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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-
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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.
Funding Conlflicts of interest
This research did not receive any specific grant from The authors declare that they have no known competing
funding agencies in the public, commercial, or not-for- financial interests or personal relationships that could have
profit sectors. appeared to influence the work reported in this paper.

To Cite this article:

Entezari, M.S., Tanzadeh, R. and Moghaddas Nejad, F. 2025. Economic, Environmental, and Social Assessment of Concrete
Pavement Life Cycle: A Literature Review, Sharif Civil Engineering Journal, 41, 1, pp.110-129
https://doi.org/10.24200/J30.2024.63847.3301

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

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


https://doi.org/10.24200/J30.2024.63847.3301
https://portal.issn.org/resource/ISSN/2676-4776
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://sjce.journals.sharif.edu/
mailto:rashidtanzadeh@aut.ac.ir

WAV ao N F L ) o)led FY (60,90 ccy 1yl jas (gt (sode (galxe

gy (3] p0 (owiifen (oode alxo

https://sjce.journals.sharif.edu

b cblsaly

Olool jg 0 i S gy e a5 2 cluial g Jamoons ) (golaidl oL ),

P o (ygu9 58 g Fedlje duidy o6 il losexe

Ol el g el (faio oRiils (s Lare 5 )l jas (goaSiidls
(rashidtanzadeh@aut.ac.ir) Jotuws odius *

oS Wlio cledb

BL5L oS ol g Sl iy log,s s o0 ool iwg e ladyg, alax 5l eoly (53lug, sladyg, glgil colu jo
o] ,3 50 Woss¥T gl adgs o655l Vb G pan «(5,l0e5S 5 cile YU slaas o sl 0ol solitul 5 5l (slos yrus jgbas
ilosy Crto IS juiliens slagtlle cn pete 5l oo samala 5 S 0 )5 bamme ite BT eizmen 5 cllas a5
2l 53 el ppen MGy 45 2 (55lanl el o selaizl g o lasacons 5 ecsobazdl syl sl sl 5,15 b its ool

e dgzye sl (el o sl s Jolye yae a3 2 55l (23] 65T USS szl 2 5y90 b dllie

VEYAVYA  :edl,e fu,b
VP /o748 s el u,li
VFoX /o008 1 Gy dy Gyl

sols (5lg

e g4z gl b))l

ozlez Ol el oads (S loasgy e a3,z o)l oL Egdee b ool piiie slaiagdy Geizren sl 0ad

WJelos 39 550 Doz ke Jleel wigd a8 S a0 i sladg, pee (5852 Sl 0wl a5 Sl olaan] B sowi pS )0

pdy 6Vl QL ao o L1 @l e 5 99900 ol Jelow 5l yes sa sz it slaa b Bio wile

s il Su e

yos (g4 > solaidl b))
Cre o5z bzl o)
e 7 el L))

il a5 el P PCP) sl g (0 s, ol lgil 5l (S aS sl
Pl Joeslie lulyd 5o ol ysldes w)ls @V co s (T e b
e plsmgl Lyl )3 (nizan sl Fosde i )3 g 5o
o35 &% 3l Gt 3l )l 5 ol wdgs QSl o0 S 12 ) T s o0
ble slahy; amt )0 i plesg) (SisnS Jdns (aizen 9 o)l
b s3losy lyosd laasg, ;500 glgil Mo &y ol 5o 12
D les el oS sl gonims St sl ol 23l 5L i slaS sl
ilo ) goaddl b gddnd b o g aloy ) (goaddl b wlew 3l
(ol S log g ailocid o (Ko gllas (slailsog, sawls ¢ jlosw
S 5 R0 by glaanT s o i slaao,o b jsShe clizl oyl

] s so osliul ol Lol s olmy) (slys ecales s 5

R e Jol G 4 iliBie e 5o (55l pals 38,5 5100 05 el
mlio G ulcws 498,50 6yl Julow slaylnl 5,8 ool ot
Sdg Slamms i oty L85k g 3lely gl pleit b ez 5l calie
Ao 311l a8 5 15 Sg 2SU Slals 5 pslaa o oleant sloosS
5 cole pRedz glaanie sl wlole ol ilug, Cato Ol bl
A an T 50 leean ¥l osul a5 (55l az i bl Jlake & pme (5,005

4 Jointed reinforced Concrete Pavement
3> Precast Concrete Pavement
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5> Environment- Life Cycle Assessment
¢ Social- Life Cycle Assessment

" Net Present Worth

8 Equivalent Uniform Annual Cost
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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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