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1. Nomenclature

Symbol Definition

c cohesion of the soil of embankment fill

friction angle of soil of embankment fill

unit weight of soil of embankment fill

shear strength of soft soil

rupture strength of reinforcement per unit width

height of embankment

thickness of soft soil

surcharge

side slope gradient (nH : 1V)

interface coefficient between reinforcement and soft soil/embankment fill
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2. Design charts plotting ¢’ vs ¢, /vH for low rupture strength R/vH? =
0.1

2.1. Without surcharge q/~vH =0

The following charts present the relationship between angle of shearing resis-
tance ¢ in the embankment fill required to prevent failure as a function of the
normalised undrained shear strength of the soft soil ¢, /yH for various values of
¢ /vH, H/D, n. These charts relate to a reinforcement strength R/yH? = 0.1
and a zero surcharge condition. Collapse is independent of the values of interface
friction coefficient « studied (0.6, 0.8, 1.0).
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Figure 1: Required soil properties for embankment without surcharge and low
rupture strength reinforcement, n=2 (Note: Dash line part of the graph is
unstable with ¢/ = 0).
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Figure 2: Required soil properties for embankment without surcharge and low
rupture strength reinforcement, n=3.
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Figure 3: Required soil properties for embankment without surcharge and low
rupture strength reinforcement, n=4.



2.2. With surcharge q/~vH =0.1

The following charts present the relationship between angle of shearing resis-
tance ¢’ in the embankment fill required to prevent failure as a function of the
normalised undrained shear strength of the soft soil ¢, /yH for various values of
¢ /vH, H/D, n. These charts relate to a reinforcement strength R/yH? = 0.1
and a surcharge condition ¢/vH=0.1. Collapse is independent of the values of
interface friction coefficient « studied (0.6, 0.8, 1.0).
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Figure 4: Required soil properties for embankment with surcharge and low
rupture strength reinforcement, n=2.
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Figure 5: Required soil properties for embankment with surcharge and low
rupture strength reinforcement, n=3.
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Figure 6: Required soil properties for embankment with surcharge and low
rupture strength reinforcement, n=4.
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3. Design charts plotting ¢’ vs c,/vH for high rupture strength
R/yH? = 1.0

3.1. Without surcharge q/~vH =0

The following charts present the relationship between angle of shearing re-
sistance ¢’ in the embankment fill required to prevent failure as a function of
the normalised undrained shear strength of the soft soil ¢, /yH for various val-
ues of ¢//yH, H/D, n and a. These charts relate to a reinforcement strength
R/vH? = 1.0 and to a zero surcharge condition.

12
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Figure 7: Required soil properties for embankment without surcharge and high
rupture strength reinforcement, n=2, H/D=0.5 (Note: Dash line part of the
graph is unstable with ¢/ = 0).
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Figure 8: Required soil properties for embankment without surcharge and high
rupture strength reinforcement, n =2, H/D=1.0 (Note: Dash line part of the
graph is unstable with ¢/ = 0).
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Figure 9: Required soil properties for embankment without surcharge and high
rupture strength reinforcement, n=2, H/D=1.5 (Note: Dash line part of the
graph is unstable with ¢’ = 0).
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Figure 10: Required soil properties for embankment without surcharge and high
rupture strength reinforcement, n=3, H/D=0.5.
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Figure 11: Required soil properties for embankment without surcharge and high
rupture strength reinforcement n=3, H/D=1.0.
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Figure 12: Required soil properties for embankment without surcharge and high
rupture strength reinforcement n=3, H/D=1.5.

18



H/D=0.5, 1V:4H, q/yH=0, R/yH?=1.0, a=1.0

-6-c'/yH=0.00 —&—c'/yH=0.02 -8-c'/yH=0.04 —%c'/yH=0.06 —&~c'/yH=0.08 -e~c'/yH=0.10

50

45

40

B 35

30

25

20

0.094

N

NN

NN\
N
INNN

N
NN

N

0.096

0.098
¢/

0.100

0.102

H/D=0.5, 1V:4H, q/yH=0, R/yH?=1.0, a=0.8

0.104

=©-c'/yH=0.00 —A—c'/yH=0.02 =8~c'/yH=0.04 —=%¢c'/yH=0.06 —==c'/yH=0.08 —@-c'/yH=0.10

50

45

40

S 35

30

25

20

0.098

PP

N

NN

0.100

0.102 0.104

¢, /WM

H/D=0.5, 1V:4H, q/yH=0, R/yH?=1.0, a=0.6

-©-c'/yH=0.00 —&—c'/yH=0.02 -8~c'/yH=0.04 —&c'/yH=0.06 =m~c'/yH=0.08 -e—-c'/yH=0.10

50

45

40

B 35

AN

ANN

N
N

LN

&\\\x
N
) AN

\\\\\
NN

0.102 0.104 0.106 0.108 0.110
c/YH

0.112 0.114 0.116

Figure 13: Required soil properties for embankment without surcharge and high
rupture strength reinforcement n=4, H/D=0.5.
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Figure 14: Required soil properties for embankment without surcharge and high
rupture strength reinforcement n=4, H/D=1.0.
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H/D=1.5, 1V:4H, q/yH=0, R/yH?=1.0, a=1.0
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Figure 15: Required soil properties for embankment without surcharge and high
rupture strength reinforcement n=4, H/D=1.5.
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3.2. With surcharge q/~vH =0.1

The following charts present the relationship between angle of shearing re-
sistance ¢’ in the embankment fill required to prevent failure as a function of
the normalised undrained shear strength of the soft soil ¢, /yH for various val-
ues of ¢//yH, H/D, n and a. These charts relate to a reinforcement strength
R/yH? = 1.0 and a surcharge condition ¢/yH=0.1.
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H/D=0.5, 1V:2H, q/yH=0.1, R/yH?=1.0, a=1.0
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Figure 16: Required soil properties for embankment with surcharge and high
rupture strength reinforcement n=2, H/D=0.5.
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H/D=1.0, 1V:2H, q/yH=0.1, R/yH?=1.0, a=1.0
——C'/yH=0.02  -B-C'/yH=0.04  —c'/yH=0.06  —m~c'/yH=0.08  -e-c'/yH=0.10

N x\\\
< NN
NN

IS R R I N NN N N

0.088 009  0.092  0.094 0.9 0098 0100 0.102  0.104
c/WH

H/D=1.0, 1V:2H, q/yH=0.1, R/yH?=1.0, a=0.8
——C'/yH=0.02  -8-C'/yH=0.04  =c'/yH=0.06  =m=c'/yH=0.08  -e~c'/yH=0.10

IR

NEERANNN
. NN
. AN,
2 \\\ ~.

) AN

0.092 0.096 0.100 0.104 0.108 0.112
c/WH

4

H/D=1.0, 1V:2H, q/yH=0.1, R/yH?=1.0, a=0.6
——c'/yH=0.02 -8-c'/yH=0.04 =>c'/yH=0.06 —a—c'/yH=0.08 -e—c'/yH=0.10
50

- NN
. AN
AN

. \\\\\\
. NN

0.095 0.100 0.105 0.110 0.115 0.120

¢/

A

Figure 17: Required soil properties for embankment with surcharge and high
rupture strength reinforcement n=2, H/D=1.0.
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H/D=1.5, 1V:2H, q/yH=0.1, R/yH?=1.0, a=1.0
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Figure 18: Required soil properties for embankment with surcharge and high
rupture strength reinforcement n=2, H/D=1.5.
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H/D=0.5, 1V:3H, q/yH=0.1, R/yH?=1.0, a=1.0
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Figure 19: Required soil properties for embankment with surcharge and high
rupture strength reinforcement n=3, H/D=0.5.
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H/D=1.0, 1V:3H, q/yH=0.1, R/yH?=1.0, a=1.0
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Figure 20: Required soil properties for embankment with surcharge and high
rupture strength reinforcement n=3, H/D=1.0.
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H/D=1.5, 1V:3H, q/yH=0.1, R/yH?>=1.0, a=1.0
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Figure 21: Required soil properties for embankment with surcharge and high
rupture strength reinforcement n=3, H/D=1.5.
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H/D=0.5, 1V:4H, q/yH=0.1, R/yH?=1.0, a=1.0
—&—c'/yH=0.02 -8-c'/yH=0.04 —c'/yH=0.06 —a—c'/yH=0.08 -e—c'/yH=0.10
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Figure 22: Required soil properties for embankment with surcharge and high
rupture strength reinforcement n=4, H/D=0.5.
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H/D=1.0, 1V:4H, q/yH=0.1, R/yH?=1.0, a=1.0
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Figure 23: Required soil properties for embankment with surcharge and high
rupture strength reinforcement n=4, H/D=1.0.
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H/D=1.5, 1V:4H, q/yH=0.1, R/yH?=1.0, a=1.0
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Figure 24: Required soil properties for embankment with surcharge and high
rupture strength reinforcement n=4, H/D=1.5.
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4. Design charts plotting ¢, /vH vs R/~H? for various values of H/D

The following charts present the relationship between the normalised undrained
shear strength of the soft soil required for stability plotted against normalised
reinforcement strength.
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Figure 25: Required undrained shear strength for stability plotted against re-
inforcement strength for ¢//vH = 0, ¢’ = 30°, 1V:2H, and a = 0.8. Thin lines
indicate a bilinear fit. The maximum error in using this fit occurs approximately
between 0.5 — 0.6R;, and is around 8% in ¢, /vH or 20% in R/yH?, where Ry,
is the limiting (lowest) value of R for any curve.

32



0.20

-----II-I/D=0.5
= H/D=1.0
0.16 [ - . H/D=15 |
\\ ===H/D=2.0
0.12 ~ B RRR AT ey
; B \\
N
g \\\ N = ~$
0.08 =\\;.\}
0.04
0.00
0.0 0.2 0.4 0 .8 1.0 1.2 1.4

.6 0
R/YH?

Figure 26: Required undrained shear strength for stability plotted against rein-
forcement strength for ¢//yH = 0.1, ¢’ = 50°, 1V:2H, and a = 0.8. Thin lines
indicate a bilinear fit. The maximum error in using this fit occurs approximately
between 0.5 — 0.6 Ry, and is around 15% in ¢, /vH or 60% in R/yH?, where Ry,
is the limiting (lowest) value of R for any curve.
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