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Introduction

Mechanical integrity (MI) programs are maturing. Corrosion mon-
itoring locations have been established and are now being opti-
mized, and risk-based inspection (RBI) planning is more common. 
Yet piping continues to fail in service from a damage mechanism 
that most MI programs avoid or ignore: vibration fatigue. 

The 2008 Energy Institute (EI) guidelines cite UK Health & Safety 
Executive data showing that piping vibration and fatigue account 
for over 20% of offshore hydrocarbon releases in the UK sector of 
the North Sea, and plant-level data from Western Europe attribut-
ing roughly 10 to 15% of onshore pipework failures to vibration-in-
duced fatigue [4]. The author’s experience is consistent with these 
statistics. Vibration-related failures are common and often treated 
as a nuisance until one becomes consequential. These failures con-
centrate at small-bore branch connections adjacent to machinery 
and control valves; they progress from detectable crack to through-
wall failure faster than conventional inspection intervals can 
detect, and they are largely ignored in traditional MI programs.

Typical API 570 inspections and RBI programs lack a framework 
for inspection, assessment, and management of piping vibra-
tion-related threats in facilities. This article describes how these 
gaps can now be closed by combining the methods of Part 15 of the 
2026 edition of API 579-1/ASME FFS-1 [3] with a vibration integrity 
program framework for large-scale inspection, risk assessment, 
and mitigative actions, tested at scale across multiple refineries in 
North America. 

A Checkbox on API 570 Inspection Reports
API 570 recognizes vibration as a concern, but it addresses vibra-
tion through surveillance rather than quantitative inspection and 
is often reduced to a checkbox on an inspection report that lacks 
the mechanics to escalate, evaluate, and manage the findings. API 
570 directs: “Operating personnel should report vibrating or sway-
ing piping to engineering or inspection personnel for assessment” 
[1]. Follow-up actions are crack detection oriented with periodic 
Magnetic Particle Testing and Penetrant Testing (MT or PT) at 
restraint locations such as shoes, anchors, guides, struts, dampen-
ers, and hangers; and branch connections “should receive special 
attention, particularly unbraced SBP [small-bore piping] connected 
to vibrating pipe” [1]. 

The code candidly states that inspection alone is insufficient for 
this mechanism. “Once a crack has been initiated, it can grow at 
unknown rates, and inspection alone cannot be used to manage the 
risk of failure. Typically, at the point a fatigue crack is detectable, 
approximately 80% of the life has been consumed, and failure can 
occur prior to the next scheduled inspection cycle without careful 

engineering assessment/analysis” [1]. Here, careful engineering 
assessment/analysis refers to fracture mechanics evaluation of 
known, inspectable crack-like flaws. Furthermore, per the NOTE to 
clause 5.4.2, fatigue is not normally proactively managed or miti-
gated by inspection activities, and owner-operators should manage 
the risk through mechanical design, operation, or process controls 
[1]. In other words, the code lists fatigue cracking among the types 
of damage owner-operators must consider and, in the same clause, 
explains that standard inspection strategies are not the right 
method of management.

The most specific guidance appears in clause 6.6.4 for threaded 
and small-bore connections associated with rotating equipment: 
because fatigue progresses rapidly from crack initiation to final 
fracture, “inspection is not a primary method for failure miti-
gation,” and failures are best prevented through joint design — 
seal-welding exposed threads, reducing overhung weight, and 
providing two-plane gussets [1]. Small-bore piping in known vibra-
tory service “should be periodically assessed,” with the decision 
depending on factors that include the magnitude and frequency of 
vibration [1]. The code names vibration magnitude and frequency 
as inputs, but provides no procedure for measurement or assess-
ment, and no qualifications are referenced for those inspecting or  
evaluating severity.

The qualification gap deserves emphasis. API 570 Section 4 and 
Annex A establish certification for authorized piping inspectors 
and require NDE examiners to hold industry certifications, cit-
ing ASNT SNT-TC-1A, ASNT CP-189, AWS CWI, API QUTE/QUSE, 
ASNT ISQ, and CGSB as examples [1]. Every named credential is 
corrosion-, welding-, or NDE-oriented. There is no piping vibra-
tion-measurement qualification anywhere in API 570 — no ana-
log to the ISO 18436 machinery vibration analyst categories that 
govern similar measurement tasks when performed on rotating 
equipment [7]. Vibration testing on piping is specialized enough 
that owner-operators should not deploy unqualified inspectors to 
mount accelerometers and collect data. Unlike crack or thickness 
inspection, where the examination point is the location of expected 
damage, vibration sensors are placed at the location of highest 
vibration amplitude. A basic understanding of mode shape or oper-
ating deflection shape response is required. 

Finally, the interval logic itself does not fit the mechanism. For 
corrosion, thickness-measurement inspection intervals are set at 
either one-half the remaining life or the Table 1 maximums, which-
ever is less [1]. A line vibrating at 10 Hz accumulates roughly six 
million cycles per week. A mechanism that can consume its fatigue 
life in weeks to months of operation cannot be managed using half-
life predictions. Inspection, assessment, and escalation guidance 
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tailored to this mechanism is missing from both code and practice. 

Vibration Measurement is a Form of NDT 
The recommendation to our industry is that piping vibration test-
ing with accelerometers should be treated as a form of inspection, 
exactly as vibration analysis is treated as condition monitoring for 
machinery. It is analogous to the use of ultrasonics for corrosion 
or environmental cracking. Vibration readings taken on a pipe are 
akin to inspection data.

Piping vibration is measurable and trendable, and the fatigue threat 
posed can be evaluated. Acceptance criteria and data requirements 
are now codifi ed in API 579-1/ASME FFS-1 Part 15 [3]. As this two-
part article addresses, the absence of recognition, training, data sys-
tems, and risk-based inspection planning strategies has until now 
prevented this form of inspection from being standardized.

Lack of standardized acceptance criteria
A variety of legacy piping vibration acceptance criteria have histor-
ically been used by both owner-operators and industry specialists. 
Their origins can be traced to industry conference publications, 
white papers, and some related ASME code publications (ASME 
OM-3 [12]). They differ in acceptance levels, quantities being eval-
uated (e.g., displacement or velocity, Root-Mean-Square (RMS) or 
peak units), and implementation (overall values vs. spectral values), 
and often lack a readily available documented technical basis. 

The most widely used industry criteria are the screening curves 
in EI’s Guidelines for the Avoidance of Vibration-Induced Fatigue 
Failure in Process Pipework [4], which both API 570 and API 581 
point toward for vibration assessment. But even within the EI 
guidelines, application is not fully defi ned: two curves are provided, 
labeled “Concern” and “Problem,” with limited guidance on how 
each is applied and what actions follow when either is exceeded. 

Figure 1 casts all commonly known legacy piping vibration-related 

limits into the same RMS units to illustrate the variations in accep-
tance values. Across these curves, acceptance values at a given 
frequency vary by nearly an order of magnitude. Implementation 
also varies: some practitioners compare the vibration frequency 
spectrum against a limit, while others compare the overall RMS 
or the maximum waveform peak at a selected frequency (typically 
the dominant frequency). This invites inconsistent assessment 
outcomes and interpretations of severity. A standardized practice 
is necessary.

In the author’s experience, the lower-bound EI “Concern” limit 
is appropriately conservative when applied correctly and has 
been used successfully for decades. Additionally, the EI limits 
benefi t from: 

 1)  Being cast in RMS velocity units, which reduces the data-qual-
ity errors that occur when insuffi cient sample durations are 
collected for random signals; and 

 2)  Avoiding double integration of accelerometer data to displace-
ment, which can introduce excessive low-frequency noise in 
some circumstances. 

The API 579-1 Part 15 Level 2A approach has adopted the low-
er-bound “Concern” level, with modifi cations for signal type and 
metal temperature [3, 5]. In the author’s opinion, the most substan-
tial contribution of the upcoming API 579 Part 15 is that it provides 
single go/no-go limits for each level of assessment instead of multi-
ple thresholds within a single assessment.

Defi ciencies in managing fi ndings and forming 
recommendations
Corrosion management has a mature and concise decision pathway: 
measure thickness > compare to minimum > calculate remaining 
life > replace/upgrade or repair. The vibration mitigation deci-
sion space is wider, and in some circumstances, the wrong choice 
can worsen the problem. Mitigation can be purely mechanical 

Figure 1.  Compilation of legacy screening limits cast into RMS velocity units: Energy Institute (EI) [4], ASME OM-3 Lower 
Bound [12], API 618 [10], Nimitz/SwRI [9], and EFRC [11].
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(whether or not a design deficiency is involved), process-based 
(removing or reducing the energy source), or a combination of the 
two. Identifying the need for complex source-based mitigation 
versus simple mechanical bracing or gusseting requires training  
and experience. 

Source-based mitigation often requires multidisciplinary knowl-
edge and complex engineering analysis, including computational 
acoustic pulsation analysis to address reciprocating compressor 
pulsation-induced vibration; computational fluid dynamics for 
flow-regime modeling to address turbulence-induced vibration 
or slugging; and machinery diagnostics to identify faults such as 
imbalance, misalignment, or a pump operating off its curve. Heavy 
flow noise, cavitation, or excessive flashing can be related to valve 
sizing or malfunction. In all these examples, knowing when to 
install simple mechanical bracing or embark on a multidisciplinary 
corrective action investigation and redesign is a challenge. Training 
and education to understand vibration mechanisms in our plants 
are beneficial for decision-making. Program specifications are 
critical for defining scope and workflows, training requirements 
are important for decision-makers, and strong internal best prac-
tices and standards help ensure mitigation and corrective actions 
meet operator requirements. Simply performing fitness-for-service  
analysis is not enough.

Lastly, in the author’s experience, many in our industry lack sys-
tems to track prior fitness-for-service assessments or advanced 
engineering assessments of piping systems. Adding vibration 
integrity management to an existing inspection program requires 
improvements in current IDMS systems or specialty-built add-on 
or supplement systems. 

Lack of formal training on the measurement itself
Machinery vibration analysts hold well-established certifications 
recognized by ISO and ASNT [7]. Some fundamentals transfer to 
piping work; most do not. Three examples illustrate the differ-
ence. First, piping vibration near turbulent sources is frequently 
random rather than periodic, and characterizing a random signal 
requires substantially longer acquisition times than a machinery 
predictive maintenance (PdM) route reading. Inadequate record 
length is undoubtedly the single largest error source when quan-
tifying the severity of random signals. Second, evaluating fatigue 
requires knowing the vibration deflection shape, or at a minimum, 
a measurement at the location of highest amplitude. The assess-
ment point where data is measured is not the location of highest 
alternating stress (i.e., the potential failure point)—a basic concept 
that untrained inspectors, technicians, and even engineers may 
not understand. Third, recognizing and confirming mechani-
cal and structural resonance is an advanced skill that machinery 
certification programs defer to their highest levels (ISO Category 
IV) [7]. A piping vibration program will always benefit from a 
training and qualification element specifically for piping. In the 
author’s experience working with owner-operators across many 
oil and gas, petrochemical, and midstream companies, these 
activities are best managed by fixed equipment engineers with 
knowledge of mechanical fatigue and supported by machinery reli-
ability engineers with access to maintenance records and PdM data  
for machinery. 

Where Current API 581 Risk-Based 
Inspections Fall Short
Industry has turned to RBI when prioritizing inspection, but 
vibration fatigue does not fit into existing API RBI programs in 
its current form. In API 581, the probability of failure (POF) is the 
product of a generic failure frequency, a damage factor, and a man-
agement-systems factor; the damage factor increases over time 
as damage accumulates, and inspection reduces uncertainty and 
therefore calculated risk [2]. While this structure works for corro-
sion, API 581 currently uses a piping mechanical fatigue damage 
factor from Annex 2.E, Section 2.E.7 for vibration, which differs 
from every other damage factor in the document because it is not 
time-based and receives no credit for inspection [2]. Therefore, it is 
often ignored in practice. 

API RBI screening is qualitative: a piping component is evaluated 
if there have been past fatigue failures, if there is visible or audible 
shaking, or if a source of cyclic vibration is located within approxi-
mately 50 feet and connected directly or through structure [2]. This 
is problematic for two reasons. First, the 50-ft energy-source crite-
rion does not add substantial value in identifying what to inspect; 
and second, visual detection of vibration is generally impossible 
above 20 Hz, a range that includes the responses of most small-
bore cantilevered (SBC) instrumentation connections. Inspection 
checklists must require tactile “touch-tests” to identify abnormal 
vibration in SBC piping, especially small vents, drains, and pressure 
gauges in the vicinity of high-frequency energy sources that can 
respond in the 100-300 Hz range, such as pumps, compressors, and 
control valves. 

Current practices do not include a defined role for quantitative 
measurement. API 581 specifies: “There are no set values of vibra-
tion that will be acceptable or non-acceptable under all condi-
tions, so experience with using and interpreting vibration data is 
required” [2]. Most consequentially, it continues: “For this damage 
mechanism, credit is not given for inspection” [2]. This is clearly 
contrary to a major tenet of RBI—inspect to reduce uncertainty and 
risk. Once a line is scored as shaking, inspection does not change 
the calculated risk; only a corrective action does. Without a well-de-
fined acceptance criterion, there can be no credit for inspection. 

By the time vibration is detected in the field, most vibrating pipes 
have already accumulated more than 10 million cycles. A vibra-
tion of 1 Hz for one year is approximately 3 × 107 cycles, and well 
beyond documented endurance limits of industry-accepted fatigue 
design curves [8]. The meaningful question is therefore not “how 
much fatigue life remains” (which presumes a running damage 
clock), but “what is the probability that prior or current alternating 
stresses exceed the fatigue endurance limit?” If the stress is below 
the limit, the component can shake indefinitely; if above, failure 
can be a matter of weeks or months. Tracking actual vibration 
stress cycles is impractical, and the complexity compounds when 
energy sources are unsteady, as is typical in the vicinity of control 
valves and in piping attached to reciprocating compressor systems 
that experience changes in loading. 

API 581 correctly addresses this issue with a duration adjustment 
factor which reduces the damage factor by a factor of 50 for lines 
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that have been shaking for more than a year, on the inference that 
survival implies stresses below the endurance limit [2]. Practically, 
however, this is not sufficient to distinguish a meaningful POF. 

API 579 fitness-for-service assessment assigns acceptance criteria 
and is a tool to gauge failure probability for a single component, 
but a plant will generate hundreds of findings, and fitness-for-ser-
vice results must feed a risk-based decision process that ranks 
actions and allocates resources. Between API 570 and API 581, 
no useful guidance exists on where, how, or when to inspect for 
 piping vibration.

API 579-1/ASME FFS-1 Part 15
The upcoming edition of API 579-1/ASME FFS-1 will introduce Part 
15, Assessment of Piping Vibration—the first fitness-for-service 
methodology for evaluating in-service piping vibration [3]. Its tech-
nical basis, including enhancements to legacy industry screening 
curves and the treatment of random vibration, is documented in 
WRC Bulletin 609, with additional development materials pub-
lished through the ASME Pressure Vessels and Piping Conference 
[5, 6, 13, 14]. Part 15 is quantitative and measurement-based: vibra-
tion data are required for every assessment level, and Annex 15B 

provides testing and signal-processing requirements to help pre-
vent common data-quality problems. All Level 1 and Level 2 accep-
tance limits are fatigue-endurance based, covering both welded and 
non-welded components. Exceedance of a limit is not a prediction 
of failure. The underlying fatigue curves are design limits rather 
than mean predictions, and additional conservatism is embedded 
into the method for Level 1 because the stress-to-velocity ratios 
were derived as 97.5% upper-bound values from parametric finite 
element studies [5]. The allowable vibration velocities were deter-
mined by dividing the fatigue stress limits by the stress-to-velocity 
ratios for each category of geometry. 

The structure follows the familiar FFS assessment-level philoso-
phy. A Level 1 assessment compares overall RMS velocity against 
conservative screening limits; it requires no calculations and no 
signal processing, which makes it deployable by trained inspectors 
in the field. Level 2 provides two methods: Method A, an advanced 
screening method that carries the EI Concern-curve lineage with 
enhancements and corrections for signal type and metal tem-
perature; and Method B, a calculation method based on dynamic 
stress that accounts for the piping length, thickness, and mass dis-
tribution. The two Level 2 approaches are beneficial for different 

Table 1. �Escalation framework for piping vibration findings, with typical personnel and resources by stage.

Stage Description Personnel and Resources

1. Qualitative Survey Visual and tactile field surveillance identifies potentially problematic 
vibration. Inspectors must be trained to know when visual observation 
alone is sufficient and when tactile inspection is required (high-
frequency excitation near centrifugal machinery and control valves 
is often invisible). Standard inspection is useful to identify lack of 
support, or easy maintenance actions (e.g., loose or inactive supports) 
on mainlines that may pose increased vibration threats as conditions 
change or worsen. Address easy maintenance actions and continue 
to escalate if vibration persists. The key outcome of the survey is 
identification of piping requiring quantitative evaluation. Level 1 
evaluation can occur at this stage based on resource availability. 

• �Existing Inspection personnel with 
supplemental training

• �Overall vibration pen probes often 
sufficient, but handheld signal 
analyzers preferred

2. �Quantitative Level 1 
and 2A Evaluation

A trained and qualified individual measures the vibration and 
compares it against API 579-1 Part 15 Level 1 and Level 2A acceptance 
criteria. Qualitative factors should be considered when making final 
dispositions (probability that worst case vibration was evaluated, 
consequence of failure, ease of mitigation, etc.).

• �Fixed equipment engineers with 
supplemental training 

• �Specialty trained vibration 
technicians and service providers

• �Handheld spectrum analyzers

3a. �Advanced 
Quantitative Level 
2B Evaluations 
- SBCs

Escalate to Level 2B. If vibration also exceeds Level 2B, consider 
implementing short-term mitigations (e.g., bolted bracing); identify 
longer-term mitigation approaches — welded gussets, or removal, 
simplification, or redesign of the connection.

• �Fixed equipment engineers with 
supplemental training 

• �Specialty trained engineering 
service providers

• �Handheld spectrum analyzers

3b.� Advanced 
Quantitative Level 
2B Evaluations 
- Mainlines

Escalate to Level 2B and correct support deficiencies (loose or inactive 
supports). If vibration also exceeds Level 2B, choose among: (i) Direct 
mitigation, which often requires further engineering assessment for 
added vibration restraints to add stiffness or detune resonance — 
frequently appropriate when vibration far exceeds acceptance limits 
(e.g., well above 1.0 ips RMS); (ii) an engineering assessment to identify 
and address the root-cause excitation mechanism, including whether 
a process-based solution is required or possible; or (iii) an API 579-1 
Level 3 assessment to establish severity more accurately.

• �Fixed equipment engineers with 
supplemental training 

• �Specialty trained engineering 
service providers

• �Handheld spectrum analyzers 
often supplemented by advanced 
equipment (multi-channel 
data collectors, video motion 
amplification systems, etc.)

4. �Level 3 and 
Monitoring

A Level 3 assessment is particularly valuable when timelines for 
mitigation planning and execution are unfavorable. Level 3 better 
quantifies the POF, informing whether mitigation (even if provided 
only for operator comfort) is needed at all and whether it can wait for 
the next planned outage cycle. Advanced testing and monitoring are 
useful when vibration is flow rate or process dependent and operating 
conditions are expected to vary or worsen (e.g., rate increases).

• �Specialty trained engineering 
service providers and advanced/
experienced fixed equipment 
engineers

• �Advanced equipment (multi-channel 
data collectors, video motion 
amplification systems, etc.)
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	 3)	establishing a risk-based prioritization system, 

	 4)	mitigation planning and execution, 

	 5)	out-of-scope tracking of findings, 

	 6)	deliverables and data management, 

	 7)	verification/validation, 

	 8)	training, and 

	 9)	improvement to internal standards.

Planning
Program planning began with an estimate of the SBC population 
by equipment type and count, from which man-hour estimates and 
a multi-year schedule were developed; the target was to complete 
the vibration survey at every site within three years. Close align-
ment between inspection and engineering departments is critical 
for this hybrid program. 

Scope identification
The survey is organized around energy sources. Experience shows 
that more than 90% of findings occur near energy sources: recipro-
cating pumps and compressors, centrifugal machinery, throttling 
control valves, and piping in services known to be susceptible to 
flow-induced vibration or two-phase flow. 

	 • �For piping attached to reciprocating machinery, all SBCs 
receive tactile testing, including suction and discharge bottle 
connections, drains and vents to flare, and all piping up to and 
including the first major upstream and downstream vessels or 
until vibration energy visibly and tactilely attenuates. Relief 
valve piping and ancillary systems such as lube oil piping are 
also included. 

	 • �Around centrifugal machinery, whose vane-pass excitation is 
typically too high in frequency to see, SBCs are touch-tested 
within approximately 50 pipe diameters. 

	 • �Throttling control valves receive the same treatment: attached 
SBCs are touch-tested upstream and downstream, along with 
checks of mainline stiffness and support condition into the 
pipe rack, until low-frequency vibration visibly attenuates. 

	 • �Lastly, any piping flagged by pre-survey questionnaires as a 
historic concern is included. 

A “see something, say something” policy applies throughout the 
survey: any observed anomaly is recorded regardless of location 
or proximity to energy sources, and loose or damaged supports are 
documented even without active vibration because they are pre-
cursors to future problems when rates change. 

Establishing a risk-based prioritization system 
As part of the qualitative evaluation, every documented finding 
receives a composite priority (risk) score computed as the prod-
uct of weighting factors from a structured qualitative assessment, 
adjusted by the quantitative Part 15 result. The qualitative assess-
ment consists of ten factors capturing measures of consequence, 
failure probability, and uncertainty:

problems—Method A is generally favorable for high-frequency 
vibration of short, SBC connections near high-speed machinery 
and control valves, while Method B is most often suited to low-fre-
quency vibration typical of reciprocating machinery and two-phase 
flow. Passing either constitutes acceptance. A Level 3 assessment 
removes the conservatism of the screening levels through advanced 
modeling, advanced signal processing, alternative fatigue methods, 
and specialist measurements such as strain gauging and structural 
dynamics testing. When appropriate, it supports remaining-life 
evaluation and short-term operation decisions  [3]. 

The significance of Part 15 is practical. For the first time, a code-rec-
ognized document defines the following for vibration: what to 
measure, how much data to collect, what limits to compare against, 
and tiered assessment levels providing options when screening  
is exceeded. 

"For the first time, a code-recognized 
document defines the following for 
vibration: what to measure, how much 
data to collect, what limits to compare 
against, and tiered assessment levels 
providing options when screening  
is exceeded."

Part 15 Implementation Guidance
While not specifically included in Part 15, the escalation framework 
(Table 1) has proven effective in practice and is applicable to one-
off diagnostic assessments or large full-scale surveys of plants. The 
differing mitigation options and analysis levels distinguish SBC 
connections from mainline piping.

Case Study: A Piping Vibration Integrity 
Program
Applying the aforementioned concepts, this section summarizes 
a piping vibration program with special emphasis on execution at 
scale across multiple large North American refineries. Part I intro-
duces the case study and its interim results; additional methodol-
ogy details, examples, and outcomes will be provided in Part 2. 

The objective adopted for the program is measurable reduction, not 
elimination, of the safety hazards, environmental impacts, and pro-
duction losses associated with piping vibration fatigue, achieved 
through proactive inspection, assessment, and implementation of 
corrective actions. Operational upsets, unit rate or feed changes, 
and unknown weld-quality issues can still produce failures that a 
single survey cannot predict, so failure data are shared between 
the operator and the service provider to improve the program over 
time. The program consists of nine elements: 

	 1)	 planning, 

	 2)	scope identification, 
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	 • �Circuit criticality

	 • �Ability to isolate the connection from the process without 
substantial operations impact

	 • �Existing bracing near the center of mass of the  
cantilevered weight

	 • �Existing gussets at the base connection

	 • �Fabrication type (contour-insert fittings through  
threaded and stub-in connections, weighted by inherent  
stress concentration)

	 • �Visual weld quality

	 • �Pre-existing damage (fretting, or a broken support or shoe  
off its support—indications of uncaptured severity such as  
a surge event)

	 • �Duration of operation (longer survival implies  
decreasing probability that alternating stresses exceed  
the endurance limit)

	 • �System variability (control valves, variable-speed machinery, 
and reciprocating compressors are automatically flagged, 
because the surveyed condition may not be the worst case)

	 • �General mechanical design quality (long or heavily loaded can-
tilevers, inactive mainline supports, long unsupported spans)

When a Part 15 assessment is performed, the base score is scaled by 
the degree of exceedance: a finding that exceeds its allowable mul-
tiplies its base score in proportion to the exceedance—with exceed-
ance of the Level 2 allowable weighted twice as heavily as an equal 
exceedance of Level 1. A finding below the allowable is reduced pro-
portionally, with the credit floored at 50% of the base score. 

Relative Risk Score = (Product of Weight Factors) x (% of API 579  
Part 15 Allowable)

Findings are categorized High (score above 1,000), Medium (200 to 
1,000), or Low (200 and below), with category boundaries delineated 
from pilot-study results and tuned with owner input. Timing for 
mitigative actions is linked to the High, Medium, and Low catego-
ries. A pilot program is critical to align scope, schedule, and scoring 
system with the operator’s corporate strategies. Lack of alignment 
will undoubtedly lead to excessive conservatism and “overcalls.”

Every finding receives qualitative visual and tactile assessment; 
findings with active abnormal vibration are escalated to quantita-
tive measurement and assessment against API 579-1 Part 15 Levels 
1 and 2A, using magnetically mounted triaxial accelerometers and 
the data quality requirements of Annex 15B [3]. Work is executed 
by mechanical engineers who maintain regular communication 
with site representatives and program management throughout 
the survey, and significant High-risk findings are brought to the 
site’s attention and actioned immediately rather than held for a  
closeout report. 

Mitigation planning and execution 
With technical support from the service provider, the owner-oper-
ator has adopted internal remediation timelines of six months for 

High, one year for Mediums that do not require engineering, and 
two years for Mediums that require engineering.   These decisions 
were informed by the engineering fitness-for-service rather than 
derived from it. 

The allowable limits for Levels 1 and 2 are constant-amplitude 
design fatigue (endurance) limits consistent with BS 7608, so 
each assessment is a go/no-go determination of whether the mea-
sured vibration exceeds or falls below the design fatigue limit 
of the material [8]. The single-outcome assessment, combined 
with the qualitative score, supports the program's triage nature. 
Remediation timing for findings that exceed the Level 1 and Level 2 
limits is therefore set by the owner-operator’s practical constraints 
and internal targets.

Out-of-scope tracking
A clearly defined project scope is critical for ensuring timing and 
budget expectations are met. Items discovered during the survey 
that fall outside the SBC program are tracked within the vibration 
IDMS. The majority of out-of-scope findings are instances of main-
line piping vibration that warrant a Level 2B or Level 3 assessment 
or require mainline restraint additions, which in turn require pipe 
stress analysis to confirm that thermal expansion stresses remain 
within ASME B31.3 code limits. Additionally, any support mod-
ifications to piping in reciprocating compressor or pump service 
require dynamic evaluation to ensure no new resonance condi-
tions are created in the modified pipe spans.

Deliverables and data management
Each finding with a recommended action receives a standardized, 
compact PDF finding report containing the problem description, 
the qualitative assessment answers, the Part 15 Level 1 and 2A 
results with the governing percentages of allowable, annotated 
photographs of the location and the measurement (including sen-
sor position and direction), and the mitigation recommendation 
with references to standard bracing drawings (Figure 2). A search-
able findings database accompanies the electronic reports cover-
ing every surveyed unit: each record carries the finding identifier, 
asset, priority category and score, Part 15 result as a percentage of 
allowable, problem description, recommendation, survey date, and 
a link to the finding report page. The database is filterable by site, 
unit, priority, outcome, and vibration amplitude, and exports to 
CSV for integration with site IDMS. This is the difference between 
a survey and a program: findings are individually retrievable 
but collectively sortable and best practices can be updated from  
lessons learned. 

"This is the difference between a 
survey and a program: findings are 
individually retrievable but collectively 
sortable and best practices can be 
updated from lessons learned."
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Verifi cation/validation
Where bolted bracing is recommended for in-service vibration mit-
igation, the newly installed removable bracing is assigned an engi-
neered item number, shown on the piping isometrics, and stamped 
or stenciled on the hardware, so that braces removed during future 
maintenance actions are reinstalled. 

After mitigation, vibration is rechecked: a tactile verifi cation of 
directional improvement suffi ces for most Medium fi ndings, 
while quantitative remeasurement against the originally assigned 
Level 2 limits is recommended for all High-priority fi ndings and 
for Medium- and High-priority fi ndings excited by reciprocating 
compressors. Added stiffness can retune a connection into a high-
er-order harmonic of the machine and may worsen vibration in 
some instances. Findings associated with operating conditions that 
could not be reproduced on the survey day are fl agged for reassess-
ment when those conditions return. 

Training
The operator has added qualitative piping vibration assessment 
guidance to its corporate piping inspection specifi cation and has 
trained select site personnel to execute basic Part 15 Level 1 and 
Level 2 assessments internally. 

Improvement of internal standards
The population of fi ndings is large enough to identify common 
designs that should be avoided in future installations. Common 
vibration-prone designs are being identifi ed in the program, and 
lessons learned will be applied to improve internal design and com-
missioning practices. 

Current Program Results
The program is ongoing. After 15 months of surveying, an estimated 
163,000 SBCs had been touched across 173 operating units and 
roughly 12,500 assets, producing 5,611 documented fi nding assess-
ments—a discovery rate of approximately 3.4% (Figure 3). Of these, 

667 were High, 1,299 Medium, and 3,645 Low. The measured data 
support the category assignments: 92% of High fi ndings exceed 
their Part 15 Level 2A allowable, compared with 60% of Medium 
fi ndings and 5% of Low fi ndings (175 of 3,645). Findings concentrate 
in piping attached to reciprocating compressors in hydrotreating 
and hydrocracking units, in pump-dense units such as crude units, 
and in coker units, consistent with the energy source basis of the 
survey scope.

Closing Thoughts
MI programs manage what they measure. For decades, piping 
vibration has been outside of inspection disciplines due to a lack 
of training, undefi ned acceptance criteria, and no risk-based 
prioritization framework. 

Piping vibration integrity programs are easier to adopt now that 
acceptance criteria are codifi ed in API 579-1/ASME FFS-1 Part 15, 
supplemented by a priority scoring system that provides sys-
tematic measures of risk. The remaining gaps are programmatic: 
qualify people to measure, defi ne the scope and inspection strat-
egy, defi ne requirements for mitigation and/or corrective actions, 
manage the fi ndings in a system that tracks them to closure, and 
develop internal standards and best practices to guide the process. 
Now that the technical basis exists, most facilities today have yet to 
develop the program and institutional knowledge. 

The case study in this article shows what closing these gaps looks 
like at scale: over 163,000 small-bore connections surveyed, more 
than 5,600 documented fi ndings, and a defi ned path from mea-
surement to correction. Inspection managers reviewing their MI 
programs might ask: Does anyone at the site measure piping vibra-
tion against a defi ned acceptance criterion? Is there a written esca-
lation path when a limit is exceeded? Can the site produce a ranked 
list of open vibration fi ndings today? And when a brace is removed 
during a turnaround, is anything done to ensure it is reinstalled? 
Have internal design, maintenance, and operation standards, and 

Figure 2.  Example fi nding report: summary and recommendation, qualitative assessment, Part 15 Level 1 and 2A results, and annotated fi eld 
photographs documenting the fi nding location and measurement position.
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the training on those standards, been updated to effectively address 
piping vibration? 

Further methodology details, progress updates, examples, and 
summaries of actions taken will be provided in the upcoming Part 
2 of this article.  ■

For more information on this subject or the author, please email 
us at inquiries@inspectioneering.com.
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