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Measurement and Results

„Pipe-Jacking Simulator“ 
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144 Strain Gauges

„Pipe-Jacking Simulator“ – Measurement Instrumentation

IK
T 

-I
ns

tit
ut

e 
fo

rU
nd

er
gr

ou
nd

 In
fr

as
tr

uc
tu

re

47 Position Encoders

„Pipe-Jacking Simulator“ – Measurement Instrumentation
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20 Tekscan Pressure 
Measurement Sensors

„Pipe-Jacking Simulator“ – Measurement Instrumentation
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Pressure Cushions 

„Pipe-Jacking Simulator“ – Pipe Bedding
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re „Pipe-Jacking Simulator“ – Pipe Bedding

Pressure Cushions 
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Pipe Springline and Base: 24 x (1,2 m x 1,2 m) 
Pipe Crown: 32 x (0,3 m x 0,3 m) 

„Pipe-Jacking Simulator“ – Pipe Bedding
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Cushion Geometry adapted to Pipe Surface,    
Maximum Pressure 0,5 MPa

64 Electrical Control Valves,    
32 Electronic Pressure Sensors

„Pipe-Jacking Simulator“ – Pipe Bedding
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Developement of an „Example Route“

• Straight: 13 cycles
• Deviation fron Target Route: 3 cycles
• Steering Correction: 4 cycles
• Return to Target Route: 2 cycles
• Straight: 6 cycles
• Curve: 5 cycles
• Straight: 6 cycles
• Preceeding Pipes:

41,6 m 
9,6 m

12,8 m
6,4 m

19,2 m
16,0 m
19,2 m
25,6 m

Jacking-length ≈ 150 m

Pipe-Jacking Simulation
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Structural System
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Structural System

Route Element No. 2: Deviation from Target Route
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Structural System

Route Element No. 3: Steering Correction
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Structural System

Route Element No. 4: Return to Target Route
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Structural System

Route Element No. 5: Straight
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Structural System

Route Element No. 6: Curve
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Structural System

Route Element No. 7: Straight
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„Example Route“ 

„Example Route“

RR55: Curve: Curve

RR3,43,4: Return to Target Route: Return to Target RouteRR11: Deviation from : Deviation from 
Target RouteTarget Route

StraightStraight

StraightStraight

RR22: Steering Correction: Steering Correction

StraightStraight

R5R4
R1

R3R2



4

IK
T 

-I
ns

tit
ut

e 
fo

rU
nd

er
gr

ou
nd

 In
fr

as
tr

uc
tu

re First Results, Part 1 – Straight

R5R4
R1
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R5: Curve

R3,4: Return to Target Route R1: Deviation from 
Target Route

Straight

Straight

R2: Steering Correction
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R5: Curve

Straight
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R3,4: Return to Target Route R1: Deviation from 
Target Route

R2: Steering Correction
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R5R4
R1

R3R2

R5: Curve

Straight

Straight
Straight

Simulation and Reality

R3,4: Return to Target Route R1: Deviation from 
Target Route

R2: Steering Correction
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R5R4
R1

R3R2

R5: Curve

Straight

Straight
Straight

Simulation and Reality

R3,4: Return to Target Route R1: Deviation from 
Target Route

R2: Steering Correction
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R5R4
R1

R3R2

R5: Curve

Straight

Straight
Straight

Simulation and Reality

R3,4: Return to Target Route R1: Deviation from 
Target Route

R2: Steering Correction
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R5R4
R1

R3R2

R5: Curve

Straight

Straight
Straight

Simulation and Reality

R3,4: Return to Target Route R1: Deviation from 
Target Route

R2: Steering Correction
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R3R2

R5: Curve

Straight

Straight
Straight

Simulation and Reality

R3,4: Return to Target Route R1: Deviation from 
Target Route

R2: Steering Correction
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Measurand: Jacking Force

(PTM: OSB)
„Oriented Strand Board“
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∑ FV = 400 kN

Measurand: Jacking Force
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Measurand: Cushion Pressure in the Pipe Springline

(PTM: OSB)
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„Expected Results“: Cushion Pressure in the Pipe Springline
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Measurand: Cushion Pressure in the Pipe Springline
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Irregularities in the Pressure Transmission Ring or the Pipe Ends 
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First Results, Part 2 – Curve

R3,4: Return to Target Route R1: Deviation from 
Target Route

R2: Steering Correction
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Measurand: Cushion Pressure in the Pipe Springline

(PMT: OSB)

∑ FV = 6 MN
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„Expected Results“: Cushion Pressure in the Pipe Springline
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Measurand: Cushion Pressure in the Pipe Springline
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242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

[MPa] 10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00 [MPa]

300

0

300

0

FV = 6 MN

Pipe Kinematics
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[MPa] 242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00 [MPa]
242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

[MPa] 10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00 [MPa]

300

0

300

0

Bedding reaction
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[MPa] 242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00 [MPa]
242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

[MPa] 10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00 [MPa]

300

0

300

0

Zones of Maximum Stress
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[MPa] 242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00 [MPa]
242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

242,00 72,00 15,00 56,00 67,00 52,00 80,00 240,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00

[MPa] 10,00 154,00 138,00 280,00 268,00 286,00 7,00 11,00 [MPa]

300

0

300

0

Shear Force in Pipe Joints
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• Straight Lines
– Imperfections are significant
– Overcut necessary

• Curves
– Straightening Effect (Pipe Groups)
– Increased Bending Effects (Maximum Stresses)
– Shear Forces (Design)

• Pressure Transmission Rings!
– Design Parameters
– Quality Assurance


