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Abstract :-

High-Strength Concrete (HSC) represents a fundamental pillar in the development of
modern engineering structures that require superior structural efficiency. This research
aims to investigate the production of HSC using locally available resources, focusing on
the role of advanced chemical admixtures and the integration of industrial waste to
achieve engineering sustainability. The research problem lies in the limited adoption of
HSC in local projects despite the availability of high-quality aggregates, due to a lack of

studies on optimal mix designs and additive combinations.

The research methodology followed a laboratory-analytical approach, where
experimental mixes (MO to M7) were modeled and designed to achieve a target
compressive strength of 45 N/mm?. The study utilized two types of superplasticizers:
PMM PLAST SP50 and Adicrete B2, while reducing the water-to-cement (W/C) ratio to
minimum levels of (0.33). Furthermore, a hybrid mix was developed by adding iron filings
at a rate of 10% as a mechanical reinforcement to consolidate the cement matrix and

reduce porosity.

The experimental results at 28 days showed exceptional success, as the actual
achieved strength significantly exceeded the initial design target. The M7 mix (based on
Adicrete B2) recorded the highest compressive strength in the research, reaching
47.33N/mm?, followed by the M5 mix, where iron filings demonstrated high efficiency in
increasing strength to 42.22 N/mm? The study confirmed a strong inverse relationship
between the water ratio and load-bearing capacity, as superplasticizers helped transform
the cementitious structure from a porous material into a high-density solid mass

without affecting workability (Slump).

The research concludes that the use of advanced chemical admixtures and the recycling
of iron filings not only improves the mechanical properties of concrete but also
contributes to producing environmentally friendly and economical concrete by reducing
the dimensions of structural sections. Based on these findings, the researchers
recommend adopting the use of superplasticizers in local construction projects and
expanding studies on the effect of iron filings on the long-term durability of structures

against harsh environmental condition
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A laall dlle Alue 2l & aladiud LginSla 5 Lia ga (lacal @l 5 dlgalasind Ji (AS1) 5 Ja )

-: (Materials) 4ediical) 3l gal) 2-3
rs s Ailupal) cillalal) slae ) 8 aulu¥) o) sall (e de gana aladinl o
-: (Cement) <iau)
(Ordinary Portland Cement - OPC).csalal) (52330 ) gall Cutans) alasin a3
-: (Aggregates) S .

(Fine Aggregate): sl al& )l
elal e Jasll palsa il dljal elld 5 (Ja )l (e dalise ciline GO0 aladiul o
il Al

(Coarse Aggregate): o<all o

A ia s dalie Cilaliay (L suSall jaall) sl alasiul

-: (Water) sl .

Al Allia 5 caadat ola pladinl a3
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- (Admixtures) 4dLaall 3 gall
el ) elall s Jls g Joadill 4L (sl (Superplasticizer) @il Gale aladiul o
-: (Material Testing) 2!l Ao <l liay) 3-3
(e s (e 2SUL ) LAY (e Ao sama ol ya) At gl Al cllalall 8 ) gall alasiul J8
=1 (Ja) as il als ) el L) 1Y
-:(Sieve Analysis for Sand) Ja ! ual) z pail) jlad) -1

lial sall Lgiitdae (o 3SU g cilypall alaal a5 55 apaal @iy

-: (Silt and Clay Content Test) (sakllg (phall dad JLGa)1 -2

A8l 3 gall Asis sl @y g cJall e AN Slial) (e J el g cdall das HLaA o) ja) &
Leia glia g Adlu jAd) clulad e Gl i3 8 Al

Cpial) alS 1) < LAl 1
(Sieve Analysis for Coarse Aggregate)alS il (uall z yaill jLas)

Gaasliall &l e 2SN Cangs e @l Jaliall alasiinly Gaall &S U ad) & 3l Lisl o) ja) o
Adluall 8 e ) all JIy 5 s QS giay (o2l)
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-: (Mix Design) 4w All Gilalil) arewas 4-3

Al 5ol Aabaal) Jall o) 5l alasiol Ble e ae Badse cand aladiuly Aple Al GlalAl) aenal o
. ADECRETE B2 5 PMM PLAST SP50 ¢3all alall aladind ) Zilaayls cla il

£ Lol A gliall dlle Ailu Al il 6t aad &3 5 (BS) Sl pall 3 o< (38 AdalAl) avanal o
3 _paidall SUay jll 2 SN &l glad

335l Jlaal (Margin) ghel Giela d8liza) ae 4 sllaall da liall Cilua: gl daglaall 1
Bal 33l )5 cule ) Al Jalad Ai€ae dpus J8 lial (W/C): el sladl dpus 2

e\dm\mq}mmw@ (o gllaall "h " e 2l elall AaS aaad: clall (s 5ina 3

Adiall oY) aally o) 3V e 2SI ae ¢ (W/C)amss o olall 40aS e ChiansY) (5 5ine .4

3oy ALl K RS e 2Ly (piall 5 aclill) AlS I KU o35 s S0 a0as 5

U_\M‘}“} oLl S J\Ju.u.n\
-:QM’ J calad :"5

da Ml g5l e g 53 S aladinly cllals

Glial) G eV 4 i

20



- dailu Al) ddaldl) alas) &) ghad 5.3
AUl ol gladl) (38 5 Jalad) A a3
Ay ol gall uld 1
JRGISPW | FUNCEN 15 51 Q)
Gan x el ddla) 3
G k)l diLz) 4

codladll gs ab Kol bl 5

-2 PMM PLAST SP50 (Alsassll cilaall 6-3

¢ 5 (w(High Range Water Reducer — Superplasticizer) @\ ik <sbas sa

;s <8¢z «Polycarboxylate
il L e -

slall A Jlai -

da glaall g A8 B3l ) - =

33 gl ddle dalu jA Zl) - o

i) (s (i 0.5% — 1.5% daisall ZiLaY) cus
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i gl) 1-6-3

M‘;}w\d}\;ﬁ\M@EJHM&;QMJJUAPSO@UA\MM?\A@

s )ity clipdaill 2.6-3
sl (KLY ) dsle Al cadalal) Jas -
Agle sl A6 <l Al A 25 -
Bolall ol sa¥) 8 Al all Jlee) i -
il A5 paliy Qo) 448 e ddailad) callati ) caVsll - o
slall 4,0 Jliy ) ghal da gag 5 Adle 3ol ol A 2L - &
Al Al cllalall dlulad g ay) 55 Cpni - g
1438l &) jaaal) 3-6-3
Al Al Al a5 caall JSLEe (e Jlay Lae Jusell 4LE (e -]
giianY) (5 siaall ity Clalea dalle e glia-co
lalea D Al Al daglia e Al (g CrianY) ApaSy b il
e ) elall A 5 Adtaal) Jale) dahs Al Al ee Al -

s Jlaaiad g ds jald) ciald ) 4-6-3

wosthaal e e Jgaall Ll cle ae geitall Ciliay of Cangr ALY 48y jha.|
Adle A8y saaaall Al Caliat (o caagyz ABAY) -

el s (e A e s (0.5-2.5) Om sl Aald ) de all-m
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Aol Gy yall g ol sall T g duiliall Ao jadl sl G jlad ¢ ja) s dalaral) o laili=a

Agadl M)
L e Lally iiall sy CAlaiilf
W50 ) CianY) o1 maen ae pakio: (381 g3 - g
rell) dda g dda il de ) 15l 5-3-6
ada jie de ja aladiu) die
Al jall dlalal) el (e ) (A Ak sala i) ) s, .
Adl AN Joalall 448 3l 3L )l sam e

Anaaall dallaall by Sale 2o 3 Jo dlali dlead (5 sail) daglad) iy

-: ADECRETE B2 (bl iliaall 7-3
S5 5Y) Cliaal sall 5 £S5 5a¥) Al Ciliaal gall cillal idl g3 SLAN Ao s 30l 31 Al AN Ailis)
A paall dpuldll Gldial sall
skl ailias Loagl 5 5 jaladl Ll all Cilaa 5 aibias Jlexinl) Jlas

(2°Y0 xie) Ayl (al 2l

7Y J8z e sanall o) sl A

e 15l gaan ae (380 55 ey ae 380 il

el Kg 00 JSUKg ) s salall D) Jaee

sl 3l o3 i Y g5 ,Suall Al Al e glie 8 Addls 50l ) Alaall e jall 8 5ol )
Al Al Al e sliall e

23



3aS) b Adliza) Cpuation g Jaldl) Alae ol 5 pilae ¥ o S S0aY) Caliay - Jleaatiu) 48 5l
Jalal) oloe Adlica) g il B

-1 iy il g sl 1-7-3

(Setting <Lall a3 de sm 5333} Liasund Lanma il 31 A € Filin) o B2 3 S5
Gy b ) i ans Lae cCiiandl Al kel Juasd e sl JexiAccelerator).
lhadll dali) 3aly 5 oulid

s e claa 2-7-3

il il 535 2l 8 Aoy callati ) calelUadll 8 ol (S0 iiall iy
il gl Jai g ) gall @l Aoyl (Precast): 3 akad) Al jall Gl gl ailias
Aa ) Z LY e 30l 31 0l 5 ey gl ibas

aliad) e Aatll) cuian) ol shay e liall; 83Ul o) s Y1 B Al 3l Jlee)
_EJ\)Q‘

-14s jally Jlanind) cilaglad 3-7-3

005 e L %2 day (o) CuiensY) (0 50 Kg JS 1 Kg (Gsm: salall e Jans

Ll ddee 8 Alu Al Aa3A N 5 il B2 ¢y Sl Calia: ALyl 45y,

Jals Galaiall o sill lacal Jalal) olye Zila) g pudi b 5alall Aila) Juadls dpeasi o
Adalal)
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- g8l g <l jraal) 4-7-3
Al,al el g i) il e Julis: de )
Al e Jgnns Laa ¢ 531 el b e sliall By o dady Jan: 3 ,S0al) il

e jall o) V) e Dl Al Aledl) dagliall e Wl g Visasall

-:A..'MAJ\ 54 1 8-3
-1y ol g Ciuagl) 1-8-3

L sl i€l 8 aadind palaall Aol a5 sl clilee (e Al il oo 5 e & sl Bl
Ol Jie diaa Gl & Gauail ALalS Sl (Jall) aclil QST 5 5a Jaas sl il A
s all dua gl 5 ddtall ¢ e sl

s Jlaaiay) claa 2-8-3

e Al gl 8 aaal) 530y e 4 gl colalal) aaaid

BmSl &lS jaall ae) 8 8 deadiill (Heavyweight Concrete): 48USH ddle 45l Al
) ) Ay alaiay

) s e dilu jall 5 508 saly 3 e liall 5 Axdl) e b el il .

(Abrasion Resistance).cs sl s JSUl phall da dlia 33l 3 e liall cilpa ¥ o

clanall 85 pall aaal of Lz )Y Asdal) dadail 8 5 ) all Jaa gill il dilus 2l

e liall

-
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=1 (ARl b Lgaed dis ) dad gial) 4080 (el gAd) 3-8-3
Lo Llle ) A gy sty apaad) 500y Adlia) wie Dl Al 4SS0l 5 Al jail) (ailiadl)
1 SIS Al =3l G 55 (%20 A %5 Aty Jall a4 5

(Density)se s o) sl 5 A
Al Al e anSd) il 55 b A salesila: )

b (2.6 N sa) dall (e S Aed (7.8 (sa) waall e il 0350 of e Jausail)
Jle il Zlias Al ae ) g8l 5 4 ) sall JEI J3S0 A0 Lelany Laa cala 3 Al jall 400 28U

VY s
(Mechanical Strength)AaSslSeal) s slaall, -0

% 25 N10% 7o) o5 Ay A gl ad5 3 (Compressive Strength): aaall 4 il
i AN ISl e dlia 2l o) 5eS Jead ppaall s (Y cglliall 28Uyl o die

e (9850 A glie e Aol Al 5 508 s (Flexural Strength): sUsiyl g 280l dagladll
Jall 4l 28] Gilalea) Jaad A 4y 8l aaall Aanla

(Abrasion Resistance)<il<iay) 5 s nll 4a slaall, =
bl 523a 85 S 5l 5 Y

IV Ll e Lo a5 ¢ SlSuad) Ay olal 13 gana ST s jal) racasic Jonaiill
ALE G e e 0 G ) s oy sl s caibiadl il )Y

(Thermal Properties)i ) _all gal Al -
_BJ\);J\ ds.\ ‘_A.c Z\JLNJAJ\ EJ.Ag J\J‘}E: Lﬁ,)\);j‘ ( LLAA )ﬂ\ °

wig’u;z@wus‘m baslu,all 8"l all zoxd Sl Jlas a5

(Underfloor Heating).<ulaa ¥ s dsdail)
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(Permeability)uebaica¥! 5 a3l o
sl Al Judsss 5

?L"M” oy Lase ¢ (Micro-ﬁ”er):\:\j:\..d\ Gile ) Hall Aalla 3aleS Jans dac Uil asd) 30) yor Juaddl)

il il duad) alal) da puy (i) pudl Al AN Galatial (e i AR

-1ds jall g Jlaial) 48y 5k 4-8-3

oaall ) sl 830 Je )l 35 (020% (NI5% Jlaiuls Bale meath: Jladul) A o

(pla23sY) (e

e s AUl Ly 5 55 Glawal Y sl "alad) e alS 5 Jasll ae paadl 500y Jald Jumdy: Lalall

Oale aladin liad 38 131 " (Workability)aaleds" Ji 5 Jail ot adalal): danil Adaadla
A5l e Jalaall) Gl ol S5 3l PMM Plast SP50 Jis(

-1 jraal) 5-8-3
AL ) gl A8K5 5 aibaall Cililie JMaiud: bl
leuall L glia 5 Adball aad Liluya Tadan et 430
) ia) sl ads (o8 A yaall el LS e i )

-: (Casting) «ball ca 9-3

e all Al Y eleall aladial &e ¢(pe 150%150%150) 42Sa ) 48 = Al All e 8
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- (Curing) 4allaal) 10-3

g1 285 7 32l 0yt g ccuall (e deln 24 2 e Ll Asdleal) g

-: (Trial Batches)dxx 2l <ihlil) 11-3

Lasi 28 57 sae die CiliaSa juy yidall (8w sai dla Jee o 3 Y )5l bl sy

Ll 4 gUaall A glaal) cuia 3y el cillaald) o (e &Sl

railbla) ¢ 92 dgra yal) Adall cildaldl) qusiz (1-3) J g2

Al | (Kg) o slall | cuiandy) Lud | Ngall
(Ke) (Ke) (Kg)| wdbadi)  Adssdl
1065 775 207 400 ... MO
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=: (PMM PLAST SP 50)<ilaal) aladiuly cilalil) 1-11-3

b LaS Ciliaall (e ddlidle Guandy cilald diad dlae) a0

:(m3 )& PMM PLAST SP 50 wilaal) o cUaldl) cad 1(2-3) Jgaa

aks | Jall slal) | Culamd) cilaaal) dpd | 31 gall
(Kg) (Kg)| (Kg) (Kg)| PMM PLAST | 4igsall

SP 50
1065 775 190 400 %1 M1
aks i Jadl elall | culadd cilaall duad | A gall

(Kg) (Kg) (Kg) (Kg)| PMM PLAST | 4is<all

SP 50
1065 775 190 400 %1 M2
als Jall slad) | Culaud) cilaaall dud | ) gall

(Kg) (Kg) (Kg) (Kg)| PMM PLAST | 4is<all
SP 50

1065 775 190 400 %1 M3
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A [ S| sl e cibizaall dpwi | 21 gall
(Ke)| (Kg)| (Kg) (Kg)| PMM PLAST| 4issal

SP 50
1065 775 170 420 %1 M4
als i Jall sl | culaad) cilaall Al | ) gall
(Kg)| (Kg)| (Kg) (Kg)| 33| SP50| Adssall
Laal)
1065 775 150 450 | %10 %1 M5

:(m3)J! B2 ) cibiaal) g cillaldl) cudz(3-3) Jgaa

aS | (Kg) Jaut sLall Cuian) A 3} gal)
(Kg) (Kg) (Kg) | ibaal| 4Agsal
1065 775 150 450 %1.2 M6
A | (Kg) el slall Cuiand) A 3} gal)
(Kg) (Kg) (Kg) | ibaall| —Agsal

1065 775 150 450 %1.5 M7
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- il Jida512-3
(DA e gl Jlas o3

*EVEON I PN P Y LG PR

bl 5 cplall A il s

il A Adal Jeadl aaan

, sanl) Lpany ae Jaslie 23 (ulie alS 5 5 20 (ulie oS aladind a3 -; oSl dpuilly =7 Ad3adla
- @'Y\SQM\UA

23 olie 2 520 (e 1 Cua (2-1) Aty 1 M1 Aall
23 8e 2 520 (e 1 dua (1-2) Ay 1 M2 Al
(1-1) Aty 1 M3 Aiall

20 48e 2 523 (e 1 dua (2-1) Ay 1 M4 Al
20 (e olS ) aladind &5 :M7,M6,M5 lisall

= daolldpally -
Jaoll (e (1) Al pladinl &3 M3,M2,M1 lisall
dall s (2) Al pladind o3 M6,M5,M4 il
el (e (3) Al plasind o3 M7 A3l
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JLEAY g daldadl) ¢ Lawl

(Execution & Modeling & Testing)
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-r dadis 144

Ll Al il 5 (2S5 Jaoll) W1 o) sl e dalesal) ol HLia¥) Als o dicadll 138 a yaiiny
Adlle A glial Jsea gl 8 ApleSl Cliliaall i1 Jdas aa csaliaiall

g lad) DA (e A sale i ) SLadY) 5 aull g dadaill dla ye dan 5 Coad ) epia i (e Y
Cililcaall 3l gan Ao Cag gl Gl g ¢ Aalanal) el Lad saliatiall Zolu Al e ¢ 20 g¥1 3 gl
M\B)ﬁéﬁ)édﬂdﬂ\'&d\ﬁ}@w\

- (e:.l.'d\ eISJS‘) A gal) ) LA s 40 244
daliag Jay Gilie SO aladiul &8 =7 Jall eusad) 7 4l 1-2-4

(1) Ce aclil) Al U Adial) Judadl) 1(1-4) J9an

( PS) Asulil) clina) gal) %o dpesdl Sl Gl (Aial) (mm)Jaiad)
100-90 99.07% 989.15 9.26 4.75
100-75 94.86% 947.17 41.98 2.36
90-55 72.19% 720.81 226.36 1.18

59-35 56.89% 568.04 152.77 0.60

30-8 31.35% 313.04 255 0.30

10-0 22.44% 224.14 88.9 0.15
3-0 7.16% 71.5 152.64 0.075

- 0% 0 71.5 PAN
998.41 TOTAL

ZONE 2 : aaddeall Jall ¢of Badly
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Percentage Passing (%) - 0000 00000

100 A

801

60 1

201

20 A

Gradation Curve - 00000 000000 0000000

____________ — —8— Sample (000000)
~—a === Lower Limit (0000 000O00)
~eo === Upper Limit (0000 000000)

4.75 236 118 0.6 0.3 0.15 0.075
Sieve Size (mm) - 0000 000000

(1-4) UJJY‘ :\-'\.-,HJ\ ?:-I.U\ elSJﬂ g..\:\,\d\ GJ.\:\S\ hlaia
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(2) 4e aslil als Il ASSal) Judasl) 1(2-4) Joa

ala 1000-----4dwdl 59

PS dauilil) cilial gal) %o Al Sl gl al) () JAdal)
100-90 97.5% 975 25 4.75
100-75 92.5% 925 50 2.36
90-55 80.7% 907 118 1.18
59-35 51.8% 518 289 0.60

30-8 7.2% 72 446 0.30

10-0 4.1% 41 31 0.15
3-0 1.5% 15 26 0.075

- 0% 0 15 PAN
1000 TOTAL

ZONE 2 : aaddecall Ja ) o) Badly
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Percentage Passing (%) - 0000 00000

100 A

80 -

60 -

40

20 A

Gradation Curve for Fine Aggregate (0000 2)

_____________ . —8— Sample (0000O0)
-~ — == Lower Limit (0000 000000)
-— - == Upper Limit (0000 000000)

4.75 2.36 118 0.6 0.3 0.15 0.075
Sieve Size (mm) - 0000 000000

(2-4) 4l Al aclil) AlS U al) 7 i) Jakadia
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(3) Ae aslil als Il SSal) Judasl) 1(3-4) Joia

ala 1000-----4dwdl 59

PS dauilil) cilial gal) %o Al Sl gl al) () JAdal)
100-90 96.9% 969 31 4.75
100-85 92.2% 922 47 2.36
100-75 81.2% 812 110 1.18
79-60 60.2% 602 210 0.60
40-12 7.8% 78 524 0.30

10-0 5.2% 52 26 0.15
3-0 1.8% 18 34 0.075
- 0% 0 18 PAN

1000 TOTAL

ZONE 3: paidieal) Ja ) o) Baadly
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Gradation Curve - 0000 000000 000000 (3)

100 —H— —@— Sample (000000 3)
S ——~- Lower Limit (0000 00000D)
~
‘\\ === Upper Limit (0000 000000)

80 1

60 -

40 4

201

Percentage Passing (%) - 0000 00000 000000000

4.75 2.36 118 0.6 0.3 0.15 0.075
Sieve Size (mm) - 0000 000000

(3-4) AANY L) aclil) alS U el 7 i) Jakada

= Jall k) g bl A 22244

p (1) Aall alal) g bl dpsd 1(4-4) Jo>

500 g W1diall &3

444 g W2 Ciadadll s Adall ¢y

:gAHU Oadal) A

11% Percentage of Silt and Clay =

%3 J) s LY Aty ) ciliaa) gall Aiilha & Adad) 222 & ol
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:(2) Adall alal) g bl dpsd 1(5-4) Ja>

500 g W1 sl s
485 g W2 Cidasl) 32y ddal) 05
:g.dd\ § Cudall ;\,\ua'
Percentage of Silt and Clay = u x 100
3% "
1 (3) Al el g bl Aol 1(6-4) Jo2a
500 g W1 &all &)
285 g W2 chiadl 3y Al 033
1 aball g bl A
Percentage of Silt and Clay = Wi-We x 100
3% "
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-1 AN alS ) @l LEA) As je 344
Sl Al Al JRSal) Julasl) (7-4) Jsia

ala 2000 sl )59

% ) 0ol | k) 0l | Adiall | (aa) Jadal)
100% 2000 0 37.5
100% 2000 0 25

92.4% 1848 152 19
44.6% 893 955 12.5
17.1% 342 551 9.5
17.1% 2 340 4.75
0% 0 2 PAN

20mm 2 (paadl) pmsl) ol 1 o s ) (uliall
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Gradation Curve - 00000 0000 000000 DOOOO

100 4 —— Coarse Aggregate (000000 0000O)

801

60 1

404

20 A

Percentage Passing (%) - 0000 00000 000000000

4x107.5 310" 25 2x10b 25 95 6x10° 475
Sieve Size (mm) - 0000 DOOOOO

(4-4) ol a8 U1 anal) oz yail) Jaladg
-2 da jUall ddbu Ad) @ LA Ads je 4-4

Adicrete Jis (Slibadl e g5t Glhlall & ekl (Slump Test): sl JLSa)
Gl Adlad Gy Laa colall a8 (alidil) a2 3 3lies (Workability) Jendi 4,18 B2
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tbgagd) JLOA) As e (8-4) Jo>

b gagll dasd iliaall duud cilaal) £ g W/C aalal)
13.5cm - - 0.5 MO
20 cm 1% PMM PLAST SP50 0.47 M1
5cm 1% PMM PLAST SP50 0.47 M2
15 cm 1% PMM PLAST SP50 0.47 M3
12 cm 1% PMM PLAST SP50 0.4 M4
16 cm 1% PMM PLAST SP50 0.33 M5
7 cm 1.2% ADICRETE B2 0.33 M6
14 cm 1.5% ADICRETE B2 0.33 M7
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-:(Compressive Strength) hial) daglia jLad) da e Cla A 544
PS (u sl 35S0 335 (Lo 285 7 ) Adlia el vic Tall Aa i sl o

Al Al ClaaSall g liad) IR (e ds gale 2l 1 ) Jasacal) Gaglie Hliial) Als ye dan 5 Cadd
38 ad ) 8 aasll 83y s AxiliasSl) Cililiaal) 3eUS (a0 o Lo gl ol @llh g ¢ Jaruall da slie il LAY
Jaaill
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(MO) ab) 7 Baal dna yall Adalill hidulal) da glia (9-4) Jsia

RS | sl e 5 | el g Lo glaall .
daldl) N/mm2| KN Jeall e Al
Kg/m3 8
2430 | 11/3/2026 | 4/3/2026 25.283 | 568.861| 8580 1
2430 | 11/3/2026 | 4/3/2026 24.962 | 561.639| 8790 2
2430 | 11/3/2026 | 4/3/2026 23.602 | 531.045| 8615 3
24.615 N/mm? : bl 4a glia Ja gia
(MO) ol 28 5aal ddlidal) cillalill iall daglia (10.4) J 92>
RS sl o | el g 5 La gl .
a3l N/mm?2| KN Jeall et Ahlil)
Kg/m3 8
2430 | 31/3/2026 | 4/3/2026 28.611 | 643.750| 8.765 1
2430 | 31/3/2026 | 4/3/2026 32.112| 722.530| 8.930 2
2430 | 31/3/2026 | 4/3/2026 28.965 | 651.710| 8.755 3
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29.896 N/mm? : hiul) da glia Jaui gia




(M1) alsi 7 3aad Adlidal) CUalilt hdiall da glia (11-4) J9in

LS| sl o ] el s Lo gaall .
EIAEY N/mm?| KN Jeal d alalil)
Kg/m3 8
2430 | 6/10/2025 | 29/9/2025 33.358 | 750.551| 8.655 1
2430 | 6/10/2025 | 29/9/2025 28.023 | 630.509| 8.665 2
2430 | 6/10/2025 | 29/9/2025 32.743 | 736.721| 8.705 3
31.374 N/mm? : k!l daglia Jaui gia
(M1) ol 28 3aal ddlidal) cillalill baiiial) da glia (12-4) Jo>
i sl ] qall i) Aagtal .
ESAEY N/mm?2| KN Jeall d Ahlil)
Kg/m3 8
2430 | 27/10/2025 | 29/9/2025 36.915| 830.579| 8.908 1
2430 | 27/10/2025 | 29/9/2025 38.712| 817.028 | 8.885 2
2430 | 27/10/2025 | 29/9/2025 36.881 | 829.813| 8.566 3
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37.502 N/mm? : hiudall da glia Jaui gia




(M2) sl 7 3aal ddlidal) clalill Jaiilal) da glia (13-4) Jo>

ABUS| sl ] el ] Aaglaal .
daldl) N/mm?2 | KN Jeall d Al
Kg/m3 e
2430 | 1/12/2025 | 24/11/2025| 31.261| 703.381| 8.780 1
2430 | 1/12/2025 | 24/11/2025| 30.931| 695.954 | 8.755 2
2430 | 1/12/2025 | 24/11/2025| 31.483 | 708.359 | 8.720 3
31.225 N/mm? : bl 4a glia Jaw gia
(M2) all 28 Baad ddlidal) CUlAl bailal) s glia (14.4) 52
S| sl i) el i Lagliall .
Aald) N/mm2 | KN Jeall e ahalil)
Kg/m3 8
2430 | 22/12/2025 | 24/11/2025 | 37.220 | 837.439 | 8.970 1
2430 | 22/12/2025 | 24/11/2025| 34.350 | 772.872 | 8.805 2
2430 | 22/12/2025 | 24/11/2025 | 39.387 | 886.206 | 8.650 3

46

36.985 N/mm? : bl 4a glia Jai gia




(M3) sl 7 3aal ddlidal) Clalill Jilal) da glia (15.4) J9an

QUS| sl | ) da glaall .
Al N/mm? | KN Jeadl g Al
Kg/m3 8
2430 | 2/12/2025 | 25/11/2025| 28.214| 634.281| 8.795 1
2430 | 2/12/2025 | 25/11/2025| 31.229| 702.660| 8.870 2
2430 | 2/12/2025 | 25/11/2025| 27.216 | 612.367 | 8.725 3
28.886 N/mm? : k!l 4a glia Jaui gia
(M3) ab 28 52l Adlidal) cillalill bdiaal) 44 glia (16.4) Js2>
S| sl i) el i Lagliall .
Al N/mm?2 | KN Jeall e ahalil)
Kg/m3 8
2430 | 23/12/2025 | 25/11/2025| 35.568 | 800.280 | 8.700 1
2430 | 23/12/2025 | 25/11/2025| 38.966 | 876.729 | 8.660 2
2430 | 23/12/2025 | 25/11/2025 | 37.265 | 838.467 | 8.740 3
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37.266 N/mm? : hiuiall 4 glia Jau gia




(M4) s 7 3aal ddlidal) Clalill Jailal) daglia (17.4) 93

ABUS | s ol | qual) gl da glaall 4
] sl |
ddatsl) N/mm? | KN Jal) ) akalil)
g
Kg/m3
2430 | 19/1/2026 | 12/1/2026 31.974| 639.476| 8.875 1
2430 | 19/1/2026 | 12/1/2026 33.064 | 661.284 | 8.670 2
2430 | 19/1/2026 | 12/1/2026 32.542 | 650.836| 8.660 3
32.525 N/mm? ; hidall da glia Jau gia
(M4) s 28 5aal ddlidall Cllalill baiial) 4a glia (18.4) J9i
US| sl o | uall g da glaall
_— Qs | JAd
akalil) N/mm?2| KN Jaal) i
kg| 4b
Kg/m3
2430 | 8/2/2026 | 12/1/2026 39.987 | 899.701| 8.675 1
2430 | 8/2/2026 | 12/1/2026 39.721| 893.720| 8.830 2
2430 | 8/2/2026 | 12/1/2026 36.323 | 817.271| 8.695 3
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38.677 N/mm? : bl 4a glia Jaui gia




(M5) b 7 54 daNisal) cUalilt Janal) da glia (19.4) Js>

AAUS | sl g ] ) s Lo gaall .
daldl) N/mm?2| KN Jeal) e Al
Kg/m3 8
2430 | 3/2/2026 | 27/1/2026 31.461| 707.884| 8.800 1
2430 | 3/2/2026 | 27/1/2026 35.453 | 797.701| 8.755 2
2430 | 3/2/2026 | 27/1/2026 34.749 | 781.858| 8.740 3
33.887 N/mm? : k!l 4a glia Jai gia
(M5) all 28 3aal ddlidal) cillalill bial) daglia (20.4) J o2
RS | el | quall i Lo glial) .
Adalil) N/mm?2 | KN Jeall et Ahlil)
Kg/m3 8
2430 | 24/2/2026 | 27/1/2026 44.366 | 998.243 | 8.790 1
2430 | 24/2/2026 | 27/1/2026 39.683 | 892.878| 8.825 2
2430 | 24/2/2026 | 27/1/2026 42.616 | 958.860| 8.965 3
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42.221 N/mm? ; bl 4aglia Jau gia




(M6) Al 7 524l daNisal) cUalilt Janal) da glia (21.4) Js>

-

RS | sl o 5 | el Laglidll .
daldl) N/mm2| KN Jeall g Al
Kg/m3 8
2430 | 10/2/2026 | 3/2/2026 35.460 | 797.853 | 9.105 1
2430 | 10/2/2026 | 3/2/2026 37.086 | 834.430| 8.755 2
2430 | 10/2/2026 | 3/2/2026 36.234 | 815.271| 8.705 3
36.260 N/mm? : bl 4a glia Ja gia
(M6) alyl 28 Baal Adlidal) CUlAll baial) da glia (22.4) s
RS |yl fo 5] quall g B] A glaal .
a3l N/mm?2| KN Jasl et Ahlil)
Kg/m3 8
2430 | 3/3/2026 | 3/2/2026|  45.450 | 1022.635| 8.675 1
2430 | 3/3/2026 | 3/2/2026| 37.476| 843.215| 8.815 2
2430 | 3/3/2026 | 3/2/2026|  44.569 | 1002.803 | 8.655 3
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42.498 N/mm? : bl daglia Jou gia




(M7) Al 7 524l daNisal) cUalilt Janal) da glia (23.4) Jds>

-

US| ) o [ qual) i Aagtial .
daldl) N/mm2| KN Jasl g alall)
Kg/m3 8
2430 | 18/2/2026 | 11/2/2026 |  44.463 | 1000.417 | 9.015 1
2430 | 18/2/2026 | 11/2/2026 | 43.774| 984.916 | 8.790 2
2430 | 18/2/2026 | 11/2/2026 | 44.417 | 999.383 | 8.685 3
44.218 N/mm? : kiual) 4a glia o gia
(M7) all 28 Baal ddlidal) CUlil) baial) da glia (24.4) s
QUS| sl ol | quall da glaall .
a3l N/mm2| KN Jel) e Alaldl)
Kg/m3 8
2430 | 11/3/2026 | 11/2/2026 | 51.342 | 1155.204 | 8.875 1
2430 | 11/3/2026 | 11/2/2026 | 44.073 | 991.645| 8.750 2
2430 | 11/3/2026 | 11/2/2026 | 46.562 | 1047.637 | 8.865 3
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47.325 N/mm? : bl 4a glia Jau gia
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(W/C Ratio) <iaw) ) slall dps (o dpalill) 43Mal) 1(25-4) a2, Jg2a @
: :\..,\.\..,Uﬂ‘ QLEMLAJ,.\ 28 s Aic Ad8aal) Ll ;\.AJEAJ

Taghe bugie | i) doas | cibiad g g3 W/C “
adatil)

N/mm? bl
29.896 - - 0.5 MO
37.502 1% PMM PLAST SP50 0.47 M1
36.985 1% PMM PLAST SP30 0.47 M2
37.266 1% PMM PLAST SP50 0.47 M3
38.677 1% PMM PLAST SP50 0.4 M4
42.221 1% PMM PLAST SP50 0.33 M5
42.498 1.2% ADICRETE B2 0.33 M6
47.325 1.5% ADICRETE B2 0.33 W
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4 4.1 Rolative density of ek 2.; reiereeraeen. kNOWR/OSSUMEd
agyregate (SSD)

42 Concrele gensily rigs kg/m?
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Approximate compressiva strengths (N/mm?) of

concrele mixes made with 4 free-water/cement ratio of 0.5

Coement Type ot compressive stiengths (NZinme¢)
strongth conrse Aga (diays)
class aggregate 3 7 28 o
25 Uncrushed 22 30 42 49
p—
= . Su 27 3% 4R 5
5258 Uncrushed 29 37 48 54
Crushed 34 43 55 61
unitsy N/nwn?

srengt
1Newn’ « 1AM @ ) MR (N - reator Pa e paveal)

corresponding value for the free-water/cement ratio can
then be read from the abscissa. This should be compared
with any maximum free-water/cement ratlo that may be
specified and the lower of these two values used.

5.2 Selection of free-waler content (Stage 2)

Stage 2 consists simply of determining the free-water
content from Table 3 depending upon the type and
maximum size of the aggregate to give a concrete of the
specified slump or Vebe time.

5.3 Determination of cement content (Stage 3)
The cement content is determined from calculation C3:

free-water ¢
free-water/cement ratio

Cement ¢

-.C3

The resulting value should be checked against any
maximum or minimum value that may be specified. If the
calculated cement content from C3 is below a specified
minimum, this minimum value must be adopted and a
modified free-water/cement ratio calculated which will
be less than that determined in Stage 1. This will result in
a concrete that has a mean strength somewhat higher
than the target mean strength. Alternatively, the free-
waler/cement ratio from Stage 1 is used resultingina

Table 3 Approximate free-water contents (kg/m?) required

10 give various levels of workability
Siump (mm) 0-10

10-30 30-60 60-180

Vebe: tune (s) 212 6-12 3-6 0-3

Maximum size

of aggregate Type of

(mm) agygregate

10 Uncrushed 150 180 205 225
Crushed 180 205 230 250

20 Uncrushed 135 160 180 195
Crushed 170 190 210 225

40 Uncrushed 115 140 160 175
Crushed 155 175 O 205

Nole Ven Coarse and e aggregates of diferent types are used. the lree waler
Conlent is estmated by the expeession.
nW,e'nw, g
whore W, «liee waler conlent appropriate 10 type of fine aggregale
and W, = lroewalis content approporiste 10 Type of COMSE aggregale

5 _Flow chartof procedure 13

higher free-water content and Increased workability.

On the other hand, if the design method Indicates a
cement content that Is higher than a specified maximum
then itis probable that the specification cannot be met
simultaneously on strength and workability requirements
with the selected materials. Conslderation should then be
glven to changing the type or strength class, or both, of
cement, the type and maximum size of aggregate or the
level of workability of the concrete, or to the use of a
water-reducing admixture.

5.4 Determinalion of total aggregale content (Stage 4)
Stage 4 requires an estimate of the density of the fully
compacted concrete which is obtained from Figure 5
depending upon the free-water content and the relative
density* of the combined aggregate in the saturated
surface-dry condition (SSD). If ne information is
avallable regarding the relative density of the aggregate,
anapproximation can be made by assuming a value of 2.6
foruncrushed aggregate and 2.7 for crushed aggregate.
From this estimated density of the concrete the total
aggregate content is determined from calculation C4:

Total aggregate content =
(saturated and surface-dry)

D--C-wW -..C4

where D = the wet density of concrete (kg/m?)
C = the cement content (kg/m?)
W = the free-water content (kg/m®)

5.5 Selection of fine and coarse aggregate contents
(Stage 5)

Stage 5 involves deciding how much of the total
aggregate should consist of ial: ller than 5§ mm,
ie the sand or fine aggregate content. Figure 6 shows
recommended values for the proportion of fine aggregate
depending on the maximum size uf aggregate, the
workability level, the grading of the fine aggregate
(defined by its percentage passing a 600 pm sieve) and
the free-water/cement ratio. The best proportion of fines
to use in a given mix will depend on the shape of the
particular aggregate, the actual grading of shape of the
particular aggregate, the actual grading of the fine
aggregale and the use to which the concrete is to be put,
However, adoption of a proportion obtained from

Figure 6 will generally give a satisfactory concrete in the
first trial mix which can then be adjusted as required for
the exact conditions prevailing.

The final calculation, C5, to determine the fine and
coarse aggregate contents, is made using the proportion
of fine aggregate obtained from Figure 6 and the total
aggregate content derived in Stag» 4:

L e N
e gravty aay e wassof an
G voune of water

@‘" Scunce
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o .5 Flowchartofprocedures 15
Maximum aggregate size: 20mm
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Figure 6 (continued)

Free-water/cement ratio
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