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President’'s Message

In Moserniper our comparny wil celebrate its 40th anniversary, A5 one of the finm's
co-founders, along with Ray Latham and Hamy Sweal, our inilial focus was an
helping dlients dril high-pressure ges wels end providing ceriified stresa reports
for componants In nuckear power plants. Over the years, our serdces have greatly
prcadiened along with our chent base, Last year, we werg privileged 1o serse TBE
clients worldwice.

In 1980 we opened our first test (eboratory at the unging of Tom Asodl,. The combbination of full-scale testing
and advanced arahsis was well recebed by disnds and dramalically egeanded our testing sendoes, Our thres
test |akes in Mouston, along with others in Gincinnati, Mew Orleans, and Calgary, employ over &3 technicians,
Tom's embitions heve made Strees Enginesring a valued earvica prosidiar to meny clants, particulary in the Siald
of testing threaded connections for alfield service.

Sadly, in October 2017 we lost Tom 1o cancar. He will be missed greatly. In keeping with Tom's valued work
atnic and concem for the welfare of cwr technicians, Randy Long now owversess 8l of our Houston test laba,
Tom was also our Senkor Vice President. and Jeck Miler has sssumed the role of Executive Vice President,

Each of our sendce areas raported significant successas and improvemants in 2011, To ensue that we
continue to dalver a high level of quality and sarvica, we ere asking our clants for feedback on cur perior-
mance on each project. Please fake the time to answes this survey. We sincerely want fo be & betier sendce
providier to yol, and this data wil help us achisve that goal

| am also pleased o announca thet our Cuality Mansgsment System, under the direction of Earl Hudspeth,
resulted in an B0 8001 cartification for our Cincnnatl office. The other areas of the cormpany ane working

foward the sarme goal

W are rapidhy expanding our steff to mest the strong demands fior our sarvicas with new, inteligent young
paople along with experenced professionals who ae quickly sbaorhing the cutture of iIntermal coopergtion of &n
employda-owned COMPBan:. \We 2o erman exdrermely commilied 1o our intia pincisies of providing high-
gualty lechnical and problem-solving sanices.

Az we celebrate owr 40th enniversary, 8l of us at Siress Enginesrdng Serdcas warnt to thank you, our clents, for
your support and friandshin, We plecoe 1o continue 1o work hand to peovide you the “Aght answers on lime,”

Thanke!!

G-

Jos A, Fowler, PhoD,, PE.
Presicent
Simass Enginearing Sendces, nc.
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40 years of Technical Excellence

Analysis of Measured Data for

Offshore Systems

Scot Mcieill, Ph.D, PE.
Pureet Agorwal, Ph.O.

For alfshon syslems, moasured dala contain a kol of
ot information aboul system peforrmancs and
rierily, Acceromelens, angular rale snsors, strain
gages, and Global Pasilioning Systems [GPS) can be
usid B charachoniag the responso of an onbint Floaling
Production Syslem [FPS) in visious weather condilions,
S al hese inslrumaenls can Also B wsed 1O reoond
ter Exphineicr of Subsoa or Subsuriace equiprment, such
&5 riseers, e, manitokds, and pipelnes in oychc
kading arsironmonis. Addilionally, anemomabens, wang
rackar, current meders, and pressune ransducers can be
used B measung (bl erdronmicelal o nderral kading
Corilatn 5.

Ag good quality, high precision instrumomis ar nsadiy
avaitabli on thi makol placde, the chalordgo doos nol la
in he capabilty of instrurnentation for mos! engingening
dopications, instesd, e dilicullics in Gesign and
implernentation of a benalicial nbegrily managamean
program can be summariood as follows:

= Linderstandeng whatl parformancd paramabins an
irmpartant

+ Salacting the appropriate mstremant for sach
parformancs paramaber

« Dusigning the data acquisition systerm to
comglimant th capabilities of the nstrumaentation

* Processing and analyzing dita to extract all the
usaful infarmation fram the entire sel of instrurnents

Thost issues o straghl-fonwand 1o resoha. Hower, il
i PocnssEry 1o enksl engindors wilh kidwdeddge and
BpriONGE in sigral processing and data acouisition, as
vl &5 rmcchanics of alfshore Syslems n (he program,
The enginenng leam al Siress Enginsoring Soerbces
cormbings decades of knowledge & aporioncs in
treser areas, alwing for & comprebensive solulion or
shraclural moniloning and nbogrly Mmansgemaent,

I this artichy, wo focus on signal processing and data
drnalysis, BExampios ane provided shior assessmen] of
rdesuned daka & an inlegral part al the ergineerng
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drabysis poormod, Examgles am providad Tor isors,
Noating sysioms, and subse jumpars.

REAL-TIME RISER FATIGLIE MOMNITORING
Evar-ncriasing emohass his Boon placod on moailor-
ing of marne riser syshoms for exdremies, faligue,
corrosEon, alo. by balkh ol Cormparegs snd regulsiony
bodies, For driling rigees, the diling conlraclor &
mxpeciod 1o have a deser maragemant plan ar joind
rafabion plan thal can adaqualoly idanlify Ui pinls of
corsern which can be aither ralabed in the iser Slhing
or can bo “pulled” for inspection, Porformanca of
praduction rigers should D vedied 1o egset adequate
dnsign, especially whon noe desion latunes or
operabing Comciions ane encouniboned, I sddition,
ety Sonaitions or high cumenls cae irnil dhlling and
production operations and raise safely and ervwiron-
rnlal concerns, Roeal-lirme moniloning proides dnec
infarmalion on the pedforrmancs of e nser on-dermand,
erabling oporators 1o maks nforrmed decesons,

Stress Engineaning Services has ety diveloped a
compete sysbom for riser vibradion monitaring 7, The
rglrurnentation consisls of a series of Subsoa Vikralion
Data Loggers (SVDLs) comected 1o the lop-side dala
fcousilion Sysiom via a fiber optic cable, Each SVIOL
Frouses a gl accoleromeber and Bigaal angusar rale
songor wilh 1he assocaled decirors Hoards in a ono
atmosphen: ervinonment, The SYDLs and data cable
e chepdoyed and rebicyved wilky he riger, FAiser moliong
ard slalistics and displayed o meal-lirmd on he wasssl,
Cuslom sollwan cormpules stress and faligue damage
updalos meery 15 miretes e on-Boand desplay and
archiving. Thi firsl dopioymel of I Syslenm is
sehduled around rrad-yaar 2012,

The irstrurmentation systern ublizes rbust, deplyabie
sccoieramilers and angular rite sensors and does nol
reduine direc! strain meassrements (haugh strn
gipng crilical arcas is redcdmmended). Thenlons an
algorithm had 1o be developed |0 calouale stross time
hislorios and deterning faligue damage from tho
rsasured e mation, Tha algorhm developed



ermploys Modal Decomposition and Reconstruction
MADEY of the rmedsured dath, whesby e recondad
rigar rhakions ar decompxcded iro modal esponsas
imasponss of individual modes) and Stress time Ristones
arg rgconstnached from the modal responsas and mods
shaps curitures, Detaiks of ths prodadurs an b
fourdd in [1, 2]

Thia akgorithm was valdabed by rumancsl simulation of
sevgral diffierant risar corfigurations amd curant
erircnrments 25 wall as measund best data of a
shandar, fesdya rigar frorm fhe Norsegian Daeafnvaber
Prograrm (NOP) B, The validation with the NDP data
imohed comparing fafigue darmages derved from
rrsasurad accelerations with darmages computed from
direct measuramants with strain gages that warns
placad at differant lecakions than acoslenormetong,
Rasults frorm MOP best 2120, unifiorm curmant, ana Briafy
pragartad Bera, Figurs 1 ilustratas the position of the 8
ancelerormeters and 24 strain gages as well as the
curmant dirschion.

doparage Power Spectral Density (PSD) plots ae shown
faar B X-clineacbion (r-Bne) and Yodinechion [oross-fow) in
Figure 2, Notica that the fundamantal in-line responss
fraquarcy i twice that of the fundamantal cross-flow
fraquancy & the thind and itk Rarmaonics are prasant,
as axpecied for VIV of king, fkedtia risans,

The MDA algorithen was usad t6 reconstnet e st
time histores along the entive rser length, at several
locations around the crourmfanence. Standard raidon
eyeks courting and 5-N mathods wars than used 1o
cormpute fatigus damage mies. Reconstructed fatigus
darnags rabe curves ana shown along with values
ebaiad fram the rmeasured strain gage data in Figure
3, The mathod developed claarly allows for acourate
strass arcd fafigue darnage prediction using a mited
AU of depicyabls sensors,

FPS PERFORMANCE MOMITORIMG

Flaating production Systems mprasant & major inacis
irmmstmant, Stroctural irtegrity snd parformancs in
harsh arndnonrmental Conditions s necessan (o ansun
cptirmizad production. Mary operators Fave mslized the
impartance of continuoushy montonng metocsan
conditions and e FPS responsa o support design
warification efforts, evaluate futung expangion capacsty,

40 years of Technical Expellence
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and extand the servics ile of the assat, To rmassrmize the
irmpact of the dala massuwamant program ragquiras
integrating knonwiedge of the emvironment and FPS
rasponss with proper data cleansing and analysis
Techinigues,

Ot is often wsed in vakZating presclions from
nimerical sarnukaton. Two examplas e prasentad,
cormpiing pradiclions o messuameants, Figune 4
ilsstrates measued significant wave haights to
hindepst valles duning & majgs Fericana in fhe Gl of
Mexico. Measyred data was ecorded using
cliosmiwardHOORING wave radar, gttached 1o the deck of
A semisubmersble patform. Snoe e paiom mowes
undar the infheancs of wava, whal is achualy measired
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4Q years of Technical Excellence

i5 the relative wane alevations as seen by the moving
veassal (Diua lingd. | was necessary fo mmoss tha
platirrn rations fram the msasured wave radae data
to calcuiate the absolute wave slevations (grean fnaj for
direct comparisan to hindcast data (red ling). Vessel
mcdians wang recondad I..I:E'I‘g a tidvdal accelandmabar
and angular rate sensor, Thess motions wers then
transformd to the wawe racar location to remove the
vessal rmations fram the wive radar data. By compar-
ing tha difierance batwsan the blus and grean lins,
can b seen that the comection for vassal mation
bacceriag largor 45 the sigrificant wave haight
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Figure 3: Measured and Recansiructed
Fatigue Damage Rale

Pradicted motions of a Spar platform, oblained using
te in-huouse RAMS softwane, ame companad 1o
maasured data in Figure 5. Hare tha PSD of the pitch
rate iz companad bebween the two scurces, Standard
signal processing methods were used 1o oblain a
smoath PS0 estimate from the maasurad data. The
kow-frecumnoy peak al the pitch matural fegquency [0.02
Hz) and the broader peak for wave frequency response
(0.1 HZ) are dearty depicted, Notice that the measuned
paak at the pitch natural frequency s Sightly flatter and
broader than the predicted paak., This Is because data
processing parametens wens 5et up to smooth the
wave-fregquency response al the expense of ow
frequsncy resclution, The two freguency bands can be
handied separately to optimize paramaters for each
paak to avoid this ariilact; though & is usually sufficent
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i Hurricane Conditions

to anisurs that the ares under each curse compars wal
for the resonant and wave irequency bendwidths.

SUBSEA VIBRATION MOMITORIMG

Flow Induced Vioration (FIv) of pioing systems s
gemerated by fiow resinictions swch as elbows, tees and
partiedly closad vebsae. Wibrations can be sevare enough
to impoae restrictions on production retes. Fredictve
enahysis of subssa piping s imited due io lack of
empirical deta for commaon geomstrias and flow
condificns. An siternative analysis approach, comibining
in-field meesured deta and Finite Elsment (FE) models
can be taken to sssaes stress and fatigue damage. To
obisin accurats results, understanding the natura of
remdiom responss and soplying aporopriete data
analyeis mathods are mparetive.
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Figure 5: Measired and Predicted Piich Respanse
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My of tha anahlical tools and technigues developed
o rckoem vibrakion mdeced Eigus assums that e
chyriarmic Shrasses ang statioran: namow-Banded and
normially distributed. Thasa assurmplions muest ba
walidsted boefiira application of such mathods,
Madasurad actsleration PSD data fom a subsad wall
jurmper B shown in Figuna §, Thras vartical, thros
horizartal in-plang and three hoizontal out-of-plang
charmels wang rectndsd, The dakl revealad thal Eha
clominart rechion of vieaion was vartical (grean red
and wellonw Irash. Though sty modkes weee axcibed,
iy et modies conbiteded sgrificantly b varicsl
acealeration (4.5 He and 8 Hz modes), Computation of
tha statistics, Rchecing bandwidth pararmeten, Skiwness
and kurloss confinmad that the wiralion & chesifiod as
marmcw Bandaed and nommaly distibubed,

Figure & Measured Acceleralian Spectrum far
Rvbsen Jumper in FIV

Uinder the assumptions, the peaks or oycles Inthe
accaleration fime hstory should follow 2 Rayieigh
digtribution. This is confirmed by comparing the raindiow
cycle igtogram to the theomstical Ravielgh dstriouton,

After verifying the nature of the remdom vilbration, the
forcing function for the FE model was determmined such
that the: pradicted accaleration PED matches tha
messured acceleration FED for all peaks: fvibration
modes) and &l sensors, The predcted accelaration
P30, from FE analyats, ta shown in Agure 7, The
resutting angyilcal stress FSD s then re-examined o
ensure that it |s rarmow-hended before soplying the
clasalcal spectral tetigus damage calculations. Maore
Inforrration on the method and applications can be
found In [4].

40 years of Technical Excellence
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CONCLUDING REMARKS
Data recorded on offshors systerns & takan from many
ciflerant nstruments, sach with &s unigue souwoes of
ingccuracy. The emors in each data set must be
undarstood and cansully removed befane any further
processing or analysis can be performed, Al Stress
Erggrieering Sarvicas, wa ermploy advanced data
chaanging, signal processing, and statistical analysss to
chraw conclusions on the performance of olishang
systams, which ara strongly evidenced by the data,
Combining our data analysis capabilitios with knowl-
adge and exparianca wilh offghore sysberns, we can
prowidhes information you can rely on bo maximize the
utiization of ficating and subsea systems. =a

soot.menel@sinmse com
puneal aganwai@sinmes com
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40 years of Technical Excellence

Testing at Stress: The First 40 Years

Randy Lang, PE.

In 201 2, Siress Enginsaring Services, inc. (SES) wil
Ccolebrabe & major miesiong—our 400 anniversany of
doing business. SES began oparations in 1972 &5
Sweal, Latham & Fowler, The ingial technical focus was
perianming design revises 1or components used in tha
M hesar incuginy Howeves, that nesrow foous soon
changed! Atter selting up shop in Hoeston, tha lirm
started working with ¢l compianies and ol patch
auiprment prosdans 10 help sohse thair rmost challeng-
ing enginearing problems. AL firsl, our work was
prirnarily in the ansas of design and anaklysis. Aftar a
Tenw yaars, our Tirst tesling jobs wers undertaken as an
ensanlia senvica o prove that e eouiproent perormmsd
&5 indicated in the analyses and was suiltable for tha
nianded servica. This eflor was led by Tom Asbil, the

Tounding father of cur testing business, and ona of the
Dt best Bngineers you wil ever mes. Longtime lab manager Bob Wink installing insrumentation
poackages developed and deployed by SEY

usad fo perforrn SES'S very first bests of hraaded pipa
oouplings. Data acguisition was parformed via a
state-of-tha-arl systarm WE 220 complete with & paper
tape minter that printed Strain readings at about 30
readings per minutel

Cur first ovarseas data acquisition work was in 1984-
1885 manitoring pile driving offshans Italy and instaling
i Pstrumanted location systerm on a pile drivieg barge
i Venazuela, By this time, the lab had grown to twice

Technician Barry Failey warking in Stress Engineering’s
first testing kaboratory

Ciur firsd cecicated test [ab was 5ot up in the ate
1970%. It was a humbde Bsginfineg = 1,260 squara feal
and no ovarfead crane. One of the first Big jobs was
rrarforing the tow-out of an ofshane pipaling from he
assermbly ansa on the Deach to the final lecation,

Tasting work incrased steadiy in the early 1980% wilh
spacial ests such as pipe swivel lile oydle lesting and
iha accuisition of our first laad frame, The first kad

frarme had an i Ioad capacity of B0O0 kip and was Stress Englreering’s st test frame

B smesstalk o



W/E 220 Data Acquisition System

the= original famall) size, but was limitad by the lsch of
space &nd especaly by the lack of an overhead crane.
In 198514988 the company refocated both e lab and
offices to the curant Houston location (our Bullding 3 at
13800 ‘Westfalr East Drivel. This buliding inchaded over
40,000 squars fest of apace, with 15,000 of that in the
laby grem. We did not oocupy even ome-thind of the lab
eraq or the ofices when we moved . and were certain
thie was mora room than wa coukd aver nesd.

Stress Engineering Services Test Lob - 1988

As soiMB readars may remamiser, the o patch business
was very slow in the late 1880%. We worked very hard
1o fimdd propects and keep busy, During thes tme we
gtarted our first anakysis work slong with testing for &
A consumer products compam: | burmes out that
threaded detals &ra not only used on ol patch pipe -
they are common on bottless of blsach, soft drinks, sic,

40 years of Techmical Exgellence

and it iz equally undesirsble for thess to lkak. We
perfoemed impact teats on thesa botties snd recorded
intermal pressune deta at high rabes to warify our analkysia
results. This work ulimatety ked to the establishment of
ciur Cincinnati, Chio office whers consumear products
ramaira one of their mein practice arsas.

T 1980 wers 8 busy tima for el of SES. The fist
tansion leg pletiorms wers instalied in the Gulf of
Mecico Bnd many other technologicel edvances wane

Cincinnati Testing Labaratary

devedoped. Testing of this aquipment kepd our 1es! labs
by a&ndd gronsing. Ve added a 4 millen pound ad
Trame and olher smaller capaciy ramas, as wel a5 a
tendon Test taciity 1hat aould test lendans and tendon
Nex elemesnis 1o oads up 1o 8 milion pounds and
perionm Tatigue tests on these crilical pliatiarm compao-
nerts.

In 2000, we purchased our wWorthny cormpetitor Mohr
Resednch & Engineenng and joined fomes and aoqup-

4 mmillion peimicd boad frame

smesstallc 202 | 9



40 years of Technical Excellence

samphas, For esampla, in 1990 1 took twa manths to
fatiguie best & tendon pioe to about 2 milion ceclas; now
wi Can complabe that many cyeles in one day with a
rascnant maching with & comasponding reduction in
tast costs,

In 2008 i Bacame appansl that we wen ronning oul of
oo ab B Houston campus, We purchissed 932 acnes
for @ raeewy st Rty rear Wallar, TX [about 25 rorubes
avwiny froem our miain ofice), Cur growth in the last fise
wears has Boan primardy at this faciity and foatunss two
bast lab Eusldinggs with & third undar construction.

Tz kabs parorn full-scala testing similar o tha
Houston locations, &8 wall a5 in harsh ensdronmant
H,5, alc.), smal-scila faligus fasting, and many ofher
Ty of bosts,

36" sarmple in a Resomant Bending Fatigue Machine

mant ta provide improved external pressuns testing and
ather capabdities to our diends, The Mobr Division was
retocated to a rew landalfics bulding adjacent to the
main SES faciity to encourage cooperation and sharing
of resources, In 2004 we added an extension ba the
orgina Building 3 lab that more than doubiled its size,
W alkso added a & milion pound capacily frame and a
rggonant banding fatigue test faclity, These faligue
machings take acdvantacge of NEr-rasonance response
e greatly accalerate fatigue testing on full-scaky pipe

Tom Asbill and technickan mondtor a logd fest

W last Torn Asbill to cancer in Moverniber 2011, but he
wag acthve to the end with the labs and testing at SES.
Ao, Botn Wink B retiring In March 2012 after 38 years
of dedicated serdce to SES and Es dienis. These men
were Instrumnental in developing and growing our testing
capabiities from a micdest start 1o the workd-class
facilities we operate today. Both have helped form the
cultture at SES which Is best summed up as dolng
whatever [t takes o provide o dlents "the ight stuf
an timea," whather that wobves testing, analysts, or
desion. They wil be sorely missed, 55

Aerial view of Waller Testing Facility mndylang@sinass com
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40 years of Techmical Exgellence

A Forward-Looking Approach to

Medical Device Reliability

Tha madical industry i under incrassing pressure by
reguletony bodies and consumar grougs, &3 well as the
self-imposed gosls of menufactursrs to increase the
relisbility of medical devicss to extramaly high levels.

Tha traditionel approech in this industry is to evelusts
refiskility through phiyaical testing, historical fzilure
information, o othar formma of paformence-besed data.
This treditional epproach is rearward looking in that it
en anly evaluate the parformanca of B devica or
subaystern after i is designed. Due to the high costs
and long echecule delaye caused by redesign, it is oftan
too lete at this point in the dewelopmant to improve the
reliebility of a device in any aignificant fashion. Az &
result, products ars released with lower than desired
redisility, and the denvice compenies can subeanquently
be affectad for the life of the product.  Streea Engineer-
ing Servicas, Inc. i bringing & foresrd-locking approach
to medical device ralabiity whare higher ralabiity is
dasigned into the produwct from the start, which resulta in
both improved performance and lower long-term cost.
Thia approsch irmeaobees working 1o agsure relizbility
beaginning in tha dasign eteges of the product and
contiruing through manufacturing.

Felabiity is a statistical calculetion of the probabiity &
unit wil survve bayond a prescrbad tima “t.° In other
wornda!

Raliability =1 = probability of failure at tima t

A fallure i3 anything that rencars a product unable to
meat ite recuirements. This includes all aspects of
Functional falures imchude I=swes such sa cracks,
leakage, weer, and loes of accurecy. User failures
irneoihee interactiona with the desice whane a wssr mey
not ba able to read a diepley, push a button, or activeta
a function. Discoloration, delamination of |ebels. and
inzbilty to clean surfaces gre examplas of aeathetic

Mark Bennett, PE.

fallures. Regerdless of the type, Bl of thess filures are
aignificanthy impacted by activities cocuming in the
deeign phase of & project. Tharefore, imgrosing
redisidity should start during design.

Design activities impact relabiity in several diffarsmt
wienys. These include developmant and selaction of
various mechaniams or componenis in the devica (a.g.,
springe, lewers, beerings), the choica of materials, the
menufacturing process wsed to produce the devics, snd
hizw the product infuences user imtarection. To
miaximize relabiity, all of these factors must be consid-
ared. Howevar, thare = no practical maens to optimize
a device, particulerty 8 more complex systam, for all
requirements aimuleraecusly. A systematic spproach is
required to identify which attribotes are moet imoortent
and what design featurea heve the greatest influsnce on
these siftributes.

Identifying the most important attibutes requires a
high-leval view of the device. This can be considersd by
fling in the blank in the following stetamant “F the
devica dosen't do , mathing elea matters.”
Whatevar attribute or function you list in the blark
b=comas the highest priority and is addreassd fret in the
affort 1o design for relabiity, Following identification of
the ke attribute for the device, analysls is completad to
understand how the variows alsments of design,
meterials, menufacturing, and uss affect this function.
This understanding of the infuence of thesa design
alements is evaraged 1o optimize the cutput of the
deica for the key atirioute. After the pimery function ia
optimized, other attributes can be addresead in prionity
ordar &3 long &8 they do not negatively impact the
higher pricrity functions.  Through thie syetematic
process, the focus & pleced on the most impaortant
itermia first and other performiance sapects ars
addressed as tima and respurce evailabiity parmits,
This approech results in higher procuct reliabifty:
Riobust Enginesering i ane of the eyatamatic svaluation
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and cplimizalion 1oos Siness Engineiing Senaas, Inc.
i WlikEreg b incrmss relabilily i the roedcal industey,
This approach has already proven axremaly succassiul
in 1 Boraspacd and aulomalive indusines, Have you
mobiced he rarily of a breakdown al a modesn whick on
the highwayT Th key 1o this approsch is development
ol & funclion rdads, ar transiorrn unclion, 10 wndor-
stand how dosign, materdals, manufaciuring, and use
affgal the primany cubpul of the dovica,

Failuns, and theralone poor rel@abibty, dro the resull af
wariabilty in hise desogn, maberials, manulfactunng, and
wusage inpuls, Pobust ergineorng replaces the
COMenon approach of quantifing the syrmploms of poor
ahosign and cualty, such as tracking Rilne rale,
imestigating how failune ocouns, and then determining
Py b0 B L Iresboasdd, By usingg Bhe Tuncion modl,
robus engnesring irsl identifies he fBclors inouds) thal
P the: most sgniicant rnpact on e oulcame of he
langed system, The melthod thn indcaes how 1o
Coalil Do facbors in ander 16 conbrel the procass and
chidteer the desirable oulcome—rmprosed product
porforrmance and redabiily, This approach drives the
T Tram “wial's wiong and hos 1o ik il 1o whal's
righl and P 10 mdamios 1.°

An examphe of & bypical lunciion modi Tor a valve wih a
wibralion issua is shown Dolonw . Thene ane four main
analysis groups associaled with the lunction mode,
Thiros of thisse groups —signals, conlrols, and noiss

12 | smesstalk 2

arg inputs, whils the remaining group represents the
cutpuls, Thess man anahss groups feod the transhr
hurclion and defing e vale's aperalion, In his ciss,
thi transfer fanclion is based on engineerng frsl
principhes derved by considoning orergy fow in the
systern, In this example, the transfer Rnclion is an
equation taking into accoun the cross-sectional low
arga and the soquiare rool of the inket prssune 1o
caleutale the Now rate, By aplirizing the rrslo
hurclion, ey tnengy not perfarming he desired work of
throtting fow (oss) is reduced, This siminates the
undesined condilion of visralice,

Using this approach, e "cause™ of he vibralion is
icherlifioed &8 uninlindoed enangy 1068 in The vk, Entrgy
ey wedes eiminated by opliriang the sigral-lo-noiss
ratic (S for the transfer function using Design af
Expadrnents (DOE) testing, thus focusing on what's right
LIk o risle Scross B wahad) and how bo ssedmize il

T cingel oulpud of e Foles! Engradning unstion
rrada & g 5™ Tor T procoss ar subsySiem under
avakstion, FAobust engnoening uliless ools, sech as
DOE, 16 avaluale 1he alfecls of vanoes inguld parsmslens
ialh controds and noise) on the argel muput, DOE
wiinh arngloyved in 1he coarmple abose because Th vake
already exisbed, Howswern, parameber design can
Iequently be done through sirdation using any rumber
of koo, inchuding inde cemonl analyses (FEA], dynamic
Syalorms modeds, comgaaational Auid dynamics (CFDY, o
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+ Flow rate across the valve

* Fastening
+ Poppet Design
+ Seat Design

 Seat Darormeter
+ Restrictor Orfice Size
+ Side Hole Dpening Size

Example Function Parameter Diagram ™

engineening calculations, in combination with parial
system profolypes. The abiity 1o use simuialion ook
taciitates madrizing SN and verltying the design
assumplions eady in the process, when the cost 1o
irmpherment sigrificant changes is minimized and physics
prodalypes &ne not yet saikable,

Ag The ceveiopment proceads, IS oflen necessany (o
el besting on oortain Gomponenls
SUD-SyETamsS 1o Gollect data 10 mfine the inpuls mio he
Transier Tuncion modess, o To verly expicied perkar-
Ao, The testing is tiscally set up 1o evaksts the
worst possibie assemblies, as these will provide the
limits of refiabiity for the systern, Eventualy, the data
colgctsd in the Robust Engnesning procsss fng ussd 1o
identily which conflirming tesls need 1o be conducied o
verity The expecied reiabilfy A key bensi of the
Robis! Engnesting sponsach & bo faclitabe rekabiity
Testing on kanger Dorlions of the cverall system, hus
rducing the cost and time reguired Tor determining
riianlity,

In summary, masdmizing medical device reliablily
recuines working 1o design in Righ reiakility irom The
start af the developrient process, This includes
consickering the effects of design, makerisl selection,
ranufaciuning, and use, a5 well &5 the varakdity of each
of these alements on the key performancs outcomes of
the devica, Robust Engingening represants & proven
rrsthodolody Tor delivering high relanlity products, and
can ba directly applied 1o madical device developrment,
i is important 0 understand that Rabust Engineadng, or
oiher Torwand-looking relabiily ook, do nat replace
Irdcitional reliabilty evaluation methods, Inslead, they
can be used o provide product designs that ans
inherenthy mone reliabhe and recgoie Bes ol the casty,
lime-consurming testing aften regquinsd, However,
Fiobiest Enginesning requines a greater kel of ol
rrvl Byt resibadily team earky in the prooess 1o
rraddirmize the reliakilly inberent in 1he cormpanent and
sub-sysiem designs. ==

mank bannatti@simes com

[1] Tagpuehi. G, Cvaweliury, 5, ind W, Y, Tapaehis Cuslly Eaginee'ng Hanbosk
(Hebedirr Jobn Wiy & 5ot (st HUE), p 353
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1975

Started werk on a frequency domain marine riser analysis
simulation pregram which kater became DERF.

1972 | 1980

Company Is feunded. Inftial werk induded certifying stress reperts of nuclear power plant First Test Lab apened to support the development of instramentation
equpment and englirssing suppor for desp gas wells, refinened, and dhemical plarts bettles wsed to meazure straing during imstallation of & towed sut
- offihare pipeline.
1989

Started wark in the cansumer products industry with the apolication of

Frnite slement analysis ta consumer products Designed and began construction en 2 4 millien lb. tenden test

facifity and flex jain facility.

1991 1994

1999

Purchased Mohr Research & Engineering. Development of
RAMS anialysis software, Began resonant fatique testing
SErviges,

1998
Began acoustic emission NDT services and polyester
mearing testing senvices,

2003 2004

Construction is completed on the new 33,000 5, ft.

oiffice amd lab facility for the Makr Divisien, our Floating Systerns Practice

2008

Purchased dedicated facility for Acoustic Emission and Measurement
& Contral practice areas. Houston metallurgical lab adds advanced
seanning electran micrascepe. Deepwater RUPE consartium begins.

Expanded vibration analyit and field testing services. Added
old testing facility, thermal and insulation festing fackity,

-i]l [
=
: Awarded §1 Best Place to Work in Texas and #2 Best Flace to Work in
Dhie. Named to Pweig White Hot Firms and Aggie 100 fasiest growing
Texas Aggie managed companies lists.

p
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Began metallurgical services and computational fluld dynamic services Began fire testing and mduction heatmg services in aur Laboratary

Stress Subsea Ine. was formed to offer design and project
services for subsea production systems in conjunction with

1985

Began offering electrical engineerng and instrumentation services

1986

Moved Housten affice ta 13800 Westfair Eai[[hiﬂ{mn‘!ﬂtlltaﬁln:lwlm
oomained affices and fest lab.

1990

Began pipeline research work and collapse testing reseanch.

1996

Eudt new office/Taboratery in Cincinaati. Gpened New Ordeans,
Louisiana effice t serve refineries and chemical plants,

2001

Acquied the L5, assets of ERA Technalogy to enhance
our services in refineries and chemical plants. Began

coke drum meanitoring services. Opened 2 metallusgy

lab in New Orleans.

The Howstan test [ab 17,500 5. ft. expansion is completed,
Unveiled Stress Engineening's Empleyee Stack Ownership Plam.

2009

Opened 41,000 1. fr. LEED office buildingy conference facilty in
Heuston and a 34,000 sq. ft. [abaratory in Waller, Texas featuring a
carmadve materials test kb,

2011

Aeoguired Cabgary, Alberta, (anada based fews Engineering and
farmed Stress Engineering Services (anada, Opened expanded
officeslab facility m Mew Orleans and state-of-the-art creep
testing kad in Cincinmati
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New Data Collection Devices

Siress Engineering Sendoes, Inc, [SES) Measurement and Confrols Division has designed several new products for
cobacting data in the isld and in the lab. Two of the ree Sysiems ans Dased on he Mational Instrerments S hardwars
platiarn, This platiorn has been freguently used by SES and our clents, so adapting this platforn to the always-changing
comgier tachnology is 8 gond choios for the near futung, These systems ane supporied by both of our data acquisitkan
packages - StranDA0 and EasyDoQ,

The SES-1201 (Embedded Computer)

Faatures a minicomputer attachad to the SCX chassis and
incorporates a USE interface bo the compder,

=  Minicomputer attachad

= Windows XP ambedded or Windows ¥

= Preinstalled StranCad version 11

= Easy handware configuration

= |deal fior lab emdronmants

= LUp o 96 charmels of input

= Configurable for strain gages, tharmooouples, and all
typas of full bridge inputs

=  {Only mequires a keyboard, mouse and monitor b operate

The SES-1202 (USBE Interface)

The main banefit of this unit s that & is a highly fisld-ready
systerm, The SE5-1202 uses a USH interface for connaction
1o a laptog ar PG of the dient's choice.

= Connection to laptop via USE
= Windows T including S4-bit compatibility
= Lliilizes StrainDad version 11
= LUp to 128 chanmals of ingul

= Configurabls for strain gages, thermoooupdes, and all
typas of full Bridge inputs

MobileDACG

MobileDACs compact size and portabiity makeas i idaal for
fiold jobs. | &5 availalde in single cell and four cal units, The
four call unit feafuraes a tabla top box or Pelican case
endosuns thal can include a PG, monitor & keyboardmousa,

= Single Gell - Up 1o 16 channels

= Four Cell - Up io 16 channals

= Yarisues combinations of inputs (strain gages, full
bridge sansors, and themooouples)

= LI5H, Etherrat, and winsless opfions

= Twoscan rabe options [high rate (>100 Hz) and low
rate (=100 Hz)|

smesstalk 2002
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Improving Our Quality

Earl Hudspeth and Greg Desking

At Stress Engineering Services we ane aways
investing in the fulure, OUF employees under-
stand that in order fo maintain continued growth
and sUccess we must continualy deiver the
highest possible levels of quality and cusiomer
satisfaction.

Irv & reoend sursey of our clients, Stress Enginesring
Serdices sarnad a 98% overall custormer salistaction
rating. YWhile we are prowd of this achieserment, our
chiective is o achiews 100% custamer satisfaction, and
wi ams committed to ulilzing the trme and resources to
rmake this happen, In addition, wa continua to invest in
the educaticn and training of our personnel. This
analias us o supply clignts with the most cutstanding
krowledge and skil sets availaba,

A kery tool that allows us 1o provide a supanor keval of
sanics & a strong quality management systemn (GMS),
Wia made a strategic copomate decision fo mantain a
widl-dasigned CIMS and am commitied to making our
system evan batter. We have improved and expanded
our CQMS to focus on vanying industry neads, particular
obyectives, products and sarvices provided, processass
amployed o enhance customer satisfaction, and
improwing our effectivenass to mest customer recuins-
MErKE.

To help bead the way in this strategic decision, we
addad Earl Hudspath as our new Corporade Cluality
Director, Prior fo joining Sdress Enginesning Senices, be
sarved as manager of ong of the langast IS0 S001
aqualty managameant systern cerification body in tha
United States, Earls combined technical/'quality
knowledge and expanonce gve us the capabilities fo
take our OMS 1o the nesxt level and bayond.

Areas of foous for mproving our QMS pesformance ans:
= |nereasing chant loyalty

= |nereasing repaat business and raferrals

= |mproving our flexibdity and speed of response

* Reducing our costs and cycle times through
effective and efficlent use of resources fo allow Us
fo meet customer nesds at 8 competithe price

+ Establishing goals and objectives for continuos
Improvement in quallty

= |rvesting in advanced technology to better sane
our customers in the future

Dur QS has allowed us 1o undersiand and fulfill
customer requiremnents and to obtaln required perdar-
rmance, Our strategy ks 1o continualy improve our
procesaes nased on objectve measurements of quality
whie consldesing the future meeds and expectations of
our clients, The officers and managess of Stress
Emginesaring Sendoes heve helped create a unity of
purpose that hes produced a corporate culiure that
encourages our staff to ke fuly invobied in achiedng
those ohjecthes.

In today’s market, companies sst kigh standands for the
organizations they chooss to fulfil thelr needs. We
understand that the cisnt Is the one who witimately
detsrmines the accepiahlity of our servdcaes, Thatls
witny we are fuly committed to meeating the chellenges:
of ever-higher standards and expeactations oy Improsing
our NS, We balieve this prosides the fremesork for
continugl Improvements to enhance customer aatisise-
thion &nd confidence In our ablity 1o conslstently meet o
ExDesd your requirements, =

eavl. fudspatt@sress, com
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Updated Perspectives on the Use of
Composite Materials to Reinforce
Damaged Pipelines, Risers, and Piping

Dr. Chris Alexander, RE, Julian Bedaya, F.E, and Brent Vyvial

For the batter part of the past 20 years, Stress
Enginesring Services has bean ntegrally involved in
avahating the use of composite materials to renferce
pipelnes, risers, and piping Systems for the of and gas
industry. During this time parod we have evaluated
e composite opair systerns than any crganzation
the waorld, As & result, Stress Enginsening Services & in
a unique position to understand the competing
technologies that rmake up this irmpartant sectee of tha
anengy industry, ane that corributes to the safe
cparation of pressurized compomants,

Bacauss of our experiancg, wa & oftan asked aboul
the performance of composite repair matedals by a
wide audisnce nehadng reguiators, operators,
students/professors, and composite manufacturers and
sunpliars,

Wil thought f would Be Banaficial in this articks to
addrass sorma of the commaon gquastions that have
Esar poddd ba us avar the past two decades and
provide rascders wih our perspectves, and more
irrmaranthy, 1o describe how wa hiva used ful-scak
basting 1o valdabe the peforrmancs of composia negdir
systarms, The folowing sections provide insights and
parspachives on feur quisitions dealing with critical
Subpechs raabed b compodie randir Systams,

Are Composite Repalr Systems

A "Parmanent” Solution?

Urclapttadhy, this is tha rmast offen-asked quastion.
Thie uss af tha word “parnanent” i difficult ba inberpret
freen an angirsanng standpaint; Rowive, 78 USG50
dates back to regulations governing compasite matarial
usage issued in 2000 By S Cifice of Pipeling Safiehy
Thia probdam with Bhe word “parmanand” & that & is
somewhat subjective— pammanent means something
cifferant to practicaly everyona, A battar regquirament
for arry replir sobution s fo dictate that & mesd o

smesstalk 2002

e th long-tarm sanvice requiremants of the
pipaine or piping Systam on which it is nstaled. This
approach & not only Dether tachnically, but aksa
prosidies composite repain companies with a definad
design condition.

Strass Engineering belevas that the folowing shoukd be
congidand with respect 10 the long -temm performmance
of composia rapdr Sokdions.

o ag part of Bhe design packags that avary compaosita
rapar Compay should possass, a battery of tests
shndd Favs Bean conduchad o detarmming e i
stabe capabilties of tal repair. For pipaines, this
rreans thak & rapaic Shoud hiee been tasted for
spaciic anomaiag (e, comoson, dants, elc,) wah
destructive testing including burst ancd pressuns cyc
fadigue tests, Onooe thase fypas of laets an
compated, than ths mamudactuner can provide a
dlesign solution for aperabars,

« Dporators rmust be abie to defing the actual
operating conditions of thar systan, This nchkakes
prossune cyck data, 5 wel as defiring [ possibi)
any adcitional loading nching tamparatune changes
of the na and potantial scil mowenen.

* Drce Bhia it stake conditions of thi Systam b
bsan astanished and oads an defined, a composits
rapar System Gan B aptirmdly desgred 10 meat the
serice reouirements of a particular systam,

Tes sessist the readar in applying Bese concepls, a0
aarmgie probiem is provided. A composits rpair
sysbem was used to repair a 12.75-nch x 0,375-neh,
Grase X472 pips with 75% cormosion, The repair was
prassura-cycied from 530 to 1,780 psi (stress range of
F6% specifiod minmum yield strangth [SMYS) and
tailect after 67,816 cycles had been applied, From fhis



Test ressull, & design condition s established by dividing
the cycles to failure by 10, resulting in & design fatigue
lifer of approsimately 76,000 cycles, A Fauid fransmis-
sich pipgling company cperales a system with como-
sion on the order of T6% of the wil thickness that
cyoles approximately 1,000 cyeles per ywear at a
pressure range ol 35 SMYE, The cormosion nesds to
b repained. Lising the pipeing serice ife condition, as
wierl as the composite repair design (e, the long-term
clasign lile for the repaired cormagiaon s 78 vears (78,000
cycles divided by 1,000 cycies per year). This aporach
i far rrone technically defensible sand socounts for
rateral degradation, as opposed to merely defining a
COMPOSite repar solution as *permanent,”

|
v

| A i' ﬁlg!_,;u‘-
ol >

Tee burst pressure: 3,059 psi

Efnow hurst pressuene 2 a0 psl

Figuve 1: Unreinforced pipe fitting tests

Figure 2: Relnfarced pipe fitting tests

40 years of Technical Expellence

Are Composita Mafergs Limited Ta Tha

Repair OF Straight Pipes?

With the development s wide-apread use of wel
lay-up composites, including fisld-impregnated as well
85 pre-preg systams e, fibans pre-impragnated with
realn and delivered In a sealed package), the range of
piping gecmetries that can be repalred has increased
significantly. Az with all composie repeirs, the repalr of
mon-gtrakght gedmetries requires cansiul conslderation
Including detalled design calculations supported by
ful-scale testing,

Figures 1 and 2 are photographs showing aeveral
unique applications of composite materials used 1o
relndonce non-straght plpe fitings Including elbows and
tees. To assess the performance of thesa repars, teats
wene conducted on pipe samples In the reinforced and
unreinforced conditions, which permitted 2 direct
comparson 1o ensure thet the composite rapar system
s actugly performing &3 Intended. The suthars are
awere of numenous studles in the past that faled o
Incude teats of semples In the unrepalrad state, leeving
one fo question the real benefit of the reper.

What Types OF Tests Ara Hequired To Evaluata

A Cormposite Repair Systam?

Tre required tests outlined in ASME PTC-2 and IS0
24817 composite repalr standands are ideal places to
start when outlining the basic frameswork for evaluating
a composite repalr system, Howesver, over the past 10
years, Stress Enginesring hes performed sddiionsl
teats that provide Important insights Into how & regaelr
syeiam periomms when subjectad 1o sciual operating
conditions, We belleve that, before any system is used
1o repakr high pressure pipeline and piping systems, two
acdtional tests should be conducied that are curanthy
mixt requiked in the exdating repalr standards. Thase are
discussed balow, Blong with supporting test results,

Burst Tegt Of Cormoded Fipe With Strain Gages
Used To Measuma Inter-layver Strains

When designing a composits repair system, the lssue
of design stress of the composite repal matersl s
crtical friom a lohg-term perfommance standpolnt, Whils
magt composite manuteciurers have a deslon stress
based on calkculations and/or testing, few products
have bean tested to measure aciual stresses In the

smresstalk 2002

19



40 years of Technical Expellence

Flgure 3: Mackined carrasian with inter-layer strain gage installatien

composite material ab design pressures. For this
ragsaon, Siress Enginesring encouraged savers
compoaite manutacturers o massune tresses in their
EyEEM wEing strain gages instaled batwean the layars
during Instaliation, Figurs 3 shows photographs of the
machined corrosion region end & Biren gage being
instalied batwean izyers, Figure 4 presents & plot of
hoop sfrees as & function of redial postion throwgh the
leyers basad on etrein gage measurameants, What i
noteeorthy In these data s that, even with the
mieskmum measured stress of 5,438 psl, a safety factor
of 7.8 endsts for the ehort-termn tensile strangth of this
particutar material, Additionslly, f one considars tha
aversge magsured hoop siress in the system, &n even

larger safety factor of 11.3 is calculated. The key to
ensuring the long-tamm integrity and performence of
compoaite rapar aystams (s to recuine that etresses in
the composite matadal reman below the spacified
design stress, Testing, such &3 that described here, | &
model for validating the repalr's dealgn; reminding us
that we get what we inspact, not mecessarnly what we
awpect,

Prassure Cycla Testing of Carmaded Pipe

Starting in 2007, Sitress Enginearing started conducting
pressure cyche teste on composite metenals wsed to
repar 12, 75-inch x 0.375-inch, Grade ¥42 pips
samples having T5% deep comoslon, The samples

Hoop Stress at 72% SMYS

as a Function of Radial Position

Composite Thickness of 0,625 inches

gith layar & layar A8 layer [autsida)
Radial Postion

Flgure 4 Composite stress based an stroin gage Measunements
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wiang pressune oycled al 36% SMYS until fgilume. The
crigingl coneept for this affor was 10 Support our
10-yaar Duded pipe study addrassing 1he long-tem
performence of composie matenals, Howeer, This
particular 18st hag bacome in our mngs a benchmark
performance tast for the cument competing composite
echnolnges.

Compaosite Repair Systems Tested

= E-glass systam: 19,417 cycles to failure
+ E-glass system: 32,848 cycles to failure
* E-glass systam: 129,406 cycles to failure
+ E-glass system: 140,164 cycles to failure
= E-glass systam: 185,127 cycles to failure

+ Garbon system (Pipa #1): 212 888 cycles
o failura

+ Carbon system (Fipe #£2): 256,344 cycles
1o failura

+ Garbon system (Pipe #£3): 202,903 cycles
o failura

* E-glass systam: 238,537 cycles to failure

+ Carbon system (Pipe #4): 532,776 cycles
(run oul, no failure)

+ Hybrid stesl’epoxy system: 655,749 cycles
o failura

+ Hybrid steal/E-glass urethane systam;
767 816 cycles to failure

Az can be seen, tham is 8 wide rangs of parformance in
tha data, clearly indicating that not =l repair systems
perform equaly. Thees data reinforcs the notion that
ful-scale perfiormancs tasting ks an essential slement in
any effort to gualfy B repair syetem. Reking om matenisl
coupcn testing alone is not sufficient. Additionally, wa
rava obsarved that it is possible for composite mater-
als to significantly extand the useful senics ifa of
damaged pipselines,

40 years of Technical Expellence

Caan Composite Materats Beinforcs Mone

Than Just Comosion?

Wilhile it is cartainky true that the vast majority of repains
using composibe materias invake the repar of como-
Sion, repdErs &e nol limited 1o this particuar bpe o
anormaly, Oher repiairs include minforcarment of denls,
mechanical damage, branch conmections, and wiinkle
bencs, It should be noted thal while the assessment of
cormasian and the sssociabed use of compasite
rmaterials & reativel wel understood, this is not
recessanly true for other types of repairs, As a resul,
Tul-scale testing is abvays recommenced before
composite echnology & aciualy depioyed in the field.

v Cf T Dest examphes rom 1he past several years
irvohied reinfoncing Dranch conneclions using compos-
it rreaterials, This quUeston wias posed 10 Stess
Engineering conceming the ability of compoasite meaterial
1o renionce Branch connections not Paving sufliciem
ste reinloroernent, IR addition 10 pressung loading, all
Dranch connections mus! e &k 1o withstand in-piane
and out-of-plane Dending loads, To address This isswee,
Sirgss Engineening designed test Rdaunmes to apphy
Dencing loads 1o branch connechions, Figun 5 includas
several schematics and photographs showing now The
branch conrections wene tested. The progrm's resuls
dermonstrated thal composite matenals can De used 10
reirdance branch connections subected 1o el
pressurne, &5 wal as in-plane and out-of-plans bending
Icads, Strain gages weane also uselul in quantifying the
Il of Strain reduction in the Dranch conmection itsel
1o ertsure the presencs of doegquite design marging,

Conchlusion

Evaluating the performancs of compasite repair
systems his been an important e in the serdees
affered by Stress Engneering over the past two
cecades, We expect this trend 1o continus as we build
o the existing body of knowledge. By propery
designing and evaluating composite repair solutions
using Tul-scale testing, the energy industey can proceed
with confidence in repaiing damaged pipelines and
piping, thus ensuring a safer ermdonment for the
professionals in o industry and the public af large. =5

chns akanderidsiness com
Jwian, bedoya@siress com
brent vywiai@siness com
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Figure 5: Diagramys and phategraphs for branch connection tests
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Monitoring Real-Time Stresses
on Mining Equipment in the Alberta Oil Sands

OVERVIEW

Stress Engineering Services Ganada (SE5C) was
refained by & leading supplier of sami-portable ol sands
processing equipmeant o monitor real-time etreing snd
giressas during the relocation of three lerge plecea of
ofe preperation eguipment at a mine site neer For
hcidumay, Alberta.

STRAIM GAGE TECHNOLDGY

Rizelstance strain gege tachnology has existed einca
the 1830s and ia glill usad today for 8 wide vanety of
applications. Since thay measure the actual eurface
glrain present in a metarial, thaes desdces can ba usad
io messwe force on known cross-sections o sirain
directly. Applied force can be derved whan the
gtructural crosa-saction i known. Thig i the principle
bzhind numarous loed cel types. In sirain meesure-
miend, the gages can identify how close 8 componant is
io yialding &nd, themafora, can also be used for safaby
morioring.

Jeff Nichalis, PE

Strain gages work on the bealc principls that tha
electrical resistence of 8 wire changee &3 it & elasticaly
lemgthemad or shortenad. Strein gages are bonded to
the componant of interest e that they bacome an
irtegrel pert of the component. The gage then experi-
encas the seme sirain &8s the plece. Specialized
electronic signal conditicners apply an excitation
voltage to the gage and amplfy the resutting low-level
anslog akgral for recording the smal changes in
reaigtance that cccur in the gage as & reeult of losdng.
Tocay's monitoring equipment can messure and recond
data &t rates of up to 1 million readings per aecond, if
requred.

THE PROJECT

il sands ore requires apeciaized bulk handing and
processing equipmmeant 1o prepare it for the extraction of
bituman. Ouwr cient was supplying this equipmeant as

part of &n expanaion of & surface mine oparation. The

Surge Structure in Transit
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LPMT Canfiguration/food Structure In Tronsi

significant slze of this equipment requirsd that it be

assembled on aite. Since the mine wes In oparaticn
during the sssambly process, it was beneficial from a
gchedulng standpoint to asssmble the eguiprmeant on

For easa of installatian in the cold termperaburas (a5 low
as -40°C af the fime of installation), walkdable singla
elerriant Sbrain gages were seectad for thes application,
The gages war nstalied oo the structunes using a
priabke, bathery-poswansd capacitive discharge spot
winkder, Onca installed, the gages wirg connechiad 1o a
high-parformancs anakog/digital sigral conditionsr and
monitond on a laptap comouter,

Straing wars menitored Sor Hree major phases of the
reiocation: 1) jacking (ifting} of each piece of equipmeant
off o B ternparary corstruction kaundations and
setting tha aquipmaent onto the sel-propeled modular
frarsporter (SPMT) units, 2) moving the equipment
clonm The hiasvy hau read fram the assembly area to
the ore pregaration g2, and 3} Ring and placing the
piaces onta s semi-parnaeent foundaticns,

of & wire ci

Strain gages work on tha basic principle that the slectrical resistance

as it is elasticaly lengthened or shortenad,

tempomany foundations and tramsport it approsimetaty
1.5 kilometars 1o the parmanent foundations in the ore
praparation pit. Three separete peces of equipment
ware strain-geged end monitorsd during the
ralccation —the pumphouss roof structurs, cneshing
plant, and surgs plant. The surge plant was the largest
and heaviest of the three structures. In todel B4 uniexdsl
sirain geges wers installed on these thres componants
far this project.

Thia strain gags ocations. which warns spacifiad by the
equipmeant supplier's structural engineer, coincided with
areas of the structures and famporary supportioracing
mermbars whars the streszas during the relocetion wera
anticipated o be the highest. At each specified
Iocation, single-alement stran gages were installed and
oriented in the dirscticn of the anticipated primany
giress.

Thia equiprmant was to bs relocated during the wintsr
months at & tme when the haul rcadbsd would be
frozen to mexdmize the beering capecity of the road.
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Fior the monitoring phase of the project, the client's
structural enginesr provided SESC & “redline” strain
valua that wes not to be exceeded. During eech phass
of the move process, real-time monicring of the strain
gages prowidad immadiate fesdback for coordinating
with the hasavy-lift spscialists. I the straine apomachsd
the maxmum alicwable, minor adjustments o could be
mada to the SPMT levals to reduce stresses in the

Strain Plot for Temparary Beam Arrangement



g o piece wies Deing jhcked, sheairg in teo of the
famporary jBoking basns rose to o maximuem
allcrwibke. Thes tralar levals woera adjustod, bad a
safisfactony reduchion in strain in th acking boams
coukd not bo acheved. Lifing of the unit was piused to
prenvant pabrtEl sructural diemage. The struciural
angirear reviewed g recordad Straing ud to that poind,
Anahysis of tha data ravealad thist tha load onta tha
SPMTS at the bemiporany Badam Boation wis hig hee
thiw initially articipated, The jacking Dearm amange-
et was modhied wsng the loads cakulated from tha
Shrain data, Straing in this arad waers thar Tound 10 Da
safisfactory, and relocakion of this componend was
cormpleted safah

SUMMARY

Strain gages wens succassfuly used to rmarior loads in
thia aré prégaribion aquipment during i redocation,
Raal-tirme monitonng of the strain gages dala during the
relocation process pronvicked continucues fsedback and
idarlifiad arsas of Mghar than anbicipatad shnass in ona
of tha pieces of equipmant, Modification of thia dasign
of Eha support struchure using tha strain gage data
prenvarted Structhural damage o tha aquigemant.

Strain gage technology is an efective tool for reasur-
ing loads n equiprment and struchures, and can be used
in & wida varisty of ciflerart situaticns and operating
evironments. Stress Engneerning instals over 5000
sirain gages every yoor to assist our ciients in sohing
their toughest problems. We also provide complamen-
tary custom-gesigned data acquisition syshems capabis
of rial-tima and ramobe rontonng. e

saftrchols@sirees, com

Heisting and Placement of Roof Structure
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StrainDAQ" version 11
Software Released

Strezs Engineering Serdces, Ine. (SES)
Measurement and Controls Dévision continuwes
ko upgrade and improve its prermiere field and
laboratory data eollection softeware, StranDAC,
StrainDW0 has been the main sofhwane package
used by SES for both |leboratory and field
testing, as well as by rrany of our elients around
the world. This past year, SES released Strain-
Dac  wersion 11, whish provides many
additicnal features and mod¥ications to the
already powerful soffware tool.

Additional Features and Improvements:
Windows T suppor
d4-bit ystem support
Stream-lined zetup, lopging and calibration
SCPBEIE
Serean rnenus reduce window clutter
Higher seanfogging rate capaodities
Mew hardware driver integration
Addtional DAL hardware options including
S8 and Ethemet devices
Integration of SES Turbo software functions
(opticnal)

Summary file generation and plotier

The central goal for this upgrade and revision of
StrainDW0 was fo retain many of the basic
set-up features while optimizing the set-up and
logging features. This approach will minimize
retraining Issuwes for curment and previous users
af the software. The software still includes many
of the popular features of earfer werzions, such
as the daia imble, graphing windows, and
rasette and pipe bending caleulations.

‘ersion 11 has been cormmercially avafable for
several months; upgrade options are alzo

available for existing users,
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Pipeline Lateral Buckling Analyses

S by the clurrent dermand for enengly and recent
Bcvances in Iechnoldy, resenirg previously consid-
el as Gost-probibative ane now baing reconsidensd Tor
dessloprmend, A% workd energy demands ncrease,
ackdiional ol and gas prospects ane being explcited in
desfy i ulra-deep water depihs, whens the esenolns
e migh pressures and Righ temperatures,  Explota-
Tion and production of of tom these High-Pressuns /
High-Temperaiune [HPHT) resensirs demand spedial
conscerations lor the design of pipeiines, The
Tonwding’s igh-termperaiung openaling Conditions resul
i redl chsllenges in desagiing and seecling ranenps
Tor the pipeine system,  Difemant faikre modes must
D irvesstigated, and the resulling asial ioads can result
i lateral buckling of the Towlines.

Siress Engineanng Senices has signiicant experience
in Modaling pioelings on the ssalloor to predict the
iateral response under the nomnal apenating conations
al HTHF. We cam incorporate the sealloor Batihwmetry
al the Rowbineg, foute of e towling, and @dal and el
Triction ooeficients between the Rowling and Seaoor
(Figures 1 and 2. Methads 1o mitigate Bteral buckling
AN b incorporited it he model, sech as e e of
Slepers or Duosancy,

Linder HPHT comdtions, the pipebng undergoes
sigrificant #xdal expansions due to both pressure and
termperabure elfects, Thens are fve princpal Bobons
aflecting mdal expanson of & Dl

1. Axial expansion of the pipeline due to the thermal
gradiants

2. Axisl expansion of the pipaline due to intamal
pressunes

3. The length of the plpeling

4, Submerged weight of the pipaline

&, The soi's axial friction coafficient

Thea lsngth, suomarged weight of ths pipslins, and axial
resistanca of the soil countarbalance the affects of
niermal pressure and thesmal swpansion. Asdal
ragistanca of the soil friction wil rmsult n com preession
along the pipeine, which potentially could result ina
buckle [Figure 3k
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Rafik Bowbenider, Ph.D, PE
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Figure 1- Buckied shape alang an HPNT pioeline

Further considerations of high-slress, low-cycle fatigue
damage need 1o be assessed for HPHT flowlines
throughout ther serice lves, Teocaly, 8 fiowdine
undergoes shut-in and stard-up cycles during its sendce
ife, with significant lemperatune and pressune
vanigtiong. These variations could generste significantly
hagh stress rances in the crown of the: buckie of the
Tlenwdine, thus severely Impacting its salety and infegrity.
Figure 4 shows the bending moment digtribution along
& HPHT pipaling. One can see thal thene is a sgnifi-
cant bending moment response in the region of the
pipging whene & buckle hes formed,

Figure 2@ Close-up an the buckied shape
miang an HPHT pipeline
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Figure 3; Effecthve Tension distributian aiang
on HPHT pipetine

The stress response of a flowline under variatians in
presasure and termperature i highly nonlinesr and
path-dependent. Stress Engineering Services can
bl you generate the lowling’s stress histograms for
tarnpearature and pressure varations, These strass
histograms can ba used to datermine the maximum
allowainks initial flaw sizes in the walds akng the
fionwiine wesing the fracture machanics approach
through Enginesring Criticalty Assessments [ECA]
during the dasign phase of the pipeine. They can
also ba used 1o astablish the safety and integrity of
the lowline, iF existing flaws have been identiied
thraugh routine inspections. ==

W, DolhenkerEeireen. com
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Figure 4 Bending mament distribution alemg
an HAHT pipeling

40 years of Technical Excellence

In Qctober of 2011, the Stress Enginearing
Senvices family lost a beloved colleagus and
friend,

Tom joined Stress Engineering Services, Inc.
in 1874, For ower 37 years he

Senior Vice President and Pri

Stress's Houston test lab operation

Tom received his BS and MS in Mechanical
Enginesring from Texas ALM Liniversity. He
won many awards for hbis professional work
from Stress, AP, and ASME. He was an
internationaly mecognized expert on
threaded tubular connections used for
casing, tubing, and drill pipe for § il'gas
industry, Tom was the driving force behind
the expansion and development of Stress's

test labs into the most mspecied third-party

for delivering cormect and timely results fo
to  significant  bus

He was a man of integrity, honesh
and compas: 5 da on and

selfless nature was something that many
v hope to attain, and all who knew
ed him with great respect and
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