
Structural design of buried 
pipelines under various
conditions of loading

Environmental Provida

Landfill basal drainage system
Pipe Modelled: " 180mm SDR11 perf"
Date Modelled:

Calculations based upon BS EN 1295 -1: 1998



NA.2 Symbols used in this calculation

B c Outside diameter of pipe
B d Effective width of trench
C c Soil load coefficient in embankment conditions
C d Soil load coefficient in trench conditions
C L Soil modulus adjustment factor
C w Water load coefficient
D Mean diameter of pipe
D f Strain factor
D L Deflection lag factor
E L Long term modulus of elasticity of pipe material
E s Short term modulus of elasticity of pipe material

E '
2 Modulus of soil reaction

E' 3 Modulus of native soil reaction
E' Overall modulus of soil reaction
F s Factor of safety
H Depth of cover to top of pipe
I Second moment of area of unit length of pipe wall
P Vertical pressure due to soil and surcharge combined
P cr Critical pressure for buckling of flexible pipes
P crl Long term critical pressure
P crs Short term critical pressure
P e Vertical soil pressure
P i Pipe internal pressure

P s Surcharge pressure
t Pipe wall thickness
γ Unit weight of soil
γ w Unit weight of water
∆ Pipe diameter change



Figure NA.2 Flowchart for pipeline design with thermoplastic pipes

Assemble basic data (diameter,
depth, location, native soil

properties and working pressure)

Calculate soil pressure from 
equation 20

Obtain surcharge pressure from
figures NA.6, NA.7, NA.8 

or NA.9

Total external design pressure
from equation 15

Select pipe stiffness class and
establish design limits for

ovalization, stress and strain

Select pipe surround material,
compaction and trench width, and

obtain modulus of soil reaction
using table NA.6 and equation 16

No

No
Check buckling stability Is cover depth ≥ 1,5m?

from equation 22. Is
factor of safety ≥ 1,5?

Yes

Yes

Check buckling stability from
equation 21. Is factor of safety

≥ 2,0?

Yes

No Yes
Is combined stress Does the pipeline have an internal
from equation 25 pressure?

acceptable?

No
Yes

Is ovalization calculated from
equation 23 acceptable?

Yes

Design acceptable



Table NA.1 Guide values of Spangler modulus for native soils

Soil type Spangler modulus for soils in various conditions (MN/m2)

Very dense Dense Medium dense Loose Very loose

Gravel Over 40 15 to 40 9 to 15 5 to 9 3 to 5

Sand 15 to 20 9 to 15 4 to 9 2 to 4 1 to 2

Clayey, silty sand 10 to 15 6 to 10 2.5 to 6 1.5 to 2.5 0.5 to 1.5

Clay Very hard 11 to 14

Hard 10 to 11

Very Stiff 6 to 10

Stiff 4 to 6

Firm 3 to 4

Soft 1.5 to 3

Very soft 0 to 1.5



Table NA.6 Flexible and semi-rigid pipe embedment properties

Embedment Compaction Modulus of Deflection Strain factor Df for various pipe stiffnesses - see (1
class as M p soil lag factor
table NA.8 reaction D L  2)

deflection E' 2

coefficient
K x

% MN/m2 KN/m2

1.25 2.5 5 10 15 30 or
more

Class S1 Uncompacted 5 1.5 4.7 4.5 4.3 4 3.75 3
Kx=0.083 80 7 1.25 4.7 4.5 4.3 4 3.75 3

85 7 1 4.7 4.5 4.3 4 3.75 3.25
90 10 1 4.7 4.5 4.3 4 3.75 3.5
95 14 1 - - - - 3.75 3.5

Class S2 Uncompacted 3 1.5 4.7 4.5 4.3 4 3.75 3
Kx=0.083 80 5 1.25 4.7 4.5 4.3 4 3.75 3

85 7 1 4.7 4.5 4.3 4 3.75 3.25
90 10 1 4.7 4.5 4.3 4 3.75 3.5
95 20 1 - - - - - 3.5

Class S3 85 5 1.5 6.2 5.5 4.75 4.25 4 3.25
Kx=0.100 90 7 1.25 7.75 6.6 5.5 4.7 4.25 3.5

95 14 1 - - - - 4.75 3.5

Class S4 85 3 1.5 6.2 5.5 4.75 4.25 4 3.5
Kx=0.100 90 5 1.25 7.75 6.6 5.5 4.7 4.25 3.5

95 10 1 - - - - 4.75 3.5

Class S5 85 1 3 - - - - 4 3.5
Kx=0.100 90 3 2 - - - - 4.25 3.5

95 7 1.25 - - - - 4.5 3.5
 

Class B1 85 5 1.5 - - - 5 4 3.5
Kx=0.083 90 7 1.25 - - - 5.5 4.25 3.5

  
Class B2 85 3 2 - - - 5.5 4.25 3.5
Kx=0.083 90 5 1.75 - - - 6 5 3.5

1) Pipe stiffnesses referred to in this table are initial values
2) Where the designer can be certain that initial pressurisation will take place within one year of backfilling, a value of
1.0 may be taken for the deflection lag factor

Note 1. - For construction details of embedment classes see table NA.8
Note 2. - Quated values for E'2 assume the pipeline will be installed below groundwater
Note 3. - Mp indicates modified Proctor density and corresponds to the heavy compaction test in BS 1377
Note 4. - For Landfill it is assumed that most plastic basal drainage pipes will be surrounded by cell drainage blanket stone

which is normally processed granular material of a single size (minimum fines), therefore embedment class most appropriate is Class S1



Table NA.8 Semi-rigid and flexible pipe embedments 

Embedment Embedment configuration Bed and sidefill materials Notes
class
S1 Class S1 : Gravel (single sized) Normally processed granular 

Class S2 : Gravel (graded) material
and S2

S3 - S5 Class S3 : Sand and coarse These represent 'as dug' soils,
grained soil with more than and require particularly close
12% fines control when used with low 
Class S4 : Coarse grained soil stiffness pipe
with more than 12% fines 

OR
Fine grained soil, liquid limit
less than 50%, medium to no 
plasticity and more than 25%
coarse grained material

Class S5 : Fine grained soil, Class S5 only recommended
liquid limit less than 50%, for use with semi-rigid pipes
 medium to no plasticity and 
more than 25% coarse grained 
material

B1 and B2 Class B1: Class B embedments not 
Upper surround as for S3 or S4 recommended for use with
Lower surround as for S1 or S2 pipes of less than 10 kN/m2

stiffness
0.7D

Class B2:
Upper surround as for S5
Lower surround as for S1 or S2

D As for S3, S4 or S5 Only suitable for semi-rigid 
pipes with high beam strength
Soil properties from table NA.6,
except Kx=0.110

Note 1. See Table NA.6 for design parameters for embedment classes

Note 1. - For Landfill it is assumed that most plastic basal drainage pipes will be surrounded by cell drainage blanket stone
                  which is normally processed granular material of a single size (minimum fines), therefore embedment class most appropriate is Class S1
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Structural design of buried 
pipelines under various
conditions of loading

Environmental Provida

Landfill basal drainage system
Pipe Modelled: " 450mm SDR17.6 Plain Pipe "
Date Modelled:

Calculations based upon BS EN 1295 -1: 1998



NA.2 Symbols used in this calculation

B c Outside diameter of pipe
B d Effective width of trench
C c Soil load coefficient in embankment conditions
C d Soil load coefficient in trench conditions
C L Soil modulus adjustment factor
C w Water load coefficient
D Mean diameter of pipe
D f Strain factor
D L Deflection lag factor
E L Long term modulus of elasticity of pipe material
E s Short term modulus of elasticity of pipe material

E '
2 Modulus of soil reaction

E' 3 Modulus of native soil reaction
E' Overall modulus of soil reaction
F s Factor of safety
H Depth of cover to top of pipe
I Second moment of area of unit length of pipe wall
P Vertical pressure due to soil and surcharge combined
P cr Critical pressure for buckling of flexible pipes
P crl Long term critical pressure
P crs Short term critical pressure
P e Vertical soil pressure
P i Pipe internal pressure

P s Surcharge pressure
t Pipe wall thickness
γ Unit weight of soil
γ w Unit weight of water
∆ Pipe diameter change



Figure NA.2 Flowchart for pipeline design with thermoplastic pipes

Assemble basic data (diameter,
depth, location, native soil

properties and working pressure)

Calculate soil pressure from 
equation 20

Obtain surcharge pressure from
figures NA.6, NA.7, NA.8 

or NA.9

Total external design pressure
from equation 15

Select pipe stiffness class and
establish design limits for

ovalization, stress and strain

Select pipe surround material,
compaction and trench width, and

obtain modulus of soil reaction
using table NA.6 and equation 16

No

No
Check buckling stability Is cover depth ≥ 1,5m?

from equation 22. Is
factor of safety ≥ 1,5?

Yes

Yes

Check buckling stability from
equation 21. Is factor of safety

≥ 2,0?

Yes

No Yes
Is combined stress Does the pipeline have an internal
from equation 25 pressure?

acceptable?

No
Yes

Is ovalization calculated from
equation 23 acceptable?

Yes

Design acceptable



Table NA.1 Guide values of Spangler modulus for native soils

Soil type Spangler modulus for soils in various conditions (MN/m2)

Very dense Dense Medium dense Loose Very loose

Gravel Over 40 15 to 40 9 to 15 5 to 9 3 to 5

Sand 15 to 20 9 to 15 4 to 9 2 to 4 1 to 2

Clayey, silty sand 10 to 15 6 to 10 2.5 to 6 1.5 to 2.5 0.5 to 1.5

Clay Very hard 11 to 14

Hard 10 to 11

Very Stiff 6 to 10

Stiff 4 to 6

Firm 3 to 4

Soft 1.5 to 3

Very soft 0 to 1.5



Table NA.6 Flexible and semi-rigid pipe embedment properties

Embedment Compaction Modulus of Deflection Strain factor Df for various pipe stiffnesses - see (1
class as M p soil lag factor
table NA.8 reaction D L  2)

deflection E' 2

coefficient
K x

% MN/m2 KN/m2

1.25 2.5 5 10 15 30 or
more

Class S1 Uncompacted 5 1.5 4.7 4.5 4.3 4 3.75 3
Kx=0.083 80 7 1.25 4.7 4.5 4.3 4 3.75 3

85 7 1 4.7 4.5 4.3 4 3.75 3.25
90 10 1 4.7 4.5 4.3 4 3.75 3.5
95 14 1 - - - - 3.75 3.5

Class S2 Uncompacted 3 1.5 4.7 4.5 4.3 4 3.75 3
Kx=0.083 80 5 1.25 4.7 4.5 4.3 4 3.75 3

85 7 1 4.7 4.5 4.3 4 3.75 3.25
90 10 1 4.7 4.5 4.3 4 3.75 3.5
95 20 1 - - - - - 3.5

Class S3 85 5 1.5 6.2 5.5 4.75 4.25 4 3.25
Kx=0.100 90 7 1.25 7.75 6.6 5.5 4.7 4.25 3.5

95 14 1 - - - - 4.75 3.5

Class S4 85 3 1.5 6.2 5.5 4.75 4.25 4 3.5
Kx=0.100 90 5 1.25 7.75 6.6 5.5 4.7 4.25 3.5

95 10 1 - - - - 4.75 3.5

Class S5 85 1 3 - - - - 4 3.5
Kx=0.100 90 3 2 - - - - 4.25 3.5

95 7 1.25 - - - - 4.5 3.5
 

Class B1 85 5 1.5 - - - 5 4 3.5
Kx=0.083 90 7 1.25 - - - 5.5 4.25 3.5

  
Class B2 85 3 2 - - - 5.5 4.25 3.5
Kx=0.083 90 5 1.75 - - - 6 5 3.5

1) Pipe stiffnesses referred to in this table are initial values
2) Where the designer can be certain that initial pressurisation will take place within one year of backfilling, a value of
1.0 may be taken for the deflection lag factor

Note 1. - For construction details of embedment classes see table NA.8
Note 2. - Quated values for E'2 assume the pipeline will be installed below groundwater
Note 3. - Mp indicates modified Proctor density and corresponds to the heavy compaction test in BS 1377
Note 4. - For Landfill it is assumed that most plastic basal drainage pipes will be surrounded by cell drainage blanket stone

which is normally processed granular material of a single size (minimum fines), therefore embedment class most appropriate is Class S1



Table NA.8 Semi-rigid and flexible pipe embedments 

Embedment Embedment configuration Bed and sidefill materials Notes
class
S1 Class S1 : Gravel (single sized) Normally processed granular 

Class S2 : Gravel (graded) material
and S2

S3 - S5 Class S3 : Sand and coarse These represent 'as dug' soils,
grained soil with more than and require particularly close
12% fines control when used with low 
Class S4 : Coarse grained soil stiffness pipe
with more than 12% fines 

OR
Fine grained soil, liquid limit
less than 50%, medium to no 
plasticity and more than 25%
coarse grained material

Class S5 : Fine grained soil, Class S5 only recommended
liquid limit less than 50%, for use with semi-rigid pipes
 medium to no plasticity and 
more than 25% coarse grained 
material

B1 and B2 Class B1: Class B embedments not 
Upper surround as for S3 or S4 recommended for use with
Lower surround as for S1 or S2 pipes of less than 10 kN/m2

stiffness
0.7D

Class B2:
Upper surround as for S5
Lower surround as for S1 or S2

D As for S3, S4 or S5 Only suitable for semi-rigid 
pipes with high beam strength
Soil properties from table NA.6,
except Kx=0.110

Note 1. See Table NA.6 for design parameters for embedment classes

Note 1. - For Landfill it is assumed that most plastic basal drainage pipes will be surrounded by cell drainage blanket stone
                  which is normally processed granular material of a single size (minimum fines), therefore embedment class most appropriate is Class S1
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