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A Study on the Development of the Mix Design System for
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Abstract
It is proposed in this paper to develop the rational mix design system of High-strength concrete
which is adjusted in the domestic circumstances.

1) Collect a lots of data in order to introduce the optimum mix design which has relation among
material variables which compose High-strength concrete and run by using SAS(Statistical - analysis
system) which is one of multivariate statistical analysis method.

2) Select the important material variables for mix design of High-strength concrete by major
component analysis and propose the standard range of each material variable along the target strengths.

From the results of this study, it was proposed the range of proper material variables in domestic
circumstance, which are W/C, $/A, air and admixture amounts, etc., at the target strengths for concrete
kind. Also it was developed the optimum mix design program of High-strength concrete according to
target strength and size of aggregate and made mix design ease in domestic construction site.
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Table 1 Data standard and range of High-strength concrete

Hem standard and raonge Item standard and range
Mold (mm) 100% 200 C.A specific 2.55~2.75
Day 28 F.A specific 2.54~2.69
Cunng Water Cement Ordinary portland
Com. strength| 300~ 800kg/cm® Admixture | Flyash, Slica furne
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Table 2 Criteria range of each material vanability in

Table 3 Criteria range of each material vanability in Flyash

Plain Concrete. concrete.
Unit | gpy Unit Weight |
Frs , |Gmax| W/C|S/A| Air &Vg‘;‘gh;) mp Data g |OT2 \w/mls/alair | Gglem’) | SWipy,
(kg/cm®) | (mm) | (98) | (%6) | (%6) am) |(em|(507) a1 X (%) | (%) | (% mp | 007
Water| 5P | ) ig/end) | (X Wate|Flvas) g p | (cm)
444 [370] 41 | 187 | 473|156
13 29 50,0 [40.1 [ 389 [183.3] 60.0 | 364 |15.85
42) [(46),(1.3)| (166) | (16) (7.2) B eslealanlonl@alen e *
4411380| 38 | 1865 | 3.43 | 152 .
400 | 19 28 489 3361842 | 585 | 485 |21.00
(4.6) ((3.0)[(1.3)] (284) | 2.2) |(7.0) 400 19 2%
581370 30 (1833 [ 448 166 681915139278 1.9 |16
B | a5 |eolaslass | s |ao] © o5 |478(396]349 1841 645 | 474 2118 o
3 384 13601 36 | 182 | 663 |180 - 4.6)1(2.5) (0.6) [(17.5) (3:48) 1.7 [(1.8)
124|413 @) |24 |61) 13 |374|382] 34 |1783) 650 | 48511942) ,
375 14031 30 | 1794 1 605 (212 (3.8){(56.3)](2.3)1(126)((16.3){ (2.9 | (3.8
0 | Y 6y lenlanla|as e s0 | 19 |366]386| 30 11778 647 | 665 1902 o
o 366 13571 34 | 1795 | 567 {155 @ 2.1)[(24)|(1.5)](13.6)](17.2) | (8.3) | (4.3)
@70 135 || @49 22 (e o |358(398] 24 | 177 | 688 | 5.141988(
13 | 307[315]33 [1742] 97 [177| 1912108 160|353 12| (32
26) |64[(1.1)|(194) | 51 |6.3) 13 |300[370 2451704 87.1 912 |1990; o
6o | 19 |200]404]29 1745|746 [207| o A48 | @210 0.7 (339|369 | (49
(35) [(25)[(1.2)] 185) | (34) |(4.0) 60 | 19 [309(386[261) 170 | 799 1981|1671
s | 203]369] 28 | 174 [742|185] (36|23 |CLD 269 B0 62)|
(2.8) {(3.3)|(15)] (20.2) | (28) |(5.0) o |318]368] 23 | 165 | 862 [9.10[1810] |0
13 | 541318 27| 168 |1405|175| o (25)35)10.7 |11 (21| (45) | (36)
(1.9) |(30)[(1.3)] (15.3) | (4.9) |(5.9) 13 |250] 36 [224] 150 [1030]1081(2062( |,
00 | 19 | 23 [382) 31 |166011506/182) . 1.6)| (14| (1L.0) |(15.0)|(266) [(26) | 2T |
(1.8) |(3.N](1.8)] (16.3) | (3.8) |(7.4) 700 9 2551381244 | 160 | 93.8 |10.64/1841 8
o5 | 252 |316] 29 | 1620 [1292/195| 26)12.3)](1.8) [(17.9)|(20.9)| (4.9 | (6.3)
2.D(31{(1.9](17.2)| (66) |65 | 2%6.0(3721 25 | 156 | 84.2 [12.29/21.00 “
(3.3) (34 |(1.8)|(94.5){(38.4){ (4.9) | (1.8)
= 69Me] WMPgAREE =3 Table 4 Correlation coeff. of each variables in Plain con.
sigon ZAAE AUEIA &
& Plain concrete(¥ 50779 VA SLU a5 wic sa VAT OM pa ca sp R
= A -MP ER -ENT :
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g ARFsd HF( )} ¥ CEMENT 1 =053 -027 048 . Q70
FHA )BT o™  Table2 FA 1 -005 -008 -.10
9} Table 3°1 Vel CA 1 -0.10 ~015
E dFoMe ZISERE SP 1 .07
of e A FFAYE Fo .

FY3t7] fste] FEAL F

AN Zzad SASE olfste] ThAZEA WY F sy
7 TAARe) D@ HANS Aok

720 @pIFIas|ed 1998y B StePE =83

e FHsgon olF oz



221 a0l 218 B4
Plain concrete %} Table 5 Correlation coeff. of each variables in Flyash con.
Flyash concreteo] tj

& ztzh 1178 13709 ﬂ;‘c _Sz::; AE W/C W/B S/A “{;t' C::t‘" FA CA }';}ggl SP Fc
23:1;2 -}F:;f};ﬁ GMAX| 1 0I3 -001 002 002 006 007 003 008 009 -008 -002 -0.15
o 7 wgmamgre  Sump 1 -002 008 010 014 0.I8 -005 005 -0.08 -003 -017 -0.07
A Table 4 AE L 023 -023000 -021 015 -015 -023 002 004 023
Table 56} 20} W/C 1 05 044 043 -084 047 007 001 -045 ~082
: W/B 1 045 048 -076 054 -001 -039 -046 -0.84
Table 4 s Table 591 g/ 1 024 -036 064 -043 012 -025 038
A Guilford®t EFol  wyger I 006 001 ~040 -011 -020 -048
A% wWRHFEETY Cement 1 ~088 -0.17 003 040 070
AZABBAN G FA 1 015 -029 -021 -043
B E-AWEN CA 1 -023 002 004
(W/C Te W/B), }‘]Q‘l Flyash 1 008 023
E2HCement) ¥ 14 Sp 1 073
745 A(SP)ste] 3o : '
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202 IRIESIT} F|0{50| o3 2N Items Factor loadings Comtumality
7 Z4e3 2aes P ARAE Al fel oz Fed o4 s it

o Aeg Adshe AARSFE olgsje] g Gmax | "0107 000 011 04577 02494
Plain concretes} Flyash concretets 202} ] 1~4%  Slump | 0.18% 01421 05243 -0538) 06211
AE A 1~55874 71927t Jege} 7)o x AE [-0.0863 01820 0.0810 06782 05072
% 7% 23 Table 677 LT Table 6 3 7o4]  W/C 209500 070 00165 -00176) 09207

AR ghzko] 040l AbolH ThoE o HAzkolaE S/A | 0013 08797 03040 01017 | 08768

! Water |-0.3925 05339 06676 0.04% |  0.8873
9] © i . e
©2%, Plain concrete®t Flyash concrete W 1 omss o407 04061 00088 | 08930
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e AARRSIEH Jlelied AHEA ALFPE o 0151 0958 -0.1237 <0003 09508

o] AgdlEe g4EAR 4TS T AAERAN B N 01230 -0.1967 ~0.7380 "0'3205 07011
“ARMENW/C £ W/B), AMEHCemeny), 24~ A | 0120 01967 -0.7380 -0, e
S7EASP)Z BEWASRS AT e o I SP | 08237 00647 -0.2330 0.0160 0.7372

Atk A2 ASFEAES] HSolE Fu ZAE) Fc 09514 0.0469 0.0488 0.01% 09101
Aol FFE F & AE 9HFH (Water), Table 7 Factor loadings and communality in Flyash con.
AFZAEE/A), AHEFAFAGFHL FACAH

9 Z A% (Flyash) 522 FEWIS YAsln Items Eigen vector communality
Atk weh FFWFeZ YUY WEE olf Pol ko2 FC3 Ped ICs IS Sh

! i AL s Gmax |-0.0353 -0.0606 -0.1401 -00385 0.7447 |  0.1692
BA S 288 79 s wjshua
el SIFeS FHY A9 AU WA Slmp | 0.1124 01348 01076 00731 07320 |  0.6833

dE BdNE 228 e AoR Bl AE [-02511 -0.1645 00977 06185 00186| 0.6%9
w/C | 0945 01975 00364 00461 -00341| 09654
23 uiEtziEel A w/B |08738 02409 -03%5 -00730 -0022| 09686

B i thidh QA& dem AladE S/A | 04961 0.1839 -0.2606 06765 00774 0.9008
ACI-363993)ol A Alerst wlE 7 =A(A(1)E Water | 0.2519 0.8%9 -0.1201 -0.1083 0.1135 0.9523

ol &3t ®. Cement [-0.9226 0.2804 -0.0266 -0.0015 00421 0.9682
D Frezf 13- FA 106259 -02640 -04724 03005 00150 0.8880
] s=se : ’ D CA | 00446 -0.6523 -0.2592 -06203 00614 0.8087
@ Fre2f +2.33-0— 100 Flyash |-0.0334 -0.0533 09186 00801 -00395| 09253

SP [-05806 -0.1050 -0.0927 ~0.0009 -0.1832 0.6247
Fc_ |-0.8270 -0.2815 0.1784 0.1240 -0.0559 0.9019
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Table 8 Relation of Unit water and compressive

24 cig|tel AN strength
SAFFE A8 AP A THsd @ BA AR

stodo alvl, T3t A(Flyash) X &&o] 26%HEe] 22| _Gmax| Type | Regression equation | R’
Eo A$ T%AE A5 Bon wusn A’ E A 13 |Plain | Water - ~0.0648Frs+213.44 | 0.99
FolM+ Plain concretedl 93] Flyash concreteo] A= Flyash | Water = —0.0808Frs+217.19 | 0.97
YEZE 400kg/emlol A 1%L 9] AR Ao, Plain | Water = -0.0664Frs+213.12 | 099
4&BE ZH5E et A A 45 P e | Wae - 00804F5217.22 | 09
A% 700kg/cm’AlME S%AE ArEFHIT de AoE Plain | Water = ~0.0604Frs+212.87 | 0.93
HER. » Flyash | Water = ~0.0963F1s+22349 | 0.99
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Table 9 Relation of Frs and W/C in Plain concrete

25 =T ¥ Frs (kg/cmz) Regression equation R® |data
frolgdol w2 Ase] AL v 400 | Fro- -0.80Gmax_15.18(W/C x 100)+ 108431 | 092 | 107
=4 (Stepwise selection method)& %} 500 Fro= 2.18Gmax-1457(W/Cx100)+1088.17 | 0.86 | 67

%}ji %E?"}f‘q] e ﬂﬂg‘f*‘]’i 600 Frs= ~1.80Gmax-16.13(W/C X 100)+1088.01 | 083 | 119
w;;ﬂl;}gég ég_,r_%]?nf{‘;}gﬂ 700 Frs= -0.35Gmax15.15(W/C X 100)+1089.95 | 0.84 | %0

FoFE( =005 vIAA KX Wy Table 10 Relation Frs and W/B in Flyash concrete

g Al 48 4SAE FHAS

7}7} Plain concrete$} Flyash concrete  Frs (kg/cm’) Regression cquation R® |Data
2 uro] FEgled, FHAR AH 400 Fre= -2.46Gmax-1361(W/Bx100)+1112.210.85| 77
A% Table 9% Table 103} 2t 500 Fro- -2.15Gmax- 1642(W/Bx 100)+1141.4 [0.82| 47

Fg 168 =] d9ARZ 83 600 | Fre- 221Gmax-13.700W/Bx 100)+980.97 01| 58

o AdR aFE 22AE A= 24 700 Frs=  1.20Gmax-1402(W/B x 100)+1034.6|0.85] 81
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Fig. 1 Relation of Frs and W/B Fig. 3 Relation of Fis and W/B Fig. 2 Relation of Frs and W/B
in Flyash concrete (Gmax 13mm) in Flyash concrete (Gmax 19mm) in Flyash concrete (Gmax 25mm)
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Fig. 4 Relation of Frs and W/C

in Plain concrete (Gmax 13mm)

Fig. 5 Relation of Frs and W/C
in Plain concrete (Gmax 19mm)
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Fig. 6 Relation of Frs and W/C

in Plain concrete {Gmax 25mm)
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Z??(ZO Foem)el WA W AEdS Busty] 9 ,} Table 11 Relation for W/C(B) and S.P
o A EASP) 9 ]’%] "ot A8Y  Gmax| Type Regression _equation R’
o)M= TAETIRAle] X Egol iEl 05~2.0%2 13 | Plain_| SP=-04753(W/Cx100+25.281 | 0%
A}g-é']»jl oled, zelu SRS AS A FuUe] Flyash | S.P=-0.2950(W/B x 100)*17.606 | 0.83
Eo] TAajoly} Ay, 1AEY FUNE o] A 19 Plan_ ‘S.P~—'0.5442(W(QX100:)«26,613 0.52
] ‘_*"/\] Hi g A4e zhokeivhd e 4 Flyash S‘P -0.2597(W/B X 100)+17.202 | 0.93
oz - E;o‘%& @ng}7]°~”\_ ‘\:%.Q_ 013:“3‘°] 9,1 5 Plain S.P=~0.4036(W/Cx 100)+21.234 | 0.79
; - T Hes = Flyash | S.P=—0.3365(W/Bx 100)+19.714 | 0.76
€ QFAE SESYS 15-2em AolE AT gedxiael Ao, FE BAAL, el 47
9 B-AMEN EU E-ARANA me wEH ARFE FHE + AL Teble 1] HANS WA

SECEpt

AHgaHTh

Flyash concrete$} Plain concrete®] ©h9i<rakol] & 34 4] ] 91 § A
xSt £YEZFE ¢

o] A& 20%2 Mol £ slom, Y3e
27 e EME 3 3o

B A7olM 303 Table 2, ¢ 39 s34 AIAtE
A B g Rl diFEe AN FEAEL 3
6~40.3% U Rl glev, F2 FAHNAF FEA
€9 #AE Table 129 #Zo] 293} st =8 %‘l
A 2YE mE JFEAE] AL FTIYE ®

FAGAM O oA o] A(5)9} 7ol A 3}shd Tt
SA'=SA+(F.M—2.8)><%L15 )

FM: 29 2H&

7 FE HEAE ZAENME HE 45£10%2 §&

Fig. 73 2o] 4%
19 2 9lg Aoz wald)

FTA

Table 12 Relation of Gmax and S/A in Exp.

(kgl?csm Regression equation R
400 SA=0.0017 Gmax+419%5 | 099
500 SA=0.2083 Gmax+371.708 094
600 SA=0.1000 Gmax+38633 099
700 SA=0.1000 Gmax+37533 099
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HAFANA FANRE Table 29 Table 38 F71% Table 13 Relation equation for Air and Gmax

& 7% Z7lo] wa 2 Wgel AW, FEA : : i
Wl AetstnAt Table 137 o] ZAxo] wWE Type Regression egquation R
ﬂ?{)\ % 7“‘2‘8}'ﬁq' Plam con. A”, e 109.60856 087
F s
28 ZEIAE . _315.17
EdFo|A AR Flyashe| $Hr3e ZeEst & Flvash con. A= T 0 0.86
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NWE e 15~20%F S35t 2ok Flyash T4l Ba sAAE 4(6)7 2ok

Flyash = 0.1264 F rs" + 7.58 (6)
AFAFH 7L FAFES A @), A ®F Bk
_ _ Cement , Flyash . SA°
FA, =[1000— W +( Ce + Fy + Airx10)] X 100 % Fac (D
_ _ Cement | Flyash . SA~
CA; =[1000— W+( Co + Fe + Airx10)] x 100 % Cac ®
FA) @ Algulgelx el A=A Cac : B&ZA9 v F
GA; @ Al ol Aol FEZAF Fag : 29 u|F
Co : AAHE ] nj& Cement : TANEZF
Fc : Flyash vl % W a9
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