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Standard Proctor water content variation
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Standard Proctor Water Variance Specification

Water content Application Zone of Earthfill Dam
variance from
Optimum
(%)
Oto 2 Impervious earthfill Core
Materials
-1t0 3 Semi-pervious earthfill Outer Zone

Materials
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Embankment Dam Committee E Workshop

1 Introduction
» Location of core and outer zones of a zoned earthfill dam
« Definition of semi-pervious and impervious earthfill materials
« Water content variance specification

2 Standard Proctor Compaction Test Definition

3 Specification of Water content variation

4 Driekloof Dam shear strength testing

* Results

5 Conclusions
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Core and Outer Zone Materials

400m
NOC 300 mm GRAVEL SURFACE LAYER

300 mm THICK SAND

CHIMMEY DRAIN

300 mm THICK SAND STRIP DRAIN

300 mm THICK SAND AMD
GRAVEL PROTECTION LAYER

VARIES
12-4m

600mm THICK RIP-RAP LAYER.

600mm THICK TRANSITION LAYERS:

SEMI PERVIOUS EARTHFILL DOWNSTREAM
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SLIGHTLY WEATHERED BEDRdCK
CURTAIM GROUT DEPTH TO
0.7 DAM HEIGHT RATIO

TOE DRAIN WITH 80mm DIA
DRAIN PIPE WITH PRE-CAST

A x
1N SITU ALLUVIUM

TYPICAL CROSS SECTION THROUGH
EARTHCORE EARTHFILL DAM

SCALE 1:150
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Definition of Impervious and Semi-pervious Earthfill Materials

Geomechanical Zone of earthfill dam

Property

Outer Zones (Semi-
pervious Materials)

Core (Impervious materials)

Grading > 60% through 0.42 sieve > 40% through 0.42 sieve
Clay content (CC) (%) 10<CC<30 CC<10
Liquid Limit (LL) (%) 30<LL<60 LL<30
Plasticity Index (PI) 12<PI<35 4<PI<12.5
Linear Shrinkage (LS) 40<LS<10 7<LS<0
(%)
Maximum Dry Density 1 450<MDD<1 880 1 750<MDD<2 100
(MDD) (kg/m?)
Optimum Water 14<w<25 6<w<16
Content (w) (%)
Shear strength (°) 18<Phi’<30 28<Phi’<38
Cohesion (C) (kPa) 12<C’<24 C'<12

Permeability (k) (cm/s) k<1004 K>10-04
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Design for a seal (Core) in an embankment dam

« Elasticity is important to prevent cracking
« Casagrande study showed compaction by Standard Proctor facilitate this

« Elasticity in core more important than in outer zones
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Compaction Standards
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Test references and Details

Reference Mould Fall height
diameter of hammer

(mm) (mm)

Standard ASTM D698 100 2.5 304
Proctor AASHTO
T99
Modified D1557, 100 4.54 457.2
AASHTO or AASHTO
Modified T180

Proctor
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Driekloof Dam in South Africa

Laboratory triaxial shear strength testing with volume
change of soil samples



ICOLD

27 CONGRESS
90™ANNUAL
MEETING

1840
0 (Degrees)
1920 1920
1900 1900
= RS T4
E 1880 e, E 1880
e S g
> 2z
gwm g
s 3
2 3
Z 1840 g 0
S 010 2% Above Oplimum
7
i .
1820 e
¢ r«ors Uncontrolled, undrained test
5 ——— P 800
1800 —— Graph for Compaction Standard (1
— Graph for Compaction Standard 2
= Graph for Compaction Standard (3 —
1780+ T
1" 12 13 " 15 1
Moisture Content (%)
1940
Cohesion 1940
C (kPa)
1920
1920
1900
1900
E 1880
£
2 150
2
8
120
= 60
1
o 1840 0 to 2% Above Optimum
110 70
1820 1820
o [NOTE: Uncontrolled, undrained test
100
1800 —— Graph for Compaction Standard 1 1800
— Graph for Compaction Standard (2
—— Graph for Compaction Standard 3
17 1780 }
1" 12 13 14 15 16 ¢

Moisture Content (%)

CIGB
27t CONGRES
90t*EREUNION

ANNUELLE

NGTE: Uncontrolled, undrained test

 (Degrees)

—— Graph for Compaction Standard {1
— Graph for Compaction Standard 2
— Graph for Compaction Stangard 37

1% 10 2% Above Oplimurn

10 i 12 s
Moisture Content (%)

Cohesion
C (kPa)

NOTE: Uncontrolied, undrained test
results

— Graph for Compaction Standard (]
— Graph for Compaction Standard (2
e Graph for Compaction Standard (3

1% to 3% Above Optimum

12 13 i 15
Moisture Content (%)



1940

Ei 100KPa

1920

1880

860

Dry Density (kg/m*)

840
1820
1800

1780+

Ei 200kPa

1920

1900

880

860

Dry Density (kg/m*)

840
1820
1800

1780~

1920

Ei 400Kpa

g &

Dry Density (kg/m?)

1820

1780

ICOLD

27 CONGRESS
90™ ANNUAL
MEETING

1940
1920

1900

Dry Denstty (kg/m?)

1840

NOTE: Uncontrolied. undrained test

L rosults. 1820
€= Inial Tongontial modules
sMPe
—— Graph for Compaction Standard (1 —
0 —— Graph for Compacton Standard 2
— Graph for Compaction Standard (3
12 13 i 15 v‘s 1780 9
Moisture Content (%)
S 1940
E atoy =200 kPa
1920
1900 |
~Joy 1880

0102% Above Optimum

Dry Density (kg/m’)
g

20
1840 |
© NOTE: Uncerivaled, undrained tot s
7 It Tangentie mduies
—— Graph for Compaction Standard (1 1800
- —— Graph for Compaction Standard 2
— Graph for Compaction Standard &
12 3 14 15 16 87
Moisture Content (%)
£ #03 = 400 tPa
1940 |
1920 |
1900 |
1l \ o
4 E 1880 |
®
<
%
£ 101
010 2% Above Optimum g
z
1840 |
10 a
NOTE: Uik, ctoed e
1820 |
5MPa e it Tangenial mocdes
— Graph for Compaction Standard (1 | 1800 |
— Graph for Compaction Standard (2
e Groph for Compaction Standard (3
| 1780+
12 13 " 15 16 8

Moisture Content (%)

CIGB
27t CONGRES
90t*EREUNION

ANNUELLE

E at0y = 100kPs

INOTE: Uncorrolied, undrained tost
resulls |
~— Grwh o Gampic o R
— Graph for Compac 2

Gl o Campacton Sandord 3

1% 10 3% Above Optimum

Moisture Content (%)

£ atoy = 200kPa

NOTE: Uncontroled, undrained test
rosults

—— Graph for Compaction Stancard (1
— Graph for Compaction Standard (2
e Graph for Compaction Standard (3

L -1 % 1o 3% Above Optimum

10 " 2 I "
Moisture Content (%)

£ 0103 « 400kPa

led. undrained test

Un:
o

—— Graph for Compaction Standard (1

— Guaphfor

—— Graph for Compaction Standard (I

%

1% to 3% Above Optimum

10 " 2 " " 15
Moisture Content (%)




“ X MARSEILLE

, : TR ICOLD Lioe
: D'Ol,'j . \ 277 CONGRESS 2764 CONGRES
// s : 90™ ANNUAL 90 REUNION
5 .‘_ . o : ,"1‘ MEETING ANNUELLE
/7 g 4 , / 4
P44 / ' 4 y -

Geomechanical characteristics for water content variance

Property Water content variance (%)

O<w<2 -1<w<3
(Impervious Earthfill) Semi-pervious
Earthfill

Shear Strength (Phi) 1to8 30 to 33
(Degrees)
Cohesion (C) (kPa) +-30 to 90 52 to 55
Ei Modulus (MPa) 21010 10 to 62
(Sigma 3 = 100 kPa)
Ei Modulus (vpa) 2 to 15 15 to 92
(Sigma 3 = 200kPa)
Ei Modulus (vpa) 2 t0 25 20 to 135

(Sigma 3 = 400kPa)
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Placement 0%<w<2% Placement -1%<w<3%
(Impervious core earthfill) (Semi-pervious outer zone
earthfill)

Shear strength Phi and C vary more  Shear strength Phi and C variation
— but not so important for Is low which is important for
Embankment slope stability Embankment slope stability

Ei varies very little and less than for  Significant variance more than for
semi-pervious materials. (no impervious soils on Ei. Elasticity less
cracking of core) important for outer zones.
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From the above the following can be concluded:

e The Standard Proctor compaction standard should be used for
compaction of earthfill in embankment dams.

e As zoning for earthfill embankment dams into a central core and
outer zones with impervious and semi-pervious earthfill used in the
respective zones, the variation of water content during compaction of
the zone materials into 0% to 2% and -1% to 3% of the optimum
water content for the respective core and outer zones, provides the

required geomechanical parameters for earthfill; and

e provided the basis at Driekloof Dam for a design meeting elasticity

and no cracking requirements.
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