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tt j(J f'l""Itlgh såme'eural st,eel model transmÍssåon tower

r¡as b-r"låiJ anø a J-aboratory inves'biga.t,íon r,ras carrÍed out ds

rl,elerrnån.e the ae'bual dåstributi-on of stresses in lhe t oacled"

structure"

The eiçctråcal resisi:,anee t¡'pe stra.in gages dev.ej.n.r:ed

t,: a hi"gh a.ecû:t:apyt in t,he last d.ecacleu and. the a¡¡ailabí.1j.'¡;y

*f a rrraäti.channel Ðigita-l Straån Irrdåcator r:ffered ån ex:

cç-L1.ent, ineans of measuu:ing strai"ns,

Thre prtblems encounf,ered included measuremeilt ûf a:cial_

l-"¡ads in angle sectionsrthe establishment of prc.rcedures fc::

nea:: si"mult"anenus measuremenl of sírain in approxford;ety 2l'rj

stratn gages and aceou"lt* for unbalances in the mathe::r,aíå*

cal anaJ.ysis due to flexure and torsåon in the strtrcturaj-.

members,

l{or"k cn the p::oject conmenced ån l{a.rch L96[, A *ågh*

"Ltrne schedul.c and 1årdt,ed. funds necessitated th"at 'bh* i:aaks

cf pr*våd.årg cleta-iI drawångs for the st::ucturerecns'brucèing

ïhe te;+'L si-te, equåpping and erec'bing 'bhe tower be carråeci

nu:l by the ar-r'bhors 
"

The l-r:ad testsu 'çhe evaluation of the test data u and.

the f-Lr:aå st¡:ess analysis culminated in a stress dåstråtnitåcr¿

i.n t,he -,vhcle siirrctureuwhich it i"s anticipated .,d*l]_ ånfl_uenee

farrc,urably the future design of exLra high vol,tage i:rans-

nd.ssj-cn 1,i- ne i;ourers 
"
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! i,flf,-a4Í_, år¡,r_e¿'_ÐSy gl_op¡ee nJi g

Advancements in eleclrical science have mad.e ít p::actica.bl.c iç
'i:ra,nsm*i-t J-arge blocks of power over l-ong distances, Tn acl.d-tl,ion to'bhis,

the vi.go::au.s g::owùh of power de¡nand has resul-ted in the develourneni r:r

rncrs'L of i;he wa-Ler Tlcwer resources close to load- center"s"

Fcr"i,una.telyri.n Canadarthe avai-] able power resour.cçs are fa:: f¡:r.rni

being exhausted although it has been necessary to d.evelop luater pûwer:

res')urces in relaiively remote areas and 'r;o transm-i-t the po1re:c -bo t,hc.

loacl cenùers by means of overhead transmission lines.

The apparent i-nability of nuclear and. thermal generai;ing sys-i;eäL-.;

'Lo ,oroduce power at a cheaper rate than hydro systems rrri-ìl r.esul-Ì:, in "bl:re

ccns'bruction of ma,jolwater power plants in even nore remóte arcas r5e"-

fore ¡;he cost equilibrium is attained"

CHAPTER T

IMTRODUCTTON

The development of i;he techr:-iq.ues of exilra. high voJ-iage (El-[/jì:c]r+,.,

tra,r:smission was ext,remely helpful for the utilizatícn r:f d-i,"rr,¿n-'h ¡roweir

r*so-¿rces sånce, by doubling or tripling the volbag*l u""o"dj-ng tc y¡er-rj

kr¿úlnnn la.r¡s af physics (Po,r¡er= f)r^ fourfolcl or nånefoJd amount, of .po-r.¡',-:"r"

R
cait bç "t ransrei'i:ted wj..thouj; any increase of the cross *sectionå"I a::ea. r:f

t'he condu.ctor cabl_e" EHV ì;ransrnissíon enablecl Elec-¡;rica_L ìjtili.ties jt¡-:

tuild ín-i;ercrovinci"a.l conneciions of j;heir" power sysierrrs tcr take aclr¡,:,.'-.:*

Ì:age of ihe time lag in the peak power demand. Alsorèhese inÍ,ercci.mai-ì-.

t"ions streng'chen the reliability of the pûwer supply having stand.by

F(iÞrer available in case of power outages ca¡_sed" Qy li.ghtni_ng or ecp-_i.p.-

rnent bre¿.kdol^¡n"



For these reasons the cost of constructing exb,ra high voltage

overhead transmission lines is a matter of great concern to the elec-

trical inAustry'." Orr most of the imporLant transmissíon lines steel

towers are used and this has inspired an attempt at refinement of

tower design þ means of a model study"

},þde1 4.nalysis

The model ana-lysis of structures is for the modern engi-neer

iniporbant to carry out, research and development, and verify mathema:

tical methods used to design the prototFpe.

For transnrission line towers? a precise maì:hematical analysis

of the struciure is impractical because of too maily variables and un-

known factors" The transmlssion line tower, hovüever, repeated as a

stn:cture many hundreds of times, is of such i.mporbance that, a veri-

fication of the approxinrated mathematical solution is a prereqì.risite

to elir¿lnate any possibilities of failure"

Compared with other eng'ineered s'bructures su-ch as roof trusses

or bridge tzusses a transmi-ssion line supporbing sl,ructure is relatively

ftexible, and. thus urrdergoes the largest deviatÍon from its or.iginal

shape and geometrical- amangement under applied l-cad" Additionally, the

nature of t,ower loading inrposes large eecent,ric loads upon the st,ruc:

ture causing a great variety of stress phenomena. in the 100 to 150 menp

bers of t'he tower.

It was furbhermore considered and recognized that load tests on

isol-ated members have been conducted abrndantly in the past and that

the variety of analyses has reached a point of saturatj-on from which

little additional knowledge can be gleaned, It was therefore deci-ded

to conduct load tests on a model of t'he eïì.tire structure rather fhan



to subject on-ly single nemÈersuremoved from lhe st,ructure, to isolated

load tests"

leg:Lgn Påoblems

The govern-ing factors in the design of power line suppor.bing

structurese as in most designse are stress analysis and member selec-

tion" Existing nethods of design contaÍn inherent dlscrepancies and

uncerta-inbies concerning these basic assumptions.

- The major problems with regard to stress di-stribution are lon*

gituùina1 and t,e¡s1onal loading and their effect on the structure"Con-

ventional design assumpLions are inconsistent j-n the distribution of

torsional stress in the tower body" For exampleris the shear at the

supporb point shared equal.ly þ t,he two longitud:inal faces of 'bhe sup-

porL arms and is the waist ùiaphragna effectj-ve in distributing tor-
sional shears equal_ly to aLL four faces below wa:tst level?

.. The major problem with respect to member selection is the pro-

porbion:.ing of members carrying a given compressive load" For exampleu

at least tlr,i-rteen allowable ultimate compression formulae are used by

leadi-ng designerfl and there is precious little research d"ata avail-

able to gu-ide the designer wj-th regard to end fi:cii;y and i-ts ånfluence

on the slenderness ratio"
I

.uconoÍ94

The final incentive to conducting these tests is the anticipa-

tion thate as a result of a more refined method of toü¡er analysis and

designl towers can in the future be designed as econorn-ical*ly as possi-

ble given a fixed set of loading conùltions"

It should be borne in nLi¡d that a small reduction in weight

will be magn-ified man-ifoId due to the large number of tower"s used in



transmitting power from a remote power develo;orueni; tc¡ a

A reduction in weight vråIl reduce initåal, hanùlång and

of the t,owers 
"

L,oad center.

erec'bion crlsts

1,"
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T-,s prelirni.nar.',¡ l,er;i;;: on s-l;r¡-icNur:al arr.g;iÇ.; t,,ir;1t:rì1 ¿ç¡r;cJ.u,cí:,,.rrj .:i.i,-

li¿r:-i-'ì-Y'i;c es',,aJ:lish ¿-:, r¡o.l'l;¡r.b-l-e o"i:..',-c::r::i;aj;:Lr:,n c,f s-i,lí'¿'..j'"i:;j¿r.g.ìs ílí.r år:rg.l,r

¡er:"i,-i.oirs fclr rl.e"re¡r:i..tiiil; ¡l;:i¿l .j-carj"s, "[jre -i-rl*all- ,jìit"ge r-rjt:i-,çrií;aì..î.r::r tit,+u-l.d

l¡or-";'ri.-ì; cal-cu].atto.r of a.:.li-.:,.',l., .Loads ,'vi'rlii-n ait a"cct:r,i-L¿.1'i..ç, ¿r:r:uîl.r;:ís ¿..ij.it.

::hoi:-Ld. erilÌ:lJ-o;t a rri.;l-iillr,.'i:l ¡i.i-injtet: nf gages 
"

-1,,*il*ièss?.p

i,ijì.¡ii{¡,ìi:ì iI

Pitr i-li --iii :iii"ii L|LBOild'IOil,Y 'IË;iTi

Ilron prei-i',lj-,.ri¿ir--,t i-ì,e¡:il{rt oJ-' i;h,e rLodef i,ci^lcì]" t,he a1-rpl-ir:l-:-till¡¡,;

s:r-ze of angle sec',-,j-ons ,l"'eq'¿ired were knol{-nran,i.i ì;¡iç Írii-J..olrin¿; l;;i'¡:-jic,a.J.

scc-bions were sel e¡-i',6Á -'¡r¡ f,he pr:e-l-j-.a:inar;r jtes.L ci;r:,Ë;osçiìB

2-¡r l.'. _l l; /io

2.,.2x1-B

,2]1.r2-i .* 
jilå

Ti-re e.bove a,n-:les t¡e::e cuil, to -l.eng;n ancl. cl.::i.-l.,led-.r,;:.Lh Ili.i2," liJ'nte.s

olf gage lines ¿inC. iiorl,*; i,o hcl.c rli.¡.it.anc*s shr.'rb,"il i.n l-igu::'e 2.1 ",lilt sil;ç,::j

na.i;er"j"¿l- cr:iricr-nei Ì,o ,-¡,Til sìrecifåc¡¡:.on ll "jó í,,rr' i:i.çcl::..ulii ¡r'i..Lt'i::t: j.-ri::r:a-1,

-! ^ ^-l,r ', çç-! û

I'g'q*l*il-pf åç-+p.tg+

TÌie ai-.ove iïet.i.,.i-oÌ).ed. a.ngle s.e':"firrns 1.,roi',J :rr;bje¡:l;erj. ¿,1i 
'l;r-,'.r;,i¡ ¡;1;i¡=

ll'ess-ï-oi-i and t,::n:i:i-oi: ï,esl-c. Pr>f 'ûhç r-:lir{:r"iii;i-ri+ri -i.,¡,,r-iil,¡ '1,i¡r., ¡-,,,,i;,ì,r iÌrí)J.j.F:¡

:,lro'.rn j.;r ,ri¿f.:i.t 2 :,i, ,.reie use=d -t,o ¡la"Ìçe 'i;if.e sing-i.,.- f,,: ritjj-r,'.y,i.... ;,i¿t't ¡1

l-:ci-i; cor:necij-oir¡ 
" |o,l- ¿he ielsion iesj;s a 2 :r, l;" fJ-;lL j--,::.1'' r.¡a.s citJi-rÍt-ec--

j;.:.i wij":i 3/5" fr i..-'i:.ì i,ensij-e bol,ris J:o r.he ',--.ç6f pir:ce;.

?itc l0ads -;,ret:c ¿.llï].li-ed, by n-]eãt,r-]s of a ;ìcrÜ0lr .l T'). ,relhanira..l

--¡er;'s¿l Te s-i;in,-3 il¡.,:itiile. This machin,e l.¡il;h i"'l:,s :il,,,iir âtlß. cc¡i;s;i¿-;,1'ri;
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of load applÍcation was particularly sui-i,ed for ihese test,s"
The magnitudes of applied roads were rind*,ed by thc membersu ca:

pacity and were apptied. in increments to give suffåcåent ånfnrmation
regarding stress distribnrtion at the differeni; levels of inad", H_ate

rr A shows the test set up and. the testing maehine usect"

&r_ain Mgasuremesþs

To obtain strain measurement,s ty-pe SR - 4 -¡råre s,cr:êån gages

(manufactured by the BaJ-dr.rin * Lima - IranÉlton corporatic,n) of the f,u

size (47) were selected because it rn¡as antåcåpated that, their -si-nrp3-e

and reliable application and their durabílity in r"<rugh cut,d.a*r ha"ndlåne

would render them suitable on the model t,swer members,

Based on theoretical studies the straån gages were loca.ted at the
toes and at the heer of every angle section, as shown in Fågure 28 and

2C. It i.{:i11 be noted that a nrinÍnmm of i;hree ga.ges we::e pl.aced r:n each

cross section for reasons outlined. below" The s'bra-i-n gages ¡¡ere at:taehed"

to the test pi-eces in the method prescribed by the gage manufac.Lurer.

SLrain readings were taken and recorded. af, e.rerT ir¡.creirerri; *f i,;,ad ap_

plied to the test pieces. A rm¡lti-charrnel Dlgital St::ai.n In.*tå.caLnr rúä,_

rmfactured by ihe Budd. rrct,rr.ment Division was avaiJ.able fo:: :,eactine

and recorùi-ng of strains i-n microinches per ånch,

The straÍn readJ_ngsea.s record.ed. by the ånst::urnent,rwe:,e ta.buLated,

on Tabl-es rrA to rrE" lfary more read.ings, than thase shÐwn cn Tabres

rïA to rrErwere taken during the preliminary tests. Iloweveru1;* ¡:educe

the bulk of data, only typical reaùi-ngs ar€ åncludecl"

since the point of load application does not neccssar-åJ-y coån=
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cide with the center of gravity of the angleu the eecent::ic loading on

the angle sections causes moments about the principal axes (w-w and z-z)

which, when combined r^rith tne ffi varue, result,s in varying stresses

across the angle sect'ion" The general equation for combined stresses

can be vrritten as follows:

r^rh aæo .

Allê'

Load + lt', (c¡)

Lrrgrlzz = moments of inerbia about l;he respeci;ive axis

s?rcls = distances from the respective axes to ihe poinli

Flence, j-t becomes apparent that knowj-ng the stresses at, three points

on a given cross section of an angle, it is possible to sef up three

sinnrltaneous equations by relating the position of strain gages to ihe

w-w and z-z axes as follows:

l'l**rl4zz Ë moments about the respective e;cis

F = combined stress at a ooint

i**

¡\ssumed Point of
Load Application

^+öL gage position

gage positj-on

gage position

åU

öL

2F2
ôr
t ')

=A

=A

+C

-C

(")

.B
\ cl/

(¡)

---\4 )

--*\J /



where: A=T,oad :
Area

sofving for eA I results in the stress component, correspond-ing to the

I,oa{L value of the section, For eaeh parl,icu-i-ar angle sectåon ,che åp=.
Area
propríale geometrÍeal dånensions Here inserbed i-n'*o equatåon (z), (:)
and (4), and. ì:,he three simultaneous equations b¡ere solved resultång

in an equation for the l*ad value which is depend"ent ün the stress
Area

measured at three knolçn foeations on the angle cross sectåon, namely

Fr, Fr and F2'
J

The geometrical dinensions and the calculated r.esult,ing equa-

fions are sho'vrn in the Figures 2 B and 2 c, The signifieance of each'

equation is that it prwides a means of calculating the a¡cict_qLeeÊå

in angle cross sections knowing the stresses at three poincs on rihe

cross section"

The stress coefficåents for the final- eErations, shor^rn on Table

Iï Fe were computed by rmrltiplying the equations in Fj"gures z B and^ 2 G

by the area. of lhe respective angle seetion to facilit,ate the calcuLa.-

t,ion of g$iaJ_:þAds 
"

The fi-nal equations then were used to compute i;he axra-l loads

which 
'''üere 

properLy tabulaèed on the Tables rI A ta rl E" A comparl--

son of the eonputed loads with the applied loads indåcated. satåsfac*

tory results. Exper"i'rt.lenbal clifferences ranged between 1,0 and LÇJ"ef;,

rui-th an averê.ge of 4" 6/" af the applied load"

ft rn¡as observed thatuwithout excepti-onrthe computed a,<laå cads
:. ri':'

for the tension tests were lower than the a.ppli.ed l-oadsr'.ìáer"eas 'i:,he

computed ardal cornpressi-ve loads were higher than the applåed.

G: Sru
f** B= lkg

Isz



PRELTruNARY

ESUATTONS FOR AXIAT

Angle
Sect,i.c¡n

Area
årrz

TESTÏNG

LOAD COII.{FUTATI$II

åqêg = 0"330 F* + 0.277 Ft + ç"391+ I jArea ,l
.-:,-

Load. = O"IJA Fo + 0"091+ F1 + 0"1Jl¡ F"

Load = 4"239 F, + A"h26 F5 + A.jj, F5
Ar-" - 4

T.oad = 0.115 F4 + 0,201+ F5 + 0.3.ó1 F6

1?a

T,oa4 = 0.306 Fo + 0"{28 F2 + 0"265 F,n
A FÊâ

Load = A.276 F* + 0"J85 Fe + ÇJ"239 F,

TABIfr TT F



St_qæq&qdånås*_o-n-*Z_ånq_gsë,!e$__l[çuþqcå

Para1lel to the tests of the fåve ungaåvan:iøed t,est piee€s Õt*r*

load test was conducted. on a galvanized 1.þ x 1$ x 316'r *n*tÊ to con-

firm that the smooth zånc eoated surface transfers the straifls ä,cc11*

rately" The conçuted loads again coErared eatisfactori..ly rrrith èhe ap-

plied loads proving that the zinc coati.ng does not åmpai-r lhe t,ran-sfer

of strain between the surface of the metal and t,he strain gage,

9peqluså.os

As a result of t'he close comparison 'between the a;clal con'pu'bed

load and the a;cial applied load ån the prelinrinary"besl-q, ià was corr-

cluded that, by measuring the strai.n at three point,s oir the crossi sec-

tion of an angle, the a;ciaJ- load can be computed r.,rii:h a. suffici*^nt de-

gree of accuracye regardless of 1:he point of load applica.t,ion" It', r,,¡as

also decided that for sinplicity and uniformity the s+,rain gages r,,¡oul.cl

be orienl',at,ed, generally as it rnras done in the prelind-nary tests.

Realizing that the location of gages has a severe ånfluence Õn

the calcu-lation of a;'"ial loads, paCcicularly fo:: srn¿ili angle seclinr:s,

it was decided to put emphasis on the placing of ga-ge; accur"a*:cly" ft

rrras fur"Lher realized that a desirable simpliJiea,ticn- c¡f eaf euJa;ili ons

can be achieved þ standardizing the location r:f siraån. gages fcr" par-

iicular angle sections"

l- ;j



Single Circgi!_lowegs

For hydro power developments at great distances from load cen-

ters it is generally most common to employ single circuj-t type trans:

nri-ssion towers to support the power lines" This type of tor¡er with

its horizontal confi-guration of conductors has several advantages over

the double circuit t¡rpe of tower where the conductors rrust be arranged

in a vertj-cally staggered configuration.

The sÍ-ngle circuit type tower al l ows the use of bundl-ed conduc-

tors. .Due to its lower height the occurri-ng maximum base momentsrre-

sulting from wind loads and conductor lensionuremai-n within limtts

which can be satisfi-ed þ the use of econornical steel sections"

For larger pol{er developments two single eircui-t amangements

have a superior rel-iability compared to a double circuit, In case of

Ii-ne mai-ntenance one of the two single circuits can be easily de*en-

ergized and senriced durj-ng off-peak hours, iøhereas on the double cår-

cr¡-it tower only half of the conductors can be de*energi-zed" This nec-

essitates a greater measure of precaution during the repair work"

-ltlith the growi-ng imporr'oance of the large bundled eonductor power

lj-nes as permanent carrj-ers of enerryethe Ut,ilitåes try to avoiC, aqy

shut down of the line for maintenance purposes" $foreover, a trend

has developed towards the rrhot line senrici-ngr¡ which can be well car-

ried out on a single circui-t tower but is hazardous if done on a double

eireuit tower with enereíøed conductors above. below and beside the

wo::king l-i.ner¡.e;r "

CHAPTEB TTI

Selection of Tower Type



These reasons were the maÍn inflLuencing factors in selecting a

single circuit type tower for this study"

Model -Size_and Sirnllilude _to_the F\:11 SiZg*lgr,{er

The main requirement of the planned ¡nodel stru-cture was that it,

behaves under applied loads in complete sinrilarity to a full- si-ze

tower" To achieve this objective, it wa,s necessary to maintain an

approximate simi-litude in slenderness ratio and unit stresses of the

members, outline propor{ions, member shapes and máterial-n

To establish the final shape of the mod.el 'bører, several d.rahr-

ings from nrar¡y highly competi|ive bids on the supply of transnri-ssion

line towers v¡ere made available by a large El-eetric Utility and were

used to select an optimum design,

Having established the tower outline it remained to est,ablÍsh a

scale factor and hence the actual outline dimensions of the towero

This was based primarily on practicability and the abílity i:.o main-
,,,t, I,

taln a close degree of si¡nilitude with the large tower selected.

l4ajor factors r¡rere the availabil-ity of small strucLuraJ- angle shapes,

and tower bolts (AStm A49l+) of sufficiently small sizes to permit a

corrnon bolt size for all connections-

After a rmmber of trials " it was decided to i-ree a scaJ-e factor

2L

of åp except as d.iscussed. belols, which perrnitted. the use o¡ 76*7g*lgut

angle shapes as a mini-mum size combined Ïrith 3/8rt diameter bolts"

The height of the model was deternúned by the site" Initially

it was intended that an exi-sting wall anchor be util-ized for anchor-

ing a sheave in the longitudinal loading system. The wal-l anchor was

focated at approxi-mately l0 feet above ground thus limiting "bhe tower

height to this dimension if undesired load components acting i-n other



than rrnormal to girder axisr ùirection were to be nrininr_ized., Due ro
this limitation and the fact that the one-half scale factor applied

to the protot¡rpe produeed a dd foot high tower, it i/üas necessary to
reduce this di-mension" This was aceomplished by in effect ¡rcutting

offrr a 14 foot section from the bottom of the tower body" Tt should

be noted that this did not disturb the sinrilåtude between prototype

and model si-nce the slope of the J-egs uas maintaj_ned constant"

22



load Conditions

The forces to be consid.ered. in transraission line d.esign are

those due to wind pressure on the structure and conductorsu and

to the weight of structure, the conductors, and ice in the form
of sleet adhering to the conductors.

usually sleet stor'ns and not wind pressure alone produce the
greatest loading to r¡hich transrd-ssion line structures iriLl be sub_

jected and the effect of both musi; be consid.ered,. wind and ice
loads rnrst be evaJ-uated for the parti-cular area ruhere the rine Ís
to be installed.

The Nationar Erectric Light Association of Americaf near the
turn of the century, estabrished. a specification of loading for
transmission rines r+hich has been almost urriversarly accepted,

These loading specífieaùions are as follows ¡

Class A *-- (For use in ice free latitudes) t5 m/rq.ft,, .n
the projected area of bare eables and Z5.Z l.bf
sq"ft, on flat surfaces.

Class B -.-** (In general use i-n Canada) S fb/sq,ft. on pro:
jected area of cables encased. in a ]re thick
annu].ar ríng of j-ce, and 13 tb/sq"ft" on flat
surfaces 

"

Class C --:- (Used very rarely in Canada) 11 !b/sq,ft, of
projeeted. area on cabl-es encased. in a 3Àtr an:

rmlar ring of ice and. tg$ lb/sq"tt, on fl_at

surfaces.

CHAFTER TY

DESTGN CRITERIA



The actual v¡ind. velocities4corresponùtng to

Class A *-- 77.6 M,P.H"

Class B ---- 56.7 M"P"H,

Class C ---- 66"5 l4.P,H.

The selected full size torøer was designed to

dition and, being a standard suspension f,ype

gltuùi-nal loading conùi-ti-on where any one of

to be broken"

The magn:itude of the model tower loaùing r,ras chosen in direet pro*

porbion to the loading of the full size tower in ratio _!_ t,o rnaintain
4oO

the similitude of unit stresses in the tower members. (see Figure 4 A.

for load combinations on the model structure),

Clearange Requirements

Under average speeificatÍons lrhich vary wÍth the given voltagerthe

phase conduct,or at i-ts point of ma¡cin'n¡m sage must clear the ground by 20

Lo 35 feet" This requirement fixes the height of the conductor supporb

for any given sag and span.

The clearance of the conductor from the st,ructural steel of the

tower is based on the sparkover di-stance whi-ch increases wit,h the vcl-
tage and the sideswing of the conductor suspended. from the string of

porceraln insulators " Thi-s requirement deterrn-i-nes the shape of l:he

structure in the vicinity of the conductor suppor"b point.

The spacing of the phase conductors between each other varies vråth

the span, being dependent of the amount of si-d.esrring of the conductor"s

at midspan under critieal eonditj-ons, The position of the overhead.

ground r.¡ire is deterrnined by the degree of protection required for 't he

phase conductor against lightning.

these standard loadings are

meei, Class B loading con:

tor,rrer, had to meet 1;he lon-

the conductors is assumed

24.
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Ð!res_s_ D"iajl:_aXul .an$ S&res.¡t SgaJ_es

Based on the t,ower outlines and load. types d.escribed. earlåer, a

series of unit stress diagrams were constructed" (see Figures 5 A "r,o

) r) making i-t possi-ble to deternr-ine the stresses in any or alt of the

tor¡rer members, except for redundants, for any or all loads by apptying

fhe proper stress scaJ_e to the respective diagrams"

Fågures { A and Table V A show the magn-itud"es and combinaÈions of
loadi-ng conditions that were consid,ered in the d.esign of the model .bc¡vo,-

er. As mentioned in the foregoing chapters, these l-oads were arrivec
at by proportioning the loads used in the d"esign of the full size .horre::

so as to produce unit stresses in the model of sind_lar magnitude to
those existirg in the fuIl scale tower and., at the same tj-me, perrnit, ih.e

use of nembers l,rith sinrilar slenderness ratio,
It follows then, ihat in order to maintain full similitude betr¡een

the model and the ttconsidered bestrs full size toweru ar{y- assumption ma4e

regarding stress distribution must be faithf\:rly folroi¡cd. rrt t.ht:;,lr-,..;,,.,.,¡

r-,f the tlacì,,:l- as r¡¡ell"

The assumptions which were made in the design of the full size t,c,¿;-

er and lvhich were u.tilized. in the constructj-on of siress diagrams ana,

the ealculal:i-on of stress scal-es are as follows:
(a) rongi-tudinar Load Applied at the Ground wire peak.

For this condition of loading, it is normally assumed that a1j_ of
the load is transferred to the waist by the outside longitudinal faee

of the suppori, arms¡ on the loaded sid.e of the tolrrer" At the waist i-u,

is assumed that the diaphragm redistributes the longitudinar, load equarr;r

ùc the two longitucl-lnal_ tower faces. (Su* stress dj-agram J)"

CHAFTER V
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ST-RESS DIAGR/\MS
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/\(, aJ Vertical Loads

Sül/l'T{RY 0F DESIGN LOADS FOR THE ri-ODEL STRUCTIj]?E

(t ) at ground conductor,
dead l-oad of conductors and hardwar"e, 395;

TABTE \i A

iee load on ground conùrctor,
arbitrary load

(j-i) at phase conductor,
dead load of conductors and hardware lt+6oil

(b) Horizontal Loads Paralle1 to Grossarm Axis

(i) at ground conductor
wånd on iced conductor
20 line defl-ection

Wínd on model structurerconcentrated
at ground rarir.e poi-nt ( 3O pff )

(ii) af phase conductor
wind on iced conductor
20 l-ine deflection

ice l-oad on phase conductor,
-Él^.i+ñ^,à- 'ì ^^,tqI v¿ L¿ cl¿ -y -Lvdq

F\r1l Size j,lode'l

TqwçJ*_ T.olverl

:J2

( ))¡f

L300/Í -*- *5SM

t25alf
1E^.,!t

^ò-/ ^ll286o;f ---* lUp/l

{") ilorizonta.l Loads Normal to the Aris of Crossarm

(t) at ground conù-rctor the na:cfu,mm U-ne
bension çf 0+W was considered íh}Oii --*- AILÇJ--U

(ii) at phase conductor the nraxirnrm tensj-cn
for a bundle of two conductors is 11000#.
Tensi-on due to a failure of a sirrele con-
duc'tlor r¡¡as used jjooll -*** ZLOO#

l'¡ind on model structurerconcentrated
ai: phase conductor suspension point,
/ ^n r ^ \\ Jupfr )

1r ?ô/l
/t l\iÈ

-¿¿¿.tJ-1^^Fll
tll5tF a.t/...¡ù¿/ ltt /&+ll

?A!-__--¿xL
q4ñttr

_--_¿,¿yJL

17gqi
_JPSL2\5oÌY Sz7#

'1 )^(il
-Ê::1!L:åM



TABLE V A (COrürIMlED)

SUTI,IARY OF DESTGN LOADS FOR THE MODEL STRUCTUEE

(¿) tr{ind. Load.s on lfodel Sbmcture

llind per lin"ft" of model structure
betinreen base and waist 35 p1-f
betrveen waist and crossarm 30 plf

result,s in a concentrated wind load

6e:0 above tor¡¡er base
121:0 above tower base
l5r-0 above to'n¡er base, at waist, l_evel

Full Size I'iodel
_lqer !cæ{

)1 Õt¿

1 AñltJ vv/r
¿)2tf



The trråsting effect of the eecentric líne puIl ís calcul-ated by em-

pl-oying a moment arm measured from the tower center line to the groun.cl

#rre peaku and is assumed to be resisted equally by alI four faces of

the tolçer body" (See stress diagran 3)"

(b) Longitudånal l,oad Applied. at one û;tside conductor srpporb point,

For this l-oad case, Ít is cornrentionally assumed. that the langi-
tudinal- shear is camied d.own to the waist level by way of the twr¡ ou.L-

såde longitudinal faces of the support armse and that the torque, ca-l-

culated similar to (a) above is transmitted. to the suppor.b poj-nt by

bhe outside face of the upper support, arm and is transmitted from the

supporf point to the waist equally by the outside and the inside faces

of the J-,ryer support armso (See stress diagrams 6 and Z).

Assumptions rnade regarding stress transmission down from the waisi

are simjJaz" to those mad.e for the longitudina-l loading aL the ground

wåre peak, (See stress d.iagrams J).
(*) General Presurnption"

'i t.

lrrhich pernritted the const,ruction of stress diagrams is thal
members are pin connected" This basic assunrption also nakes

the static solution of the tower for transverse and ver-bical

(see ùlagrams l- and. 2 for transverse loadi-ng, and. diagrams Z

for verbical loaùi_ng).

(d) .ldind on Tower SLructure,

A general basic presunrption mad.Jin the entire stress

rncluded on Figure 5 c are a number of stress diagranrs for wånd.

on the tolçer structure. These were constnrcted. on the basis of having

concentrated the unifo¡nr l-oad at a number of panel points o,yer the

height of the tower, thereþ obta-ining the appro:cimate d.istribution of

¡nrl rrqi <

all tolrer

possible

loa.ds 
"

and 9



stresses due to r^rind on the structure. (See stress dj-agrams 4 and

L*4) o

All stress scales shor¡,¡'n on Figures 58 to J E for the respec-

tive unit stress diagrams are calculated sin'ply by diuiùtng the de-

sign load by the diagram base dimension and by the number of faees

a.ssumed to be effective in the resistanee of the applied load. The

actual member stress for a gi-ven load may then be assessed by nrulti-

plying the scaled length on the unit stress diagram for the menrber in

question by the appropriate stress scale".

C ç":lgq sgl on_ F of ru Jê,e

For long compression menbers buckling (failure by benùing) ís

a primary consi-deration. ïn builùlngsand hearry construction, the

rnain forms of buckli-ng considered in design are column buckJ-ing

(which governs the allowable stress * by virLue of the slender-
4

ness ratio ! ) arrd lat,eral buckling of the compression flange of
r

lateral.ly unsu,pported beams (which governs flexural stress accorrl-

ing to the IIISC speci-fícation parameter tdr/bt). This is due j:o the

fact ihat most of the members in builùi-ng and hearry constn-rction

have a sufficiently small Thj-ckness/Wiatn, called þo ratio so t,hat
r

they will not buckle at stresses below the yield point of ì;he ma-

>oõterial"'

For a large majority of members used in tower design, hov*ever,

the b value is su.fficiently large to cause local brckling at st,resses
t

below the yield noint,

I'Ihen an equal leg thin angle reaehes the buckli-ng stress, for

example, both of the equal legs buckle in the same dlrection thus

causing a. l:rnristing dlstorbion and a sudden, early collapse, Con-



sequently, for a safe desi-gn of such angles, it is necessary that

d.esign stress does not exceed. the critical buckling stress (fcr)

vided þ the factor of safety since Iittle or no reserue capaci'l:y

available beyond. the'fçi¡ st,ress,

The appended cun¡es for allowable compression stresses r¡trere em-

ployed. in the design of the model i:ower (See Figure 5 F)" These

curves i^rere const,ructed on the basis of a modified Î¡Johnson Parab-

oIåc Forrnrlarr as follov¡s:

fn
f=Yw-c

n (t+a)

vrhere f" =

ty=

atq

alLowable axlal st

yield sfress

t
t-I
ir

ff q2

a reduction factor dependent

shape

n = factor of safety

I(L = effecti-ve column length

a = an allowance for eceentri-city

.t- L^trllç

l-s

Ln

res

\ l-+a

o\l
A

For the design curves in Figure 5 F a factor of safety rnt of I"375

was used, ?a? luas set equal 7o O.25 and E = 29 x LO6. These vaJ-ues

:in,serted. int,o equation (!) result i-n the follorring;

)n 2e

--'t

I

( r_l
\

al-lowabl-e)

on the b rati-o or member
J.
U

r,72

At this point, it

the above equation d

larger e-i'-í,'cr:'', on i,lle
-!r
a

rva
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siderations do,

Hence the lower poröion of the curi¡e

r*as constructed using the well knovn: Euler

to be consistent with equation (6) abwe:

mE
l^ 

=

rnseccing again values for n =r.375s & = o"ZJ andE = 26 x 106 the

modi"fied Errl-er Formula yields c

n (r-a) (rr,)2
(r)

fc æ _16f;Kg _oog_

iií'
The point at v¡hich the equation (6) leaves off and the

Formrrla governs occurs when the values for fc in equations

(i,e" for large L values)
r

Formula, modified sti-ehtlX

/a\\ö/ are eqna¿,

The:'efore & 2?9A/'\ -___ ( g)
r , i*i+.i--r¿il4u¿r!¿5

rffl| ¿=¡ Ë

For angle sectionsu in particular, the ùistribution of stress at ulti*
mate load" ( Pur.b ) is assumed. to be as in the following sketch:

,Ll*--+
l=-Pe-f I

I

lTtrFr---.1_---ï----¡-^

*-- (7)

** /o\\vy'

[rFL-]_:_f,^ -T-r
{_1_j_i-,Llllj ), f., þtyw+lll I'

f /\
lht 9nô
\ v / v¿¡A*
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P-nd fÖr

The a1iowabT e compressi-on stress as given by i;he aboye for¡rmlae is sbåp*

uL.a;i;ed in J;ire scecifications for the irDesign and Suppi-y of T:'an,snússi¡n

Li-ne Tc¡rversrr for irÍaniioba l{ydro. The eclu-at,ions '¡¡ere origí::E-Li-Í cler-'í:¡ecl.

arrcl Lhe cuíves ccnstrr.:.ete,1 by 4"1d" i{någht, P" Eng", Design Eirg-r,nee-r,

l,ie.n-jr-i oba H)tdrc 
"

Jrpeslåuega*F;*-æå-itr,nþç."sQgles!i-o;:,

The r¡"erl.e;r'IoaCs lrere cornpui,ed'tr'¡ J;hr: method descrj-bed ea-clier rioi"

'i';itc ¡,'4"::'icu.s i"'¡¿r.ì-i;ll, ¿.sslrirî+,ions ancl l,hç rienber's r\rere select,r:i1 'r,Õ c3¡ii1¡1.-¡

r,;l--i-,h ì:îrese --i,o¿ti.L; ¿:.s j;abu]_aj;ed on Ta'r:l_es i¡ t l;o il i,'.
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Detaili"ne for Fabrication

After the design and dimensioning of the mcdel t,ower mernbers was

cr¡mplet,ed the detail drai,rings 
e 
required for t,he fabrication of the

sl,ruciuree trlrere drawn" The sysLem outlines of the structnre r+ere used

as the basic working lines and, at the sarne tine, as qa€ie lines for

lhe boi-t holes which is common practi-ce in structural steel shop drafj:-

i.ng, The gage line dListances from the center line of hole to f,he back

of ì:he angle were chosen as recommended by lhe AISC mannal- for st"eel

cc¡ruitruction where practical. (See Append.ix tCt for dela-i.l di:awi-'ri¡.;s).

For secondary members, as subdiagonals and subslruts, the C.esign

CIIAPTER VI

caJ-l-ed. for small 76r.7g*]gtr angles. These angles were subslitul;ed by

t,he txlxr8it angles because the manufacturer could" not supply the smaller

angles on short notice. The same problem applied 1:o the chord me¡nbers

of the cross gird.er where Lhe Zx?r'2} 6rt angles were subst,itut ed" 'oy 2þa

C!-31Áo! ¡no'l oo

As mentioned earlier it was desirabl-e to employ only one *qíz,e r)f

krol-ts i;o sinrplify the fabricaf,ionu and Lhe 3/Bn p to',ver bol+, (A-sTl4

]!1a) i,uas selec'l:ed" The data for this size of tol,rer bol-t, is list"ed in

Tabl"e VI- A" Thrs table also shows the nrininun''. disr,ances i'rorn the cen-

íer ef bolt hole to '',he ends of members and fron center of bol-t hole

íc 'Lhe rolled edge of the angle. Ii was in-it,ially iníended. l;o nake

t-.he size of holes I3/32u þ U'ttt, on the ma.nufacturers request, a Lft6t8

boi-'b clearance was permitted ancl the bolt holes were macLe 7h6* ø.

The fact that sone pairs of diagonals on the lower porlion of the

tower were not detalled as rrleft and rigþtrr members did noJ; infLuence

'r.,he performance of t,he ton¡er under load.



TABLE !-J A

DATA oN 3/s ø Tü,irnrì BoL[s (¿sti,r

Allowable unit stress, single shear

Al1or,,rable bearing on bol-ts

Gross area c¡f sharrk

Capacity of bolt in si-ngle shear

Capacåt-y of bolt in bearing:

l',jí ma,teriat i;hickness

3- ,,"'L6t? rnat"erial thickness

å " materíal thickness

Bolt hole ùLstances:

l.tj.ninrrnr edge dislance (rolled edge)

l.'linínrrrm end ùïs'bance (cut end)

l.{ininum distance center t,o center of

bolt hole

Diameter o-fl 'co-'l-l; hcl"l.es

3e/")

18 000 psi

/ç8 000 psi

0.110 in2

1"98 k

t/
LLQ

2.25 lr

3"28 k

l+" L+8 k

7-,'IÔ ì Ì].
('a r-n."

r'l
l>< ln

l-332 in"



EI,ECTR]CAL RESISTAI{CE STITAI}J GAGES

Type of St-fain -Gg-qec-:4 l!|-r---+

The bonded wire resístance strai-n gage is an electrical device,

<i.eveloped si¡rr:-ltaneously by Dr" A.C. Ruge working at the Massachusel:1:s

Institu.Le of Technolory and E.E. sj-¡rnons working at the californ-i'a

Insiitute of Technolory in L9380 and' it is used to measure the nagni-

.uud.e of sirain due io st,ress. The 8a8ep named the sR-4.gage¡ is rnan-

a.

ufactured in the Un:ited States by the Bal&,¡in-Li-ma-Hami-l-ton Ccrpr:ration"

In usi-ng strain gages, two physical quanfities must be crnsidered;

the change i-n gage resistance and. the sirain" The dlmensionl-ess rela:

tionshipbetweenthese.|:wovariabtesiscal}edthegagefactoi"ofthe

strain gage and is expressed mathemati-cal1y as:

A R/R

CI-IAPTER UII

lrlhere L

AL

R

AR

æ initial leng+,h of strain gage wire

æ change in length as gage is sl:rained

= ini'bial resistance of strain gage vrire

â change in resistance as gage is strained

The gage faci;or thus is a measure of t-,he amount of the resås'Lance

change for a g;i-ven strain and 'Lhus is an index of the strairr sensi-

ùivi'uy of the gage.

The wire resisiance must have the follor^ring characteristics; a

ccnstant ra-bio between resistance change and strain, a high resisl;-

ance and a large change in resístance wiih strain, a high elastic

F
aL/L



l-irü-1, be ::elativeiy insensitive to temperature irr Troth i'bs physåca1-

arrci. c.Lect,rical properiies and have a very small diameter so that ihe

cen,eit"i, in which ít is enclosed trill be considerably sl:ronger tha,n thc

slì, - à type wire and foil gages are suitable for an ext,rernei-y

-Lai"ge v'aråe'by of a.pplica.tions" Resulting from the mauy specåa}å.zed

i:inc ey;.ireme concli'¿j-ons m.ur"e +uhan 275 different sNar-rd'a::d t,ypes he.ve

.b+ei:r jqr¡elopefl and, are available from the aforementioned manufac|urer"

¡{fbÊ}' duc conså,d.eraf,ion of the condi-tions and the rnanufacturers

i-i-ie,r"a+-ure (Baldwin*Lima-ilar.ilton6 Strain Gage iJandbook Bulletin 431'1

å j t;he SR - 4 Tyipe A-J elecbri cal strain gage t^Ias selected as lhe one

rrr.';1, sri-ifed for this Projecl;"

Basicall-y this gage consists of a wire filament wound around a'

cylindricel paper ccire ín ihe f orm of a cl-ose*v¡ound helix whi"ch is

i:hen flaùtened. and. cemented between layers of paper for purposes of

"o-rotec-Lion and insulatit;n ( sandwich construction) .

Th* gages u,-aed ./úere pr.cduced in cne ioJ: ancj. alÏ had rl,he f+.1"J.*r¡¡-

j np ',,: ,-r'¡rer-f,j es:: Resist,arrce z Li9 ,5 ¿ 
" J ùhins

J, r ¿ò rvr

Gage Faet,or: 1.98 È 2'ls

Lot ÌJc¡": B -¡l- -q TYFet A' - 7

Asp;#S.ls*:o"{-ËtËagsSÊgË

Tir* pr.eparatlor¡ of tovqer members forLhe aNtachmenr: c'î ihe s1:rain.

gs,ges -,^,a,s dçne 'i¡åt,hout ùifficuliiies sinee the gaSvardzeó' sceel- a'ngi+s

,:f:"ered. a srncicrth and clean surface, It was r;herefore suf ficier-l', i;a

cj-ean the surfaces r¡rith a 3" ø roialing steel brush ancÌ ì;o r^tiT:e ìrhern

nieticu_ì_Ousiy clean lrit,h a col,ton swab soaked. r,'rith aceior e. Based. ctn

r:xt:;er"ience írcm the preliminary tests, the lccal:ion cf gage-" -r.fas

:rii



rûarked uniformiy and very accurately at, 3/I6rt distance from 'bhe heel

and the toes of a3-1 angtes except t,he 2$rt wid"e angles where the dås-

ïance wa.s chosen to be f¿r.

f,-j: became crbvious rlurång the preparation of the angle sectioris

fc'r the prelimi-nary tests tha.t for a greater number of st,rarn gagâs

(j."e. 1.98 for the J0 ft" high tower) the method of appticatånn, as

i'çcornrnended by ihe gage manufacturer, had to be altered." ldays had

ír¡ be .rloun<l ù': a.void excessive ceinsumiotion qrf iime and" maieråa]. ::;ç-

qr;åred to appiy fel-t covers cver t,he gages and clamping dur'ing lh,¿

seÈi;-!ng period of i;he bonding cement " These fe1t, covers and cS.emps

rvouid aiso hinder inspectåon during the drying period of the cemenL,

It was observed that the edges of the paper ba.cking of ì;he SR :

/+ (47) s'l:raån gages tend 'l;o curl up under the moisterring actår"n c,f

the cement, o.Aù the same time, it is belie¡1ect-that cernenl, is Eucked

in and arvay from the edges thu-s creatì-ng the undesirabl-e conùiilion

for forrning air bubbles beiween sJ,eel and paper backrng of f,he gage"

Therefr:z'e it r¡as decided to app3-y a mLìre generc,us amoutrt of

ceren| to the underside of the strain gage" The strain gage was

then placed on the member and the cernerrt worked or:t,wards f¿'om the

cenler r"esulting i,n a small convexi-ty of cement along the Ë,eri.rnet,er-

of ihe gage, ,4, bluntiy poånted penciS size irls-bnlmenL was fcund t"a

be very satisfact,çrry for perforn.ring thj-s task"

The prccess of working out the cemerlç and depressång the gage

to the s1;e+1 surface requåred abou-t 40 : ó0 seconds after r,r,hich per:

lod the cemeirb was sufficrenèIy set to hold the gage tc the -q*,eel-.

Any slight: edge curl.ing could noïr occur r,¡-åthout impai-ring the band

c:f the gage since only cement, not air, eould be sucked in flom the

)4{)



proteetåve Tlrrtrlsåcn cf cement at the eclges"

l"Iåtliout fux{her treaçment the str¡rån gs.ges r,rere ready fo:: use

aitbçr 24 hours drylng tåme and from the total number of strain gage$

aù,fached only 'Lw,: ùid not work properly and had io be replaced" fl

lvas fnt¡.nrJ.'bc be mos'L impor"tant, when wor"king with ¡¡Duccäs cemeni-, 'i:ha"a

i:he cemeni T¡e fr'esh and, free of any bubbles.

The :rppI-í.caiion of st¡"ain gages was done indoors al, ihe prev''"-

aï+n-b i:oon tei'rperature of 75oF ancl at low relative hurrr-idit,y. Fr:Lor

ti: mnåstr:re procfång the gages t''wo tests were conducted t,c a;cer"i:aån

r"iheth+r the gages wou"ld function properly"

First 'bhe gage resistance was checked a.nd seconclly the br;nd.ing;

of the gage to the member was tested" The latter r{as per":íormed "by

connecting f,he gage in a l{heatstone Bridge circujJ, ba3"ancing lhe

'nr.ldge, bringing the di-al to ihe aero poini and Lher; pressjrrg iighÍ-

}y .l,Ìre straån gage with the eraser end of a lead pencål. If ''the íila;

ii.C¿ not retu"r'n t"o zexo af'rer deflectång an Í-mperfeciåon such aa ai: ai."r

'cub,bie ån lhe bonålng cenì*rrt was suspected.

Àgc.a!åcsJlf -'sþ-rsan"qsÃgå

Ft¡r reasçns of pract'icabilityu the J.,¡caJ:'åotrs of st".::ai n gag,rs

we,r'e chcrsene â,s shar.in in Figure f A, arl ó dåf.fer*nt ïeveis ¡r:i I'hc

mc,,dei àcn'¡ei-.' strrrcture" Each hor"rzontal seetåon carnies 'r,hrc fe'ii.,er

corresponCång to ihe respect,ive gage group"

¿,fj

The a.prlical;ion of st,raj-n gages on all faces at:

sect.icnç v¡as considered to be 'bhe minårrum z'equ-Lremerrl

st,r'ess di-sJ:nibu-tion i-n the model- tower stri¿cture.

The detaå.led locaticrr of the stra-in gages at the vari*u:; ievc:3.s

shcwn o:: Fìgu:"es 7 B to 7 H with gage tc'hee1 and i:oes i,1- a.rrgi.e

l¡lIÇ 1'lcriizcn'La.i

d*'í; e::'ruiile j",hr:
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cii stances as rrrentioned earlier"
lüirÍne

Ivlechan-i.cal devices as shomr on plate VII A were fab::j-cated. fron
plastic materia.l and affixed to the angle members þ liquid al-unri-nu.nr

so that exbernal forces from the lead. r,+ires lrere not transnd-tted to
the strain gage filaments. To mini¡nize the lengbhs of read. wire sup-

ported by the strain gage terminals, the plastic pieces r"rere l_ocai:,ed,

at, Ztt disi,ance from the center l-ine of gage"

Fcr the u"åring, a #2h A,W"G, * O"O2O]'r B copper rrire ird-bh poJ-;r*

eihylene insulation was used." The copper cross sectåon of the .r,rrår"e

rvas dOd c"Ìr. and the electrical resistance 25"? ohm per tooo feeti"

The rmrltitude of wires was bundled. with plastic spiral wr"ap and íhe

bundJ-es were tightly secured to ihe si:eel members as shoi,rm on plate

trII A"

The bunùles of wires contain:

2{ double r,rires for the gage group A I A Zt+

Jó rfouble wåres for the gage group B 1 B 36

d0 dciu"bJ-e r¡rires for the gage group C I C LþO

26 doubie r,,rires for the gage group C 4J- - C hg

D9 Ð26

16 double wires for the gage group E 1 E 36

3ó doubte u-ires for the gage group F I F 36

A plastic marker was aÈtached. to every pair of wires and stamped. u.åì:h

nu.nrber and gror-lp for easy identificatj on.

Jloisture Proofins

Since it ¡¡as necessary that the structure be exposed öo the h,eð.i.,heï"

some measure of proteetion for the strain gages and the uninsulai;ed lead

59
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wire ends aga-irrst rnoisture was required,

Several moisture*proofing agents were applíed to the straån gages

on the preliminary test pieeesu subjeeted to temperatures of *30on for
a period of 48 hours, subsequently submerged. in water for a period of

2l¡ hours and air dried for 6 hours followed. by a gage response tes.b and.

a. steel to gage insulation test with a highly sensitÍve ohmmeter" The

mois'l:ure-proofíng agents TdereB

(t) Two-Conponent Eporyli.i,,e #222 manufactur:ed. by linoxy]-i-te Gorpor,ai,:i.o;r

(¡) wax moisture-proofing supplied by R.0,R. Associa.tes, Toronïo

(") GW-I moisture-proofing compound manufactured bn¡ Budd fnstn:menr,

Div"

The Gl,[:l moisture-proofing compound. was fi-nally chosen for"lhe
tol+er test project because of the simplicity of its application ån any

position and because of lhe poSsi-bility of proteeting the uninsu3ated

terminals of the strain gage and the sold.erecl connectiorrs of the leaci

u-ires as well in one operation.

bt



GeneraJ-

The loeation of the test si-te is sho1,in on Fi"gure I A" It, was

lirnj-ted in it,s exbent by the pro;cinr-ity of the t,ransformer bark j:o the

east,, 1:he wall of the Civil Labora'Lories to the sout,h, fhe siaff park-

ing area to the west and. the d.riveway which servíces l;he main delivery

entrancç for the Engineering bu-Íld.ing to the norfh,

Two desirable features of the test, site were that it was pro-

l,ected. on three sicles by the Engineering bu.ildi-ng and that the test

procedures did not interfere wii;h University activities" Office spåce

required for housing the Digitat Sbrain Indicator and other offåce

equipment was provid,ed in the Engineering laborat,ories" The office lo:

caÌ,ion iras most satisfactory due No i-ts proxi-rnity lo Nhe lesÌ-' sjte per-

n'Lj-tting t,he lead w'ires to be kept tio a minimum lenglh. Al-so remr:vabie

r,råncIc,i{s aided. comnn:.nication between the office and t,he test såt"e'

ir{od.e1 Talde r FourldatÅorr

FREPARATTON OF TEST FACTT'TTÏES

CHAPTER VTÏT

The foundation for the nodel tower was desigrred on the basis of

assr:med soil- strengt,h characteristics and rna;ctmum tesl: lr:arls and, for

ùhe p-urpose of future +.esti nge a draw"ing of t,he foundation is included

(seeFigureBB).Unfortunatelyrd.uri-ngconst,ruct,ionrthesouthpiles

had to be terminated at T2î-6tt below grad.e because of a concrete ob-

struc"i;ion at thaj: leve}"

Ãçseit¡¡dire¿-lp"adlns-AræsselneqÞ-.

The longitudinal loading arrangement is shcv,¡n in Figure I G"

Permission ldas given by the University of }{anitoba to install a'ri

'd'+
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an'chorconsisf,ingofalåtr*.*tereyebolicorrpleter¡rir",hbear:,ng

,o)-at:es and' double nuts in the sout'h ir¡al1 of ihe i'Íechaniea'l- Engi'neer"-'

i-ng br-rå}d:ing appr-oximately 30 fi' abq¡e ground' 1+ve1"

TocompJ.e-Let.heanchorassemb}y,lwo91'cliame.|:ersheavçs"*i,.i,h

sleevebearingsl¡ereat,tached'totheanchor"Thewallancho::v'¡as.Lc-

cai;edsuch,çhatthesheavesu.nderload"would.sl'Én8inNopositåcnaà,

28t*?tt abor¡e ihe t,6p of {:he tower foundat'icn and' gr-7!^n ïi€s:;f' ßf i;l:r+

cenì;er.line of the tc¡.tier" This location núqin,-i.zes t,he magn:.-.Lur1'e i}f

',,rnrlssir:ed Ï-oad c,lnponents' (See Figur"e I il anci' Fl-ate VIII 'A)'

Tr:makeup.bhe}oad,srequiredand'-boaidi,n]'aadai:p-j..ic:;tåcriu

ihe fcll-owj-ng equipment was available:

J$ pÍeces of standard laboratory casi steel test weights *a'ch

Jpiecesofs'Landar"dlaborat'orycasfstee-Llestweightseach'

1,û pieces of sÌ,anclard laborat'ory cast steel t'est weighl;s each

-L ¡;bsolete machj-ne base, used as ]-oading plalform

I eri.stÍng cage from steel angle sec'l:ions

L. exist j-ng cage of i-íghter construction

i- exist'ing cagÐ made from 3/4'u diamet'e:r pipes

3 pl-arl<s Zrs thick for placirrg weights for rreri:'icai' loading

ó rou-nc, concre.be ,xeÍghts wi'i;h an Ð.veragç of each

I hyd.::a,u1.ic ;lack, 20-t'on caPaeibY

-1- blccle anrl tackl-e, 1å tan capacit'y

; gear' ì;ype .i;aekLe, 3f 4-ton capacity

F.laÈe VÏfI A shcn¡rs the ar"rangement of '-:åbÏeÉ' bJ-ccltsu l-oao:irig cåglì:1

anr). weigkrts d.ur'ång àest'ing'

i*!f
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LOADTNG CABI,E A}]' EVENIR, BR{ÌU
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ïïlil ,l.irlOiìO1ì ANll Sgt_{.YtS fi:
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T ransverse LoadinE ArranAement,

The t,ransverse loading amangement is shown in Figure I E. Fol:

transverse load applicati-on a 40 ft. poIe, Class II, was erected to

the west of and on the east*west centerline of the torrer" The prrle

was set i-n an augered hole of ó ft. depth and the backfill was lvell

tanped during erection.

The pole wa.s then anchored by a guy cable to the waIl of the

Civil- Laboratory at ground l-eveI. Since the guy ca'ble i'¡as noL in

l-ine i¡-ith the applied i;ransverse load, it, was necessalT 'Lo resist'

t,he resulting load componenf, with a strut to avoid deflection of i:he

pole under load,

The pole i,vas equipped with several eye bolts instal.led at

heigh'bs corresponding to the points of transver'se load application,

Since Lhere are five loading point,s for lhe iransverse loadse eveneí'

pull-e;rs 'r,rere used to reduce t,he number of load lines so f,hat one cage

rvas used for loading either the ground wire or íhe conducj;or suspen-

sion .noinfs" In the case of the latt,er, an evener bearn l'¡as further

requir"ed to ilistribute the load in a raj;io of 2zl 'Lo ihe }oad lines "

It makeshift brace and eye bol-t was aNt,ached io the pole for

suspending the t,est load temporarily betr,veen tesj;s io avoid excessi.v'e

hancìling of weight,s. ( See Plal;e VIII A),

C aliþJ:.atÁgrLo ! Df nAmometer

Since it was no',, possil¡le to read nechanlca-l <jynarnornet,ers ot-l

the'bo-;.¡e:: during test,s (due lo undesirable st,ress i-nÍluence on neTn*

bers and danger to the reader) and not feasibl-e to u-se electrical

load. cells (due to existing large number of sirain gages alread¡r in-

stalled), it was d.ecided. 1:o apply dead loads and t,o accept sorne clegree
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of friction loss 1;he magn:itude of which could be approximately deter-

nri-ned þ subsequent f riction loss tests "

3o determi-ne the magnitude of losses of test load <iue to fråction

ån the cable sheaves, a d¡mamometer (see cali-bratj-on cilr'\¡e Figure I F)

was placed between the eonduetor suspension point and the longitudånal

J-oading cable,

As the test load was appliedu control dy,rramometer readings i'rere

taken at the var"ious load increments " The load ca.ble hras struck a

sharp blou¡ r¡rith a 4 ft" l-ong zst x 4E! tåmber prior to every readS-ng ån

order to force the sheave to arrive at a near motionless and friction-

less position"

The resr.¡ats of the calibration adjusted d¡mamometer readings

versus the actually applied load are recorded on Table VIIÏ A" The

perusal of thís table wj-ll demonstrate that frietion losses vary be-

tween Lz"V" and" L"L% of the applied load depending on the number of

blows given to the ]oad cable"

An average value at 8"2ft was computed for a mavåinrm of èhree

blovrs applied'bo the cabie. It was therefore deeided io accept'chis

degree of loss and to strike the cable three times prÍor to each s-tress

measurement, since for a deternr-i-nation of stress dtstri-bution, a know-

ledge of the precise magrri-tude of the applied load is not a pre::equi--

såte"

'i i)



T'

i
r

I

T
1t

I
l

Ï,*::ìtì.
Appi ^'l.i,,i)

pürr.t"i{ir-l

fryr:ani;it':tr:il
å{i:.:.( i.l-ll íi
0n Ttiï,?:!"

31filr-T:td{J

iì.{r{,'i

"ì f:Ì,"r':l

2;::i::;

r

1

t-

I
ì
i
I

il";){

"i.6]$

ä]-u1O

Ë:t"?i;

2tlir

ü;;m

låo,r

:.$:ir:

1å50

lì 'tì ?f:.

ìr..1t{)

tri¡irii-t l:1.Ô ill':; -tr:3l

Rr:a"di.ttg
*cl-l;ri:c -L.ii1 f *::

ú ¿ir, :i.b ¡: ¿ i; "1r.t i:

R;i5i

{- r'}:)

r, r.. t :)

1,1,1¡i

\r:i:r\

'1;.,lr:jI

;i.ii:;li

'J.Ì,lri{l

I
1

I
.l

pe,i-l:r',:1*

F i;':ì.i¡^lii.cn T-r;il
i.n "ih¿:¿Lv,-rg

pilü

:6(::r

äCirÕ

ä:1.,1J

?l.r)*

pStlû

l.óiir

".",]

i

l) ) ir.] r{'Ì J.j

.n(
"t J,C.. , i./

Ð.1 .J
s,^].''

I lrÌt
-!,.))

J"r]J

*t::l

¿t Èr ¡\
1i-)tr)

vÖ

JU

J.J,)

'l ( ti".

C.:ilr:rlnt,l

'"1.í-lil0

ürìrJ,r: i:.i¡{, t;'b:i:u-*L;

t¿l;-l-t t:Ìi::it, si i-r:ì).{":li

üi.r,',r:l-í:r Ìt)j, ii l,:i.'ï.ùJi

-î l:ì-Lo-;rl c,n üd:l.c

f: l',li-ri:''s c,:i C:r"ì:ll

til,i'r"i; i ii Ij 1.,'"ì.i.,1 'il;

trlrl.;r: ì,,.1;-i, c Ì::,'r:;¡ìi

;ì iL-i-c;;g ti,r {l¡:j;J.¡:l

l; jil.r¡':rs ç-,rr ü:r.i;.1.*

r

-1.{r1lü

l._i ira)

_1..:i ú{i

üti.:-n¡1t: :i-i: ïr"ict j oìf -T.".1f,i11

t','i.t;;i l ¡:,rì il¡,rì:j-l: J-r¡ s-i,,'l:u*it
sL:i.'l;ïi I'J :'ir:l¡i'bi::: c¡f b-1.*r'il;

ï1";: hi..*;¡

8.hl

lJ 
"'-p

"Y *]))r

3 irl.s';rs

.liv.i.ìiì:\cìil

ül\l,ljlil-,1\ L'.i.Oi l 0I ]rRIt il--ì Ci'i LO:l:j ill:j

"'ì :ìIr-,1i 1

'r1'! Ì '\"r'r

l}s.Fií

T-irLìÍ,liì v.i..1.1 ¡_

Ð,,1:;i

1-?,ii;;

?, *].-,j
.Lj'i:!:Ì /J

"l -ì ¿.''
¿- li -1-:j

)i,,f:,,j

,{,ì . J ,,.4

?,'T;å

JJ ¡:j;il,





l¡:@Pe
A Dig:i-ta} Sl:rain Indicator

equipment was used to measure and

(t) Two 20 cha.nnel- Sr¡ritch

Gage AdaPters

(¡) F:"inte:' Gont:rcl Un:it

("i DaNa Prånter'

CHAPTER IX

TESTING

As shor^¡n ån Ftate ffi Au the baLanee-indicator-recorder units have been

mounted in a plywood cabinet þ the university of Fianltoba for por4:abå-

1.ity and. converi-ence of operation'

To cancel out any effect of temperature onthe gage wire, the cj"r-

cirit shor,m in Fígure ! A was used. This circu-it, conmonly used ir:L si;r'aln

gage work, enploys two gages as adjacent arms of l;he bridge' one beÍ'ng an

?actÍves gage mouni;ed. on a member being stressed and the other a edrrn-1ry8

gage mounted" on an unstressed member of the same mater"ial. The I atåer

dumn¡¡ gage idas freely suspended from the t'ourer erossarm at approxì-nia'bel-¡r

elevation -r 26 i+' "

Thestressedgageaswellasihedumnygageareexposed,toj;hesame

change in tempe:"ature during the course of strain 'measu'rement res¡'¡"1-i:i'ng

in a caricelling effect of resistance changes in'Lhe fil-amenL due t'o ¿enj

perature 
"

complete with the follorrirg accessory

to record the strainsc

and Ba.iance Un-it,s complete -.eå'bh Tnpui

-kes-enrags-IIllÈicJ- nårfie-u]&¿e s

fuior to commencement, of the aetual }oad tests, alJ-

tr-'r-caJ- circuits from strain gages on the erec'ted tor+er to

instrument lvere checked for conti'rn'rity'

* l¡a

the

198 elec*

rûeasrrrång
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The fÍrst, group of 36 double wires (Gages F i - F 36) were then

connecfed to the inpirt gage adapters and an attempt was made to tune

ån the channels at the switch and balanee unit for the zero reading

after a warnring up period of 45 rninutes, Srrbsequently t,o turi_ing all
36 channels to an approximate zerou the strains were recorded by manual

operation of the data printer, Consecutive readÍngs were taken after"

LOe 20 and J0 nj-nutes without resetting the channels to zero reference.

ft was found that the zero readlng di-d not remain at its ori-
ginal position but showed a steady increase to the positive side (e5-

l0 microinches r^rithin l0 minutes)" The increase dic not follor^¡ a

regular pattern across i"lne 36 gages in question"

It, was suspected that these abnormal differences in the zero

reading 'hrere cau.sed by temperature changes in ar¡y or all of :

(r) the outside tenperature

(b) the room tenperature

(") the instrument temperature

Therefore, thermomeiers were positioned nn the outsíde of the lruj.ndov,¡p

in the room and on the metal front panel of the Digit,al Síyairn fndi-
cator, The bulb of ùhe latter thermometer was insulated against the

infl-uence of the room temperature by a protective ball of eotton r¡pen

only toward the metaJ- casing of the instrunent"

An I inch ùiameter fan was placed behind the Digital Strai-n

Indicator at a distance of 2 inches from the back of the plywood cab:

inel: (baclc cover rernoved)" The iemperature of the instzurnent, from

nobr on, could be held at a desired level by blowing a larger or lesser

volume of air into the instrument" The room temperature was regulated

þ open:lng the i^rindow as required"

76
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For further control, it was decåded to take sti"aln z"eadings cluring

those time periods of the day r¡ùren the outsi-de 'oernperature changes were

at a nrinimum i-"e" noJ: more than loF per hour up or down. The locatåon of

the tower was such that it was expûsed to direci sunshine for a shorr, per-

iod before sunseb and-bo reflected surù:ight in the afternoon makinE it
necessary -bo dåscontj-nue testing durirg these periods because of the dîf*
¡i 

^"ì 
{-- ì- L^'ì 

^.1 
-æ *Ln -¡øn *a¡"¡rruLrrr,y ¿rl lru.LLttr.lg une zetQ lele-rence"

Lt is believed that change in r"esistance of ihe lead wå¡:es due lic

rvarmång by the sun-I-ight aceøunted fo:" this úifficulty. The l-eaci wj-res

all- had different lengt,hs of exposure due to f,heir random loca.ti.on in

the w-ire bundl-es 
"

To i-l-lustrate the high sensitivity of i;he irLstrument t,o tempera-

ture changes of the l-ead wires, it was observed that by gripping the

dumngr gage vrire in the hand for a length of about { inches, fhe st,rain

reading decreased by 20 * J0 microinches. Generallyu il was noteci that:
(u) as instrument temperature increased.u readings irrd-i-ca-ì;ecl 'bet.r*

sil e straine

(b) as the d.umrny gage lead wire temperaJ:ure increased, reaciåz-gs

indicated compressi-ve strainu

(") as room ten'r,i:erature increased., reading-s indåca.Led. ,censåJ_e

s'i;rain"

The flo'¡'r of current through t,he sirain gages, for" a pr'-rJ-cirgecl

period of f,ime (u.p to 5 nrinutes), üd not infJ-uenee the readingsu nicrÊ*

over the dia*l was nated to attain its fånal pcsit,ion in r$ : ? sc+cc¡nd,s

after the corresponding channel was sr¡u'itched in"

l'tany thousands of readings were recorded by operati"ng the manuaJ-

button of J:he instrument since the automatic recording system c-i-d no''¿



18

prove reliable, Although a ?Li-gh serv'o gaån was sei,, an ar"rtomatie re-

cor*Lrrg corresponùLng to the dåal readings could no-b be aehieved" The,,

reason for this nralfrincLion can be attributed to ihe hågh r"eccrding

speed with interva-ls so short that the dial had insuffåcieni: time to

arri"ve at its proper balance position"

Another fauli; whj-ch occurred frequently r/ras that fhe readings

008 and 009 were printed out 018 and 019, sometimes even l-18 and. l-19"

Thi"s behavåour of the Data Printer necessitated constan{: visua} check;

during the test readings,

LqS Bogk-Ëptr¿es

A log book was established to record imrnedj-ately atl the va;"ious

tesi, loadings, strai-n gage groupsu dates, exact time of the vario",rs

readings, temperatures (outsidee roome instrument,)u coarse an.d firie

setting of the balance sr,råtches, and other per.tinerrt data"

The entries made in the log book lrere repeated on the strain re-

ccrdlng tapes for easy identification and a check cn recorded da,ia.

.$sqgel"q e -qE-T e. s!*& ad.-Aep-låc q!åo-e

l"Il:en the load tests were conducted, +.he channeis of the Digitai

Sf,rain ïndicator were generally tuned to 'oheår zero posi-tíon prior. tr:

the t"est J-oad appi-i-cation. I{owever, when cr¡rrseeutive readångs for i;hc

same loading but for various gage groups were talcen, the fun-ing of gage

cha.nnels was also done withj;he test load in posi.tion" Aft.er cornp.reíion

of ihe øero tun-ingu the test load was raken c,ff and fina.l s"ir-'a:.,::L ::eadångs

r¡iãt-€ .t'êcorded, beari-ng in mind that the inoica'i,i-on of sùrain ås deduced

f::om the ùiffe:'ence betraeen the initial tuning and the final readi-ng

alone,



To ccrpensat,e for i;he reverse n'rovement of 'r:,he

üd, ail read:ings obtaåned by 'bhe l atter procedure

by -i, The savÍrig of testing tire and loading work

nLcthod was esserÉ-ial "

straån ineåca;bå.i-rg

r^rer¡ mrl *.i r,l -ì pr'l
rÀl-'j. !v á¡

achieved þ +.his

'it
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The evaluation of strain readings from ihe values ::ecor:ded by

the Data Frinter recording tape was carrred out bv t,he fcrllovdnp- r:.:î-r*

form procedure"

For ùhe sets of 3 zeroÌ reference rea.dångs the ari.t,hmel;ic nrear¡

was compu'i;ed for every gage when oir-Iy two or i;hree se1:s of readings

had been recorded" fn cases, hor,rever, r.rhere four or more sets had

been recorded an average of on]-y the last, tr,,ro sefs t^¡as coi-:sicler.edc Lo

represent, the initiaJ- ?zero? va1ue" These mean values rÂrere .Labu-l-ateci

on the s Strain Readings and l{ember Loads t data sheel; i.n microå.nches

per inch (See Appendix L),

For the sets of ?load"t readångs the arithnet,ic mean of all seis

of readångs Ïras compuied for each parLicular gage and Lhese means r¡t*r,:

simiJ-arly entered into the I S1:raj-n Readings arrd Ì"iernbei' Loaris tt d.aj:a,

shee'i:s (See Appenlix A)"

Ãæ.cLtanc_a__qr__þTp_cj¿nirg¿ jga,€+,9å

As c.rutlined earli.er the in¿ti.al- zero reacÌirg u.nd.en¡rei'rt, ci¡nt:!-,r-

uous changes ca.nsed by variation irr tempera.ture" It .,vas -L,h.i:¡:ef*le c,Í-'

uf,¡rosì, inporfance io -+;ake int,ermedåate zero read:irqgs '*-:.::år:g J.aa.<i ìies'çs

of J-onger dura'l'i"on. These corrtrol- r"ead-ings macle åt. p::,ss-3r-ble l:c -i.n.[rc-

cl-uce a çtåme correctionl r¡hj-ch luas applied t,o every caf-cule.'ued mernber

load prior to further er¡aluation" The ti.me corcectioiæas used. d.:re j.e-

curded in Appenùix B, For obvious reasorìs lhese adjustmen'i:s c¿¿l:r;r ïhe

oppcsite sign cf the deviation fron the i.nif,ial zer¿' refe:'ence.

r|rr 
^ 

DrnI.Þ vul IJl¿ trUlL lL

ANALYSTS OF TESTS
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As st'ated above the s zeros and tloade readtngs were recorded. cn

cìaça sheets in Appendåx A" The difference beàween Ezeye? and sloads

representing the actual äLL4þ v¡as then tabul.ated. and. multiplied by

Ycril¡gs Modulus (30 x lO3 tips per square inch for steel mater"ia]-) "*-
sutt,ing ån the Ëkãs_ at the location c,f 'ôhe gage (kips F,er squ-åre

å r:Lch ) "

Using ]:he st,ress coeffåcients for the final equatå*nse as cÕTri-

luieci ,orr Figures i0 A to 10 D and summarized cn Table i0 E, the a,-'ral

-]-oads fcc" the respect'Íve members were cal-culated and tabrrlated"

liwraç, ne_-q al c ut4 eÀ! oa"ds.

To arrive at, comparable load values for the vartc'us 'uests on

i,he t$rmmary of lrrember Loadse (Append.i:r S), ttre foltor^ring p:"ocedures

were apnlied:

(") It, was d.ecided. to adjust aLl tgAnF:¡elsq test loads tc a J-oa.d

J-eve1 which is most suited for comparison purposes å,"e,

â350 pounds for trarrsverse l-oads at three conduct'or pcånis

J..i00 paunds fo:'transverse loa.d at ground l'råre poår,:1,

Consequently, the calcuiatect member l-oads for each respeci.,åve mernber

rçar"e rmr1,t,5-p1ied þ a coefficien'b of

'&3L9" = 0,779 fc¡r the transverse conductor load test c,f Oct.
'3422

Ê''ì

1a4,1 
^ 

lòP
À,L-L{i +: L'o ct'?
JOU)

The corr.ected values obtained were then inserj:ed. intc column (f) of

*uo ?errmn¡rr¡ ^+' l,{ernber LCad.se (appenOix B).\r!t- "uurrurrr,rJ \rr

9ih and LUúh. L964

for the transverse ground lrrire l-oa<1 tçs.i cf 0ct,

g1-,h5 igó4
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ANAIYSIS OF TESIS

EQUATTONS FOR AXTAL LOA]] CO}.{PUTATTON

Ano'l o

Sectien

ixl-rJ8'¡

Area
..\

l-n,-

Tþ*-þIs"

o"23 = O"29I F6 + O" T7 n- + A.j69 F2
Â neq

Load = 0,067 I'o + 0"0'78 Fi + 0"{i85 F,

| ÈY- ¡ :^]|.4.xrr

0,3c) roaq = 4.270 Fo +. 0.391 F1 + û"340 FZ
Area

Load = 0,081 Fo + 0.11? F1 + C"102 Fz

ú u*É .''lte

v"Jo

ðfi

Area

Load = 0,094 Fo + 0.ï51 Fi + 0.116

2xåçlgra

v"o¿ loCq * 0,279 Fo -¡ 0.395 n -r 0")26 F2
Area

load = O"f73 Fo + 0"21+4 Fi + 0.202 FZ

^ | ,^ | j-, /
¿:àx¿ã){ Lo

o" 4e
Area

Load : 4"L24 Fo + 0"210 F1 + 0,146 FZ

^'t ^1 1,"¿ãx¿ãxË"

noô

ï":

= O"Z5g Fç, + O.i+35 F1 -r C"]0? F2
Area

Load = A.232 Fr, + 0.192 F1 .+ 0"276 Fz

a ìô

F^

le = 0.275 Fo + 0"406 Ft + o'i?o F.
Area

Load: Q.327 Fo + 0,483 Fi + O.3Bl F2

TABIE X E



( bi Sira.iar:ly il wa*= d"ecided to adjus1:, all. ;,,q€ij*ldig*L 'i,est lr.'¿cJs -L*

lìie suit,able lcad levels of;

2255 pcunds for longitudirrai loads at, cenduc'i.ci' pr:itiL

2l+55 pcunds for longitud:inal loads at grouno. rn'ir'e poin'L"

The cal-cuj-ated member loads for ühe respeci;ive members had t,o be imrl-ti-

r¡Iied bv coeffi.cients of :

&Zfr" * 0.9?8 f or ihe longil:udinai load tesi a,t conductc'r" pc:i,rri
¿ 1V)

of Oct. 5i,hs 196h

?R55- = O"92Û f or the longitud,inal- lLoad tes.[ at, c,)r¿ducì]or" poini.
21v55 

c¡f oct " zt++"h, Lg6t+

?"L55_ = 0" 980 forilhe longi-iudinal load t,esf ai gi','-',ui1d 'rdLre
2545

pûl-nl oÌ' Ucr, " ôfhe J)b/ç

corrected" val-ues obbainecl were t,hen irisert,erl intc column (b) r:f,

r,Summary of l4embe:: Loadse (Appenù1x B)"

f, 1.Lg

il¡o

Pi.i-or i,o October l0f,h, L96L+, combined load È.esfs ',,¡r'i;h iongitu.'*

dinal and transverse loads applied simultaneously were nor: conducted,"

Therefcre, a seconci vaf,u.e fc:: the membei" loads fc,r'i;hj-s l-+aci:i.rrg l+as

required sj"nce a. nìri,hermiical check of t,esi resui'Ls wa"s ,lesir"a.bl-e.

An arj-,ificial- value was ob'tained þ adding the member J-oads f::om .fhe:

lcngåtu.dinal- load 'l,esrs and those of the transverse Laaci t,ests " These

l"aluest,abuiat,ed. un'ler co-Lumn (j) are marked l-,it)h an asi:eri.sk (;¡-)"

Â percent,age of error'1^rao ca^ïculated for pi-r.rposes c¡f compa.ris,rn

cnJ-I¡ anrl i"his pe::cent"agê r¡râ.s found by adding the J;r,lo val.ues in quea-

r:ion rvgariiers ,if ',,heir sign, The sum cbtai"ned t,hen was rei-a-Ced 'i,c 'i;he

{'Í cnrna nf a^.-l rr-r" I *tì i r,,'l i nrì'.-Ì no!J-,rq{ :.ú¡ '\rri./ .ålru¿vel,rlr5 A pefCgffvê$€ ef.f('i".

The percenlages of erri-¡l' range from 0 - L6"67( t,i--*in an overal""'t

ave:cage cf h"2%, In a few cå.ses the percenbage was not c¿.ieuLa,ieij. ci:,l+

io ver¡' small ioad- readings which may lead to err-oneous c*rrclu$j:onÉ'

ö¿



Determinatåon of Indicatecl l,oad Cornnonents at Contrr:l Pçints

From the average member loads listed i-n Appendix B the stresses

in all relat,ed members were determined by graphical arral-ysis" Having

all of the necessary stresses Ín the pertinent frames, Ít was then

possible, þ means of predetermined member slopes shown in Figures I 0 F

and 10 G, to obtain verf,ical and horj-zontal load conponents at the sup*

porb point, wai-st, and tower base.

These caJ-culatj-ons are performed on pages 95 t a L43 and are sum:

marÍzed on Figures l0 H, l0 Jr 10 K and l0 l'i"

BB
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Ençr4
In order to fulfill the íntended purpose of this study, the meas-

ured. axial member loads were used as a basis for deterrnrÍning a d"istri-

buiion of stresses i-n the tower structure.

The first step in thi-s procedure was to determine by graphical

analysis the loads j-n related pertinent members, since it was noi feas-

ible to measure the loads in every stnrctural- member due to the large

number of stra-i-n gages that would have been required"

Having deterrained the loads in all the necessary memberso the

inùi-cated. applied loads andfor reactions were derived for the respect-

i-ve frames (e"g" insid,e and outside faces of support arimso four faces

of the tower body etc") These calcul-ations are performed on pages 95

to 143.

Subsequently all these indicated applied loads and./or reactions

were summarized. at the various cont,rol points (support point, waist and

base of tower) on Figures 10 Hu 10 Je 10 K and 10 l"f.

The method,s of stress analysis used j-n the foregoing pages are

based on the assumption that, the members are connected at the joints

by frictionless pins. It was furLher assumed that the gravity axes of

members coincide r^rith the working lines of the tower, and that, all center

lines meet at the pin center of each joint" Therefore, for all loading

conditj-ons, the mernbers are assumed to be subjected t,o direct stresses

of ter:sion and cornpression only"

An inspection of the four summary sheets (¡'igure 10 Fie Je Ke M)

demonstrates t,hat in some instance the basic laws of static equilibrium

are apparently not satÍsfied by the indicated applied loads" There are

CHAPTEIì XI
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numerous possible reasons for these discrepanci-es of which the follow-

ing are chiefS flexrre of membersu franing stresses from conbirmity,

distortion of the tower structure, and to a lesser ertent, inaccuracies

in fabrication and experimental errors"

In the analysis, the influence of each of these secondary effects

rres virtual-ly inpossible to assess" Howevere a comparison of applied

load and resisting loads at the various control points shows that the

stress analysis is sufficiently accurate to permit determination of

the actual distribuiion of stress in the model structure"

Behaviour of Structure under Loneitudinal- Load at Ground hlire Suspen-

si-on Point

Exanrining firstly the longitudinal ground wire loading conùi-

tion, the results of which are summarj-zed in Figure 10 He the follow-

ing effects were noted:

(f) A longitudinal test l-oad. of 2455 pounds was applied. t,o the

load cab1e, Since there was an estimated I per cent friction loss

(see page ó8), 
" 

net load of 2250 pounds lnras assumed to act on the

tower. 'Ihe indicated longituùinal load at the varj-ous control points

ís con*sisf,ently less than thÍs value (ZZ5O pounds) w:itfi the exception

of that measu-red þ gages at the tower base" The lower values can be

attributed primarily to flexure and franring action in the supporb arm

chords and in the tower legs due to the unavoidable rigidity of sorne

j oints ,

(2) For similar reasons the indicated torsional moment is con-

si-stently lower than the theoretical value computedfrom the indicated

longitudinal l-oad with a mornent arm of 8"25 ft.

(:) A check of the vertical load components resulting from the

longitudinal- overturning moments demonstrates a lairly close agreement

],1+5



lvith the theoretical values.

(¿-) For ihe condition of longitudinal load at ground wire sus-

pension point, it, can be observed thai the majority of the load is
transferred from the ground v¡ire peak to the support, poÍnt tevel þ
the outside face of the upper suppor"i, aln on the loaded side of the

toi'rer and to a lesser degree by the outside face of the upper support

arm on the unloaded sj-de of the tower" 0n-1y minor stresses occur in
inside faces of the upper support arms.

(l) At the support poinb, the overturrring moment is resisted

by the outsi-de face of the l-ower support arm, while the shear is re-

sisted equally by the inside aud outside faces of the lower supporb

or [lô

(6) The shear caruied dovm the insid.e face of the lower support

arm is resisted by a statieail-y indetermrnal,e frame formed by the in-
tersecti-ng inside faces cf bhe lswer supporL armsn The method. of anal-
-r-+^ ^f +L-q- ^+^+-:^^ìì-- i-^i-r^-^- 

?
Jsrs trr- ,,ir.¡-s s,,aticalty indeterr¿inafe framd is shornm j-n the calculati-ons

on pages 104*10ó" ft was necessary to resort to this solution since the

assurnpt,ion that both inside faces acted ind.epend.ently as t,russes, canti-

levered from the u¡aisto yielded results which v¡ere inconsi.stent wi-th

ùhose measuredo Dr.re to the nature of the d.eta.tl of the iower at this
poi-nt, i-t mus'b be expected i;hat the insid.e faces of the lower support

arms cannot act independeni.ll' 6¡ each other.

(7) It can be noted that the resulting loads applied at the

waist leve] þ t,he support arms combined r,rith the face shears, obtained.

from the loads crf the horizontal diaphr.agm, show a fairly close com-

parison wifh resist,ing i-oads calculated at the waist 1evel- from the
tEr gages. The difference in Índicated tors:-on (face shear) above and.

below the waist is acccu.nLed. for by realizing that the rigidity of

1 
'.4



connecïions in the waås1; ctiaphragnr w:ïiI distri'oute torque to the tower

body by f::aming acti-on in addåtion to tha+" transferr"ed by ordinary truss

action" An indicalion of ihe deforma¿i on and the resulting framing

aci:ion is showr in the sketch bel-ow"

,in
+

2.3e
INDICATED RÉ.SrSTrr-16 Loaos
AT WAIST LE.VÉL FROM

AxìAL MÊMBE.R LoADs

lE

(A) The following sketches verífy the commonly accepted fact

that the torsional shears are dåstributed equally to a]I four faees

of the tower body by t,he diaphragme si-nce t,he resuLts are in close

agreement wj-th those measured by the tEt gages and r,råth those indi-

cated by sumrn-ing the tGc and sDs gages at wa.isi level"
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PLAN VIEW ÔF TOWE.R BOÐY AT WAìST
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by four faces of

LoNGITUÐINAL SHÉAR

waist the iongitudinal- shears are resj-sted equally b5r

faces and the torsjcnaJ- shears are resisted equally

the -bc,r,yer body"
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/^\t.Y ) ïl-na¿Iy,

load components at

?Er gages at waist.

the fc¡liowing caleulation shows that the vertical

the base are consistent with those measured by'the

3,20 "1,t7

NOTEI TC>RÊION FORCE.9 D(f N()T AFtrE.CT VE.RTIC.AL LOAD COMPOT'IE.Ñ-rS'

Ideat:lzeclj¡-bgees- Diagrarnq-JAr-L.ongitugi4êI-Lqed.-at Grounê-Ulr'e-fu-

penËi-qn _tolnt

Based on the above obsen¡ationse an idealized stress distrib-

ution was assumed and resisting and./ox applied loads were computed

at the various eontrol points and are summarized on Fi-gUre l-I A" A

comparison of the measured loads at the control points (pigure 10 H)

with those calcul-at,ed on Figrre 1I A demonstrates a sati-sfaetory par-

alleI"

At i;his point,, il: shoutd be exolaj-ned that the relai;ive magni-

f,udæ of loads carried by the two support arns were arrived at by real-

izing that there is a change in slope from the outside face of the

ground wire peak to the outside face of the upper support arm at the

l-eveI of the bottom chords of the girder" Due to this change in

slope, there is an unbalanced horizonl;aI force at points rAr and sBt

/ ^" ¡ \
( see f r-gure II Í\ / "

The over-Lurning effect applied to the loaded ground wire peak

prod.uces compression on the north face and l;ension on the souf,h face,

hence the above mentioned unbalanced horizondal forces ¿rre in opposite

directions producing a couple w.ith a moment arm equal to the width of

L s¡\LrE>

2,44

2,66 
|

4,46 Y

3 2a 
{s,ot

I /,Ê

F G¡,ces



the gird-er" (For" a longit,r;.dånai ground'çrire load of 2"0 kipsrt,he

unbalanced. horizr:ntal f<¡reeE are equal Èo 0,7? kips), "to balance

lhis 'Lransverse eoup'le,a lcngitudlnal load of (l.Zl x l.lS/L4"67)

= O" 0? kips was applied. 'Lc ihe untqa,lp4 upper suppori arm ( ouiside

face)rleaving a net longitudinal toad of (2"00 : 0"07)= 1"93 kips

to be resisied by 1;he leaded uppe!'support arm (outside face)"

It becomes evident, fr"orn a comparíson of Figures 1O H and 114,

as i'b does al-so from a penrsal of Table XI A tLat the above assump-

tj-ons are basical-y correct.

The expS-anation for ihe difference in verticai- load values

can be fcund in the fact that ai the intersection of the two inside

faces of ihe lower supporb arTns, the loaded face introduces inter-

nal. s'Lresses i,nt'o the unloaded faee þ virbue of l:he deflectiom of

rhe intersection points.These internal- stresses, being smaller t,han

those i-n the loa.ded faceese are of mi"nor concern i"n the design of

the supporf, arm members @!_ 4g cause a significant redislrÍbr¡t,i-on

of the overturning veriical laad. components on the tower body"

This red:istributåon of vert'ica1 load components has the effect of

increasing the loads in the diagonals on the most heavily loaded

far:s of ùhe tower body, and decreases the stresses in the legs of

fhe f,ower borly on the same face"

Having esLablished a stress distribution in the structure,

it is possib'] e to constnrct the idealized stress diagrams for a

Iongitudinal load ai; the ground r^rire suspension poini.For ready

compa::ison. wi'i;h íhe load.s measured in the tol.¡er memberso a longi-tu*

di-nal load of 2"0 kips was selected"The idealized stress diagrams

are sho'wn on Figures 1I B and 11 C and the results are recorded

and compared on Tabl-e XI A.

149



iplr^gga.ql_g!*füg¿g¡:rE-e" Ug.iç:: I.onq.itudinal_Lolil _aì, Coiltii'c_hor' l\lslen-

siog_!oi!L

Coirsideiin'; seco:icìl:,. t,hc longri,r-rciinal conductor loacìing con-

dition (i.ilure 10 i( ) the foliorving obsen'afions were made:

(-ì-)'Ihe indicer.J;ed longitudinal ioad calculat,ed at Lhe various

contr"ol Þoiuþ,s are coirsis'bentiy lower than the apnl-ied test load. The

i;csl;loa,cl anplied j;o tire longitudinal foad cable was 2r2JJ pounds

but, an cs'bimated friction loss of about B per cent (ref,page ó8 )

¡6su"-f-t,ed in a load oi Z.OJO pounds being appì-ied to the tor¡er struc*

iurc" 'fhe average Io;rgiì;udin¿l load indicai;cd. by t,he variou-s gage

groups rvas lr,-,ú0':ounds, r.rhich is aporoxir,rately 10 per cenì; Iess

than ù?re es.i;iprated 2rO7O ¡:ounds load"

Similar to i;he behaviour of the tower sl,ruc'r,ure under long-

itudinal 1oad at ihe gror-rnd lvire poini, fleirurre.u framing action and

j;orsion in fhe sr-ipport, arm chords and tower body legs rnust be ass-

u: red -l-,o be responsii¡Ie for -bhe i,nconsis'fency discussed above" This

is Íurf,her eviclencccl b;¡ 'l,he fac'l; i,hat for both cases of longitudi-

nal loaclir¡-.; 'l,ha.'l', ldct'c consi-clered ( grouircl r,nre poinì; and conductor

poirib), ttre longi'Ludinal load. indicated by tþs tpt gages (imme{i-a-

tely above 1;hc iower base ).r,r¡ì-u,-', ì1, is thoughl; tha'L a mininmm of

fr¡rni nø ,eef,i ôi.l q"^n,.-r 
^ ^^^.,- .i ^ Li ^L^- +L^* +r^^+ indicated at fher À srL4rrlj av '/f,.vr! ullULr--LU UliU LtI 9 -LÞ f IJ[f ]Çt rrlld]I Ulldr,

o'Lher level,.s,

lCO
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(2) Tl:e indicated torsional moments are lower than those cornputed

from bhe indicated longitudinal load with a moment, arm of 11 ft. This

consequence can be attrib:ted to flexlre and frarring action in the struc-

tural members as rvell"

(¡) The vertica-l load components due to the longitudinal over-

turn-ing moments aþpear to be j-n conformity with j:hose eoropr:ted from the

indical;ed longitudinal load" The latter are shov¡rL in brackets on Figure

a^ 1/-|- \ô

An isolaterj., excep'l:ionally large discrepancy in the verbicaJ- l-oad

components inclicated by the ?Bi gages can be explained partially by the

fact that the loads in the inside face diagonals were not measured. The

magnit'ude of ihe possible loads in these diagonals, however, are insuf-

ficieni: since prelinrinary calculations introducing rnember loads of this

magnitude yielde<i results with even larger and unacceptable discrepanci-es

in Lhe lon¡,i'Ì;r,dinal and torsional shears. Therefore, the major portion

of t,his discrenancy must be attributed to cunnrlative error. It is noted

in this regar.l thai; the vertical load eomponents indicated by the eBî

gages are lcÌj.fferences? since in all four cases opposite siresses exi-st

in f,he intersec-iing chords of the outsj-de and inside faces, Therefore

a large curn-llative error is possible.

(A) For this condition of longituùinaJ- load at the conductor

suspension point, the structure appears to reaet differently than for

the l-ongitudinal ground wire loadi-ng conditi.on. For examplee appre-

ciable stresses occur i-n the chords of the inside faces of the upper

support arms (page UI) and also the inside faces of the lower support

arm apÐear to be resisting more than one half of the shear applied at,

the suplrori point (e"S. pages I2t+, L27), whereas this was not, bhe case

for the }ongitudinal l-oad at the ground wire point.



Inasrmrch as the foltowing calculatj.ons result in a stress ùistri-

buti-on which is compatible with the neasured stress distribrtion, it

may be stated that the longitudinal shear is resisted equally and to-

tally by the outside faees of the upBeg supporL arnìs" The torsional

moment is resisted largely þ the outside faces and to a lesser degree

þ the transverse faces of the upÞer supOort, arT¡ls as sho1^¡n bel-ow,

182

{* ". ê-$
I p sÊcr\oN A-À p 

I

rI,l P,. o. 
l

sid.e face chord. members of the upper support arm was computed (0"31

kips), This yalue of 0.3I kips ind.icates a transverse shear of 0'19

kips per face per support ann by virtue of the respective member slopes'

As shown in the above calculations, this results in a net large

shear on the out,side face of the supporb arn adjacent to the load point

and a net small shear on the opposite supporb arrn"

(¡) At the supoorL poi-nt (see pages IZLvu L25e L27r 128)u the

longitudinal shear is resist,ed equally þ the longitudinal faces of

the 1ower support arms while the transverse torsional shear is resisted

To find. the magn-itude of P3r the average measured load in the

pæ average indicated
Iongitudinal load

1860 pounds

P

q--? =93O Pounds

11 P-2(t,3\)
Þz= 

-

L1+,67

.:..:, r:,,',::'
Í,n-



by the f,ransverse faces, The overturning moments resulting from t,he

longÍfudinal shears are earried down the outside faces of the lower

support arm to the waist.

(ó) The shear carried. down the inside faces of the Lowet sup-

port arm is resi-sted and analyzed at waist level in a manner similar

1:o that described for the longitudinal ground wire loading.

Q) Observations made for the longitudlnal grøund wire 1oad-

ing regardtng distributi"on of torsional shears, longitudj-nal shears

and the effect of rigidity of connections at waist leveI apply for

this case of loading as weIl,

( 8) SimÍIar to t,he longitudinal ground wire l-oading, t,he follow-

ing sketehes confirm the equa-l distribtrtion of torsional shear to all
four faces of the tower body" Below the waist, the longitudinal shear

j-s resisted equally by the longitudinal faces and the torsi-onal shear

is resisted equally by all four faces of the tower body,

1ì-t.)

3.41

3.41

t-srgÀelqllbeer

/ ^\(9) Finally,

load components at

181 gages near the

-r-

the following calculation shows that the vertical

the base are consistent r'rith those measured by the

waist,

fongatudinal Shear

3,41

+
3,4t

Summation



2,23 4,44
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Notec Torsional forces do not affect verbical load components"

t -r^3J GASES

Idealized Strgss Diagr_ams for T,ondtgd:in4 Load at Conductor Suspen-
si-on Point

3'-o " S(PUA.RE

ú
I

0n the basis of the rî:regoing observationse an idealized stress

distribution for the structure under longituùinal load at conductor

point was established as shown in Figure 11 D" Having established

the stress distributÍonu i-t was possible to constnrct idealized stress

diagrams for this case of loa.dång"

These diagrams are shown on Figures 11 E and 11 F, A longitu-

ùi-nat load of 11860 pounds was selected for the deterrni-nation of ideal-

ized member loads l,¡hich are recorded and compared on Table XI A,

Be_hag-i-our ol Structure gnder Sransver-se Loadine at Ground Wire S\rpport,

Point agd at Cogductor ,Suspension P.oigL

Finally, the distrihrtion of stress in the structure resulting

from a transverse loading appLied at the ground wj-re support points

and at the conùrctor suspension points as shown in Figures 10 J and

10 M were observed.

o

1r ),

6'-gu gOTJARE

t 
F'Grgu"



For the transverse loading at the ground w-ire supporb points, a

total transverse load of 11100 pounds was applied to the load cable tut
an estimated I per cent friction loss (page 68) resulted in a load of

1e010 pound.s applied. to the structure" The average load, indicated by

the five gages groups is 11010 pounds"

For the transverse loaùi-ng at the three conductor suspension

points, a load or ZrJJo pounds was appli-ed to the two Ioad. cables re-

sulting in an estimated load of 2el-5o pounds applied, to the structure,

thi-s decrease being caused by the estimated I per cent frj-etion losses

in the loading system ( Page 68). The average load. índicated þ the

fj-ve gage groilps is 2 rI7O pounds.

For both conditions of transverse loadíng, the structure showed.

considerably less di-st,ortion than under the long-itud.inal loading con-

ditions which applied a torsion to the slrueture* Hence a nrin-inoum of

framing act,íon occtlrs and the average ind:tcated loads (based entirely
on arcial member loads) are in close agreement r^rith the applied. test
load"

Generally, it was noted that the stress distribution for these

conditions of transverse loading are consistent r¡rith design practices

used to analyze tower strucf,ures under transverse Ioad.ing, This j-s

further evidenced by the cl-ose agreernent of measured and. computed.

rnember loads shown on Table XI B"

The computed loads were derived by using the idealized stress

diagranrs shown on Figure 11 G and are sirallar to those used in the

actual design of this model strueture"

'l ¡q



IÐNGITUDDÍAL IOAD AT 1¡¡EST GROUND ÏYIRE SUPPORT POtr{T

IDEALIZE.D STRE-SS DISTRIBUTION
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Description of }iember
and Gage Group

lA A l{-lh_- ÈJ ù/

2b B 19-21e8 28-30

Jc C 25-27 rC hO4Q

6c C 28*3o,C 3749

Lzb B 3r-36

13b C tß-t+8

l¿Þb c 31-36

hlaist Diagonals
Þ 2L-23,D 2L-26

L5 E 10-12e8 L94I

15b F 10-12eF I94L
AA ñ f ô AA

4&2¿v

21 F 'l ?-1Ê

Longitudinal load at
Ground lrlire Point

i{easured Ide¡1 ized
(z,o tcips)

l+"L5

nnQ

n2)

2"95

ñnA

ôô?

O"l+l+

J_o40

5,70

5,10

1 ¡14
.t-" ( (

0.92

Longi-tudtinal Load at
Conductor Point

4. (v

'1.22

7 "92

2"50

o.76

0

v.4t

1"48

Loo

6.Ol+

0.84

Measured

r63

Idealized
(r.86 kips)

-)i For location of memberse see Figure 5 A

TABI"E XI A

5.53

3.r4

1.41

O.3l+

0,4J-

l+"24

2 .74

2"hJ

lno

3.63

5.O7

2.77

^ 
erl

0" 50

1"?1

4.38

2"98

L.10



Des cript,ion cf liember
and Gage Group

'l ¡ A 7:l)

2b B 1-3, 810-12
BI9*2L,8 2g-30

Jc C 1-3rC 1ó=18
c 2547 rC t+O^tQ

6c C l+-6r} l-3-l-5
c 28*3O,C 3749

L5 E 1*3rE 10-12
E 19-2118 28-30

15b F 1-3eF 10-12
F 19-21rF 28-30

18 E 4-9rE 22-27

2I F 4-9uF 2247

Transverse Load at
Ground Wire Pnint

(1"0 tips)

Measured

vo2/.

0,10

I.l+3

2"43

¿oJO

0"12

0" 04

ïdealized

Transverse Load at
Conduetor Point

(2.t5 kips)

nÃ?

0.20

L"t+3

2"44

<, õ¿,ó

0.1-1

ône

Measured

-)i for location of members e see Figure ! A

TABI,E XT B

J04

0" 50

¿.o)o

2"5e

t+.20

0.05

0" 07

IdeaU-zed

¿õa¿

2.62

L,47

4.4 /

n



ïn conclusion, the above discussed obserwati-ons and fíndings

may be sunrnarj-zed as follows:

(") Applying a longitudinal l-oad at the ground. i,¡.ire suspension

point on t,he model to-weru it was evident that,

(i) The load ruas transnLitted. to the support points by both

outside longitudinal faces of the upper support arms in

relabive magnitudes determined by the geometry of the

tower"

(ii¡ At the support points,1-he shear was shared eqne'Hy by

the two longitudinal faees of the support armse and the

overLurn-ing moment was transni-tted by the outsÍde longi-

tudi-nal- faces afone"

(iii¡ At the wai-st the dï-aphrågm was effective in d:istribrting

the torsional shears equally t,o all four faces of the tower

bodY"

(i"¡ Be'loi,c the waist, the longi,tuùina1 shear was resisted equally

by the two longitudinaJ- facese and the vertj-cal- load applied

t,o the t,ower body at waist level, can be evaJ-uated on the

basis of eonclusion (ii) above"

(¡) Applying a longitudinal load at the outer conductor suspension

*ni-å io was evident thatpva¡te9 ru WÐ çVJusIlU Lr.tId,iJ

(i) The longitudinal load was shared" equally l¡y the outside

faces of the two upper supporb arns; the torsional rnoment

nas resi-sted largely by the out,side longitudinal faces and

to a lesser degree by the transverse faces of the upper

supporL a,r'm"

CHAFTER XII

CONCTJSIOü
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(:i¡ Below ihe supp+rb pcint, Lhe transnissicn of load to the

tower base was acconpllisheri in a manner sÍrai.lar to that

concluded for the longi't'udin¿l 'l oad:ing at ground wire sus-

pension point.

(") Applf¿ng transverse loads at eåther the ground wire or conductor

susperision point, i"t was apparent that all af the load was re-

^.! ^+ ^¡ ^^""ÞrÞuçq =.¿uaJ-lJr 'oy the tr,ro transverse faces of t,he structure" A1I

of the member loads can be arrived at, by employi-ng idealiøed stress

dlagrams ?Kr and eT,c as shornm on Figure 11 G" Thís verifies con-

ventional design methods sinee these di.agrams are commonly used

for t,ransverse l-oad design analysis.



The authors were led to believe at the conmencement of this pro-

ject that continued testing and research was to be carríed out on the

model toir¡er during the next three to fíve years b)' other interested

individuals" Therefore, many of the preliminary descriptive chapters

in this thesis are purposel;r ¡¡¡s¡s detailed than may be necessary, hoping

that this inforrnation might serve as a basis for, or might be an asset

i-n future research progralns 
"

The following recorunendations are included since oqperience ex-

posed many areas where questi-ons arose and r^¡hich could not be solved

or dealt with in the current program,

(f) The conclusi-ons listed. above shoul-d be reinforced. by future

load testine. The nature of Lhese tests should be such that

they verify the observed stress distribution and augment the

study by determining the variation in stress distribution

rebulti-nE from a variation in stiffness of the inside and

outside faces of the supÞort arms. It would also be of value

to assess the effect of a less st,iff eirder on stress distri-

bution.

(Z) Further testing should be li¡r-ited primarily to longitudinal

load application due to its greater degree of indeterminancy

as compared to transverse and vertj-cal loading"

ß) It is bel-ieved that a determination of accurate tolver defl-ec-

tions under load would be of considerable value and should

be incorporated into future load testing programs for the

purpose of confirmation of stress distribution.

CHAPTER XITI

RECOi{},MI'JDATION



(a) AnoÈ,her area of uncerbai-nty associated with trarsrnission

tower d.esign i¡rhich should be i-rn¡estj"gated using the model

structure is the degree of end restrainf offered to the

tower members by the rigidity of the connection details"

(¡) The tengthy and time consuming task of computing member

load.s from the strain readlngs Írlght be condensed into a

sinrple computer program makirrg i-t possible to obtain the

member loads directly frorn the computer.

(6) Addifional strain gages should be added to the ùiagonals

on the inside faces of the upper suppor'ù arms"

(?) The actual 1oa¿s applied to the tower stmcture should be

measured. accurately by means of load cells, d¡mamometers

or some other device"

(S) I\rrbher consideration should be given to devj-sing a

means of rn-ininrizing the effect of temperature variation on

the straj-n readings" Dr:e to the varying lengths of exposed

lead wires (Page 77) u if is felt that addi-ng a third lead

wj-re to each gageu which normally is effective in compen-

sating lead wire errors due to temperature variatj-on would

not be completely effective (referenee 6, page 21)"

(g) The test site faciliti-es should. be improved to reduce test-

j-ng time and possibly improve ihe accuxacy of the tests as

follows:

(.) Improve means of applying test loads"

(b) h^ovide site lighting equipment to perm:it night work henee

elirainati-ng the undesi-rable effect of ùlrect sun-light on

strain gages and lead wires.

:l: i!.

r_68



/\(c) Set the Data Printer of the Digital SbraÍn Indicator to a

slower speed that, a rel_iable automatic recording of strain

reaùlngs is possible"

(d) Provide for better access from test site to office cont,ain-

ing strain measuri-ng and reading equipment.

L69.
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