£ 1509>

lEol

fs =60

Trp90 ~4Bs5 55 ag, 3l eolind L FRP glacosals b oacusii gas,lonm slogsin es 5 5550 Jld0
S5 Botae 3ols 5 SlBganls Lo e

e Sl almsend Sloslinl b sz ogled (ooVs s g0 Sy 2ENLGT (s 0
Sreogy ko Sliree 5 Ly sl s ()T Loy (g BT s

e Slge b e85l salinl b Sas - 5 glaad > jo i s 0ol g1 SlesS Jgue g plse 350 @
a9 el g LS dyg (gl S

JLégd S olas ) sl padld 39 g s 28 0 PM L PM e Dl Sbale cons e
Sty e 3 53k gt llins o0

e 53 sl Gloe ool Gl 2D S 50 53 a5 gy s lasl e saccuslsl@
olasle S el 5 Gldgeme Ll
i 8 cunlosly

Bros sbaails (LS ol slaged gans (b 1o @ SIS Glapn o500 Sloe 551 @
$bb ola b

Sgame izl gilodnd b g (B 0 60 58 50 0 Koo plosz g @
Sl Bl 5 T2 sl A

loo e SIS galorg eS8 paml 2ol o gyl )b, altsles] canillas o
s LU 5 F g 0005 50 Lo joene

GRE,L Gl slacie s 3 Sgigige 6381 ot o glaged i3, aBaLgT o e
2920 Loy g ST e (g Sl

Sl g peig sty pos o252 el l y (assmeonsj o galasdl U5 Te

Sl e g g 031305 e s il dloness

25
-_—
-4
g
-
n
(o))
£
£
[0}
(0]
=
(o))
=
Ll
=
5

Volume 41

CivilIEngineening gzg}fgﬁ;

Spring
2025

ARTICLES:

o Axial and Flexural Behavior of Reinforced Concrete Columns Retrofitted with FRP Composites Through the Corner Strip-Wrap Technique
Alireza Saljoughian and Davood Mostofinejad

o Experimental Study of a New Metallic Damper Using Hourglass Fuse
Mohammad Hosein Afridoon, Reza Aghayari, Mohammad. H Adibrad and Mehrzad Tahamouliroudsari

e Enhancing the Durability and Elastic Modulus of Oil-Contaminated Soils in Wet-Dry Cycles Through Stabilization with Traditional Materials
Hadis Nasiri, Navid Khayat and Ahad Nazarpour

eInvestigating the Ratio of Pm,_ to Pm,_Particle Concentration in Tehran City and Compiling an Index for the Occurrence of Dust
Zohreh Zeynadini Mansorabadi and Yousef Rashidi

o Prioritizing the Construction of Bicycle Lanes in the Central Area of Tehran Based on Sustainable Transportation Principles
Khashayar Mahmoudian and Amirhassan Kermanshah
RESEARCH NOTES:

o Evaluation of the Efficiency of Metaheuristic Algorithms in the Optimal Design of Pile Wall Retaining Systems
Farshad Taiyari

o Investigating the Arrangement of Rebars on the Ductility of Concrete Shear Wall with FEM Simulation
Ebrahim Koochaki and Arash Sayari

o Experimental Study of Seismic Behavior and Modification of the Failure Region of Mechanical Bar Splices
Mohamad Reza Shokrzadeh and Fariborz Nateghi-Alahi

o Laboratory Investigation of the Behavior of Helical Piles under Monotonic Loading at Different Loading Speeds
Seyed Sajad Hosseini, Mohsen Keramati and Reza Hoseinpour

o Economic, Environmental, and Social Assessment of Concrete Pavement Life Cycle: A Literature Review

Mohammad Saleh Entezari, Rashid Tanzadeh and Fereidoon Moghaddas Nejad



a5 obe

ol b 57
U“)Mg‘f)scmd‘a‘ﬁ‘“ﬁ}#ij‘)&wWoi""b
Tl yarlos w50

oyl (e olKisls ‘Ql).o.c KT IRCEH

2 pligg ol 5

Oleol xio oBuils oyl pas cwdige 0aSiiils

Sh e s

b Sako olRzils Ol yos g 0SSl

(s T O g yIS'S

b Sako olRzils Ol yos g 0SSl

Bdsi g 5

d{)w P oKl ‘Ql),o.c (W saSeisls

bl (=l s S

J-Qrwe 6»:50)3 oKiile ‘ul).o.c (e 0 aSessle

295 Lo, ol 550

@yl o oKLl ()l pes  cwdiges 0uSiile

3190 doxo JS0

si)le> ol8sls oyl yoe (W 09,5 « g § (S8 eaSiiils
ol s S

u‘;@; olLisls ‘ks;'é IRLEHEY P S ﬁjl-c PRC Y
03lj puy Pl S

Byl o oKLl ()l pes  cwdiges 0uSiile

o0 yol 5O

@yl g oKLl ()l pes  cwdiges 0uSiile
S A ol 5o

)|),....4 oKiils ‘Ol).o..c (e © aSeasly

Obodld o S

uu).-u W olKisls ‘QUQ.Q (g 0 ASEsls

S Klhgr S

o oRuils ¢l pee (pwdigee 0uSiils

bl Hdoxe 50

@yl g oKLl ()l pes  cwdiges 0uSiile

o,lS GLC ).’»'S.b

U‘)"l [ SO-) 9 n,.l.c oKisls aul).o.c ‘5.,4._)_,_% PRCO Y
GIWLS Blga oo S

oSy oo o8ily dyyo swiige caSiiils
oliilo S dozmo S0

Gyl g oKLl ()l jes  pwdigee 0uSiils

ol gogemo (cwgo FSO

2l S 0 a3 oIS ()] yer csdige 00l
Sl pe0 G 5SS

ok u—i*-\”lm@b‘y (o olRzils LQ‘)A.C i 038l
oMy e S

(s e oSN (s anmme g Ol iyl jee wiige 0uSLilo
Gyl g dlga S

S @‘5)#05.\ (o oty oyl poe PR IRURR S
‘;Léj M'%‘ ).'4'56

oy (o olKisls sQl).o.c PR IRCEH

los ol &

Ol yoe (swdiio

-,

) 0,90
Y o lous
He
\Fef

L LS PYCV] KY el colo

o 1T le j353 1 Jgimo p ko

@I Loy 83 iy s ok

o Gaoymo 5O 130 oo

29 pew o S 14y g3 95 OB s g

Ol s Lo, 8l s
S ardly g Wl saen! J3 1 SIS jgal g il Tamio

Lol ozl plyp o0 5 lod JT Lo 2l o0l

4l SID 3 ISC DOAT slo oS5y 45 iy s oy swsckien (g4loro

D (o0

VNOO=APYR iy 0o /) 45 1 LS
gl (BB g (oede (salme yiBo

£5+ - 0FVA—F51 ST AY 1 jals
$EOYAAY ¢l

http:// journal.sharif.ir :cole gl

pajouhesh@sharif.edu :asbb,

33T 35l S ale ol Ol o S

@ il ko o8l (5,5l 5 gt Coglae 09> ol Licl 5l



% ) Slepbog 350

oy o olSaily - s laime g ol e cwdige (goaSiidls Hluiil
alyslis ol

3ol hbuae 55

Sl dagd s i oBiile — ol jee cwiige GouSiils

S Y RSERVE SR

oltile S (g5l olSasils — )l yae (qusaiigee (goaSiails

63953 o yd PO

3oty oMl of3T olSitils — oyl jae cwdige oaSiiils
ol lg sl yol 5>

Aoyl ol - lyee cwdige (souSisls

oo Al Cay 80

o o olRKails -yl ies cwdige (goaSiiils

FB 9z oldyg b 45

liels olEils - ol pae pmiige ouSils

Sl Gan o S35

Gy gmio olRils - o jee owaipe (gouaSiasls

s sz S50

Oy (gixto olKisls = lyes st (gouSitils

o) G S50

Ol otsls — pwiige pyle ouSails

oy g yd S

Ol L oy o8l =l e qiigee (gouSiils
Py Slps, Ls, xS

LS ozl - g 5 (S8 goaSiisls

Blo; ol pol 5o

(0,) ooz plol (Madl o olSislo = )l yae pwaige (ouSiils
shiobow s gi 50

Oliwjos alBails sloz (chjgel duge = Gl ae cwdige (soaSiils
192 b sz 50

Olbiels olZiils = cwdige g (S8 (GoaSiiils

s 2g0m0 355

LT olRils = (e suaiges (oSl

Sl Lo 50

Slsal Glrez aeged olRasls = (g )lone 5 plyee (puige soaSaily
B Sobga 5o

s oRS =l ies pwdige (soaSlS

S i 55

&g S oSkl =l pae cwiige goasiiils

> lo sogomo (owge S5

Sl by S oBtils - ol e watge (goaSiLl
bl pale 595 dgazma 5

ReBg o0y gl oRils — ol jee (cwdige ool

WG O S50

(s e ol8ails — e anzme gl pee (smdige (gouSisls

S (54 5 2 Sld

B9 gl 550 1 paasS jd

By pd Saie oA -l jes cwdige goaSiiils sl
iyl doal 350

iy pd Saie oA -l jes pwdige goaSiuily sl
el ggles ;5

Gy gaie oLl -l ae it (goaSiisls sliul
HLad! gl 50

Olpl Cais 5 ple oRiils -l jae st (goaSisls sliul
G&l0y98 p (Aevemo S0

Oyl Cais g ple oRaSls - lyas gwdige goaSiails HLezils
So2l3592 (> S5

iy pd Saio oBails - les cwdige (goaSisls sliul
7 Sgrmn SO

iy Saio oRails - gl es gwdige goaSiails HLezsls
Ol ¥ wal 550

iy s S olKiils = (55 g O Slidss 58 e Lotsl
Oyt 5 ol - Gy Laze g )l pes cwdige (souSiils sl
bl (ol s S0

Ao o908 olRils - oyl jee cwidige 09,5 - g (goaSiiils sliul
S P moduw SO

iy pd Saie oA -l jes cwdige (goaSuily sl
s> L) el iS5

Gyl g ozl - les cwaige (gouSiils sbiwl
&9 0dlim>y (PLS 5

Gyl g ozl - )l es cwaige (gouSiils sbiwl
sglilan, 5T e 35

oS ol simio SRSl - ) pas cwiige (goaSisls sliul
185 Mo 5SS

Olns oB&iils = ol jae g 09,5 - 28 (goaSusls jLoasls
BYTIL EIWRPRVERVE PRt g

Ol o oBails -l jas cwdige (goaSiils sl
obeyS ol ol oKl - Ol yos (gmdige goasasls st
S b ol 5o

3y ol - Q‘Ja.c (SWIHR ST — (gwdige goasasls st
o3 33k 35

3 ol8sls - Q‘Ja.c (SWIHR ST — (gwdige goasasls st
3901415 sz 5

Ols oSl = ljee gwiige 09,5 - (S8 (goaSiiils sl
b Haexe S50

Gy 8 gado oLl — o yes pwaige (soaSiils HLizils
oliilo )5 doxo S

@yl gmio ol - ol ies cwaige (goasSiils sl

6515 &C )350

Olpl Caio 5 ole oSl -l jae cwiige (goaSisls sliul
PR TIWERVE TRUPIRVRTINE TR VIR 30

oS ol (o oGNS - ) yas i (gouSiils HLizils



T390 — 495 Hlgi gy 31 o3liiwl b FRP (glacy 500l b ouiby 9l (40T oyt (s ygiuw (oo g (55970 5L,

v

S5 Bgime 391> 5 (lBgeels Loy le

o el 5139 5l oolisiwl b wgus conknd 53Y 93 S1yu0 g5 S (BT (wyp
G055 shozi o300 500y ool radazme (g LBT LS, (g BT dae

s g0 b i 31 o0l b Sl — 55 slras y2 40 i 4 00g)] S SluiS Jgie g plgd Sguty =
s axl g bl wgi (g mal oo

Jfga S olas ) gl (aB Ll (1905 9 (3l ;e 30 PMy. 4y PMyjy o8 clild o oy 0 4
oy gy 5 @bl ygaie (ualen 0p2;

Jigdem 53 il Gle ool Ol 8 Sed 3530 50 455793 b3 Slao ppe goiycadlyl
oLaile S G el 5 Glidges Lo

e cllosly

Groe sralil i HleSS goilw e ot 215k 50 IS lapis )9l o Shos (2L5)1 a9
©)lb sl g

Sguzmo sl (gilwand b (S (2B 5190 G IS 0 3 Ko plod (o p VY
Sl 001 5 S5 wel ]

o ;8o (SilSo (gabiog oSl aub ol 5 (glojy Hlidy ALl gaddllae A
st (BB 558 g 001585 Loy semme

61055 Cilizee Glacas yw 30 Sigigige 6,105k Coni (Lhmy Gged Hld ) (BB LT (a2 aA
20w L) 5 (Sl )5 (s (e Sl

Gludl ygp0 i sarg) pos (45 2 (cloial g (anmoom  (gobaidl b )l "

Ol pwade (9,8 g 0oljes o o5 Al pdlodesce



Sharif Civil Engineering Journal (2025), 41, 1, pp.3-14

Sharif University of Technology | [

https://sjce.journals.sharif.edu

Research Article

Axial and Flexural Behavior of Reinforced Concrete Columns Retrofitted with FRP
Composites Through the Corner Strip-Wrap Technique

Alireza Saljoughian* and Davood Mostofinejad
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Article Info Abstract
Column strengthening is critically important as one of the fundamental elements in structures.
Article history: The objective of this study is to investigate the behavior of reinforced concrete (RC) columns

strengthened with fiber-reinforced polymer (FRP) composites using the novel corner strip-
wrap technique when subjected to axial loading with varying levels of eccentricity. In order to
Revised: 18 April 2024 compare the proposed method with the wrapping technique, ten square reinforced concrete
Accepted: 19 May 2024 (RC) columns, each with cross-sectional dimensions of 133x133 mm and a height of 500 mm,

) were subjected to zero, 30, 60, and 90 mm load eccentricities. Among these specimens, two
columns were confined using the wrapping method, and four columns were confined using the
corner strip-wrap technique, while the remaining columns were designated as control
specimens. In other words, the test parameters consisted of the technique used for column

Received:19 November 2023

Keywords: confinement and the applied load eccentricity. The experimental results revealed that, in
Reinforced concrete column, comparison to both unconfined and wrapped RC columns, improved performance in terms of
Strengthening, increased ductility and load carrying capacity under eccentric loading was demonstrated by
FRP composites, square RC columns when confined through the corner strip-batten technique. Moreover, it is
eccentric loading, evident that eccentric loads, in contrast to concentric ones, significantly reduce the load-
corner strip-wrap technique. carrying capacity and ductility of confined RC columns. However, in this experiment, confined
columns exhibited a higher load-carrying capacity and greater ductility in comparison to their
unconfined counterparts, both in concentric and eccentric testing conditions. For instance, the
load carrying capacities of columns confined using the corner strip-wrap technique increased
by 15% and 13% when compared to those confined through the conventional wrapping
technique when subjected to eccentricities of zero and 90 mm, respectively. Additionally,
columns confined with the corner strip-wrap technique demonstrated ductility enhancements
of 607% and 330% in comparison to the unconfined columns when subjected to zero and 60
mm eccentricities, respectively. Finally, axial loading-bending moment (P-M) interaction
diagrams were created for both the unconfined and confined columns. A comparison of the
experimental results with the values derived from the expressions recommended in various
codes showed that the code-based estimates were conservative compared to the experimental
measurements.
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(b) Instrumentation

(a) Loading plate and cap

. Thick Plate with a hump in the middle
Loading plate with hump P N

2
' : pe—
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Lodding % tatns o
cap with five dents
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(c) Eccentric loading setup
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comparedto compared M % moment  displacement  displacement load load oy SPECiTEN
at ultimate at ultimate (kN) kN) mm
R0 (%) 1o R0 (%) kN.m) s )
- - 1.68 1.70 0 - 1.05 552 649 0 R-0
301 28.2 6.85 6.68 0 - 3.87 683 832 0 W-0
607 47.6 13.64 10.24 0 - 4.61 844 958 0 CSW-0
- - 3.09  2.69 10.56 2.11 3.20 312 352 30 R-30
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173 352 4.95 3.19 14.49 5.64 3.76 161 161 90 CSW-90
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Theoretical predictions

Experimental results

Theoretical-to- Bending

Bending

experimental ratio moment Iozfa\dxzﬂ\l) moment Ax(iilNl;)ad ¢/h Specimen
(kN.m) (kN.m)
0.92 0 598 0 649 0 R-0
0.95 10.05 335 10.56 352 0.23 R-30
0.93 11.04 184 11.83 197 0.45 R-60
0.92 9.81 109 10.71 119 0.68 R-90
- 6.10 . - - Infinity R-PB
0.71 0 681 0 958 0 CSW-0
0.84 12.78 426 15.30 510 0.23 CSW-30
0.82 14.22 237 17.40 290 0.45 CSW-60
0.76 10.98 122 14.49 161 0.68 CSW-90
- 6.60 . - - Infinity CSW-PB
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Being one of the world’s most earthquake-prone countries, Iran has suffered thousands of lives
lost in earthquakes throughout the past decades. The metallic yielding damper is a specific kind
of passive structural control device that has shown effective behavior in past earthquakes. In
this paper, a new metallic yielding damper made of a number of hourglass shape pins (HSP)
for enhancing the seismic behavior of building structures is proposed and has been
experimentally evaluated under monotonic and quasi-static cyclic loading. The specimens
were subjected to drift levels beyond the expected design ones to identify their complete
behavior and all possible failure modes. The main feature of the proposed damper is
replaceable hourglass shape pins (HSP) fuse. For this purpose, conventional reinforcing steel
bars in construction practice have been shaped by a lathe machine in the form of hourglass
pins. These hourglass pins dissipate energy mostly through flexural and tensile mechanisms
when subjected to inelastic cyclic deformation and can be replaced easily in case of failure
after severe earthquakes. Moreover, this damper is economical, easy to install, and built with
no special fabrication technique. The hysteresis behavior and other important parameters of
the damper, such as capacity of energy dissipation, effective stiffness, and equivalent damping,
and the effect of how the HSP is connected to its supporting plates (welding or connection by
utilizing nuts) on these behaviors have been studied through laboratory tests. A simplified
analytical procedure using plastic analysis and simple rules of mechanics of solids was found
to accurately predict the HSP behavior and was found to be consistent with experimental
results. The experimental results indicate that the bars successfully performed their function
as energy absorbers and fuses in all specimens, but the way HSP is connected to supporting
plates can greatly affect its behavior. In the case of nut connection, a significant amount of
pinching was observed in hysteresis loops which is the result of residual displacements
between HSP and supporting plates and welding the bars to plates seems to solve this problem,
resulting in fat and sustainable hysteresis loop without any significant strength and stiffness
degradation and good energy dissipation capacity (with respect to HSP’s low weight) of the
purposed damper was reached. Although both types of connections have shown acceptable
behavior throughout cyclic loading, total energy absorption capacity and equivalent viscous
damping in welded connections in comparison with the nut connection have been improved by
91 and 53 percent, respectively.
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Considering that the infrastructures in different regions experience different weather cycles
that can lead to the creation of minor surface cracks to be noticeable, it is necessary to
understand the durability behavior of soils. Although previous studies have extensively
investigated the strength behavior of oil-contaminated soil, there is still no accurate
understanding of the durability of oil-contaminated soil against wet-dry cycles. To fill these
gaps, this research is focused on the durability characteristics of oil-contaminated soils. For
this purpose, a series of laboratory tests were conducted to evaluate compaction, durability and
microstructural analyses. In that regard, the soil was contaminated with oil in concentrations
of 4, 7 and 10% and then stabilized with lime and cement in concentrations of 0, 3, 6 and 9%
separately. Initial laboratory experiments, including Atterberg limits and compaction tests,
were conducted. Subsequently, durability tests were performed to examine wet-dry cycles in
1, 3, and 6 cycles on oil-contaminated soil samples, as well as those stabilized with cement and
lime. The results demonstrated that the highest durability was observed in the samples
containing 4% oil and 9% cement in the 6th cycle, showing a 42% increase in resistance
compared to a similar sample with the same percentage of oil and cement in the 3rd cycle.
Additionally, the elasticity modulus of the oil-contaminated soil sample with 4% oil and
stabilized with 6% lime was 2 times that of the 1st cycle in the 3rd cycle and 2.8 times that of
the 3rd cycle in the 6th cycle. Microscopic analysis using electron field emission microscopy
unveiled that the incorporation of cement and lime as stabilizing agents resulted in a denser
and more compact structure of oil-contaminated soil. This comprehensive research endeavor
seeks not only to advance the management practices of contaminated soils but also to uphold
the conservation of natural resources while offering an alternative solution for the construction
of secondary access roads.
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Article Info Abstract
Suspended particles are known as one of the most important and common pollutants worldwide.
Article history: Since dust storms are related to suspended particles, the current research examines the ratio of
. average concentrations of PM2.5 and PM10 suspended particles and determines an index for dust
Received: 3 February 2024 occurrence. In this study, PM2.5 and PM10 particle concentration data at 3 monitoring stations of
Revised: 26 April 2024 the Tehran Municipality Air Quality Control Organization (Tarbiat Modares, Piroozi and Sharif
stations) in 1396-1402 (2018-2023) were used, and by extracting AOD data from the Giovanni site
Accepted: 14 May 2024 and determining dust days, and finally comparing it with data from the Barcelona Regional Dust

Center, the accuracy of dust days was ensured. The results show that the average concentrations of
PM2.5 and PM10 and the PM2.5/PM10 ratio on dusty days are higher than this value on dust-free
days. The daily changes in the average concentration of particulate matter at the selected stations
Keywords: show that in most cases, the changes in the concentration of particulate matter are similar and both
increase and decrease together, but the rate of change is not the same. Depending on the origin of

Air pollution, . particulate matter production, their ratio can be used to determine the dust index. On most days, the
suspended particles, average PM 10 concentration of the station is higher than the dust level obtained from the data of the
PMz;s. PMio, Barcelona Regional Dust Center, because the air quality measurement stations measure the amount
dust of particulate matter emitted from natural and artificial sources together, but the data of the

Barcelona Regional Dust Center shows the amount of dust. From the PM2.5/PM10 ratio, it can be
concluded that dust is present if this ratio is less than 0.4. According to the results of the research
and the days with dust in 1396 (2018) in the month of Ordibehesht, 1397 (2019) in the months of
Ordibehesht and Mehr, 1398 (2020) in the month of Mehr, 1399 (2021) in the months of Esfand and
Farvardin, 1400 (2022) in the months of Ordibehesht, Mordad and Azar, and 1401 (2023) in the
month of Tir; therefore, it can be concluded that dust often occurs in spring and autumn, then in
summer, and finally in winter.
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Investigating the ratio of PM2.5 to PM10
particles in Tehran stations and developing
an index for dust occurrence

£ 3
[ Obtaining average PM2.5 and PM10 particle
concentration data from the Tehran Air
Quality Control Organization
3

Eliminating zero, incomplete, and errcneous
data

3
Processing data in a daily time frame and
determining the ratio of PM2.5 to PM10
particles

>

Extracting data from the desired area from
the Giovanni site at the desired time

3

Comparing the obtained data with data from
the Barcelona Regional Dust Center

£

Presenting findings and results
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Daily changes in average PM concentration
at Tarbiat-Modarres station 2018-2019
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Daily changes in average PM concentration
at Pirouzi station 2018-2019
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Daily changes in average PM concentration
at Tarbiat-Modares station 2018-2019
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Daily changes in average PM concentration
at Pirouzi station 2018-2019
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Daily changes in average PM concentration
at Sharif station 2019-2020
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Comparison of changes in PM2.5 and PM10 concentrations

on a normal day and a dusty day
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Daily changes in average PM concentration
at Tarbiat-Modarres station 2020-2021
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Daily changes in average PM concentration
at Pirouzi station 2020-2021
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Daily changes in average PM concentration
at Sharif station 2020-2021
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Giovanni Barcelona Tarbiat-Modarres Pirouzi Sharif
Date $oFf Goe Dust PM.5/ PM.s/
(S 3 PM:s PMio PM2s PMio PM:.5/PMi1o PM:s PMio
- (ng/m”) PM PM
LQJ.“J’)“ 10 10
12-May 0.99 109.06 41 109 0.38 27 107 0.25 - - -
2018
14-May 0.88 65.82 32 87 0.37 36 85 0.42 - - -
13-Oct 0.89 85.37 30 115 0.26 30 109 0.28 26 47 0.55
2019
4-May 0.87 104.7 30 91 0.33 29 90 0.32 37 85 0.44
2020 29-Sep 0.72 140.5 22 88 0.25 22 81 0.27 23 85 0.27
17-Mar 1.10 119.63 53 159 0.33 49 143 0.34 66 155 0.43
2021
9- Apr 0.98 119.09 36 114 0.32 38 108 0.35 43 98 0.44
8-May 0.98 63.28 58 337 0.17 68 327 0.21 - - -
9-Dec 091 - 76 101 0.75 94 137 0.69 - - -
2022
27-Jul 0.90 164.47 52 182 0.29 68 212 0.32 79 211 0.37
7-May 0.88 104.56 56 175 0.32 51 166 0.31 - - -
2023 26-Jan 0.83 114.77 82 134 0.61 83 134 0.62 84 133 0.63
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One of the sustainable solutions to alleviate existing issues caused by personal vehicle usage
is the promotion of cycling. The initial step to increase public interest in cycling involves
establishing suitable bike lanes. These lanes should not only be safe but also provide a
comfortable, attractive environment while ensuring convenient access to public transportation
stations and facilitating interaction with other modes of public transit. This research
investigates three routes in Tehran's central area, aiming to prioritize them for bicycle lane
construction based on safety, attractiveness, and movement potential criteria. Under the safety
criterion, important sub-criteria include the slope of the route, permissible speed of vehicles in
the lane, traffic volume, the number of intersections, and the location of congestion charge
zones. These factors play a pivotal role in creating a secure cycling infrastructure. The
attractiveness criterion takes into account sub-criteria such as land use diversity and the
incorporation of green spaces along the routes, enhancing the overall cycling experience.

Cycling, Simultaneously, the movement potential criterion evaluates sub-criteria, including the resident
Sustainable Solution, population, the availability of public transport stations, and the proximity to educational
Bike Lane centers. This ensures that the selected routes are not only safe and attractive but also practical
within the urban context. In this study, the Analytical Hierarchy Process (AHP) is utilized to
determine the importance of each parameter. The results indicate that sub-criteria such as the
slope of the route, permissible speed of vehicles in the lane, and the number of intersections
on the route are more important within the safety criterion. After prioritizing the routes for the
construction of bicycle lanes based on the criteria and sub-criteria in this research, Shoosh
Street is identified as having a higher priority compared to other streets. Following Shoosh
Street, 17" Shahrivar Street, and Ferdowsi Street are the next in line for constructing bicycle
lanes.
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8 Consistency Index
® Random Index
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5 Pairwise Comparison
¢ Hierarchical Decision Tree
7 Consistency Ratio
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Attractiveness

Incorporation of
Green Space

Prioritizing the Construction of
Bicycle Lanes

Traffic Volume

|

Location of
Congestion Charge Zone

Intersection
with Light

|

Number of
Intersections

Intersection -
P

Safety

without Light
Permissible Speed of
‘Vehicles in the Lane

-

Slope of the Route
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Equivalent Equivalent
Coefficient of coefficient of Route type
motorcycle heavy vehicles
0.4 13 Two !mes. in one
direction
0.4 13 Three 'lane.s in
one direction
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Work
Gender | Age | Education Career experience
(years)
Woman | 39 Doctor Professor 10
Woman | 29 Master Municipal 7
expert
Woman | 38 Doctor Con;u lting 12
engineer
Man 51 Master Professor 23
Man 37 Doctor Professor 10
Man 72 Doctor Professor 40
Man 38 Doctor Professor 8
Man 40 Doctor Professor 15
Man 37 Doctor Professor 10
Man 42 Doctor Professor 12
Man 35 Master Municipal 10
expert
Skate
Man 32 Master sharing 7
employee
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Congestion Zone|Number ot tntersections| Traffic Volume | Permissible Speed| Slope of the Route

5.35824 2.82394 3.47141 3.63465 Slope of the Route
3.8287 1.91358 3.18062 Permissible Speed
3.1881 1.15089 Traffic Volume

2.28406 Number of Intersections

Consistency Ratio: 0.05

Congestion Zone

A) Pairwise comparison matrix of safety sub-criteria

Movement Potential A ttractiveness Safety
6.62905 8.10195 Safety
3.09358 Attractiveness

Consistency Ratio: 0.09| Movement Potential

B) Pairwise comparison matrix of the main criteria

Educational Centers | Availability of Stations | Resident Population

1.02237 2.15364 Resident Population

1.14523 Availability of Stations

Consistency Ratio: 0.05| Educational Centers

C) Pairwise comparison matrix of movement potential sub-criteria

University High School Elementary School

5.75239 4.63686 Elementary School

1.84908 High School

Consistency Ratio: 0.02] University

D) Pairwise comparison matrix of educational centers sub-criteria

Green Space Land use Diversity

1.19405 Land use Diversity

Consistency Ratio: 0.00 Green Space

E) Pairwise comparison matrix of Attractiveness sub-criteria

Intersection
without Light

4.12121

Intersection with Light

Intersection with Light

Intersection
without Light

Consistency Ratio: 0.00|

F) Pairwise comparison matrix of number of intersections sub-criteriat
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—a— Route 2: 17th of Shabrivar Street

—=— Route 3: Shouh Street
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12 Bicycle Path
13 Bicycle Lane
14 Shared Lane
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Routel: 1Ath .
Route number and name Ferdowsi Route?. 177 of Route3:
street Shahrivar street Shoosh street
Route length (km) 1.7 4 3.1
Ferdowsi
MeAtr ° Imam Hossein Railway
Station- | oo Station-17 Metro
Features of start and end points Imam - Station-
.. of Shahrivar
Khomeini . Shush
Metro Station
Metro Square
Station
The direction of the path north-south north-south east-west
Slope 1.52% 1.63% 0.4%
Permitted speed ( km/ h) 50 60 60
volume ( Vehfh) Traffic 1480 660 3972
mm |0 z |
Number of intersection L o1Eht
Intersection with 5 3
ligh 2
1ght
Location of congestion | 0 |
Criteria charge zone
Land use diversity 28 56 10
Attracti
ractiveness - The peree s of green 1.87% 16.6% 14.2%
Resident population 7637 181683 61774
Availability of public
) . 9 17 15
Movement transportation station
potential Proximi ducational Elementary school 0 1 1
roximity to educationa High school 0 3 3
centers - -
University 4 0 0
0.066
0.038 0.031 0.038 0.03
g i3 & 3 5 E 22 3 5
h g i‘ : Proximity to
e g Educational Centers
umber ol
Intersections
Safety Attractiveness Movement Potential

Criteria and sub-criteria for prioritizing cycling routes
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Permissible Speed of
Vehicles in the Lane

I'raffic Volume

Land use Diversity

Incorporation of Green Space
along the Routes

Resident Population

Availability of
Public Transport Stations

Elementary School

—— Route 1: Ferdowsi Street
~=— Route 2: 17th of Shahrivar Street

—e— Route 3: Shoosh Street

Slope of the Route

Intersection without Light

Intersection with Light
%, 4, 7
e <>

Location of
Congestion Charge Zone

University

High School
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Article Info Abstract
The effectiveness of the application of metaheuristic algorithms in the optimal design of
Article history: retaining structures is investigated in this paper. For this purpose, an ongoing Tabriz metro

station project with a deep excavation pit is selected here as a case study. The retaining system
of the project consists of secant pile walls supported by a layer of struts. The piles have a
Revised: 11 February 2024 circular section consisting of reinforced concrete cores covered by steel sleeves, and the struts
are made of steel rectangular hollow sections. A detailed finite element model is developed in
Accepted: 3 March 2024 . . . . .
the OpenSees platform, including all the construction processes, in order to perform static
analyses. Four different metaheuristic algorithms, namely Genetic, Particle swarm
optimization, Bee, and Biogeography-based algorithms, are chosen for the optimization
problem. The pile external diameter, the steel tube stiffness, the number of longitudinal bars

Received: 25 December 2023

Keywords: inside the concrete core and their diameters, the center-to-center spaces of the pile elements,
Metaheuristic algorithm, the dimensions of structs and their center-to-center spaces, the location of the structs in depth
optimal design, and the buried depth of pile elements are selected as optimization variables. The total cost of
deep excavation, the retaining system is considered as an objective function that should be minimized in the
Pile wall retaining system. design space of the variables. For optimization purposes, an integration of the OpenSees
software with the MATLAB platform is done to join the modeling space with the mentioned
optimization algorithms. The number of iterations for each run is assumed to be 400, which is
also considered a termination criterion. The optimization process is performed 50 times, and
the best response is reported here. The results demonstrate an excellent performance of the
Genetic algorithm in obtaining the optimum solution with respect to the other three considered
algorithms. It exhibits a proper standard deviation and convergence rate in producing the
optimum response. It is shown that the soil stress is increased in the depth where struts are
installed, while they are reduced near the ground level, where the deflection of piles creates an
active situation for the soil. This is true considering the results of all algorithms. Proceeding
with the excavation phase increases the soil stress as well as the pile deformation. It can also
be obtained that providing a layer of strut seems necessary for reducing pile movements as
well as their buried depth.
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l Generate initial random population ‘

l

‘ Calculate fitness of individuals ‘

!

Satisfy stop
criterion?

Selection of the individuals l Post-process results
l and visualization

Select genetic operator "
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Crossover operator: Mutation operator:
Select individuals and swap a Select one individual

section of gene between them and mutate the genes
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Upper Lower . Design
bound bound Unit variables
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0.05 0.005 m X2
40 6 - X3
36 8 - X4
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15 1 m X9
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Initialize the population of the scout
bees, n

l

I Waggle dance (fitness evaluation) I

I Determine the size of neighborhood I

!

Recruit bees for selected sites
(more bees for the best sites)

!

Select the fittest bees from each patch

Local search

Assign the remining (72-72) bees for
random search

Global search

Evaluate the fitness function

Satisfy stop
criterion?

Post-process results
and visualization

End
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Initialize the population size, number
of iteration, and necessary parameters

l

Initialize random solution and velocity

l

Evaluate fitness function and find the
global best solution

l

——| Update velocity and current position

Evaluate objective function and update
the global best and individual best

Satisfy stop
criterion?

Post-process results
and visualization

End
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| Initialize the BBO parameters |
|
—

Calculate HS/7 for all the habitats |
| Find immigration and emigration rates l

l

Modify habitants according to
immigration and emigration rates

|

Select random number of habitats and
mutate some of their habitants

l

| Evaluate the objective function |

l

| Replace the worst habitats (elitism) |

l

Evaluate the objective function and
sort the best solution

Update the optimization parameters

Satisfy stop
criterion?

Post-process results
and visualization

End
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Investigating the Arrangement of Rebars on the Ductility of Concrete Shear Wall
with FEM Simulation
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Article Info Abstract
The structural system of a concrete bending frame is common in most seismic areas and is
Article history: sometimes combined with braces or shear walls. Iran is considered an earthquake-prone

country in the world, where shear walls are widely used in concrete structures. Shear walls are
considered to be one of the main earthquake-resistant members in concrete buildings;
Revised: 6 May 2024 therefore, the actual performance and behavior of these walls are of interest to engineers and

) designers. In this study, the effect of rebar arrangement on the ductility of concrete shear walls
Accepted: 29 May 2024 was investigated by simulating finite elements using Abaqus software. For this purpose, the
models made by considering different angles of reinforcement in two cases of short and long
concrete shear walls with a height of 2.5 and 4.5 meters, respectively, were modeled and
analyzed under bearing load and seven earthquake records. The results showed that when

Received: 9 January 2024

Keywords: comparing the ductility, stiffness, and bearing capacity for short and long concrete shear wall

Concrete shear wall, models with different reinforcement angles up to 75 °, there is a decreasing trend, and adding

reinforcement angle, diagonal reinforcements to the model increases the ductility, stiffness, and bearing capacity. In

ductility, addition, under the bearing load, the highest von Mises stress occurred at the foot of the shear

hardness, wall, and in the case of earthquake records, the side areas and corners of the concrete shear

bearing capacity. wall had the highest von Mises stress. In the case of the stress contour for short walls with 15°,
45 °, and 90 °reinforcement angles under a drift load of 1%, it was observed that with an
increase in the reinforcement angle, the stress value in the wall first increased and then
decreased. In the case of the stress contour for the short walls with reinforcement angles of 15
°, 45 °, and 90 °under a drift load of 2%, the amount of stress in the wall increased with an
increase in the angle of the reinforcement.
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. . The e'lngl'e of The angle of Wall Model
Reinforcing armature longitudinal transverse .
. . height name
reinforcement reinforcement
165 15 2.5 S-wall-15
150 30 2.5 S-wall-30
135 45 2.5 S-wall-45
125 55 2.5 S-wall-55
120 60 2.5 S-wall-60
115 75 2.5 S-wall-75
90 0 2.5 S-wall-90
Tvyo Diagonal 90 0 25 S-wall-90-
reinforcement D
Two Diagonal 135 45 25 | S-wall-D
reinforcemen
165 15 4.5 T-wall-15
150 30 4.5 T-wall-30
135 45 4.5 T-wall-45
125 55 4.5 T-wall-55
120 60 4.5 T-wall-60
115 75 4.5 T-wall-75
90 0 4.5 T-wall-90
TWO Diagonal 90 0 45 T-wall-90-
reinforcemen D
Two Diagonal 135 45 45 | T-wall-D
reinforcemen
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Earthquake
Name Year | magnitude | Velocity
Earthquake Station of on the
Earthquake events Richter (m/s)
scale
"Loma Prieta" "Corralitos" 1998 6.93 462.2
"Northridge-01" Pacoima Kagel 1994 6.69 508
Canyon
"Kobe Japan" "Nishi-Akashi" 1995 6.9 609
"Duzce Turkey" "Lamont 1058" 1999 7.14 529.1
"San Simeon CA" |  rempleton - I-story | 55 6.52 410.6
Hospital
"Bam_ Iran" "Bam" 2003 6.6 487.4
"Montenegro "Ulcinj - Hotel
Yugoslavia" Albatros" 1979 7.1 410.3
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Experimental Study of Seismic Behavior and Modification of the Failure Region of
Mechanical Bar Splices
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Article Info Abstract
The problem of overcrowding at the junction of the rebars is very significant, particularly for
Article history: seismic details. Due to bar length limits, splicing of reinforcing bars is unavoidable in

reinforced concrete (RC) structures and may alter the overall behavior of structures under static
and dynamic stresses. Mechanical couplers can thus offer an appealing solution that eliminates
Revised: 2 March 2024 the disadvantages of traditional reinforcement splicing. In the mechanical splice method,

) . couplers are rigid components that are used to join reinforcement bars together. According to
Accepted:20 April 2024 existing research, the failure mechanism of a thread splice under tensile and cyclic loads has
not been sufficiently investigated. In addition, the use of the thread splice needs further
investigation in the plastic hinge areas of ductile members in seismic areas. In this study, two
types of patches are introduced by modifying the method of making a threaded splice and
combining it with rotary friction welding. The goal is to modify the coupler's failure area with
Mechanical threaded splice, a threaded bar and use it in the plastic hinge areas of ductile members in seismic areas. The
cold rolling, splice area in the suggested method is large. Two techniques are used to increase the splice
rotating friction welding, area: cold rolling and rotating friction welding. In total, 96 samples were tested (three repeated
plastic hinges. samples of each type). Threaded couplers (TC), oversized-threaded couplers (OTC), rotary
friction welding splices with threaded couplers (RFWTC), and non-spliced (NS) reference
specimens were tested with and without concrete in uniaxial tensile and cyclic
tests. Evaluations were conducted on the sensitivity to bar diameter, bar strength, ductility,
energy absorption, and failure mode performance. The RFWTC and OTC exhibited superior
performance in terms of strength, ductility, energy absorption, and failure mode, making them
appropriate for use in high seismic zones. The TC is also suitable for use in zones with low to
medium seismic activity. Furthermore, the anticipated model is enough for estimating the
threaded couplers' ultimate tensile strength.
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Specimen Fy Fu fy fu gy €u Me r Ru Ry
Average (kN) (kN) (MPa) (MPa) (mm/mm) (mm/mm) (susp/  (8u/ (%) (%)
€ub) &)
A-NS-16M 104+1.72 126+2.12 520+ 636+ 0.0040+ 0.122+ 1 30.40 - -
8.52 9.92 0.000172 0.004°
A-TC-16M 103+2.52 122+4.92 530+ 622+ 0.0040+ 0.098+ 080 2450 11960 101.53
4.12 252 0.000172 0.0032
A-OTC-16M 107+1.7% 12741.22 519+ 644+ 0.0039+ 0.111% 091 28.46 125.57 99.81
8.67 6.6 0.000172 0.003?
A-RFWTC-16M 110+£3.3P 128+3.68* 523+ 653+ 0.0044+ 0.124+ 1.01 28.20 125.57 100.58
102 182 0.00018? 0.005?
A-NS-16C1 1044+0.54  123+0.5% 5244+ 628+ 0.0044+ 0.132+ 1 30.00 - -
8.54 1.3d 0.00005% 0.0024¢
A-TC-16C1 102+3.14 121+0.80° 516+ 618+ 0.0038+ 0.090+ 068 2368 11794 9847
6.44 3.8° 0.00020¢ 0.003¢
A-OTC-16Cy 109+2.5f2 129+3.64 511+ 658+ 0.0039+ 0.097+ 074 2500 12345 97.52
6.74 18.34 0.00014 0.0044
A-RFWTC-16C:1  11243.7¢ 129+3.64 524+ 656+ 0.0044=+ 0.130+ 099 2960 12520  100.00
114 17.84 0.00018¢ 0.006¢
A-NS-20M 162+4 .50 195+2.1hi 533+ 691+ 0.0044+ 0.124+ 1 28.20 - -
16" 1.20 0.00045" 0.002"
A-TC-20M 163+2.1h 189+2.4h 522+ 660+ 0.0040+ 0.091+ 073 2270  123.80 97.94
4.5h 8.3! 0.00005M 0.002!
A-OTC-20M 166+2.9h 195+3.1M 530+ 683+ 0.0038+ 0.097+ 1.01 2552 128.14 99.50
9.3h 11t 0.00008! 0.002!
A-RFWTC-20M 169+2.1h 199+2.9 534+ 697+ 0.0044+ 0.124+ 1 28.20 130.76 100.20
12" 4.4h 0.00008" 0.005"
A-NS-20Cq 161+1.2 196+0.8 514+ 686+ 0.0046+ 0.128+ 1 27.80 - -
5.4 2,941 0.00016! 0.003!
A-TC-20Cq 160+2. 11 187+2.1% 510+ 641+ 0.0040+ 0.090+ 0.70 25 124.50 99.22
7.1 3.6% 0.0002% 0.003%
A-OTC-20Cy 169+2.5% 196+1.31 534+ 686+ 0.0039+ 0.097+ 1.00 2501 13346 103.90
7.2k 4.5i 0.0001% 0.004%
A-RFWTC-20C1  168+2.6% 198+1.71 540+ 693+ 0.0045+ 0.126+ 099 2800 13482  105.05
7.0% 6.0! 0.00026* 0.002i
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Specimen Fy Fu fy fu &y €u Ne n Ru Ry
Average (kN) (kN) (MPa) (MPa) (mm/mm (mm/mm) (Eusp/ (eu/ &) (%) (%)
) Sub)
C-NS-16M 104+1.  125£2.1  520+8. 637+ 0.0040+ 0.110+ 1 27.50 - -
78b 2 82 102 0.000172 0.003
C-TC-16M 103£2. 122433 520+ 619+ 0.0041+ 0.083+ 0.75 2025  119.0
5P 2 4.12 250 0.00012? 0.003" 3 100.00
C-0OTC-16M 106£0. 124£1.6 518+ 645+ 0.0044+ 0.097+ 0.38 22.00 124.03 100
8 2 1.32 1.32 0.00001° 0.004¢
C-RFWTC-16M  107+0. 126£1.0 523+ 650+ 0.0045+ 0.112+ 1.02 24.90 125.00 100.58
82 2 4.6* 1.32 0.00012° 0.002¢
C-NS-16C: 105£0.  125+£0.8 538+ 630+ 0.0045+ 0.098+ 1 21.80 - -
5¢ ° 3.3¢ 4.1¢ 0.00008¢ 0.002¢
C-TC-16C2 104+1.  120+£0.8 517+ 619+ 0.0039+ 0.091+ 092 23.30 115.06 96.09
4¢ f 6.4f 0.5° 0.00021F 0.003f
C-0OTC-16C2 108+0. 129+2.1 514+ 659+ 0.0040+ 0.090+ 0.92 22.50 12250 95.54
5t g 6.7 17.0F 0.00005f 0.002f
C-RFWTC-16C;  112+0. 129+14 522+ 673+ 0.0042+ 0.102+ 1.04 24.30 125.09 97.02
5¢ g 1.4¢ 1.0f 0.00012f 0.002¢
C-NS-20M 162+4.  198+0.8 539+ 693+ 0.0043+ 0.109+ 1 25.35 - -
sh h 17" 3.7t 0.00029" 0.004"
C-TC-20M 163+2.  187+2.1 523+ 662+ 0.0044=+ 0.083+ 0.76 18.90 122.82 97.03
1h i 5.0 7.81 0.00012" 0.003!
C-0TC-20M 165+1. 19514 528+ 693+ 0.0040+ 0.086+ 1.01 21.50 128.57 98.00
2hi h 2.9h 2.9h 0.00024" 0.004!
C-RFWTC-20M  169+0. 1994+2.6 539+ 693+ 0.0044+ 0.111+ 1.02 25.80 128.60 100
8 h 8.2" 3.7t 0.00021" 0.003"
C-NS-20C; 164+1. 198+0.8 521+ 688+ 0.0048+ 0.110+ 1 2.300 - -
4ik i 3.3 1.9 0.00013 0.002
C-TC-20C: 161+1.  184+1.4 516+ 649+ 0.0039+ 0.081+ 0.73 20.75 124.00 99.04
9i k 0.9 1.0 0.00013' 0.002k
C-0TC-20C2 168+£0. 197+0.5 530+ 685+ 0.0039+ 0.088+ 1.00 22.60 131.48 101.73
5K i 0.5% 1.6/ 0.00033' 0.002!
A-RFWTC-20C1  168+£2.  199+1.7 539+ 693+ 0.0044+ 0.111+ 1.01 2520 133.01 103.46
7! i 6.9! 6.1! 0.00027" 0.001™
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Laboratory Investigation of the Behavior of Helical Piles under Monotonic Loading
at Different Loading Speeds
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Article Info Abstract
Today, one of the primary challenges faced by geotechnical engineers in dealing with
Article history: problematic soils is to choose a suitable improvement method that, in addition to strengthening

Recived: 3 February 2024 the soil, does not cause harmfpl damage to the environmgnt. Helical piles are a new rpethod
) that has become very popular in recent years due to the unique features of this type of pile, the
Revised: 4 May 2024 most important of which is that it is environmentally friendly. Due to their unique shape and
) section (having one or more helices along the shaft of the pile), Helical piles have a higher load
Accepted:5 May 2024 capacity than usual concrete piles. Among the advantages of using this type of pile, it can be a
short installation time with minimal noise and vibration (no need to vibrate for installation), is
Easy to implement due to limited access, lightweight, reduction of disturbance soil during
installation, and poses less environmental risks and is compatible with nature.

Keywords: According to past studies, it has been found that the current knowledge of the performance of
Helical Pile, this type of pile and the methods of predicting and determining the bearing capacity currently
Physical Modeling, need to be improved, and this shows the necessity of researching the behavior of these piles.
Monotonic Test, This research, to predict the tensile behavior of Helical piles under different loading speeds
Loading Speed, and also to investigate the addition of a second helix to a single-helix Helical pile, using the
Ultimate Capacity. 1g physical modeling device, in two cases of high (95%) and low (45%) relative densities, has
been studied.
The results obtained in this study show that the effect of relative soil compaction on improving
the bearing capacity of the soil was more significant than the loading speed and the number of
helices. According to the results of the monotonic tests, the final bearing capacity decreased
by about 56% with increasing loading speed; on the other hand, by increasing the relative
density and increasing the number of helices, the final load capacity increased, respectively by
about 468% and 54%.
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Parameter Value Unit
Dio 0.76 mm
D3o 1.076 mm
Dso 1.318 mm
Cu 1.889 —

Ce 1.061 -

Cmax 0.96 —

€min 0.66 —

Yd max 15.69 kN/m?
Yd min 13.23 kN/m?
Yd (Dr=45%) 14.22 kN/m?
Yd (Dr=95%) 154 KN/m?
Vs (poisson’s ratio) 0.3 -
Gisoil (shear modulus) =~ 30 MPa
D (pr=45%) 31.5 -

D (pr=95%) 38.1 -

C (Dr=45%) 0.80~=0 kPa

C (Dr=95%) 3.91=0 kPa
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Test 1 45% Single-helix 90
Test 2 45% Single-helix 500
Test 3 45% Double-helix 90
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Test 5 95% Single-helix 90
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Test 7 95% Double-helix 90
Test 8 95% Double-helix 500
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Ultimate tension

Test ID Relative density (Dr) (%) Helical pile model Speed of te.st \%) capacity (Qo)
(mm/min)

Tl 45% Single-helix 90 190.82
T 1 (Repeat test) 45% Single-helix 90 185.78
T3 45% Single-helix 500 87.99
T 3 (Repeat test) 45% Single-helix 500 84.76
TS5 45% Double-helix 90 296.4
T 5 (Repeat test) 45% Double-helix 90 284.46
T7 45% Double-helix 500 132.79
T 7 (Repeat test) 45% Double-helix 500 127.1
T9 95% Single-helix 90 827.47
T 9 Repeat test) 95% Single-helix 90 803.31
TI11 95% Single-helix 500 497.25
T 11 (Repeat test) 95% Single-helix 500 479.2
T13 95% Double-helix 90 1238.91
T 13 (Repeat test) 95% Double-helix 90 1197.73
T15 95% Double-helix 500 760.27
T 15 (Repeat test) 95% Double-helix 500 716.46

A%



OLSen 5 (o Slmwsns = (5,5, s glace ju 0 Sigisise 8L Cod sty sloged )3, alel ()

(5L s bl s F Jgua

Ultimate tension

Test ID Relative density (Dr) (%) Helical pile model Speed of te.st V) capacity (Qo)
(mm/min)

Cl 45% Single-helix 90 954.12
C 1 (Repeat test) 45% Single-helix 90 942.26
C3 45% Single-helix 500 419.21
C 3 (Repeat test) 45% Single-helix 500 404.33
Cs5 45% Double-helix 90 1132.77
C 5 (Repeat test) 45% Double-helix 90 1108.56
c7 45% Double-helix 500 535.78
C 7 (Repeat test) 45% Double-helix 500 530.12
(O8] 95% Single-helix 90 3906.2
C 9 (Repeat test) 95% Single-helix 90 3849.52
Cl11 95% Single-helix 500 2266.18
C 11 (Repeat test) 95% Single-helix 500 2181.18
C13 95% Double-helix 90 4955.52
C 13 (Repeat test) 95% Double-helix 90 4885.28
C15 95% Double-helix 500 3055.12
C 15 (Repeat test) 95% Double-helix 500 2985.25
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Article Info Abstract
Concrete is extensively utilized in road pavement construction, including continuously
Article history: reinforced, jointed plain, jointed reinforced, precast, and eco-block concrete pavements.

However, the pavement industry faces significant challenges, such as high construction and
maintenance costs, substantial energy consumption, pollution emissions during material
Revised: 27 July 2024 production, and adverse impacts of work zones on workers and communities. These
Accepted: 30 July 2024 multifaceted impacts are evaluated through economic, environmental, and social life-cycle

’ assessment (LCA) tools, forming the basis of life-cycle sustainability assessment (LCSA). This
article reviews the historical development of LCSA and outlines its methodological steps based
on existing standards. A critical review of concrete pavement LCSA studies examines their
scope, including analysis pillars, life-cycle stages, unit processes, pavement types, tools, life-

Received: 17 February 2024

Keywords: cycle inventory (LCI), and impact categories. Key gaps are identified: only 25% of studies
Life cycle sustainability address the use phase, while a mere 20% consider the end-of-life stage. Within the use phase,
pavement management, common focuses include roughness-induced fuel consumption (10% of studies), vehicle
physical modeling, operation costs (10%), and work zone impacts (traffic delays: 15%; increased fuel
environmental life cycle consumption: 10%). Notably, pavement albedo, carbonation, and lighting effects were
analysis, analyzed in only one study, while CO, was the most frequent LCI item (11 references). To
social life cycle assessment, address these limitations, the study proposes a standardized framework for scope definition in
life-cycle cost analysis. concrete pavement LCSA, ensuring comprehensive inclusion of unit processes across all life-
cycle stages to enhance result reliability. The article concludes with recommendations for
future research to advance LCSA methodologies.
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3 Life Cycle Impact Assessment

4 Interpretation of results
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! Goal and scope definition
2 Life Cycle Inventory Analysis
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4.20%

B Automobile

Manufacturing
= Food

® Other industries

= Agriculture

= Road and building

2.80%

¥ Raw material extraction ® Waste management

m Fuel and Energy

® Sewage treatment
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Life Cycle Inventory
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Impact analysis (midpoint)

» Biodiversity « Human toxicity » Climate change « Water usage

» Acidification » Eutrophication * Ozone depletion * Land use

« Photochemical ozone reaction « Resource consumption

J

Impact analysis (midpoint)

« Ecosystem Quality + Resource depletion « Human Health
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£ Ref. Pavement Pillars Evaluated stages of life cycle  ppjlysis Analysis tools / standards
H elerence v
;’j types Env. Eco. Scc. Material Const.  Use Rehab. Eor  Method Environmental Economic
Economic
2 [21] JPCP, JRCP, v Y v * * . z *  Input-Output CMU (EIO-LCA Feature)
= CRCP
E .
- JPCP. JRCP, i i Economic
= [39] CRCD v Y v * % x Tnput-Output  CMU (EIO-LCA Feature)
[="
é Economic
= 40 x  * * . * CMU (EIO-LCA Feature),
= [40]  PCC.RCAPCC v v v Input-Output -
E Economic
E [41] JCP-CRCP  , , - * ¥ - % " Input-Output CMU (EIO-LCA Feature)
®
T
&
£ [43] JPCP,JRCP. o, v i PR " ! , Hybrid TOPSIS,
= CRCP ' Monte Carlo Simulation
[44] Road construction v - = * * - * * Hybrid = =
% [45] CRCP s = - * * - - B Process - =
=
2
§ [46] CRCP v - . LA - - - Hybrid Hybrid EcoLCAmodel -
4
= JPCP in 12
= i - - * * * * * ‘bri 1 -
= (471 different systems v Hybrid ChCLA
£ [48] CRCP v & = x 9w w  m e Hybrid ~ ECORCE .
[
=
”
= [49] Modified PCC v - - k& - - * Hybrid - -
A Eco-block, .
: - v - - * - - - - 7 -
= E) Natural block Hybrid  mpacTio02+
=
2o PCC. o o o o o Hybrid ~ SimaPro, -
RCA-PCC IMPACT2002+
[50] PCC 4 : . - - ; * = Hybrid GaBi -
[51] JPCP B v - - - - * - Hybrid = o
o B2 pcc - Y - - - - x Hybrid : .
" E
3 g [3] JPCP-CRCP - v - * & - * - Hybrid - RealCost
X
4 = - .
E] [34] PCC . v - - - * * - Hybrid - )
=]
2 [55] JPCP - v - e x * : Hybrid
15 1 3 16 14 5 13 4
[T (75%) (55%) (15%) (80%) (T0%) (25%) (60%) (20%) - ]

2 Chain Management by Life Cycle Assessment

! Carnegie Mellon University (Environmental Input-Output
— Life Cycle Analysis)
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Second Factor:
Work zones

First Factor:
Road roughness

Reference : Other
Fuel Vehicle Traffic Fuel factors
usage costs delays  usage
(Environmental) (Economic) (Environmental) (Economic)

[40] - v - -
[42] v - v v -
[43] . v v - -

Albedo,

[5 7] _ _ _ v carbonation, and
pavement
illumination
[54] v - v - -
Total 2 2 3 2

(Percentage)  (40%)  (40%)  (60%)  (40%) -

'Y

! Recycled Concrete Aggregate
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b Maintenance and rehabilitation operations
g
£ Crack ) Recon- Diamond Joint Mill & Groov- Dowel Should Expl i
& 3 ; 00V- oulder Xplanations
& sealing Patching struction grinding filling  overlay Overlay ~Grouting ing treatment repair
v
JRCP: every 15
years, JPCP
[39] B every 20 years, B B B B B B B B
and CRCP,
every 30 years
Scheduling was
[41] v v v _ - _ _ - - - - based on Michigan
DoT’s M&R plan.
v v v
[42] Inyears11 - Inthe20% yearof - Inyears1l - v - - - - -
and 31 the 40-year period and 31
v Overlay was
[43] - - _ _ 2.5-cm milling ¥ ~___ consideredtobe
and 10-15 cm 15 either stabilized
overlay -om or unstablized.
4] . AR S .
Every 20 years Every 7 years
v
[47] - - Every 10 years, - - - - - - - - -
after the 20% year
_ v
Every3fo 5
48] ) . ) ) . —\/ years for half . . ) . _
25.cm width or every
overla 11 years for the
Y whole width
v
[50] - - - - . — - - - - - -
9-cm overlay
Preventive maintenance
[51] v v performed annually and
v v - v - Shurry seal - major maintenance
Ty performed in years 11 and 18
Scheduling based on:
1- the correlation of
v - - - - - - - maintenance and PCI
(52] d v v and 2- the increase in
pavement life after
each M&R. operation
[53] v - - 4 v - - - - - - -
Mi + All operations
Cro-surtacing, trated in the
) v _ : _ _ v concet
[54] v v v chip seal, and fog 20t year of the 35-
seal year period
A
[55] 4 v Every 5 years,
; - T - afterthe 15th - - - - - - -
Every 10 In 505 year .-
years year
Total 6 4 8 4 5 4 3 1 1 1 1 _
Pecentize)  (46%)  (31%)  (62%) (31%)  (38%) (31%) Gs%) (%) (%) (8%) (8%)
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Economic Analysis Economic or Environmental Analysis

Reference
Scrap Value Demolition  Landfill Recycling
[40] v . - )
v v 4
[44] - Rate of 35%
v
[47] v Rates of 50% for concrete
B and 70% for steel
v
[49] B v Rate of 80% for concrete
Total 1 3 3 3
(Percentage) (25%) (75%) (75%) (75%)
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Greenhouse Gas Emissions Air-polluting Gas Emissions

Reference ] Energy use
coy  CH HFC PEC N0 €0 NH3 NOx  PMI0 PM2S SO voc
[21] v v v - - - - - - - - v
39] v v v v v - - - - - - - v
[40] v W v v v v ¥ ¥ ¥ v v ¥
[41] - - - - - v - v - - v v v
[42] v - - - - - - - - - - - v
[43] v - - - - - - - - - - - v
[44] v - - - - - - v - - v - v
[43] - - - - - - - - - - - - v
[46] v v - - - v - v v v v - v
[47] v - - - - - - - - - - - -
[43] v - - - - - - - - - - - v
[49] v - - - - - - - - - - - -
[30] v - - - - - - - - - - - -
1 4 3 3 2 3 1 4 2 2 4 2 10
Total (Percentage) (o405  (31%) (3% (3% (1% (3% (%) (1) (3% (1% GI% (5% (77%)
Total (Percentage) 11 (84%) 4(31%) 10(77%)
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[21] v v v v B - - - - - - - - - - -

[39) v v v v ) B B B - B - N - - - -

20 oY oY i i i ) v v Y v -

By v i T i i i i i i ) - - - - -

CE I i i ) i ) % i i ) - - - - - -

F i I i i i i ’ i ) i - . - i

0] v - - - v v - - v - - - - - v

Ry . ) v v v - v v v v v - y -

[50] s - - - v - - 4 - - - - - - - -

a8 2 I3 4 3 4 1 1 2 1 2 2 1 2 |
pemmz)  (80%)  (22%) (33%) (33%) (M%) (B3%) (M%) (%) (1% @) (%) (%) (2%) (1% (2%) (11%)
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Endpoint impact categories

Reference
Climate change Ecosystem Quality Human Health Resource depletion
[46] - - _
[49] - - _
[20] v v v
[51] _ _
Total 2 1 2 3
(Percentage) (50%0) (25%) (50%0) (75%0)
; Extracting resources
End of life Use Maintenance and Construction and producing
rehabilitation S
{ \ { et . \ Diamond
Steel recycling | depreciation and g Mixing Mining stone
.  fuelusage
[ Pavement | Delays due to lane / Slab | { Using machinery N Cement
\ demeolition \ closures / . replacement 3._ and equipment production
(Eheie Accidents { Using machinery | f Paying ) | . and
_ : 2 . . and equipment \ contractors / _ screening
Disposal and . . . ~ Mixing process
| burying in Mlumination Pavement . to produce
b landfill 4 design - concrete 4
Albedo | Steel production |
Carbonation e st
Urban Heat
Island
[ ————— - e 2
b ) | eos | @) | o ool e O
. I . L [=%
. L *Transportation has been accounted for within the stated processes. | @)
Radiative |  '~————— - — oo T
forcing
Economic azpect Environmental aspect Social aspect anaserial
Tnput i Output Input ] Output __ . acts
Unit process Clost - Unit process Em.“:m:ml Unit process Social impacts
Work force, Equipment Lpas
equipment, and fuel and finel
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