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 1)
46 No.48 pp.103-104 2011. 

 2)
46 No.32 pp.71-72 2011. 

 3)
67 III-006 pp.11-12

2012. 
 4)

47 No.67 pp.131-132

2012. 
 5)

47 No.96 pp.189-190 2012. 
 6)

68 III-315 pp.229-230 2013. 
 7)

68 III-316 pp.231-232 2013. 
 8)

69

2014. 
 9)

69 2014. 
10)

RI-CPT 48 No.87 pp.173-174 2013. 
11)

49 No.113 2014. 
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Swedish Ram Sounding SRS
ISO ISO22476-2 2005 DPSH-A Super Heavy-A  

SRS YBM
SRS-Y1 2002

177.5kg
SRS-Y1

SRS-Y2 1)

77.5kg
SRS-Y3 / ISO 0.5

80.5kg
SRS-Y1 SRS-Y2 SRS-Y3 2) SRS-Y2 SRS-Y3

Nd

1) 2)  
SRS-O

Ramda JDF 1 2 3),4)  

 
  

SRS-Y1 SRS-Y2 SRS-Y3 SRS-O Ramda 
 (JDF) 

 m (kg) 63.5 
 H (mm) 500 

 Dh (mm) 246 198 180 
 (mm) 101.6 48.6 25 40.5 

 Da (mm) 155 120 100 97 
 (kg) 14 17 14 4.5 

 Da/Dh 0.63 0.49 0.51 0.54 
 (kg) 177.5 77.5 80.5 90 93 

SRS-Y1 SRS-Y2 SRS-Y3  
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 (1) SRS-Y1 SRS-Y2 (2) SRS-Y3
SRS-Y1 SRS-Y2 SRS-Y3 2)

SRS-O  Ramda  

 
SRS-Y1

Ndm Mv Nd

SRS 90
C 5

5
C No.3 15m

 

SRS-Y1  
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SRS-Y1 90 60

3
No.3 Mv Nd

 
 

SRS-Y1 90
60 3

No.3 Mv Nd

 
 

SRS-Y1 40m
40m 20m 40m 2

Mv Nd  
 

SRS-Y1 90 60
C 4

Nd  
SRS-Y2 2

Nd  
Ramda H=50cm

H=75cm 11m Mv

Ndm H=75cm
 

 
SRS-Y1 6 No.5

 
SRS-Y2 2

Nd  
SRS-O O

 
Ramda H=50cm

H=30 75cm 16m Mv

Ndm H=30cm H=75cm
 

 
SRS-Y1 28m

20m 28m 2
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Mv Nd  
SRS-Y2

4m Nd  
 

SRS-Y1 3 No.4
 

SRS-Y3 SRS-Y3
60

SRS-Y1 SRS-Y2 90
Nd 16m

 
 

SRS-Y1 14m
2  

SRS-Y3
 

SRS-Y2 SRS-Y3 60 90
SRS-Y2 SRS-Y3

 
 

SRS-Y1
7m  

SRS-Y3
 

 
1 SRS-Y1 2

No.2 Mv  
1 SRS-Y3

90 60  
1 Ramda 12.5m

 
 

2 SRS-Y1 2
No.2 Mv  

2 SRS-Y3
90 60 1  

2 SRS-O O
 

2 Ramda 14m Nd

2  
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Mini Ram Sounding MRS SRS
ISO ISO22476-2 2005

DPM Medium  

MRS 1) MRS m=30kg
H=0.35m A=10.52cm2 En=98kJ/m2 SRS
m=63.5kg H=0.5m A=15.9cm2 En=196kJ/m2 1/2 Ndm 1/2

Mv(N m) Nd (3.3.1)
0.16 SRS 1)  

Nd’=Ndm/2 0.16Mv (3.3.1)  

Nskin=2P Mv /(mgH Dr) P Nd

Dr SRS 0.040Mv MRS 0.138Mv

SRS 0.040 (3.3.1) MRS
(3.3.2) Ndm

(3.3.1) (3.3.2) (3.3.1)
(3.3.2) 2.3  

Nd’=(Ndm 0.138Mv) /2  (3.3.2) 

 
MRS

DPM-HT DPM-HT  

MRS DPM-HT  

 
MRS

Ndm Mv (3.3.1) Nd’ (3.3.2)
Nd’ No.2

Mv Nd’ No.1
Nd’  
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MRS Mv SRS

2
Nd’  

 
MRS

Nd’  
 

MRS 16m
Nd’ 16m Nd’  

 
MRS 2

Nd’ Nd’
 

DPM-HT 2
MRS Nd’ Nd’

 
 

MRS 2
Nd’

11 15 18m Nd’  
DPM-HT 2

MRS Nd’ Nd’
 

 
MRS 2 9m

Nd’  
 

MRS 16m
Nd’ 16m Nd’
2  

 
1 MRS 12m Nd’

12m Nd’  
 

2 MRS 14m Nd’
14m Nd’  

 1)
’97 pp.461-464 1997. 
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PDC

1) PDC 1

Nd N Fc  

PDC

PDC MRS

SRS MRS

MRS 28.0mm PDC 28.6mm
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 PDC  

PDC

 

MRS MEGGITT Endevco

8530B 0 3 450 kPa

0.087±0.029 mVkPa 9,800 m/s2 1,000 G 196,000 m/s2 

20,000G  

Wiedemann

 

A/D 1 1

100 µsec 10 kHz 10 msec 100 /CH

0.2 2,000 /CH  
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Nd N

Rd (3.3.3)

MRS Rd SRS

(3.3.4) 20cm 0.5 Nd

Mv (3.3.5) (3.3.4)

0.16 2)  

PDC 1 d (3.3.6) (3.3.7) 1

Nd  

 

Rd = MgH
A

! N
D

 (3.3.3) 

Rd  

M  

H  

A  

g  

D  

N D  

 

Nd = 1
2
Ndm  (3.3.4) 

 

Nd = 1
2
Ndm ! Nmantle = 1

2
Ndm ! 0.16Mv  (3.3.5) 

 Nd MRS Nd N  

Ndm 20cm  

Nmantle  

 Mv N m  

 

 

Ndm = 20
d

(3.3.6)

 d 1 cm  

 

Nd = 1
2
! 20
d
" 0.16Mv = 10

d
" 0.16Mv  (3.3.7) 

Nd 0 Nd 0
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Fc 
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!u D

!u

!u D  

PDC uR "’v uR/"’v

Fc uR

190msec 200msec

uR/"’v Fc (3.3.8)

PDC (3.3.8) uR/"v’

Fc  

 

Fc =18 ! uR /" 'v (3.3.8) 

uR/"’v
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PDC Ndm Mv

Nd Fc Nd

Fc Nd

0.16

SRS 3) ! /2=0.136/2=0.068

2 PDC MRS

!  

PDC

2 4  

PDC MRS ! 

 M (kg) 30.0 
 

 H (mm) 350 
 Dc (mm) 36.6 

 
 Ac (mm2) 1052.1 

  Dr (mm) 28.6 
 MgH (kJ) 0.103 

 P (mm) 200 
 !! ((N m)-1) 0.136 

 

! = (2P "Mv ) /(MgH "Dr )

 

 
PDC  
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PDC Nd 11m

N 11m N 11m

Mv 30N m N

 

Fc 8.4m Fc
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N 11m N 11m

Mv 18N m N

 

Fc 4m 5m

 

PDC Nd 9m

N 9m N 10m

Mv 18N m 9m N

9m  

Fc 1 2m

 

PDC Nd 11m

N 11m N 10m

Mv 27N m

N  

Fc 3m
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 Nd  

PDC Nd 10m N 10m

N Nd N N

N  

 FC 

PDC FC

 

 1) Shun-ichi Sawada and Ikuo Towhata ISSMGE Bulletin Volume5, pp.15-25, 2011. 
 2)

’97 pp.461-464 1997. 
 3) R.Dahlberg and U.Bergdahl Investigations on the Swedish Ram-Sounding Method, Proceedings of the 

European Symposium on Penetration Testing, June5-7, pp.93-102, 1974. 
 4) 

48 pp.357-358

2013. 
 4) 

N 48

pp.359-360 2013. 
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SRS
MRS

Penny 1) µPDC 2) PDC Piezo Drive Cone
DSPT 3)(Dynamic Screwpoint Penetration Test) SWS

DPM 4) DSPT
PDCPT 5) JGS 1433 SH 6) PDCPT

1
 

 

 
 

SRS-Y3 MRS Penny µPDC DSPT DPM  PDCPT SH 
YBM OYO Tecnotest OYO JGS  

(mm) 48.6 20 30 15 19 19 16 16 
 Dh (mm) 246 160 178 135 95 95 60 40 
 Da (mm) 120 90 51 35 50 50 50 40 

 (kg) 80.5 62 40 38.4 15 15 6 6 
 m (kg) 63.5 30 30 20 10 10 5 5 (3) 

 H (mm) 500 350 200 250 500 500 500 
 90 90 60 90 Screwpoint 90 60 

 (mm) 90 69 9 30 20 94.8 0 
 Dc (mm) 45 36.6 35.7 25 33 25 25 

 A (!10-4 m2) 15.9  10.5  10.0 4.9 8.6  4.9 4.9  
 Dr (mm) 32 28 20 19 19 19 16 

 Dc/Dr 1.41 1.31 1.79 1.32 1.74 1.32 1.56 
! 0.040 0.139 0.170 0.429 0.537 0.510 

Nd  P (m) 0.20 0.20 0.10 0.20 0.25 0.25 0.10 

E=mgH/A/P (kJ/m2/m)
979.2 489.5 588.0 499.6 229.4 399.7 499.6 

SRS " 1.00 0.500 0.601 0.510 0.234 0.408 0.510 

Penny µPDC  
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DSPT DPM   

PDCPT SH

Penny Ndm Mv

Nd’ (3) SRS-Y2
Nd SPT N Mv SRS

Penny Dc/Dr 1.79
Nd’ Nd N

 
DSPT Ndm Nd’

25cm Ndm

Nd’ Nd N DSPT

 
PDCPT SH Ndm Mv Nd’

PDCPT Mv Penny PDCPT SH
Ndm Nd’ 5m SRS Nd

Mv  
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 1) 2
48 No.185 pp. 369-370 2013. 

 2) 5 PDC
48 No.90 pp.179-180 2013. 

 3) DSPT 48
No.186 pp.371 372 2013. 

 4)
No.117 2014. 

 5)
PDCPT SH 48 No.187 pp.373-374 2013. 

 6) SH 2007. 
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 1.80 1.65 1.80 
 1.20 1.15 0.74 
 2.00 1.45 1.62 

 1.00 0.83 0.92 
1  1.22  
2  0.95 1.30 
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SPT Fc

(7) (8) 1 2 1m 1 Fc

2 SPT  
10m

 

 

 1)
49 No.44 2014.

 2)
Vol.34 No.10 pp.68 71 2006. 

 3) HP http://www.oyoks.co.jp/catarog/s-60.pdf. 
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1) 2)

FL FL
R Fc D50

1) R N Fc  

FL
SRS

SRS
 

SRS 0.2m

SRS 45mm 105mm 90mm
47°/sec 2 15.3

SRS
 

 

 1)  
SUS304

9.4mm
60mm 10mm

 
Fc=0 10 20 50 100% 5

Fc=98%
SM0 SM10 SM20 SM50 SM100

JIS A 1224:2009 3) 10mm 60mm
Fc #c $dc

#c #c=100kN/m2

25mm
 



 96 

  

Soil name Fc(%) $dc(g/cm3) #c(kN/m2  
Shear rate 
(mm/sec) 

SM0 (Silica No.5) 0 1.55 100 0.16 
SM10 9.8 1.50 100 0.18 
SM20 19.6 1.58 100 0.19 
SM50 49.0 1.47 100 0.17 
SM100 (Fine Silica) 98.0 1.72 100 0.17 

 

  
SRS

 

 

 
 2) SRS  

SRS 2 3
SRS

SRS

SRS 20cm
SRS
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SRS  

 
 

 
PC

 

 

SRS PC
20~20kHz

44.1kHz  
SRS

SRS 10.4 11.4m
SRS SRS process

SRS process blow rev.
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2 4), 5)

2 10.6m

0.08Pa
65dB

 

 

 
SRS 10.4m 11.4m  

 
  

 
 

 10.6m  
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STFT
2048 0.0464 4096

0.0929  
 

4 5 1

43008
0 0.9752 20

 
1 20

SRS 15.3
2.5mm  

 

 
 4 5  

 
 0 0.9752  
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524288 =219 0.042Hz
4096

328 2048
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3
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Fc

 

 

 1) pp.85-86 2008. 
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 3) pp.195-198 2009. 

 4) Boll S.F: Suppression of acoustic noise in speech using spectral subtraction. IEEE Transactions on 
Acoustics, Speech and Signal Processing, Vol.27, Issue.2, pp. 113–120, 1979. 

 5) Saeed V. Vaseghi: Advanced Digital Signal Processing and Noise Reduction, Second Edition, Wiley & 
Sons Ltd, pp.333-354, 2000. 

 



 105 

SPT
SPT

N 1m
 

SPT  (Dynamic Cone Penetration Test: 
DCPT) DCPT

DCPT
Nd SPT N

N DCPT

SRS MRS
PDC

Nd' 1)  
DCPT

DCPT 2),3)

DCPT Nd

4) SPT DCPT
5),6)  

SPT (Test 9) 13

 

SRS "
E S Nd SRS

 
SPT DCPT  

150 200 mm

% " 1000 kHz %
F " v  

Edrv(t) 7)  
Edrv (t) = F(t) ! v(t) !dt

0

t
"  (3.4.1) 
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  Rod Cushion Hammer 
Ratio of 

dia. of anvil 
to hammer 

Driving  
efficiency 

Test 
No. 

Device 
name 

O.D.  
(mm) 

I.D.  
(mm) 

Area 
(mm2) 

Density 
(ton/m3) 

Young's 
mod.  
(kPa) 

Wave 
veloc. 
(m/s) 

Cushion 
Mass 
(kg) 

Fall 
height 
(mm) 

Da/Dh 
Mean ef 

(%) 
COV 
of ef 

1 Ramda 32.0  804.2 7.647 2.06!108 5190 Yes 63.5 500 0.54 59.4 0.234 

2 MRS 28.0  615.8 7.665 2.06!108 5184 Yes 30.0 350 0.56 
74.7 

(8 blows) 
0.056 

3 SRS-Y1a 32.0  804.2 7.925 1.93!108 4935 Yes 63.5 500 0.71 67.5 0.059 
4 Penny 20.0  314.2 7.671 2.00!108 5106 Yes 30.0 200 0.29 51.6 0.247 

5 
PDC 

(µRS) 
19.0  7.0 245.0 7.590 2.06!108 5210 No 5.0 500 0.26 59.8 0.265 

6a SRS-O 32.0  804.2 7.647 2.06!108 5190 No 63.5 500 0.71 
78.7 

(16 blows) 
0.051 

6b SRS-O 32.0  804.2 7.647 2.06!108 5190 1 sheet 63.5 500 0.71 
72.7 

(5 blows) 
0.024 

6c SRS-O 32.0  804.2 7.647 2.06!108 5190 2 sheets 63.5 500 0.71 
60.7 

(16 blows) 
0.134 

7 
PDC 

(MRS) 
28.6 18.6 370.7 8.201 2.06!108 5012 Yes 30.0 350 0.56 76.2 0.126 

8 SRS-Y1b 32.0 16.0 603.2 7.930 1.93!108 4934 Yes 63.5 500 0.71 62.1 0.186 

9 SPT 40.5 31.0 533.5 8.529 2.00!108 4843 No 63.5 750 0.39 63.0 0.090 

10 DPM-HT 28.0  615.8 7.600 2.06!108 5206 Yes 30.0 350 0.42 61.2 0.058 

11 DSPT 19.0  283.5 7.724 2.06!108 5164 No 10.0 500 0.53 58.1 0.113 
12 PDCPT 16.0  201.1 7.809 2.06!108 5136 No 5.0 500 0.83 74.0 0.037 

13a SH 16.0  201.1 7.858 1.93!108 4956 No 3.0 500 1.0 56.1 0.037 

13b SH 16.0  201.1 7.858 1.93!108 4956 No 5.0 500 1.0 68.4 0.067 
 Note: O.D. = Outer diameter, I.D. = Inner diameter 
 SRS = Swedish Ram Sounding MRS = Mini Ram Sounding 
 Device name  
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           Device SRS-Y1 
[SRS-O] 

Ramda 
MRS, 
PDC 

(MRS) 

DPM- 
HT 

PDC 
(µRS) 

Penny DSPT PDCPT SH SPT 

Diam. of hammer 
guide rod (mm) 

101.6 
[25.0] 40.5 20.0 40.5 15.0 30.0 19.0 16.0 16.0 40.5 

Diam. of hammer Dh 
(mm) 

246.0 
[198] 180.0 160.0 180.0 135.0 178.0 95.0 60.0 40.0 180.0 

Diam. of anvil Da 
(mm) 

155.0 
[100] 97.0 90.0 75.0 35.0 51.0 50.0 50.0 40.0 71.0 

Da/ Dh 
0.63 

[0.51] 0.54 0.56 0.42 0.26 0.29 0.53 0.83 1.00 0.39 

Mass of hammer MH 
(kg) 63.5 30.0 20.0 30.0 10.0 5.0 3.0, 5.0 63.5 

Fall height of hammer 
h (mm) 500 350 250 200 500 500 750 

Apex angle of cone 
(deg) 90 90 90 60 S.P. 60   

Length of cone 
mantle (mm) 90 69 30 9 ----- 0 Open Closed 

Diam. of cone Dc 
(mm) 45.0 36.6 25.0 35.7 33 25 O.D. 51 

I.D. 35 
O.D. 
51 

Area of cone Ac  
(!10-4 m2) 15.9 10.5 4.9 10.0 8.6 4.9 10.8 20.4 

Diam. of rod Dr (mm) 32.0 28.0 19.0 20.0 19.0 16.0 40.5 

Dc/Dr 1.41 1.31 1.32 1.79 1.74 1.56 - 

Driving energy per 
unit area of cone  
E=mgh/Ac (kJ/m2) 

195.8 97.9 99.9 58.8 57.3 50.0 432.6 229.0 

Energy ratio with 
reference to SRS 1.0 0.50 0.51 0.30 0.23 0.26 2.21 1.17 

Penetration length for 
counting blow 
numbers L (m) 

0.20 0.20 0.20 0.10 0.25 0.10 0.30 0.30 

Correction factor for 
blow counts with 
reference to SRS 

1.00 0.500 0.51 0.601 0.234 0.510 1.47 0.780 
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SPT DCPT  

 

 
DCPT  
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SPT  DCPT  

 
SPT (Test 9) 

6.4 m 0.75 m
1 S 19 mm

t = tr v = vd = #d/$ v
#d $ t = tr t = tr

t = tr " v 
w S 19 mm

18 mm  
Edrv(t) t = tr

Emeas ef Emeas

MHgh  
ef = Emeas / (MHgh)  (3.4.2) 

DCPT Rdyn (3.4.3)  
Rdyn = Emeas / S  (3.4.3) 

DCPT Rdyn

qdyn Ac

(3.3.4)  
qdyn = Rdyn / Ac  (3.4.4) 
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           (a)          (b)  

  
            (c)                           (d)  

 
(e)  

SPT (Test 9) 
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SPT DCPT 21

Test 2 (MRS) 8

 

Test 6 (SRS) 2 mm 2  (Test 
6a) ef Test 6b Test 6c

Test 13 (SH) ef

m 3 kg (Test 13a) 5 kg (Test 13b)  
DCPT DCPT (a) 

z ef (b) ef (c) z S

(d) z qdyn CPT qt

ef COV (Coefficient Of Variance)  

 

1) ef Test 4 (Penny) Test 13a (SH m=3kg) 60 %

 

2) Test 9 (SPT) ef 61 % 8)

 
3) ef COV 0.25 ef

 

4) Test 6 ef

0 2 ef 20%
 

5) Test 13 ef

 

6) Emeas S

qdyn qt  

7) 10m
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qt from CPT 

Test 1 (Ramda)  
 

(a) z ef                  (b) ef  

(c) z S      (d) z qdyn

CPT qt  

Test 1 (Ramda)  
 
 

Ramda Ramda 

Ramda Ramda 
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qt from CPT 

 
Test 2 (MRS)  

 

 
(a) z ef                  (b) ef  

  
(c) z S      (d) z qdyn

CPT qt  

Test 2 (MRS)  
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Test 3 (SRS-Y1a)  

 

 
(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  

Test 3 (SRS-Y1a)  

qt from CPT 
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 4 (Penny)  
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 5 (PDC-µRM)  
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 6a (SRS-O, No cushion)  
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 6b (SRS-O, 1 cushion)  
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 6c (SRS-O, 2 cushions)  
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 6 (SRS-O, all tests)  
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 7 (PDS-MRS)  
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 8 (SRS-Y1b)  
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Test 9 (SPT)  

 

 
(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  

Test 9 (SPT)  
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 10 (DPT-HT)  
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Test 11 (DSPT)  

 

 
(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  

Test 11 (DSPT)  
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Test 12 (PDCPT)  

 

 
(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  

Test 12 (PDCPT)  
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 13a (SH, m (MH) = 3 kg)  
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(a) z ef                  (b) ef  

 
(c) z S      (d) z qdyn

CPT qt  
 

Test 13b (SH, m (MH) = 5 kg)  
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(1) (12) 12 SRS Nd SPT N
SRS

(1) (4) SRS SRS-Y1 (5) (12) SRS SRS-Y1
SRS-Y2 SRS-Y3 Ramda SRS-O  

(1) 2 10m N N =0
Nd N  

(2) 4 8m SRS SPT
Nd N  

(3) (4) Nd N
 

(5)
177.5kg Nd

Ramda N
N  

(6) SRS-O Ramda
N Nd  
(7) 9m 3 9m
(5) Nd N

Nd SPT
 

(8) 2 4.5m 3 5.5 16.0m
Nd 16m

N
5 6m SPT

51mm 90˚ N’sc

Nd  
(9) 3 Nd N  
(10) 3 Nd N

7m
 

(11) Ramda Nd

14m Nd SPT
 

(12) SRS-O Ramda
N Nd 13m

Ramda
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