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Experimental Study on Shearing Strength
of Four Pile Caps

Kazuo Ohtsuki and Tsutomu Tsuchiya

Abstract

In this paper ninety—eight reinforced concrete pile caps. each with four piles, were tested under vertical
load. The variables involved were spacing of piles, arrangement of reinforcement, side length of column, side
length of pile cap and depth of pile cap. For all pile caps final failure was in shear. In the shear failure three
typical forms were recorded. The first was the punching failure by the column punching through the pile cap.
The second was the one similar to that in a wide beam, with the pile cap splitting into halves which were dis-
placed vertically relative to one another. The third was the shearing failure in which the corners of pile cap
were broken off.

In regard to the ultimate shearing strength the results of the test were compared with the values calcuated
according to the provision for the shear in A. L J. Building Code Requirements for Reinforced Concrete(1982),
to that in A. C. . Building Code Requirements fm; Reinforced Concrete(ACI 318-83), to the equations proposed
by others and to that by authors.

To conclude the discussions the calculated values according to the author’s equations and to the provision

for the punching shear in A. I J. Building Code agreed well with the experimental results.
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1 | spD-1 90 x 90| 18 x 18 60 x 60| 15 (12) 15-D13@60 15-D13@60 210

2 2 90 x90| 18 x 18 60 x 60| 15 (12) 15-D13@60 15-D13@60 220

3 3 80 x80| 14 x 14 44 x 44| 20 (15) 12-D10@60 12-D10@60 268

4 4 80 x 80| 14 x 14 44 x 44| 20 (15) 12-D10@60 12-D10@60 241

5 5 80 x80| 29 x29 | 44 x 44| 20 (15) 12-D10@60 12-D10@60 223

6 6 80 x80| 29 x 29 44 x 44| 20 (15) 12-D10@60 12-D10@60 245

7 7 80 x 80| 36.5x 36.5| 44 x 44| 20 (15) 12-D10@60 12-D10@60 259

8 8 80 x 80| 36.5x 36.5| 44 x 44| 20 (15) 12-D10@60 12-D10@60 259

9 9 90 x90| 20 x 20 50 x 50| 25 (20) 10-D13@80 10-D13@80 211
10 10 90 x 90| 20 x 20 50 x50 25 (20) 10-D13@80 10-D13@80 224
11 11 90 x 90| 20 x 20 50 x 50| 25 (20) 10-D13@80 10-D13@80 194
12 12 90 x 90| 20 x 20 50 x 50| 25 (20) 10-D13@80 10-D13@80 188
13 13 90 x90 | 20 x 20 50 x 50| 25 (20) 10-D13@72. 10-D13@72.5| 208
14 14 90 x 90| 20 x 20 50 x 50| 25 (20) 10-D13@72. 10-D13@72.5| 214
15 15 90 x 90| 20 x 20 50 x 50| 25 (20) 10-D13@30 10-D13@30 188
16 16 90 x90 | 20 x 20 50 x 50| 25 (20) 10-D13@30 10-D13@30 202
17 17 90 x 90| 20 x 20 50 x 50| 25 (20) 7-D13@30 7-D13@30 190
18 18 90 x90| 20 x 20 50 x 50 | 25 (20) 7-D13@30 7-D13@30 175
19 19 90 x90 | 20 x 20 50 x 50| 25 (20) 10-D13@80 10-D13@80 213
20 20 90 x90 | 20 x 20 50 x 50| 25 (20) 10-D13@80 10-D13@80 199
21 | Sp25-1 90 x90 | 24 x 24 54 x 54 | 25 (20) 8-D13@105 8-D13@105 244
22 90 x90 | 24 x 24 54 x 54 | 25 (20) 8-D13@105 8-D13@105 269
23 | sD30-1 90 x90 | 24 x 24 54 x 54 | 30 (25) 10-D13@80 10-D13@80 221
2% 2 9 x90 | 24 x24 |54 x 54| 30 (25 | 10-D13e80 | 10-D13680 | 234
25 | SD35-1 90 x90 | 24 x 24 54 x 54 | 35 (30) 12-D13@65 12-D13@65 224
26 2 90 x90 | 24 x 24 54 x 54 | 35 (30) 12-D13@65 12-D13@65 246
27 | SDW20-3 80 x80 | 30 x 30 50 x 50 | 20 (15) 8-D13@90 8-D13@90 246
28 4 80 x 80| 30 x 30 50 x 50 | 20 (15) 8-D13@90 8-D13@90 228
29 5 90 x90 [ 30 x 30 50 x 50 | 20 (15) 9-D13@90 9-D13@90 243
30 6 90 x90 | 30 x 30 50 x 50| 20 (15) 9-D13@90 9-D13@90 239
31 | SDW25-1 70 x 70 | 30 x 30 50 x 50 | 25 (20) 7-D13@90 7-D13@90 263
32 2 70 x 70 | 30 x 30 50 x 50| 25 (20) 7-D13@90 7-D13@90 248
33 3 80 x 80| 30 x 30 50 x 50 | 25 (20) 8-D13@90 8—Dl3@90 227
3% L |80 x8 |30 x30 |50 x50| 25 (20) | 8-D13€90 | 8-DL3690 | 269
35 5 |9 x90 |30 x30 |50 x50| 25 (20) | 9-D13@90 | 9-D13@90 | 225
36 6 90 x90 | 30 x 30 50 x 50| 25 (20) 9-D13@90 9-D13@90 226
37 | sDW30-3 | 80 x 80 | 30 x30 |50 x50 30 (25 | 8-DI3e90 | 8-D13¢90 | 234
38 L |80 x8 |30 x30 |50 x50| 30 (25) | 8-DI3€90 | 8-DI3€90 | 246
39 5 90 x 90 | 30 x 30 50 x 50| 30 (25) 9-D13@90 9-D13@90 225
40 6 90 x90 | 30 x 30 50 x 50| 30 (25) 9-D13@90 9-D13@90 228
41 | SDWs25-1 70 x 70 | 30 x 30 42 x 42 1 25 (20) 7-D13@90 7-D13@90 248
42 2 70 x 70 | 30 x 30 42 x 42 | 25 (20) 7-D13@90 7-D13@90 262
43 3 80 x 80 | 30 x 30 42 x 42| 25 (20) 8-D13@90 8-D13@90 260
44 4 80 x80 | 30 x 30 42 x 42| 25 (20) 8-D13@90 8-D13@90 270
45 | DRC1-1 90 x90 | 24 x 24 50 x 50 | 30 (25) 11-D13@75 11-D13@75 256
46 2 90 x90 | 24 x 24 50 x 50| 30 (25) 11-D13@75 11-D13@75 275
47 | DRC1.5-1 90 x 90 | 19.6x 29.4| 50 x 50 | 30 (25) 11-D13@75 11-D13@75 269
48 2 90 x 90 | 19.6x 29.4| 50 x 50 | 30 (25) 11-D13@75 11-D13@75 274
49 | DRC2-1 90 x90 | 17 x 34 50 x 50| 30 (25) 11-D13@75 11-D13@75 263
50 2 90 x90 | 17 x 34 50 x 50| 30 (25) 11-D13@75 11-D13@75 258
51 3 90 x90 | 16 x 32 50 x 50 | 30 (25) 11-D13@75 11-D13@75 255
52 4 90 x90 | 16 x 32 50 x 50| 30 (25) 11-D13@75 11-D13@75 260
53 | DRF1.25-1 [102.5x 90 | 30 x 24 62.5x 50 | 30 (25) 11-D13@75 13-D13@75 253
54 2 1102.5%x 90 | 30 x 24 62.5x 50 | 30 (25) 11-D13@75 13-D13@75 251
55 | DRF1.5-1 |115 x 90 | 36 x 24 75 x50 | 30 (25) 11-D13@75 14-D13@75 272
56 2 |115 x90 | 36 x 24 75 x 50| 30 (25) 11-D13@75 14-D13@75 260
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57 | SDC20-1 90 x90 | 24. x 24 45 x 26 | 20 (15) 8-D13@105 8-D13@105 271
58 2 90 x 90 24 x 24 45 x 26 | 20 (15) 8-D13@105 8-D13@105 271
59. 3 90 x90 | 16 x 16 45 x 26 | 20 (15) 8-D13@105 8-D13@105 258
60 4 90 x90 | 16 x 16 45 x 26 | 20 (15) 8-D13@105 8-D13@105 258
61 | SDC30-1 90 x 90 | 24 x 24 45 x 26 | 30 (25) 13-D13@60 13-D13@60 269

62 2 90 x 90 | 24 x 24 45 x 26 | 30 (25) 13-D13@60 13-D13@60 268

63 | DRW1-1 120 x 80 | 30 x 30 45 x 45| 25 (20) 12-D13@60 18-D13@60 275
64 2 120 x 80 | 30 x 30 45 x 45| 25 (20) 12-D13@60 18-D13@60 275
65 2-1 120 x 80 | 30 x 30 55 x 45| 25 (20) 12-D13@60 18-D13@60 265
66 2 120 x 80 | 30 x 30 55 x 45| 25 (20) 12-D13@60 18-D13@60 270
67 3-1 120 x 80 | 30 x 30 65 x 45| 25 (20) 12-D13@60 18-D13@60 278
68 2 120 x 80 | 30 x 30 65 x 45 | 25 (20) 12-D13@60 18-D13@60 272
69 4-1 120 x 80 | 30 x 30 35 x 55| 25 (20) 12-D13@60 18-D13@60 273
70 2 120 x 80 | 30 x 30 55 x 55| 25 (20) 12-D13@60 18-D13@60 269
71 5-1 120 %80 | 30 x 30 35 x 35| 25 (20) 12-D13@60 18-D13@60 264
72 2 120 x 80 | 30 x 30 35 x 35| 25 (20) 12-D13@60  |.18-D13@60 267
73 6-1 120 x 80 | 30 x 40 35 x 55| 25 (20) 12-D13@60 18-D13@60 269
74 2 120 x 80 | 30 x 40 55 x 55| 25 (20) 12-D13@60 18-D13@60 266
75 7-1 120 x 80 | 40 x 30 35 x 55| 25 (20) 12-D13@60 18-D13@60 263
76 2 120 x 80 | 40 x 30 55 x 55 | 25 (20) 12-D13@60 18-D13@60 269
77 | DEL12.5-1 {120 x 70 | 30 x 30 30 x 45| 25 (20) 10-D13@65 17-D13@65 224
78 21120 x70 | 30 x 30 50 x 55| 25 (20) 10-D13@65 17-D13@65 222
79 | DEL16-1 120 x 77| 30 x 30 50 x 45| 25 (20) 11-D13@65 17-D13@65 222
80 2 120 x 77 | 30 x 30 30 x 45 | 25 (20) 11-D13@65 17-D13@65 212

81 | DEL19.5-1 {120 x 84 | 30 x 30 30 x 45 | 25 (20) 12-D13@65 17-D13@65 222
21120 x 84| 30 x 30 350 x 45| 25 (20) 12-D13@65 17-D13@65 227

83 | DEL23-1 120 x 91| 30 x 30 50 x 45| 25 (20) 13-D13@65 17-D13@65 226
2 120 x 91 | 30 x 30 50 x 45| 25 (20) 13-D13@65 17-D13@65 212

85 | DPL31-1 120 x 70 | 30 x 30 50 x 31| 25 (20) 10-D13@65 17-D13@65 221
2 120 x 70 | 30 x 30 50 x 31| 25 (20) 10-D13@65 17-D13@65 225

87 | DPL38-1 120 x 77 | 30 x 30 50 'x 38 | 25 (20) 11-D13@65 17-D13@65 227
2 120 x 77 | 30 x 30 50 x 38| 25 (20) 11-D13@65 17-D13@65 226

89 | DPL52-1 120 x91 | 30 x 30 50 x 52| 25 (20) 13-D13@65 17-D13@65 218

90 2 120 x 91 | 30 x 30 50 x 52| 25 (20) 13-D13@65 17-D13@65 233
91 | DPLs31-1 |120 x 63 | 30 x 30 50 x 31| 25 (20) 9-D13@65 17-D13@65 224
92 2 1120 x63 | 30 x 30 50 x 31| 25 (20) 9-D13@65 17-D13@65 233
93 | DPLs38-1 |120 x 70 [ 30 x 30 30 x 38 [ 25 (20) 10-D13@65 17-D13@65 228
9% | . 2 |120 x70 | 30 x 30 50 x 38 | 25 (20) 10-D13@65 17-D13@65 220
95 |DPLs52-1 {120 x 84 | 30 x 30 50 x 52| 25 (20) 12-D13@65 17-D13@65 220
96 2 |120 x84 | 30 x 30 30 x 52| 25 (20) 12-D13@65 17-D13@65 220
97 | DPLs59-1 |120 x 91 | 30 x 30 30 x 59 | 25 (20) 13-D13@65 17-D13@65 227
98 2 |120 x 91 | 30 x 30 50 x 59 | 25 (20) 13-D13@65 17-D13@65 219
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1| P| 31.5 39.7 (0.88) | 36.3%(0.97) | 30.8 (1.14) | 20.2%(1.74) | 34.3%(1.02) | 32.6%(1.08) 53.3%(0.66) | 35.1*(1.00) | 36.1*%(0.97)

2} P| 34.0 41.6 (0.82) | 38.0%(0.89) | 31.2 (1.09) | 20.7*(1.64) | 35.2%(0.97) | 33.2%(1.02) 53.7%(0.63) | 35.8%(0.95) | 37.0%(0.92)

3| P| 42.8 56.3 (0.76) | 54.4%(0.79) | 58.1 (0.74) | 26.9%(1.59) | 37.1*(1.15)| 33.9%(1.26) 46.3%(0.92) | 39.0%(1.10) | 34.5%(1.24)

4| P| 4b4.4 50.6 (0.88) | 48.9%(0.91) | 55.8 (0.80) | 25.5%(1.74) | 35.1%(1.26) | 32.7%(1.36) 45.9%(0.97) | 37.4*(1.19) | 33.5%(1.33)

5( P| 87.5 46.8 (1.87) |101.3%(0.86) | 76.0 (1.15) | 54.8%(1.60) | 68.9%(1.27) | 64.4%(1.36) 90.6%(0.97) | 67.7*(1.29) | 42.8%(2.04)

6| P|100.0 51.5 (1.94) 1111.3%(0.90) | 79.7 (1.25) | 57.5%(1.74) | 72.4%(1.38) | 66.4%(1.51) 91.1%(1.10) | 70.3*(1.42) | 43.9%(2.28)

7] S{132.0 72.5 (1.82) |278.2 (0.47) [ 98.4 (1.34) | 139.9 (0.94) [112.7 (1.17) | 98.0 (1.35) | 142.2 (0.93) | 94.4 (1.40) | 49.7 (2.66)

8| S|146.0 72.5 (2.01) |278.2 (0.52) | 98.4 (1.48) | 139.9 (1.04) |112.7 (1.30)| 98.0 (1.49) |142.2 (1.03) | 94.4 (1.55) | 49.7 (2.94)

9{ P| 78.4 66.5 (1.18) | 79.1*(0.99) | 83.2 (0.94) | 44.0%(1.78) | 63.9%(1.23) | 60.6%(1.29) 94.4%(0.83) | 67.9%(1.15) | 51.8*%(1.51)
10| P| 84.0 70.6 (1.19) | 84.0%(1.00) | 85.7 (0.98) | 45.4%(1.85) | 65.9%(1.27) | 61.8%(1.36) 94.8%(0.89) | 69.6%(1.21) | 52.6*(1.60)
11| P| 83.0 61.1 (1.36) | 72.7%(1.14) | 79.8 (1.04) | 42.2%(1.97) | 61.2%(1.36) | 58.9%(1.41) 93.9%(0.88) | 65.6%(1.27) | 50.7*(1.64)
12| P| 83.5 59.2 (1.41) | 70.5%(1.18) | 78.5 (1.06) | 41.6%(2.01) | 60.2%(1.39) | 58.3%(1.43) 93.7%(0.89) | 64.7*(1.29) | 50.3%(1.66)
13| P| 82.0 65.5 (1.25) | 78.0%(1.05) | 82.6 (0.99) | 43.7*(1.88) | 63.5%(1.29) | 60.3*(1.36) 94.3%(0.87) | 67.5%(1.21) | 51.6%(1.59)
14| P| 84.0 67.4 (1.25) | 80.2%(1.05) | 83.8 (1.00) | 44.3*(1.90) | 64.4%(1.30) | 60.9%(1.38) 94.5%(0.89) | 68.3%(1.23) | 52.0%(1.62)
15| P | 80.0 59.2 (1.35) | 70.5%(1.13) | 78.5 (1.02) | 41.6%(1.92) | 60.2*(1.33) | 58.3%(1.37) 93.7*%(0.85) | 64.7%(1.24) | 50.3%(1.59)
16| P| 82.0 63.6 (1.29) | 75.7*(1.08) | 81.4 (1.01) | 43.1%(1.90) | 62.5%(1.31) | 59.7%(1.37) 94.1%(0.87) | 66.7*%(1.23) | 51.2*(1.60)
17| P| 80.0 59.9 (1.34) | 71.2%(1.12) | 78.9 (1.01) | 41.8%(1.91) | 60.4%(1.32) | 58.4%(1.37) 93.1%(0.86) | 64.9%(1.23) | 50.2%(1.59)
18 P| 78.0 55.1 (1.42) | 65.6%(1.19) | 75.8 (1.03) | 40.1*(1.95) | 57.9%(1.35) | 56.8*(1.37) 92.5%(0.84) | 62.7%(1.24) | 49.2%(1.59)
19| P| 84.0 67.1 (1.25) | 79.9%(1.05) | 83.6 (1.00) | 44.2%(1.90) | 64.2%(1.31) | 60.8*(1.38) 94.5%(0.89) | 68.1%(1.23) [ 51.9%(1.62)
20| P| 84.0 62.7 (1.34) | 74.6%(1.13) | 80.8 (1.04) | 42.8%(1.96) | 62.0%(1.35) | 59.4*(1.41) 94.0%(0.89) | 66.3%(1.27) | 51.0%(1.65)
21| P| 90.5 76.9 (1.18) (101.7%(0.89) | 89.5 (1.01) | 52.6%(1.72) | 71.2%(1.27) | 67.4%(1.34) 89.4%(1.01) | 76.7%(1.18) | 51.4%(1.76)
22| P| 9.0 84.7 (1.11) | 112.2%(0.84) | 93.9 (1.00) | 55.3%(1.70) | 74.8%(1.26) | 69.4%(1.35) 89.7%(1.05) | 79.4*(1.18) | 52.9%(1.78)
23| P |122.0 87.0 (1.40) [126.6%(0.96) | 106.4 (1.15) | 68.8%(1.77) | 91.9%(1.33) | 87.4%(1.40) 134.4%(0.91) |100.1%(1.22) | 64.7%(1.89)
24| P |118.0 92.1 (1.28) |134.0%(0.88) | 109.5 (1.08) | 70.8*(1.67) | 94.6*(1.25) | 88.9%(1.33) | 134.8%(0.88) 102.2*%(1.15) | 65.8%(1.79)
251 P |114.0 { 105.8 (1.08) |183.5%(0.62) | 128.6 (0.89) | 99.1%(1.15) |119.1*(0.96) 111.3%(1.02) {190.5%(0.60) [127.2%(0.90) | 80.2%(1.42)
26 | P [140.5 | 116.2 (1.21) | 201.6%(0.70) | 134.8 (1.04) |103.9%(1.35) |125.0%(1.12) 114.9%(1.22) [191.3*(0.73) [132.1%(1.06) | 82.4%(1.71)
27| P| 81.0 51.7 (1.57) | 85.8%(0.94) | 71.9 (1.13) | 44.3%(1.83) | 71.0%(1.14) | 65.7%(1.23) 95.7%(0.85) | 69.8*(1.16) | 49.1*(1.65)
28| S| 86.0 47.9 (1.80) [ 79.6 (1.08) | 69.2 (1.24) | 42.6 (2.02) | 68.3 (1.26) | 64.1 (1.34) | 95.2 (0.90) | 67.7 (1.27) | 48.2 (1.78)
29| S| 96.0 57.4 (1.67) | 84.8 (1.13) | 80.4 (1.19) | 44.0 (2.18) | 73.8 (1.30) | 68.2 (1.41) | 95.6 (1.00) | 71.8 (1.34) | 48.9 (1.96)
30| S]100.0 56.5 (1.77) | 83.4 (1.20) | 79.7 (1.25) | 43.6 (2.29) | 73.2- (1.37) | 67.8 (1.47) | 95.5 (1.05) | 71.4 (1.40) | 48.7 (2.05)
31| S| 84.0 64.4 (1.30) | 162.6 (0.52) | 86.7 (0.97) | 81.1 (1.04) | 93.9 (0.89) | 85.8 (0.98) |129.1 (0.65) | 95.6 (0.88) | 60.0 (1.40)
32| s| 81.0 60.8 (1.33) | 153.4 (0.53) | 84.2 (0.96) | 78.7 (1.03) | 91.1 (0.89) | 84.2 (0.96) |128.8 (0.63) | 93.6 (0.87) | 59.0 (1.37)
331 S| 92.0 63.6 (1.45) | 140.4 (0.66) | 92.1 (1.00) | 75.3 (1.22) | 91.5 (1.01) | 85.9 (1.07) |128.2 (0.72) | 94.6 (0.97) | 57.6 (1.60)
34| S [104.0 75.3 (1.38) | 166.3 (0.63) | 100.2 (1.04) | 82.0 (1.27) | 99.9 (1.04) | 90.8 (1.15) |129.3 (0.80) |101.0 (1.03) | 60.3 (1.72)
35| S|115.0 70.9 (1.62) | 139.1 (0.83) | 103.1 (1.12) 75.0 (1.53) | 95.3 (1.21) | 89.2 (1.29) |128.1 (0.90) | 97.4 (1.18) | 57.4 (2.00)
36| S |117.0 71.2 (1.64) | 139.7 (0.84) | 103.3 (1.13) | 75.2 (1.56) | 95.5 (1.23) | 89.3 (1.31) |128.1 (0.91) | 97.6 (1.20) | 57.5 (2.03)
37| s |118.0 81.9 (1.44) | 250.1 (0.47) | 116.8 (1.01) | 132.2 (0.89) |116.7 (1.01) |108.8 (1.08) |163.6 (0.72) |123.1 (0.96) | 67.6 (1.75)
38| S |[131.0 86.1 (1.52) | 262.9 (0.50) | 119.8 (1.09) | 135.5 (0.97) |119.7 (1.09) |110.5 (1.19) | 163.9 (0.80) |125.4 (1.04) | 68.6 (1.91)
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39| P |148.0 88.6 (1.67) | 240.5%(0.62) | 128.9 (1.15) | 129.6*(1.14) | 119.6*(1.24) | 111.9%(1.32) | 163.3*(0.91) | 125.2%(1.18) | 66.8%(2.22)
40| S |147.0 89.86 (1.64) | 243.7 (0.60) | 129.7 (1.13) | 130.5 (1.13) | 120.4 (1.22)| 112.4 (1.31) | 163.4 (0.90) |125.9 (1.17)| 67.1 (2.19)
41| S |141.0 67.5 (2.09) | 298.3 (0.47) | 100.2 (1.41) | 153.1 (0.92) | 110.9 (1.27)| 98.9 (1.43) | 158.1 (0.89) |106.3 (1.33) | 59.0 (2.39)
421 S |142.0 71.3 (1.99) | 315.0 (0.45) | 103.0 (1.38) | 157.4 (0.90) | 114.1 (1.24)| 100.9 (1.41) | 158.5 (0.90) | 108.7 (1.31) | 59.9 (2.37)
43| S |142.0 80.9 (1.76) | 312.7 (0.45) | 117.3 (1.21) | 156.8>(0.91) | 119.9 (1.18) | 106.3 (1.34) | 158.4 (0.90) |111.8 (1.27) | 59.8 (2.37)
44| S |154.0 84.0 (1.83) | 324.8 (0.47) | 119.5 (1.29) | 159.8 (0.96) | 122.3 (1.26) | 107.8 (1.43) | 158.7 (0.97) |113.6 (1.36) | 60.4 (2.55)
451 P |130.5 | 100.8 (1.29) | 146.3*(0.89) | 122.7 (1.06) | 83.1%(1.57) | 108.7*(1.20) | 98.9*(1.32) | 153.5%(0.85) |111.8*(1.17) | 70.5*(1.85)
46| P |131.5| 108.2 (1.22) | 176.5%(0.75) | 127.2 (1.03) | 86.0%(1.53) | 112.8%(1.17) | 101.4*(1.30) | 154.0%(0.85) |115.1%(1.14) | 71.9%(1.83)
47| P |130.0 | 106.0 (1.23) | 174.9%(0.74) | 117.5 (1.11) | 86.2*%(1.51) | 106.2%(1.22) | 97.7*(1.33) | 146.3*(0.89) |112.3%(1.16) | 71.9*(1.81)
48| P |138.0 | 107.8 (1.28) |178.2%(0.77) | 118.5 (1.16) | 87.0%(1.59) | 107.3*%(1.29) | 98.3%(1.40) | 146.4*(0.94) |113.1%(1.22) | 72.3*(1.91)
491 P 1131.0 | 103.5 (1.27) | 175.2%(0.75) | 116.1 (1.13) | 87.2*(1.50) | 104.4%(1.25) | 97.0%(1.35) | 144.5%(0.91) | 112.0%(1.17) | 72.3*(1.81)
50| D |133.5] 101.7%(1.31) [ 171.9 (0.78) | 115.0%(1.16) | 86.4 (1.55) |103.3 (1.29) | 96.4 (1.38) | l44.4 (0.92) [111.2 (1.20) | 71.9 (1.86)
51| D |128.0 | 100.4*(1.27) |153.9 (0.83) | 114.2%(1.12) | 77.9 (1.64) | 97.8 (1.31)| 91.3 (1.40){138.5 (0.92) |105.5 (1.21) | 70.4 (1.82)
52| D |126.0 | 102.4%(1.23) | 156.9 (0.80) | 115.4*(1.09) | 78.7 (1.60) | 98.7 (1.28)| 91.9 (1.37) | 138.6 (0.91) {106.3 (1.19) | 70.8 (1.78)
53| D |116.0 99.6%(1.16) | 154.8 (0.75) | 113.9%(1.02) | 78.7 (1.47) | 106.6 (1.09) | 100.1 (1.16) | 149.4 (0.78) |115.0 (1.01) | 72.8 (1.59)
54| D |124.0 98.9%(1.25) | 153.7 (0.81) | 113.5%(1.09) | 78.4 (1.58) | 106.1 (1.17) | 99.9 (1.24) | 149.4 (0.83) |114.6 (1.08) | 72.6 (1.71)
55| D |122.0 | 107.2%(1.14) | 177.2 (0.69) | 118.1*%(1.03) | 86.9 (1.40) |110.6 (1.10) | 104.4 (1.17) | 148.1 (0.82) [119.1 (1.02) | 76.9 (1.59)
56 | D.|110.0 | 102.5%(1.07) | 169.4 (0.65) | 115.4*(0.95) | 84.9 (1.30) | 108.1 (1.02) | 103.0 (1.07) | 147.8 (0.74) |117.3 (0.94) | 75.9 (1.45)
57| P | 78.0 64.0 (1.22) | 76.4%(1.02) | 82.8 (0.94) | 37.5%(2.08) | 62.8%(1.24) | 57.0%(1.37) | 71.9%(1.08) | 62.4%*(1.25) | 42.0%(1.86)
58| P | 80.0 64.0 (1.25) | 76.4%(1.05) | 82.8 (0.97) | 37.5%(2.13) | 62.8%(1.27) | 57.0%(1.40) | 71.9%(1.11) | 62.4%(1.28) | 42.0%(1.90)
59| P | 55.0 61.0 (0.90) | 56.4*(0.98) | 67.4 (0.82) | 28.4%(1.94) | 42.0%(1.31)| 38.6*(1.42) | 50.5%(1.09) | 43.7%(1.26) | 35.9%(1.53)
60| P | 59.0 61.0 (0.97) | 56.4%(1.05) | 67.4 (0.88) | 28.4%(2.08) | 42.0%(1.40) | 38.6*(1.53) | 50.5%(1.17) | 43.7*(1.35) | 35.9%(1.64)
61| P 1160.0 | 105.9 (1.51) | 230.3*(0.69) | 137.4 (1.16) | 113.5%(1.41) | 126.6*(1.26) | 111.9%(1.43) | 180.6%(0.89) | 120.9%(1.32) | 75.0%(2.13)
62| P 1166.5 | 105.5 (1.58) | 229.5%(0.73) | 137.2 (1.21) | 113.3*(1.47) |126.3%(1.32) | 111.8*(1.49) | 180.6%(0.92) |120.7*%(1.38) | 74.9%(2.22)
63| P |176.0 77.1 (2.28) | 244.2%(0.72) | 112.6 (1.56) | 119.0*(1.48) |129.0%(1.36) | 115.1*(1.53) | 190.1*(0.93) | 117.8%(1:49) | 71.7%(2.45)
64| P |169.5 77.0 (2.20) | 224.2%(0.76) | 112.6 (1.51) | 119.0%(1.42) |129.0%(1.31) | 115.1%(1.47) | 190.1*(0.89) | 117.8*(1.44) | 71.7%(2.36)
65| D [142.0 74.2%(1.91) | 158.0 (0.90) | 90.4*(1.57) | 78.4 (1.81) |[103.2 (1.38) | 95.2 (1.49) | 153.2 (0.93) |104.7 (1.36) | 71.1 (2.00)
66 | D |132.0 75.7%(1.74) [ 160.9 (0.82) | 91.3*%(1.45) | 79.2 (1.67) {104.2 (1.27) | 95.8 (1.38) | 153.4 (0.86) |105.5 (1.25) | 71.4 (1.85)
67 | D |104.0 77.8%(1.34) | 133.4 (0.78) | 85.9%(1.21) | 64.7 (1.61) | 93.3 (1.11) | 87.0 (1.20) |134.3 (0.77) | 97.2 (1.07) | 71.9 (1.45)
68| D |114.0 76.2%(1.50) | 130.5 (0.87) | 84.0%(1.36) | 64.0 (1.78) | 92.3 (1.24) | 86.4 (1.32) |134.1 (0.85) | 96.4 (1.18) | 71.5 (1.59)
69 | D |124.0 76.5%(1.62) | 131.0 (0.95) | 91.8%(1.35) | 64.1 (1.93) [104.9 (1.18) | 96.2 (1.29) |153.5 (0.81) |106.0 (1.17) | 71.6 (1.73)
70 | D [118.0 75.2*%(1.57) | 129.1 (0.91) | 91.0*%(1.30) | 63.6 (1.86) [104.1 (1.13) | 95.7 (1.23) |153.4 (0.77) 1105.3 (1.12) | 71.3 (1.65)
71| D |146.0 73.9%(1.98) | 185.5 (0.79) | 90.2%(1.62) | 92.3 (1.58) [103.0 (1.42) | 95.0 (1.54) |153.2 (0.95) |104.6 (1.40) [ 71.0 (2.06)
72| D |153.0 74.8%(2.05) | 187.6 (0.82) | 90.8%(1.69) | 92.8 (1.65) [103.7 (1.48) | 95.4 (1.60) |153.3 (1.00) |105.0 (1.46) | 71.2 (2.15)
73| D |132.0 75.3%(1.75) {177.9 (0.74) | 91.1%(1.45) | 87.7 (1.51) |[114.5 (1.15) | 106.2 (1.24) |168.7 (0.78) |115.6 (1.14) | 76.0 (1.74)
741 D |142.0 74.5%(1.91) | 175.9 (0.81) | 90.6*(1.57) | 87.2 (1.63) |113.8 (1.25) | 105.8 (1.34) | 168.6 (0.84) |115.1 (1.23) | 75.8 (1.87)
75| D |146.0 73.6%(1.98) | 173.9 (0.84) | 110.1*(1.33) | 86.7 (1.68) {138.0 (1.06) | 124.9 (1.17) |168.5 (0.87) [128.5 (1.14) | 75.6 (1.93)
76| D [145.0 75.3*%(1.93) | 177.9 (0.82) | 107.1*%(1.35) | 87.7 (1.65) [139.7 (1.04) | 126.0 (1.15) |168.7 (0.86) |129.7 (1.12) | 76.0 (1.91)
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77| D [126.0 55.0%(2.29) |-161.3 (0.78) | 80.1%(1.57) | 87.2 (1.44) | 96.3 (1.31) | 91.2 (1.38) | 160.5 (0.79) | 99.0 (1.27) | 66.8 (1.89)
78| D |126.0 54.3%(2.32) | 159.8 (0.79) | 79.6%(1.58) | 86.6 (1.45) | 95.8 (1.32) | 91.0 (1.38) | 160.4 (0.79) | 98.6 (1.28) | 66.6 (1.89)
79| D [136.5 59.9%(2.28) | 159.8 (0.85) | 87.7*(1.56) | 86.8 (1.57) | 9975 (1.37) | 93.8 (1.46) | 160.4 (0.85) |100.7 (1.36) | 66.6 (2.05)
80| D {128.0 57.2%(2.24) | 152.6 (0.84) | 85.6%(1.50) | 84.8 (1.51) | 97.1 (1.32) | 92.3 (1.39) | 159.8 (0.80) | 98.7 (1.30) | 65.9 (1.94)
81 | D-P|142.0 65.2%(2.18) | 159.8*%(0.89) | 95.5%(1.49) | 86.7*(1.64) | 103.0%(1.38) 96.5%(1.47) | 160.4%(0.89) |102.4%(1.39) | 66.6%(2.13)
82| D-P|144.0 66.8%(2.16) | 163.4%(0.88) | 96.7*%(1.49) | 87.7*(1.64) | 104.2%(1.38) 97.2%(1.48) | 160.7*(0.90) |103.4%*(1.39) | 67.0%(2.15)
83| D-P|153.0 72.0%(2.13) | 162.7%(0.94) | 104.5%(1.46) | 87.5%(1.75) | 107.3%(1.43) 99.7%(1.53) | 160.7%(0.95) |104.7*(1.46) | 66.9%(2.29)
84| P |154.0 67.5 (2.28) | 152.6%(1.01) | 101.3 (1.52) | 84.8*(1.82) | 103.7*(1.49) 97.4%(1.58) | 159.8%(0.96) [101.8*%(1.51) | 65.9%(2.34)
85| D [150.0 54.2%(2.77) | 211.8 (0.71) | 79.5%(1.89) |115.2 (1.30) | 95.7 (1.57) | 90.8 (1.65) | 160.4 (0.94) | 98.5 (1.52) | 66.6 (2.25)
86| D [152.0 55.1%(2.76) | 217.5 (0.70) | 80.2%(1.90) |116.2 (1.31) | 96.6 (1.57) | 91.4 (1.66) | 160.6 (0.95) | 99.2 (1.53) | 66.8 (2.28)
87| D [147.0 61.2%(2.40) | 197.6 (0.74) | 88.6%(1.66) |106.0 (1.39) | 100.7 (1.46) | 94.5 (1.56) | 160.7 (0.91) |[101.6 (1.45) | 67.0 (2.19)
88| D [150.0 60.9%(2.46) | 196.7 (0.76) | 88.4%(1.70) [105.7 (1.42) | 100.4 (1.49) | 94.3 (1.59) | 160.7 (0.93) |101.4 (1.48) | 66.9 (2.24)
89| P |134.0 69.5 (1.93) | 126.9%(1.06) | 102.6 (1.31) | 69.5%(1.93) | 105.3*%(1.27) | 98.4%(1.36) | 154.0%(0.87) 103.1*(1.30) | 66.4%(2.02)
90| P [130.0 74.2 (1.75) | 135.6%(0.96) | 106.1 (1.23) | 71.8%(1.81) |109.0%(1.19) | 100.8%(1.29) 154.9%(0.84) [106.1%(1.23) | 67.4%(1.93)
91| D |146.0 49.4%(2.96) | 214.7 (0.68) | 72.0%(2.03) |116.0 (1.26) | 92.5 (1.58) | 88.3 (1.65) | 160.5 (0.91) | 96.6 (1.51) | 66.8 (2.19)
92| D [142.0 51.4%(2.76) | 223.3 (0.64) | 73.5%(1.93) |118.3 (1.20) |- 94.5 (1.50) | 89.5 (1.59) | 161.0 (0.88) | 98.2 (1.45) | 67.4 (2.11)
93| D [144.0 55.8%(2.58) | 198.5 (0.73) | 80.7%(1.78) |106.2 (1.36) | 97.2 (1.48) | 91.8 (1.57) | 160.8 (0.90) | 99.7 (1.44) | 67.1 (2.15)
94| D |144.0 53.9%(2.67) | 191.5 (0.75) | 79.3*(1.82) |[104.3 (1.38) | 95.4 (1.51) | 90.7 (1.59) | 160.3 (0.90) | 98.3 (1.46) | 66.5 (2.17)
95| P (132.0 64.8 (2.04) [ 128.1*%(1.03) | 95.2 (1.39) | 69.9%(1.89) |102.5%(1.29) | 96.1%(1.37) 154.1%(0.86) [102.0%(1.29) | 66.5%(1.98)
9 | P (134.0 64.8 (2.07) | 128.1%(1.05) | 95.2 (1.41) | 69.9%(1.92) | 102.5%(1.31) | 96.1%(1.39) | 154.1*(0.87) 102.0%(1.32) | 66.5%(2.02)
97 | P |112.0 72.3 (1.55) | 108.9%(1.03) | 104.7 (1.07) | 58.4%(1.92) | 107.5%(1.04) | 99.9%(1.12) | 138.2%(0.81) 104.9%(1.07) | 67.0%(1.67)
98| P |[112.5 69.9 (1.61) | 105.1%(1.07) |102.9 (1.09) | 57.4*(1.96) | 105.5%(1.07) | 98.6*(1.14) | 137.8%(0.82) |103.3%*(1.09) 66.4%(1.69)
iR A 2] *1.96 *0.93 *1.46 *1.74 *1.26 *1.35 *0.90 *1.23 *1.79
W % "/ = 0.537 0.148 0.279 0.226 0.112 0.121 0.108 0.127 0.326
BEE (%) 27.4 15.9 19.1 13.0 8.9 9.0 12.0 10.3 18.2
o ¥ s 1.48 0.74 1.12 1.43 1.25 1.35 0.86 1.24 1.9
Q) B R = 0.361 0.170 0.174 0.331 0.172 0.177 0.089 0.180 0.324
ZEEBE (%) 24.4 23.0 15.5 23.1 13.8 13.1 10.3 14.5 16.5
o %3 1.65 1.66 1.26 1.35 0.88 1.24 1.88
B B R = 0.482 0.271 0.145 0.152 0.100 0.156 0.336
BEE (%) 29.2 16.3 11.5 11.3 11.4 12.6 17.9
* LEROBBEREHEROENE B —HTBILD. WBERT* P N F DI, S i BE s . D : — 5.
D«P :D &P BHA. (1) : ZEROBBEREHHERDECNEDS —RITI2LODHDEHE. (2) (1) DADDDODFEEE ERE
DHDOEIE. (3) tRC "82HRBIVACIT CodellDNTR, NV FUFE—FADIHBEDS BT NDAE N H O & ERIE & D HDE

HE, TOMDHLDITDNTRIABEEERMBEE DD L VS,
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ﬁﬁﬁi%%né4$<wi%ﬂz7—+>7@%A%mﬁu%féiﬁmﬁ%

F—5(1) BERIC L3 AW HHEER & EERIEO

(ton)
B K& — B M VAR 3‘§> 4 [1:] ?
3 . Py u
5| EBRME Peal  ( ) Pcal  ( ) Pcal  ( )
Pu Pcal Pcal Pcal

1 35.1 35.5 (0.99) 30.9%(1.14) 41.8 (0.84)
2 34.0 36.4 (0.93) 31.7%(1.07) 42.9 (0.79)
3 42.8 61.6 (0.70) 47.5%(0.90) 78.2 (0.55)
4 44 .4 57.8 (0.77) 44.6%(1.00) 73.5 (0.60)
5 87.5 90.1 (0.97) 96.4%(0.91) 86.4 (1.01)
6 100 95.1 (1.05) 101.6*%(0.98) 91.2 (1.10)
7 132 153.9 (0.86) 179.0 (0.74) 130.8%(1.01)
8 146 153.9 (0.95) 179.0 (0.82) 130.8%(1.12)
9 78.4 91.8 (0.85) 78.3%(1.00) 109.1 (0.72)
10 84 94.8 (0.89) 80.9%(1.04) 112.7 (0.75)
11 83 87.8 (0.95) 74.9%(1.11) 104.4 (0.80)
12 83.5 86.4 (0.97) 73.8%(1.13) 102.7 (0.81)
13 82 91.1 (0.90) 77.7*%(1.06) 108.3 (0.76)
14 84 92.5 (0.91) 78.9%(1.06) 109.9 (0.76)
15 80 86.4 (0.93) 73.7%(1.09) 102.7 (0.78)
16 82 89.7 (0.91) 76.5%(1.07) 106.6 (0.77)
17 80 86.6 (0.92) 73.9%(1.08) 103.0 (0.78)
18 78 83.1 (0.94) 70.9%(1.10) 98.8 (0.79)
19 84 92.3 (0.91) 78.7%(1.07) 109.7 (0.77)
20 84 89.0 (0.94) 75.9%(1.11) 105.8 (0.79)
21 90.5 92.9 (0.97) 87.7*%(1.03) 101.8 (0.89)
22 94 98.4 (0.96) 92.8%(1.01) 107.8 (0.87)
23 122 122.4 (1.00) 114.7%(1.06) 134.5 (0.91)
24 118 126.4 (0.93) 118.4%(1.00) 138.9 (0.85)
25 144 158.1 (0.91) 146.1%(0.99) 174.2 (0.83)
26 140.5 166.7 (0.84) 154.0%(0.91) 183.6 (0.77)
27 81 79.7 (1.02) 86.9%(0.93) 74.6 (1.09)
28 86 76.3 (1.13) 83.3 (1.03) 71.4%(1.20)
29 96 85.0 (1.13) 86.3 (1.11) 85.8%(1.12)
30 100 84.2 (1.19) 85.5 (1.17) 85.0%(1.18)
31 84 114.4 (0.73) 134.9 (0.62) 97.9%(0.86)
32 81 110.6 (0.73) 130.0 (0.62) 94.6%(0.86)
33 92 113.7 (0.81) 123.9 (0.74) 107.1%(0.86)
34 104 125.4 (0.83) 136.7 (0.76) 118.1%(0.88)
35 115 121.7 (0.95) 123.3 (0.93) 123.6*%(0.93)
36 117 122.0 (0.96) 123.6 (0.95) 123.9%(0.94)
37 118 151.7 (0.78) 163.9 (0.72) 143.6%(0.82)
38 131 156.1 (0.84) 168.7 (0.78) 147.8%(0.89)
39 148 159.7 (0.93) 160.4%(0.92) 163.1 (0.91)
40 147 160.9 (0.91) 161.6 (0.91) 164.3%(0.89)
41 141 161.2 (0.87) 184.1 (0.77) 141.8%(0.99)
42 142 166.4 (0.85) 190.2 (0.75) 146.4%(0.97)
43 142 176.5 (0.80) 189.3 (0.76) 167.4%(0.85)
44 154 180.5 (0.85) 193.6 (0.80) 171.2%(0.90)
45 130.5 150.6 (0.87) 135.5%(0.96) 167.7 (0.78)
46 131.5 157.2 (0.84) 141.5%(0.93) 175.0 (0.75)
47 130 145.7 (0.89) 142.8%¢0.91) 173.4 (0.75)
48 138 147.3 (0.94) 144.3%(0.96) 175.3 (0.79)
49 131 139.2 (0.94) 147.1%(0.89) 173.0 (0.76)
50 133.5 137.7%(0.97) 145.5 (0.92) 171.1 (0.78)
51 128 133.9%(0.96) 135.2 (0.95) 167.3 (0.77)
52 126 135.5*%(0.93) 136.8 (0.92) 169.3 (0.74)
53 116 132.9%(0.87) 132.7 (0.87) 159.2 (0.73)
54 124 132.3%(0.94) 132.2 (0.94) 158.4 (0.78)
55 122 125.2%(0.97) 135.9 (0.90) 161.8 (0.75)
56 110 121.9%(0.90) 132.2 (0.83) 157.5 (0.70)
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REMK - LB

£—5(2) REANICL 24 AW DHEEE & B O

&R &H — 5 @ N F T [ <]
P,
g %‘ %&ﬁ Pcal ( u ) Pcal ( Pu ) Pcal ( Pu )
Py Pcal Pcal Pcal
57 78 85.0 (0.92) 78.1%(1.00) 94.9 (0.82)
58 80 85.0 (0.94) 78.1%(1.02) 94.9 (0.84)
59 55 67.7 (0.81) 50.8%(1.08) 87.3 (0.63)
60 59 67.7 (0.87) 50.8%(1.16) 87.3 (0.68)
61 160 1 185.8 (0.86) 165.2%(0.97) |. 209.8 (0.76)
62 166.5 185.4 (0.90) 164.9%(1.01) 209.3 (0.80)
63 176 171.7 (1.02) 183.7*%(0.96) 209.8 (0.84)
64 169.5 171.7 (0.99) 183.6%(0.92) 209.8 (G.81)
65 142 127.9%(1.11) 147.0 (0.97) 173.9 (0.82)
66 132 129.3%(1.02) 148.8 (0.89) 175.9 (0.75)
67 104 105.0%(0.99) 129.6 (0.80) 156.4 (0.67)
68 114 103.6%(1.10) 127.9 (0.89) 154.3 (0.74)
69 124 117.3%(1.06) 130.1 (0.95) 145.9 (0.85)
70 118 116.2%(1.02) 129.5 (0.91) 144.6 (0.82)
71 146 142.8%(1.02) 170.5 (0.86) 216.4 (0.67)
72 153 143.8%(1.06) 171.7 (0.89) 217.8 (0.70)
73 132 121.9%(1.08) 160.1 (0.82) 156.6 (0.84)
74 142 121.1%(1.17) 159.0 (0.89) 155.6 (0.91)
75 146 155.5%(0.94) 157.9 (0.92) 154.5 (0.94)
76 145 157.6%(0.92) 160.1 (0.91) 156.6 (0.93)
77 126 121.6%(1.04) 145.0 (0.87) 159.7 (0.79)
78 126 120.8%(1.04) 144.0 (0.87) 158.7 (0.79)
79 136.5 127.5%(1.07) 144.3 (0.95) 165.4 (0.83)
80 128 124.2%(1.03) 140.6 (0.91) 161.2 (0.79)
81 142 133.7*%(1.06) 144.1%(0.99) 171.6 (0.83)
82 144 135.5%(1.06) 146.0%(0.99) 173.9 (0.85)
83 153 141.5%(1.08) 145.5%(1.05) 179.7 (0.85)
84 154 136.9 (1.13) 140.7%(1.09) 173.9 (0.89)
85 150 151.1%(0.99) 191.1 (0.78) 225.9 (0.66)
86 152 152.6%*(1.00) 193.0 (0.79) 228.1 (0.67)
87 147 142.8%(1.03) 166.9 (0.88) 196.6 (0.75)
88 150 142.4%(1.05) 166.4 (0.90) 196.0 (0.77)
89 134 127.8 (1.05) 127.0%(1.06) 154.3 (0.87)
90 130 132.6 (0.98) 131.7%(0.99) 160.1 (0.81)
91 146 145.8%(1.00) 192.6 (0.76) 221.1 (0.66)
92 142 149.0%(0.95) 196.8 (0.72) 226.1 (0.63)
93 144 136.5%(1.05) 167.2 (0.86) 190.4 (0.76)
94 144 133.9%(1.08) 164.0 (0.88) 186.7 (0.77)
95 132 122.1 (1.08) 127.7%(1.03) 148.7 (0.89)
96 134 122.1 (1.10) 127.7%(1.05) 148.8 (0.90)
97 112 121.1 (0.92) 117.2%(0.96) 139.6 (0.80)
98 112.5 118.9 (0.95) 115.1%(0.98) 137.1 (0.82)
GRBRMAE) thn¥y | (34) *1.02 (49) *1.01 (18) *0.96
(1) FEYERE 0.065 0.069 0.116
BEE @) 6.4 6.8 12.1
(GRBAE) D) (42) 1.03 (38) 1.02 (18) 0.96
(2) e 0.068 0.071 0.106
BEIE O 6.6 6.9 11.1
GRERARL) oD (98) 1.01
(3) Ve 0.081
ZEE %) 8.0

*LEROBBEREFHEROE NI —KT B LD, (1)  EROBKEE
REeFERDENE VB BRI D2HODHDOEHE. (2) 1 3R XD BEMDH
MEEEREE DLLOM AKX CEE. (3): (2) KDOVWTLKRDELHESE.
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WREPEHNTHERDEL IR B,
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Bk b b,

(2) BEZE P2 ) - MEEHERED 7 —F L ZICHTALHICEL TROBN S
AWM DS b, S F o FHET S S 05 LTI EHEE & EREIBRIET 5, LA
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