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Magnetorheological (MR) dampers demonstrate intelligent behavior when subjected to a
magnetic field, with their structural response controlled by adjusting the magnetic field's
intensity. Various control algorithms and laws have been proposed to implement these
control systems. Among the fundamental control laws for semi-active systems, the
Skyhook and Groundhook control laws are particularly notable. A hybrid approach
combining both of them can be employed to enhance the performance of these control
laws. However, determining the optimal contribution of each control law—Skyhook and
Groundhook—within the hybrid control law presents a significant challenge. In this study,
an eight-story structure equipped with MR dampers is analyzed under the excitation of
three earthquakes, Bam, Loma-Prieta, and Northridge, to evaluate the effectiveness of the
proposed hybrid control law. The objective is to optimize the hybrid control law using the
pattern search algorithm. The hybrid control law for structures with MR dampers can be
implemented in two ways: on-off and continuous. In the on-off method, the voltage
applied to the MR dampers is restricted to two extreme values, whereas the continuous
method allows for voltage adjustment across the entire range between these boundaries.
Through an analysis of both on-off and continuous hybrid control laws, it is evident that
their performance in reducing the structure's displacement, velocity, and acceleration
responses is nearly identical. However, the continuous hybrid control law achieves
comparable efficiency with significantly lower control forces. As a result, the continuous
optimal hybrid control law emerges as a simple yet highly effective solution. Furthermore,
by assuming the same weight of force and displacement in the cost function, it is shown
that the participation percentage of the Skyhook control law in the hybrid control law is
much higher than that of the Groundhook control law. The optimal participation rate of
the Skyhook law is obtained to be approximately 0.95.
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Article Info Abstract
Desalination of seawater is one of the most effective methods, and in some cases, the only
Article history: possible method for producing drinking water. The combined effect of desalination plants
Received: 11 May 2025 and port structures on the coastal environment can sometimes have specific environmental
consequences. The dispersion from the desalination plants, especially the changes in
Revised: 4 August 2025 salinity and temperature, has significant effects on coral reefs. In this paper, the effect of
Accepted: 5 August 2025 the commercial port of Kish Island with regard to the desalination plants was investigated

using field measurements and numerical modeling. In 3 stages of field measurement,
water quality parameters were measured from 24 different points near the northern coast
of Kish Island. The speed and direction of the current were also measured to verify the
Keywords: accuracy of the numerical modeling. The current and dispersion of thermal and salinity
pollution were modeled using the MIKE21 two-dimensional model. The computational
domain was about 30 square kilometers in size and was discretized into four zones using
four different element sizes. Comparison of the numerical modeling results with field
measurements indicated acceptable accuracy. The results of the modeling of the salinity
diffusion pattern indicate a significant spread in the zone surrounding the outfall of
desalination plants and the Kish Island commercial port. Around the outfall, the average
temperature and electrical conductivity (EC) increased by 16% and 14%, respectively.
This is due to the effect of the west breakwater on current reduction, which resulted in
increasing brine concentration. The ultimate point where the ambient temperature has
increased by 3 degrees is 170 meters from the outfall. Therefore, considering the impact
of temperature changes on coral reefs is critically important. Given the absence of
measured data on water quality parameters, current, and velocity direction across various
tides at this location, the findings of this study contribute to a better understanding of the
environmental status of the area.

Numerical modeling,

field study,

coastal desalination plants,
environmental impact.
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Article Info Abstract
This study presents a numerical investigation into the cyclic behavior of steel column base
Article history: connections equipped with replaceable yielding steel angles under cyclic loading
Received: 28 May 2025 conditions. Utilizing a combined methodology of finite element analysis through
ABAQUS and the Taguchi design of experiments (DOE) approach, the research
Revised: 12 August 2025 systematically evaluates the influence of three critical parameters: steel angle thickness,
Accepted: 30 August 2025 applied axial load ratio, and anchor bolt gauge distance from the column edge. The

numerical model was rigorously validated against existing experimental results,
demonstrating strong agreement and confirming its capability to accurately simulate the
nonlinear hysteretic response of the connections. Nine strategically designed parameter
Keywords: combinations based on an L9 orthogonal array enabled an efficient exploration of the
Steel column base connection, parameter space while capturing both individual and interactive effects. Statistical
replaceable steel angle, analysis Vi'a apalysis of variance (ANOVA) identiﬁed the thickness of the s‘Fee} angle as
Finite Element Analysis(FEA), the rpost significant factor, accouptmg for approximately 59.4}3% of the variation in the
maximum flexural moment capacity, followed by the gauge distance (24.95%) and axial
load ratio (11.92%). The optimal parameter set—comprising a 10 mm angle thickness,
0.2 axial load ratio relative to column capacity, and 40 mm gauge distance—yielded a
peak flexural moment capacity of 30.71 kN-m, closely matching the finite element
prediction of 30.56 kN-m. Hysteresis curve analyses reveal enhanced energy dissipation
capacity, increased initial stiffness, and improved ductility in the optimized configuration,
although the connection behavior consistently remains within the pinned range as per
ANSI/AISC 360-16 specifications. The concentrated plasticity in the replaceable angle
elements effectively localizes damage, promoting easy post-earthquake repair without
compromising the main structural components. A regression model derived from the DOE
results facilitates reliable predictions of flexural capacity based on the aforementioned
parameters, underscoring the practical utility of the Taguchi method in seismic design
optimization. These findings provide critical insights into the design of resilient, low-
damage steel column base connections capable of sustaining seismic demands while
enhancing reparability and lifecycle performance.

cyclic behavior,
taguchi method.
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2 0 8 50 8.59 14.1 5.7 0.95 7.8
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5 0.1 8 60 9.57 12.03 4 0.8 6.2
6 0.1 10 40 24.7 28.5 10.5 1.75 3.9
7 0.2 6 60 9.78 9.99 2.1 0.61 2.1
8 0.2 8 40 20 24.2 8.1 1.45 4.6
9 0.2 10 50 21.64 24.94 8.4 1.46 5
Average 134 16.66 5.91 11 5.6
Variance 7.29 2.73




FY-YYV.0ao A0 )l ) o)lads FY (50,90 w1 () jos swdige sole salxo

i
« = 208!
FR L .M
. () —
A M |
58,
Mossan 7/ :
4 .
=, M, T
1
L)
s ¥ 261
|‘ : K.= _’L—
f =570, simple : .
0.03
Rotation, 8 (rad)

"L ANSI/AISC 54218 3 jlasibow! olul p Cobo g6 yins Ve JSCi

SVl o @ Ll o s ool g 00,5 aunis (Flexible)
oz g0 izmie 3l oolitl b b Jlasl das pué Jld ) ol oo iy (g
g et 380 O jg0 s g pudnd Bl b ool on (g5l JTons]

Cembo 9 (Ed) oasioiz 65,5 d(My) odes 3 (Mmax) aicin 5 polie
Siles iloas )55 F Jgazr o dalite w55 A lp Jlasl (R)
S yeghS VEIFF 4 (oS ae (goue e Julou o ies ) saiing
ol asils 13 Lade jld, gesgae j0 beaS i eled jo Jlasl cods
wobed ol JI55L ]S slo JLas! b Gaa b Jlail L) ol
wl}& O ygods MT 9 ‘p.J.w.J ‘uﬁ.u ;).o.: 64\...>LJ ‘OM@'J))'? 6LQJAA
2 & Eaose pl Wlog ol WL gie sal gaxmis (g
0L 5 el 0091 Sl (s 0 o ol a5 Y e sl olaJoe
9l)>l a k;’4>)».c )L\B) FLG 09g2 le‘b;‘b JLA)‘ O]S.LQ.C ‘U"‘)"L‘J o
prilfe g oad dgaome (looind) peles slp ondi b g (agni LB

el oaile (Bl S 50 censs

Jolw ‘53‘1)*0 oo Y Y LF
(GINSLL sleaz iz Jsb o Jlail las 2 L8, &30 b)) sl
@oa S 5 4 gl o NS,L S 5o gl 555y Jolae (ol ee  pd
9 d)fl =y u‘).:.o)fal.:.v UT u‘l,u.!.l 9 o0 Cl)_’f.ud‘ L‘\ L;‘L")T)" Lj“"""’
Lj"‘]“" g.,u).«a el 059 6|d>)> dLm)b ).:|).: BN JLGJ‘ QJS.LQ.C 6)"‘\‘L’
Gipl Ghgy sl eolaiwl b g lAS,L IS o g diged o lp Jolee
Cod g sal Jlasl L8 gl b ccl onds dnwlore g
2l plpear Lid Jolae le o s 05d D3 a2 )L
a2 a5 ol Jlesl las 2 Jlod )0 badiged (oo 18, amlie 1
l{ ‘59|]~c h./\-l)na | °‘>9'f’; o)Lu 6!3'9 QS"]“" )‘..\.0.4 d.dé )f.vl.’Lu Q‘?"'C
Ea) o] ;o Y S ollas a5 el oo dlone Y (gl 5l ool
@il Sols Be) 5 @I,k sz o 50 el 5l Sibles
Gl 55 de ar i el (Sl Jovie ) Gdine 4 bogy o) SV
oty sl et 58, 53 51 SOl S i (sl i

—e— l

——2

E ——3

= =0=5
(7]

g 6

§ 7

8

—e—9

0 0.02 0.04
Rotation (Rad)

8oue Jow 4 5l fole (41590 — ;5K (g, LS lw Hloges A Ko
Sy JU slag s mals 5 eaile Bl i (liee (A8
S Sy ErSISS el an ] gam 0sd o0 NSk etz
S (e (Rl ik a5 el (635 50 8L 50 Sl e e
8y el el Glaz iz g 0S50 (b o 65yl i cud)b alS
Toroot oy Slah L b Jlasl asile 5755 50 355 (slapias ;o
D9 oo odpline

I EESEI RS Py T S g ¢

F ool sla,loges 0T . F

odplice Jlail Galizee oS 5 4 4 by e g lizle slologes A S0 o
—a Jlal L8, do i mebed Sl G 5 s il iR 0 sl o
3o el 0090 YU adgl S5 w20 o lid 4 (el 00gy s O g0
byl Jlal g ool Sty g4l o)ly Sl el galall 4 (o)
e 2z 2 e Bl Ll ools plas ags Sl (g sk
QA1 gl Wig)y olizman (6l IS bl Ll e azily ialS L
~Srydd 4V Jas asle ladiges (S @ S5 Gillae Jl> b
ol lails (@550 iz 5 ol Cudyb a5 ()N L 5 e lo
Galold 5 cis Cwls) cwain el oS )LJ 3l b eglas
S,lge iy yd 0 Ses GialS Eaely wilg oo oS el (55970 )b 5 Gl e
it Ll o b Jlasl ) Sz Sl 00 53 slacslis 595
Jelot il oo iz 1) oS ol )5 (6 peiosizr Jolod Suveal 5 ol
e el oo el glFl GGl oS he o Sle sl sovie 333
o5 53 088 1y JLdl 6 s b g sl s ey
s sl sl Ll s 5 515 3 Sk )5 555

oo g oadiis g5yl .Y .Y .F
Sl logad 5 Coluns ammlre b oadindar (6551 (i vl Sl s
3 Jlal Codo sl 00l (sl a3 52 2 50 0lhge S e e
) Dyt e e 0 oo 5T Jfoges sads] et o b
SVl gosgame 4o Jlail lyes e Sk 45 el o] Cansay
oiie b eadaralme polie (Lol Colo sutaias jslite ud
) Slouss aylic ANSIAISC ¥5+ 218 s lasliwl s sasasll o ik
o ) Conlo (g0 1S el oo ovalin Ve KL )3 oS ga) e
pdolasl 5 (Semi-Rigid) cloass (RIgId) clo :saws

6 backbone
A



OLer 5 QBT el = (25U alojl (b jlosliinl b so¥ss (g sl (s slalasil las 2 118, (goue anlllas

s bl Julxi .0
iz sloyiel)ly Sl 380 ) pol Giaghy 50 sslel Jelow 5l as
gy ookl b oV slagsin sl oie Jlail glas 2 18, 0
Holse 50 2Ll el i ctalesl giges A (ALb L oS ol (2556
2 L eslendee (salold 5 (i Cualied (55970 JLaS (59 raiile s sl
(ANOVA) il s Jaboss 51 oalittul b ol 65,5 oalp ieas usd )b
oyt 5145z 3 Skt 31, o] B 5 e 2 il e e
5 o yeaie o gl Sism S ) S b )5 o0 izeed 0,5 (S (oS
b dge 5 Jlail L) conin @ a5 (Sl dge 8 1) s bl

S oo SeS )y sla b ol o laosle

byl Judoi 0.0
a0l mls s 48,5 o ye0 Qualitek £ 15l 5 51 ool b gLl Lo

sloads 4.§|)l Syg0 u..\‘

s 3 VT S8 0 5aite s (bl (e S sty (e S0ls Jloge
ol o 1y 3l i (i Cwlis A amo o lid 5 Conl oad
035 o pie pls 51 it o Ol cond 15 sl ails S (5 Sile
O s ($9) paiions (EITON BAr) (255 nolie loges as j2 50 ceul
el (V8128) oSl Joo oosls  SauSTyy Sk a5 ccnl ool z)0
e @l 2Ll 5 iledoe S Slas j95de lajly (oo (BUSS
A 5l jlaie o lge oo (salold 4y by o jloged o ¢ Jlie j5boay 2ol
FEW PRYVRYRVISRE AV IO NEN K o AVAL INCORIUR PP S Jo
S reie Sl Jo> (9% 4 losls aad oo lad g Cenl JouB B o5
sosnles wdslcwst sloSile a5 WS o aST (S ol wiies

s s o)l calizs zoban )3 pitane 8 ,Shee I solazel b3

Gakols Ll L a8 ans e i g, 4 el e ilies mglan o
halS plitejsbay ctes S gy e £ 4 Tl e o e
YYNE @ V0 511 5 sanein e Vo a4 F ) calis 2l
2 Vs rades Vel 5o s JMe 5 eols il e ismishS
Goy e 13,10 ooly o (FauSTy b piees <8yl sain obsL
5 el 0l sier S Kl Rl w4 e 3 YL (595
VS ol s el 039 Sgamre 5 Calf L Warosls SuuST, a5 Jl>
Slr S Sllejl Lk s, 5 sose Jae o Slee (0953 LG

Hysteresis curve
.’ -

= 0.5
2 —
= 0.4 — ——2
Yt o
3 A >
S ez,
e 03 &
27 ——5
87 02 ——6
g §
© ——7
g2 o1 i
S ’ —e—9
2
- 0

0 0.02 0.04

Rotation (Rad)

5oae S 395y Joleo (ol pmo o pud Y JSCS

erq:i-E:i- Sasc tScoa (1)
ZTC ES 27[ SAOBE+SAODF

SIoges jlddl> 2 15 oulds guame (gduml ol Scoa 9 SaBc LOT o as

ol :SaoDF 5 SaoBe 3 (CDAC 3 ABCA Ll j L)y

Bl 51 )yt Jloged | ail> 50 50 oud JSis agll 36 slacdis

.o ODF  OBE

@il cord jlaged (ol )5 45 09l oo amlin VY SIS 3 Julod b
S s e L ) JSem pa 53 (6551 BT Sl W) ¢ Jolee
S el 03 iy (olime copd e 5y ey e SlaLges
el s (sla oo )3 (Sadgex 39s5 9 SSpSy S Jdoa
ALy e B JSeams 5030 53 yiten (5551 i sline 0 Lljll 9050 0
rd Jelow Il S 0 0 (231550 5 las 2 el b ke

D9 gy JoSe D90ty et JeloS LS 0 b (ol

30 ” 30 - 30
= 3 23.14 5
L) = -
£ 19.7 5 g e
S 20 16.61 2 20 = 20 16.1
iz 13.66 8 2 &8 12.68

: L 7 L Z
2% 2% 10 Z<10
> :
Z 8 g
B! = g
s 0 0 = 0
0 0.1 0.2 6 8 10 40 50 60
Axial force ratio Thickness {mm) Gage distance (mm)

o piio bl g1 (ieos BT (gabulion (Sl Hlogad VY TS

Ya



.f\ﬂ—\‘\.ua..a AR )Lg‘;' Al o)Lg..i) Add (50,90 iy O‘)““‘c ‘5..4..\...9(@‘5‘1; sal=e

o yuiio (bl 395 1 JUSew G (5alo l0905 NP S0

100 100 100
g 9 8334 852 8 87.04 & 85.82 ’
.% - 82.6 § 90 — 84.09 :‘.‘: 90 8342 31.89
5 80 0
z s s
o 710 5 70 5 70
g 60 g 60 g 60
50 50 50
0 0.1 0.2 6 8 10 40 50 60
Axial force ratio Thickness (mm) Gage distance (mm)
s SO (gaioiing ol b puiio (ANOVA) ol ylg Judo O Jgos
Parameters Degrees of Sum of Variance F-ratio | Significance (%) | Rank
Freedom squares
Axial Load ratio 2 56.671 27.335 13.919 11.92 3
Thickness (mm) 2 256.826 28.413 65.386 59.43 1
Gage distance (mm) 2 110.104 55.052 28.031 24.95 2
Error 2 3.927 1.963 - 3.69
Total 8 425.53 - - 100
(e S gaiain wlal g b o Gl oS 5 P Jgoe
Parameter Level Level description Contri-Bution(kN.m)
Axial Load ratio 3 0.2 3.041
Thickness (mm) 3 10 6.481
Gage distance (mm) 1 40 4.534
Total contributions from all parameters 14.056
Current grand average of performance for moment 16.655
Expected result at optimum conditions 30.711

Gage error

distance 4% Axial
2 Load

25% Y
o 12%

y

Thickness
59%

oobl g 0uls oo (5 ptiio Canod] (Gl s Wyl VO SO

o S Sapi Sl 2 gy gdole Y0
099y S5 )4 g dgaze sl (g5lw Jow 5l Jols b Jodow 1 eolaiwl b
S satn Ganghe lr ST bl (255 (bl (b
Joe oS eyl as olaol oS (Y (galal)) ol ool Cnday o

el 0 dge b (oo salold 5 o s Sl 559700 (5955)
M = 8653 + 30250 n + 3275 t - 424/6 g @)

A ‘~)‘_;),m65xgcwn‘(N.m)w)id‘_g%M ol s

s ol o) ol Jlre gl o 4 KT sainn polie g
Bolay Jols 5 conl (o28ly b jloges ;o oddodalie aig, a5 das oo olis
s ol 3393 L

g sa onlie VF JSa 10 5.5 (SIN) 595 a0 JUuSs s (Sl o ges
S g Gy 5l 5 kS 45 S e anl |, i 6581
el 3,155 0 g o o oo bt ezl glallas ol o 1, e
Gy o] DVUEY o b s sl el Jalows olslyy o
VWAY 5 YFRB L o5 & (55570 S35 5 S)lkes salold 1 51 g 5 Ul
SrarSypon 10 JSO 50 a5 Wilad S 3 pew g pgs slaas) 53 we)o

.U}w‘_,’.o sualive

2 $lp lering e Jlesl b a5 aa5 o0 GLaS 7 Jgazr 50 dip oS 5
odd (e Bl S 5 50 D9 e Sl S 3 S e 4z it
(e (y 9 S VPNV E) S o Sileo 4 oy au0ell SV F/+ 0F Jlade a5 el
ek Vo Ewls Vo970 950 Jlosl Lol j5b 4 350 03938
i S (s ke 39h o0 (S Faidlee Tr (55l salold
eiin e Slojen 5B Zadsts £9dse (nl o p e ismishS YIVY 4

o oo lis Jlasl (Solns o Sloe (o 1) ol o)y p

\



OLer 5 QBT el = (25U alojl (b jlosliinl b so¥ss (g sl (s slalasil las 2 118, (goue anlllas

B piie it S 7 5l g0ue Juo I (295 byl Y Jgue

ot | T | casetare |, goun] Mo | 20rid | cigay
Orﬁf)'d”;f" 0.2 10 40 2728 | 30.56 10.12 1.72
S S A F 40
o sl slalall slsyz i3, Julos Ban b ol ragy >0
IS b e g 5 oip il i o e oY C
Gty Hledie alold g (5 970 HlaS (6950 (dus Cuwls : Jall E: 0
Sgazee eyl Julow 5l jelaie cnl (slp Canl 00l (g (S 5 5 lejen % -10
@l ool e oolital (2555 Gialofl (b sy 5 GosSUT 3Ble s 5o =
Gl g cdo (aBislesl slaosls b omwliel 5y (g00e (g5l Joe 40
lazsls oYU -0.04 -0.02 0 0.02 0.04
) Rotation (Rad)
(i el aF el o3l oLes ANOVA g mlis s kel Julos

15 OAVFY) ool anils Jlal oo byl (al33l 1 1) potms i
oz, ;3 (IVVAY) (597 5550 5 (LYF120) Sl saluols a5 Jl>
Gox ek Vo i Culs b a8 5 ilaid S 18 gu
b ople oied S sain adie B Jleoee alals 5 IV (559500
G5 @3z VL el s cslie Conlo olien a1, e isglS YV
s o0 oo gl b polie () el 03,5 Jol> (Jsgshs 1+/1Y)

(e giglsS Yo [0F) ailasils gillas

2B a5 el ool s a9 (sl giomin 5 m) st sl logas ol
9 i Lulyh 3929 4 byyin daJlail 3 Sles )3 (970 b St
0 Cwlbrs aile) gwiie and 3925 Dyge )0 g el cunlio slojle
PR35 Jlg slaaine; Slgs oo (559700 1L (L) len e 3y (sakold 5 (o2
Ol gl B dpp A e e oS F oed Jlail LS,
P Sebes slaz iz oyl pln pe blasl s Sles o)) 5 i pdy S5O
,» aJlasl s, ANSIAISC 518 ot lalgs sb s
oLl b Bus b 55 el mai Lol iloaile 3L Lake (gosgame

P9 se Sl wsllas iplnS

S sain Sagie slp 80l ookt gaw S, sdolae
Eyermo , al 0ad Al i liel b )] B a5 ol 03,5 pal )
sle Jow g Lm&hﬂ olass als j0 (2eSU g, a5 dims o lis loassly
Ol o5 g el 0o e o lasl glas > o Sloe (gjlwaings 5 soue

258 ol (ol (2al38l 5 (5l loan o alS 4y 2 Wl e

oo 4 oS Sllas o ol gl sanwsi gln ogdise dnoy
Shosliinl b oot ol ilizee (SGlSe sla Sy b (olo it
Oly B gl ity Jlasl o owigdpaes b Sl Ko sl St
b lalail o Sloe (o) p ired Spldu Sou | Sla 2 9 Slee
8, 5l i bl Wl oo b cnd jeme Jo> Gied oS gt

A2 Cawddy ]

Y

Sly goas Jow (a9 g (590 — 5500 (i Hl0g0d NP S
B it (Gt S 5

E’ 0.4

2

3 0.3

3

g~

é_@» 0.2

=

w 0.]

=

S

= 0

0 0.02 0.04
Rotation (Rad)

oS 5 Gy gdae g Joo jeSmg Jolre (il o g Y S
Ul @ler slodee galold § 5 «(MM) i Cualses jlaio To(4/Y
Slewe (MM) g

P T g I 5 R SUWR UC7- B g
755 i, o o sloaisas ol o lss sl 1
oo seiges B Jgoz ;0 ondal)l Gy oS 5 (i S80 b))l
S g oyt Sl 505 sl 0 (g 3lusnds GugSLT J15Ble 5 p0 s00e
Y Jsoz 50 gileand bt ol ool eols lad V8 IS o o] Jasge
oD Sty (sed S St e (p Suap Bl 5 oad 35S
Y I0F) sguze szl (gode Joo a5 (eyisseS Ye/YY)
S e b 1) goae Joe 5 (26 Jlos oYL s e yigslS
858 S 5 (gl Sl g adiode (g5l wiile S0 sl )l (pizren
L abbogue glas > s, goaumslis as wiloads (5,155 5 dewloe
h9) g s 0daline VW IS4 5o Jolee (ol iee o po Sl (i Sl
09,5 5 salolas (s3] g digei A 4y (goae sl Juw slaws ralS L 2651
iy S (Gt 5 it )0 @V @S (Bge (i lLiel 5

Ll ol las



FY-YYV.0ao A0 )l ) o)lads FY (50,90 w1 () jos swdige sole salxo

References- astw

1.Kanvinde, A.M., Jordan, S.J. and R.J. Cooke., 2013.
Exposed column base plate connections in moment
frames — Simulations and behavioral insights. Journal
of Constructional Steel Research. 84: p. 82-93.

DOI: 10.1016/j.jcsr.2013.02.015.

2.Lim, W. Y., Lee, D. and You, Y. C., 2017. Exposed
column-base plate strong-axis connections for small-
size steel construction. Journal of Constructional Steel
Research. 137, pp. 286-296.

DOI: 10.1016/j.jcsr.2017.06.018.

3. Sivandi-Pour, A., Gerami, M. and Taghdisi, M., 2019.
Assessment of the effect of column base connection ro
tatio.

DOI: 10.24200/j30.2018.2132.2103.

4.Pachideh, G., Gholhaki, M. and Moshtagh, A., 2021.
An experimental study on cyclic performance of the
geometrically prismatic concrete-filled double skin
steel tubular (CFDST) columns. Iranian Journal of
Science and Technology, Transactions of Civil
Engineering, 45(2), pp. 629-638.

DOI: 10.1007/s40996-020-00410-z.

5.Pachideh, G., Gholhaki, M. and Moshtagh, A., 2021.
Impact of temperature rise on the seismic performance
of concrete-filled double skin steel columns with
prismatic geometry. Journal of Testing and Evaluation,
49(4), pp. 2800-2815.

DOI: 10.1520/jte20200037.

6.Aghaei, I. and Miri, M., 2023. Experimental and
analytical investigation of asymmetric friction
connections in steel column bases. 13th International
Congress on Civil Engineering, [in Persian].
https://civilica.com/doc/1853046.

7.Zhang, R., Liu, J., Xu, J. and Jia, L., 2024. Low-
damage performance of blast resilient steel rocking
column base with friction connection. Thin-Walled
Structures, 197, pp. 111598.
DOI: 10.1016/j.tws.2024.111598.

8.Zhang, R., Xie, J., Chouery, K., Liu, J., Jia, L., Xiang,
P., Zhao, X., MacRae, G., Clifton, G. C., Dhakal, R.,
Ramhormozian, S. and Yan, Z., 2022. Strong axis low-
damage performance of rocking column-base joints
with asymmetric friction connections. Journal of
Constructional Steel Research, 191, pp. 107175.
DOI: 10.1016/j.jcsr.2022.107175.

9.Zhang, R., Yan, Z., Xie, J., Liu, J., Jia, L., Xiang, P.,
Zhao, X., MacRae, G., Clifton, G. C., Dhakal, R. and
Ramhormozian, S., 2024. Weak axis low-damage
performance of seismic resilient rocking steel column
base with friction connection. Journal of Building
Engineering, 86, pp. 108778.

DOI: 10.1016/j.jobe.2024.108778.

10. Kamperidis, V.C., Karavasilis, T.L. and
Vasdravellis, G., 2018. Self-centering steel column

base with metallic energy dissipation devices. Journal
of Constructional Steel Research, 149, pp. 14-30.
DOI:10.1016/j.jcsr.2018.06.027.

11.Shen, P., Yang, P., Chen, Y., Yang, Y. and Zhou, J.,
2024. Seismic performance of self-centering steel
column base with buckling-restrained bars. Journal of
Building Engineering, 91, pp. 109474,

DOI: 10.1016/j.jobe.2024.109474.nal stiffness on seis
mic behavior of the steel moment frames. Sharif
Journal of Civil Engineering, 35(2.1), p. 83-92. [in
Persian].

12.Gerami, M. and Khatami, M., 2017. The effects of init
ial post tensioning force on seismic behavior of steel m
oment resisting frames by post-tensioned connections.
Sharif Journal of Civil Engineering. 33(1.1), pp. 107-
115. [in Persian].

DOI: 10.24200/j30.2017.1101.

13.Li, Y. W. and Koetaka, Y., 2022. Steel rocking column
bases with replaceable cover plates: Cyclic loading
behaviour and practical design. Engineering
Structures, 264, pp. 114467.

DOI: 10.1016/j.engstruct.2022.114467.

14.Wang, B., Zhu, S., Chen, K., Qiu, C.X. and Chen, P.,
2024. Damage-free self-centering steel columns
incorporating SMA bolts and replaceable steel angles.
Engineering Structures, 321, pp. 119000.

DOI: 10.1016/j.engstruct.2024.119000.

15.Wang, X. T., Xie, C.T., Lin, L.L. and Li, J., 2019.
Seismic behavior of self-centering concrete-filled
square steel tubular (CFST) column base. Journal of
Constructional Steel Research, 156, pp. 75-85.

DOI: 10.1016/j.jcsr.2019.01.025.

16.Xiao, G., Wang, H., Pan, P., Pan, H., He, R. and Tian,
G., 2024. Development of self-centering and energy-
dissipating dual-stage reinforced concrete rocking
column-base system. Engineering Structures, 321, pp.
118943.
DOI: 10.1016/j.engstruct.2024.118943.

17.Borzouie, J., 2015. low damage steel base connection.
University of Canterbury, Christchurch, New Zealand.

18.Hou, H., Wang, C., Qu, B. and Liang, Y., 2021. Cyclic
testing of bolted base connections for wide-flange
columns. Engineering Structures, 235, pp. 112024.
DOI: 10.1016/j.engstruct.2021.112024.

19.Bagheri, S. and Vafi Tabrizi, N., 2014. Evaluation of p
artial rigidity of simple steel frames with angle connec
tions under gravity loads. Sharif Journal of Civil
Engineering, 30(1.2), pp. 137-146. [in Persian].

20.Tarighi, P., Kafi, M.A. and Vahdani, R., 2024.
Experimental investigation of the performance of

Al


https://doi.org/10.1016/j.jcsr.2013.02.015
https://doi.org/10.1016/j.jcsr.2017.06.018
https://doi.org/10.24200/j30.2018.2132.2103
https://doi.org/10.1007/s40996-020-00410-z.
https://doi.org/10.1520/jte20200037
https://civilica.com/doc/1853046
https://doi.org/10.1016/j.tws.2024.111598
https://doi.org/10.1016/j.jcsr.2022.107175.
https://doi.org/10.1016/j.jobe.2024.108778.
https://doi.org/10.1016/j.jcsr.2018.06.027
https://doi.org/10.1016/j.jobe.2024.109474.
https://doi.org/10.24200/j30.2017.1101
https://doi.org/10.1016/j.engstruct.2022.114467
https://doi.org/10.1016/j.engstruct.2024.119000.
https://doi.org/10.1016/j.jcsr.2019.01.025.
https://doi.org/10.1016/j.engstruct.2024.118943
https://doi.org/10.1016/j.engstruct.2021.112024.

OLer 5 QBT el = (25U alojl (b jlosliinl b so¥ss (g sl (s slalasil las 2 118, (goue anlllas

replaceable-rigid connection. Sharif Journal of Civil
Engineering, 39(4), pp. 3-17. [in Persian].

21.Hou, H., Sun, B., Qu, B., Wang, C., Zhang, S. and
Liang, Y., 2021. Testing of bolted base connections for
wide-flange  columns under combined axial
compression and weak-axis lateral forces. Journal of
Constructional Steel Research, 179, pp. 106547.
DOI: 10.1016/j.jcsr.2021.106547.

22.Meng, B., Du, Q., Zhong, W., Tan, Z. and You, K,
2024. Performance analysis of novel double web V-
bending angle-steel connections against progressive
collapse. Structures, 59, pp. 105705.

DOI: 10.1016/j.istruc.2023.105705.

23.Sun, D., Yang, Y., Miao, J., Feng, S. and Xue, W.,
2024. Moment-rotation model of self- centering (SC)
column base with web-friction-device (WFD) and
stiffener-steel (SS) angles. Journal of Constructional
Steel Research, 219, pp. 108801.

DOI: 10.1016/j.jcsr.2024.108801.

24.Sun, D., Yang, Y., Ma, Y., Xue, Y., Yu, Y. and Feng,
S., 2022. Seismic behavior of self-centering column
base with replaceable stiffener angle steels. Thin-
Walled Structures, 181, pp. 110113.
DOI: 10.1016/j.tws.2022.110113.

25.Aabid, A., lbrahim, Y., Hrairi, M. and Ali, J.S.M.,
2023. Optimization of structural damage repair with
single and double-sided composite patches through the
finite element analysis and taguchi method. Materials,
16(4), pp. 1581.

DOI: 10.3390/ma16041581.

26.Mohammad Bagheri, S., Naderi, M., Vajdi, M.,
Sadegh Moghanlou, F. and Tarlani Beris, A., 2023.
Numerical optimization of sample and die geometric
parameters to increase the attainable temperature

¥y

during spark plasma sintering of TiC ceramics.
Synthesis and Sintering, 3(4).
DOI: 10.53063/synsint.2023.34179.

27.Sharifi, H., Adib, A., Ahmadi, Z., Gemikonakli, E. and
Shahedi Asl, M., 2024. Taguchi optimization of mask
stereolithographic 3D printing parameters for tensile
strengthening  of  functionally graded resins.
International Journal on Interactive Design and
Manufacturing (1J1DeM), 18(7), pp. 4899-4910.
DOI: 10.1007/s12008-024-01839-6.

28.Abaqus, F., 2014. ABAQUS 6.14 Documentation.
Dassault Syst Provid Google Scholar, 12, pp. 129-130.

29.Wei, J. P., Tian, L.M., Guo, Y., Qiao, H.Y., Jiao, Z.A.
and Bao, Y., 2022. Design and cyclic behavior of a
bidirectional double-hinge steel column base.
Structures, 43, pp. 1573-1591.

DOI: 10.1016/j.istruc.2022.07.052.

30.He, X., Ke, K., Guo, L., Yam, M.C.H. and Wang, Z.,
2021. A replaceable fuse steel-concrete composite
connection: Force transfer mechanism and design
considerations. Journal of Constructional Steel
Research, 183, pp. 106760.

DOI: 10.1016/j.jcsr.2021.106760.

31.AISC 341, 2016. Seismic provisions for structural steel
buildings, ANSI/AISC. American Institute of Steel
Construction. Chicago, IL.

32.ASCE 41, 2017. Seismic evaluation and retrofit of
existing buildings, Standard ASCE/SEI 41-17.
American society of civil Engineers, pp. 623.

33.AISC 360, 2016. Specification for structural steel
buildings (ANSI/AISC 360-16). American Institute of
Steel Construction, Chicago, IL.



https://doi.org/10.1016/j.jcsr.2021.106547.
https://doi.org/10.1016/j.istruc.2023.105705.
https://doi.org/10.1016/j.jcsr.2024.108801.
https://doi.org/10.1016/j.tws.2022.110113.
https://doi.org/10.3390/ma16041581.
https://doi.org/10.53063/synsint.2023.34179.
https://doi.org/10.1007/s12008-024-01839-6.
https://doi.org/10.1016/j.istruc.2022.07.052.
https://doi.org/10.1016/j.jcsr.2021.106760.




Sharif Civil Engineering Journal (2026), 42(1), 45-57

Sharif University of Technology
Sharif Civil Engineering Journal

https://sjce.journals.sharif.edu

Research Article

Development of a Hybrid Machine Learning-Based Framework for Monitoring and
Predicting Odor Pollution in Urban Surface Water Canals: A Case Study of the
Ghiyasvand Canal, Tehran

Ammar Safaie*, Mohammad Khanjani, Zahra Karimi Shavaki, Alireza Hadian, Amirhossein Haddadi, Hediye
Rahmani’

Department of Civil Engineering, Sharif University of Technology.
* corresponding author:(asafaie.sharif.edu)

Article Info Abstract
Unpleasant odors emitted from urban surface-runoff canals pose a significant environmental
Article history: and public health challenge in large cities such as Tehran. These odors, primarily caused by
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introduces a practical framework for monitoring, quantifying, and predicting odor intensity in

urban surface water canals. The proposed framework was implemented and evaluated in a pilot
project along the Ghiyasvand Canal in Tehran. Weekly field sampling was carried out at ten
critical locations over a ten-week period, during which key water-quality parameters
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Unpleasant odor, (DO), and water temperature) and meteorological variables (such as air temperature, wind
urban surface water canals, speed, and relative humidity) were collected. In addition, odor intensity was measured with a
water quality, portable odor meter. Pearson, Spearman, and Kendall correlation analyses, along with a
random forest algorithm. random forest regression model, were employed to examine and predict the relationships
between physicochemical and atmospheric variables and odor intensity. Correlation analyses
indicated that water temperature, electrical conductivity, and air temperature were positively
correlated with odor intensity, whereas DO showed a negative correlation, indicating its critical
role in odor suppression. The developed model performed well in predicting odor intensity,
achieving an accuracy of 83% for both training and testing data. This study demonstrates the
potential of integrated field monitoring and machine learning approaches to support practical
odor management in urban water systems, leading to improved environmental quality and
public well-being. While the framework was applied to a specific case in Tehran, the results
and approach are broadly applicable to similar urban settings facing odor-related challenges.
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Variables Unit Notation Min Avg Max
Electrical Conductivity uS/cm EC 774 854 950
Total Dissolved Solids mg/L TDS 550 606 674
Salinity PPT S 0.39 0.43 0.47
Water Temperature °C Tw 15.6 19.1 23.2
Dissolved Oxygen mg/L DO 1.56 5.37 8.80
pH - pH 7.67 8.36 8.83
Relative Humidity % RH 9.9 28.75 62.0
Air Temperature °C Tair 10.0 20.3 34.0
Wind Velocity m/s Wind 0 1.61 4.0
Odor Intensity - Oder 0 2.1 6.1
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Model Feature Combinations RMSE Metric R2 Metric

Test Train Test Train
1 EC,T ,DO,JD, T, ,RH 0.841 0.651 0.631 0.798
2 pH, DO, JD, Wind,T_,RH 0.747 0.677 0.710 0.782
3 JD,T_ , pHXJID, pHXT ., DOXID 0.671 0.505 0.765 0.878
4 pH, DO,T_,RH 0.635 0.472 0.790 0.894
5 DO, JD,T_,RH 0.759 0.601 0.700 0.828
6 JD,T, , DOXJD, JDXT _ , JDXRH 0.698 0.617 0.746 0.819
7 DO, D, Wind,T_,RH 0.709 0.685 0.738 0.776
8 JD,T, , DOXJID, JDXWind, JDxRH 0.581 0.589 0.824 0.835
9 T ,pH,DO,JD,Wind,T, ,RH 0.845 0.785 0.628 0.707
10 pH,DO,D,T_,RH 0.691 0.568 0.751 0.846

et Jodoay Of slod g I sled talS @ azgs b ooy L5 L o) o
ol @Bl alS gy s ¢ uad

i (sl it calte slacaS 5 b Sl pslaieny 0l (sealllan o
oS 5 i, oSl 5 eoliinl b gy ol (g5l Joe cBs o wliilen g
5 S slepsie 5l oslite slagagys b gladae (Solai S
5,8Los i 3l oS 5 Al 355 Laseiio b el o il wlislgn
s GaSd jleolitul b alive 9,59, (ol 0,1 (cie 0 e
ol S syl ool g el sty sl ANND egias
o Ml ool saias gloails )l s pH 3 DO BOD :wile
ool g 1y 4 oy RMSE g R Lulil a8 ol Joe ¥ Jgox
o gaunlio wload al)l wilazsls be sl )by oS 5 5 (g3lwdinge
2 e F I 5 (oogys slamiie oS5 a5 s Gl Galine
5 0,5 a8lal oS 5 5l By el azils Solay S Jaw o Sles
Sl 00 W 285 b ol o 55 IS s Lo e o 58,505,
FoJse yo aslaslb Lol glasie A g Y sl Jue Je gy
(o Cagby Slo ke )3 59, o led it ool il e it
Sl 1y Joe o Slas a5 il ol 95294y Joloeo y5unST g don glao
Lol el g oy odijlois o los slo e Joli A Jow .aslesls
e S8 o Vb (e Zugb) 5 ol Sy ol ()5S (sl e
5 +IAYD ij9el slaosls sl ssslcawsas RMSE g RT laie .ol oas
el 0395 JOAY g SIAYE L plp oS 5 a0 g5l slaosls sl g < /OAQ
2 Vb oy lads & oadosls drwgs Jow a5 wies o lis S gl
Sy el proxs CoblB aslhy conl asils ‘5‘;'3)'3,41 sools b Gy
(ol asein ¥ gz j0 a5 jeblen o by 35 oasol Ll sy o i
sbs 05051 5 3 (5o oo Cusho, wiiie slaJoo sa0p 5o
3 3l e dw Cawal [KLaS S ciloads oolatul (639,9 yiie lgied
21 5es se)led &5 aladse (aizen ool gorlacl (60 Dad (i
ol a8L sl o a4 Cans gy 0 ,Sas Ygaso wilaiily &5 Sy
2 3 gghael g 5ep 5o (Sloy Wy, e I plas &S eslasals

ol slod Slpuis s Sjleds (VY JIS s g /TP oyl
RO IPCE I W [ P SC RO | P WP PRSICH [OOSR
Ol g 009 guned (Y2 YY) o Ka 5 "M g0, K0 Slalllas ol b sl ol
il B,k 5l 1) bg slaaaS 5 jLal Wl oo Los il 331 a5 el wals
Jsb 35 58 ot sy Mol g s 55 (agySen ol
Sk, e (6130008 gl 9, 5 Canl aBls 2ul33l Xg, (6l ool
0y 180 3l o 1 525 02 35, (510 00l g 53 5 )+ Jolaa gr
ol JIaiS 5 eyl (gmym o ses] 5l ssslainsdy mls ol
Wl 352y (hend sie (Ko 53 DA g (o Cagh ) G 4SS 0
SRV W) XV SRR AY JEUNUIN VIR SRS ST
wsls el hled ¢ Sad oo Sagby RIBIL GRS S )lea (
JIREPCN PYVE B ERERP W CHPRD WA RSV R
il 1) 055 ok (p fiaS o5l pools 55 sl o Sl o Jslome (S
3 9 Lo 2ol b g ,05a ol o s MOILV/OF L Jolao (s,lade 4
I Gl omnd Hobdy Joloee 5ensS] jlaie eVl o la Swiyb il
skl o MG/L AA L Joles o1 Jlaie cp YL a5 (5 5bas .conl 03,5
gy By ge5] s .l oy o a0 LSTA L LTYD jo (gls peols
S g Db g Jelre (FenST (o oS aims oo (LaS SIS g (e ]
ol pd =t IV g 00 p2) 310 092y hend (ke (Saen
ST a5l a5 Celine (gl s asets ol (=2 VY IS oo b g o=+ /VA
Ol 55t Ll il olen o ol o oS 2alS bl (See Jolore
Oy Dlalllae gloadly b e (San (ol ool Ctpnd (o O 500
HeS jlasl (al33 L DO ol mobaw a5 ams oo olis 5 coul 5l
b ol o gsidali s ol Jelse 5l (S oS ol 00gy ol a0
53 pdlie Sl ey b L 5 asls DMsgs e Cgasme onyll
sl 009 YV 2zl ool S0l .l 00, ld 4 PV B+ (g00900
bl lages] b ol o B Lugie secacl 5oy &0y a5
gabl; i oad 5 (D) golopesls 55, ojlads (o oS R (LS
sl a5 psbolen %08 plotr )0 S92y awgte shie (Suen

19 Pjccardo
Y



OlSen 5 plioles 53,50 Gasllhae 15 0 (v ST G JU )3 gondasl 630 (St 3 Gl lp oedle 250k 2 e (oS S sl Sy Ay

e Joe 3o (Solai JSoo vy 95 Gaimte o yolyb ¥ Jguer

L Max Min Samples Min Samples Max  Number of Trees
Model Bootstra Criterion . .
P Features Leaf Split Depth (n_estimators)
1 True Squared error Sart 1 4 14 8
2 True Squared error Sqrt 1 2 14 4
3 False Squared error Sqrt 2 2 14 12
4 False Absolute error Sgrt 1 4 8 8
5 False Squared error Sqrt 1 6 8 16
6 False Absolute error Sqrt 2 2 8 12
7 False Squared error Sart 2 6 8 12
8 False Absolute error Sqrt 2 2 8 20
9 True Squared error Sgrt 2 6 14 12
10 False Squared error Sgrt 2 2 14 4
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In this study, a novel semi-rigid connection with a Controlled Damage Position (CCDP)
is introduced for cold-formed steel (CFS) frames, and its structural performance is
thoroughly evaluated through both finite element (FE) modeling and experimental tests.
The connection is specifically designed to incorporate a flexural fuse at the beam-to-
column joint, thereby effectively relocating damage concentration away from the column
and directing it toward a predefined region intended for controlled localized yielding.
The proposed connection was fabricated using galvanized steel plates, which were
carefully cut and bent to thicknesses of 1-, 2-, and 3-mm. Comparative results between
FE simulations and experimental tests demonstrated excellent agreement, with the
maximum deviation being less than 9%, confirming the reliability of the FE modeling
approach. A detailed parametric investigation was conducted to assess the influence of
key geometric parameters, including plate thickness, inclination angle of the connecting
components, length of the control segment, and the size of flange stiffeners. The results
indicated that increasing plate thickness significantly enhanced both the flexural strength
and the initial stiffness of the connection. Furthermore, the parametric analysis revealed
that extending the control segment length increased the flexural capacity by up to 18%
and the initial stiffness by up to 12%, whereas removal of this segment prevented the
proper localization of the plastic hinge. Increasing the inclination angle of the sloped
component improved flexural capacity by approximately 13%, while enlarging the flange
stiffener length enhanced the flexural resistance by up to 35%, although excessive
stiffening could potentially increase the likelihood of local buckling in the beam. Among
all the studied configurations, the specimen with 2-mm plates and a 70-mm control
segment exhibited the highest moment capacity and initial stiffness. Moreover, the
obtained moment-rotation curves confirmed that the CCDP connection provided reliable
semi-rigid behavior and effectively controlled buckling within the designated fuse
region; in most specimens, no local buckling was observed in either the beam or the
column up to a rotation of 0.07 radians.
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The measurement of failure characteristics in the semi-circular bending (SCB) test of
asphalt mixtures has significantly expanded over the last decade, with laboratory study
results being published in numerous studies. The purpose of this article is to develop
neural network models to predict the fracture energy and fracture toughness of asphalt
mixtures based on data mining principles. For this purpose, 3290 data points from SCB
fracture test results of asphalt samples were collected from 102 credible articles. Out of
these, 1627 data points are used to predict fracture energy and 1663 data points are used
to predict fracture toughness.

The input layer of the neural networks includes data collected on fracture mode, loading
rate, test temperature, sample thickness, notch dimension, presence of modifier, maximum
nominal aggregate size, air void percentage, binder percentage, aging, and binder type of
asphalt mixtures. The output layer generates fracture energy and fracture toughness for
each assumed input. The results show that the constructed neural network models can
predict fracture energy with 75% accuracy and fracture toughness with 70% accuracy.
The sensitivity analysis reveals that the loading rate, test temperature, air void percentage,
and binder percentage are the most influential characteristics on the prediction models'
results. The integration of data mining principles and neural network algorithms enhances
the prediction accuracy of asphalt mixture properties, which can aid in designing more
durable pavement materials.

The accuracy of the models was validated using metrics such as Root Mean Squared Error
(RMSE) and Mean Squared Error (MSE), with RMSE values of 0.727 for fracture energy
and 0.170 for fracture toughness. The regression analysis between actual and predicted
values showed R? values of 0.75 for fracture energy and 0.70 for fracture toughness,
indicating robust model performance.

In conclusion, the neural network models based on collected SCB test data exhibit
acceptable performance in predicting the fracture energy and toughness of asphalt
mixtures. The study's findings highlight the importance of considering key input variables
such as air void percentage, binder percentage, test temperature, and loading rate in
developing reliable predictive models for asphalt mixture behavior.
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Characteristic Fracture Fracture
energy toughness
Loading 0.03-50.8 0.018 -50.8
rate(mm/min)
Sample 25-75 4-70
thickness(mm)
Notch 0-50 2-30
dimension(mm)
NMAS(mm) 475-25.4 475-25.4
air void percentage 3-11 3-11
Aging 0-2 0-2
Test temperature(C*) -33-44 -33-44
High binder 64 - 82 28-70
temperature
Low binder -34 - -16 -64 - -16
temperature
Binder percentage 1.5-88 3.6-838
Fracture (KJ/m?) 0.042 - 8.92
energy
Fracture toughness 0.06 —2.49
(MPa.m0®%)
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Determining the
research method

3

Data collection

Classification and
ordering of data

Data processing for predicting
toughness and fracture energy

l

Building neural network models to
predict fracture energy and fracture
toughness
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Input characteristics:
Loading rate (mm/min)
Sample thickness(mm)
Notch dimension(mm)

Presence of additive
Nominal maximum aggregate size (mm)
Binder percentage
airvoid percentage
Aging conditions

Test temperature(C”)
High binder temperatur
Low binder temperatur

Fracture mode

' Input [(0, 11)]
Input layer Output [(0, 11)]
- N Input [0, 11)]
Hidden layer Output 1(0, 512))
' Input [0, 512)]

Output layer Output 10, )]
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Mean Root
Coefficient of mean -
d o square Characteristics
etermination square
2 error of fracture
(R?» (MSE) error
(RMSE)
Fracture energy
0.75 0.529 | 0.727 KIm?)
Fracture
0.70 0.032 | 0.170 toughness
(MPa.m0?%)
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Project success in the construction industry refers to the achievement of predetermined
goals for the project and the organization within specified time and cost constraints, along
with the quality expected by the client. In this context, Iraq, as a developing country, faces
numerous challenges regarding project failures. A more detailed examination of the
reasons behind these issues could be beneficial for stakeholders in Iran's construction
industry, especially since Iraq is currently one of Iran's largest trading partners.
Understanding the factors contributing to the success of construction projects in Iraq can
serve as a valuable guide for those involved in exporting technical services to this country.
In this study, the factors influencing the success of construction projects in Iraq were
identified through two sources: reputable scientific articles and interviews with 40 expert
professionals. After prioritizing these factors, six final elements were identified, including
the financial capability of the contracting company, support from senior management,
utilization of consulting firms, evaluation and selection of the best contracting company,
use of turnkey contracts, and coordination among various project sectors. Among these
factors, three, namely the financial capability of the contracting company, support from
senior management, and evaluation and selection of the best company, were presented
quantitatively, while the other factors were presented qualitatively. In this research, school
construction projects in Wasat province were selected as a case study, and 32 projects
were analyzed to assess the impact of these six factors. Given that the projects had similar
dimensions, construction methods, and costs, time delay was used as a key parameter to
determine project success or failure. Based on this criterion, 17 projects were identified
as successful and 15 as unsuccessful. Ultimately, a significant relationship was found
among all identified success factors in these projects, and recommendations were
provided for achieving success in similar projects.
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Extracting 63 Project
Success

tors from
literature review

Selecting factors Selecting factors using Selecting factors
using the 3rd the 2nd method using the Ist
method method

T

Selecting 13 factors based
on the combined results of
the 3 methods

Distributing the 13 factors to Identifying 20 new
experts (for evaluation) factors based on

expert opinions

. '

Selecting 5 factors based on W ‘ Distributing the 20

-/

expert opinions factors to experts

Obtaining a total of 10 Selecting 5 factors
combined factors based on expert

Distributing the 10 factors to
experts

Project Success

Selecting 6 Critical Factors on ’
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Row Success Factors Frequency | Row Success Factors Frequency
1 Senior Management Support 35 33 Success in Market and Sales 6
2 Communication 32 34 Profit Margin in Jobs and Contracts 6
3 Availability of Reqmrgd Technology and 30 35 Use of Software Programs 6

Expertise
4 Client Acceptance or Satisfaction 28 36 Management anq Mon_ltormg of Cash 6
Flow in Projects
5 Competition anq Project Team 26 37 Project Volume 6
Capabilities
6 Clear and Specific Project Objectives 20 38 Contractor Company Policies 5

(Financial, HR, Safety, etc.)

Supervision and Timely Feedback with
7 Comprehensive Control at Each 20 39 Constructive Conflict Resolution 5
Implementation Stage
Precise Specifications for Project

8 - 18 40 Market Selection 5
Execution Stages
9 Capability to Manage Unexpected Crises 15 41 Country’s Economic Conditions 5
10 Quality Control 14 42 Time Forecasting 5
11 Commitment to zl::trrlg;g and Execution 14 43 Change Management 5
12 Realistic Objective 13 44 Adherence to Budget 4
13 Risk Management 12 45 Safety 4
Recruitment, Selection, and Training of . . .
14 Project Team Personnel 12 46 Alignment with Expectations 4
15 Cost 12 47 Proper Equipment Maintenance 4
16 Organization and Planning 12 48 Education Level of the Project Team 3
Brand Image or Project Reputation in
1 Financial Markets 1 49 Honesty 3
18 Motivation 1 50 Pr_o;ec_t Returq on Investmenf[ 3
Considering Environmental Indices
Stakeholder Participation (Local
19 Political Connections 11 51 Community, Employers, Contractors, 3
etc.)
20 Proper Understanding of Employee 1 52 Weather 5
Needs

21 Effective Communication 10 53 Having a Website

22 Learning from Mistakes 10 54 Proper Stakeholder Notification

23 Availability of Sufficient Resources for 9 55 Timely Invoice Payments 5

Project Execution

Low Interest Rates in Economy
24 Various Project Leadership Styles 9 56 (Reducing Borrowing Costs and 2
Increasing Project Appeal)

25 Coordination 9 57 Identifying General Needs 2
. . Suitable Sales Offices (Enhancing
26 Team Spirit anfj Expg rience of the 8 58 Marketing, Attracting Clients, and 2
Contractor’s Project Team -
Increasing Sales)
27 Measurable Project Objectives 8 59 Innovative Products 2
28 Mutual Trust 8 60 Fair Pricing 2
29 Business Management 8 61 Sustainability 2
. Maintenance and Preservation of
30 Project Delays 8 62 Project’s Positive Record !
Type of Contract Agreed Between . .
31 Parties (e.g., Employer and Contractor) ! 63 Electronic Marketing !
32 Control of Subcontractors’ Performance 7
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Row Project Success Factors Frequency | Row Project Success Factors Frequency
1 Senior Management Support 27 8 Quality Control 14
Supervision and Timely . .
2 Feedback with Comprehensive 21 9 CommltmenF to Planning and 14
- . Execution Control
Project Control Information
Capability to Manage Recruitment and Training of
3 . 19 10 . 13
Unexpected Crises Project Personnel
Client Acceptance or
4 Detailed Project Planning 18 11 Satisfaction with the Final 12
Project
5 Communicat-ion 17 12 Recognizing Risk in Large 11
Tenders
6 Availability of Required 15 13 Clear Project Mission and 5
Technology and Expertise Objectives
Competition and Project Team
7 . 14
Capabilities
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Row Success Factors Frequency | Row Success Factors Frequency
1 Prior Coordination Among All Project Sectors 19 11 Facilitating the Approval Process 10
for Changes in Project Activity
Quantities
2 Financial Capability of Contractor Companies 17 12 Ensuring Project Security 9
3 Contractor Evaluation 14 13 Controlling Administrative and 9
Financial Corruption in the Project
4 Use of Turnkey Contracts 14 14 Emphasis on Providing Similar 9
Services for the Project by the
Investor
5 Use of Executive Consulting Firms 13 15 Necessity of Utilizing Services 8
from Specialized and Experienced
Companies in the Project
6 Project Management and Planning Without 13 16 Suitable Legal Environment for 6
Political Influence Executing All Project Stages
7 Absence of Disputes or Chaos Across the 13 17 Increasing the Contractor’s 6
Project Geography and Surrounding Advance Payment Ratio for the
Residential Areas Project
8 Project Safety and Lack of Risk of Physical 11 18 Ensuring No Interference from 5
Incidents or Casualties Local Governments in the
Technical Aspects of the Project
9 Conducting Economic and Operational 10 19 Ensuring Investment Security 2
Feasibility Assessments of the Project Based
on Scientific and Professional Principles
Without Political Influence
10 | Continuity in Contractor Funding and Timely 10 20 Transparency and Clarity in 2
Payment of Incurred Costs Transactions
1SS 032 s b g ylidhgs 9 (oLl I8 15 31 0393 Caridgo Jolge) (o2l gulis -0 Jgu
Row Project Success Factors Frequency Row Project Success Factors Frequency
1 Financial Capability of the 28 6 Prior Coordination Among 21
Contractor Company All Project Sectors
2 Senior Management 27 7 Communicat-ion 16

Support

Supervision and Timely
Feedback with
Comprehensive Project
Control Information
Capability to Manage
Unexpected Crises

Use of Executive
Consulting Firms

4 Contractor Evaluation 23 9 14

5 Use of Turnkey Contracts 22 10

Detailed Project Planning 10
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Collaborating Engineers
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Relationship Between Use of Executive Consulting Firms and Project Success
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Relationship Between Occurrence of Issues with Neighbors and Project Success
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Row Success Factors Description
Active support from senior organizational or client management through resource
1 Senior Management Support allocation, quick decision-making, continuous oversight, and periodic visits to
resolve obstacles and accelerate project progress.
Establishing effective communication channels among project stakeholders
2 Communication (client, contractor, consultants) to exchange information, reduce
misunderstandings, and improve coordination during project execution.
3 Availability of Required Technology =~ Access to advanced technologies and necessary technical expertise for project
and Expertise execution, which directly impacts quality and speed of work.
. - - The extent of client or customer satisfaction with project outcomes, typically
4 Client Acceptance or Satisfaction measured based on meeting quality, time, and budget expectations.
5 Competition and Project Team The ability of the project team to compete with others through technical skills,
Capabilities experience, and efficiency, contributing to improved project performance.
6 Clear and Specific Project Objectives De_fmmg precise, understandable, and measurable project goals that serve as a
guide for all stakeholders.
Supervision and Timely Feedback with . - . .
7 Comprehensive Control at Each Con_tlr}uous monitoring of project progress and timely feedback to correct
; deviations and ensure proper execution at every stage.
Implementation Stage
8 Precise Specifications for Project Detailed definition of activities, timelines, and resources required for each project
Execution Stages stage to reduce ambiguities and improve management.
9 Capability to Manage Unexpected The ability of the project team to identify, analyze, and manage unforeseen issues
Crises to prevent negative impacts on the project.
10 Quality Control Implementmg supervisory processes to ensure (_:ompllance with quality standards
across all project stages, from design to execution.
Commitment to Planning and Adherence to detailed planning and regular execution controls to ensure project
11 - - .
Execution Control goals are met within the set time and budget.
12 Realistic Objective Settlr)g goals tha_t are acr_ue_vable given the project’s resources, timeline, and
conditions to avoid unrealistic expectations.
13 Risk Management !dentlfylng,_ assessing, and co_ntrolllng potential project risks to minimize their
impact on time, cost, and quality.
14 Recruitment, Selection, and Training  Selecting qualified individuals, training them, and forming a team with the
of Project Team Personnel necessary skills for effective project execution.
Precise management of project costs to ensure alignment with the set budget and
15 Cost . .
prevent financial shortfalls.
16 Organization and Planning Properly structuring project activities and resources and developing a
comprehensive plan to guide execution.
17 Brand Image or Project Reputation in ~ The positive reputation of the project or executing company in the market, which
Financial Markets can facilitate investment attraction and stakeholder trust.
—_— Creating motivation among project team members through rewards, a positive
18 Motivation . Al
work environment, and shared goals to enhance productivity.
19 Political Connections Leveraglng_polltlcal relationships to facilitate legal processes, obtain permits, and
remove project obstacles.
20 Proper Understanding of Employee Recognizing the professional and personal needs of employees to improve their

Needs

performance and satisfaction in the project.
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Row Success Factors Description
. L Establishing transparent and efficient communication among all stakeholders to
21 Effective Communication Sn .
enhance coordination and reduce conflicts.
29 Learning from Mistakes Using past experiences a_nd analyzing mistakes to improve processes and
decision-making in the project.
23 Availability of Sufficient Resources for  Ensuring the availability of financial, human, and material resources needed for
Project Execution uninterrupted project execution.
24 Various Project Leadership Styles Applylng appro_prlate leadership styles (e.g., transformational or participatory)
to guide the project team.
25 Coordination Creatlr!g_ harmony among different pr_olect sections (e.g., design, execution,
supervision) to reduce delays and conflicts.
2 Team Spirit and Experience of the The positive morale and sufficient experience of the contractor’s team members,
Contractor’s Project Team aiding in performance improvement and issue resolution.
27 Measurable Project Objectives Defining gogls that can be assessed using quantitative and qualitative metrics to
evaluate project progress.
28 Mutual Trust Bun_dmg trust among project stakeholders to enhance collaboration and reduce
tensions.
29 Business Management Applymg business management principles to optimize resources, processes, and
project outcomes.
30 Project Delays Managing and minimizing time delays in project execution to ensure timely
delivery.
31 Type of Contract Agreed Between Selecting an appropriate contract type (e.g., turnkey or traditional) that influences
Parties the responsibilities and risks of the parties.
3 Control of Subcontractors’ Monitoring the performance of subcontractors to ensure quality and progress in
Performance their work.
33 Success in Market and Sales Achlevmg positive market results through the sale of services or products related
to the project.
34 Profit Margin in Jobs and Contracts Maln_taml_n_g a suitable profit margin in project contracts to ensure financial
sustainability.
35 Use of Software Programs Ut||_|Z|ng project management software for planning, monitoring, and analyzing
project data.
36 Management anc_i Mon_ltorlng of Cash Controlling cash flow to ensure timely funding and prevent financial issues.
Flow in Projects
37 Project Volume The scale and size of the project, which affects its complexity, resource needs,
and management.
38 Contractor Company Policies Inter_nal company policies in areas such as finance, human resources, safety, etc.,
that impact project performance.
39 Constructive Conflict Resolution Mapagmg conflicts among stakeholders in a way that leads to collaboration and
project progress.
40 Market Selection Choosmg_ a suitable target market for the project to increase demand and
commercial success.
M Country’s Economic Conditions The impact o_f macroeconomic factors like inflation, exchange rates, and
financial policies on the project.
42 Time Forecasting The ability to accurately predict project timelines to prevent delays.
43 Change Management g/lc)Z?:gmg changes in project scope, resources, or schedule to maintain original
44 Adherence to Budaet Executina the proiect within the allocated budaet to avoid financial shortfalls.
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Row Success Factors Description
45 Safety Adhermg to safety standards in the project to protect workers and reduce
incidents.
46 Alignment with Expectations Me_etlng_ stakeholder expectations (e.g., quality, time, cost) to gain their
satisfaction.
47 Proper Equipment Maintenance Reqular maintenance of equipment and machinery to prevent breakdowns and
project delays.
48 Education Level of the Project Team The_ qcademlc_ educatl_on and knowledge level of the project team, influencing
decision-making quality.
49 Honesty Uphqldmg ethical principles and transparency in interactions with stakeholders
to build trust.
Project Return on Investment Achieving financial returns from the project while adhering to environmental
50 et . h 2
Considering Environmental Indices and sustainability standards.
Stakeh_older Participation (Local Active collaboration of all stakeholders to achieve project goals and reduce
51 Community, Employers, Contractors, .
conflicts.
etc.)
52 Weather The impact of V\{eather conditions on project progress, especially for outdoor
construction projects.
53 Having a Website Creating a website for the project to provide information, marketing, and
stakeholder engagement.
R Providing timely and accurate information to stakeholders to increase
54 Proper Stakeholder Notification transparency and trust.
55 Timely Invoice Payments Settling invoices on time to maintain cash flow and good relationships with
contractors.
56 Low Interest Rates in Economy Reducing borrOV\_/lng costs due to low interest rates, increasing the financial
appeal of the project.
57 Identifying General Needs Recognlzmg_ and addressing the needs of the community and stakeholders to
enhance project acceptance.
58 Suitable Sales Offices !Establlshmg effectlv_e sales c_)fflces to enhance marketing, attract clients, and
increase sales of project services.
59 Innovative Products Offering creative products or services in the project to gain a competitive
advantage.
60 Fair Pricing Setting fair prices for project services or products to satisfy clients.
61 Sustainability Adherlng to sustalr_lablllty principles in the project, covering environmental,
social, and economic aspects.
62 Maintenance and Preservation of Maintaining the project’s positive reputation through successful execution and
Project’s Positive Record timely delivery.
63 Electronic Marketing Using digital and online tools to promote and market the project.
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Row

Success Factors

Description

10

11

12

13

14

15

16

17

18

19

20

Prior Coordination Among All Project Sectors

Financial Capability of Contractor Companies

Contractor Evaluation

Use of Turnkey Contracts

Use of Executive Consulting Firms

Project Management and Planning Without Political
Influence

Absence of Disputes or Chaos Across the Project
Geography and Surrounding Residential Areas

Project Safety and Lack of Risk of Physical Incidents
or Casualties

Conducting Economic and Operational Feasibility
Assessments Based on Scientific and Professional
Principles Without Political Influence

Continuity in Contractor Funding and Timely Payment
of Incurred Costs

Facilitating the Approval Process for Changes in
Project Activity Quantities

Ensuring Project Security

Controlling Administrative and Financial Corruption
in the Project

Emphasis on Providing Similar Services for the
Project by the Investor

Necessity of Utilizing Services from Specialized and
Experienced Companies in the Project

Suitable Legal Environment for Executing All Project
Stages

Increasing the Contractor’s Advance Payment Ratio
for the Project

Ensuring No Interference from Local Governments in
the Technical Aspects of the Project

Ensuring Investment Security

Transparency and Clarity in Transactions

Establishing effective communication and coordination among all project
stakeholders (client, contractor, consultants, and external entities like
neighbors or urban organizations) before and during execution to prevent
issues, conflicts, and delays.

The financial capacity of the contractor to secure necessary resources,
equipment, and machinery for the project, including managing cash flow,
covering operational costs, and funding initial investments.

The process of reviewing and selecting a contractor based on criteria such
as similar work experience, project team size, and technical and managerial
competencies to ensure the selection of a suitable contractor.

A contractual system where the contractor takes full responsibility for
design, material procurement, and project execution, aiming to reduce client
involvement and expedite implementation.

Leveraging specialized consulting firms during the project execution phase
to provide technical solutions, risk management, and quality oversight.

Managing and planning the project based on professional and scientific
principles, free from political influences that might divert it from its goals.

Preventing disputes or disruptions in the project area and surrounding
regions, particularly with external stakeholders like local residents, to avoid
delays and execution issues.

Adhering to safety standards in the project to minimize the risk of physical
incidents, injuries to workers, or fatalities, thereby supporting project
progress.

Conducting thorough economic and operational feasibility assessments
using scientific methods, free from political influences, to ensure the
project’s viability and success.

Providing continuous financial support and timely payments to contractors
to prevent interruptions in project execution and maintain cash flow.

Establishing simple and swift processes for reviewing and approving
changes in the project plan, such as adjustments to activity quantities, to
ensure flexibility in project management.

Guaranteeing the physical and operational security of the project against
external threats like theft, vandalism, or regional unrest to maintain
progress.

Implementing oversight measures to prevent administrative and financial
corruption, such as bribery or misuse of resources, to maintain transparency
and efficiency.

Ensuring that the investor has experience in providing similar services in
previous projects, which reduces risk and increases trust.

Engaging specialized and experienced contractor or consulting firms to
enhance the quality and efficiency of project execution.

Having a clear and supportive legal framework to facilitate processes like
obtaining permits, contracts, and project execution without legal obstacles.

Increasing the advance payment to the contractor to provide initial liquidity
and reduce financial pressure in the early project stages.

Preventing unnecessary interference by local authorities in the project’s
technical decisions to maintain independence and efficiency in execution.

Creating conditions where investment in the project is financially and
legally secure to attract investors and reduce financial risks.

Adhering to principles of transparency in contracts, payments, and financial
interactions to build stakeholder trust and reduce disputes.
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The stability index, defined as the ratio of moments caused by secondary P-Delta effects
to those resulting from design story shear forces, serves as a critical parameter in assessing
structural behavior. These P-Delta effects, arising from the interaction between axial loads
and lateral displacements, can significantly influence the overall structural response.
While current design codes primarily provide static relationships for calculating the
stability index - typically developed for lateral loads such as wind - this study adopts an
innovative approach by investigating the stability index from both dynamic and nonlinear
static perspectives. To obtain reliable results, three reference structures with varying
heights (3-, 9-, and 20-story buildings) were analyzed using two advanced analytical
methods: Incremental Dynamic Analysis (IDA) and Nonlinear Static Analysis. The
research findings reveal that for low-rise buildings, when inelastic deformations are
considered, static stability index values closely approximate their dynamic counterparts.
However, for medium- and high-rise structures, significant discrepancies emerge between
results obtained from the two methods. A key finding demonstrates that the dynamically
computed stability index exceeds code-specified threshold values (0.1 and 0.25) for all
cases except those with low acceleration levels (below 0.2g). The study further establishes
that dynamic stability index values differ substantially from those recommended in
current design codes. These results suggest that traditional stability assessment methods
may prove non-conservative for tall structures subjected to severe dynamic effects.
Significant influence of building height on the relationship between static and dynamic
stability indices. Critical importance of considering nonlinear effects in stability
calculations for tall structures. Necessity for developing new relationships that properly
incorporate dynamic effects in stability index computation. These findings provide a solid
foundation for updating structural design codes and developing more precise analytical
methods. Future studies should investigate a broader range of structures with various
lateral load-resisting systems to establish more comprehensive relationships for stability
index calculation. Implementation of height-dependent correction factors in stability
evaluation. Development of dynamic amplification coefficients for P-Delta effects.
Inclusion of higher-mode effects in stability assessments for tall buildings. Consideration
of material nonlinearity and geometric imperfections in analytical models. The study's
outcomes emphasize the need for code revisions to address stability concerns in modern
tall building designs, particularly in seismic-prone regions. The proposed methodology
offers a more realistic assessment of structural stability under extreme loading conditions.
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Erthquake Station Magnitude R(km) PGA(Q) PGV(cm/s)
Northridge Canyon Country-WLC 6.7 12.4 0.48 45
Duzce, Turkey Bolu 7.1 12.0 0.82 62
Kobe, Japan Nishi-Akashi 6.9 7.1 0.51 37
Kobe, Japan Shin-Osaka 6.9 19.2 0.24 38
Landers Yermo Fire Statio 7.3 23.6 0.24 52
Hector Mine Hector 7.1 11.7 0.34 42
Imperial Vally Delta 6.5 22.0 0.35 33
SanFernando LA-Hollywood Sto 6.6 22.8 0.21 19
Landers Cool water 7.3 19.7 0.42 42
Kocaeli, Turkey Arcelik 75 154 0.36 59

o) Jime) s S hg Vg
Distance R R>10km
Large Magnitude Events M>6.5

Strong Ground Shaking

PGA > 0.2g /PGV > 15 cm/sec

Site Conditions

Rock

or Stiff Soil Sites, Vs > 180 m/s

Record Quality

Lowest Useable Frequency < 0.25 Hz

s 90 S ojlw glid 090 .Y Jaua

Frames 3St 9St 20St
Ta(1)study 1.01 2.26 3.86
Ta(1)Rreference 1.03 2.34 3.98
Ta(2)study 0.33 0.84 1.30
Ta(2)Rreference 0.36 0.87 1.35
Ta(3)study 0.17 0.49 0.78
Ta(3)Rreference 0.19 0.53 0.81
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Zone 1 2A 2B 3 4 2800

PGA 0.075 0.15 0.2 0.3 0.4 0.3
Elastic deformation (3st) 0.021 0.022 0.030 0.039 0.035 0.033
Inelastic deformation (3st) 0.080 0.086 0.116 0.127 0.136 0.135
Elastic deformation (9st) 0.042 0.034 0.056 0.059 0.060 0.046
Inelastic deformation (9st) 0.13 0.15 0.21 0.23 0.24 0.19
Elastic deformation(20st) 0.034 0.049 0.055 0.059 0.078 0.064
Inelastic deformation(20st) 0.13 0.19 0.21 0.23 0.30 0.26
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(a) 3- story frame
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(b) 9- story frame
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(c) 20- story frame
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- - - Hecioe-Pushorer
- - - Shin Qsaka-Pushover
Boli Pushorer
DeltaPrshorer
- - -~ Nishi-Aashi Pushaves
---- Landers Pushover
- - Cool waterPuskorer
- -~ San Femando-Pushorer
- - - WLC-Pustaver
- -~ Atcelik Pushorer
—— Nihi-Akanki DA
— Stin Oszka DA
—— Landes DA
WLC-DA
BawDA
San Feranso- DA
DelzDA
Hecoe DA
— AcclicDs
——Coulraer DA
—01
—025
4 Tnelasdc deformation according to sandard 2600
ot g4c® Inclastc deformation according 10 UBC code
‘Hlastic deformation accarding t0 UBC code
Q 4 Flastc deformatien according to standard 2800

(a) 3 -story frame

1

= === Heetoe- Pushaver
=== §hin Osaka Pushover
===~ BolnPmhorer

Conl Water -Pushover
===~ Nishi-Akashi Pushover
= === Landers-Pushover
= === WLC-Pushover
= === Sanferando-Pushover
===~ Arcelic Pushover
= === Delta-Pushover
—— Hector- DA
— Nishi-Alrashi- DA
— Shin-Osaka-DA
—Deita DA
—— Conl water-IDA

PGA

—— el DA
——Dein DA
——Wic-DA
—— Smferando DA

Boln DA
—0l

—02

. i ’ UBC code

4 Inelastic deformation according o standard 2500
Elastic deformation according to UBC code

4 Elastic deformation according to standard 2800

(b) 9 -story frame

13 = ==+ Hector-Pushorver
—- - Shin Osaka pushorer
===« Nishi-Akashi-Pushover
=== Bol-Pushover
- - - - Landers Pusharver
Arcelsk-Pushover
‘San Ferando-Pushover
=== Coal Water-Pushver
===DeltaPushover
=== WLC-Pushover

PGA

®  Inelastic deformation accordingtothe UBC code

4 Tnelaste deformation according f standard 1800
Estc deformation according o UBC code

Q 4 Elastic deformation according t standard 2500

(c) 3-story frame
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(a) 3- story frame
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(c) 20- story frame
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(c) 20- story frame
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#  Deformation Inclastic according in UBC code

A& Inelastic deformation according io standard 2800

' lion Elaslic acconding fo UBC code

A Deformation Flactic according bo standard 2800

(a) 3- story frame

= = oy Pushover

= = o gy Pushover

e 373 1DA

- DA

05 % Deformation Inelastic according to UBC code

A Deformation Inelastic according to standard 2800

*  Deformation Elastic according to UBC code

Deformation Elastic according to standard 2800

(b) 9- story frame

= = emax-Pushover

= = e avg Pushover

— DA
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— 01
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*  Delormation Inelastic according to UBC code

A Deformation Inelastic according to standard 2300

05 0L 015 02 0% 03 03 o4 045 " Deformation Elastic according to UBC code

Deformation Elastic according to standard 2800

(¢) 20- story frame
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Difference . Difference . . Difference
Difference Difference Difference
between between between between between between
Pushover Pushover Pushover
Pushover Pushover Pushover .

PGA Average . Average - maximum

Stability maximum Stability maximum Average Stability

Index and Stability Index Index and Stability Index | Stability Index Index and

IDA (3st) and IDA(3st) IDA (9st) and IDA(9st) and IDA (20st) IDA(20st)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 10.20 9.60 18.50 22.50 8.30 6.55
0.2 9.10 5.60 11.70 23.50 5.00 6.20
0.3 8.25 11.90 15.50 14.50 8.00 15.15
0.4 14.90 14.10 13.20 13.00 12.00 13.30
0.5 8.20 12.30 17.00 15.00 15.00 11.00
0.6 15.20 9.50 -18.00 -16.00 -10.30 -11.50
0.7 5.20 -2.20 -26.60 -10.00 -5.00 -2.00
0.8 5.40 -4.30 -30.80 -13.50 -3.70 -1.00
0.9 -9.70 -15.50 -34.80 -5.50 -2.70 -15.65
1.0 -19.30 -12.30 -33.50 9.20 -4.00 -21.60
11 -22.50 -15.80 -35.10 8.00 -4.00 -18.50
1.2 -26.80 -17.00 -37.20 -5.70 -3.20 -23.40
1.3 -27.80 -20.20 -34.70 -4.50 -5.80 -23.50
1.4 -35.0 -27.60 -40.00 -8.60 -4.00 -14.60
15 -40.70 -30.60 -44.60 -12.50 -3.00 -12.50
1.6 -46.30 -31.00 -45.80 -22.30 -4.00 -12.00
1.7 -50.80 -34.50 -45.30 -22.10 -5.00 -13.50
1.8 -57.30 -37.50 -44.40 -15.15 -3.00 -12.00
1.9 -58.20 -39.00 -40.70 -20.50 -3.00 -5.00
2.0 -55.50 -39.60 -41.00 -21.70 -4.5 -5.00
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This study investigates the bond behavior of braided ropes made from recycled
polyethylene terephthalate (PET) as a potential alternative to conventional steel
reinforcement in fiber-reinforced cementitious composites (FRCC). Pull-out tests were
conducted according to RILEM RC6 standards on FRCC specimens containing different
volume fractions of steel fibers, using steel rebars and PET ropes with equal diameters
(14 mm). The experimental results revealed that the maximum pull-out force was
approximately 30 kN for steel bars and 7.6 kN for PET ropes, indicating a 75% reduction
in bond strength for PET compared to steel. However, the displacement corresponding to
the peak load was about 23.5 mm for PET ropes and only 0.6 mm for steel bars,
representing a 40-fold increase in ductility for PET.

In all experiments, PET ropes failed internally without being pulled out from the matrix,
while steel bars exhibited bond-slip failure.

The inclusion of steel fibers in the matrix significantly enhanced the bond performance,
especially in terms of energy absorption and post-peak ductility.

For instance, in specimens containing 1% steel fibers, the maximum pull-out load of the
PET ropes reached 7.6 KN at a displacement of 9.3 mm, showing a clear improvement
over fiberless samples.

The experimental observations were further analyzed by comparing the bond-slip
responses of PET and steel reinforcements, which demonstrated that PET exhibits a
gradual softening after peak load instead of a brittle bond loss. This characteristic suggests
a more stable and energy-dissipating interfacial mechanism. In addition, the use of
recycled PET not only provides a sustainable and eco-friendly reinforcement option but
also contributes to reducing construction waste and CO- emissions. Such properties make
PET ropes particularly suitable for structures requiring high ductility and seismic
resilience. The findings of this study can serve as a reference for future modeling of PET—
concrete interface behavior and for developing design guidelines for sustainable fiber-
reinforced composites.
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This research explores the compaction behaviour of Iraqi gypsum-sand soils stabilized
with cement and cement kiln dust (CKD) at varying additive percentages (1%, 3%, 5%,
and 7%) under different compaction levels (90% and 95%). Laboratory experiments were
conducted using a modified oedometer to obtain Soil Water Retention Curves (SWRC)
and assess the impact of matric suction on soil compressibility and water retention. The
study reveals that both cement (3%) and CKD (5%) significantly improve the water
retention capacity of the soil, reduce hysteresis effects, and enhance its resistance to
compaction and swelling. These additives positively influence the soil’s water-holding
capacity, thereby improving its performance in both saturated and unsaturated conditions.
The Van Genuchten model was effectively used to describe the SWRC, demonstrating
that cement outperforms CKD in terms of hydraulic behaviour due to the formation of
stronger cementitious bonds, which contribute to better soil structure and stability.
Additionally, the improvement analysis highlights that stabilization at higher compaction
levels (95%) and under conditions of increased matric suction results in greater
effectiveness, with cement-treated soils showing the most significant performance
improvement. This is particularly critical for applications in environments where soil
behaviour under varying moisture content is a key factor. Furthermore, Scanning Electron
Microscope (SEM) analysis confirmed the microstructural enhancements caused by
cement hydration and the pozzolanic reactions of CKD, which help form a more stable
and cohesive structure at the particle level.

The results showed that adding 3% cement and 5% CKD reduced hysteresis and improved
the SWRC curve, especially at 95% density. Also, at 95% density and 60 kPa suction,
cement reached an improvement factor of 83% and CKD reached 33%.

The findings underline the importance of both the type of stabilizing agent and the
compaction level in improving the hydraulic properties and long-term stability of Iraqi
gypsum-rich sandy soils. This research emphasizes the potential of using cement and
CKD for soil stabilization, particularly in regions where moisture variability and soil
behaviour are significant challenges. These insights contribute to the development of
more durable and sustainable soil stabilization techniques in geotechnical engineering.
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Content Cement CKD
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MgO 0.5-4 1-4
SO3 <3 30.1
LOlI <5 10-30
Na>O <1 <1
K20 <1 <1l
CI - <1
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PS+1%C 1%
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PS+5%C 90% 5%
PS+3%CKD 95% 3%
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PS+7%CKD 7%
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a n m a n m
PS 90 0.04 4 0.75 0.03 5 0.8
95 0.05 3 0.66 0.04 2.8 0.64
PS+ 90 0.03 4 0.75 0.028 3.8 0.73
Cement 95 0.04 3 0.66 0.03 4 0.75
PS+ 90 0.05 3 0.66 0.03 4 0.75
CKD 95 0.04 4 0.75 0.025 6 0.83
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