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Camparison of Failure Pattern in Sample
Tested in Compression to Tensile Load
Convertor Device Using FRANC2D and

Displacement Discontinuity methods
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Abstract
In this paper, a compressive to tensile load convertor (CTC) device has been introduced which can be
used for induction of tensile failure in specimen. This device consisted of 7 different parts. Parts number

1 and 2 which have U shape and I1 shape section were made from stainless steel. Parts number 3 and 4
were made from two semi-cylindrical stainless steels with dimension of 10mm x 75mm % 60mm. Parts
number 5 and 6 were made from two stainless steels with dimension of 190mm x 10mm % 20 mm. The
concrete specimens used in this test have rectangle shape with internal pore. This geometry was gained
from FRANC2D simulation outputs. The concrete samples have been prepared by mixing water, fine
sand and cement by the ratio of 40%, 30% and 30%. The CTC device and sample were inserted in
uniaxial test machine. The tensile test was performed by conversion of compression load to tensile load
using CTC test. The tensile failure pattern occurred in the sample. For validation of experimental
results, numerical simulations have been done using FRANC2D and high order displacement
discontinuity method. The good correlation between failure pattern in numerical simulations and
experimental test shows the validation of introduced device in induction of tensile failure in specimens.

Keywords:Compressive to Tensile Converter Device, Tensile Strength, Concrete, FRANC2D,
Displacement Discontinuity Method.
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Abstract

Aggregates are the major constituents of concrete and typically occupy between 60% and 80%
of the concrete volume. Properties of both fresh and hardened concrete are influenced by the
quality of aggregates and yet their role is often overlooked. According to studies performed by
various researchers, the permeability of concrete is the most important parameter in its
durability. Several factors are effective in concrete permeability such as water to cement ratio,
content, shape and texture of aggregate, type and content of cement, etc. This paper examines
the effect of changes of maximum size aggregate on the durability properties of normal
concrete (with w/c = 0.55). For this purpose, after preparing the aggregate (with maximum
size of 9.5, 12.5, 19 and 25 mm and similar fineness modulus) and concrete, experiments were
carried out on concrete including compressive strength, sorptivity, absorption, ISAT, RCPT,
and RCMT. The results show that generally with decrease in maximum aggregate size the
compressive strength of concretes increases and improves the durability parameters.
Keywords:Maximum Size Aggregate, Fineness Modulus, Permeability, Durability
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Abstract

Reinforced concrete deep beams introduced as the flexural members that the height to length
ratio of such members are more than the conventional beams. The failure mode of reinforced
concrete deep beams is shear. The most important aim of the current paper is to present an
exact and appropriate formulae including all influences variables to assess the shear capacity
of abovementioned elements. A numerical study based artificial neural network was
investigated to asses shear capacity of deep reinforced concrete beams. For this purpose
effects of section geometries, amount and strengths of steel reinforcement and compressive
strength of concrete of such members were incorporated. An exact equation based neural
network modelling in order to shear capacity assessment of reinforced concrete deep beams
have been introduced. Then a comparison between the obtained results from artificial neural
networks and those from code recommendations was done. It was found that the proposed
equation give more exact result than code recommendations predictions.

Keywords: Deep Reinforced Concrete Beams, Shear Strength, Artificial Neural Network, Code
Recommendation
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mechanical properties of repair mortars
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Abstract

In order to achieve an effective and efficient repair, it is necessary to have appropriate
information on the repair materials. Therefore, the repair materials must be selected in a
manner that repair mortar’s properties such as modulus of elasticity and thermal expansion
coefficient consistent with substrate concrete. Styrene Acrylate (SA) in a cement-based repair
mortar is a latex which has an appropriate thermal compatibility with substrate concrete. In
this study, the physical and mechanical properties including density, consistency and
compressive, flexural and tensile strength of repair mortars with the Latex to Cement (L/C)
ratios of 5, 10, 15 and 20 % were investigated under two curing conditions. In the first curing
condition, after 24 hours immersion in water, the specimens were cured under specified room
temperature and moisture condition. In the second curing condition, the specimens were
immersed in water until mechanical tests were performed.The test results of all ages showed
that the mechanical properties of the specimens under first curing condition were better than
the second curing condition, because of cement hydration at early ages and polymeric film
formation. Moreover, using SA latex in the repair mortar with L/C of 20%, the 28 days
compressive strength decreased 49% under the second curing condition; however, SA latex in
the repair mortar with L/C of 10% increased the 28 days flexural and tensile strength by 21%
and 19% respectively under the second curing condition

Keywords: Repair Mortar, Latex, Styrene Acrylate, Curing
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Study on Seismic Retrofitting Methods of
Reinforced Concrete Buildings in Kazerun
City by Using TOPSIS Method
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Abstract

In this paper, it is attempted to obtain the best solution with the lowest cost and highest
reliability coefficient using computational methods. Due to the fact that some of the existing
structures in Kazerun do not have the characteristics of an earthquake resistant structure and
most of them are made in accordance with the provisions of the second edition of Iran's
earthquake before and after it, it is necessary to review their design. In this research, at first
the seismic retrofitting methods of conventional RC structures analyzed and evaluated that
were studied in Kazerun city and then, using experts' opinion, distributed, collected and
analyzed by purposeful questionnaire using TOPSIS method to prioritize the appropriate
method for seismic retrofit of conventional reinforced concrete buildings in Kazerun city. The
results of this research indicate that the main priorities of retrofitting of conventional
reinforced concrete buildings in the Kazerun city are steel sheets, reinforced concrete jacket,
reinforced concrete shear walls or using of FRP wrapping.

key words: Reinforced Concrete Building, Refurbishment and Retrofitting, TOPSIS, Kazerun

City
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Abstract

A great part of the structures in the world must be strengthened due to some reasons including
age of the structures, changed of thair use revisions in the structural codes and occurrence of
natural disasters. Reinforced concrete buildings are widely constructed in the world., different
methods have been proposed for strengthening of these buildings. High performance fiber
reinforced cementitious composites (HPFRCC) are cement matrices with strain hardening
behavior under tension loading. In these composites, the cement mortar with only fine
aggregates is reinforced by randomly distributed fibers and may be used for various
applications, such as rehabilitation of structural members. Multiple cracking in the HPFRCC
occurs due to bridging and pull out mechanisms of the fibers in this material and subsequently,
the strain hardening response is observed. In this paper, HPFRCC layers with different
thicknesses have been used for strengthening of the existing reinforced concrete slab. Capacity
curves of these strengthened slabs are determined using finite element method and compared
with that of reinforced concrete slab. Results show that using HPFRCC material in these
members leads to higher ultimate load and ductility compared to those of reinforced concrete
slab. With increasing the total height of the strengthened models by HPFRCC, softening
occurred in the capacity curves of these models. This softening behavior leads to decrease in
ultimate loads of the strengthened models by HPFRCC and concrete by 15.4 % and 8.55 %
respectively. In the strengthened models with no variation in the total height, this softening
behavior is negligible.

Key words: Ductility, HPFRCC, Slab, Strengthening, Ultimate Load.

Y bl 9 5les O by oxloossy Slads ¢pgu Jlw oyl (g9 (ode ozl o gg.ﬁ D}L&’ Gl-a.o ‘5%35 &5&15 4_.3}323 A *




o P199 § SWlo Wlasiwo 1 O JLiw!l P w9

IFAV-F-A allio cSl o
IFAV-F-FF :allio s

-:E:-‘soMYU.ooU Q.g.ob
oy olails 5l ol a )l el IS

Ramin.Naseroleslami(@1gmail.com

Sl (Fox g0
Sl s 9 o coly Dlaihiod 35 10 2 (5 55L8 s Lol

S (> (oo
el 5 9 Gl pls E8 b drwgt g Briod pae g mlio cwdige o)l (cwlid )5 gezeiils

el i b Gl (e eS8 10 Al e g (oDl ol olKils 5l esle als ) el IS

]

=i slpo il (ol cuiSusagd Jolge c y pteo alo 3l i JB 10 & () b olya 050 slocyg 9 T 9959
L 0yl e > ol 31 suol Cwdds Slgmo ¢y p ) Cawd 43 Hlgieds (59 9 pumwdS GBIy Liiwl Laiil o
a1y cmgby JU! i s dBlio (yml 01910 (PRbas (S )3 i g iy g0 BBLo 40 3 T 0T AV Sy Sl
1 il dallae 45 5y00m 3] A bl (Ko b gy HLiad Sgrg oo Laglpid 43 oyt dions g SbLia 510
o L) 2y Lo rim plgo 9 (Soilso wloasiin 59 s v (599331 8lg0 plgieds (59 9 el Sl ;Lo
= sl bgto an (59, Wlyluwl g pu—udS O Lol (jadivn a0 4o .ol 00l (w9 (/FY Hloww @ ol
Sls aoys 9 2hLS Jold 03l yad g i Sl S5 69 LT 15T g osid A3LS1 lomw sloyues § g0l
=59 SN Coglin (5 lid Cnglin Jolis cobvcciw (pim slpdaasin (louw od 0 8 loj (50 Slgo
Tl ol 48 ) 5B ) 323 )90 SIS (SLb (g 00 @yl 0 p2 M0 3 o O il inge O G
Sle= Ol vo ;0 (—izmod g 0 lailicwl fylow—w o 0 S ylo) 9 Jlo b Clale j0 dlgo (pl a5 Cawl oolo yLis
oo L33 Ly as 81s oyl subediw orims bd o Lol gu Lo Lool sasilasi il cwgmmo y5ls 030 o
9 pomlS (Sl ]y L] 4S5 ygmbdy .ol o SIBLS (i A g0 § ooz O] LS (5 LS Cwglie el ylicw!
Sgdi Gos g il Of Qi (Glosmw (335 9030 +/0) xS o Sy )0 0 F9aS ¥ Jolro (5o 50 (53
30 gt pie Jdd d Blgmo (y | Lol tailodlo LS S i Ay G YO 9 OF7. (il jobas 1) aiuu g0
GLd (g 00l &y i Oyl o b 9 (=S Sl Coglio jo dogf Jol8 i Cacly oy ady g0 A8l LS Lw
iloals wil s

G PN3585 (plgd (59 Ol Low! (oS’ Ol jLoiw] 0y o g S99 58] 1 guds Glals

A \ IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s ‘SLQ D}Lu:j C.LAA ‘5%35 g5.0.1.5 43)&3




doddo

6l jlmainny 095 Latias «Sibiwl g0 )Lad aliwgan 4z g ainge 150 Gyb ez o Sl 4 Ol 35i
i B oS el g Loy JLS! sl 55 ) a4l 058 oo i (bt 5 (S d Sl 25
Stz 45 Sl gl adea sl Gler (S0l Slge sl osliiul 5 ler 4 Ol S falS 0S e ol 2
155 e 00 S5 3,90 azr )T V] sl 035y ], K kgl g plasiige Jaiae ojlgan (i a Ol 3555 (3503 Sgume
Shlo i s 0a b oo pdnbdeas sllae jebas ol Sgma i Lal aalosly i J31s 4y 00)ly T ol sgame 4
iy S a2 L Sliul gjume Lad et wlg e Sl s e g Sl SIS S S 5, 9 SIS
S ile (6 pisdes o ials liard gla g3l 5l ool sl wd S5 glalby, JLiS 48 rles dgii o] bl 4y
IVl 48,5 )13 o Rtngly Slaine o3l 5 oty b sl o381

Sl ) G s e lis eaid (guiy o g 00l (GO e Amge A8lie jo 1) Gl oy had o5y ) IS
Ablie oylgd Ly ol ulad agly 50 i el i A8l 0500 )0 5 S T A VS, sl b aiy o slo Jog 34l
o palS Sboal gyome JLad spzg pae Ll b 0 1) i (6338 0l e Gyl () 5l g Wt
gl (o el (i 5 gl (s 0ol S5y 4y (J5SUge andle il (e 090 45 Jloj Sy il el
Lo Lol 100, 5 o i b O iz amiipo 5 dimge laadyl )0 (Simso saay oz (i atnge Sl
S 25 s Szl aty o5 (H0g38l Blga 1 U 5 SOl A Al wlgany 45 S8l gl b o eled 4yl tal33!
Gk o 5 48l Gl i b O e aine 5 (Shnse caay Sl s (a5 gl Lo s
Slos il 0, Sae mucilSo 5l aS jo bylan K0 B, b 5l [Y]ogd s Sgatme w0d iz ol Gl g ainge d5i
Dgd 5 8y Sliwl g,0ue L Cov Wil oo o i ge Ml HlSle o psspae Js 4wl Lastie

00 oalaiwl (i (say v gl Slge 3 glos S el il aS was e lis eaiplal sle iegie o (59,0
ol Cami U sole slagri caglin 1 meeedlS ol Ll (6,105,156 poce somo i | o g0 wsST Lidass ol
5 el Sl L oad gy o5 sl pod Seglia Gali 3l 5l 6,500 sl pagin [Floul /FY Gloww &
JmisS o A a8 U S Ll g i SLalgl L 00l g0ty o 5 00l solsn Sal slacdls
5 6 b slacaaglia 180 5700 pals 5l Slo Ko gy S aS coul Il o ol [0l ls e
0y o A ool U 5 3L 5 el [Pl Ol o> ISt Sal slacdle —ins
odalive 1) (g lid Cnglin ;o Slgs oyl 5l plaS o 5l Soliie 3L wad molya S sl ;o cilise
39 st Gl A2l o S L e oSl 48 asiels s s 2 LSes 5 | Sy S [V asages

LS T+ (S Mo aly y ay o ool 1) 5 583k sLatlaKia (55l (slagis o5, YA 5 td

Agus Moryoto '
Damin '

Hung Wong
Ya*

Y bl 9 5les O by oxloossy Slads ¢pgu Jlw oyl (g9 (ode ozl o ‘stb D}Lﬁ’ C.I..a.o ‘57‘%35 ‘5.01.: 43)&3 /\ Y




Lo YT 00 (2l el anl mod L (siy ps 45 asiols i s 23S 5 s [4]anl s
3 PLBT L o o0 sla 505381 (S joboay [VY 5 VY ) 2 JogBae 59, VA (s )0 00,5508 S5 g 03,555 5
S Sl b slagiasiy 456, bay wams o ralS Sodan |y plerw O s i Ol iz (S
LVF 510 e @ BICeul 1AM L 788 51 S dbged dny Camad (Sigme S8 50 sadods ol Hlcie Lials |
= 9 po—iregd] Sl gy, Sl (oS Sl il (s DLyl L lajes 5l La gy (ol 5o
Srzldlas goas asly o (o Sal (Vs joy - Sol i slaodls ;5 (LS gl (M anly o lany
7 5l oaeolssS oz Ol QA malS g O i Rtz GalS s asg L il oad oolatul
Vo) oo s a  late el oad s iy Oladllas ;o a5 a0 Slss (g9l sl g oy ;0 790
39 oS shews Dl 5 S Sl (gl 03,955 S ;5 i 40 150 LS Las Ko 55,05 2ol S [VF
s G5l 09)5-55 ;5 slmasigai )3 (50,55 Ol Giali8l g Ve (I IFY Gl s O glaces
soalive ol sl (s Simgi ol 5o il il sacd (3155 w0 53 lesw an O sla carad )5 LS ohes
Ol i )3 S Sl ol slacri 4o 5 O Seis e ;0 700 2alS [VV g Vol oais adl)|
60 Shos pailiio a4z 95 L (6,5 4o (ol aiz e Sl 009 (s sl gt @l ple 5 /FY (lees

a5l sl 00 plmil lagas S Slasiive S5ty ysbitody il a5 sasalonl gla gl 4 oS
)‘ o\bLa.._..J CA)9_.0 )o 4_...45.,0 u—l ud_'> 9 ud_ool_gs ‘fw uT g_AJ_‘> o)_>54_; d-l.».‘)m 6L¢u>La Lfa‘jo le_(b)...a‘)l.u

ol 58U atin jeban ol sad i 5o olye ml 9,0)LS 4l (6 teS az i Ll til o S o b (sl S09 3]
Sl slapin Samenily oz Ol iz 5 LIS Glags et i Oz les s (S Sl Cuglis  olse
yp Baal ol magi el ol el oot aalllas S 9o s laiegiy 5o olya ]
Bl e o s )3 lpml jo A ST gy il g el Sl ol la i 0aB SS sla el
poemelS DLl I (il polie (gylo (Gloww (Lo yed g Laprin gtais (o apd oo )18 (o) 2090
el 0 dulio 1S clodigasl )b, b L b, 5 ond sl bl oS 5 5 (g, ol L

P b3l Aol -

s —\-¥

5 rtailos ;oS YN0 ISz LY 55 atliy plor ooty slabyle el (sl 48,50 sty lawes
o aloot 5JUT as acsl o ISIRT 389 o Jusbil Slalyll 1 5bate o5 1 asyo yie 5w VAF+ ((ah) (o0
Sl odal ¥ Jgaz o

15 oy T anails 5 Slasis o5 035 (e das +—FIVO) g (o oo FIVO-YB) o5l b oxesbs g5 51 o8 peno " aolo § oy
s ASTM 1602 sl ol 31 Ly o5 el oiasis (6, o] b pro ol sl 0ol ¥ ISy ) IS 5 ¥ Jgor

Adl oo id e SV S Lol o Jsloal 5 S5 ais glojogy ol 5 (59,
(i 20y9) (H o didiys low (g1 looreids jIUT -] gtz
C4AF C3A Czs C3S NaZO Kzo MgO F6203 A1203 SIOZ CaO WS)_, r;[_,

S 2 N IR N AN DO BN S Y7738 IRV N N /XS B 702 I Y0 2 1 0 B S SRV

Titarelli °

Ol Gl 52 s

Grel e 9 oot il 255 ol
R85 S 8 tne il

AY‘ IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s gsl.h 0}!.»)9 C.“.M ‘57.93)35 ‘5&1.: 4“’}&:




Wl Kiw pllao S 5 pogario s -F Jauz
ol Giz vsys | Sus mhaw glosl pgase iy | @las

VA YISV oo

YIY Y/#0 awlo

-

mmmmm ity
W0 307

[LF L

- = NS0 et a
£

— e S

(e 0 jlal

INSO 302 sgu> ofpads s (5 pucro duwlo (sis (gbivails —) S

B TTILIES
IS0 3012

1 ety

== | e e i
Lok

o3 o

[mimy S0
INSO 302 sgu> ofpad s (5 pucro (i (gl -1 5

bylso glog b —Y-Y
Ja9_1.7u> C)_'ad_{s.,\_w‘ 0y aslw QJ.\JL»_MJ‘ uwwfjmﬂﬁlﬂ;# f.. uLA.._w )L,.cj ‘/fv

Sl 0ds 4.‘:‘)| ¥ Js\.\? 9 YJJBJ} 5o ﬁLbu—‘

. . . a
ot ) bsbs b o sy olol 52 b slag b

Y Ot 9 5le O Sk oxlodoss S3lods (g JLw sg‘ﬁl&&&:@hﬁ&bﬁ’@ﬂﬁj&% /\f




ouisais L slogy bploto £,k - Jpur

el lade Jlaie ol el g4 sl o ol yloas Nk
(Oloss (S35 22,3) AT (kg/m’y | (kg/m’oss | (kg/m®) (kg/m’y | Ll
(kg/m?)
- - - VoY VoA VAA £ Co
A \ oS VoY YeA YAA £ Ca-1
-0 Y oS VoY YeA YAA £ Ca-2
A \ $9 VoY YA YAA £ Zn-1
-0 Y S9) VoY YA VAA £ Zn-2
AN \ S99 el VoY YA YAA £ Mi-1
- /0 Y S99 el V- oy 12 VAA £ Mi-2"
ouddidlw lopw 51 pa bolio £ pb - F Jyto
ol ! lade () oLl lade Syl g4 g <l (&) o)lowms Lyl o
(Ol (539 22,0)
- - - VoV #0- Co
-1 ¥IvO ol VoY 2% V\Ca-3.25
10 YIVO &9 N YAA Zn-3.25
10 YIVO 895 3 oeeedS VoV VAA \YMi-3.25

o st o1 4ol —F—Y

03U Glowww ymod 5 o3 Lo lo3T —)-Y-¥

INSO 5 INSO 32032 (slas Jailioas] Gk i 5 4y 055 ey cslot ol oy i 5 22,5 (sl stalej]
wn oy Sbale ot 55 b e e imlog] Lol sl oo Lol o35 ey s 51 ymg alolidl, 3520
o)l el s 5 sl 0ol ooas ISIRT 11895 8 skl 5k L el (5> (6Lt 5 i oylaes
el ot bl do s ol 59, INSO 392 8 Jastiasl 3abo 5,8 ko

IR VR SN ‘SLQQZ.ZL‘:}T -yY-y-v

59 A0 g YA i 50 diigesl dw s oSle i ge ol wia iulasl sl,m .l sois i,15.5 INSO 1608-3
Loasgasl adsl (gl byl slara (gl (! 5o Lol w8 )18 Gialsjl coos (L usho; 5o il o aige]
&l wasiloas Sis ailbe, 5,0 col )9 4o Goumw, U Leasge;l ol sois , SSASTM C1585 o lasbiwl ,o a5
BS1881: Part 122 Q)L.)JL_M‘ d_.\.‘o as 4_.!9.0)] A w .‘a_my od.....uu&..} u—l o0 wiJL.A (e g_j ud..}- uMJL_A)T
u|9_..cd._.:) 039, AR UT ud..} 9 (uA_AOLJﬁS u—l ud..} 019_;..04_)) AJ.CL_M:W.;._J uT ud._> S 00 U")‘)‘f ‘OJ.ATCA.M:QA.)

‘.,\_:‘)L{ Lgl_(b 09— cd_wé))_m.’ s_AJD-l_Q,a L)AA.’LA)T 6|)_’ ol 00 Uw)‘)j S Lgl_kd._.!s.o)i (UA_AJ.JJ uj u..\.}

ol o ools ol (g5, Sl &) o 5 S Sl &) (o el e J5 5 Mi-2 g Mi-1 slaboglis o
¥

ol o L3l J 7S ed 4 Sl jlons S5 polie ond a5ly slb e o

sl oo ools ol (g5, Skl 4 5508 w5 peedS Sl &) e (Ll Juie JS 5l pees ool o

A a IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s ‘SLQ 0}‘.»:9 C.LAA ‘5%35 ‘5&1.: 43}&3




a4 ra)Y Gl 00 U‘“")‘)j 9 u,._uu INSO 21479 O)‘.\JLA_M:‘ d_..!a 4_’9.40)" a_w o..\_mé:)_m; uPLQro w‘)_»o uj;l_uo
s_i_l )‘ ‘..\_v‘)is 6LQ O 0..\_.»@)_*_' g_))?Le,o u.....vl_o)—‘ 9 d—ugo g = g_)] &.)«.\) 6l_bu~.|LA)] Ls‘)—’ aS el )5\)
)Ja.JO)H u,....vl_‘o)i 9 0l 4_..9‘4 ‘LS)_""QS"'l_“ Y e xO OQ)P U’“’)_' 4_>5A)—‘ d_w ‘6)_..9‘5..4_.» ) oexYe LS“L"?"—"‘"‘ 4_>5A)—‘
Syl 490 S 5l (S o3lant A Silie ¢ S0 Sl Cogliie LialnjT (sl Liles 5 cl ouis alssil b T (s,
s ax b4 5l al_oldd a5 el oI Mol S slo asgai 59, y— 59, 3+ s YA OF o 0 AASHTO T358 5L
el 0as 155 il o 7,5 (559]

oy g gl Y

030 ylomws yos 9 051 o lo3T s -

a2 e sl |y o538 slaal i ul lize glaas,s sl locpn L awlin o J,u8 oo LS Y S
AS 5, 5-ba 00,5 o) o ol)LS jralS cel (o bglse jo slgs oyl 5l oslainl a5 aas o lid Jlogad o)
055 (rim cedlwl cexSayie ;0 0 5o LSV L5 L Sl )il oS 5 5 (59, Ol )il g dS” ol sl 5l eslawl L
o=l b aes e Ll | ay v eole caliie polie (gols sl g J,=aS i diged (0 03l i Slep wo
ol sl olas aes o olid Jlogd vz o ail oad o3 o slepan,s (ialidl del b ol jlaiul jloges

IRV PPNV AL

I i —-— gy ] — — I

LS m e
- -

- Ty Tmag -

A4 v e Ik

i i = T

3 ~ T Tl

23 k"\., Sl -

21 T el T

_ S e T~ e
- ———

g, e e I

(kB o boglsns 13 s o ngdl Jlade

A o (959 (o9l (slagyn b S b 40 0 U i (o [y s Lo — 1 IS

PRI

(kg /M) o loglins ;2 0 i oyl e
A o (0959 9l slop 9 ST o g0 0jU G (slg o y0 duglio —F S
Ly 5] UT U‘J"‘*‘" O09= M_JL) DB (0 UL_W..: ‘) ool uLo.&.uJ LgLJb)a...o.} B uL_i)s 9= og_iu u‘)__..n ?JS_“:
L oslad leww paes Jlop aldale 6)9"[—3 Le ol ol as aes o Ll ¥ oo b cabasle slo ez

Y bl 9 5les O by oxloossy Slads ¢pgu Jlw oyl (g9 (ode ozl o &s'“ D}Lﬁ’ G'.Ab ‘5%35 &5.0.1.: 43}&3 A?




@l Sl Jymax 2B angll g adsl 55 oley sla il 9)90 )0 58 plbde S At F SO 4 g
e e el L ool Giala)l 50 o (685 et el b L Jlo e ble (e
T sy s sl )58 il pie o JLiay Ebile oo ialosl gl Lol ol asily LzalS oy codbusl el il
AU pae 5 snmlyaen 20ST5 4 Sy ] 995 pace e o Gl |y (LSS58 (liee 42 ey 812 50,90

2l oS ooy Gtalej] @l ez il Wl oo 53 Blarw Sl 2 LG

e

Ca-33% In-3.35 Mi-3.25

(M) 5 i3

A.,_H.._pL.

Slo i il iglojT 50 s o7 (505 581 591 (51 pno g il oS 30 19 o gt S35 (o mo any Lo —0) S

.""'-F)-{ [ R

i

Co Ca-3.25 In-3.25 Mi-3.25

wigad pli
A o (9958 59l (Lo paS 9 S e 40 i pS o loj A lio -5 R

oul Cdrw (9 g g lojl s Y-V
a2 oo ol mbes ol acul sas alljl e liee i o i sledaises (g )Lid Cnglas A UK JIY IS (o
ookl &g 45 Coglio 2aLS il 5 Wig i o g td Cenglio (2alS el Lacl bzl 5l eslial S sboay a5
Ve g YA s 50 J S g 4y Comd Caaglin (20U 78 570 ay o3 4y S il o 55 LSY |
15 S s TN Y el mendS Sl g oy, Sl S 5 e A S lyS e w0,
Ao coddodnl i Cenglie ol S ol el sald 208 i dbged Ao Cawd 09, 10 9039, YA (g ,Lid Cueglas
Syan i 1) pameedS Sl (605 5b pue 1 (e g le ST gt il b gl s ssel cessay
oS Az sl (ol 838 slaiagiy )0 S G ()28 Caglie 1 (Glos 039 AT ol
Sty e Slyme oyl (el oamassh] g S il pailSe ;K30 Gy b 5l el ot @) olgo oyl 5 o5U Canslie
aals oanloie ol g Sse 5 358 Caagliio (LS el ailys e s Sl o)lgs 53 5 SOl 4V

Db o Sl ey p g i slaosls

Av IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s ‘gh D}Ldj C.LAA ‘5%35 g5.0.1.: 43)&3




™

" T Tt memmeea .

(Mpa) a5 sl waasl g l0d caylia
/

Lis
(ke/m3) oo bodna 13 ooy oi o3 o

A ol (9951 s9lo o (slodigai b 4l o digad 0jg V 6y LS Cuoglido dulio -V S

3 [ ey ——
3
]: i
1
L R
I [ il S
+ | 00909090 T s = r————
= T
o
=
;

(kg/m?) oo bogliea 0w pi oyl Jada

L o (09 58] 59l b (sladigai b S i digad 0jg) FA () Lid Cuoglio duuglio -A SR

tMpa] \__,.;S... J'..H- '.i_g.erI _jJLiJ .:M,l.i..
I

(REAMI) o gt o o s gt e

A o (0915 59l P sladipei b S 5 diged 0 gy A0 5y LiS Ceoglio duy Lo -9 S

L i Ginlal onl ol ams o Giales calisee i (o |y (S0 xSl Cnglin ool el VY JINVY S
s 5 53 35290 La g Ol a g9-Se (Al aS iz e o)l BLS T iy o Le g &S o g
lrasise;l ;5 oo (g, Fojlass! S Sl Lo aglin arsi i ;1 iipoe 508 (Kiwy dblis o Loyl oS >
S e S o o5 ool sl sl ange ddlie LSl sieae saaop s egtan i L

RV

Y Ot 9 5le O Sk oxlodoss S3lods (g JLw ;u‘ﬁl&&&:@hﬁ&bﬁ’@lﬂ‘mjww AA




é_,.s‘j Zeaglia
KL} cm

- ===

(RB/M) o s n 13 el gl

s o sla o9 51 slacs b S o 0jgy V (S i) cengliio dunylio — )+ S

S e
KL cm

(REAM®) e ol oz o oyl e

A o (99955 gl slag U i 52w 059y TA (S i) Ceoglilo dun Lio — 1) Sl

I """ gt 2 i - g —— e I
L]
14
;!‘ s
e .
g L —————————————————aaaae
I'EJ 5 r'-"_:-':"::‘_:::-_-————— —_—————— = — T LT - T
E
¥
"

(kM) oo doghina o s i ag bl o

A o (09551 59 Slag b S o 09y A0 (ST eoglio dug Lo - ST

5 YA i )3 il slaasisnd 55, 1, 9allS sbe (5 ot i Spzlie il @les OF JSCo g VY S
S G ot Sl o oSS glia il aile i el ) 53 e Lt g, 8
i U el ol aimti el €3I sgmn 25l 1S iy U Lo Lol g5l sl oy 5o LIS
Lo sl inlojl gl sl S5 dingo ddlio il aiipoce s oine o525 Coglia Lo
G5 ] 2 0B s At o SLsog Bl 4w e Lt S S Caglie 5 alS slo (i 0B e
S5y Ll po oyt slagsm 5 ol 3585 (lie (Rl an (i B w0l i aisd e o b wnol el
Tl Gl L ainge ddlie j a8 o sgamme stejls g9dge (45 09 b (e DI SLl g jue JLaS

A q IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s ‘g.h D}Ldj GLAA ‘5%35 g5.0.1.: 43)&3




aS oIS la g saim ;s O ylae g (S0 Sl Cnglie talajl 5o sasliwods ol s ax g b sl bagy]
U"?ji u“'bjj—' o a..\_ud_v“)‘ Ao S el )LQ.lo‘ 0‘9_;‘;9 S| u.»_) T J8le )L._‘>l_....1 B )_H.u‘m.\_c )i.iLm.u

alas ol ol L gulilas o edS Sl Lol sl oolai ol & jgo o ol 34 85700 jrals == ] 535s,0
Gl_..u d_».ul.a.n ulio‘ cCwl 0o S Sl CJLU d_v“)| 9 UH)] u.us) a L‘i)_o 9.'9;)[_0 U’“‘Qj)_‘ o diu‘ L d.‘>9.' L| u.m...v
Sl jo o sae Jdo an L 0938l ol [V] b 1oy cul @oldas 0 [Y] L iogim onl guli Ll o,las 042

A (ol st SCSliwlg jaie JLad 0gmg Lol 5 (o ], (6,0 3053585 a9 8L

(méfs)*10-4

8 ks g gl S e L s

-

a i

(K/M?) o Sl 5 55 o oyl ol im

380 TA w0 A o 591> (Sl 9 S8 0 50 /S (o 31 0 o pedd 2 g0 ot 46 A Lo — I S5

[mom o == ]
i
B
I ¢ s e e s s T LT I T e
E S (P
b oo
] ol
1=
I
]E
*
pl
2,
)

(kB/MS)  bogine 3 oy i g3
380 80 O g0 Ao o 59l Sl 9 M 5 0 IS (GLo 50 00 o i 2 lgpo g i e Lo —IF LG
Lo ialosT ol gl aas o i |y 035, A+ 5 YA clodtised aimge ol wiim Lilagl bl VY Sis VF S
S o o 3985 Sliee s azr i B GalS a5 5 9 b ol Giulasl ol @l o b Lol cuie b 51 S
s pelsl el ssalie LUl ], (i dy Sl 0ty o5 00ls (gl sladigad (alad po Gialesl Gk
Hloie 5l pemndS Ol 5 T4 LS Y (g5l 039, A0 9 YA slpasges 10 Ol ainge 3925 ;0 el waslowsay
e A o (509380 p T e S SO sl ekl Dygo o niul oo i La ol il ul CuS 5 g (g9, Ol alie
395 00 e 5o Lol aies e (LS TN 1) Ol g S92 conds w2 9ty o (59938 A 8 55, YA (s o
eSSl 5 g5, Shlul ol liwl oS 5 an bape oS 5 dn dinge S8 (e )0 RS (i
bgye s a8 05b e j9-al 4l il iz DBl S-S i & S GRS NE TN INY L s
Sl i byl bl Lol acsl s, Sl 5 peedS Shliial 4y by e amlis e wnl La ol ul (oS 5 o

Sl any wlye ol o, Slae (gl oaballl paiilSo am a5 L il cod a5 8 ol L golbas j0 ainge

Y Ot 9 5le O Sk oxlodoss S3lods (g JLw sg‘ﬁl&&&:@hﬁ&bﬁ’@ﬂﬁj&% q *




) p_t odlo (59[_‘> ‘SLQUH B \)9_94 u‘)_uo 9 u] u\.\_’> C)_> B U“'Qlj u_s‘ u_cl.: 4—»-4\-'9“0 J8le o)lj_lo e o..\.wél?u‘
A_JL J...v‘)_‘i‘ Jslos o)‘HQ = u‘)LL_MJ‘ LSHS} u.\_..ul.u )_..05 u.»_) )0 duge J8le u‘)_..o )..\.a_'>).a: Cyporo S 00
oalS 0o )0 s e oole SOl el Jlaie jo aS wes e L VY SCS aS g by cul oo Gl 0 o Slse
o oY Sl s 595 YA e 5l 59, A0 G 50 cSaasb) (2 me 50 Ladsiged (08,5 5155 55, V5l ey dinge 3585

| —= --a--Ca-l --#--Ca-2 —&-Zn-1l -@-1 —a—Mi-l —e—s |
a —
e
+ - - - - -—
ok _:___:,_‘—.'—_:I-:—‘i-_-——':
=& e —
8 ¥ = E--m--F
k| i =& Tt o
O i —F =
1, 2 -— --
n - o L
- L - p—
= = -
E v | E 4 -
-
T -
\ =
4 ¥ ha Yoo .. . . -
vyl " M ~

380 A G 30 Wit pod 53 (sl b S iy ey po o o g Lo —10) S

[ -a-c1-w-caa s 201 - @202 —a—ni1 —e— ]

1
A
e
» -
* TS S = g == =
¥ i - = = —
3. / O B = I s e
a a ' '..-':..-l' ..-:_,-" = ——l
bl S A e R
g J /‘:'r ,/'.- .-'l“-‘
F y s -
L5 .r"r P -
=}, ?__:rz-_-
/ ==
A r’f’!
b ¥ ¥ A A "

s A0 w40 Ao o 59l Slay b JplS o digo of e dug Lio -1 S

[ BTTRLTCERT -+ S P FIC I PLE D RE TIRPRR T S U QR

L R e R ]

A

ry

Al gy n

Tt b1

-

At g

aigad als
G900 9 TA w0 s pod (509 55] (69l (s v 9 S (9 30 jigy it I s dint g0 S9di Gk il o y0 duns lio ~ 1V S

o Sacadily § SaceolssS Ol wiir zalS el Lo el 3l soliul log o ool s oims o LS |, o3,

q \ IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s ‘g.h D}Ldj GLAA ‘5%35 g5.0.1.: 43)&3




a1y Soearl 5 SoeelssS Ol Giix aslg e pundS Ol wl 0 55 LSY jleslatwl 35 Y JSCo 3o 0y b e
Lachlital S5 5 7Y 5 70A g9, il a5 Jis o wins L2alS S o as corus 1Y o 70F oy
il S 0 o (0958l Hlafe yen leslaiwl Sjgo o |y Baeaily 5 DawolSsS e O GAz ) 5 1O
IYE e an Saeaidy g BaeolssS ez Ol Cdi qeudS Sl il 0,55 LSl eolatul O ygo 40 0ie
1y Saeaily 5 SoaolsS ez ol i qsgy Sl e ean jl esliil 45 JUs o Wil o zals /0
s A o 15 LFA L el ly ol da Ll S 5 5l ool ol s jgs 10 5 oo o LaLS V5 5 1FA (i
5 595 spemdlS Sl 5l eslin ol saplanl sla bl (olas ;o Kb ol a azrg Ly il oo ol 28
= CndS 5l e o e asleols S 5 et e ao |y e Ol s waeolssS o Layl oS
993l 2 kS ) ol slagin 9710 (pSlae jeban iy o5 (59938 S5 LS Y (g5l sl g 59, V)
eiipae Jdo dn 058 o jemal a5 Jla o sasla iy ool S i diged ) Connd (6508 0l Qs 1P i o
om0l mlyy ST i aiged 5 0 o (g8l (ol sl Saeaily ol iz iyge A8l L o

ol aaY s s e |y saciods Ol gl 0 2alS g e gmed dinge ol i Lioleyl mls b wls
3 xSy o 50 as v 309380 )T e LS Yl ool ] Dygmo jo ol e A g0 d8lie o)lgm0 H0 cudoll
il S99 [‘,.._H.lf ul)l.i.._..u| Ao O 6‘:\_‘>L..u L u‘)Lf.._..u‘ U_S).) ud_ad...l.’ 9 ud_aol_|55 4_)] ud_?' su._»
50 i o 00le £, 5 e LY 50,8 & y0 40 Gaedids § Gaeel5sS slaale;l slm (slams i 4 S 500
s i A DaeolisS g Saeatly O iz ;0 GhalS o ey (s ban e S Bl caSe e o
u_j UJ._> ¢ Cypiions Lnguw.(bg)_: 5o & S| 009 o Is Q‘)l‘" )| 959, k_)‘)b.»_w‘ g,‘_s.ic)m ) ’D;S_LS Y 4 .]a5_’).c
u] ud_‘> B w@u l_cau..@w_» u_b‘ Lol el ouiis )8 IS Caljl‘" ] )‘ ool ! CA)H ) U"_’ (T
Bl Gragis ol 10 saaliwods am i Ly aS asiles, S (5,155 ;500 laa e 5l solaiwl &jgo jo 1) e

YR

I il k! —-— e —_—— i I
a2, LH"“-Q:;_-..__
.

1 i SR

. - .
4 T

- ————
. Sme L TTmeemen L
i e -
- N Tememmeman., R
b e LT e e—— e Emeg O T T

(kg o Loalie o o i o)l

9 80 w0 o od (9959 69l slay b JpilS i dielwpsd o e dua lio — 1A

[EPCTSNE IR TR
. -
L]
r

(kg/m) o boglies 2 acy o o5

oy ﬁouw)ap;‘gjb‘;bwab‘jﬂafwumm.bufu-\awbu—ﬂﬁ

Y Ot 9 5le O Sk oxlodoss S3lods (g JLw sg‘ﬁl&&&:@hﬁ&bﬁ’@lﬂﬁj&% ﬂ Y




B 53
48 B
]
3
L2 W o i 1 S ol e S ol
h] o A el gt iy
4
¥ 17 W o ot g ol i o b
3 13 N R i
E [ B
1]

585 00 G g S o 4 e ooutily 5 koolipS ol cnder il wyo T YK
G S azmpii - F
039 1 IY0) caSe e o 40 0,5 elS V polie y0 lag] 5l (sglae oS 5 g S il Ll (g g, Ll ).ula ol imgh jo
2SS T plor jle 5 TFY plors 4 Ol i L slagns 50 (Bloss 039 704 10) xS e 52 50 0 ,55LS Y g (lors
g5 ol @S (r Pt Sl 00l gy el Cnl 5 (Gl (339 10 10) @5 VIV (ol Jlop lors (slo s 5 conSa e
plaslogs, ¥ oosln jo 1y ange 3985 (yline 5 &5 o o bglore caSoyin e SekS ¥ g ) Jlade g0 y0 j0 dacllatul jl oolawl
o= =9938l 31 e LS Y CBras lade ;o Ll cains co (ials do 0 TV ) dinge 3985 (l5ae 00 oy 0o o8 (0938l oS
g aidly ) o Slee oy yige ol lwl oS 5 i o8 (599380 0,5 5lS S oo 5 55, Ve j0 Lol 1ai 15 o )18 amy sloos, o
oy Al o ($9938 p,5 el Y (gola sladigad 1o (i l 50 T oo 1B de sleos ) yo pendS Ol Ll 5 (g5, Ol Ll
O 5o Ginlayl gl 50 wasiload aoge 395 e jo LEblS s cel b)) cuS 5 g (69, Ol il (oS Ol il
Ol o 1y el iy 039, 30 5 YA ladises w50 eendS Skl 0, 56LSY 51 ooliil coadplos! gla tole;l ads
Wilos S oloul 5S4y Cand dinge 985
2bse 8l an o
D3 o Ll 5o 1) Goeail § GawslisS ez Ol Gd S ie 10 p,5 S Y B e ol jluiul 5l oo S polie ;) eoliiwk
Sllwl an by e SawelisS Gl Gds o (2l (s (0 caSheyie 10 0 0b o8 (S9938 5 LS ) 5l ssliiul &g 4o
2 5l ealawl i o3 oobe 1 ke (pl 50 10,8 eyl dw 00, 40 peedS il da Tl e g 009 sl il cuS 5 g (s,
2SS Y sl eolaiwl &jgo 0wl alils Goeaily ez Ol Gix o SLSS L,.;),cu)...;ls 0l Con Ay ol 0958 A
9 Mubb] ‘u])ld}—) 90992 (89, u‘)Lf._w‘ aQ b}tfo ud.col_vjs‘so?o u—| u\.\.’> u‘).o.& L,,.alf u.v)...m.:.a e ["" (_,’.»)5)3‘
5 ool S Syl 4 bgs o aeaidy O G o LmelS i lade (ol 50 058 e 8 am laes, o linS
89y Sl 0 53 LS Y g5l sladiges (S 5bds 05,5 oo 1,8 o slaos, yo ol liw] oS 5 5 (g9, @l 15l
craedS Dl 5,5 9LS Y gyl sladiges g wlails S i slbdiges 4 Cans SawelisS Ol L o 1) zalS o i
lansls S i 4 Cand Sawads ez Ol Gax e o 1y ielS oy i
(emgun 5u3d SIS slo g 0alia pd Dpzlas o po g (SO Sl Cglie (59, g S ol Ll 5l osliiul & jes jo-
el 5 5l i ge d8lie 0)l50 10 5 FOT VS LSid 5 (e dlge ol (6108 31 a8 b e oyl a8 ol aisls
ol ool (g Lad Cunglie yialS Eels o S e 2 10 0,859 Y olie 10 0had (59, 9 eSSl il Sl eslaul
L aslio o ol wl /4740 gols Jboy low o yuns L;,;QujjJu;cABLéﬁLg);L“ {89y § pelS lacl Lk

q V IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s ‘gh D}Ld’ C.LAA ‘5%35 g5.0.1.: 43)&3




039 1+ 0) Sl p S LS Y 3l oolaiwl &jg0 0 Lol caslaislas o5 0 slep duoyo 5 Lg)_..i' (89, 9 pelS ool il
Sl a8L 22l 7PY B o3l slo oy codhl o(lous

P s 293 Sl (2Bl 7
wob o s Sz bl i o ol sl gyl sl diged
O plgd g (Sl Clasin p pYL B ras polde o b oljliwl 50 v, ¥
ceodlol il asle 03 i b amseie b Ol kil L35 owyp Y
19598 9 S5 -0
S sgopan adlie Bai s g 48,5 plosl el oy 6 Gl ioils &8 b 0 Gdiod ool 40 sadpll slayioles]

S 00l slacSoS puiomad g el i 65 Gl giile 8 i Jele pace s pay oige L3T Sl
leioe (G138 5 S5 &5 58 cnl olRtales]

&=l =%

oS el cimio ozl M syl g ele sl gy, (VYA0) e laiS v ¢ gwgad ol ¢jgililae [ V]
[2] ACI 212.3R-10- Report on chemical admixtures for concrete
[3] Zhichao,L. WillLH. (2016) “Effect of hydrophobic surface treatment on freeze-thaw durability of
concrete. Journal of cement and concrete composite
[4]Maryoto.A (2015). “Improving microstructure of concrete using Ca(C;3H350,), The 5™ international
conference of Euro Asia civil engineering forum.
[5] Cong,M. Bing,C(2016). “Properties of foamed concrete containing water repellents” Journal of
construction and building materials. Voll23-pp106-114
[6] Eva,V. Dana,K. Monica,C. Martin, K. Roberr,C. (2012) “ Effect of hydrophobization on properties of
lime-metakaolin plasters. Journal of construction and building materials Vol36-pp 556-561
[7] Damin,B. Zbigniew, M (2011). “Influence of selected hydrophobic agents on some properties of
autoclaving cellular concrete. Journal of constructional and building materials. Vol 25- pp 282-287.
[8] Hong,W. Robert,B. Abdulla, A (2015). “Hydrophobic concrete using waste
paper sludge ash”. Journal of cement and concrete composite. Vol 70- pp 9-20
[9] Ya,G. Shi,C. Chi,S (2013). * Influence of silaine based water repellent on durability properties of
recycled aggregate concrete”. Journal of cement and concrete composite. Vol 30- pp32-38.
[10] Tittareli.F, Carsana,M (2014). “ Effects of hydrophobic admixtures and recycled aggregate on
physical-mechanical properties and durability aspects of no fine concrete. Jouranl of construction and
building materials. Vol 66- pp 30-37
[11] Tittareli,F, Moriconi,G. (2008). *“ The effect of silane based hydrophobic admixture on corrosion of
steel reinforcement in concrete”. Journal of cement and concrete composite. Vol 38- pp 1354-1357.
[12] Tittareli,F, Moriconi,G (2011). “comparison between bulk and surface hydrophobic treatment against
corrosion of galvanized reinforcing steel in concrete. Journal of cement and concrete composite. Vol41- pp
609-614
[13] Marcos, L. Encarnacion, M (2017). * Use of zinc stearate to produce highly hydrophobic adobe
material with extended durability to water and acid rain”. Journal of construction and building materials.
Vol 139- pp 114-122
[14] Marcos,l. Garsia,R (2009). “ Evaluation of capillary water absorption in rendering mortars made with
powdered waterproofing additive”. Journal of constroction and building materials. Vol 23. Pp3287-3291.
[15] Lagazzo,A. Vicini,S (2016). “Effect of fatty acid soup on microstructure of lime-cement mortat”.
Journal of construction and building materials. Vol 116- pp 384-390
[16] Laura,F. Urs,M(2013). “Influence and effectiveness of water repellent admixtures on pozzolana-lime
mortars for restoration application”. Journal of construction and building materials. Vol49- pp
[17] Maryoto.A (2017). “Resistance of concrete with calcium stearate duo to chloride attack, tested by
accelerated corrosion”. Journal of Procedia engineering. Vol 171- pp 511-516.

IFRY oot § sker (O by oxbodoesfy oo ¢prgur Jlu il o (ooke ol ¢ 3 (S o3l g il  Sxigei 9  ode oy 1Y




The Effects of Stearates on Mechanical
and Durability Properties of Concrete

Ramin Naseroleslami
Master of science in structural engineering , Tafresh university
Ramin.Naserolesalmil@gmail.com

Mehdi Nemati Chari
Assistant professor, Road, House and urban development research center(BHRC)
Nematichari@gmail.com

Mojtaba Haji Mahdi
Research and development department, Nano beton Amin

Mohamad Ali Yaghoobi
Management department, Nano beton Amin

Abstract

Moisture and aggressive ions transfer into concrete can be considered as a significant threat
to the durability of concrete. Calcium stearate and zink stearate as damp-proofing admixtures
can provide a water repellent layer along capillary pores and this layer restricts moisture
transfer through the capillary pores of the concrete. this research studies the impacts of
calcium stearate and zink stearate on characteristics of ordinary concrete and fresh cement
paste. Results of fresh concrete and paste evaluation shows that these admixtures reduce
workability of fresh concrete, but their impacts on air content of fresh concrete, normal
consistency, and setting time of the fresh paste are fairly negligible. Additionally, investigating
the mechanical characteristics demonstrates that they mainly cause compressive strength loss
in concrete. Furthermore, these admixtures do not improve the durability properties under
hydro-static pressure. By contrast, the durability properties under non-hydrostatic condition
have been drastically improved due to their inclusion. In this regard, utilizing 2kg/m3 of
calcium stearate and zink stearate averagely reduced short term water absorption and final
capillary penetration depth by respectively 54% and 25%.

Keywords:Calcium Stearate, Zink Stearate, Durability, Damp-Proofing Admixtures,
Permeability.

ﬂ a IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s ‘SLQ Q}L\dj C.LAA ‘5%35 ‘5&.].: 43}&}




o (SLRATNSW g duawwod > 1 ol b 350 (0wl (o (ol
Sl b

P 1)- 1) callio cably o
IFAV-F-FF iallio iy

SbS soxo

Sl lgal e ool o1 olisls jlaal axly « oyl o 09,5 cos )| cwlids IS gzl

oo lw dl mdoaew
Ol lanl o oDl o1 oKzl ¢lgal axlg oyl yas 09,5 Luiils
sajedi@iauahvaz.ac.ir

]
aid S 1,8 i oo Wlad Al 090 (ri j0 @9 loo ool sl 29,5 b Wiluls I colaw] 639 ol

= ogde (yle (o ey 50 (L3 (i lpailaiw g aiadios 5 (oo (Flu s Slgo 3 eolistwl b .ol
Bl Cd G (i )0 St (PgB A otb e e 50 (25248 p0 3 shametews ) s SO Sl
it 3ty SR AlaSi 3 aiuniios )5 (59l ;Ko (i (PlaS (BElej] oy &1 Guind 0l )0 bl (0
bW 017 51 a3 S 1 atg0i 1AY g g—amo )0 Lol oud 4B 10 5 dilo I (Lh (2301 (lgie & (8L 5L
g omicd )5 513 (2l 551 0 y9me cumunl cmli LT goload 50 (Slonw Slgo & T G 5 (Slosws g 45 il
S0 (it amdgl BB 7 pb 50 39290 duslo Ly ouds (0 301 lae jluiie 9 £93 by S 0uiiS (nti’ Jale
6= L3 i 3y Gl alaSi BT g Vol Vol i pmd 9 aiicliod 5 Vo7 g VY. O/ polbio 09—
9 &8y5 I8 (o 32 9590 03T (i (pg—ao (339 9 oMol Gl Al a8 5 S 50 (rb awlo b (0L
L i Lo T o i ity (g 3l oy At lns gLy 30 ST B9 Gt ()0 9 (531 Cunglitn ygbcynod
Jlo (=l b ol (o €l 5L R0 (i (SHlSe (ol Lo su 30k cnl (oolod ) Ly y a5 ol ()L
1515 ;= ogdloe (¥ g WU 51 jioS (gl o Ly o 5 dy (Lo 3L (i ) il g ddarios )5 (030>
099— 3L d9a L 1) 1Ko (pimy (Sl (ol ailyl (oo ¢ (antrotumn § Cado Ol 5l g golaidl anzgil (1092
0,10 455 iy

oy 5 duzmo cdunlo s 00 5 cailuSiww ( SBL 5L (i S i igals wleds

Y Ot 9 5le O Sk oxlodoss S3lods (g JLw sg‘ﬁl&&&:@hﬁ&bﬁ’@ﬂﬁj&% ﬁ 9




doudo.

aS (glasss an il cens b 6l cewlio 5 sl a5 coul gleis b mlas 3l elosl aojls 5950l e
5 9S00l (65505 ES g i i 5 i D j50 Ay 03,5 By 5,50 65,51 Lap T ady 6l
il ol e Glalpel 5 Layeiie L (i 0l Slales (Jlo ol L D] aisS a5 (5,505 (slaoasyVT
Wigd o Slals 5 oanli o slacdled 4y mite 45 (60)l5 3l (g ke csiyaelin adsl Jml e po &5 cnl S
L Ko i IV] s o o8 ol ol e 5 (ol any 550 s el ol 5 08 8 ar i 550
ey 50 Slonw 2,55 LS V0 L) e+ i 0 e L) Sl S (i (gl (gau B S 15
Ve o aelis Vg ane 5 09 bi e 4t ogaalatd o 53 5 0t e 3 iy T s oL 48 (o cunSa
i oml wed e 4By gelaid sl Sl S e ;e Bl VO (Ve Byl e sl g il e e il VO I
I¥] 05,5 oo szl (6,035 amino 5 (sai93le,T (sl o0 (6,10 1S5 s (55lw oolel g

S o S YLad A>3 355 ey 5o mlizo ool wll sla g5 Ly Slals 5l esliiul o3g,l 3L ;|
Pl dgte Scl 3lge (o5 )3 9 30,5 (e o) (S sl ;eS EBle 4 o el (ol il 4 S
2 ogdle gas (ol e 08,5 o 5l (dlas bawgi | i 3l gm0 plste ST IF] og s 5
5o aies [0l ccsls s 55 oy lame oo 0 plyS e it Slals jlosliinl b (oo cuad alS
90990 0L s Ho-iS o a il caisS wdel slacS b slasy il o i lite mlio (8 8lgs ;TS a0y
o= Ol eVl 48 (ladss an b e (gl 2 dilemay 5 Sl sloml Ssl Lacs 2 ol 0 (Vb oo
L o Sl osliial Jds cnlpln [N Fl gt o Loy cnle o (8 5k a5 (0 Slulo slaa st
Sl laaind jl sz solaial by cnyy bome 15 Gl w255 5l x5 s> Olss o | ot slaaslase
L8] cesls o Slasein (S dgne (olSal & yg0 8 iz ed g aiil oo cdbjl BB e a5

a5 jlw s el glab b Gy 5 (S0 plsme 4 o el 6l adgl las a4 5l S0 (g9
0Jg sl b Laailafin L5 5l g xSl el il o s Sl oolie (s 58 e
Oy b las losliinl ol sl (o) S g Sz )3 Gl jLops 5 Jds e 4 00 5 (o0
Lol adyly i Lelge 51 00 aS mlae i slaojlo asals 1,8 amgs 59 1, cdljl Al 130 V] wiloogy
gl o9y a1y (Bl i s e 00 (65l el B o )ltd Cenglio palls LU 5l gl el o
Sg—ad oolaiwl yi clw (o wlaSw Glee a9 0,5 0,5 0)Lgs les s |y Laojlw o )50 3l Lol Sluls
$lS sy o jo oot ailil slaiyis 00,5 5l A e sy OWSie 5 (8L 50 o 5l eslawl L
IVl 05t o (555l ctnnlo 5| (Koo s ayg00 ekl 5l e 5 905 s

bl Jg28 i Gigiy 5 gl e o wunio Ly plSen (500 oliin ans 35l 5l 4ty iy (slaygaS o
b Slalllan g 28 ol o i 00t S L By 0 yde 5l sl Jlw 53 5 asbndy g0
aS Sl Lo o pmlioenl S Jolate (i 0592 50 (gt je-laie a0y Sliad 5 DU Sl 6550
Oz ) dilm lagiie 5l (p il Bmae Glie 45T ) 092y Lo s 90 i dn g JLo po lajeiS e
Brae slogi S caaS 1o ol sg Sl g 00,5 ad Jsde Ghsiy 5 sl 4 GBS azsi ol e
Lag T a8 (blae 51 (50 lanly slored eolais Jsol (Byme 5 ol 0 45 ol azs L DN el sgpie
ags 3 aS ) ;8 i 5l ol £a L cal sash gaw s ol 50 sl L Sogll i allae w g oo o L]

1
Lean Concrete

q v IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s ‘SLQ D}Ld’ C.LAA ‘5%35 g5.0.1.5 43)&3




g (o yme g oo o3l WS (sl iRl Glee A (BLSL i ) leallaSin 5 ased 005 5l )]
LSl (o 2y i B e Lo g Slaals Sl S0t 9 280 Sz (o LS, S )] jshaie 4 (izee
e i (Bmae @S Sl (i (Rl plse a8k i iy sleailaSin g aind 00,5 jlesli
alS )0 aS g b e AB o 0y (i (i 5o Sluls gleainl oo, S oS lSan L el o b asSls
sloassed @loas (il (G3Nle (il jolaie am .oy anlys 0 p)LS (Sliee 5 Slettlw slaois
sty Al ) S L (Bl i s WS g il 00,5 Ly alaSis (0 3Slar L S i Sl goaie
8l wlaSiw aah 00 ) 5 sl solai ] el an aeul sad aS bl Sglaie leao,o Lhaind oo 5 g 28050
Sl T Lk 5 e G o s sy o sl ol (ol 45 83,5 o S iy Jpmnn S ko Sl
el W8 2 3,90 0 5% s 2 el (3Rl 53l 5 ol 59 55 e S

S g sl slee @b (Bas 50 o b sl (elie LSl i )3 esliial S Sluls slge (S L3k
L e jl cblis 1 odle opi ;o Slalis slye 5 5l esliial diul) ol jo ol e i ) Ste ols s 4
Sl Slubs gloaind 00,5 wol) slys (il 5 (oS0 098 (oo jd Ayl Slge B pan 0 (o5 ddio el i)
3,5 0)lagd alyi e Slald i a8 Oy ol il (BLL o 1y slaalaSin wly 5l Ss (S [A]
Gmeins 55 (Vo V8)  gala-ce o5L o o)l a8 limman [V] 05,5 soliz ol iy sl o oS ly e amy woass
¢ oininS Dglie (g, lid Cnglio iolidl il jogn do 0 Ve 030le Load as b o aS asol las 0es
cios —bizs ol Cwsas =l [4] S0 ol pad a1y A IST e Sga5 1l 0 Caglio 5 e Coglio
lagi o (BLk leaiod 5 (59 Glagio omlS oSl aS 0oy o151 Sl 0T Ll 65, 5 52, S
B3k et ) i s Slors 4t 0 s 45 2508 Gl (V1D TailSse 5 Gz 11T oo 0525w
i a5l it Rl an |y bl asae slesliul (Vo)) T gslw il g e alal [VV] 58 ooli o
Gialydl 45 0l ek e (V- \V')fo])[_io_bs Syl iz o VY] o ls 3ol e SLs Ly oS1509—=
Sg—b g (s—ieS Siglile g (5Lt Dgle j5 azrgh Sl ogge el (g ey (i po (BLL At l 00, 5 5 a
3Rl Ol Gl L s (Sl ol S (o 35t ;S (WWAY) o LSen 5 813,05 ko ulss 1Y)
07 pSlas 1) oo ais b i sladges jo asind 5l osliiwl dig ol (VYAY) LSen 5 i, [V F] 590
SOy o re o oSLal js atind 00,5 gl i 9,0, LS (VYY) o) LSes 5 b5 wle [V0] ass 5 oLl
85l aans ailai ) eslaiul JUST (V1Y) P ison 5 (oI [VF] ass 5 el oliatil § iy 4o |,
) i Saeglie (halS il 03,5 (599581 45 aisged saaliine g asols S8 oy p 3y 1) (i LS ok (ols
A 05, 5> ol ).:Jl_) oas Las (V- \Y)?j_’l.i).g g 9 wlS iz 5l ool Cway =l [yl 3,15 oy o as
L ST 05 i Sl (o 4 OVAR) (i 5 oLy 05l ol DAL oy i LS 1 (8Lt
adloci,o L 2850 asle acs o YO/ o055l a8 ol samline g ozl 8L 5L sladsls cod o 5l oola !
4 ols 5las (VYAQ) o)L 5 (—onite Giios gl [V 4] 09t 0 05T 5095 i el 4y oxte (8L 50t
i (S g (5 lad Saglio Ly (50 (i o (ol Eel wuS ly) 98 9 ey Se 5l oolii
Iy-] 35,5 oo (Faere i S

; Omrana & Tagnit-Hamoua
JJani & Hogland
, Emam Ali & Al-Tersawy
Sariviyik et al.
. Lee et al
Castro & Brito

Y Ot 9 5le O Sk oxlodoss S3lods (g JLw sg‘ﬁl&&&:@hﬁ&bﬁ’@ﬂﬁj&% q A




G (g ¥

O b 5o (BLL iy e g ainlion )5 Sl Boked Gl plasl Gl S Bue oS (pl @ a4z gi
8l o e g aiilion i Al 3l ey 45 Gl 46T il Ao O jgod i g, Wil oo S
slagiaboil (i osldas 5 (i (3= Oloy SoddS 5l Gy 5 0390 iy ) Ayl Slmasised (i3 lo 4 g9,0
el Lo 3ol ol U o 8l5b i 5, oS g aid 00,5 a3l oo axslu dbges j Jol> b
w85 AR S o (Sl

P oy el gl F

NMU—\—f

ags liwjed bl jo aBly 3o ppaly i pd oLl e, adlate olae 5l i (ol jo 5L5 990 cad anle
Po—ass (39 dm ba e polde gV SIS (o Gion ol 0 (Bman b aule gunalily e il 0ul

Ll 00 0\5)51 \ Jju\} B LSA)J Jju\.a

(Standard Sieves) =w=l ga N

ASTM 100 0 30 16 8 FRRSTI T ST/ TR U ¢,
0 7 T :
L
/

0 / /1 110
} YAy d h

] 120
2 / y - H
30 / %0 -‘§
‘B 7 N
: U | |2
1y / {0 =
[ b]
v % 160 |
¥ / | Y
o~ | 1)
g% / 0|2
s /| (S &
il / I8 | &

10 A/ 190

/
0 Pz ]
001 010 100 1000 10000

Sieve Size (mm) () S 10

i ) 50 o ooliiw] i dwlo (sALdifo eio —) JKD

Sldgw ol 30 (Hjg I islawlo ot iof iz o ys iCughy doyo (i 5 50) Jogatio iy sloyilojl gl -] Jsiz

b awlo (00 Jgo 9 ol
Slilgus ply 50 (S92l i gass 3
. slawle j)lee ol oix Cogb,  TTETOP
P Jase 2o g/em
. . . ST
Y7 - </qY q- N <IYY YIEEY YOV

a=IYIA g YIF olal s opls -V-F
ST pny adilaie (yolae 5l asilog, mlas asle i ol LM 3l slaz , b plod colw g byao i
oo o VSl o il YA 1 (ganasily  ovie .l oal agd b lwl jo adly e el b 0l
(i g (5,0LL) paate )5 40 bauye polie iz Cowl oud 00,9l ¥ St yo =l VI 0 gas «ils

1
Sandenss

q q IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml (S ‘g.h D}Ldj GLM ‘57;5)35 gs.QJ.G 43)&3




9 2w uLoJﬁ_m )_3‘).3 30 @’)5 | «8y9—0 alaX_w Ao,y g J_uj.la FHEL I RWPN ‘;.j u..\_‘> d—o,0 ag",\.gj.‘a) RV

Lol 00 43‘)‘ C.u““/f B\N/,\ L}"‘"'LS‘)" WJJAJVBY JBL.\} 3o wLMJ)J‘)J)o @)5 x|

(Standard Sieves) +/w= su N

ASTM 0 1) » 1% : CRR T T R A ¢
= 7
N 10
} e Hao! ¥
1l» He |1
~1® HSN
¥ b4
3 hs s €
& ¥
(y 8 |
F 4 -
H ¥
5% 0 |-
v £
sl ® 3
) Hoeo |7
0
001 o 1 » 100
SieveSize (mm) (e Now
Gubiod ol 50 ol soliswl ol Y/A (o gusudils Jove -Y JSCh
(Standard Seves) +'wl Ju N
-~ ASTM 100 1) ) % [ DTS T FT A TR A § T )
N 10
e 0 |y
1 % |3
~1 '8 S .
) 50| £
= 0
¥ A
il I H
; :
[y 80|y
»
0
o0t o1 1 ) 0

Sieve Size (mm) (Al N

G’ ] 40 ol ooliiw] g 1/ F (i (gdodifs o -1 S

K oy 5 g il oy o odr oy coply oy (i 5 5 0U5) ogatio (g (sl loj] gl =Y Jyuz
FR VA b r b ol 50 (Fig &8l 9 pow Slilgw ol 40 (g 8] 4390

)..i‘)..l BN @)9 ] uLDJ}..u ).3|).3 ) L_'>J)5 o8l Slow aloSw Uu\> 3 }b L)"?M 09
, . i I 3
™ PR W G5 Jisb <! (g/em’)

) (%) (%) (%) (%) (%) e sl

Yy ARY \4 A Ve <IYA YIEY  YIFSF

WISl iy g o3 Al oy el o oo sl o yd (s 5 (5 p0M5) oguatio yjg sloinloj] i~V Jguz
G VTP s et b il 50 (g <) 9 po o ldguw ol 40 (L jg <l iy

) L - 292 3
Rl s Bz~ Jisb <! (g/em’)

(%) (%) (%) (%) (%) (%) > el

'4 -IY YA AR /4 <IYA YO8 Y/FOA

QY s 9 ke By osbonezsy oxbods g Jlu ol o9 (ooke ol 9 (S O3l § Zllan 9539 ke 49yl Yoo




8L 5L Adond 00 5 Y- F

i Sluls gslaez 5l e g b gy Glexsl loatns Oluls 5l 5L 050 ddid 00,3 Guiow (ol )0
o 0ols jeae B oy s S 5l ool Cwsdn diind 08,3 o to ooliiwl (o308 (1S sl La T 0,5 0,5 cgs
polae g F S )0 (B man dind 00,5 guuddly e 0 S 8 dle oogase (o Al 0, SIS LS
0 (e e Ol Lz oo wiysh; ao )0 (i 5 (g plL) Lpgmane (s slagiile)l 4 by e
Ol 0 (Brman Aind 00,5 pgal iz ol 00l 0051 T Jsaz 0 mllias (il (e Jgos 5 o Sliges
ol 0als B0 o Lo K )0 Budod

(Standard Sieves) o=l Su R

3 ASTM ) 1) » % ; 4oue e s oo
| u‘ / %;““ ‘u
i / h
] / » i
‘B | VD741 ol
g’[ / / £ E
;'\A /’ 1 %
E‘i / » g
La A 3k

» A A 0|

o /4/ | |

o e we 00 W

SeveSue (mm) (Al Now

G ] 40 ol ooldiw] 8l U 4l 00,5 sAbdild Lo —F KD

Jgko 9 ot Sldlgaws ol 40 (Hjg bl ool o wio 0 iCogby o ys (Hind 5 5p805) ogarto iy s inloj] gl —F Jyuo
I GU b 00,5 0

ol o ) Sye &bl .
g0 200 50 (559 RONITIR Ul s Cash) u’aﬁ’M;m
P Jye ST (g/em’)
(%) (%) (%) (%) i el
AVATA YIYY - . . YIYYA  Y/Yafs

G ] 40 ol soldiw] ddcds 00 45 -4 S
SBL3L o )y el -F-F
6olid caglio b olacin 0,5 0,5 5 (BL5k orim s, Al (5adiodd ol i 42,2 (1092 (69,5 C
slostiinl by (a8 (slagyin atged 3,5 9,5 5l ey Giond ol (BLajb i ) WS agd Oglitie
7Sy gamasly e 23,8 ), B eslaiwl o )50 F oo es SIS odel Cwsay las oyols joue 5 o368 iS>

\ * \ W\Yub.qbg;l@‘G‘Syl._go;l».‘.uﬂgo)wsfy&5@ﬁ&&&@'¢&$&b}lﬂj@d&%j sﬂc%&:




Oy sl 00 03,51 O 0)le i Jgoz 40 psate (39 wisb, ooy ol Ldx oo, an by e polie g
ol o Y S5 55 ek ol 35 (shyn 8l s 1y K 9

(Standard Sieves) === gu N

/ A

N
oila sy

(Percentage Passing) 43, sy
]
R

(Percentage Retained)

Sieve Size (mm) () Noin

ez’ (50 ol ooliiw] iBU U i ) WA (s Al dild o F KD

340 9 porcew Sldlgaw il 30 g Cl o] Cda o ys iCusby o yo ((Lidiz 5 5 0) pogatio yjg sloiuloj] gl A Jsus
b o oy WlaKiw (0 4

Sl ply o (G < o L
) Glawls 5l el iz Cagb, IR 095
o5 Jse ST (g/em?)
(%) (%) (%) (%) i syl
YO A+Y - VVIYA Y10 YIYYA  YIY-Y

G | 40 o ooliiw] (8U U 50 j Wi Y S

LS ol -o-Ff
olime il 38 e ey Hliw g aSady O 5l i sladiges plas cilw cgar Gaios ol yo p3Y o
ol OJAT 4 de? B QT @L,wu uo‘P 9 Sl 00 u.a.oT.\




Gz il 30 S pan o orleons s i loj] g lii —F gz

abale gSlas L dwloee polas 5 lastwl b osle
5 g ; BEN ; YR
(ppm) e shae bl g 0 g9 (ppm) s Jae_LA)'] 09108 ook £ o,
Y. e e Ll s 4] o Y- ASTM (/1) e ouilecily \
D1881
AL H$ke,l g o
ASTM .
\e oS i (5 g de,y] ok qv. D514 (mg/l) boldgw Y
Y- H$ke)l g o
AR KW Lylod 3o de,l o
2o game baylyl 5o an)l vys ASTM (/1) a5 J5 v
. L - D512
\ LP) G9N O
Ve cmwwsdaw‘slaamb‘ﬂ aa\.nju,u
T ) g?g\? (/) 3o sl 3 £
Y. 9lesT s o g wdle (anme Lylpd 5o 4o )T o
ASTM Jolee coills
5o o gl - o
ey D1067 Na,0+0.658K,0
ANO GO o &\5;‘1 A& pH 7
Ologw -#-F

bl Gloams 5l g9 (ol 0Bl (e Gl Qloa &SI Y o5 il Slow Gion (] 50 (B an Gloww

G 30 (B pan loww (2o 51321 -V Jgue

AR ) a A Y 4 A ¥ Y Y \ o,
A eals | bt | opmedl [ o5 | el [ e | it | ped | o8l | egll | ks | s
Na,O > J;lmb ‘3")|)>

[7Y i A YOV | I8 | <IYY | VYO | #YIY. | FIVe | O/Y. YV/Y?# oy
o sloss S5z slojlé
C4AF C3A Czs C3S )L‘B
AATANN RN YAR | FYA KW

PEulo;l 4ol 9 Zlao g3lw oolel -0
G bYWS| b 7 b -V-0
3 sl Bl s A5 b Ll U 0y (x5 0 a8, 15 ey L igas aam gl L3S ¢,
L 5 i itls 4S5 el 55,8 Jslge 100 5 (559l Jmee ol a0 b car oo &l > a0 o
B polae ail 850 oo o) sladlaSs g aind 00,5 5Kl Jlaie [0 oud bl ladises Ol
il gl 07 g Yo Vel polde iz g b awle La b, > 03l ol Vel g VY.
LS b 3 slass o353 OS] slag b oy opdle i ath,S 5155, pas ke b B o 3, oS
U 35 o e U 583k s e, A0S 5 4t 0,5 G 3Sile plapad eSS gy St 523
g aall bW S 7y b SO L oads anslw bW sloz b slad oo le wlas cpl JU1 gw) gz 21 00l
Sl 0ol AN Jaaz 0 US| 7)o gl aid) |5 4 mlas polie 0o )5 anlae 030 e

! Institute of Standard & Industrial Research of Iran (ISIRI)

doX

IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s ‘SLQ 0}‘.»:9 C.LAA ‘5%35 ‘5&1.: 43}&3




i jo oud aislw slo v LIS slog b Oliie> —A g

o33 G:;b :: el sl M
Pyt Al e - uufvb uufvb wE R el | sl ke 2
o o el e 03> @ lais 3
(g/em’) (mm) (Kg/m*) (Kg/m®) (Kg/m®) (Kg/m®) (Kg/m*) (Kg/m®) SN s
Y/VAD g V0. YYA . . V- qv. . . Ref \
\7ANA) g V0. YYA . av/o Y +av/d qv- . o $01,05,00 | ¥
Y/\ &Y Q- V0. \YA . VWA Yoy qv- . Y $02,12,00 | v
Y/\ov - Vo- VYA . YY- qy. v . Y- $03,20,00 | ¥
Y/V00 o V0- VYA YY. . QY. v Y- . S04,00,20 | o
Y/\YA £0 V0. \YA AN . Al v Y. . $05,00,30 | ¢
Y/AN £0 V0. \YA avo . N v o . $06,00,50 | v
AT O V0. YYA YY. av/o ASY/ qv- Y- o S07,05,20 | A
Y/A¥Y Q- V0. \YA YY- VWA YAY 2 Y- \Y S08,12,20 |
\7ARR 00 V0. \YA YY- YY- £9. qv- Y- Y- S09,20,20 | V-
\7ARG A V0. YYA YEO av/o YEV/ qv- Y- 0 $10,05,30 | )
Y/ £0 V0. YYA AR N YWA 42 v Y. VY S11,12,30 | v
Y/- A4 £0 V- \YA \B TN YY- N qv- Y. Y- $12,20,30 | v
AARNY £0 V0. \YA avo oY/ OVY/0 v - o $13,05,50 | ¥
Y/+ AA f- V0. YYA avo YWA FYV v o \Y $14,12,50 | 1o
/-89 f- V- \YA Avo YY- YFO V- o Y- S15,20,50 | ¢

Mbsabsawym@_ebjbuuf) Sailalin 5 dinlos > (B ras glaas,s ol o a8 el ojless LML leas;_:.lSi,a,b

digos Clw byl -Y-0
L bslee 7, b 0 Bae o Jlache g asd 5 s LadiloSw ol Gds g cash ) oy wsluan gg,5 51 L3
mas wlas ( ols LW S 7, b SO gl m3Y polie o solal 1 ey 0 rsead 00l (655 0jlal polie 4y asgs
L oo il ool 3o S o] 5 il oo S by s 19,0 allaas iz, 5 b 5 <t (o 38 55k
a9 WS slor, bolasiasdazg L ooy Syl S0 o las an adlas ( Lol by el pln

Y Ol 9 5ke O by oxbodissy Sles ‘fy&cuwlyksalcww“ﬁ‘sﬁb}ujém‘msjﬁw \ 2 f




S aigai Vo oo e a L iolojl il g o B yme e o) ja o 5l (6,055 L 5 Lot
o35 i ¥ ojleds Jgao b polas cond cole, L i WS 70 by 6l (6 —e oo VO ) D ) O
2 oslitul Boiow o ESbe Su (852 9 S e pla b (B (S bolie Sl pizes a2 Le

1SS Dyge 5 g0 4 al> e )0 nj i S lag b pled Sl S (S bglie yo (<l LIS

43,80 SO Do 4y 0l dwlbore Ol a9 oyl S sl

4i80 Sy Do 4y oud dlne Ol 5l pilezr Ko 5 (L3Sl las 9) anle JS o
@03055“4%0&&4{“@&,41)'"9)%&ijowy:c

3L adabos ;5 ygdm 53 ol — LIS STy —Y-0

St s sboml Ll cools L lo gl (5 5 Sk loailaSiw oy (25515 cplos gl yoen ST 0
b3 Bl Ly J5 tmmkions (2Ll (25 STg a0 095 o0 0Ly (ommhins — (2l (25 STy (g o T 5l aS
S Jole s a0 STy ol (S e ban o Bioe i 50 (B 5 ST Ay 4w walyS o
Jsdss e —alisee Jslge Lol IVVYY] wloSis g5 5 gl youd L) 5o Glowes 5l oo ol5T gl ool sl
STy 5l (2 Blacdl ol o wllas jo Jlad glaailaSos o 5 6520 Jome Ssh) (i S ndidadi (0
STy Ll o aeliae el i o (Bl 5b asidion, 5 jeas LYY YF] as s cllbs el - LIS
O 2 awle 5l it 3l lse 4 (UL atibes, > By ae 5l 8l plt 0o (o - L8
STy L5k s 3l es5 oml U plime (aBtalesl 5 3285 (i Stz (aSS Biod Sl o3
205 plowl o (5 53 (ol LS

03U o (quadlsl) (Sl oalimo Gialejl s Jolowi -1-#

3l Bacs tocwl oud mad ASTM Ci43 o st 5l eolaivl Uy o slabg e olLS (6 —Sojlosl yiolasl bl
ol 3 eaal s 0 s ol e i (Sl Sl 2 Bk las (3Rl U ) alesT ol plos

el ool 1Y loged o ol

m Ref
m 501,05,00

o
®$02,12,00
| = 503,20,00
' u 504,00,20
= 505,00,30
= 506,00,50
' u 507,05,20
= 508,12,20
= 509,20,20
. u 510,05,30
= 511,12,30
. #512,20,30
# $13,05,50
514,12,50
a - S B L m 515,20,50

G LYl gla ol

JE WP
o L = w
o (=] o

=
o

i XS slog pb b L po ccodav] jo O pdi' —) f0g07

! Alkali-Silica Reaction (ASR)

ARYA IFRY osbials 9 ar (O by ool S0 oxods g JLuo il 38  oke ool ¢ i (S 03w 9 el (9559 (ke dapdd




03U o rgato 39 pilesl s Julows -Y-#

2 8L5L wlas jeas L oo aisln glabg e 515550 08 jelate as (bMis| slag b cslo 5
ol Cewsay mlai g o8 L8 bl 95 ;S (i 03 i (egmasie (s bagialasl plal 0y90 Js b
w00 oo)jT LA.!S.A )Lo‘sul.w » f)f o> g Y)L)}o.s

22

218 W Ref
W 501,05,00
1§ 2.16 w502,12,00
i 503,20,00

2.14
! 504,00,20
RIFEF] - w0 505,00,30
1 W506,00,50
“w 1 i u507,05,20
L | w508,12,20
i - 0509,20,20
g 206 | £ 510,05,30
-,i | _ ‘ w511,12,30
A ‘ | I ‘ %512,20,30
202 B N 513,05,50
‘ ‘ J 514,12,50
2 . : 5$15,20,50
Sehmd Bl 5la 7

Godnd DX slog b U b yo (ogaiio yjg g0 Slpedi =T 3500

059 45 9o ol 58,5 b o Ly (8L 5L ladilalw (59, oo plomil sla iolesl 5l Jol> bl o cds b
rsate g GhalS wiile Lagl o (8yas las (osase g milS oo SelS (it slaaigad (opass
Ps—atte (55 45 Sl Sgpine MlS Y-F Joaz ;o ail oo azgy 0B 5o ) j0 cod aislu sbodises jo
1S eitans alafy ol b 83k s 2 Sl s 5 (o slodises

(63U Cunglio gl ks —¥—5

38 Gy e Oygo d 00 (5,9] e sloaSiges (g, o BS1881-Partl116 o Jasbiwl Gdo s Lid caglin Lol
@w@y;@)opjma@)ou&uﬂw1 s cwl oas pladlogg, YA o VOV i
Sl oo Il A8 las jobo @ 00l 31>

80 5L Al 00,5 b ouds Al bW gz b —)-Y-F

039 VYL LT Ly e s (8Ll @llas ol e i e (Bl ated 00,5 jleslan il LT (sl
Sl odal & Y o)les slologes 1o 3ol cpl bl g o 050l awle

10
3
3 g —
3 7

o
;. A
g 5 —#— Ref
3 4 ./ == 501,05,00
L
- 2

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
(39,) aiged o

IFRY b 9 5ler B by SrloocsSo oplody f,uJb;qul&&&:vh&@hb}w’@lﬂ%jgs&l&% \ s 9




=
o

4
X
3 5
I 6
d 5 —4—Ref
j 4 / —m—502,12,00
B 3
- 2
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
(535) aiged cpan

10
4 9
7 s -
- 7 E—
1 6

3 5 —4—Ref
~ 4
J 3 ——503,20,00
a0 7
% 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
= (335) digai (w

10
3 5
X
] P
L
E 6 == Ref
g 5 —8—501,05,00
3’ 4 —4—502,12,00

3
2 5 —==—1503,20,00

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

(33,) digad yus

Wgod s o> p o.db)b Adecds 00,5 b ol sl LMz slog b plod yo (5 Lis Coglio Of i —F H3505

b (S35 VYT 5l S polde Uy (2850 aind 00,5 030l ,..,l_; 48 od et e odel Cowds =l bl 5
MWl S YL sloao o Ly (o3l ol JUST Ll (Y107, 51 ,e8) ol 5l Jls , Ka i (5,18 Caglin 4
gl DS 75l j3 052ge e (59 Vo7 Ly (BLsk dllas () (o3l L aS (g9 ay sl oo
00,2 Su5d Ologar 0 0ol 1) canglin (rals ol Jds o aalgs WV ) o a0 (6,Lid Ceglio ol
SV 55 g 45 Sl et (8L dlas o) Jio mhw s as g Loy et (8051 atd
Csl el o 5 el anlsss o5 mrgany Glop jyd alauly 4 (UL sleaind 00,5 5 dllas ;s

S5 o 3y GBS b o aislu LYW gz b ~Y-F-§

Ol adel LYXS & b 10 0s2g0 ale JS (59 007 g Vol Yol bl (830 o0 5,y ailaSw (Guios ol jo

Yo X

sl 00 LIV e Y glalogas 45 c3Sale ol gl s

IFRY b 9 5L B by oxbooe S ooty g JLuw il (5 oole (ool ¢ 09 (S 03w 9 Zellias (295 § (ol oy



[
[=]

4
-
J 3 Y
q
> 6
g’ B / —&—Ref
3 4 & —8—504,00,20
2 3 .
-2

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

(59,) 43983 g

10

94 9

? 8 —

‘a 7

9 6

5 5 ——Ref

- 4

4 3 I —8—505,00,30
20 7

QJ 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

(335) 23gad e

10
4 9
j 8 i
27 - —
.ﬂ 6 o e— ___.——-—-'__-.
o / e —
9 5 —o—Ref
i L
W 3 - 506,00,50
i
Q) 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

(335) 43ged cpan

wigod v o> 1500,00,50 LIS g pb 40 (s )Lid Ceoglio & perti =9 l050

10

4 9

E —

3 g —4— Ref

9 5 ——504,00,20
- 2

v 3 —#—505,00,30
a2 2

% 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 20650050

(535) #3gad (s

wgod pw M)J‘;Aﬁbjbw.t)}) slodiluiw b onds sl LY slog 1 b plod yo (5 Lis Coglio Of ki’ — )+ 5 J0507

il 00,3 cusile Jlaie L (i sleassed (g)lid coaglin (alS coul jaste mli jlaS Lz e
gV Vel il Lgoje, YA (s L sloasges gl o (5,lid Cnglie yialS a5 (go00 du o,l0 s S

25 ES VYN g VI AIFL ol s 5 4 047,
ol Glss e 1) delse ol (St 45 Sl Lo (ilisee Jslge L Lodigas ol 50 (5)lid Cunglie rals
3 Sl Sl LaailaSi ol by alSiul s coils 28L50 oo 5l saal cowsdy baailafn ol
i e ladiornd LIS > el sasile sls any 8L 5L s 5l 95 ol 55, 1 ok DS )b

IFRY b 9 5ler B by SrloocsSo oplody ‘fy&‘uw&wwtgﬂ&oﬁjwﬁsjﬁw \ ) /\




el e ol iy B e 3,5 155 okl asil (o LT (59, 2 00 St o Sle Ysoss 400l o5

Sl Jds an e 09,5 e i Saeglile bl el 593 a8 09 b e i byl 3 bl jpa ol

Ceagliio il oo (b wnSs S 5l s La)T 59y 00d S Slags SOe Ly olpam 0ad 05 o

Caaglio 5] yaS At S S g 0ddh Cdiw Do doalad S5 Ly g o0 S s daad g0 s Jbiw S 2L

So=b s (Ll i Snglie alS Eacl 953 4S w bl oo (reeb 4SS Sew aalad 9o s (Jlwy S 28

Sl iz il o (BLL las g5 ol YL Ol iz (55lid cglie halS ol mdsi 6l ,Soo o
23 e ol A )0 5 35 e (P JSES Gl el i 8 jo b A (BL3L G ) slaailaSn YL
Ivol o5 salys 3o o lad coglin oy Jg, bl

gm0 dmy (L0 3L opim Gty Wl 9 (L 5L aiond 00 )3 5l oudh aiB L bYS sz yb-T-Y-F
olo o

e iy (BL5L i ) alaSiw g (8Ll aid 00, 3 S 5 lejen (L 30le (o) p A GiSu o 5o
o b S an So g g o Bk las el e gl et ass S o polie ples ol walys sl
ool oo &8IV VY (lajlogas jo T bt g dias oS 5

10
3 4
3
3 —3
3 7 —o—Ref
5 6
T 5 == 507,05,20
4 3
j 3 === 501,05,00
2 2 i 504,00,20
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
(535) 43gad gy
10
é\ 9
3 8 —
.3 g —4—Ref
3 2 ——508,12,20
= 4
g 3 —h=1502,12,00
a0 2
% 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 = °040020
- (335) dged o
Wigad s s 33808,12,20 LS b 13 5yl Caogliio olyunii Y ogai
10
‘-_;-'l; 9
3 8
.3 2 —4— Ref
3 i —8—509,20,20
4 3 —4—503,20,00
o 7
% 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 040020
- (395) iged oy

\ * ﬂ IFRY bl 9 5les B by SrlodscsSo oplad gfydb‘gbg'&w&xhgsﬁg@bpje‘m&}j&dgﬂ




[
=]

uj_‘ 9

J s

% ; == Ref

d. & —8—510,05,30

j a —ie—501,05,00

o 3 ——505,00,30
2

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

(595) digai pas

Wigod o e 510,05,30 LIS g pb 40 (o Lid Ceoglio iyl = IF 4 f39.05

10

4 9

7 s —

.3 g —4— Ref

3 5 ——511,12,30
= 2

g 3 —#—502,12,00
a0 2

% 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 5050030
= (33) 430 (e

god Sy wﬂS]],ll.gO LIS 7 pb yo 5 lis Cuoglio O pti' — 18 /0505
10
4 9
J 8 ——
- 7 —4— Ref
q 6 —
§ > —@—512,20,30
=g
g 3 —4—503,20,00
a0 )
% 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 5050030
= (33)) diged Cymw
Wgod Sy M)JS]2,20,30 LM 7 pb yo 5 ylis Caoglio O pti' =15 Hfog07
10

4 9

§‘ 8 _________....-———-l
3 g —4—Ref

3 5 ——513,05,50
=~ g
g 3 —4—501,05,00
20 2
% 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 ~—>0600,50
- (53,) 4igad o

W\Yo&éﬁg}l@ ‘G@Ega;l.mmﬁgo;lé& f,uJb;qul&&&:vh&&hb}w’@lﬂ%j&%

Yy




10
3 9
j 8
3 é —&—Ref
- L —
9 i —8—514,12,50
4 3 ——502,12,00
20 2
% 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 ~— ~0600.50
N (395) &igai rus
Wigad G e 0 814,12,50 LMz b 40 (5 Lid Caoglio Ol puti — 1A Hlog00

10
3 9
3 8
'3 g —4—Ref
5, —— —8—515,20,50
4 3 —4—503,20,00
o0 2
% 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 000050
- (39,) 43383 s

wgod pw w)gS]5,20,50 .b}(.’(}'/(l.b).}‘_;)m Ceoglio Ofpcti’ =19 40507

Bk sy iS5 (BL3L Al 03,5 S 505 oS sl (et s 4 ool S 4 @l adsl (o) 50
(6 Lad Caglie alS al Jo 9h e (0 sladiged ()Lad Cuaglie St S8l Sl canle I (a5 (0 S0l e o
oy ey (Simgy Sls 5 S5l Gial3dl L oS ablicn o5k G9y0 S5l 2 (GBL3L gllas (ol jpa> plojen 3L
el b ont 4l cladiges g ,lid Canglia ;5 oo st lpads S o Lo (6 ,Lid aoglie 55 (gl |, Lyl

ol 000l A Jgaz 40 cawls b $BL5L ooy AlaSis 5 (8L 5L aill 00,5 Hlejen

2jgy TA o 40 g2 0 EXE] 256 9 o (o ilizko slog yb (55 Lid Cooglio dunylio -1 gz

55 ST b )L Caoglio Wlpwdd | (o 53 (5L Caoglilo Lamwgito L3 g o s,
(Y0) &2 yo T rb & o (MPa) 039, YA

AIY Ref )

Vef VI S07,05,20 \

-y £Iv S10,05,30 Y

-Y /Y £10 S13,05,50 A\l

BYZA #14 S08,12,20 o

YAV 10 S11,12,30 7

-Y#I0 £\ S14,12,50 Y

-Yv/A #If S09,20,20 A

-Y710 £\ S12,20,30 q

o OIA $15,20,50 V.
T 4 Cad (oS 5 LW sl )b ples jo (g lid slacmglin a5 sl goe cpl 4 o S (gt ;0 ke e
slasls zals g e b

\ \ \ IFRY bl 9 5ler B by oslodssSo oplads Py JLw ‘wawﬁ"&&bpjwﬁsg&?ﬂ




2Rl las dugy oy (pni -F-Y-F

Sl Gao)d et eizep 5 T 898 Bes e Galsj] plml gy csite slaadsed Glail
Gl Cnglio § (pgase (g dquadlsl) (g olie slopialel @l Comboe «( BL5L allas ¢l 4t
LaS e85 ao lsS o (i gy Ol (o p 3 005 )13 aslie 8590 LS slag ;- b plss sl
S Az aBloe i Elol 2l (sl (coier dmatine 45T 5 (g po (L dlas jl plaS e (Kl
LSl ol U WS slag b (ogmase 055 5 55lid Cooglin alio Ly oz 055 o0 Jol>
et 2 eS Aty (Rl polie LBl Jlme dod (l 50 ol woal S et (i plgs 5 S (s 0k
st ued dny o Bl e walld ;S i aged L aglie jo (BLSL pdlas Ly oad asle S o Sleogas o
las g i aa wlg as Loyl jo ool 0429 a &l 5 a5 b sloasges Slasein \Y I+ Jolas jo
el o a8l sl 009y JBlas 2l 3L

ctiio slaz b 51y oy oy pioloj] gl duglio -1+ gz

Yo Tb Gl SleE |l b | Tsbos | s,
(%) gz sk (mm)
D Ref )
5 $01,05,00 Y
5- S04,00,20 ¥
5 $07,05,20 ¥

ciido slagyb sl o pryario js g b dmglio - ) Jyuz

S T3k pgato 39 Oy 0)53 9o LS b S | s,
o .
(%) gz zybu (g/cm’) o guaro
YINNAD Ref \
Oy YAVA S01,05,00 Y
-\/f- YN0 S04,00,20 )
~\/$. YO S07,05,20 f
LMes| slaz )b plod j0 pgase (39 a5 Conl dae (pl 4 o S (gt ;0 Ate Cdle
il s 2lS g2 po LIS £k &y s e

ko oz b 5y 0jg) TA v 4 ()L Ceogliio iy loj] gl duaylio ~ 1Y Jgu

Tob 3L cwglio Ol i
(%0) a2 y0 T b 4 i

YA 6)% C«.nsLﬁ.o Ja.w,.m

(MPa) 9,

LYW zyb oS | s,

AIY Ref |
)Y AIY S01,05,00 Y
_q/$ N S04,00,20 Y
-VED A S07,05,20 f

Ly LSL“’C)JG rSLoJ N 6)|..i'.é 6b¢m5&a6w|@mw|@%wt)5@)oww)&

il (malS e WS 7k 4 Cans Coie

50 (SOl s Sl s (8L i ey Wl Yo g 8Ll aiid 00,5 0 o3l L sledasges o
Yol g ll ains 00,3 07) polbe ot S 5 L pizod ol daled 04 >g 4, Ko i Slogas

IFRY oot § sker (O by oxbodoesfy oo ¢prgur Jlu il o (ooke ol ¢ 3 (S o3l g il  Sxigei 9  ode oy Y\ Y




S L8 Saglie 5 (pgatte (339 50 Sl Glie tasle walsS s (ean i (Sl (FBLL i ) Wl
SR (P b e 5 golatll gloa i (35,5 s o L ol oo VFT g VISl S s 5 4 035, YA
L sl oo abe s s (5Ll (i 5y oK Yo g (5Ll i 00,5 07 lsjan S 5 aingy
S it S i Sy S sl smerke s YO, e LS et ale Ly sl ) s Slr
aile aiald ol Jpid W6 o & o 3 Sa 5 oy
O 535 os ialajl gulss Julos ~F-5
pladl 5l Gus .cwl ouds ez ie EN-12390 o Juibwl (bl ,o godon ol jo s (sladged (63003805 (pmpd
232 53 (o plgd i iz 5 Ledsigel (o S (09,5 et (i sleadisel 55 2 Gl ol
VY Jgam 50 et sloasses (59, o inlasl ol 5l eael s an b oil e a8, LS an 8L 50 allas
Sl 00y a3l
(cm) o 50 o S3di Gk Glio it lojT s bii — 11 g
(em) of 3445 Gos

il P9> dges Jol diged

Velo0 \RAS UA Ref
VoD Vel\ Vols S01,05,00
VY- VYA VY S04,00,20
YV Y/ VY0 $07,05,20

LMW g yb oS

Ol 355 e yljme o dwle L 8Ll i ), slaailain g acind 00,5 u5le 5BY Jgas o cds Ly
Heb an O g Gee e ciala] ol Gl m et Gladses den ;0 A 456 4 i dnleS astie yu o
L aS a9 4 o 39ds o ol 0 (8L50 wllas ol o 5ols il ol audl (il —wgane
ol e .l ools ylas 1) ial5 8l YAY 8085 3oe e cawslo L (2850 (i oy lailan Yo7l il
i slaalaSw g aiind 00 3 5l sslaiwl .ol Lo ;o o Jesdss ool |y i 50 o 3485 Gee Siol3dl 5o
Wyl Jlbs a1 lesmw jamam ala uly a LaailoSw s Saiwe ralS a s LYo an i jo 8L 50 o
Wgd oo (5 ($9;9 UL jo S all el

O (§yLid cuoglio 3 O Dok Gas (s alayly Cymnsd —0-F

G 50 o =iy slaaises g lid Cnglin ralS o odle b b 28U 5L dlas o5l lime o8l L as
s a - b \ S * . 1 & - A . . . 1 p

u‘)—“"j")ﬁ) YA Oy yo 6)L.w.‘3 g.,\_ABLD.cu.»_s Mw)_.a FEO PN QP}Mw‘)J‘)_uu.»_:)a u_)‘ Sg—
aS 0 bl JANY L ol cacwloacd ool L Ve jlogad j0 4 B sladasged sl 5 0 ol 3485 G

Do o i |y paie 90 (pl le (698 (SKiwaon

! Correlation Coefficient (R?)

\ \ Y‘ IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s QSLQ 0)1»)9 C.“.M ‘57.93)35 ‘5&1.; 4“’}&:




14

: \
10
y = -2.5261x+31.131

R? = 0.8894

(X) T S9i5 3oz

6 T T T T T T 1
7 7.2 7.4 7.6 7.8 8 8.2 8.4

(V) 6)L:J s:mg‘.'ﬁ.a

039) YA G 30 051 (5,Ldd Cngliio conm> y3 T B9 Gk Oyt Yo logei

‘Su)il_? LSLDJ_.Q)A )‘ oola il ‘(L.S)l—“"j MjL&Aa u.._|)b u—l 05_a.u d_a..c))_a.:...as\b Q_“ u.ug_i.i.a d_la)‘) a4 4_‘>9) l_|
Db o Coedl Pl s (60,55 — (golaidl i e le cp o 8L 5L plae ags

G5 Az ¥

Blise 2 % & B Sl Jols suls b

03 o ilg) 2 iz 3Rale I V-V

O 9y Ol Sl 3 daile (59 VYT 51 S polae L [, R i jo 8L 5L aiid 00,5 030 -
3L Gl TG s Slgy Gl Yo S0 3Kl b aS Shse jo w0l

Vol piSlas U aule j (—ide (0500l oleme an (850 v o,y slaailaS ookl U i (Sl olie -
W0 ,8 S i Slgy Vel 00 g Ve laas o b anks 0351 Ll wedls aalyss (6 s

L e im0 awbe 5l wlas lae a8l 5L o o) sloailaliw g aind 00,5 5l Lo jon solaul -
= 68U b aile 1S 39 Yo L5l SeS 5Ke i 53 (BLL i oy slaaliSinn joao olie o Jal s
Doy G Vol 5l g8 5L i )y sleailaSs jsax 51 cdls an o il dalgse o (Sloy oo
03,5V L glajed Ojao dn dnle 0350 L aS geo0 a8l walgs alS Gold an o Sloy ol
boe G YL Ko i Slgy Ol ((BL3L 5 )y slaalaSiw 80T g (S8L5L At

03U (i rgato yjg 2 Syl SI-Y-V

O P s—atte (y)g sdemlo Ly 8L 5L i o) leailan g aind 00,5 030l L YS! slapz b sl jo -
<l gels e

orele Las gy9b an wsle cnll goluj ogas L c8L 5L aicd 00,5 L oo aisle )56 (0 (pgamce ()9 —
b S Y sgas Ko i esate (g iedlas cpl bawls Y.

i U aule 51 o 30l e 4 850 i o sleailaSiw jleslawl U ;S (i pg—adte ()9 -
Lol 0399 Y/ dg0m cawsle IS V7 03Kl b Ol s cpl e a5 (6950 4 sl Slass poss Y.

by Bl i iy sleailaSiw b acubs 5l 6,0 ium polae 03l L pgmase (59 50 Sl s olime -
il e FIOT g0 BT S0l b ol ol a5 (gysb 4y wls las |y g 5ok

GNa Cpim 5 dwle By 3l lame a2 SL i o) sledilan g aind 00,5 )l jen colaiwl -
Oly=e 4 815,20,50 05 Ly LMol 7, b jo ogmase (39 Sl iSTas 0008 psmate (g Sdl wois el
Al Jols OV

Y Ol 9 5ke O by oxbodissy Sles ‘fyw‘uwl&ww‘@y&o}ugelmﬁggﬂ:w \ \ f




&L Coglio pr b g 30l FI-Y-Y

2 05 o5 ey Ko iy ()Lt Ceaglia oy duilo (35 VY i L5 (L3 4t 03,5 3ol 5L -
8L aalS VYV 090 039, YA oy 50 (6 L8 Caglie YT 030 LS S g0

O S e 5l (ase Rle plse 4 (BLSL i ) laalaSiw jlesliiul L (5Lt Canglie ST (e -
aaale 07 g YL Yo7 sla sl 6l 059, YA e 55 (6,28 Cogliin Sl )]y 195y S5pive SLLS , S
NOW PSSRV VAP S /AR R/ R SR

ol el anle 5l (i Sile Gle an (8L i ) sleailaSiw 5 asind 00,5 5l lejen colii il -
plss ) (5ylid Caglio (ol yo (UL i ) slaalain 1305 s S ;e i (5,188 Caglin ;50
33 6,8 gl Sl 5 iy 39 dspive 25U 50 las £9 95 ol Glayan ooliul b ot aisle sl diges
oLl 5t Yo liee 4 9 $15,20,50 oS b LS b 3 0)9, YA e

X 90 T B9k o (yfiae 2 b a3l ST -F-V

A K i 0 ol 365 Ges Liulisl Gael gm0 oo soliiul L5k dlae 31 G o bavks o3l -

ol GG oo 5o T S9i8 as vl (F35 07 s b 180 o2y (5L adied 005 (Sl -

S e i 50 Ol 385 Fae 1 ale 5l (it 3Rl e 4o (BLL o ) sleailaSas )05 5k -
A Ed o 8L Alas b ale (59 5l Vol 030l aoes )0 3545 Ges YA iuldl a5 glaisSay wogs aualls

PO

ulf [ ‘5’ 1o csod r:l_?u‘ )_AJ.QA‘) J_'>‘9 ‘SQ)LM:‘ Q‘)] o sl u.._> cl/LM.AJLA)T )J d—a\m a4 .Ios_uj.a duwu)T

ole.'/ LA)T r:,_.m QL...JL...A)[S s_Loj )5_14 ‘ya—od 9 cLL..MJ/ ’lb ))_v.a w).nk_a 6)l_io..® u09_.a_‘> )b |) QP )JJ_QJ u_»lj.a
.JJ)L)‘SO f)lﬁ‘

&=l

Do) e a0 5, L e g 5 (i ije—al 0ol Ll ol ae g cdoze ool (> ,5 [V
AYAN OVEF 5 waige ()gel il ,aiS

[1]. [2] Dunlop, P. Smith, S.D. “Planning, Estimation and Productivity in the Lean Concrete Pour
Engineering”, Construction and Architectural Management, Vol. 11, ISS. 1., PP. 55-64, 2004.

g SIS s Lo ol coslitasl Al LS5 g iy o5 1S LS, i Ly 5K oy e b ool [¥]
ATAY (26 (ln,lno g Lulgss g5 aZiaS ()9S lailo Corio

smane 5 (150 5 (Sl ol 5 s o clikal 5 o (59 e i (smer)S L) el ¢ 3 (Y]
=l oo Sl (o il i3S ey (G 0S5 (GBP) aind 0y e Jyammo Sgliie laso s 59l
AYAY (e

5 adindon 3 (59l (SCC) (51053 (i (Sl oly3 (oo " ol oty (o BLS 5 ol ¢ 23wl [0]
AYAN (2 559555 Ml (e il S (i Mt o

53 PEtlel () " e« B3loo 5 b e (Sl a3l e ns s00l e [5]
AYAR Glpl o (o (uilasS egs ' Slulo slaains 005 ol o (Seilse Sloogas

[7] Malhotra, V.M. Neville, A. “Symposium on concrete technology in the use of demolition waste in
concrete”, BYWAIN Wright, PJ26 (179-197), 1995.

i Aiiod 3 o) 5l oy " e (55 a6 0 Do wooly (i) @bl i (s 9l [A]
ATAY el Coio 4 5 6le 518 5 el wlan Lo Giled cmags ooy oSelSe Slakin

[9] Omran, A. Tagnit Hamou, A. “Performance of Glass-Powder Concrete in Field Applications,”
Construction and Building Materials, Vol. 109 (84-95), 2016.

\ \ a IFRY bl 9 5ler B by 0xloisf Solads g Jlw oyl (339 (odke o pozml s ‘SLQ D}Ld’ C.LAA ‘5%35 g5.0.1.5 43)&3




g acind ( Bk sla i 5l Jeols slaalaSin 50" sls yge )T a5, e )0l gz (61K cdg—omme oo [V <]
VAN OYAF ) olad FV-Y 0,08 wcis b o)) yoe s o Lol 5o 08l slacSoadl

[11] Jani, Y. Hogland, W. “Waste Glass in the Production of Cement and Concrete-a Review,” Journal
of Environmental Chemical Engineering, DOI: 10.1016; 03.016, 2014.

[12] EmamAli, E. Al-Tersawy, S. “Recycled Glass as a partial Replacement for Fine Aggregate in Self
Compacting Concrete,” Construction and Building Materials, 35: 758-791, 2012.

[13] Saribiyik, M. Piskin, A. Saribiyik, A. “The effects of waste glass powder usage on polymer
concrete properties,” Construction and Building Materials, Vol. 47 (840-844), 201 3.

Soore iy salgd 5 (SlSe olss " o (el 5 daze ¢S pime s men S (Lo, i ,8 [V
=l o s (e il -85S ez (G) 0 (GBP) a_ics oy o8 Jg—ame Dglite sldao o g5l
AYAY (s

099338 7505 () 2" DIl s (i b (Sgge e o sl iezms Slo i, [V 0]
O o GRS ey Milie slaoaisS il o150 OOl (LS oy o Slals 4t op
AYAY gl oS5

drgi g Sl g poa ol 4S5 5y 5 dgns L a9 gl e S ( Jydj0 —le [VF]
~ o oialan sl T (Sl 5 (S0 5b Slasiin st Gosb 5l i s Sluls slaains oo, 5 5l ool

AT T 0gee sl 5 olnl oo Sy slog )y Mol
[17] Lee, G. Poon, S.C. Wong, Y.L. Ling, T.C. “Effect of recycled fine glass aggregates on the
properties of dry-mixed concrete blocks”, Construction and Building Materials, Vol. 38, pp. 638-643,
2013.

[18] De Castro, S. De Brito, J. “Evaluation of the durability of concrete made with crushed glass
aggregate”, Journal of Cleaner Production, Vol. 41, 7-14, 2013.

51 oolatwl L oST 5095 oy e lw oy " ploy ¢ s> st dmame 3Ly (63 polis Lo e s [V4]

5}._.i~o )| oolA_m‘ )..QL_J 6_))?!.} ‘é_..u)).g" ‘u‘fou (e 9 ‘0‘9_> auL_,.?uJJ sr:L_,.: ‘OA-Q—M) Qj_.o.?m “5_0.._&.9 [Y‘]

oo g, <oy o0, 3 lea i ans b B sL i SUlSe Loly S —am 1 00 S g, 598 g ki
ATAL Y o )leds 655 § ot Lo el yas

[21] Capra, B.; Bournazel, J. P., Modeling of Induced Mechanical Effects of Alkali-Aggregate

Reactions, Cem. Concr. Res., Vol. 28, No. 2, pp. 251 -260, 1998.

[22] Pigeon, M., Plante, P., Pleau, R., Banthia, N., Influence of Soluble Alkalis on the Production and

Stability of the Air-void System in Super-plasticized and Non-super-plasticized Concrete, ACI Mater. J.,

Vol. 89, No. 1, pp. 24-31, 1992.

[23] Ferraris, C., Garboczi, E., Davis, F., Clifton, J., Stress Due to Alkali-silica Reaction in Mortars,

Proceedings of the 4th Materials Engineering Conference, ASCE, Washington, DC, pp. 1379 -1388,

1996.

[24] Prezzi, M., Monteiro, P. J., Sposito, G., The Alkali-Silica Reaction: Part I. Use of Double-layer

Theory to Explain the Behavior of Reaction-product Gels, ACI Mater. J., Vol. 94, No. 1, pp. 10-17,

1997.

—aali g e lejlw s (L) olhml oy aal ol Ly Lone 2905 5 (o33 el ;188 (i 9l Cglas [YO]

IFRY oot § sker (O by oxbodoesfy oo ¢prgur Jlu il o (ooke ol ¢ 3 (S o3l g il  Sxigei 9  ode oy \\ ¥




Feasibility of Production of Lean
Concrete using Crushed Glass
and Recycled Concrete
Aggregates

Mohamad Kamali
M.Sc. student, Department of Civil Engineering, Ahvaz Branch, IAU, Ahvaz, Iran

Seysed Fathollah Sajedi*
Associate professor, Department of Civil Engineering, Ahvaz Branch, IAU, Ahvaz, Iran
sajedi@iauahvaz.ac.ir

Abstract

Nowadays, the use of waste products in concrete has attracted the attention of concrete
industry activists. In addition to reducing environmental pollution and saving natural
resources, waste materials such as crushed glass and recycled concrete aggregates (RCA) can
also improve properties of concrete. Accordingly, in this research, the properties of the lean
concrete of the crushed glass and fine recycled aggregates of concrete as a part of the sand are
investigated. A total of 192 speciemens were made of 16 different mix design; in which cement
materials and the ratio of water-cement in all of them were constant. The determinants of their
differences were the type and amount of materials replaced with the sand which used in the
lean concrete reference mix design. The values of 5%, 12%, and 20% were used to replace
natural sandstone glasses, as well as values of 20%, 30% and 50% for replacing fine recycled
concrete aggregates with natural sand. The amount of slump and specific gravity of fresh
concretes determined, and the compressive strength and depth of water penetration in the
hadened concretes were also measured. The results of the experiments showed that, in almost
all of the substitutions, the mechanical properties of the lean concrete slightly decreased.
However, the replacement of crushed glass and fine RCA with values of less than 12% and
20%, respectively, in addition to having economic justification and positive environmental
effects, can maintain the mechanical properties of the lean concrete to a great extent.
KEYWORDS:  Feasibility Study, Lean Concrete, Crushed glass, Recycled Concrete
Aggregates (RCA), Sand, Environment..
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