


CONDITIONAL GRAPHIC PRESENTATION CAUSES OF ORIGIN 
FORECASTING ERRORS OF RESIDUAL LIFE
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WORK EXPERIENCE AND METHODS OF TECHNICAL CONDITIONS (TC ) 
RATING AND RESOURCE

Works stages Methods 

Establish baseline (h0), intermediate (h1 ÷(i-1)) 
TC parameter values and time of  
operation of equipment (tki) 

Analysis of technical documents - project, the executive, repair, 
operating, on earlier surveys, interim monitoring, etc. 

Determination of the current (hi) values 
of the parameters 
TC`s 

Non-destructive, damaging and destructive methods of testing 

The identification of loads and impacts 
Analysis of operational documentation and applying methods of 
experimental mechanics 

The Identification of possible limit state (LS) Analysis of damage, load impacts and criterial characteristics 
of the metal  

Defining criteria [h] assessment TC 
Analysis of regulatory requirements and restrictions, settlement and 
experimental methods for evaluating the strength, reliability and 
survivability by several criterias of LS (LS) 

The definition of change low of TC 
parameters of temporary hi(t) patterns 

Approximation baseline (h0), intermediate (h1 ÷(i-1)) and ongoing (hi) 
values of the parameters TC and defining the parameters of 
mathematical regularities hi(t) and it’s changes 

Prediction of residual resource (τ) Extrapolation hi(t), and time to achieve the current values (hi) criteria [h] 

Defining the term and conditions of safe 
operation until the next diagnostic survey 

An analysis of the regulatory requirements for the security and safety of 
the resource definition, taking into account the reliability of forecasting τ, 
the volume control and TC  severity of possible resource bounce 

 



Mechanism of 
failure 

Possible limits 
of the state 

Parameters and evaluation 
criteria of ТС 

Corrosion 
(erosion) 
wear 

- viscous destruction; 
- leak 

Actual and dropout (estimated), the 
wall thickness on the criteria of the 
static strength 

Changing the 
mechanical 
characteristics 
of the metal 

- destruction (viscous, delicate) 

The speed of change and 
assessment of the actual 
properties for the projected 
period of operation 

H2S 
corrosion 
cracking 

- the emergence of macro cracks 
and fragile destruction  

The actual and allowable 
value of conditional 
like cracks damages 
to brittle fracture 
resistance criterion 

Changes of the 
critical temperature 
of fragility 
(metal 
embrittlement) 

- delicate destruction 

The actual and allowable 
value of conditional like cracks 
damages, given the temperature 
of fragility 

Cyclic 
loading 

- fatigue cracking, and the 
emergence of macro cracks and 
delicate destruction 

The actual and allowable number 
of load cycles 

Metal creep 
- invalid forming; 
- distortionary aging and fragile 
destruction 

Actual and dropout (estimated), the wall 
thickness on the criteria 
of the prolonged strength 

 

PHYSICS OF FAILURES AND LIMIT STATES OF EQUIPMENT



APPROACHES TO ENSURE THE ACCURACY

Methods for reducing errors 
and ensuring the reliability of 

the results works

Competence of
enterprise, personnel and 
availability of long-term 

experience works

Application
instrumental complexes 
sufficient accuracy and 

reliability

The use of methods
and techniques sufficient 
accuracy and reliability

of the results

The use of 
certified software



COMPETENCE OF THE ENTERPRISE



Submit theoretical exams on non-destructive testing

Qualifying certificates of non-destructive testing specialists

COMPETENCE OF PERSONNEL: ATTESTATION

The competence of personnel in the domain of non-destructive 
testing is not only in the independent appraisals body, but the 
annual two-month training with the internal follow-qualify under 
the enterprise’s Quality Management System.

In JSC "Tekhdiagnostica" employs more than 80 professionals
IInd qualification level, including 16 specialists with experience 
of more than 10 years, 20 - with the experience of more than
5 years and 7 employers with more than 3 years experience.
Also enterprise has 4 specialist of IIIrd qualification level.



COMPETENCE OF PERSONNEL: INTRAINDUSTRIAL TRAINING

Personnel practical 
exercises

Exploring technology with
hardness tester

Control node connections

Theoretical lessons on
non-destructive testing 

Testing results of works



METHODS AND INSTRUMENTS

The company is staffed by a modern diagnostic equipment for all major non-destructive testing methods, business 
professionals trained and certified at least the level II of non-destructive testing qualifying for PB 03-440-02.
The major diagnostic methods and equipment are:

- visual inspection and measurements – endoscopes Olympus, VD-8. etc;

- acoustic methods (ultrasonic, acoustic emission) –defectoscopes Epoch IIIb, USN-52 etc., thickness testers DME DL, 
DMS, etc., ultrasonic scanner Canon M500/600, complex of acoustic emission A-Line 32D DDM;

- magnetic methods (magnetic particle, magnet-anisotropic) - defectoscopes Magnaflux Y-6, scanner-defectoscopes
"Complex 2.05", etc.;

- control with penetrating substances (liquid penetrant , leak search) - liquid penetrant flaw inspection kit Sherwin, 
installation control tightnessНВР-1;

- eddy current inspection - defectoscopes ED-400, UH-B "Locator" and other.

- thermal inspection (thermovision) - infrared image converter Thermo Tracer TH5104;

- vibration survey - Vibration AnalysersТК-81, IRD FastTrak, "Topaz" etc.

Also, the staff of company was trained and attested to a destructive testing, including:

- the tensile testing;

- test knock on the bend;

- metallographic and fractographic tests;

- hardness test with portable and stationary testers;

- spectrum analysis of chemical metal composition.



PROVISION OF MEASUREMENTS ACCURACY:
STANDARDS AND CALIBRATION SAMPLES

Ensuring the reliability of the results of measurements 
carried out by every month settings diagnostic equipment 
using public samples and enterprise`s standard samples 
(ESS).

ESS are artificial defects with documented metrological 
characteristics.

The company is equipped 
with equipment for the 

manufacture of standard 
samples required
for the inspection

Set of International and Public samples for USI



In addition to state testing, as appropriate 
forces metrological laboratory specialists of 
JSC "Tekhdiagnostica" execute inter 
enterprise testing and calibration of
measurement tools and other diagnostic 
equipment.

For calibration of ultrasonic flaw
detectors used specialized calibration unit 
GSU UP-10PU.

Testing of thickness gages performed with 
exemplary measures flat bottom reflector 
wave (kit KMD-4).

PROVISION OF MEASUREMENTS ACCURACY: 
EQUIPMENT CALIBRATION



PROVISION OF MEASUREMENTS ACCURACY: 
STATE TEST OF MEASURING TOOLS

All measurement tools used by the 
Laboratory of non-destructive testing are 
certificates of approval and the type of 
measurements made in the State Register of 
measuring

All devices moderated annual metrological 
verification.

Metrological testing devices running in the 
territorial department of Gosstandart of 
Russia – FSU "Orenburg CSMaC", as well 
as in other organizations who have the 
corresponding rights and registered in the 
Register of accredited metrology services.



NORMATIVE AND METHODOLOGICAL PROVISION

Legislation of
Kazakhstan republic

Rules and
safety standards

Regulations and other 
documents of MOE

GOSTs, OSTs, SNiPs, 
VSN, TU, RD and other

Procedures on the
types of work

Foreign and Russian
rules and regulations

API, ASME, ASTM, 
ISO, EN, etc.



APPLIED TYPES OF NON-DESTRUCTIVE TESTING:
ULTRASONIC INSPECTION

A set of diagnostic equipment,
placed in the car

Ultrasonic tester "EPOCH IIIB"

Portable tester with function of wall 
thickness tester А1212 "Master"



APPLIED TYPES OF NON-DESTRUCTIVE TESTING:
ULTRASONIC SCANNING

Ultrasonic scanning
connection node

(UKPG-10, Orenburggazprom)

The work of a self-feed scanner (shell scanning )
(amine regeneration column, KPK, KPO BV)

An automated ultrasonic scanning system
Canon M500/600, which used by specialists of
JSC "Tekhdiagnostica" in the diagnostic work,
provides the required quality and reliability of the 
results of ultrasonic testing. Storage parameters and 
the results of ultrasonic control on removable media 
allows the periodic monitoring of equipment state 
with constant settings.

DISCONTINUITY  FLAWS

Defectogram of tangential  weld



APPLIED TYPES OF NON-DESTRUCTIVE TESTING: EDDY CURR ENT INSPECTION, 
MAGNETIC PARTICLE, LIQUID PENETRANT AND VISUAL INSP ECTION

Defects identified by liquid penetrant and magnetic p article inspection

Liquid penetrant inspection Magnetic particle flaw detectionEddy current inspection

Visual inspection and measurements 
of inner surface of the
heat exchanger tubes



APPLIED TYPES OF NON-DESTRUCTIVE TESTING:
ACOUSTIC EMISSION TEST

Digital set of acoustic-emission complex "A-Line 32D DDM" applies 
by specialists of JSC "Tekhdiagnostica" to perform non-destructive 
testing facilities, where the use of other methods of NDT labour or 
impossible - heat exchangers of cooling gases plant, air separation 
units, and as an escort of pneumatic overpressure test.

In order to improve the quality and reliability of acoustic-emission 
controls, the Centre of calculations and experiment  (CCE) of
JSC "Tekhdiagnostica" regularly conducts various research works to 
optimize the placement schemes of AE sensors, AE signal filtering and 
detection of acoustic waves emitted by various defects in the metal of 
equipment.



APPLIED TYPES OF NON-DESTRUCTIVE TESTING:
THERMAL INSPECTION

Thermovision unit Thermo Tracer (NEC san-ei, Japan)
Implementation of the thermal control

Samples of the defects identified with thermal cont rol

3 … 5.3mkmSpectral range

22HzCadre frequency 
sweep

0.002radianThe spatial 
resolution

21.5degreesThe vertical angle of 
view

21.5degreesThe horizontal angle 
of view

0.1°CSensitivity

-40 … +800°CMeasured
temperature range

ValueUnit of 
measurementFeature

Violation of the oil circulation 
through the radiator 
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Overheating of bolt 
connecting

Area of overheating of exhaust 
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collector are missing



300

200

100

50 100

РЕЗУЛЬТАТЫ  ИСПЫТАНИЙ:

Предел текучести    = 468 МПа
Предел прочности  = 619 МПа
Твердость 
Твердость 

 
HB          = 201
HV          = 203

 

 

0

Н
аг

р
уз

ка
, к

гс

Перемещение, мкм

ра
зг

ру
ж
ен

ие

наг
руж

ени
е

DEFINITION OF MECHANICAL FEATURES, HARDNESS TEST

For hardness measures JSC "Tekhdiagnostica" uses a varie ty of devices that 
implement methods of Brinell, Rockwell, Vickers,

Leeb and ultrasonic contact impedance

Stationary hardness tester
HBRV-187,5

Determination of the hardness of metal
with the help of portable
hardness tester EQUOtip

PIM-DV1 - device for determining the mechanical 
characteristics of materials with indentor

penetration (above) and test results (below)

loading

loading
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TEST RESULTS:

Yield strength = 468 MPa
Tensile strength = 619 Mpa
Hardness HB = 201
Hardness HV = 203



SPECTRAL ANALYSIS OF CHEMICAL COMPOSITION OF METALS

Express analysis of the chemical composition of the 
metal of equipment components performed with 
portative spectrograph "Spectroport", allows to 
perform works on equipment without out of operation.

Лобода С.А.

Целоусов А.И.

17 августа 2007 г.,



INVESTIGATION OF STRUCTURAL METAL PROPERTIES

Scanniselectron microscope
(x 300 000 max)

Stereomicroscope "NIKON EPIPHOT TME"
(x 1 000 max)

Metallographic inspection of metal on 
working equipment using

portable microscopes

Destruction of weld



INVESTIGATION OF STRAINED AND DEFORMED STATES

Photo of  magnet-anisotropic  scanner-defectoscope "Complex 2.05"
and the processing of inspection results

Implementation of the strain control of vessel model,
working under pressure

Visual presentation of the 
results of the control of 

pipeline section with 
corrugations

Weld without defects

A fragment of shell with
ulcer corrosion areas
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The authenticity of testing

h – controllable parameter
p - density distribution h
Р – probability function h
γ – trustee probability
V (h>hmax) – the probability of finding h outside the 

confidence interval
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PHASES OF WORK, LIFETIME FORECASTING AND PLANNING I NSPECTIONS
OF GAS PROCESSING AND CHEMICAL TREATMENT EQUIPMENT

BY HAZARD CRITERIA AND FAILURE PROBABILITIES

Q - generalized load;
ТOPS - operating temperature; 
L - design;
pH, PH2S - operating environment characteristics; 
N, f - generalized operating conditions;
l - generalized defect characteristics; 
R - generalized load-carrying capacity;
t – non-failure period from the beginning of 

operation;
Qk, [Rk], lk, [lk], Nk, [Nk] – current values of 

technical condition and limiting condition 
parameters; 

а = dlk/dt, dlk/dN, dQk/dt, dRk/dt - rate of 
change of technical condition parameters;

τ τ τ τ - predicted value of residual lifetime;
А - difference between technical condition and 

limiting condition parameter values; 
Vai – failure probability level; 
KIi - examination quality level; 
Сi - failure effect severity level; 
Rаi - failure risk level; 
V - failure probability; 
pS(S) - safe-load factor probability density;
[V] - acceptable level of failure probability; 
TV - time to attainment of [V]; 
TN - operating period between inspections; 
nN, nV - safe-load factors; 
Т - specified time to inspection, repairs, 

replacement



COMPETENCE AND QUALIFICATION OF CENTRE OF CALCULATIONS 
AND EXPERIMENT PERSONNEL

Centre of calculations and experiment (CCE) in the structure of JSC 
"Tekhdiagnostica" executes (according to current technical documents) normative 
calculations for strength and the resources, as well as modelling behaviour of 
structures under the influence of external factors (pressure, temperature, vibration 
and other)

Personal of CCE periodically passes refresher courses and attested to perform 
calculations in strength by Russian technical supervision. Personnel of the CCE 
have 11 employers, including 4 specialists with experience of more than 6 years. 
Two specialists of the CCE have science degrees

In order to improve the reliability calculation models designs
and quality of analysis their load capacity, survivability and longevity,
CCE JSC "Tekhdiagnostica" contacts with the leading scientific research institutes
in Russia: IMASH Russian Academy of Sciences (Moscow), South Ural State 
University (Chelyabinsk) and other.



SOFTWARE

In order to perform calculations on the strength and 
residual resource of equipment and pipelines,
modelling behaviour of structures under the influence 
of external factors Centre of calculations and 
experiment  (CCE) of JSC "Tekhdiagnostica" applies 
only certified software, such as:
- LS-Dyna (Livermore Software Technology

Corporation);
- Cosmos/M (Structural Research & Analysis Corp.);
- PVP-Design.



STRENGTH CALCULATION
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Q – common load characteristic; Ф – common characteristic of load capacity (by criteri a of a limiting 
state (LS)); [ Ф]n – regulatory criteria permissible values LS; Р

Э – operational parameters of loading; 
δδδδ(D) –parameters of TC by the results of diagnostics  (D) 

  

 

 

 
 

Limiting (outdrop) thickness of the wall  The calcu lation and analysis of SDS fixtures, units and comp onents 
 
• rated calculations to determine the regulatory limi t (outdrop) thicknesses of the equipment walls  
• calculations for static, cyclic (fatigue), strength , resistance to brittle fracture, stability, etc. 
• calculations of strain-deformed state (SDS), accord ing with results of the survey - the actual geometr y, 
damage, the system loads and impacts;  
•••• calculations for limiting, and destroying critical loads and impacts  

σσσσЭКВ 
σσσσЭКВ 

Sactual =24 mm 

Sstd - С=21 mm Slim= 
Scalc  =18,4 mm  

Wear, loss of metal 

The residual thickness of the wall 

σ σ



EVALUATION AND CALCULATION OF STRESS IN CHOKE ASSEMBLY  
WITH VIOLATION OF WELD JOINT GEOMETRY

At vessel "C-401A" established at UKPG-3
Karachaganak Petroleum Operating b.v., found a
discrepancy of shape and size of a welded seam welding 
neck of connection node “P" (hatch-hole) in the body of 
the vessel.

Baseline data for the calculation:
- external diameter of shell – 1600 mm;
- conditional diameter of branch pipe – 450 mm;
- rated pressure – 14,3 MPа;
- material of shell – Steel 20JCH;
- material of branch pipe – Steel 20JCH;
- yield strength [σ]т=235,0 MPa;
- tensile strength [σ]В=410,0 MPa
- allowed strain [σ]=129,0 MPa.

0 30 60 90 120 150 180 210 240 270
The distribution of von Mises stress in the connection node from the pressure

(color distribution - meaning stresses in the MPa)

The estimated model and symbol basic 
geometric parameters junction box connections
"P" in the body of vessel

Category of strain Rated pressure, 
Mpa Allowed value, MPa 

Membrane 160 [ ] =⋅ σ3,1 167 

Membrane + branch + local 
strain in the light of 
concentration  

270 =
В

σ 410 

   The results of calculations and analyses of SDS show, what the level of 
stresses encountered in the design was acceptable for normal operating 
conditions 

 



In vessel "Buffer capacity pumping 2-nd stage"
established at the gas processing plant of the 
"Gazprom Dobycha Astrakhan" LLC, revealed a
defect in the weld seams welding pipe connections in 
the body of the vessel and welding reinforcing ring to 
the branch pipe connections.
Baseline data for the calculation:
- external diameter of shell – 350 mm;
- external diameter of branch pipe – 128 mm;
- rated pressure – 10,0 MPa;
- material of body – Steel 20;
- material of branch pipe – Steel 20;
- yield strength [σ]

т
=210,0 MPa;

- tensile strength [σ]
В
=410,0 MPa

- allowed strain [σ]=129,0 MPa.
0 24 47 71 95 118 142 166 189 213

The distribution of von Mises stress in the connection node from 
the pressure (color distribution - meaning stresses in the MPa)

EVALUATION AND CALCULATION OF STRESS IN CHOKE ASSEMBLY  
WITH DEFECTS IN WELD JOINTS

Category of strain Rated pressure, 
MPa Allowed value, MPa 

Membrane 140 [ ] =⋅ σ3,1 167 

Membrane + branch + local 
strain in the light of 
concentration  

213 =
В

σ 410 

   The results of calculations and analyses of SDS show, what the level of 
stresses encountered in the design was acceptable for normal operating 
conditions 
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connectionconnectionconnectionconnection



CONCLUSIONS

This submissions describes JSC "Tekhdiagnostica" as scientific, research and production 
enterprise, which can offer its customers not only the quality and operational non-destructive testing, 
but innovation in the domain of industrial safety, reliability and uninterrupted operation of the 
equipment, failure probability calculations, predicting failure effect severity and risk analysis refusal.

Proof of a high standard of quality in works, performed by JSC "Tekhdiagnostica", are the obtaining 
licenses and accreditations, competence of personell, instrumentation, metrology and methodological 
provision, many years of experience in dealing with largest potentially hazardous production facilities -
"Gazprom Dobycha Orenburg" LLC, "Gazprom Dobycha Astrakhan" LLC, Karachaganak Petroleum 
Operating B.V. and other.

JSC "Tekhdiagnostica" has dozens of gratitude and positive feedbacks from customers as well as 
from oversight bodies on industrial safety. 

As the organisation of independent experts, JSC "Tekhdiagnostica" is offering its services to inspect 
process equipment in gas, oil, petrochemical and other industries anytime, anywhere, in any volumes, 
and at a moderate price. 

Our goal is to lower accidental risks and failure hazards. Cooperation with our company will 
guarantee high quality of works at a minimal cost.

Our address:
460047, Russia, Orenburg, Yunykh Lenintsev Str., 22

tel. +7 (3532) 63-84-07,   fax. +7 (3532) 62-94-41
E-mail: contact@tdiag.ru        

See more details about us at: www.tdiag.ru




