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Abstract— A Floating Production, Storage and Offloading 

(FPSO) unit is a floating vessel used by the offshore oil and 

gas industry for the processing of hydrocarbon and for storage 

of oil. FPSO vessels are subjected to heavy seas during storms 

and rogue waves. Pump and drive train components have to 

be capable of operating during such specified condition. 

Multistage BBS type centrifugal pump is used on this FPSO 

vessel. Pump is mounted on FPSO vessel structure. Baseplate 

for this pump is non-grout baseplate as it is mounted on 

structure. Baseplate structural stiffness analysis is carried out 

to determine stiffness of baseplate against forces and 

moments acting on nozzle connections caused by various 

loading conditions such as pipe weight, liquid loads, and 

thermal expansion or contraction. Baseplate structural 

stiffness analysis is carried out by two methods 1) FEA 

analysis method and 2) Experimental method. Baseplate 

stiffness inform of shaft end displacement is compared with 

API 610 [1] guideline to insure whether shaft end 

displacement is within allowable limit. In both the analysis 

method baseplate stiffness inform of shaft end displacement 

is found within allowable limit. Detailed FEA analysis and 

experimental analysis is carried out and results are described 

in this paper. 

Key words: Baseplate Structural Analysis, API BB5, FPSO 

I. INTRODUCTION 

An FPSO vessel is designed to receive hydrocarbons 

produced from nearby platform or subsea template, process 

them, and store oil until it can be offloaded onto a tanker or, 

less frequently, transported through a pipeline. Various pump 

packages are required on this FPSO vessel. Pumps placed 

within the hull of the vessel are generally procured by the hull 

manufacturer and are standard low specification ship type 

pumps. Pumps installed on the topside, attract the full 

scrutiny of project specifications, which can vary from 

rigorous requirements of complex offshore specifications to 

“fit for purpose” requirements. The topside pumps 

applications include- 

 Cooling and heating medium booster pumps 

 Injection pumps 

 Oil export pumps 

 Fire fighting pumps  

BB5 type multistage pumps are used as water 

injections pumps on FPSO. Pump baseplate is mounted on 

FPSO vessel structure. Baseplate generally categories as 

grout type baseplate and non-grouted type baseplate. In 

grouted type baseplate grout is filled between the equipment 

concrete foundation and its baseplate. Grout is an epoxy or 

cementations material used to provide a uniform foundation 

support and load transfer link for the installation of rotating 

machinery. In non-grout type baseplate, Baseplate is mounted 

on either structure or concrete foundation but without any fill 

of grout material. As pump need to supply as per API 610 

11TH EDITION standard, baseplate design also need to 

comply for API 610 standard. 

Whenever pumps are supplied for petroleum, 

petrochemical and natural gas industries the compliance to 

API 610 standard is mandatory. Nozzle loads exerted on 

pump nozzles are the resultant forces and moments due to 

heavy, long piping, thermal expansions, loads due to less 

piping support etc. Generally, when pump is installed in 

refineries, either hydrocarbons, condensate or gases are 

flowing through the pipes. The excessive nozzle loads results 

in high vibrations which can further leads to shaft 

misalignments, mechanical seal failures, bearing heating, 

wear rings galling etc. Such adverse effects will increase the 

maintenance works. In severe cases the pump failures may 

result in complete plant shutdowns. Considering the 

importance of these piping loads, the refinery engineers have 

worked out the maximum allowable forces and moments for 

each nozzle size and orientation, for which the pump & 

baseplate needs to be designed as a minimum [2]. Various 

load acting on baseplate need to be considered for analysis. 

FEA analysis is carried out to check baseplate stiffness as per 

API610. Experimental analysis is carried to check actual 

baseplate stiffness. 

II. THEORETICAL CONSIDERATION 

A. Stiffness 

Stiffness is the rigidity of an object - the extent to which it 

resists the deformation in response to an applied force. 

The stiffness, k, of a body is a measure of the 

resistance offered by an elastic body to deformation. For an 

elastic body with a single Degree of Freedom (for example, 

stretching or compression of a rod), the stiffness is defined as 

k = F/ δ, 

Where, F is the force applied on the body & δ is the 

vibrational displacement produced by the force along the 

same degree of freedom (for instance, the change in length of 

a stretched spring). 

As stiffness is proportional to applied load, we will 

see the load typically applied on baseplate for FPSO 

application.  

Different type’s loads acting on baseplate are described as 

below; 

1) Dry Mass loads 

These consist of equipment self-weights and the weight of the 

baseplate structure. Equipment consists pump, motor, 

mechanical seal system, coupling. 

2) Wet Mass Loads 

These consist of equipment self- wet weights and the weight 

of the baseplate structure. Equipment consists pump, motor, 

mechanical seal system, coupling. 
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3) Gravity Acceleration Loads 

Acceleration due to gravity of 9.81m/s^2 is applied to the 

model as a global acceleration. 

4) Maximum Nozzle Loads 

Maximum permissible nozzle loads are applied to the model 

according to the values stated on the package general 

arrangement drawing and these are according to API. Nozzle 

loads were applied at the suction and discharge nozzle of the 

pump in worst case configuration. 

5) Torque Loads 

The rated torque is applied to the associated equipment center 

of gravity. Pump torque and motor torque is applied on 

baseplate. 

6) Unbalance Loads 

The maximum unbalance forces are applied to the associated 

equipment center of gravity. 

7) Wind Loads 

Wind loads are applied in accordance with data taken from 

the project specification. The operating wind loads are 

applied at the equipment centers of gravity and distributed 

equally across the baseplate. 

For baseplate analysis 2 times API nozzle loads are 

considered which is maximum of all of above mentioned 

loads. 

B. API 610 Baseplate Stiffness Test Acceptance Criteria  

As per the API 610 [1], steel & alloy steel horizontal pumps 

& their baseplates & vertically suspended pumps shall be 

designed for satisfactory performance if subjected to the 

forces & moments as specified in API 610 Table 5. For 

horizontal pumps two effects of nozzle loads are considered: 

 Distortion of the casing & 

 b. Misalignment of the pump & driver shafts. 

To minimize the misalignment of pump & driver 

shafts due to the piping load effects, the pump & its baseplate 

shall be constructed with sufficient structural stiffness to limit 

the displacement of the pump shaft at the drive end of the 

shaft. Following table provides the stiffness test acceptance 

criteria for the baseplate. 

Baseplate intended for 

grouting 

Baseplate not intended for 

grouting 

Loading 

condition 

Pump shaft 

displacement 

μm (in) 

Pump shaft 

displacement 

μm (in) 

Direction 

MYc 175 (0,007) 125 (0,005) +Z 

MZc 75 (0,003) 50 (0,002) -Y 

Table 1:Baseplate Stiffness Test Acceptance Criteria as per 

API  610 

MYc = (MY)suction + (MY)discharge 

MZc = (MZ)suction + (MZ)discharge 

C. Baseplate Size 

Baseplate length and width shall be selected such that any 

leakage pump and drive-train components shall be contained 

within the baseplate. To minimize accidental damage to 

components, all pipe joints and pipe flange faces, including 

pump suction and discharge flanges, shall be within the drain-

pan or drain-rim collection area. All other projections of the 

equipment supplied shall fall within the maximum perimeter 

of the baseplate.  

Considering the pump dimensions, motor dimension 

and seal system dimension baseplate length is finalized to 

7600 mm and width is finalized to 2400mm.  

For convenience base frames are made of channel 

sections welded together to form a Rectangle. Here ISMC 

400 channel is used as longitudinal member and ISMC 

400x100 channel is used for cross member. 

III. FEA ANALYSIS 

It is common practice to use approximate solutions of 

differential equations as the basis for structural analysis. This 

is usually done using numerical approximation techniques. 

The most commonly used numerical approximation in 

structural analysis is the Finite Element Analysis (FEA).  

A. Baseplate Fe Model Geometry 

The pump shaft end displacement analysis for checking the 

baseplate stiffness is performed by means of the finite 

element program ANSYS Workbench Environment 

Version13.0. The baseplate model is first prepared in 

AutoCAD & this external geometry is imported for static 

structural analysis by converting to file type Parasolid (*x_t). 

 
Fig. 1: FE Model Geometry with Co-Ordinate System 

B. Baseplate Material Properties 

The material grade used for the fabrication of pump baseplate 

is IS 2062 Gr B. The material properties are as listed in below 

table. 

Young's Modulus 2.0 x 10^5 N/mm^2 (MPa) 

Poisson's Ratio 0.3 

Density 7850 kg/m^3 

Table 2: Material Properties 

C. Baseplate Meshing & Boundry Conditions 

The model is meshed using ANSYS 13.0 confirming that 

mesh is dense enough, so that results with required accuracy 

should be obtained. The structural bolts at the bottom of 

longitudinal beams are fixed in all directions. 
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Fig. 2: FE Model Meshing 

1) Element selection for pump 

Solid187- 3D 10 node tetrahedral structural solid element is 

selected for pump. 

 
Fig. 3: Tetrahedral 10 Nodes Structural Solid Element 

2) Element selection for baseplate 

Solid186- 3D 20 node homogeneous structural solid element 

is selected for baseplate. 

 
Fig. 4 : 20 Nodes Homogeneous structural Solid Element 

3) Number of nodes and elements 

The number of elements to be chosen for idealization is 

related to the accuracy desired, size of elements, and the 

number of degrees of freedom involved. Although an increase 

in the number of elements generally means more accurate 

results, for any given problem, there will be a certain number 

of elements beyond which the accuracy cannot be improved 

by any significant amount. Below table indicate the total 

number of nodes and element used in this analysis. 

 
Table 3: No of Nodes and Elements 

4) Applable Nozzle Loads 

As per API 610 10th edition table 5, specifies the allowable 

forces & moment for various nozzle sizes. As per the project 

special requirement we need to apply the moments twice the 

values specified in the API 610 table 5. The details of the 

same are mentioned in the below table. 

 
Table 4: 2xAPI Nozzle Loads 

5) Pump Shaft Displacement Acceptance Criteria for 

Baseplate Stiffness Test 

API 610 considers only two loads cases, Myc and Mzc. In 

Myc loading condition, loads are applied on suction or 

discharge nozzle, to create moment about Y axis and 

deflection of shaft is in Z direction. In Mzc loading condition 

loads are applied on suction or discharge nozzle, to create 

moment about Z axis and deflection of shaft is in Y direction. 

There is no effect of Mxc loading condition on shaft 

deflection; hence API 610 doesn’t consider this loading 

effect. Myc & Mzc equal the sum of the allowable suction & 

discharge nozzle moments. Hence the same are calculated by 

using values given in Table 4 

1) Myc = My (suction) + My (Discharge) 

                = 3520 + 1360 

                = 4880 N-m 

2) Mzc = Mz (suction) + Mz (Discharge) 

               =5160 + 2000 

               = 7160 N-m 

The details of Myc & Mzc loading conditions & 

acceptance criteria for non-grouted baseplate is given in the 

below table. 

Non-Grouted type Baseplate 

Loading 

condition 

Moment 

(N-m) 

Pump shaft 

allowable 

displacement 

μm (mm) 

Direction of 

displacement 

Myc 4880 125 (0.125) +Z 

Mzc 7160 50 (0.050) -Y 

Table 5: Moment applied and Allowable Shaft Displacement 

as per API 610 

6) Different Load Cases 

In total four different loading conditions are to be analyzed 

for shaft displacement as mentioned below. 

 Myc applied to pump suction nozzle, shaft displacement 

in Z direction 

 Myc applied to pump discharge nozzle, shaft 

displacement in Z direction 

 Mzc applied to pump suction nozzle, shaft displacement 

in Y direction 

 Mzc applied to pump discharge nozzle, shaft 

displacement in Y direction 

 



Baseplate Structural Analysis of API BB5 Type Multistage Centrifugal Pump for F.P.S.O Application 

 (IJSRD/Vol. 5/Issue 09/2017/133) 

 

 All rights reserved by www.ijsrd.com 538 

a) Load case 1: Myc applied to pump suction nozzle 

 
Fig. 5: Myc Applied to Pump Suction Nozzle 

 
Fig. 6: Shaft End Displacement due to Myc Applied to 

Pump Suction Nozzle 

b) Load case 3: Mzc applied to pump suction nozzle 

 
Fig. 7:  Mzc Applied to Pump Suction Nozzle 

 
Fig. 8: Shaft End Displacement due to Mzc Applied to 

Pump Suction Nozzle 

7) FEA Analysis Results for Different Load Cases: 

Following table compiles the FEA analysis results against all 

the four different load cases. From last column it is clear that 

the baseplate passes the API displacement criteria & hence is 

sufficiently stiff. 

Load 

Case 

Direction of 

displacement 

Pump shaft 

allowable 

displacement 

(mm) 

Pump shaft 

calculated 

displacement 

(mm) 

1. Myc 

applied 

to 

suction 

nozzle 

+Z 0.125 0.074975 

2. Myc 

applied 

to 

discharge 

nozzle 

+Z 0.125 0.071537 

3. Mzc 

applied 

to 

suction 

nozzle 

-Y 0.050 0.032315 

4. Mzc 

applied 

to 

discharge 

nozzle 

-Y 0.050 0.030311 

Table 6: FEA Calculated Displacement & Allowable 

Displacement 

8) Baseplate Fabrication Drawing For Manufacturing 

Based upon the theoretical consideration and the FE Analysis 

results as per table 6, the pump baseplate manufacturing 

drawing released for fabrication. As a standard practice this 

fabrication 2D drawing prepared by using AutoCAD 

Mechanical 2014 drafting software. The total calculated 

weight of this fabricated baseplate is 5800 kg approximately. 

IV. EXPERIMENTAL ANALYSIS 

As per API 10 11th Edition [1], If specified, pump vendor 

shall test to demonstrate that the pump and its baseplate 

assembly, anchored at foundation bolt hole locations, are in 

compliance with stiffness clause. The pump casing shall be 
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subjected to moments Myc and Mzc applied to either nozzle, 

but not both[3], such that the corresponding shaft 

displacements can be measured and recorded. Myc and Mzc 

shall not be applied simultaneously to either nozzle. The basic 

purpose of this exercise is to practically apply the nozzle 

loads under different load cases & then check whether the 

pump shaft deflection is within the acceptable limits or not 

[2]. This will also have the validation of the FE analysis 

outputs. 

A. Equipment Required For Experiment 

The equipment’s required for testing includes the following 

items: 

1) Nozzle load test ring (Holding post) 

2) Pump equipment 

3) Pressure Gauge. The graduations of the pressure gage 

shall be fine enough to accurately read the specified 

hydrostatic test pressure. The maximum pressure rating 

of the gage should be at least 20% higher than the 

maximum required test pressure. Only gages with current 

calibration dates shall be used. 

4) Special test flange (Holes drilled as per the dimensions 

of the suction & discharge nozzle flange ratings) 

5) Dial indicators (Readable to within 0.0001"). to measure 

the shaft displacement, along with separate mounting 

stand. 

6) Dial gauge stand, Fixed to the floor. 

7) Hold-down fasteners suitable to rigidly anchor pump 

base rigidly. 

B. Experimental Procedure 

The procedure is intended to apply the flange loadings on the 

pump nozzles fixed on the baseplate unit in line with the API 

61011TH edition. 

1) Center pump suction and discharge nozzles in test rig. 

Anchor pump base securely to the test rig foundation, by 

positioning fasteners on the mounting flange at or near 

the anchor bolt holes provided on the base. 

2) Disconnect bearing housing supports, if any. 

3) Fabricate a rigid structure suitable for mounting dial 

indicators on. 

4) The structure shall be supported by the test rig 

foundation, so as not to allow contact with the pump 

baseplate assembly 

5) Dial indicators are to be located at the coupling end of 

the pump shaft.’ 

6) Apply pressure to rotary actuator as per actual nozzle 

load requirement 

7) Orient indicators such that displacements may be 

recorded in the Y and Z directions on the pump shaft, as 

indicated on the job specific addendum. 

C. Experimental Load Cases 

Here also in total four different loading conditions are to be 

analyzed for shaft displacement as mentioned below & 

similar to FE analysis. 

 
Fig. 9 Myc moment applied to suction nozzle 

 
Fig. 10 Mzc moment applied to suction nozzle 

Similarly, in load case 2 and load case 4, the moment 

about Y-axis and Z axis was applied on discharge nozzle, to 

create the shaft displacement in Z-axis direction and Y-axis 

direction respectively. The results of shaft displacement 

presented in below table. 

 
Table 7: Experimentally calculated displacement & 

allowable displacement 

V. RESULTS 

A. Fea Shaft Displacement Due To Moment Myc and Mzc: 

Different load case 1, case 2, case 3 and case 4 are analyzed 

in ANSYS. The moment about Y-axis was applied on suction 

or discharge nozzle, to create the shaft displacement in Z-axis 

direction. Similarly, the moment about Z-axis was applied on 

suction or discharge nozzle, to create the shaft displacement 

in Y-axis direction. The results of shaft displacement by FE 

analysis is represented in chart format as below- 
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Fig. 11 FEA Shaft displacement due to moment Myc and 

Mzc 

From above chart it is clear that the shaft 

displacement observed in both the load cases are well below 

the API 610 allowable limits. 

B. Experimental Shaft Displacement due to Moment Myc 

and Mzc 

Different load case 1, case 2, case 3 and case 4 are analyzed 

experimentally. The moment about Y-axis was applied on 

suction or discharge nozzle, to create the shaft displacement 

in Z-axis direction. Similarly, the moment about Z-axis was 

applied on suction or discharge nozzle, to create the shaft 

displacement in Y-axis direction. The results of shaft 

displacement by experimental analysis is represented in chart 

format as below- 

 
Fig. 11: Experimental Shaft Displacement due to Moment 

Myc and Mzc 

From above chart it is clear that the shaft 

displacement observed in both the load cases are well below 

the API 610 allowable limits. 

C. Final Combined Results 

The final results of this complete project work including all 

the four load cases are compiled & compared against the 

allowable limits in the below table. 

 
Fig. 12: Final combined results 

Shaft displacement is within the allowable limits and passes 

the API 610 stiffness test criteria. 

VI. CONCLUSION 

This dissertation work is the presentation of static structural 

stiffness analysis of API BB5 type centrifugal pump when 

used in FPSO application. Unlike traditional grouted pump 

baseplates, the baseplate in FPSO applications requires 

special design considerations. 

Following conclusions have been derived from this whole 

project work. 

1) The excessive piping reactions due to the weight, thermal 

expansions and less supports are exerted on the pump 

nozzles. This can lead to shaft misalignment, increased 

wear vibration, coupling failures, premature bearing or 

mechanical seal failures. 

2) As we increase the baseplate channel size, baseplate 

stiffness also increases. 

3) The numerical approximation method, 'Finite Element 

Analysis' by using ANSYS is used for the structural 

stiffness analysis of this complex baseplate. The method 

provides more accurate results. The resulting shaft end 

displacements under different piping load cases are 

observed within acceptable limits. 

4) Experimental analysis completed to validate the results 

of FE analysis. The resulting shaft end displacements 

through the experimental analysis are within acceptable 

limits. 

5) The shaft end displacement results of both FEA and 

experimental analysis are within the allowable limits and 

pass the API 610 stiffness test criteria. Hence we can 

conclude that the subject baseplate of API BB5 

centrifugal pump is designed with sufficient structural 

stiffness to get installed in 'FPSO' application. 
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