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ABSTRACT

The reology and several physical properties of cements are studied by varying the different mineral com-
position and particle size distribution{PSD) of cemenis with closed circuit ball mili tor hugh workaliily, low
heat of hydration, and tigh strength. In this study. we found that the workability of concretes is related 1o the
viscosity of cement, and afferts to strength. Here, this workahility is affected by mineral comgposition{C.A) and
the PSD. Especially, rosin-rammer mdex and 44 um residuc in the PSD of cemenis are affected to water
demand, casting property, slump loss, sirength of cements. From the above results, the conditions of cement
for high workabiiity. low heat of hydration and high strength are Lo use low C,A clinker, 5-10% slag addition,
und to grind cement below 0.7 rosm-rammer index, ahove 3.5-4.5% 44 um residue, 4000100 em’/g Blaine.
Such cements are, therefore. supurior to super low heat cement and slag- blended cement in comparing the
physical properties of strength, slamp, slump-flow. adiabetic temperature, etc.
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Table 1. Chemical Composilions of Starting Materials
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Table 15} &t} 7|4 cement 1. 2, 32 Table 12
Type LV clinker& Al&3l<] gHE AlRIEe|C],
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AFEE= Type I, V clinkerE closed circuit millZ
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Starting Chemical composition (%) Remark
materials Si0, | ALO, | Fe, 03 | Ca0 | MgQ | Na,0 | KO | SO, | L.OI
Clinker Type VI 228 | 4.0 48 | 644 | 29 | 010 | 0541 05 0.1 | s-maker
Type 1| 21.7 | 5.8 34 1651 | 29 | 012|072 | 0.2 | 01 |smaker
Calsum sulfate 59 | 01 08 | 387 01 - 53.0 1.1 | Natural anhydrite
Cement 1 206 | 47 | 31 | 611 | 27 - - 74 | 05 | Type L, blame 4050 cm’/g
Cement 2 196 | 59 29 [ 597 30 ;011 | 072 | 62 1.9 | Type 1, blaine 3650 cm’*/g
Cement 3 220 | 3.8 42 | 629 25 | 0.10 | 069 | 3.5 0.3 | Type V. blame 4000 cm®/g
Table 2. Properties ol Superplasticizer
Properties
Superplasticizer - Remark
Calor Gravity Status
Nanhtale | Dark brown 1.02 Ligud m-maker
ap t II Dark brown 1.02 Laquid s-maker
Naphtalen+Melamin Braown L0z Ligqud s-maker
Melarun Transparency 101 Ligud s-maker
Polycabon Brown 1.01 Liguid s-maker
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Table 3. Condition of Cements Prepared by Closed Circuil Mill
. Mixing ratio Grinding condition
Cement Clinker - Z
Clinker Calcum sulfate Slag Blame(cm®/g) | 44 um{%)
I-A 2.5
I-B 35
I-C . B ‘ 4.5
D Type 1 86.4% 13.6% 4000100 55
I-E 6.5
I-F 8.5
V-A 1.5
VB 04.3% - 25
v-C Type V 5.7% 4000100 3.5
v-D 4.5
V-E 89.3% 5% 4.5
Belite Belte (C,5>49%) 83% 2.2%(50;base) 5% 4000-£100 1.0
Slag Type 1 45% 2.5%(S0 hase} 90% 55006000 1.7
AAES] B4 KS L1033 353), KSLS10a(Y 23 f-849¢2 S the oA T 5 gle o2 335
E7w34), KS Lo106( 4 =37), KS Lo120(8H5 o 3ivh, o]st 22 fgiel 2HE A=A £5)
4 ) o) ot S5 w9 o A FE B Eglale] Fes BsY aaF,
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2402(’.;*%‘&»\1?}; KS F2405{¢&7 =A%), KS F
2454(0_],&191 d = Ahﬁ) 1:!1—H—loﬂ LL]E]- z%lﬂ_oi ou:]
dee=3L  Marutorl2]
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Fig. 1. Slump loss by condition of mix designs in con-
cretes

Table 4. Slump Loss and Strength by Condition of Mix Designs in Cancretes

Mux. design Stump lossicm) 7cl .
Lrengt .
Sort Cement Superplas- | sfa . . S, WP Remark
(kg/m™) w/c(%) nerer (%) | (%) Omun | 10 mm | 20 oun |30 min | (kef/cm™)
A 32.0 0.7 160 | 135 | 110 | 65 639
B o |00 | 10 | o 155 | 125 | 105 | 45 | 73 | CSementl
C 285 1.3 155 | 115 | 85 | 22 TH) (é‘gig‘ ;ilomg )
D 27.0 1.6 170 | 110 | 65 | 05 465 FprEem

A 344 Al 10 F{1997)
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Table 5. The Physical Properties of Cement 1 and 2
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Compressive sirength(kg/cm”

Fmeness Setting lime
Cement Blajne | 44um | 88 pm w/c (%) | nitial Final
{cm*/g) (%) (%) (min) (hr) Lday | 3 days | 7 days | 28 days
Cement 1 4050 1.7 0.0 24.5 219 6:00 142 226 265 356
Cement 2 3650 8.2 01 23.5 300 7:30 78 189 236 356
Table 6. The Viscosity and Mix Desipn of Concretes by the Condition of Cements
“Viscosity of paste **Mix design of concret s
Cement IsCOsItY O D = t ; g 5 Tcr_e e Shump | * ‘“Worklab]e
Omin |10 min | 20 min | 30 mm (ké?;%) 2‘6’76 ‘): tigiggp (acyi) s/a(ow) | (el time (min)
Cement 1| 1470 | 2680 - - 580 255 15 35 1.0 15
Cement 2| 820 | 1070 | 1140 | 1180 610 25.0 1.5 35 4.0 40
“w/c 1 30%, superplasticizer : 1.0%, **coarse aggregate : 19 mm,
*#fwarkable time © handling lime to he workahle when concrete is placed and cast
Table 7. The Strength and Productivity of Cancretes by the Candition of Cements
Compressive strengthlkg/cm®) - .
Cement e R P1 (Ed}“lfm;lt}' Condition
1 da 2 da 7 da t/day
Cemenl 1 810 850 903 330 O Centurifugal cast
Cement 2 780 338 916 400 O Steam curing(80°C-5hr)
Table 8. The Comparison of the Viscosity in Pastes of Cement 1 and 3
c . Clinker mmerai(%) Blaine Condition of Mix Viscasity{cp)
emen
.5 | CS | CGA | CAF (em™/g) w/c | Superplasticizer | O mun | 10 min | 20 min | 30 min
Cement 1| 34 35 119 | 120 | 4050 | 27% 1.4% 1430 | 2580 2690 -
Cement 3| 44 | 32 | 33 | 135 | 4000 | 27% 1.4% 920 | 1040 | 1170 | 1270
Table 9. The Workability and Strength of Concretes by Cement 1 and 3
Mix design of ret
Blaine | 44 pm 5 concte_& _e Slump | Workable 7days
Cement (em¥a) | (@) Cement fe () Superplasticizer /2 (%)| (cm) | time(min) strength
g c (kg/m') w/iC e (%3 s/a Ux 1 (kg/l’.‘]‘ﬂ )
Cement I | 4050 21 - 26.3 15 15 880
Cement 3| 4000 | 1.7 580 245 Lo 1 35 45 927
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Table 10. The Viscosity and Workabity of Cancrete by Superplasticizers
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Viscosity {cp) W/C | Shum W
I p orkable e
Superplasticizer omm | 10min | 50 mom (%) {cm) tirmed ) Remark
Naphtalen 1 950 1750 2300 25.5 20
Naphtalen 2 820 1340 - 245 15 Cement 1
Naphtalen+melamin 970 - - 255 | 1.520.5 10 Cement : 580 kgm®
Melamin 1800 - - 26.5 10 sfa: 37%
Palycabon acid 1160 - - 26.0 15
WAL, A714], Aol o] Yok @RS Mg
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Fig. 2. The particle size dstributian of type I cements
(blame 4000100 em™/g} produced by the clos-
ed circuit mill

Table 11. The Relationship hetween the Viscosity and Particle Size Distribution of Type T Cements (Blaine
4000100 cm’/g) Produced by the Closed Circuil Mill

Conglition of manufacture Viscosity lcp)
Cement : ! Rosm-rammer Condition
WEM| Blaine | 44 um P Omin | 10mm | 20min | 30 mis neo
(em™gy| (%) 153-32pm|1-95 um
I-A 4050 2.5 0.820 0,611 950 2160 2370 -
I-B 3940 3.6 0.784 0.893 280 2100 2370 2560 - w/c 1 30%
I-C 3950 4.4 0,705 0.806 230 1790 2180 2360 — Superplasticizer
I-D 3960 5.5 0.688 0.801 650 1330 2150 2230 (naphthalene}
I-E 3940 6.4 0.673 0.787 560 1300 1670 1720 c1.0%
I-F 35970 8.0 0.651 0.770 200 1040 1270 1470

* Rosin-rammer mdex(n} — R=100xE™"" R ; particle residue(%3, b ; constant

Table 12. The Relationship hetween the Viscosity and Particle Size Distribution of Cements (C:A 1 3.3%, Blane
4000£ 100 cm®/g) Produced by the Clased Circurt Mill

Condition of manufacture Viscosity (cp?

Cement : Rozin-rammer Conditi

men Blall)ne 44 um R - Omin | LOmun | 20min | 30 mn oneen
{em™”/g)| (%) |3-32 pm1-95 um

V-A | 400 115 | 1422 | 1258 1 1080 | 1050 | 1180 | 1230 | - w/e: 0%
V-B 3950 25 1.102 1.109 620 660 590 640 — Superplasticizer
v-C 3960 3.5 4.693 | 0.838 400 420 540 560 (naphthalene)
V-D 3970 4.5 (.676 0.798 380 420 510 a70 $1.0%

A 34 A A 10 F(1997)
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Fig. 3. The particle size distribution of cements {C.A
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Fig. 4. The vislccsity of type I cements (hlame 4000
100 cme’/g) produced by the closed circuit mill
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Table 13. The Workability and Strength of Type I Cements (Blaine 4000100 cm’/g) Produced by Closed Cir-

cuit Mill (condition : w/c {ix)

i Mix design of concreie 7days
Cement Blaine | 44 pm C : Superplasicizer Shump | Workable strenath
(e | (50 | iy | () UPEIRASICIEEL | s/a () | (o) lime(min) | - (o
1-A 4050 25 26.5 15 1.0 15 290
1-B 3946 3.6 34 20 923
I-C 3850 44 580 37 7.0 25 534
1-D 3960 5.5 255 1.3 7.5 40 955
I-E 3940 6.4 9.0 50 964
I-F 3870 8.0 114 60 968
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Table 14. The Workability and Strength of Type I Cements (Blame 4000100 cm’/g) Produced by Closed Cir-

cuit Mill (condition : slump fix)

Mix design of concrete 7days
Cement Blame | 44 pm C " Sunerolasicizer Slumyp Worliahle strength
(cm?g) | (%) { [r:;ll’?lg) wie ()| SUp F £)sw1ze1 s/n (@) | (em) | tume(min) (gt fom®)
I-A 4050 25 26.5 1.5 2.5 15 890
1B 3940 36 5.5 3.5 25 523
I-C 3850 44 580 25.0 37 3.3 25 D45
I-b 3960 9.3 24.7 1.3 3.6 25 968
I-E 3940 6.4 245 38 35 989
I-F 3870 8.0 242 3.3 40 1020

Table 15, The Workability and Strength of Cements (C,A @ 3.3% Blaine 40001100 cm®g) Produced by Closed

Circuit Mill (condition : w/c fix)

Blai i Mix design of concrete - Workalil 7davs
Cement e fim Cement Superplasicizer o oriane strength
{cm%g) | (%) (kg/m’) w/e (%) (%) s/a (%) | ‘eml | fme{mm) {kaf/cm®)
V-A 4000 1.5 2.5 25 4945
V-B 3950 25 = 4.0 45 950
) 1.
V-G | 3960 | 35 580 23> 3 37 5.3 60 955
V-D 3940 4.5 5.2 GO 980
B4 et f59E& T Boiskeit o, E=A A

E”

Bt SoiEs YTEAY 240) GEel RRAG)
AT 44 wm FAEL FeE 23R 5l S5 (R g,
slump, workable time)e] SelA1 %7l S8t

#raltH{ Tahle 13-15, Fig. 6-8 #%). £Y blained A]U
Edli] AL Zales f540| dma] AEy
a] Folx| 1 ol wa} FAIA7} AYsld EHE m}
2 gkt A AldlEs] BExAd vl E=HdE
a7 S92 (Table 13, 15 33) CA7F 2e Z
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Table 16. The Workahility and Physical Properties of Cements in High Performance Concrete

Condition of materials Strength

D % : Sl 1 z

Coment esign (%) (ke/m") S(léléln)p ump loss {cm) (kaf/cm®)
w/c | sfa | Cement | Water | s-plasticizer Ormun |30 min} 60 min | 3ds | 7ds | 28ds
Vo 305 45 525 160 6.24 25 25.0 | 235 | 21.8 [ 607 | 715 | 839
310 45 500 155 6.30 26 25.0 | 21,5 | 21.3 | 624 | 679 | 827
Belite cement | 33.3 | 45 525 175 6.24 25 250 | 21.0 | 185 | 401 | 496 | 762
Slag cement | 33.9 | 45 hah 178 6.24 25 245 1 189 | 123 | 425 | 618 | 780

Table 17. The Workahility and Physical Properties of Cements in High Performance Concrete

Adiahetic temperature {°C)
Cement Slur(np glow & V-lol (sec) Remarlk
cm 1d 3ds 7ds
VR 60x 61 35.0 56.0 58.0 44 C,A : 3.3%, 44 pm residue * 4.5%
6061 35.0 52.0 53.0 e Blaine : 4000 ¢m’/g, Slag 5%
Belite cement 6361 320 50.0 52.0 oo s-maker, 44 pm residue : 2.1%
Type | cement - 47.0 62.0 62.6 o0 s-maker, cement : 525 kg/m®
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