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Application of Applied Al models in Concrete Mixture
Proportion
Student : Su Hsiu Lu Advisor : Dr. Shih-Lin Hung

Department of Civil Engineering
College Engineering
National Chaio Tung University

Abstract

Concrete is one of most utilized construction materials in civil and
infrastructural engineering. Concrete is a highly sensitive material to the
issues in production process, such as proportioning, mixing, pouring,
curing, etc. Among those factors, propositioning is the most important
aspect. However, concrete mix, designed based on conventional methods,
are not guaranteed to satisfy the required aim.-Meanwhile, if the concrete
specimen test does not pass, it results in not only wasting cost, but also
loss of time. Recently, computer-aided - design of concrete mix
proportioning is a feasible  approach with .the aspect of reducing the
resource costs and increasing ‘construction efficiency.

Based on cost optimization approach, there are, currently, many
schemes of computer-aided concrete mix proportioning design. However,
cost is not the only aim for concrete mix design. This work attempts to
employ K-Means algorithm to analyze the pre-collected database to
design concrete mix proposition based on the predefined requirements
and provide a diversity of design to satisfy requirements of engineering.
In addition, ANN model can generate solutions, if K-Means algorithm
cannot find solutions in database. Simulation results reveal that the

system is feasible and practicable in concrete mix design.

Keywords: Concrete proportioning, K-Means, artificial neural network.
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% 2-1d = 1§Je'—“’r’5' ehfie b TR
S| BR (BB | kFR | krzE | wEFHET | EFHE | %7 B | BAEEK
% | (MPa) | (cm) | (kg/m®) | (kg/m®) | £ (kg/m®) | £ (kg/m®) | (kg/m®) | (kg/m®) | #l(kg/m®)
1 | 3500 | 40 | 198.0 340.0 752.0 1216.0 0.0 0.0 0.00
2 | 47.00 | 40 | 198.0 340.0 752.0 1123.0 0.0 0.0 0.00
3 | 31.00 | 18.0 | 198.0 340.0 752.0 1111.0 0.0 0.0 0.00
4 | 47.80 | 163 | 192.0 401.0 664.0 1052.0 0.0 62.6 11.60
5 | 25.20 | 135 | 183.0 287.0 768.0 1094.0 0.0 79.1 5.40
6 | 57.60 | 17.5 | 188.0 389.0 678.0 1047.0 0.0 68.9 10.50
7 | 2850 | 150 | 195.0 288.0 738.0 1070.0 0.0 93.4 5.90
8 | 4490 | 176 | 187.0 328.0 689.0 1093.0 0.0 80.3 9.40
9 | 39.60 | 155 | 174.0 301.0 723.0 1138.0 0.0 70.5 8.90
10 | 44.00 | 163 | 179.0 304.0 723.0 1098.0 0.0 78.9 9.60
11 | 40.90 | 16.7 | 187.0 302.0 728.0 1082.0 0.0 87.7 6.60
12 | 32.80 | 146 | 194.0 313.0 739.0 1060.0 0.0 84.1 5.70
13 | 4650 | 16.0 | 198.0 399.0 687.0 1004.0 0.0 72.3 9.90
14 | 29.60 | 16.0 | 189.0 287.0 777.0 1057.0 0.0 87.3 5.00
15 | 4220 | 165 | 184.0 356.0 715.0 1081.0 0.0 62.5 9.30
16 | 27.20 | 16.0 | 200.2 159.9 865.0 851.1 97.9 | 1409 5.10
17 | 3540 | 13.0 | 189.9 170.8 852.7 859.0 1047 | 151.1 6.90
18 | 46.90 | 15.0 | 182.7 178.9 846.5 868.0 1343 | 1339 8.00
19 | 48.40 | 19.0 | 1745 1938 821.5 875.1 1382 | 151.8 8.90
20 | 57.20 | 17.0 | 160.4 200.0 734.2 990.3 155.2 | 140.0 9.80
21 | 4210 | 6.0 | 154.9 159.5 823.5 1010.5 812 | 157.3 4.20
22 | 41.30 | 100 | 161.0 162.4 825.2 980.3 86.6 | 156.6 6.80
23 | 4360 | 16.0 | 183.1 183.7 830.6 865.7 1165 | 1585 8.10
24 | 4560 | 22.0 | 183.6 186.9 7733 911.9 1248 | 155.1 9.50
25 | 4320 | 24.0 | 184.6 190.2 737.9 934.0 1295 | 155.7 10.70
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% 2-1(%)

Y| BB | BR|kFE | kFiE | wEHT | REFHT | RE fA | BocEK
8 | (MPa) | (cm) | (kg/m®) | (kg/m®) | £ (kg/m®) | & (kg/m®) | (kg/m®) | (kg/m®) | #i(kg/m®)
26 | 5050 | 2.5 | 214.0 537.0 495.0 1100.0 0.0 0.0 0.00
27 | 42,60 | 55 | 226.0 502.0 495.0 1100.0 0.0 0.0 0.00
28 | 36.40 | 12.5 | 236.0 472.0 495.0 1100.0 0.0 0.0 0.00
29 | 4740 | 55 | 226.0 566.0 431.0 1108.0 0.0 0.0 0.00
30 | 4310 | 85 | 238.0 530.0 431.0 1108.0 0.0 0.0 0.00
31 | 35.00 |12.0 | 249.0 498.0 431.0 1108.0 0.0 0.0 0.00
32 | 4470 | 95 | 237.0 592.0 388.0 1102.0 0.0 0.0 0.00
33 | 4450 | 13.0 | 250.0 554.0 388.0 1102.0 0.0 0.0 0.00
34 | 36.80 | 19.0 | 261.0 521.0 388.0 1102.0 0.0 0.0 0.00
35 | 49.70 | 45 | 203.0 461.0 495.0 1101.0 0.0 81.0 2.01
36 | 55.20 | 20.5 | 203.0 461.0 495.0 1101.0 0.0 81.0 5.64
37 | 50.80 | 21.0 | 203.0 461.0 495.0 1101.0 0.0 81.0 9.08
38 | 50.70 | 95 | 214.0 486.0 431.0 1108:0 0.0 86.0 2.11
39 | 53.10 | 21.0 | 214.0 486.0 431.0 1108.0 0.0 86.0 5.94
40 | 5050 | 23.0 | 214.0 486.0 431.0 1108.0 0.0 86.0 9.57
41 | 51.30 | 10.0 | 224.0 509.0 388.0 1102.0 0.0 90.0 2.21
42 | 53.00 | 21.5| 224.0 509.0 388.0 1102.0 0.0 90.0 6.22
43 | 50.40 | 235 | 224.0 509.0 388.0 1102.0 0.0 90.0 10.02
44 | 3420 | 215 1401 196.3 773.2 10493 | 1351 | 111 3.70
45 | 34.80 | 22.0 | 140.3 196.6 780.7 1040.7 | 1354 | 112 3.70
46 | 26.80 | 27.0 | 1444 226.4 779.9 893.1 1375 | 687 4.60
47 | 2450 | 275 150.0 234.1 795.4 821.0 1212 | 109.6 5.00
48 | 30.70 | 275 | 1482 231.6 788.6 780.4 126.3 | 152.6 5.60
49 | 4270 | 8.0 | 140.6 168.5 899.5 892.6 1206 | 113.0 4.90
50 | 4460 | 7.5 | 1405 169.6 896.9 901.1 150.4 | 82.3 4.90
51 | 47.20 | 15.0 | 140.0 180.8 899.2 839.6 163.7 | 98.6 5.20
52 | 43.60 | 24.0 | 140.0 189.1 877.4 821.0 1853 | 97.2 5.50
53 | 41.70 | 265 | 140.2 217.6 799.1 798.0 2256 | 87.1 5.90
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% 2-1(%)

Y| BB | BR|kFE | kFiE | wEHT | REFHT | RE fA | BocEK
8 | (MPa) | (cm) | (kg/m®) | (kg/m®) | £ (kg/m®) | & (kg/m®) | (kg/m®) | (kg/m®) | #i(kg/m®)
54 | 50.20 | 15.0 | 140.0 169.0 897.8 858.7 1725 | 102.1 5.40
55 | 5270 | 9.0 | 1403 170.0 897.5 865.9 199.9 | 724 5.40
56 | 51.60 | 8.0 | 140.6 178.8 899.0 830.0 2225 | 729 5.70
57 | 5150 | 16.0 | 146.4 191.4 854.9 7915 239.3 | 89.0 6.20
58 | 49.90 | 22.0 [ 191.0 204.6 805.1 782.6 239.2 | 76.6 6.60
59 | 4820 | 85 | 140.2 168.5 894.7 829.7 2319 | 83.6 5.90
60 | 52.70 | 22.5 | 156.3 173.0 889.8 821.6 239.8 | 67.2 6.00
61 | 52.00 | 8.0 | 189.0 1815 866.2 803.2 239.6 | 60.6 6.40
62 | 54.30 | 185 | 230.1 190.6 830.8 793.1 239.1 | 49.6 6.80
63 | 53.70 | 26.5 | 294.0 206.2 755.0 790.4 238.7 | 344 7.40
64 | 53.30 | 2.0 | 216.1 169.0 872.0 806.5 239.8 | 60.7 6.80
65 | 53.30 | 11.5 | 2421 173.7 868.0 804.9 239.8 | 36.5 6.80
66 | 53.80 | 3.0 | 287.6 1825 821.6 804.9 239.9 | 229 7.20
67 | 5450 | 23.0 | 3316 1883 794.8 7842 239.8 | 133 10.60
68 | 53.80 | 28.0 | 390.0 200.0 742.3 780.4 230.0 0.0 11.00
69 | 37.76 | 23.0 | 140.0 330.6 809.4 1026.3 0.0 58.3 10.89
70 | 3854 | 23.0 | 160.0 377.8 809.4 1026.3 0.0 66.6 12.44
71 | 37.76 | 20.0 | 180.0 425.0 768.5 974.0 25.0 50.0 10.00
72 | 50.41 | 235 | 140.0 350.0 799.9 1014.1 0.0 61.8 12.14
73 | 69.90 | 28.2 | 170.0 695.0 728.0 769 0.0 0.0 11.80
74 | 6420 | 27.7 | 170.0 603.0 729.0 848 0.0 0.0 7.20
75 | 65.40 | 27.0 | 170.0 602.0 756.0 822 0.0 0.0 8.40
76 | 59.00 | 27.3 | 170.0 607.0 797.0 776 0.0 0.0 8.50
77 | 64.10 | 25.0 | 170.0 547.0 752.0 875 0.0 0.0 6.60
78 | 59.10 | 26.0 | 170.0 546.0 782.0 845 0.0 0.0 6.60
79 | 55.20 | 26.0 | 170.0 547.0 854.0 771 0.0 0.0 6.60
80 | 49.90 | 235 170.0 475.0 783.0 906 0.0 0.0 5.70
81 | 55.10 | 24.0 | 170.0 480.0 906.0 776 0.0 0.0 5.80
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% 2-1(%)

Y| BB | BR|kFE | kFiE | wEHT | REFHT | RE fA | BocEK
8 | (MPa) | (cm) | (kg/m®) | (kg/m®) | £ (kg/m®) | & (kg/m®) | (kg/m®) | (kg/m®) | #i(kg/m®)
82 | 4430 | 22.0 | 170.0 430.0 851.0 877 0.0 0.0 5.20
83 | 40.93 | 2.0 | 170.0 340.0 819.0 1054.0 0.0 0.0 1.70
84 | 3528 | 35 | 170.0 289.0 800.0 1054.0 0.0 51.0 2.04
85 | 3353 | 4.0 | 170.0 255.0 787.0 1054.0 0.0 85.0 2.38
86 | 3561 | 1.5 | 170.0 289.0 819.0 1054.0 51.0 0.0 2.04
87 | 3828 | 25 | 170.0 238.0 819.0 1054.0 | 102.0 0.0 2.21
88 | 40.03 | 2.0 | 170.0 170.0 819.0 1054.0 | 170.0 0.0 2.21
89 | 53.79 | 1.5 | 170.0 405.0 765.0 1054.0 0.0 0.0 2.03
90 | 51.81 | 25 | 170.0 345.0 742.0 1054.0 0.0 60.0 2.63
91 | 48.65 | 35 | 170.0 304.0 126.0 1054.0 00 | 101.0 3.44
92 | 5111 | 15 | 170.0 345.0 765.0 1054.0 60.0 0.0 2.43
93 | 53.79 | 25 | 170.0 283.0 765.0 1054.0 | 1220 0.0 3.04
94 | 55.70 | 2.0 | 170.0 203.0 765.0 10540 | 202.0 0.0 3.44
95 | 75.07 | 25 | 170.0 486.0 684.0 1054.0 0.0 0.0 2.43
96 | 72.06 | 1.5 | 170.0 413.0 652.0 1054.0 0.0 73.0 2.92
97 | 6558 | 2.5 | 170.0 365.0 631.0 1054.0 0.0 121.0 3.65
98 | 70.08 | 2.0 | 170.0 413.0 684.0 1054.0 73.0 0.0 3.40
99 | 7293 | 1.5 | 170.0 340.0 684.0 1054.0 | 146.0 0.0 3.65
100 | 75.46 | 4.0 | 170.0 243.0 684.0 1054.0 | 243.0 0.0 2.43
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A8 | Feed-forward back propagation
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RIS S R - 1B 4 ) R 13§
Rzt ma (Mpa) 0— 76 0.1 — 09

46




S

A-3 R B BIERIWA @ F il SRRE ’]‘#—
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30457 b EREAH SATFRPURER A E RS

HEABEK | VRY FiE | REVYHFE RBFTYHFE
7 0.9850 0.7002 0.6987
7 0.9872 0.5395 0.8634
7 0.9817 0.7718 0.7145
7 0.9913 0.3162 0.6284
8 0.9805 0.6829 0.8890
8 0.9902 0.7214 0.4048
8 0.9940 0.5652 0.7022
8 0.9848 0.6078 0.8083
9 0.9802 0.8119 0.7402
9 0.9733 0.6152 0.5097
9 0.9790 0.7655 0.6669
9 0.9963 0.8811 0.7608

10 0.9826 0.6742 0.6166
10 0.9824 0.7752 0.8490
10 0.9934 0.8978 0.7887
10 0.9759 0.5263 0.7260
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3 4-5(%)

WEABEPATRE | REVHE | HRETRE
11 09879 | 06936 | 0.7553
11 09836 | 07948 | 0.1694
11 09922 | 08102 | 0.7776
11 0.9701 0.7451 0.7542
12 09933 | 08410 | 0.8750
12 0.9774 0.7433 0.7524
12 09891 | 0.6068 | 0.6951
12 09829 | 0.3458 | 0.5572
13 0999 | 07018 | 0.6003
13 09895 | 104822 | 0.6648
13 0.9997;| | 06777 | 0.7528
13 09925 | 0.7592- | 0.7333
14 09947 | 07693 | 0.6814
14 09925 | 0.6428 | 0.7786
14 0.9923 0.7261 0.7982
14 0999 | 06678 | 0.8820
15 09891 | 05813 | 0.8513
15 09878 | 0.8398 | 0.9073
15 09947 | 07325 | 0.8535
15 09957 | 0.8082 | 0.6823
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2467 FEREANEARRBAIBROLSFTFERSE

HEABEK | VRY ﬁ%‘x,‘!{_ SRE W &ﬁfﬁ Bl &ﬁfﬁ
7 0.9712 0.5563 0.6044
7 0.9965 0.5192 0.6684
7 0.9967 0.6408 0.7548
7 0.9760 0.6697 0.7693
8 0.9550 0.6255 0.7447
8 0.9760 0.6697 0.7693
8 0.9359 0.7219 0.6316
8 0.8739 0.6895 0.6515
9 0.9752 0.5377 0.7880
9 0.8949 0.6291 0.6700
9 0.9299 0.4575 0.6133
9 0.9325 0.8000 0.8277

10 0.9795 0.7415 0.3577
10 0.9043 0.7620 0.4492
10 0.9123 0.5935 0.1370
10 0.8917 0.7246 0.6725
11 0.9965 0.5700 0.5754
11 0.9281 0.5872 0.5530
11 0.9408 0.6820 0.1166
11 0.9059 0.5471 0.5546
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3 4-6(%)

WEARE | PRTFE | REVRE | METFE
12 0.9987 0.8612 0.4948
12 0.9141 0.6137 0.3074
12 08680 | 03482 | 0.8285
12 0.7431 0.6918 0.1219
13 0.9968 0.6735 0.7791
13 0.8141 0.1778 0.1997
13 0.8672 0.2904 0.0445
13 0.9557 0.5503 0.4377
14 0.9513 0.1418 0.4788
14 0.9565 0.7147 0.4304
14 0.5007 0.3076 0.4815
14 0.8590 0.5134 0.7341
15 0.9974 0.8087 0.0986
15 0.7970 0.5479 0.5169
15 0.9442 0.7463 0.5513
15 0.9455 0.4261 0.8693
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2 % B R RS e R d #0719
P | ok | kit |mEH | REFH | BE | K% | SP | %A |[BA
(1) RiZAAPLEPHoRgEd v T
(2) RZAIPLPHRREI TR
(3) |0.062 | 0.096 | 0.352 | 0.351 |0.099 | 0.038 | 0.003 | 41.7 | 26.5
(4) £ZAEZPEPHFREL TR
(5) R2AELPEPFRRL TR

HIlELHPEFLEEF A  RARE L Mpas 2R E

% cm; SP 5 B s KA o

2 bR 2 Rt R d B3R
B | ok | kit |mBH RPN | | &% | SP | %R | 2R
(1) Riz A2 PEBHFITRRL pVFTHR

(2) |0.097 | 0.133 | 0.310 | 0.389 |0.035|0.032 | 0.003 | 33.0 | 26.9
(2) [0.070 | 0.139 | 0.325 | 0.397 |0.032|0.034 | 0.004 | 34.1 | 26.5
(3) [0.069 | 0.119 | 0.313 | 0.414 |0.061 | 0.021 | 0.003 | 41.5 | 26.0
(3) [0.105|0.114 | 0.292 | 0.384 |0.068 | 0.033 | 0.004 | 40.2 | 26.3
(3) [0.080 | 0.116 | 0.285 | 0.412 |0.061 | 0.042 | 0.004 | 39.6 | 25.1
(3) [0.107 | 0.099 | 0.331 | 0.364 |0.058 | 0.037 | 0.004 | 42.0 | 26.5
(3) [0.062 |0.101 | 0.345 | 0.361 |0.083 | 0.045 | 0.002 | 43.1 | 26.6
(3) 0.087 | 0.153 | 0.265 | 0.424 |0.029 | 0.039 | 0.004 | 41.9 | 26.6
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3 4-8(¥)

z f &R fot K & HCAI SRR

BH| ok | kit |mFH | REH | BF | &2 | SP | %R | BAR

(4) 10.102|0.179| 0.230 | 0.423 |0.025 | 0.039 | 0.004 | 50.5 | 27.3

(4) |0.111 | 0.093 | 0.320 | 0.3558 | 0.087 | 0.030 | 0.004 | 48.9 | 26.7

(4) 10.080|0.138| 0.277 | 0.427 |0.062 | 0.013 | 0.003 | 48.4 | 25.6

(4) 10.068 |0.110 | 0.298 | 0.410 |0.059 | 0.052 | 0.002 | 51.0 | 25.2

*(5) | 0.104 | 0.194 | 0.220 | 0.455 |0.013 | 0.011 | 0.002 | 60.0 | 26.5

HIELHRECLER AV RARERL Mpas B R E
acom; SP A Bk R s * ARV RESET R

2492+ L FHATREBERFI f %P

z f * femR R prt Kt & HCAI SRR

B¥| ok | kit |0 H | REH | BE | 84| SP | %R |[BR

(1) £i2 AP L PR fert T

(2) 10.068|0.123 | 0.333 | 0.397 |0.030 | 0.039 | 0.003 | 33.8 | 26.5

(2) 10.070|0.147 | 0.315 | 0.393 | 0.046 | 0.025 | 0.004 | 34.7 | 26.5

(2) |0.096 |0.141| 0.308 | 0.392 |0.030 | 0.029 | 0.004 | 33.5 | 26.7

(2) 10.080|0.113 | 0.311 | 0.420 |0.022 | 0.050 | 0.004 | 34.4 | 26.3

(2) 10.089|0.120| 0.323 | 0.381 |0.045|0.039 | 0.003 | 34.2 | 27.3

(3) | 0.115|0.109 | 0.282 | 0.395 |0.065 | 0.031 | 0.004 | 42.0 | 26.1

(3) 10.069|0.120| 0.311 | 0.416 |0.064 | 0.018 | 0.003 | 42.1 | 26.0

(3) 10.078 | 0.109 | 0.294 | 0.412 |0.048 | 0.055 | 0.004 | 39.6 | 26.2

(3) 10.091|0.111 | 0.298 | 0.390 |0.063 | 0.043 | 0.004 | 39.9 | 26.2
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3 4-9(%)

& f &R fot K & HCAI SRR
BH| ok | kit |mFH | REH | BF | &2 | SP | %R | BAR
(3) |0.075|0.140 | 0.264 | 0.442 | 0.064 | 0.011 | 0.005 | 43.0 | 26.6
(3) |0.065|0.104 | 0.339 | 0.369 |0.079 | 0.041 | 0.003 | 41.2 | 26.4
(3) |0.087 |0.156 | 0.253 | 0.441 |0.008 | 0.049 | 0.004 | 41.9 | 26.6
(3) |0.113|0.112 | 0.309 | 0.361 |0.080 | 0.021 | 0.004 | 41.5 | 26.1
(3) | 0.111 | 0.095 | 0.332 | 0.366 |0.055|0.036 | 0.004 | 42.0 | 26.6
(3) |0.091|0.153 | 0.268 | 0.414 |0.037 | 0.034 | 0.004 | 41.3 | 26.6
(3) |0.074|0.130 | 0.287 | 0.443 |0.039 | 0.023 | 0.004 | 41.1 | 25.6
(3) | 0.111 | 0.150 | 0.262 |.0.385 {0.057{0.032 | 0.003 | 40.9 | 26.7
(3) |0.081|0.128 | 0.281 | 0.418 [0.060 [.0.029 | 0.004 | 40.5 | 25.8
(4) 10.107 | 0.150 | 0.243 | 0.457 [0.006 | 0.034| 0.003 | 51.0 | 25.3
(4) |0.082|0.147 | 0.272 | 0.422 |0.059| 0.015 | 0.004 | 48.0 | 26.0
*(4) | 0.105 | 0.177 | 0.233 | 40/425-4-0:0201.0.036 | 0.004 | 52.0 | 27.3
(4) |0.084|0.156 | 0.252 | 0.416 |0.045|0.044 | 0.003 | 48.5 | 26.8
(4) |10.124|0.086 | 0.335 | 0.347 |0.088 | 0.016 | 0.004 | 51.0 | 26.3
(4) |0.096|0.093 | 0.309 | 0.379 |0.076 | 0.043 | 0.004 | 48.5 | 26.2
(4) 10.072|0.121 | 0.298 | 0.406 |0.064 | 0.037 | 0.002 | 47.9 | 25.8
*(5) | 0.108 | 0.177 | 0.241 | 0.440 |0.012 | 0.020 | 0.002 | 61.4 | 26.2
*(5) | 0.093 | 0.157 | 0.243 | 0.462 |0.033 | 0.009 | 0.003 | 66.3 | 26.5
(5) |0.101|0.208 | 0.200 | 0.455 |0.011 | 0.021 | 0.003 | 56.0 | 26.3
(5) |0.104 | 0.170 | 0.243 | 0.415 |0.039 | 0.026 | 0.003 | 59.0 | 26.1

HlEEHPECLIEREF A HARAECE Mpas BRE

% cm; SP & B kA *E VRIS ET ] o
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% 4-103%F 7 £ 3 5 00001 i f=iR &3 peb k3

e b BEAARS f R d 3R

$BL | ok | ki | wFH [ REFH | BT | K% | SP | %R | BAR

(1) [0.089|0.159 | 0.251 | 0.472 |0.019 | 0.008 | 0.002 | 58.4 | 25.0

(2) [0.101|0.208 | 0.200 | 0.455 | 0.011 | 0.021 | 0.003 | 55.7 | 26.3

%(3) | 0.113 | 0.173 | 0.252 | 0.428 | 0.005 | 0.027 | 0.002 | 55.9 | 25.6

&(4) | 0.107 | 0.181 | 0.238 | 0.452 | 0.014 | 0.006 | 0.002 | 58.6 | 25.6

(5) [0.084|0.158 | 0.240 | 0.449 | 0.054 | 0.010 | 0.004 | 59.3 | 25.6

*(6) | 0.104 | 0.177 | 0.229 | 0.429 | 0.025 | 0.034 | 0.003 | 60.0 | 27.1

&(7) | 0.112 | 0.181 | 0.249 | 0.409 | 0.027 | 0.018 | 0.004 | 58.3 | 25.7

%(8) | 0.115 | 0.179 | 0.246 «{ 0.442 | 0.009{ 0.006 | 0.002 | 55.7 | 25.5

(9) [0.096 | 0.162 | 0.252 | 0.404 | 0.0530.031 | 0.002 | 58.5 | 25.7

*(10) | 0.097 | 0.171 | 0.231 | 0.447 | 0.011 | 0.040 | 0.003 | 57.4 | 26.0

(11) | 0.108 | 0.153 | 0.237.|.0.465 | 0.027 |.0.009 | 0.002 | 56.1 | 25.9

HIELHPEFLEEPAY I RARAE L Mpas 2R E
™% Ccm;SP 2 B3 kA AR IFARPERDLIERT & o
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% 4-11 £ 3 5 0.0005:& 7R &2 b &
fie v &
S| ok

21

“!
# 8RR s R
Kk

d H-3] TR R
eF4 | e | x| SP
(1) |0.104 | 0.172 | 0.251 | 0.406

@)

0.040
0.101 | 0.208 | 0.200 | 0.455 | 0.011 | 0.021
0.084 | 0.158 | 0.240 | 0.449 | 0.054
0.246 | 0.441 |0.009 | 0.011
0.175| 0.229 | 0.435 | 0.020
0.244 | 0.468

WR | PR

0.024 | 0.003
(3)
(4)

56.1 | 25.8
0.003
0.113 | 0.178
®)

55.7 | 26.3
0.010
0.102

0.004
(6)

59.3
0.098

25.6
0.156
=S

0.002

58.1

25.6
0.036

0.003 | 59.3
0.023
EEHPECIEEE AN S RAERSG

0.008

0.002
T v

26.9

56.7

26.1

Mpa; 3 B H
* % cm i SP 3 B axipi K H| o

pa»h

% 4-123F v 4B 5 0.00073& 785 2 et K3
R e p - A d B3R
BBl | ok | kit | WFH | REPH | BT | 2| SP
0.240 | 0.449 |0.054
0.200 | 0.455 |0.011 | 0.021
0.156 | 0.244 | 0.468 |0.023
0.246 | 0.441 |0.009 | 0.011
0.175| 0.229 | 0.435 |0.020 | 0.036 | 0.003
0.172| 0.251 | 0.406 | 0.040

Y EEHHEE >

(1) |0.084

0.158
()

0.101

0.208
(3)

wE | PR
0.010
0.098

0.004 | 59.3 | 25.6
0.003
(4) |0.113 | 0.178
(5)

55.7 | 26.3
0.008
0.102

0.002 | 56.7
(6)

26.1
0.104

.

0.002

58.1

25.6

.i

59.3

26.9
0.024

Ve

0.003
LEF AL

56.1 | 25.8
WA H

Z Mpa; R H
> 5 cm; SP & B kA o
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% 4-133%F v £ B 5 0.0003 ;&2 {7iR 5 3 et K3t

g

e bt #E ARG Rt &3 ¢ #-3]FER

BBl ok | ki | WFH | REH | BT | &% | SP | %A | BA

(1) | 0.096 |0.162 | 0.252 | 0.404 |0.053 | 0.031 | 0.002 | 58.5 | 25.7

(2) 10112 | 0.180 | 0.244 | 0.445 | 0.011 | 0.006 | 0.002 | 56.6 | 25.6

(3) 10113 |0.177| 0.251 | 0.418 | 0.016 | 0.022 | 0.003 | 60.1 | 26.4

(4) 10.097 |0.171| 0.231 | 0.447 | 0.011 | 0.040 | 0.003 | 57.4 | 26.0

(5) 10.101|0.208 | 0.200 | 0.455 | 0.011 | 0.021 | 0.003 | 55.7 | 26.3

(6) |0.104 |0.177| 0.229 | 0.429 |0.025 | 0.034 | 0.003 | 60.0 | 27.1

(7) 10.084|0.158 | 0.240 | 0.449 |0.054 | 0.010 | 0.004 | 59.3 | 25.6

(8) |0.098 | 0.156 | 0.244 | 0.468 10.023 |0.008 | 0.002 | 56.7 | 26.1

1%

et HEE L ER AN I HAE =3 Mpa; B A ¥
% €m. SP. & B KA o

# 4-14F 7 £ 8 500004 & 7R 5% 1 gert k3t

e bt B ERGRD f R ¢ H2l9RR

$B | ok | kit |mPH | REPH | RE | &% | SP | %R | BA

(1) | 0.098 | 0.156 | 0.244 | 0.468 | 0.023 | 0.008 | 0.002 | 56.7 | 26.1

(2) 10113 |0.177| 0.251 | 0.418 | 0.016 | 0.022 | 0.003 | 60.1 | 26.4

(3) 10.102 |0.175| 0.229 | 0.435 |0.020 | 0.036 | 0.003 | 59.3 | 26.9

(4) 10.096 |0.162 | 0.252 | 0.404 |0.053 | 0.031 | 0.002 | 58.5 | 25.7

(5) 10.084|0.158 | 0.240 | 0.449 |0.054 | 0.010 | 0.004 | 59.3 | 25.6

(6) |0.101|0.208 | 0.200 | 0.455 | 0.011 | 0.021 | 0.003 | 55.7 | 26.3

SN

45 | 0.011 | 0.006 | 0.002 | 56.6 | 25.6

(7) 10112 | 0.180| 0.244 | O.

ré

et HPRECEEEFA Y RAERSE Mpas B R E
=% cm; SP

:Vi LR KR o
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4 4153 ¥ £ B 5 0.0008 i& 7R 582 fert ® 3+

fie 1 &R ft R d B3R

$Bl | ok | kiR |mBH | EEH | BE | ¥ | SP | %R | BA

*(1) | 0.108 | 0.177 | 0.241 | 0.440 |0.012 | 0.020 | 0.002 | 61.4 | 26.2

*(2) | 0.093|0.157 | 0.243 | 0.462 | 0.033 | 0.009 | 0.003 | 66.3 | 26.5

(3) 10.104|0.170 | 0.243 | 0.415 | 0.039 | 0.026 | 0.003 | 59.0 | 26.1

(4) 10.101|0.208 | 0.200 | 0.455 | 0.011 | 0.021 | 0.003 | 56.0 | 26.3

X bHPE L e R T AN AE L Mpa; RR ¥

Ik

-

% cm; SP 2 B RA AR AR

T f R L FRt R A NV RT BT

B ok | kit |mEH | RFH | BT &L | SP | %R | BAR

(1) 1 0.103|0.134| 0.310 | 0.382 /| 0.040 | 0.027 | 0.003 | 33.1 | 26.3

(1) | 0.068 |0.144 | 0.317 | 0.386 |0.057 | 0.024 | 0.004 | 34.6 | 26.7

(1) | 0.070 | 0.113 | 0.336 | 0.405 |0.024 | 0.049 | 0.004 | 33.9 | 26.7

(1) [ 0.071|0.154| 0.311 | 0.399 |0.038 | 0.024 | 0.005 | 34.8 | 26.3

(1) | 0.090|0.140 | 0.306 | 0.400 |0.026 | 0.033 | 0.004 | 34.0 | 26.9

(1) 1 0.070|{0.135| 0.329 | 0.394 |0.033 | 0.036 | 0.003 | 34.0 | 26.6

(1) | 0.085|0.120| 0.326 | 0.381 | 0.044 | 0.040 | 0.003 | 34.2 | 27.4

(1) 10.081|0.115| 0.307 | 0.424 |0.021 | 0.049 | 0.004 | 34.3 | 26.1
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1 4-16(%)

5 4 P B RRD st R 4 42

BH| ok | kit |mFH | REH | BF | &2 | SP | %R | BAR

(2) |0.104|0.108 | 0.289 | 0.396 |0.057 | 0.041 | 0.005 | 40.8 | 27.0

(2) |0.111 | 0.150 | 0.262 | 0.385 |0.057 | 0.032 | 0.003 | 40.9 | 26.7

(2) 10118 |0.118 | 0.287 | 0.373 |0.081 | 0.019 | 0.005 | 40.8 | 25.6

(2) 10.070|0.119 | 0.300 | 0.445 |0.041|0.022 | 0.003 | 41.1 | 25.4

(2) 10.078|{0.109 | 0.294 | 0.412 |0.048 | 0.055 | 0.004 | 39.6 | 26.2

(2) 10.081|0.128 | 0.281 | 0.418 | 0.060 | 0.029 | 0.004 | 40.5 | 25.8

(2) 10.109|0.102 | 0.332 | 0.357 |0.065 |0.032 | 0.004 | 41.9 | 26.6

(2) 10.129 |0.084 | 0.331 |.0.363 |0.0650.025 | 0.004 | 42.0 | 26.5

(2) 10.088|0.115| 0.300. | 0.388 |0.068 |.0.039 | 0.003 | 40.6 | 26.1

(2) 10.069|0.121 | 0.311 | 0.411 }0.061 | 0.025( 0.003 | 41.1 | 26.1

(2) |0.062 | 0.096 | 0.352 | 0.351 |0.099 | 0.038 | 0.003 | 41.7 | 26.5

(2) 10.087|0.156 | 0.253 | 0.441-1-0.008 | 0.049 | 0.004 | 41.9 | 26.6

(2) 10.092|0.155| 0.268 | 0.411 |0.036 | 0.035 | 0.004 | 41.4 | 26.8

(2) 10.083|0.142| 0.273 | 0.434 |0.037 | 0.028 | 0.004 | 41.1 | 25.7

(2) 10.075|0.140 | 0.264 | 0.442 |0.064 | 0.011 | 0.005 | 43.0 | 26.6

(2) |0.067|0.107 | 0.335 | 0.375 |0.072 | 0.042 | 0.003 | 39.9 | 26.6

(2) 10.093|0.096 | 0.316 | 0.390 |0.051 | 0.050 | 0.005 | 42.8 | 25.7

(2) 10.070|0.116 | 0.312 | 0.425 |0.071 | 0.004 | 0.003 | 42.0 | 25.2
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1 4-16(%)

z f &R fot K & HCAI SRR

BH| ok | kit |mFH | REH | BF | &2 | SP | %R | BAR

(3) 10.102 | 0.173| 0.255 | 0.423 | 0.007 | 0.037 | 0.004 | 49.0 | 26.8

(3) 10.085|0.167 | 0.269 | 0.414 |0.056 | 0.004 | 0.004 | 47.5 | 25.9

(3) |0.096 | 0.093| 0.309 | 0.379 |0.076 | 0.043 | 0.004 | 48.5 | 26.2

(3) 10.117 | 0.177 | 0.223 | 0.425 |0.022 | 0.032 | 0.004 | 49.1 | 26.3

(3) 10.077|0.133| 0.296 | 0.406 |0.069 | 0.017 | 0.002 | 48.1 | 26.1

(3) 10.069 | 0.115| 0.297 | 0.408 | 0.060 | 0.049 | 0.002 | 48.7 | 25.7

(3) 10.075|0.159 | 0.260 | 0.402 |0.050 | 0.052 | 0.002 | 49.5 | 26.8

(3) 10.082|0.142| 0.265 |.0.430 | 0.0570.021 | 0.004 | 49.1 | 25.9

(3) |0.107 | 0.150 | 0.243. | 0.457 |0.006 |.0.034 | 0.003 | 51.0 | 25.3

(3) 10.088|0.168 | 0.238 | 0.428 |0.033 | 0.041- 0.004 | 50.3 | 26.8

(3) 10.124 | 0.086 | 0.335 | 0.347 |0.088 | 0.016 | 0.004 | 51.0 | 26.3

HIEEHRECLER AN s RARAE L Mpas B R E
% cm; SP & B st -RAB o
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2 417 gz FEFTHR L R3FF 5 0.006
z f &R ft R d B3R
B | ok | kit |mBH | REPH | %E | &% | SP | %R | 2R
(1) |0.103|0.137 | 0.306 | 0.385 | 0.036 | 0.029 | 0.004 | 33.0 | 26.5
(1) |0.068 | 0.147 | 0.314 | 0.389 | 0.053 | 0.025 | 0.004 | 34.6 | 26.7
(1) |0.065|0.128 | 0.336 | 0.399 | 0.029 | 0.040 | 0.003 | 33.8 | 26.3
(1) |0.075|0.107 | 0.327 | 0.405 |0.025 | 0.057 | 0.004 | 34.7 | 26.5
(1) |0.085|0.120 | 0.326 | 0.381 |0.044 | 0.040 | 0.003 | 34.2 | 27.4
(1) |0.076 | 0.141 | 0.320 | 0.397 |0.033 | 0.029 | 0.004 | 34.7 | 26.4
(1) |0.081|0.115| 0.307 | 0.424 | 0.021 | 0.049 | 0.004 | 34.3 | 26.1
(2) |0.091 | 0.111 | 0.298 4 0.390 | 0.063{0.043 | 0.004 | 39.9 | 26.2
(2) |0.087 | 0.156 | 0.253 '| 0.441 | 0.008 |0.049 | 0.004 | 41.9 | 26.6
(2) |0.067 | 0.107 | 0.335 | 0.375 | 0.072 | 0.042 | 0.003 | 39.9 | 26.6
(2) |0.091 |0.153 | 0.268|.0.414 | 0.037 | 0.034 | 0.004 | 41.3 | 26.6
(2) |0.080|0.111 | 0.290 | 0.412 1} 0.052 | 0.052 | 0.004 | 40.1 | 26.2
(2) | 0.111 | 0.150 | 0.262 | 0.385 | 0.057 | 0.032 | 0.003 | 40.9 | 26.7
(2) |0.062|0.096 | 0.352 | 0.351 |0.099 | 0.038 | 0.003 | 41.7 | 26.5
(2) |0.112 | 0.099 | 0.331 | 0.358 | 0.065 | 0.031 | 0.004 | 42.7 | 26.7
(2) |0.101|0.093| 0.326 | 0.388 | 0.043 | 0.046 | 0.004 | 41.3 | 25.7
(2) |0.118 | 0.118 | 0.287 | 0.373 | 0.081 | 0.019 | 0.005 | 40.8 | 25.6
(2) |0.075|0.128 | 0.291 | 0.416 |0.061 | 0.026 | 0.003 | 41.1 | 26.5
(2) |0.112 | 0.106 | 0.285 | 0.401 | 0.058 | 0.034 | 0.005 | 41.7 | 26.3
(2) |0.0740.130 | 0.287 | 0.443 | 0.039 | 0.023 | 0.004 | 41.1 | 25.6
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4 4-17(%)

z f &R fot K & HCAI SRR

BH| ok | kit |mFH | REH | BF | &2 | SP | %R | BAR

(2) 10.069|0.118 | 0.315 | 0.420 |0.065 | 0.012 | 0.003 | 41.9 | 25.9

(2) 10.075|0.140 | 0.264 | 0.442 |0.064 | 0.011 | 0.005 | 43.0 | 26.6

(3) 10.069 | 0.115| 0.297 | 0.408 | 0.060 | 0.049 | 0.002 | 48.7 | 25.7

(3) 10.093|0.170 | 0.244 | 0.426 |0.024 | 0.040 | 0.004 | 50.5 | 26.8

(3) 10.077|0.133| 0.296 | 0.406 |0.069 | 0.017 | 0.002 | 48.1 | 26.1

(3) 10.096 |0.093| 0.309 | 0.379 |0.076 | 0.043 | 0.004 | 48.5 | 26.2

(3) 10.107 | 0.150 | 0.243 | 0.457 |0.006 | 0.034 | 0.003 | 51.0 | 25.3

(3) 10.117 | 0.177 | 0.223 |.0.425 |0.0220.032 | 0.004 | 49.1 | 26.3

(3) |0.075|0.159 | 0.260. | 0.402 |0.050 |.0.052 | 0.002 | 49.5 | 26.8

(3) 10.083|0.151| 0.266 | 0.425 }|0.057 | 0.015°| 0.004 | 48.1 | 26.1

(3) 10.124 | 0.086 | 0.335 | 0.347 |0.088 | 0.016 | 0.004 | 51.0 | 26.3

HIEEHRECLER AN s RARAE L Mpas B R E
% cm; SP & B st -RAB o

62



% 4-18 et gz FEFTR S L R3FF 5 0.007
z f &R ft R d B3R
B | ok | kit |mBH | REPH | %E | &% | SP | %R | 2R
(1) |0.067 | 0.130 | 0.334 | 0.398 | 0.030 | 0.039 | 0.003 | 33.8 | 26.3
(1) |0.072|0.138 | 0.325 | 0.385 | 0.049 | 0.027 | 0.004 | 34.7 | 26.7
(1) |0.078|0.111 | 0.327 | 0.396 | 0.028 | 0.057 | 0.004 | 34.6 | 26.9
(1) |0.097 |0.125| 0.316 | 0.382 | 0.046 | 0.032 | 0.003 | 33.5 | 26.6
(1) |0.083|0.146 | 0.308 | 0.398 | 0.032|0.028 | 0.004 | 35.0 | 26.9
(1) |0.081|0.115 | 0.307 | 0.424 |0.021 | 0.049 | 0.004 | 34.3 | 26.1
(2) |0.118 | 0.118 | 0.287 | 0.373 | 0.081 | 0.019 | 0.005 | 40.8 | 25.6
(2) | 0.111 | 0.150 | 0.262 4 0.385 | 0.057 {.0.032 | 0.003 | 40.9 | 26.7
(2) |0.087 | 0.156 | 0.253 '| 0.441 | 0.008 |0.049 | 0.004 | 41.9 | 26.6
(2) |0.080|0.111 | 0.290 | 0.412 10.052 | 0.052 | 0.004 | 40.1 | 26.2
(2) |0.091 | 0.111 | 0.298 | .0.390 | 0.063 | 0.043 | 0.004 | 39.9 | 26.2
(2) |0.078|0.135| 0.275 | 0.429 | 0.061 | 0.019 | 0.004 | 41.9 | 26.4
(2) |0.067 | 0.107 | 0.335 | 0.375 | 0.072 | 0.042 | 0.003 | 39.9 | 26.6
(2) |0.069 |0.120 | 0.311 | 0.416 | 0.064 | 0.018 | 0.003 | 42.1 | 26.0
(2) |0.062|0.096 | 0.352 | 0.351 |0.099 | 0.038 | 0.003 | 41.7 | 26.5
(2) |0.112 | 0.106 | 0.285 | 0.401 |0.058 | 0.034 | 0.005 | 41.7 | 26.3
(2) |0.074|0.130 | 0.287 | 0.443 |0.039 | 0.023 [ 0.004 | 41.1 | 25.6
(2) |0.101|0.093| 0.326 | 0.388 | 0.043 | 0.046 | 0.004 | 41.3 | 25.7
(2) |0.112 [ 0.099 | 0.331 | 0.358 | 0.065 | 0.031 | 0.004 | 42.7 | 26.7
(2) |0.091 |0.153 | 0.268 | 0.414 | 0.037 | 0.034 | 0.004 | 41.3 | 26.6
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3 4-18(%)

5 % f g R o w 4 430

BH| ok | kit |mFH | REH | BF | &2 | SP | %R | BAR

(3) 10.107 | 0.150 | 0.243 | 0.457 |0.006 | 0.034 | 0.003 | 51.0 | 25.3

(3) 10.069 | 0.115| 0.297 | 0.408 | 0.060 | 0.049 | 0.002 | 48.7 | 25.7

(3) 10.124|0.086 | 0.335 | 0.347 |0.088 | 0.016 | 0.004 | 51.0 | 26.3

(3) 10.077|0.133| 0.296 | 0.406 |0.069 | 0.017 | 0.002 | 48.1 | 26.1

(3) 10.105|0.177| 0.233 | 0.425 |0.020 | 0.036 | 0.004 | 52.0 | 27.3

(3) 10.084|0.156 | 0.252 | 0.416 |0.045 | 0.044 | 0.003 | 48.5 | 26.8

(3) 10.096 | 0.093| 0.309 | 0.379 |0.076 | 0.043 | 0.004 | 48.5 | 26.2

(3) | 0.083|0.151| 0.266 |.0.425 |0.057[0.015|0.004 | 48.1 | 26.1
d o EHPE L EREFAN AR~ Mpa: BB ¥
=% Cm; SP & @ pik kA o
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% 4-19 33 B 55Mpa ¥ B 25cm £ B 3F¥ & 0.0007 A & & %

s R v RPTH R
YaBu| k| kiR | mEH (R H | RE | B | SP 3

(1) |0.107|0.181 | 0.238 | 0.452 | 0.014 | 0.006 | 0.002

(2) |0.102 | 0.207 | 0.201 | 0.458 | 0.013 | 0.016 | 0.003

(3) |0.108 | 0.153 | 0.237 | 0.465 | 0.027 | 0.009 | 0.002

(4) |0.105|0.171| 0.227 | 0.429 | 0.032 | 0.032 | 0.003

(5) |0.084|0.158 | 0.240 | 0.450 | 0.054 | 0.010 | 0.004

(6) |0.097|0.171| 0.231 | 0.447 | 0.011 | 0.040 | 0.003

(7) |0.104 | 0.183 | 0.230 | 0.428 | 0.018 | 0.035 | 0.002

(8) |0.096 |0.162 | 0.252 | 0.404 | 0.053 | 0.031 | 0.002

(10) | 0.116 | 0.181 | 0.248 | 0.441 | 0.008.0.005 | 0.002

(11) | 0.101 | 0.210 | 0.199 ¢ 0.452 | 0.009 | 0.026 | 0.003

(12) | 0.089 | 0.159 | 0.251 | 0.472 | 0.019.|0.008 | 0.002

(13) | 0.113 | 0.173 | 0.252 | 0.428 | 0.005 | 0.027 | 0.002

(14) | 0.115 | 0.178 | 0.245.| 0.443 | 0.010 | 0.008.| 0.002

7}\ IJo

4
1
6
2
3
2
2
5
(9 |0.112 | 0.181 | 0.249 | 0.409 |0.027 | 0.018 | 0.004 )
4
1
6
4
4
B

i EEHHERIELF A0 SP S R
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% 4-20 3 B 25Mpa ¥ & 25cm £ B #

¥ 3 0.0007 fie vt 3% 3

e b BE R fR R 4 B3R
$Bl | ok | kiR |mBH | EEH | BE | ¥ | SP | %R | BA
(1) [0.104 | 0.172 | 0.251 0.406 | 0.040 | 0.024 | 0.003 | 56.1 | 25.8
(2) [0.102 | 0.175| 0.229 0.435 | 0.020 | 0.036 | 0.003 | 59.3 | 26.9
(3) [0.084|0.158 | 0.240 | 0.449 |0.054 | 0.010 | 0.004 | 59.3 | 25.6
(4) |0.113|0.178 | 0.246 0.441 | 0.009 | 0.011 | 0.002 | 58.1 | 25.6
(5) |0.101|0.208 | 0.200 | 0.455 | 0.011 | 0.021 | 0.003 | 55.7 | 26.3
(6) [0.098 | 0.156 | 0.244 0.468 | 0.023 | 0.008 | 0.002 | 56.7 | 26.1
HIlELHPEFLEREF A  RARE®L Mpas 2R E

% cm s SP 5.8 2T KA o

% 4-21 Convex hull 3% &2 2 R 523 SRR WAIR 2 Ry

4 fe bl
T A2 et (L) 1,270,000
Convex hull & 5 scpe s (£ ) | 25,922
AR E (L) 173
PREAR E(Z) 4,197
dFw (LK) 1
5 R/E R 27.25(Mpa)/26.54(cm)
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% 422 RGR A fb 3tk e R dcdk

Z f5p & (Mpa) 2 &3 E(cm)|fer %8 (Mpa) g A (cm)
25 25 27.3 26.5
33.8 26.3
34.7 26.7
. - 34.6 26.9
33.5 26.6
35.0 26.9
34.3 26.1
40.8 25.6
40.9 26.7
41.9 26.6
40.1 26.2
39.9 26.2
41.9 26.4
40 - 39.9 26.6
42.1 26.0
41.7 26.5
41.7 26.3
41.1 25.6
41.3 25.7
42.7 26.7
41.3 26.6
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% 4-22(%)

Z %% A (Mpa) 2 $3 A (cm)|pet %R (Mpa) gt A (cm)
51.0 25.3
48.7 25.7
51.0 26.3
475 25 M >
52.0 27.3
485 26.8
48.5 26.2
48.1 26.1
56.1 25.8
59.3 26.9
. e 50.3 25.6
58.1 25.6
55.7 26.3
56.7 26.1
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% 4-23 R 5%

ﬁ_’[oblﬂ%’\ ru.,f#,w,ﬁﬂl W1 %%Jg

kg * [25]

.

L R

B %ok R £

LFEE

b % REFRABNOREZ (%> NE )
% 2 20%
LRy . 10%
R 5 4 15%
A2 M T 1 ARR RS 25%
E R 53 25%
KRR 5 20%
& 5 R R 20%

FRR BT RR

42 k¥ z

WA &

FE2ETEHR
B R BE RS
kRN R o] RTIUR
Bk kAR
w R fc (kgf/cm?)
RBWFRY FE kR 0.50 280
e B P IRS A 0.45 315
B RRI EBWEAR S BL
BRK-RABFEIRIBRECETR 0.40 350
& 35 |7 4
/%ﬁﬂ!i" ¥ 2 Lﬁ#’ffl’ﬁ %Rk 2 % & 32310 kg/m3
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B 3-1 R N B E w BT AW

B 3-2r kA REFEZT LH




ith layer
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B 3-4 g @isd TRk R B
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