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Photo. 2+1. Concrete lining channel made
height increasing for settlement (Hokkai
north main channel)
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Photo. 2+2. Pump-station for assistant supply
(Kawamukai main channel)
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Table 2+1. Structure and execution of channel
Unlining Corrugated
Channel embankment steel pipe
Load (t/m?) 2.2~26 0.7 ~1.1
VV Idth of load (m) 7~8 1.6 ~1.8
. ) . (at center) } ~
Settlement (m)’ 0.5~1.0 0.10~0.25
S Complexity Simplicity
Execution Long term Short term
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Table 2+2. Sectional type of corrugated steel sheet chrnnel
Pattern ‘ T o L v
Cross section ‘\‘/z g U M %\M
Direction of corrugation Parallel Cross
and channel aratie
Structure Frame Non-fram Semi-circle Double semicircle
Example Horomui M. C. | Numagai M. C. Satsunae M. C.
Pattern v VI VI il
Cross section /g é w— w— u
Direction of corrugation Parallel Cross

and channel

Structure

Wall outside frame

Example

Ladder basement
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Fig. 3-1.

8.0 o 1st pump-station
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Plan of Nakajurin District

2nd pump-station

Ground surface
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Distance (m)
Fig. 3-2. Soil profile of Nakajurin main channel
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Table 3-1. Shape of test channels
Zone A B C-1 C-11 C-I11
Corrugate type
(thickness mm) 1(2.7) 11(3.2) 1(2.7) 1.7
Direction of corrugate Cross Cross Parallel Parallel
and channel
Cross section Compound arc| “U” type Rectangle with flame
Distance (m) 40 40 } 40 20 40
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Table 3-2. Arrow diagram of works
@ Prepurtion ———>0-————Working n):\n[—-——)f[,'n\\'.m-ring

Road ——n—>
*‘ ]

Underdrain ——O&——— Back filling ————O&————Fxcavation

ET: Lining ————>0 Ground forming é
Contro] box ————ee e B

Table 3-3. Progress of works

Zone A B C-1 C-H c-1 Remarks
e Gr’repmmion
Aug.

10
2 Working road
30
Sep. Road
10
Excavation D /1 U
20 gl"l D D Unmwatering
30 -
[ | | Back filling
Oct. l .
10 n
Underdrain
| o o] 8]
20 ﬁ .
30 -] —xal_*l‘:"h’““g
Nov, [ | Ground forming
10 G EL/
20 E Earth work
[ ] B Control box
30
Dec. Winding-up
10 l
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Underdrain

Cross sheet

Fig. 3-3. Standard cross section (Test channel A)

N 9,556 .
'L 1,500 I 556 . L5W j‘
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—
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|
;
1

Underdrain

Fig. 3:4.

[ Cross sheet

Standard cross section (Test channel B)

5,300 1,000
Il 4
. <
W.L.}1,000 &
z|&
|
Sand _ warwc— E:
and \o /™ g
Cross_sheet /_Underdrain
L 6,800 _

Fig. 3-5.

Standard cross section (Test channel C)
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Nakajurin main channel

- - - - o - v - - . -
- b s v - . - e - -
- - - - - - - - - - -
P « “w W . “ “ X u u u
“ o u H o u u “ M a
n LS u u ® u v L o u“ -
,_} i ; ©
N . & & 3 =
Formation level G IS = -
Grade 1/3,000 —————‘ lr 1/3,000

Type of test channel [ b p ] p— ] e e Gl i

k4 <

Elevation of
channel-center {mj

310.70
2,310.90;

Distance {m)

5 1

i

Fig. 3+6. Plan of test channels and part of Nakajurin main channel

7 Photo. 3+1. Excavated channel before lining Photo. 3+3. Test channels
Front: Test channel C

Middle: Test channel B
Back: Test channel A
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Front: Test channel A Dfc, J v A RO 5 R G 8 R
Middle: Test channel B T, AEKRELA EF LT 5 T RORRMTOBEK
Back: Test channel C W& B 7

Photo. 3+2. Test channels
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: Surveying line
Notes; o : Surveying point for groundwater table and fluctuation of ground
® : Surveying point for deformation of test channel
Fig. 4-1. Surveying lines and points for measurement of groundwater

table, fluctuation of ground and deformation of test channel
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Fig. 4+-2. Outline of bench mark, surface
mark and subsurface mark
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Fall and rise of groundwater (m)
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a ° o Surveying line 4, (197,
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a
40 o
a
201 Oa
o .
o —1 1 12 I
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0 L e Distance from center of channel (m)
—40 [ » * . .
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Fig. 4-3. Relation between fluctuation of
groundwater table and distance from
center of channel
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o @ : Surveying hine 4, Jeft bank
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o . o
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L
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O o @ .
o ( ® L 1 1
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Distance from center of channel m)

Fig. 4-4. Relation between rise of groundwater
table and distance from center of channel
after precipitation
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g 700k <
Z £
g Z
K 20 F
650 f
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Fig. 4-5. Groundwater level and precipitation

at 11.0 meter from center of channel on
surveying line 4
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+ : Surface mark

- ; Subsurface mark (0.5 m)

-« % © Subsurface mark (1.5m)

= : Groundwater 1able

Fig. 4+7. Fluctuation of ground
at surveying line 4
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Fig. 4-9.
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Fig. 4-8. Relation between groundwater
and fluctuation of ground (Surveying
line 2, R-7.4)

(c) (d)
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12 220 -8 6 —~4 /52 o 2 4 2 o é\y
F—2 b—2

b4 —4
F—6 y—6
F-8 l-—8
L_10 L—10

Relation between fluctuation of ground and change of distance

from center of channel at 8 m points from center of channel in each

surveying line (left bank)

(Number of the ordinate and the abscissa are expressed centimeter)
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Fig. 4:10. Relation between fluctuation of
ground and change of distance from
center of channel on lateral direction to
channel (Surveying line 5, left bank)

(Number of the ordinate and the abscissa
are expressed centimeter)
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Fig. 5-1. Fluctuation of crest of corrugated
steel channel after lining
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Fig. 6:2. Experimental apparatus on weep

hole located in bottom wall
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Fig. 6-4. Experimental apparatus®on weep
hole located in side jwall
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Fig. 6-5. Discharge from outsidewater tank
versus time at lateral weep hole

Table 6-1. Discharge of weep hole to
inside water tank after 20 hours

4 =T k—it, AR 270 v 8, BE: hEE
®, CH: vy oH, Ef: EEMO 4BETHS,

FEREEST, BT OWTAB L, Fig.6-51CiRT
X o, Bk Enes UCBK B & & L)
FHH, FOBRIEDTHH ZRINC L DEIKRE T
v, ABISCHS>ER>BROEFNEDHI S,
E, EERBRIAT 20 ERRRG O A B Ok F e Table 61
CaRT,

Wiz, Lo AKEEC 20 TRD &, ABNER EFLOH
EUARE DI, WAKED 5~10% YT 2K
b, BEILIzEALTRC LKL, CEILFPIL
XS FEKEERABORK,RS Y, ERIALfid
OEEESAR B 10, TERKED 30~50% 1 HY4 15
WARBFRD BT,

BB, U4 — 7k — v OBEERER YN TS &,
AR E BIChZEARIREO B &%, @A LU L oK
BRETOREIR DD, AKBHTARD L Siiino
BE, BAKERIEFC YL, V4 —TF—nD
T X o T L o ABREDARE 7 & O p3 % O & 23K
L7
VI8 D4—=Fh—ABRUZ ¥ — KL —=VORIE
RE

: Coeft. of an g — MRETOREEL, W3R, YRR T
Discharge Sectional rmeabilit . - ; .
Type 8€ larea of hole PETMEIPIEY bR, BT SRR E A ST,
(cm3/sec) (cm?) {cm/sec) M1 46 fE~48 SR bic b, BRI bl 2
A 17.2 25.5 8x10-2 vy — PETTKET, BERREL VWS LABRD
B 11.0 18.1 7X1072 Y4 = TR BIUT Y E— L= Lo TR
C 15.2 16.1 11X10-2 Lt
E 12.6 13.8 11X10-2
1 @k#RERE
Table 6-2. Outline of weep hole and underdrain
Lateral Vertical
No. Channel Type Interval Type Interval
(m) {m)
71-1 Seidai district Hinge type 20 Spring type 40
-2 Kydei district Spring type 20 Spring type 20
-3 Chippubetsu Spring type 2.5 None —
—4 Etaibetsu Roll type — None —
-5 Shinry@ district Roll type — None —
-6 Hokkai Roll type 6 Hinge-Spring type [ 180
72-1 Hokkai Roll type 6 Hinge-Spring type 180
-2 Oyibari district Roll type 3.3 None —
-3 Shinrytachao None — Center-fix type 100
73-1 Hokkai Roll type 6 Hinge-Spring type 180
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Table 6:3. Discharge through weep hole or underdrain
B Weep hole ‘
No. Lateral | Vertical Underdrain Remarks
(cm3/sec) (cm3/sec) {cm?/sec)

71-1 0 0 260 Chocked up with clay
-2 0 0 Chocked up with clay Badly damaged
-3 Drop None None ”

-4 0 None 312 ”
-5 0 None None Chocked up with clay
-6 0~100 450~ 730 * Good in part

721 0~120 | 200~1200 " Good in part
- ' Drop None None Chocked up with clay
-3 None 545 * Good in part

73-1 } 0~ 25 110~ 360 # Good in part

Note: Underdrain is connected to vertical weep hole

Photo. 6-1.

VNN

in side wall {Roll type)
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Photo. 6-2. Vertical weep hole located in
bottom wall is connected to underdrain
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Fig. 6+7. Variation of water level and
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(Hokkai main channel, 1972)
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Fig. 6-6. Variation of water level and v
discharge through weep hole Fig. 6-8. Discharge through weep holes
(Hokkai main channel, 1971) {Hokkai main channel, 1972)

Table 6-4. Frequency distribution of discharge through weep hole
(Hokkai main channel, 1972)

Date Grade A B G D E Total Remarks
A . Number 1 8 3 9 17 38 Discharge (1/min)

pr: % 3 21 8 24 44 100 7>A>5
e Number | 0 1 3 2 | 3 38 5>B>4

pr. 21 % 0 3 8 5 84 100 4> C>Drop

D =Drop
Number 0 0 3 4 31 38 E =0
Aug. 22
% 0 0 8 10 82 100
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Photo. 6+3.

Triangular weir at pumping-out test

Photo. 6+4.
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Surveying lines
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° Surveying well for groundwater level
Fig. 6:11. Underdrain and observation points on pumping-out test
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Fig. 6-13.

Distance from center of channel (m)

0: Right bank
Notes 3 Ist 105\<

®: Right bank
“nd test <

O: Left bank m: Left bank

Groundwater table before

pumping-out test
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® 2nd test

Water level in control box and channel

L
9 10

Difference in water level between channel and control box

SP. (m)

2,202.8

2,235.5

2,279.5

2,341.0

Box and Channel

After test (E.L. m)

Variations (m)

(m)

Differences

C.B. No. 1

Channel

C.B. No. 2| Channel

C.B. No. 3| Channel

C.B. No.4

Channel

5.453

5.437 5.476

5.

466 5.484 5.474

5.546

5.511

0.103 |

0.080

0.119

0.

090 0.072 0.082

0.010

0.045

0.016

0.010

0.010

0.035

Note: Water level in control box and channel before test=E.L. 5.556 m
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Table 6+6. Coefficient of permeability of peat
(By MUSKAT’s formula)

Table 6:7. Coefficient of permeability of peat
(By FORCHHEIMER’s formula)

q H i Pofre k q H he k
(1/sec/m) (m) (m) (m/sec) (I/sec/m) (m) (m) (cm/sec)
Ist test 1.6 1.14 1.07 1.2X10-3 1ts test 16 3.73 0.58 1.8x10-3
2nd test 1.5 1.08 1.10 1.7X10-3 2nd test 1.5 4.08 0.58 1.5X10-3
Q _ 2.73k(H'+a—py/w) FL—>Y X DHTFH05m OFCAEKENFLEL, ¥
LTeT logio {4a/d)

TYE— FL— YIIKBRIEC IR T BT B
25, R LT KEE I CB. No. 2 i LT\ %
DTFLr—rDOREILIL 22 H T 5. fHEMYEY
Table 66 17157,
by FL—VENREKEBICERT, FBKBETH
FORBOIGEE

FHAAEE b A FORCHHEIMER O 3NIC X - Tk
510,

B ku11—ha<t+05m)%<2ho—t>%
=R Fo ho

B R IBKE O WTREME,S 8m EHEL, &
s % Table 6.7 1257,

Lteaio T, REBUKIEELTRR © 3% K (REx, 10-3
cm/sec FREE L E 2 bh b,

4 REKEORLOICONT

PRE AR IOK B BTN T B 7o, KBS & BRI IE L
D ELTIT ORRRLE L 7o B, ARRBRO R
¥ 7 ABREE LY, REREIHHOERTIH S,
T K OIF 1 % Table 6-81ikd, = DEERY KD
EETRARIKIE L LA BIEL D BT B,

Table 6:8. Changes of crest elevation of control box (1973)
Box CB. No. 1 C.B. No. 2 CB. No. 3 C.B. No. 4
Apr. 20 (EL. m) 6.130 6.350 6.196 6.143
Jun. 28 (E.L. m) 6.132 6.350 6.195 6.141
Aug. 24 (EL. m) 6.145 6.374 6.217 6.159

VIL. REIKBOER
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Hi 4B D Z A ElE
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ML EEY, RRE%RT
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BIE®CET L0 TH S,
Z O RER B K B TIEED 37 IR BRHI X h T,
HERE RO oD BIER o7 b FE LIRHI A3 7c T

S U1 W N

bo Fio, WIFN46 FERNTIE S EYNC I IR OB
BINRLI SR, L L, BATHEC 3BT CWiTE

S.P.2026

stion (m)

Elevu
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L " - i oy 1 JE——
20 15 10 5 0 5 10 13

Distance from center of channel (m)

Fig. 7-1. Cross section at slope failure
(Aug. 22, 1972)



Jo B o 2 2o AR HTET WREH B PR WEE B s R ORI B B g 231

IR LD BTz, WwE, SP. 2,030 m {3 %
TEPRB D\ CRE Lo fs a Fig T 1R’k L, &0
(PAEDHBLLREIEOMIT N0 iZ L 5 b Fz bh
VAN O FENE Oy 3/ N2 € T ER IR 11 el N i ol 1]
PEEGHERN LTS, Db o X skikigEth- 12
fodis, BREOPRKDT 0 2iFER /:'&b@;’)\, o
ROIRT N AR U B HEEAIE L5351
1,:@l5mkot®mmwab6
FTOWOIE A Fig. 7.2/ T A [’Wu’)”’
HE T C—DD R/L/U\“‘JNL LT %
R LT,

Photo. 7+2. Large crack on slope

R A Ay A T T A
e e ek

Left bank <

Fig. 7+2. Plan of slope failure

VII-2. JUBEODOFLY

. Photo. 7+3. Collapsed slope caused by crack
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Fig. 7+3. Schematic diagram of causing
Photo. 7+1. Crack on slope crack on slope of channel
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Fig. 7-5. Vertical distribution of moisture content of peat with
different groundwater table
(a) pF value versus Depth (b) Moisture content versus Depth
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Fig. 7-6. Vertical distribution of moisture content
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Fig. 7-7. Lateral distribution of moisture
content of peat near surface (Depth
2.5c¢m) at Part A
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Table 7-1. Vertical distribution of moisture"
content of peat on slope

S.P. 1,502 m (right bank)! S.P. 2,119 m (left bank)
Depin | Mebte | pepy | Mone
(cm) (%) (cm) (%)
10 109 15 435
25 687 25 756
35 559 45 844
45 889 " 60 843
55 929 80 943

Groundwater level 60cm | Groundwater level 85¢m
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Summary

There are many paddy fields in the peat land of
Ishikari Plain in Hokkaido.

However, the irrigation channels in peat land
have many problems. For example, swelling of

peat and deformation occur in case of excavated

channels, and differential settlement is caused by
lack of bearing capacity on ground and by non
uniformity and uneven quality of peat-layer in case
of lining channels and pipe channels (Photo. 21)

The authors are studying on groundwater level
fluctuation of ground, deformation of slope, defor-
mation of corrugated steel channels and function di
weep hole, etc. in the excavated irrigation channel
and test channels in Nakajurin District of Nanporo-
cho since 1971.

The location and the soil profile of Nakajurin
main channel are shown as Fig. 3.1 and Fig. 3.2
respectively.

The test channels made by corrugated steel are
shown as Fig. 3:3~Fig. 3-6, Table 3-1, and Photo.
3:1~Photo. 3-3.

The groundwater level and fluctuation of ground
were measured with pipes and marks (see Fig. 4.2).

The change of elevation and width of crest on
corrugated steel channels were used for the mea-
surements of deformation on corrugated steel chan-
nels.

The tests on weep hole were made by laboratory
work and field work (see Fig. 6.2, Fig. 6-4, Fig. 6.
11, and Fig. 6.12).

Results obtained are summarized as follows;

1. The rise of groundwater level during irrigd-
tion period and the fall of groundwater level during
non-irrigation period decreased with the distance
from center in channel (see Fig. 4-3).

2. The change of groundwater level related to
rainfall (see Fig. 4-5).

3. The fluctuation of ground had connection
with rise and fall of groundwater level in the
neighborhood of channel (see Fig. 4-7 and Fig. 4-8).
The fluctuation of ground in the distant points
from channel showed only settlement owing to
load of wasts (see Fig. 4-7).

4. The deformation of test channel A had a
higher value than that of test channel B and C.
The test channel B and C were comparatively
stable on ground (see Fig. 5.1, Fig. 5-2).

5. The weep holes of vertical and lateral type
well worked in the laboratory test (see Fig. 6-3
and Fig. 6:5), however, it became clear that few
weep holes in channels for prevention of up-lift
worked in consequence of field research (see Fig.
66, Fig. 6-7 and Table 6:4). Therefore, we adopted
double control box with structure connected under-
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drain to weep holes, and this control box has nicely
worked as the results of pumping-out test in the
test channel (see Fig. 6:12 and Table 6-5).

6. The deformation of slope was observed from
SP. 2,015m to S.P. 2040 m in the excavated chan-

nel (see Fig. 7.1, Fig. 72 and Photo. 7+3).

7. It seems that the cracks of slope occured
when surface moisture content on slope became
discontinuous (see Fig. 7-7, Photo. 7-1 and Photo.
7-2).



