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ABSTRACT

Silica fume-premix cement (SFPC®), which enables to manufacture ultra-high- strength
concrete (UHSC) with design strength of 100 N/mm2 over, has been newly developed July
2006. This report shows the experimental results regarding fresh properties, strength
properties, and durability of SFPC®-used concrete with water-to-binder-ratio of 0.13-0.27. This
report also demonstrates fluidity of fresh concrete and strength of concrete in structure of
SFPC®-UHSC, produced at ready-mixed concrete plant practically.

Keywords Silica fume-premix cement, Ultra-high-strength concrete, Fresh properties,
Strength properties, Durability, Strength of concrete in structure,
Ready-mixed concrete plan
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Table 1 Constituent materials of concrete
( )

Material | Symbol Properties of material

Cement C Silica fume-premix cement (SFPC®)
Density3.07g/cm’, Specific surface area:6160cm®/g

Fine S Pit sand (Kato)
aggregate Specific density:2.61g/cm’, Water absorption:1.66 , F.M.:2.88
Coarse G Sandstone crashed stone (Iwase)
aggregate Specific density:2.64g/cm’, Water absorption:0.67 ,F.M.:6.74

. Air-entraining and high-range water-reducing admixture: Polycarboxylate type
Admixture SP - - -
High-range water-reducing admixture: Polycarboxylate type

Table 2 Example of physical characteristic of SFPC® according to JASS 5T-701-2005

(JASS 5T-701-2005 SFPC® )
Quality item Test result Sp;:gé‘lg %)ﬁ‘%i of
Mortar flow loss over at 60 minutes (mm) 17 100 or below
Time of setting by | Initial setting (h-min) 10-25 Sh or above
penetration resistance Final setting (h-min) 12-40 15h or below
Compressive strength 7days 73 25 or above
P (N/mm?) g 28days 113 50 or above
91days 134 60 or above
Table 3 Mix proportion of concrete
( D))
Ww/C S/a Unit content (kg/m3 ) Required Required

. o slump flow air content
(%) (%) W C S G (cm) (%)

13.0 29.9 150 1154 354 840 707.5
16.5 38.6 155 939 523 840 65+%7.5
20.0 44.4 155 775 663 840 65+%7.5 2.0 or below
23.5 47.8 155 660 761 840 65+7.5
27.0 49.2 160 593 805 840 60x7.5
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Table 4 Mixing time of concrete

( )
W/C Mixing time (sec)
(%) Mortar Concrete
13.0 240 90
16.5 120 90
20.0 90 90
23.5 60 60
27.0 60 60
Foamed beads Temperature measurement Thermal insulation
I position
k200 200
435
O 200
....... ) E..
200 ) 835 >
“« 835 » ~Thermal insulation Unit mm

Fig. 2 Method of simplified-adiabatic curing (JASS 5T-705-2005)

Table 5 Test item and method of concrete

( )
Test item Test method Remarks column
Slump flow JIS A 1150
P S50cm-flow time JISA 1150
roperty
of Air content JISA 1128
fresh Temperature of fresh concrete [JIS A 1156
concrete - -
Time of setting JIS A 1147
Adiabatic temperature rise JCI-SQA3 IAge:14days
Compressive ~stmength 1S A 1108 Age of measurement:
(Standard curing) 1 3 7 28 56 9ldays
Property Compressive strength JASS 5T-705
of (Simplified-adiabatic curing) |[JIS A 1108
strength Static modulus of elasticity [JIS A 1149 Age of measurement:7 28days
. Simplified-adiabatic curing specimen
Temperature history Thermocouple (Center part)
Autogeneous shrinkage” JCI-SAS-2 Method by embedded strain gauge
. Drying shrinkage” JISA 1129-1 |Measurement period: 26 weeks
Durability - -
Freezing and thawing JIS A 1148
Accelerated carbonation JISA 1153 Measurement period: 52 weeks

*) Measurement condition: Temperature:20=3

Relative humidity:6045%



26 (TAIHEIYO CEMENT KENKYU HOKOKU) 153 (2007)

2.2 , 50cm
(¢H) W/C=16.5% 10 , W/C=13.0% 20
Table 6 ,
() , , ,
(C=<%) ,
. W/C=13.0%
, @
Table 7 - ,

Table 6 Experimental results of fresh concrete

( )

wW/C SP Slump 50cm- Air Setting (h-min)
(%) (C=%) flow value| flow time cor(}tent — .

cm (sec) % Initial Final
13.0 1.30 71.0 20.2 14 13-15 17-15
16.5 0.90 76.0 8.4 0.8 11-10 13-50
20.0 1.25 67.5 9.9 1.2 15-00 17-40
23.5 1.00 67.0 9.1 1.4 11-20 13-30
27.0 1.10 66.0 7.3 0.8 13-30 15-50

Table 7  Experimental results of compressive strength
( )

Compressive strength  (N/mm?)

V&? Standard curing Simplified-adiabatic curing

lday | 3days | 7days |28days|56days|91days| lday | 3days | 7days |28days |S56days | 91days
13.0 19.6 112 131 171 188 195 | 72.6 162 164 166 169 172
16.5 | 28.6 | 93.6 112 149 162 174 | 63.0 137 141 145 149 151
20.0 13.1 | 743 | 88.5 131 150 160 | 40.6 117 120 125 131 133
235 | 233 | 543 | 744 118 139 148 | 47.0 100 108 115 118 120
27.0 13.1 | 462 | 644 104 120 136 | 263 | 799 | 859 | 96.1 | 99.2 104
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Table 8

Table 8 Constituent materials of each ready-mixed concrete plant

(

)

Plant Material

Symbol

Properties of material

Common|Cement

Silica fume- premlx cement
C  |Density:3.07g/cm’
Specific surface area:6190cm®*/g

Fine aggregate

S1 |Pit sand (Ichihara) Specific density:2.58g/cm3

$2 Crushed sand of limestone (Torigata)
Specific density 2.62g/cm’

S1:52=50:50 Mass ratio Specific density:2.60g/cm’

A [Coarse aggregate

G Crushed stone of andesite (Otsukl)
Specific density:2.64g/cm’

Air-entraining and high-range| SPla Polycarboxylate type

water-reducing admixture SP2a [Polycarboxylate type

high-range

water-reducing admixture

SP3a Polycarboxylate type
(For ultra-high-strength concrete)

Fine aggregate

S

Pit sand (Ichihara)
Specific density:2.59g/cm’

Coarse aggregate

G Crushed stone of hard sandstone (Ryougami)
Specific density:2.70g/cm’

B |Air-entraining and high-range SP1b
water-reducing admixture

Polycarboxylate type

high-range

SP2b |Polycarboxylate type
water-reducing admixture SP3b |(For ultra -high-strength concrete)

Fine aggregate

St Pit sand (Futtsu)
Specific density:2.59g/cm’

$2 Crushed sand of hmestone (Nishitama)
Specific density:2.62g/cm’

S1:S2= 60:40(Mass ratio) Density:2.60g/cm’

Coarse aggregate

G Crushed stone of hard sandstone (Ome)
Specific density:2.66g/cm’

high-range

water-reducing admixture

SPlc Polycarboxylate type
For super-high-strength concrete

(

)
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Table 9 Mix proportion of concrete

( C))
Water s/a Bulk volume Unit content (kg/m’) Required Required
Plant cem'ent of coarse slump air content
ratio agggeg:;te WY C S G flow o
% (%) m’/m cm
13.0 28.8 0.52 1193 328 824 70+7.5
16.5 37.7 0.54 940 510 856 70+7.5
A 20.0 43.5 0.54 155 775 650 856 65+7.5 2.0£1.5
23.5 47.0 0.54 660 746 856 65+7.5
27.0 48.3 0.55 574 804 872 60+7.5
13.0 27.4 1192 311 70£7.5
16.5 38.8 939 523 70+7.5
B 20.0 44.5 0.530 155 775 660 859 65+7.5 | 2.0+1.5
23.5 48.0 660 759 60+7.5
27.0 50.2 574 831 60+7.5
13.0 26.7 1192 304 70+10
+
TR s | s R e I s
25.0 48.5 620 786 60+10
Table 10 Mixing time of concrete ’
( ) , (
Plant w/C Mixing time (sec) )
(%) Mortar | Concrete ’
13.0 180 90
16.5 90 90
A 20.0 60 60 ©)
23.5 60 60 ’
27.0 60 60 » d0cm
13.0 300 180 - (Table 5)
16.5 150 150 . , JSCE-F 512-1999
B 20.0 120 120 ()? ,
23.5 90 120 - , (
27.0 60 90 ) ( 45
13.0 150 180 30 ) . W/C=20.0%
o 17.0 90 120 , 120
20.0 60 120 , ,
25.0 60 60
*) Dry mixing(C+S):10sec .
(Fig.2)
, , JASS 5T-704-2005
. ()? )
Table 10 ; 1000 > 1000 =< 1000mm ,
. 200mm
Fig.9
, , 45,

, SFPC® 30 ,
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Table 11 Experimental results of fresh concrete

SP : O-type Ailr Temperature
Plant | Period “({/C Time Slump flow _ﬂgg,c{?me fummel content of
(%) | kind |(Cx%) (min) (cm) (s) efflux time concrete
(s) (%)

3 T35 T0.1 3.4 T4 6.0

13.0 | SP3a | 1625 | —5 T35 9.0 335 13 6.0

3 4.0 72 736 ) 4.0

165 | SP2a | 170 [—= 75 74 1.8 12 740

3 635 58 183 10 730

Sta. | 200 | SP2a | 140 |—55 66.5 59 133 TT 33
3 63.5 6.1 10.1 0.9 310

23.5 | SPla | 145 5 65.5 5.7 151 3 215

5 650 32 2.4 12 705

27.0 | SPla | 145 |—jz 62.0 57 755 10 510

3 770 77 312 T6 300

130 | SP3a | 2.15 —5 753 6.9 356 2 320

3 665 62 758 T4 785

165 | SP2a | 1.65 —z 68.0 77 546 T1 395

3 66.0 76 156 12 375

A | Sum | 200 | SP2a | 130 |— 665 79 2.0 2 9.0
5 15 21 133 0.9 370

23.5 | SPla | 1.50 |—z 9.0 20 10.1 T1 373

3 675 74 6.1 12 370

27.0 | SPla [ 145 |—; 64.0 39 73 08 270

3 775 32 616 T8 153

130 | SP3a | 150 —3 750 14.6 381 10 153

3 615 79 763 19 14.0

165 | SP2a | 145 [—= 72.0 69 19.0 053 40

, 3 60.5 57 174 T2 120
Win. | 200 | SP2a | 1.25 |—jz 68.0 65 153 0.7 11,3
3 64.0 29 2.0 17 1.0

23.5 | SPla | 135 5 65.0 56 156 08 1.0

5 615 5T 97 T3 TT.0

27.0 | SPla | 135 |—jz 64.0 73 93 10 1.0

3 715 3.4 763 T3 773

13.0 | SP3b | 1.65 |—5 95 132 39.0 T3 273

5 695 102 329 19 750

165 | SP2b | 1.80 —p 70.0 93 30.9 17 753

5 705 53 83 17 340

Sta. | 20.0 | SP2b | 175 |55 710 59 19.6 T3 743
5 675 13 12 73 730

23.5 | 8P2b | 150 |5 675 26 73 73 730

5 625 70 133 77 305

27.0 | SPIb | 1.50 |—35 675 74 ) 75 270

3 65.5 183 1384 17 330

13.0 | SP3b | 235 |—55 625 7.1 624 16 330

5 675 89 371 TR 320

165 | SP2b | 1.90 |—55 650 10.6 B2 12 320

5 8.0 T 6.1 T8 30.0

B | Sum. | 200 | SP2b | 175 —p 60.5 118 323 14 31.0
5 60.0 8.5 162 T6 9.0

23.5 | SP2b | 145 —p 365 3.4 3.0 17 30.0

5 4.5 356 2.7 17 9.0

27.0 | SPIb | 1.50 |—35 65.5 66 373 T8 9.0

5 770 2.1 03 TT 180

13.0 | SP3b | 155 |—55 795 9.7 36.6 T3 18.0

5 9.0 96 294 1T 16.0

165 | SP2b | 170 —5 685 9.4 6.0 T3 16.0

, 5 675 73 204 T1 143
Win. | 200 | SP2b | 1.60 —5 680 80 16.5 12 150
5 66.0 6.0 7.9 ) 13.0

23.5 | SP2b | 140 |—5 67.0 5.7 134 10 13.0

5 535 10.9 103 TR 2.0

27.0 | SPIb | 1.30 —5 365 93 T0.1 77 130

T30 T30 3 3.0 T4 o7 T3 9.0

7.0 100 3 68.0 81 231 T3 370

Sta. 300 1 SPIe o5 3 680 71 15.9 T2 270
: : 30 70.0 63 16.7 T4 790

750 090 | 3 590 53 1.3 16 6.5

13.0 T1T0 5 6.0 10.9 386 T3 32.0

70 095 5 67.0 5.5 153 T1 30.0

C | sum o] SPle [T 00 3 710 15 115 12 95
- : 30 6.5 5T 143 10 9.5

750 095 5 68.0 3T 6.0 10 780

3.0 095 5 655 7.4 D 19 170

Wi O [OBS TS 733 6.7 177 T3 150
i, c 3 713 53 126 T8 15.0
20.0 090 —=p 710 6.4 178 T3 153
750 070 15 550 5.0 89 17 133

*) Sta. Standard temperature

Sum. Summer temperature

Win. Winter temperature

31
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Fig.11 Time-dependent change of fresh concrete properties

Table 12 Maximum temperature of Mock-up column and simplified-adiabatic curing

( )
o Standard temperature [Summer temperature [Winter temperature
W Simplified Simplified Simplified
Plant (%) Eg?lf[l;;lllp -adiabatic Eg?lf[l;;lllp -adiabatic Eg(l)ﬂ;lllp -adiabatic
curing curing curing
13.0 77.7 67.7 87.3 80.0 60.9 45.0
16.5 75.2 65.1 85.4 77.5 57.9 47.0
A 20.0 70.0 62.8 82.7 76.6 49.2 41.8
23.5 65.4 55.6 76.5 70.9 42.5 38.0
27.0 59.7 49.8 71.8 63.7 37.8 32.1
13.0 79.1 69.7 92.8 81.6 67.3 58.1
16.5 76.5 68.2 91.0 82.8 64.0 54.9
B 20.0 71.5 63.4 85.6 76.5 57.8 45.8
23.5 66.3 57.8 81.3 72.7 47.1 40.9
27.0 57.6 50.7 76.6 68.0 43.5 36.3
13.0 88.2 82.4 96.0 85.1 69.7 64.4
C 17.0 82.5 77.1 88.0 79.8 62.1 55.4
20.0 77.3 72.2 86.5 77.0 56.0 54.0
25.0 72.1 66.6 73.3 66.7 46.3 45.3
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Table 13  Experimental results of compressive strength ( )
. Simplified-adiabatic Mock-up column
Plant |Period \E\({/{g Standard curing P curing speciltjnen 28501
7days |28days|56days|91days| 7days |28days|56days|91days|28days|56days|91days|
13.0 | 131 | 167 | 173 | 183 [ 158 | 165 | 166 | 172 | 174 | 178 | 180 [ -13.0
16.5] 103 | 146 | 159 | 162 | 138 | 145 | 146 | 150 | 142 | 144 | 144 2.0
Sta. [ 20.0 | 86.8 | 130 | 143 [ 149 [ 113 | 123 [ 126 | 128 | 119 | 123 | 124 6.0
235 (824 | 119 | 138 | 138 | 106 | 111 | 116 | 118 | 104 | 112 | 112 7.0
27.0 [ 69.1 | 103 | 120 | 125 | 87.6 | 952 | 102 | 102 | 89.6 | 92.0 | 954 | 7.6
13.0 | 117 | 161 | 172 | 168 | 174 | 173 | 173 | 173 | 166 | 174 | 176 [ -15.0
16.5] 103 | 139 | 144 | 153 | 144 | 140 | 148 | 141 | 132 | 128 | 140 | -1.0
A Sum. [ 20.0 | 92.5 | 130 | 142 | 154 | 114 | 120 | 124 | 125 | 117 | 119 | 124 6.0
235786 | 115 | 129 | 139 [ 999 | 105 | 108 | 108 | 101 | 101 | 108 7.0
27.0 [ 672 1999 | 114 | 122 | 85.1 [ 89.3 | 90.9 | 91.0 | 86.4 | 91.2 | 955 | 44
13.0 | 125 | 160 | 166 | 168 | 135 | 150 | 162 | 169 | 164 | 180 | 178 | -18.0
16.5] 104 | 142 | 153 | 158 | 127 | 138 | 144 | 154 | 134 | 143 | 149 | -7.0
Win. [ 20.0 | 94.6 | 132 | 147 | 154 | 105 | 121 | 137 | 145 | 121 | 128 | 138 | -6.0
235 (813 | 123 | 133 | 138 | 923 | 110 | 125 | 136 | 106 | 118 | 128 | -5.0
27.0 { 72.1 | 110 | 122 | 129 | 70.5 | 94.6 | 112 | 121 | 93.8 | 105 | 114 | -4.0
13.0 | 125 | 161 | 166 | 174 | 159 | 161 | 172 | 174 | 157 | 170 | 172 | -11.0
16.5] 104 | 142 | 157 | 161 | 134 | 144 | 151 | 157 | 131 | 142 | 145 | -3.0
Sta. [ 20.0 | 83.9 | 121 | 130 | 141 [ 109 | 116 | 122 | 126 | 106 | 113 | 118 3.0
235677 | 102 | 115 | 122 | 86.5 | 94.7 | 953 | 98.8 | 88.0 | 949 | 994 | 2.6
27.0 [ 58.1 [ 91.4 | 102 | 110 | 74.6 | 793 | 83.5 | 86.4 | 77.0 | 83.8 | 89.6 | 1.8
13.0 | 115 | 153 | 167 | 174 | 153 | 155 | 154 | 148 | 156 | 162 | 162 | -9.0
16.5| 103 | 135 | 150 | 155 | 134 | 136 | 141 | 139 [ 132 | 134 | 138 [ -3.0
B Sum. | 20.0 | 88.8 | 121 | 134 | 145 | 122 | 122 | 131 | 128 | 120 | 125 | 126 | -5.0
2351799 | 114 | 122 | 137 | 105 | 113 | 116 | 115 | 112 | 111 | 113 1.0
27.0 { 70.7 | 101 | 115 | 120 | 90.8 | 106 | 107 | 108 | 103 | 104 | 106 | -5.0
13.0 | 127 | 159 | 180 | 186 | 162 | 165 | 171 | 176 | 170 | 175 | 177 | -18.0
16.5 | 102 | 143 | 160 | 169 | 137 | 140 | 146 | 155 [ 142 | 143 | 146 | -3.0
Win. [ 20.0 | 87.6 | 126 | 145 | 154 | 112 | 120 | 134 | 137 | 121 | 128 | 129 | -3.0
23.5(73.5 | 108 | 125 | 135 | 91.7 | 106 | 115 | 128 | 100 | 110 | 118 | -10.0
27.0 { 60.6 | 91.5 | 108 | 115 | 67.9 | 90.2 | 107 | 113 | 87.2 [ 98.2 | 105 | -13.5
13.0 | 121 | 158 | 159 | 169 | 162 | 160 | 156 | 168 | 155 | 162 | 166 | -8.0
Sta 17.0 | 104 | 139 | 146 | 156 | 138 | 140 | 139 | 146 [ 132 | 138 | 142 [ -3.0
©120.0 1957 | 127 | 135 | 152 | 120 | 123 | 129 | 131 [ 125 | 133 | 136 | -9.0
250 73.6 | 108 | 114 | 128 | 101 | 108 | 112 | 111 | 98.3 | 107 | 115 | -7.0
13.0 | 120 | 151 | 161 | 168 [ 172 | 162 | 164 | 164 | 157 | 157 | 160 [ -9.0
C Sum 17.0 | 101 | 131 | 153 | 157 | 135 | 131 | 133 | 137 | 130 | 131 | 133 | -2.0
12001989 | 124 | 140 | 144 | 124 | 122 | 124 | 126 | 121 | 121 | 124 0.0
25.0 [ 62.6 | 96.6 | 114 | 120 [ 93.2 [ 95.0 | 97.9 | 100 | 86.4 | 89.3 | 96.5 | 0.1
13.0 | 128 | 161 | 172 | 176 | 153 | 157 | 160 | 154 [ 147 | 157 | 162 | -1.0
Win 17.0 | 106 | 145 | 159 | 167 | 137 | 142 | 146 | 150 [ 137 | 140 | 147 [ -2.0
©120.0]97.0 | 137 | 153 | 158 | 123 | 130 | 139 | 138 | 126 | 132 | 140 | -3.0
25.0 [ 66.5 | 105 | 115 | 125 | 86.6 | 93.7 | 102 | 105 | 90.9 | 104 | 110 | -5.0
*) Sta. Standard temperature Sum. Summer temperature ~ Win. Winter temperature
Standard Summertime Wintertime Regression
temperature temperature temperature expression
Standard curing 28days - A
Core strength 91days =) || -——=-
Reference 1 F=12C/W+63.4 | coeeeeeserems
~ 200
E Plant:A Plant:B Plant:C
180 R | [cCorestrength 9 | [Corestreneth 1

160

140

120

100

Compressive strength (N/

80

| Core strength
Fo1=18.5C/W+350 —»7/ 2
7/

| Core strength

Standard

F258=15.6C/W+41.1

curing

4

6

Core strength

Foml43C/WS54 —

A F28=13.7C/W+54.5

8 2

Cement-water ratio
Fig.13 Relation between cement-water ratio and strength properties
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Mk 91 B3 5 5 W A si B & = 77 i
DR E Fig 14187, BOoDIE6-5XTRED L
NoHL0O0, Ml 10E%RER->TEY,
ZT —Z 2 EETUL, R (D) AREHOTR S BRI
BT GWEE AMEZTEHT 52 & b AlERIC R
H2H0EBbns.

(4)

M EEDOBIR AR LY.

ERETEERE LKt A FHEOBBRIE
B =7 ) — b ORGHEERAE Lokt A v

&b

Z T, () ArRE

AR A U7 iR O i 28 B IZF6 1T 2 A iR
£ (F) TRDOL, MiEkar s ) — MEE (=27

Core strength at 91 days (N/mm’)

200

150

mni)

28891 (N/

MEOIH a7igEL a7 U — kiR E O EfE
(455Se1) DEAFRZ Fig. 151278 T, 4 S 1TE B 50 %
EEEINZ B W TRE L RDMEADRBD B, EOfHE
IE 1 ~8N/m DEPFH L 72T E., KB LION=
T HREE AY 140N/mm’ % 48 % % fHIK Clx, A DOENE
HILTWA.

A ILESR T (Fe) 10038 X OV 120N/mm® 2482 L,
FTEDOW/C A L7-fE R % Table 14|27~
T, wFITO~Q@XE VBB L, HEHEFE (o) XM
YERA ETRE (FetyS,,) D10%, EHmEZE K)iX2.0
EARE LT,

- >
— —

F=Fcty,SqtKo e D
SREE) DE M A 91 A & LTz %
) R WFZ0.9(FetySe) 30 e )
0=0. 1(FctySy) , K=2.0  «oeee ®
l l l ZZiZ
| | A wF 0 BEHR28 H OFE AR (N/mn?)
i : 1 08301 - BEVEFE A2 28 H LMK =27 U — 91 H
: : 1 BT DEMEREDZAEIC L a7 ) —
i 1 ‘ : I 58 O A EAE (N/mm?)
i i : Table 14 Examples of evaluating
******* /| OPlantA | water-cement ratio
3 | Ap (Kt A > DR
; ; | ' 2sF mix
Fe 28501 | proportioning )
50 100 150 200 Plant (N/mm?) | (N/mm?) strength WiC (%)
(N/mm?)
Simplified adiabatic curing strength K 100 ) 1296 Y
91 days (N/mm’) 120 153.6 145
B 100 3 123.6 18.9
Fig.14 Relation between simplified-adiabatic 120 147.6 14.6
curing strength and core strength c 100 | 121.2 20.5
(B ZEEREARE L 07 REDOBER) 120 1452 15.1
15 Plant:A Plant:B Plant:C @ Standard
10 f-—=---""~"""~"""--+- i i A Summer
5 | :“ ,,,,,,,,,,,,,,,,,,, O Winter
1 .\ ..\A. |
0 A A A g
- w' ] 45
5 0F Et\:' AA | F--------- O-------
)
T ) PSR ) N o B | - e £
215 A. e
O |
20
0 50 100 150 2000 50 100 150 200 0O 50 100 150 200

Core strength 91 days (N/mm?)

*28S91:Concrete strength correction value
28S91 =(Strength in standard curing 28days)-(Core strength 91days)

Fig.15 Relation between core strength 91days and 25Sg1
OMBa7REE 28S01 DER)
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, Fc=100N/mm?
18.9 20.5%, Fc=120N/mm?

, w/C
N/mm?
N/mm? ()
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27.0%)

w/C
14.5 15.1%

, Fc=100 120

, SFPC®
, SFPC® Fc=120
1
(W/C=13.0 (
? 2)
3)

, , SFPC®
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