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A study on the settlement of earth dam by the changes of the density
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Summary

This study was carried out for the settlement and camber of earth dam by the changes
of the density.

The testing material was taken five kinds of soil used as banking material and it was
compacted by 100, 95, 90, 85 and 80% compaction degree.

The results of the settlement of earth dam whose height ranges from 10m to 50m
are as follows.

1. The more the fine particle (n) increases, the higher the liquid limit (w;) and the
lower the dry density (r;) becomes as follows;

74=2.22—0.0052n (gr/cm?)
ry=2.394—0. 0164w,
ry=2,185—(5 8n—2. bw;)x10~3

2. The higher the optimum moisture content (w,) becomes, the lower the density
becomes as follows;

7,=2.68—0. 028w,
74=2.578—0. 04w,

3. Most of the consolidation occurs immediately by loading and the more the fine
particle increases, the lower the coefficient of consolidation becomes.

4, The more the fine particle increases and lower the compaction degree (D) becomes,
the lower the pre-consolidation load (P.;) becomes but on the contrary the compr-
ession index (C.) becomes higher. Those equation is as follows.

P,=3.32—(4.3n—3.0D) x 1072 (kg/cm?)
C,=0,414(1. 33n—4,44D) x 1073

5. The more the consolidation load (P) increases, the lower the coefficient of volume
change (m,) becomes with m,=ap~5, the higher the consolidation ratio («) becomes
with U= (0. 6~1, 35)P0-¢

6. The more the fine particle (n) increases, the more the settlement of dam occurs
with U=an® and 60~80% of the settlement occurs under construction.

7. The camber of dam has higher value in condition that has more fine particle, poorer
compaction and higher height of dam. In the dam construction about twice value of
table 7 is required for dam safety. ‘
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Table-1. Soil Properties

——

proporties - v_\v;_w““" ‘‘‘‘‘‘‘‘‘ ,__Sfﬂpli‘ No. 1 l No. 2 ] No. 3 ‘ No.. 4 ] No. 5

Specific gravitiy | 2.60[ 2.61\ 2 63] 2. 67‘ 2.70
Sand(>74p) (%) 1 21. 4‘ 35. 2| 48. 9| 65.4  80.8
. Silt and clay(<74p) (%) | 7 g o4 8| 51. 1i a4 19.2
Gradation analysis
Silt(Spr740) (%) | 5o 20 g a5 204 152
Clay (<51) (%) ‘ 28.0  24. o‘ 6.0 8. 4.0
Liquid limit(2%) 35.1 31.6’ 25. 8| 21.7] 17.6
Consistency Plastic limit(%) 23. 6‘ 21.5] 7.4 W9 NP
Plastic index (%) 11.5| 10.1 84 68 NP
Classification CL | CL CL ‘SC-SM SM

Max dry density(gr/cm?) 1.823[ 1.880' 1.951] 2.035{ 2.124

Max. wet density(gr/cm®) 2.158] 2,201} 2.253| 2.304‘ 2.364

Compaction test Opt. misture content(2) | 18.4[ 17.1] 15.5| 13.2J 1.3

Misture content(#%) 18.4] 17. 1’ 15. 5| 13.2' 1.3
D=100% dry density(gr/cm®) 1.823 1.880] 1.951| 2 035‘ 2.124
D=100% wet density(gr/cm?) 2. ]58’ 2. 201' 2.253 2. 304| 2.364

- Consolidation test D=959% wet density(gr/cm?)

2.050’ 2.091] 2.149) 2.189[ 2.246

D=90% wet density(gr/cm?) 1.942| 1.981] 2.028| 2.074| 2.128

D=85% wet density(gr/cm?) I 1.834I 1.871} 1.915] 1.958] 2.009
D=80% wet density(gr/cm?) }

1.726[ 1.761} 1.802| T.843~ 1.891

b
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Table-2. Coefficient of consolication(C,)

(X10~*cm?/sec)

=~ D%
n(/) 95 ' 90 | 85 ! 80 |mean
Sample i
No. 1 ‘ 78.58}2.56}2.6912.97|3.05]3.35! 2.92
No. 2 64.84]3.02;3.17]3.21]3. 25]3.35‘ 3.20
No. 3 51.06‘3.23‘3.44[3.58‘3.68’3.63‘ 3.51
No. 4 34.42}3. 82[3. 79J3. 763.75]3. 72' 3.77
No. 5 19. o2|3. 84;3.82‘3.803. 79;3.77( 3.80
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Table-3. Pre-consolidation load(P,)
kg/cm?

95 ] 90 1 85 | 80

Sample ~_ "~ |
No. 1 | 78. 581 2. o7} 1. 65‘ . 26’ 1. 17’ 1.07
No. 2 l 64. 84‘ 2. 42{ 2. 2o[ 2.04{ 1. 80! 1.52
No. 3 ‘ 51. Oé’ 3. 30‘ 2. 95{ 2.69] 2. 45‘ 2.10
No. 4 [ 34.42 . oo‘ 3.40] 2. %‘ 2. 75| 2.35
No. 5 1 19. 02I 6.50 4. 34/ 3. 54’ 3.05] 2.60

P,=—3.32—(4.3n—9,0D) X10-(kg/cm?)
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= D) T

SM) \l 100 | 95 ) 90 | 85 | 80
No. 1 l 7s. 58[0. oosgo.087\o.103Jo.142|o.169
No. 2 ] 64.8400. 036\0. o7élo. 099’0.]240.158
No.3 | 51. 06[0. 033 0. 05¢/0. 080]0. 1110. 134
No. 4 | 34. 42“0.017‘30. 03310. 64910. 069’0. 079
No.5 | 19 02|o.o13‘;o. 0230. 04010. osojo. 066
Ce=0.41+(1.35%—4,44D) X107 «-e0eeee 10)
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0.513

J64. 840. 599io. s84[0. 61 slo. 605[0. 582 0.597
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Table-6. Settlement after completed dam

O Settle;ﬁ;nt\ “H(m)l 10 20 l 30 - 40 50
4Sample \D(\/)\*___\N Sz , Uz Sz Uz ’ Sz ‘ Uz' Sz Uz Sz ’ Uz
- cm| % cm %] cm %) cm %| cm %

100 | 2.80 0.28) 7.61| 0.48 21.02 0.70| 34.40 0.86 49.52 0.99

95‘] 4.20! 0;42} 13.68 0.68( 27.43) 0.91’43.11‘ 1.08 62.01! 1.20

No. 1 90 ’ 5.59’ 0.561 1720 0.86 32.80{ 1.09 51.33| 1.28 70.23| 1.40
85 ‘ué.‘?O[ O.é‘?l 20.20‘ 1.01)37.43. 1.25] 57.73 1.44[ 80.05'l 1.60

80 ‘ 8.09, 0.8]‘ 22.70‘ 1.14) 40.91‘ 1.36j 63.24[ 1.58[ 90.05’ 1.80

100 | o‘ 0.0él 3.17[ 0‘16‘ 7.42{ 0.25’ 14.46’ 0.36‘ 24.58[ 0.49

95 | 1.49 0.1 5.30[ 0.27 12. 60 o.42l‘ 22.9¢ 0.57] 34.44 0.69

No. 2 | 90 | 2.21 0.22‘ 6.89) o.34| 15.44) 0.51] 27.22’ 0.68| 44.03) 0.88
85 | 3.04 o.3o] 9.13] 0.46' 1'9.13‘5 0.64| 34.25] 0.86’ 53.33' 1.10

|80 ] 4.20 o.42§ 12.021 o.éo) 25.14] O.84i 44.78[ 1.12\ 67.46| 1.35
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Settlerment ratio (Us) Jo

5340 50 60 70 80 &

1.4r (b) After U, (H =30m)

l 100 | o} 0‘ 0.98 0.05] 2.%’ 0.10( 5.80] 0.151 10.39‘ 0.21
95 { o.7o‘ 0.07] 3.20 0.16} 7.21‘ 0'24;[ 13.59[ O.36~ 23.02 0.46
No. 90 } 1. 49| o.14| 4.84‘ 0.24 ]O.Sél 0.35’ 19.20’ 0.48| 31.08‘ 0.62
85 | 1.81‘ 0.18' 6.42’ o.32‘ 14.44’ 0.48‘ 2.04] 0.65] 43.12] 0.86
80 | 2.é4| O.26l 9.2 o.4o] 19.52| 0.65] 34.48| 0.8¢| 52.5¢ 1.05
100 } o} 0| 0.42) o.ozl 1.33‘ 0.04] 2.52[ 0.06‘ 4.59} 0.09
9 | o! 0 1.37) o.o7| 4.23] 0.14‘ 8.57\ 0.21] 13.61[ 0.27
No. 70 | 0.9 0.10| 2.94 0.1 6.99| 0.2 13.11] 0.33 20.67] 0.41
85 ’ 1..04 0.10[ 3.51[ 0.18[ 9.13) 0.31[17.92 0.45[ 29.94’ 0.60
80 ’ 1.54] 0.15‘ 6.73] o.34| 14.59j o.49[ 25.15{ 0,63i 38.81| 0.78
100 { o} o} o} ol 0.44‘ 0.01’ l.léJ 0.03| 2.65| 0.05
%5 | ol o’ 0.99[ 0.04[ 2.35] o.os‘ 4.21] o.n] 0.82| 0.14
No. %0 | 0.72] 0.07’ 2.30[ 0.1 5.1 0.17] 9.64) 0.24‘ 1479 0.30
85 ] 0.90) 0.09[ 2.5 0.13] 7.88} O.Zél 13.48‘ o.34| 20.50] 0.41
80 ‘ 1.21| 0.12' 4.51‘ 0.23)' .31 0.311 16.31| o.41{29.51‘ 0.59
2400 [a) Toul Uz (H=30m) D =80% 8 CtHo| &kt
20T o 53@ 9o MEEE VR TETHEY LTELE BLE
90 2.5k D =100 HaF e RAozA Table-63} o] & Fig. 9(8)s+ %
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Table-7. Extra banking (camber) height

(cm)
N I I EEEE

(m) 100 ! q o‘ q q q g 29 40
95 ‘ 0 q o 1 1 5[ 20 a.0d 50
10 90 ‘ q q 1.0 15| 2.0 a0 4 qd &0
5 | J 1d 15 29 = q o’ s 7.0
80 |y 2 oJ 2. 5[ 3. o[ 4 o} 5. o‘ 6.0 8.0
100 | q q q ol 2. o] a0 6. d 100
95 [ 0 1.0[ 18 2 3.0} s.q e 0] 13.0
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74=2.394—0. 0164w,

r4=2,185—(5.8n—2.5w.) X10~®

2. BEAKEW)7t & 9545 =3 HmEs

©}g5 3ol shwlelste] Fobaeh,

H : dam height

D : degree of Compaction

n : fine particle

r¢=2,08—0, 028w,
74=2.578—0. 04wy
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3. B#EY] ul - WHHE delvs Mk
B#fEe FotA= 2 & (0.026~



BEBTE G H28% %3 5 19864 9

0.038)cm?/seco] t},

A, GBAMHEP)S #RMT B2 A% Fg
g REHT BHEBRCHE N2 AAY o R
AL {3 2o,

Pp=—3.32—(4.32—9.0D) X16*(kg/cm)?
Cc=0.41+(1.33n—4.44D) X10™*

5. BREME(P)o] S wel ABEBLE(n,)
& my=a - p7te (AR i BHEEMW)E u=
(0.6~1.35)P4e] A= Az

6. AN Y TFES 60~80%% HaTrhel A7 ch,
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Aoz Az,
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