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Abstract

The Swedish weight sounding test (thereafter, called the SWS test) is widely used as a research method to
evaluate residential sites. The advantage of SWS test is its potential to evaluate the bearing capacity of
residential sites. In particular, by continuous measurement, it is relatively easy to capture boundary formation.
On the other hand, a disadvantage of the SWS test is for determining soil and groundwater level. The
determination of soil is based on the experience of the operator. Information only obtained from the results of
the SWS test is insufficient to evaluate the residential ground. Supposing that it is possible to incorporate the
determination method of the soil by electrical resistivity using SWS test holes, a lot of information will be
gained. As an ideal means, the electrical logging method by attaching the electrode to the SWS test hole is
effective. Based on the above background, it is clear that the evaluation of fine fraction content of soil is
possible by electrical resistivity from the laboratory test, and the estimation formula was complete. In this
study, field experiments of the six sites were performed to confirm the accuracy of the estimation formula from

the laboratory test.
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Fig.1(a) Particle size distribution curve.
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Fig.1(b) Particle size distribution curve.
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Fig.1(d) Particle size distribution curve.
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Table 2 Soil specimen properties.

Water Density | Liquid limit | Plastic limit Grain size composition (%)
content

No. Measufement Type of soil Ip .
pomnt (%) @) | Wi | Wa(%) Granule C;:rse M::;‘;m Fine sand | Silt Clay
1 Clay 48.1 2.6 74.81 53.56 21.25 - 2.2 6.4 6.3 75.4 9.6
2 |Saitama Prefecture Clay 52.9 2.8 66.95 38.88 28.07 - 0.1 0.5 1.8 80.5 17.0
3 |Kawashima-cho Clay 56.1 2.2 57.00 35.42 21.58 - 0.0 0.1 0.3 85.5 14.0
4 |Kamiyatsubayashi Clay 58.9 2.8 64.12 41.01 23.11 - - 0.3 1.3 81.3 17.0
5 Clay 60.0 2.7 57.00 46.30 10.70 - - 0.2 0.9 86.4 12.5
6 Clay 26.7 2.7 50.74 27.27 23.58 - 6.8 5.3 9.2 66.1 12.7
7 |Tbaraki Prefecture Clay 32.9 2.5 56.82 36.99 20.32 - 5.8 7.0 8.1 68.0 11.1
8 |Toride Clay 38.1 2.6 53.91 30.85 22.76 - 3.2 4.7 6.4 71.4 14.3
9 |shaped Honda Clay 36.5 2.6 59.52 30.24 29.27 - 0.6 2.0 6.8 75.6 15.1
10 Clay 43.4 2.8 54.36 26.94 28.01 - 0.4 0.8 1.9 85.0 11.9
11 Clay 76.5 2.6 84.82 5.26 79.55 - 0.6 0.7 23 83.7 12.7
12 |Ibaraki Prefecture Clay 141.1 24 148.97 59.13 89.84 - 0.1 0.5 1.4 83.0 15.1
13 |Kasukabe Clay 139.2 2.4 - * - * - * - 0.6 2.5 4.3 83.2 9.4
14 |Mashito Clay 77.5 2.4 -k -k -k - 0.2 0.3 2.5 83.5 13.5
15 Clay 60.8 2.9 - * - * - * - 0.4 0.6 7.3 80.6 11.1
16 |Chiba Prefecture Sandy soil 24.3 2.7 - - - - 25.9 6.4 7.1 54.8 5.8
17 |Ichihara Sandy soil 26.4 2.7 - - - - 26.8 11.8 35.6 21.2 4.6
18 |Kikuma Clay 31.8 2.6 - * - * - * - 26.7 7.0 28.2 24.0 14.1
19 Clay 89.3 2.7 91.00 60.50 30.50 3.4 3.8 12.7 14.1 42.1 25.2
20 Clay 71.8 2.6 79.70 61.60 18.10 - 3.3 12.2 15.2 38.9 30.4
21 Clay 77.0 2.6 79.60 61.60 18.00 0.2 4.7 13.9 17.8 43.2 20.2
22 Clay 78.9 2.6 82.20 62.70 19.50 - 3.7 13.5 14.5 33.9 34.4
23 Clay 84.9 2.6 86.60 63.50 23.10 0.2 7.4 16.2 13.0 40.0 23.2
24 Kanagawa Prefecture Clay 85.3 2.6 88.80 64.90 23.90 0.3 4.9 13.1 11.5 47.3 22.9
25 Yokohama Clay 102.1 2.5 106.90 75.30 31.60 - 2.8 8.4 10.1 44.0 34.7
26 . Clay 116.7 2.4 130.30 77.60 52.70 0.2 2.4 6.5 8.1 52.8 30.0

Tsurumi-ku,
27 Kitaterao Clay 87.0 2.6 104.30 53.30 51.00 - 1.4 18.7 18.7 34.0 27.2
28 Clay 51.8 2.6 58.80 33.90 24.90 - 2.7 36.1 10.5 18.0 32.7
29 Clay 60.8 2.6 67.60 37.50 30.10 - 2.4 359 12.2 15.6 33.9
30 Clay 133.9 2.5 157.60 95.20 62.40 - 5.6 16.2 16.6 28.4 33.2
31 Clay 121.0 2.6 133.20 79.50 53.70 0.6 33 14.8 13.3 32.6 35.4
32 Clay 122.1 2.6 130.30 83.10 47.20 0.4 3.9 13.6 15.3 24.1 42.7
33 Clay 136.7 2.7 147.80 98.10 49.70 0.0 3.2 13.2 13.6 36.2 33.8
34 Sandy soil 17.8 2.5 - - - - 27.6 10.2 18.0 34.6 9.6
35 Sandy soil 27.9 2.6 30.88 27.54 3.34 - 30.8 11.3 20.9 26.4 10.6
36 Sandy soil 23.0 2.6 - - - - 29.9 52.4 12.0 2.3 3.4
37 Sandy soil 28.4 - - - - - 26.8 15.3 42.8 10.6 4.6
38 Clay 35.9 2.6 - * - * - * - 27.5 3.4 41.7 21.7 5.6
39 Clay 41.7 2.6 - * - * - * - 28.7 1.4 6.8 43.6 19.5
40 i Clay 39.7 - 45.57 20.00 25.57 - 28.3 0.1 1.6 48.1 21.9
41 ﬁ;f:hi;:fem‘re Clay 511 B 50.67 26.21 24.46 - 30.8 0.4 0.8 23 25.7
42 Ajika-cho Clay 27.7 2.5 -k -k -k - 25.9 1.2 15.6 51.5 5.8
43 Sandy soil 23.9 2.4 - - - - 25.2 11.9 44.1 14.2 4.6
44 Sandy soil 27.1 2.7 - - - - 25.8 23.1 38.8 8.9 3.4
45 Sandy soil 25.8 2.6 - - - - 25.6 34.2 31.5 4.2 4.6
46 Clay 53.4 - 71.37 47.62 23.75 - 31.3 1.4 2.6 45.9 18.8
47 Clay 64.9 - 80.08 40.24 39.84 - 33.5 0.3 1.4 53.1 11.7
48 Clay 50.8 - 47.00 21.13 25.87 - 30.6 0.1 0.6 52.0 16.7
49 Clay 40.4 - 57.01 21.10 35.91 - 28.5 0.2 7.4 49.1 14.9
H*) RBOENV R Do OYHERABR R AiERT — X
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EMITSWSHB TR IT-AICHEAT Z LI b Table 3 Specification of the position measuring
B, MEIC A7 Y a =DM Thdld, A7 electrode.
Vo — 3B CEMLZNRL, ZOE vy FIZIHE LT
Bl L CHEAT S Z LAY, FHHER S — i m Electrode spacing 30mm
IELTLES. ZhaB<ieoll, koS
Bix, vy FONEAEN LT, Figslemd &9 1c Electrode placement method Wenner method

n—HJ—aRx s XIZHERLTHLDL. ZOaxs 4
I, EBHEH (2w RAD &EEM (5F—7 [ &
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D, 2Ooaxr7 Xk, vy NEREIHTH 7
— TV EE SR RE T AR T & S
Lo TWh.
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AKEE, T AKPICRIESE 2 &, HTF /KA i T
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Energization method AC method

Electrical resistivity

0.5Q * m—20KQ = m
measurement range

Communication adapter

Rotary

¢ USB cable

connector

Notebook
PC

HICELODETL, BmoMOozEEMARE R
TWn5.

Fig.5 Rotary connector.
1 !
|
7 »

Fig.2 Pushing equipment.

L T ———————
| 7 |

Fig.3 Resistivity probe.

Fig.6 Portable electrical conductivity meter.
(PVC, PPS) (PVC)

(PP) (ABS)

35mm |, 35mm

P e

10mm
Ti

PP

Fig.4 Measurement circuit of the resistivity.

Fig.7 Portable electrical conductivity meter size.
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Table 4 Specifications of the electrical resistivity

Tyoe name CT-27112B

Measurement range 0.5Q + m~10KQ * m

Temperature range 0°C~80C

< 95RH%

Distal portion

Humidity range

100

B P

- |‘
(Unit:mm)

Fig.8 Harvester of groundwater.
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FAGGEPH I FAKDIEE & L CW 5. Fig. 110 # &R L
R

Start

v

Confirmation of
groundwater

)

SWS test

!

Collect
groundwater

!

Resistivity test

Fig.9 Measuring method

Fig.10 Measurements conceptual diagram of the

resistivity.

Fig.11 Experimental situation.
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ThdEHREIND.

Level | Depth | Symbol | Soil name

N value Resistivity (Q*m)

(m) | (m)

0 10 20 30 50 75

0.65 Back fill

4

<A Silty clay

7.40

830 [

Clayly silt

[

.12 Measurements of the resistivity

(Saitama Prefecture Kawashima-cho).
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Fig. 13 I AMWERTHOL Lo [ E kR4 8 LTz
LOTHDH., HEXMN ML GL.-0.90m F TlIks
t+E2FEHRELEEETHY, GL.-0.90m~-1.90m I
YNV hTHDH. £, GL.-1.90m~-4.90m ¥ TIIW
BLOVALVNTHD. EHKOMEIT GL.-4.20m
F CiTo 7. WHEPIE GL.-1.90m H7= 0 »n 6 A4
LThBY, ZoMEIHBORERICHY T 5.
G.L.-3.50m ffiT CHEMDBHITHE KL TV DR,
FRIZMET OB SEOWM KICE D E D& HE S
ns.

Soil
Level| Depth | Symbol name N value Resistivity (Q*m)
(m) | (m)
0 10 20 30 25 50 75
-1 0.90 Back fill|

1— S TEERE ¢ GRETD LT
| Silt o <§&

2— - !
_ 2 |
34 o Sandy
— - silt |

sand

Sandy
ilt

Fine

sand

Sl e T

silt

Fig.13 Measurements of the resistivity
(Ibaraki Prefecture Toride Yanaka).
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Fig.14 I HRERFERGTHOLIK T O B EMH R %2 7R L
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#itZzFEEELZELETHY, GL.-1.60m~-1.90m
R tEETHDH. £/, GL.-1.90m~-3.00m F T
Wig» v b, GL.-3.00m~-5.80m | > /L NE R L,

Soil
Level | Depth| Symbol name N value Resistivity (Q+m)
(m) [ (m)
0 10 20 30 25 50 75
- IS S
Back fill| g = &
b 5
B Y == & B
F2Z7=] Sandy {D 3
silt |
N ;
P 3
P :
é %
PO O g
1 -1 Silt -
9— O N v iy iy e | Ground
b I S water
o—  FIII7] s

Fig.14 Measurements of the resistivity

(Saitama Prefecture Kasukabe).
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Soil

Level |Depth| Symbol
name N value

Resistivity (Q+m)
(m) [ (m)

0 10 20 30 |0 25 50 75 100

,,% ,,,,,,,,,,

£

Back fill
1— lx-

1.50

Organic
clay

Fine
sand

ol o o]

rrrrr Ground
Silt water

| Organic
T clay

Fig.15 Measurements of the resistivity
(Chiba Prefecture Ichihara).
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ever|Pep VIO hame N value

Resistivity (Q*m)
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Sandy
organic
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sand

S 1

77777 [}

ﬁ_\e 5/@”\1
Q
3
c
5
a

Fig.16 Measurements of the resistivity

(Kanagawa Prefecture Yokohama).
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Soil
Level| Depth 1
evel| Depth| Symbol |- 1 N value Resistivity (Q+ m)
(m) | (m)
0 1020 30 |0 25 50 75 100
1— Back fill ?% e EErEE
Fine g
3— d
7 360 san } \%
4— cd
- Silt &\
5— 5.30
6—_ Fine
_ sand /b /)j
] 7.00 21
] . f %%
8— Silt \Z;
9—1 920 Kg rrrrr Ground
7] 1020 S‘"‘y‘:l"c S\)S vater
10 sal &

Fig.17 Measurements of the resistivity
(Gifu Prefecture Hashima).
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Table 5 Comparison of the calculated fine fraction

content and the measured fine fraction

content.
The results of analysis by the The results of analysis by
specific resistance test laboratory experiments
No. Fine fraction Fine fraction
content Soil classification content Soil classification]
(%) (%)
1 85.1 Clay 85.0 Clay
2 97.9 Clay 97.5 Clay
3 88.2 Clay 99.6 Clay
4 100.0 Clay 98.4 Clay
5 89.2 Clay 98.9 Clay
6 76.9 Clay 78.7 Clay
7 83.3 Clay 79.1 Clay
8 82.1 Clay 85.6 Clay
9 100.0 Clay 90.6 Clay
10 100.0 Clay 96.9 Clay
11 94.7 Clay 96.4 Clay
12 87.8 Clay 98.0 Clay
13 87.3 Clay 92.7 Clay
14 87.0 Clay 97.0 Clay
15 87.0 Clay 91.6 Clay
16 56.9 Clay 60.6 Clay
17 13.9 Sandy soil 25.8 Sandy soil
18 36.2 Sandy soil 38.1 Sandy soil
19 65.7 Clay 67.3 Clay
20 74.3 Clay 69.3 Clay
21 75.2 Clay 63.4 Clay
22 75.1 Clay 68.3 Clay
23 79.8 Clay 63.2 Clay
24 73.8 Clay 70.2 Clay
25 68.2 Clay 78.7 Clay
26 59.1 Clay 82.8 Clay
27 54.7 Clay 61.2 Clay
28 50.1 Clay 50.7 Clay
29 45.7 Clay 49.5 Clay
30 64.7 Clay 61.6 Clay
31 79.1 Clay 68.0 Clay
32 56.1 Clay 66.8 Clay
33 67.3 Clay 70.0 Clay
34 46.6 Clay 44.2 Sandy soil
35 20.5 Sandy soil 37.0 Sandy soil
36 15.2 Sandy soil 5.7 Sandy soil
37 26.5 Clay 15.2 Sandy soil
38 36.2 Sandy soil 27.3 Sandy soil
39 78.7 Clay 63.1 Clay
40 49.2 Clay 69.9 Clay
41 69.1 Clay 68.0 Clay
42 65.4 Clay 57.3 Clay
43 29.0 Sandy soil 18.8 Sandy soil
44 16.8 Sandy soil 12.3 Sandy soil
45 14.2 Sandy soil 8.8 Sandy soil
46 81.4 Clay 64.7 Clay
47 81.4 Clay 64.8 Clay
48 45.6 Clay 68.7 Clay
49 47.8 Clay 63.9 Clay
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Fig.18 Comparison of the measured and calculated

values of A.
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