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SVM
2.
2.1
2.1.1
1 5MPa 50MPa 5MPa 45MPa
9 2 200mm><200mm
><200mm
20mm
100mm>=200mm 2
2 3
1
(kg) 1 2
w/C /
(MPa) (%) (%) p=1.00 | p=3.15 | p=2.22 | p=2.60 | p=2.59 ( m) (%) ( m) (%)
5 165.0 50 180 109 116 954 948 9.0 1.2 8.7 1.4
10 112.0 48 186 166 66 911 986 8.8 0.6 8.6 1.1
15 89.0 46 194 218 24 873 1010 13.0 0.9 10.9 0.9
20 76.8 44 192 250 - 826 1065 9.0 0.9 6.5 1.3
25 71.0 44 192 270 - 826 1048 9.8 1.1 8.2 1.1
30 65.0 43 192 295 - 806 1047 11.1 0.8 7.7 1
35 59.2 43 195 329 - 780 1037 11.0 0.8 12.5 1.3
40 54.0 41 197 365 - 749 1034 14.2 0.7 13.1 1.1
50 44.0 40 200 455 - 680 1021 12.2 1.0 12.7 1.3




1 2
(MPa) (MPa) (MPa) (MPa) (MPa)
5 5.0 0.058 28 4.5 0.306 28
10 9.9 0.231 28 9.5 0.058 28
15 14.9 0.153 28 13.9 0.208 28
20 19.5 0.153 28 20.6 0.529 28
25 23.8 0.635 28 24.9 0.361 28
30 28.0 0.321 28 29.1 0.208 28
35 33.8 1.234 28 33.6 0.800 28
40 38.0 0.802 29 42.5 0.608 28
50 49.6 1.664 29 55.8 2.335 28
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1 2
0.800 0.815 0.767 0.477
0.323 0.130 -0.052 -0.321
0.358 0.406 0.141 0.071
-0.350 -0.389 0.047 -0.051
-0.189 -0.192 0.463 0.466
-0.780 -0.791 -0.599 -0.623
-0.740 -0.688 -0.874 -0.830
-0.839 -0.750 -0.686 -0.737
-0.784 -0.802 -0.775 -0.763
-0.830 -0.810 -0.832 -0.836
3. »
y:ﬂ0+ﬂlxal +“.+ﬁixai +.“+ﬂpxw+ga
n (Xmaxuza"',xapaya;a:1525"'5n)
ﬂoaﬂl:"‘:ﬂp bo:bu"'sbp
§=b, +bX +--+b,X, 2.4 6 Xiyt X,
y
3.1
( ) 5
p
1 (5) F F
SR Ve p 1
F = SR(p) —SR“H) (5)
Ve(p)
2.4 6 1 2
90 + 81 =< 2 =342
0 1
1 4 =
F
1 5 1
6
F



4 6
(6)
§ =33.818+5.516X, —12.493x, +8.481x, —34.732x, (6)
Xl X2 X3 X4 y
4 1
SR ASR o g
45053 | 335 3 : 0.855
44735 | 336 | 3183 | 6435 | 0852
44363 | 336 | 685.1 | 13.852 | 0.849
45051 | 336 | 25 | 0051 | 0855
44814 | 336 | 2394 | 4841 | 0853
45047 | 336 | 57 | 0116 | 0855
42586 | 336 | 24675 | 49.892 | 0.831
5 1
SR ASR Fl. g
45051 | 336 | - : 0.855
n 44729 | 337 | 3221 | 6530 | 0852
n 44080 | 337 | 9702 | 19.672 | 0.846
n 44759 | 337 | 2918 | 5917 | 0852
n 45042 | 337 | 81 | 0165 | 0855
n 42265 | 337 |2785.7 | 56.484 | 0.828
6 1
SR ASR o g
45047 | 336 | - : 0.855
n 44704 | 337 | 3437 | 6967 | 0852
n 44338 | 337 | 7098 | 14380 | 0.848
n 45042 | 337 | 49 | 0100 | 0855
n 44810 | 337 | 2375 | 4814 | 0853
n 40707 | 337 |4340.1 | 87.986 | 0.813
7 1
SR ASR Flo g
n 45042 | 337 | - : 0.855
T n 44702 | 338 | 3407 | 6926 | 0852
n n 42076 | 338 | 9662 | 19.641 | 0.846
T n 44744 | 338 | 2984 | 6.066 | 0852
n n 40396 | 338 | 46460 | 94457 | 0.810
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4 1 Casel Case3 Case4 Caseb

4
25MPa 50MPa
50
5SMPa 3
8 9
1 2 1 2

Casel] 45.6 40.7 41.1 38.3 41.4 Casel| 0.883 0.854 0.916 0.900 1 0.888

Case2] 40.0 40.7 38.9 33.3 38.2 Case2| 0.882 0.853 0.906 0.900 ] 0.885

Case3| 41.1 38.3 42.2 333 38.7 Case3| 0.856 0.854 0.911 0.900 ] 0.880

Case4| 30.0 35.8 34.4 28.4 32.2 Case4| 0.854 0.853 0.904 0.900 ] 0.878

CaseS] 35.6 32.1 38.9 42.0 37.1 Case5| 0.863 0.829 0.906 0.880 ] 0.870

Case6] 40.0 38.3 34.4 43.2 39.0 Case6| 0.883 0.854 0.912 0.884 ] 0.883

Case7] 45.6 33.3 35.6 39.5 38.5 Case7| 0.865 0.831 0.912 0.893 ] 0.875

10 11
1 2 1 2
Casel 3.6 4.2 33 3.7 3.7 Casel] 15.4 16.7 12.7 13.1 14.5
Case2 3.3 3.9 3.3 3.7 3.5 Case2| 14.5 16.6 10.1 12.0 13.3
Case3 4.0 4.0 3.2 2.9 3.5 Case3] 16.5 15.8 12.9 13.0 14.6
Case4 3.5 3.5 33 2.8 33 Case4] 159 15.7 9.8 11.5 13.3
Case5 3.5 3.8 2.7 33 3.3 Case5] 16.3 16.2 11.2 12.4 14.0
Case6 3.6 4.0 3.2 3.5 3.6 Case6| 15.3 15.6 12.9 12.5 14.1
Case7 3.6 4.5 2.9 3.7 3.7 Case7| 16.3 17.1 11.0 13.0 14.4
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4 3 Casel Case3
Case6 Case4
Leave-One-Out (1-0-0)
l-o-o n X
n 9 l-o0-0
1-0-0 correctness
correctness
( SV ) correctness 100
l-0-0 correctness Y
12 SVMO SVMS8 l-0-0 correctness (l-0-0 )
NY Y l-0-0
40MPa 50MPa SVM7 SVMS8 correctness 100
12 1
Case3  l-0-0 Case4 SV
2 Case4  l-0-0 SV
Case6 Case6 SVMO SVMI correctness 100
Case6 2
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1 Case4 SVM
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SVMO SVM1

5MPa ‘ 10MPa 50MPa

‘ SVM8

6 SWM 9

12 SWM

SVMO | SVM1 | SVM2| SVM3 | SVM4 | SVMS5| SVM6 | SVM7| SVM8 | sv I-0-0

SV no. 8 6 9 10 8 19 21 32 22

correctness| 100.00 | 100.00 | 100.00 100.00 | 100.00 | 100.00 ] 100.00 | 77.78 | 77.78 | 16.67 84.32

1-0-0 91.11] 93.33] 91.11] 88.89] 92.22 | 80.00| 76.67| 70.00 [ 75.56

SV no. 8 4 11 11 11 17 19 15 20

correctness] 100.00 | 100.00 | 100.00 ]100.00 ] 100.00 ] 100.00 ]100.00 | 77.78 | 77.78 | 14.32 84.36

1-0-0 90.12| 95.06| 87.65]| 86.42| 86.42| 80.25| 76.54| 81.48] 75.31

Casel

SV 10. 13 8 9 10 13 16 19 24 8

correctness| 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 77.78 | 77.78 | 14.81 87.41

1-0-0 85.56] 91.11] 90.00| 88.89| 85.56| 82.22| 80.00| 92.22| 91.11

SV no. 8 8 16 11 17 13 16 16 41

correctness] 100.00 | 100.00 | 100.00 |100.00 | 100.00 | 100.00 ] 100.00 | 77.78 | 77.78 | 18.02 83.68

1-0-0 90.12] 90.12 ] 81.48 ] 86.42] 79.01[ 83.95| 82.72| 80.25[ 79.01

SV no. 6 4 9 8 8 14 18 25 26

correctness] 100.00 | 100.00 | 100.00 |100.00 | 100.00 ] 100.00 ] 100.00 | 77.78 | 77.78 | 14.57 86.54

1-0-0 93.33] 95.56] 90.00] 91.11] 93.33| 84.44| 80.00]| 80.00] 71.11

SV 10. 5 5 9 10 11 13 17 12 18

correctness| 100.00 | 100.00 | 100.00 |100.00 | 100.00 | 100.00 ] 100.00 | 77.78 | 77.78 | 12.35 86.28

1-0-0 93.83] 93.83| 88.89| 87.65| 86.42| 83.95| 79.01| 85.19] 77.78

Case3

SV no. 10 8 12 8 11 16 14 23 10

correctness| 100.00 | 100.00 | 100.00 [100.00 | 100.00 | 100.00 | 100.00 | 77.78 | 77.78 | 13.83 87.04

1-0-0 88.89] 91.11] 86.67] 91.11] 87.78 | 82.22| 84.44 | 82.22 [ 88.89

SV no. 6 8 14 10 14 10 12 15 31

correctness] 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 ] 100.00 | 77.78 | 77.78 | 14.81 85.73

1-0-0 92.59] 90.12 | 83.95| 87.65| 82.72| 87.65| 85.19| 81.48| 80.25

SV 10. 8 4 9 9 5 17 21 19 24

correctness] 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 77.78 | 77.78 | 14.32 85.68

1-0-0 91.11] 95.56] 90.00] 90.00| 94.44| 81.11] 76.67| 78.89| 73.33

SV no. 5 4 7 10 8 11 17 10 16

correctness| 100.00 | 100.00 | 100.00 |100.00 | 100.00 | 100.00 ] 100.00 | 77.78 | 77.78 | 10.86 87.93

1-0-0 93.83] 95.06] 91.36] 87.65] 90.12 | 86.42| 79.01 | 87.65[ 80.25

Cased

SV no. 10 7 8 9 8 14 13 21 10

correctness] 100.00 | 100.00 | 100.00 |100.00 | 100.00 | 100.00 ] 100.00 | 77.78 | 77.78| 12.35 88.40

1-0-0 88.89] 92.22| 91.11] 90.00| 91.11| 84.44| 85.56| 83.33| 88.89

SV 10. 5 7 9 9 13 10 13 14 9

correctness] 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 ] 100.00 | 77.78 | 77.78 | 10.99 87.93

1-0-0 93.83 ] 91.36 | 88.89] 88.89| 83.95| 87.65| 85.19| 82.72 [ 88.89

SV no. 8 S 9 9 7 17 22 23 22

correctness| 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 ] 100.00 | 77.78 | 77.78 | 15.06 85.19

1-0-0 91.11] 94.44] 90.00] 90.00| 94.44 | 81.11| 75.56| 74.44 [ 75.56

SV no. 6 S 8 10 14 14 16 12 16

correctness] 100.00 | 100.00 | 100.00 |100.00 | 100.00 | 100.00 ] 100.00 | 77.78 | 77.78 | 12.47 86.15

1-0-0 92.59] 93.83] 90.12| 87.65| 82.72| 82.72| 80.25| 85.19| 80.25

Case6

SV no. 12 12 7 10 8 15 15 8 9

correctness] 98.89 | 98.89 1100.00 |100.00 |100.00 1100.00 |100.00 | 77.78 | 77.78 | 11.85 88.15

1-0-0 86.67 | 86.67] 92.22] 88.89] 91.11( 83.33| 83.33| 91.11 [ 90.00

SV no. 5 7 12 9 13 12 12 14 14

correctness| 100.00 | 100.00 | 100.00 |100.00 | 100.00 | 100.00 ] 100.00 | 77.78 | 77.78 | 12.10 86.83

1-0-0 03.83] 91.36] 85.19] 88.89| 83.95( 85.19| 85.19| 83.95[ 83.95

1 correctness  100% SVM
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13 SWM
@ 1 (b) 1
SVMO] 100.0 82.7 78.9 85.2 SVMO 92.2 100.0 87.8 100.0
SVM1] 100.0 90.1 95.6 93.8 SVM1 90.0 100.0 88.9 96.3
SVM2] 100.0 90.1 73.3 88.9 SVM2 94.4 100.0 87.8 91.4
SVM3] 100.0 88.9 76.7 70.4 SVM3 92.2 100.0 78.9 79.0
SVM4] 100.0 914 66.7 753 SVM4 71.1 100.0 55.6 55.6
SVMS5]  100.0 75.3 87.8 81.5 SVMS5 90.0 100.0 88.9 82.7
SVM6] 100.0 84.0 88.9 84.0 SVM6 88.9 100.0 90.0 87.7
SVM7] 100.0 82.7 72.2 79.0 SVM7 87.8 100.0 67.8 80.2
SVM8] 100.0 86.4 82.2 70.4 SVM8 91.1 98.8 88.9 81.5
100.0 85.7 80.2 80.9 88.6 99.9 81.6 83.8
(©) 2 (d) 2
SVMO] 933 96.3 100.0 87.7 SVMO|  96.7 98.8 94.4 100.0
SVM1 97.8 85.2 100.0 82.7 SVM1 91.1 97.5 91.1 100.0
SVM2 92.2 91.4 100.0 86.4 SVM2 90.0 93.8 88.9 100.0
SVM3 88.9 87.7 100.0 88.9 SVM3 80.0 84.0 88.9 100.0
SVM4]  76.7 75.3 100.0 81.5 SVM4| 844 82.7 84.4 100.0
SVMS5 75.6 82.7 100.0 82.7 SVMS5 71.1 88.9 84.4 100.0
SVM6 84.4 85.2 100.0 84.0 SVM6 86.7 76.5 86.7 100.0
SVM7 75.6 79.0 100.0 88.9 SVM7 74.4 85.2 86.7 100.0
SVM8 82.2 86.4 100.0 914 SVM8 84.4 80.2 90.0 100.0
85.2 85.5 100.0 86.0 84.3 87.5 88.4 100.0
5.
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SVM
6.
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Basic Study on Concrete Strength Estimation by Drilling Tests

KONDO Chikako ¥, MITA Akira ?

1) Graduate student, Keio University
2) Professor, Keio University, Ph. D.

ABSTRACT

Compressive strength is the most important durability index for concrete structures and also the key factor to
assess the quality or condition of concrete. However, existing estimation methods, which are simple and applicable
on site for compressive strength, have not sufficient accuracy due to variety of concrete material characteristics. In
this study, a compressive strength estimation method for concrete structures using drilling tests and pattern
recognition techniques is proposed. By observing the drilling behavior and comparing the physical quantity such as
mean and/or deviation of drilling speed, torque, rotation speed, etc., the parameters highly correlated to
compressive strength can be extracted. The feature vectors which have good ability of classifying the compressive
strength are then obtained by considering the combination of extracted parameters and drilling sections. Based on
it, the Support Vector Machine (SVM) is built. The results show that the classification can achieve higher
resolution compared with the results of multiple regression analysis. At last, applicability of the proposed
compressive strength estimation method is well demonstrated.

Key Words: Compressive Strength of Concrete, Drilling Test, Pattern Recognition, Support Vector Machine
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