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Optimized Methodology for the Determination of riser-spool 

Interface Loads  - A real life case study 
 

 

1. Abstract 

 
Governing criteria for pipeline tie-in spool design typically includes allowable loads on the 

riser bottom flange. This paper presents a project case study where Peritus undertook 

detailed pipeline tie-in spool design for an offshore platform. 

 

Initial riser and tie-in spool modelling showed computed loads exceeded the riser bottom 

flange limits. A major contributing factor to this was the riser’s transition into static 

equilibrium after installation (i.e., riser weight taken by the bottom flange at the spool swan 

neck). In reality, risers are installed before making the connection to the spool. The riser 

bottom flange remains unstressed until spool attachment, at which point interface loads 

develop due to interaction between the spool and the riser. 

 

Capturing this sequence in industry-standard software is challenging, as typical spool 

modelling programs lack sequential static analysis capability. To address this, an optimized 

methodology was adopted using separate models. First, the riser is analysed alone to 

determine its as-installed configuration. Separately, a spool-only model with a fixed-end 

boundary condition calculates conservative interface loads. These loads are then applied to 

the riser to determine its local stiffness at the interface. Finally, the spool model is revisited 

and reanalysed with the computed stiffness, refining interface loads.  

 

This iterative approach better represents real-world installation conditions, reducing 

excessive conservatism from modelling the riser and spool as a single integrated unit. In 

this case study, the change in modelling approach resulted in acceptable flange loads 

whereas the simplified model was predicting loads in excess of the allowable limits.   

 

 

 

2. Introduction  

 
A major offshore gas development project is underway to supply gas to an existing LNG 

plant. The project is being executed by a consortium of international operators and the 

national oil company, targeting two offshore gas fields located in moderate water depths. 

The development scope includes two unmanned platforms. A 16-inch infield pipeline 

connects the satellite platform to the main hub. From there, gas is routed via a 26-inch 

export pipeline to an onshore gas treatment plant.  
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Figure 1: Field Development  

 

 

Design and analysis of pipeline tie-in spools was required at each pipeline-platform 

interface location. Tie-in spools are custom-fabricated subsea piping elements, often 

incorporating bends that connect rigid pipelines to structures such as subsea manifolds or 

risers. Risers are vertical or steeply inclined pipes that transport production fluids between 

seabed facilities and topside processing units. While the primary function of a tie-in spool 

is to provide geometric flexibility to accommodate thermal expansion and installation 

tolerances, their role in force transfer across the system is also important. In particular, 

spool behaviour strongly influences the interface loads at connecting components. The riser 

bottom flange—a bolted connection between the vertical riser and the pipeline tie-in spool 

is one such component and accurately determining these interface loads for in service 

conditions is fundamental to the selection and design of the riser bottom flange, bolts, and 

gaskets. DNV-ST-F101 [1] also recommends that these pipeline components (flanges, 

bolts, and gaskets) must withstand forces from connected sections, including installation 

and operational loads, ensuring structural integrity under all realistic conditions. If 

underestimated, flange integrity may be compromised; if overestimated, the design 

becomes overly conservative and costly.  
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Figure 2: Platform Spool General Arrangement 

 

 

 

Particular attention was drawn to the 16-inch infield spool connecting the satellite platform 

riser to the 16-inch Infield Line. Early analysis of this spool configuration, particularly at 

the riser interface, revealed that the calculated interface loads at the spool/riser bottom 

flange exceeded the Not To Exceed (NTE) loads established during the riser design 

analysis performed by another contractor. This finding raised concerns about the integrity 

of the bolted flange connection and prompted a deeper investigation into the modelling 

assumptions. 

 

Bentley AutoPIPE, was used in the assessment of the 16-inch infield spool. The riser-spool 

is modelled as a single integrated system and statically analysed under operational 

conditions, and it was found that the self-weight of the riser as it transitions into its static 

equilibrium configuration significantly contributes to loads developed at the interface. This 

conventional approach does not account for the actual sequence in which the individual 

components i.e the riser and spool are installed 

 

The riser is typically installed first and left unsupported at its base until the spool is 

connected. It is noteworthy that no interface load is developed as the riser reaches static 

equilibrium under it’s self-weight and the riser bottom flange remains unstressed. The 

spool is then connected to it, at which point forces and moments begin to evolve at the 

interface between the spool and the riser. 

 

In order to capture this an optimized methodology was developed within the AutoPIPE 

environment to improve fidelity in interface load predictions and ensure flange loads 

remained within allowable limits. 
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3. Spool Mechanical, Coatings and Process Data 

 
The Mechanical properties of the spool and riser model used are presented in Tables 1 

and 2. 

Table 1: Mechanical Properties 

Property Unit Value 

Outside Diameter 

mm 

406.4 

Wall Thickness 17.5 

Corrosion Allowance 6 

Steel Grade (ISO 3183) 

- 

L450QO 

Pipe Type SMLS 

Poisson’s Ratio 0.3 

Steel SMYS 

MPa 

450 

Steel SMTS 535 

Material Strength Derating (corresponding to Design Temperature) 9 

Young’s Modulus 207000 

Steel Density kg/m³ 7850 

Coefficient of Linear Thermal Expansion 1/°C 1.17.10-6 

 

 

Table 2: Bend Data 

Property Unit Value 

Outside Diameter 

mm 

406.4 

Wall Thickness (Motherpipe) 20.6 

Bend Radius (5D) 2032 

Wall Thickness thinning % 10 

Steel Grade (ISO 3183) - L450QO 

 

The External Coatings on the spool and riser are presented in Table 3 

 

Table 3: Riser and Spool External Coatings  

Coating Property Bends Linepipe 

Anti-Corrosion Coating 

Type Liquid Epoxy 3LPE 

Thickness 450μm 3.5mm 

Density 950kg/m3 950kg/m3 

Concrete Weight 
Coating 

Thickness N/A 40mm 

Density N/A 3040kg/m3 

Note: Riser only has Anti-Corrosion Coating and no Concrete Weight Coating 
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The Operational Process data has been presented in Table 4 

 

 

Table 4: Process Data 

Parameter Unit Operating 

Maximum Pressure barg 
61 at 30m w.r.t 

MSL 

Temperature °C 52.5 

Contents Density kg/m³ 
Min 46 

Max 162 

 

 

4. Interface Loads – riser-spool Model 

 
The Not to Exceed interface loads established during the riser design analysis are presented 

in Table 6.  

 

Riser bottom flange details are presented in Table 5 

 

Table 5: Flange Data 

 

 

 

 

 

 

 

 

 

 

 

 

The direction convention implemented in the model can be seen in Figure 3.  

 

 
Table 6: Allowable Interface Loads – riser bottom/spool Flange 

 Fx 
(kN) 

Ftot 
(kN) 

Mx 
(kN.m) 

Mtot 
(kN.m) 

Not To Exceed 
Load 

80.0 20.0 11.0 240.0 

Note: Ftot is the resultant of Fy and Fz and Mtot is the 
resultant of My and Mz 

Parameter Unit 
 

Type - ASME B16.5 WN/Swivel Ring RTJ 

Rating - Class 1500 

Material - ASTM A694 F65 

SMYS 
MPa 

450 

SMTS 530 

Mass kg 585 
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Figure 3: Direction Convention 

 

The Single integrated model of the riser-spool system can be seen in Figure 4 and the 

loads developed under operational condition at the interface using this model are 

presented in Table 7 

 

 

 

 

 

 
Figure 4: Single Integrated model of the Riser-Spool System 
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Table 7: Loads at interface node from the riser-spool model 

Load 
Combination 

Fx 
(kN) 

Fy 
(kN) 

Fz 
(kN) 

Ftot 
(kN) 

Mx 
(kN.m) 

My 
(kN.m) 

Mz 
(kN.m) 

Mtot 
(kN.m) 

Gravity (G)2 -11.6 -20.42 0.1 20.4 -0.2 -0.8 -15.7 15.7 

Thermal (T1) 66.1 -3.1 6.2 6.9 -3.6 0.5 82.8 82.9 

Pressure (P1)  13.0 -0.6 -0.1 0.6 0.0 -2.0 15.6 15.7 

GT1P1 67.5 -24.12 6.2 24.82 -3.8 -2.4 82.7 82.8 

NTE Criteria Pass N/A Fail Pass N/A Pass 

1.- Cumulative load GT1P1 at the interface node due to contributions from Thermal, Pressure 
and Gravity Load cases is simply a sum of these loads on account of the loads being in the 
same principal directions. 
2.- Ftot (resultant of Fy and Fz) exceeds Not To Exceed Load.  
3.- The directions of the loads are defined with respect to the local coordinate system, as shown 
in Figure 3.  

 

It is observed that Ftot significantly exceeds the defined Not To Exceed load. Further 

investigation shows that the major contributor to this exceedance is Fy under the Gravity 

load case.  

 

Upon removing the riser from the model and rigidly fixing the interface node and 

examining the resulting load – Forces and Moments under the gravity load case (see Figure 

4) we can determine the contribution of the riser’s self-weight to Fy in the riser-spool 

system.  

 

Fy in this model is purely due to spool’s self-weight. It is found to be 18.4 kN which is 

lower than that in the integrated riser-spool model. In actuality, the contribution due to 

spool’s self-weight will be even lower since the aforementioned approach does not captures 

the realistic local stiffness at the interface node imparted by the riser but rather 

conservatively assumes it to be infinitely stiff. 

 

Thus it can be concluded that the key driver of the exceedance is the riser’s transition into 

it’s static equilibrium configuration under it’s self-weight.  
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5. Optimized Methodology 
 

In order to decouple the unrealistic contribution of the riser’s self-weight to the loading at 

the riser-spool interface an Optimized Methodology was conceived as explained below. 

Figure 5 schematically summarizes the steps involved. 

 

 

 

Figure 5:Optimized Methodology Schematic 

 

 

Step 1: Create a spool only model as seen in Figure. Fully fix the interface node by adding 

a Rigid Anchor. Extract loads developed at the interface point under the gravity loading 

condition.  
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Figure 6: Spool Only Model Fully Fixed at Interface Node 

 

 
Figure 7: Resulting Forces and Moments under Gravity Load case 

 

 

 

 

 

 

 

 

 

Interface Point 

Fully Rigid Anchor 

Interface Point 

Fully Rigid Anchor 
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Table 8: Loads Extracted from Step 1  

Fx (N) Fy (N) Fz (N) Mx (N.m) My (N.m) Mz (N.m) 

38020 -18376 8001 22922 10795 -90542 

Note: The directions of the loads in this step are defined with respect to Global co-ordinate 

system. The discrepancies in forces and moments at the interface node between the spool-

only model (with a rigid anchor) and the integrated riser–spool model are expected, as the 

presence of the riser alters the local stiffness, thereby influencing the resulting loads. 

 

Step 2: Create a riser only Model as seen in Figure 6 without any restraints at the interface 

node. The Loads extracted in the previous step are used as a reference to create load 

displacement curves in each direction.  

 

In order to do this, loads obtained at the end of step 1 from Table 8 are incrementally 

reduced to give us load cases.  Each load case is then applied as a concentrated load (with 

respect to global co-ordinate system) at the interface node in this model combined with the 

Gravity load case and displacements and rotations at this node are retrieved.  

 

Some of this data has been presented in Table 9 and the load displacement curves for each 

are presented in Figure 8 

 
Figure 8: Riser Only Model 

 

 

 

 

Interface Point 

Apply Concentrated Force 



   

SPT Congress 2025                                                                                                      September 23-24, 2025 

Akash Arun Page 11 

 

 

Table 9:Subset of  Load-Displacement Data  

Fx1 
(N) 

Dx 
(mm) 

Fy (N) 
Dy 

(mm) 
Fz (N) 

Dz 
(mm) 

Mx 
(N.m) 

Rx 
(Deg) 

My 
(N.m) 

Ry 
(Deg) 

Mz  

(N.m) 

Rz 
(Deg) 

7604 4.56 -3675.2 -4.73 1600.2 -3.35 4584.4 0 2159 0.05 -18108.4 -0.09 

15208 6.18 -7350.4 -5.18 3200.4 -2.99 9168.8 0.005 4318 0.06 -36216.8 -0.14 

22812 6.32 -11025.6 -5.46 4800.6 -2.97 13753.2 0.01 6477 0.06 -54325.2 -0.18 

30416 6.37 -14700.8 -5.71 6400.8 -2.95 18337.6 0.02 8636 0.06 -72433.6 -0.21 

38020 6.51 -18376 -5.95 8001 -2.94 22922 0.03 10795 0.06 -90542 -0.24 

 

 

 
Figure 9: Load-Displacement curves generated in each Principal Direction 

 

Maximum Local Stiffnesses at the interface node along the Load-Displacement path are 

computed and presented in Table 10   

 

                                                             K = max |δf/δx|  
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Table 10: Most Conservative Stiffness 

Kx 
(N/mm) 

Ky 
(N/mm) 

Kz 
(N/mm) 

KRx 
(N.m/Deg) 

KRy 
(N.m/Deg) 

KRz 
(N.m/Deg) 

7356.1 8284.9 15025.4 1637285.7 304084.5 350259.2 

 

The local stiffness at the interface node reflects the global structural response of the entire 

riser. It captures the cumulative influence of the riser’s geometry, material properties, and 

boundary conditions.   

 

Step 3:  Revisit spool only model and set the stiffness of the anchor as that calculated in 

previous step. This artificial stiffness conservatively emulates the adjoining riser structure. 

Loads under gravitational loading are extracted.  

 

 
Figure 10: Spool-only Model with calculated Stiffness applied at Interface Node 
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Figure 11: Interface Gravity Loads with Riser Self-Weight Decoupled 

 

Note: The interface forces and moments exhibit more realistic orientations and magnitudes 

and distinct from previous steps owing to the stiffness imposed at the interface to represent 

the riser’s structural restraint in its post-installation static equilibrium configuration. 

 

Now summing up the load Fy obtained from this step with the loads under thermal and 

pressure load cases from the integrated riser-spool model gives us a realistic Fy at the 

interface now disregarding the contribution from the riser’s transition into it’s static 

equilibrium state under it’s self-weight. These loads are presented in Table 11. 

 

It should be noted that loads under the pressure and thermal load cases are maintained from 

the original integrated riser-spool model as these are functions of variations in continuous 

fluid properties—such as pressure and temperature. 

 

Table 11: Realistic Loads disregarding riser’s Self-Weight 

Load 
Combination 

Fx 
(kN) 

Fy 
(kN) 

Fz 
(kN) 

Ftot 
(kN) 

Mx 
(kN.m) 

My 
(kN.m) 

Mz 
(kN.m) 

Mtot 
(kN.m) 

Gravity (G)2 -18.8 -13.0 0.7 13.0 -0.1 2.5 55.4 55.5 

Thermal (T1) 66.1 -3.1 6.2 6.9 -3.6 0.5 82.8 82.9 

Pressure (P1)  13.0 -0.6 -0.1 0.6 0.0 -2.0 15.6 15.7 

GT1P12 60.3 -16.7 6.8 18.0 -3.7 1 153.8 153.8 

NTE Criteria Pass N/A Pass Pass N/A Pass 

1.- Cumulative load GT1P1 at the interface node due to contributions from Thermal, Pressure 
and Gravity Load cases is simply a sum of these loads. 
2.- Realistic riser-spool Interface load under Gravity Load case now taken into consideration. 
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6. Conclusions 
 

The optimized approach had a positive effect on Ftot and Fy, while it showed a detrimental 

effect on Mz and Mtot. It can be concluded that, in this case, the riser's transition into its 

static equilibrium configuration under self-weight resulted in an underestimation of Mtot 

in the original methodology. However, Mtot remained within the 'Not to Exceed' limit. 

Importantly, the fact that the optimized methodology produced an Mtot result closer to 

that determined during the riser design analysis further validates its effectiveness. 

 

More significantly, Ftot - whose elevated value in the original methodology had raised 

concerns due to overestimation of interface loads is now addressed through the optimized 

approach. This updated methodology still conservatively estimates these loads but avoids 

the excessive overprediction seen previously. 

 

The conservatism in the optimized approach arises from the assumption of the highest 

possible stiffness from the load - displacement curve. In reality, the load path resulting 

from the interaction between the spool and the riser could lead to a lower, more realistic 

local stiffness at the interface. This would, in turn, contribute to a further reduction in the 

estimated interface loads. 

 

7. Abbreviations 

 
MSL  Mean Sea Level 

NTE  Not To Exceed 

SMYS  Specified Minimum Yield strength 

SMTS  Specified Minimum Tensile strength 

3LPE  3-Layer Polyethylene 

ISO  International Standards Organization 

DNV  Det Norske Veritas 
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