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ABSTRACT 

Power comp;%aries h the United States consume millions of solid wood poles every year. These poles are 
from f;l;;&-vdued trees that are becoming mare expensive and less available. Wood laminated composite 
poles &CP) me a novel aftemadye to solid wood poles. consist of trapezoid wood strips that are 
bonded by a syn&etic resin. The w d  strips carp be mde from low-valued wood and nzsidues. ' I l k s  study 

cknm and number of 
le to that of solid poles of 

hing sbess. Number of 
shear stress but negatively 
greater than 50% of its di- 
used by filIing partially or 

totally the hallow care with dher materids sudr as processing wastes. 

KeyworsZF: Composite poles, wood composites, tCP, sbear strength, crushing strength, utility poles. 

I N T R O D U ~ O N  Due to the emflhasis of the myear rotation in 

Trees suitable for production of solid wood 
poles have long, sh-aight, M-rounded boles 
with little taper. Southem pine (Pinus sp) is the 
main s p i e s  for pole prducrion in the U.S. 
About 72 to 80% of poles are from this species 
(Koch 1972; Micklefight 1989; USDA 1999). 

agement practice, southern pine 
poles with lengths longer than 15.2 rn have be- 
come less available in recent years. Therefore, 
such s low-pwn species as Douglas-fir, pon- 
derosa pine, and western larch are used to meet 
the demand for larger size utility poles (USDA 
1999). 

In the last decades, several apprwhs have 
f Member of S WST. been made to find alternatives to solid wood 

(03 is published aim the wval pdes or reinforce solid poles extend their 
of the Director of the Louisiana Agrjculnual Expabent 
Station. vice life. Marzouk et al. f 1978) used fwr design 



sctr:iies to n,&e shorter solid wood pcdes longer Kroeger et al. (1982) reported that the average 
' by ~ p k i ~ i . , ~  or strapping twc tc fcur sboner poles rndulus of rupture (MOR) and modulus of elas- 
uskg r r t t l  connectors. presented three ticity WOE) of aligned composite wood mat&- 
types of splicing ard frame p i e s  that are strJc- als { ) &at are used to make CONIPOm 
tus.aHy scit&.de substitutes for pewer dishbudon we md 16,250 MPa, respectively, which 
poles. 7mg m d  Adams (1972) stowed that is compxable to those of southem yellow pine. 
fiberglass-r~izforced plastic could increse the The weight of COMPOLE, however, is 50% less 
sutilgth m d  hprove &e du~libility of utility &m that of solid wood poles of the same class 
pies. The strtic and dynaIilic bending st'ffness and length (Ad et al. 1981). C O m L E  
of tbe poles jhchcted with fiberglass-reinforced were made of flakes and isocyanate adhesive 
piastic increased 1 7 - 2 1 0k and 14- 1 SO/ ,  respec- under temperature and pressure. Preservatives 
ti were added to increase the resistance of COM- 

el al. (1 98 1) show that wood compos- POLE to the biological attack 
ite poles can be fabricated using wood flakes, &chon (1994, 1995) proposed and patented 
syn&efic adhesives, and p and another design of composite poles. The hollow 
termed: the corriposite poles . The veneered pole (WP) consists of a truncated strip 
COMPOLE series were 40-foot-long hollow cone with three or more overwraps of veneer 
poles with square, hexagonal, or octagonal cross layers. Number of strips (NOS) in the cone could 
sections. The poles were tapered according to be 8 or whatever number is most appropriate for 
the typical range found in solid wood poles. A tbe manufacture of a given sized pole. Each strip 
cornpules progrm was dso  devetaped to design can be made from either random or standardized 
the poles and the optimal design resulted in poles lengths of lumber, and can be finger-jointed to 
that had a 7.5-crn wall hickncss at a 33.8-em pole length. The overwraps are fkom a high 
grou~ld-line diameter with an octagonal cross s~ength softwood veneer species. Veneer grain 
swfjon. Shdl ~ c k n e s s  was r d u c d  to 2.5 cm at direceon was paallel to the pole axis. The func- 
the top. tim of veneer hyers was to improve the bending 

Hollow poles have advantages over solid strength and protect the glued surfaces from 
poles in cost, shipment, and installation. From a weathering. 
meshhcia3 arndysis standpoint, Men a pole is The alternatives to solid wood poles should 
sukrjeckd to a knding test, the b n d h g  stress is have sufficient strength and stability for many 
highest on the surface layer and zero in the cen- years in adverse environments. The wood lami- 
ter p a t  due to the effect of moment of inertia. It nated composite poles developed in this study 
is repaad bznt 90% of a pole's knding strength have these properties. In addition to the advan- 
is a~butab le  to 22% of its diame=r on both tages that both COMPOLE and HVP have, wood 
sides of the cross-section (Erickson 1995). Thus, laminated composite poles arr? more cost- 

g some material from the center part will effective, easier to make and treat, and more 
~ k e a y  affect the service strengtfr of utility flex_ible in size and shape than COMPOLE and 

poles. A cmven~ond insp t ion  method for The objective of this study was to assess 
poles in sewice also involves filling to deter- the mechanical properties of small-scale wood 
mine the shell thickness. A distribution pole is laminated composite poles, 
designated a reject if the pole shell thickness i s  5 
cm or less (Wilson 1992). Examples like these 
can be found in the poles made of other maten- 
ds. Poles made of steel, concmtn:, or fiberglass PIbod 1 comwte  poles consist of 
are mostly hollow inside. s that are bonded with sync 

Nec.h&ed properties - thetic adhesives. Strip sizes can be determined 
ties are obviolasfy the tw by mathemaficd cdculatioa based on the param- 
decided the application poten&& o . eters given. The known parameten are NOS in a 
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pcle n, st~<-p tFLi~liness at ~ O ~ I C T T ,  7; radius (OX di- 
a n e ~ i )  ~f the ~ k ~ i e  surrou~idirrg the batrorn of a 
puic h, tapering angle 0, and pzic htighi H. Then 
the cenwd angle a can be ca$cc;a~tk as 

lationship k t w w w  sides a d  aples  in triangles. 
Figwe 2 shows a schemabjic diagram a b u t  a 
Wncatd  composite pole from a: cone and one of 
its strips. The hmufas of other sizes i~te as fbl- 
lowings: 
Wid+& of the larger size at pole bnom AB 

WicDth of the smdler size at pole bnom CD 

Width of tkne larger size at pole top A 'I3 

er size at pole top C a) ' 

Strip thickne.ss at the top T' 

Fomulx 1 to 6 can be used to calculate the 
dheasion sf strips for a spscific design of com- 
posite poles. If raper angle /3 equals 0, i-e., there 
is no taper in the pale, Eqs. (4) and (5) are the 
same as Eqs. (2) and (31, respectively, and T' 
equals Tin Quation 6. 

EXPERIMENTAL PROCEDURE 

Experimental variables and design 

va&ii%:les and levels. The lengh of compos- 
ite pokes w s  122 cm md outside dimeter 7.6 
em. These small-scale poles were used to assess 
basic factors that have eEeets on the m e c h ~ c a l  
p q e ~ e s  of coinposite poles. Two v&ables 
were seImted. They were strip thickness and 
NOS in a pde. The fom levels of stsip thickness 
were 1.0 cm, 1.5 cm, 2.0 em, and 2.5 cm, wkich 
aaaunf foP 26,39,52, aod 66% of the pole ra- 
dius, respGveJy. Strip thickness covers one- 
qumer to tlz-e-ql~ of pole d i w  and all 
pales were hollow. were 3 levels of NOS, 
w ~ c h  were 6, 9, and 12. Sdid poles vvitb the 
same lens and outside diameter were fabri- 
cated to wcsik as controls. AU poles had no taper 
(i.e., in Fig. 1). 

Table 2 p s m &  the parameters for each NOS 
level of &e s ~ p s  with thickness 2.5 cm. The 
v;iidth ccf the lager side of other thickness levels 
is the same. 

design was a factorial. The 
ts was 12. 'Ihrty-six poles 

were made with 3 replications for each combina- 
h n  of NOS md strip thickness levels. Three 
spmce (Picea glauca) and southern yellow pine 
solid p l e s  were made for each of the 6-, 9-, 12- 
sided konfigwtions. Nine spruce and nine 
soutfiem yellow pine poles were used as controls 
of composite poles. 

Poles made in this study were small-scde FIG. I.  A schematic diagram of a W O O ~  strip composite 
:-site poles. Table 1 shows the experimental pole of its strips. 











T. $ 1  r 6. Zliii j l , t i lr , ,  (if ( > / t i  i f j i. irv or I r  tjcwl' Iratjrirrrrrt*d ~ w n ~ f r o  r i tp  poles crrld roli~lc pole 5 

-- 
I'trlc t"pi:% i:vl ~ i t .  h-llrip 9 ~cr tp  I 2 - m p  

I (1 icr11 I 5 77 ( f l  5')) ' 71 rrl31) 6.39 4 1.02) 
Cr3111po~i itc 1 .S  tCt t l  1 5.32 (2..3-7 I 6.49 (0.82j 6.35 ( 1 .SO) 

i?t~lc\ 2 0 (citl) 5.71 c(f.58) j.58 (0.73) 6.38 (0.17 j 
2.5 [SIH 1 6.2 1 ((1.891 0.10 [O.fi?') 6.66 (0.33 J 

Values in parentbesea are standard dtvhtic 
soutbanflowpine. 

less than &at of SIT skid md most cornpsi& 
poles in three NOS levels. 

Modulus ofeh~city 

Fddufus of d s s d c i ~  (MOE) of composite 
solid pales is p s e n t d  in Table 6. Va-ia- 

bons existed among MOE v d a e ~  for dserent 
KOS aid SLIP ~5icibT;iess levels. ki general, h$OE 
of ccmposire pcles was lower &an those of solid 
pies wit5jn the same species. The rsami~~urn 
GiEerence w a  60%. Strip thickness stas no; car- 
~ d i ~ d  rtr, the h4OE of mmpsi te  poles (p = 
C.3E2g). There were no sigrifica~a diEe~nces 
wrrno~g fie b3@8?E values of different strip tbiCh- 
rness levels in the LSD test, 

NOS had a signi5cmt effect OD b5OE of the 
csmposi~  poles (p = 8.Mj2). The average 
B4OE va1~es wert 5.3,5.6, and 7.4 GPa for NOS 
of 6, 9, and $2, respcdvely. The MOE of 12- 
sided poles was sigl"kjficm82y 'PJigher am &at of 
6- or 9-sided poles. This mzy be due to one or 
both of the fot1wing two reactaas: ( I )  12-sided 

sfsex s&en@h of which was much higher than 
those in ot?tier groups. The percentage of wood 
fizlup-e of th i s  g ~ 0 t . 1 ~  is lower than the others in 
the s m e  ~ e b e s s  level (Table 8). Statistic 
mailyses (mOVA) shows that strip thickness 
was a simifacmt s o m e  of variation for shear 
swengta a d  wood failure in both wet and 
corndi~ons. In the dry condition, average glue- 
lisae she= s&err@ values were 9.54, 8.80,7.98, 
and 7.56 Wa. for thickness levels of 1.0, 1.5, 
2.0, md 2.5 cm, resptively. The corresponding 
wmd failurn values were 50, 63, 69, and 72% 
for the four thickness levels, respectively. 

The greater glue-line shear strength of poles 
wiph ~ m e r  stgips may be due to the fact that 
tlt-iinner shells received more pressure than 
tt-~cker shells. During the making of the poles, 
the same force was added to the molds. Thinner 
strips may receive greater pressure in the glue- 
fine hnd have better bonding conditions because 
of their lower colet;act area between them. This 
indicates that propr pressure is necessary when 
m&Zng composite poles. Excessive pressure 

pcles ti-ve more glue-layers, MCE of wficb is may cause the problem of squeezing glue out of 
Egher f k a  wood, m d  (2) 12-sided poles, ahe tihe glue-be arsd lowering the bonding strength. 
closer m u ~ d  poles a d  receive more urnifom However, that was nut the case in this study. 
load from the mold. Among the four thickness levels, LSD results 

showed that glue-line shear strength of each 

Glue-line shear 
level was significmtly different from the others, 

ing that shear strength increased with the 
Glue-line shear strength and wood failure in decrease of strip thickness. 
h& dry and wet c~nditims are listed in Tables 7 F&er the 2 - k m  boiling test, glue-line shear 
mid 8. 10 the condibm, ttiimel S ~ P S  had s&nm was reduced to 5.11, 4.84, 5.30, and 
higher glue-line shes s t r t ; n o  than the &icker 5.77 MPa, and the wood failure was 41, 39,55, 
strips. One excep~on to this finding was the 12- md 62% for the thickness levels of 1.0, 1.5,2.0, 
strip pies with strip of 1.5 cm in Lhr;ic.Frrress, the and 2.5 cm, respectively. Poles with strip thick- 



TABLE 7. Glue-liw sItear stmngth vahes bejore and ater water soaking of ire poks. 

1 ( 1  i 5 1 - 4 )  j 3 . 4  3 48.42 ffl .  12 I 5x.75 15.73) 35 14 (-4. i7  I 

1.5 . . I  I .  1 7 . 2  5 I I 4 .  t i  47.5U r 12.50) 24.03 113. I3 1 46.25 (8.33) 
2.U 72 h l  (14..35) 75.92 1 1  311 57.72 i I:! 8 0 )  73.1% t IS.51 J 54.89 (8.60) 33 03 ( 1 3 . X I )  

2.5 7-81 1 7  0 05.75 ( 12 37) 72.00 r 7.17) h7.17 i f>?(? ]  70 8-3 4 15.28) 4f-t.07 (13.33) 
--- 

L : ~ : i r ~ - i  i t t  p.~rcrlllicsc, ate sl,it~rl.riij rfc.~~dton 

ness f r0~1  1 EO 2.5-cm lost 46,45,34, m d  24% sf 
the or;g;cd strer,g&, respcc~vt!y. Ttimer p les  
loss niore sue,;-g~% &er the tre;ifxa~c.sl. kI1; tkke wet 
co::ciCc-r,, pcirs a:ith 2.5-rr,. s1ri~ tjiicknt ss Ead 
tbc; fightst glue-line shear i K d  u i s  signif- 
icantly eiB-ertnt from the otflrrs. Tl j t r  t u ere no 
sigii;ficaii,r diflerences for tile shear st:c;.:gth be- 
gween tie pdes with thickness \ ~ ~ E C F  of 2.0 and 
1 .Q CW~, b ~ i  both were higher &an &he clsres at the 
1 . 5 4 ~  th~chess  level. Pcies \ksi& Gficker strips 
still had Iri@er wood fa2nre. 

hcs%ke;r factor &at affects sheax strefig& and 
wcaod f251we is the grain directiori of the s&ip 
&i.t form the glue-line. For the s p i e s  used in 
this study, southern pine, earlywood and late- 
wood altezsfively on the cross section. 
The ksr sc11ems: for the glue-bond consideation 
is tkAt g:a i~  planes on bo~h sufi:;.ces are par- 
die1 10 &$: "ii;lae-rine plane. Unda d5s condition, 
&e r r i ; -~~ i& on the two bonding S & ~ C ~ S  ipre 

urdfem, a 4 3  g d  bnding q w E t y  may be ex- 
gied. "a Chis case, the ~angenbii direction of a 

strip c~inddes with the radid direction of 
L wlc aid the radial ikecrion of a \rood piece 

kconies wllgr;s2~d in the pcle. Ato&e; advan- 
tage of &is marigement is &?at the thngential 
mc.vri:irIjt of the pole will bi uGnin5ztd due to 
less shrinkage and swelling in the radial d 

don of tape wood. lsne worst case for the glue 
bond is when the annual rings on both sides of 
tbe glue-line are perpendicular to the glue-line 
 lines. If two latewood rings match up in a glue- 
line, they will adversely affect the bonding of the 
e z d y w ~ d  ,rigs next to the latewood rings. Also 
if the tangendd direction of the wood strips co- 
inclides with that of the pole, more shrinkage and 
swelling in the pole are expected. The effects of 
wood grcwrh ring direction and the gluability of 
e a r l j w d  and latewood had a great effect on the 
physical and mechanical properties of the corn- 
posite poles and will be further investigated in 
future studies. 

Crushing strength 
# 

AU s m ~ l e s  failed at glue-Eries that were par- 
allel to the loading direction. Table 9 presents the 
~ l i ~ m t 9 m  swss ~alues of the pole samples. As 
e x p t d ,  the cms$ing stress decreased with the 
increase- of NOS, Figure 6 shows the breakdown 
of load vector P into two vectors P, and P, that 
me p"dditel to the tions of the two shell 

the glue-line being tested. P, and P2 
r broken down into two vectors. For 

example, P, can be broken down into two vec- 
tors, wlGck are horizontiitl vector P, and verticai 


