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development of these techniques through a series of research projects, with speciltc
application to timber poles and bridges.

2. NON DESTRUCTTVE ASSESSMENT OF TIMBER POLES

2.1 Background - Poles in Australia
Timber Utility poles represent a significant component of Australia's infrastructure, which

has often been taken for granted. There are an estimated 5 million timber poles in Australia's
electricity distribution network - with a current net worth of about $11 billion. At present, the

average usage of power poles in the eastern states of Australia, is approximately 60,000 per
annum, with a total annual delivered to depot cost of approximately $20 million. Most of
these poles are timber.

Investigations of asset management systems for the power distribution industry indicate
that the design and assessment methods for utility poles, which form traditional industry
practices in Australia, are imprecise and often unreliable. Lack of reliable assessment

techniques creates problems for poles in service, since the power supply industry needs to
maintain a high level of reliability against pole failure, whilst extracting the maximum value
from these assets. In order to achieve this asset management "balance", an effective
assessment system should ideally be capable of:

- corectly identifying any pole which is likely to fail, due to inadequate strength.

- only infrequently condemning poles which have adequate strength.
Since the 1980's most network managers have relied upon assessment systems which

presume that the remaining strength of a pole is proportional to the modulus of the cross

section of the sound wood surviving in the critical plane (which in Australia is assumed to be

located at orjust below the ground line).
The current industry "best practice" is to determine the section modulus of a pole by

periodic drilling, to determine the extent of degradation and remaining sound wood. The
annulus of sound wood is then assumed to be an average thickness and the section modulus
"2" is calculated, based on this assumption. The bending moment capacity of a pole at the

ground line is the "2" valte multiplied by the characteristic strength of the wood in bending
"f 6" - commonly assumed to be a constant value of 80 MPa.

Unforhrnately, both the variability of wood strength and the inherent errors in determining
the section properties contribute towards a high level ofuncerlainty in predicting the bending
capacity of a parlicular pole. Thus whilst the "section modulus" method was unquestionably a

significant step forward from previous practices, it still has deficiencies. Recognition ofthese
deficiencies and limitations has been the catalyst to identiff alternative non destructive
technologies.

2.2 Investigations and Assessment of NDE Technologies
It was within this context, that an R & D project was underlaken by the University of

Technology, Sydney (UTS) between 1997 and 2001, with the specific intention of:

- Evaluating and comparing as many NDE devices/systems as possible, using the

benchmark ofcurrent industry best practice as a reference.

- Establishing a database ofphysical properties (specifically bending strength and section
modulus) from full scale testing of poles removed from seruice at the apparent end of
their desisn life.

ltl4
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method is very conservative, it will have a high frequency of results in the lowest band, if
unconservative (i.e.: it over predicts "2") itwill have a high frequency ofresults in the upper
band and if"accurate" a high frequency ofresults in the central band.

2.5 Results, Conclusions and Future Developments
A summary the comparative assessment is presented below in Table 2. The results indicate

that systems utilising fine resolution tomography or radiographic imagery techniques provide
a significant increase in accuracy and reliability for determination of itre section modulus,
when compared to traditional drilling methods.

Table 2:Summary of Comparative Assessment of NDE pole Systems

System Provider: Zave (below) Rank Zave Rank Zxx CATEGORY
)ortaCAT 

1 > 80Yo 2
IRU-TEC > 90,/o 2 3
;oley > 80Yo 3 A
LOGIN Approx 80% ,B

yi2',' Approx 80% . 5 .5 .B
Resistograph I Approx UU7o. o 5 B
iiSpggtctr: Approx 80% 7 B
lortacAT 2 < 80% 8 t2
Sibert < 80,yo 9 8 C
Sounding < 80Yo 0 l0 C
DK Tector < 80o/o I 9 c
Shigomcter <70Yo 2 I C
lurtin < 70Yo 3 3 C
PURL <'700/o 4 4 L
\coustoSCAN < 60Yn 5 5 C
ntegrity 2' : a.60o/;, o 7 D
PortaCAT 3 < 600A , 7 o D
fracerco I r <6Vh' 8 D
hilegfiryrI: < 60Vo 19' t9 .D
{ttar (inconclusive) N/a, 20 ,n D

on Site Assessment o

ofthis hybrid system is to d
poles, whilst identifYing an1'

using a combination of imagi

3 NON DESTRUCTI'i

3.1 Background - Timb
Recent sunr'eys indicate

estimated 27,000 of these ar,

of50 years old [5]. These ar,

by local government agenc

expertise to undertake strenl

proportion of these bridges
degrees. The most common
girders fabricated from natir

overlaid with decking Planks
Cunently, reliable deten

bridge requires undertakinl
representative of the desig
applied load. A number of
testing, ranging from the aP1

to proof loads that are 2 to
costly to conduct, require:

significant degradation has t
Furthermore, the exPertlse I

local governmenl authoriti!'i
In order to address this Pr

assessing safe load capaciti(
and develoPment was undt
Infrastructure Research (CB

3.2 Techniques for Con
Traditional load testing

known axle loads and fixed
or sffains of the girders -
indicate the stiffness ofthe (

degraded and thus weak. I

involve the application of he

The relative benefits and lin
these methods require convi
the actual safe load capacit)
of all methods is limited b1'

Predicting the strength ol

significant problem for con

significant degradation), bu

be directly dependent uPon

Since the project was completed 1n 2002, several of these systems have been developed
further to consider the relationship between the section modulus and the strength of the timber
in the pole being assessed. These developments have primarily focused on utilising results of
surface hardness or density, such as can be estimated using pylodin.

However, one drawback of all of these systems is the reliance on assessment at alocalzed
section (usually the ground line). In order to address this limitation, a new research project for
determination of both the location and size of defects in a timber pole and has rlcently
commenced at UTS, utilising a combination of stress wave analysis, model strain energy,
time-frequency analysis and artificial neural networks. Whilst considerable obstacles siill
need to be addressed, initial results confirm the potential ofthis "hybrid" system to provide a
reliable means for whole of pole assessment, rather than localised analysis at a particular
section.

Details of research undertaken to date that contributes to the development of these
techniques are presented elsewhere in these proceedings [3, 4]. The proposed strategy for use

1118



6III

[11uetequ1 eql .pesn Sureq lepour ql8uels eq] Jo 
^cemcce 

eql uodn luepuedep 
^llcerp 

eg

IIr^\ lser p€or ? qcns J" 
^{ilq:fi;;;o'i"n"1 'q *iouo 

requrll roJ 1nq '(uopeperSop lueculuals

euo3rapun seq elercuoc ,J I:# r-qt .r.1ur.1 ..apttq i"t1" to elercuoc ro; uelqord luecgru8ts

;;;; ;il;Jomi si &rcedec pBol eJes eql 
:nql 

pue slueruelo e8prrq;o ql8uerls eq1 8utlcperd

'p"t"l"po* q13uei1s e41o '{l111qe11er eql {q pellull sI spoqlou IIB Jo

sseue^rlceJJe eql reql alo., or rueuoduri ero;ereqt sr 11 'e8pyq-e 3" xtil:lii,H:l oJ€s I"nlc? eql

;;;;i"p;t r"pro o, ..q13uar1s,, olul uolleurroJul .(sseuJJlls" Sutge'ruoc e:tnber spoqleur oseql

Jo IIV '€ olqel q posustuulns or€ spoqlelu lsel snolre'{Jo suo4elllurl PUB slgeueq e^Ilelel oqJ,

'pell?rJt ueoq oslB e,req ,rcunbepe I€rnlcruls ssesse 01 selclqe^ '{'reeq;o uorlecllddu eql OAIOAUI

rou op l€ql senbruqcel J;;# ;; requrnti e 'sreak luecor uI 'I?oa snql pue peper8ep

;q ,tn,i, ,irp'a "a 
rcql Bo,inrlp,tg'.."q3n. ^ol 

,l1lt - ua1s.(s rcop eqlJo sseuJJlls egl elecrpul

o1 pelerfuelur sI €lep ulerls Jo uollcege6l 'ueds prur 1e '(1ensn - sleprr8 eql Jo sur€rs lo

H;[[ft.p "q1 
au*.ne.,, pu? 

'Jp 
"aptrq 

e^otuo ',(rleuroe8 pexg pu€ speol elx€ u1v\oul

qr,lr (>1cru1 pap?ol 
^lledol 

e rliensn) tictqtn e Surceld sello^ur Suqsol peol l€uolllp?lr
sa8pl,rg roqurll Jo luaussossv uolllpuof, ro; sanbluqra; Z'E

'€'E uollces w Pessncslp ers qclq'^AJo sllelep cSJn ]e (UISC) qcreesex ernlcruls€{ul

lrrng roJ iir*c e{1 qgno:q ;E002 pun 0002 uee'/Yueq ue{€uePun se'u lueurdole^ep pue

r{crueser Jo urer8ord 
" 

.(rr;prlq ,;-r} rfrq"lt}*d) se8puq 3o serlrcedec psol eJ€s Sussesse

,iy .-.1."r, luerue8eueru ,ltrr.iattgt - lsoc dole'r'ep puu urelqord slgl ssorppe ol rapro uI
'solllJoqlne lueuru;e'ro8 leco1

lsoru ol elq€llel€un st 3ut1se1 3o ed'(t slql o{suopun o1 pertnber estgedxe eq} 'eJourlegun{

'pessess? Sureq e6prrq ,,1r'.an*np t'nn" i11n'iu'1od uec 'pemcco seq-uoll€per8ep luecgluSls

eJoqapu€lueurdrnbeuorlrsrnbce'uorlelueurrulsurlstlercedssertnbe.t'lcnpuocol'(11SOc
sr Burrsel qcns 'solclqe^ udrr"p 1"*'oo;o epnlru6eru tqi tt*tl E oI z ere 

'nql 
sp€ol;oord oi

sesuodser 8ur,,$4uenb o1 'speo1 ecl^les e^Il€luesordar.lo uotleclldde eql uIoIJ Sur8uer '3ur1se1

pBol JO srrIJOJ snolr?A .,"1n1r"pon e^?q selllJoqlnv peou elels Jo Jequnu v 'p?ol perldde

srqt {g pesnec suo4€urolrp 
"ql;o 

lueureJns?eu "qip,rn 
'pno1-u8rsep eql 5o e'r11e}ueserder

.elcrqe,r ,ireeq e 5o uoilnr,lOJn eq1 8ut.t1o,tur rrtr'pnoi e Suqelrepun serrnbe: e8ptrq

oJo.'*,,'p.*o1soq,H,*:,lr;1"5ffi'#T":};i.",;:HIH#i.;1,1],'jil.iIil'#?,""

,(1es;e,,rsuer1 'so4ueo uIuJ009t ol ultx000l 1e peceds poo'^epJeq e^Il?u luo4 pelecuqeJ srepIS

punor sesn se3prrq ,"q*rjin,,o1atl eseqt,o^J-uollclulsuoc Jo ulroJ uoruwoc lsoru eI{J 'see'r8ep

8ur,{re,t ol luelcgep nllnrnlr-i, pu? e}olosqo '{11euor1curg ere se8puq eseq} Jo uorgodord

luecgruSrs e ,(lluenbesuo3 'SleSSa eSpuq JIeq];o 1,r"*.."ttn qfuerls e{suepun o1 estuedxe

Sutreeut8ue eqt {cel p.'n p""to"' Jepun ueuo eJ€ qJII{l\ 'setcue8e lueruu:e'ro8 1eco1 '{q

pour'lureu pu€ peu.ro .rpni, 1n.rora., * f1.1nq-op.rd ptlntol er? oseqJ '[S] pto sree'( 99 5o

ssecxe ur eseql Jo prrq, *o .{ieleunxordde q}rm 'se8prrq roqrul} ere eseql Jo 000'LZ pel€urllse

,rf-:"qnarny,r, ..'aprrq 000'0t Jo ssecxe uI er? eleq] leql elsclpul s'(euns luece;

B-IIErlsnV u1 sa8pyg roqrull - punorSlceg I'€

SSCOTUfl UtrSI^III.{O INSWSSSSSY f,AIIf,NUISS( NON g

'eloqe polou ser8olouqcol uotlcrperd qt8ue:1s pue Sur8uur;o uotleulquoJ e Sutsn

]uoussesse pelr?lop ero.,, roJ slceJep ureluoc ol ,n.ddn ler{i salod''(ue 8ur'$r1uep1 lspqr'r 'se1od

punos IIe rrrr'uoc ,f11crr,U fir^ l""ql'fool Sutuoercs e se 1r dole,rep o1 st uels'(s puqfq sqtSo

osn ro; ,(Seterts Pesodo:d rq1
eseql Jo luarudola,reP rql o:

relnctged e 1e srs,{1eue Prstli
e epr,ro:d ol urets,(s ..pt:q.iL1. '

Ilrls seicslsqo olquroplsuol r:

',{3:eua utEJls laPoul'sts.i1l'::'
,(11uecer seq pue alod :rqti:i:
ro; lceford qcteasa; A\au t 'u(r:

paz\eJole J€ luaulssassB u(] -1

'uii'

Jo sllnsal 8utst1t1n uo P.lsnr.:
roqur] eqlJo qtSue;}s eql Pur
pedole,tep ueeq J^Bq surt:'.'

stull

'snlnpoul uollces eql Jo uotl'

epr.tord senbruqcel .fte8erut -r

el€crpul sllnser eqJ 'z elq€I I

'puel

reddn eql ur sllnsar 3:o .{cuon[

JI 'pueq tso^\ol oql uI sllnsar

8002 sIIsI,^{oJVS - s ,{1e11 'zuua:e1 'g697 :equratda5 7- 1

g00Z SIIeI troJVS - seln1cruls rsqurl;, pue d:uosulAl '€lolcuoJ Jo truotllssassY 0lIS uo

o
C

CI

Lt

CI

J
J
J
J
J
J
J
:)
a
g

s
€I

v

AUOCSIv



on Site Assessment of Concrete, Masonry and Timber Structures - SACoMaTiS 2008
l-2 Septernber i008, Varenna, Italy

variable nature of timber (both new and o1d) necessitates the use of a probabilistic strength
model, usually based on 5'n percentile strengths for a given grade or population of timber
elements. The most reliable strength models are probabilistic (statistical) that have been
developed by extensive full scale testing of old timbers and are based upon empirically
derived relationships between the actual strength of girders and the parameters measured
during the load test.

Table 3: Summary of Load Testing Approaches for Timber Bridges

n20

on Site Assessmcnt

3.3 DeveloPment of Frr
The aim of the UTS pro

lor assessing the structum
based on analysis of the fur

stiffness of a bridge deck. ll
to determine stiffness of a

contained a number of uni

lack ofreliability inherent rr

Historically. use of Frc,

defects is a well establishc

civil engineering disciplinc
1980's that this method hr

testing technique proPoscd

of a number of assessmcn

innovativc at the time it ir

approaches first began to r'

the area, these earlY dcrcl,
siruations or very simplc er:

Haritos presents a fLrr

detennining the stiffncss ,''
modes produced by tratti;
effective gross stiflnc:s 

'

theoreticai values obtaint.
techniques. Haritos rcctr!-
excitation for deterrninrtr,''
modal responses. Althour:
shaker system was consic'
excitation.

Subsequently. a sirnPi.
system. involving tlte ttl.'.
lrequenciesl the idea b.'i::-
signal characteristics. .\ r..:
least one provider of bri;
accurate stiffness infon-ne:

3.3.1 Recognition and t
However, use of att r'..:

Frequency Responsc FL.:.-

following obser-vation: .

acceleration. This is an

body assurnptions) can tl::-
bridges. particularly th,'.-
analysing any vibratir';: -

accurately. Therefore. ::

achieved without this t,':. -

with in-built force sen50:

Method Application and Comments
Static Deflection methods Provide good indication of "global" serviceability response and

load distribution between girders. Has the benefit that it can be
undertaken using survey equipment. Can be time consumrns.

Dynamic Deflection
methods

Provide good indication of "global" serviceability response and
load distribution between girders. Can also indicate dynamic
load amplification effects. Requires specialised equipment.

Strain rnethods Provide good indication ofrelative load distribution between
girders. Dynamic strain measurements have the advantage that
peak loads and distributions can be identified, provided the
instrumentation is located correctly. Has the limitation that the
results are highly localised and may not indicate global response
accurately. Requires specialised equipment.

Ground Penetrating Radar
(GPR)

Can provide a longitudinal profile of each girder to identify
localised degradation. Must be coupled with analytical
modelling or another test method to understand structural
response of a bridge. Requires specialised equipment which is
very expensive and is still resarded as a research tool_

Dynarnic Frequency
methods

Provide good indication of"global" serviceability response of
superstructure. Limitations are dependent on assumptions made
by some methods about mass of the deck, input force and
identification of frequencies. Can be quick to perform and are
normally cost effective.

Dynamic Frequency
methods with damage
detection

Provide good indication of"global" serviceability response of
superstructure and can identify both location and size ofdefects
in all girders. When used with known impact force and applied
modal mass, provides the most accurate information for any non
destructive method currently available. However further
development is required for field application.

Proof Loading Requires extensive instrumentation and special vehicles to a
level usually 2 to 2.5 times the legal axle load. Totally unsuited
to timber bridges and can result in undetected damage occuring
that could subsequently have catastrophic results. Very
exoensive.
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For a given response (output) signal, one cannot practically separate the impact force and

free vibration part of the signal without some pre-assumed knowledge. Unforrunately, in order
to calculate the input force accurately, the impact contribution has to be separated from the

free vibration component of the response signal, and this creates significant potential
problems for instrumentation and the type of sensor used to capture the vibration signals. The
modal anaiysis inherent in the vibration based excitation previously noted uses what is known
as a "peak-picking" method to identify the modal frequencies. Whilst in theory this approach
has merit, it can present significant unceftainties and sources oferror in practice - particularly
when applied to a timber bridge. Higgs and Tongue [8] note that some of the peaks occur at
frequencies which correspond with natural frequencies of the superstructure whereas others
are not so readily identified and may be caused by vehicle suspension dynarnics, but they do
not elaborate on how to distinguish between the two.

Furthermore, using a peak-picking method to identify the correct frequencies induced by
vibration is unlikely to be reliable because of a lack of control over the modal magnitude
where many mode frequencies with possible coupling are present. Simply using a peak-
picking based method without proper modal identification may result in incorrect selection of
modal frequencies. Putting it simply, vibrations from vehicular traffic will generate a broad
based spectrum, with all frequencies being excited, but none being emphasised. The impact
sensitivity will also be influenced by the type of vehicle and suspension as well as the type of
structure being assessed.

It is acknowledged that the use of output-only signals for modal analysis has advanced in
recent years, such as using arnbient vibrations as the source of excitation or Nafural Input
Modal Analysis 110]. However, it is the experience of the UTS research team that using a

peak-picking based method to correctly identi$, modal frequencies, especially when
broadband excitation is applied, is likely to be highly erroneous and will exhibit a lack of
repeatability. ln such cases the FRF will be complicated and in fact the potential for error is
significantly increased when damage and unknown or unquantifiable boundary conditions are

present. A11 of these uncertainties contribute to peak-picking methodologies having the
potential to be unreliable for determining modal frequencies for many types of bridges -
especially for degraded timber bridges.

3.4 Development of a Reliable Frequency Response Function Method for Timber
It needs to be stressed that the quality of FRF is criticaliy important to any assessment

method purporling to predict stiffness and subsequently the strength of a bridge deck. Unless
high quality FRF can be obtained consistently and accurately, the whole method will lack
practical usefulness. This is particularly true of timber bridges which also often have higher
levels ofinherent noise as a result of"looseness" in the deck and movement between decking
elements and the super-structure girders, making it much harder to distinguish critical
frequency modes.

Awareness of the limitations of not accurately knowing either the input force or the mass
used to calculate modal frequencies, were two specific areas targeted by the author's team at
the commencement of the UTS research project. This approach has also been adopted by
similar research underlaken independently at the Pullman campus of Washington State
University in the USA [9].

The UTS assessment procedure known as Dynamic Frequency Analysis (DFA) involves
the attachment of accelerometers to each of the bridge deck girders. The vibration response
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assessment techniques for quantifying safety and adequacy of these imporlant infrastructure
assets. Implementation of these two technologies is already realising a significant
improvement in cost efficient management of these assets - particularly in regard to risk
management and public safety.

On going research projects are refining these techniques and improving their reliability.
NDE technologies such as these are providing a new generation of essential tools for asset
management of timber structures that enable public utilities to maintain aging infrastructure in
a cost effective, whilst at the same time ensuring public safety.
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