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Challenges of Piping Vibration

e

The challenges of piping vibration
1. Can cause damage, leaks, ruptures.

Motivation for El guidelines: 20% of hydrocarbon releases in
the North Sea were due to vibration as well as 10-15% of
land-based pipework failures in Western Europe.

2. Can cause malfunction of in-line active components.
e Valve actuators, instruments, etc.
3. Vibration: The only load often ignored in piping system design.
 Except gas compressor stations by API standards.
4. Not as mature as vibration diagnostic for rotating equipment.
Appears sometimes unexpectedly, after years of operation.
6. Lack of protocol for assessment and resolution.
 Except gas compressor stations by API standards
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5-Step Approach

1

Immediate
actions

2 3

Collect input Select strategy
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Step-1 Immediate Actions

Record the vibration (video)
Reduce flow rate, if required (severe movement or pressure pulsations)
Walkdown the system for support-restraint damage (record damage)

p 3

4 5

Monitor Decide

Select
strategy

Immediate Collect
actions input
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Step-2 Collect Input

System PQT during vibration.
P&ID highlighted flow path.

Isos highlighted flow path.
Hydraulic sizing — system.

Hydr. sizing — components.

Fluid phases.

What triggers vibration.
Walkdown and photo pipe-supports.
Damage to Supports.

Video of movement.

. Observed vibration, damage.
Vibration, damage history.

. Recent mods as possible triggers.
Comp. maintenance records.

. Opinions.
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Step-3 Select Strategy

fackle the | |YdraU|iCS
,
Qop. I Qop.

ELLLd

Tackle the structure

Qop.

1 p 3 a 5

Monitor Decide

Immediate Collect Select
actions input strategy

Tackle both
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Step-3 Sources of Excitation

Flow-induced excitation (FIV)
Periodic
1. Pressure pulsing
Vane (Piston) passing frequency
2. Vortex shedding
Orifice plates, control valves, sharp branch
openings, etc.
Broad band (random)
3. Excessive turbulence
Kinetic energy of the fluid
4. Acoustic energy (AlIV)

High frequency sound 1 2 3 4 5
. . Immediate Collect Select Monitor Decide
5. Cavitation actions input strategy

Vaporization of liquid (control valves, orifices, etc.

6. Two-phase flow
Slug flow, plug flow, stratified flow, etc.
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Step-3 Sources of Excitation

Mechanically-induced excitation

7. Small bore connection (SBC)
Header is flow-induced FIV, in turn mechanically
drives the SBC

8. Through machinery skid or foundation

9. Through machinery nozzle
Pump or compressor vibrate, attached piping
follows

10. Pressure vessel movement from fluid bed
movement (FCC/Fluid Cokers)
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Step-3 Sources of Excitation

Mech. or Flow-Induced Excitation oL Energ.y Institute Guide
Section Number

1  Pressure pulsing T2.4,T2.5
2 Vortex shedding T2.6
3  High turbulence T2.2
4  Acoustic-induced T2.7
5 Cavitation 12.9
6 Two-phase steady “Specialist advice”
1 2 3 4 5
7  Through header T3, Ap.C immedite it Collect | Select [ wonitor [ pecide
8 Through nozzle 123
9 Through structure 123
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Step-3 The Role of Resonance

The role of resonance
Vibration without resonance
Vibration with structural resonance
Vibration with acoustic resonance
Vibration with structural and acoustic resonance

®

OB
OB
QA

Detecting Multiple Resonances

| East Disch accumulator (TP 7-8)

| West Disch accumulator (TP 9-10)

e Testpoint#3.......|
South Suct accpmulator

South Suct accumulator (TP 3-4)

FREQUENCY RATIO (/) Select

strategy

Collect
input

Immediate
actions

25 o]
4 )
Monitor Decide
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Step-3 The Role of Stiffhess

Structural resonance of a rigid system
amplifies small vibratory amplitudes

( F/ krigid) .

Structural resonance of a flexible
system amplifies large vibratory
amplitudes (F/K¢eyipie)-

1 2 3

4

Monitor

Collect Select
input strategy

Immediate
actions
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Step-3 The Role of Stiffhess

The role of stiffness
 Avoid excessively flexible pipe
* Avoid excessively flexible supports / racks
Supporting Structure should be at least twice
(2x) the stiffness of the piping system

Example
 Significant piping and rack vibration
 Diagonal bracing added to stiffen the structure

1 2 3 4 5
Immt_edlate Qollect Select Monitor Decide
actions input strategy
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Step-4 Monitoring

Monitor the hydraulics ~
Pressure (time, frequency domains) — %
Flow rates (time, frequency domains) =
Microphone, strain gages (AlV)

Qop. I Qop.

LLLLd

Monitor the structure (the piping and supports)
Accelerations, velocities, displacements
Motion amplification

Qop.

L e LLd

1 p 3

4 5

Monitor Decide

Collect Select
input strategy

Immediate
actions
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Step-4 Monitoring and Criteria

L Severity criteria R w
- Beam mode vibration s Max Postie +
- Three-Level approach | i‘,} _
- Shell mode vibration —
5| ==
: S Time
O Caution: 2 £
- Severity criteria in the form of ‘, F
- Peak-to-peak (range) v
- Amplitude (half range) Maxticgaie-
- Root mean square (RMS)
1 2 3 4 5
etre [l coter Wl s W vorior [l e
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Step-4 Monitoring and Criteria

Allowable Piping Vibration - Peak Velocities
Beam mode vibration 1000 ¢
Level 1 velocity-based limits (API, ASME O&M Part 3, etc.) : /
- ASME O&M Nuclear Part 3 . /
- 0.5in/s — quite conservative ' Jun
- API618 o | — //
- Wachel papers I LW/ | —
- Energy Institute § | /
:‘-‘ | /
Level 2 ASME B31 pipe stress-based limits 10 2
[
Level 3 ASME VIII Div.2 detailed stress-strain limits '
0.01 ) —
Frequency (Hz)
1 2 3 a e ‘Wachel - Design Wachel - Margina Wachel - Correction  ==='Wachel- Danger
m;r:t?g:]zte ci:_l)lrl)iit Sf;|te:gty T S —| - CONCEM w E] - Problem ASMEOM-3 APl B18
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Step-4 Monitoring and Criteria

QA Level 1 displacement based Peak topesk 400 ————— T
> Olson D., Piping Vibration Experience amplitude (mils) 200 1

in Power Plants, ASME Pressure 100 N 2l oz e -
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1 p 3

4 5

Monitor Decide

Collect Select
input strategy

Immediate

actions
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Step-4 Monitoring and Criteria

@ Acoustically induced faliures

® Failure at severely undercut weid

Shell mode vibration O Notaires

180 —
N Region of Fatigue
; Failures
] o€
1 Fatigue limit (& 27 .H
L oc Acoustic Fatigue Experience Line
170 4 O~ F.L. Eisinger Modification of Carruci & Mueller Analysis
1 ~L 0O .E D
@ VA ¢
N
t’_ 7 Allowable design Oa\‘%\ (PWL):=176.6-0.125(D,t)) | — = Allowable Design Limit —&— 16 mm wall A 30mm wall —o— Fatigue Limit
; 1 limit @F N
1 10 178
— a N ]
: 18 04 \\\ 1
160 O < 4
1 o8 ! 2 O~ I
) o , o 80 Sae ~ FAILURES
T o] e 1 -~ ~
1 e I NS ~
J o Failures ] . L
] ] ~ < - ﬁ Fatigue Limit
1 m 1 ~ R
150~ R ® 63 ] Allowable Design Limit—— "~ ~ __
20 30 40 50 80 70 B0 90 100 110 120 130 140 150 s ] =~
S~
Geometry Parameter, D,/t, & A
158 |
NO FAILURES
153 |
PWL = 10Log[AP/P,)*¢(W2)(T/MW)*-?] +126.1
148 T
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
1 2 3 4 5 Steel Pipe Inside Diameter/Thickness Ratio, D/t
Immgdlate C_ollect Select Monitor Decide
actions input strategy
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Step-5 Decide (Hydraulic)

Optimize the hydraulics

Improve hydraulics
System hydraulic sizing review
Component (valve, orifice) sizing review
Improved valve trim (labyrinth trim)
Multi-plate orifice
Pulsation bottles
Smooth mixing point configurations
Slug catcher

Modify flow rate and flow regime

Eliminate acoustic resonance

MHO# | ELEVATION MW# | ELEVATION
SCAE | = 10 SCALL | = 110

1 2 3

4
Select

Collect
input

Immediate

. Monitor Decide
actions

strategy
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Step-5 Decide (structure)

Optimize the structure

Stiffening
Restore damaged supports, restraints
Add supports and restraints
Stiffen supporting structure
Add gussets to small bore connections (tie-backs)
Smooth weld profile and structural discontinuities
Clamp

Damping
Add anti-vibration pads
Add dampers

(damper photo source: Gerb)
(wire energy absorber photo source: ENIDINE)

Eliminate structural resonance

1 2 3

4 5

Select
strategy

Collect
input

Immediate

. Monitor Decide
actions
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Step-5 Decide (Structure)

Restrains rapid movement
Snubber | - Hydraulic
* Mechanical
Viscous
Dampens movement
Damper
Sway |Rigidly restrains lateral
Strut movement
Sway Restrains movement
Brace below a threshold force
Friction |Restrains movement
Restraint | below a threshold force

1 2 3

Collect Select
input strategy

Immediate
actions
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Step-5 Decide (Structure)

e 30" diameter outlet from Vacuum Pipestill heater (two-phase
flow), displacing over ~1”.
e |dentify the motion
* Quantify the vibration
e Restrain the movement

1 2 3

4 5

Monitor Decide

Collect Select
input strategy

Immediate
actions
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Step-5 Decide (Both)

« The boiler of a fluidized catalytic cracking unit (FCCU) combusts CO. o imctasiiy ot

« After 20 years of operation converted to a waste heat boiler. e

e 10 years after conversion, the boiler was replaced “in kind”.

e Upon startup the new “in kind” boiler vibrated so violently that
FCCU capacity had to be reduced.

e |nfact, the “in kind” modification was not in kind. The previous
burners had been removed, changing the structural characteristic
of the side wall. The stiffnesses and masses (dynamic
characteristics) had been modified.

e CFD and FEA simulation, with fluid-structure interaction, and boiler
structural expertise identified (a) the flow and (b) the structural
modifications (stiffening) necessary to stop the vibration.

1 2 3 4 5
Immc_edlate C_ollect Select Monitor Decide
actions input strategy
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Conclusion

1

Immediate
actions

2 3

Collect input Select strategy

API INSPECTION & MECHANICAL INTEGRITY SUMMIT m



