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Experimental Study of the Maximum Scour Depth Due to Free-Falling Jets at the
Downstream of Storage Reservoir

S. Mansouri  S. Emamgholizadeh ~ Kh. Ajdary R. Moazenzadeh

Abstract In this study the experimental study an performed to determine the scour hole dimensions due to
falling jets at the downstream of storage reservoir. The geometry of the scour hole depends on many
parameters such as outflow discharge of gates (Q;), medium diameter of sediment (Dso) and the confluence
angle of jets at horizontal plane (8). In this study, the effect of these parameters were investigated. Water
jet falls from pipes with circular section and diameter of 1.25 inch into the downstream pound. The drop
height was 95 cm. The downstream pound filled with 20 cm of non-cohesive sediments with medium
diameters of 1.7 mm, 3.2 mm and 6.75 mm. Experiments were carried out with different discharges at the
range of 1.32 to 5.14 I/s. The results of this study show that for all experiments, a scour hole created at the
downstream of the reservoir and with increasing discharge the scour depth (ds) increased. The sensitive
analysis of the proposed general equation showed that when jet discharge, sediment diameter and the
confluence angle of jets at horizontal plane (8) changed +20%, the relative scour depth (4 ; n, ) changed

12.33, 6.23 and 34.03 %, respectively.

Key Words Free- Falling Jets, Jet Discharge, Impinging Angle of Jets, Scour Hole.
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Minimizing Multivariate Objective Function Using Improved Genetic Algorithm in
Active Control of Oscillation of Structures

A. Banaei J. Alamatian

Abstract This paper aims to design a special active control system based on the proposed genetic algorithm
for active control of structures. In this trend, by connecting the actuator to the structure’s freedom degrees
and using the proposed method to find the proper control forces, the structure’s movement is controlled
and minimized. The nodal displacements are calculated by solving the dynamic equations of motion at each
time step. By evaluating these responsese and utilizing the proposed cost function, the proper actuator’s
forces are determined during the prediction-correction process of the genetic algorithm. Moreover, due to
the nature of the prediction-correction of the genetic algorithm method, the effect of time delay on the
control scheme is mentioned. To illustrate the effectiveness of the proposed method for controlling the
oscillations of the structure, three numerical examples are solved and the results are compared with the
linear differential equation (LQR) method. Accordingly, the proposed method has a very good ability to
control the oscillations of the structure.

Key Words Genetic Algorithm, Structures Active Control, LQR Method, Numerical Analysis.
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Effectiveness Assessment of Nano Silicate Application to Improve Mechanical Properties
of a Limestone Used in the Architecture of Pasargadae World Heritage Site

A. Shekofteh H. Ahmadi M. Yazdi A. Arizzi E. Molina G. Cultrone

Abstract In this study, according to the high value of stone architecture in Iran, an investigation to
improve mechanical properties on a type of limestone (Sandy limestone) used in Pasargadae were done by
Nano Silicate (SiO2) as a consolidation material. Thus, some mechanical properties such as water
absorption, water vapor permeability, porosity and resistance to against aging tests have studied by using
UNE-EN standards and Ultrasonic velocity as well as changes in superficial strength by Micro-drilling.
Results show the rate of water absorption and water drying decrease about %11 and water capillarity
slightly changed. In contrast, water vapor permeability remained almost the same. But, the porosity of
stone decreased %14 as well as %20 increasing the superficial resistance. Hence the improving two
properties of the stone (porosity and superficial resistance) by applying Nano Silicate are the advantages
of this kind of material in order to increase sandy limestone durability used at Pasargadae World Heritage
Site.

Key Words Nano Silicate, Limestone, Mechanical Properties, Superficial Resistance, Consolidation,
Accelerated Aging, Water Absorption, Water Vapor Permeability.
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Damage Detection of Plane Strain/Stress Problems using Modal Data

A. Motahhari J. Akbari

Abstract Damages or cracks change the natural frequencies and the mode shapes of the structures.
Therefore, the modal parameters could be used in damage detection or structural health monitoring
techniques. Based on the knowledge of the authors, most researches in this field have been focused on one-
dimensional problems, e.g. beams, trusses, columns, and frames. It seems that the main reason for the lack
of comprehensive researches is the huge computational cost for two or three- dimensional problems
involved with the finite-element modeling. In order to reduce the costs, two distinct techniques have been
utilized here. Firstly, instead of using the genetic algorithm method, the particle swarm optimization (PSO)
technique has been applied for finding the best solution. Secondly, instead of applying the fine meshes for
calculation of the modal parameters in the finite- element modeling, the course meshes are used. In this
paper, the combination of the frequencies and the mode shapes as an objective function has been applied
in the optimization procedure for damage detection of two-dimensional plane stress type problems. For
this purpose, the finite-element computer program has been developed in MATLAB environment for the
required calculations. The results show that non- gradient-based optimization techniques such as GA and
PSO have been successfully detected the existence, location and the intensities of the pre-defined damage
scenarios.

Keywords: Damage detection, Modal parameters, Genetic algorithm, Particle swarm
optimization
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Experimental Study of the Excavation Using Pile-Anchorage System

M. Abdollahi J. Bolouri Bazaz

Abstract In this paper, a laboratory study of the Bored Pile Retaining Wall with Anchorage Bracing in
sandy soils has been conducted. To this end, the physical modeling in laboratory condition was used. The
results of the experiments suggest that the ratio of maximum lateral displacement of wall to the depth of
excavation (s su) is in the range of 0.145% to 0.51%. Also, the ratio of maximum ground surface

settlement to the depth of excavation (5 /) is estimated in the range of 0.11% to 0.76. Furthermore, this

study investigated the location of maximum lateral displacement of the walls, the ground surface
settlement pattern to be used in laboratory studies and determination of the depth of penetration pile.

Key Words Laboratory Study, Excavation, Anchor, Ground Settlement, Wall Deflection.
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Derivation of New Equations for Estimation of Earthquake Induced Peak Ground
Acceleration and Velocity

A. Derakhshani A. Saberi

Abstract In this study, a new method called M5, was employed to derive ground-motion prediction
equations (GMPES). Peak ground acceleration (PGA) and peak ground velocity (PGV) was formulated by
seismic parameters including earthquake magnitude, earthquake source to site distance, average shear-
wave velocity and faulting mechanisms with The Pacific Earthquake Engineering Research Center (PEER)
database. For verification, the proposed model was compared with three well-known models by Correlation
Coefficient, Root Mean Square Error and Mean Absolute Error. A sensitivity analysis and a parametric
analysis was carried out to determine the contributions of the parameters affecting model and sensitivity
of the models to the variations of the influencing parameters. The equations are remarkably simple and can
reliably be used for pre-design purposes.

Key Words Strong Ground Motion Parameters, Prediction Equations, M5 Model Tree, Earthquake Risk
Assessment.
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N MAE 0.5582 0.4320 0.9574 0.0340
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Mechanism Class Model tree in absence of cc MAE RMSE
0.9373 0.0340 0.0567
Mw 0.8290 0.0372 0.0607
Normal
Rjb 0.0000 0.0571 0.0999
Vs30 0.8472 0.0296 0.0551
0.9106 0.0364 0.0856
Mw 0.8903 0.0429 0.0909
Strike-Slip
Rjb 0.1618 0.0702 0.1549
Vs30 0.9089 0.0406 0.0865
0.9531 0.0313 0.2677
Mw 0.9545 0.0438 0.3962
Reverse
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Investigation of Short-Term Deflection in Reinforced Concrete Beams with FRP Bars
A. Kheyroddin F. Maleki

Abstract One of the most important factors affecting the serviceability of structures is the deflection of
concrete members. In this paper, short-term deflection of reinforced concrete (RC) beams with FRP and
steel bars were studied by modeling in ABAQUS software. For different types of steel and FRP bars, twelve
RC beams have been analyzed and the effective moment of inertia and deflection of the results were
compared with the ACI 440.1R-15 and proposed equations. After analysis, it was found that to prevent
sudden failure of RC beams with FRP bars, it is better to design a concrete beam with over reinforced
sections. According to load-deflection curves of RC with FRP bars, the use of carbon FRP (CFRP) bars
are the suitable alternative for steel bars in the corrosive environment. It is concluded that the use of
Bischoff- Scanlon, and Bischoff- Gross equations in RC beams with glass FRP (GFRP) and aramid FRP
(AFRP) with the error of less than 2% and 10%, respectively, are appropriate for determining deflection
in these beams. Results indicate that any of the proposed relations for all different types of FRP rebar does
not provide satisfactory results and in terms of used reinforcement special equations should be used.

Key Words Reinforced Concrete Beam, Finite Element Method, FRP Bar, Deflection.
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Seismic Hazard and Risk Analysis of Dam (Case Study: Chah Nimeh Dam)

A. Komak Panah H. R.. Rahmani

Abstract In the history, Earthquakes have been a major source of many damages and human losses and
there has always been a lot of concern about the destruction of large structures such as dams due to
significant financial losses and casualties caused by it as well as the uncontrolled release of water in the
towns and villages located downstream. Seismic risk analysis, one of the most important methods to deal with
earthquake hazards. In this study a type of seismic risk analysis in dams is discussed and used and seismic
hazard analysis is conducted for the Chah Nimeh Zabol dam. Semi-quantitative risk analysis for Chah
Nimeh Zabol dam by seismic hazard analysis for the location of the dam was conducted which placed it in
the medium risk category and there is no requirement to redesign or reinforce the dam body. The results can be
used as a guide for seismic risk of the dams.

key Words Hazard Analysis, Risk Analysis, Seismic, Chah Nimeh Dam.
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Flexural Behavior Investigation of HPFRCC Cantilever RC Beam with
Different Stirrup Configuration

A. Taghikhani M. K. Sharbatdar

Abstract Experimental investigation of six RC cantilever beam made with High Performance Fiber
Reinforced Cementitious Composite (HPFRCC) with two different fiber percentage and two different
stirrup configuration (compact and non-compact) under monotonic loading is conducted in this paper.
The results showed that the fiber role was more effective in specimens reinforced without compacted
stirrups and energy absorption increasing, the rupture creation delay, and crack width and distribution
decreasing have been observed. The ductility and load capacity of the HPFRCC specimens were 200 to
233 and 2 to 17.5% more than those of the Reference beams.

Key Words Cantilever beam; Fiber; Stirrups; Ductility; High Performance Fiber Reinforced
Cementitious Composites; HPFRCC.

B e AV/VTEDT s G0l 5 90V E Wi il sl
Ol ol8ls ol Lyl ulisyl8 (V)

Email: msharbatdar@semnan.ac.ir Ol oS Ol jas gl 5SS Lkl 1 s s 55 (V)


mailto:msharbatdar@semnan.ac.ir*

coiadlyl U o boodiazstl JJLCL,AJ,JWJL@ s

Vot

o Sl 38 KLl 5 e S 19A8
Rl gl Ve RIS S8 sy
s gl 1998 Ul s 9] Jl s pens
g5 OhlSer 5 Solgusy OLb o Yoo Jl s
Cod |y atugy eaa SUNL SU o 51 i
[10, 3ye wll (TRO) sddesil mhow o2 Oy
ab Hlas o S S s al Sy 1]
2l 5 s e S 5l S DU s e
Flae ) 2 (NS SLcse o5l e
Flae DV] ssie S5 GOl Dosen
g )y —isyS oKl 5 « CARDIFRC
S CwlaHPFRCC il C\f\ S el
22 A 5 sk B (IS b b S
Yoo B ooolid cuslie 5 s S glal Yol Jle
sdaline JSLLIKS YV 2is caslis 5 JSLLKS
S AL s s ble 5 e 5 b [13]02
Olge Zos shdr Hlas FRC 5 UHPC o sede 5
(S Zaslie s & Lsls €1l UHPFRCC
SN e e gl RS SRS 5 led Seslas
14, 15] 55+, 00 5 JISliKa 100 JKLIEe Vo
Flas 23Kl b oS L) ami ool 4 Olaioes
g o 2B > Jsene 0 slra HPFRCC
360k C b dlal Ll 5 S L LS IS
DA b Rl SB gl ol IS8
s oyarts syt Slallas Lelsl s eres
Shesliall & Bl s mhas om0 5 0 Saudh
Lol 5 Sty Joade Jb (5 s HPFRCC llas
Colasly 1Bl Jpene 5 4l Koy Leate
e Slo sy sl 5y slas )8 [17]
Jie ey sbeesle 5 bafy Ldpe Jold il SU
S glasile (ples sladlanl (-l sla S
A el slesle Wse 8 VLl
Slojle slasl 5 LSSL & by e slaosle il

[18, .LJ:L& Jiaﬁb V.@.A 6[.&5)[.«: 9 O;G QL:G J§|ﬂ.ﬁ

PRV
5 (FRCC) Ul s Glacw slacy5lS
S s Sy glcd iy Ll S sbadl
o n ey oy OO, En l ddes ks
SO LS ,ul G il slag S oM i
Sz Ol jotes 350 5 CojspelS A5 Al
dle golse w0 Ol e O pesdle AL e ol
lao iSOl 058 pas58l Blpe dr Jud (B
S Sy e 8555 Jao oS 555 5508
5 Caslie (ol T b S8 Sl e b s
Col Sar sl cpl gel olE OOl
ol ol ledte 5 el s bl glacs iy
Sloaw lacy 5508 31 eslinal L Klods ey 558
shize s (sbre; (HPFRCC) sl 5 U1 ko
s oS I3 ol Kiasn i e bods
gl cwlesls olatl s 4 |y (ol Slalllas
a A pls bele b b LI e e Hllas
e e Jolse ol s beesle i sk ol
L sl ) eslital Gemes D] a8 e SGS 5
Rl sl Rl sl (S0 Allas
| VRV R PP o B RS WP U L
3 S s Shy st S cou glole slacl
Sl 15 o e sloslol Gl b el
SUIL S bbb 53 [2] Wale Loy s oila
et Zaglie (AES Caglie (pdoe ol
s 53 Bl s o S5 RS 5 gl
@3V O U ey 0L 5 sl AT
Lols 13 L8 sames s 1y o S Jals
S 3 (S8 o parss il 228 [45]
b s koS sl 4 e (O
Llsl 53 [6, 7] 45,5 RILEM e 3o o 55 (5o 3L
S O, L B Hllas S a5 VA das
b O papd a8 S35 3 an s oy p i S
Jlo 55 8] 35 VAVY Jle 3 0LKas 5 O st

TPV ler $)las oSG s oo o

93 Dpas nlige 4y i



\oo

L S0s dgal 53 5 Sslite (g AS& gl 40 5
SNBSS gt ¢ 55 55 5 BUI a3 S 5 HPFRCC
(bl G glad pas AIS 3 s astle & slane
Lo s o ka Yor 0T glisyl 5 YO ahaie 50
B7+{PRURPPRPIE I WA by GRS U NP VR
A_S&J;Méaj.n,\.zcl.‘.ﬂﬂﬁl.:ﬁ\\’ﬁm&ba
ST e Sledd (55 s S o8aSS Ol sy
Sl N by 3 S 2 L e Jee Yo sl
uuub)uclwﬂ&uoll&ugh Jrre
Job s 8 Clsnl e Jus 00 550> 50 T 2s s
S s S Sy sas dlail 5 e Le VYer s s
Sl O 0308 Dl b Sl s sl
el asls OLE (V) ISe 5 (V) ISKe s 63 i
eSS 5 55 SBs slay sl s TS
awjéjlifvu(\)d;kﬁ.x@ﬁ%

ool Lo yai

S 5405 S5y e sentige b auS ol 018 e 19]
5,8 o o3l & sl o il Eel SUI
o5 Slib b dblis Gl e ol Sl eslisad [20]
b st sy5e e S 0ns Lls e 5 2550 S84
Ol sl glajtlesl mls jle 63,50
oslazl

3 eddasle gbaose

o ik i LS 3 Ll 0sls 15 s HPFRCC

PLY JAJL;«

J‘).JIL;‘: AJJJ) CK»A BEl e)L«a 6‘0))5 )k.é) S 9 C».PL
21]

ARkl wl ,

e s Sl
5 53 b s alia slal b glojb et 5 i i
33K atla Lao s (6108, 5l )T bS5

e sladised Olgear 5 Jseme n b Jo) & 5ad
5 oIl s s o L HPFRCC o L (gias &gl 95

3016
022
28@ 500r100 =
i 28@50 28@100
I xi
= 3016
o
g i / ¥
2012 2
28@50
300 ) pi
400 J 800

28@100

750

28@50

1200

03 b el Opls &gad (18, Sl Sli e Y S

25 Ol pnlige 4y

IV Dler Do o5 s oo



cokiodl 37 S o boodGastl ;J,ACJMJ:;WJL@ gy

Vo

LQA.;)A.; Lg)\Jg(aLu :)97_1 \ J}.J.;-

4yl ol Lged

RCS o35 M 5l b Jsame o2 & 500

RCN o35 SISl Doy Jsene o &gl
RHS0.5 S Ao s o 5 e OIS gl L HPFRCC & o
RHNO.5 SUl s o s es I8 & gels O 5 HPFRCC & 50
RHS1 Gl Ao G s 05 u1I8 @ sel L HPFRCC & 5a0
RHN1 O Loy G 505y (I8 gelst 05y HPFRCC & 50

oloslatwl &:SSM)JSLA LJL_.“ 13 Jg..::

o SL G S Sl pLSes s

by e SO sl 5 0l 8 s b Sl
25,8

HPFRCC v 5 Js—ane i Lo - b

Sy e =S (F) dodr 5o ool oo eddeslina
Sl ] 5l 335, 67 Canslin o Sl S3 o3V
HPFRCC 1 s, 5 JSLlEe ) s pens o2
sloda] st JKLL ¥

PR PR EYEN SR S NS U
S S Sl 3 Slasiine & Clodd oslizal
Cwlodd osls LS (8) gl s JiS

e Slos s

dess sls alasl ol s eslial 5,50 o
S 8550 3 5 Sl do3 £V Uslae NS
E/V0) &5 s SN (e e VY/0) el v/0
Sielasl opl 3 eslizal 5550 dule yls 13 (e Jos
o (e e £/V0) &6 a3 SN 55 85 5dome 53 50
deslaul sy dule g b ghualy povs 3sls

eslods esls LIS (F) K5

(S D i

N ] s R
340 A /

12 ,f

ot 7

() < e i 10 100 )

oslizal 5550 Sl gdu dils owie ¥ e

s 1l Ol 31 alsT S ol s

A el sy el Oleew 4,8 Law 5 0dd WS 6
oo sate s ) Sty Slo oslinal 550 U
Sl Al e PPS (6l U L (s oy 55
Shls ol sdaliin LB & ISs 534S hiles
= S ol Sl e oY SU alie (gala
53 il e gl gkl glls PP GUl ool
o313 OLE PPS U1 SO les g (V) J s

I Sler Slot (oG s o S

93 Dpes g i



a..)...fég_é].a» g_‘ll:.“ Olaseia Y J}J.;-
(mm) Job | (um) s | S, | (MPa) i cglie | (MPa) st e k%m3 ) IS
Ve—gn YA o Ave Yoo v/4
o o330 5 Jsane o BN &b T J i
_ awle u,..'& QLQ.:.«-N AJCJSQU)LBJE EW- BT «JL:J\ L}S @.7-
O e wic | kg) <!
kg) ko) (kg) kg) e (kg)
sems oz | /0 Yoo QA AvY - - YYAY
Ll o v/80 YYo VooV - ¢ /0 YYQq.
Lol o | v/80 YYo YooV - ¢ ) AARY
e las Sl Slasiie £ Jyde
Sl 55 5,80 0 | (MPa) 0l gl 25 | (MPA) olg o5 | Sasgls S
PP Y o] Ve ARy Wvo/Y ey
Sk s gl VY £Y§ 041 e1d
Sk gkl 1 A OAY /e VA0

__

=

A= LR

Shale3T Olodr e 51 JS (slad 0 JS

g S a0l Ll o s Lags Sl
Codoo sdasplil &S cnleslias Sl fx o
Jw?:l; al§4.:§.7

i s JS 5L, 5 Sldalis
S S Al 3kl @ e 5e5 RCS e
03 ,id (I8 gl (glols 5 Cnleds b gase
(VIS 50 il B 5l 20 be

ol Sled
(©) S5 53 Jrlesl Oledr adls 5 Sl sl
s 035 e Al cdedd el 0L
gol ) e glad ) 2aliS S 5 e B sl
Soop oddogss pu 55D22 5 Ko AL aisad 0 )3
5 YL 55 LVDT sus 55 3,5 o 13 Clo OB
U cslod osls 51,3 15,8 Jlasl Joee 53 0 ol
25 JaS sl s x s Jll obrals

i3 Do poligo dy i

Y e ot o5 s o S



M{}f‘}_@éﬂ‘jﬂ L’ oliastl ;J,EC;LM.AJ:JMJLBJ sy

VoA

-0 b Jlal S ks s 5 e S £Y/0
JS 53 5l RHSO5 &5e0 elugl 6,801 652

Cwslodls osls QL.I..: (/\)

S slesl 53 RHS05 5 plgil 550 A IS

CoipelS | ediale Gy RHNOS &5
“ gl Oab &S AL e DU Ao s 0 5 Gles
LSJJ:‘ S L’S/bj‘)?gs; u:.b‘ sl oJJ.i..é LS)L,\g
LSJJ:‘. B .MJL;G C) elf@’ BEESL) uSﬁjl,:S Ve
LJ:ALA-:A VAN S gd> d&.‘ﬁcﬁj B Jﬁjl.:s $8/0
cl§4.:§: J”)‘ 6,‘1.4&“.9[,« Yo :\.Lpl.e L Lf*:"f leALSJS
b (1) US55 ol 6 VU s £0 2l L
Ol TP Mg ol s U osy b 23,8
Cewlodd o3l QL.L; (‘\) L}i& BEl S Cwledd

Qq_)j?als L oddasla 24}44 RHS1 :b}.a..’
SOl Ok S AL e SU Ao s Sy Slere
d_}ﬂ S L;b‘)j?;sj: w}_}\ A;M.ﬂ\ obf:.é d)‘.«\f
f“AJL?A \/Yo S gd> Jg.&ﬂzj 9 J}:‘}LJSA S gl
‘)la._j .L,o).)v k;ﬁﬂ..l).) ).) JB‘L;G éLn.?\ Mub LSL@:J‘ )J
S S5 ek A OIS 5 S SVIA
Sy 3 3 Aad e & 84S 5 e mle Yo dlola
VOV Ol e 5 iseshS EA L 5 dops Y
2o el Yo loba gkl S 5 e s
s s S5 (e s ashe i MBS
S5 53 5 ol RHSL & il 5801 3 50
Cwled osls ol (\\)

c,.;»)j:.als L o ldal :U).a.‘ RHN1 :U}w

SOl Opb &S AL e SU Ao s Sy Slere

15 O () SIS slesl 5 RCS &5
JJ:-’}L:S q/0 LS)J.‘." BE) ;J)‘?QSJ: u"ijj‘ Cwlodd
O mns 5 isishS 8 6o, 03 s £
AKA.:is Q)jl.?u BL &;JJ LSLQ"S): J:.AL;l:.A A\YAR

FAS s GRIP L LSSl S e b
S 0 OSSOl iy e 5 L o

S5l clgml ;5 RCS s plagl i 1 s

Srre Ol S e L5 RON Ll o

ch'YuLgL;a ab].i.é d)\JgC)}AB UJJ..’ 9 Cewlodds sl
e o SaskS Ve UL s (Sa, S 5 sl
Ol 5L sleml 53 RCN &sas (V) Ko s

Cwlo s 0305

SISk ke8! 53 RON g elagl sV IS2

sl L ediatle ©yel RHSOS 0

- el s o 2le OUI o3 o s e
ol 3 SUFS S G sl les 23 1S
5 Ao Ny 53 AL e adshS Ve 0L s S
3 el V0 Hola o S5 s AS EA L

)Lg 5 deod VY Cﬁ:l.;‘)s BE .M)da tj 5@4.&&7 2

1Y Oler Sla oG s e Sl

93 Dpes g i



Y04

ML sles! 53 RHNL 5 plagi) 0 VY IS

oy mli

Sl LBl Py g aslie (0) Jsdr
o) Sk S s (S R s O i
s (0as ol O m 4 olg O,
Gl IS 5 Py il Ao s 5 Aol £ e
o Ased wlaws HPFRCC - (g5l sladsal
Ar e Epl S clodal e a0 Jens
A
Libge 0.85P 0 L b sbrals oy 550 éfel
Py S ool bk pbals 55 Ay
Sl O A Jlsl 5 sk sl sl
Gl e . Calodel (V) Jsdr 53 badises (5551
asls 0L () S 3 50 baaised 31 S a iy

Lol

RHNO.5 5 ¢4 s (0) Jsdr & ax sl

03 Cawledds iy Ao 3 VY 350> RCN 5 s

Syrs Dose 33 s 0 2l sbralr A 45u_

VO e g ded Sk S8 3 RHNL 5
AV 5115 RCS axcns RHS0.5 L5 .ail o do s
¢ 55 RHS05 5 ol iy pd K8 sy
Olpe A3 o RHNOS 5 51 50 K8 ds s
RHNL 5 5l i doys YY (RHSL 5 (s 2y JS2
Sy Ao y3 00 53 RHS05 5 (g ndy IS5 Wi o
o bl 3 Gy IS8 Ol e 3l o RHNT 5 S
S el s gl 5l i OUl as s
Sl el clesls 5 RHSOS 5 55 (s IS0
Sy B Ll o sbaaipad 53 5Ll pde L

Sy Cos S, S 5 sl caal e ,id (6,108
ok YIR0 5l IS 50nd 5 (5 s shS VY 250
5 dos b Cdy s s Wl e Bl wlas glgml s
EAY ssds O id 5 9seskS £V g0
Sresle Vo Aol s by S 5 e
S s 8 e alh am s 80 Lyl Lo LeelSasS
oal> LIS (VY) IS5 55 5 cpl RHNT &35 plugll

ol

RHNO5 5 s OUI 053 b 4 S

SNk ke8! 53 RHNOS L3 plagil s Ve JS2

8L clgsl s RHSL s plagl a5 V) e

935 Ol odigo A i

1KY lez &lass ?&jw S



oo 37 S 3 b oddatle b el 0 dadt Gl ) \R%

G S Ol il ilesT aalsl Ol & 50 S Syl Cosgdoes 4 a5l Al o Lo s YY

gl (kP,c\rD <:|z|> (Fllnrn\a:) ppﬁ o - " :%u -
maxRCS (mm) (mm) y MRres

RCS 4/0 Yo 1A% \ 1 \YA V/IAO \
RCN \e Y AN +/4) A VoY NE \/oV
RHS0.5 \e i LA \/oY \7A% YVo Vo/o ATANY
RHNO.5 \e v {0 +/AV \V/to YV Vo/LV ATANY
RHS1 A A 0 \/+ YY ARA \Y/Y V/00
RHN1 'Y LY 0/ \/+V Yo/A YV \e/0 V/YY

ot yai (655l e Uljae NV Jsor

g (Ay b OSe,m8s = 0k poin 5 ) w
i Kn-mm W(RCS)
RCS SAYAA \
RCN 04AY/) \/oY
RHS0.5 Yoy Y/\V
RHNO.5 \YVAY Y/ q
RHS1 \Yovv Y/YY
RHN1 \YoAo/\ Y/YY
50
45
40
35
30
g 25
2 20
]
15
10
5
0

0 50 100 150 200
Displacement (mm)

Sl i 5 3, xr e sla 5 OIS ks e VY S

]r«qvuﬂg}ro‘)w?&jwdu Afwj')fgu/f“pf"l‘*‘;:’f:"



Y

U lad gos ol 53 il o 220 RHNOS 5 51 o s
BENS] G| R VRSO NP TGS S WE ST | SGIv T

S edaline ad el

60

50

w
o

Load (kN)

20

10

0 50 100 150 200 250 300
Displacement (mm)

S s, SO L el o O s =L e VOIS

Ao ek Sl (00) S 4 sl
S35 b Sl baoie wleds Sl LB
S LS o b1 L SOl Cwnd 3 5 Ll
Sl Sl e s st DG ns L poe 2
Sl el &S asl e iS00 ol RHSL 5
S Cl Gissds 00 L RHNL 50 s 5L
ol Jos 5L Sl s Gl Ao VS
YY Ol RHSL 5 55 6,y K0 Oljes oo
S5 A cder Ol AL o RHNL 5 51 iy ds s
St 53 U badiged b 53 ibie plp 5 g0 s o
Lo gas 3 b 231 Ll 58 Ty aalsl s Aoy YY
Ol oo O o =L (o 4y 4 5l L edalle
Olpe 3,5 Gl 15 3 1) o588 (5,80 el
03 ;b (G IS ol Ok a5 55 L ST il 53l
O3 5 53 ol Sl bl Olpe Al e 2o
SU do s Gy doss 0 b en i (S el
i O I8 Gllas e Ded 4l
sl s 3l Ol ASL e Lo )3 YV/0 5 VY0
3 WY S e e 5 aled RHNL 5 RHSI
il gl5301/0)

2> &5l e Ol (V) i a4 550
A2l oo mr oo Glad pes Sl i iadl g 1 (Slad yad
.&:«w‘av\.:.w) f-f :U‘}a.)‘).)“).) Y/Y’Y'U

OY) <& 55 RCN 5 5 RCS 5 o s
Gl ey 8o L 5 &S das o Ol
0305 SIS gl O3 5 e iy Sl Sl
Sl 3 bl ko s 4 Sl o il 550 5kS
RCN _)':3 )J 64,.1.,\.:%.1 Qlj:ﬁ &:«wl OMM )L.
gl AL e RCS L5 5l miy Ao s Vo Olgea
LB RCS 5 s b WSt 3l s g g
S5 bbb 5l ol Sepl s 4 sl mer 5
s o dewlee Sl )L do ;3 A0 Ol U

B S o S

40

30

Load (kN)

20 ——rh-0.5

--=-rh-n-0.5

0 50 100 150 200 250 300
Displacement (mm)

Sl o s 08 b el 5 o O i L e VE S

53 RHNO5 5 5 RHSO.5 5 ot oo

055 SIS bt L5 aS das e 0L (V1) s
Tl sk 5 e e Db ST gLl
A 4 RHSO5 5 L jSlus ail s o35 (5,108
RHNO.S 5 55 [l jSlus ol 8 Ail o 15503 5kS
Ml Ao Vo Slis oS el paslS B0
3 Gk K Ol el e L ST o
RHNO.5 5 5l jiw Ao, & Olyea RHSO5 5

£ 31 e RHS0.5 5 55 (55 dor Ol S0 o0

25 Ol pnlige 4y

IV Dler Do o5 s oo



coiadlyl U o bosdial JJLCL,AJ:J"Q,;‘.;:JL@ s

Y

05 i (IS el Ol wlls i s

o3 W0 5 810 Ol mas 0l fonsd (G550 ST
i A el anend DL s 3 S s s sl
gl Ogd b s SU L e ilsl Jsene
ngj_:;j;'s‘.,\J u:‘i‘j—e‘ SI0— (5}'“_‘;?]—?\ on_.f;.'e
ol 5 Gl S Oy el 42313 0l faS
Lo, siloyl 0l (ol s a3 on Siil3il 1 (65,
Ol e o laly ol 58l sy YY/0 s MA 5 S
S g 2 e RASL 508 5 ol
odalin ;L 8l HPFRCC (sl 5 s e sl

Cwlo i

S S 4o

Ll Sl (550l Sl b oo shien
Ol 5l el slays S,
03 o3 kb slac sl Gl gl e pl Sl
Byad 53 Jold glob 0 wised A3 (Gl 4l
5 (RCS) ony sl b Jpeme om0 o0
oo b wses Sl 5 (RON) o35 (oS sals O
S s e L) HPFRCC il s leww (5 50l8
5 RHSL (slbapbas o35 G el L BU s s
s (RHNO.5 5 RHNL & el 05y 5 RHS0.5
EE s sk, Slelis dLxb S 15 ekl 53l L
Lasd sap Lol el 5l etslowsy

33,8 o &) 53 Sy s
3 hd gl Ok 5 L s sla s s )
S SRS S e Sdige s b S
OIR Ll g0l b b s ad e ol e
Sl boslol oSS 1 sl o 2alS S 5
S b oslas o bl el s, ol i
Flas 55,5 Cob S 5y S Ll 03508
Sl b b g aph e (SHphCs U e w

RSP

Load (kN)
o g o
g & @ B

N
=]

0 50 100 150 200 250 300
Displacement (mm)

l{m\):&q;@fj;o&»ﬂs:—)l{w AR
a}ijé)].:\fc;yl;'-

el 3l el HPFRCC (gla 5 4 LI 05 553

Sllam do 3N 5 Y Olgaeds ol Joss (55,0 ST
5 SRk S e .n)f‘jag_éL:JlM):giijmj
£ Gl GBUI O 380 s o 2158l 5 (65 5 Cds
Sl S Sl Esl BUI 53 S e lsgel
Sl o, (W) ISs 55 Xsd e s sle )] 0ud
©yed s deo 3 WY 5V C S by sle,l O
-S 5 dolre 0L i ol 158 e e
b e Gl L S 5 Sl ((Sas
b g 5 2,8 e gl 2l U

S o (8,8 sl oy ol

50 e sa
4."1_.»';—!-.“, ",.{.' e "'"( "I Y".ﬂ‘k ‘J
Co - S _,{— ol vl —l}nfu

p (LA

40 B 2L
Z 30
=)
B
—1rcn
S 2
===-rh-n-0.5
10 --=rhnl
0
0 50 100 150 200 250 300

Displacement (mm)

h}ij 6)\.)§Q}Al>

1Y Oler Silast oG s oo o

93 Dpes g i



VY

sl (113 T 5 Ol S
O3k Kol s (23500l slays 5o (Rl Ol
NSVREY g_ﬁu\ Loy V.:J 9 ng L: obj..ifb Q}Ab-
b KL &S Wil e doys /0 5 W/

Cles Jid gl BB glad o 5y OUI i
2 e Sy oS 4 st
b SupSs oS s o sleaise
LS5 Ol 5 Jods B 5, bS5

el i e hd el L ogla o s

e S U

B e Al s R e A S P P

Cowlasl

oA by mly e el exl Dl Y
Gt oeste N Gak e s GBS ol
Slkil el Gl do s SO L Ll s 550l
S s O b e B
Calodss S 03 0b 8 5 o303 (IS el
S b ol S 5 6k IS8 5 5 ol
Iy es b gl 8@ gals OlF oo 4y . owlod
Ol dsys SOL kally el slays s

5,5 G
I VO B VR F RO N
Ll s (255elS Sl s 5,0 Sl Ll s
S as s = 0 S L es s gl gl

obfi.é Q}AL?‘ L: L;S)w = C>-]a :‘u}u ‘uw

&lr
QYA Olas o821 585 LLOLL winsl 5 SUI 55008 ehans o Sl 5 Ly has S, oy ) (e cion )

2. Parra-Montesions, G. J., "High-performance Fiber-reinforced Cement Composites: An Alternative for
Seismic Design of Structures”, ACI Structural Journal, Vol. 102, No. 5, Pp.668-675, (2005).

3. Hamman, D. J., "Fiber Cements and Fiber Concretes", John Wiley and Sons, New York, 213 pages,
(1988).

4. Romualdi J. P. and Batson G. B., "Mechanics of Crack Arrest in Concrete", Journal of engineering
mechanics, ASCE Proc, 89(EM3), Pp. 147-168, (1963).

5. Romualdi J. P. and Mandel J. A., "Tensile Strength of Concrete Affected by Uniformly Distributed
and Closely Spaced Short Lengths of Wire Reinforcement", Journal of ACI, Pp. 657-670, (1964).

6. Bolander, J., "Spring Network Model of Fiber Reinforced Cement Composites”, High performance
fiber reinforced cement composites, HPFRCC 3, H. W. Reinhardt and A. E. Naaman, Pp. 341-350,
(1999).

7. Vandewalle, L. et al., "RILEM TC 162-TDF: Test and Design Methods for Steel Fibre Reinforced
Concrete", Sigma-epsilon-design method- Final Recommendation, Materials and Structures 36(262),
Pp. 560-567, (2003).

8. Auveston, J. Cooper, G. A. and Kelly, A., "Single and Multiple Fracture, the Properties of Fiber
Composites", Conference proceedings of national physical laboratory, IPC, science and technology
press, Ltd. Pp. 14-24, (1971).

9. Krenchel, H. and Stang, H., "Stable Micro-cracking in Cementitious Materials", in brittle matrix

o338 Ol olige 4 IV Sl bt o5 s o L



cokiadl g7 U o b osdiastl JJLCL,AJ,JWJL@ s Ve

composites 2. A. M. Brandt and J. H. Marshall, eds., Pp. 20-33, (1989).

10. Curbach, M. and Jesse, F., "High-performance Textile-reinforced Concrete”, Structural engineering
international 9(4, 1):289-291(3), (1999).

11. Naaman, A. E. and Reinhardt, H. W., "Setting the Stage: Toward Performance-based Classification
of FRC Composites”, In high performance fiber reinforced cement composites (HPFRCC-4), Proc. of
the 4th Int’l RILEM workshop, A. E. Naaman and H. W. Reinhardt, (2003).

Bt VU R By IS 5 S sl b e (52338 OUl & b Sles w0l lian ol oy 0 3T b b VY

OYAY) Ol o820 b saslails

13. Farhat, F. A., Nicolaides, D., Kanellopoulos, A. and Karihaloo, B. L., "High Performance Fiber-
reinforced Cementitious Composite (CARDIFRC)-performance”, (2007).

14. Richard, P. and Cheyrezy, M. H., "Composition of Reactive Powder Concretes"”, cement and concrete
research, Vol. 25, No.7, Pp. 1501-1511, (1995).

15. Habel, H., Gauvreau, P., "Response of UHPFRC to Impact and Static Loading", cement and concrete
composites, Pp. 938-946, (2008).

Lot palS oslinalls e o OB (55l b B (Il (530 (s @bl e 5l 15 (e ol e o men N1

OTAY) iy 3 oSl wdy b by 5 oode alons diail s SU) s Lo

17. Hemmati, A., kheyroddin, A., Sharbatdar, M. K., "Plastic Hinge Rotation Capacity of Reinforced
HPFRCC Beam", Journal of Structural engineering, ASCE, (2013).

18. Shi, C., Mo, Y. L., "High Performance Construction Materials, Science and Applications", (2008).

19. Fukuyama, H. and Suwada, H., "Experimental Response of HPFRCC Dampers for Structural
Control", journal of advanced concrete technology, Vol.1, No.3, Pp. 317-326, (2003).

20. Parra-Montesinos, G., "Proposed Addition to ACI Code 318-05 on Shear Design Provisions for Fiber
Reinforced Concrete Members", (2006).

21. Hiroshi Fukuyama, "HPFRCC Device for Structural Control of Building with Soft Story", 6" RILEM
symposium on fiber —reinforced concretes (FRC)-BEFIB2004,Varenna, Italy, Pp. 1163-1172, (2004).

’rquulg.?o:v[a.ﬁ4 Q}WJL& wjaﬂuwww@ﬂ



I ler §olass oS s oo Lo DOI: 10.22067/civil.v31i4.60358 335 O rigs 4y

(SETE s g5 b S 3 g DIy 53 OL 2 S olsk (Sl
(5 g e 329 g0 (5390 Andllc)
(oo g5y Culssl
Vol Tt B e Vmsn stes e Vil Lee

O3y Ll G sty T s 3 Sl Jld s St ey a3 e Dl ] S 0SS
Sy 2l 5 Sopd Siledde Sl osliiill S e o D 0 Ol Sapder Sla S Sl G 3 el O
S bz il 50 Sl (Siledde (sl 5 Al w1200 ulids b DS oSl i e iS5 e
W3S il o)l SIS 5 (55 e 03 Ol ep s ot LS gl L 5 258 pldl Ciplize 3 0 s Lo iloj]
it b Ges )l 5 (Ao E/1° ) Lot oy a8 b Gy J2al5l ‘C"""J'D-)/ij/' Sl g Sl gla ol o 3 sl OL
A e lall Sy addalns Godd y B 5 Bl L o B el Sl (ltnd (o2 1VA) b s
el @l 4 il il e Dl ST o i b Sla e S b Ol (it U Sl Lt oS Lol 0L
Jls 03 gles e (e S Al esléza] & pn s Ciipls it 53 bl ys Ol o NRMSE 5 RMSE (sl les 5 oliigile
Oz o 5 C e LS (sl ol deeloms 4> O3 iy NOF (556 55 35, 5 SIMPLE JLE5 mmea? 35, RNG ke Szl

23,8 o ol axllls 350 gy g S o ol

.6}.1.0 6)L~JJ.A néj:ﬁ JJA RO AC,&JM ‘J\L.:.é ‘Sv\ﬁlf gS'AOj'j

Modeling of the Flow Parameters of Chute Spillway with Change Slope
(Case Study: Surk Dam Spillway)

S.Abbasi H.Samadi-Boroujeni R.Fattahi Nafchi B.Gorbani

Abstract One of the important issues in the design of chute spillway is to study the flow characteristics in
the chute path because the flow is supercritical. In this study, the hydraulic characteristic of flow in the
chute spillway of Surk dam has been investigated using both physical and numerical modeling. The
plexiglass physical model was made with a geometry scale of 1:50 and FLUENT software was used for
mathematical modeling. The experiments were carried out at 5 different discharges and the parameters of
pressure, velocity and depth of flow were measured in the central axis and at the side of the wall. The
results showed that among the measured parameters of FLUENT model, the velocity parameter was
simulated with the lowest average error rate (4.3%) and the depth parameter with the highest average
error rate (16.9%). Also, the Nash-Sutcliff coefficient and the correlation coefficient for the parameters,
indicated that FLUENT software has a good ability to simulate flow characteristics over the chute
spillway with a suddenly change slope. Regarding the RMSE and NRMSE criteria, FLUENT model have
had the highest accuracy in calculating the flow parameters by using finite volume numerical method,
turbulent model k-¢ RNG, SIMPLE pressure correction method and VOF two-phase method.

Key Words Pressure, Velocity, Spillway, Physical and Numerical Modeling.
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3-Regression Results and Comparison

Three PGA and PGV prediction models that have
parameters similar to our model (i.e. those developed by
Boore and Atkinson, Campbell and Bozorgnia, Gandomi)

showed that in different types of faults, Rj, distance had a
substantial effect on the model, followed by My, and Vso.

Table 4. PGA Sensitivity Analysis

were used for the validation of the model based on the Mechanism Model tree in cc MAE | RMSE
comparison of correlation coefficient (CC), root mean Class absence of
square error (RMSE) and mean absolute error (MAE) and = 0.9373 | 0.0340 | 0.0567
L : . w 0.8290 | 0.0372 | 0.0607
the performance, reliability, parametric analysis and Normal Rib 0.0000 10,0571 1 00999
sensitivity of the model were evaluated. The advantage of Vs30 08472 1 00296 | 0.0551
our model was the calculation of PGA and PGV values - 0.9106 | 0.0364 | 0.0856
rather than their natural logarithm, the simplicity of the Strike-Slip Mw 0.8903 | 0.0429 | 0.0909
model, and its better CC, RMSE and MAE for different \ngo 8-;2;2 8-8182 8-3222
types of faults regarding both training and testing : 05531 T0.0313 0267
datasets. Reverse Mw 0.9545 | 0.0438 | 0.3962
Rjb -0.0939 | 0.0259 | 0.0301
Table 2. PGA Model Comparison Vs30 0.9515 | 0.0320 | 0.2602
Model ) - 0.8041 | 0.0327 | 0.0662
Mech Campbell- |~ Boore- | Gandomi- Reverse - Mw 0.8208 | 0.0320 | 0.0687
apkem Bozorgnia | Atkinson | Alavi- | M Oblique Rib 0.3062 | 0.0480 | 0.0984
Error Vs30 0.8069 | 0.0314 | 0.0663
cC 0.8988 0.9404 0.8967 | 09373
N MAE 0.5582 0.4320 0.9574 0.0340 Table 5. PGV Sensitivity Analysis
RMSE 0.7450 0.4898 1.0856 0.0567 Mechanism Model tree in
CC_| 08808 | 08505 | 08777 | 09106 Class absence of CC | MAE | RMSE
S MAE 0.5163 0.6077 0.7430 | 0.0364 - 0.9691 | 4.1675 | 7.9640
RMSE | 0.6038 0.7473 0.8953 | 0.0856 Normal Mw 0.8932 | 52204 | 95378
cC 0.7377 0.7778 0.7205 | 0.9531 Rjb 0.0000 | 6.6070 | 13.1714
R MAE 0.8121 0.9785 05161 | 0.0313 Vs30 0.9704 | 39900 | 7.2333
RMSE | 0.9573 11246 | 07055 | 0.2677 - 0.8939 | 3.0824 | 5.0869
CC_| 06810 | 05142 | 06075 | 08041 Strike-Slip M 0.5975 | 52716 | 9.2373
RO | MAE | 03997 | 07165 | 06532 | 0.0327 I 0.3993 | 57575 | 10.5690
RMSE | 05662 | 08016 | 0.8907 | 0.0662 Vs30 0.8229 | 37547 | 6.5424
- 0.8821 | 2.5625 | 5.7484
_ Reverse Mw 0.6774 | 32777 | 8.3848
Table 3. PGV Model Comparison Rjb 0.5054 | 3.7534 | 9.5527
Mech odel Campbell- Boore- Gandomi Vs30 0.8785 | 2.7286 5.8157
anism Bozorgnia | Atkinson -Alavi - M5 _ 0.8560 | 6.7767 9.5758
Class -2007 -2008 2011 Reverse - Mw 0.6585 | 11.0747 | 15.7054
Error Oblique Rjb 0.3377 | 11.3965 | 17.5614
cC 0.9015 0.9214 0.9491 | 0.9691 Vs30 0.8408 | 7.0653 | 9.9895
N MAE 0.6154 0.6023 05136 | 4.1675
RMSE 0.7975 0.7694 0.6624 | 7.9640 To evaluate the power of predictive equations in this
cc 0.6651 0.8244 0.7922 | 0.8939 study, parametric analysis was performed on the database
S MAE 0.5819 0.4762 0.5346 | 3.0824 and the models showed that PGA and PGV always
RMSE 0.8906 0.6146 0.6500 | 5.0869 increase with My, increase and decrease with Rjp and V3o,
cc 0.7119 0.7815 0.7679 | 0.8821 respectively. These findings were expected from a
R MAE 05733 0.5059 05405 | 2.5625 geologic point of view, and suggested that the predictive
RMSE | 0.7448 0.6690 0.6858 | 5.7484 models are powerful and can be confidently used for
cC 0.4689 0.7857 0.7816 | 0.8560 prediction in seismic risk evaluation studies.
RO MAE 0.6366 0.4932 0.4796 | 6.7767 .
RMSE | 10323 | 06038 | 05990 | 95758 5- Conclusions

4-Sensitivity And Parametric Analysis

To better understand the effect of each input
parameter in the model separately, sensitivity analysis
was performed on all PGA and PGV prediction models
that shown in table 4 and 5 respectively. In the PGA
prediction model, it was shown that the Rj, distance
highly influenced the model in different types of faults.
When this parameter was omitted from the model, CC,
RMSE and MAE were greatly affected. In normal and
strike-slip faults, the second most important parameter in
the model was the My and Vs3. Conversely, in reverse
and reverse oblique faults, the Vs and My were the
second most important parameter in the model. The
sensitivity analysis of PGV prediction models similarly

The suggested GMPEs in this study show reliable
estimates of PGA and PGV values and meet different
intended conditions and criteria in their validation.
Additionally, these equations are rather simple and
efficient alternatives to the complex equations presented
in previous studies. Since Mb5-based GMPEs are
developed using a comprehensive database with a wide
range of properties, they can be utilized confidently for
practical design purposes.
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Derivation of New Equations for Estimating
Earthquake Induced Peak Ground
Acceleration and Velocity
A. Derakhshani' A. Saberi 2

1-Introduction

Predicting ground motion equations is one of the most
important components of earthquake risk evaluation. The
most prominent seismology variables affecting the
ground motion parameters are the effects of source, path
and site. In this context, four parameters were used to
model the equations of PGA and PGV prediction,
including Mw (Moment magnitude of earthquake), Rj
(Joyner-Boore distance), Vs (average shear-wave
velocity to a depth of 30 meters), F (the mechanism of
faulting, including normal, strike-slip, reverse and reverse
obligue faults).

A subset of The Pacific Earthquake Engineering
Research Center — Next Generation Attenuation
Relationship (PEER-NGA) project database provided by
Power, et al. was used as the database for development of
GMPEs. The recordings, which lacked the required
parameters as well as those being duplicate, were
excluded from this study. Overall, from 3551 recordings,
2777 recordings of different types of faults (e.g. normal,
strike-slip, reverse and reverse oblique) were used to
develop the model.

2-Ground Motion Model

The aim of this study was to predict the peak ground
acceleration (PGA) and peak ground velocity (PGV)
using the regression-based tree algorithm known as M5.
The M5 model creates a linear multivariable model of the
data at each node of the tree model. The three main steps
required for the setup of decision tree models are the
development, pruning and simplification of the tree.

To better understand the equation and the effect of
changes in each parameter in the final value of PGA and
PGV, the natural logarithm of input and output
parameters were used in the model, but they then were
exponentiated.

InPGA

|nPGV=a*In My, + B *INR;, +y *InV3o +C 1)
PGA
PGV = Mwa * ijﬁ * Vs3oy * eXpC (2)

The database was divided into two datasets: 80% for
the training dataset and 20% for the testing dataset. The
training dataset was used to train the algorithm and
develop the model. The validation data were used as
inputs for the model developed by the training dataset and
the generalization ability of the models was assessed.
Therefore, both training and validation datasets were used
in the modeling process. To evaluate the function of
models that were developed through M5, testing dataset,
which did not contribute to the development of the model
was used in the final model and the error rate and
correlation  coefficient were calculated. Multiple
classifications of training and testing datasets were used

to find the best classification. The training and testing
datasets were selected so that the minimum, maximum,
mean and standard deviation of parameters in the two
datasets were matched.

The final equations for PGA and PGV shown in table
1 and figure 1 and 2 respectively.

Rjb <3246 | equation 1|
___ &b <1458 | Equations |
Rjb > 1458 H Equation 4 |
— Mw < 6.787 H Equation 5 |
Mw > 6.787 H Equation 6 |
____ #jb <3295 | equation 7|
1 | C= l[:ij>3295 H equations |
_| Rib > 84.35 H Equation 9 |

Rjb < 22.99 H Equation 10 |

Strike Slip

Fault Type

-l Reverse

Oblique :
: Rjb > 2299 H Equation 11 |

Fig.1 PGA Equations tree

-I Normal H Equation 12 |

H strike slip | Equation 13 |

Rjb < 41.06 H Equation 14 |
Rjb <2465 Equation 16 |

Mw < 6.49
Rjb > 24.65 H Equation 17 |

Rjb <2922 | Equation 13 |

M 6.49
Rjb >29.22 H Equation 19 |

Fig.2 PGV Equations tree

Fault Type

Table 1. Equations Parameters

GMPE Equation Mw Power Rijb Power | Vs30 Power C

1 2.752 -0.726 -0.564 1.757E-01
2 3.138 -1.295 -0.091 3.272E-02
3 0.444 -0.146 -0.031 1.653E-01
4 0.444 -0.127 -0.031 7.608E-02
5 0.708 -0.816 -0.457 2.444E+00

PGA 6 0.840 -1.052 -0.052 1.666E+00
7 3.893 -0.553 -0.025 6.69E-04
8 6.602 -0.584 -0.331 2.1E-05
9 3.834 -1.410 -0.327 1.022E-01
10 0.529 -0.252 -0.023 1.461E-01
11 1.079 -0.795 -0.304 1.194E+00
12 4.686 -0.956 -0.321 1.441E-01
13 7.114 -0.689 -0.784 1.191E-02
14 6.892 -0.425 -0.042 1.43E-04

PGV 15 8.358 -0.840 -0.792 2.475E-03
16 0.572 -0.305 -0.780 7.16E+02
17 0.572 -0.760 -0.528 5.145E+02
18 4.210 -0.241 -0.114 2.62E-02
19 0.198 -0.472 -0.617 2.045E+03

! Corresponding Author, Assistant Professor, Department of Civil Engineering, Faculty of Engineering, Shahed University, Tehran,
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consistent with the reports provided by other different
case studies.

Table (1) Relation between 5, and ahm

Code of test 8} (M) 3y (M) %um’ Shm
TNX150 1.84 1.7 0.92
TNF150 1.16 0.9 0.78
TSX150 2.4 3.5 1.46
TSF150 1.34 2.3 1.72
TNX100 3.1 5.5 1.77
TNF100 1.7 4 2.35
TSX100 4.1 6.1 1.49
TSF100 2.2 4 1.82

Figure (3) illustrates the relationship between the
maximum ground surface settlement and maximum
lateral displacement of the wall. The upper and lower
bound values of maximum ground surface settlement
(dvm) were in the range of 1.28 to 1.87 dnm (with the mean
value of 1.58 Onm).

5 ®  All tests performed in the present research
L DL L DL IR IR L T | rr
6F o S0
F e .
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= o8 I
= 9 “NF -
E 4+ .". LA
E .l - ® .o 1
= 3+ . L -1
-] L - . Average

2+ Rt . Oym=1-39 Oy -

1+ "o R
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0 05 1 L5 2 25 3 35 4 45 5
O (mm)

Fig. 3 Maximum ground surface settlement vs. maximum
lateral displacement

5 Ground surface settlement patterns

Figure (4) shows the relationship between ground
surface settlement normalized by the excavation depth
(6v/H) and the distance from the excavation normalized by
the excavation depth (d/H) for tests No.1 to 8.

Fone I: Sand and Soft to Stilf Clay
Zone I1: Soft to very Soft Clay
Zone I11: Soft to very Soft Clay to a very significant below

® Al tests performed in the present research
T T

Upper and lower bound proposed

1 3 o

P
< ' by this research
= Peck (1969) «veuens
e 1.5 1
z®| 1y =575 kN
0 05 1 15 2 25 3 35 4
d/H

Fig. 4 Distribution of ground settlement normalized by
excavation depth

Generally, the distribution of ground surface settlement
was extended to a distance of about 1.2H from the
excavation edge caused due to the excavation (Figure 4).
This bound could be used to estimate the maximum
deformation pattern of the ground level in the vicinity of
excavation for the purpose of laboratory studies.

Figure (5) shows the normalized ground settlement
(8v/6ym) and normalized distance from the wall (d/H). As
can be seen, for experiments No.4 to 8, the maximum
ground surface settlement is achieved near the walls (d/H
= 0). In other words, in this case, it is /6wm. However, in
experiments No.1 to 3, the ground surface settlement near
the wall was in the range of zero to -0.86 &ym. The
distribution of ground surface settlement obtained in
experiments shown in Figure 5 where the ABC boundary
line is proposed for this distribution. Two settlement
zones in the trapezoid envelope can be distinguished. At
0<d/H<0.5, there is a zone in which the maximum ground
surface settlement occurs. While at 0.5<d/H<]1, there is a
transition zone in which the ground surface settlements
decrease from maximum values to negligible ones.

d/H
1 125 15 175 2
_— ST

0 0.25 0.5 0.75
O C T e

..’T"T'

Upper bound proposed

by this research

[C'IougE and O Rourk (19900 - = - - - |
- Tests performied in
D, the present research

R T . ———
Maaimum Transient
Settlement zone

Fig. 5 The relationship between ground settlement normalized
by maximum settlement and normalized distance from wall

6- Conclusion

1. The maximum lateral displacement of the wall
increases as the excavation progresses. When the
distance between the centers of piles is 150 mm, the
value of dyn/H ratio is in the range of 0.145% to 0.3%;
and when the distance is 100 mm, it is in the range of
0.21% to 0.51%.

2. The maximum ground surface settlement increases with
the progress of the excavation. When the distance
between the centers of piles is 150 mm, the value of
dwn/H is in the range of 0.11% to 0.44%; and when the
distance is reduced to 100 mm, it is in the range of
0.50% to 0.76%.

3. By increasing the distance between the piles of wall,
ground movements and wall deflection declined to 45-
71% and 72-355%, respectively.

4. According to the results, in the case of fixed earth
support, the lateral displacement of the wall and
ground surface settlement will be 59% ~ 80% and 38%
~ 91% higher than the free earth support mode,
respectively.

5. According to the results, the ratio of dym/0nm was in the
range of 0.78 to 2.35.

6. In this study, the distribution curves of the ground
surface settlement were plotted based on the test
results. Overall, the ground surface settlement
distribution was extended to a distance of about 1.2H
from the excavation. In this curve, two AB and ABC
boundaries for the purpose of estimating the maximum
deformation pattern of the ground in the vicinity of
excavation were suggested for laboratory studies,
especially large-scale physical models.
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An Experimental Investigation into the
Excavation Using Pile-anchorage System
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1-Introduction

Deep excavation, as one of the most common problems in
construction industry, has a huge effect on the alternation
of the stress distribution of soil layers and ground
displacement. Excavations can lead to the deviation of
lateral walls and damages to the adjacent buildings. Up to
now, a few researchers have focused on the effect of
excavations in sand. Physical modeling is one of the valid
methods, which may be employed to model geotechnical
problems and also to verify the results of numerical
analyses.

In the present research, efforts were made to model the
excavation behavior using a combined pile and anchorage
system (with pre-stressed anchorage), in the laboratory to
investigate the influence of deep excavation on the
vicinity of adjacent properties.

2-Test Program

To study the behavior of excavation in a sandy physical
model, a metal box with dimensions of 2x1x1 m was
made as the space of excavation. The walls of this box
were covered with transparent talc to facilitate the
observation of the changes process. For the modeling of
piles in the retaining structure system, a number of pipes
made of polypropylene were utilized. The dimensions and
rigidity of the piles were scaled relative to the real model.
This led to the selection of polypropylene pipes for the
physical model. Fig. (1) shows the scaled test box model
and the building adjacent to the excavation. Moreover, in
this Figure, a schematic design of the test box and
equipment used in the experiments is shown. It should be
noted that for modeling the process of excavation, ten
gates of 10 cm high were installed in front of the test box.
By removing any of these gates, one stage of excavation
is modelled.

To assess the behavior of retaining structures in the
laboratory model, three main parameters including the
distance between the center of piles (S/D), the surcharge
in the vicinity of the excavation and the end fixity in the
model piles were studied. It is worth noting that the
retaining structure system was modeled from the bored
pile retaining wall with anchorage. In the present study,
eight tests with a unique code were conducted. The code
stars with the letter T. The second letter of each code is S
or N (with or without surcharge in the vicinity of the
excavation). The third letter, F (free) or X (fixed), shows
the end fixity of model piles. The three-digit number at
the end of each code represents the center-to-center
distance of piles (mm).

Schematic design
—/ of the adjacent structures
(1144 kN m®)
"56? =
5 5E =
=
B2
g8
£ =
i)
=
23]

Dep th of Penetration: 1=0.2H=160 mum , a=65 (degree)
200w B=15 (degree)

Fig. 1 (a) real view, (b) a view of anchors used in the model (c¢)
cross-section of the physical model

3- Anchor pre-stressing test

To determine the pre-stressing force for a ground anchor,
a tensile test was conducted. The test involved stretching
prestressed reinforcing elements and measuring the load
and its corresponding displacement. It was carried out
under laboratory conditions by means of a cable and
pulley system. Accordingly, changes of axial force (F) in
an anchor proportional to the applied displacement (A) are
depicted in Fig. (2). As shown, the ultimate resistance of
anchor is about 0.88 kN. Finally, with regard to
operational conditions in real projects, a prestressing
anchor force (lock-off load or applied load) equaling 45%
of the ultimate resistance of anchor was applied.

At Failure : F=0.88 kN and A=67 mm
| o e i T B A e i e e o

L ]

0.8 * \ Failure
Z o6 . ]
Sl
e
z 041 i
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Displacement (mm)

Fig. 2 Force-Displacement variations for tensile

test of strut

4- Relation between &vm and &hm

Table (1) represents the ratio of maximum ground surface
settlement to the maximum lateral displacement of wall
(dun/Onm). These values are based on the test results
reported in this study. As shown in Table 1, Syn/dnm ratio
was in the range of 0.78 to 2.35. These results are

1 MSc in Geotechnical Engineering, Ferdowsi University of Mashhad, Mashhad, Tran)
2 Corresponding Author: Associate Professor, Civil Engineering Department, Ferdowsi University of Mashhad.
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In figures 2, 3 the optimization results of the designed
scenarios are presented. As seen from these figures, the
GA successfully detected the damaged elements. The
computational time in this case is about 48-hours for an
ordinary computer system. However, the time of
computation for PSO algorithm was about 20-hours for
yhe same computer system.

3. Conclusion
The following conclusion could be drawn from the current
research:

The damage detection using the non-gradient based
method is possible without involving in the complex
mathematical formulation.

The computational time extremely is increased when
the fine mesh is used in finite-element modeling, and
it is not cost- effective for real structures.

By using a combination of natural frequencies and
mode shape in the objective function, applying coarse
mesh is a good alternative for reducing the
computational.
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Fig. 2 the damage detection resultsfor scenario no.1
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Fig.3 the damage detection resultsfor scenario no.2
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Damage Detection of Plane Strain/Stress
Problems using M odal Data

A. Motahari' J. Akbari?

1.Introduction

The researches in the field of structural health monitoring
and damage detection could be categorized in analytical,
numerical and experimental methods. In the analytical
and numerical methods, mathematical modeling is
created, and the damage such as the stiffness reduction is
fabricated to clarify the strengths and weaknesses of the
utilized algorithms. In these methods, there is no real
damage, and the detection method is completely non-
destructive. One of the most important challenges of
health monitoring in practice is system excitation. In the
experimental method, to excite a system appropriately, a
small scale of a model is created for obtaining the output
responses. In system identification and health monitoring
in real conditions under static and dynamic loadings, the
inputs and outputs are computed and processed through
modern technologies. In the field tests, due to the
structural complexities and considerable test costs, the
output-only techniques are very popular and common.

In the numerical methods for assessing and identifying the
damages, the mathematical modeling is created in the
intact and damaged forms. Then, by extracting the modal
data, the damage detection is carefully explored. From the
vibration point of view, the natural frequencies, mode
shapes, and modal damping of structures change when
any crack or damage exists in the system. Using only
natural  frequencies for damage detection is
straightforward, but applying the natural frequencies
individually could not be an effective tool for this
purpose, and frequency information can detect only the
global damages. As well, the investigations indicate that
applying only the mode shape information may not be an
appropriate tool for identifying and finding the locations
of the cracks or damages. Furthermore, In this research,
natural frequencies and mode shapes, data are combined
to assess and identify different damage scenarios.

In order to reduce computational costs, two distinct
techniques are utilized here. Firstly, instead of using the
genetic  algorithm method, the particle swarm
optimization (PSO) technique is applied. Therefore, this
technique slightly reduced computational costs. Secondly,
instead of using the fine meshes for calculating the modal
parameters in the finite-element modeling; the coarse
meshes are generated. The design variables in the
optimization formulation and detection procedures are the
element numbers and the ID of each element. Here for
damage detection of the two-dimensional plane
stress/strain type problems, the combination of the natural
frequencies and mode shapes is considered as the
objective function in the optimization procedure. For that

reason, the finite-element based computer program is
developed in the MATLAB environment for such
calculations. The results illustrate that the non-gradient
optimization techniques such as GA and PSO successfully
detected the existence, location and the intensities of pre-
defined damage scenarios.

2. Methodology & Results

In this research, damage is fabricated as a reduction of
Young’s modulus and therefore, stiffness reduction in
finite-element model as Eq.(1). Here, Aa, is the damage

index between 0 to 1.0. As well, (K,), .(K,),are the

stiffness matrices of the intact and damaged elements
respectively.

E,=(1-Aa,)E,
AK, = (K,), - (K.), (1)
(Ke)d = (I_Aae)(Ke)u
As seen in figure 1, for damage detection procedure,
several scenarios are designed in the finite-element
modeling. For this purpose, the two-dimensional plane
stress type system is studied. By finite-element modeling
of the studied system, the natural frequencies and mode
shape are calculated. Then, using GA optimization
toolbox in MATLAB, the objective function is written as

Eq.(2) in the form of a combination of the natural
frequencies and modes shape.

> -a)’
ndf u~2
2@ 2)

a=g(Number of Elements, Element Index)

Where, @], @] is the frequencies and mode shapes of the

intact system, and a)Jd s (/)i? are the modal parameters of the

damaged structural model.
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Fig. 1- the Schematic of intact and damaged structural
models ( 2x10 m)
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drying means that water is longer retained in the stone
pore system; therefore, this can affect the stone durability.
This phenomenon happens when the water solution of
silica nanoparticles exposed to high RH gives rise to a
final solid product of hydrated amorphous silica that
behavesin a similar fashion like silicagel.

The water capillarity uptake of the intact stone takes
place faster than treated stone (almost one-half). Also, the
treated samples stopped absorbing and achieved mass
saturation while the intact stone was absorbing at that
time. This phenomenon shows that some pores and
capillaries are clogged by the nanoparticles of silica.

Water vapor permeability shows a similar behavior
for both stones (untreated and treated). However, the
treated stone has a dight slope, which isindicative of the
clogged pores. It is obvious that the pores tortuosity,
which isarelevant factor to the water vapor permeability
of the stone, has not changed (Fig. 1).

A ¢ B’:,
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Fig 1. A) Water absor ption curves; B) Water drying
curves, C) Water capillarity absorption; D) Water vapor
per meability lines

Theresults of resistance to micro-drilling showed that
a substantial increase in resistance about 2 N/mm is
acceptable by considering the low dilution of
consolidation material.

The freeze-thaw test did not cause any noticeable
damage and no substantial changes in the weight of the
samples were observed. The location of one micro-crack
in the aging curves was, however, changed. In the intact
sample curve, the pick of micro-crack occurs at the tenth
cycle while in the treated sample, it occurs at the 39"
cycle (Fig. 2). The sat-crystallization test had very
damaging effects on intact samples and it showed a
substantial resistance in the treated stone. Intact samples
lost 60 percent of its weight while treated samples lost 20
percent of itsweight at the end of the aging cycles.

The measurement of the velocity of propagation of
ultrasonic waves alows us to assess the degree of
compactness of the stones as the speed of propagation
depends directly on the percentage of the pores, the type
and volume of the fissures, the density and composition
of the minerals, the textural anisotropy and the humidity
present. According to the aforementioned point, the

propagation velocity of untreated and treated samples
during freeze-thaw showsthevelocity of V, in the treated
samplesis more than thein untreated stone, indicating the
decrease of pores percentage and increased compactness.
The propagation velocity of untreated and treated samples
during salt crystallization test indicated that nanoparticle
of slica increased the resistance against sat
crystallization for only ten cycles more than the intact
stone (Fig. 2).
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Fig 2. A) Weight loss evolution of freez-thaw aging test; B)
Weight loss evolution of salt crystallization test; C)
Ultrasound velocity variation of freez-thaw aging; D)
Ultrasound velocity variation of salt crystallization aging

4-Conclusions
Consolidation limestone by Nano silicate highlight some
advantages and one disadvantage:

The advantages include improving two properties of
the stone (porosity and superficial resistance) as well as
the resistance against accel erated aging tests (freeze-thaw
and salt crystallization) by considering the dilution of
material, which help to increase sandy limestone
durability used at Pasargadae World Heritage Site.

The negative point of Nano silicate treatment is the
reduction rate of drying which should be considered in
further research.
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Effectiveness Assessment of Nano Silicate
Application to Improve M echanical
Properties of a Limestone Used in the
Ar chitecture of Pasargadae World

Heritage Site
A. Shekofteh! H. Ahmadi? M. Yazdi®
A. Arizzi* E.Molin®®  G. Cultrone®

1-Introduction

Stoneisone of the raw building materials, which haslong
been used. Stone has aways been important in
construction due to its physical and chemical resistance
in general and its durability in particular.

In this study, we consider one of the most important
historical monuments of Iran; The Pasargadae World
Heritage Site. Pasargadae WHS is located in Dasht-e
Morghab, Fars province. The stones used in Pasargadae
monuments have three different texture and colors (beige,
green-gray and dark-gray) which were recognized as a
limestone. The beige stone is a type of pure limestone
with a low rate of dolomite. Dark-gray stone is
argillaceous limestone and the green-gray stone is sandy
limestone. The green-gray stone is vulnerable to
weathering and has been affected by it and its decay
pattern is sandy and in some parts it has totally been
destroyed. Given theintensity of itsdeterioration, we aim
to consolidate the green-gray stone.

Through stone consolidation, various specialists from

engineering sciences have assisted the conservators to
provide proper materials for preservation of historical
monuments. In order to increase the durability green-gray
stone against further weathering, wetried to figure out the
treatment effect on the stone durability by evaluating one
of the improved materials, which has been strongly
recommended in relevant recent investigations. In order
to assess the efficiency of the treatment, we used methods
drawn from civil engineering sciences to measure the
changes and improvements of the mechanical properties
of the stones.
In this study, based on laboratory studies, an analytical-
experimental method was used to evaluate the efficiency
of the consolidation material on the green-gray stone
known as “sang-e kaboud” from the Pasargadae WHS.

2-Experimental Program
The consolidation treatment was conducted with Nano

ESTEL®, C.T.S. dispersion in water (dilution 1:10) on
samples from the quarry and the procedure was
conducted using brush until imbibition of the substrate.

In order to evaluate the hydric parameters, mechanical
resistance and mechanical properties of treated stone,
some experiments wereincluding water absorption, water
capillary  absorption, water vapor permesbility
coefficient, porosity and surface strength were conducted.
Water absorption at the atmospheric pressure was
measured following the UNE-EN 13755 standard. We
also measured the degree of interconnection between the
pores and the saturation coefficient. Measuring the drying
rate was obtained by following NORMAL 29/88, 1991.
Capillary absorption coefficient of water and vapor
permeability coefficient were determined following
UNE-EN 1925, and the UNI, E. 15803, respectively.

The treatment efficiency was evaluated in terms of
superficial consolidation with micro-drilling test by
Measuring System (DRMS) Cordless drill with a flat-
edged 5-mm diameter bit with a diamond-covered tip.
Also, freeze-thaw and salt crystallization accelerated
aging tests were carried out to evaluate the durability of
the stone. UNE-EN 12371 standard was employed for the
freeze—thaw test for 70 cycles. The damage caused by
salts was analyzed according to the UNE-EN 12370
standard. The environmental conditions in the laboratory
were 20 °C and 30 £5% of relative humidity in both tests.

The compactness of the stone was evaluated by
ultrasounds during the cycles of aging test (every five
cycles) using a Panametrics HV Pulser/Receiver 5058PR
coupled with a Tektronix TDS 3012B oscilloscope under
controlled thermo-hygrometric conditions (~20 °C and
the relative humidity of ~35%) in accordance with the
ASTM D 2845-05.

For the macroscopic observation of micro-cracks and
the decay pattern during the aging, we used aL eicavideo-
microscope with the model DV M 2000 (DVM) with a 50-
400x lens (and a corrective lens of 0.4x).

3-Result and Discussion

The comparison of water absorption of intact and treated
samples indicates 11 percent of decrease in water
absorption rate. The porosity obtained from the hydric
tests (HT) turned out to have 14 percent decrease in
porosity. The interesting point is that the slop of water
absorption after the treatment is sharper than the
untreated samples. This phenomenon is due to changesin
the pore size. However, the slop of water drying test
indicates that the treated stones dried slowly in
comparison with the intact stone. It is clear that the pore
system isresponsible for different drying speeds. Slower
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4- Discussion
As far as the results are concerned, the efficiency of the
proposed method was clear which indicates the efficiency

Table 2- The comparison of maximum displacement of twelve
degrees of freedom structures in control modes based on the
applied algorithms and without control

of the genetic agorithm method in the active control of

Ee)é?:l:i; di’:p?"agﬁ{;t di’:pe}xa'crgf:;‘qt Actuator the structure. The use of several Actuatorsin the structure

trosdom | ©"no control on GA force and their determi nation wlth proposed genetic algorithms,

state (cm) CO“EL?TI] ?‘afe (Kg.Force) reduces the maximum displacement of structures. Also,

due to the use of several Actuators, the maximum force

1 113 0.58 9.47 applied by Actuators is aso reduced. This raises the

2 2.21 0.91 9.08 effectiveness of the proposed method, because in redlity,

3 3.18 0.75 9.24 such forces can be produced. With the widespread

4 4.30 0.69 9.68 development of the new search methods in the computer

5 5.03 0.78 8.96 science, the simultaneous use of these methods, along

6 6.27 0.92 8.96 with other numerical search methods and the use of

7 6.27 0.95 0.82 various patterns in data encoding, it is possible to use

8 7.03 116 9.05 special algorithms that can deliver a strong performance

9 7.72 1.16 8.53 to optimize the dynamic systems at low cost and within a

10 8.96 0.99 9.93 short period of time . In thisresearch, it was attempted to

1 12.23 0.83 8.48 study and evaluate some of the special features of these
12 1281 148 8.81 methods.
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Minimizing Multivariate Objective Function
Using Improved Genetic Algorithmsin
Active Control of Oscillation of Structures
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1- Introduction

A smart structure is a structure that is capable of
maintaining itself against external excitation through
learning and improving physical and geometric
characteristics. Using the active control method and
connecting actuators in terms of the dynamic degree of
freedom of these structures, forces are created and applied
to the structure to minimize the degrees of freedom caused
by external excitation. In civil engineering, the idea of
using active controls to control structural oscillation was
first introduced in 1972, Sub sequently, many
developments in this method of control have been
progressed by researchers. Applying the active control
method requires simultaneous application of appropriate
instruments as well as an agorithm for determining the
controlling forces in the structure. The appropriate
optimization methods are essential to control the structure
data and finding the proper forces of the actuators to deal
with thelateral excitation in each particular time step. The
use of numerical methods in dynamic analysis of
structures and the optimization of active control systems
of the structure have been taken into account for two
reasons. The first reason is these methods independence
of the limitations of the optimization function’ sderivative
gradient. On the other hand, the speed of numerical
methods is very higher than the analytical methods
because modeling lacks any complexity. One of these new
methods is the intelligent search method, which is based
on the natural evolution patterns. The genetic algorithm
method is one of the most powerful and effective methods
of numerical search that is widely used in optimization
processes. The early development of genetic algorithm
was made by John Holland and his colleagues at the
University of Michiganin 1962 [6]. Also theimplications
of genetic algorithm were realized and examined by
Goldbergin 1989. In 2014, Abbasi and Markazi suggested
relationships by comparing the number of sensors found
by the genetic algorithm and the improvement made in the
seismic behavior of the structure. They assessed the
structure oscillation by the numerical Newmark-beta
method in the dynamic solution of the structure, the multi-
objective genetic algorithm to determine the location of
the sensor and to control the system and the second-order
Gaussian second-order control.

2- Materialsand Methods
By using alogical search method, this algorithm chooses
the most appropriate members among the organized

random information. In each generation, a new group of
membersis generated using genetic operators and they are
examined as new potential control forces. Genetic
algorithm is an efficient optimization method. By
applying thismethod, the optimal structures control forces
are found at each step so that the displacement of the
structure is minimized. In this study, the LQR method is
used as a numerical method for the comparison with the
genetic algorithm method.

The genetic algorithm uses an evolutionary pattern to
search the entire problem space and can find the
appropriate answer by non-linear and non-homogeneous
searching without the need for a search in all space. The
calculations of this method are simple and do not require
restrictive assumptionsin search space such as continuity
or the derivation gradient of the optimization function.
Through this way, an algorithm—inspired by the theory
of natural evolution—is created which provides a
mechanism for finding the best answer by generating an
initial population of possible probabilistic questionsin the
initial step and modifying its membersin later steps. The
goal of the genetic algorithm is to find control forces in
such a way that the displacement of the structure is
minimized. As a result, the objective function is formed
to indicate the displacement of all dynamic degrees of
freedom of the structure. As the numerical value of this
function is reduced, the forces selected by the search
algorithm are evaluated more appropriately. In this
research, the constrained objective function is introduced
asfollows:

c‘::i X .[1+a,/(xi—i)2
i=1

|x

+B max{—i|—l,0} +v

AX IX;=x|

3- Results

To illustrate the effectiveness of the proposed method for
controlling the oscillations of the structure, severa
numerical examples are solved and the results are
presented in the following.

Table 1- The comparison of maximum displacement of six
degrees of freedom structures in control modes based on the
applied algorithms and without control

5 eygr:g;')‘? displacement | displecement | Actuator

freedom | O"M control on GA force
state (cm) control state (Kg.Force)

(cm)

1 6.22 1.64 28.0

2 11.51 4,02 20.1

3 16.36 4,99 18.1

4 20.84 6.32 18.6

5 25.79 7.72 235

6 30.47 8.85 24.9
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Any increase in the confluence angle of jets at the
horizontal plane (0) has a great effect on the maximum
scour depth and the scour hole volume. As, in a constant
discharge and constant grain size (Q=5.14 /s, Dsp= 6.75
mm), with the increase of 8 from 15 to 30 degrees and
also from 30 to 45 degrees, the kinetic energy of the
falling jet from the gates is depleted, and as a result the
amount of ds decreases by 13.66% and 26.47%,
respectively. Also, the amount of scour hole volume in the
angle of 15 degrees is 12.95 % higher than the angle of 30
degrees and 30 degrees 16.31% higher than the angle of
45 degrees. Fig. 1 shows the longitudinal profile of the
scour change in different discharges for coarse sediment
(6.75 mm). Also, in Fig. 2, the longitudinal profile of
scour changes in different grades of sediments for
discharge of 5.14 1/d is plotted. Fig. 3 indicates the effect
of the confluence angle of jets on the scour.
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Fig. 1: The longitudinal profile of scour change in

different discharges for coarse sediment (6.75 mm)
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Fig 2. The longitudinal profile of scour changes in
different grades of sediments for discharge of 5.14 1/d.
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Fig. 3: The longitudinal profile of scour at different of the
confluence angle of jets for discharge of Q=15.14 /s
Based on the experimental data and according to Eq.1, the
following equation is achieved to predict dy/hey:

d
— =2325+ 0.028F; — 0.0376 2)
hw

Figure 4 shows the calculated dg /hy,, versus the measured
ds/hy using Eq.2:

(5]

Predicted dy by

h-l'easur;d dy/ e

Fig 4. The calculated values of ds / hy using equation (2)
versus values of ds / hy measured in experiments

Sensitivity analysis was done on the Eq. 2 to determine
the importance of the parameters on the ds /hw. For this
purpose, + 20% changes applied on the parameters of Q;,
Dso and 6. The results show that with a + 20% change of
the parameters Qj, D50 and 0, they have 12.33, 6.23, and
34.03 % effects on thedg/hy,,, respectively.
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4-Conclusion

The results of the present study on the maximum scour
depth due to free-falling jets showed that the falling jets
caused a scour hole at the downstream of storage reservoir
and its dimensions were related to flow characteristics
such as outflow discharge, sediment diameter as well as
the confluence angle of jets at the horizontal plane. By
impacting the jets from the outlet in the air, before
reaching the river bed, the energy of the water flow can be
depleted and as a result the scour depth decreased.
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An Experimental Study of the Maximum
Scour Depth Dueto the Free Falling Jets at
the Downstream of the Storage Reservoir
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Kh. Ajdary®> R. Moazenzadeh*

1- Introduction

When the gates of dam are opened in order to discharge
the flood or discharge the required water for the
downstream consumptions, the falling jet energy released
from the dam gates creates a scour hole at the downstream
of the reservoir. The dimensions of the scour hole depend
on many factors, including the outflow discharge of the
gates (Qj), medium diameter of sediment (Dsg) and the
confluence angle of jets at the horizontal plane (8), and
the characteristics of the river bed, time, and geometry of
the structure.

A review of the literature shows that the problem of
scouring at the downstream of the structures has attracted
the attention of many researchers. Many researchers
experimentally examined the effect of parameters on the
scour and empirically presented many relationships to
estimate the maximum scour depth at the equilibrium
condition. These relationships show very different results
for the same conditions. Such contradictions in the case of
scouring in the vicinity of hydraulic structures call for
more research so as to increase knowledge and awareness
for the proper design, and the reduction of the damage
caused by scouring.

2- Experimental Program

The study of the scour phenomena is a complex problem
in the sediment hydraulic engineering because it is
affected by many parameters. For this reason, in this study
the experimental study was conducted to determine the
scour hole dimensions due to the falling jets at the
downstream of the storage reservoir. The experiments
were carried out at Hydraulic Laboratory of Shahrood
University of Technology. The flume has the length of
2.43 m, width of 1 m, and height of 1.11 m. The effect of
outflow discharge of gates (Qj), medium diameter of
sediment (Dso) and the confluence angle of jets at thw
horizontal plane (8) were investigated. The water jet falls
from pipes with the circular section and diameter of 1.25
inch into the downstream pound. The drop height was 95
cm. The downstream pound is filled with non-cohesive
sediments with the height of 20 cm and the medium
diameter of 1.7, 3.2 and 6.75 mm. Experiments were
carried out with different discharges, ranging from1.32 to
5.14 I/s.

Using dimensional analysis with Buckingham m theorem,
the following equation is achieved to predict dg/hy,:

ds \/

— = f(——,6 1

b G on,
In Eq.1, ds is the scour depth, h; is the height of the jet
falling, the 6 is the confluence angle of jets at the
horizontal plane, Gs is the ratio of sediment density to
water density, Dsg is the mean diameter of non-cohesive
sediment. The minimum, maximum, mean, standard
deviations and coefficients of variation of the parameters

V;
S o p——
hj 9 Jg(Gs=1)Dso

are given in Table 1:

Table 1- The statistical metrics of the parameters in Eq.1

Mea Standard  coefficient
Parameter Min n Max Deviatio s of
n variation
0.2
6(rad) P 0.52 0.79 0.22 41.21
\"A
—_— 4'3 18.; 38'2 9.65 51.46
V8(Gs — 1)Ds,
ds 0.8
™ 0 1.74 2.85 0.53 30.53

3-Results and discussion

The results of this study show that a scour hole created at
the downstream of the reservoir in all the experiments and
with the increase of discharge, the scour depth (ds)
increased.

In addition, the jet discharge change (Q;) has the same
trend on the creation of the scour hole in all the grain sizes
and angles of the jets. The results indicated that when the
discharge (Q)) increased from 1.32 to 5.4 I/s, for a constant
sediment size and constant angle (Dso=6.75 mm and 0 =
15°), the depth of the scour hole (ds), the longitudinal
extension (Ls), the transverse length of scour hole, and the
volume of the scour hole (Vs) increased by 74.58, 58.38,
2727 and 95.62%, respectively. Additionally, the
location of the maximum scours depth from the ends of
the gates increased about 82.85 %. Moreover, an increase
in the average diameter of sediment size (Dsg) has a
reverse effect on the dimension of the scour hole.
Likewise, with of the increase of the mean diameter of
sediment (Dsg) from 1.7 to 6.75 mm in a constant
discharge and constant angle (Q; = 5.14 I/s, 8 = 15°), the
maximum scour depth decreased by 27.27 % and its
location moved toward the gates by 56.5%. Also, with the
decrease of the transverse width of the scour hole, the
volume of the scour hole and the height of the
protuberance of the sediments at the downstream of the
scour hole reduced by around 55.69 and 30.91%,
respectively.
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