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Incorporating recycled asphalt pavement (RAP) into asphalt mixtures is a
common practice for sustainability. However, aging and hardening of the
RAP binder can compromise performance. Aged RAP is stiffer, less flexible,
and more prone to cracking. This research investigates the combined effects
of RAP content, RAP age, and nano-silica (SiO:) addition on asphalt
performance, focusing on fracture resistance, fatigue resistance, and
moisture susceptibility. Asphalt mixtures containing 25%, 50%, and 75%
RAP were evaluated using RAP aged 5 and 10 years. Nano-SiO.was
incorporated at 0%, 1%, 1.5%, and 2%. Performance evaluations included
semi-circular bending test for fracture resistance, indirect tensile fatigue test
for fatigue resistance, and tensile strength ratio (TSR) test for moisture
susceptibility. The findings indicated that nano-SiOasignificantly enhanced
fracture and fatigue resistance, especially at lower RAP content. At 25%
RAP, 1.5% and 2% nano-SiO:improved both fracture and fatigue resistance
by 15%-20%. Notable enhancements were observed for mixtures with 50%
and 75% RAP, with optimal results at 2% nano-silica. Furthermore, nano-
SiOzimproved moisture resistance, increasing TSR values above 80%. Nano-
silica effectively mitigated aging effects, particularly in mixtures with higher
RAP content. Based on this analysis, utilizing 25%-50% RAP combined
with 1.5% nano-SiO:is advisable for producing high-performance asphalt
mixtures.

* Corresponding author.

E-mail address: ghshafabakhsh@semnan.ac.ir

How to cite this article: Taheri, E. , Shafabakhsh, G. and Sadeghnejad, M. (2025). Performance Evaluation of Nano
Silica Used in Asphalt Mixture: Focus on the Content and Aging of Recycled Asphalt Pavement. Journal of
Transportation Infrastructure Engineering, 11(3), 1-20. https://doi.org/10.22075/jtie.2025.37817.1724

This is an open access article under the CC-BY 4.0 Iicense.( https://creativecommons.orq/licenses/bv/4.0/)



https://jtie.semnan.ac.ir/?lang=en
https://portal.issn.org/resource/ISSN/2821-0549
https://doi.org/10.22075/jtie.2025.37817.1724
https://doi.org/10.22075/jtie.2025.37817.1724
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0175-8481
https://orcid.org/0000-0002-1524-8629
https://orcid.org/0000-0001-9191-7444

VFF 50l pow 5 oz ol el Jlo (J&5 5 Jo slacs b ) gwaigs

J& g Jo> sbb colu y j dowo

44 3 Culow o) https://jtie.semnan.ac.ir/?lang=en

il b

WL 2821-0549

g3y Al
s a3 g S 5 b aw] bghses 5 Shes 5 ke 56 51 oslizal ob 35,

Bk el (Fad jes Ol
al5dsle ik T tsulis Jadhs J g b feslaw!

.Q‘ﬁ‘ 5QL1.0.~) ‘L‘)L’.o.w oKisls ‘Q‘)“"‘“ (S0 ouSiisle sdﬁ‘)s 9 ol) 6)35‘5 69.7.;.;’..3‘0 )
ol eyl Lo ORI ()l yas st 00SlS gl 5 ol 09,5 el T

'L)‘)i‘ “:A.M.:) ‘QM cli.i’..?‘.) 5L5MJW 9 KS;S Om‘d 5&‘).4).9 LSMJJJ.QFG 05; )Liéb.m)‘ v

s S dlas SN
Aas SalS 1 b s Shes Wil g e 48 SAd e Jds 4 (RAP) 3L 50 Il i eslical VEY/ YT e 3L s
Ao caslie 515 SI02) e 56 5 RAP oo (RAP e Oljen S1 iy cnl VErg/ 0Tl 5 S50

EW- BT Yo 50 Yo b ‘;ﬂ\ﬂ.wi 6\.&.}:}‘."“ J}S& o ‘;'-'a",bJ C,..;.'.-:Lm’} ;2...5 S

g VEvt/eo/ g i bl
Y‘g\/o Al s)é-\d ngu-ﬁ Jaw-:l.:m_,iu (R AAS jﬁ"‘)‘ Ju Ve 90 dh,@.ﬁleRAP

T S 5 aglie g sle o Ghas T S LSl S 5 ke s iuels’ sleejly
sk ol 613 TSR (5lsT 5 (Sos s Shos (gl i b A2 S0 5,138 (S
2> Suaglie 7S RAP L (glab glsus )3 65 94 ¢ e iU 45 315 0L ol i 3 8 50 ‘o 5L
1/0 35531 RAP as ;5 Y0 (sl,ls sak g0 53 . didu g0 39mp 1) (S 5 S2,65S 5 5l p sk sl
b glsee 43 als Sl deo s Yo B0 1) SKiud 5 K S glie ke 5 dasys ¥ ot 3 Shac
ook 56 ad sdalin ke g6 Ao 2 ¥ B 55 il 0 g RAP wo,svo 500 ol yls S5 nslas

3 s Kby A3 Av 31 i 4 1, TSR 5 oasls 2als 55 1) Slawl bl msb, Cowles
s Ses b il b i 4 aliws lp (IS b 4l rals 1, Sus e ol bb
D5d h b § erbes $U A2 31/0 b ol jor RAP sz 5 00 1 Y0 31 aalinal YU

ghshafabakhsh@semnan.ac.ir : Jytuws odiw 5 S 2SI Comy #
L ol bylsue 8 ,Shoe 33 ke 93 51 oalital b3, OV F+F) L sibaas 0l 3ol 5 el idulis, Juelowl s ol :allio ¢yl ay Sboiu!
Yoo) SN i 5 o sl Sl rentigon 3031 il (kg a5 5 (s pn S0y 2 35 S

https://doi.org/10.22075/jtie.2025.37817.1724
This is an open access article under the CC-BY 4.0 license.( https://creativecommons.org/licenses/by/4.0/)



https://jtie.semnan.ac.ir/?lang=en
https://portal.issn.org/resource/ISSN/2821-0549
https://jtie.semnan.ac.ir/?lang=en
https://doi.org/10.22075/jtie.2025.37817.1724
https://doi.org/10.22075/jtie.2025.37817.1724
https://creativecommons.org/licenses/by/4.0/

bk ] Sy o lin 5 (B an M)aﬁ}f),ojlg&d&»—l baloes o Slos ;o udiwsil 5l oolainl obj)l

Sl 5 gsme mbe Ms RAP Jb ol L
Sleo ez 53 xS E Sl gbls il
CotS Loalge a0 o s 350 0 Sel &S Sl 55
Ll e LE bohbl ol ol
oMe Yoy O 5 OLS Y)Y (g 5 & JS)
b lse 53 RAP 5L3 slie 51 eslizal copl
55t Tdes & S o sl ola s ]
OHes 5 5) ol RAP 5wl 5 50
55 geanSls 5 g Yseme oy 5 (YeYs
bslswe 3 Slas e 36 Ll 5 w2 ol
5 K3 YE 0L 5 Sl 5,5 Sl
sl b RAP s s 3 (VY 0L
Jlazsl 5 osls 2alS 1 bdses (5 pdbillanil ¢ zin
O 5 Lols) das o Julpdl | So,S 5
IS{PICOUSIPIINIIC I PR b VG UNEK SPINE W P
Sl glab i sla S5 35 onlplo (Y014
3 Shes 5 plsn 5l Obaabl gl RAP 5L3 s b
5o@alt) cd (s gl ol b
(T APRIPICOUSPRPNNERAR IS PRI
sShe 0 RAP b e Sldlas
OLan 5 58) Klos Sy o 1y Jlanl glab gl
(Y1 8) OLKan 5 sl Jbe Olye o (Yo7
il sl gsle slabylie SGKG ol
Sl il boas wls 5 a3 S ey |, RAP
Lylswe e 5 s Sows cwslis RAP
S A OLes 5 J cpramen b o G515
L Al gkl Ss,58 5 5, » RAP
ok, RAP 4 wisls OLiS 5 osls 51,5 asdllas 5540
I s als bl cnSE Caslie 5 e L3
o il ol mols RAP I aslinad bl oS
Al Glablo s Shas 45 ege S5 55 RAP
on A S Ol Jb LS e Wl
Je Ve 5l o e L RAP o ol 35U

4odke .\
2 odlas s 5 S Al gl
D3 s 4 dl ol bl baely (IS 5 el
Slyeis dsle Jams felse (5 me 03 pslle (35
Glabjlse (K S5 ool 5 Casb, e
el (S8 5l ISt b Ygens i
OLen 5 5 5ale) Lpd o rlpe Soat 5 sk
Bls ool (T0YY OLKes 5 (galslas €Y YY
OB by ool ples S 4 e Al s
Oilid) gk O ke e 18IS 5 en glaay 5o
KRSV NP P R DA NP R Ve
o il i a e ol b ablie 5 slieny
3 oS oag Gl 2L eon d 2
SNol gk 5l Hlwl glab i as 25
oeaulad Yo O 5 isuled) ol calsie
SIlant Sl eslizal Ols cpl 53 (YT (gl
slae sl i &lysl s e sosssl s RAP) Y bl
5 o) Kl C)]ap Lae o Kal, Olge @
osle L(YOYY OLKKas 5 ilogy YY) O
oo 5 oolasl gl s o RAP
b Al les, ol e sl Ol S
Jols osle pl (YN et 5 0L, 5) Sl o
GaliSn 5 3 5l S ol Glodig,sl e
Iodoes 5 o LS55 ol slagsslas, Sl 8L
D3 eslial 3 Lt ] glablse s
5 @bl Yy e 5 sel) 58
Sheslaal (VY 0l Kaa 5 (6,58 YY) O
Olsen 4y LS o Lai> 1) mub wlie L5 RAP
Skl Conde 4 e 5 el Al Olls
S5 o SloblS a8 lisl il 5 gsles,
VY E O 5 J Y VT 0L 5 s 501)

1- Reclaimed asphalt pavement
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