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ABSTRACT

In order to reduce the weight of structures, reduce dead load and improve seismic
performance, lightweight concrete can be used. Due to the use of lightweight
materials that have a brittle and porous structure, the mechanical properties and
durability of lightweight concrete are weaker than ordinary concrete. To improve
the weaknesses of lightweight concrete, optimal amounts of fibers can be used in
lightweight concrete mix design. In this article, the effect of using different
amounts of polymer fibers and basalt, single and combined, on the mechanical
properties and durability of lightweight concrete was investigated. A number of
124 cylindrical samples with a size of 300 x 150 mm were made for compressive
strength and tensile strength tests. Also, 248 cylindrical samples with a size of
200 x 100 mm were made for tests. Experiments were performed on different
samples for the ages of 28 and 90 days. The results showed that the addition of
1% polymer fibers increased the compressive strength by 24.4% and 26.92%, and
the tensile strength by 66.12% and 72.22%, as well as the addition of 1.75%
basalt fibers. increases by 18.13% and 14.93% and tensile strength by 41.93%
and 47.22% at the ages of 28 and 90 days compared to the sample without fibers.
Also, the addition of 1.25% basalt fibers had the best performance in improving
the durability of lightweight concrete, so that the amount of final water
absorption of lightweight concrete decreased to 31.93% and 45.38%. Adding the
optimal amount of fibers increased the electrical resistance to 46.54% and
46.42%, and also caused the penetration of chloride ions into lightweight
concrete at the ages of 28 and 90 days by 39.67% and 43.15% respectively. be
reduced to a fiber-free sample. Finally, it was concluded that polymer fibers have
the greatest effect in improving the mechanical properties of lightweight concrete.

ARTICLE INFO

Receive Date: 27 June 2023
Revise Date: 05 September 2023
Accept Date: 04 January 2024

All rights reserved to Iranian Society of Structural Engineering.

Keywords:

Structural lightweight concrete
mechanical properties
Durability of lightweight
concrete

Fiber reinforced lightweight
concrete

Basalt fiber

Polymer fiber

doi: https://doi.org/10.22065/ijsce.2024.402870.3151

*Corresponding author: Mehdi Khoshvatan
Email address: mehdikhoshvatan@iauksh.ac.ir



http://www.jsce.ir/
https://doi.org/10.22065/jsce.2024.402870.3151

ARG PR axio AP Jlo F 0 5lois 11 098 (ol g 0o (wikign (i g 3 — (ol 43 pid

e &g ¢y o5l i e RS
n: on eel 3 °) w “f“
(29 — (o)
uﬁ'mus‘k—ﬁhqﬁﬁ
E3Lw 9 6 j L (a3 . .
e WWW.jsce.ir

9 G roads SLIIL ousdh gl S s plg 9 (Suilfo plgs B Lo3T (i yy
=S ¥ 9 (S pyda il

Y #) P
o lowy ' by (95 (G40
Ol soliile 5 ioliilo )5 g oDl J/J‘faLfgb‘/a i sdigeo (8 oS o1 p0 —

(J//"))',})" 6D p2>9 50 ..L‘>/j w}@/défﬁ&d/d ‘ ‘Lf“""‘l'"e'o u’.‘.‘? PRT A :M)/wujg—r

US>

Sew pllas jl oolacn] fdsay 0,5 ool Ko o 5] ladico asloj ) 0 Slac S5.g g 00,0 ,b LiolS doojlu 59 iolS jabiiods
slocies vagy (sl Conl Jldws Jroro 50 A Cornd K 50 ploo 9 (SilSo olsm cdiivn Jfrlrio g 00 LSl oo 45
SU il polio j/ oolicw] 40l lio il ;0 .05 ooldiw] S o LU )b o SL digy polio 1 olai o oS 0
ST b ] Lai 1TF oliad A oy S 0 o 5 Sl ol 0 oS 5 o 57 39 0 Sl 5 (Smclh
oIl b (slilyi] diges YFA Olinr Guizas b didlo iiS Coglio g (5,0l Cooglio (sl iolo;] slp o Lo 1DoxFe -
Slislejl.ais aslo S Colas g (0T Ceoglia oy LS g pus (6 pady S9di o] d (glo isloj] sy o oo ) oo XN oo
o ), (g Ll Ceogldo i s pocy SLII VT 50958 45 0l lid gl Al ploi] G5, Ve g TA i (sl ilizo (slodigad (59,
A20 o i li8 LS A8 diged 0 S jg, T g VA i Lo VITLEY o £/ oo 0 |y (iS Coogldo o TE/IY) 5 YF/VF
o 2l o cds b I g abds (il S 0 plgd g sy 3, Klae o pigs Sl SLI /YD Jdde 0558 paizan
s i8I YE/FY ) g ¥E/AF) JJddo o |, (S5 S Coglio o 8L) digy jIdio 504 58] 0l ialS” F/YAT o1) /) JJddo 0 /) S
L digad o Comnd FITI) o VYPVI Slino 0 5o, 00 9 TA i j0 Soaw 50 0 L, L5 (slo 50 Sadi b Al Sl pizon

O S i (KilSo Lols gy 40y il G i sy SLI AT U (6 Sam S 0wl Lials SL

S roady BUIN el BLIN ( SLIT S 950 «Somw (3 0190 ¢ Sl (o195 (gl 03l w5y 1 guuds” Glols

rJbez oAbl o atslw
https://doi.org/10.22065/jsce.2024.402870.3151 ol T Ll SRy &S5k <l
doi:
10.22065/jsce.2024.402870.3151 VESY/SEY | VEYANE | VEYSANE | VEYENE | NFeY/fep

b9 SH9F Mo | 1 gunn s 98
mehdikhoshvatan@iauksh.ac.ir | . Seig S o

ARG amio APl Sl o o slod 1) 0,99 (ol g 0 jlu (wikigo (i g 3 — ods 43 g


http://www.jsce.ir/
https://doi.org/10.22065/jsce.2024.402870.3151
https://doi.org/10.22065/jsce.2024.402870.3151
mailto:mehdikhoshvatan@iauksh.ac.ir

Of 21 03w (qwiigo (ol Jbeleolo

doddo —)

WYNAY . o ]y glosle Sew o J&> V] ACH 213R-87 aal yw .l il Canto 10 )00 gl 3l (SO «Sew 0
5 s sbeosle ojs (el jskiie 4 cesl 03,8 ol JSWbSe VY JBla 1y T 039, YA (55L88 Cunglie g canSo i 0Tl
3 oslaswl .o )5 oolaiwl g (Sdg ane sloojle g o wbj ales b o b waly slalazle jo S 0 51 lg5 o0 000 )b oS
w3 oo GLiS 093 5l (6 Cueglie sl Sy Rl )3 ojle a3 g oad Al 5l (AL 0ol slag s el Sl S
e 4 oS MT NOL G G55l 10 psmad o cely Slaisle oole (pl 5l eolaiul 5 00 o Sl Gile SO Sew [¥]
51 oslaiwl p 3l gla Jlo ;o a5 amo oo ylis 0oL sloesls g o yo,155 Judow g a5 [FoY] 09 co colal og>ad o § G
S loailoSiw 5l oolanwl b olgs oo 1) S 0 [0] ol aiils g5 BB o, oz ,0 Sew 0 asile 00 SleasL las
lailony [A] oo ools Loy (Sitodly 5 (S slaall; [A] 55,9leS slaall; asle egian Sew pllas ;) ooliiwl ylhame
S gdlas 5l oolanl Co e oy A slosls g |, [VV] o ,g5 0l asile o (ol DY gama g [v] ‘_ﬂ e (S youd
ol S S 40 0y g S oo b (6,550 ¢ e 9han

S5 g0 el « S pllas hrs Lle g o5 0ol Jdoay o WS 70k o Siew slaaslaSn 5l eolaul Jdoay
oolitul jlake x>, 355,56 S ams lakize [VF-1V]ail sams Jloy 59 b (o 4 Camnd Sew oy plgs Sl plyz aS
iz 0 [IV10] vgd e cans o i Sew o plgd g (SlSe (ol ol il LW #ib j0 e S wllas
S las Glesas Ay oz YO/ (g5l S 50 alwc oYl Jode 5 ched Ceoglie (g,lid Cawglae a5 ol camlin Ko
(6,Lid Cuoglie ¢ Ay oz lade LIl L il 5eS Sew las W8l S G 4 Caend VAL 9 SYT VY Gl 4 o gy
Gaxg b b cpl bl asl gald S pdlas a8l aiged 4 Connd (g ymion Jlaie 4y alc Yl Joos g cded Ceoglie
olas ol g ol plad 1) Sy 1 (Ko 51 8 siiad 4y woz (oYL polie gol> a5 slbdised (i S i slb e
IYA] ol asy Goz (YL s 0 b S i SeataV] e S8 1sd g3 b b oaims

O otle j0 0gd e Cael it by z,8 g B Syl a5 Seew wlas Sl el Wis S (6,8 Al liae 5l S

J.A‘}C »)5_0.1 Oy g u_;‘ u..\> u‘).ado u,u;‘).‘!‘ g,&la ).A‘ Oy b}w J?le &»...u U’” )L&Lw 9 Ou\A" S¢>gs (5]l'> L;l.QLaB uj..u.u
Gy Sy 39 9 Ol iz (e plaisme (Rl (s S o [VVNR] 955 oo S (1 JBI 4 9IS (g sl 0 e
Se2g Judo 4 W0 )5 (g S Al ladxe (Wlodin S cwyp |y 00 0 plgd i gleaaslis 5l as 1) S 5 (RCPT) oy ,l8°
@ (Jgore 5 A Camd S i J31 4 00 S e 395 g Ol Gl e «Sew 0,3l VU 55 uoen g JB slalas

D] el i TIXD g VYINT. ime 4 i 5

S o bolie a4y (oS (BLal osle Glgin SLII (599381 (S 2 plgs 9 (S o193 d5ut sl crlie > ol S
Sl 0,5 0Ll 455 _rneds Lt 45 blsa> (590 5 ot ol «Ppbes cioenss] 4 g5 se (omals (glocdldl alex 51 [YYYY ]
) 25)ls (egran Lice a5 (s yeeky SLIl g <l SUINAPP) (ol 90 (b SIS SLIlisa¥58 SU ()l oo (25an sladL]
10 1 LI 8L s Conglie el i b s il 4 0lgF (oo S (5 ol 2 Bl 3938 o ST 51 [YOSYE] o ol
adsl Jolpe jo a8 Ll 1 (G805 (aie mlB) Gl 6rF ey ((Sosn S am JBE, e 9 (S S5 e
SF e Sanglie (LIS Cuaglie dxgi LB dgee sl lasl g 4ps plp 50 YU Cuglie wilossl 2920 (gl jun
S s bglie 4 il LI - I8T, o o958l 45 ol i Baiod Sy gl [YVoY8]0,S oLl iVl s 5 sdeass
Lol deds plaioms g oads (5,Lad Canglio Sgugr Sl (gl Sy Slo b ond Cuslt 5 S o5 slatnds glojhons Koo 5l oad asbs
IYA] el o S s SilSa ol Sggr s ol pmat 45 030,555 il LI gty olams o le (30905 btio

\A ARG PR azmio AF+F Jlu o7 0 yloud 11 0,98 (ol 90w (qwitigo (i g 33 — (oS 4 pid



Of 21 03w (qwiigo (ol Jbeleolo

556 SUE o938l WS Gl g Wo,S Bl St (5 )L Sueglie p SUII o938l ST sy, pliire 51 S solass
Bgad &y Comd S 5 (5,08 Zuaglie (SLII (GYL slajeo sl ool ©jg0 50 5 o)l S (2 (5)Lid Cuglite S9uge )0 Gz U
ly codsl 5 oh)lS S oy bglsee ay BLII glgil 09381 wisls 3,155 oylaame AST cpizean Y0 5VA] wb o ials LI 030
oliize  alBisle;] Gadzy oo [YVYYV] cnl S o Sl le sl g S ol a3 glS el ) o e o rals
ools als 1y ShIS o(0)) ouds Jae oy S slaals 5l oads aislo S i boldee 4y (oY 98 BLII 104381 o S (5,5 azs
ol 0By gy BLII gy diged Ay G BOT. Hlade 4 | cdad Coaglie Lol el atily (g Lid Cunglie Sguge ;o G5l 13U 4
o9l 0588 ol e Koo gty s IVV]as s s it S o (SlSe ol dS polie (il 31 L izmas
Jode 5 FIO7 Jlake @ 1) oiiS Caglie o/VY/ e 4 1) (6,lid Caglae ST 31 oo asl Seew o0 4 PP LI - //YY
VYT SU Jlade moli8l L aS wis,S (6 Sl likse (Cawl oolo isli8l U8 a4 Cand YOO Slade @ I, acswY]
JAS o Samnd TIAT g FIVTL jlaie & ol 5 4 il Jgo g (o825 Cungliio g 8l (215 OIY 7. (50 4 (5)Li8 Cenglie
Soge 50 (Sl ;U ST 5l eads aBle S 4 AL BL agisl as sl las gaass SO gl JYF] aL & ol
L[r-] a3 o yhalS BUI o digad 4 Cond |y (g Lid Cuoglin (BLII (YL jolas jl oolain] & jgo jo 5wl (g,lid Cwglas
el s GladilaSs 5l oads izl S oy o &dlL GLINV/OY. o /07, y0g58 wis S (6 S ldioee Gudod SOy b (pl
ol yos S sladilaSis iy Caglin |y ol ol Jdo 5 ams o (2ol VAL o WO olie a0 cudyin |y (g)lid Canglin
S 50 bl w5 S (6 54l yldize yuiad Dgin 5 Az p (5,La8 Cunglie L BLII 136 Cowl ous el a5 als o
Y58 BLII 31 g9, a8 iz 50 [YO]o lo GBIl (g0 diged &y s (6 yidin (B Songlie YF/ o & b BLINV/DY. (g5l
09 Aiges 5l yidn Vo (ea¥ed BLII g9l Sew oy ol Gl e 45wl (6,05 Az i plasl S o ol Gdx Gl
9 Job a5 ol o PP GLl ccdlil LIl )57 BLI aiile oLl aS” w68 )57 (6,8 dzes ik 1 golaws blie [0 el SLJI
S Loy 50 [YF] Web o Shw b sy B9 g ol L lie (alS el s )b jalls glls g andls oS ks
S lae jloads a3l S 0 bl 44 (SO & jga PVA g PP GLIL - /YAQY Jlade 0938 L &o )5 (6,8 am i
95 e 32855 50 b e 2l LI (g0 S Wiged s Saad YVIOT 9 WITY Gliie & oo b a0 e 50 0l Qo laie OPS
Y/ Jlade a1y diges ol 0dz Jlode qop p SLI g0 jo Code ol38len 1 s & PPHPVA S 5 GLII 104380 a5 Cewl 0l o)Ls
VOT g Vo o 10T polie (0938l ols ylis 55 Koo (s ,0 odd yiie ol [YV] ol sols zals GLII sy diges 4 o
LYA] cosl ools zals BLII (g diges 4 s T g YAIOL AAIYY Jladie & ol 5 0 1) S 0 0] wda 0,5 B

i A LSl Vo5 Ve sl S o 5l 6508 (oSl Ll w008 (g peS e liie o aRtlel oy S 0

e dy g5l Vo7, gl S (2 boglie 45 PP GLIIVE i (yog38l Sl cal b sl o 052 51 yions IO, 5 Y7, om0 4

05,5 ol liime 53 glanilan ;5 [FA] ol L2als GLIN 08l s %y digas 4y Camd VYT, i &4 1, digas 31 6 ppee oSl

Soails 1/, gsl a5 glaigas dy Comsd VEL |y 015 s ndy 355 lime om0y Dol 45 PVA GLIL - YO, Jlae (y0558!

Sl ybes ofy SO o Lo, o 4y soVe8 BLII aS wleols ,155 ylaise 5l gloae Lol [F+] ols ol ol ool 0,5 Sy

9 R IS (sl 358 Jlade (Al el 5 039 S i L JBIS 0 (S Sl e 15U Cow slagg 9 (So ST L L]
IO S Jimma ]y o o Shos (Blge 10 5 955 (o0 S 2 (So Sl Cnglivn talS

RO Sgdxo g (5’)'> )LM) w.‘ 19150 uo}oa? B &M FLERW v._eb)o ‘).f.lo QLO.W Ja....:j.' IR Pl?u‘ ‘Sl-mw-bjf axllas lJ

Sl 5 s peely SUIT 0933 ST (o jslaie 40 gy cpl sl (Sl le wllae (ol s sloaasla 5l o plgs & ez O
S5 Oz Sk SUI g (6 yeny SUIT o938 SISE allie ol jo ol plowl S 5 plgs 5 (Sl (2l 2 (255 5 S A0
R o)}n ‘_gl.as)...,obl.‘ 9 ul.w.ch)] w‘ 03 I &J d.z‘di»...u )‘ ol 4.._>L....: k&».u.’ w.' é.ulia uo‘P).w (uj‘)l.ﬁ).o..l)) G...SJJ 9

ARG amio APl Sl o o slod 1) 0,99 (ol g 0 jlu (wikigo (i g 3 — ods 43 g



Of 21 03w (qwiigo (ol Jbeleolo

(RCPT) wu IS &y (5 0y 3985 jlaie o o lgs ol Lis Sade Jolis plas sladazlly pooren g oiulS Cooglin o5 lid Cuoglie Jull
el 00 o J.AIS)BLU q- 5YA u‘-‘-‘*’dlr’ é&,&” wsLﬂ.Aj

NECERR IR

oix s ialoil g e o VO XY o5l b slaslgin] diges VYF (55,5 (o5iS Cunglie g (5 Lid Canglie sloiales]

Pl s (oo Ve o XY e oIl b (ol algml aisad VEA (g5, (S S0l calin 5 (S Sl Cuoglio w15 g 5 4398 2ld <

ASTM C39 s ,luibiwl Gllas (5,Lad Canglin slo iale;l o alowl alKagle;l Lal,s g aoe ;o b diges (5,90 Jor 5 clos .o

OF] ASTM CB42 s Jusbiw! glhas ol of G« [OY] ASTM C496 o lusbiwl sillas (ol mes 99 gty (oS Ceaglie ¢ [OY]

5ylastinl las (SO oS colan g (oSl Caglie iolesT 9 [00] ASTM C1202 s jlusbiw! sllas 9 IS 00 s 5y 3985
ol 0 00l prsgi dnlal o ladiges 69l Joe 9 E3lu ogou ol plosl 59,40 g YA (s jo [a#] ASTM C1760

las -)-Y

d,‘”lii.a L oL;;sLa; OLQLM ul.o.,.....‘ djb'-)Lf 50 ol J..Jy Y o 6’9.@.&40 J.*L).» ULM s Cﬁ‘ 49 oalau S50 QLQ.M.;

L @lae oS Cool 05 o aoye yio (8l YV v ohg mrhaw g caxSoyin 5o 0, SolS YAV Y ogasee ()59 (JBSbBa BY o5, YA (5)L2s
55 o oS o0le lyicds 3l 5T5,5 i1 55 ot sy Seking S 5| cymizmad a0 adgs [FY] ASTM C150 5 st
00,51V s 30 i Secn 5 ool mtlions i anl od o8lial el [F] ASTM C1240 o Jastics] b gollae 5] adss

s 00

oy St 5 Sl (2l Sliasedin 1 J g

(2a0) Sk 5 Se (2e0) Gl s
4.-40 ARYAZTYAs Si02
A 7O+ /0 CaO

7Y YAEVAl Al,0s

VIY =V/A \{i& XAl Fe203

- VAT ETVAI Na20

7Y VALY MgO
- A\TAETIAS Sos

- L EYRY: K20
A Y - C
frd o]0y - Cl
- RYARY CsS

- YY/YA C2S

- 4 CsA

- V¥ C4AF

- \AEIAl Free CaO

ojlail yiSlas b anobs ale g oy allaSin lgieas o Lo VY U F plo b ol 00 g4 5l ooliul 5,50 slaaslaSs

V SS g 0ads sl [f0] ASTM C136 aslin] golas 5, g cudyo slaailoXiw on als .l 5, cbalhSw olgea o o #
SErae dulo 5 3 (pgars 0 5 ol wiz Gl Grizer m oo (L | anle gaiy alls Jloged ¥ USS 5 05 (g 4l Jlogad
(loslw ) (slojlu oais Jawcio () sloaslaSics g9 5l oo oolisw! Sew pllas sl cuwas [F8] ASTM C127 & jJuastew! ilao
(O (S b Slasein Y Jgaz 5o .l ool ok ails [FY] ASTM €330 o luilee L gollas a5 ol jio (o Vo B F Lo b

ARG PR axio AP Sl F o jlois 11 0,98 (ol g 0 o (winign (i g 3 — ols 4 pid



Of 21 03w (qwiigo (ol Jbeleolo

K 5 amls (ol (S5 5 SO Slaaseda 1Y Jur

Sleogas (o) ala o (awle) ails sJ
Size (mm) FoNY Qid -y
Bulk Density (kg/m?®) YYY- Yy Yv-
Dry Density (kg/m3) Y509 YOAD Yy-
Fineness Modulus SIVE Y/ -
Water Absorption (%) .Iva V/AY A
FM £INE Yo -
SE (%) - va -

Slaaisl Lice a5 e oo VY oo b 2l LI 1S o plgo 5 (SilSo (olgs  BLII (05380 D1 gas 1 j5kaie 4y
5 S5 oy ol 0l a3l Sl s 5l ead 2ol Slge 5l a5 e Lo 00 Jsb L (KORTTA Wave) (s yors SLI g s s
S5l eogllae le‘)lSuSi W o Hekaie a4 REX PP I, ol Sl g (S0 58 Olasin ¥ Jaux sl 00 solazwl Sy
ASTM C494 4 [FA] ASTM C1017 (slas lustoos] b gsllae 31 M58 oy asly 1 Vb oS b T oasals 5 oaiiS” s, 3o
A8 saliial [£4] type F

b BLII Slso g Sy d Dlasiin Y Jgus

< Jsh OB adsh G (Mpa) oIS e slie (Mpa) Asesind) s @) < = S
(mm) (um) (L/D) ykd (Kg/im?)
Polymer Wave ) Yoo YvVo FAdv-Ver YOv Yo . 9.
(PF)
Basalt(BF) 'Y \/\/5 7%//\7 YA oYY AY v v eQY e A=Y e YA«
100 Sieve number # 200 #100 #50 #30 #16 #8 #4 3/8" 1/2"  3/4" 1" 1,1/2" 2" 3"
90
80
. /
k=l
i)
i 60 /
(<]
= /
8
5 50 ,
o
40 }
30
20 /
10
0 - - =/
Sieve Size 0.075 0.15 0.3 0.6 1.18 2.36 4,75 9.5 12.5 19 25 37.5 50 75

ol i s eslinul 590 opd (g dils v 1] K3

ARG amio APl Sl o o slod 1) 0,99 (ol g 0 jlu (wikigo (i g 3 — ods 43 g




Ol 2 0 3lw (wiigo o2l Jbeleolo

100 Sieve number # 200 # 100 #50 # 30 # 16 #8 #4 3/8" 1/2"  3/4" 1"  1,1/2"2" 3"

N\

N\

AN

N\

Percent rejected
[=2]
o

a
o

N\

w
S
N

10

Sieve Size 0.075 0.15 0.3 0.6 1.18 2.36 4.75 9.5 125 19 25 375 50 75

ol dlis s eslitul 3 90 awle (g &ils pown Y S

Sy UIE IS8 G F{ PR WA g L

LY b —Y-¥

i 4 by e LS )b 5y 4 sl o > [8+] ACH211 el ] b ollae LS 2 b ¥ oluas callie ol 4o

3l S 5 & bgaye LIS 25l V- el SLI g5l S i (gl BT 25l Ve (5 S ) ST g0y S
S5k S 0933 136 (o 2 Hokateds ol okt il (oS 5 SL ol S i 4 Lo 5 LIS )b V- 5 (5 ey SUI
9% B ) 9 oot yo laalaSin Al e cplor palie (S (2 plsd 5 (S RleS 2 (oSS 9 (N D )ga@ S s

ARG PR axio AP Sl F o jlois 11 0,98 (ol g 0 o (winign (i g 3 — ols 4 pid



Of 21 03w (qwiigo (ol Jbeleolo

NV e VT, o 107 e+ YO I3l 5 (6 yardy LIyl ol i Ll jyolie Laid g 039y ols oy sabes yo ol 5 00iS s,
Sl osds ;53 polie paizmad ansl (Selis Koot loses) V3301 5 olawas Olga IS 0339 VIO o VIO X7 ANOT /L0 A/YD
ol (WIB) _Slosw olgs a1 o g ybo oo (61, WI% e B 2 g 5 0055 G3Lo oS 55 Bl sol> slaz b gl
Voo o il e i TN plneanS Glgy 58 Bras Gliee 5 Ol 039 V0T pl Boikews e Bpan lade g 009 /YA s

el 0 s ot b oS 2 b ales 4 bgyjo oMbl F Jour 50 sl V5301 5 (loss olge p,S5LS

S g Sa4 gad DI - b i s

Mix ID Cement SF* Coarse Aggregates Fine Aggregates Leca Water SP™ Polymer  Basalt Fibers

(kg/m®) (kg/m®) (Kg/m®) (Kg/m®) (Kg/m®) (Kg/m®) (Kg/m3) Fibers (%) (%)
Cc Y7 74 Y¥. 7O YY. Yo ¥/Yo - -
Po.2s% 7. 74 Y¥. 7o YY. Yo ¥/Yo VAR -
Po.s% Y7 74 Y¥. 7O YY. A\ER! ¥/YO L) -
Po.75% Y7 74 Y¥. 7O YY. Yo ¥/YO AR -
P19 Y7 74 Y¥. 7o YY. Yo ¥/Yo \ -
P1.25% Y7 74 Y¥. 7o YY. Yo ¥/Yo VYo -
P1.59 Y7 74 Y¥. 7O YY. A\ER! ¥/YO V/o -
P1.75% Y7 74 Y¥. 7O YY. AR ¥/YO A -
Pas F7. 74 Y¥. 7O YY. Y AAK: ¥ -
P2.25% Y7 74 Y¥. 7o YY. Yo ¥/Yo Y/Yo -
P2s% Y7 74 Y¥. 7o YY. Yo ¥/Yo Y/ -
Bo.2sw Y7 74 Y¥. 7O YY. A\ER! ¥/YO - AR
Bo.sw Y7 74 Y¥. 7O YY. A\ER! ¥/YO - e
Bo.75% Y7 74 Y¥. 7o YY. Yo ¥/Yo - AR
B: Y7 74 Y¥. 7o YY. Yo ¥/Yo - \
B1.2sw Y7 74 Y¥. 7O YY. A\ER! ¥/Yo - VYo
Busw Y7 74 Y¥. 7O YY. A\ER! ¥/YO - V[0
B1.7s% Y7 74 Y¥. 7o YY. Yo ¥/Yo - V/Vo
Bas i 74 Y¥. 7o YY. Yo ¥/Yo - Y
Ba.2sw Y7 74 Y¥. 7o YY. Yo ¥/Yo - Y/Yo
Basw Y7 74 Y¥. 7O YY. Yo ¥/YO - Y/o
Ho.25% Y7 74 Y¥. 7O YY. Yo ¥/YO VARE" VARRY
Ho.5% Y7 74 Y¥F. 7O YY. Yo ¥/YO VAR VAR
Ho.75% Y7 74 Y¥. 7O YY. Yo ¥/YO VARZ VAR
Hig Y7 74 Y¥. 7O YY. Yo ¥/YO oy e
Has0 Y7 74 Y¥. 7o YY. Yo ¥/Yo 7Y /7Y
Has0 i 74 Y¥. 7o YY. Yo ¥/Yo AR AR
Ha.750% Y7 74 Y¥. 7o YY. Yo ¥/Yo AV AV
Ha% Y7 74 Y¥. 7o YY. Yo ¥/Yo \ \
H2.250% Y7 74 Y¥. 7O YY. Yo ¥/YO \VARRA VAR
H2.50% Y7 749 Y¥F. 7O YY. Yo ¥/YO /YO VYO

55 polie ool sla LIS )b P o(J5nS aiged) B aBl S 5 € oS g, 555 SP** ALy Sow SF* F oz 1o
(It poes) o mep B g5l slo LY 2,k H 5 il GLI oas 183 iolie g5l glo LS o5k B o yarly LI ous

» 4 g0 6)9T J.o.c g cslw-Y-Y

s ay Y O ) 5 (anls) 1, GalaKin 5 ((p5) ity sbalain dliws Koo ¢ lopes aiile Sis allas
s o 4 5 od a3 alS 5| el sl dy i aBlol i Liglis dy 00iiS (g, 538 g ol Ly il aBlS] puSan Ky

ARG amio APl Sl o o slod 1) 0,99 (ol g 0 jlu (wikigo (i g 3 — ods 43 g \24



Ol 2 0 3lw (wiigo o2l Jbeleolo

aalsl LY Joe 4> LSS 5 Ko bgle O ol Cavss b g o adlal bglse as al> 10 diz j0 BLI! 31 al> 0 40 oLl
Jdoas llie ol jo solitul )50 oIl ol plxl [0Y] ASTM C192 o lastiw! sllae LB [0 53, oo 9l G 8L
G994 (S Ceaglie g (5,Lid Cunglie sl e (o VO XY+ Lo b slailginl slacdB (ASTM) IS5 yel oy o laslil 51 ool
5 oSl Cnglie s IS @ s sy 3585 iolejl (0] Cdz sl e (e VeexVer o3lail b glaslyial slacdB g ad o g0
Slaises 555l Joo 0Bl JEnl 5yl Joo amos> 4 g 7,5 B 5l S 0 sladiges celn YT 5l o .l (S xSl colas

2 plil 59,80 9 YA uiw sl [0Y] ASTM C192 o lasliwsl Gollae o aliwgds S oy

S 2 Sl g0 51 Jas a0 IS5

b3l b bg, Y

Gobid Cawglin byl —)-Y

Voo glis) g e e 10+ b b slailsiul gladiges 53,y [OY] ASTM C39 s lustias] oo (6 ,Lid Cenglia siale)]
Jlesl [b iSlas e 51 0 odiges (5,Lid Cwaglie ASTM C39 o jlaibinl gllas ol ploeil 59, Vo9 YA i 6l yin e
2l o Gy e e (Gl e (A) Wiged glafie o qoye e (ile S 5lS sy (Priax) o

Fc=-—% )

PO o 90 WA (S Canglio gy Loyl —Y-Y

o oo 10 xT e+ sl b glalyial (gladiges 53,y [OY] ASTM CA96 s lstiasl b ollao oy i (i Caoglio

ARG PR axio AP Sl F o jlois 11 0,98 (ol g 0 o (winign (i g 3 — ols 4 pid



Ol 2 0 3lw (wiigo o2l Jbeleolo

T 2P
z.L.D

Q)]

0o > g 0o Jlosl Jb piSTas Prgye faniiloy 0 S olS oz (S o 99 (st (oS Suaglie T (] o a8
sl oo (s oy aigoil a8 D gy il en  aigesl Jsb L

OLE (w53 hs (oS Susslie Jiles] o (sl &l sl 4 5a5 1V IS @olid Coslis o3l o (gl il gl & al N ISS

@l o iz GialesT -Y-¥

el g s (Lo Vev had b slalginl sladiges 9,5 [OF] ASTM C642 s lasliwl b Gillae u ol ol wi> ol

TP oo ol F silbaxyo WV Ol a0 b o Sis SO o bediges ol plol 59, 30 5 YA s 6l o o Yoo

g oad gLl Ol o el FA Goe a0 S (50 Glodiges L il s b Sid 5l o badigad (9 .0 sols 13 el
A el ¥oadal, 5l ooliiwl b ladiges oles ol wda colys o aial (39 loaze

B-A

WaterAbsorption(%) = x100 )

ol 2,55l o S S [0 odd S diges (33 A g ol j0 0 glidl diges (39 B oyl jo a8
(RCPT) wy )15 (392 &y s 22y 3985 Sl ol —F-¥

D9 co odliwl [00] ASTM C1202 s fuiliw! las RCPT [ialejl 51 i 50 S o (s pdy 395 gopw iomin 1y
(A Jiw) Casl 00 00l Q&JJ)M ‘_;.»o Yoo &L&)J 9y ‘}M AR )Ja.§ L 6‘4;‘9,»»‘ 6le4a9.oa )‘ o ‘;M O Cuwlbs LY ‘_,’_il.mcbyo)i
Coms S5 0lwss Joko (9,0 aigejl (6,5 13 5l o s gLl M3 aladoes (9,0 W5 Ll iy ceels VA o a4 digod e
bl i sloaigajl 5l (55000 (oSl L )5 18 Guled )0 9enSTgyum s Jolowe b 500 o 5 0315 s Jslowa b diged
22 )5 dslre ¥ alal) Gillo 5550 (KoL S BT 0 cud cele 7 by o (b g 2y Be iy DS cow
el o o0ls (Lzs RCPT islesT plonil g2 4 JSCs

ARG PR amio AP+ T Jlu F 0 ko 1) 0590 codlu 50 jlu (owiigo (i g 39 — (oks 49 pid



Ol 2 0 3lw (wiigo o2l Jbeleolo

Q =900 (2, + 21,y + 2y +...+ 2l 5 + 21, ®

Shom cilizes sl ploj 53 00l (655 o3l Gl 15 cansls o 2 aisail 5l y3me (SupSUlLL S Jlaie Q (T o o8

RCPT &uﬂd%;;dﬁfﬁjﬁdlﬂem 03,55 i ) ail sl Ssad A S

e S Coglio —0-Y

e e plad ) Gy e oS ahauly 4 (oS Gl 08 )l e 0 Cwslie a5 (o slaasie SISy
S Cuglio dllie ol jo 000 S92y (S slabglie ;o (So Sl Cuglieo 5 IS (5 3585 Gloe (598 Al el (S 2SN Cnglie
5y uo Voo by lalgiul sladige;l a5 ol O ygo ol o ialej] g, .l e plil [05] ASTM C1760 o lailiw! &slas
@ ady e sty jlade s 50l Y 0I5 o Jeloee b ok g oals ools 18 olSiws Joko 90 o yie oo Voo gl
ol o bl o5 il ax 0 YO B Vsl iolesl Jsb 10 baiges slos uizmed o Jloel digo;l bl g0 4 asl £+ oo
oSl Cnglio (gl g, cml 5l e e Sladllae o 0 dvwle £ akaly Gl SO Sl Cloglie 5 O alal) 3 SO Sl Colan
LOA DY Tl oo ool oy

~ KxIxL

o= ®)
V x D2

¥4 ARG PR axio AP Sl F o jlois 11 0,98 (ol g 0 o (winign (i g 3 — ols 4 pid



Of 21 03w (qwiigo (ol Jbeleolo

St T OYYYIY fs s ool sas K il oo /g 1) oo s o8 el ot ool ol 0 b s oSl colin cala]y el o
SJMGLAWJJ4.:3.0.»1.]43D‘quwofoMJLoL‘)ujvvﬁo—‘&mwo);MLP’w“\f}‘uﬂ.’oMéjja)‘m‘ubP
ol i e oy 305 i L

~ 1000
O

R *)

el (S S Eolae 0 9 QM) s (S Sl Ceoglin R ¢ adkail ) 5o
=L -¥
‘s)l.&é s“«ogLs.o -\-¥

O 6)lad Cuoglie Sgngy Sl (oS 5 9 (S pAh Sl g (s renky oSl angy polie (3538l 45 ms e (i

BLI g 556 i Gpealy BLII A 598 0 28l O Jooz 4 az g b e ge aal8l S diged 4 cond 1) T 5 0ad S
Soetr 50 1) 53 Cntian S (5 boldie a4 (g ey SWIINT 395810l St (5 (55188 Saaglie Sgee 3 1) 53U (S Il
e pizman a0 se il 55, 40 g VA Cyaies 50 GLIN 0B Wigas 4y Cod YAYL gVE/F/ i 4y 1] 5 diils (g Lt Canglie
Ve g YA s ) i & VEAYT VAT e a4 ) S 053 (6L Conglito a5 055 VIVl allie oyl o il BLIT ags
Code 2138 m2 53U Jdody (S o bYST #b s (Gl pady) (oS 55 BLL 5l eolatul ols 1ol581 ]S alged 4y S 39,
S5y 2l B! sl clbaigas 45 Coms juzb ke 4y S % 6,Lid Conglie a5 0 el Il B Ly (6 yanly LI
Conglin s oSoms % LIS 2yl 4o (Y107 YIVOT) oad ;55 laddlll Y/ 51 iy pyolie 51 oolial conl ,S3 4y a3Vl sy
lid Cuoglio ialejl 4y bgyye mld O Jguzr 50 0,5 ol byliee canslial o515 5 LBl uds 435l 5 0l mazd (o2 il
YA (ios 53 (il yorky) (oeaS 55 B 5 U B o5y B 05 53 polie (sslor (slo g 5 (B o80) 28 S (2

s 00 dj‘)l)’ﬁ) q- 9

O ol 90 (WY M (S Ceoglio —V-F

b g (6 pomh BUIL 51 oolawl a5 ai il 0 o] Cuvoas s Judow g aio g o0iS Ceaglie sinlesl plosl 51 e

50 a2 soyiali8l BLIN W8l wiges 4y Cod Tl Jlaie 4 1) 2lS Cugline « S i XS 25k )0 (g0 500 5 (S O jga
Ly Ghywd Sl el g 48,5 )18 S (i [l ) bS5 alas o (el SLID o5 Job b SLI «g,l3550 Jsl al> 5
Slesls &l SLIN T 6 iy Jsbo 5 5 o iz a5 (5 penhy Sl g 00l jiin S 5 0l (o285 ()51 polas b Lol cig s oo
Cwglie ioli8l el ases jo g oads 25,5 oS i awl sy 5 S 5 ailas ad 5L Bl LS 5 wlas o 05 b el 5,
(S Canglie Sgup Ho 1) U eSSl BLI g S50 o iy (e SLI S pendy 098 0 az g BB lade 4 oaiS
e g YA lS Coaglio digad () 50 cewl (6 pandy BLINVY (gol> a5 sl (Glaigad 4y bogy o o00iS Coaglin lade o iion o)ls
3 i polie 5l eolainl & jae jo Sl 53 @ eV Ll ian BLIN BB wiges 4 S YY/LYY o PENVYL jlade 4 ol 5 @ o),
Sol> &5 (pladiges (b 5l rizen Sanl piien 508 diges Sl ep b Lol il oo Rl o8 4 (o885 Canglie g ey SUIITN
S Cnglie g 0090 ol Canglin ( yien gl cnl SIlL BLINVIVOT. gol> a5 (glaiges citiws 5L Bl ool (S5 50lie
oolazwl ¢g youds AL OOMS s el 00l 2ol38l 59, Qe g YAy 10 ]S diged 40 G TYITYY o FV/AYY Jlado 01, S 0
OlS JyuS diges 4 S |y o] g g aildS ate 550 S op oiiS Caglie p ol BLIN VYO I i polie )
U lade a4 (SO p 84 all BLI 51 S o iS Cglie 99 5o (Sl jouy) (oS5 B S0 el [S3 ay a3V ams 6

ARG amio APl Sl o o slod 1) 0,99 (ol g 0 jlu (wikigo (i g 3 — ods 43 g



Of 21 03w (qwiigo (ol Jbeleolo

o305 b il LI glacins sgb o el a5 ol Il GUIT s 6 porks G e L1531 oo il s @y ol 4 el 2y
ST AL Jaie el S 5 BLIL VYO, ool a5 (glaigas 05, A+ g YA LS Cuoglie Jlio lateds 09 oy
el 00 @0 sz 50 oS 55 Bl 5 23l B s poly GLII Galiieo ol oql>

O o 93 by 4 (S Caeglie 5 ()L Cueglie alesT 4 b gy gl 10 s

Mix ID (ISl (5 )l e sl (JSliBa) o ani 53 (IS Caa slia e RlS) S8
BYSAL BISAE J5YA BISAE (x5e S
C YV/o F¥/Y ¥/ 5 VYY)
Pozs FY/Y FA/4 /Y F/40 \VYY
Pos FY/0 Fa/y L7AT) ) YVay
Pos fo/s0 o) FIAD A yvay
Py f7/70 o7/ AR A VAT
Pi2s FF/AA OY/¥ £/70 8/ YAPY
Pis FE/FO oV /8 £/10 /4 YAS
Pi7s Fy/70 Fv/4 ¥ FIY YAY?
P A/ FY/Y ¥/AD ¥/7 YA44
Pazs ¥o \gYAx ¥/va F/¥ VALY
P2s TY/VO YV ¥/7 ¥/4 YA
B0.25 VAR vo/f ¥/ o YIY VYT
B0.5 YY/4 8% ¥/¥ /A YYTA
B0.75 ¥Y/oo ¥Y/A ¥/¥A v/4 \Nads
B1 YE/FO YAI? ¥y /Y Yvay
B1.25 i £Y/4 ¥/A £/o yVey
B15 FV/70 YAIY ¥/ \734 YVYY
B1.75 FE/Y /A ¥/¥ AR VA
B2 Ya/¥ £ ¥/o £/ YVAA
B2.25 YA/YO vY/? Y/A \7Al YAYD
B2.5 YF/YO YVIV \ Y/4 VAT
HO0.25 YY/Y ARJAT Y/¥ YA IVYY
HO.5 TY/Yo YA ¥/ov v/ay \VY¥?
HO0.75 Y¥/A YA/ YV Y/av VoY
H1 vo/4 va/¥ ¥/A /¥ YV
H1.25 Tv/4 F¥/0 ¥/ F/A 322
H1.5 fY/7 4 £/Y4 F/a¥ YYAA
H1.75 Fo/Y I AVAx ¥/A 8/ YACF
H2 Yy YAIX Y/¥ Y/AD YAYD
H2.25 \AYA \EJA ¥/¥ YIVE VAY#
H2.5 Y00 Yoy AR Y/7A YA

ol 4 lbtiged el Laseiie o IS 51 45 jshilen amd o i | Wadigas SieanS 5 3 T )Y O ) S

5 Saaglie g ol (o3 lard yieS e 4y LS Aged 4 S s (5 5 5 (S5O g Sl g 6 eady S A polie

Sl oy SN (gl a5 glaiged o 03 pb (sladiged Glon 1ol yiiion Cilye 4y S8 aised Sl o] (59,05 S5 2l

S Sl S sle s S 5 ales o g pend SUI (55 b el oy cal a5 axsls ol )3 9 (KiSenS 2l 5o (6 Canglie

O SEe olo dgne 50 AL 0 Slee (i S5 (g0 WS (0 ST ol S G SLSU (2 5 a5 0 S5
Lol (53,95 S5l 50 Caaglie (rizren 5 (LS Cuaglite axgi BB Sl 4y bgy e S

M ARG PR azmio AF+F Jlu o7 0 yloud 11 0,98 (ol 90w (qwitigo (i g 33 — (oS 4 pid



Ol 2 0 3lw (wiigo o2l Jbeleolo

A\

b Jlest 3l a5 50l BUINTL (ol S w503 Kol S0V IS S b sl 31t IS S oy w300 eSS

S dlesl 3l e oS 5 GUINVOTL sl S 505 SienS IY IS Sk dlest 3l e SIBL BNV (ol o & sed S8 VY S
s of s -Y-f

oR 2l e ke 09 o el ol ram o5 el iy Jseme (4 S JB lalad g oo S (5 50

Ol AF S @ am g b oes e plas | ladiged 059, 0 5 YA Sl ol iz so o VS ol Jgere oyl i S
ouds ;58 BLl £g3 aus y (13538l rizman 95 o0 S (% pl5d S50t 5 iged (olod Ol i vy alS el 651 Jos
Jedoas il BLI llin ol 50 0,00 St ;30 S oy plss Sgugp 50 g o0ls L2als 1) ol O Gis sy «Siaw i bl 4
4 s o i sy 0I5 31,5 Sk 0t 5 o JUb slolish 5 Sl (i g sl e o 41 15 S 5 S ol

ARG PR amio AP+ T Jlu F 0 ko 1) 0590 codlu 50 jlu (owiigo (i g 39 — (oks 49 pid AY



Ol 2 0 3lw (wiigo o2l Jbeleolo

Slade a1y ol of Gds ao)d « S 5 balse a4y <l B V/YOT lade (053380 a5 5 sk s o Glis 055 51 SUII Koo
ol 3l oolainl O g0y il (6,8 piz jlade a5 W20 o HlS JUS digel 4 s 9, V0 9 VA s 5o FOIFAL 5 ¥ /ZAY
ol oS S diged a4 Comd o0 b Ll b oo Gialil maia S 0 ol ol Gds lade il S VYO 1 i
o Bl o JB slalad g Olas sbnl el w0l Hhas 5 Job sl a5 sle SLII 51 solaiul wis )57 (6,5 a0 (lisone
Ol 4 Ol Gl o0 dgagy el (g pouly BLI oS polis 5l eolawl Alie ol ,o [YY] A o yal3dl ol Ld> ke g oad
005 i et Gk 5l a5 (el 92y (eizman 5 S 5 558 3l 6ol Glgise Lol Jelo o8 el o sl
e 515 3 e i gty S (5 Ll &3 5 perly LIV (538 5,5 0ot S 2 J s 55 (5 ol i
Slaie aS amo o Al JpuS diged 4 G 39, A0 9 YA i [0 YEJAY 5 VEIVYY e 0 10T g anils 1) Sl o i
Gosba b oo (Rl @ a S o 2l ol i Gl g yealy SLINT I ity polie 5l eslitil & jpo 0 el il
polie gal> a5 Sladiges ;0 (pizen el yiion S diges 5l Ol Gz i (6 peds SLIIYIOT 5 VIV g9l sladiges o a5
o2 g JAS digei Sl en ol ol @iz s wdlil B cute 138 o 05U Loy cis (Il jordy) (oS 5 Ll oad 53
Dt ol i 2y S 5t DS o & S5 LI V. 33380 el 05 S5 50 5 ey S (53l sliipes 3
e 51 osliil 4 ol oo ol i do s pals o O cute 3 Kis LYs 5l ams e zals YAUPV 5 Yo/ ludo 4y |, S
a5 odd S 1 sl 0 35250 Sy ol 5 I slalad oy el ki Koo 31 ool 13,5 0,Lo| liass o aisgs

WS o 2 B SS S 5 plgs dgge jo AL g o Slas

4
£ 35
c
il
& 3
o
3
< 25
g
[
s 2
g
[
&
§ 1
c
3
S 05
o

0

R Q R Q\ qjv s o ﬂ, ,p ,»5@5%5%«5 > \(p%%\z\‘) Q,w@qjv%, @ B n6®6 o Q\, @
Mix 1D

m28-Days ®90-Days
S 2 b B30 2l O Dtz 4 b i N JSS

Sl Coglito 9 (RCPT) o plS @9 juwr (5 3294 D95 —-F-F

5 LGBl S 2 Wige (S iSIl Canglio 5 10 US540 RCPT) 0,8 s 6y S5i5 iales] a Ligsye ulis
o 00l L3 35, A 5 YA Gt 510 V8 JSE 53 (o5 5 (5 sl S 5 (6 pmely Sl o S5 ol (gol (slaiges

oW

ARG PR axio AP Sl F o jlois 11 0,98 (ol g 0 o (winign (i g 3 — ols 4 pid



Of 21 03w (qwiigo (ol Jbeleolo

S5ism el S (5 Lglie & (Ut yanl) (5285 S 5 Sl LI e pmely Bl g5 4 53 a2igs 2oy 5993
1o slags 5 SIS G e e A o i Gialsdl oSl anglie 5 il 2alS Ladigad ) (500 Kol o oS
5o adll BLIL 51 oolaiwl e cpl o cwyy 000 AL Lo 1ol oo (alS 59, A0 9 YA s 10 diges 4y (SO Sl o
S i i3l 50 09290 Ol slal g JIB glalad oy cel o Jhad g ()b S8 ples Jdo 4 Seew 0 XS 7 b
aSoysba @)lo 1) S i sladiged S0 & 0I5 (oS98 Glime Rl g (S Sl Cuglie Sgage )3 e ;3L (i 9 o0
QLS e 3e e alS a0 g (S STl Caglie ol 38l Gl (S i bglse 4 L BLIN ool (S polie  aled 045
1) S o (S5 ,iSd) Canglite aST el VIYAL ol &L BLIL 51 oolail aigy Jlade .ol 55, A0 9 YA s 50 S (i U510 @
EPONIEURGVWER & VA TAYAPS 1V /AN SVONP VNG UWICIIY B KIPVRRVIN VIR IV (VPSRRI PPN SR ST 570 AN §TA) /AN SO0
el oz ed BB lade a5 ool ralS 59,90 9 YA i o BLIT LB

Oliae Ll ases 0 g YOIV oYY/ £7 jlade 4y (SO Sl Coglane o3l cel (V) (6 poudy BLIN gy Jlaie 5l oolazl

5 YA G 50 7S digad 4y o YV/OT 5 YAOY /. 50 40 S 50 S5 10 a0 (SC Sl lae 1 o sloygn 5 @0 ,dST oy 395
1S o LB I (B0 39250 slaS 5 (5,58 g oS 5 ailas (o 5L Sl 65sl> plsices |y el cnl s &5 0gd e 5, 3
FIVOT) 6 yody SLI 0L polae 3l eolain] &ygo 10 0,5 ol (JIB slolad 5 oS 5 ailas 1o (6 edy SUI 05 | oS 53,k
diged J&I0 a4y 0y IS e 3e85 (e g aldl als BLI aBl diges 4 s SO Sl Caglie e « S i bglie yo (V7.0
oS Cglie Sgu ;0 (6 uton U (Gl jous) (oS 5 BLIN Ay wuo o 5l oolain] pioren ol iy J S diged 4 S
w2 53U el plcde a5 wls S 0 50 (S Ojgar 6 ey SUI 1 solatil 4 s S 5 WIS 683088 )l alS
SVYIA T lime as 1) (SO oSl Cglie oS i bgloe 4y o085 BLIINNVT o938l .conl (g pody BLIL 5 L BUN ciite ]33
YN g YYIVAL e a0 S 5 S 1o 0 30,157 g0 385 lade a5 ol Eely g diize S BLI a8l diges 4y cand YV//AF

b JRelS RS diged 4 S 59, A0 9 YA (i

Gl Jgoz 4 4z gi b a5 09 (uroglS Yo 9 VO-T by 59, Q0 9 VA i )3 J5 diged 5l (g )y9ee (S0 i8Il L le

59958 b a8 358 o 155 Lawgie 7S diged sl S (5 JEIS 4 IS sy S95 liee [01] ASTM C1202 5 sl 5 s

Ot S5 Oliee 5 Wlior (2L Aigad 5l s g (S L ke S i 4 (55 SL g ey SLIT Il Bl angy ol
98 (o0 JodS 05 4 Lawgie jl S 3 Sl a4 oy 15

O e G pddeis g (S0 STl Caaglie Sgapy )0 kg ;Sue digy o )0 3l oolainl oS sl (55950 ST (pl SO (riren
@ 2l e 985 (e ralS g (S Sl Cuaglie g 5o (e 0, See oLl A4S 05l o el g atils g5 BB 5L S
ColBl 4 WS o 0y a5]n S S g 0l STy peadS deS gy by Koy S il aLbls S oy S5

oo oS lase il Co sl (s 5 0 e T o wle g oot S o JB (slalas 5 i sl el FoS,

ARG amio APl Sl o o slod 1) 0,99 (ol g 0 jlu (wikigo (i g 3 — ods 43 g



Ol 2 0 3lw (wiigo o2l Jbeleolo

3500
3000
2500

2000

qf}‘)/\‘)Q\qi’}‘)«‘)Qer} r»‘}‘}r\") rﬁ‘}«\‘)é\/r\,‘)‘}e\f} «5\8(\,‘} «\‘J&qﬁ)
® Q> > Q’ Q? R ‘2‘

=
a1
o
o

Charge Pass (CLOMBS)

=
o
o
o

5

o
o

Label
m28-Days m90-Days

S 2 085305 RCPT sbjl 4 b o gl V0 IS0

350

300

Electrical Resistance (KQ.M)
[ N N
[$2] o (o
o o o

=
o
o

al
o

66‘)\‘;‘)‘;’\, ‘:‘:6\666’»55666\6 o &
S T TP v AR NN ««z»w o DTN
S SNR AR @“Q’@ VR e N ® Q»
Label
m28-Days m90-Days
S 2 o sa5 (S A Canslin bl 4 bg e s N K2
S35 4zl -0

(il 2l iz oo ol plgs ol w99 gy (SAAS Casslie w(ylad Cuaglie wiile (Sl olss Alis cnl

olie oo S 2 slo e 5 S iy ol 2 LI 5 S 550 anglin 5 (ROPT) IS s 508 S5

Ol gy yebiie 4 D sy 5e, V0 9 YA i )0 G0 9 (SO slep,d 4 L Bl g g ey LY/ B 7AYO

olie b 5 oo i lie ) 4o solitil 090 (gl ogiil 5 pllan solad polie « Ko ok plad 5 SalSe olss oSl
el Cawds ) gl (leMbl Jdos g 4555 5 Slisle;] plosl 5l ams .0gs yuate lacsll

ARG PR axio AP Sl F o jlois 11 0,98 (ol g 0 o (winign (i g 3 — ols 4 pid



Of 21 03w (qwiigo (ol Jbeleolo

ol gmililyae anl b ol ol 5 O alewsas ladiged Cosh, i

Sguy el « S (30 bgle a4y (Gl joudy) (oS 5 BLIL g Bl B cg pady BLII £65 a2 dige Jlade 0938 Y
Sroads BLI cllin ol j0 oad oolasw] ALl Lo 510l 59, 0 9 YA piw )0 LilS Cuoglin 9 (g lad Cunglin
GLIL 00 ioren il L8iS Ceoglie g (5,lid Cwglae Sgups jo |y U o eSS L BL g LSb o e
Fiar (55 p e Bl SU I 5ol Jladeds oS i (2285 Sunglie (65188 Canglie Sgnn 50 (bt poi) (oS S
Oz goga U1, cdlil SBL slacans a5 conl cdlil BLI 5 (6 pedy BLIT Coe 01381 w0 S jal (] cde a5 col

gt B Sl 3 & gy S iz bslo 13 S5 5 5 00 Sl 5 5yl sloS S oolicd 5 Shae gy -7

ol diged Cuoglae a5 Wl (5 S A (lS g 5 ks sla b Jbes!l 3l ox ladiges M ) u_:‘)} 4 daxgi b ¥
6‘.{& du‘ LSSL> 6u®w500yww‘f@Jrﬁf bwmwd)‘ﬁ)b)‘ ‘S.»L:Mscssly J‘"}‘ L du‘
Sy g2 Ol (e ol (6 youds BN (g9l> a5 Glaiges il oals (50,95 S5 g 2l)5 jld eS oal [S3
sle 1y (So,e>

Ol G aoye rals cel oS 50 byl 40 o 9 (S5 30 ClL g 6ok sl aigy polio og38l O
Sl JB slalad slawsl g Ola> 0 605,18 5 o5 Hhas o o bl BLI.as o] ples 04 9 S 0 ols
e s oS 5 g (6 yends BLI A s S 50 ol ol Cd aope als oty SU o i Sew o
aS ausl gals Jed BB jladeds Sw 0 oles ol wdx lade (/) (g peads SLI aig Jlode i eoliiwl & ygo o
55 8 3 adls S 5 S ) s Sslr 5 a5 s 13 (g oy S 585y e Sl n |y 5ol ol el
X .))S.Lo.c L9 0 &».w U"” )L»_>L~J )9 Og>ge k5”'> ‘_gLQLAB Slaws! g,&l.: lS..uquj)S.uc e )L.\.D.o )‘ oolaiw! ol
DS o S8 S 5 ol ol Gz zalS 50 el SUI

2o slos 5 W1 g 3985 Olies rizeed 5 ymee S ke ey (S Sl Cuglis (i iz ye LT
SLIN el BLI age doy 9538 .Cal jiaS (59565 lime 4l 10 g eSS i S a4 (SO S las ]
5 Sipmd Syt b e 5 0ad S (52 (S S gl Rl il S 5 bl @ (oS5 Sl 5 5 pmck
O Sl Sl el (pl 5o (ow) 2 950 SBLI Glee 5l aes oo (ol 1) S 2 U510 4 wu)IS o2 3985 Gl5ee
Shoslaul yoren bl Wy S e (6 3985 9 (690 (So Sl L malS g (SO Sl Cloglie iol38l jo 1) ot 5L
O,fles 4y (SaiS p Cools L aS 00g Kdow 5,500 iy jlade loolatnl g oS 5 ailas jo BLIN o5 b el ol Jdo
WS o S plys Sgups o e BLIl g

5SS eolatl 4y s (g poudy LI L BLIN cotte o1381 o2 31 o (@b k) (oS 5 SUI Sl eolanl LY
Sgi5 ylime 2alS g (S SUl Canglie ial38l o ol ol Lax oy zalS jo (g U 5l lade 4 s ey S
D00 5a5 Qe g YA s 50 S i Sl 0 0 S e

5 SlSe olg> daugn jo dlde (pnl jo ool gwypm AL gy polas l eolaiul a5 &S g o el Cawdds i 4 axg b
el g0 Coms) dasre 4 5 oS

ARG amio APl Sl o o slod 1) 0,99 (ol g 0 jlu (wikigo (i g 3 — ods 43 g



Of 21 03w (qwiigo (ol Jbeleolo

&y

[1] ACI 213R-87. (2014). Guide for structural Lightweight-aggregagte concrete. American Concrete Institute (ACI),
Farmington, Hills, Michigan.

[2] Majhi RK, Padhy A, Nayak AN. (2021). Performance of structural lightweight concrete produced by utilizing high
volume of fly ash cenosphere and sintered fly ash aggregate with silica fume. Cleaner Engineering and Technology,
3:100121.

[3] Real S, Gomes MG, Rodrigues AM, et al. (2016). Contribution of structural lightweight aggregate concrete to the
reduction of thermal bridging effect in buildings. Construction and Building Materials,121:460-470.

[4] Roufael G, Beaucour A-L, Eslami J, et al. (2020). Influence of lightweight aggregates on the physical and mechanical
residual properties of concrete subjected to high temperatures. Construction and Building Materials, 268:121221.

[5] Global construction. (2020).Global construction Prespevtive and oxford Economic. London, UK. 1-9.

[6] Rashad AM. (2016) A synopsis about perlite as building material-A best practice guide for Civil Engineer. Construction
and Building Materials, 121:338-353.

[7] Rashad AM. (2016). Vermiculite as a construction material-A short guide for Civil Engineer. Construction and Building
Materials,125:53-62.

[8] Mo KH, Alengaram UJ, Jumaat MZ, et al. (2015). Feasibility study of high volume slag as cement replacement for
sustainable structural lightweight oil palm shell concrete. Journal of cleaner production, 91:297-304.

[9] Adesina A. (2021). Overview of the influence of waste materials on the thermal conductivity of cementitious
composites. Cleaner Engineering and Technology, 2:100046.

[10] Fongang RT, Pemndje J, Lemougna P, et al. (2015). Cleaner production of the lightweight insulating composites:
microstructure, pore network and thermal conductivity. Energy and Buildings,107:113-122.

[11] Tuncel EY, Pekmezci BY. (2018). A sustainable cold bonded lightweight PCM aggregate production: Its effects on
concrete properties. Construction and Building Materials,181:199-216.

[12] Basha SI, Ali M, Al-Dulaijan S, et al. (2020). Mechanical and thermal properties of lightweight recycled plastic
aggregate concrete. Journal of Building Engineering,32:101710.

[13] Schumacher K, SaBmannshausen N, Pritzel C, et al. (2020). Lightweight aggregate concrete with an open structure and
a porous matrix with an improved ratio of compressive strength to dry density. Construction and Building
Materials,264:120167.

[14] A. Sujatha, S. Deepa Balakrishnan. (2023). Properties of high strength lightweight concrete incorporating crushed
coconut shells as coarse aggregate. Materials Today: Proceedings,2023.

[15] Sikora P, Rucinska T, Stephan D, et al. (2021) Evaluating the effects of nanosilica on the material properties of
lightweight and ultra-lightweight concrete using image-based approaches. Construction and Building
Materials,264:120241.

[16] Nadh VS, Vignan GS, Hemalatha K, et al. (2021). Mechanical and durability properties of treated oil palm shell
lightweight concrete. Materials Today: Proceedings, 47:282-285.

[17] Muhtar. (2023). Performance-based experimental study into quality zones of lightweight concrete using pumice
aggregates. Case Studies in Construction Materials, Volume 18, e01960.

[18] Tedjditi AK, Ghomari F, Taleb O, et al. (2020). Potential of using virgin cork as aggregates in development of new
lightweight concrete. Construction and Building Materials,265:120734.

[19] Lau P, Teo D, Mannan M. (2018). Mechanical, durability and microstructure properties of lightweight concrete using
aggregate made from lime-treated sewage sludge and palm oil fuel ash. Construction and Building Materials,176:24-34.
[20] Patel S, Majhi R, Satpathy H, et al. (2019). Durability and microstructural properties of lightweight concrete
manufactured with fly ash cenosphere and sintered fly ash aggregate. Construction and Building Materials,226:579-590.
[21] Hasan M, Saidi T, Afifuddin M. (2021). Mechanical properties and absorption of lightweight concrete using
lightweight aggregate from diatomaceous earth. Construction and Building Materials,277:122324.

[22] M. Sifan, B. Nagaratnam, J. Thamboo, K. Poologanathan, M. Corradi. (2023). Development and prospectives of
lightweight high strength concrete using lightweight aggregates,Construction and Building Materials, Volume 362,129628.
[23] Abdeliazim Mustafa Mohamed, Bassam A. Tayeh, Yazan I. Abu Aisheh, Musab Nimir Ali Salih. (2023). Exploring the
performance of steel fiber reinforced lightweight concrete: A case study review. Case Studies in Construction Materials,
Volume 18, e01968.

[24] Neville AM, Brooks JJ. (1987). Concrete technology.Longman Scientific & Technical England, Vol. 438..

[25] Mehta PK, Monteiro PJ. (2017). Concrete microstructure, properties and materials.

[26] Trabelsi A, Kammoun Z. (2020). Mechanical properties and impact resistance of a high-strength lightweight concrete
incorporating prickly pear fibres. Construction and Building Materials,262:119972.

[27] Sahoo S, Selvaraju AK. (2020). Mechanical characterization of structural lightweight aggregate concrete made with
sintered fly ash aggregates and synthetic fibres. Cement and Concrete Composites,113:103712.

ARG PR axio AP Sl F o jlois 11 0,98 (ol g 0 o (winign (i g 3 — ols 4 pid



Of 21 03w (qwiigo (ol Jbeleolo

[28] T. Jiang, Y. Wang, S. Shi, N. Yuan, X. Wu, D. Shi, K. Sun, Y. Zhao, W. Li, J. Yu. (2022). Study on compressive
strength of lightweight concrete filled with cement-reinforced epoxy Macrospheres and basalt fibers, Structures, Volume
44, Pages 1347-1355.

[29] Karamloo M, Afzali-Naniz O, Doostmohamadi A. (2020). Impact of using different amounts of polyolefin macro fibers
on fracture behavior, size effect, and mechanical properties of self-compacting lightweight concrete. Construction and
Building Materials,250:118856.

[30] Saradar A, Nemati P, Paskiabi AS, et al. (2020). Prediction of mechanical properties of lightweight basalt fiber
reinforced concrete containing silica fume and fly ash: Experimental and numerical assessment. Journal of Building
Engineering,32:101732.

[31] Amin M, Tayeh BA. (2020). Investigating the mechanical and microstructure properties of fibre-reinforced lightweight
concrete under elevated temperatures. Case Studies in Construction Materials,13:e00459.

[32] Poongodi K, Murthi P. (2020). Impact strength enhancement of banana fibre reinforced lightweight self-compacting
concrete. Materials Today: Proceedings,27:1203-1209.

[33] Nahhab AH, Ketab AK. (2020). Influence of content and maximum size of light expanded clay aggregate on the fresh,
strength, and durability properties of self-compacting lightweight concrete reinforced with micro steel fibers. Construction
and Building Materials,233:117922.

[34] Altalabani D, Bzeni DK, Linsel S. (2020). Mechanical properties and load deflection relationship of polypropylene
fiber reinforced self-compacting lightweight concrete. Construction and Building Materials. 2020;252:119084.

[35] Zeng Y, Sun P, Tang A, et al. (2020). Shear performance of lightweight aggregate concrete with and without chopped
fiber reinforced. Construction and Building Materials,263:120187.

[36] Zinkaah OH. (2014). Influence of steel fibers on the behavior of light weight concrete made from crushed clay bricks.
American Journal of Civil Engineering,2(4):109-116.

[37] Yew MK, Yew MC, Saw LH, et al. (2019). Influence of High Performance Hybrid Polyvinyl Alcohol-Polyproplene
Fibres on Mechanical Properties of Oil Palm Shell Lightweight Concrete.Engineering, Materials Science,

[38] Dawood ET, Mohammad YZ, Abbas WA, et al. (2018). Toughness, elasticity and physical properties for the evaluation
of foamed concrete reinforced with hybrid fibers. Heliyon,4(12):e01103.

[39] Mohseni E, Kazemi MJ, Koushkbaghi M, et al. (2019). Evaluation of mechanical and durability properties of fiber-
reinforced lightweight geopolymer composites based on rice husk ash and nano-alumina. Construction and Building
Materials, 209:532-540.

[40] Hossain K, Hossain M, Manzur T. (2020). Structural performance of fiber reinforced lightweight self-compacting
concrete beams subjected to accelerated corrosion. Journal of Building Engineering,30:101291.

[41] Salmasi F, Mostofinejad D. (2020). Investigating the effects of bacterial activity on compressive strength and durability
of natural lightweight aggregate concrete reinforced with steel fibers. Construction and Building Materials,251:119032.

[42] ASTM C150. (2015). Standard Specification for Portland Cement. American Society for Testing and Materials.

[43] ACI 116R-90. (2000). Cement and Concrete Terminology. American Concrete Institute.

[44] ASTM C1240-15. (2015). Standard Specification for Silica Fume Used in Cementitious Mixtures. American Society for
Testing and Materials.

[45] ASTM C136. (2014). Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates. American Society for
Testing and Materials.

[46] ASTM C127. (2015). Standard Test Method for Relative Density (Specific Gravity) and Absorption of Coarse
Aggregate. American Society for Testing and Materials.

[47] ASTM C330. (2014). Standard Specification for Lightweight Aggregates for Structural Concrete. American Society for
Testing and Materials.

[48] ASTM C1017. (2013).Standard Specification for Chemical Admixtures for Use in Producing Flowing Concrete.
American Society for Testing and Materials.

[49] ASTM C494 type F. (2016). Standard Specification for Chemical Admixtures for Concrete. American Society for
Testing and Materials.

[50] ACI 211-98. (2004). Standard Practice for Selecting Proportions for Structural Lightweight Concrete. American
Concrete Inestitute.

[51] ASTM C192. (2015).Standard Practice for Making and Curing Concrete Test Specimens in the Laboratory. American
Society for Testing and Materials.

[52] ASTM C39. (2016). Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens. American
Society for Testing and Materials.

[53] ASTM C496. (2011). Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete Specimens.
American Society for Testing and Materials.

[54] ASTM C642. (2013). Standard Test Method for Density, Absorption, and Voids in Hardened Concrete. American
Society for Testing and Materials.

ARG amio APl Sl o o slod 1) 0,99 (ol g 0 jlu (wikigo (i g 3 — ods 43 g



Of 21 03w (qwiigo (ol Jbieleolo

[55] ASTM C1202. (2012). Standard Test Method for Electrical Indication of Concrete’s Ability to Resist Chloride Ton
Penetration. American Society for Testing and Materials.
[56] ASTM C1760. (2012). Standard Test Method for Bulk Electrical Conductivity of Hardened Concrete. American

Society for Testing and Materials.

[57] B. Tayebani, D. Mostofinejad. (2019). Penetrability, corrosion potential, and electrical resistivity of bacterial concrete,
Journal of Materials in Civil Engineering, 31(3), 04019002.

[58] N. Parastegari, D. Mostofinejad, D. Poursina. (2019). Use of bacteria to improve electrical resistivity and chloride
penetration of air-entrained concrete, Construction and Building Materials, 210:588-595.

M ARG PR axio AP Sl F o jlois 11 0,98 (ol g 0 o (winign (i g 3 — ols 4 pid



