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EXPLORATORY STUDY OF SAND JET

By Yoshiaki Fukuo

Synopsis

The model experiments of sand jet were made in connection with the spouting of ground
water and sandy soil observed at the districts damaged by Niigata Earthquake. From the
result of experiments, it was suggested that a nondimensional measure of sand jet b/T (b:
jet width at the surface of sand layer, T': thickness of sand layer) might be proportional to the
“reduced seepage rate” per unit head difference Q/¢ H (Q: seepage flowrate, r:permeability,

H: head difference between the surface and bottom of sand layer)
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Table 1. The relative weight distribution of soil particles spouted
by ground water after Niigata Earthquake.

Date of Position of be]l?ﬁ\!r)tt}i-le Relative weight (%) for each grain size (#)
sampling . ground i

; 74~ |110~ [250~ 400~ 850~ {1200~|2000~2500~
(1964) | Sampling S‘E’cfrgc)e <7477 110 250 400 850 1200/ 2000 2500 50002000<<

Rear of Sankd 0 | 223 256| 1360 40.30\ 4089| 036| 006| —| —| -
4, Jul, . 25 | 2916| 653 2087 2013/ 1652| 079 057| 0.11| 048] 484
manufaetory 50 255 2.00 741 19.22’ 6473| 1.81| 1.83| 010| 031] 004

Rear of Ogata| O | 187| 235| 478|300 6013| 017 o08| oo2) —| -
4 Jul | 20 | 152| 191| 1080| 3201| 4953| 235| 09| o006 013 —
primary schooll gy | 203 143| 49| 2815 6319 016 005, —| —| -

| Side of apart. |
4 ment building o | 037| os1| s66|1982| 7260| 090, 011| 003 —

:‘ttrg:fwagishi 30 053! 059 508|2326| 65.24| 324, 1.05| 0.15| 044| 042

Front of wait- 0 095| 1.58| 1941 6835| 835| 0.67] 050] 0.07| 012 —

5, Jul. ling room of
Niigata airport 20 042! 058| 757|2429{ 61.64| 398 1.35| 011 0.06

Table 2. The results of experiments of sand jet.

Grain size 0 X Q H T /] P
u) (g/c.c,) ) n (em/sec) | (c.c./sec) | (cm) (cm) ‘ (cm) QT/xbH
287 45 8.5 —
<590 2.73 0449 0.016 26.3 48 85 —
63.1 6.1 90 35 1.51%X10°
00~7 2.71 0451 0.035 110 35 65 -
590~710 : ‘ : 923 57 70 21 | L54x10°
7 567 45 65 — |
710~1000 272 0440 0.058 75.2 42 6.5 —
99.4 55 | 70 14 ‘ 1.55% 10°
wl 2m 430 0156 98.6 61 ' 15 11 0.71% 103
1000~11 : o- ' 105.0 52 | 60 13 0,60 10°

where o density, #; porosity, «: permeability, @ flowrate, H ; head difference,
T : thickness of sand layer, b ; width of sand jet at the surface of sand layer.
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Photo. 1. An example of spouts of ground Fig. 1. Sketch of apparatus for spouting
water found in the city after the sand grains.
Niigata Earthquake. (the length
of scale is one meter.)
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Photo. 3. Dark parasol shape above the slit
was the cavity in soil medium, which
was born perhaps by the water
jet flow. Note that the soil layer
was already saturated with water.

Photo. 2. Wavy form in the lower part of
sand layer shows the free surface
of seepage flow through the slit.

Photo. 4. The fully development of sand Photo. 5. The fully development of sand
jet for the grain ;ize less tha\n jet for the grain size between 590 u
590 4 (@=631cc's, H—6.7cm). and 710 # (Q—92.3c.c/s, H=5.7cm).
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Dark spot above the slit shows

Photo. 6. The fully development of sand Photo. 7.
jet for the grain size between the stable small region in which
710 z2 and 1000 # (@ =994 c.c/s, the grain particles moved at
H-55cm). initial stage of sand jet.

Photo. 9. The fully development of sand jet
for the grain size betweeen 1000 x and

Photo. 8. Intermittent jet of sand grains.
1190 4 (Q=105.0c.c/s, H=5.2cm).
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DCENAELHEUBBREZTTRE LY oht, '
REROKBRETLERE L2 EH» o, KiEE H BEE T, sand jet OWBETICEY 218 b 25HALD
g7 overflow OWE @ ZHIE LT, HERERELBH L /-0 Table 2 Th 3,

. BRDEE

QTR LD, BHOEESIH B POKOENEEOE RIS 5, Table 2 THONBLHIC, B
DEE 0 PEBRE n BEOHRIKDVTHIREAEEDNEODS, 1 S DR (5) X o BKEH
£ PHEE v DEXL-TEMT I &S, FREBOBECW BRI YHETHLEAER DL,
COHEBADKDEHIELWIRDRY v MCEW T THERICELTHRTHY, RESTRCOH®
B ETRAWEICIL 2139 CTh 5, sand jet DO IERICE LT SHMRICE - TORDb S 18710
%, Head difference H %13 & HddE <750, %l S DBERBHE NI RAMICGET 5, TORR
EE b DL E TOERD sand jet DIFORMCHNET E175 5,

DL E 2 L KOKIIL jet REEDLHICHAZL B, TNTHIE Q 1 sand jet DIF b &k
ICHBIT B EHIZE S,

[ TR T P PP 1)
XOIKDES v ZBKER ¢ EKEAR H/T KhfiTbLEZZ X5, T1ibb
=H
. SR (8
(7), (8) >
b
T oc}%, .......................................................................................... (9)

COMBE MBI ENDE I, K= DM R, 55 EOME L 3135 Th%, Table

2 DBHBEOFIC K DEIVRINTOED, BOAXOBHUAD K OERIBEALZEL L -TW 5,
T Eid, jet ODKXXEELTEKRICE b/T HBAL/KTETHN S seepage flow D reduced flowrate
Q/cH (CHBIT B LERRL TV B,

HEICAWRBD ¢ OEIEKMBEKAR SR THEL THRON/IHDT, sand jet PWEAILET »T
WBEEXDOFEKFHMOEEBEL > TOBE AL, T jet hOKOMEBL HId# Darcy DOEANCHD
T, 0 (8) OLIBBEEESTHEIPSEMTH L, LIchH-T, K MELT—EDHEILELEES
LOMEIDRBABRISICHRET 3L ENH L EBLNEY, —BRKDOH 2R TH S,

E 2
CORRICKELT, AHRTYSEVI YO YHARREMRERICE BB L EF 5L & biC, KRR
% THAZERL ENTH - ARBONH 2 ICESBH L E T
g % X ®

1) P.P. Kochina : Theory of Ground Water Movement, Princeton Univ. Press, New Jersey, (196
2), pp. 47-49.
2) A.R. Jumikis : Soil Mechanics, D. Van. Nost. Co. Inc., New York, (1962), pp. 333-345.



