001 98 0999 | 7.09 | 0.001 95 0.998 | 8.04
0.002 90 0999 | 7.33 | 0.002 92 0999 | 674 | 0.002 91 0998 | 7.81
0.003 86 0999 | 680 | 0.003 87 0999 | 644 | 0.003 87 0.999 | 7.59
0.004 78 0999 | 617 | 0.004 76 0999 | 610 | 0.004 80 0999 | 698
0.005 73 0999 | 626 | 0.005 74 0999 | 610 | 0.005 75 0999 | 621
0.006 69 0999 | 617 | 0.006 74 0999 | 579 | 0.006 74 0999 | 647
0.007 64 0999 | 586 | 0.007 68 0999 | 592 | 0.007 69 0999 | 697
0.008 66 0999 | 610 | 0.008 66 0999 | 647 | 0.008 67 0999 | 7.53
0.009 61 0999 | 690 | 0.009 62 0999 | 7.02 | 0.009 67 0998 | 829
0.01 59 0998 | 7.58 | 0.01 59 0998 | 7.64 | 0.01 64 0998 | 9.72
0.02 36 0997 | 1190 | 0.02 37 0.997 | 1092 | 0.02 39 0997 | 13.17
0.03 25 0993 | 17.36 | 0.03 26 0993 | 1694 | 0.03 29 0.993 | 19.10
0.04 17 0989 | 1973 | 0.04 15 0.990 | 1873 | 0.04 17 0.991 | 18.39
0.05 15 0982 | 2511 | 0.05 13 0984 | 2392 | 0.05 12 0.989 | 2032
0.06 1 0975 | 2941 | 0.06 10 0977 | 2853 | 0.6 9 0989 | 24.42
0.07 5 0974 | 3044 | 0.07 5 0973 | 3178 | 0.07 9 0.989 | 3023
0.08 6 0974 | 3293 | 0.08 5 0973 | 3447 | 0.08 9 0.988 | 37.60
0.09 6 0975 | 3743 | 0.09 5 0974 | 3921 | 0.09 7 0.988 | 45.29
0.1 8 0975 | 43.41 0.1 5 0974 | 4536 | 0.1 8 0988 | 5327

Al e ballas Sl e Sils po3 w)jvf:wu(.ﬁwfp Olatdy gbals o slass 5 54 RMSE 4R Nsv
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Slolet 5

L8 =3l ek =m0, L ke

C bl 0868 slia slila Jde abisl ¥ s

Floal J5 &b O 5 b Slabersdizr 5 o6
£=0.007 & o=1.5 £=0.006 ; 0=3 & 6' =5 £=0.005 & d=2.5
C |Nsv| R |RMSE| C |Nsv| R |RMSE| C |[Nsv| R | RMSE
0.001 | 94 | -0.393 | 146.77 | 0.001 | 95 | -0.379 | 146.51 | 0.001 | 99 | 0.707 | 120.34
0.01 | 98 | 0550 | 13437 | 0.01 | 98 | 0.530 | 13525 | 0.01 | 81 | 0.983 | 62.92
0.1 | 8 | 0902 | 9924 | 0.1 | 92 | 0834 | 11125 | 0.1 | 76 | 0.998 | 10.38
05 | 67 | 0976 | 6666 | 05 | 77 | 0965 | 76.12 | 05 | 74 | 0.998 | 8.33
1 65 | 0983 | 52.52 1 70 | 0979 | 62.78 1 74 | 0998 | 875
5 73 | 0998 | 12.12 5 73 | 0994 | 27.68 5 80 | 0.998 | 9.05
10 | 67 | 0999 | 8.58 10 | 75 | 0998 | 11.85 10 | 78 | 0998 | 8.10
15 67 | 0999 | 8.00 15 73 | 0998 | 9.55 15 74 | 0.999 | 6.83
20 | 67 | 0999 | 7.65 20 | 72 | 0999 | 8.64 20 | 75 | 0999 | 6.21
25 64 | 0999 | 7.41 25 69 | 0999 | 8.22 25 77 | 0.999 | 6.61
50 | 65 | 0999 | 697 50 | 71 | 0999 | 755 50 | 78 | 0998 | 7.50
80 | 65 | 0999 | 658 80 | 71 | 0999 | 7.56 80 | 74 | 0998 | 9.36
100 | 64 | 0999 | 6.51 100 | 70 | 0999 | 732 | 100 | 73 | 0.997 | 10.55
125 | 63 | 0999 | 6.05 125 | 68 | 0999 | 7.02 | 125 | 74 | 0.99 | 11.72
150 | 64 | 0999 | 5.86 150 | 69 | 0999 | 660 | 150 | 77 | 0.996 | 11.87
175 | 68 | 0999 | 5.88 175 | 68 | 0999 | 631 175 | 76 | 0.996 | 12.13
200 | 68 | 0.999 | 5.91 200 | 67 | 0999 | 624 | 200 | 77 | 0.996 | 12.41
300 | 68 | 0999 | 625 | 300 | 69 | 0999 | 6.14 | 300 | 75 | 0.994 | 14.86
400 | 66 | 0999 | 650 | 400 | 70 | 0999 | 584 | 400 | 74 | 0.993 | 16.08
500 | 69 | 0999 | 695 | 500 | 74 | 0999 | 579 | 500 | 78 | 0992 | 17.27
600 | 68 | 0998 | 7.43 | 600 | 74 | 0999 | 595 | 600 | 77 | 0.992 | 18.25
700 | 66 | 0998 | 7.99 | 700 | 71 | 0999 | 6.07 | 700 | 79 | 0.991 | 19.55
1000 | 65 | 0.997 | 1025 | 1000 | 73 | 0999 | 635 | 1000 | 81 | 0.987 | 22.86
Olazdy slajls s aliss 5w Sladie s el )l poolie & Jdr
Jb
Al kS Cung Jlie | Eang yldie | sl Olaziy slayls
(L ool 5,50 5 4 4 5)
il S5 a6 6=15 150 0.007 64
Osopy S b 6 =5; 0=3 500 0.006 74
Sl i S &b d=2.5 20 0.005 75

RMSEJ‘;{L&:VJA ‘-":’.)"” g_,.“.a)b QI%LA)I)LIL)‘}J‘SLAQH A&}W,}WLQUAJJA b;{l«q& cg't'..: 0 J},\}

Joe ESTAREPe b3l s saze

(oslizal 5,50 [ S 4y 4 59) R RMSE (kN) R RMSE (kN)
Flial fS b 0.998 7.73 0.999 5.86
Osmo g JS5 &0 0.998 7.14 0.999 5.79
Gldaztir L5 &0 0.998 7.75 0.999 6.21
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100 200 300 400 200 aod ToQ

(&)

Sladas i J’JSCL SaSay oddiosls oS SVM Jis faws 55 0ld s i il 53 0l (6,8 e5l) olg Cuglie 0 S

U’:"l“"’)T Lgu.:.:l.: A4S gome (S 9 ¢ (u ‘w)}AT Zﬁjw L;Uso.)‘.: S (;L”

[10] S,T55 5 52 L3as 3 SYM Jie Lo 5 ol i ole Canslis poslie 5 [iulasl lad yas Sliaseis Vst

w2 9 Q Py, (kN)

E fc: i i :c: %: »% ; § :*:j SVM Roberts and
EIEEE|E R B | 8| B e

) RMSE=30.25

1 2400 | 700 | 3.26 | 250 | 11.9 | 100 326 232 139.3 139.12 138.50
2 2400 | 500 2 100 12 180 294 294 61.8 60.60 57.10
3 1000 | 1000 | 2.5 | 200 | 10.09 | 100 299 253 63.76 75.05 78.56
4 2000 | 1000 3 200 10 100 297 253 98.1 89.22 108.14
5 2000 | 1000 3 200 10 200 297 253 117.72 114.91 111.27
6 500 | 500 2 50 | 246 | 50 243 225 76.03 68.57 59.10
7 600 | 600 | 3.63 | 50 10.1 60 282 279 148 135.38 149.17
8 800 800 | 2.05 | 300 | 15.5 | 40 210 285 66 64.72 50.89
9 600 800 3 250 12 40 245 285 96.8 97.58 101.21
10 1020 | 680 2 120 5 40 354 292 50.17 53.05 48.52
11 800 | 300 2 120 5 40 285 286 49 42.86 45.11
12 400 | 400 2 120 5 40 285 286 53 44.86 44.40
13 800 | 600 3 250 12 40 328 286 120 121.94 117.87
14 600 | 250 | 3.05 | 149 | 6.75 50 221 279 100.7 95.25 93.65
15 600 | 500 | 0.99 | 149 | 6.75 50 192 279 10.8 9.90 11.13
16 600 | 500 | 3.05 | 149 | 20.06 | 50 221 305 130.6 137.91 113.32
17 600 | 750 | 2.12 | 149 | 3.05 50 224 221 30 32.45 38.60
18 600 | 750 | 3.05 | 149 | 11.75 | 50 221 305 99.55 95.84 98.95
19 760 | 380 | 299 | 80 | 6.25 50 245 298 84.1 80.91 90.39
20 500 | 500 | 9.95 | 150 | 10.05 | 50 247 250 738 731.20 884.71
21 2400 | 600 2 100 6 40 206 280 35 39.86 38.72
22 3000 | 400 2 100 12 40 205 278 40.7 41.84 45.83
23 1100 | 800 2 100 12 40 205 277 40.5 46.02 45.24
24 2000 | 1000 3 200 | 19.78 | 200 300 231 152.05 142.86 128.93
25 3000 | 800 3 250 12 40 215 268 81.5 78.30 94.81
26 1100 | 800 2 250 12 40 206 270 414 37.86 4535
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Prediction Compressive Strength of Concretes Containing Silica Fume and Styrene-
butadiene Rubber (SBR) with a Mathematical M odel

A.Haghollahi A.Tarighat M. Shafieyzadeh

Abstract This paper deals with the interfacial effects of silica fume (sf) and styrene-butadiene polymer
(SBR) on compressive strength of concrete. Analyzing the compressive strength results of 32 concrete
mixes performed over two water-binder ratios (0.35, 0.45), four percentages replacement of silica fume
(0%, 5%, 7.5%, 10%) and four percentages of SBR (0%, 5%, 10%, 15%) were investigated. A
mathematical model base on Abrams' law has been proposed for evaluation strength of silica fume-SBR
concretes. This simplified model might serve as useful guides for commixture concrete admixtures
containing of silica fume and SBR. The accuracy of the proposed model is investigated.

Key Words Concrete, Silica Fume, SBR, Compressive Strength, Mathematical Modeling.
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M. Zounemat-Ker mani, Kh. Amirkhani

LPM) and ANN are tabulated in Table 1.

Table 1. Performance of the NLA method and ARIMA
for short term and mid-term temporal scales

LPM ANN
Scale RMSE r RMSE r
(m3/s) (m3/s)

Daily 0.73 0.940 0.79 0.921
Weekly | 7.87 0.948 8.03 0.941
Monthly | 71.38 | 0.378 | 30.48 | 0.758

Based on the results of this study shown in Table 1, it
can be concluded that the LPM method had better
performance in predicting daily and monthly scales,
while ANN showed superiority on the monthly scale.

4-Conclusions
Based on the outcomes of this study, the following
conclusions are drawn:

I- According to the correlation analysis,
chaosity was observed in daily (cd=2),
weekly (cd=4) and monthly (cd=4).

2- Test of the maximal Lyapunov exponent
showed that there is more chaotic behavior
in mid-term flow rate rather than short-term
flow.

3-  ANN had superiority in predicting monthly
flow while LPM method outperformed the
ANN method in daily and weekly scales.
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Efficiency Assessment of L ocal
Prediction Method Considering
Reconstruction of Phase Space and
Artificial Neural Network M odel
for Prediction of Runoff (Case
Study: Pole-Kohneh Station,
Kermanshah)

M. Zounemat-Kermani'~ Kh. Amirkhani*
1-Introduction

It is very substantial to forecast streamflow hours,
days, months, or possibly longer in advance for the
effective operation of a water resources system.
Water authorities can administer water reserves
optimally for such water users as hydropower
generation, agricultural, domestic, and for the
maintenance of environmental flows through a
reliable streamflow forecast. Forecasting stream-flow
is exceedingly important in the case of multipurpose
reservoirs since they are essential to the operation of
flood mitigation reservoir systems. Forecasting flow
is also imperative in predicting the sediment amount
carried by the river to the reservoirs. Forecasting
stream-flow is exceedingly important in the case of
multipurpose reservoirs; they are essential to the
operation of flood mitigation reservoir systems.
Forecasting flow is also imperative in predicting the
sediment amount carried by the river to the
TeServoirs.

2-Study area and methodology

In the present study, daily, weekly and monthly flow
series (1988-1999) observed in the Qareh-Soo River
in Kermanshah province are considered. As for the
methodology, the methods based on nearest trajectory
strategy, including reconstructing of the system state
and local prediction method (LPM) and method of
surrogate as well as artificial neural network
approach are used for investigating chaos in river
flow at Pole-Kohneh located in the Qareh-Soo River.

3-Application and results
3.1-Phase Space reconstruction
After determining 1) the proper delay times using the

' Corresponding Author, Associate Professor, Water
Engineering  Department, = Shahid  Bahonar
University of Kerman, Kerman, Iran.

E-Mail: zounemat@uk.ac.ir

2 MSc Graduate, Water Engineering Department,
Shahid Bahonar University of Kerman, Kerman,
Iran,

variation of the fraction of FNNs for different
embedding dimensions for daily, weekly and monthly
river flow (see Figure 1) , and 2) embedding
dimension based on the Takens theorem, the phase
space can be reconstructed. Figure 2 depicts the 2D
plot of the constructed phase space of daily river
flow.

0.1
% 0.05
e

0 5 10 15 20 25 30
Embedding dimension

Fig. 1 Variation of average mutual information with lag
timein daily river flow

200

Q(t+11)

100
0 %= \ v
] 100 200 300 400
Q(®)
Fig.2 2D constructed phase space of daily flow rate

3.2-Determination of the Maximal
Exponent

The maximal Lyapunov exponents were calculated
(Figure 3). The analyses found weaker chaos
characteristics at short term daily scale (Amax=
0.0063) and stronger chaos characteristics (Amax=
0.0252) at mid-term monthly scale.

Lyapunov

6

5

S factor
w

S =0.0063N + 3.2331

0 S0 100 150
Number of points

Fig. 3 plot of maximal Lyapunov exponent for daily
river flow

3.3-Prediction process
In brief, the results of predicting process using the
nonlinear chaos theory (local prediction method,
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in which 0.5<7 <1. The proposed step size can be
adapted based on the results of the performance
function at each iterations, while the step size in the
STM is considered a constant smaller value at each
iteration. Thus, the proposed ISTM may be converged
faster than the STM for convex problems and it is more
robust than the AMV for highly nonlinear problems.

3- Comparative results

The robustness and efficiency of the proposed ISTM
algorithm are investigated through several nonlinear
performance functions. The results of ISTM with
parameters of 6 =0.5 and 7 = 0.95 are compared with

PMA and STM with the parameter of A = 0.1. For
this purpose, the numbers of computations gradient
vector (lteration) and performance values are used to
illustrate efficiency and robustness of the FORM-based
inverse reliability methods.

Example 1: nonlinear performance function

The nonlinear performance function is considered as
follows:

9= +x -18 (8)
where x ~ N(10,5), x, ~N(9.95) and B, =3.0 in
which N(u,o0) is the norma distribution with the
mean of u and standard deviation of o. The

converged results of this performance function based
on the proposed ISTM are obtained after 42 iterations
as g(X)=-31.066473 and X;= [-2.89058, 2.22974].
Figure 1 illustrates the convergence histories of the
performance values for different reliability methods
such as AMV, STM and ISTM. It can be seen that the
AMV has resulted in unstable results as chaotic
solutions while the STM and ISTM are more robust
than the AMV for this example. The STM has
converged after 126 iterations but the proposed ISTM
has converged to stable results after only 42 iterations.
The results from Fig. 1 show that the proposed ISTM is
slightly more efficient than the STM and the ISTM has
converged about three-times faster than STM.

ure (g
=
=

Performance meas
3

0 20 40 60 80 100 120
Iterations

Fig. 1 Convergence histories of the performance function
Example 1 for different reliability methods

Example 2 nonlinear ~ multi-dimensional
performance function

0, =-0.75+0.489x; X, + 0.843X,X; — 0.0432 X5 X4 )
+0.0556 x5x; +0.000786 X3

Where % — X, ~ N(1,0.05),
Xg, X7 ~ N(0,10) and 5, =3.0.

The results from the CC method are extracted as
performance value at MPTP of 0.07535 and MPTP of
[0.97643, 0.96006, 0.96006, 0.97643, 0.301, 25.67798,
-8.05467]. Based on the results of the ISTM using the
dynamical step size, the performance value of Eq. (9)
at MPTP and the MPTP are obtained after 12 iterations
as g(Xy)=0.07529 and Xt=[0.97645, 0.96008, 0.96008,
0.97645, 0.3011, 25.66047, -8.14201]. As seen, the
results obtained from the proposed ISTM are in close
agreement with the reliability results extracted from the
CC method.

The performance histories of different reliability
methods for Example 2 are shown in Fig. 2. The results
of Fig. 2 illustrated that the AMV method yields
unstable results as periodic-2 solutions i.e
g(Xx)=0.5665 and g(Xy.1)=1.3955. However, the STM
and the proposed ISTM have more robustly converged
after 86 and 12 iterations, respectively. The ISTM isas
robust as the STM but it is slightly more efficient than
the STM for this example. The ISTM produces stable
results faster than the STM with convergence rate
about seven-times larger than STM.

x; ~N(0.30.006),

14
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Fig.2 Convergence histories of the performance function
Example 2 for different reliability methods

4- Conclusions

The stability transformation method is improved
using an adaptive step size. The adaptive step size is
proposed to improve the efficiency of STM using
sufficient descent condition. The results indicated that
the AMV provides unstable results and the STM is an
inefficient method for highly nonlinear performance
functions. However, the ISTM is as robust as STM but
it ismore efficient.

The dynamic step size can be adapted using the
performance information and it is adjusted using
sufficient descent condition. Therefore, this step size
can be used to improve the robustness of FORM
compared to AMV and can enhance the efficiency of
STM for highly nonlinear problems.
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Improved Stability Transfor mation
Method to Control Convergence of
Structural Performance Measure
Approach

B. Keshtegar

1-Introduction

Generally, there are several uncertainties in physical
quantities of engineering systems. Consequently,
probabilistic models should be implemented to
consider these uncertainties. Design optimization
methods under uncertainties have been developed to
evauate reliable performance of probabilistic
condraints.  Existing  reliability-based  design
optimization (RBDO) approaches can be classified as
double loop approaches (DLA), single loop
approaches (SLA), and decoupled approaches. A
suitable reliability method is required for evaluating
the reliability level of probabilistic constraints in
RBDO methods.

Commonly, the first-order reliability method
(FORM) is used to estimate the reliable levels.
Generally, the reliability index approach (RIA) and
the performance measure approach (PMA) can be
utilized for evaluating the probabilistic constraints in
RBDO. The results of evauating the performance
measure illustrate that PMA provides higher
efficiency and robustness in comparison with RIA. In
RIA, the most probable failure point (MPFP i.e.U™)

on the limit state surface (g(U)) is needed to

approximate the reliability index for evaluating the
probabilistic constraints as follows:
find U, min g=|U| (1)
Subjected to g(U) =0

In PMA, the probabilistic constraint is evaluated by
searching the minimum performance target point
(MPTP) on the target reliability index ( 4, ) using the

following model:
find U,, min g(U)
Subjected to [U]|= 4

The robustness and efficiency of iterative formula-
based PMA are the important keys to implement a
reliability analysis method in RBDO problems.

The advanced mean value (AMV) is commonly
applied for inverse reliability analysis-based PMA
due to its simplicity and efficiency. In general, the
AMYV scheme could converge to unstable solutions
for highly nonlinear concave performance functions.
The conjugate mean vaue (CMV), stability
transformation method of chaos control (STM),

@)

1 Assistance professor, Department of Civil
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modified chaos control (MCC), adaptive chaos
control (ACC), self-adjusted chaos control (SACC),
adjusted mean value (AMV) and conjugate gradient
analysis (CGA) have been developed to enhance the
robustness of MPTP search method. The CMV and
AMV are adaptively combined to improve the
efficiency and robustness of the FORM-based inverse
reliability method in hybrid mean value (HMV). The
HMV is robust for convex performance functions,
but may result in unstable results for highly concave
performance functions. The CC method is
computationally inefficient for either convex or
concave problems. The robustness and efficiency are
two major challengesin reliability analysis.

In this paper, the stability transformation method-
based chaos control isimproved using a dynamic step
size. The proposed dynamic step size is established
using the performance values at the new and previous
points. The sufficient descent condition is applied to
adjust the proposed step size in the improved stability
transformation method (ISTM). The robustness and
efficiency of STM, AMV and the proposed ISTM
methods are compared through several highly
nonlinear mathematical and structural performance
functions. The numerical study shows that the
proposed ISTM algorithm is an efficient and robust
FORM-based inverse reliability analysis.

2- Improve stability transformation method

In order to improve the efficiency of the STM-based
CC, the iterative inverse FORM formula is given as
follows:

U =U + ACF(u) -U ] ©)

where ¢ is an NXN involutory matrix. Actualy,
the unit matrix is considered for C. A, is the
dynamical step size which is suggested as follows:

IR I SR TCIU)
A T e @
Where, 0<d<1, g(d,U,,,) and g(d,U,) arethe
performance values at the new and previous points,
respectively. Dy isthe search direction vector which is
computed as
D, = f(u)-U, ®)
Inwhich f(u,) isadiscrete nonlinear map which is
given asfollows:
__p Vy9(dyu,) 6
f(uk)_ IgtHVug(d:Uk)H ( )
where v, g(d,u,) is the gradient vector of the
performance function at point y, . In order to control
instabilities of the FORM formula-based the dynamic
search direction, the sufficient descent condition i.e.
D, <D, , is applied to adjust the dynamic search
direction by the following relation:
A =nA, for D, 2D, ()
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Eq. (1), the rigidity of the model must be 6.28 Nm?.
In order to provide such rigidity, an aluminum plate
of 1.25 millimeters in thickness and 2x0.50m was
selected. As shown in Fig. 2, polyethylene was used
beneath the aluminum plate in order to provide
floating.

/y (t=Z.I..25mm)

" Polyethylene foam 75 mm

i

x 30mm

Fig. 2. Cross section of physical model made of aluminum and
polyethylene

For stimulating the gill cells, cubic cells were made
at the two ends of the model in dimension of 6x6 cm
and cell depth is amost 7.5 cm. During the
experiments, a specific amount of the cells must be
full of water and the rest must be empty.

4. Experiment Method

The experiments were carried out in two parts:
statically and dynamical loading. During the first
part, stress and displacement under gravitational
loadings were examined. At the second part of
experiments, the model was tested by waves. In each
of the mentioned parts, the experiments were
performed on the model without gill cells. Moreover,
four different states were considered in order to
investigate the effect of gill cells number and
arrangement on the structure. 1t should be noted that
water depth was 70 cm in the laboratory.

4.1. Gill CellsArrangement in Models

According to the number of cells and their
arrangement in the structure, some dlits were made at
the bottom of each cell so that water may enter each
cell separately. In the first state, six gill cells were
made at each side of the model. In the second state,
the number of cells was increased to 12 cells and they
were in rectangular shape located at the corners of the
model. In the third state, gill cells were located in the
two outer rows of the mesh network. And in the
fourth state, cell arrangement was triangular but their
number was increased to 18 cells at each side.

4.2. Gravitational Loading Experiment (Statically
L oading)

In statically loading experiments, 5 steps of loading
were performed. In each step, 53 N loads were added
to the previous state at the centra part. Thus, these
experiments were performed for models without gill
cell and four gill cell layout to five loads of 53, 106,
159, 212 and 256 N. When oscillations of the model
were fixed and the amount of strain became constant,

tests were started and variations of displacement and
strains were measured. At this experiment, vertical
displacement and strains were measured at the two
ends and midpoint of the model.

4.3. Experiment with Application of Waves
(Dynamical Loading)

Five waves with different period and 2 cm height
were made at the laboratory and their direction was
perpendicular to the width of the model. Each wave
was applied to al layouts of the gill cells in the
model; and vertical displacement was measured at 5
points of the model in a distance of 50 cm from each
other. Strains were measured at the two ends and the
midpoint of the model. The generated waves in the
laboratory were sinusoidal and regular. Table 1
represents the features of the waves.

Table 1. Characteristics of the wavesimposed to the
model in laboratory

e B | 8o | 8o | & 2
Characteristi — o~ ™ < o
o =7 127127 = 2
Wave
length/

length ofthe | 035 | 050 | 065 | 080 | 095

structure (-)

Wave length

A ) 0.7 1.00 1.30 1.60 1.90

Wave period 0.67 0.80 0.91 101 1.10
T ()

Wave height
h (cm)

Wave angle

(deg) %

5. Conclusion

The results of these experiments represent that the gill
cells efficiency was more prominent in higher
loadings. Regarding differential deflection reduction,
the third state had better performance. It can be
perceived that when gill cells have farther distance
from the center of the structure (loading region), they
will have a better performance. Also, the highest
amount of bending reduction at the head and center of
the model occurs at the first state, which is up to 5%
consisting of gill cells. According to the importance
of deflection and bending moment parameters, one
may elect either the first or the third state. Moreover,
one may present a model by combining both of them
which would cause less bending and displacement in
the structure. The results of gill cell experiments
which were tested by waves reflect that gill cells
under the influence of waves did not have any
significant effect on displacement reduction. In the
fourth state which had the highest amount of gill cell
area, the bending moment was less. Moreover, it may
not have a considerable effect on the reduction of
hydroelastic behavior singly. In order to reduce
hydroelastic behavior it is better to combine the gill
cells approach with other methods such as hinge
connections.
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An Experimental Study on the Effect of
Gill Cellson Very Large Floating
Structures

A. Parizadeh' M. J. Khanjani?

1. Introduction

Very large floating structures (VLFSs) have attracted
the attention of many researchers and engineers
working in the offshore and marine industry. They
have proposed VLFSs for various applications such
as floating airports, bridges, breakwaters, piers and
docks, fuel storage facilities, emergency bases,
entertainment facilities, recreation parks, mobile
offshore military bases, and even for habitation.
There are various approaches to decrease differential
deflection in VLFS. Increasing structure stiffness in
all floating parts by means of increasing the height or
the thickness of upper and lower plates is one the
possible solutions. Considering the fact that this
solution will have an effect on the size and shape of
floating structure; it may boost the costs of
production. Another solution is stepped floating
structures. In this method, the depth of the loaded
regions will be increased and that of the pats without
loading will be decreased.

Wang et al. 2006 suggested an innovative model for
decreasing differential deflection. They made some
holes and dlits on the floating bottom surface so that
water may come into and out of some parts of the
structure. Since the flow of water in these dlits looks
like fish gills, they are called gill cells. At gill cells,
buoyancy forces are eliminated and with a proper
installation of these cells differential deflection is
reduced. They modeled a floating container terminal
by means of the ABAQUS software, which was
520x470x10m, by using the finite element method.
Applying gill cells would decrease stress and
differential deflection significantly. Wang et al.
investigated a circular structure with 200 m diameters
and 2 m heights based on the classic thin plates
theory by using structure deflection analytically.
They considered the effect of gill cells numbers by
changing diameter and loading amounts. Phame and
Wang 2010 investigated a numerica method for
optimizing the location and number of cellsin desired
shapes. They modeled the floating structure based on
the Mindlin theory supposing specific size and a
uniform loading at the center. Then, they estimated
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the optimal number and location for gill cells. They
presented triangular arrangements of gill cells at the
corners of polygonal structures as the optimum
arrangement.

Likewise, Gao et a., (2013) combined gill cells
and joint connection in order to investigate gill cells
performance. In this paper, gill cells were simulated
in the laboratory. Gill cells will be introduced more
specificaly in the following section.

2. Gill CédllsIntroduction

Very large floating structures are made of waterproof
components that provide buoyancy forces. On the
other side, gill cells consist of components such that
buoyancy forces are eliminated under their surface.
Since there are holes and dlits at the bottom of these
cells, water may come in freely up to the sea level
and go out. Fig. 1 represents a floating structure
consisting of gill cells. When gill cells are located
properly at the structures, bending curvature can be
changed and the structure may become flatter.

Mooring dolphin Load

v Wiy

/J’j\f\

Slitgholes at
bottom plate of gill
cell

Watertight cell

IRRBINNRREINNGE b

Fig. 1. Gill cell in very large floating structure

3. Description of experiments
The most significant feature of a very large floating
structure is its hydroel astic behavior. One of the most
influential parameters on a very large floating
structure behavior isits bending rigidity that helps the
model to be elastic. In order to simulate the behaviors
of floating structures, the applied floating structure
was chosen to be 300 meters in length, 60 meters in
width and its bending rigidity was equal to 4.77x10"
Nm?. The bending rigidity ratio of the model to the
prototype was calculated as follows [1]:
El, = o®El,, @
Where El, isthe bending rigidity of the prototype,

El,, the bending rigidity of the model and « is the

scaleratio.
The scale of 1/150 was utilized for making the
model in the research laboratory. According to the
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Mostaghel subsequently expanded his model to
consider stiffness degradation and load deterioration

as well, employing two coefficients, ¢, and ¢,,
which are respectively defined as:
1
. 8
“ T 1+ Ah(1) ®)
1
= - 9
“ T 14+ Ah(D) ©)

where h(t) represents the total non-dimensional
hysteretic energy absorbed by the friction force of the
slider.

b=, (1- )[§|[NHN(y = 7,) + MF)M(y +7,)

+ 4, N(M(Y) + A, M$N(y)]

x| 1= {N()[M(z - 1, @, )M(y) + M(z - ® )N(y)] +
M($)[N(z+ 2, ®)N(y) + N(z+ @, )M()]} |

(10)

As mentioned earlier, Zeynalian et al. proved that
Eq. (10) does not satisfy some of the system’s
boundary conditions. Therefore, the equation was
modified. In addition, they expanded the equation in
order to take into account the sliding phenomenon.
The final non-dimensionalized equilibrium equation,
including pinching, stiffness degradation, load
deterioration, and sliding phenomena, is expressed as
follows. & is a proposed sliding function.

2; = O, (NDIM(z; A7, @ )M(y - 8)
+M(z; —inDH)ﬁ(y—SO)]

_ an
+M(Y)[IN(z; + 2457, P ) )N(y —8p)
FN(Z; +7,@)M(y = 8,)M(y +38,)1}
To avoid complexity, no further detailed

formulations are presented here. The next steps are to
expand the system of equations for an MDOF multi-
linear system, and then, to modify the equations based
on a displacement-control cyclic loading regime. For
this purpose, Method B of ASTM standard, which was
originally — developed for ISO (International
Organization for Standardization) standard 16670 is
applied. Therefore, instead of applying the external
load function of P(t) in Eq. (1), the ASTM cycling
loading regime is dictated to the system as an
additional equation, as shown Fig.2.

3- Multi-degr ee-of-freedom Multi-linear Systems
Fig. 3 illustrates the schematic n degree of freedom
of a multi-linear MDOF system.

For the sake of brevity, only the response of the third
story from a three-story building is shown in Fig. 4
using the hysteresis loading based on Method B of
ASTM E2126-07 standard. It shows the applicability
of the final proposed differential equations illustrating
all degrading phenomena, including stiffness-
degradation, load-deterioration, pinching, stiffness-
hardening, and sliding.

mn t
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Fig. 2 Cyclic loading regime, Method B - ASTM E2126-07

Fig. 3 Multi-linear, MDOF hyster esis mechanical system
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Fig. 4 Response of all degrading phenomena story 3

4- Conclusions
Based on the results, the following conclusions are
drawn:

1. This paper presents an analytical differential
model for the behavior of a general hysteretic
MDOF system which includes all potential
structural phenomena, such as pinching, stiffness
degradation, load deterioration, and sliding.

2. The model is developed in order to take into
account a displacement-control loading regime,
i.e. Method B of standard ASTM E2126-07,
which is usually implemented on experimental
tests.

3. The results show that the proposed analytical
model can provide a realistic description of the
force-displacement performance of general
hysteretic systems considering all degrading
phenomena.
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Displacement Control Based Analytical
Description of Pinching, Sliding and
Degrading Hysteretic System

M. Zeynalian' M. Mokhtari’

1-Introduction

Non-linear hysteresis behavior is one of the most
important inherited properties of any structural system.
The shape of structural hysteretic behavior is a result
of either changing material properties beyond their
elastic range, or changes in structural geometry (e.g.
buckling, cracks) due to subjected loads. The
hysteretic response of a structure depends not only on
the immediate deformation of elements, but also on
the history of deformations, since this represents the
energy dissipated by the structure. Increasing the
displacement under strong dynamic forces, such as
earthquakes, causes the hysteresis cycles to move from
an elastic phase into a plastic phase. Hence, by
ignoring the non-linearity in hysteresis behavior and
neglecting the degradation effects, a great deal of lost
energy (by dissipated energy mechanisms) is also
ignored. Consequently, the designs would be
uneconomical. In contrast, improper inclusion of non-
linear hysteretic performance, such as neglecting
sliding and strength deterioration causes non-
conservative structural design.

Mostaghel [8] proposed an analytical description of
the structural hysteretic model, based on a single-
degree-of-freedom (SDOF) mechanical system, which
consists of a combination of mass and springs. That
model takes into account different structural
characteristics,  including  pinching,  stiffness
degradation and load deterioration. It should be noted
that Mostaghel did not address the sliding issue in his
model, although it is generally considered important as
it affects the rate of energy dissipation and
performance of structures when seismic loads are
applied. Later on, Zeynalian [13] developed the
bilinear Mostaghel’s model in order to consider the
sliding effect. They also concluded that Mostaghel [8]
equations do not satisfy some of the boundary
conditions pertaining to the first cycle. Therefore, they
applied some necessary corrections on the
formulations proposed by Mostaghel.

It is also necessary to mention that Mostaghel[8]
model is based on a force-control loading regime,
which means that the response of the structural system
is examined based on an applied force on the system.
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Therefore, since most experiments on real structures
are performed based on a displacement-control
loading regime, the model should be developed in
order to be better fitted to the experimental results.
Hence, in this study, the modified Mostaghel model is
improved in order to generate MDOF multi-linear
analytical results which can express the structural
system’s responses in terms of displacement-control.
The cyclic loading regime which is implemented in
this study is based on Method B of ASTM Standard.

2- Review of the M odel

Mostaghel used an analytical model for formulating
the hysteretic systems based on an SDOF mechanical
system, which is comprised of a mass, m, two springs
with stiffnesses of ok and (1-a)k, and deformations of
x and u respectively, and a viscous damper with a
damping coefficient of c. While the spring that is
directly connected to the mass has the stiffness of ak,
the stiffness of the other spring (which is connected to
the mass through a slider, with a friction coefficient of
p) is (1-a)k. The total stiffness of the system is k and
0<o<I1. P(t) is also the external applied load to the
system. Pinching, such as that occurring because of
strain hardening, can also be added to the system by
assuming two extra springs with a stiffness of k, and

an initial gap, §,, as shown in Fig.1.

X0 AR
= 1)k =

Fig. 1. Bilinear hysteretic system encountering additional
stiffness

The modified non-dimensionalized dynamic
equation, and the equilibrium equations for the system,
which include pinching via both the inequality of
strengths and stiffness hardening, can then be
presented through Eqgs. (1) and (2).

f = oty + o (||~ v,) sen(y)N(ly] - v,) + (1 - o)z (1)
2= yINHM(z - 2, M(y) + M(z = DN(y)] + 2
M(Y)IN(z + A, )N(y) + N(z + DM(y)]}

where N(x), M(x), N(x), and M(x) are derived

from Signum function (Sgn) as illustrated below:

-1 if x<0
Sgn=40 if x=0 3)
1 if x>0
N(x) =0.5[1+Sgn(x)]{1+1-[Sgn(x)]} 4)
M(x) =0.5[1-Sgn(x)]{1 —[1+Sgn(x)]} ®)]
ﬁ(x) =0.5[1+Sgn(x)]{l —[1 - Sgn(x)]} (6)
I\_/I(x) =0.5[1-Sgn(x)]{l +[1+Sgn(x)]} 7N
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3- Reduced Singularity of the Matrix Algorithm
The main idea of this paper is presented based on the
reduced singularity of the matrix RT, which uses
principles of linear algebra. In the proposed method,
we identify numerical dependent column vectors in
the matrix R", and remove them fromiit. In fact, in the
process of optimization of the problem (Equation 2)
each of the column vectors, is an equation that is
embedded in the rows of the matrix R. In the process
of solving the resulting equation, the number of
equations is too many and we aim to reduce the
number of equations in a similar fashion by utilizing
linear algebraic techniques. This has two advantages,
firgt, it can make less rotation by the affected
preconditioner in equation (5) in the coefficient
matrix. Therefore there will be less errors in the
resulting unknowns problem (Q). This arises from the
idea that parallel or Pseudo paralel vectors in the
coefficient matrix have been removed. Second, with
reducing the degree of ill-conditioning of the
problem, stability of the results will be enhanced.
ALGORITHM: let A be an nxn (square) matrix,
and matrix B is the result of upper
triangularization by following method on the
matrix A, theni'throwof A (1 <i < n) islinear
dependent if i’th column to end’th column of i'th
row of Barezero.

Method of upper triangularization:

1. from The three elementary row operations
(1.ewq) 2-€rp) 3-emy+aq)), The second
and third are used (dont interchange of two
rows of A).

2. Be used A;; as a pivot element and befor
pivoting, if possible the A;; to be non-zero
(1<i<n).

3. In the process, if the A;; was zero, be used
A;y1+1 0s a pivot element.

In order to use this algorithm to solve the equation
(5), we must be careful about two things. First, the
matrix R must be anm X n (m >> n), thus initially
it should be partitioned into several n X n sub
matrices. Second, in the case of A;A; + A,A, + -+
AdA¢ + A; = 0 the matrix A is rank deficient because
one or more rows and columns of A are linear
combinations of some or all of the remaining rows
and columns. Here, the matrix A having a cluster of
small singular values and there is well-determined
gap between large and small singular values of A and
it causes one type of system of equations with an ill-
conditioned coefficient matrix (A). Another type of
ill-conditioning of matrix A exists in ill-posed
problems. In this case, rank and numerical rank are
full, but the ratio between the largest and the smallest
singular values is large and we have numerical
instability in the solution of the system of equations.
This implies that one or more rows and columns of A
are numerically dependent on other rows and
columns. Thus, they can be written asA;A; + A,A, +
4+ AA¢ + A; =€, In the sub matrices of R, we
encounter with this situation and finding a suitable
estimate for € is very important.

4- Numerical Example

The applicability of the proposed method on the
identification of a general 8-story non-shear planar
frame with non-proportional damping matrix as
shown in Figure 1 is presented. Considering the rigid
diaphragm effect, horizontal displacements are
constrained at the story levels. To constrain the
number of DOF's of the model to eight, the system
masses are lumped at the story levels. The exact
stiffness matrix of the model is defined using the FE
model. Harmonic sweep (whose frequency sweeps
from 1 to 10 Hz) input forces are applied at the first
story level and the corresponding acceleration
responses were obtained. Considering that the
measured responses are noisy, Gaussian random
white noise has been added to the calculated
responses. The level of the noise is defined as the root
mean square (RMS) of noise with respect to the RMS
of the structure response and input forces. In each
case, the amount of error of the system properties is
calculated based on the mean error of the diagonal
elements of property matrices. In each case, the
amount of error of the system properties is calculated
based on the mean error of the diagonal elements of
property matrices. The method alows the complete
identification of the structura mass, damping and
stiffness matrices by direct solution of differential
equations of motion. The structural system
identification sensitivity is presented in the Figure
shown below in two cases using and not using the
reduced matrix singularity method when data is
disturbed with noise (0~10%), regularization and the
reduced error in the results is observed.

14 : : H :
10 freeeriis

. - —Damping
i | —& Stiffness
8 9 10

Identification Mean Error Percentage

Noise Level

B

,,.-;';G . 9
T 1| —% —Mass

—E —Damping

: . | —= Stiffness

& 7 8 9 10

Noise Level

Identification Mean Error Percentage

Fig. 1. Mean error percentagein system physical
parameter sidentification for the case of 1~10% noises
level: (a) not using reduce matrix singularity, (b) using
reduce matrix singularity
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Efficiency Improvement of the Structural
System ldentification by Reducing
Singularity of the Response Matrixesin
I nver se Solution of Equations of Motion

M. Ghasemi® B.Tagavi? S. Abbasbandy®

1- Introduction

Structural system identification is known as a prelude
of damage detection and structural health monitoring
in which identification is operated on the base of
inputs and outputs data, and occasionally is needed to
find the inverse solution of system transfer function.
Generally in the system identification process, the
inverse problem is often an ill conditioned problem
from a mathematical point of view. This paper
presents a method for identification of linear system
physica parameters (structural mass, damping and
stiffness matrices) using the inverse solution of the
equation of motion in the frequency domain, by
focusing on the reduction of the ill conditioning
effect. The method utilizes the measured responses
from the forced vibration test of the structure in order
to identify system properties and detect the probable
damages.

Input and output data is gathered in an augmented
matrix [A|b] and the large amount of this data causes
the ill conditioned problem. Moreover, as an
inevitable problem, there is a noise in the
measurement that causes some discrepancies in the
results of identification. Ill conditioning causes
instability in the results of identification, the
instability and noisy result reduces the validity of the
results and accordingly it will be a worthless
statistical method in system identification (SlI). An
algorithm is presented in this paper to improve theill
conditioning problem that is a special upper
triangularization matrix method. The proposed
algorithm can identify parallel and pseudo parallel
vectors in the coefficient matrix of linear equations.
By removing these linearly dependent vectors and
thus reducing the degree of singularity of the matrix,
stabilization results which is a key objective in
numerical linear algebra. In order to perform an
optimal estimation of identification results, least-
squares and penalty function methods are used. The
validity and efficiency of the reduced singularity of
the matrix method is tested on a non-shear eight
frame structure by using the direct model updating
method. The aforementioned structures have a non-
proportional damped matrix and are subjected to
sweep harmonic forces. The results show that the
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proposed algorithm improves the stability of the
estimation and the answer is quite useful.

2- Direct System Identification Method

The direct identification method can be used to
estimate full system properties including mass, M,
damping, C, and stiffness, K, matrices of the system,
based on the inverse solution of the equation of
motion with the following formulations will be used.
The equations of motion for a viscousy damped
linear system with "n" number of degrees-of-freedom
and "m" time step of input and response can be
written as:;

Mnxnxnxm + Cnxnxnxm + Kananm = anm (l)

By using the properties of blocked matrices, and

deﬂning Rmxan = [X%xn XE‘nxn _ XElxn]
andQsnxn = [Mnxn  Coxn Knsn] T, Equation (1)
yields:

Rinx3nQanxn = Fglxn 2

R is generdly an ill-conditioned matrix and a
small change in R can cause a large change in R™*
Therefore, the accuracy and precision of Equation (2)
is very sensitive to noise in the R. The residual force
in the equation of motion in the frequency domain
and as regards Ghafori Ashtiany and Ghasemi [1]
showed that to obtain the best estimation for the
linear system properties, minimization of the real or
imaginary part of residual forces approximately lead
to identical results of the physical parameters. Thus, it
can be expressed as follows:

ERmxn = RRmx3nQ3n><1'1 - FEm><n (3)

The optimization objective function after
minimization of the residual force and with regard to
the condition of the unknown matrix (symmetrical
system property matrices and diagonal mass matrix),
is constrained by optimization as a penalty function
and it is expressed as follows:

k=1j=1

i#j=1

2n
+ Z (Qij — Qj—n,i+n)2 €))

i=n+1

3n
+ Z Qi — Qj—Zn,i+2n)2)>

i=2n+1

where R;, is the coefficient of the penalty function and
it refers to the value of the objective function.
Consequently, the Optimum solution, is available

with a process of differentiation (% = 0) and it can
ij
be written as follows:

af?

aq, ~ 02 PReQ= PFR ()
where p is a preconditioner such as the penalty
function.
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Fig. 2. The effect of the relative spillway height and the
relative of sediment size on the relative depth of score
hole for Fr=0.758
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Fig. 3. The effect of the relative of sediment size and
different Froude number on the relative depth of score
hole for the constant relative spillway height He/y=5.5
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Numerical Study of Scouring
Downstream of a Free Jet

Kh. Hosseini'  H. Novkhaste?

4
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1- Introduction

The energy available in the terminal of dam structures
causes erosion of the river bed. Different parameters
such as discharge, difference between upstream and
downstream, radius of jet, mean diameter of bed
materials, velocity of the jet and the tail water are
recognized on the score hole and its geometry. The
cognizance of these parameters aids the designers to
provide a suitable layout for the scoring pool. Abida,
H. and Townsend, [2] showed that the length and
depth of the score hole decrease by increasing the tail
water. Westrich,[3] Kobus, H. investigated the height
of overflow spillway on scoring. Wanyun [9].
modeled the score hole of a submerged jet using 2D
models. In their study, the k-g¢ turbulence model is
considered. The shear resistance between the grains,
the seepage force, void ratio and the gravitational
force are taken into account as the resistant forces and
the local shear stress induced by flow as the tractive
force.

As the majority of studies on scoring are based on
experimental data, in this research, the experimental
conditions for scoring are simulated numerically
using SSIIM software. After the calibration tests in
the numerical model, the effects of flow conditions
and sediment characteristics on the depth of the score
hole are evaluated as a function of the height of
spillway, Froude number and the densimetric Froude
number.

2- Governing equations and calibration of

numerical model

The governing equations utilized to simulate the flow
and sediment are: the continuum equation and
momentum equations (Navier Stocks’ equations) for
flow, k-¢ model for simulating the turbulence,
advection-diffusion equation for suspended load and
Englund Hansen equation for bed load.

Calibration tests are performed to provide the
appropriate value for the roughness and mesh sizes,
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the turbulence model and bed load equation. In the
calibration tests, the numerical results for the
maximum depth of score holes are compared with
their values obtained from the experimental tests. The
mean sizes of sediment as the roughness height, the
mesh cells in 35*5*301 numbers, k-¢ for the
turbulence model and Englund Hansen formula for
bed load present more correlation factors between the
numerical and experimental data.

3- Analysis of the numerical model

The effect of different parameters such as height of
spillway, the densimetric Froude number and relative
diameter of sediment are investigated on the
maximum score hole depth. All data are presented in
the dimensionless form.

Figure 1 presents the effect of the densimetric
Froude number on the score hole for a constant
Froude number. As shown in this Figure, the relative
score hole is a linear function of the densimetric
Froude number of bed materials with a positive slope.
This linear attitude is the same for all spillway
heights.

Figure 2 represents the effect of the relative height
and relative diameter of sediment size on the relative
score hole. As shown, the relative score hole
increases with increasing the height of the spillway
and decreasing the relative sediment sizes. Also, we
could deduce that the score hole is more sensitive for
small sized sediments.

In Figure 3 the relative score depth is shown
versus the relative sediment size and Froude number.
The relation between the different parameters has a
logarithmic form. As shown in this Figure, for small
sediment sizes the relative depth of the score hole is
enormous, but for the bigger sediment sizes the
relative depth of the score hole is small.
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Fig. 1. The effect of densimetric Froude number and
the relative spillway height on the relative depth of
score hole for Fr=0.918
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Fig. 3. As shown, the least values of energy
consumption, i.e. COD equal to 350mg/L, are related
to the stirrer and the lamp. This is considered as the
optimum concentration in this research.

3.2- Determination of Radiation Power of
Optimum UV

The effect of radiation power on COD removal is
indicated in Fig. 4. By increasing the radiation power
and the numbers of photons emitted, the efficiency
remained almost constant after along time as shown in
Fig. 4.

To determine the optimum power, the variations of
energy consumption per COD at different UV powers
are shown in Fig. 5. According to the Figure, radiation
power of 80W with energy consumption of
0.24kWh/mg/L was considered as optimum amount

because of insignificant difference with the results of

—+—COD=50 mgL
—+—COD=350mg/L

——COD=100 mg/L.
o= COD=500 mg/L

o COD=250me/l
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Fig. 2. Variation of COD removal in photolysis system
(CODy= 50, 100, 250, 350 and 500 mg/L ; P,,= 60 W)
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Fig. 4. Theeffect of different UV radiation powersat
COD of 350 mg/L (COD, = 350mg/L; Pyy= 60, 80, 100 and
120 W)
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3.3- Time Modeling of COD s

Modeling the system by examining performance in
different CODs under light intensity of 60 watts and
aso best-fit values of COD,/COD, for each
concentration in terms of time are shown in Fig. 6.

As shown in Fig. 6-a, variations in COD/COD, over
time in different CODs follow a similar trend.
Connecting maximum points of these trends concludes
an appropriate linear relation (Fig. 6-b). This relation
is a logarithmic regression (Eq. 1 and Eqg. 2) with
correlation coefficients of 0.99 and 0.96, respectively.
COD/COD(=0.6594 Ln(t) +0.7014 L

COD 1/ COD=0.4164 Ln(CODy) +1.2458 )

300

50

a0 B
06 Pt
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Fig. 3. Energy consumption at different initial CODs
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Fig. 5. Energy consumption level against different
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Fig. 6. Variations of COD removal and logarithmic regression COD,,,/COD, amounts according to a) Time and b)
CODy (Pyy=60W)
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Photolysis System Performancein
Petroleum Hydrocar bons Removal from
Wastewater and its M odeling

M. Gh. Rahimi' A.Khodadadi®  B. Ayati®
1-Introduction

Due to high amounts of toxic multi-cyclic aromatics,
wastewaters contaminated with petroleum compounds
are generally considered to be harmful. They may
cause significant damages to water resources and
human health and should be treated before discharging
them to the environment. So far, different methods
have been employed for treatment of wastewater
contaminated by petroleum compounds. In this study,
the photolysis process is investigated.

During recent years, use of UV technology for water
and wastewater treatment processes has noticeably
increased. UV photolysis and photo-initiated oxidant
ions have a potential for inactivation of
microorganisms and destruction of a wide variety of
contaminants in aqueous medium. Current research
works confirm this clam. In this research, the
capability of photolysis system, its optimum
conditions, its use as pretreatment in destruction of
hard-degradable  petroleum  hydrocarbons, and
preparation of its effluent for the main treatment unit
are investigated. Also, the time required for maximum
COD removal is modeled.

2- Experimental Program

In this study, a plastic rectangular cube pilot (L: 24
cm, W: 17 cm, H: 9 cm) was applied as the photolysis
system (Fig. 1).

1-Stirrer

2-Reactor

3-UV Fuorescent light
4-Foil

Fig. 1: Pilot and Schematic: Photolysis system
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To have a composition similar to that of the Tehran
Refinery’s effluent, a mixture of gasoline (Cie-Cy)
and crude oil (Cg-Csz;) with a ratio of 1 to 2 was
prepared and aerated for 48 hours. So, the lighter
compounds with water vapors were stripped and
removed from the medium and the heavier
hydrocarbons (heavier than Cgs) remained on the
reactor walls.

In the photolysis system the same wastewater that
has been prepared earlier was directly exposed to UV-
C ray. Concentration parameters (50, 100, 250, 350
and 500 mg/L), radiation power (60, 80, 100 and 120
W) were also examined. First, optimum concentration
was determined given radiation power of 60 W and
later optimum radiation power was determined given
the optimum concentration. The parameters of
radiation power and concentration were optimized
based on the minimum energy consumption as
determined by the industry earlier. Reactor
temperature was monitored as a controlling parameter.
Some insignificant vaporization from the surface of
the sample was observed and it was compensated by
adding distilled water prior to sampling.

3- Conclusions

In this study, contact surface of radiation and the
distance of the sample from lamps were assumed to be
constant and the effect of UV radiation alone and the
effect of concentration on the efficiency of
contaminant removal in Photolysis process have been
examined.

3.1- Determination of Optimum Concentration

The results obtained during investigation of the effect
of UV light at different CODs and radiation power of
60 W are given in Fig. 2. Initialy, an increasing trend
of COD level was observed which can be attributed to
the nature of hydrocarbon-rich contaminant. Then in
about a couple of days for each COD concentration
the chart reached a maximum value of COD
corresponding to the input concentration.

As shown in the chart, the radiation period of UV
rays to meet constant removal efficiency is increased
by increasing the concentration of the contaminant.
So, given the CODs of 50, 100, 250, 350 and
500mg/L, the radiation period of UVs are 5, 6, 9, 11
and 14 days, respectively. Furthermore, the removal
efficiency under steady state declined upon increasing
the concentration of the contaminant. Maximum
values of removal efficiency of the contaminant due to
60W radiation of UV for the above-mentioned CODs
are 50, 37, 28, 25 and 16%, respectively. Increasing
the COD value as shown in the chart may be attributed
to degradation of hard degradable petroleum
compounds into other petroleum compounds.

For the purpose of determination of optimum
concentration, the period of tests and consumed
energy should be cost-effective. Energy consumption
against removal of each unit of COD are presented in
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