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1- Introduction

Cement is one of the most widely used construction
materials globally, yet its production significantly
contributes to CO, emissions and environmental
pollution. In response to these challenges, researchers are
exploring alternative materials such as geopolymers,
which exhibit high durability, lower CO, emissions, and
enhanced mechanical properties. Among these
alternatives, Ferrock, an iron-based compound made from
industrial by-products, has emerged as a sustainable
substitute due to its ability to sequester CO, while
offering superior strength and durability. Additionally,
incorporating polypropylene fibers into mortar mixtures
can improve tensile strength, impact resistance, and
durability.

Geopolymers rely on aluminosilicate precursors that
react with alkaline solutions to form a robust and
chemically stable matrix. Ferrock, when combined with
geopolymer technology, has the potential to create high-
performance, environmentally friendly construction
materials. Despite its promising characteristics, limited
studies exist on the behavior of geopolymer mortars
activated with alkaline solutions and reinforced with
Ferrock and fibers. This study investigates the influence of
alkaline activators on the static and dynamic properties of
geopolymer  mortars  containing  Ferrock  and
polypropylene fibers, aiming to enhance both mechanical
properties and sustainability in construction applications.

2- Materials and Experimental Program

The primary materials used in this study included ground
granulated blast furnace slag (GGBFS) as the base binder,
Ferrock as a supplementary material, sodium silicate and
sodium hydroxide as alkaline activators, and
polypropylene fibers as reinforcement. Fine silica sand
was used as aggregate, and potable water was used for
mixing. Sodium hydroxide (NaOH) flakes with 98% purity

were dissolved in water to prepare the alkaline solution.
The chemical composition of Ferrock included iron-based
industrial waste combined with reactive binders, which
contributed to its strength and durability. The
polypropylene fibers were 6 mm in length and were added
in different volume fractions to evaluate their impact on
mechanical properties.

The experimental work was conducted in three phases.
The first phase involved preparing control mixtures with
different liquid-to-binder ratios (0.4 and 0.5) and sodium
silicate-to-sodium hydroxide ratios (1.5 and 2). In the
second phase, Ferrock replaced slag at 5%, 8%, 12%, and
15% weight fractions. The third phase introduced
polypropylene fibers at 0.1%, 0.2%, 0.3%, and 0.5% by
volume. The mechanical and durability properties of the
samples were evaluated through compressive and flexural
strength tests, ultrasonic pulse velocity, electrical
resistivity, impact resistance, and water absorption tests.
The samples were subjected to both water and ambient
curing conditions.

The mixing process was carefully controlled to ensure
uniform dispersion of fibers and Ferrock in the
geopolymer matrix. The samples were cast into molds and
demolded after 24 hours before being subjected to their
respective curing conditions. Compressive strength tests
were conducted at 7 and 28 days, while flexural strength
tests provided insights into the toughness and crack
resistance of the mortar. Additionally, the impact
resistance test was performed using the drop-weight
method to evaluate the energy absorption capacity of fiber-
reinforced samples.

The final mixture proportions for the optimized
compositions used in this study are presented in Table 1.
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Table 1. Final Mix Proportions (kg/m3)
Mix1D | Siag | sand | Ferrooc | PobBropslne | Sodum | Sodum | S | inger’
Ratio Ratio
1.5RF8P0.1 | 584 | 1270 51 0.91 191 127 15 0.5
1.5RF8P0.2 | 584 | 1270 51 1.82 191 127 15 0.5
1.5RF8P0.3 | 584 | 1270 51 2.73 191 127 15 0.5
1.5RF8P0.5 | 584 | 1270 51 4.55 191 127 15 0.5
2RF8P0.1 584 | 1270 51 0.91 212 106 2 0.5
2RF8P0.2 584 | 1270 51 1.82 212 106 2 0.5
2RF8P0.3 584 | 1270 51 2.73 212 106 2 0.5
2RF8P0.5 584 | 1270 51 4.55 212 106 2 0.5

3- Results and Discussion
The results demonstrated that ambient curing provided
better performance compared to water curing. The
optimum composition was identified as 8% Ferrock
replacement with 0.1% polypropylene fibers, which
achieved the highest compressive strength of 75.2 MPa
after 28 days and flexural strength of 5.52 MPa.
Electrical resistivity tests indicated a maximum value
of 144.6 kQ-cm, suggesting excellent resistance to
chloride ion penetration. Ultrasonic pulse velocity
results showed that increased fiber content reduced
wave propagation speed, affecting material density.
Impact resistance tests revealed that fiber addition
significantly enhanced the material’s toughness, with
up to a 57% increase in resistance to crack propagation.
Further analysis showed that the
geopolymerization process was influenced by the
alkaline activator ratio, with a higher sodium silicate
content improving mechanical performance. However,
excessive fiber addition led to reduced workability and
increased porosity, negatively impacting compressive
strength. The study also confirmed that Ferrock
improved the sustainability aspect of the mortar by
reducing the carbon footprint associated with
cementitious materials. The observed results align with
previous research on geopolymer materials,
reinforcing the potential of Ferrock-based binders in
construction applications.

4- Conclusion

This study confirmed that using Ferrock in geopolymer
mortars can significantly enhance mechanical
properties while reducing environmental impact. The
incorporation of polypropylene fibers further
improved impact resistance and toughness, although
excessive  fiber content negatively affected
compressive strength. The findings suggest that
geopolymer mortars with optimized Ferrock and fiber
content present a viable alternative to conventional
cementitious  materials, contributing to the
development of sustainable construction materials.
Moreover, the experimental results highlight the
importance of selecting appropriate activator ratios
and fiber dosages to balance strength, durability, and
workability. Future research should explore long-term

durability aspects, including resistance to freeze-thaw
cycles, sulfate attack, and carbonation, to further
validate the applicability of Ferrock-geopolymer
composites in real-world conditions. With increasing
global efforts to minimize construction-related carbon
emissions, this study provides valuable insights into
the potential of alternative binder systems.
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Effect of Alkaline Activator on Static and Dynamic Properties of Geopolymer Mortars Containing
Ferrock and Fibers

Amir Hosein Varasteh Siah Estalakhi Seyed Hosein Ghasemzadeh Mousavinejad

Abstract Cement is one of the most widely used construction materials in the world. Its production process is highly
polluting and leads to the release of carbon dioxide (CO_ ) into the atmosphere. In addition to CO_, emissions, cement
production generates millions of tons of kiln dust annually, causing respiratory health risks and environmental pollution.
Ferrock, an innovative iron-based compound, is a carbon-free alternative to cement that utilizes industrial waste for a
versatile construction material. Accordingly, this study investigated the effect of alkaline activators on the static and
dynamic properties of geopolymer mortars containing ferrock and polypropylene fibers. The variables in this study
included two liquid-to-binder ratios (0.4 and 0.5), two sodium silicate-to-sodium hydroxide ratios (1.5 and 2), various
replacement percentages of ferrock (5%, 8%, 12%, and 15%), and polypropylene fibers (0.1%, 0.2%, 0.3%, and 0.5%)
across three steps. The results showed that curing in ambient conditions performed better than water curing. Samples
containing 8% ferrock and 0.1% fibers exhibited the best performance. The compressive strength of the samples after 28
days reached 75.2 MPa, and the flexural strength was recorded at 5.52 MPa. Furthermore, in the electrical resistivity
test, a maximum value of 144.6 kQ-cm was observed. The inclusion of fibers, even in small amounts, significantly
improved impact resistance, with a maximum increase of 57% being observed. These findings demonstrate that the use
of ferrock and polypropylene fibers is an effective strategy for enhancing the mechanical and environmental properties
of construction mortars.

Key Words Alkaline Activator, Ferrock, Green Cement, Geopolymer, Fibers.

3L VENYY0 0T oy usb 5 VEY/PYY i ilys sl
Ol ey OIS o&ils ¢ b Ui (Ol jas pwdige 03,8 ol Ol jes A a2 (g gamiils (V)
Email: h.mosavi@guilan.ac.ir Ol ey (S oSls (b 5SSl O e pwikigs 03,5 GLils st ok 5 (V)

Yy


https://civil-ferdowsi.um.ac.ir/article_46483.html?lang=fa
https://civil-ferdowsi.um.ac.ir/
https://doi.org/10.22067/jfcei.2025.88923.1312
mailto:h.mosavi@guilan.ac.ir

oo Kol 5 Seilicsl Sl gty L5 oS Jlas 317 aelllos

AR

okias LS5 gl b o 15005 e ealinal LML
13 S s g el 5 0355008 Ay A5l CALSL Lo
Slore Slad) St Lol paose ol & 2,5 e
L oaslio 55 ST a8 bl 31 ecpl posdle. 555 00 Jsane
S SIS w badd ) Jlasl als (6 meS SSs Jsans oy
Cbmv@)j‘ﬁﬁd}éw“’&ﬁﬁ} 3,5 Dy
S Zaglie o hol OV 5 S [5] XS e sl
3 Jgeme o 45 ol 0l asiie b ool 5l OF b
0S5l 0l S B (St b sy S8
Sl s s Sas o ol 3 Caslie 5 il o S i
i S s el sl &F U 5 eslazal
(oS 5 (SO S glie 35 Gl g esliial 3550 Sl s,
Al e VU 3l S5 hms ol 5 655 e b b
S B o sladisel e gl w51 S S
el o s OUI 1 eslinad oS ol G olal ool
oS Slosle oS Jgene 1 5 [6] das o a1 laS 5
Ll 5 O chns 15 5l el SoseenS ol
35 GMELL ) i i 2S5 S b o e 56
e caddaas pder (SO el cpl s sl Al
Cob b s mmen 50 e eslind s SU gl
oty WSS (Jpeme 53 IS i Jes ol
OISl eslizal L5 o O Sl 4 i 5 4Bl 3 2uS
g S5 Sl a3 o a8 5 iS5 2 28 5 6
Sl bs o o SUIITT s oo il sl 501 of
dm Bl s cstle s OUI gl 5,008 ol slond GBI
Seg ol n 5o U O 580 |5 ol aly 1581 6ol
S o gl (K i o st e slis (S S
b SUS B [8] 55d o n cnS S e
e (B w5 A Ll s e LA G s
35 55 sb aas ol LSS o 03 OlF e 1) s
ki b Sl S 50 AS e S S S s
LS (5 S sl o 4 e sl O ol s Ol 35,5 51 il e
igioss olol  imeen [9] i o 35 L 0% plso
o3 edias Ol S Olse w0 sy b OUl s S o0
3550 Oaraliloder ST 55 mped Lol 5 LSGe Joo 0%

[10]

VRV
LSles osar (SIS a3 Al la B, o35l
ol o s Jlad i o5 g o head] 3 o0 S
ol Jlise Oldieiils &S ks Gl el ol
S Ol il Jlerle mlas gl i slacn Sl
Ol 3 2l 03le s ST Sl Gy el i ol e
S SLB LAl mle 0 5855 5l (S 5358 r o gaes
G 53 4 b Olas ol Ll slacdled 5 b
Ll 5 655 6V B man Lals (slo 5 ol la sl
A5 Olars (5 58 Sl el oo 8 AeSTiss 03 28
Sl b aS 5 s e 53T op S ASlgs g g LB lis ol
Olgeas b jacky 35 K03 (G 312015 o lams e
g e a8 50 sy lallens (5l bin 0 S0l
S deSles slaml mals alex 51 ol s el 3
S 5oy Jelge o3 Vhplss I8 Soml glaa 5o
L ok 655 b S ol yls ol S Oley 5o SO s sl
el Sl s B s 5L S S
st sl 5 esle G ST o 03 S bas Al Ol
Slar (1 00 S 0 2 3S0lr G Ol e S ol
i By oKy Ol 15 (AT sy ol 3y
5 oS Sl bkl sy 4 o3V gl
A5 S el 8 by S esle S 5 s e STy Cusb
Olge o Sl as § oo Oladss bl 5 [1,2] &S s
2 e |5 g on b Olons (5 el e S
03 5 3gh e p S AeSt g JLinl ghe s VY B A Ll
Loanslie 55 S 3] cul 6,0 4 05,00 3o 5 ctla
s ootbe ool mllas 51 (S ol b s o 2 e
355 0 St ol il iy (el Ol mla s 5L
ol aSs 5 3 65V LS Jamed 4y 53l 5 das e 0L
S 4] el S pdiSlanl e BB 55k 4 rmen
S Aoy e slysle axdl (O ppnl eS| ( (S35 S5l o
Gl U b Sl bl sl S s
badSul ¢ obss glasl s (K3 a Lle obys glas )8
;.j oo s slaesle b 5 g el 58 (slo sl L;La@.i:
oslital Lol OF oo o pl3 riomen 15 S aslizal L)
e 5 O JUsl gl oS spde plady) cale s O

’f'f¢j)pju4rijdb

s D ligs 4



Yo

J/in‘;fmjnu/j/pwg‘):m}.{w—uﬁp&m/aéw iyl = o]

GE el o355 o3l olewd Sluasiie \ s

AM>J:_<:;L;L§M): el S S

Yo SiO,
AATA Al203

VY Fe203

™ CaOo

1 MgO
/SA K20

i Na:0
VIR Cl

V/OA Mno

dwls

J;;,adl._\»wr 6\&5)))}&&% Cj}}l b e dule
aole pizeen s S 4 Jled ala iy Slabad 4518 )
—aly s and Y g ey S5 0505 sk 4 eslatal 5 ) 5
[12] s bl b olae codle ot b s onlanul 55 40 anle (g
oo eslinal 5 40 awle ghualls 3y AL <=L>.=3l ASTM C778

ol sl ol OLES (V) JL 5 o e le

il YL e e T b 55 s3biel 55 pu 4k

100
90
80
70
60
50
40
30
20
10

0

A S 4 S Ao

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

(mm) S35 k8

asle gluails syu- ) IS

Ul
slge Sl et 5 o (G253 S (@ ) s ke SU

Dby laand; 5l ISz o s by bl (g aly oS 5
pgu\&wxﬁabg\@p«s@\élw%ﬁ@u

A5 5 ks B VY o353 53 GU ol 3350 VU oS

Oladlles 5 Conl i o osle S ST Sl a5 L

ozw‘jbﬂj}:&‘éjjij¢0M€L>.J‘QTL§))J.3L§.>_9.XN
S el wtig Sy b S5 s bl gl
AWl cpl il grie Slides Al
é.:aL..{b B} é::l.:.w‘ QL:J}‘\A.?- Bx ;5‘.‘\'.."5 ‘_SLAAJ\.ASJLJG
o WSl &JL;.H_} J‘f‘) J‘}A 6}(} 6M)jj dLﬁQW
03 o3lllas Uy s e ) ol 4 il slads s

el g Ve g gl DodS 3 s

@gldﬁlﬁjjg’)w&’b

(S s 4y ol SMe diles S & mhoe 0o Y sane
Lol SUI & e oM (slaboslone 1 b 25 355 0
bl s Lol sl oM A b 4l
Sl 68 o 5 SUl e iS iy ol p e
(s S DS bl G sl 5 s LSS e L
Sy Sl bl g SUL T fee 4 0o sy 5 oS5
O ) W5lS JSe i 5 b sloa 515 a5 s L
s 05 Wl 5 BUIsL; slas 5l eslanal s 4 (el
cu's)l,\i‘;\S&\)EQ}‘;GQT‘\S?)&QQLQ\@JM
o ol e o S35 SBU ek pl 53 e 3
e o5 5 Caglie Jals 4 53 5 b SIS falS

[11] 55 8 o o Cews

o s pdla
8 AT 0558 o)
Ol 03 Sl fmino Gkl )8 sy 5 s a8 L 5 o)L
55 r) 3 Al e Sl 0Ll 53 0T WIS 5 (513 2000 OISl
gLSfL)'laJuioaLaT).sﬁQ)yqéﬁbdwb:déﬁme)pﬂ
035 3 e S Slodd a5l S5 Ol Ly Ol (NI
ool e oliand Sliasiie 555 o oslizal O 510 o 05 SIS
JB () Jsdr 3 Gl ol 3 ok ealizad (318 al oS

) sdalie

o2 et pelige 4

’F'F‘j)aju;ijdb



oo Kol 5 Seilicsl Sl gty L5 oS Jlas 317 aelllos

\id

Lo cotlu 53 Lol gl esle Ol g o)l G cpl )3
);L{J)\r@): .,\.ALSCJL\.,\;\ 53,8 o oslial ey 55
Sl s 53 L 5070 5 /Y L esle o J hows 150
Sl 5 e s s sl Y5 V0 e S 5
Sl gdn o8 gl g Glaz b o3y Vo soLiE sl
do s VO 9 VY ‘/\‘Oﬂ>u,al.{g5|jé.sljﬁp>rl.§): A S
o 3 13 sl 3l e 5355 o o)l 5SSl S5
D3l 5,V SISl ey 35k e sl Jas laee 53 K0
S\Jés\yéjb-%ducjlaj@ﬁj%f\;u‘ld)u.éujﬁa
sk SULS ole b s s sl ol B8 6l
b sb 53 S e dops 00 5 T /Y o slie
dop b il la a3 el 1 ey 5 s S eslinad
.Mwm)yﬁ_md\ﬁgﬁulpemc\.ﬂsyﬂywu
Jjbﬂ;\ywﬁp.uu‘_;u@b&u:@lr@
deS g 0 S Sl 5 L5 /0 5 /T Ll el
)})}d‘ﬁML&%éL@CJbgWJ‘QJMk{\‘_}\/aﬁv\w«
el 0 H(F) Jsr 55 050 rlfau.
\ajwL/\La@;)@ﬁbp@bg}u:p;r@

15R05 , 6% éuCJlg L e)l..:j.w L gsl‘).ﬁ Jl}ﬁ M)J

)‘J'; oxlarol )40 C)Mﬁ LS‘J’ 6M 4 n)'\.k;\ aS J}.}L;c
S

(R AeS 95 0n

0P Ao b edd S D) (B rae e S5 da
w(bw%@)&tﬂuw)tﬁwdﬁ)‘wjéa/\

ﬁ'M CJK?L:V:
Geiosd ol 53 b e (NB2SIOs) aid Ol b s SIS
S| oJ.LA.:.@JQ‘_).il QK.:,L:.\» kap C«SJ.JJ)‘

i
M}HQHQT&A}E@‘)JwLﬂ‘JJ‘)AQT

Al e

Sl

sl ol eslaal (V) d}.)o- dLAA )\ 6‘]9 Sl 6|J.,
[5] S5 5 sln 5k 2s 5 pllas ¥ st

dop lag b bl Ga L gl oS sdsl Cows 2R0.5 (055 o ) o3 lae
A b e o8 s sl ST sl sl 7% RBEYe
SO T Y Y s U Dl oS % Lk
515 Ssl- LERFB, 2RFB wos = b 4 JS L Ao "0% &"’““’é“
Sl ag b bl gl (F o) p s C\f,’l skal ks i [ij&b/
Y% dol SIS
338 S b olusn b SU 4 s S sl
el ol LG () Jsd P b
(oo o 0,5 5S) ol o8 Ll = b Y ot
@ sl sl ol | 4 SIS s it | et | b |t | et |
ol LS 55
0.4 15 106 160 | 1330 | 665 | 15R04 | 1
05 15 127 191 1270 | 635 | 1.5R0.5 2
0.4 2 89 177 1330 | 665 2R0.4 3
0.5 2 106 212 1270 | 635 2R0.5 4

’f'f¢j)pju4rijdb

s D ligs 4



v

://b“;yﬁugﬂlﬁy@—ﬁ&ﬂ/ap iyl = o]

(oS 0 S AS) oo o8 Ol 2 b F s

Enantashund b cabnd INPIVY BUPTIN DS IO DTN U B
ool s LS 5oeA

0.5 15 127 191 32 | 1270 | 603 | 1.5RF5 1

0.5 15 127 191 51 | 1270 | 584 | 1.5RF8 2

0.5 15 127 191 64 | 1270 | 572 | 1.5RF12 3

0.5 15 127 191 76 | 1270 | 559 | 1.5RF15 4

0.5 2 106 212 32 | 1270 | 603 2RF5 5

0.5 2 106 212 51 | 1270 | 584 2RF8 6

0.5 2 106 212 64 | 1270 | 572 2RF12 7

0.5 2 106 212 76 | 1270 | 559 2RF15 8

(oo s o5 5h8) ol o8 Lol = b 0 s
e e o S S 5ol | O s SE | el | ool CJI’ et osle

oL pu S SPEW s
0.5 15 127 191 0.91 51 | 1270 | 584 | 1.5RF8P0.1 1
0.5 15 127 191 1.82 51 | 1270 | 584 | 1.5RF8P0.2 2
0.5 15 127 191 2.73 51 | 1270 | 584 | 1.5RF8P0.3 3
0.5 15 127 191 4.55 51 | 1270 | 584 | 1.5RF8P0.5 4
0.5 2 106 212 0.91 51 | 1270 | 584 2RF8P0.1 5
0.5 2 106 212 1.82 51 | 1270 | 584 2RF8P0.2 6
0.5 2 106 212 2.73 51 | 1270 | 584 2RF8P0.3 7
0.5 2 106 212 4.55 51 | 1270 | 584 2RF8P0.5 8

5315 O OB Cotl 5l e oS p bslse o L L las
wal> e a3 g ay odd eslel iy 51 B s e 4
0723 O1 3l g 5 (ST ) oo (Bles) 62V 58 oo iy
f gl oS o Lo 1 0T pebaw s s & aled 3 5
s el Bl s 3 O DU Ca g el YY e
B b gl ol YY 5l e 5 0l (1SS (ol msh s

23S el e

o ploxil gl Sebesl
o5 Canglie et o3
[13JASTM C109 s ltlcel _wlusl L» (g Lid Conslin iulosl
OXOXO xS (sladd god (s oLid Conglie (5,8 oIl g

3V e 3 ekd (sl Jes sl Ll 534S el

g god (s5lweslel 5 LIS o gou
LY Ve b S ssin o e il 1 13
035 oh s 45 byle LSsaa 0 S YA 5 T 1)
530 S 5l ol g Jsbme ) 0352 Bl S e 450 0
J;wl@b&;{uﬂu;{\@wg;}ud\ﬁ.;,.z«:}u&;
O30 1 SUI 5 anle Jold llas ol el 25055
oo alh BUly anle dids S Soe w5 iy Sl
_Q}Cawptwqj\mwﬁ,;&hﬁmw
C)Ja@}abﬁau‘éw@ﬁ.)xQ)MQ\)(SSd)
035 o8 31 g 2235 (g0 LSl 05l pn s 5 033 b 435 52
,;.ajﬁ:@,u;vﬁ:w)au\ombspg\y&%
NELEPIR YR TS N SNV P WP L (KBS i -
JS 5 ea,8 Alal e ay (ol 055 om 5l a5 4y, WL

o2 et pelige 4

’F'F‘j)aju;ijdb



Sladle Sl 5 Silisl Sl gzt LS oS Jlas 317 aelllos

YA

P o g alad by 3 Jleel 655 P
o e e phis (5o D

o et paie (L5 N

ok e oS 4SS s abol

S 65 B e TS

ol LSS alad 0 IS

-

S glae ool

[15] ASTM s ikl olal (SO0l csli iulesl
G Sl Caglis 6,5 okl cgr C1202-10

S o8 Lo 35 0355 YA o 53 astles OXOXO (A& s05
Ui s lp Silesl ol 233 8 oo plondl (S Sl e sl
Sl bl 51 (S a8 (S IOk S 2l s o e slie
S el cul (St w by pee
py el S gl il VL S sl

D3 emh Ao 33y dges O3 L1 3L S Sl Caslie

.w‘oﬁeb)jT(VjY)Jiijaﬁﬁw

E

S0 S5 N F e ¥ JSS

Canglin) Jied 51 U 23S Cuglie il
(o
[14] sylulinl ulud 5 (gl abas 4w it Caoslie ilesl
Glad po st Cunslie (6 S 03161 g ASTM C348-08
Jos 0kl Lol 5l e tensle P X\ F Llatie CaSa
0Ll 53 ol a8 13 el 5550 035, YA e 3 (505
Cdts 3 slas 31 eslinad b 4 ped st Cuoslie o iale3]
03,51 (0 5 1) ISE 3 wsed S 5 (S 3 0 el

RGO PR WA

Se= 3pl 0)

f= 2bh2

d&mLﬂKa (. L;;'.A?- &;ﬁjuﬂ :Sf

’f‘f‘jJ:Ju;f,.;‘iAjw‘,/Lx

o2 et plige 4 o



4

J@‘d_}w}dﬂ)bﬂgw.{w—ﬁéﬁw/aém wjf;Mﬂ/

(kg/m?) o J&5 =p
(9.81 m/s?) ey il S =g

Eg = 1.25Eq — 19 (f)

(GPa) Sl 4zl Jss : Eg
(GPa) Suolus atwt¥l ket Eg

S sl A Jguj(w A S

& 4 gl ialejl
[18] ACI s kil bl (8l 4o Caoslio s iules]
Gl 510 bi U gl l il sladised <3, » 544-2R
Drop-weighttest s, L silae o35, YA o 55 eilu £.0

a5l S 5 i gad (5 S 13 5 s o el (455 b 3D

asleo 31eslanad L 0L L;J.:f Sl 5 & gl Cla L wles
(?)L}Q)) g)’:".’-LA.)T fb'-" °j>=" W J‘iTL;“ A;M,UJ‘U J'L)

sl s eJ)jT

p=Rx- x)

Sl cwslas s p
Ok & Sy o R
4 gad s v A

askas Jsb L

A sl ilesl el £ IS

S gl AN S le3]
e 3o sl Gl (K on Sesel A1 Sl
ohlesl ABb e o Caslie Olge Sl ln 5 o
&) ge ASTM C597-22 [16] 5, lliwl _pelasd 5 S5 guel I
SaS @ Ol gtee | (Slial 5 (Sl arzeVl Jsile 3,5 0
ons s 45 Sy g0 ks 355 sty S sl 1 oS
mased Jsb S 03 S el 5 Ol e ( Syl )
o e o gas Sl 5 L5 258 e S I G gla
Cesty 5 [17]e¥olee b Gllae SOl Al 2lal 50
35 el OXOXO (glad o3 3 a3l ol plomil sl 2 R
el 5 oo 055 oS 133 8 o oslizul 055, YA o

el 0l 03551 (A V) S s e

U?p

Eq= |2f] x 1072 )

(GPa) _Seolos ate¥l Jste =Eg

o2 et pelige 4

’f'f;j)oju‘f,.&.iéngj/.w



Sladle Sl 5 Silisl Sl gzt LS oS Jlas 317 aelllos

fu

Sl ol bl
e 53 el OXOXO gl gl (555 » 2 il s
550 plosl [19] ASTM €948 551kl Gllas 355 YA
338 o deloe 5 dslee Sl esliad b Ol Dl ds s
O3l 53 6,8 )13 s gldl Ll s ladisad (2S055 fromes
el o 03,51 OF 5 VY) IS s a8l 5]

T ol = 22100 ©

ojl).u.\_.:&:;'-rﬁ:C

Ol 53 Laa gol O3ls L1 3 VY IS

-

53 sl OXOX0 (gla 43ij S0 2 T e U:"iuﬂ
555 0 ol [IO] ASTM CO48 5,15l illae 35, YA

.W‘OMBJJJT(\\j\"jQ)J&—:)J&‘L@Jw‘j

sl S 5 sl Al Ve S

7?‘4‘9)@/4.:7,..;:.@}‘;“,//“

o2 et plige 4 o



AR

J@‘d_}w}dﬂ)ljﬂgw.{w—ﬁéﬁw/aéw iyl = o]

)J}Q)ﬁMJJ&)}T&Q&}‘JZ@SQTJALQJ)TJ»& @t&cd««d‘
@L’La J‘M‘.}\ )))AAJS N b g_)T BE) 6})IJ~..¢ @L’La M?,:::.;
414.»1}4.37}\‘ e)wéucjb.sﬁ@a:u;ﬁ\ja:mjééjjn}a&

Lo STl ol o8 sl SVL slacieslis

r})r@aj))vm@u Vd}b

(MPa) s
- . - gl | b
L 53 &5 J~9 hﬁ‘ BERtST] J~9
54.4 47.6 1.5RF5 1
54.8 47.6 1.5RF8 2
46.7 40.8 1.5RF12 3
46 40 1.5RF15 4
50.5 41.6 2RF5 5
514 43 2RF8 6
44 36.4 2RF12 7
434 35.6 2RF15 8

-.]a;\MJJd)}]JAc .‘T‘ijﬁtﬁjj]d‘“;

& S
<< <z~ &L &8
\:,g WA R

70
60

50
4
3
2
1
0
<

<&
<,§{~ <;z~

o O O

o

N
&
N

Tk el

.5)).4)))\‘A)VWJSJ\ uo}wcdl@rlfﬁ

o Jol 3l s S 5 (o5l glie ol
LY oled = b oA) dodr 53 35 50 mld 4 a5 L
doys ) LS 50 S e 4 O
Gols Caslie (gl |y G dsys 5 20 45 ¢ amem
Aslie bl o313 0L 55 Sl ag b s 4 o 6 5L
S 035331 68 55 5Ll Ol5 e el pBT L pss p8 il

W}J;dﬂ wbuﬂ)dsl&ajabwwﬂbwff
o oJ))T (\\c)‘_}gﬁ)b CLW'&‘ CJ[} L L‘Mujo.: QJJS Q)_}

__B
ST (T T B-A

el

*)

Soseb s £ A

Wgad 055 0jy VY Ka

b s 5 &1,
6)‘—:-3&;-6‘9&0

5315l O b s ot 51 55, V 38 51 ey sl 68 s

L:.g:».w\o.,\,.j-v4:‘)\(9);})&)3@@)03\.\)‘}36)&&
)V o)Lw LSL“CJJ’ 4&..."444;-);

L ol Lls g 5VL s

J}lrlfajﬂvw@lsj 9J}J~;—

(MPa) s ol olas
57.8 1.5R0.4 1
60.4 1.5R0.5 2
54 2R0.4 3
56.4 2R0.5 4
Lo 5315 S5 ot 5 2l 3 1 gl 1 e w33 ¢85

J«ébf)c:bdhmwwb )‘)})V}‘

s s el 3

dp.ﬁe..iw @Lb)\ 4(\O)J§JJ(V) d}b‘?): ASJ}LLQA ol 0

o2 et pelige 4

’f'f;j)aju‘f,.&.iéngjb



oo Kol 5 Seilicsl Sl gty L5 oS Jlas 317 aelllos

Y

S Sl ails J&QKA\G,'\ L;'.‘.aju.a cdbﬁ Lo s A 6}5
J,<~L:,.. g ﬁv\fw‘) JKN«:L!K& 0,0Y “ kleu.d L}:;L>J gfil DL

Mbjwlvujuﬁ Lgen

oS qwu,,@u Q4 Jdr

(MPa) i s ylie b ool
5.52 1.5RF8P0.1 1
4.73 1.5RF8P0.2 2
5.17 1.5RF8P0.3 3
5.3 1.5RF8P0.5 4
341 2RF8P0.1 5
2.79 2RF8P0.2 6
3.07 2RF8P0.3 7
4.17 2RF8P0.5 8
S A gl

e 53 el OXOXO Slad 35 (S35 5 S 2SI s slie Liolesl
L as S e plomil (SG S0l onglie s olSiies a5 035, YA
S 5ok anlS xSl () b (S S e glas 5
Vosled b (V) Jadr 5335 s il a5 L e S
(o= Ao 5o ) L GU 50 dS 5 i 6 Sl i L
EREERCS Y (VY 3 3 SEPTRUN P P NTE N JUPLFA
200 Sy Jlaxsl [21] el wab ol oled

22 A Sodes & Ol Sl 3 aslie b e
OUI Blus b plaz b oS 558 o edaliie 55 (1F) IS
Al b b S s 55Vl (S S el

Goled Caslin 3 [2] iy Olidss 3 romen pd
e 03 e DR Sl sel 4 ol S sl e e
Sl 035 gomands SOLES oS azils 2038l o35, YA 5V

b
‘E{LQ_S€K=)'))Y/\JVW@LS /\JJ.,L?
(MPa) s
\ C.Mg..: CLL:.; YA L"m_i..i c:l:_y CJE rL: e)Lo.J

333 (S33)
61.73 75.2 1.5RF8P0.1 1
48.13 58.4 1.5RF8P0.2 2
448 70.2 1.5RF8P0.3 3
42.93 60 1.5RF8P0.5 4
45.87 58.53 2RF8P0.1 5
44.67 55.33 2RF8P0.2 6
40.8 65.6 2RF8P0.3 7

34 61.8 2RF8P0.5 8

(s Coglin) s 5l 30 2iS Cowylia
FxFx) 8 it CaSe (glad g it Cuglis ialasl 5o
S5 gl b aw e il o olKiws 053 1 el
ol Sl () Jad= s @l Slalse pll 51 ey 5 a0l
S S L) led b s pe S 4 a5 Ll
oast Lo glie ez do)n ) LU 510 AS e 4
ool sl eols LS 5 Sl e b s 4 s 6L

6\.&4;}&.: ’_\WL - CM)L&A c[ZO] db&o.h 9 J‘_}:‘”"’ CJLL\.W“““ 3

(v) 305 | (MA) oL > | (kohm.cm) S =31 s slis bt osled
40.5 14 144.6 1.5RF8P0.1 1
40.5 1.45 139.7 1.5RF8P0.2 2
40.5 15 135 1.5RF8P0.3 3
40.5 1.54 1315 1.5RF8P0.5 4
40.5 1.56 129.8 2RF8P0.1 5
40.5 1.62 125 2RF8P0.2 6
40.5 1.66 122 2RF8P0.3 7
40.5 1.78 113.8 2RF8P0.5 8

”""¢j.}pju4ﬂ.&iﬁbjwdﬁx

s D ligs 4



v J&h‘dyﬁa}[jrwgy.{w—ﬁ&w/aé.ﬂwjf;wﬂ/

200

180

160

i i S R 4
120 ——

100

80

60

40

20

(kohm.cm) S sl cooglio

0 0/1 0/2 0/3 0/4 0/5 0/6

ETR/ WIS

- @ = 1.5 0S50 4 Al G —0— 2 2uS 550 4 Gl G

&}ﬁdgqg\;ﬂwéuwﬁwﬂéﬂlujm \?Ji.i

H w0

w

(km/s) glsel 50 o pos
o = N

7 —

< I

<

S

7 —

< I

<

S

S gl A
Sl b sl Tl (S S AN b
@ Gt el s e esli | g gla o5l b5l s el
S (ol polis Wile sla win) 5o Olanasns 5 O-1b
Shdads 1) s (6 SKepanal UKl cllas v lisl

Looslw e G oo oo 550 s bl opl 3 b

(ng' q;zg' 0326' %QQ C§Q' (ng' %QQ' qg@' E) ‘_)T e LSJS oj\Ju'\ E) gSJ.? >4 9 e iS cuT LgL&‘ e
X X X < X X X <
R R O O : . L .
NTONTONT N O |3 o pd et o VI J e (il ASle gl S0 s
L N :
come 2Rl Rl bl S s Ol b s (Sl

S gl Al ralesl s WY IS

[22] S gl Al GialosT olol 2 kS s i V) st

a3 Obe 5l Dse losbe (ol Zlsel H e o Sl
Y8 WY OJJJT (\V) }g_wa DL &'.".J)_"‘"Jﬂ‘ J:.Llﬁ)i c{b NG ‘
L’C\}‘\)_}"&C""‘J—"“ )_9_..«:‘1@0.)\.%[_.“&; 4\5)}2.![.&.& NG |

CodS km/s) s e

S <£0 355 s S el bl 2l o SedS Ol
s Yo-To Vosled b sl s s el 5 () g il
S Sl Ye-v gars b promed e sl alb O LS Lo, o
2 v 2 A AS YAYS O (s plal o aS) oot 2 b
e ~ I[22] e r gl ikt x5 L b gl S

A3l e ol e Dol

o2 et pelige 4

’f'f;j)oju‘f,.&.iéngj/.w



oo Kol 5 Seilicsl Sl gty L5 oS Jlas 317 aelllos

¥

S gl Al 5 el b aneezoN J 5o el VY sl

(GPa) bl azpz¥l Jsts | (GPA) Solys arz¥l J5ke | (KM/S) sy At ooles
22.465 33.172 3.846 1.5RF8P0.1 1
13.423 25.939 3.401 1.5RF8P0.2 2
4.1375 18.510 2.873 1.5RF8P0.3 3
2.617 17.294 2.777 1.5RF8P0.5 3
13.863 26.291 3.424 2RF8P0.1 5
5.246 19.397 2.941 2RF8P0.2 6
4.950 19.160 2.923 2RF8P0.3 7
3.608 18.087 2.840 2RF8P0.5 8

Aal) SHGapandat mle Kaulba pm s

&0 ol
~J
S
S
]

ol ol
o 5 it b L gLl p o 53 4 Ol Gl aalne 6l
e 3035 053 1y Lo ged 0l el 55 05T 53 46 gas i
3 Kgd e 003 13 el YE s e 4 O 00
coilaal of O3y 5 038 Kis b KU1 ek gas O
w)-tmwﬁcojﬁ&:}(‘ﬁqu.:p&
Vor gles Lol J=s s coL<:..iLaﬂla.:>u): Pl O
L esls 13 cell YY Q,uau.:\;vﬁlﬂu a5 Ve
Lo Glos 4 Odowrs 3 5 ol 051 3 kgl
Sistpr Ulpe a5 LS 55 Jhams @il 5 bwy
Laulgy 5l eslimal b of Gl deoys jldie A Codlssl & sed
L ebon ol jasie oS jshilan ds S aule 55 50

Ll 055 b (s didsd JSoe S 5 Ksde

i Y| J 9o
03 el OXOXO Lo sed (55, p S sl DIl 2l
Sl b OF 3l s clssl 51 5 38 &g 035, TA
4 oslanal Sl 5 (Salys aret¥l Jode 4 oL s
sdalis J{umr)‘b,\zﬁwywj,u@u‘\sm&;
LY osled b st sdalie mls 3 S shiles ool
o= Lo ) LUl 5V 0 S e 4 SISl
s a ad VL Skl 5 (Salys anegtal e
SIS Gl Sl mmen sl 03l OLES 5 Lacjb
L) esled m b Sl ey 45 5,5 Ol Ol ¥ A5 oden &
Sl 5 Selys etV J500 0 a)wcjb\,()w

Suls YL

S 4w glas
510 3 b sl gl gladigad (555 » w35 bsie Silesl
ol 23S el ey YA e 2 esile £0 Culis
S ackes YOV £l 5l 5l 0 S LS Y OF 055 L liss 8 @
il G35 o SLSS 58T Sy ol 5 0 L) w505 555 2
erTQMﬂ:eu_@LﬂQQ}SQ.MJC':)WWJQ)lJJS
o b s s SUL o s Sl OA) IS s
SH s ke e Rle s bse Cuslie A1

S o S S (S,

’f'f‘}.::)u?.;.iAJ‘;xJLx

o2 et plige 4 o



Yo

://b“;yﬁugﬂlﬁy@—ﬁ&ﬂ/ap iyl = o]

obed (V) Jgdr s ol 3&l)) i 4 55 A3 S dilos
Al ‘_;},.:e &Gw(sf L"‘Cj-l’

(UM3) orm ¢ b el ol
2.240 1.5RF8P0.1 1
2.224 1.5RF8P0.2 2
2.198 1.5RF8P0.3 3
2.195 1.5RF8P0.5 4
2.212 2RF8P0.1 5
2.208 2RF8P0.2 6
2.200 2RF8P0.3 7
2.200 2RF8P0.5 8

S xS o

Sol= sl Solus 5 Solil Sl guast dlis ol 53

Syse e gl Lo bl b SUL 5 S8 slse

el 5t S 88 5 L)

o3litul ioman 5oyl e b SIS slge gl A 3ol )
2 el s s b SIS e A5 )
Sl OLas s 5l eds el sl tlesl peles

(o33 ) s o o BUI (6,08 Ao pn 45 olad a5 Y
50 YA SV e Ly (6 mi (olid s slie s Ll Lol 4
L3S S (VO,Y MPa)

WMo 53 sk SUL YL e Aoy 3l eslizud ¥
Latalosl s 51 s (5 5 (solid e glie EalS el
A

A o3 ases pled (S Caglie i 4 ar g LY
DMie oman A pslie LIS 05 358 5 (Sa)
b WSS Cglie oy i Ol seay (VEF/2 kohm.cm)
A

L glsel see oo a8 5l OLES &:J}wljﬂlui.luj@u 0
b R la s b DU s L1

S dos G aS sl 0L aezaVl Jae s #
3 Sl ez e b o alS ez sk
VO A8 5 oden & DI S L) ojled - )b S5l

@l e ar s bl e LS Wl bl lac 2 dbe
b O Sl LY sled b ((OF) Jodr 5o s e
SMds g S ez oy ) LU 5 V0 S 5
Sliios e g b b Koo o ) ST il
Aoy LY e Of Gl o) (23] 0LKes 5 Osedss
Cdllas odalinsy mlt bl cnl o spd e D s

3ols

Sl s Y Jsas

Sldr ao)s et oslad
4.64 1.5RF8P0.1 1
5.36 1.5RF8P0.2 2
5.86 1.5RF8P0.3 3
5.92 1.5RF8P0.5 4
5.03 2RF8P0.1 5
5.13 2RF8P0.2 6
5.26 2RF8P0.3 7
5.54 2RF8P0.5 8

u%ch.alft@l(aﬂ)lmjsgcwcﬁwbud\ﬁ
i el Gollae ol 5L5 OF 3 500 54k 58 p o
s 3 i e L gLl wised sosab s g L
St gl bkigas 50138 Sl e sbie nl Gl a5
les L JJ Oy w0 Ol e&aglesl Jases s TR R
Oee 3l el YY 5l e baad gad .0l oils S50 € 2423°
Wﬁ“&i}d?\fudﬁbﬁﬁﬁaﬁ°“€)b‘
S ol B b s &l isoseb st oz e Gl LAS 58
CoF o SaS wwtad pasie J5 51 Gb 5 Ol 035
S sk S w4 ol Cle cenls b Sadl
Kb sk px el O3y oMl o3 S
oL G)b'- ;’j S ged eplulial Gollas caslsl js L Ad O e
35 5 AE Si e b S O] eban b
Gl S o b Ll o Ol ol 55 Hliie s S

L gas e P e Lils, 3 eslaal b o

o2 et pelige 4

’F'F‘j)aju;ijdb



Sladle Sl 5 Silisl Sl gzt LS oS Jlas 317 aelllos 2

asl o3l 533172 GPa 55 a4 ez doys ¢V L SU
Na;SiOs o Ok 0wz e o 2 Ol 4 |, 22,465 GPa
Ssd St mlan Lelsl B gl a,s Caglie Shosn by SUL S Bl esliad Y
ASTM san s a3l GGl el LB sk | olg Ceaslie 4 Ol 5 S5 sl sk
ACI el o dmmse 35 (s +/)) GUIN S e o sls (5531 (sl 4l
GPa IS o i o3 s (6l a b Conslio 3 s )3 (8 e L0
MPa JKLLK OV il & e OUL doys +/0 5l eslazal (Il
kohm.cm Fosil —algls A Gl e G glie gdo s
Lo bz b ales a8 sls olis Of il Jilesl s A
ol Als 53 LB el 5 ol o ol
s s eled dades OLES ez p il = A
Lls I LB
&l

[1] L. Vickers, A. Van Riessen, and W. D. Rickard, Fire-resistant geopolymers: role of fibres and fillers to enhance
thermal properties. Singapore: Springer, 2015.

[2] D.S.Vijayan, S. Arvindan, and T. S. Janarthanan, "Evaluation of ferrock: A greener substitute to cement," Materials
Today: Proceedings, vol. 22, pp. 781-787, 2020. https://doi.org/10.1016/j.matpr.2019.10.147

[3] V. Jose and R. Vasudev, "Ferrock: Carbon negative substitute for cement—A review," Sustainability, Agri, Food
and Environmental Research, 2023. https://doi.org/10.7770/safer-V12N-art784

[4] K. A. V. L T. A Singh, "Compressive strength study of green concrete by using ferrock,” Multidisciplinary
International Research Journal, Gujarat Technological University, vol. 2, pp. 63-80, 2020.

[5] A. L. Garcia, A. T. Achaiah, J. Bello, and T. Donovan, "Ferrock: A life cycle comparison to ordinary Portland
cement," Industrial Ecology, Denver, CO, USA, 2017.

[6] M. R. Latifi, O. Biricik, and A. M. Aghabaglou, “Effect of the addition of polypropylene fiber on concrete
properties,” Journal of Adhesion Science and Technology, vol. 36, no. 4, pp. 345-369, 2022.
https://doi.org/10.1080/01694243.2021.1922221

[71 S. H. G. Mousavinejad, A. Darvishalinezhad, and M. S. BazKiagourabi, “Effect of polypropylene fibers versus
macrobarchip on the characteristics of plastic concrete,” Ferdowsi Civil Engineering Journal, vol. 37, no. 2, pp. 99—
122, 2024. https://doi.org/10.22067/jfcei.2024.80952.1215

[8] T.C.Madhavi, L. S. Raju, and D. Mathur, “Polypropylene fiber reinforced concrete-a review,” International journal
of emerging technology and advanced engineering, vol. 4, no. 4, pp. 114-118, 2014.

[9]1 Y. Liu, L. Wang, K. Cao, and L. Sun, “Review on the durability of polypropylene fibre-reinforced concrete,”
Advances in Civil Engineering, vol. 2021, pp. 1-13, 2021. https://doi.org/10.1155/2021/6652077

[10] S. Elkatatny, R. Gajbhiye, A. Ahmed, and A. A. Mahmoud, “Enhancing the cement quality using polypropylene
fiber,” Journal of Petroleum Exploration and Production Technology, vol. 10, pp. 1097-1107, 2020.

’f"c‘J"’Ju‘ﬂ"me“ﬂ‘" 933 Ol as oligo 4


https://link.springer.com/content/pdf/10.1007/978-981-287-311-8.pdf
https://link.springer.com/content/pdf/10.1007/978-981-287-311-8.pdf
https://doi.org/10.1016/j.matpr.2019.10.147
https://doi.org/10.1016/j.matpr.2019.10.147
https://doi.org/10.1016/j.matpr.2019.10.147
https://doi.org/10.7770/safer-V12N-art784
https://doi.org/10.7770/safer-V12N-art784
https://doi.org/10.7770/safer-V12N-art784
https://www.gtu.ac.in/GTU-ResearchJournals/News/5%20Engineering.pdf
https://www.gtu.ac.in/GTU-ResearchJournals/News/5%20Engineering.pdf
http://ironkast.com/wp-content/uploads/2017/11/USC-Ferrock-Final-Paper-4.24.17.pdf
http://ironkast.com/wp-content/uploads/2017/11/USC-Ferrock-Final-Paper-4.24.17.pdf
https://doi.org/10.1080/01694243.2021.1922221
https://doi.org/10.1080/01694243.2021.1922221
https://doi.org/10.1080/01694243.2021.1922221
https://doi.org/10.22067/jfcei.2024.80952.1215
https://doi.org/10.22067/jfcei.2024.80952.1215
https://doi.org/10.22067/jfcei.2024.80952.1215
https://doi.org/10.22067/jfcei.2024.80952.1215
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=99c0a5466fee16dc991b81125d84b0a9836cddec
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=99c0a5466fee16dc991b81125d84b0a9836cddec
https://doi.org/10.1155/2021/6652077
https://doi.org/10.1155/2021/6652077
https://doi.org/10.1155/2021/6652077
https://doi.org/10.1007/s13202-019-00804-4
https://doi.org/10.1007/s13202-019-00804-4

v SN (S g0 0315 ol e s = pillacsl oot ity l5 e ]

https://doi.org/10.1007/s13202-019-00804-4

[11] M. R. Mehr and H. Bakhshi, “Effect of steel fibers and concrete strength on mechanical specifications of steel fiber
reinforced concrete,” Concrete Research, vol. 8, no. 1, pp. 101-112, 2015.

[12] ASTM C778, Standard Specification for Standard Sand, ASTM International, 2021. [Online]. Available:
https://doi.org/10.1520/C0778-21.

[13] ASTM C109, Test Method for Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or [50-mm] Cube
Specimens), ASTM International, 2020. [Online]. Available: https://doi.org/10.1520/c0109_c0109m-20.

[14] ASTM C348-08, Test Method for Flexural Strength of Hydraulic-Cement Mortars, ASTM International, 2014.
[Online]. Available: https://doi.org/10.1520/c0348-08.

[15] ASTM C1202-10, Standard test method for electrical indication of concrete’s ability to resist chloride ion
penetration, ASTM International, 2012. [Online]. Available: https://doi.org/10.1520/C1202-10.

[16] ASTM C597-22, Test Method for Pulse Velocity Through Concrete, ASTM International, 2023. [Online]. Available:
https://doi.org/10.1520/c0597-22.

[17] M. M. Rahman, M. Usman, and A. A. Al-Ghalib, "Fundamental properties of rubber modified self-compacting
concrete  (RMSCC)," Construction and Building Materials, vol. 36, pp. 630-637, 2012.
https://doi.org/10.1016/j.conbuildmat.2012.04.116

[18] ACI Committee 544.2R, Measurement of Properties of Fiber Reinforced Concrete, Detroit, MI, USA: American
Concrete Institute, 1989.

[19] ASTM C948, Standard test method for dry and wet bulk density, water absorption, and apparent porosity of thin
sections of Glass-Fiber reinforced concrete, ASTM International, 2023. [Online]. Available:
https://doi.org/10.1520/C0948-81R23.

[20] A. Shivani, N. Nihana, A. Gowri, H. Jalal, R. Arjun, and M. Jinudarsh, "Experimental investigation of ferrock by
complete and partial replacement of cement in concrete," International Research Journal of Engineering and
Technology, vol. 9, pp. 855-862, 2022.

[21] AASHTO-TP-95-14, Standard Method of Test for Surface Resistivity Indication of Concrete's Ability to Resist
Chloride lon Penetration, American Association of State and Highway Transportation Officials, 2014.

[22] E. A. Whitehurst, "Soniscope tests concrete structures,” Journal Proceedings, vol. 47, no. 2, pp. 433-444, 1951.

[23] M. L. Wilson and P. D. Tennis, Design and control of concrete mixtures. Portland, OR, USA: Portland Cement

Association, 2021.

M‘JJJJJWJ“’%@J“‘:' ’f'f;j)y/.«.w“w”‘ }‘;wg,//...«


https://doi.org/10.1007/s13202-019-00804-4
https://jcr.guilan.ac.ir/article_1534_en.html
https://jcr.guilan.ac.ir/article_1534_en.html
https://doi.org/10.1520/C0778-21
https://doi.org/10.1520/C0778-21
https://doi.org/10.1520/c0109_c0109m-20
https://doi.org/10.1520/c0109_c0109m-20
https://doi.org/10.1520/c0109_c0109m-20
https://doi.org/10.1520/c0348-08
https://doi.org/10.1520/c0348-08
https://doi.org/10.1520/c0348-08
https://doi.org/10.1520/C1202-10
https://doi.org/10.1520/C1202-10
https://doi.org/10.1520/C1202-10
https://doi.org/10.1520/c0597-22
https://doi.org/10.1520/c0597-22
https://doi.org/10.1016/j.conbuildmat.2012.04.116
https://doi.org/10.1016/j.conbuildmat.2012.04.116
https://doi.org/10.1016/j.conbuildmat.2012.04.116
https://www.iranemart.com/upload/fa-article/216/1581751367-file.pdf
https://www.iranemart.com/upload/fa-article/216/1581751367-file.pdf
https://doi.org/10.1520/C0948-81R23
https://doi.org/10.1520/C0948-81R23
https://doi.org/10.1520/C0948-81R23
https://www.irjet.net/archives/V9/i9/IRJET-V9I9151.pdf
https://www.irjet.net/archives/V9/i9/IRJET-V9I9151.pdf
https://www.irjet.net/archives/V9/i9/IRJET-V9I9151.pdf
https://salmanco.com/wp-content/uploads/2018/10/AASHTO-TP-95-14.bak_.pdf
https://salmanco.com/wp-content/uploads/2018/10/AASHTO-TP-95-14.bak_.pdf
https://www.concrete.org/publications/internationalconcreteabstractsportal/m/details/id/12004
https://secement.org/wp-content/uploads/2019/01/eb001.15.pdf
https://secement.org/wp-content/uploads/2019/01/eb001.15.pdf

&Zﬁ&)’td fof’L‘..’JJ L;g.f/—:w/ ij&j&waMJwﬁJ[; aedles fA

H‘d‘g;y[.«..j‘r:.imngjb 933 Ol as oligo 4



	2-چکیده انگلیسی فردوسی.pdf
	2--.pdf

