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Main outcomes 

1. Limit equilibrium method 

2. Spring analogy: method of subgrade reaction, p-y curves 

3. Continuum media approach 

4. Requirements of the PD 6694-1 
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Introduction 
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Example #1 

General Arrangement 

20m 

2
m

 
2

2
m

 

Soft clay 

Backfill Class 6N 

Bearing stratum 

1m thk. concrete slab 

1m thk. abutment wall 

750mm dia. piles 
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Limit equilibrium methods 

• Depth of soil affected by abutment 

movement can be identified without soil-

structure interaction analysis 

• thermal movement ≤ 40 mm; 

• skew ≤ 30° 

 

Soil–structure interaction 

• Depth of soil affected by abutment 

movement cannot be easily identified 

unless a soil-structure interaction analysis 

is performed 

• thermal movement > 40 mm; 

• skew > 30° 

• over-consolidated backfill material 

• layered soils 

5 

Methods of analysis (according to PD 6694-1) 

Limit equilibrium methods 

• Depth of soil affected by abutment 

movement can be identified without soil-

structure interaction analysis 

• thermal movement ≤ 40 mm; 

• skew ≤ 30° 

 

Example #2 

PD 6694-1:2011 9.4.4 

• Horizontal soil pressures on end screen and 

abutments that accommodate thermal movements by 

translation without rotation 
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Example #1 

Earth pressure 

Backfill 

 

Material properties 

 

 

Lateral earth coefficients 

 

 

 

 

 

→ Class 6N (MCHW specs) 

 

→ γ = 20kN/m³ 

→ φ = 35° 

 

 

→ K* = ? 

→ K0;max = 0.43 

→ Kmin = 0.15 

→ K0;min = 0.29 

 

 

 

K0;max 

Kmin 

K0;min 

K* 

Maximum contraction Maximum expansion 



MIDAS Academy 7 

Example #1 

Model 

Piles modelled as 

beam elements 

Deck modelled as 

shell elements 

Abutment modelled as 

shell elements 

Pile tips assumed 

fully fixed 
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Example #1 

Click ‘Point Spring’. 

4 

5 

8 

3 
Select ‘Forces-

Deformation Function’ 

Pile springs – user-defined p-y curves (not used on this example)  

Click 

‘Boundary’ tab. 

1 

Click ‘Add’ 

Click ‘Symmetric’ 6 Type name 

Enter values 7 
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2 

Example #1 

Click ‘Point Spring’. 

4 

5 

7 

3 Select ‘Point spring’ 

Pile springs – user-defined p-y curves (not used on this example)  

Click 

‘Boundary’ tab. 

1 

Select ‘Multi-linear’ 

Click ‘Symmetric’ 

Choose 

direction 

6 



MIDAS Academy 

10 

3 

Example #1 

Click ‘Integral bridge’. 

4 

5 

6 

1 

Double Click ‘Pile750’ 

to select all piles. 

Pile springs – built-in p-y curves (not used on this example)  

Click 

‘Boundary’ tab. 

2 

Select ‘Pile spring’ 

Define soil parameters 

Note. 

Suitability of the built-in p-y curves 

should be confirmed in a case-by-case 

basis. 
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Example #1 

Click ‘Surface spring’. 

4 

5 

6 

7 

8 

9 

1 

Double Click ‘Pile750’ 

to select all piles. 

Pile springs – Method of subgrade reaction 

Note. 

We will be using the method of 

subgrade reaction (linear springs) 

Click 

‘Boundary’ tab. 

2 

Equivalent to pile 

diameter 750mm 

Modulus of subgrade 

reaction 10000 kN/m³ 
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Example #1 

Pile springs – Method of subgrade reaction 

Surface springs are 

shown as dashed lines 
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Example #1 

Temperature loads 

Select all deck 

elements 

1 

2 

Select front view 
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Example #1 

Temperature loads 

2 

Click ‘Temp./Prestress’ 

Click ‘Load’ tab. 1 

Click ‘Element Temp.’ 
3 
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Example #1 

Temperature loads 

1 

Select load case ‘T+’ 

Assign +30 °C 

2 

3 

4 Select deck elements again 

5 

Select load case ‘T-’ 

Assign -30 °C 

6 

7 
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Example #1 

Earth pressure 

Thermal movement range – characteristic value: dk = 6 mm 
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PD 6694-1:2011 9.4.3 
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Example #1 

Earth pressure 

γ · h · K 

γ h q

[kN/m³] [m] [kN/m²]

K* 3.00 20 2 120

K0max 0.43 20 2 17.2

K0min 0.29 20 2 11.6

Kmin 0.15 20 2 6

𝑑𝑑 =
1

2
𝑑𝑘(1 + Ψ𝛾𝑄) 

𝐾∗ = 𝐾0 +
40𝑑𝑑

′

𝐻

0.4

𝐾𝑝;𝑡 

 K0 dk  Q dd H Kpt K*

mm mm mm

35.0 0.43 6.0 1 1.55 7.7 2500 5.88 3.0
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Example #1 

Earth pressure 

Select the abutments 

1 

Select ‘Hydrostatic Pressure’ 

2 
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Example #1 

Earth pressure 

1 

Select load case ‘K*’ 

Assign -60 kN/m³ 

3 

Select ‘Local z’ 
2 

4 

Repeat for load cases: 

  K0max: -8.6 kN/m³ 

  K0,min: -5.8 kN/m³ 

  Kmin: -3.0 kN/m³ 
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Example #1 

Envelopes 

K0;max 

Kmin 

K0;min 

K* 

Maximum contraction Maximum expansion 

Maximum compression on the deck  

Maximum bending on abutment walls 

Maximum tension on the deck 

Maximum pile bending away from soil 
(temperature drop + shrinkage) 

Maximum pile bending towards soil 
(temperature raise) 



MIDAS Academy 21 

Example #1 

Envelopes 
2 

Click ‘Load Combination’ 

Click ‘Results’ tab 1 

3 
Create 4 combinations: 

K* + T+ 

K0min + T+ 

K0max + T- 

Kmin + T- 
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Example #1 

Envelopes 

K0,min + Expansion  

maximum moment in piles in expansion 

K0,max + Contraction 

maximum moment in piles in contraction 
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Bearing stratum 

23 

Example #2 

General arrangement 

30m 

7
m

 
1

3
m

 

Clay 

Backfill Class 6N 
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Soil–structure interaction 

• Depth of soil affected by abutment 

movement cannot be easily identified 

unless a soil-structure interaction analysis 

is performed 

• thermal movement > 40 mm; 

• skew > 30° 

• over-consolidated backfill material 

• layered soils 

24 

Methods of analysis (according to PD 6694-1) 

Limit equilibrium methods 

• Depth of soil affected by abutment 

movement can be identified without soil-

structure interaction analysis 

• thermal movement ≤ 40 mm; 

• skew ≤ 30° 

 

Example #2 

PD 6694-1:2011 9.4.5 Horizontal earth pressures on 

full height frame abutments on piles and embedded 

wall abutments (soil– structure interaction analysis) 



MIDAS Academy 25 

Example #2 

Material properties (PD 6694-1:2011 Annex A) 

Determine 

dd 

Assume:  

 

 

 

Derive soil 

properties 

with 𝐻′, 𝑑𝑑
′  

Apply 

expansion 

dd 

Identify 

depth 

where 

σH=K0 σV 

Calculate 

d’d and H’ 

Step #1 Step #2 Step #3 Step #5 Step #6 Step #7 

Significantly different 

Not significantly different 

End 

Apply 

contraction 

dd/2 

Step #4 

𝐻′ = 𝐻 
𝑑𝑑
′ = 0.5𝑑𝑑 

𝑑𝑑
′ = 0.7𝑑𝑑 

(Rigid) 

(Flexible) 

Compare with values  

used on step #3 

PD 6694-1:2011 Annex A 
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Example #2 

Material properties (PD 6694-1:2011 Annex A) 

 35

K0 0.43

γ 20 kN/m³

ν 0.2

d' 6.3 mm

H' 7 m

d'/H' 9.00E-04

RF,G 16

z σV σm G E Ed Ed

m kN/m² kN/m² kN/m² kN/m² kN/m² MPa

1 0.25 5 3.088079 6185.671 14845.6 22268.42 22.3

2 0.75 15 9.264236 10713.9 25713.4 38570.03 38.6

3 1.25 25 15.44039 13831.58 33195.8 49793.69 49.8

4 1.75 35 21.61655 16365.75 39277.8 58916.69 58.9

5 2.25 45 27.79271 18557.01 44536.8 66805.25 66.8

6 2.75 55 33.96886 20515.55 49237.3 73855.98 73.9

7 3.25 65 40.14502 22302.75 53526.6 80289.92 80.3

8 3.75 75 46.32118 23957 57496.8 86245.21 86.2

9 4.25 85 52.49734 25504.18 61210.0 91815.03 91.8

10 4.75 95 58.67349 26962.72 64710.5 97065.78 97.1

11 5.25 105 64.84965 28346.31 68031.1 102046.7 102.0

12 5.75 115 71.02581 29665.44 71197.0 106795.6 106.8

13 6.25 125 77.20196 30928.36 74228.1 111342.1 111.3

14 6.75 135 83.37812 32141.69 77140.1 115710.1 115.7

0

1

2

3

4

5

6

7

8

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0

D
e
p
th

. 
[m

] 

Ed [MPa] 
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Example #2 

General arrangement 

Backfill Class 6N 
ϕ = 35°, c=0 

E = variable  
ν = 0.3 
γ = 20 kN/m³  

Structural elements from 
MIDAS Civil 
 

Medium clay 
ϕ = 25°, c = 100 kN/m² 

E = 40 MPa 
ν = 0.33 
γ = 18 kN/m³  

Note. 

We will be using a Mohr-

Coloumb ground model 

500mm strips 
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Example #2 

General arrangement 

2 

Select ‘Structure type’ 

Select ‘Structure’ tab 1 

Select ‘X-Y Plane’ 

3 

Note. 

This is a simplified example in 2D, 

but same approach is applicable 

to complex 3D problems 
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Example #2 

Model 

2 

Select ‘Create Nodes’ 

Input coordinates 0,0,0 

Input distances 0,0,0 

3 

4 

5 

Select ‘Node/Element’ tab 1 
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Example #2 

Model 

Select ‘Extrude’ 

2 

Select Node 

1 

Select ‘Node -> 
Line Element’ 

Input 15,0,0 

3 

4 

5 



MIDAS Academy 31 

Example #2 

Model 

Select ‘Extrude’ 

2 

Select Node 

1 

Select ‘Node -> 
Line Element’ 

Input 0,-0.5,0 

3 

4 

6 

Input 40 
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Example #2 

Midas Civil model 

Note. 

We are modelling a 1m strip of half of 

the structure along plane of symmetry.  

750mm dia. piles 

1000mm thk. 

abutment 1500mm thk. 

deck 

All elements 

C40/50 
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Example #2 

Midas Civil model 

 
1 

2 

3 

3 4 
Note. 

Most MIDAS Civil definitions can be 

exported using *.mxt files. 
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Example #2 

Exchange file *.mxt 

Note. 

*.mxt files are text input files. You can 

modify or create files to manipulate 

your MIDAS GTS models 
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Example #2 

Importing to MIDAS GTS NX 

4 

Select ‘New’ 

2 

1 

Select ‘2D’ 3 
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Example #2 

Importing to MIDAS GTS NX 

Select ‘Import’ 

2 

1 

3 

Select 

‘midas Mxt’ 

4 

Select file 

5 
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Example #2 

Create FE mesh for surrounding soil 

Existing 

ground 

Backfill 

1
3

m
 

7
m

 
15m 50m 

Select 

‘Rectangle’ 

1 

Create 2 

surfaces 

3 

2 

Tick on 

‘Make face’ 
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Example #2 

Create FE mesh for surrounding soil 

Select ‘Mesh’ tab 

1 

Select ‘2D’ 

2 

3 

Select ‘Size’ 0.5 

Name the mesh 

4 
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Example #2 

Boundary conditions 

Select 

‘Constraint’ 

2 

Select 

‘Static/Slope tab’ 
1 

Select ‘Auto’ 

3 

Select ‘Tx’ 
and ‘Ry’ 

4 

7 

Select ‘Advanced’ 

6 

Select Nodes 

5 

8 
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Example #2 

Materials 

Select ‘Mesh’ tab 

1 

Select 

‘Material’ 

2 

Select ‘Import 
from Excel’ 
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Example #2 

Property assignment 

Select 

‘Property’ 

1 

Create properties 

for all imported 

soil materials 

Use plane strain 

elements 

2 

3 
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Example #2 

Property assignment 

Assign properties to 

existing ground and 

each layer of backfill 

1 
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Example #2 

Self-weight 

Select 

‘Self-weight’ 

Select 

‘Static/Slope tab’ 
1 

2 

Gravity in Y direction, 

we are working on the 

X-Y plane 
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Example #2 

Thermal loads 

Select ‘Element 
temperature’ 

1 

Type ‘Contraction’  3 

Type -30 4 

Type ‘Contraction’  

5 

Select deck 

element 2 

Type ‘Expansion’  7 

Type 60 8 

Type ‘Expansion’  

9 

6 
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Example #2 

Construction stages 

Select 

‘Stage Set’ 

1 
2 

Type name 3 
Click 

‘Add' 

Click ‘Define CS…' 4 
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Example #2 

Construction stages 
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Example #2 

Construction stages 
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Example #2 

Construction stages 
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Example #2 

Construction stages 

Tick ‘Clear 
Displacement’ 
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Example #2 

Construction stages 
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Example #2 

Analysis Case 

Select 

‘General’ 

Select ‘Analysis’ tab 1 

2 
Type name 

Select ‘Construction 
Stage’ 

Select Construction 

Stage Name 

3 

4 

5 
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Example #2 

Set up analysis 

Select 

‘Perform’ 
1 
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Example #2 

Results 

Select 

‘Expansion’ 

Select ‘Results’ tab 1 

2 

Select ‘S-XX TOTAL’ 3 
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Example #2 

Results 

Select 

‘Cutting Diag.’ 

Select ‘Result’ tab 1 

2 

Type in name 3 

Type in coordinates 4 

Select (+)X Dir. 5 Type in 40 

6 

7 
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Example #2 

Results 

Right-click ‘Back’ 
On-curve Diagram 

1 

Select ‘Show Table’ 2 

Select values 3 
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Example #2 

Extract results 

-25

-20

-15

-10

-5

0

-200.0 -150.0 -100.0 -50.0 0.0

-25

-20

-15

-10

-5

0

0.0 2.0 4.0 6.0 8.0 10.0

H' = 5.5m 

dd' = 6mm 

H' /2 
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Example #2 

Recalculate material properties 

0

1

2

3

4

5

6

7

8

0.0 20.0 40.0 60.0 80.0 100.0 120.0

D
e
p
th

. 
[m

] 

Ed [MPa] 

d' 6.4 mm

H' 5.5 m

d'/H' 1.16E-03

RF,G 14

z σV σm G E Ed Ed

m kN/m² kN/m² kN/m² kN/m² kN/m² MPa

1 0.25 5 3.088079 5412.462 12989.9 19484.86 19.5

2 0.75 15 9.264236 9374.66 22499.2 33748.78 33.7

3 1.25 25 15.44039 12102.63 29046.3 43569.48 43.6

4 1.75 35 21.61655 14320.03 34368.1 51552.11 51.6

5 2.25 45 27.79271 16237.39 38969.7 58454.59 58.5

6 2.75 55 33.96886 17951.11 43082.7 64623.98 64.6

7 3.25 65 40.14502 19514.91 46835.8 70253.68 70.3

8 3.75 75 46.32118 20962.38 50309.7 75464.56 75.5

9 4.25 85 52.49734 22316.15 53558.8 80338.15 80.3

10 4.75 95 58.67349 23592.38 56621.7 84932.55 84.9

11 5.25 105 64.84965 24803.02 59527.2 89290.87 89.3

12 5.75 115 71.02581 25957.26 62297.4 93446.13 93.4

13 6.25 125 77.20196 27062.31 64949.5 97424.32 97.4

14 6.75 135 83.37812 28123.98 67497.6 101246.3 101.2
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Example #2 

Update model, recalculate and extract results 

-25

-20

-15

-10

-5

0

-200.0 -150.0 -100.0 -50.0 0.0

-25

-20

-15

-10

-5

0

0.0 2.0 4.0 6.0 8.0 10.0

H' = 5.5m 

dd' = 6.4mm 

H' /2 


