flos ol @

Y 2 e ol
\g Jlso u.;)liu 4ol 0gus

odbouw g 03U oy olg> g 0aiiS s, 358 lade y to by o los LialS 36
In) olgzdesrs ( 3llao L e led pual dussa dblsc ola )8 (goex| SGL) @51 50s>

(Rorsp Sk ( Sy Jadllpl ( &3 e (sdeme

GRS Bgals L By Joono ae)l o lo s (B )18, (i L3l anslie

4
py | ) Sl S 4 40 i iy S b s
()l ezl olsgzdame clacly ciws dll 79 000 (Lgain
oy iy 9 S50, ol 2 o sles 3
(st ool ol L5 15 3 L e
M CBR 3 PLT jiobejl 5l eslial b 53l zobe (Sob o sileg,y L8, s

(ol 05« Sl pla )

3 Ciolsl j05 5 i $U5 5 lylo (nSos (i (505 2 plse 5 )L, )
P Sl csammlil 4 nlen slzaase (oL s pal) (gome it slo s

((SHpame
e a5 ) ool Ll dale 5 bl ©e (6,Li3 Canglie i i
ny Olows (05 S 88 il 0 5 (egian

O (sl (gage ool (LS9 Lo jaemme L gage ,orw)

= @25y, Slallle SeoS 4y ;SIS (g bl Ol pesd 736 69,90 (o) 2
A\ o0 ol 0 8kee 5 plon (8 Slasuis
(JOSs ) e s «,l3k 2SS (o)

il (IS slagSl )o 6oV (5,5 b (s obisS (gt (sl () (b
VP ) (palS Lopogeme (2o solode (il o al) Sguzma slizl
(s3zme B

s5bie 4 1,555 0 (slolsas-asly (s b jlnns 635! Glodlr o ae 2Ll

vy
(Qle.%—?s,-r A9 dali>00 (Gdeno UL:_CLQ—N‘) );YL 6L&b\>5‘o u‘f‘ u...lblf
12 = ua‘s_’> S99y aé_uu.l.o.u 0393 )‘J._a.a F) gg'la"-"“ ‘_gLo.) u‘ﬁlj Ls.blimJLo)i 3y
(soyke gl o L S50 o) (oo llas 3l oad axsle 25Ty 5,00
"y T Gy ol edliinl L (s yonkys s 6515095 slo b (wiigs Sleogas L)

(gsl"" Sgore AOQ‘)' dloe )L:).QM;)

A i jgox0

Z,l A YIVAMYINEY ojless asl b ol ol i male ezl ¢ ade alos i3 59 one
o od..)..); )dLa 6)9L.9 9 C)LM.?:J 9 [nslc ‘-’)‘)j .la.u.:}: AYA0/F/A

oode ozl Glealus Sl gyl laaslas 5 Lot 35 daallie )5 0as 5o (sla L
Jol a8 ol b el ol § S llas (590 il g 50 4 s e Ll o0
ol 0151 00945 8l Aoz cdlas

(40lkad g3) (sols 4 pid
o~ slro sl g dlae
ool
ol Rl o ke
SRR ST )
A Vore 15 ol

ol ok oade oozl 5Ll oo
LS pde 50 1 pod pw
HP uL..b
Sl (o b e 6 3L ld e (6515

i Gl glac!
(ol e lls Lo e (6,80 Lo, e
N3] S U N G-I o Sy S G S VDT 9"
ég‘b ‘u’_wsu\s )_)5).1 ‘)5HJ.\_€- l_.é).\.‘w
csl Ogaze ¢ S plu dwdly Bgte

0ylouds el oyl yals il

5&4_.4.0 ‘f.u)»bi Ogrno 6w‘ “S.:L Lgs\.o:>|
Ol55 el (L joemme WiglS1S gol5T ols oo (6 2]
a5 U ,8 0ol ey Lo de (6,8l SOL
Sl ol gy Gl lasl Sl wgls ASes
@wa] (> Llae Ls:l_..:lf S>> ‘[‘,_...:L(b
ey e laallgd (ol 5 Sl s e
‘Ja_..u) l.u&L..u ‘)_é.u? ‘:L?La_w ‘M‘SLC L'l.ws)
ST He angle ol i (Wb e o
(§oho yaal placapw (Soe (LS oo

L8 ply i

OB Gl 0 e S 1 Soalod
S p dlnse il pae
G0 oo 1Y o (6 7uSCn
(ol 8 el ccnin lawe lyes 180 SLAS
VS ) ol & ol o 50 s o
YAGAGDAAAY ;s
ANOE +FYN ANDT - DAN : W Sals
info@jcsm.ir: g xSl o
WWWw.jcsm.ir




los ‘ol.ic\.g

Ol los ;S wal, 8 llas 5 ojle (puiige dey )3 1) 6 pRedar Gladgas (R 09> 53 g slas,gld
S3bo a9 Sileke (e (h9a il sliiul (S sle (silwg, Sl 50 gt sl gy el L jgbiws
5 sosm glan 5 65,5 coliul cllas cwlid [Lb, sal J3 Sy sSg San 5 5 L Lo, Slalllas o o5l
(= sbe ojlw (il )b Sgme 5 o5 Sleslone plonl (5 0aiS mles (495U (sla SLI (6 50
e 10 yslinas 5l (S5 0Bl (o0 live hlas 5 1 623 Gy 9 S, Serte Sy O sbes J S
Syt rzge 45 Al (g0 p i Slowlone ST L 4yt sl o 58l 5 (esian (ise Sl esliiul (o (5,5l
Slallns oyt gllas igo 5o 995 (oo s Slyble plyy o T Cunslin 5 o o5l ool (50 e
S o ol 1 5 (Sl ol (s ltingy 5 e bl plolid ISl Sy S San 5 (55
9 plgd i3l jolaie an ]y Ll 0gage g (olulid | (5 )i bo cand Ll plgs oo da by, 51 eslatl L
G5B 55t S yslisd 4 55 (i 00isS prhae BLIL g (s oss llae 5l ol ols plonil (i Caoglie
Silwantr 5 il e 9 Wgd (oo o iy Sllasil g Cueglite (lEl caely illas cul el o
3 emSorte b S o w2l | laosle dpte yor (ialsl el s sloigslid 5l onlicnl b iy (sla izl
5 o= s 3l 650t il g cile slaaT b ogus soue slagslvacs wid iy Lo sla kg,
Lo 5 4 Lo je OMan jl 9wt sgne |) (0 sloojle 0 Shes (g oo doojle (b (s5luaie
Lo s (i slacsyskd «silssy 9 o sl S 0397 50 055 S slr Sndyaml 5 sl o S8 s
b an o aS 098 oo el ol cplieailo e i loj g Lo pedais a4 (g iy CBo L U s o
- ol o9 (6 drde yes 5l g aad Fuly ojle lasls 5 (b slawiulsS 4 s e

Ol s e w3 S5 a bosle Jlo 5 (Pl sl 5 p Sl i yslid 0js 0 Vg 4y azsi L
At 9 995 0310 dguge baojlu o Slas aid iy slai o3l 5l oolatwl L b wws oo Sl Lo 4y o i,
S9—rte L e 059> 50 (g8 o (5,9l enlply oS Sl (S slaojle 2ty (b Sl ) J o,
o9k 4 g Wlos S ol ) (cats sl 25 s3bug) 9 05le 5o R leslaial (LS 5 (g5lwaingy (Cuglio iplgs
s ol sl 4 jorie oo jgliws (pl a5 o 118 ol 0550 (gilwojle § Sl Cais 5 00 S
il e Job 5o (Gl Gl g Lo ansa 1alS ()l Glag s pln o YL Ceglie i aide jee b
ol HIAS 50 Lol o)L 5 plgs 09 )0 55 o 00sS e BLIN 5 sogs pdliac 3l oolatwl .05 oo
Syl g Sl Dlas ol 0 1) T Caaglie g5 00ls Sgupy 1) 0 (Sle Slogas oy 0 gl LI
g leansa ol ceb g Sl oS 5 50 (oop las jl oslitul (rizren WS o0 Cugll (Sl
Sote 7R 0 (8 G 9l (ales )0 S g0 ST (e milie (el g Sy ; Larme Lido 4y 05 (G
Do d R i iy Sl S3leSS g Loty jleslaial b aiiS (oo Jutend 5 5 O S vy 5 (e
g ogdien Lzl anie g oloy (hals el g G 51l cnl 0gd o0 0 5985 0 Vb CedS' L g iy
Lo ,slid (A job an 0ad o (Soslm Slog s plp )0 Laojle Cuoglia 5 plod (Al Sl oo (Som
Slanl silg; 9 Laojlu (ol 5 (LS (giluding cuaglio plgs j0 1) (55 lasste o 059> )0 (nys
RESC

P Lo pule

S




o sode il (S s ojlw g gdlian ) (sode 4 pid & Alile Jlw )yl g (0,50 slesal
aigled Jloyl a5 o0l 4 y0 pes Sl Pl g (o) Stz 00903 45 5 Jellygins

& Jgel

23,5 Lazine Wb (Cwl B a5l (S aS) Olsle Jatmn ¢ (Jlo,l dllio o -

Aub (Review) s,9,0 b 5 (Original Article) inss JSib a4 Camb oo 0o Loyl @Ylao -Y

Al oad 55 sy Spar 5 (ele Dl 0 @l (o)l O 4 allie Y

o ul_a),o..b Jl_..u)‘ A_..ul.» OM)J ubu)_ugldsod_ma Jl_w)| 6;.5 P'ch_aul_? 6‘)4 AJLCLAdSW‘;\) J;ls -0
Db ged jlee 35 Dol 4

(2ol o0 D92 g0 alome ol j0 ¢p,8) .ol ol Allas ol o a4 duli S 5 il Canlgs )0 00l JooST 0,8 L | -7

Al ol wlel S g fodius g 4y o5S O g0

ol slam g cculole ) piSlas l sl ) 1as Jgog 5l sy Baiwssi fodingi lawgi ool Mol adlin Jlow )l ey -A
28,5 oo Jloyl 659l sl Toazme 5 00l 5,595 5 o allie JS& 4 i b dgeo

old aalgm odw, OYEe sl il b Ol Cad (gagad dsSond 4y a5 -9

OB s s fodius g oy Laaly ol cole; pae Jdo an S adlas Lol ol JUE o st gmn 4,05 =) e
35S (s0d 004y gl ol

o S L ol ol cacul oos asll 6,550 ele malome g Giolan oy i a4 Jlaw ) 51 i adlae casslis> -
Sgd oMel ioles oS Glasin g &)

.b)ld.; GHJ}LM Ao U"‘ ° d.a).....u 9 ML'GQ Ul OMs—’ odge s u.‘UaA Go.l.c oo - VY

ol o1 oo 4 pdy SYlie Clae ol g 4o s -\ Y

Ao eliis'y IS5 slos
oyl sy yo g8l ¥V alold U g 1o o6l VIO ail> L g g S 50 9,50 & ye0 s A 32 [0 sl dlis )
o3losl g B Nazanin coigd Ly ()b By > il i 5 o leds gl)lo 0ol axio ;0 055 b Word 2010 1581 5,5

Times New ROMAN cogs Uy —odSil By, > ¢ Loy ol VY-B 5 i s VY cadlie lse ol VF-B
D55 1,8 Ao o lawg g b o dxmas ojled AL VY ojluil

Bla s g JolS o an Sloyod cwnd o, Liala;l plssl Jowe sl eols sloul ol iole;l LS a5 oo yime oy . ¥
wiles z 0

Ayl ly ol coley jlaml p e (B ais s 51 0bh o dorio VA @ g Olas slass 2STas Y

Wbl 23 e (A g O Lo i (g, F

P smole Coas 5 4y (g o Solgls oS 5 ol oSl g (sl Ay adlis gt s ol Jgl aio -
2l i oaisS” Jlo)l (Seig iUl Cny ojol g oled GalS o las BL dungo )57 Jome (SLa

Lo goily adS O LY ol e a5 Lol agliie L (oSl 00 S (ol 00 S Jolds i i ay g g pgo a0 ¥-F
Po— 5 P90 Ao ) 95 ;5 (6 Sam 5 Leatil gy wBas (uglie Gl i ;0 g aalS Vee iSlas adlie sa S il
B9 (559995 (Bt g fosdim g Slasin iy |

Y 141 ) § 5ot ol ool Voslods cuidtd Jlw e 329 (e oo ¢ 09 Saoilwg @La.o ‘5»1.: Agdd




il S 5l el dllis ol Y-F

el slosssy 5 (5,5 03ll glaag, g olse (s lel Aigas 5 dmalx (hmghy )b (530 b i ibg Gy bgy Y-Y-F

39 eSinie baaalio e 5 by uSe adiiigs 1o wls da Sogesl (ugn lodbl) . ingsy sloatil ol o, (g i) bazdly Y-¥-F

(00,5 Jlos )l allis ol ot 4y sl & yqun 0]

9 S i 3ylg e ol g anzgi g K00 Slalllas 5 Jol> glaatily b )] anlio 5 loatdly ngo SIS 5 16 Azt 9 Cay F-Y-F

g sleaidl | Jol> Slslgiin 4l 5 6 pFazs (olys jo g leaisl, Jloiml o)l Lo g B0 )50

oo bl Olels 5 (Bei> g (ai 33 5l allie Sl jo K5 g pads 1S 0-Y-F

wb 35T glie i oolinal o)lad b g il S5 iy o dubiiad o oolial allie &g o il 5l a8 635 Te 5 lie alio #-Y-F

35 e 35 e 5 bie b e (oldlin s 00,51 alie (Sl 15 (Sl 5 s Ll By, i

cmis 5 Lo e 8,lad alme o el (lyie il Jlo () di g fosim 3ol 5 (Slgils ol s & e .l

O 31 00,5 s ad )l lgmds 298 58 Do Vb o3,9 40 |, IGEBP-1 2651y caidguilyud g (comedS o ((VYAY) o o omo

YA-FY Y oS o 0 oo

amio 8o cdlims 8yl caloms 505 oligS o callio ol lsie Ll Jlo (B dinn 5 fosingsi ol 5 Solgils a1 Sl i .o
Romijn JA, Coyle EF, Sidossis LS, Rosenblatt J, and Wolfe RR. (2000). Substrate metabolism

during different exercise intensities in endurance-trained women. J Appl Physiol, 88:1707-1714.
dozr 5 QLS a5 ()50 ,0) plez e [ s (Solgils 6l 5 pb (OlS lgie Lasil Jlo (s gi fosinnsi ob 5 (Solgils ol 0l 2

t oy Al Jlie-
£-00 ss_:L»S J‘..\Ala ‘U‘)'ef er‘ s_:L> ‘(5’5? ng..fol.; O).g)ls 9 ‘5>L~o ‘(\\"/\\‘) céLb)ﬁ sL».) ‘_,’_:Lo?)

$ dSSI JLo- ¥

Bouchard C, Blair SN, and Haskell WL. (2007). Physical activity and health. Champaign, IL: Human
Kinetics. pp. 86-98.

90 Yo Dlrao dlaw) iS5 el (LdSs o loges dedgaz ¢ yin z Jold) as Ve amio VA iSlas 5l idlin 1o Slras sl 0

(il 4t VO iSlas

owg b bJsaz ;0 gL b (SO L loged (Jgao SO llae fpie azao T U Y jo oljl a (IS g jloged o Joo as 5ls & ygo 0 F

Ms-Exel )\3ls 5 3o lsges g Ms-Word js Table -\Ssl 5l soliiwl b conl yig ld Jgaz 098 @31 )b o)L 4 b S g b loges jo

Bl by g BB 5 Tif g9 5l b Jlo )l sla s aigh (b

gm0 do o JolS @ le il g go ] lie (e 0 5k gl sy (eeddSIT L (o )8 (s LSl (Do D jg0 4 45T G le b o3l Y

39 B yre gl




P

Iranian Concrete Society
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Research paper

Abstract

As the industrial production of Self-Compacting Concrete (SCC) in the form of ready-mixed concrete
faces challenges in different weather conditions, it is necessary to consider mixing, transportation, and
casting to achieve the desired workability, mechanical, and durability properties. As a result of improper
compaction and placement of SCC, a decrease in workability can result in failure to achieve the desired
strength and durability. It was found that replacing mixing water with ice with 0, 10, 30 and 60% reduced
the temperature of fresh concrete by approximately 1, 3, and 12°C compared to the control mix design
after 110 minutes from the start of mixing. The superplasticizer amount and concrete properties were
examined. After reducing the temperature of fresh concrete and maintaining its fluidity, the amount of
superplasticizer decreased by 62.4%, and the result of its decrease with an increase in the amount of ice,
increased the final production cost by 5.4%. In general, reducing the temperature of fresh concrete
improved the rheological properties of SCC. When compared to the control mix design, the use of ice did
not significantly alter the compressive strength, water absorption, and electrical resistance, except for a
17% increase in water absorption due to replacing 60% of the ice.

Keywords: Self-Compacting Concrete, Fresh concrete temperature, Ice, Superplasticizer, concrete
properties.
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Abstract
In general, shear reinforcement in reinforced concrete beams typically involves the use of
stirrups. However, substituting stirrups with continuous rectangular spiral reinforcement can
enhance construction efficiency and lower costs. Meanwhile, the adoption of fiber-reinforced
concrete in concrete structures is on the rise due to its distinctive properties. To address the
tensile and shear vulnerabilities of concrete, reinforcing it with fibers is a viable solution. This
study explores the experimental replacement of stirrups with continuous rectangular spiral
reinforcements in both traditional concrete and steel fiber-reinforced concrete (SFRC) beams.
Three beams were subjected to static loading tests: the first beam, referred to as ST-NC,
featured stirrups and normal concrete as a reference; the other two beams incorporated
continuous rectangular spiral reinforcements with normal concrete (SP-NC) and steel fiber-
reinforced concrete at a 0.75% volume fraction (SP-F0.75). The experimental findings indicate
that the beam reinforced with continuous rectangular spiral reinforcements and fiber concrete
exhibits improved shear resistance, energy absorption, and ductility compared to the normal
concrete beam and the reference beam. The beams with continuous rectangular spiral
reinforcements, using normal concrete and steel fiber-reinforced concrete, demonstrated a
23.8 and 46.5% increase in shear capacity, respectively, compared to the reference beam.
Additionally, energy absorption in SP-NC and SP-F0.75 beams increased by 69 and 158%,
respectively, compared to the reference beam. The ductility of the continuous rectangular
spiral reinforcement beam with normal concrete and steel fiber-reinforced concrete is 0.87 and
1.17 times that of the reference beam, respectively. Notably, the results reveal a reduction in
the ductility of the SP-NC beam compared to the reference beam, and the addition of 0.75% by
volume of fibers to the concrete resolves this ductility weakness in the SP-NC beam. These
findings underscore the advantages of employing continuous rectangular spiral reinforcements
in beams constructed with steel fiber-reinforced concrete, as proposed in this study.
Keywords: Continuous rectangular spiral reinforcement, Steel fiber reinforced concrete
(SFRC), Shear strength, Energy absorption, Ductility
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Abstract

The non-linear behavior of reinforced concrete columns under cyclic loads reduces the possibility of
using classical analysis methods to check their deformation capacity. Mathematical-analytical models
based on basic concepts and principles of structural mechanics or empirical-statistical models based on
nonlinear regression generally lack sufficient accuracy and speed in answering such problems. The
main goal of this research is to investigate the possibility of using soft computing in investigating the
lateral deformation capacity of reinforced concrete columns using experimental data. For this purpose,
four models are presented by using an adaptive neural fuzzy inference system and artificial neural
networks. More than 100 samples of reinforced concrete columns from the PEER database were used
for testing the models. The main geometric and mechanical variables affecting the lateral deformation
of the column are defined as model inputs. The lateral displacements corresponding to the crushing of
the concrete cover of the column and the 20% decrease in the lateral resistance of the column have
been used as bending failures and output of the models. Two models are coded with the Adaptive
Neuro-Fuzzy Inference System (ANFIS) and two models are modeled with the Multi-Layer Perceptron
(MLP) method. Comparing the error values of ANFIS models compared to MLP models shows the
appropriate ability of ANFIS in predicting the behavior of reinforced concrete columns under cyclic
lateral load.

Keywords: Soft Computing, Reinforced Concrete Column, Lateral Deformation Capacity, Multi-Layer
Perceptron (MLP), Adaptive Neuro-Fuzzy Inference System (ANFIS).
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Azoy | P s | fye | P | fyi | | fe d a siges Lol oS 5 b o by
mm | kN |mm | MPa | % | MPa | % | MPa | mm | mm e
98.1 744 85 364 | 0.45 | 446.0 | 1.51 | 46.5 | 372.0 | 1600 Soesian. et al. 86, No. 1
68.7 | 2112 | 78 360 | 0.64 | 446.0 | 1.51 44 371.0 | 1600 Soesian. et al. 86, No. 2
439 | 1920 | 94 255 | 0.30 | 446.0 | 1.51 40 373.0 | 1600 Soesian. et al. 86, No. 4 10
118.2 | 1010 | 117 466 | 0.67 | 440.0 | 1.51 | 283 | 369.0 | 1600 Zahn et al. 1986, No. 7 11
389 | 3280 | 81 372 | 0.62 | 474.0 | 1.51 41 371.0 | 1600 Watson & Park 1989, No. 5 13
26.8 3200 96 388 0.29 | 474.0 | 1.51 40 373.0 | 1600 Watson & Park 1989, No. 6 14
18.7 | 4704 | 96 308 | 1.18 | 474.0 | 1.51 42 367.0 | 1600 Watson & Park 1989, No. 7 15
17.2 4368 77 372 0.65 | 474.0 | 1.51 39 371.0 | 1600 Watson & Park 1989, No. 8 16
439 | 4480 | 52 308 | 217 | 4740 | 1.51 40 367.0 | 1600 Watson & Park 1989, No. 9 17
57.2 819 80 333 1.06 | 474.0 | 1.57 25.6 338.0 | 1600 Tanaka & Park 1990, No. 3 20
73.0 | 127 | 100 325 | 0.32| 3620 | 1.42 | 24.8 | 326.7 | 1600 Ohno & Nishioka 1984, L3 32
34.6 | 184 50 506 | 0.38 | 3740 | 1.62 | 27.9 | 203.2 | 750 Kanda et al. 1987, 85STC-1 48
34.6 | 184 50 506 | 0.38 | 3740 | 1.62 | 279 | 203.2 | 750 Kanda et al. 1987, 85STC-2 49
34.6 | 184 50 506 | 0.38 | 3740 | 1.62 | 27.9 | 2032 | 750 Kanda et al. 1987, 85STC-3 50
21.4 | 1371 | 35 328.4 | 1.62 | 399.6 | 3.80 | 857 | 178.1 | 500 Muguruma et al. 89, AL-1 56
10.9 | 2156 | 35 328.4 | 1.62 | 399.6 | 3.80 | 857 | 188.7 | 500 Muguruma et al. 89, AL-2 58
10.2 2176 60 774 0.52 | 379.0 | 2.43 99.5 239.6 500 Sakai et al. 1990, B1 66
10.1 2176 60 344 0.63 | 379.0 | 2.43 99.5 239.7 500 Sakai et al. 1990, B3 68
10.1 2176 60 1126 0.52 | 379.0 | 2.43 99.5 239.7 500 Sakai et al. 1990, B4 69
9.5 2176 30 774 0.52 | 379.0 | 2.43 99.5 240.3 500 Sakai et al. 1990, B5 70
10.1 2176 60 857 0.51 | 379.0 | 2.43 99.5 239.7 500 Sakai et al. 1990, B6 71
42.2 801 76 392 0.61 | 363.0 | 1.63 33.3 252.5 | 1676 Atalay & Penzien 75 No. 9 94
40.1 | 8o1 | 127 392 | 0.37 | 3630 | 1.63 | 324 | 252.5 | 1676 Atalay & Penzien 75 No. 10 95
37.7 | 801 76 373 | 0.61 | 363.0 | 1.63 31 252.5 | 1676 Atalay & Penzien 75 No. 11 96
15.9 | 1500 | 150 430 | 0.54 | 430.0 | 1.51 80 233.7 | 1140 Galeota et al. 1996, AA1 109
17.2 | 1500 | 150 430 | 0.54 | 430.0 | 1.51 80 2325 | 1140 Galeota et al. 1996, AA2 110
20.8 | 1000 | 150 430 | 0.54 | 430.0 | 1.51 80 228.8 | 1140 Galeota et al. 1996, AA3 111
36.4 | 1500 | 100 430 | 0.80 | 430.0 | 1.51 80 213.1 | 1140 Galeota et al. 1996, BA2 114
41.0 1000 100 430 0.80 | 430.0 | 1.51 80 208.5 | 1140 Galeota et al. 1996, BA4 116
37.1 1000 50 430 1.61 | 430.0 | 1.51 80 211.9 | 1140 Galeota et al. 1996, CA3 119
40.5 1500 50 430 1.61 | 430.0 | 1.51 80 208.4 | 1140 Galeota et al. 1996, CA4 120
122.1 615 110 428 0.27 | 4480 | 2.22 27.2 566.5 | 2335 Wehbe et al. 1998, A1 133
160.8 601 83 428 0.36 | 4480 | 2.22 28.1 569.5 | 2335 Wehbe et al. 1998, B1 135
129.8 | 1514 83 428 0.36 | 448.0 | 2.22 28.1 569.5 | 2335 Wehbe et al. 1998, B2 136
82 | 3579 | 45 1424 | 1.27 | 393.0 | 1.86 | 118 | 216.1 | 450 Sugano 1996, UC15H 152
16.3 | 3579 | 35 1424 | 1.63 | 393.0 | 1.86 | 118 | 207.8 | 450 Sugano 1996, UC20H 153
423 | 3354 | 95 463 | 1.38 | 454.0 | 258 | 721 | 262.2 | 1842 Bayrak & Sheikh 96 ES-1HT 157
44.8 | 3340 | 90 542 | 1.24 | 4540 | 258 | 71.8 | 259.7 | 1842 Bayrak & Sheikh 96 AS-3HT 159
67.7 | 3344 | 100 463 | 2.24 | 4540 | 258 | 71.9 | 236.4 | 1842 Bayrak & Sheikh 96 AS-4HT 160
311 | 4270 | 94 542 | 1.19 | 4540 | 258 | 102 | 273.5 | 1842 Bayrak & Sheikh 96 AS-7HT 163
41.0 1782 162 570 0.40 | 455.6 | 1.95 34 301.7 | 1645 Saatcioglu & Grira 99 BG1 165
116.0 831 76 570 0.80 | 455.6 | 1.95 34 301.7 | 1645 Saatcioglu & Grira 99 BG3 167
50.5 1923 162 570 0.54 | 455.6 | 2.93 34 301.7 | 1645 Saatcioglu & Grira 99 BG4 168
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mm | kN |mm | MPa | % | MPa | % | MPa | mm | mm

100.0 | 1923 76 570 1.07 | 455.6 | 2.93 34 301.7 | 1645 Saatcioglu & Grira 99 BG5 169

100.0 | 1923 76 580 0.51 | 455.6 | 2.93 34 304.7 | 1645 Saatcioglu & Grira 99 BG7 171

118.0 961 76 580 0.51 | 455.6 | 2.93 34 304.7 | 1645 Saatcioglu & Grira 99 BG8 172

116.0 | 1923 76 580 0.51 | 427.8 | 3.28 34 306.4 | 1645 Saatcioglu & Grira 99 BG9 173

99.5 1923 76 570 1.07 | 427.8 | 3.28 34 303.5 | 1645 Saatcioglu & Grira 99 BG10 174

38.6 142 76.2 | 406.8 | 0.92 | 586.1 | 1.93 69.6 163.9 610 Matamoros 1999, C10-05N 175

38.1 142 76.2 | 406.8 | 0.92 | 586.1 | 1.93 69.6 164.4 610 Matamoros 1999, C10-05S 176

44.5 285 76.2 513.7 | 0.92 | 572.3 | 1.93 67.8 158.1 610 Matamoros 1999, C10-10N 177

44.7 285 77.2 514.7 | 0.90 | 573.3 | 1.93 67.8 157.8 610 Matamoros 1999, C10-10S 178

38.4 569 76.2 513.7 | 0.92 | 572.3 | 1.93 65.5 164.2 610 Matamoros 1999, C10-20N 179

38.1 569 77.2 514.7 | 0.90 | 573.3 | 1.93 65.5 164.4 610 Matamoros 1999, C10-20S 180

38.9 0 76.2 513.7 | 0.92 | 572.3 | 1.93 37.9 161.5 610 Matamoros 1999, C5-00N 181
38.9 0 77.2 514.7 | 0.90 | 573.3 | 1.93 37.9 157.7 610 Matamoros 1999, C5-00S 182
32.3 285 76.2 | 406.8 | 0.92 | 586.1 | 1.93 48.3 147.3 610 Matamoros 1999, C5-20N 183
32.0 285 77.2 | 407.8 | 0.90 | 587.1 | 1.93 48.3 146.5 610 Matamoros 1999, C5-20S 184
26.4 569 76.2 513.7 | 0.92 | 572.3 | 1.93 38.1 164.8 610 Matamoros 1999, C5-40N 185
25.4 569 77.2 514.7 | 0.90 | 573.3 | 1.93 38.1 164.8 610 Matamoros 1999, C5-40S 186
88.4 450 50 459.5 | 0.63 | 497.0 | 2.14 24.9 350.1 | 1400 Mo & Wang 2000, C1-1 187
96.6 675 50 459.5 | 0.63 | 497.0 | 2.14 26.7 350.1 | 1400 Mo & Wang 2000, C1-2 188
88.1 900 50 459.5 | 0.63 | 497.0 | 2.14 26.1 350.1 | 1400 Mo & Wang 2000, C1-3 189
98.0 450 52 459.5 | 0.61 | 497.0 | 2.14 25.3 350.1 | 1400 Mo & Wang 2000, C2-1 190
94.9 675 52 459.5 | 0.61 | 497.0 | 2.14 27.1 350.1 | 1400 Mo & Wang 2000, C2-2 191
93.8 450 54 459.5 | 0.59 | 497.0 | 2.14 | 26.38 | 305.9 | 1400 Mo & Wang 2000, C3-1 193
104.5 675 54 459.5 | 0.59 | 497.0 | 2.14 | 27.48 | 295.2 | 1400 Mo & Wang 2000, C3-2 194
99.0 900 54 459.5 | 0.59 | 497.0 | 2.14 26.9 300.7 | 1400 Mo & Wang 2000, C3-3 195

20.2 401 25.4 793 0.61 | 517.1 | 2.45 86.3 131.9 | 596.9 | Thomsen & Wallace 1994, A3 202

14.6 194 254 793 0.70 | 455.1 | 2.45 83.4 137.5 | 596.9 | Thomsen & Wallace 1994, B2 204

13.8 418 254 793 0.70 | 455.1 | 2.45 90 138.3 | 596.9 | Thomsen & Wallace 1994, B3 205

19.1 380 254 1262 | 0.70 | 475.8 | 2.45 81.8 133.1 | 596.9 | Thomsen & Wallace 1994, C3 208

18.9 352 31.7 1262 | 0.56 | 475.8 | 2.45 75.8 133.3 | 596.9 | Thomsen & Wallace 1994, D1 209

11.9 404 38.1 1262 | 0.46 | 475.8 | 2.45 87 140.4 | 596.9 | Thomsen & Wallace 1994, D2 210

12.1 331 44.4 1262 | 0.40 | 475.8 | 2.45 71.2 140.2 | 596.9 | Thomsen & Wallace 1994, D3 211

48.3 | 2400 130 391 0.86 | 430.0 | 2.15 97.7 256.3 | 2000 Paultre et al 00 10013025 219

29.9 | 3600 130 418 0.86 | 451.0 | 215 | 104.3 | 274.7 | 2000 Paultre et al 00 10013040 220

98.0 | 4200 55 825 2.04 | 446.0 | 215 | 109.5 | 206.1 | 2000 Paultre et al 01 1005540 223
66.4 5150 55 744 2.04 | 446.0 | 215 | 104.5 | 237.7 | 2000 Paultre et al 01 1005552 225
66.1 5150 60 492 1.87 | 446.0 | 215 | 109.4 | 238.1 | 2000 Paultre et al 01 1006052 226
21.9 133 76.2 | 410.9 | 0.55 | 453.0 | 2.45 33.7 263.5 | 685.8 Pujol 2002, 10-2-3N 227
20.9 133 76.2 | 4109 | 0.55 | 453.0 | 2.45 33.7 263.5 | 685.8 Pujol 2002, 10-2-3S 228
27.9 133 38.1 4109 | 1.09 | 453.0 | 2.45 32.1 263.5 | 685.8 Pujol 2002, 10-3-1.5N 229
28.8 133 38.1 4109 | 1.09 | 453.0 | 2.45 32.1 263.5 | 685.8 Pujol 2002, 10-3-1.5S 230
21.5 133 76.2 | 4109 | 0.55 | 453.0 | 2.45 29.9 263.5 | 685.8 Pujol 2002, 10-3-3N 231
21.6 133 76.2 | 4109 | 0.55 | 453.0 | 2.45 29.9 263.5 | 685.8 Pujol 2002, 10-3-3S 232
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mm | kN |mm | MPa | % | MPa | % | MPa | mm | mm e
21.0 | 133 | 57.1 | 4109 | 0.73 | 453.0 | 245 | 27.4 | 263.5 | 685.8 Pujol 2002, 10-3-2.25N 233
22.1 133 | 57.1 | 4109 | 0.73 | 453.0 | 245 | 27.4 | 263.5 | 685.8 Pujol 2002, 10-3-2.25S 234
229 | 267 | 76.2 | 4109 | 0.55 | 453.0 | 2.45 | 36.4 | 263.5 | 685.8 Pujol 2002, 20-3-3N 237
23.0 267 76.2 410.9 | 0.55 | 453.0 | 2.45 36.4 263.5 | 685.8 Pujol 2002, 20-3-3S 238
220 | 133 | 57.1 | 410.9 | 0.73 | 453.0 | 245 | 34.9 | 263.5 | 685.8 Pujol 2002, 10-2-2.25N 239
21.7 | 133 | 57.1 | 410.9 | 0.73 | 453.0 | 245 | 34.9 | 263.5 | 685.8 Pujol 2002, 10-2-2.25S 240
22.1 133 | 57.1 | 4109 | 0.73 | 453.0 | 245 | 36.5 | 263.5 | 685.8 Pujol 2002, 10-1-1.25N 241
21.5 133 57.1 410.9 | 0.73 | 453.0 | 2.45 36.5 263.5 | 685.8 Pujol 2002, 10-1-1.25S 242

24.8 705 40 485 0.50 | 461.0 | 2.43 37.6 221.2 625 Bechtoula-Kono 2002 D1N30 243
18.7 1410 40 485 0.50 | 461.0 | 2.43 37.6 221.2 625 Bechtoula-Kono 2002 D1N60 244
105.3 | 3334 150 445 0.78 | 473.0 | 2.54 64.1 404.4 | 1778 Xaio & Yun 02 No.FHC5-0.2 258
55.6 3111 80 542 1.71 | 454.0 | 2.74 71.1 293.8 | 1842 | Bayrak & Sheikh 02 RS-10HT 261
62.2 2109 150 542 091 | 454.0 | 2.74 70.9 287.5 | 1842 | Bayrak & Sheikh 02 RS-12HT 263
55.5 4512 70 465 1.95 | 454.0 | 2.74 | 112.1 | 293.7 | 1842 | Bayrak & Sheikh 02 RS-14HT 265
36.3 3242 75 1360 | 0.91 | 521.0 | 2.74 74.1 313.4 | 1842 | Bayrak & Sheikh 02 RS-18HT 269
67.1 3441 75 1402 1.76 | 521.0 | 2.74 74.2 282.3 | 1842 | Bayrak & Sheikh 02 RS-19HT 270
62.2 3755 70 465 1.39 | 621.0 | 2.74 91.3 187.3 | 1842 Bayrak & Sheikh 02 WRS-21HT 272
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mm | kKN |mm | MPa| % | MPa| % | MPa | mm | mm e
12 1815 80 297 0.71 375 1.79 23.1 549.6 | 1200 Gill et al. 1979, No. 1 1

2680 75 316 1.10 375 1.79 | 414 549.4 | 1200 Gill et al. 1979, No. 2 2

2719 75 297 0.76 375 1.79 21.4 549.6 | 1200 Gill et al. 1979, No. 3 3

4265 62 294 1.33 375 1.79 23.5 549.3 | 1200 Gill et al. 1979, No. 4 4
10 1435 100 320 1.13 427 1.51 23.6 | 399.3 | 1600 Ang et al. 1981, No. 3 5
19 840 90 280 0.87 427 1.51 25 399.4 | 1600 Ang et al. 1981, No. 4 6
39 744 85 364 0.45 446 1.51 46.5 372.0 | 1600 Soesian. et al. 86, No. 1 7
34 2112 78 360 0.64 446 1.51 44 371.0 | 1600 Soesian. et al. 86, No. 2 8
31 2112 91 364 0.42 446 1.51 44 372.0 | 1600 Soesian. et al. 86, No. 3 9
16 1920 94 255 0.30 446 1.51 40 373.0 | 1600 Soesian. et al. 86, No. 4 10
17 2502 92 466 0.85 440 1.51 40.1 399.4 | 1600 Zahn et al. 1986, No. 8 12
19 3280 81 372 0.62 474 1.51 41 371.0 | 1600 Watson & Park 1989, No. 5 13
19 3200 96 388 0.29 474 1.51 40 373.0 | 1600 Watson & Park 1989, No. 6 14
12 4704 96 308 1.18 474 1.51 42 367.0 | 1600 Watson & Park 1989, No. 7 15
12 4368 77 372 0.65 474 1.51 39 371.0 | 1600 Watson & Park 1989, No. 8 16
12 4480 52 308 2.17 474 1.51 40 367.0 | 1600 Watson & Park 1989, No. 9 17
20 819 80 333 1.06 474 1.57 25.6 399.3 | 1600 Tanaka & Park 1990, No. 1 18
18 819 80 333 1.06 474 1.57 25.6 399.3 | 1600 Tanaka & Park 1990, No. 2 19
16 819 80 333 1.06 474 1.67 | 25.6 338.0 | 1600 Tanaka & Park 1990, No. 3 20
16 819 80 333 1.06 474 1.67 | 25.6 399.3 | 1600 Tanaka & Park 1990, No. 4 21
22 968 110 325 0.75 511 1.25 32 549.4 | 1650 Tanaka & Park 1990, No. 5 22
19 968 110 325 0.75 511 1.25 32 549.4 | 1650 Tanaka & Park 1990, No. 6 23
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19 | 2913 | 90 325 | 091 | 511 | 1.25 | 32.1 | 549.3 | 1650 Tanaka & Park 1990, No. 7 24
13 | 2913 | 90 325 | 091 | 511 | 1.25 | 32.1 | 549.3 | 1650 Tanaka & Park 1990, No. 8 25
20 267 | 127 | 363 | 0.37 | 367 | 1.63 | 30.7 | 304.8 | 1676 Atalay & Penzien 75, 2S1 89
41 267 76 363 | 0.61 | 367 | 1.63 | 29.2 | 304.6 | 1676 Atalay & Penzien 75, 3S1 90
20 267 | 127 | 363 | 0.37 | 429 | 1.63 | 27.6 | 304.8 | 1676 Atalay & Penzien 75, 4S1 91
10 801 76 392 | 0671 | 363 | 1.63 | 333 | 2525 | 1676 Atalay & Penzien 75 No. 9 94
20 801 127 | 392 | 0.37 | 363 | 1.63 | 324 | 2525 | 1676 Atalay & Penzien 75 No. 10 95
15 801 76 373 | 0.61 | 363 | 1.63 31 252.5 | 1676 Atalay & Penzien 75 No. 11 96
15 801 127 | 373 | 0.37 | 363 | 1.63 | 31.8 | 252.5 | 1676 Atalay & Penzien 75 No. 12 97
25 | 1690 | 102 | 454 | 0.93 | 439 | 1.94 | 39.3 | 3935 | 1372 Azizina. et al. 88, NC-2 102
15 | 2580 | 102 | 616 | 0.52 | 439 | 1.94 | 39.8 | 3935 | 1372 Azizina. et al. 88, NC-4 103
47 615 110 428 0.27 | 448 | 2.22 27.2 566.5 | 2335 Wehbe et al. 1998, A1 133
40 1505 | 110 428 0.27 | 448 | 2.22 27.2 566.5 | 2335 Wehbe et al. 1998, A2 134
47 601 83 428 | 0.36 | 448 | 2.22 | 28.1 | 569.5 | 2335 Wehbe et al. 1998, B1 135
0.6 | 3579 | 45 1415 | 0.81 | 393 | 1.86 | 118 | 220.5 | 450 Sugano 1996, UC10H 151
0.7 | 3579 | 45 1424 | 1.27 | 393 | 1.86 | 118 | 216.1 | 450 Sugano 1996, UC15H 152
0.8 | 3579 | 35 1424 | 1.63 | 393 | 1.86 | 118 | 207.8 | 450 Sugano 1996, UC20H 153
1.4 | 2089 | 35 1424 | 1.63 | 393 | 1.86 | 118 | 1958 | 450 Sugano 1996, UC20L 155
10 3354 95 463 1.38 | 454 2.58 72.1 262.2 | 1842 Bayrak & Sheikh 96 ES-1HT 157
13 2401 90 542 1.24 454 2.58 71.7 | 221.7 | 1842 Bayrak & Sheikh 96 AS-2HT 158
10 3340 90 542 1.24 454 2.58 71.8 | 259.7 | 1842 Bayrak & Sheikh 96 AS-3HT 159
13 3344 | 100 463 2.24 454 2.58 71.9 236.4 | 1842 Bayrak & Sheikh 96 AS-4HT 160
5.7 | 4270 94 542 1.19 454 2.58 102 273.5 | 1842 Bayrak & Sheikh 96 AS-7THT 163
43 450 50 459.5 | 0.63 | 497 | 2.14 24.9 350.1 | 1400 Mo & Wang 2000, C1-1 187
37 675 50 | 459.5 | 0.63 | 497 | 2.14 | 26.7 | 350.1 | 1400 Mo & Wang 2000, C1-2 188
36 900 50 | 459.5 | 0.63 | 497 | 2.14 | 26.1 | 350.1 | 1400 Mo & Wang 2000, C1-3 189
37 450 52 | 459.5 | 0.61 | 497 | 2.14 | 253 | 350.1 | 1400 Mo & Wang 2000, C2-1 190
35 675 52 | 459.5 | 0.61 | 497 | 214 | 27.1 | 350.1 | 1400 Mo & Wang 2000, C2-2 191
38 900 52 | 459.5 | 0.61 | 497 | 214 | 26.8 | 350.1 | 1400 Mo & Wang 2000, C2-3 192
27 | 3600 | 60 418 | 1.87 | 451 | 2.15 | 98.2 | 240.9 | 2000 Paultre et al 00 1006040 217
30 | 1200 | 130 | 391 | 0.86 | 451 | 2.15 | 94.8 | 213.5 | 2000 Paultre et al 00 10013015 218
29 | 2400 | 130 | 391 | 0.86 | 430 | 2.15 | 97.7 | 256.3 | 2000 Paultre et al 00 10013025 219
25 | 3600 | 130 | 418 | 0.86 | 451 | 2.15 | 104.3 | 274.7 | 2000 Paultre et al 00 10013040 220
26 4200 55 825 2.04 446 | 2.15 | 109.5 | 206.1 | 2000 Paultre et al 01 1005540 223
29 3600 80 825 1.40 | 446 | 2.15 | 104.2 | 251.8 | 2000 Paultre et al 01 1008040 224
20 5150 55 744 2.04 446 | 2.15 | 104.5 | 237.7 | 2000 Paultre et al 01 1005552 225
23 | 5150 | 60 492 | 1.87 | 446 | 2.15 | 109.4 | 238.1 | 2000 Paultre et al 01 1006052 226
18 | 3111 | 80 542 | 1.71 | 454 | 2.74 | 71.1 | 293.8 | 1842 Bayrak & Sheikh 02 RS-10HT 261
24 | 2109 | 150 | 542 | 0.91 | 454 | 2.74 | 70.9 | 287.5 | 1842 Bayrak & Sheikh 02 RS-12HT 263
19 | 3433 | 70 465 | 1.95 | 454 | 2.74 | 1121 | 275.3 | 1842 Bayrak & Sheikh 02 RS-13HT 264
32 | 2204 | 75 1360 | 0.91 | 521 | 2.74 | 74.1 | 266.2 | 1842 Bayrak & Sheikh 02 RS-17HT 268
27 | 3242 | 75 1360 | 0.91 | 521 | 2.74 | 74.1 | 3134 | 1842 Bayrak & Sheikh 02 RS-18HT 269
19 3441 75 1402 | 1.76 521 2.74 74.2 | 282.3 | 1842 Bayrak & Sheikh 02 RS-19HT 270
33 2207 | 140 1402 | 0.94 521 2.74 74.2 | 288.5 | 1842 Bayrak & Sheikh 02 RS-20HT 271
28 3755 70 465 1.39 521 2.74 91.3 187.3 | 1842 Bayrak & Sheikh 02 WRS-21HT 272
25 3159 80 542 1.22 521 2.74 72.2 | 203.9 | 1842 Bayrak & Sheikh 02 WRS-24HT 275
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Research paper

Abstract

Rheological parameters of concrete, including yield stress and plastic viscosity, have a major impact on
its pumpability. In the present study, the effect of temperature of mixtures with and without
superplasticizer on their pumpability, has been studied through laboratory examination of yield stress
and plastic viscosity of mixtures at three temperatures of 10, 20 and 30 ° C. In addition to investigating
the effect of mixture temperature immediately after production, changes in these parameters over time,
at the three temperatures mentioned, were also investigated.

The results show that for mixtures without superplasticizer, increasing the temperature, results in
increased yield stress. Additionally, the rate of yield stress increase at higher temperatures, was higher
compared to that at lower temperatures. In terms of plastic viscosity, the mixture with lower
temperature, had the highest amount of plastic viscosity and the rate of plastic viscosity increase over
time, was greater for mixtures with higher temperatures. Calculation of the pumping pressure based on
the rheological parameters, indicates that shortly after production, higher temperatures do not have a
significant effect on pumpability. However, over time, the pumpability of the higher temperature
mixtures will decrease, resulting in higher pumping pressure.

The results indicate that for mixtures containing superplasticizers, higher concrete temperature, results
in a decrease in the pumping pressure during initial times after production. However, over time, it loses
this advantage and will have poorer performance compared to the lower-temperature mixtures.
Keywords: Fresh concrete, Concrete temperature, Rheology, Concrete pumpability, Rheometer
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Strain-hardening cement-based composites
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Abstract

Concrete pavement is been used in the aprons owing to its resistance to static loads as the
main loads of aircraft. An alternative is to use interlocking concrete block pavement with
advantages such as simple execution and repair and with no needs for curing. There is concern
about the effect of the CBR of the subgrade on the resistance of block pavers to permanent
deformation. The present study conducted to investigate the effect of subgrade (CBR) on these
pavements in the apron. The Plate Load Test (PLT) performed on a 2mx2m prototype
constructed as per Federal Aviation Administration (FAA) regulations. The layers of this 3D
model include compacted subgrade, sub-base, crushed aggregate base and Cement-Treated
Base (CTB) and 8-cm thick concrete blocks. Sensitivity analysis showed a reduction of over
12% in vertical deflection with increasing CBR from 2 to 10 and a reduction of below 4% in
the presence of subgrade even with CBR=10~20%. Using subgrade with CBR of over 10 has
found insignificantly increase the resistance of block pavements to permanent deformation.
Concern about the risk of permanent deformation is obliterated given the key role of the
Cement-Treated Base in redistributing the loads.
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Research paper

Abstract

Basically, heavy concrete has the specific weight of about 1.5 to 2.5 times of the normal
concrete. Materials with high specific weight are employed as a part of used aggregate to
make heavy concrete. Heavy concrete is utilized as a protective shield against radiation. Heavy
concrete is applied in the structure of nuclear infrastructures or hospitals. llmenite is a type of
mineral that is also considered as mineral waste. llmenite is extracted directly from titanium
mine and is found plentifully in Iran. In this study, Ilmenite is used in different volume ratios of
10%, 20%, 30%, and 40% instead of sand to make heavy concrete. Moreover, nano-silica gel,
is used at the rate of 1% by weight of cement, to increase the quality and durability of concrete
against the cycle of melting and freezing. The tests performed in this research include
compressive strength test, tensile strength test, defining the primary and secondary water
absorption rate and determination of concrete melting and freezing durability, according to
ASTM-C666 standard. Results depicted that, the specific weight of heavy concrete would meet
the regulations, by adding at least 20% of ilmenite instead of sand in concrete mixture. Also,
adding 30% by volume of ilmenite, instead of sand, will increase the final compressive strength
(90 days) by 33%. Finally, applying nano-silica gel in the heavy concrete mixture, makes the
concrete stable against the melting and freezing cycles.

Keywords: Heavy Concrete, Durability Freezing, llmenite, Titanium Oxide, Nano Silica Gel.

*Corresponding Author: Amirhossein Bazaee

Homayoun, M. J., Aghamajidi, R., Bazaee, A., mansouri, B. Studying the Behavior and the Freezing
Endurance of Heavy Concrete with Nano-Silica Gel and Ilmenite Powder in Different Volume
Ratios. Journal of Concrete Structures and Materials, 2023; (): 89-110.
http://doi.org/10.30478/jcsm.2023.330682.1259

2538-5828/ © 2021 The Authors. Published by Iranian Concrete Society

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1P+ biuane) 9 3ulaelF b oglods Yoglods ‘M&Jg&ww‘&@pgc&m&@ﬂ Q¢




’L: VP e F-IA allio cBL 4o

e pemmr—_ VEN-IY—Ye callia by iy

3992 9 madaw 930 35 (61510 (i (53 (T & g0 9 L8y (o y p
(0> Aliso Sldoamwd 39 Cuiols!

215k eyl

U/J"/‘Ub'e’) ;L;/dﬁfj ‘5.‘.9 oliils “;w».lﬂ.e,o PRL AL ;UL,.Q.C ‘;w».l—..e,o "ﬂff‘gs"j‘
Amirhosseinbazaee@gmail.com
(JBM GM}S)

Opled dlgzdeme
Oyl eyl ciasng po axly oDl l3T oKzl cawiiige 008zl o3l ial )5 e (555 (sazeiil

ERVENE P

Ol e, o oty oDl ol3T olils cewdigeo 0aSiily ¢ Lol

&g Sob
U‘f‘ aw)lé (RS )5}4 Qbi)e).d JD‘S LSA)L&‘ O|)T oKiils su‘fo& (eI sasislo ‘)LH)LU.«J‘

gy Al :llio & g5

onS

o Sl (gl g o ol S i (Jgoro (i il VIO L5 1/ S9un pg—aie ;39 b oy bwlus!
Ola—e dm (o (i 09— =0 ool (i j0 dlaSiw I s glo 4 YL ez ()9 b (Alan I S
oslaiwl 0550 Loyl jlows Lo g (031 lauawli o)l o 99-»0' 999 =0 S @ wleiald Jlio o dlxe ey
9t sl | gl om0 L (3T 3 e (Sdro 4l (gt A ] ( Sro 03l £95 S il | .5 S 0 415
o= Gl (gl @i (50 39— o Bl ()]l 53 HaB9 4 9 90,5 o0 gl il pguilis’ a3 prdime
RV TV SRRV PR WY LS S| PR B 3 WPy A S3vA VA CRVADRpERE T 0 H L E T Rp I YU ST RLVGPN FY I QRN S0
Oloa—w (=539 1) (li—0 4y i 63l J 51 Sl 9 09 4s 2 il 50 (i plgd 9 CdS o li8l s
adsl Of Gis (i Camoglito «(§ yluind Cumoglito Jolodd i (| 30 ol plonil il lo 3T .l o0l 05 Lisaw!
4 1o oy Lid Gty oyt | g 6 0l 0 ASTM-C666 5 jlaibimwl Lo galdao slooxil g gd plgd (yumnri s gili g
bulg—d 00 3 (S (¥ (P—a0 (139 S =5 I8 Sel i )0 awlo Lo ay sl Y (39381 Jolus
Gyl Coglio oyl 3o 1YY S cawlo sle am ol mozxe 1Y 0938l (ruiorod ol udlgS sldols ol
L5 s 85 Sl i (it ot 55 0 i 955 J5 599581 el 53 010 wmlss Ghald1 1) (639,34 s2les
00,5 19585 p1 stellao gyl 3l slezmil g wgd a5 2wl y0 (i LS,

ok 656 5 epguilind dunS cCadoly] (S0 190 (S oy 1 guuds’ Wlals

Qy 1P b 9 3ol by ooty Yosbos uidad o I (g% ok o o 09 (S0l § Zeliun  ode dgld




doddio—)

s 5 i itz glysl S ot cely pls sl Sigdn plill 5 i e (5,55 & 4o Lils iy
L3l il gl 45 sl iy glail 31 S i oy b 00,y LS 43 cilihs (glalasoe 5 o3ug (sloojls
O L o adls ety b adls ) elssl ) S (i 0 S (oo 18 esliiul 9550 ol 508 Sl
WSS e )l i o omere i Sl (it b plel (iRl i 48 090 3L VL S 5 opane
i Sl (s (eiares el pian (Joene sl dn Samd (S i egate (j9 SIS e @
o st ca w5 b gildae w09 aales glate Loyl acdey jo ad, (LS 4y caslaSw Eo= 9 slade bl 58
mizat [V ]335 o B S 5 55 Jyome s il VIO L5 VIO 89> oyaies (5 b G ACT (S ]
72 0 eSS TV YL (pgate (g )b 45 (b pleitl (o Dl 5o g St i S sliul 4
YL 09 4 ol Bas (St e SLaiin by e g5k 55 [T ]3)0s plS (oS i 2Bl caSe e
039 s dpaals (el ;251 50 j9 bate (e a0l 51,8 am slacnglyl 1o o] Coglio ol
Jols 39y JLS S i CS s gl a8 pleailaSas (n Sy [T 0 e )8 e | slore (ogatce
s Lol ooyl [V il o Y58 (sladonlos 5 EstiSe wisiall pis b aiiled igas) ais )l
i pglisn 0979 4 S i sl |y Sl la S 5 wies Fslie slas il

Lalys il o eizmed il oo YU Ygoma Sine Lin 0938l 5l oaliial Jlony i slaniris ()Led Canglie
0 YU el S oy 45 cmlns 51 S [ F] 05 aimlss Jo,5 5 Jorsd Sl Coglie 5l ooyl e
B N T Jour JOE IS W ECH S5 S W Y W 8 JOV NPRRU [T
o lusliwl g Lo 559 sl 0, o LS an 2o go il cdlu 0 a S GladlaSw poren [O]a 25 o
5 lgas ol (Koo Lo 4y (oo s 45 Wigd e gl Fl (ool obae I e 5 il e sol>

g ool Slels o5l 15 Vgl 5390 LS any Slatinis Jolie j3 Lidlome s Syt o oy psbo & i 5%
55 o0lil 050 3) 3g2g Lill 5 LalS X (slongsp L geiSTopol) cilaiints oSiel a8 L 5 g Lanelias Lo L
S i 3 STyl i T oS g 5 by el (slmel Sy s o ol 53 45 Gl 555 L5 5,5 e
15 e el U Lo, S 6ls Jolas asis asile 53s cslayis cilas 1o caizman /)] el oad sl
il s g ool gla Sins bl g ol gloojlas 10 ceKims oy 5l ooliasl 55 gl 8 5, LS el ol
P 8y Lan 5500 5l Baaiiogl sloe,lso aiile ol oy o pelie laylil el Uy e 1) cglaolSalsy
el s (Sgpam 5 2lapo glooslw Ly (539 (sloas colis sl Gafi iy 5l eolitul (rizren ool
Sl pymsyo Lo yo ol 5150 lomle S5 5 Conloo ds a0l )d (o8l (Sl oo Jlss (Jy sloaly

M\)s‘o uLA-MJ U;b; g.é)l..a.o)é ‘) uﬁwi..,.uwkgl.ma).;)lf)l L_?)" \ o)Lo.....:Ji..u[v,\]

1 . .
American Concrete Institute
2
Tower Crane
3 .
Jersey Barrier

1P+ biuane) 9 3ulaelF b oglods Yoglods ‘mwdﬁ&ww‘ﬁ@pngﬂcyfb aA




B

o cil 40 uKiw o o) (7 Sl 40 3uKiaw i 04, (o Sl dijg 40 S i O 4 ) U5 (IS

[ )] dliko sloojlu 0 (mfiw s oo ) 5 ) JCS

Sl as olSin ol iy ol Jelse 51 oS bl e Ll 5 5 slassil s gd a5 o 5 olas &l
S5 e e ez Gl ol Gl o GLIEHTA L) ol pome i e o i Lo )3 092750
& it 1 Jlaie 09 (gl J5elss sldd (i e o gd 5l am aizen 00,5 e (i JLadil g 50,55
Sy 5SS place 4B yz ol 0,8 e )8 ol o Gty I e 3 olezl gam Cogi 50 45 05 o0 pal
Pl Lol e eSis i ) Al (s iy [P F53,5 e S5 i 4 5t sl )l 8 5

2,18 oYU Coonl slazil g Cod 4z 1> il o Cotalsl Jog Sl K 5 pled (o) 05 g0 ool
aibie oot 185y Gl i aS 0 s aus QOB LS adlaie 13 dg; j9i5 3 )L el ool
RERFRUSS PR SN I EX U PUPTWINSIE USRI NETC RPN IRV 1 | IV E PR g
adl; s o7 5 asS amil e (00ms auaST) G ol Ly allsl pgslns olos Covialil adly 1o 353 0 gl 3l
5ol e ol 5 pslig py o oST i abl saas LS5 slar s bl sias [V 555 o ol plig
S ST e s il s o 5 sl lyen sl oLt 055 4y 5,58 g S0 olie sl
wriobs! olas s slas el glite yare g adhaio g4 an a5 L e ol 45 5l Siaw o] ol g pauilis
15 05555 Lo ls 5 wlaseie Ly cgliie slaojlasl j o5 a o] Ko o 5 651,58 Ly a5’ ol FeTlios
plss a8l gl anlio 1o elil s el YU JLS> 5 b sl Sortalil g8 o 03, LS ay cikises ol

z Y‘ —_ . . . & pe &
5&/&[-»&0.»_:5,9_‘0:40&_«\_.“«14‘ U&H@M[f]éﬁfw)lﬁoam‘o)Hquu)jw‘)_'%‘l_’grm.:l.w
Jshie 5l (o5 adlioe xS o 0 50 p S LS TR - LiYO- o o] Losds 55 an o pgase (3
Q_Ml...\_.i';l.gwo)_z.ég;,_é.soLgQw‘})ﬁ@w‘wylj_o;w)ooow_wl&dw S,lge oy 3
R Sg—>g0 O‘)_"BUJ‘)jf‘ 2 ‘A.A_..us) LsLb)ﬁ—“‘S O\)BJ—’?LA B )J_Tjul_a 6‘03.&31_:6L._w 6L§A_<_a)d.»u.».m.l.v‘
30 TS Ol e ¢ yE | ] PR CHW I CL&] oy aalhie o ol 0 eeilag g cialsl ol oy Segee
Ciobs] g poailans ame 45 Cnl S o)l 8 Sl gl 5 i Gliwl oz ailaie 5 le S Ll

! Ilmenite
? Titanium dioxide

. P R . L E e T . . . - . Y

a9 1P b 9 3ol by ooty Yosbos uidad o I (g% ok o o 09 (S0l § Zeliun  ode dgld




LYV il oo Lo yolae (0,55 550 9 (05 g€ 50 5l (50 g ailenjols ame (00,55 )5 (oS ZgS (b yped
..\.QO‘SA uLm.: ‘) g.,\.»...o.la ‘ W) ‘5)91)59&”} AJ‘JS...MJ/ Y o)LMJSMJ

[¥Y] (00 (5531 9) cainds] (ranbs 5 (RIS AilaSis ¥ JSCs

2 95zge las | (s (R0le lime an i GlaailaSinn Bas o)l sl ol Sl (eSS
i 50l 3 gl i 5o cnell U paslos anST Sluls ookl (v jadiin 4 Lol a8 3 alodil ooy
Sl s F & yao Coalsl adily (S L oo ais b oS i d i) 40 45 (ggdmme Sladod gl oais

|y i o i lime s 5 00,5 iy a § (6l Caaglin Lilydl el ol ) oolit ol 45 0u
VISRV RCXPPR At

9= bl oo )*”RCMT P9y 4 amllS (93085 ;8L () p an VY Jlw 5o LS 5 (ol el
ooty a3l az bay ds ACI-211 5 Jailil Lolasl s o0 a5 Las glnaliges Gk gl 45 Aiiblo ) Copialy
i Rl e bt Glaced )5 Siabil jos (i (pgate (s Rl 6l GBS ] o e
Ol el . Sw i jo Calsl jogn sl eolaiwl a ST sl lis sodss ol mls cwl sald i jo aule
2 Cal posn U 9 UV S A (59958 L 4S5k 99,5 e (5 50 o2l (539 25 2 g o oS
D55 ol Gl 7YY VY LIS 5385 gy 50 o L

3590 i (P (FAS i 5 (Sl plp s S tlel oy VWAA s o () S 5 ol
sl g Sl Slogad yp yabite s G ol 40 il el gLa il LlLis o coliz .l
clvw cge o a4 Ol Caud o L ciie ailoKiw gols i 5l LalS anil ,olp o oK oy
slaassel 555 2 Lagilejl mles 8,8 1,8 (w5 Jdow )50 Lo T gl 5 0 ool sl LIS slag b
Ceoglie) (SHlSo Slimogas (i pog—as (539 Olime b Glormw oy ol o Gral3 81 Ly s ol s
2 et b oo LS LS 95 (ot S o S (e g (Wil Jgus (ST Zuaglie (g L2
b el axlge glad Cosgasme L ST Ll o5 ol jo 0 blas colu o aS ouds (ledl guaod ol ol
LY] 5oy o> a1y Glowms 4 ST s

@ lizee slaao,o Ly ciiSe Ly ool ais v S (i plgd ey p 4 VWAV Jw jo )L g osbilas
Slorms dm Ol S 93 Ly sl (slpatigad jolate (pamy oSl ozl 5 9 as 2l )0 koo S
5,58 Gl Sy5 0 5 Aigs 100 5 Ve B v (Lmke g Sae) Yoy i lie slaooys Ly /F0 5 - /0

! Rapid Chloride Migration Test

‘f"&“}ﬁzele“ﬂgkewww‘WJNJ;Q‘&GNGM‘&;'&?MMS@AO&@}Q Voo




Al o malS (Seelns anwnY Jaas wolazl g gd a s> ol L a s ol s ol mmlas ol
5 0sd asyz ln 5oy 0 Shas ot (ki S 10 (09581 50100 5 1T Gl O S 95 (rizpen
[¥] 025 oo lid 5e5 3l slasl

3158 o 1 g Ay S By ek ;35 531 (40 e YN8 Jl 3 ol Son 5 SL
SRl ple do mm diwg S B g Gl j3g 5l esliiul fSLS Sodon ol jo Sl S i
o Sl g Siell laasly i rizen Senl 4B L8 (2 3550 e (P 50 Sler S (S
Ol o B B esliiul )50 i )3 (Bras ale 5 (8 5l (a5 (Rl YU JUS L slaalases e
Soglio g ¥l Jooo o diod (2t 05508 L3 o slo plgs g (SlSe 5 (Supd )L, i
sobal SeoS L i B ) (e A Geized (S35 8 (o 2 3)50 00d Bl sladsged (S
oo Sl laasses ;5 1y &)l gyl g LalS 555 5 503 gloe glosl ,51 Sl g 4 j25 5 (g (S0 S
A o o awle G0 3KLle TV e do Csebl asle S lle i aS sl i Godes ol mls anS s
dged eigred B9 dbleS pled 5 (L8, 0, Shes (e LIS i 5o Olee— (R Gk 35 TNV 0 ol e
L i aiged 4l o a sy iy e glsel Qi i ol Al g g Ay S L
L] sl ools (LS 055 511y (qay 10 0 )50 (Sladiged s Conad (g i (LAS 5 (g,LiS Conglio ¢l

5 ol 85k Ciab) 35) Cerall GlaKi s Cdl il oy A 6Mae Yo VA Sl o o)L 5 ol S
33 9938l (mlaiSls  OPC ol sloaplons 5o (509381 S Gloie a4 (G902 5 5 Jmossl e i 2
235 4y by e Sltglosl Gz (ol 5o el 0ad ALl (i 50 Gl (39 o0 Ve 5 0 YD S5y Slacen
2 pglind s ST 0929 a5 ols s eoel Cwns gl 8,8 8 ) 8 90 LAT g e SOl Ll claiizs
RIS S [ PCUY COUVR VS| IS S P IR PPN 1 [P JCH P& UK WESUE S VR CVEON I R YV CE
S (el ioee Lo S alS S )3 e i 4S5 Sl OPC logws ol o 4 o] 5 00958 55
AFie 00l ;53 Blegdge ; ogdle 33,5 oo (Jgere Dl Ly aalie o Slas Sl g blail 55 ol
S 3 e i gl s 551 sl et e S sl s 3 el o U 3yl o5 s 5
[8] 255 o

S 5 5 e pog—ate (9 Gl (Sl Wi I (s L Gl i )3 Sialil 5l ool
9 29 Ao wge el (il g 0gdioe (B Same Wlemy o9 el ) 0Bl o (sanlsd Sl (e
i Jl ae 30 [P ] 00,5 o i it polico (0 G e Sog T palS 55 g Same diley <8l L
Soere slaasly K [V og anles 505 coad in Cnglie S Jodsw gl ccall U ool ansle
Ao Goe b 38 slaaily (o Sw 030la L,y ol jlaces o JSii |y 0 o e o YO L £ Tosw
obly s s ot oSy e 5 5 el s Seied ol s el Jyene oK i 5Ly
5 0w (i )3 o9l osliwl al> e 4y (g )lad Blad an 55U ool (il a azgi pae Jdooy (8,0 51 /Yo

U"_‘ uoﬁ_m 0)3 U’“"‘)J‘ u_cla as Lf')s u..i._w P u|3_..c a V_H.A.L‘ ‘sn.\_am 309= vm.d U‘))‘ oole )‘ oolazwl

oo slozl g 093 a3 2 plp 55 Gl ples 5 Cunglie (o 9 93,5 0

! K Sakra
2 M.Contreras

Y e 1PN c3bhne § 3o F s ooty Voslods ciads S ol g%  oodes (oo ¢ 09 (SLBOYw § Zelliro  ode Ayl




Oy i el wlol I -Y

725 T Ay o Sl ke ot e g ACT LSyl iy ool Sl slol agy (i iy el Lalgd I (5
[YVNY V] il oo

AL /E ST g VY o Slew Slge 4 Ol s @

b yands O BB o b 5 el b Gl ol5ee

23,5 oolaiwl Vb oy Jgdo b dssls 510 g ols moldl 1) ol ap asle Cond b S0 s <l o ®

wles plagms (335 Y 0l slre Gliee ST 0aliS sy (358 Sl ool 50 40 @

I e smad dumogy 3,0 1,8 aua s oleil 5 0gd sloda s > 1ol 0 i dS S50 ,0 1les olae leslazul
b sl i pegate (g alS cel ilse

sl 3o ASTM-C618 o ,Jailiw] @b a5 b (g0l xS 5l oolawl @

ol 3o ASTM-C1240 o ,Jasbil b llae ks 936 g (ki oo 5« st (Yg508 5l oolaznl @

Al e a3 oSS YO+ e B (S o L sl

lao g dlgo Y
awlo —)-Y
Shls (Brae awle el ol gy ()18 sl > dalaie )0 0920 olee I Guiod cpl jo i S ll Cpr  (Spas auls
Ol xS yie 10 p,56LS YYO SSD cdl> jo 5,0l wgase (59 45 035 5 yondes TIVO -+ ol o3l 2STos
Al o YIA oy Jgo o 1 VIO ol Qi
ooliiw] 850 (S pao awlo Olativ V¥ Jyus

ol i OPFETR O3 FERCIU It /I e
SSD o5 Joe e

7. kg/m3 mm
AN YYo- Y/A IV awle

oo—-Y-Y
‘4 o)L.\_s‘ )..5\..\_~> l_"snlol_: 9 ‘509_79 “oj_lm ‘d_.sz:o Q_’I o u,....vl_‘o)] 3,90 u.»_ﬁ colw u_é‘} ool S)9—0 u—MJ
YOA- SSD ol B (_g).lea wﬁ_m Q)5 | 00 d_..e‘) u,q)lJ ul—)—kﬁ}‘ 4_40‘)} QQL:LA )l as \.\_MJLK;A )_..A.J...n

osliiw] 850 (S pao b latin £ fgus

3 0,
kg/m % mm 5 ool bylsee
YOA- YIY 14 §995

G ailo-¥
0318 Hee 00l (gaiy ojled i lie slaSl lawgs o, sloulls  Sow mlas daailaSin gau als syl o

1P+ biuane) 9 3ulaelF b oglods Yoglods ‘MJNJJJ&GWM‘&@PSG‘-M@“‘%“ \ oY




3oy als ASTM-C136 o ,)lasbiul L Gildas 058 o oolaiwl alils ouisS e leiSy olSiws 1 =i b als el o
Ll ool ools i Y ojleds Jlogad j0 a5 00 5 ool il e slaglyon L o laslivl comw sla s
S8 0SS (59, o sl a0yl bl 4 ST S o 5les, S e s smesd deo )0 polhe a b
G aily oxie )0 V) oo dslio ASTM-C33 o laibul oo Lo |y polae ool (los oo casl a8 8
[ o)"u\_ﬂ )f.‘Lu Ta.%‘ )90 g S o )l 0d— ool 9—E (ST Jo )d 030 u,..._:Lo.» (§O9—E j3"me Laalal_w

Al g0 Slo,lous
100 50 30 16 8 4 1/4"  3/8" 1/2" 34 1" 11/2"
100
80
q’\
3
5, 60
ki
40
Y
b
20 .
0
0.1 1 10 100

Giophee) Sl o3l

Oy Jiliw] 03guzo U 5T GLbail g i o law g o0liiuw] 8450 duwlo 9y (oo il Jf3g05 ) 4050

Oloaw—0

L oldae Vs o398 oyl ol B o,las Jgom 7 d il oo o] oijlw o8 10 (8 anlis p Guate

# lie 4 oA iSTa> gl ls 5 00y o Jgs ISIRI-389 oylats ay sl Lo 0 bl ;5 00t 7y bas Slasedcs
VAR KV PRV

1Y 0bT 558 < oed' o ot bty a5l B g

C3A LR L.O.I 0S3 MgO FE203 AL203 Si04

1. OIA- JARIAYN /A 1YIYO IANE JATAN JANE JARIAE

IPY] 0bT 5508 K ced’ Gl Slaogas £ Jguz

PFaTe (35 ) _ 4885 S oleg i
Eoyo yuouilo e SelS (S g51) ()
gr/cm’ 055,V A 055,V 039,f <k adsl JA gr/cm’
AVARS ARIA Vo Voo 7o o <IN\ yYa.-
J"J""“‘ 55L3 Jj’?

Y.y 1P b 9 3ol by ooty Yosbos uidad o I (g% ok o o 09 (S0l § Zeliun  ode dgld




Sy S Sy el S g g,y il 8l cleaw an Ol cas LS el i j0 el 55 5 (0958
3l g ail o Slazil g g a2 1l j0 K i plgs (iali8l aS e Bae 4 Ao gi L 10 0l algs
ot 555 5 51U 55 83m mtly5 (is p e 28LS ) sl ol olaa Uy s 5l eolisial 4 e 3,0
3l 50 S5, (o mle Sy ol LSS 5l ey 5 sl 98 Cang 0 ki 95 5 a0 S eolii
Dgad a8lsl o an ol 3l o b g colu alSin 0 lgs o |y eedis 95l 5010 0 5,08 059 slay 9 YU
S bl L (S0g33l 95 oyl Brman 0l oo 4B B Y LY o Sy (S0938] cpl YS! 6y 5Ls 0500 e
0308 Aoy (Byman Glowmw (39 9o 0 VL) s 5Ls 0550 oles d a5 0 ciyllas ASTM-C1240

NATATYIOW
[178] MSI-1030 ko 356 5 (ot betress § (o5 jud Sliaiiio V Sy
. LPFATe (539
Jyaza ol o Jgeo s sl b N |E PH
g/em?
MSI-1030 | mSi0*-nH20 +PC | b sb J5 | mbe- sl a5 | =MD VIYY
MST-1030 oo 66 J50 J5io
Camos -V

sl SKiw ol ol e yendis /0 ol oslasl iSla > o e £ 3l Bodmd ol (o el il 55 Cialy]
el il e ploeds o a8l )5 10 sad (5,90, 5 le,S Gliwl zgpS aibite coall folas 5l z See
[YVJML"SA q 9A o)Lo...':: J}J} C).w @ oolawl Sy94 &:A.A.A.O-L" L.;")"'gj QS’L:M Slasiice

(1] ooliiw! 350 coials] 3051 (5 b Slariio A Syt

ol L L IE IRV PFAFS (59 ol o3l iSTas
0P o
7. 7. Kg/m3 mm
VIAD YIY Y fye. -1

1P+ biuane) 9 3ulaelF b oglods Yoglods cM&Jj&@hM;Gﬁv‘Q&o}ugélm‘smgfm

\of




(1] oolicw] 550 codads] 4335 (ot b JLS b 9 Jgr>
1. slado @l jls b pais pb

FAN TiO, poslis awns]
VY Fe,0; o2 pges dnS|
SNY CaO Sal
/A FeO ool oSl
\IA Si0, g
VoY AL,0; JEVETUIN IRV 4
\IARS BaSO, 2ol S|
\IVY BaO po,b Olgw

S g Sl S 00wl O yg0 Sy F S

LMs! 7 ,b-A
Irane i aliie K 1y el s 5 il Lo Oy e g Sones 351 az b ilas
e s Ly 5 5 ool ol 508 2y paa L ol il e iy Loy L (3 (5 s ¢ Ll e
A ACI211 s Josliwl glae o 5s Gdioss ) (0 colaiwl 0,50 aald diges bglse )b [V Jaul Liolidl b o
VA asls cd o gamwl ojladl mSla s .l ool (g3l agy s g9t an d g L aS 0 il oo (o> b9,
Oemizred Sl 00 48 S LI 50 (Wi Sl (28,5 55 50 (599 VA lops 4 O Gl 5 5erlis
P35t 3 b i e 535 I3 Sl bl e By he e e 8 3 Sy LS Be ey aa ol e
S RGNV [P SIS W) D I E- TR VEL VY B S/ EPVA IEEVA RYA DN S Lo LIV S S ON ¥
oo o3l Glowsr (559 1) (lime dm ki S5 5 51 58 Pl 9 (SHLSe Slogas 35 S B
Gl sy o 2 6l s (s S 0 oS 4t sl csbae e poLin ¥ ooty 55

ol 005 @l

V.0 1PN c3bhne § 3o F s ooty Voslods ciads S ol g%  oodes (oo ¢ 09 (SLBOYw § Zelliro  ode Ayl




Sl jT e ooliiwl 9,90 LU g ,3b ¥ fgz

e
| oo | PP e | e o | lews
%x e & basl b

littm* | kg/m? kg/m? kg/m? kg/m? kg/m?

@0,
Tk

- 4. A - \YA- AR O CON \ ol

ARV ‘4. A Yo ARIARS YY- AR CIL10% Y

AR e I AN V-Y¥ AR O CIL20% Y

Y-l V4. A \YYO AdF YY- AR CIL30% ¥

AR¥A V4. I VYo Y#A AR AR CIL40% N

4y SSD cdl) Sis phaw Ly gledl el e oy 5 59,5 Se 5l ey LonallocSis oS ol oo ! 5o
5 9 0 3l imen ylon dalsl y3 wass by Lo 4l ¥r Soce d g diBu, ;S 5 4 b aule ol e
by lsue ;S50 aids ¥ Sase ds g adlal il 6l 5 5 o 1500 cias (LS| aaBo ¥ 5l s g a8lsl Coaly]
¥ ojleds IS o8 plowl 4 53 590 V0 (lhee e L asli Yo g aiBo ¥ LM S S ey e iad

A2 o 5liad KaSy L) allas LW s g oloy e

o izl BUE] ced i 5 Gloj oo F S5

P b3l 4ol -4

sl i aigail 00 51 JSite Legasme woiall L i iy cbs e (lSulojl el gadios ol o
¢ ominsS Cnglin «g,lid Cnglin 03l iy pamatte (39 (D) Sl ‘_,ip"Ln)'T Jols ous Lzl QL;:..ALA)'T
St caglin Galasl gl 0l oo ozl 5 g3 ad iz 1l 30 i plsd e 5 00 S o Sl Qi
b asd S b s oled Ceeglie plem (o] eSilae 5 0 )S esliiwlogs, A g YAV (i jo (oaSee aiged 90
o 4 ot osliiwlos; VA (aSee (i sl 99 (eSilae 5l 58 i (5735 G plsd e Stz i
s959e Sllel plw 28,8 115 )y p 3550 Gl Cnglia 5 (g Sl e colazl g g3 4B 2 Yo e CidS
Jsoz T S8 4 aged g9 5 ojlasl i alesl ol o plox 59, YA (o L (0 aged Sss) 2
(s )td Caglin iy 2555 ez an Sl e A alilesl 5l pslal ¥oojles JSb aibie ) ol
amo o i |, (oS (58

1P+ biuane) 9 3ulaelF b oglods Yoglods ‘M&Jﬁ&ww‘&ijwﬂyﬂ \+.&




iloj] o KK 4y digad oMy 3 £ 47 it loj] 0y Iuiliw] 9 25 ) otz
olilinl oyleds | diges olawi | (Grewdio) diged olul | digel g4 Siuleyl 70 s,
ASTM C109 Y. AT REATAREATAR =S 6 lid Caeglio \

ASTM C496 IA AREEATAE slailgwl S Canglin Y

ASTM C143 - - oy Y

ASTM C138 - - PFaTL ()59 ¥

ASTM C642 IN EREIREE SRR

owwu.uuiu» I

‘5._\&‘1
ASTM C666-B ) VO =VO- V0 ‘50&0 olezxil g gd 7
—

oy loj] lumo 40 (pufKiw o slodipad 59, w0 Sialoj] jl 6 p9lai V¥ IS

assl -9

oDl =Y

)‘ slzwl a A_.»Lv‘;a )l_..a Sy J_’?bo B oolaz_ul )‘ u.u.._a a)l_v u.._b sz.u,\_» Ql_'J’ 2 Ls‘)" d)l.a.v.a su.a.b w)Lu‘
3 aSlan azg L ocdl e W L0 e 00l 3 (LS Gl 58 i o el 5 g lils o
s_Jd._> |) Oy g_j Lg)L)_M aS Cewl see= oo oolai_wl (u.:}Ja) uju\_)) S M—Ml)‘ )‘ ‘Q&A_w Oy b}l?u C)Jo
Awd 4065 5,5 slwl gl s el @S pgatte mhaw Bk 5laes el S i cedlwl e 9 095—as
Olyd Gy el algf 5,5 poate mhiw g YU JLSs 050 o i j0 4SS ale (30l aie o] aS
iy ol O Gas i) s ele 90 ol Ly cocs asalgs cudlul bl el 5 00% 0SS (85, Seuiols!
O el iol5 8l g o s el cealil SIS ogn aieT 5,5 5 YU IS -V 0sd o ceodlul oS cely
e S o 50 ceb] jleslaiul i an s g L aS 0 aales 0 SO L a8l o Jele g0 cpl gl oo
g waly> 6,508 »

Omizad a8l aeles zal S Y ¢ wanld asges L awslie 4o CIL-10% coodl )5 c0al Cwss =l 4ol
oo 3l =0l cedlnl ol sl sl a s aas e s 1YY O PRV aiges L auolie ;o 50 CIL-20% oDl
(O o Cads) > A i > J_'b u.u.:‘)J‘ L CIL-30% C)_fo ) ] 03] S99 Ciods) OO Jlj.> 9
ols 1, ZA ot aals 4 s CIL-40% b ceodlwl s (izren 9 padle Dl LVA ralS sals
oo Ll ool ol 3l ceadll )l 5me dy o jLlasil a ST oy Csalil a o gi ol e oli8l nf le ams o
B ol azidl, pals L8 slaz b L awlie o codlwl w30 cvalsl oy o5 (i ol Lds ol
Ol il o 4l o] 5o e3game (o iolaesl 0550 slez b olas o odal Cawds codll e a5 el 53

YoV 1P b 9 3ol by ooty Yosbos uidad o I (g% ok o o 09 (S0l § Zeliun  ode dgld




gools LzalS 1) Hleaw an Ol Cous =9938 =l oy coads Jols i 5o ek 6 J5 o, adlal JJoy see
A alem o coodll iolidl el

100
92

90 85

83

78
80

1 n

70
60

50
CON CIL-10% CIL-20% CIL-30% CIL-40%

bl 0,90 (slodigaspolai gy o s lio ¥ 3507

Pz iy ~T-)e
O i S (6l i pg—atie ()9 Gl (3o ol o b 09 sl L (n S ol B (S0
i bl g Ly o a4z g Lol Vo)lad Jlogad g8 an LIS 25 b 18 (ogate (339 Oliee 2Sboe
3 oS e o y3 @ S e LS TN g YV B s 4 pgatie (5 L LCIL-10 g3l g sald i 2y b oS
iy asle sl an cioli) (e TV JBlas (0558 L Lo ol L Ll s 15 e 18 S o 055
psate 035 Olis 5 CIL-20%, 30%, 40% LS 7y b 1o 0 dalys iy Lpsoao o5 7)) inlidl Eeel
i eialy) o il U el iy sl il igl381 e 5 YD A i 4 anl b Uy dlio 8 o2

bl Cotal) YL JBa S pae 0l 45 0,5 sl gy (al381 01 Loyt (s 5 o 50 anle gl
4500

4000 3946

3646
3500 3330
3010

3000

2705
- I
2000 — — — — —

CON

CIL-10% CIL-20% CIL-30% CIL-40%

cSe e [ pS5kS

lojf 3,50 slag b colai (ogario yjg duglio 1 4logai

1P bt 9 3ol o oo Yoslod cundsd JLow s oodes (p0l ¢ S (SO g il ks dsplds |+ A




5L Ceoglilo ¥-1e

s A 5 ey L i s s oS 5| il ol Lol g o Lo o35 4+ 5 YA
ol Al 31 ol gl bl aalsl gy el e i el g digd S d iz 5 5 0y0,8 oli
Uil el oy o Salsl og sl aS 0, S el ialesl ol el ol o VY o)l Joum )0 4 uinbes]
‘5..‘};....» 9 u_ostLo =) o)‘u\_a‘ )l gf""l" ‘QS‘)_) wa‘ J.JJ_u b0 u_v‘ 9 K" ;.\_m‘? — ral_o..u 3o UT 6)LM5 uAﬁLM
uaz_.«.wo L_JbA._JjAJ ‘SAL_A.: LQ)LM.B M_AjLﬂ.é u‘)—*’“ MLM L_’ 9 ods! S CJL_u S99y 2 J.AL» L: ML!‘SA w...ol)‘ GYL:
A—MJ[J‘;A CIL-30% .E?J&u C)_Ia a4 .109_’)4:' oa_J o (o)'s)c\‘) gs’LeH 6)‘_.«.“.9 ijo.n u‘)_w UJM as A)Q)f
gl CIL-30% LogLie 7y o 6 )id Cenglia olymse 5 3] e 5 Ceriabl by e pze s dzgi L Ll
s 9 i plad jo i bgs ol o (g lid Cnglie BB e 4SS johay 0,l0 s CIL-20% 7, b L, sols;
8 e i SS b S DS 5 b A 45 9,5 ledl las oe cnlple alloe Yl S (S0
w.»—’ QQB)J‘ u.a‘).vl_.u g .\_Q:‘P QLo.»_.A o)_».o.> Comand B U"_’ o A—A}L’ ol u_i‘ e ML:GA CIL-20% C)Ja
Cenglio u_‘av\"_\_.»bw O 0 awle Bis 5l il aS sain adls el 0,55 mo o iy ol w3
Ll walgs ool i g led

ey Ly S il s oral 53558 5 9515 nmebs i) Shess (gl et 5 (618 Cunglia 0, oS
Aoy g azlie plw o alin gloa 8l 5l og >0 dle i M5 1 0y, sl a0 0l slsel o1 yo
0y, Lilidl el oy sl jo call (o958l aS oo )T a0, Lil e plaw ;0 4S5 gk 009 liiss
099538 45 s e ;o [V gt oa S o i oMol Ly 03, F e 59y A0 s B o (L85 Canglie S
0005 adjle (ml (g @il pe Sel 3dow (1l o Al 3550 slabs Lo b LSl 5o ki 5L 5

]

) uLm.: ‘) LS Oy jO ga_,chD.c .\_w) J._Sj) 9 wLA)T Sy9—0 6Lb4_39.oa d)l—hMS ha_AsLM L)‘)"“’ ¥ O)Lo.»ia )‘»)9.0.3

RV-X)
Mw)dubﬁjfd)}ow‘;kb}w‘;olwaw wfgjww;&o At Lo ”’Jj.b
CIL-40% CIL-30% CIL-20% CIL-10% CON
k}‘d
& G it | Cenglie | o s | Seeglie | e o | Songlie | wcod i | Seglie | gl Wged
Aol diges d)m Al diges d)u_é Aol diges d)w bl diges Lg)l.«i.é 6)1-4"*—"*
/34/1 26/1 | 141/7 29/5 | 739/4 28/4 | 730/9 24/9 | 17/2 o3, V
125/ 6 38/7 130/6 41/5 128/2 40/1 120/9 36/4 28/8 039, YA
128/8 42/4 1.33/2 45/2 131/1 43/8 121/8 38/6 30/2 STTRE

y.9q P o) 9 3uoclF oy oo Yoslods it Jlw 33 ook (0 ¢ 209 (SO g il ol dspls




=—¢=—con =—@=—CIL-10% == CIL-20% CIL-30% === CIL-40%

50

40

0
30 —

20

Jw 5

10

059, v 039, YA 059, -
ijo&ujfoj,o&ggbm}u&aw“ow e oyl Ceoglio du lio F /0500

S Cnglio-F-1e
slailgwl Glma s g, s ASTM-C496 o Josbwl Joadl 5w Ly ol boe 2§ o oglin uad ol o)l
WWooleds Jgaz i an LYl 2 b o aiS Caglin ol (8,8 plal 59, YA e )0 el Yo o210
sloz b Lol aas o Lad 1) 1Y o) cwald abges b aslio ;0 CIL-10% g,b aiS Cnglin ;yline ail oo
ol plas vl s b Ly aiolie joly —aiS Coglin 2Y+ o7V« JF il s 5 any CIL-20%, 30%, 40%
099381 5l ol alaSiw cwlie (Sainz pae sog bl ol oS o S50 Jalse 5laS ! (S LLs
Gl aS bl e S BeS e (gots il g a8l dnle sl S BB, gan b L b (65,5 ol

A dalgS (BAS T (S9 5 plp 50 R diges] ple 395 (0D g

8
6
5.4
5.2 5
4.7
W 4.2
i
2
2
0 — — — — —
CON CIL-10%  CIL-20%  CIL-30%  CIL-40%

SulojT 8,90 slobgliio & pb oloi | iiiS” Ceoglio dussy Lo I 413505

1P ot 9 3ol o oo Yoslodh s JLww o 0 ook o pol ¢ S (SdOYw g Tl ke dspds 1 Y ©




o gy 38 ol Lds—B-1e

G il 5o Bl i 5o A (tomiss Sl ilame S T @iz Gl s mSoilail  epdle o]
Lol 035, YA (—aSe dgai (59, ym ASTM-C642 5 laibul 5llas sad cow i 0 ol is e (ials)]
S8 0,8 il dm o 1 e glas po g ol 5o el YF Sae i clddsiged Il (i cppy el 425
Celw VY 5 (adgl Gl Cdz) 4 dBo Ve Sae a0 diged (w9 Sl 5 48 5 MalS 2 Cogh, a8
Sydise 655 o3l ol G3s 5 4 8 T a0 (sl ol i)

00,5 et i odme] s 3] IR U LSV [P U] FppID | g DN PRUE S i Sinlesl cpl 5l ool sy =l
ol s sgmrg S| sl g amib e 03lasl SO L yis CIL-40% b g salds 2, b o oyt of i ol o5
Ol CIL-20% 7, Lo jo Ll .0 il oo CIL-40% 7, Lo 1o cpialsl o wgi O Giz 5 (g0 ails 10,55 o0 0
5 Ctob] (glaasils ploruil 5 ool 89291 ST, e 1o ol Sosl [l o aislin o i Gl Qs
oalS Sel i 3 el 65 5 (09581 e sy Ol ST an (05155 lie 0 el ailaSn
YY) ol T i e Labog e 5 b plos 5o S psha b sl iy polie Sty (S5gy 5 S5
R SR S PP S e S S PN PR W B IR S I g C
IYN] 0l o B (sl 50 o0l Caway Hlde 5l o Casals] b ool a5l

&bjid)}n‘jbc)b‘;alaf)d o Cttw (U ok o> yf’MJJd/J@,.o dws lio IF Jguo

el VY aado Y- 0l SUiS diged
Cendy - - - Tk el
£y £y £y
S )9 ¥eay ¥ 0A YaA-
CON
Cusb, iz as s 1Y Y0 -
SeiS (339 TYVY FYYO YYq.
CIL-10%
Cugh, Lds ws Y/IA Vo N
SiS s Yova NN YO
CIL-20%
Cusb, iz as s VIY - 10 -
Sis s YAAY YA FAY -
CIL-30%
Cugly Ldz ds V/a +/q -
Si s FrYY FYYY F1F-
CIL-40%
Cusb, iz do o f/5 Y/¥ -

" Owen

BB

P o) 9 3uoclF oy oo Yoslods it Jlw 33 ook (0 ¢ 209 (SO g il ol dspls



aids Y el VY

42 4.6
I
)
= 2.8
1.9
2.5 12 24
15
0.5 0.9
CON CIL-10% CIL-20% CIL-30% CIL-40%

bl )50 (Slog s oled 4 o b (s ol conder o oy 0 sy lio £ g0

ESTARRY RN
Jeoadl 5w 1 o Semte 45 8,00 0529 (goaxie Lialesl sla by, loidy 4 > ol 50 i plgs s sy
les ;0 Ol &gl 1o 0 (—me dlaad a i sladaiges A by, 0 Gl B g A g, g0 4y ASTM-C666
A4S Sl ol Ll 4 by, aliie Lids ialajl (og, B g, 40 00 oe 15 ol Kuilw a5 +F L5 -VA
[ﬂ]w‘ ) 0Ses J)‘gﬁ JALMJ as OW LIS V- SUW) kf.l..:m (SLQ)LM l; Lbébw w):u u‘).uo

el B0 i las MYl i bl 16, s Caaglie o i -)

el 5 odis s 1O 5 i el Aiged (339 y0 yutd -V

3o O VAR Ol 4 51 Gialosl 5lam g S8 50 daSged 5l go (slygln Zlaal oo Lot glgsl gl jo s -V
SOl loie a8 Sygo ;0 g 09 oo oduzmiw 380 sl |l L asges sl i, S g golal Jgdo jo ,oas-f
] 03y 0,58 Sl diged (WS G5l 00l Aoy e
ASTM-C666- s Jssbsl 51 «ogd g slazs! IS (o 2a 40 i plgd Lo Giolosl slssl gl bz ool jo
5—\/\ JBL.\_> 6LAQ Ja.l‘)_w [ l_bt-\_>9—o.> sws) w‘ 5o ] 00 [WEE Se) ())_>)3 l_: B »)Lo.?u‘ 9 A_Jj») g.».ll?) B
S8 (a0 +F) Cod cdl 4 Celu YO 5 (4 y0 —VA) slasl el an Celws YO Sos 4 0 sladiges a5
L ad,S 1,8 Glasl o) ae j0 ceelw O Soe an Laasged 7o w9d 5 Glody glada s > plasl jloe 0505
- o 0zt Cnglie cdl g g9 cdl Jlime L Lovdiges s 55 o)ljme csled 40 098 St Lol oo cugh,
YW
ol 5l olil a il e Voo led log i 5 V0 ojlecis Jgoz 7 an iulesl ool plosl jl easl cwy s
4 59 et Lo e an wald b L acwslie o CIL-10%, 20%, 30%, 40% slog,b sosl cwss
TEIN ol BIN L OIN L 2IF e a5 a4 (5,28 S aglio sl L JUSCIPIVAR A B VAR VA WVAR A GRVAR § K o

Ll oyt doblie jo O Sgmi g Jselsns yljme d Camglite il § 459 <t )i Lavdiges solos )0 aing ol ot

1P bt 9 3ol oo oo Yoslod cuadsd S s ook (0l ¢ 209 (SLdOw g il ks dpls | ) \ Y




s 9 99,5 (oo iy PLil g bl JLzs (i 10 35290 Ol (aloos Slds 151 )0 48 051 S einne
ol ols Jlisn 1 T s (o gy iy 5 g om0 45 955 e i ) S0 ez (el g a8
4z e 5o ol pls il a8 i oSS Az e (6,00 et A Lol it i 50 5SSl 4z e
93 s o Lo og L 5 b alos 550 el 55 J5 99591 4l sl o salss ralS slossl &
Szl g 098 4y ol p )0 il (aalidl Sely i )0 el 65 5 (09581 48T el pledl Bl o aets
ol S palS 55 i sl 5 R (SaiS y cool 5 (51,5 (il ) Sl g (ol 45 eus S

il e o

Slozmil g g3 a5 2 SialojT o oyl Caoglito €l g (339 <l (o A i 18 Jguo

o)y <l sk )9 Ceoglio 2l gl ‘
Tk el
/. 0,5 /. Jewls Ko
F/F0 AJAD YIYO YSIV CON
/0 444 $I£8 vE CIL-10%
YIE VoA~ o/ YA CIL-20%
/4 VVAQ- 1\ Yan CIL-30%
£IY VYA - £IA vs CIL-40%
9
)
= 7.25
6.8
6.46 6'1
4.45 >4
: 4.05 4.2
3.4 s
CON CIL-10% CIL-20% CIL-30% CIL-40%

lojl 050 slog b oloi cuoglio bl 9y jg <8l yljmo dusy lio V 4190

S5 Azt -\
)’lw.iz_wdz_;g;}@‘_;lﬁ‘)5_&5L,>_15|odal_:ﬁ5@h_pj1;;,{u>;;_¢‘.?)eu.\_Aa)fg‘b)l_';é_:.bdc_il)o
20,5 oolaiwl g oo (AL Aslis gl paslis s (i85 lem 48 Lo, S lwl ZegS olre Caly)]
)_3‘);.)0 U] ﬁ‘josmwﬂ‘ﬁl Lgl)_'u,i._.»u.._;)o ‘) ul_._‘> é‘ﬁ_n)| o.)l.a.._w| u_&wd_)dgyl_uuw

VY P o) 9 3uoclF oy oo Yoslods it Jlw 33 ook (0 ¢ 209 (SO g il ol dspls




.\_va Ry UT 'a‘jé 9 &.A_ABLQ.A suLo.»_w a A_J—‘ Cmas MU l_> [ A_i.))f oola_wl w—&.l.»—w 9)[_: J) )‘ sOLnJu‘ 4_‘>).‘>

Blios hd b 4 G cnl Sl ovel Covss ml it ) B
10 o) o S S caw i 50 Sieb] o9y 8l 48 a2 o s s Olallas aSy) o8 le 0,5 dalgs
D9 n R Adgl et

o=l as aes uli sl i (03,3 ) (ald Coglin LYY L asilgi oo sl sl 4y Cocalsl coze> VY0 09380 Y
o babslie )b e (50 0l S Caaglie 0 YL (e

o=l A sed S Coglin LY iolidl el aliles o awle slo A Cpl] ez VY e SSTas y0g5-8l Y

o=l aS s o Glidl Y L cadlwl e oo j0 anle gl an cpalsl o> LY iSTas 5l eolatl -
Al oo 4855 35 pgate mhw 3 Vb JB I (26 Cutelil DS (54 Jdo e

u_:‘ as MOLTA QM.QU ‘) wy_w‘ Q‘)_».A ‘U"_' 5o a_wlo ‘_gl_‘> 4 s.A_».Ho.Ll T /\"~ (5Yl_> )JOLM )‘ solaz_wl -0
Bl s 036 i 5o Cualsl (YL Ol iz Gl o moe

GYL an 03l oy (egmate (39 Lilidl del iails sl an i j0 eyl ez LY JBlas 5l colail -
0 aolys (slasls (ol alals (el 5 caSe 2o 2 j0 0 LS YY

ey A Seglie g g bl el olossl A RIS PR Py~ IS W RGN ) R TS (O P v W I
D dalgz olss iy gl o labglre 7 b plu b aslin [0 a5 ol wale> 7.0/ 5 LY/F L
ol 0095 I35 51 coske]

Sl S wlew—1Y
6L®u~_~u5§ 9 Ls)lj_o..b “"—P "U“_' u‘}._..u" Ol/LMHLQ)] 9 )‘).._..u ).e‘_...: "'HJQLA" ‘;.»)5.01 A 90 )‘ u‘j‘)s @‘J)..\S
S Jyhn ek (ol 0831 iy ez oS Sige

LY

[1]Farzad Lohrasbi, Amir Hossein Bazaee, Mohammad Mehdi Jabbari "Investigation Of The Effect Of
Chloride lon Penetration By Rcmt Method In Heavy Concrete Containing Ilmenite Powder" Civil
And Project Monthly, Volume 3, Number 9, 1400.

[2]Javad Baranjian, Omid Lotfi, Hamidreza Asadi "Laboratory Study Of Mechanical Properties And
Attenuation Of Heavy Concrete Used To Protect Against Nuclear Radiation” 22nd National Festival
And Annual Conference Of The International Concrete Scientific Association (Aci) Iran Branch And
Annual National Conference Earthquake, 1398.

[3]Basira Madanloo, Morteza Hossein Ali Beigi, Bahram Navainia "Durability Of Heavy Concrete
Made With Magnetite With Different Percentages Of Microsilica Against Glacial And Melting
Cycles" Third International Conference On Civil Engineering, Architecture And Urban Design,
1397.

[4]K. Sakra, E. El-Hakim, Atomic Energy Authority, Hot Laboratory Center, Radiation Protection
Department, P.O. Box135759, Kalubiuah, Cairo-A.R.E., Egypt B Metallurgy Department—Nuclear
Research Center, Atomic Energy Authority, Cairo, Egypt, “Effect Of High Temperature Or Fire On
Heavy Weight Concrete Properties” 2006.

1P bt 9 3ol o oo Yoslodt s JLow o 0  oodes (pol ¢ S (SOIw g Tl ke dipds [ ) ) F




[5]Manuel Contreras Llanes] & Manuel Jesus Gazquez Gonzalez2 & Silvia Maria Pérez Morenol &
Juan Pedro Bolivar Raya , “Recovery Of llmenite Mud As An Additive In Commercial Portland
Cements” 2018

[6] Mohammed A. Khalaf, Cheah Chee Ban, Mahyuddin Ramli , School Of Housing, Building And
Planning, Universiti Sains Malaysia, 11800 Usm, Malaysia, “The Constituents, Properties And
Application Of Heavyweight Concrete: A Review” 2019

[7]Misagh Goldoost Rezaei, Hadi Tarvirdizadeh Sangari,  "Study Of The Advantages And
Disadvantages Of Light And Heavy Structural Concretes" Fourteenth International Congress Of
Civil Engineering - Tehran, Iran , 2016 (Persian)

[8]Ali Yadollahi, Ali Mohammad Ajrlou, Ahmad Reza Zolfaghari ,"Protection Against Gamma Rays
Using Heavy Concrete Containing Lead Slag" Journal Of Engineering Geology, Volume 9, Number
4 Winter 2015 (Persian)

[9]Farnaz Rathi, Mansour Razavi, Iman Mobasherpour, "The Effect Of Temperature On The Behavior
Of Iron-Titanium Carbide Composite Prepared From Ilmenite Mineral By Spark Plasma Center"
Quarterly Journal Of Advanced Materials And Technologies, Volume 8, Number 3, Fall 2018, Pp.
37-3 (Persian)

[10] Shahriar Ghamami, Amir Kazemi, Nastrin Bagheri, "Extraction And Purification Of Titanium
Dioxide Nanoparticles With Titanium Tetrachloride From llmenite Concentrate Of Kahnooj Mine In
Kerman" Journal Of Applied Chemistry, Year 15, Issue Summer 2016 (Persian)

[11] Alireza Habibi, Yaser Rahmani, Sarkoot Saeedpour, "Optimization Of Heavy Concrete Mixing
Design Based On Laboratory Results" Journal Of Civil Engineering Modares, Volume 18, Number
6, 2016 (Persian)

[12] Saeed Lisani, Ali Sadr Mumtazi "Effect Of Acid Corrosive Environments On The Performance Of
Lightweight Concrete Containers Containing Silica Soot" M.Sc. Thesis In Civil Engineering, Islamic
Azad University, Shahroud Branch, Faculty Of Engineering, 2016 (Persian)

[13] Abbas Partovi Deilami, Mirahmad Leshteh Nashaei, Mir Abdolhamid Mehrdad "Study Of The Effect
Of Using Sea Salt Water Instead Of Drinking Water On The Mechanical Behavior Of Concrete"
Master Thesis In Civil Engineering, University Of Guilan, University Campus, 2015 (Persian)

[14] Mehdi Gholipour Feizi, Alireza Mojtahedi, Mohammad Ali Lotf Elahi (2016) "Testing And
Evaluation Of Mechanical Properties Of Heavy Concrete Prepared From Barite Aggregates"
Quarterly Journal Of Structural Analysis - Earthquake Volume 12, Number 1, Spring 2015.
(Persian)

[15] Ahmad Reza Pilvar, Ali Akbar Ramezanianpour, Hossein Rajaei (2016) "Laboratory Study Of
Accelerated Electrical Methods For Measuring The Chloride Permeability Of Concrete" Concrete
Research Year 9, Issue 2, Fall And Winter 2016. (Persian)

[16] Ali Delnavaz, Ali Akbar Ramezanianpour (1398) "Determination Of Chloride Ion Penetration
Coefficient In Carbonated Concretes Containing Microsilica” Amirkabir Civil Engineering Journal,
Volume 51, Number 2, 1398, Pages 3 To 367. (Persian)

[17] Alireza Bagheri, Hamed Zanganeh (2013) "Study Of Resistance And Durability Properties Against
Chloride Penetration Of Three-Component High-Strength Solids Containing Smelting Furnace Slag
And Silica Fume" Journal Of Civil Engineering, Volume 2, Number 4, Pp. 127-136, Technical Note.
(Persian)

[18] Allah Dad Shababi, Mahmoud Payeh Ghadr (2012) "Rutile Concentration From Kahnooj llmenite
Concentrate" Article 9 Of The National Building Regulations Of Iran (2013 Edition)

[19] Iranian Concrete Standard "Aba" (Persian)

V10 LS IEWSPYI IR WIS PERK /S PECT N W ¥ JCONN PSPE P Op-F S WL P PSRRI .




[20] Gaurav Tyagi, Anupam Singhal, Srikanta Routroy, (2020) “A Review On Sustainable Utilization Of
Industrial Wastes In Radiation Shielding Concrete” Available Online 8 April 2020, Version Of
Record 4 November 2020.

[21] K.Sargunana.Venkata Raob. Alex Rajeshc, "Experimental Investigations Of The Mechanical
Strength Of Heavy Concrete Using Hematite And llmenite ", International Conference On Emerging
Trends In Material Science And Technology-(2022) 143-160

[22] Mahmoud Naderi, Alireza Kaboudan, "The Effect Of Resistance, Time And Amount Of Water
Pressure For Concreting Heavy Concrete On The Permeability Of Concrete', Amirkabir Civil
Engineering Journal (2020) 1-19 (In Persian)

[23] Kiachehr Behfarnia, Niloofar Salemi, '"The Effects Of Lead Powder And Magnetite On The
Resistance Of Heavy Concrete Against Frost", Construction And Building Materials 48 (2013) 580—
584

[24] Scott Muzenski, Ismael Flores-Vivian, Konstantin Sobolev, "Examining The Durability Of Heavy
Concrete Containing Ilmenite, Dolomite And Hematite On The Durability Of Concrete Against
Different Temperatures ", Construction And Building Materials 220 (2019) 177-186

[25] Mohsen Kalvandi, Mahla Rezaei, Mohammad Kalvandi, "The Effect Of Iron Nanoparticles, Iron
Oxide, Titanium And Silica Particles On The Properties And Durability Of Heavy Concrete ", 2nd
National Congress Of Civil Engineering And Construction Projects (2015) 20-31

[26] R.Polder, W.Peelen, W.Courage, "Investigation And Comparison Of Compressive Strength, Tensile
Strength And Specific Weight Of Heavy Concrete Containing Dolomite, Hematite, Ilmenite,
Magnetite, Steel Particles ", Materials And Corrosion, (2012) 1147-1153.

[27] R.Pillai, R.Gettu, M.Santhanam, S.Rengaraju, Y.Dhandapani, S.Rathnarajan, A.S. Basavaraj,

"Evaluation Of Service Life And Life Cycle Of Heavy Concrete Systems Reinforced With Hematite
And Ilmenite ", Cement And Concrete Research, (2019) 111-119.

[28] Standard Practice For Selecting Proportions For Normal, Heavyweight, And Mass Concrete (Aci
211.1-91)

[29] Www.Farsnov.Ir To Inquire About Cement Specifications.

[30] Www.Madanpowder.Com Delijan Industrial Powder Production And Distribution Company,
Markazi-Delijan-5 Km Isfahan Road Delijan Industrial Town South Talashgaran St.-Sarvestan St.

2-Sarv Alley 2.

[31] Astm C109/C109m-20, Standard Test Method For Compressive Strength Of Hydraulic Cement
Mortars (Using 2-In. Or [100-Mm] Cube Specimens) Www.Astm.Org

[32] Astm C779/C779m-12, Standard Test Method For Abrasion Resistance Of Horizontal Concrete

Surfaces, Www.Astm.Org
[33] Astm C666-B, Standard Test Method For Resistance Of Concrete To Rapid Freezing And Thawing,

Www.Astm.Org

1P ot 9 3ol o oo Yoslod s JLww i 30  oodes (ool ¢ S (SO g Tl ke dsplds [ ) | &




)

Iranian Concrete Society

Prediction of Standard Cement Mortar
Compressive Strength Using Artificial
Neural Network and Considering the
Effect of Cement Fineness

Sahar Mahdinia
PhD Student, Structural Engineering, Department of Civil Engineering, Ferdowsi University of Mashhad

Mohammadreza Tavakkolizadeh™

Assistant Professor, Department of Civil Engineering, Ferdowsi University of Mashhad
drt@um.ac.ir

Mahdi Ahmadi Jalayer
MSc in Construction Management, Zaveh Torbat Cement Factory

Research paper

Abstract

The role of cement fineness in the process of hydration and development of compressive strength in the
early ages of cement-based materials is irrefutable and it requires that its effect be investigated by
predicting models. Therefore, an extensive study including 640 cement composition (1920 cement
mortar specimens) from a cement factory with different percentages of raw materials feeding to the
cement kiln including SiO,, Al,O;, Fe;0; CaO, MgO, SO;, K,0, and Na,0O were used to predict the 7-
day compressive strength of cement mortar by artificial neural network (ANN). To investigate the effect
of cement fineness, two models have been developed in two states of with and without fineness effect.
Results confirmed the significant role of cement fineness as an input parameter in the performance of
predicting model. The findings of this research can be used in cement production facilities in order to
reduce the laboratory costs.
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Abstract

The portion of phases and the quality of clinker crystal formation have a great impact on the
performance of cement and concrete obtained from it; however, cement and concrete manufacturers
often base their evaluation on chemical analysis or XRF and the values of phases with the help of
Bogue formula. Therefore, in this extensive applied study, the relationship between the results of
microscopic studies and the technical characteristics of cement and its performance in concrete has
been traced. In the first stage, one hundred samples of Portland clinker type II were prepared from
Tehran cement and microscopic studies and chemical analysis were performed on them. All clinker
samples were grinded in industrial mill and physical and mechanical tests were performed on cement
samples. Then laboratory concrete mixtures were made to evaluate the technical characteristics of
cement and their performance in concrete. Based on the results of this extensive laboratory operation,
innovatively, the microscopic results were summarized quantitatively (numerically). The relationship
between the microscopic indicators and the properties of concrete mixtures was observed and its
relationships were presented.
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Research paper

Abstract

Compared to regular columns, short columns absorb more earthquake force due to their greater
stiffness. For this reason, short columns are seriously damaged during an earthquake and sometimes
cause the destruction of the entire structure. When short columns are displaced as much as long
columns, shear and joint failure occurs in them due to the absorption of more energy. In this research,
by using the laboratory results of a short column subjected to lateral reciprocating loads, an attempt
was made to select the most optimal state with the help of steel sheets covered with different shape
patterns. For this purpose, to determine the effect of retrofitting on the short column, six different
installation modes of the proposed steel cover were used in abaqus software for finite element analysis.
Next, the studied short column was subjected to reciprocating cyclic loading according to the standard
pattern. The results of this research show that retrofitting a short column with an integrated steel sheet
is able to increase the seismic resistance of the column by 49%, but the most optimal retrofitting
method in terms of strength and volume of steel used is the retrofitting method with model-2 installation
pattern.
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Research paper

Abstract

In this research, the placement of energy dissipaters at the base of self-centering base-rocking walls has
been investigated. For this purpose, structures with 4-, 8-, 12-, 16- and 20-floors were investigated. The
nonlinear dynamic behavior of these structures was investigated subjected to 22 Far-Field (FF), 14 Near-
Field without Pulse (NF-non Pulselike), and 14 Near-Field with Pulse (NF-Pulselike) seismic ground-
motions. The models have been analyzed in two dimensions via OpenSees software. The considered seismic
ground-motions are scaled and applied to the structure at DBE and MCE levels. The results showed that
changing the location of energy absorbers can be effective in the value of the moment and shear demands
of walls as well as the response of residual drift and roof acceleration. By increasing the distance of the
energy dissipaters from the middle of the section wall, the moment and shear demands could be reduced
about 14% and 13% at the DBE level, and about 19% and 17% at the MCE level, respectively.
Furthermore, the reduction values of the moment and shear demands of the structures under NF-Pulselike
and DBE or MCE levels have been observed more than other seismic ground-motions. Finally, increasing
the distance of the energy absorbers from the middle of the wall, the accelerations of the roof decrease.
Keyword.: Self-Centering System, Energy Dissipation, Base-Rocking Wall, Higher Mode Effects, Residual
Drift.
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Abstract:

The curing ambient temperature and the amount of Silica Fume are the effective factors on the mechanical
properties of reactive powder concrete (RPC). In this research, the effects of the curing ambient temperature
and also the effects of the amount of silica fume on reactive powder concrete have been investigated. The
autoclave device has not been used so that these concretes can be used in different environments as in-situ
concreting. The prepared specimens were cured by immersion in water. To investigate effects of the curing
ambient temperature, specimens were cured in water at three temperatures of 27, 60, and 80°C and were
tested for compressive, tensile, and flexural strength at the age of 3, 7, and 28 days. The results show that the
curing ambient temperature has a significant effect on the early strength of RPC, which increases strength at
high temperatures. In the curing in water, it was found that 60°C is an optimum temperature; Because the
specimens with the curing ambient temperature of 80°C show higher compressive, tensile, and
bending strengths, but the increase in strengths compared to the curing ambient temperature of 60°C is very
small. The compressive strength of the specimens cured in the water pool with temperature of 80°C has
increased by 43.7%, 43.5%, and 25.9% at the ages of 3, 7, and 28 days, respectively, compared to the
specimens cured at temperature of 27°C; Also, the increases in bending strength in the mentioned cases are
equal to 51.5, 53.4 and 25.8% respectively. Similar results are also observed in tensile strength. In the next
step, to study the effect of the changes in the amount of silica fume, five concrete mixtures with different
amounts of silica fume were produced. These values were considered as a percentage of cementitious
material (cement + silica fume) of 0, 10, 15, 25, and 35%. The specimens made in this step were only cured
in a water pool with temperature of 27°C at the ages of 3, 7, and 28 days and were tested for compressive,
tensile, and bending strength. It should be noted that at this stage, cementitious material (cement + silica

fume) is fixed and is equal to 1008 kg / m3 of RPC. The results indicate that the replacement of silica fume
has increased the strengths, but the optimal value is in the range of 15 to 25%. The compressive strength of
the specimens with 25% replacement of silica fume at the ages of 3, 7, and 28 days has increased compared
to the specimens with 10% replacement of silica fume by 66.3%, 40.9%, and 64.0%, respectively. these
increases are equal to 100.8, 93.8 and 107.7 percent, respectively, compared to the specimens with zero
percent replacement (without silica fume)

Keywords: Reactive Powder Concrete (RPC), Curing Ambient Temperature, The Amount of Silica Fume,
Compressive Strength, Bending Strength, Tensile Strength
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Abstract

In the present study, due to sustainable development and eco-friendly aims, alkali activated slag and
fly ash were used as the geopolymer binder instead of cement in self-compacting concretes. The
alkaline solution consisted of sodium hydroxide and sodium silicate solutions. Binder content was
between 500-700 kg/m?* and water to binder (W/B) ratio varied from 0.45 to 0.48. NazO percentages
were in the range of 5 - 7% and three ratios of coarse to fine aggregate (25/75, 30/70, 35/65) were
used. Design of experiments was based on orthogonal L9 array of Taguchi methodology. A total of
nine main mixes and three validation mixes were prepared. Fresh concrete characteristics and
mechanical properties including compressive strength, splitting tensile strength, modulus of elasticity
and water absorption were evaluated. The results demonstrated that the binder content and coarse to
fine aggregate ratio were the most influential parameters on the mechanical properties. The highest
compressive strength, splitting tensile strength and modulus of elasticity were belonging to the
mixture with low W/B ratio and higher binder content by 58 MPa, 4.5 MPa and 32 GPa, respectively.
Moreover, Taguchi method has a good capability (R*>0.967) to analyze and predict the mechanical
properties of self-compacting geopolymer concrete.

Keyword: Self Compacting Geopolymer Concrete, Slag, Fly Ash, Modulus of Elasticity,
Taguchi Method
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