
Appendix XIII – SPT Energy Testing Results 
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CME 750X ATV - SN322938 (R-58) S&ME Annual Testing
H. Forbes Test date: 8/7/2017
AR: 1.20 in^2 SP: 0.492 k/ft3
LE: 33.58 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (28.50 - 30.00 ft], displaying BN: 23
F@33.58 ft (50 kips)
V@33.58 ft (23.3 ft/s)

A1,2
F1,2

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 28.60 5 1.9 28 17.5 1.20 23.5 1.20 288.9 82.6
2 28.70 5 50.3 29 17.6 1.20 24.1 1.20 286.6 81.9
3 28.80 5 50.3 29 17.8 1.20 24.6 1.20 289.0 82.6
4 28.90 5 50.4 27 17.2 1.20 22.4 1.20 290.4 83.0
5 29.00 5 50.3 29 18.1 1.20 24.0 1.20 290.3 82.9
6 29.06 8 50.4 29 18.1 0.84 24.5 0.75 291.6 83.3
7 29.13 8 50.4 28 17.6 0.83 23.4 0.75 289.2 82.6
8 29.19 8 50.5 28 16.6 0.81 23.2 0.75 287.1 82.0
9 29.25 8 50.4 28 17.9 0.80 23.0 0.75 290.6 83.0

10 29.31 8 50.5 28 17.5 0.81 23.0 0.75 285.5 81.6
11 29.38 8 50.3 28 17.6 0.83 23.6 0.75 287.7 82.2
12 29.44 8 50.4 29 17.8 0.85 24.2 0.75 283.7 81.1
13 29.50 8 50.4 28 17.8 0.90 23.3 0.75 290.0 82.9
14 29.54 12 50.4 29 17.6 0.95 24.3 0.50 286.2 81.8
15 29.58 12 50.6 30 18.1 0.91 25.1 0.50 289.9 82.8
16 29.63 12 50.3 30 18.1 0.84 24.6 0.50 289.8 82.8
17 29.67 12 50.5 29 18.3 0.81 24.0 0.50 291.2 83.2
18 29.71 12 50.2 30 18.2 0.82 24.7 0.50 293.3 83.8
19 29.75 12 50.3 28 18.3 0.80 23.2 0.50 291.2 83.2
20 29.79 12 50.3 30 17.6 0.79 24.6 0.50 289.4 82.7
21 29.83 12 50.4 29 18.0 0.79 24.4 0.50 292.0 83.4
22 29.88 12 50.4 28 18.1 0.83 23.7 0.50 294.1 84.0
23 29.92 12 50.4 28 17.9 0.80 23.6 0.50 292.2 83.5
24 29.96 12 50.4 29 18.1 0.81 24.2 0.50 292.9 83.7
25 30.00 12 50.4 29 17.8 0.80 24.1 0.50 296.0 84.6
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Average 50.4 29 17.8 0.83 23.9 0.60 290.2 82.9
Std Dev 0.1 1 0.4 0.04 0.6 0.12 3.0 0.8

Maximum 50.6 30 18.3 0.95 25.1 0.75 296.0 84.6
Minimum 50.2 28 16.6 0.79 23.0 0.50 283.7 81.1

N-value: 20

Sample Interval Time: 28.54 seconds.
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CME 750X ATV - SN322938 (R-58) S&ME Annual Testing
H. Forbes Test date: 8/7/2017
AR: 1.20 in^2 SP: 0.492 k/ft3
LE: 38.58 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (33.50 - 35.00 ft], displaying BN: 34
F@38.58 ft (50 kips)
V@38.58 ft (23.3 ft/s)

A1,2
F1,2

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 33.55 11 56.3 29 16.4 1.09 23.9 0.55 296.5 84.7
2 33.59 11 51.7 29 16.8 0.77 24.4 0.55 303.4 86.7
3 33.64 11 52.0 28 17.1 0.68 23.7 0.55 302.0 86.3
4 33.68 11 51.7 28 17.6 0.66 23.7 0.55 304.4 87.0
5 33.73 11 52.0 29 17.0 0.64 23.8 0.55 301.2 86.1
6 33.77 11 51.6 29 17.7 0.63 24.3 0.55 307.0 87.7
7 33.82 11 51.8 27 17.0 0.61 22.8 0.55 295.1 84.3
8 33.86 11 51.9 28 16.6 0.61 23.5 0.55 302.0 86.3
9 33.91 11 51.9 29 17.2 0.61 24.3 0.55 304.6 87.0

10 33.95 11 51.9 29 17.5 0.60 23.8 0.55 302.9 86.6
11 34.00 11 51.8 28 16.7 0.59 23.5 0.55 300.3 85.8
12 34.04 12 51.9 28 17.5 0.57 23.3 0.50 297.2 84.9
13 34.08 12 51.7 28 17.3 0.58 23.1 0.50 304.7 87.1
14 34.13 12 52.1 28 17.7 0.59 23.1 0.50 304.3 87.0
15 34.17 12 51.7 29 17.4 0.57 23.8 0.50 304.2 86.9
16 34.21 12 51.9 29 17.3 0.56 24.0 0.50 304.2 86.9
17 34.25 12 51.9 28 16.6 0.54 23.6 0.50 298.8 85.4
18 34.29 12 51.8 29 16.7 0.53 23.8 0.50 298.8 85.4
19 34.33 12 51.9 28 17.0 0.54 23.4 0.50 300.8 85.9
20 34.38 12 51.8 28 17.0 0.52 23.7 0.50 299.1 85.5
21 34.42 12 51.8 28 17.3 0.52 23.1 0.50 299.0 85.4
22 34.46 12 51.7 28 17.5 0.53 23.7 0.50 301.5 86.1
23 34.50 12 52.0 28 17.6 0.53 23.5 0.50 301.1 86.0
24 34.54 13 51.6 28 17.7 0.53 23.1 0.46 304.2 86.9
25 34.58 13 52.0 29 17.6 0.53 23.8 0.46 301.4 86.1
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26 34.62 13 51.6 28 17.8 0.52 23.1 0.46 300.3 85.8
27 34.65 13 52.0 27 17.9 0.51 22.8 0.46 301.3 86.1
28 34.69 13 51.8 28 17.8 0.52 22.9 0.46 299.5 85.6
29 34.73 13 51.7 27 18.0 0.52 22.8 0.46 302.9 86.6
30 34.77 13 52.0 28 17.8 0.51 23.1 0.46 298.1 85.2
31 34.81 13 51.6 26 17.0 0.52 21.7 0.46 297.8 85.1
32 34.85 13 51.9 26 17.7 0.52 21.4 0.46 297.4 85.0
33 34.88 13 51.8 26 16.5 0.53 21.3 0.46 296.5 84.7
34 34.92 13 51.8 28 17.8 0.53 23.0 0.46 302.7 86.5
35 34.96 13 51.7 26 17.9 0.51 21.6 0.46 299.8 85.6
36 35.00 13 51.9 25 17.7 0.50 21.1 0.46 302.3 86.4

Average 51.8 28 17.4 0.53 22.9 0.48 300.7 85.9
Std Dev 0.1 1 0.4 0.02 0.8 0.02 2.5 0.7

Maximum 52.1 29 18.0 0.59 24.0 0.50 304.7 87.1
Minimum 51.6 25 16.5 0.50 21.1 0.46 296.5 84.7

N-value: 25

Sample Interval Time: 40.46 seconds.
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CME 750X ATV - SN322938 (R-58) S&ME Annual Testing
H. Forbes Test date: 8/7/2017
AR: 1.20 in^2 SP: 0.492 k/ft3
LE: 43.58 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (38.50 - 40.00 ft], displaying BN: 42
F@43.58 ft (50 kips)
V@43.58 ft (23.3 ft/s)

A1,2
F1,2

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 38.54 13 59.6 28 18.3 0.97 23.7 0.46 296.6 84.7
2 38.58 13 51.2 28 18.2 0.80 23.0 0.46 299.5 85.6
3 38.62 13 51.5 28 17.9 0.76 22.9 0.46 295.4 84.4
4 38.65 13 51.1 28 18.2 0.74 23.4 0.46 298.5 85.3
5 38.69 13 51.3 28 18.4 0.72 23.2 0.46 297.5 85.0
6 38.73 13 51.3 28 17.4 0.70 23.3 0.46 295.4 84.4
7 38.77 13 51.3 27 18.2 0.68 22.9 0.46 294.9 84.3
8 38.81 13 51.5 29 18.0 0.66 24.5 0.46 297.0 84.9
9 38.85 13 51.7 29 18.2 0.64 24.3 0.46 298.7 85.3

10 38.88 13 51.7 27 17.9 0.62 22.9 0.46 297.2 84.9
11 38.92 13 51.7 29 18.1 0.61 23.8 0.46 297.1 84.9
12 38.96 13 51.7 29 18.2 0.59 24.3 0.46 295.6 84.5
13 39.00 13 51.5 29 18.3 0.59 23.9 0.46 297.1 84.9
14 39.04 14 51.8 29 17.9 0.57 24.1 0.43 297.1 84.9
15 39.07 14 51.5 29 18.4 0.56 24.3 0.43 297.6 85.0
16 39.11 14 51.7 28 18.2 0.56 23.6 0.43 297.2 84.9
17 39.14 14 51.5 28 18.1 0.55 23.6 0.43 295.0 84.3
18 39.18 14 51.6 28 17.8 0.55 23.7 0.43 297.3 85.0
19 39.21 14 51.7 28 18.1 0.54 23.3 0.43 294.4 84.1
20 39.25 14 51.6 29 18.1 0.54 24.2 0.43 296.3 84.7
21 39.29 14 51.6 28 18.0 0.53 23.0 0.43 294.3 84.1
22 39.32 14 51.5 30 17.8 0.53 25.1 0.43 296.6 84.7
23 39.36 14 51.8 28 17.8 0.52 23.1 0.42 293.8 84.0
24 39.39 14 51.5 30 17.8 0.52 24.7 0.43 298.5 85.3
25 39.43 14 51.7 27 17.7 0.52 22.7 0.43 295.1 84.3
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26 39.46 14 51.5 29 17.7 0.51 24.1 0.43 295.8 84.5
27 39.50 14 51.7 28 18.0 0.51 22.9 0.43 296.6 84.7
28 39.53 17 51.6 30 17.8 0.51 24.8 0.35 295.8 84.5
29 39.56 17 51.5 27 17.5 0.50 22.4 0.35 295.9 84.6
30 39.59 17 51.7 29 17.9 0.50 24.0 0.35 294.0 84.0
31 39.62 17 51.4 28 18.1 0.50 23.5 0.35 297.6 85.0
32 39.65 17 51.8 26 17.2 0.49 21.9 0.35 292.2 83.5
33 39.68 17 51.5 29 17.8 0.49 23.9 0.35 293.9 84.0
34 39.71 17 51.5 28 17.7 0.49 23.3 0.35 295.9 84.5
35 39.74 17 51.6 30 17.7 0.49 25.0 0.35 295.7 84.5
36 39.76 17 51.5 27 17.8 0.48 22.8 0.35 294.0 84.0
37 39.79 17 51.7 30 17.7 0.48 25.2 0.35 296.7 84.8
38 39.82 17 51.6 28 17.9 0.47 23.7 0.35 296.8 84.8
39 39.85 17 51.7 29 17.9 0.47 24.5 0.35 295.7 84.5
40 39.88 17 51.5 29 18.0 0.47 24.3 0.35 296.8 84.8
41 39.91 17 51.8 28 17.9 0.46 23.6 0.35 296.0 84.6
42 39.94 17 51.6 29 18.3 0.46 24.3 0.35 295.4 84.4
43 39.97 17 51.7 28 17.2 0.46 23.0 0.35 293.6 83.9
44 40.00 17 51.5 29 17.5 0.45 24.1 0.35 297.9 85.1

Average 51.6 29 17.8 0.51 23.8 0.39 295.8 84.5
Std Dev 0.1 1 0.3 0.03 0.8 0.04 1.5 0.4

Maximum 51.8 30 18.4 0.57 25.2 0.43 298.5 85.3
Minimum 51.4 26 17.2 0.45 21.9 0.35 292.2 83.5

N-value: 31

Sample Interval Time: 49.95 seconds.
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CME 750X ATV - SN322938 (R-58) S&ME Annual Testing
H. Forbes Test date: 8/7/2017
AR: 1.20 in^2 SP: 0.492 k/ft3
LE: 48.58 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (43.50 - 45.00 ft], displaying BN: 37
F@48.58 ft (50 kips)
V@48.58 ft (23.3 ft/s)

A1,2
F1,2

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 43.55 10 59.9 29 17.7 1.08 24.5 0.60 304.6 87.0
2 43.60 10 51.9 28 17.5 0.78 23.7 0.60 298.4 85.2
3 43.65 10 51.8 30 17.9 0.77 24.7 0.60 302.6 86.4
4 43.70 10 52.0 29 18.4 0.77 24.3 0.60 308.2 88.1
5 43.75 10 51.8 30 18.4 0.71 25.2 0.60 305.0 87.1
6 43.80 10 51.9 29 18.1 0.71 24.4 0.60 303.5 86.7
7 43.85 10 51.9 30 18.4 0.70 24.9 0.60 310.5 88.7
8 43.90 10 52.0 30 18.2 0.68 24.6 0.60 305.7 87.3
9 43.95 10 51.5 29 17.8 0.67 24.5 0.60 309.1 88.3

10 44.00 10 51.9 31 18.4 0.67 26.0 0.60 312.2 89.2
11 44.04 12 51.9 30 18.1 0.64 25.3 0.50 306.2 87.5
12 44.08 12 51.7 29 17.9 0.62 24.0 0.50 309.0 88.3
13 44.13 12 51.9 30 18.0 0.59 24.8 0.50 301.6 86.2
14 44.17 12 51.6 31 18.3 0.60 25.5 0.50 313.4 89.5
15 44.21 12 52.0 30 18.2 0.58 24.9 0.50 302.7 86.5
16 44.25 12 51.7 30 17.9 0.59 24.9 0.50 311.4 89.0
17 44.29 12 51.8 30 18.3 0.59 25.2 0.50 309.4 88.4
18 44.33 12 51.8 30 17.9 0.59 25.2 0.50 312.3 89.2
19 44.38 12 51.8 29 17.9 0.57 24.4 0.50 303.9 86.8
20 44.42 12 51.7 30 17.8 0.56 24.9 0.50 305.4 87.3
21 44.46 12 51.7 29 17.9 0.56 24.3 0.50 304.9 87.1
22 44.50 12 52.1 29 17.7 0.56 24.3 0.50 305.3 87.2
23 44.53 17 51.7 31 18.1 0.56 25.7 0.35 306.8 87.7
24 44.56 17 52.1 29 17.8 0.55 24.6 0.35 305.1 87.2
25 44.59 17 51.4 30 18.3 0.56 24.8 0.35 311.8 89.1
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26 44.62 17 52.1 29 17.6 0.54 24.2 0.35 300.3 85.8
27 44.65 17 51.7 29 17.6 0.53 24.1 0.35 306.0 87.4
28 44.68 17 51.9 29 17.9 0.53 24.0 0.35 303.5 86.7
29 44.71 17 51.7 29 16.9 0.53 24.0 0.35 301.9 86.3
30 44.74 17 51.6 27 17.1 0.52 22.1 0.35 302.1 86.3
31 44.76 17 52.0 29 17.7 0.49 23.9 0.35 297.0 84.8
32 44.79 17 51.7 28 18.0 0.49 23.6 0.35 297.5 85.0
33 44.82 17 51.9 29 17.7 0.50 24.0 0.35 301.9 86.3
34 44.85 17 51.6 29 18.0 0.50 23.9 0.35 302.8 86.5
35 44.88 17 51.7 29 17.8 0.51 24.5 0.35 306.2 87.5
36 44.91 17 51.6 29 17.8 0.51 24.1 0.35 306.3 87.5
37 44.94 17 51.9 30 18.2 0.50 24.8 0.35 307.4 87.8
38 44.97 17 52.0 29 17.8 0.50 24.5 0.35 304.8 87.1
39 45.00 17 51.7 28 17.3 0.49 23.3 0.35 305.2 87.2

Average 51.8 29 17.8 0.55 24.4 0.41 305.2 87.2
Std Dev 0.2 1 0.3 0.04 0.7 0.07 4.0 1.1

Maximum 52.1 31 18.3 0.64 25.7 0.50 313.4 89.5
Minimum 51.4 27 16.9 0.49 22.1 0.35 297.0 84.8

N-value: 29

Sample Interval Time: 43.93 seconds.
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CME 750X ATV - SN322938 (R-58) S&ME Annual Testing
H. Forbes Test date: 8/7/2017
AR: 1.20 in^2 SP: 0.492 k/ft3
LE: 53.58 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (48.50 - 50.00 ft], displaying BN: 36
F@53.58 ft (50 kips)
V@53.58 ft (23.3 ft/s)

A1,2
F1,2

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 48.56 8 52.4 27 19.9 1.03 22.4 0.75 312.1 89.2
2 48.63 8 52.1 26 19.2 0.92 21.7 0.75 309.0 88.3
3 48.69 8 51.8 27 20.0 0.89 22.5 0.75 316.4 90.4
4 48.75 8 52.0 27 19.6 0.82 22.6 0.75 309.3 88.4
5 48.81 8 51.9 27 19.9 0.81 22.7 0.75 314.9 90.0
6 48.88 8 51.9 27 19.7 0.77 22.5 0.75 310.8 88.8
7 48.94 8 52.1 27 19.9 0.77 22.6 0.75 314.0 89.7
8 49.00 8 52.0 27 19.8 0.76 22.8 0.75 313.9 89.7
9 49.04 12 52.2 27 19.6 0.67 22.7 0.50 309.4 88.4

10 49.08 12 51.9 28 19.6 0.65 23.2 0.50 309.7 88.5
11 49.13 12 52.0 28 19.4 0.64 23.3 0.50 311.6 89.0
12 49.17 12 51.9 27 19.3 0.64 22.7 0.50 311.2 88.9
13 49.21 12 52.0 27 19.4 0.63 22.5 0.50 309.2 88.3
14 49.25 12 51.8 28 19.4 0.62 23.2 0.50 310.9 88.8
15 49.29 12 51.9 27 19.3 0.62 22.8 0.50 310.3 88.7
16 49.33 12 52.0 28 19.6 0.61 23.0 0.50 310.0 88.6
17 49.38 12 51.8 27 19.6 0.60 22.5 0.50 306.8 87.7
18 49.42 12 52.0 26 20.0 0.60 21.5 0.50 310.1 88.6
19 49.46 12 51.8 26 19.1 0.59 21.9 0.50 309.8 88.5
20 49.50 12 52.0 26 19.9 0.58 21.8 0.50 309.4 88.4
21 49.53 18 51.8 27 19.9 0.60 22.1 0.33 318.1 90.9
22 49.56 18 52.0 27 19.8 0.56 22.3 0.33 306.3 87.5
23 49.58 18 51.9 27 18.7 0.59 22.9 0.33 317.4 90.7
24 49.61 18 51.9 26 19.7 0.56 22.0 0.33 305.1 87.2
25 49.64 18 51.9 26 19.5 0.57 21.7 0.33 312.1 89.2
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26 49.67 18 51.5 24 19.1 0.55 20.2 0.33 303.5 86.7
27 49.69 18 52.1 26 19.9 0.56 21.8 0.33 311.5 89.0
28 49.72 18 51.7 25 20.0 0.55 21.2 0.33 311.9 89.1
29 49.75 18 52.0 26 20.3 0.54 21.8 0.33 310.6 88.7
30 49.78 18 51.8 26 19.5 0.53 21.7 0.33 304.6 87.0
31 49.81 18 52.0 24 20.4 0.53 20.4 0.33 312.1 89.2
32 49.83 18 51.9 26 20.1 0.53 22.1 0.33 311.7 89.1
33 49.86 18 52.2 26 19.2 0.51 21.4 0.33 302.3 86.4
34 49.89 18 51.8 25 20.3 0.51 21.0 0.33 310.3 88.6
35 49.92 18 51.7 25 20.1 0.50 21.2 0.33 308.1 88.0
36 49.94 18 51.9 26 20.0 0.50 21.4 0.33 309.2 88.4
37 49.97 18 51.5 26 20.6 0.51 21.5 0.33 313.8 89.6
38 50.00 18 51.9 25 19.9 0.49 21.0 0.33 303.3 86.7

Average 51.9 26 19.7 0.57 22.0 0.40 309.7 88.5
Std Dev 0.2 1 0.4 0.05 0.8 0.08 3.6 1.0

Maximum 52.2 28 20.6 0.67 23.3 0.50 318.1 90.9
Minimum 51.5 24 18.7 0.49 20.2 0.33 302.3 86.4

N-value: 30

Sample Interval Time: 42.70 seconds.
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Summary of SPT Test Results

Project: CME 750X ATV - SN322938 (R-58), Test Date: 8/7/2017
BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

Instr. Start Final Blows N N60 Average Average Average Average Average Average Average Average
Length Depth Depth Applied Value Value BPM FMX VMX DMX CSX DFN EFV ETR

ft ft ft /6" bpm kips ft/s in ksi in ft-lb (%)

33.58 28.50 30.00 5-8-12 20 28 50.4 29 17.8 0.83 23.9 0.60 290.2 82.9
38.58 33.50 35.00 11-12-13 25 35 51.8 28 17.4 0.53 22.9 0.48 300.7 85.9
43.58 38.50 40.00 13-14-17 31 44 51.6 29 17.8 0.51 23.8 0.39 295.8 84.5
48.58 43.50 45.00 10-12-17 29 41 51.8 29 17.8 0.55 24.4 0.41 305.2 87.2
53.58 48.50 50.00 8-12-18 30 42 51.9 26 19.7 0.57 22.0 0.40 309.7 88.5

Overall Average Values: 51.6 28 18.2 0.58 23.4 0.44 301.0 86.0

Standard Deviation: 0.5 1 0.9 0.11 1.2 0.10 7.3 2.1

Overall Maximum Value: 52.2 31 20.6 0.95 25.7 0.75 318.1 90.9

Overall Minimum Value: 50.2 24 16.5 0.45 20.2 0.33 283.7 81.1
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May 1, 2017 

North Carolina Department of Transportation 

Geotechnical Engineering Unit 

1589 Mail Service Center 

Raleigh, North Carolina 27699 

Attention: Mr. Shunyi (Chris) Chen, Ph.D., P.E. 

cc: Ms. Cheryl A. Youngblood, L.G. 

Reference: Report of SPT Energy Measurements

S&ME CME-55 Truck (SN 328245)

Fayetteville, North Carolina 

S&ME Project No. 6235-17-009 

Dear Mr. Chen: 

We have completed the Standard Penetration Test (SPT) energy measurements on the automatic hammer 

mounted on our CME-55 Truck drill rig with a serial number of 328245. This service was performed by our 

Mr. Robert E. Kral on April 4, 2017 between the times of 11:39 AM and 12:40 PM. SPT energy testing was 

performed in general accordance with ASTM D4633 and the most recent revision of the North Carolina 

Department of Transportation, Geotechnical Engineering Unit’s requirements. The testing procedures, 

equipment used during testing, and detailed results are presented in this report. 

1.0 Dynamic Testing Methodology 

Testing was performed using a model PAX (Serial No. 3733L) Pile Driving AnalyzerTM (PDA) manufactured 

by Pile Dynamics, Inc. The PDA records and interprets data from two piezoresistive accelerometers (Serial 

Nos. K5641 and K5642) bolted to a 2-foot long AWJ drill rod (SN203) internally instrumented with two 

strain transducers. The instrumented AWJ drill rod has a cross-sectional area of 1.20 square inches, an 

outside diameter of approximately 1.75 inches, and an inside diameter of 1.375 inches at the gage 

location. Calibration sheets for the accelerometers and the instrumented rod are included in the 

Appendix. The accelerometers and strain gages, which are mounted on opposing axes near the middle of 

the instrumented rod, monitor acceleration and strain for each hammer blow. The analyzer converts the 

data to velocities and forces, computing the maximum transferred hammer energies with the “EFV” 

method described in ASTM D4633. All results are recorded and displayed in real time for each blow. 
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2.0 Testing and Observations 

S&ME personnel were on site on April 4, 2017 to observe and perform testing during SPT sampling on the 

CME-55 truck mounted rig operated by Ted Miller of S&ME. The measurements were taken during drilling 

operations at the Fayetteville Outer Loop (TIP U-2519AA) project in Fayetteville, North Carolina. The 

measurements were obtained during the SPT sampling of Soil Test Boring Y2_2800. SPT energy 

measurements were recorded during four intervals at depths of approximately 57.6, 62.6, 67.6, and 72.6 ft 

below the existing ground surface. The information presented in the tables below summarizes the 

equipment tested and tooling used for this Report of SPT Energy Measurements. 

Table 2-1:  Drill Rig Information 

Manufacturer CME 

Model 55 

Serial Number 328245 

Operator Ted Miller 

Carrier Truck 

Table 2-2:  Hammer Information 

Model / Type CME / Auto 

Serial Number N/A 

Anvil Height (inches) 11.5 

Anvil Diameter (inches) 2.5 

Drop Height (inches) 30 

Ram Weight (pounds) 140 

Ram Serial Number N/A 

Table 2-3:  Drilling and Instrumented Rod Information 

Drill Rod Type AWJ 

        OD (inches) 1.75 

        ID (inches) 1.25 

        Cross-Sectional Area (in2) 1.20 

        Typical Length (feet)  5 and 10 

Instrumented Rod Type AWJ (SN 203) 

        OD (inches) 1.75 

        ID (inches) 1.25 

        Cross-Sectional Area (in2) 1.20 

        Total Instrumented Rod Length (feet)  2.0 

        Length Below Gages (feet) 0.88 

Split Spoon Length (feet) 2.88 
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The reported blow counts, obtained by the drill rig personnel, are presented with the energy data in Table 

3-1 and on the Field and Boring Logs in the Appendix. A representative graph of force and normalized 

velocity vs. time for a typical blow and the following list of plots and tables are incorporated into the 

Appendix. 

3.0 Dynamic Testing Results 

Based on the test data, the automatic hammer on the CME-55 truck mounted rig operated at a rate of 

about 51.6 to 52.2 blows per minute (bpm) during dynamic testing. The measured transferred hammer 

energy (EFV) was generally in the range of about 267.1 to 307.3 ft-lbs, which corresponds to Energy 

Transfer Ratio (ETR) values of about 76.3% to 87.8%, respectively. The SPT Energy Measurement Data 

Summary tables in the Appendix present the test data from every hammer blow at each sampling interval 

along with representative force and velocity traces for each test interval. The reported blow counts, 

obtained by the drill rig personnel, and a summary of the test data and average computed hammer 

energy and transfer ratio values are provided in Table 3-1. Plots and tables of the following are also 

included in the Appendix and present the test data with depth for each test interval:  

♦ Penetration vs. BLC 

♦ Penetration vs. FMX 

♦ Penetration vs. EFV 

♦ Penetration vs. CSX 

♦ Penetration vs. VMX 

♦ Penetration vs. ETR 

♦ Average ETR vs. Rod Length 

♦ ETR vs. Rod Length 

Table 3-1:  Summary of Dynamic Testing Results 

Data 

Set 

ID 

Instrumentation 

to Sampler Tip 

Length 

(ft) 

Sample 

Depth 

(ft) 

Blows per 6” 

Increment / 

N-value 

Soil Sample 

Description 

(Residual) 

Avg. 

BPM 

Avg. 

EFV 

(ft-lbs) 

Avg. ETR 

(percent) 

1 63.76 57.6 - 59.1 7-10-9 / 19 SAND 51.9 286.9 82.0 

2 68.76 62.6 - 64.1 9-10-12 / 22 SAND 52.0 298.6 85.3 

3 73.76 67.6 - 69.1 6-13-17 / 30 SAND 51.9 295.9 84.5 

4 78.76 72.6 - 74.1 6-11-10 / 21 SAND 51.9 294.8 84.2 

Overall Average 51.9 294.4 84.1 

The average hammer rate, transferred energy, and transfer ratio were calculated for each depth interval.  

Per ASTM D4633, only the blows from the final foot of each sample interval (i.e. the blows that determine 

the N-value) were included when computing these average values. The overall average transferred 

hammer energy for the automatic hammer on the CME-55 truck mounted rig (for all the depth 

intervals tested) was 294.4 foot-pounds, with an average ETR of 84.1%. 
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4.0 Limitations of Report 

This report has been prepared in accordance with generally accepted geotechnical engineering practice 

for specific application to this project. The conclusions contained in this report were based on the 

applicable standards of our profession in this geographic area at the time this report was prepared. No 

other warranty, express or implied, is made. 

5.0 Closing 

S&ME appreciates the opportunity to provide this report to the North Carolina Department of 

Transportation Geotechnical Engineering Unit. Please let us know if you have any questions concerning 

this report. 

Sincerely, 

S&ME, Inc. 

R. Heath Forbes, P.E. (SC) Robert E. Kral, P.E. 

Geotechnical Project Manager  Transportation Services Project Manager 

N.C. Registration No. 042642 

Senior Reviewed By:  Kristen H. Hill, L.G., P.E. 

Appendices: 

" Appendix I - CME 55 (SN 328245) SPT Energy Measurements Summary Plots and Tables 

" Appendix II - Field Log and Boring Log 

" Appendix III - Instrumented Rod and Accelerometer Calibration Sheets 

" Appendix IV - Certificate of Proficiency 
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CME55 Truck (SN 328245) 28+00, 20LT
R. Kral Test date: 4/4/2017
AR: 1.20 in^2 SP: 0.492 k/ft3
LE: 63.76 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (57.60 - 59.10 ft], displaying BN: 24
F@63.76 ft (50 kips)
V@63.76 ft (23.3 ft/s)

A1,2
F1,2

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 57.67 7 60.7 27 14.5 1.02 22.9 0.78 247.9 70.8
2 57.74 7 52.7 27 14.5 1.03 22.2 0.82 266.7 76.2
3 57.81 7 52.0 27 14.5 0.84 22.7 0.81 255.9 73.1
4 57.89 7 51.8 27 14.6 0.82 22.7 0.81 266.4 76.1
5 57.96 7 52.2 27 14.9 0.81 22.6 0.81 264.2 75.5
6 58.03 7 52.0 27 15.1 0.83 22.8 0.82 275.9 78.8
7 58.10 7 52.1 27 15.5 0.86 22.7 0.83 286.6 81.9
8 58.15 10 51.9 27 15.9 0.70 22.9 0.57 280.6 80.2
9 58.20 10 51.9 27 15.8 0.67 22.5 0.56 275.1 78.6

10 58.25 10 52.0 27 15.9 0.67 22.6 0.56 273.4 78.1
11 58.30 10 51.9 28 16.0 0.68 23.0 0.57 275.0 78.6
12 58.35 10 52.0 28 16.3 0.78 23.2 0.56 290.9 83.1
13 58.40 10 51.7 28 16.5 0.69 23.1 0.57 279.9 80.0
14 58.45 10 52.2 28 16.5 0.67 23.5 0.57 274.3 78.4
15 58.50 10 51.7 27 16.6 0.77 22.8 0.57 292.7 83.6
16 58.55 10 52.1 27 16.5 0.75 22.5 0.57 290.2 82.9
17 58.60 10 52.2 27 16.3 0.74 22.6 0.57 287.9 82.3
18 58.66 9 51.7 27 16.3 0.76 22.2 0.63 294.5 84.2
19 58.71 9 52.0 27 16.3 0.73 22.2 0.65 289.5 82.7
20 58.77 9 51.9 25 16.5 0.74 20.8 0.64 292.3 83.5
21 58.82 9 51.9 27 16.2 0.72 22.3 0.64 290.6 83.0
22 58.88 9 51.9 26 17.3 0.71 21.9 0.64 295.6 84.5
23 58.93 9 52.2 27 16.8 0.71 22.3 0.64 290.4 83.0
24 58.99 9 51.9 26 17.1 0.71 21.8 0.64 291.7 83.4
25 59.04 9 52.0 25 16.9 0.71 21.1 0.64 293.0 83.7
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26 59.10 9 51.9 25 16.1 0.70 20.6 0.64 293.7 83.9
Average 51.9 27 16.4 0.72 22.3 0.60 286.9 82.0
Std Dev 0.1 1 0.4 0.03 0.8 0.04 7.5 2.1

Maximum 52.2 28 17.3 0.78 23.5 0.65 295.6 84.5
Minimum 51.7 25 15.8 0.67 20.6 0.56 273.4 78.1

N-value: 19

Sample Interval Time: 28.81 seconds.
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CME55 Truck (SN 328245) 28+00, 20LT
R. Kral Test date: 4/4/2017
AR: 1.20 in^2 SP: 0.492 k/ft3
LE: 68.76 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (62.60 - 64.10 ft], displaying BN: 29
F@68.76 ft (50 kips)
V@68.76 ft (23.3 ft/s)

A1,2
F1,2

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 62.66 9 61.1 27 16.9 0.69 22.6 0.61 261.9 74.8
2 62.71 9 52.2 27 17.0 0.69 22.8 0.62 269.8 77.1
3 62.77 9 52.1 28 17.2 0.70 23.0 0.63 277.9 79.4
4 62.82 9 51.7 28 17.1 0.67 23.7 0.63 275.2 78.6
5 62.88 9 52.1 30 17.7 0.67 24.6 0.63 280.4 80.1
6 62.93 9 51.9 29 18.1 0.73 24.2 0.64 295.0 84.3
7 62.99 9 52.1 27 18.1 0.68 22.7 0.63 289.4 82.7
8 63.04 9 52.0 28 17.9 0.68 23.6 0.63 284.1 81.2
9 63.10 9 51.8 27 17.8 0.72 22.1 0.64 291.3 83.2

10 63.15 10 52.1 26 17.7 0.68 22.1 0.57 288.0 82.3
11 63.20 10 51.8 27 17.9 0.64 22.6 0.56 281.8 80.5
12 63.25 10 52.0 26 17.5 0.72 21.9 0.56 297.4 85.0
13 63.30 10 51.7 26 17.7 0.73 21.9 0.56 296.1 84.6
14 63.35 10 52.1 26 17.4 0.67 21.6 0.57 291.3 83.2
15 63.40 10 51.8 27 17.8 0.67 22.4 0.57 291.6 83.3
16 63.45 10 52.1 27 17.9 0.71 22.4 0.57 299.7 85.6
17 63.50 10 52.0 27 18.0 0.62 22.7 0.57 286.6 81.9
18 63.55 10 51.9 28 18.1 0.67 23.0 0.58 300.7 85.9
19 63.60 10 52.0 27 17.9 0.68 22.5 0.57 297.1 84.9
20 63.64 12 51.8 28 18.5 0.68 23.5 0.48 300.2 85.8
21 63.68 12 51.9 28 18.5 0.68 23.6 0.48 304.5 87.0
22 63.73 12 51.9 28 18.6 0.67 23.3 0.48 305.1 87.2
23 63.77 12 52.2 28 18.3 0.67 23.4 0.47 304.9 87.1
24 63.81 12 51.8 28 18.4 0.67 23.1 0.47 306.8 87.7
25 63.85 12 52.2 28 18.2 0.64 23.0 0.47 301.2 86.1
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26 63.89 12 51.8 28 18.2 0.64 23.1 0.47 300.9 86.0
27 63.93 12 52.0 28 18.3 0.64 23.1 0.47 301.1 86.0
28 63.98 12 51.9 28 18.4 0.65 23.0 0.47 306.1 87.4
29 64.02 12 51.9 28 18.4 0.64 23.3 0.47 304.6 87.0
30 64.06 12 52.1 28 18.4 0.64 23.0 0.47 303.1 86.6
31 64.10 12 51.9 27 18.2 0.63 22.9 0.47 301.4 86.1

Average 52.0 27 18.1 0.67 22.8 0.52 298.6 85.3
Std Dev 0.1 1 0.3 0.03 0.5 0.05 6.7 1.9

Maximum 52.2 28 18.6 0.73 23.6 0.58 306.8 87.7
Minimum 51.7 26 17.4 0.62 21.6 0.47 281.8 80.5

N-value: 22

Sample Interval Time: 34.59 seconds.
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CME55 Truck (SN 328245) 28+00, 20LT
R. Kral Test date: 4/4/2017
AR: 1.20 in^2 SP: 0.492 k/ft3
LE: 73.76 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (67.60 - 69.10 ft], displaying BN: 34
F@73.76 ft (50 kips)
V@73.76 ft (23.3 ft/s)

A1,2
F1,2

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 67.68 6 107.6 26 17.9 1.46 22.0 0.93 302.9 86.5
2 67.77 6 52.5 27 18.4 1.25 22.6 0.94 298.6 85.3
3 67.85 6 51.6 26 17.8 1.10 22.0 0.95 295.1 84.3
4 67.93 6 52.1 27 18.0 1.00 22.3 0.97 297.0 84.8
5 68.02 6 52.0 27 18.1 0.96 22.3 0.96 298.5 85.3
6 68.10 6 51.7 27 18.2 0.97 22.3 0.97 297.2 84.9
7 68.14 13 52.0 26 17.9 0.81 21.8 0.43 296.1 84.6
8 68.18 13 52.0 26 18.3 0.62 21.4 0.42 274.8 78.5
9 68.22 13 51.8 26 18.2 0.59 22.1 0.42 274.6 78.5

10 68.25 13 52.2 25 18.2 0.55 20.8 0.42 267.1 76.3
11 68.29 13 52.0 25 18.3 0.57 21.0 0.42 271.7 77.6
12 68.33 13 51.9 26 18.1 0.59 21.4 0.43 282.2 80.6
13 68.37 13 51.8 25 17.7 0.61 20.6 0.44 291.8 83.4
14 68.41 13 51.7 25 17.5 0.54 20.8 0.44 289.3 82.7
15 68.45 13 52.1 26 18.2 0.53 21.4 0.44 298.8 85.4
16 68.48 13 51.9 24 17.6 0.53 19.7 0.44 294.4 84.1
17 68.52 13 51.9 25 18.0 0.52 20.5 0.44 296.4 84.7
18 68.56 13 51.6 24 17.8 0.52 20.2 0.44 300.1 85.7
19 68.60 13 52.1 24 17.4 0.51 20.3 0.44 298.5 85.3
20 68.63 17 51.8 24 17.3 0.51 19.7 0.33 299.4 85.5
21 68.66 17 52.1 24 17.5 0.52 20.1 0.34 298.9 85.4
22 68.69 17 51.8 26 18.3 0.49 21.3 0.33 296.4 84.7
23 68.72 17 51.9 24 17.7 0.53 20.2 0.33 302.2 86.3
24 68.75 17 51.9 25 17.7 0.54 20.7 0.33 302.7 86.5
25 68.78 17 51.9 23 17.3 0.54 19.5 0.33 300.3 85.8
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26 68.81 17 51.8 25 17.6 0.54 20.7 0.33 302.2 86.3
27 68.84 17 52.0 26 18.3 0.53 21.8 0.33 305.8 87.4
28 68.86 17 52.1 24 17.8 0.55 20.0 0.33 302.1 86.3
29 68.89 17 51.9 26 18.4 0.54 21.5 0.33 305.1 87.2
30 68.92 17 52.1 26 17.8 0.54 21.5 0.33 298.9 85.4
31 68.95 17 51.8 26 18.6 0.53 21.6 0.33 301.3 86.1
32 68.98 17 51.8 25 18.2 0.54 21.2 0.33 301.2 86.1
33 69.01 17 51.6 25 18.1 0.54 20.8 0.33 304.1 86.9
34 69.04 17 51.9 25 18.5 0.54 21.2 0.33 305.7 87.3
35 69.07 17 51.6 25 17.9 0.55 20.8 0.33 306.3 87.5
36 69.10 17 51.7 26 18.1 0.54 21.3 0.33 307.3 87.8

Average 51.9 25 17.9 0.55 20.9 0.38 295.9 84.5
Std Dev 0.2 1 0.4 0.06 0.7 0.05 10.7 3.1

Maximum 52.2 26 18.6 0.81 22.1 0.44 307.3 87.8
Minimum 51.6 23 17.3 0.49 19.5 0.33 267.1 76.3

N-value: 30

Sample Interval Time: 40.39 seconds.
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CME55 Truck (SN 328245) 28+00, 20LT
R. Kral Test date: 4/4/2017
AR: 1.20 in^2 SP: 0.492 k/ft3
LE: 78.76 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (72.60 - 74.10 ft], displaying BN: 25
F@78.76 ft (50 kips)
V@78.76 ft (23.3 ft/s)

A1,2
F1,2

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 72.68 6 60.7 26 18.7 1.34 21.6 0.94 303.1 86.6
2 72.77 6 52.6 25 17.9 1.18 20.9 0.95 297.0 84.9
3 72.85 6 52.2 27 17.8 1.01 22.1 0.96 292.2 83.5
4 72.93 6 52.0 24 17.9 1.00 19.9 0.96 290.9 83.1
5 73.02 6 51.9 23 18.0 0.96 19.2 0.96 297.6 85.0
6 73.10 6 52.1 24 18.4 0.96 20.0 0.96 296.8 84.8
7 73.15 11 51.8 23 18.1 0.76 19.4 0.50 296.0 84.6
8 73.19 11 52.1 24 18.6 0.76 20.2 0.50 297.6 85.0
9 73.24 11 51.7 25 18.9 0.74 20.8 0.51 298.2 85.2

10 73.28 11 52.2 24 18.3 0.72 19.8 0.51 297.6 85.0
11 73.33 11 52.0 24 19.1 0.71 20.1 0.51 297.5 85.0
12 73.37 11 52.2 25 19.4 0.71 21.1 0.51 296.2 84.6
13 73.42 11 51.7 23 18.5 0.72 19.5 0.51 295.7 84.5
14 73.46 11 51.9 26 18.9 0.72 21.9 0.51 298.1 85.2
15 73.51 11 52.1 25 19.6 0.72 20.8 0.51 297.2 84.9
16 73.55 11 51.8 26 19.0 0.71 21.7 0.51 294.0 84.0
17 73.60 11 52.0 26 20.0 0.72 21.8 0.51 299.1 85.5
18 73.65 10 52.0 26 19.3 0.71 21.4 0.57 294.4 84.1
19 73.70 10 52.1 25 19.1 0.70 20.6 0.57 290.9 83.1
20 73.75 10 51.7 25 20.2 0.70 21.0 0.57 297.5 85.0
21 73.80 10 52.0 27 19.1 0.69 22.3 0.58 290.9 83.1
22 73.85 10 52.0 25 18.9 0.70 21.2 0.58 293.6 83.9
23 73.90 10 52.0 26 18.8 0.69 21.4 0.58 292.7 83.6
24 73.95 10 52.1 25 18.9 0.68 20.9 0.58 288.9 82.5
25 74.00 10 51.6 25 18.4 0.68 21.1 0.58 288.7 82.5
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26 74.05 10 52.1 25 18.9 0.69 21.0 0.57 294.1 84.0
27 74.10 10 51.8 25 19.2 0.68 20.7 0.58 291.6 83.3

Average 51.9 25 19.0 0.71 20.9 0.54 294.8 84.2
Std Dev 0.2 1 0.5 0.02 0.7 0.03 3.1 0.9

Maximum 52.2 27 20.2 0.76 22.3 0.58 299.1 85.5
Minimum 51.6 23 18.1 0.68 19.4 0.50 288.7 82.5

N-value: 21

Sample Interval Time: 29.95 seconds.
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Summary of SPT Test Results

Project: CME55 Truck (SN 328245), Test Date: 4/4/2017
BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

Instr. Start Final Blows N N60 Average Average Average Average Average Average Average Average
Length Depth Depth Applied Value Value BPM FMX VMX DMX CSX DFN EFV ETR

ft ft ft /6" bpm kips ft/s in ksi in ft-lb (%)

63.76 57.60 59.10 7-10-9 19 26 51.9 27 16.4 0.72 22.3 0.60 286.9 82.0
68.76 62.60 64.10 9-10-12 22 30 52.0 27 18.1 0.67 22.8 0.52 298.6 85.3
73.76 67.60 69.10 6-13-17 30 42 51.9 25 17.9 0.55 20.9 0.38 295.9 84.5
78.76 72.60 74.10 6-11-10 21 29 51.9 25 19.0 0.71 20.9 0.54 294.8 84.2

Overall Average Values: 51.9 26 17.9 0.65 21.6 0.49 294.4 84.1

Standard Deviation: 0.2 1 1.0 0.08 1.1 0.10 8.9 2.5

Overall Maximum Value: 52.2 28 20.2 0.81 23.6 0.65 307.3 87.8

Overall Minimum Value: 51.6 23 15.8 0.49 19.4 0.33 267.1 76.3
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Printed: 25-April-2017 Test started: 04-April-2017

CME55 Truck (SN 328245) - 57.6 to 59.1 ft
28+00, 20LT
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Printed: 25-April-2017 Test started: 04-April-2017

CME55 Truck (SN 328245) - 62.6 to 64.1 ft
28+00, 20LT
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September 1, 2017 

North Carolina Department of Transportation  

Geotechnical Engineering Unit 

1589 Mail Service Center 

Raleigh, North Carolina 27699 

Attention: Dr. Shunyi (Chris) Chen, Ph.D., P.E. 

Cc: Ms. Cheryl A. Youngblood, L.G. 

Reference: Report of SPT Energy Measurements

S&ME Diedrich D-50 Track (SN 382)

Winston-Salem, North Carolina 

S&ME Project No. 6235-17-020 

Dear Dr. Chen: 

We have completed the Standard Penetration Test (SPT) energy measurements on the automatic hammer 

mounted on our Diedrich D-50 track-mounted drill rig with a serial number of 382. This service was performed by 

our Mr. Robert E. Kral, P.E. on August 22, 2017. SPT energy testing was performed in general accordance with 

ASTM D4633 and the most recent revision of the North Carolina Department of Transportation, Geotechnical 

Engineering Unit’s requirements. The testing procedures, equipment used during testing, and detailed results are 

presented in this report. 

1.0 Dynamic Testing Methodology 

Testing was performed using a model PAX (Serial No. 3733L) Pile Driving AnalyzerTM (PDA) manufactured by Pile 

Dynamics, Inc. The PDA records and interprets data from two piezoresistive accelerometers (Serial Nos. K5641 and 

K5642) bolted to a 2.67-foot long BW drill rod (SN102) internally instrumented with two strain transducers. The 

BW instrumented drill rod length included one BW box to BWJ pin and one BWJ box to BW pin sub. The 

instrumented BW drill rod has a cross-sectional area of 1.80 square inches, an outside diameter of approximately 

2.125 inches, and an inside diameter of 1.75 inches at the gage location. The accelerometers and strain gages, 

which are mounted on opposing axis near the middle of the instrumented rod, monitor acceleration and strain for 

each hammer blow. The analyzer converts the data to velocities and forces, computing the maximum transferred 

hammer energies with the “EFV” method described in ASTM D4633. All results are recorded and displayed in real-

time for each blow. Calibration sheets for the accelerometers and the instrumented rod are included in the 

Appendix. 
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2.0 Testing and Observations 

S&ME personnel were on site on August 22, 2017, to observe and perform testing during SPT sampling on the 

Diedrich D-50 track-mounted rig operated by Justin Millwood of S&ME. The measurements were taken during 

drilling operations for the NCDOT R-2247CD Winston-Salem Northern Beltway Design-Build project in Winston-

Salem, North Carolina. The measurements were obtained during the SPT sampling of Soil Test Boring 

Y25ARPB_2200. SPT energy measurements were recorded during four intervals at depths of approximately 33½, 

38½, 43½, and 48½ ft below the existing ground surface. The information presented in the tables below 

summarizes the equipment tested and tooling used during the SPT Energy Measurements. 

Table 2-1:  Drill Rig Information 

Manufacturer Diedrich

Model D-50

Serial Number 382

Operator Justin Millwood

Carrier Track

Table 2-2:  Hammer Information 

Model / Type CME / Auto

Serial Number 382

Anvil Height (inches) 11.5

Anvil Diameter (inches) 2.5

Drop Height (inches) 30

Ram Weight (pounds) 140

Ram Serial Number N/A

Table 2-3:  Drilling and Instrumented Rod Information 

Drill Rod Type BWJ

OD (inches) 2.125

ID (inches) 1.75

Cross-Sectional Area (in2) 1.80

Typical Lengths (feet) 5 and 10

Instrumented Rod Type BW (SN 102)

OD (inches) 2.125

ID (inches) 1.75

Cross-Sectional Area (in2) 1.80

Total Instrumented Rod Length (feet) 2.67

Length Below Gages (feet) 1.42

Split-Spoon Length (feet) 2.95



Report of SPT Energy Measurements 

S&ME Diedrich D-50 Track (SN 382) 

Winston-Salem, North Carolina 

S&ME Project No. 6235-17-020 

September 1, 2017 3 

3.0 Dynamic Testing Results 

The total rod length from the instrumentation to the tip of the split-spoon sampler was determined by adding 

4.62 ft to the required drill rod length at each sample depth. Based on the test data, the automatic hammer on the 

Diedrich D-50 track-mounted rig operated at a rate of about 41.1 to 41.9 blows per minute (bpm) during dynamic 

testing. The measured transferred hammer energy (EFV) was generally in the range of about 282.2 to 320.4 ft-lbs, 

which corresponds to Energy Transfer Ratio (ETR) values of about 80.6% to 91.5%, respectively. The SPT Energy 

Measurement Data Summary tables in the Appendix present the test data from every hammer blow at each 

sampling interval along with representative force and velocity traces for each test interval. The reported blow 

counts, obtained by the drill rig personnel, and a summary of the test data and average computed hammer 

energy and transfer ratio values are provided in Table 3-1. Plots and tables of the following are also included in 

the Appendix and present the test data with depth for each test interval:

• Penetration vs. BLC 

• Penetration vs. FMX 

• Penetration vs. EFV 

• Penetration vs. CSX 

• Penetration vs. VMX 

• Penetration vs. ETR 

• Average ETR vs. Rod Length 

• ETR vs. Rod Length

Table 3-1:  Summary of Dynamic Testing Results 

Data 

Set 

ID 

Sample 

Depth 

(ft) 

Drill Rod 

Length 

(ft) 

Instrumentation 

to Sampler Tip 

Length 

(ft) 

Blows per 6” 

Increment / 

N-value 

Soil Sample 

Description 

(Coastal Plain) 

Avg. 

BPM 

Avg. 

EFV 

(ft-lbs) 

Avg. 

ETR (%) 

1 33½ - 35 34 38.62 3-3-4 / 7 Sandy CLAY 41.5 297.2 84.9 

2 38½ - 40 39 43.62 3-4-4 / 8 Sandy SILT 41.6 297.0 84.9 

3 43½ - 45 44 48.62 4-6-11 / 17 Sandy SILT 41.5 303.8 86.8 

4 48½ - 50 49 53.62 4-7-10 / 17 Sandy SILT 41.6 307.0 87.7 

Overall Average 41.6 302.9 86.5 

The average hammer rate, transferred energy, and transfer ratio were calculated for each depth interval. Per ASTM 

D4633, only the blows from the final foot of each sample interval (i.e. the blows that determine the N-value) were 

included when computing the average values shown in Table 3-1. The overall average transferred hammer energy 

for the automatic hammer on the Diedrich D-50 track-mounted rig (for all the depth intervals tested) was 302.9 

foot-pounds, with an average ETR of 86.5%.
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4.0 Limitations of Report 

This report has been prepared in accordance with generally accepted geotechnical engineering practice for 

specific application to this project. The conclusions contained in this report were based on the applicable 

standards of our profession in this geographic area at the time this report was prepared. No other warranty, 

express or implied, is made. 

5.0 Closing 

S&ME appreciates the opportunity to provide this report to the North Carolina Department of Transportation 

Geotechnical Engineering Unit. Please let us know if you have any questions concerning this report. 

Sincerely, 

S&ME, Inc. 

Gregory J. Canivan, P.E.  Robert E. Kral, P.E. 

Technical Principal Transportation Services Project Manager 

N.C. Registration No. 042642 

Appendices: 

" Appendix I - Diedrich D-50 (SN 382) SPT Energy Measurements Summary Plots and Tables 

" Appendix II - Field Log and Borelog Report 

" Appendix III - Instrumented Rod and Accelerometer Calibration Sheets 

" Appendix IV - Certificate of Proficiency 
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SPT Analyzer Results PDA-S Ver. 2017.18 - Printed: 8/22/2017

DIEDRICH D50 (SN382) Y25ARPB_2200
R. KRAL Test date: 8/22/2017
AR: 1.80 in^2 SP: 0.492 k/ft3
LE: 38.62 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (33.50 - 35.00 ft], displaying BN: 8
F@38.62 ft (80 kips)
V@38.62 ft (24.9 ft/s)

A1,2
F1,2

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 33.67 3 1.9 45 14.5 2.25 24.9 2.00 261.5 74.7
2 33.83 3 41.1 46 16.5 2.26 25.8 2.00 301.0 86.0
3 34.00 3 41.9 46 18.1 2.17 25.5 2.00 312.3 89.2
4 34.17 3 41.5 46 17.0 2.00 25.3 2.00 298.7 85.3
5 34.33 3 41.4 49 18.1 2.00 27.2 2.00 304.9 87.1
6 34.50 3 41.6 48 16.9 2.00 26.5 2.00 288.7 82.5
7 34.63 4 41.5 48 17.5 1.51 26.5 1.50 295.4 84.4
8 34.75 4 41.6 48 18.2 1.50 26.5 1.50 299.8 85.7
9 34.88 4 41.1 48 17.3 1.50 26.8 1.50 295.9 84.5

10 35.00 4 41.8 49 18.1 1.50 27.2 1.50 297.0 84.9
Average 41.5 48 17.6 1.72 26.6 1.71 297.2 84.9
Std Dev 0.2 1 0.5 0.25 0.6 0.25 4.5 1.3

Maximum 41.8 49 18.2 2.00 27.2 2.00 304.9 87.1
Minimum 41.1 46 16.9 1.50 25.3 1.50 288.7 82.5

N-value: 7

Sample Interval Time: 13.01 seconds.
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DIEDRICH D50 (SN382) Y25ARPB_2200
R. KRAL Test date: 8/22/2017
AR: 1.80 in^2 SP: 0.492 k/ft3
LE: 43.62 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (38.50 - 40.00 ft], displaying BN: 9
F@43.62 ft (80 kips)
V@43.62 ft (24.9 ft/s)

A1,2
F1,2

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 38.67 3 1.9 49 19.1 2.24 27.1 2.00 303.1 86.6
2 38.83 3 41.6 49 18.1 2.24 27.2 2.00 294.2 84.1
3 39.00 3 41.5 49 18.0 2.00 27.2 2.00 305.3 87.2
4 39.13 4 41.8 49 17.6 1.62 27.2 1.50 288.4 82.4
5 39.25 4 41.2 49 16.9 1.52 27.2 1.50 282.2 80.6
6 39.38 4 41.7 46 17.4 1.50 25.4 1.50 298.0 85.1
7 39.50 4 41.7 48 18.0 1.50 26.6 1.50 295.8 84.5
8 39.63 4 41.5 44 17.4 1.50 24.7 1.50 300.4 85.8
9 39.75 4 41.5 44 17.5 1.50 24.6 1.50 301.5 86.2

10 39.88 4 41.5 45 17.9 1.50 25.1 1.50 305.1 87.2
11 40.00 4 41.5 44 18.1 1.50 24.6 1.50 304.7 87.1

Average 41.6 46 17.6 1.52 25.7 1.50 297.0 84.9
Std Dev 0.2 2 0.4 0.04 1.1 0.00 7.5 2.1

Maximum 41.8 49 18.1 1.62 27.2 1.50 305.1 87.2
Minimum 41.2 44 16.9 1.50 24.6 1.50 282.2 80.6

N-value: 8

Sample Interval Time: 14.41 seconds.
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DIEDRICH D50 (SN382) Y25ARPB_2200
R. KRAL Test date: 8/22/2017
AR: 1.80 in^2 SP: 0.492 k/ft3
LE: 48.62 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (43.50 - 45.00 ft], displaying BN: 19
F@48.62 ft (80 kips)
V@48.62 ft (24.9 ft/s)

A1,2
F1,2

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 43.63 4 1.9 48 17.5 1.50 26.8 1.50 290.4 83.0
2 43.75 4 41.5 46 16.8 1.56 25.4 1.50 291.6 83.3
3 43.88 4 41.7 43 17.0 1.78 23.7 1.50 301.8 86.2
4 44.00 4 41.7 45 18.2 1.55 24.9 1.50 315.4 90.1
5 44.08 6 41.8 43 17.5 1.29 24.0 1.00 307.6 87.9
6 44.17 6 41.4 44 17.6 1.14 24.3 1.00 311.0 88.9
7 44.25 6 41.5 46 18.3 1.08 25.5 1.00 314.4 89.8
8 44.33 6 41.7 43 17.5 1.09 24.1 1.00 308.2 88.1
9 44.42 6 41.4 44 18.1 1.07 24.4 1.00 314.7 89.9

10 44.50 6 41.6 43 18.0 1.06 23.8 1.00 313.5 89.6
11 44.55 11 41.9 45 18.3 0.90 24.8 0.55 303.9 86.8
12 44.59 11 41.3 43 17.4 0.84 24.0 0.55 307.3 87.8
13 44.64 11 41.7 43 17.5 0.74 24.1 0.55 296.0 84.6
14 44.68 11 41.4 45 17.9 0.69 24.7 0.55 296.1 84.6
15 44.73 11 41.4 45 17.4 0.66 24.9 0.55 291.2 83.2
16 44.77 11 41.4 45 18.2 0.65 25.1 0.55 304.5 87.0
17 44.82 11 41.7 44 17.7 0.62 24.4 0.55 304.3 86.9
18 44.86 11 41.4 43 17.4 0.59 24.0 0.55 299.6 85.6
19 44.91 11 41.4 47 18.3 0.59 26.4 0.55 302.2 86.3
20 44.95 11 41.7 47 18.0 0.56 26.3 0.55 290.0 82.9
21 45.00 11 41.3 46 17.8 0.56 25.4 0.55 301.0 86.0

Average 41.5 44 17.8 0.83 24.7 0.71 303.8 86.8
Std Dev 0.2 1 0.3 0.24 0.8 0.22 7.4 2.1

Maximum 41.9 47 18.3 1.29 26.4 1.00 314.7 89.9
Minimum 41.3 43 17.4 0.56 23.8 0.55 290.0 82.9

N-value: 17

Sample Interval Time: 28.83 seconds.
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DIEDRICH D50 (SN382) Y25ARPB_2200
R. KRAL Test date: 8/22/2017
AR: 1.80 in^2 SP: 0.492 k/ft3
LE: 53.62 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (48.50 - 50.00 ft], displaying BN: 19
F@53.62 ft (80 kips)
V@53.62 ft (24.9 ft/s)

A1,2
F1,2

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb (%)

1 48.63 4 1.9 44 15.2 1.70 24.5 1.50 263.8 75.4
2 48.75 4 41.7 41 16.6 1.64 22.9 1.50 302.0 86.3
3 48.88 4 41.5 41 16.9 1.54 22.7 1.50 307.1 87.7
4 49.00 4 41.4 42 16.4 1.50 23.1 1.50 303.6 86.8
5 49.07 7 41.6 42 16.6 1.10 23.5 0.86 302.3 86.4
6 49.14 7 41.8 41 16.9 1.03 23.0 0.86 303.8 86.8
7 49.21 7 41.7 42 16.6 0.98 23.2 0.86 295.3 84.4
8 49.29 7 41.3 42 17.2 0.99 23.5 0.86 312.3 89.2
9 49.36 7 41.7 43 17.6 0.94 23.8 0.86 311.4 89.0

10 49.43 7 41.9 42 17.3 0.91 23.4 0.86 308.2 88.1
11 49.50 7 41.3 42 17.6 0.89 23.4 0.86 319.1 91.2
12 49.55 10 41.9 41 17.5 0.73 22.7 0.60 314.7 89.9
13 49.60 10 41.6 42 17.1 0.70 23.3 0.60 302.7 86.5
14 49.65 10 41.5 43 18.3 0.73 23.7 0.60 320.4 91.5
15 49.70 10 41.5 42 17.0 0.70 23.1 0.60 305.3 87.2
16 49.75 10 41.8 41 17.5 0.71 22.7 0.60 309.9 88.6
17 49.80 10 41.6 41 17.1 0.69 22.8 0.60 298.7 85.4
18 49.85 10 41.5 42 17.8 0.68 23.1 0.60 305.8 87.4
19 49.90 10 41.6 41 17.5 0.67 22.9 0.60 303.0 86.6
20 49.95 10 41.5 42 17.2 0.67 23.5 0.60 300.2 85.8
21 50.00 10 41.5 42 17.5 0.66 23.6 0.60 306.3 87.5

Average 41.6 42 17.3 0.81 23.2 0.71 307.0 87.7
Std Dev 0.2 1 0.4 0.15 0.3 0.13 6.7 1.9

Maximum 41.9 43 18.3 1.10 23.8 0.86 320.4 91.5
Minimum 41.3 41 16.6 0.66 22.7 0.60 295.3 84.4

N-value: 17

Sample Interval Time: 28.80 seconds.
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Summary of SPT Test Results

Project: DIEDRICH D50 (SN382), Test Date: 8/22/2017
BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

Instr. Start Final Blows N N60 Average Average Average Average Average Average Average Average
Length Depth Depth Applied Value Value BPM FMX VMX DMX CSX DFN EFV ETR

ft ft ft /6" bpm kips ft/s in ksi in ft-lb (%)

38.62 33.50 35.00 3-3-4 7 10 41.5 48 17.6 1.72 26.6 1.71 297.2 84.9
43.62 38.50 40.00 3-4-4 8 11 41.6 46 17.6 1.52 25.7 1.50 297.0 84.9
48.62 43.50 45.00 4-6-11 17 24 41.5 44 17.8 0.83 24.7 0.71 303.8 86.8
53.62 48.50 50.00 4-7-10 17 24 41.6 42 17.3 0.81 23.2 0.71 307.0 87.7

Overall Average Values: 41.6 44 17.6 1.06 24.6 0.98 302.9 86.5

Standard Deviation: 0.2 2 0.4 0.41 1.4 0.45 7.9 2.3

Overall Maximum Value: 41.9 49 18.3 2.00 27.2 2.00 320.4 91.5

Overall Minimum Value: 41.1 41 16.6 0.56 22.7 0.55 282.2 80.6
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DIEDRICH D50 (SN382) - Y25ARPB_2200, 38.5 to 40
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DIEDRICH D50 (SN382) - Y25ARPB_2200, 43.5 to 45
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DIEDRICH D50 (SN382) - Y25ARPB_2200, 48.5 to 50

BLC (bl/6in)

Blow Count

CSX (ksi)
Max Measured Compr. Stress

48.5

49.0

49.5

50.0

50.5

0 3 6 9 12

0 10 20 30 40

FMX (kips)

Maximum Force

VMX (f/s)
Maximum Velocity

0 20 40 60 80

0 10 20 30 40

EFV (k-ft)

Energy of FV

ETR (%)
Energy Transfer Ratio - Rated

0 100 200 300 400

0 30 60 90 120



SPT Energy ETR Plots

35

40

45

50

55

80 82 84 86 88 90 92 94

R
o

d
 L

e
n

g
th

 (
ft

)

ETR (percent)

ETR versus Rod Length

Diedrich D-50 Track (SN 382)

33.5 to 35.0

38.5 to 40.0

43.5 to 45.0

48.5 to 50.0

35

40

45

50

55

80 82 84 86 88 90 92 94

R
o

d
 L

e
n

g
th

 (
ft

)

ETR (percent)

Average ETR versus Rod Length ± 1 Standard Deviation

Diedrich D-50 Track (SN 382)

33.5 to 35.0

38.5 to 40.0

43.5 to 45.0

48.5 to 50.0



Appendix II  





1.0

3.5

6.0

8.5

13.5

18.5

23.5

28.5

33.5

38.5

43.5

48.5

0.0

3.0

24.0
25.0

29.0

37.0

39.0

42.0

50.0

SS-2032

SS-2033

SS-2034

SS-2035

SS-2036

SS-2037

SS-2038

SS-2039

SS-2040

SS-2041

SS-2042

SS-2043

ROADWAY EMBANKMENT
Gray and Tan, Silty Fine to Medium SAND

with Mica
Orange and Tan, Fine Sandy SILT with Mica,
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Some Clay, Sparse Organics, and Rock

Fragments at 14',
with 2" Seam of Fine to Coarse Sand at 19.5'

Only 6" Recovery at 3.5'-5'

Red, Clayey SILT with Sand
Tan Red, Fine Sandy SILT with Mica

Red Gray to Gray Tan, CLAY, Trace
Organics at 33.5'

RESIDUAL
Gray SILT, Highly Micaceous

Light Green and Tan, Clayey SILT, with Sand

Gray Tan, Fine Sandy SILT, Trace Mica,
with 2" White Silt Seam at 44'
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Stiff Sandy SILT
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SOIL AND ROCK DESCRIPTION
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SAMP.

NO. MOI ELEV. (ft)

BLOW COUNT

0.5ft 0.5ft0.5ft

BLOWS PER FOOT

25 50 750 100

BORE LOG

OFFSET 10 ft LT ALIGNMENT Y25ARPB

EASTING N/A

47.5 FIAD

N/A

SITE DESCRIPTION US 421 / Peace Haven Road - R-2247 CD

BORING NO. Y25ARPB_2200

GROUND WTR (ft)

TOTAL DEPTH 50.0 ft

SURFACE WATER DEPTH N/ACOMP. DATE 08/22/17START DATE 08/22/17

GEOLOGIST Lloyd, F.

STATION 22+00

COLLAR ELEV. N/A

0 HR.

24 HR.NORTHING N/A

DRILLER Millwood, J.

DRILL RIG/HAMMER EFF./DATE SME382 DIEDRICH D50 86.5% 8/22/2017 DRILL METHOD H.S. Augers HAMMER TYPE Automatic

TIP R-2247WBS 34409.3.23 COUNTY FORSYTH
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