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ABSTRACT

In this paper, effects of mixture proportion and material condition on both fundamental properties, drying and
autogenous shrinkage of high performance concrete are discussed. According to the results, for the effect of
mixture proportion on the fundamental properties, decrease in W/B and unit water content results in reduction of
fluidity, while air content has no variation. Compressive strength exhibits an decreasing tendency with an increase
in W/B and unit water content do not remarkable affect the compressive strength. For the effect of materials on
the fluidity, the fluidity of low heat portland cement(LPC) is smaller than that of ordinary portland cement(OPC).
The use of Polycarbonic acid based superplasticizer(PS) has more favorable effect on enhancing fluidity than
Naphtalene based superplasticizer(NS) and Melamine based superplasticizer(MS). Air content of concrete using LPC
is larger than that using OPC. The effects of superplasticizer type on the air content is larger in order of MS, PS
and NS. The use of LPC exhibited lower strength development at early age than OPC, whereas after 9ldays,
similar level of compressive strength is achieved regardless of cement type. Compressive strength of concrete is not
affected by SP type. For the effect of mixture proportion and materials on drying and autogenous shrinkage, an
increase in W/B results in reduction of drying shrinkage and an decrease in water content leads to reduce drying
shrinkage. Autogenous shrinkage is not observed until 49days with the concrete mixture with 35% of W/B and
145 kg/m3 of water content. This is due to the combination effects of expansion admixture and shrinkage reducing
admixture, which causes an offset of autogenous shrinkage. The use of LPC results in a reduction in autogenous
shrinkage compared with OPC. SP type has little influence on the autogenous shrinkage. It is found from the
results that mixture proportioning of high performance concrete incorporating fly ash, silica fume, expansion
admixture and shrinkage reducing admixture is need to focus on the increase in W/B and the reduction in water
content and the use of LPC and MS is also required to use to secure the stability against shrinkage properties.
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Table 1 Design of experimental factors T 9® CSAH], SRS YA SYEAE AHEEIA a,
Factors Test items Levels SPXﬂ*\: 5{'1“}\‘1' DALY NS, MS 2 PSE ARt ofuf,
Slump flow (mm) | 1 600+100 7 A 5o Eul4 . 3lsta AL Table 3~103 2t
Air content (%) | 1 45+15
~|w/B )| 4] 20, 25,30, 35 2.3 AlEury
Mixing Water
Mixture | factors conter&t 4 | 145, 155, 165, 175
(cg/m B QA7) Aguen uy, £22EY Ege
Cement . = 5
Material | tyPe 2| OPC, LPC 2 9 YAE ALY, 24 &2 ZIYEY Hd¥o
Super Ee A 28T TZ0 ST ERo
factors | iasticizer| 3 | NS, MS, PS = < v KS F 2402, = e =R v e ]
type B F Ajm7s o) Hashs 749 JFAZ 49
Slump, Slump flow, o ZylaE | 0] 9 2] A 2kO l
Fresht 4 | Air content, Unit o, 371 R BHEAdEe 41 %X K5 F
weight 2099 FAl 27 AAlssh
Compressive strength 7:1§]_ —-—ELE]E ,] ;\134 oz J‘j? 1.5 = KS F 2403011
. (7, 28, 91, 180days)
Experi- Tensile o AAE A, FAS o A¥E AHAA KS F
mental Hardened 4 ;ﬁrepgth(iS@a{{ys) 26069 A wet A /\]g—].ga—r AzGE ZAojdgle-o
concrete rying shrinkage ° o 01: " = oAl Ao
(1, 2, 3, 7..180days) KS F 2424 A 5% 79 ¥4 F 7] A= A
Autogenous shrinkage 2 3k 5‘5?:51‘ 27)5E Ao|HEge JEEZIGEY
0 L2 S dave) S99 AR o SIA AN,
Table 2 Mixture proportions of concrete
W/B Water Cement Supemlasti~ S/a lSupe_r— AE Unit weight (kg/m?)
(%) contergt type cizer (9) plasticizer agent
(kg/m") type (Bx%) (Bx%) C S G FA SF EA SR
20 175 OPC PS 43 0.85 0.006 560 529 680 175 88 44 8.8
25 NS 2.50 0.018 448 616 761 140 70 35 7.0
145 2.50 0.025 309 761 902 97 48 24 48
155 OPC NS 45 2.40 0.023 331 735 871 103 52 26 52
165 2.30 0.020 352 708 839 110 55 28 55
30 OPC NS 45 2.00 0.018 373 681 808 117 58 29 5.8
175 LPC 2.20 0.015 373 684 811 117 58 29 58
MS 3.00 0.006
OPC PS 45 055 0007 373 681 808 117 58 29 58
35 175 OpPC NS 46 1.90 . 0.018 320 734 836 100 50 25 5.0
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Table 3 Physical properties of cement

Table 11 Test results of fresh concrete with

Setting . mixture and material factors
Densit; }/ Blaine sound | time St?:rﬁrgllzﬁes(ii[vp?a) Super- .
Type (g/em®)| (cm¥g) 7(255)5 (min) W/B C\Zi?rft Cement| plasti- |Slump Sflll(l)rvr;p Coﬁé - wLe];u;t
°/ |Ini, |Fin.| 3days | 7days | 28days (%) (kg/m") type cizer | (mm) (mm)| (%) (kg/‘c;rna)
t
opc| 315 | 3162 | 008 |221|316] 243 | 305 | 382 T Toc T s o T o
LPC| 322 3,500 0.07 1350|560| 126 | 175 | 36.0 25 175 OPC NS 270 | 650 39 2,326
145 260 | 595 45 2,374
155 OPC NS 253 | 571 53 2,324
Table 4 Chemical composition of cement 165 264 | 599 44 2,318
Type | CsS (%) | CiS (%) | CaA (%) | C.AF (%) 30 OFC | g | 206 | 602 | 45 | 2313
175 LPC 266 | 597 4.8 2,309
orc 51 2 9 9 opc | MS [ 288 |50 | 57 | 2300
LPC 30 50 2 11 PS 271 | 653 4.2 2,319
35 175 OopPC NS 206 | 591 4.0 2,321
Table 5 Physical properties of aggregate
Densi Fineness | Absorption | Unit wejght
Aggregate toy N7 ﬁg
{g/cm modulus | ratio(%) (kg/m 3. ASHY U EA
Fine agg. 253 2.57 1.83 1,422
Coarse
agg.’ 2.63 6.87 0.63 1,429 31 E_xl 8:!.8 'E“E-EIEQ—I ég
Table 6 Properties of fly ash Table 11& wigk 2 AsQold e #1 ¢ &3
: _| Ratio of Eo] EAL f=A W Zy|EEe
Densxty Blajne Ig,goss 5;2;505 S‘%Oz Aliis(c));'p water a ’] ]%E}q] 740]1:} tﬂxi = °7] o
(g/cm’) ((em™g) | (96) |Tozy™| (%) | (o4 co(r%e;nt 2% WgEAz ANsgoenz E¥ $dx Zzo
202 | 3850 | 42 | 92 |675| 02 100 600:100mm X HHE F71F 45:15%F WEshe AL
2 yepgnt
gkl W fEAL Table 2 ¥ 118 Fud o,
Table 7 Properties of silica fume W/B % \:}_,,]T ] ASTE Aslsle] SPA| ARE-Ho]
Density | Blaine | SiOz |Fe:O3| AL:O3| CaO | KoO | Ig.loss Z7HE9 0, 3713 W/B Wl wit 2 ztol7) (sl
(g/cmy (em¥g)| (%) | (%) | (%) (%) | (%) | (%) Lol v Lo
o a9 7] weki e Fhaste] AEA AM-EE
210 |240,000190.00| 0.12 | 0.25 038 056 | 150
F7HA A
Table 8 Properties of expansive additive A8l wE 542 LPC7F OPCRY} Ad)s}d]
a i
Zko] Z715 d =3 =
Denmt}f Blame Si02 | SOs |ALy03| CaO | KoO | F-Ca0O SPA A °l 5 }o]—gi‘* ] 71&9] oq?él}oﬂ 2w
(g/em?) [(em™/g)| (9%6) | (%) | (%) (%) %) | (%) LPCE A3t A9 REXEcAHE BT} 135 Alo]
2.90 3,117 | 3.80 | 2866 | 1355 | 51.35 | 0.56 | 16.02 1 3‘_15}}]]7} 1}] 1 3_3154_‘_1:‘ GA 2 ul C4AF«1 g_ﬁ_ o] 7_(4
540l OPCE AMEsH ARt} 433 2oz 4
Table 9 Properties of shrinkage reducing agent A 9o} olol= o7t 2 AFE Jehidh SPA 5%
Densit; . Ash tent w
_(g/em®) | Ingredient |7 GAEH)  Type | Color o ST P, NS, MSe| go2 Ahad} $4ee
1.02 Glycols 40 Powder White g qlen, F71%e 1PC7F OPCHEY $713519 AE
A Aol Z:vLo}‘Ri-r—, SPAl E74l wEpAE NS, PS,
‘ MS9| 02 AEA| AREFo] F71ek )
Table 10 Properties of chemical admixture
_ Solid
Admixture| Ingredient Aplr)géra Color cor(lg/iglts I()ge/r(l;llt,g 32 22 232|E9 EM
- Dark
Naphthalene| Fluid brown 40 1.18 3.2.1 =7 BEX
Dlsalslggz‘er Melamine | Fluid | L&t | 30 | 120 Figle wjgeoloz AgA-ZHBW 2 994 o
POIYCEQEJOUiC Fluid Lil%ht 20 1.04 §]’°ﬂ D:}'_‘ %?70}52 ]’}'E}J?H ;iO]E}' %?i?l’ @ﬂr"]%}l;‘]
acl yellow ) 5 - .
e — % YREEE BW 255 A0 3U5E 2
agen gative ion ui - R — -
brown veho), w9l Ma) HalE 2 Aok giglt

B R =200 WE MeE 1
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Fig. 1 Relationship between compressive strength
and B/W and water content
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Fig. 2 Compressive strength with cement and
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Fig. 3 Tensile strength with W/B and water
content
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Fig. 4 Tensile strength with the cement and
superplasticizer type
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Fig. 5 Relationship between compressive strength
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Fig. 6 Drying shrinkage with W/B and water
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Fig. 7 Drying shrinkage with cement and
superplasticizer type
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Fig. 8 Autogenous shrinkage with W/B and
water content
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Fig. 9 Autogenous shrinkage with the cement
and superplasticizer type
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Fig. 10 Mass loss with W/B and water content
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Fig. 11 Mass loss with the cement and
superplasticizer type
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