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! Self-consolidating concrete



Gy (o ey sloaens jlosliiul D9 oo i (SHe (oloS Sgrte 4 e (BLL Slge plo b amlis )3 5> Bl
IVl ogtcn 22 58 plgs 5 5y IS weaglio Sgup el 5 ol o] 1 sl Lo ol 2 51 (2 052y S D50 4
SISyl 45 ol 48,5 &g 50 ol oSy Sl (o dtey (sbranss 3l oolitl b alal, )5 il sla e
Gz Nl lyiear pal o)l 5B or d VN gl o A1 BRI VPR TIVICWPEL K g o g0 aslsl )
S5 Plysgsmlioyl s sl (515055 (2 a8 ol i GralesT aze aisls y oS15055 (s plgs slaShes 2 5y sloailoSin
S, SHlals Jlos 5 cwyp 4 Yo7 Jlo 0 [V] lSen 5 Grms 0200 o1 5055 (5 wald bglie 4 S
S anglie o5 Lad roglie oS ol (Las bl aSlop ) GlaaloSiw Si (Rl Glarear (ol o)l b oST 5055
Loy oyt Sl XRD 9 SEM. Jilowigay 325 .l 09 (s plad 53 21 03l (55l 0515055 (2 (sad Cunglie
a YA JLoys [F] )58 5155 5550 0uS o STy | w51 5095 i Jbislogn, ol o) 5l eolitul ols ;lias a5 o plowl
5 iRl b oS s Lad uaglis oS ols (las bl ey G RS 5 oLl wslie » (Fer03) ool jog 1 o) 2
T gl o [8] s 5 bl cdgogs S il tals ol j0g jlade (il b o3l oo o5 0 oo yuris doy3 O b yal
5 Sis 0y O iSilr WSl Gl s ol e Slald sl oS 10en S 2 (S 5 (Sudslss) Pl o
A aoll diges 4 G (55L8 Coglis’ sao i Ve g AP ulidl 4 i Cod 5 4 ol ase Olnlo b plesw (G5g Sy V-
a3l PET GBI L oo o gii @S] 5093 oy gilid, 5 (Sl olos cnyp a0 ¥ ) Lo ,o [V] o en 5 o] Juelol
5 B Sgupy 09b o s g Ghlid Clglie iolidl 4 e 151 5095 0,0 PET LI ailuS a5 wsls oylis o ole)]
axdllas & YoV Jlo jo DVE] o Kes Sloausl s saalice PET SUIL 5 (65,50 wde cud )b g o ,b plp 40 Caglio ,o
3 GBI 51 eolitul .038,5 wyp |, YU soleS8 Slugn b g soVe8 sloldll ssl> slacyn (Swilse Slasuine alKil;]
e 6358 BLIl sl sl 59, 2 (25T Dl aS Sl lis mls 5 oo 2 pls 5 sy JSS ctunslin S5 el o
5 S o g n (b SU ool slag 1 g V0 e UF e (sYs8 SUl sl slagin (o5AS 5 (5LiS Cuaglie g
oo ylas s A ls p ggm (5T 5 g Ll 0 Bl sle 8 ool o o Shee cwyp 4 Yo Y- Jlo yo V0] oS
Sl b plgd ol Lol ol a8ly S duoys +18 g +fF /Y (@lo 13 oy Be38l b i sladiges o5iS g (5 Lid Congline 45
o o YU S L o o el Sluls 5l eolitul awyp 0 YOV Ylo 48 [V o] o Kan g ol .l Lol b ,id oz S
5 bl b oo 2ol o LS (ol Sluls (il b as oly les agls s ls o ,Led slals, 5 o5l Lol
ol o a5 ol Lis Gudizs cpl il LU PET L oS 095 Gt plsd o, 40 Y+ YY Jlo o V] ol 5
SCLC 3Lk sla b Canglin Y- YY Jloo ,o [VF] ()50 5 ouml g oo 2l PETAS ol Couw o5 olss a2 9 0k ,>
2o, Vo bl i 6,Lid Caglie (so¥g8 (slo 8 g BLIIaS ols les baazdly 303,5 @) 1) YU slales (o yme ,o BLII %
oy Ve By paas pliouinl Y lales (om0 5o (58,5 )18 51 s logn b GLI a8 o iul38l sall dged 4 Cons
83k soYes sla b gol> (ST b Sl Lolys awyp 4 YV Jlo STV Kenty coal aisls l58l
YE 5 OF ¥ ol ds iy & ]y cied g o2eiS os,Lid plSoctul yie Lo VY b U 28§l ooliil a8 ols oles mls awsls
2Eialegl oy Y VE Jlo yo V] o Kan g ol (yLas 10 .ol o Canglie o yiol,b o 5 9o A8 116 ,lab 3l ol 58l 0o yo
B ao s Lial33l b as ol ylas b ialeyT gl axisls p o515 055 ot (Sulke olss » oVEE ksl L 8lsb <Ll 3l
123L Gl BT (g 0515355 i 4y S (2857 Saaglie oS T S0gB o @V LSl L
Jonily jlooliial pogie byl dmwgi Conl (g5late 5 ol dnmgs 9,505, (yoged Bl ole adgs )0 (U0 cn et (So
A oolaiul Ca 4o (gt (ml (6)9le Az el Comel Bl (o iiws jo molie 5l agy el Ll [3 042 g0 LSl
wS15055 (5 50 )L 5 (o288 Cunglie Gl S el (s s apme sla Sogll 5 Slalos aile, ilaay 5 Slalogls S|
«Ceoglie GalEl S VMA 5 el 66 J5 51 0515095 (5 bolies 251 1000 5 oslittal 08T 5 (Seidly ganainn SUIT
b agiy cnl glds o oslitul iy (So3elss) (elss l Bl g Al il 4 jeSemy Cugli dpgw 5B) o JUST 4l Coos
Sloiges s1p b Coadl (S g Scigal 1 ully Sty 55 L28 Cunglie s oo 3l (5 iy 3o Ginlajl 45 Canl ol o o 4l

v



G 5 (So3elss, olsm )5 )18 sl o 5e (Setodly gatsaiay Bl 5 ol 0T Slagls (g0 5 b 05T 5095 (0 (oaSe
o4l alie ol 5 Sleses 5 opd oSl Blsieds T Seiadly otiaing B Eluls o oal 4T Sluls gl oSl poss oy

(scc)

ot s , (It |y | £0 |y || 2ESEED
Tt g Sem¥l 9o (scc Fo3)
\ (SCC FO4)
J W
£ 99 X o sl Glalo T plowit L Uass —8Jails —F Laws—T Vs —F cwodll gl —)
i sReil v ’

—F 20 898 — ¥ S gul AT ully 0 g — ¥ Gl S —)

\L'
e oo oo =5 54 G —0 03351 8 Gl 11 51

(f ap
o ouRd ‘ —a 515 895 5 0sd —

. [ Rl g e ~
plez o Ly B ks — s

S gy IS @)l gld N YL
Figure 1..General flowchart of the research process.
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Table 1. Chemical characteristics of type 2 portlandcement.
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Table 2. Mechanical characteristics of type 2 portland cement.
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Table 3. Characteristics of plastic packaging belt fibers.
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Figure 2. a) Plastic packing belt fibers b)'Size of plastic packing belt fibers.
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Figure 3. a) Iron oxide (soot) b) Granulation of iron oxide from different sieves.
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Figure 4. Vicat needle test of cement with and without iron oxide.
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Table 4. Vicat test results of cement with and without iron oxide.
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Table 5. Characteristics of iron oxide.
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Figure 5. Granulation of pea gravel, almond gravel and sand.
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Table 6. Specifications of aggregates.
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Table 7. Technical specifications of super lubricant and nano silica.
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Table 8. Characteristics’of drinking water.
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Table 9. Qom limestone powder.
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Figure 6. Materials used in the self-compacting concrete mixing plan (1-sand, 2-pea sand, 3-almond sand, 4-
stone powder, 5-water, 6-superlubricant, 7-nano silicagel, 8-modification additive Viscosity agent, 9-cement).
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Table 10. Mixing design of self-compacting concrete with and without plastic packing belt fibers and iron oxide.
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Figure 12. Schmidt hammer test on the specimen.
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Figure 13. Testing the ultrasonic pulse speed on the test piece.
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Figure 14. Concrete permeability device.
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Figure 15. a) Cubic specimen in the oven b) Specimen after leaving the oven ¢) Failure of the specimen with the
compressive strength device.
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Figure 16. a) Compressive strength fracture test of cubic specimen with concrete breaker jack b) Broken
specimen of self-compacting concrete with fiber and iron oxide.
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Figurel?. a) Tensile fracture test of a cylindrical specimen with a concretesbreaker jack b) Broken specimen of
self-compacting concrete with fibers and.iron oxide.
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Figure 18. Slump flow test results.
V @ ylosl -¥-Y

ool 2 VA S o el ST s (i demd BLI il sladws ;o L oS 5095 i V s iolesl il
(i Vocd aids O Lolesl g slabasd il sl odaliawsdy (Sl
VIO NMA N 5 a4l YV YO N ] CS 5 a5 pley eoynl a5  Sdl

b sl

Olone) 115055 i s Camns 4l

V i g1 4add O g Vil of dad o T
MY
Yz
Y/a. £IY-
a
3
o o <
(scc) (SCC FO1) (SCC FO2) (SCC FO3) (SCC FO4) (SCC FO2) (SCC FO3) (SCC FO4)
V G glainds & LislosT (0 V cid glal s
Figure 19. a) V-funnel momentary test b) 5-mi -funnel test
L aa> u‘;ul.o)i -Y-y
bl 2 Ve S 50 o] 0S5 (Steodls (soidinn demsd BLI alises slaaus 051 L oL aas lesl gl
50 by el oS g Sl (soimdvn dend BLI oy iulEl b ols las L4 s SO PR VY TCOUPR Y PREK < TON

@oges i slel 5 (Ha) (8l s slesl jo o el g by Gial3dl 65T 5055 i g Comad B ¥ VD ) /Y o5 5

V0



obe3 (S)

ok

L 4w gisloT
’A ) #/a i

(SCC)  (SCCFO1) (SCCFO2) (SCCFO3) (SCCFO4)

H2/H1

L as Gialojl gulis ¥ JsCi

Figure 20. L box test results.
J ail> ol -Y-F

) (i dowd BLII Caliste slads o 1L oST50g5 oo J adl> iolej] =l
LI sy Ll b as sl las I adl> iolesl s ! sasliawsdy (1Sl

ol oley g cdl zals (Glaw) > oy 4 Camd Ao, YANY AF/Ve OV PR Co g (G pdunb,e) cedl!

31 Glono) @5T,505% oyt ds o 4l T ¥ YIY /) a5 4y 8 eedls]

adlo> guloyT

) Sl st e (

(SCCFO1)  (SCCFO2)
ole; (8)

J ail> uﬁ'».:Lo}T =L

4 5 (Ha-Hi) lyzee g0 jo o0 gl )l s e g <8l s8] (Glow) oS 5045
Yo 5l yeS (Hz - Hi) lyzee 90 jo i gl )l OS] 50 .8l iol38l (Glaw) @51 5095

U 4o uiloyT

H2 - H1 (mm)

(scc) (SCCFO1)  (SCCFO2)  (SCCFO3)  (SCCFO4)
oke; (8)

| woley # H2-H1

\#



U aars Gl gl YY Ui
Figure 22. U box test results.
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Figure 23. The results of the Schmidt hammer test for. the cube samples in 28 days processing.
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Figure 24. Schmidt hammer test results for cylindrical specimens in 28 days processing:
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Figure 25. Ultrasonic pulse speed test results®for cube samples in 28 days processing.
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Figure 26. Ultrasonic pulse speed test results for cylindrical samples in 28 days processing.
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Figure 27. permeability test results.
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Figure 28. a) Testing the effect of temperature on 1-day compressive strength b) Testing'the effect of

temperature on permeability coefficient.
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Figure 29. a) Compressive strength test results for'cubic specimens in 7-day processing b) Compressive strength
test results for cubic specimens in 28-day processing.
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Figure 30. a) Tensile strength test results for cube specimens after 7 days processing b) Tensile strength test
results for cube specimens after 28 days processing.
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cubic and cylindrical specimens in 28 days processing.
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cubic and cylindrical specimens in 28 days processing.
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Figure 34. Correlation relationship between compressive strength and tensile strength tests, Schmidt hammer
and ultrasonic pulse speed for cubic and cylindrical specimens in 28 days processing.
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ABSTRACT

Self-compacting concrete is one of thernewest types of concrete due to its durability, efficiency, viscosity,
stability, flowability and resistance. Nowadays, oné of the most important concerns in the environment
is solid waste disposal. Plastic packaging belts are one of the plastic materials that are thrown away
after use and are known as waste, also iron smelting factories are the main source of iron oxide waste
production. In this research, based on the idea of-using plastic packing belts and iron oxide waste in
the design of self-compacting concrete mix with different percentages (0, 0.5, 1, 1.5, 2 percent compared
to the weight of cement) and (0, 5, 10, 15, 20% relative to.the'weight of sand) was added as an additive.
For fresh and hardened properties of self-compacting concrete tests with and without fibers and iron
oxide, slump flow tests, V funnel, L box, J ring, U box and compressive strength, tensile strength,
ultrasonic pulse speed, Schmidt hammer, temperature/effect”They were evaluated on compressive
strength and permeability. The results of the tests showed.that with the increase in the percentage of
fibers and iron oxide waste in self-compacting concrete for cubic samples, respectively, the compressive
strength, ultrasonic pulse speed, Schmidt hammer and the/ effect .of temperature on the 1-day
compressive strength in 28-day processing from the range of 1.61%- 72.57%, 10% - 57.5%, 3.27% -
9.27% and 5.22 — 20.64% increased compared to self-compacting concrete (control) and also the tensile
strength of cylindrical samples in 28 days processing. It increased from.the range,of 21.09%-72.57%
compared to self-density (control).
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Self-compacting concrete, iron oxide, plastic belt fibers, compressive strength, tensile strength
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