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Abstract

Paraiief laminated veneer (PLV)
products are manufactured by adhesive
bonding of rotary-peeled veneer It has
been estimated that a production line
PLV process could convert green logs
into a finished structural laminate in less
than an hour.

Press-Lam, a PLV product under
investigation at the U.S. Forest
Products Laboratory, has exhibited
decreasss in variability of mechanicai
properties and increases in chemical
preservative penstiration and retention
when compared to solid-sawn lumbet

A prototype highway bridge
constructed entirely of Press-Lam has
been srected by the Virginia
Department ot Highways and
Transportation. This bridge was tield
tested to its AASHTO HS-20 design
load. Preliminary allowable stresses
were determined by data obtained trom
destructive laboratory tests on 18 tull-
scale stringers and 6 sections of
decking made trom Douglas-fir Press-
Lam.

in the face of dwindling supplies ot
large structural timbers, PLV products
are attractive alternatives tor exposed
structurat applications {3
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introduction

The concept of paraliel laminating
veneer into thick sheets of any width or
length is being examined as an
alternative to solid-sawn timber or
glulam for structurai-sized or specialty-
type members. Research work on this
concept of improved resource
utilization has been going on for
several years, and has been conducted
by researchers in the USDA Forest
Service (13,23.24) and the Canadian
Forestry Service (6). and by the forest
products industry (21). Investigations
by these research groups have resulted
in a number of concepts for producing
paraliel-laminated material. Process
variables that have been investigated
include veneer thicknesses, adhesive
types, drying methods, and laminating
techniques.

Research in the last 10 years has
shown that laminated veneer products
offer advantages of increased product
yield and improved product
performance when compared to
conventional lumber. Because of the
dispersion of wood defects inherent in
the laminating process, lower limits of
bending strength can be increased,
and stiffness can be more uniform.
Additionally, research at the Forest
Products Laboratory (FPL) (29) has
shown that preservative treatment ot a
ditficult-to-treat species is improved

‘Maintained st Madison, Wis . in cooperation with
the University of Wisconsin

‘Underiined numbers in parentheses refer to
Literature Cited near end of report
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considerably when laminations are
peeled rather than sawn. in other
words, a product can be made which
can reliably meet a given set of end-
use requirements.

Research teams at FPL have
examined the basic physical and
mechanical properties of parallel
laminated veneer (PLV), and evaluated
potential markets for products
assembled using this technology. This
product, called Press-Lam, is made
using a veneer lathe to cut the wood, a
heated press to dry it, and adhesive
and a cold press to produce a
continuous sheet of wood with
thickness, width, and length restricted
only by the size of production line
equipment. This sheet caii then be
ripped and cross-cut to the desired
end-product dimensions. The overall
process, as used to produce the bridge
components for this study, is shown in
figure 1. The finished product differs
from plywood in that ail veneers are
placed with the grain parallel to each
other and that thick veneers (up to 2
in.) are used. The name Press-Lam was
coined to reflect the use of presses to
dry the veneer and to apply pressure
during lamination.

A bridge demonstration structure
was chosen because Press-Lam might
be well suited to fil! a current national
need. The U.S. Department of
Transportation, Federai Highway
Administration, has estimated that over
100,000 small-span bridges in the
United States are in need of repair or
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replacement. The estimated cost of
upgrading these bridges ranges as
high as $23 billion (7). Many of these
bridges could be replaced with timber
bridges which exhibit advantages of
long life, competitive cost, ease of
installation, and a visual compatibility
with natural settings.

These Federal Highway
Administration statistics, coupled with
the fact that timber bridges have played
an important roie in Forest Service
bridge history, made the choice of a
demonstration structure an easy one.

A cooperative project was organized
for the design. manufacture,
installation, and in-service evaluation of
a bridge to be made entirely from PLV
components. A cooperative agreement
with the following agencies was
developed to accomplish this task:

State of Virginia Department ot
Highways and Transportation
(VOHA&T)

Provided the bridge site in the

George Washington National Forest.

Approved the final bridge design.

Erected the finished bridge structure.

Will be monitoring the bridge

performance over the next 5 years.

U.S. Department of Agriculture, Forest

Service

National Forest System

Engineering Ottice—Provided
funds for procurement of the
materiais for the bridge
components. Provided overall
project management and
guidance.
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Moot Hood National Forest
Frovided Douglas tir logs for
fabrication into brudge stangers
A dech panels
George Washington National
Forest Provated red oak fogs o
fabrcabion into curbs rans and
quang posts
Forest Products Lataoratory
Devetoped the Press L am concept
Developemt A prelimunarny tvuige
design
Patnicated o coondinated the
fabication ot all the hinige

companents
Determinedd the stractural
propetties of the pomarny hdge
companents
LS Department of Yianspaortation
tederal Highway Adouistration
I8 assisting 0 the proaduction of
tochnical movie documenting this
project
Wil Be invohved in technoiongy
transter activities commumicating
With potential users amd o1
Pradducers of PLA e stractural
ARPhIcAtions i fmall span trniges

The Dodge s ocatod on State
Secondan Route 610 10 the George
Washigton National Farest about 1w
Muies west of Wasthungion YO oo
Orhney Spongs i Shonamdeah
County Va The previous tadge was
An TRt single lane sumple span
et Stony ook whath nesded (o be
WPt aAded and widened (o twoe lane
standandts
he purpase of this tepaetas o
descnbe the manufactine of the traige
compaoneits the evaluabion of
coamponent performange the
procodures g rationale ased in the
Drdge design and the raige
mstatabion and prootioading
rans call o the Vicgoua Highway

and Bransportation Research Coungel
{0 Oversee G vear Dedge pertonmanye
ovatuabion program Recause the
Joemonstration strocture s exvpectod o
exhitut attractnve altermnatines for the
Nation s bdgge engimeors the b ederal
Highway Admimstiation s cooperating
N the preguuiration and distedvation ot Q
16 Mulhoreten ol SOung monv e of gl
the facets of this praject This movie
Whichas avaiatve for short term ioan to
Mterestod partios can De obhbauned iy
contacting either the U8 Peopartment
o Agncuttine Forest Progocts
Latoraton Madison Wais o the (P8
Departmoent of Tanspattation b oderal
Highway Adnvistration (e of
Dovelopment Washington O

Materials
Raw Material Requirements

The stungers and Jdeck sections of
this Brdge were manutactured from
Coast type Douglas e grade t o DB
NaAW S (1T4Y This gpecies was chosen
to demaonstrate that Coast type
Paougias e wich s sometemes ditheait
to treat can be more thoroughiy
treated i the form of Lumimated veneer
)

Approvmatel 31 00 Boatd teot
Scnbner Olog scale of Dooglas te
storm sahaged matenal was ottamned
trom the NMoant Hood Natienal b orest
m Oregan v the stangers g deck
panels  Appronmateiy SO0 Boarnd teet
Senbnet Cog scale o constraction
Qrade red vak (g0) ebtamesd trom the
vearge Washington Natonal b orest i
Vi was asedd foe the corbs s
A posts
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The preliminary bridge design, based
upon assumed material properties trom
previous FPL research (23.24). calied
tor longitudinal stringers 4% inches
wide by 20 inches deep. spaced 2 teet
apart, and a transverse deck
approximately 34 inches thick Enough
Press-Lam dimension material was
manutactured for both the finished
structure and for the test program. The
tests were used to verity the assumed
design properties tor the primary
structural members

Raw Material Characterization

A total ot 23 Douglas-tir logs (up to 32
ft long and about 24 in diameter) were
cut into 4 to 7 boits (52 in_long) per log
A 2- to 3-inch-thick disk was removed
near the middle of each log and used to
determine diameter, moisture content.
specitic gravity, and ring count (table 1)

In Douglas-tir l1ogs of these diameters
the width of sapwood is typically small,
1 to Jinches The moisture content
(ovendry basis) of sapwood was as high
as 140 percent. whereas heartwood was
consistently batween 30 and 35 percent,
which s typical for trésh logs Some of
the veneer contained both sapwood
and heartwood Veneers having greater
than 25 percent sapwood were
classihed and drnied as sapwood veneer
The amount of the veneer classified as
sapwood varned from 10 to 30 percent in
the bolts. averaging 18 percent (table 1)
Because the red oak logs were used in
secondary structural components,
detated specific gravity and ring count
measurements were not determined.

Following peeling and clipping, all ot
the veneer was visually graded into tive
different classes (table 2) which closely
paraileled common veneer grades (33).
The total number of knots in each class
was also recorded It should be pointed
out that veneer is commonly graded as
full-size sheets (48 x 96 in.) compared to
21- by 48-inch sheets in this case. This
tact tends to shift the apparent veneer
quality in this study to higher grades.

Veneer Cutting

The Douglas-fir and red oak logs were
stored outside, and were sprayed with
water anytime the temperature
exceeded 40° F All logs were cut into
52-inch-long bolts with a chain saw,
heated in water prior to debarking, and
pesied on a 4-foot lathe. The 151
Douglas-fir boits were heated to 140° F

Table 1. -Phyuical prepertios of lags dolormined from dishs cut Rear lng middie

Log duamete Rag count
:;::: tog Wt Vonewt
: aveiage’ L sapwood*
Vapr Moo povty (tul (L inch ol
tadws) tedws)
n Rings 0 Pt
Maumum kIR N0 083 (K] " 3
Mimmum MR 190 k) 190 4 104
Average pe.X N1 % (NN} 181
Ovendry weght and green volume dases
L0g averages ace for the full 1adius and within log averages aie tor a 1 inch section of radws
‘Venest contaiming 1S percent o more sapwood was classitied as sapwond
‘Weighted area avetage
Toble 2.—Porcontage of verious venoer grades
Veneer giade Rnot size class Test matenat’ Rrdge components Alt veneers
n Bt At At
A clear X u 178 2
§ -1 Hy [T [Thy ]
¢ ol 2R RRR] RRR]
\ tod LR 9 [
t -3 U AR s
Test matenial 1 196 veneers bndge components 1 001 veneers tolal veneers graded M 478
for 92 hours prior to peeling. For the 32 Veneer Drying

red oak bolts. a double heating
schedule. 120" F tor 24 hours and 160" F
tor approximately 36 hours, was used to
minimize thermal end checking. All bolts
were chucked on their geometric centers
The Douglas-tit bolts were peseled to a
thickness of 0.420 inches, and the red
oak boits were peeled to 0. 386 inches
Eight-inch-diameter chucks were used
tor peeling to core diameters of 9.5
inches.

Ot the Douglas-tir boits processed.
only four split-outs occurred at peeled
diameters ranging from 10'« to 16'»
inches. No spin-out or split-out
problems were encountered with the
red oak bolts

The Douglas-fir veneer was clipped to
a21Ve-inch width. The Douglas-tir
sapwood was separated trom the
heartwood to accommodate different
drying schedules The red oak veneer
was clipped to an 18-inch width All
green material was then put on paliets
and wrapped in polyethylene. if veneer
was to be stored tor more than 4 days
prior to drying. it was cooled to 35 F or
lower to prevent surtace molid.

The correlation of press-drying rates
of various veneets as a tunction ot
temg@erature, thickness, and pressure
has been reported tor red oak (3.3QV.
and Douglas-tir (23) These press-
drying studies were conducted on 3- by
3-. 4- by 4-, and 2- by 8-toot presses, all
titted with ventilated cauls Because ot
the amount ot matenial to be dried tos
the Press-Lam bnidge project. a 4- by .
20-toot press was used A used 60- TN
mesh, bronze Fourdrimer screen was :
tested and found suitable tor diying the R
Douglas-tit venser The screen provided B
sufficient venting of water vapot in both
sapwood and heartwood such that no
“blowups'' of veneer were observed tor
the drying temperatures used For this
sampte ot Dougias-tir, the drying rates
with the screen and with conventional
ventilated cauls were observed to be the
same

The ideal Press-Lam processing
concept calls tor use of residual heat .
from drying to cure the adhesive. This R
scheme was not possible because the
press used for drying was in a building
separate trom the laminating

i B
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eQquipment Instead the veneer was
dried in the 4 by 20 press (10 per
charge) cooied and packaged tor later
use Immediately prior to laminating the
veneer was reheated in a tunnel (1oller)
veneer Jdryer The suitatulity ot this
techmique was contiymexd by earhier
tests companng the mechanical
propetties of southern pine and
Douglas it as manutactured ty the
conventional Press:-Lam process and by
this modthcation

The veneer was press dried as two
separate Qroups because of the
difference in green moisture contents
Heartwood (30-35 pct). sapwood (140
pct) The sapwood was press dned
twice as long as the heartwood (11 nun
vs S Smin at 3607 F. SO ps) These
press drying times were chosen to
praduce veneer having an average
moisture content of about 15 percent
Using this modihed drying-laminating
procedure. one must take note of the
drying or moisture loss which wilt occut
in the veneer dunng the reheating step
The veneers were reheated in a rotier
dryer at 2907 F tor 4 minutes Mostutre
loss on reheating was about 3 &
percent The target morsture content
was 10 to 12 percent Spot chechs of
production averaged 11 4 percent

The press drying reheating and
faminating resulited 1 a thuchness loss
m the Douglas-hr veneer of about 6
percent There was also a small but
sigrmiticant toss ot 2 percent in width of
the veneer durning the processing

The red oak veneer used to fabnicate
the posts and rads was press dned ang
reheated in the same manner as the

Douglas-hr Green veneer mmsture
content was about 85 percent The
press drving (14 min, J60 F SQ psi)
and reheating (4 min_ 300" F) resulted
n alaminated product of 11 to 12
percent moisture content The
thichness oss was about 10 percent

Yield Calculations and Comparisons

Praduct yields fot Press-Lam wete
calcutated ang compared with
theoretical viekds tot fumber sawn by the
Best Opening Face (BOE)Y method (15)
lable J) Because most togs ave siightly
elliptical in Cross section and are also
tapered, tour measurements were
needed to characterize bolt dimensions
The maximum ang mrumum diameters
ot ali of the 151 Douglas-tir boits cut
were measured at both the top and
bottom ends Al of the recovered
veneer was caunted and igentified for
each bolt The dimensions M the green
veneer were known The dry volume
was calculated (Appendin AY trom the
Jdressed dimension board size in the
laboratory operation no attempt was
made to manmize yiehd dunng cutting.
e g . by sthtching veneers or by
ncluding wane and pitch pochets

The most direct compansan of ROF
and Press-Lam vields was obtamed’ iy
assuming that the same size product
count o made—i e . 1 by 4 anch an
dressed dimension of sawn matenal of
varying fengths This matenal could
then be used to tabinicate a glulam
team--the same size as the Lridge
stningers From log dimensions as input
the BOF computer program assumes
the i0g to be a truncated cone \ olumes
were calculated by the Smatian ttvmuta

Table 3 -Colcuintion of DOF wold comporng i wtual yald of Prexs Lam trom same Mgt
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Nutemong comveran of 9% m o 10 awn dimeatave vt poeag RO v hagues

(average top and bottom area times
lengthl The sawn boatds are of varyving
tengths The same program was aise
used O catculate a stud tecovery hom
an assumed 8- toot-iong @ inch
diametet veneer core The estimated
recoveriet ot BOF and Press Lam were
about equal doth green and i (tatile
Q) The aoverall increasend cutwe volume
yelkd o Prass Lam. 10 percent green
and 13 percent dny was in the assumed
Core stud recovery

Must hkely  the BOF vields are tughes
LS 1O 1A pe) than those fodnd in the
mapnty of opetating sawmilis MHarpaoie
110) has made estimates of saw yield
versis Press Lam vield to an econcme
analyxis but Press-L am vieids therein
wetre estimated from commercial veneet
operations which may ot be
immediately apphcabie to Press L am
manutacture

Addressing peeling effictency oy a
thearetical green vield of veneet trom
the 151 boits (based upaon annulus
volume amd log volume) is 85 pervcentt
with a9 S.anch care The actual
recovery based upan the above totai g
volume. was measimad to be 0
percent This implies that the efficiency
of the peeling . i this mstance was 85
percent

Laminating

Assembly of Four-Ply Dimension
Material

Betore laninating the veneer was cut
Sguare to 48 inch lengths ang was
reheated for 4 nunotes at M0 b in
staggered sets of four preces i a
venee! (dner Ax the \eneer (veces
came ttom the Jdiver the “.Thesn e was
Apphied (11 and they were sssemblend
stepwige ity 10 Iy 0 ich imensgn
Doands (g 1Y immedateiy aftet
assemiiy the veneers A the hitler caoe
atrcated of veneers o pPlhvwaag
fAMINAtent as a st were inserted mte
the 0ty 8 foot press amd jrressire was
APt The filer caul gagent the
SPacing of the butt iwints Detween
ARNeers amd transmiti{edd pressire o the
WVerae area of the unts The pwessute
ANPIAd Juting laminating Was 150 pss
amgd wag mamtamed hw abxuat 4
mgites
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A3 300N A% pressure was apphied, the
next get Of haut veneers was started
thiough the diyer Shortly behe these
emerged trom the dryer the press was
Opened. the hler caul was removend.
and the laminated section shd Avwand 4
feet 1n prepatation Au the addition ot
the next et of foul veneors Thas
Process, which OOk a total of 8 minuites.
Was repedted throughout the tadrication
Of the dimension boands Fach time M
toet Of Jimension mateniat extetuded
Deyunyd the vutfead end of the press it
Wwas Cut oft at a butt joant

The adhesive Used i the laminating
was a commercially avadatde, noom
temperature cuning, phensi-resontimal
extended 8 percent by weight with
methanyl The extender lengthened the
pot ife Jdecreased the adhesive
vscasity, amd tlengthenad the assembiy
time The adhesive was apphed with an
ortrunder type giveader  The desited
fPpread tate was G0t 6D pounds per
thousamd sguare feet (1 1. OO0 1Y of
Jluehne

The Jdesited glueline te mpetatute at
the time Of pressute appincation was
P07 L0 MO0 Roands were prodicedd
emd to end continuoush Smgce o was
nevessan b Degint a new day with a
Gl adbesive joint proddectiuen was
stoppred each Jday at the beginmng ot
the next boant The uutial it up steps
war rehegted sach manmuing in an oven
betore the neat day = lanination began

The fatvnication strategy v dimension
Boants {1 L 0N ) wag teagnate any
1ANACIMZATON MEthOdoiogy I other
wonds the Doants were manufactured
1 AN astembly e mannet  Thus most
Gften veheers from the same oy and
oIt wete in sequence through the
Doant ang thersafter from baand to
Doand Alzo. the onder of the oants was
ot changed in the manufacture of
trudge stringers Of all the veneer
e 98 5 percent was used te
tabuicate dimension dboanis Some
boands fatl out of onder A one reason
o another. but this wag due b
Avordance of an undesairable boand
pProperty (warp nNAnmwness, otc )

Quality Control and Related Tests on
Dimension Material

Dunng the manutacture of the
components iy the Preas L am tvuige.
the laminating Operation was clogely
momtived Adhesive spesad rates and

Jiuehne temper atures were penodically
Cheched and adjusted by maimnmtan
acceptabie levels After assembly
fampies were removed from sach Jday's
prduction and adhesive bond Quakity
was cheched
The acceptatie levels ot peirtoimance
were as ilows
1 Gluehne tempetatute 197 to
ALt
Adhesive gpread rate of GOt 65
[[AERNLLAR S
3 Eighty parcent or more waang
tadure on Lanch-diameter cores
testent 10 shear
4 Manvimum of & petvent
detaminatn on end-gram
gluelines after three cyle
acuvelsrated aging exposure

.,

Glueline Tempersture. - The
teimperature was meazured ty inserting
a thermocoiple between the third amd
fourthy prex at the fitie a sef was
assombigd The temperature ot
subigeguent glushines could be adjustet
My vhanginy the temperature in the next
reheatinng operation Once the
temperatute readings stathiized in the
Jesited tange the temperatutes were
vheched onhy pernaidically

Adhesive Spread Rates. 1he spread
rate of the adhesive was cheched and
adjustend after each new bateh of
adhesne was added to the spveadder
amd agam abwut 1 hout later in
At arandom chech of spreadd ate
wax made at lsast once amd sametunes
twice aday i aluex were cutsude the
targeted range the spread rate was
Adjusted accontingh

1he average spread rate was G 9
YO R anath a standant deviation of
A0 1T The tange was &1 3t
SR LA AT Thux actual range
evcemiad the tangetent tange but the
Quabty contnyg texts discussend later
Le o2V dnd not ntentity amy infense
adhesne honds Becaute of thege
Puatitine test rasiite the dimension
Duoanis wete accepted as quahty
matenal

Sheat Tests. Bomd qualty was
vheched uxing glushine shear tests on 1
e diameter cotes The test was
patterned after procedures developed
by Selhn (3 The cores tested in thig
cate wete abhout Uinchan diameter 1 8
nches long . amd contamedd three

gluslintes Thise cores were taken om
each day 's praduction sample The
crtenon for acceplance was the
percentage of wood failure otained M
the 36 randam daily samples tested the
Wi tailure averaged 93 percent (inhy ;
one sampye (at "8 petY mas below the b
targeted 80 percent average wawd k
falure value All subsequent samples
ticated acceptabie ievels of woond
fadure so N adjustiments were made n
the ghinng procedire L oad at taiture
Was ohserved (o e quite yanabile tht
Nt a controlling factor It averaged 920
PsECoBmicient of Vanation (CO\V Y = 06
pethin arange of 670 to 1 340 psi
Delamination Tests. - The three cvcie
VACUUM pressute soak and ey
evposire test () was also usend to
chech bond quality Al 108 test
fPpecimens passed the test with less
than 8§ percent delanunation

Manutacture ot Bridge
Components

Sridge Stringers

The tvudge sthingers were made at
FPL ty laminating three (teces of the
Jdimensan mateal together to actieve
a 415 by Aanch crnoss section (hg M)
Retore lanunating, all of the dimension
matenial was surtaced on twa sides with
an atvasive planer, to a thichness of
about 1 Sainches The thiee pieces of
dimension matenal to be used m any
ane ktnnger were then land up oy and
the boards were attanged by eiminate i
voincrtence of butt jcnts in adjacent
boands

The stingers were laminated two at a
Qe 1 a 4- by 20-toot hdrauhic (ress
The adhesive amd the appination
eQuipment were the same as wete Lused
m fabncating the dimension boands
The total assembh time was 0 te s
Mnutes ang pressuie was mamtares
At SORY PSR 16 10 MO hours at o abvwe
AN

Deck Panels

Dech paneis were fatuicatent ke twao
testing settes and for ingtaltation i the
trndge iteeit All the panels were made
with the 13 by nch Dy 1ot
Fress L am dimension matenal npped to k
shightly farge: than the tinat thickness ot
the dech panst Faneis A Test Senes
atie 4) were manutactued at £y
Panels Av Test Senies ,; (lable 4) weie E

e

N~y g o reta (e v

T




Figure & ~Laminatwv of Press Lam
JN@NISHVY JEOCR (AN Y IR D e
SHOGEIR AN (JOWe R Dioige A
A

LURE M SLEER VPR )

manutactured 1 a commaercial ghlam
manutactunng taciity  The bndge deck
paneis (27 R4 long 4 ftordftlmn
wide L3 i deep) were manutactured
1 & secomt commercial glulam plant
g ) Senes O panels and the bidge
dechk panels were made tfrom hnger -
jointed laninations, a8 18 commonly
Jdone in glulam brudge decks Voluntary
Praduct Standant PS 56-73 covenng
structural glutam lumber (1) was
tollowmt tor Test Senes 2 and the hinal

6
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Jeck assembhies. and a phenot
RSO IO AANOSA @ Was Used tor Both
the tinger jJoints and the tace Qlue joints

Guard Ralls, Curbs, and Posts

The tend 0ak guant ras cutbs. and
posts Aor the Fress-Lam bruige were
manutactured at FPL The procedute
Was geneotalhy the xa ne as that used (ot
the Douglas fe stninger manutactute
Ty U] COMPONAnts et saw: fiom
Meces of lanunatend rend can dimeansiion
stock

Preservative Treatment of Components

After finat dimensional dmt stractural
Chechs were made at FPL . all trdge
COMPONENts wer e fransporfend to a
commen cial treating facithty o creosote
Presenatne treatmont Previous work in
treating Coast Dougias-te Press-Lam at
FEL (aP) indicated that a moditied
Rueping process produced a total
Cranste loading of 11 6 pounds pet
cubue oot (Peh This wark, coupled with
apenence in treat g ted oak Press
Lam railroad i with creosote (J0) and
AWER A Standards (§), providend the
guntelines tor traating the bindQe
Companants

Because of the relativehy small size ot
the total charge. both species were
treated in one cylinder (hg Y For this
treating schedule the iihial atr pressute
of 85 st was heid tor 7 hours ang

KURY LR YRR

mantamed while the tank was filled with
Grade 1 cteosote The prossure was
then taisend at & tate of 1 psi por ovnute
untiiit teached 105 psc The pressare
Was heht constant and tempernatute
marntned at OO0 F for Jhowes A tinal
racuum of Jeanches was held tor )
hout Acconhing to treating plant track
scales the charge of 4 346 board teet
O 410 cutue teet piched upatotal of
4 00 pounds of creosote. whichs
equinalent to 9 8 pet Table S hists the
vreasote uptake for the more easiiy
worghed smaller preces of Doaglas te
And redd cal Press Lam The smallet
preces of Douglas tie had uptakes
rAanging fron 4 o 16 et whereas the
uptake of the red cak rangedd trom ° $to
10 8 pet This range in presenative
uptake was langer than previoush
encountersd S

Ingpection of the vanous compaonents
immediately atter treatment indicated
that the Jech panels were varny wet with
ONCORSA @ CTOsOe Solubion. whereas
the staingers and smaller Douglas te
A tedd QA preces IooRed Quite dny aing
clean As aresult of this obsen ation
the Jdech panels were intraduced mto
another traating cylinder on the
tollow g day anvd were subjectad to a
steaming treatment at 207 F for
Bours Allowed By 1 hout at avacuaum ot
JEanches It wag later noted that the




Table 4. ~Oridge duch duscription and test resvits

Seres Dech construction

1 Two panets ot 7 1t long v 30 i ande 1 6% 0
thach tested on 6 R span dech laminations
oapludingl

Two panets at 84 R iong « S Mt wnde v 14
ek tested on 8 % span spied
transversely to 1418 deep stnngers spaced
21t pmt

Type of test Load Bk
Sure’ LAY
n

Stiftness N on
e ed -

e Dad -

S0 ot

Strength M0 on
Stiftness Wl o0
on

o

W0l on

w

Strength (AR o
Wi oY

ot

[N an

1INy o

"Small dimension m dwachion of trafhe flow on didge Line kad apphed ovet 2 14y in wide Moch
Lodd Block placed st madspan on the dowel junt (o) adiacent {o the dowei junt (O o pacatiel fo the suppaits as 2 hing laad at medspan (=

Fov strangth tests. las! measuied Joad o to tadure
‘Detign wheel load = 17000 b

Table 3. -Treating reanits on Press-Lam Dridge compenents loss than § toet long

(imensions

In

v de 9
RN A
P 00 1N

¥
[RRARN
LR ERILY

Qoosole uptake

Avetage Range
Pt i
[ 99180
we ss e
0 TN
s Wwiws
§e HIN ]
e DR ¥ ]

Test specimens used 1 ovaluste oftect of preservative treatment on Dending streagth properties

steaming treatment caused sach deck
panel to expand 1 to 2 inches in width,
or about 3 percent

Inspection ot the treated material did
not reveal any serious problems. A very
slight amount of coliapse was observed
in two of the deck paneis and some
raised grain was evident. Some of the
lathe checks in the deck panels were
noted to tine up in such a tashion as to
promote a few through checks;
however. none of these axceeded 6

inches in tength  The preservative
treatment in general was considered
acceptadble

Bridge Design and
Component Testing

Preliminary Sridge Design

Previous work at FPL (23) suggested
that large Press-Lam timbers made from
low-quality Douglas-tir logs couid be
assigned an allowable bending stress ot
approximately 1,500 psi. The Douglas-

Defectn N
Maumum had undet hoed' Comments <
i In '
i
!
L [N i
LARLL R
AR R
YL R\
Sheat taduty 6 6 4
UL L\ desyn kad”
SO0 &
UL Y [N
UL (Y]
LY N
KLY [N
Paded ot & [\ desygn
RLLY R el
Paded ot 37\ Sessgn
$How R (3]
faded ot 4 (1 desgn
[ LA 2] hed
Paded 806 0\ desygn
000 83 nad
Paed at 6 6\ desygn
UL [ nod

tir 10gs used in this study were of
sigmiticantly higher qualty, and 2.00Q
psi wag chosen as a bast astimate ot
their aliowable bending stress

The AASHTO Specitications tot
Highway Bridges were used tor all
phases of the design (1). The AASHTO
calcutations tor bending and sheaat
stresses in the stringers are
straighttorward, and the load
distribution factors were deemed
appropriate. However, the design
equations for the deck did not appear to
be directly applicable to this design
Reasons tor discrepancies between the
generalized squations and the design
requirements of this bridge
contiguration will be discussed later

Based on the design equations ot the
AASHTO Specifications tor an HS-20
load rating. the preliminary design
stringer spacing for 4\ by 20-inch
stringers was caiculated to be 24
inches. The prelimingry design deck
thickness, based on AASHTO bending
moment requirements and previous




Forest Service experience with short-
span bridge design. was chosen to be
3 inches. Steel dowels "» inch in
diameter and spaced 10 inches apart
were salected to connect adjacent deck
sections

The design details of the secondary
structural material (1 .. curbs, rails, and
posts) were supphed by the Virgima
Department ot Highways and
Transportation

Bridge Component Test Program

Allowable stresses to be used in the
final bridge design were determined by
a test program. As thiswastobe a
prototype structure. there was no pror
service record on which to base any
engineering judgments needed in the
desgn The goal of the test program
was to define the matenal properties
accurately enough to ensure that the
bridge would be structurally sate. and
that 8 minimum amount of material was
used in the final design

Stringer Tests. —Longitudinal
stringers must resist loads primarily in
bending. Thus. the design stresses for
the stringers were established by a
senes of destructive bending tests.

Eighteen randomly selected stringers
were two-point loaded in edgewise
benaing to tailure in accordance with
ASTM D 198 (3) (tig. 4). Load points
were placed 4 feet apart and were
symmetric about midspan. Load and
midspan deflection were continuously
monitored during the tests. Typical
tailure involved a butt joint in one of the
outer plies

The average modutus of rupture tor
these 18 tests was 5,450 psi with a COV
ot 9 percent (tig. 5). The average
modulus of elasticity for all 36 stringers
was 1.71 million psi witha COV ot 7
percent (fig. 6). Based on these tests
and additional tests on treated material,
an allowable bending stress ot 2,000 psi
was derived (Appendix B).

In addition to the aforementioned
destructive tests, the remaining 18
stringers were proofloaded in bending
to ensure their structural adequacy. The
proofloading of wood members in
bending is not recommended for all
applications. Freas (§) determined that
some failures of wood ladders in the
1940°'s were due to minute compression
failures probably induced during a
proofioad. Lewis et al. (16) studied the

Figure 4 —8ending tests conducted on Prass-Lam biiage stringers KURRTIAY
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eftects of induced compreasion tailires
on the strength of box beams They
concluded that preexisting
vompression failures in these members
van cause a marked reduction in both
tensile strength and toughness For
these reasans indigctiminate use of
proofioading on members of unknown
strength or end use arientation has
naver been and is not now
recommended

The Press-Lam bridge stringers were
provofloaded under laboratory
conditions to a predetermined streas
level of 3,800 psi. This proofloading
providing a final quality control check
on the manutacturing process. The
members were installed on the bridge in
the same orientation in which they were
proofloaded Data collected during
proofloading was used as an indication
of which stringers would be most
suitable tor ingtallation in the biridge A
summary of reliability -based
calcutations was made regarding the
proofload level and selection criteria of
the 12 stringers to be treated and
shipped t tha dridge site (Appendix C)
Actually, only 11, which were randomly
selected from these 12, were required
tor bridge construction

Deck Tests. - The design equations
for laminated timber bridge decks in the
AASHTO Specifications (1) are bared
on theoretical analyses of a partially
loaded infinite strip of a thin, orthotropic
plate These equations, and the test
resuits used to verify them, were
originally pregented by McCutcheon
and Tuomi (18) However, the equations
are not applicable to designs which
violate the assumptions of thin plate
analysia For this design the stringer
spacing was so narrow that a double
truck tire print would essentially span
the full gap between stringers while
inducing little bending streas in the
deck

Although many closed-torm
mathematical solutions exist for
orthotropic piates (28). none were
considered to accurately madet this
particular bridge deck For this reason.
two series of tests were conducted to
establish the load-carrying capacity and
deflection characterintics of the deck
under a simulated wheel load (table 4)

In each test series the load was
applied in 5.000-pound increments A

Figure 7 --Serres 1 text xetup Ay 6Y%-nch thich Prese £ am yrdge dech on a 6 foof gran
WM 144 100 RY
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hand-operated pump was used to
increase the load gradually over a 1-
minute interval. The load was then he.d
constant for approximately 30 seconds
to allow for slectronic scanning and
recording ot all data channels prior to
the next load increment. This procedure
was repeated until the deck panels
tailed.

In Test Series 1, two 6'%4-inch-thick
deck panels were joined together and
center-loaded on a 6-foot span (figs. 7
and 8). This span/depth ratio was
chosen to axamine the plate bending
properties of Press-Lam. The first four
tests in Series 1 were conducted to
evaluate the elastic response of the
Press-Lam. The tinal test in the series
was conducted to failure. When loaded
to failure. this panel withstood primary
bending stresses of about 5,300 psi
before tailing in rolling and horizontal
shear (fig. 9).

Because the actual bridge
configuration was not modeled in Test
Series 1, Series 2 was conducted to
examine the deck/stringer system as it
would exist in the bridge itself. Two
pairs of 3%-inch-thick deck panels were
manutactured for Series 2. For each
test, a pair of these deck paneis were
dowel-connected and spiked to five
stringers. The stringers were spaced 2
teet apart and spanned 8 teet (figs. 10
and 11). A 14-inch stringer depth was
chosen with the 8-toot span in order to
approximate the tlexibility of the
stringers in the actua) bridge
ingtallation.

Ten tests were conducted to examine
such factors as dowel-joint rigidity, load
distribution, and deflection
characteristics, and the ettect of ioad-
block size on failure mode (table 4).

As expected, the modes of tailure tor
this serias were markedly different from
the rolling and horizontal shear failure
exhibited on the 6-foot span. Deck
tailures were of a “‘punching’’ type (tig.12)
when a small load block was used, while
stringers failed in bending (fig. 13) when
a standard double-tire print load was
applied.

Maximum failure foads ranged from
3.7 to 6.6 times the HS-20 design wheel
load. The deck materials were at about
12 percent moisture content at test, and
because the deck system was designed
for use at a moisture conteit greater
than 16 percent, a wet-use factor of 80

10

Figure 9.—Failure of Series 1 test deck in rolling shear (right). followed by hocizontal shear

(center).

(M 144 1081 1)

Figure 10.—Series 2 test setup for 3's-inch-thick Press-Lam bridge deck attached to stringers 2

feet apart on an 8-foot span.
percent was applied (19). This reduced
the expected range ot maximum failure
loads to about 3.0 to 5.3 times design
toad. Even with this reduction, the deck
thickness of 3'4 inches was considered
adequate.

Detlaction of this system under load
was largely as anticipated. The dowels

(M 144 430-21
provided excellent load transter with
minimal difterential displacement
between panels (tig. 14).

Other Tests.—In addition to the
testing of primary structural
components, two other factors
important to bridge performance were
examined~-spike withdrawal resistance




PANEL 2

TESTS 2€ 2F

TESTS 2C. 20

PANEL 2

TESTS 26, 2H, 21°, 24*

PANEL 4

B

1 2 3 4 s o)

STRINGER
POSITION

~~--DOWEL JOINT
L OAD BLOCK

PANEL 4

Figure 11.—Deck panel configurations for Series 2 tests. Only stringers 3 and 4 were damaged
in tests 2G and 2H. These stringers were replaced and two additional tests were performed

(21, 2J) with panels in the sarme configuration.

Figure 12.—Failure of Series 2 Press-Lam test deck in ‘'punching’ shear.

and the effects of preservative treatment
on bending properties.

Spike withdrawl properties of Press-
Lam were assessed in a limited study. In
10 tests, the withdrawal resistance of
Press-Lam averaged 70 percent of the
resistance of glulam. Withdrawal loads
of spikes driven directly into butt joints

- (M 148 102)

(M 144 450-2A)

were not significantly lower than the
others. Based on these tests, no
problem was anticipated in maintaining
a tight deck/stringer intertace.

Forty specimens of Douglas-fir Press-
Lam (1%2 x 4% in. x 8 ft) were tested to
evaluate the effects of creosote
treatment on bending strength and

stiffiness. Resdlts of these tests indicate
a significant reduction in both stiffness
(4 to 12 pct reduction, 80 pct
confidence) and strength (7 to 19 pct,
80 pct confidence) due to treatment.
These reductions are more likely due to
the conditions of treatment rather than
the chemicals used (31). The magnitude
ot the stittness reduction is comparable
to the 0 to 10 percent range predicted
by Luxford and MaclLean (17). However,
the reduction in bending strength is
slightly tess than the 15 to 25 percent
range cited by the same authors.

Because larger members would not
reach high internal temperatures as
quickly as these smaller members, the,
magnitude of the strength reduction tor
the large members was believed to be
less. Thus, using this limited data, the
allowable bending strength determined
trom the stringer tests was reduced by
10 percent (Appendix B) for in-use
application.

Final Bridge Design

Based on the resuits of the structural
component testing, coupted with the
design methods outlined in the
AASHTO Specifications (1), a final
bridge design was proposed by FPL.
Using the design aliowable bending
stress of 2,000 psi from Appendix B, and
the applicable AASHTO load
distribution factor, the stringer spacing
was widened from the 24-inch
preliminary design spacing to a 30-inch
final design stringer spacing. To offset
the resulting increase in deck stresses,
the final thickness of the deck was
increased from the preliminary design
thickness of 3% to 32 inches.
Preliminary design estimates of spike
and dowel size and spacing appeared to
be satisfactory. The final design (fig. 15)
was submitted to and approved by
bridge designers at VDH&T.

Installation and Evaluation

Instaliation

The VDHAT installed the Press-Lam
bridge structure as part of a bridge
replacement and widening project on
State Secondary Route 610, in the
George Washington National Forest,
100 miles west of Washington, D.C.,
near Orkney Springs in Shenandoah
County, Va.

A five-man bridge crew from the
VOHAT repiaced the existing

"
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Figure 13 —Failure of Press-Lam stringer in bending in Series 2 test (M 144 502.4)
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Figure 14 —Deflection profiles across dowel joint at three load levels (M 148 61%)
substandard one-lane steel stringer- the 5-man crew and 5.0 ft- per
timber deck bridge with the equipment-hour compares favorably
experimental two-lane Press-Lam with other bridges of similar size (26).

bridge superstructure in about 4 work The two-lane bridge spans 18 feet 6
days beginning April 18, 1977 (figs. 16 inches and is 26 feet wide from curb to
and 17). The labor and equipment used  curb. Eleven stringers, 20 inches deep
for the installation, has been compiled by 4% inches wide by 18 feet 4 inches
by Sprinkel (26) (table 6). The long were used. A total of five 3'4-inch-
construction rate of 2.7 ft? per hour for thick deck panels were used, three of

12

them measuring 48 inches wide and two
of them measuring 38 inches wide.

The Press-Lam bridge was assembled
quickly with only minor delays and
inconveniences

1. The deck panels increased in width
after steaming following treatment. This
difficulty required one bridge abutment
to be moditied slightly

2. The last panel was difticult to jack
into place because the jack could not
be positioned between the backwall and
the panel. A crane was used to support
the jacks as the last panel was
positioned

3. Creosote leaking from the Press-
Lam members caused undesirable
working conditions.

Although 4 days were required to
install the Press-Lam structure, the road
was closed to traftic tor only 1 work day
With experience. the bridge crew could
probably construct a Press-Lam bnidge
somewhat taster than reported here
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in-Place Evaluation of Completed
Structure

On May 4, 1977, a truck loaded to the
HS-20 design load level was used to
load test the Press-Lam bridge (tig. 18).
Scale measurements indicated that
each pair of wheels on the tandem rear
axle produced a load ot about 10,200
pounds. A taut wire and scale were
used on each stringer to measure
midspan detlections for different
loading positions. Stringer deflections
were slightly less than anticipated,
indicating that the AASHTO wheel load
distribution tactor is somewhat
conservative. A dial gage was used to
measure the deflections of the center
deck panel midway between selected
stringers for selected loading positions.
Relative panel deflections were small for
each of the positions measured,
indicating that the steel dowels
provided satisfactory load transter
between panels. A detailed report
summarizing the entire proofioading
test saries has been prepared by
Sprinkel (26).

Estimates of the type and number ot
vehicles using the bridge are being
made with trattic counting equipment at
selected times and from observations of
the number and type of vehicles using
the bridge during sach site inspection
Data were colliected tor several hours
during the first day the bridge was load




Nl 1 , L) tested and inspected. and tor a 24-hour
W period on June 1-2, 1977 (table 7).

” To get an indication of the number ot
large loads and overioads, mechanical
strain recording gages were installed at
midspan on the bottom side of tour
bridge stringers.

Long-Term Bridge Pettormance
o L Evaluation
ﬂ A ! The pertormance of the Press-Lam
Y U ] bridge superstructure will be monitored
 ae-gt i o5y over a 5-year period by the Virginia
T - Highway and Transportation Research
Council. This study will:

1. Evaluate the behavior of the bridge
subjected to a test load similar to HS-20

2. Monitor dimensional changes and

" 0 SP AT 30780 N relalive movements of the stringers and

deck panels. Attention wili be focused
Figure 15 —Construction schematic of Press-Lam dbridge over Stony Creek. Va (M 143 8ae) on gluelines, butt joints, and relative
deck and stringer displacements.

3. Monitor the moisture content of the
stringers and deck panels. Attention will
be focused on the condition of the
wearing surtace, drainage, and
superstructure areas where water might

Numb N cohect.
. ’ .
Actly Hows “\:" “ Worker hows Type “:\"'" ". Es“ma.t @ the type and number of
workets hours vehicles using the structure over a 5-
year period.
Moving Press Lam membets and crane Data on all four items were collected
10 bridye site O ! Bradge truck during the proofioading tests
1 Crane conducted on May 4, 1977 and in May
Erecting Press Lam stongers and deck 1978, and will be taken at the end ot 5
panels’ 1 6 461 Budye truch 18 years. Data on items 2. 3. and 4 were
Lrane e also collected 3. 6. and 24 months after

{ Prhup truck 16 ‘
1 Boom tiuck i installation
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Table §.~Laber and squipment required to install Press-Lam bridge (26)

{ abot tquipment

-
-
-

Attachung Press Lam rals and posts
and general cleanup 8 4§ 0 1 Ruudge truck s summal’y

1 Crane 8 Project Deacription
Totals KN 176 9% The concept of paraliel laminating
venear into thick sheets ot any width or
Includes approumatety | hout tor removal of eusting steel stringer imber deck superstructure The Rardware had been length has been examined as an
removed trom the snisting supersttucture white the substructure was beng widened alternative to solid-sawn timber or
glulam tor structural-size members. The
Press-Lam process. developed at the
Forest Products Laboratory (FPL), uses
Table 7.~ Bridge trafic eding data (28) a veneer lathe to cut the wood, a hot
press to dry it. and glue and another
N Number of vehrles press to reassembile the hot, dry veneer
umbet .
Date of 10000 0000 for sheets into tinished structural members.
Mours pounds pounds Total nout Press-Lam advantages include
increased yieids ot lumber trom logs,
'L B2 4 0 " " 15 more unitorm engineerng properties of
vl i . 1 " o1 finished products. and improved
penetration and retention ot oil-based
sSoa ! i 1A a i0 preservatives. A highway bridge.
801007 N N} 50 manutactured entirely from parailel
laminated veneer, was constructed to
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Highways Research Councii).

examine the performance of a tull-size
Press-Lam structure.

Bridge

The two-lane bridge épans 18 feet 6
inches and is 26 feet wide trom curb to

AR D
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Figure 17.—~Compieted Press-Lam bridge instailation (courtesy of the Virginia Department of

(M 148 217)

curb. The primary support members are
eleven iongitudinal stringers, 20 inches
deep by 4" inches wide by 18 teet 4
inches long. The transverse deck
paneis are 3% inches thick and 27 feet 4

inches long; the three interior panels
are 4 teet wide and the two approach
panasls are 38 inches wide. The stringers
and deck panels are made from
Douglas-fir. The guardrails, posts, and
curbs are made from red oak logs.

All bridge components are treated
with creosote to an average retention of
9.8 pef.

The bridge stringers were designed
according to AASHTO specifications.
The bridge deck design was based on
previous research and component
testing at FPL.

The bridge over Stony Creek. located
on Virginia State Secondary Route 610,
in the George Washington National
Forest, 100 miles west of Washington,
D.C., was instalted without difficuity.
Tratfic was interrupted for a total of 7
hours.

A 1-inch-thick bituminous wearing
surface was applied to the surface of
the Press-Lam bridge approximately 6
months after the bridge was erected.
This bituminous surtace is permeable
and therefore serves as a wearing
surtace but not as a moisture barrier.

Bridge Test Program

At FPL, 18 stringers were tested and
six deck configurations were tested to
tailure. The 18 stringers resisted loads
from 2.3 to 3.1 times the value selected
for design. The deck panels, tested with
a simulated wheel loading. all resisted at
least 3.7 times the HS-20 design load.

Approximately 2 weeks after
construction, the bridge was load-
tested with a truck having a tandem rear
axle weight of 41,000 pounds. This
truck produced stresses equivalent to
the standard AASHTO HS-20 loading.
Observed deflections under the
proofload were within acceptable limits.

The Virginia Highway and
Transportation Research Council will be
overseeing a S5-year bridge pertormance
evaluation program.




Figure 18 —Loaded rear tandem axle trailer used for load testing Press-Lam bridge (courtesy

of the Virginia Department of Highways Research Council). (M 146 216)
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APPENDIX A
Calculation of Volume Yield

Potential volume yields were calculated tor matenal tor bridge stringers denved
from these 23 logs by the Press-Lam process. and compared with calcutated yields
it the same logs wetre sawn by the Best Opening Face (BOF) method Total tog
volume was assumed to De dast charactenzed in terms of the avetage log atea (top
and bottom) and tog length

Number of logs 23
Number of boits (tor peeling) 151
Total log length

BOF 644t
Press-Lam 654 ft
Y Smakan log volume )

Average log diameter 24 4.1n (Fvum Av log area = Log length
P G
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av dia
2

Total log volume = ,~( ) * total log length

24 4)-' 1w
= - 44 1) = 2,091t
BOF ( 2 (644 1) 144 in: 2 ft
2440 )2 1 #
- = - 4 ) = 212411
Press-Lam ( 2 (654 ft) 144 1 :
Green
Press-Lam ¥
*
Veneer ;
Size: 21 5x 0 420 x 52 1n (0 272 1t {
»
Number 5617 e
Volume 0272ft'x 5617 = 1.526 ft*
Core ‘
; Size 95x52in 5
Number 151

For BOF calculations. assume core chameter = 9 0. and
bolt length = 8 ft
Coreyeld 22x3's 1689 x 2 72 (green dimensions)

52x4's 1689 x 3 75 (green dimensions)
Yield per 8-ft core 2 27 ft*
Totai core yield 2 27 ft' x 75 8-tt cores = 170 ft*
Total volume = 1526 + 170 = 1,696 it

Press-Lam Yeneer Recovery Factor

An estimate of the peeling efficiency can be made by comparing the volume of
veneer recovered with the volume of the annulus between the outer diameter and
the core diameter:

Annulus total volume = total log lenth (log area - core area).

24 4y 1
a =~ = 3251t
Log area ( 2 ) 144 5 ft

9 5)‘3 1
= - = (.49 ft-
Core area ( 2 144 9 ft

e wte

Annulus total volume = 654 (3.25-0.49) = 1,805 ft*
Volume of green Press-Lam veneer = 1,526 ft!

1.526
1.805

Efficiency ot veneer recovery = x 100 = 84 5 percent

BOF Dimension
Size t 714 x 5.248 (green dimension)
Average recovery per log = 67 ft!
Total volume = 67 ft*x 23 logs = 1,541 ft!
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Dry Dressed

Press-Lam
Dimension boards
Size (4-ply board): 20 x 1.5in. x 21 ft (4.375 f14)

Number: 258

Volume: 258 x 4.375 it = 1,129 ft
Moisture-shear sections = 7!
Unused veneer' = 34 1t

1.170 1t

—‘In addition to these dimension boards, some material was used for other

research purposes. In a production facility. this material could have been converted
into finished product.

Core

Dry volume/green volume = volume loss factor:’
2x3:(1.5x25)/(1.689x272) = 0.82
2x4:(1.5x3.5)/(1.689x3.75) = 0.82

Net volume = green volume x volume loss tactor:
170 x 0.82 = 139 ft!

Total volume = 1170 + 139 = 1,309t

BOF Dimension
Dry volume/green volume = volume loss factor:’

(1.5x4.5)/(1.714x 5.248) = 0.75
Total volume = 1,541 x0.75 = 1,156 ft*

“More shrinkage in BOF material (0.75) than in Press-Lam dimension boards
(0.82) was due to lower moisture content needed for lamination.

APPENDIX B

Methods Used to Derive Allowable Bending Stresses
for Stringers

The principles used to adjust lumber test data to allowable design properties are
those presented in ASTM D 2915 (4). The lower fifth percentite of the distribution
was estimated, and reduction factors were applied to account for load duration and
protection against overioad. A factor to account for preservative treatment was aiso
appiied.

As proofioading was to be used to assure the design levels, it was not believed
necessary to calculate tolerance limits. Rather, a point estimate of the fifth
percentile was made by standard statistical methods (20). The data were assumed
to be normaliy distributed and the fifth percentile was caiculated as ‘t'* standard
devistions beiow the mean. For 18 data points (17 degrees of freedom). t = 1.740.

Using the mean of 5,455 pei, the standard deviation of 503 psi, and letting NM
designate the near m:nimum of distribution,

NM = 5455~ (1.74x 503)
= 4,580 pei

The following factors then convert the near-minimum strength into the allowable
strees:

Load duration and accidental overioad: 0.475
Preservative treatment factor = 1/1.1

Thus, a design level of 4,580 x 0.475 x 1/1.1 = 1,980 or about 2,000 psi was
determined.
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APPENDIX C

Summary of Reliabiiity-Based Caiculations Regarding Proot
Load Level and Stringer Selection Criteria

Prooficading of Bridge Stringers

The 18 bridge stringers remaining after the test program outlined previously were
proofioaded in bending to check tor manutacturing defects and to assure structural
integrity. Previous testing of large Press-Lam members made trom low-grade logs
indicated that an approximate design stress of 1,500 psi could be used (9).
Although strength variability is quite low for sound Press-Lam timbers, one
specimen in this test program failed at a load 28 percent lower than the rest. This
specimen was later shown to contain a detective glueline. The proofioad level was
chosen to maximize the chance of identifying members with such detects while
mimimizing the chances of damaging beams that withstood the proofioad.

Literature

A recent study at Washington State University (27) examined the eftects ot
prootioading on end-jointed iumber. Resuits showed no signiticant reduction in
strength of end-jointed Douglas-fir specimens that had been proofloaded in
bending to 90 percent ot their expected uitimate strength.

Kisser and Steininger (12) tested small, clear specimens of three species and
tound microscopic slip planes (which precede the onset of small compression
tailures) at 60 percent of ultimate strength . and visible tailures at 80 percent of
ultimate strength.

Based on these studies, it was assumed that the onset of compression failures
(the cause of "damage’’ during proofioading) could occur at a range of bending
stresses from as low as 60 percent of uitimate stress (small, clear specimens) to
higher than 90 percent (end-jointed dimension lumber).

Proofioad Level

For the purpose of this study. a proofload leve! ot 3.800 ps: or 70 percent of the
average expected ultimate stress (83 percent of the estimated near-minimum
ultimate stress) was selected as a level that would minimize the possibility of
damage and maximize the hikelihood of detecting detective material.

As only 12 of the 18 stringers were needed for the actual bridge and all
sucessfully resisted the proofioad. several criteria were used in an attempt to select
the 12 strongest:

1. impressions of performance under load (audible cracks. discontinuous load-
deflection curve, etc.) were considered Any evidence of abnormal behavior caused
the specimen to be rejected.

2. The remaining stringers were used in order of decreasing modulus of
elasticity. The good correlation between strength and stiftness in Press-Lam has
been shown with smaller specimens. This phenomenon suggests that stittness
could be used as a criterion tor selection.

Damage Considerations

Statistical methods were then used, based on a set of assumptions, to determine
the probability that any of the 12 “"acceptable’ stringers were damaged during
proofioading.

Several assumptions were made regarding the shape of the data distribution, the
traction of ultimate load that would induce damage, and the eftectiveness of
stringer selection criteria. In this analysis, the data were assumed to be normally
distributed. Damage threshold levels examined were either 80 percent or 85
percent of the expected uitimate load. Two levels of selection effectiveness were
assumed: First, pertect selection (theorizing that the six rejected stringers were the
six weakest), and secondly, 50 percent eftectiveness (assuming that only three ot
the six weakest were eliminated).

As shown in Table C-1, only the combination ot the two conservative
assumptions leaves more than a negligible probability of damage in the remaining
stringers.

Subject to the conditions noted, the proofioad procedure proved to be an
effective tool for assuring the structurai adequacy of this experimental material.

:
&2
£ | 8
| B
3 g &
[\ -
§ g
[\
3 ®
o« 32
£ 3
s 8
e 4 g
8 \
5 E
g =
£
%8
&2
£
22
8 2
£8 ¢5¢
18 288 3
o8 889
g3 5°°
- ! :

0.20
006

‘a;, = stress level at which "'damage’” occurs.

ac 1 = ultimate stress level.

LT O N Ay, vt i L




