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PREFACE

This thesis was cannied out with the intent of dete:rmining the

str.uctunal integ::ity of a beam and floon deck system constructed fi:om

particleboard :reinforced with fiberglass. Appnopriate tests on the

materials wene penfonmed to detenmine their pnopenties. Then a composite

fl-oon-beam section was designed and l-oad tested to fail-u::e.
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CHAPTER ]

INTRODUCT]ON

l-..L Histonical- Background

The cu::r-ent shor-tage of building matenials is a ser:ious pnoblem

in constnuction wonk, and is likely to nemain a problem. This shortage

has.l-ed to spinalling construction cost, and to the.'need fon developing

new and cheapen matenials and methods of constnuction.

llood has been used as a building matenial since the dawn of

histony, fnom the wattte and mud shel-tens of antiquity to the gnaceful,

long-span glue-laminated stnuctunes of today. In par-ticulan, house

constr.uction today ís al-most excl-usively wood fname, and consequently

has been subjected to the same cost incnease expenienced in othen areas

of const::uction. Advances in technoJ-ogy have enabled the waste pnoducts

of the timben industny, such as bank, sawdust and ch,ips, to be combined

with an adhesive medium and compnessed into a pnofitable building

mater.ial- cal-l-ed rtpanticleboard" o:: rtchipboan:drl . Fon the most part,

panticleboand is used in furnitu::e, doon and walf panelling, and- in some

floon deck sunfacing. It has been used mainly in non-stnuctural-

applications.

Par-ticl-eboar.d is high in compnessive strength and low in

tensile stnength so that it is not suitab.l-e fon use in main st::uctuna.l-

elements such as beams and floon systems. Fiberglass on the other

hand has exceptionally high tensil-e stnength pnopenties and can be used

to pr-ovide the tensil-e nesistance in pa::ticfeboard st:ructr:ral el-ements.

The idea is similan to the use of steel- bans or cabl-es to neinforce

1.
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concrete. Pantícl-eboar-d r.einfonced with fibenglass appears to have

been investigated finst by A.F. Mclel-tan, P. Eng., of Winnipeg, Man-

itoba, who used some of the matenial in the constnuction of his own

home. He investigated some beam and floon deck assembl-ies with

appar:ently good nesul-ts. His eanly investigations have led to ::e-

seanch being initiated at the Univensity of Manitoba. Although some

good intr.oductony wor.k was penfonmed by two undengnaduate students [l],

the pnesent thesis is the finst seníous step in a proposed neseanch

pnogramme to develop a method of pr.oducing low-cost housing with

structur-al integnity using panticleboand r.einfonced T¡iith fibenglass.

1.2 Objective

The object of the study neponted in this thesis was to detei:-

mine the stnuctu::a1 integnity of a beam and fl-oon deck system con-

str-ucted fnom par-ticleboand r-einfonced with fibenglassl to assess the

degnee to which composite action between the beam and fl-oon joist and

deck system coul-d be reLied upon; and to ::ecommend, where possible,

a set of guide l-ines fon structunal- design.

1.3 lloi:k Penfonmed

The pnope::ties of pantÍcleboand and fiberglass wene investigated

by nunning a senies of tests on them. The pnopenties of pa::ticleboar.d

nequined fon design purposes are tensil-e stnength2 compllessive stnength,

modul-us of eLasticity, shea:: stnength, flexunal stnength and cr?eep

behavioun. The onJ-y pr-openty of fibenglass requined is the behavioul:
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in tension. The bond stnength of the glue between two panticleboand

pieces, two fibenglass pieces, and between panticteboard and fiberglass

was al-so checked. The glue that was used to bond two pantieleboard

pieces was white nesin glue. Epoxy glue was used to bond two fiben-

glass pieces, and panticleboar.d and fibergJ-ass

The composite floon-joist-beam section was desígned following

the nequinements of the CSA standand 086-l-g70 code [2]. The annange-

ment of the fl-oor- unít is shown ín Fig. l-.3.1-. The all-owable stnength

propenties hrel?e used from the tests by dividing the l-owest mean value

(see p. 50) of the uftimate strength by a safety facton of 2.0- The

composite floor.-joist-beam section was buil-t using nepresentative full-

sca.le dimensions. Lag screws wene used as fastene::s between joists

and beam. The shea:: strength between joist and beam was al-so checked.

The composite stnuctune was tested. simply supponted with two point

loads instead of unifonml5r distnibuted load. The toads wer:e applied

at one-thind of the span J-ength fnom each suppor:t. The composite action

was obsenved by measuring longitudina.l- stnain vaniation with depth of

a numbe:: of cnoss-sections. The slip between fibe:rglass and panticle-

boaird beam was checked. The slipping of joist was afso checked. It

was found fnom the ful-l--scale l-oad test that the deck was approximately

B0eo effective in its composite action with the beam unden full design

.Ioad. The composite action r^ias neduced when the foad was incneased.

The stnuctur.e faited unden a load of appr.oximately 2.7 times the design

load. Stnucturat collapse of the test fl-oon occur:ed when bond failure

in a fibenglass splice occu::ed. Just $nior to collapse' the structure

was suffer.ing eonsidenabl-e deflection and tension c::acks wene evident
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in the pa::ticleboand webs. It can be seen fi:om the test that pantícle-

boand and fibenglass act togethen very weff but that shean between the

fl-oor" deck and the beam is a serious problem. It is hoped that a

suitable fastene:: can be developed to use at this .l-ocation so that the

floo:: deck can aet as a fulty composite part of the beam.
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CHAPTER II

INVESTIGATION OF MATERIAL PROPERTIES

2.L Panticl-eboand

The natune of the manufactuning pi:ocess of panticleboard. feads

to the particles aligning themselves panallel to the sunface of the

boand but in nandom dinections within any plane panatlel to the surface

',,,':t. 
-. ,t 

t 
,:,',

The matenia.L then has distinct pnopenties par-allel and perpendiculan to '' -

the sunface. Tests wene penformed to detenmine the behavioun in . . ,,,
:

tension, compnession, shear, flexrrne and cneef both pa¡allel- ànd

penpendiculan to the surface, respectively.

2.I.L Tension Panallel to Surfac"

The test confonmed to ASTM Specification D 805-63 [3]. Each l

testspecimenwaspnepanedasshowninFig.2.L.L.ThespecimenS\^Iere
:

rnade both with the long dimension par.allel and tiransvellse to the long 
:

d'imensionofpa::ticIeboar.d.Thened.uced.section}iaScuttothesize

shown with a band saw. The minimum width and thickness of each specimen

at the r.educed. section wene measuned to an accuracy of 0.001 in. with ;;,: :::
'-:.

vennier calipens to detenmine the actual net cnoss-sectional- area. The . ',,
¡ . t. 

"'.',,','density of each specimen was al-so detenmined.

The 601000 lb. testing maching shown ín Fig. 2.I.2 was used fon

loading. The demec gauge shown in Fig. 2.L.3 was used fon measuning 
:

stnain. Each specimen was gnipped in the fixed head of the testing i' ' ' '",'','

maching and the demec gauge was attached to the ìpecimen using el-astic

rubben as shown ín Fig. 2.L.4. The load was applied continuously

throughout the test. The l-oad and the demec gauge neadings wene
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Fig. 2.I.2 - Testing Machine
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Fig. 2.I.4 - Assembly
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l_f,

observed to detenmine st::ess and strain pnopenties. The stness-str.ain

cunve was plotted and the modul-us of el-asticity was detenmined.

The resufts ane pnesented inTabl-e A-1.1 to A-I.4. It could be

seen that the strength of particleboand was dependant upon its density.

The rel-ationship between tensile strength and density ís shown in

Fig. 2.I.5. The mean val-ue of tensil-e stness par-al-lel to the sur:face

of 3/4 in. thick panticleboand fo:: which the long dimension of the

specimen was panal.l-el- to the long dimension of the board was found to

be 902 psi. with a standand deviation of 82.6 psi., and a coefficient

of var.iation of 9,L69o. The mean vaLue of tensile slness par.allel to

the sur:face of L/2 ín. thick particleboand for- which the long dimension

of the specimen was pai:alfel- to the long dimension of the board was

found to be 11093 psi. with a standand deviation of 77.1 psi., and a

coefficient of vaniation of 7.059o. The.mean value of tensil-e str-ess

panallel to the su::face of 3/4 in. thick panticleboand fon which the

long dimension of the specimen Ìias transverlse to the long dinension of

the boand was found to be 667 psi. with a standand deviation of

59.3 psi., and a coeffícient of vaniation of 8.89%. The mean value of

tensile stness panallel to the sur?face of I/2 ín. thick panticleboand

fon whích the long dimension of the specimen was tr-ansverse to the long

dimension of the boand was found to be 816 psi. with a standand devit'-

ation of 59.6 psi., and a coefficient of variation of 7.309o.

2.1-.2 Tensíon Per.pendicular: to Su::face

The method of test was based on ASTM Standand D 143-52 [3].

Each test specimen r^ras composed of panticleboar:d. pieces bonded togethen

by white nesin glue as shown in Fig. 2.I.6. Each specimen was weighed
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befor.e testing. The actual width and length of each specimen at, min-

imum section wene measurred to an accuracy of 0.001- in. with ve::nier.

calipens to determine the actual net cross-sectional- anea.

Each specimen was held in the speeía1 gnips shown in Fig. 2.I.7.

The 601000 l-b. testing machine shown in Fig. 2.L.2 was used for loading.

The l-oad was applied continuously throughout the test and only the

maximum l-oad was observed. The nesul-ts ane pnesented in Table A-1.5

and A-f.6.

The mean value of tensil-e stness penpendiculan to the sunface

of 3/4 in. thick panticJ-eboand was found to be 46 psi. with a standa::d.

deviation of 2.I psi., and a coefficient of variation of 4.57eo. The

mean val-ue of tensil-e stness penpendicular to the surface of I/2 in.

thick panticleboa::d was found to be 103 psi. with a standand. deviation

of 7.8 psi., and a coefficient of vaniation of 7.579o.

2 . l-. 3 Comp::ession Panall-el- to Surface

The method of test was based on ASTM Standand D 143-52 [3].

Each test specimen was composed of panticleboand píeces bonded togethen

by white resin glue as shown in Fíg. 2.L.8. The specimens wene. made

both with the long dimension par:al1eJ- and tnansvel?se to the long

dimension of panticl-eboand. Each specimen was made with special cane

to ensu.re that the end sunfaces r^relle panallel to each other and at

night angles to the longitudinal axis. Each specimen was weighed

before test. The actual cnoss-section dimensions and the length of

each specimen we::e measuned to an accunacy of 0.001 in. with vernien

calipens to detenmine the actual net cnoss-sectional anea and density.

i.-,r,1::,lt:_j

14.

The 601000 lb. testing maching shown in Fig. 2.I..2 was used fo::
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loading. The top platen of the testing machine was equipped with a

sphenical- bearing to obtain unifonm distnibution of load ove:: the ends

of the specimen. Each specimen was centened on the table of the testing

machine and a demec gauge shown in Fig.2.I.3 was attached to the

specimen using elastic nubben as shown in Fig. 2.I.9 fon measur-ing

stnain. The .Load was applied continuousJ-y thnoughout the test. The

-l-oad and the demec gauge neadings wer.e obser.ved to detenmine stness and

stnain pnopenties. The st::ess-stnain cu.rve of each specimen was

plotted and the mod.ulus of el-asticity was deter-mined.

The ::esults are presented in Tabl-e A-1.7 to A-l--10. The

stnength of panticleboand was found to be dependant upon its density.

The ::el-ationship between compnessive stnength and density ís shown

in Fig. 2.1.10. The mean val-ue of compnessive stx'ess panallel to the

su::face of 3/4 in. thick par.ticleboard fo:: which the long dimension

of the specimen was paralfel to the long dimension of the board was

found to be 2,008 psi. with a standa::d deviation of I27.4 psi., and

a coefficient of vaniation of 6.349o. The mean val-ue of compnessive

stness panallel to the surface of I/2 Ln. thick panticleboard for which

the i-ong dímension of the specimen was panallel to the long dimension

of the board was found to be 2,46L psi. with a standard devíation of

l-54.7 psi., and a coefficient of va::iation of 6.299o. The mean value of

compnessive stx-ess par:allel to the su::face of 3/4 in. thick particle-

boand. fon which the long dimension of the specimen was tr:ansvense to

the long dimension of the board' I^ias found to be I,642 psi. with a

standard deviation of 35-L psi., and a coefficient of va::iation of 2.L49o,

The mean value of compnessive stress panallel to the surface of I/2 in.
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thick panticleboa::d for which the long dimension of the specimen was

transverse to the long dimension of the boand was found to be 2,042 psi.

with a standa::d deviatíon of 51.8 psi., and a coefficient of variation

of 2.54eo.

2.1-.4 Compnession Perpendiculan to Sunface

The method of test was based on ASTM Standa::d D 143-52 [3].

Each test specimen r^ras composed of panticleboand pieces bonded together

by white nesin glue as shown in Fig. 2.f.11. Each specimen was

weighed befone test. The actual height, wídth, and length of each

specimen wêsr llt€¿suned to an accunacy of 0.001- in. with ver-nier

calipe::s. The density of each specimen was afso determined.

The 601000 Ib. testing machine shown in Fig. 2-L.2 was used

fon loading. Each specimen was placed fl-at on the tabl-e of the testing

machine . A 2 in. wi¿e steel plate was placed ac::oss the middle third

of the specimen with the long axis of the plate nonmal to the long

axis of the specimen and the dial- gauge was placed unden the plate as

shown in Fig. 2.L.I2. The load was applied continuously th::oughout the

test. The load and the dial gauge r"eadings ïiene obsenved to determine

Ioad and compression properties. The resul-ts ane pnesented in Tabl-e

A-I.l-l and A-l-.12.

The mean vafue of compr-essive str"ess pe::pendicuLan to the

su::face of 3/4 in. thick panticteboand was found to be 41556 psi. with

a stand.and. d.eviation of 204.6 PSi., and a coefficient of vaniatíon of

4.499o. The mean value of compnessive stress penpendicufar- to the

surface of L/2 in. thick panticleboand was found to be 7,490 psi. with

a standand deviation of 368.9 psi., and a coefficient of va:riatíon of

4.939o.
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2.L.5 Shean Par-al-lel to Su::face

The test confor.med to ASTM Standand D 1037-64 [3]. Each test

specimen was composed of pantícleboard pieces bonded togethe:: by white

:resin glue as shown in Fig. 2.f.1-3. Each specimen was weighed before

test. The actual- dimensions of the shear-ing sunface T¡IeÌ'e measur-ed to

an accut?aey of 0.001 in. with ve::nien calipens to determine the actual

net sheaning anea.

The 60,000 lb. testing machine shown in Fig. 2.I.2 was used for-

loading. Each specimen was placed with special cane into the shean

block and the shear bl-ock centened on the tabl-e of the testing machine

as shovm in Fig. 2.L.L4. The foad was applied continuously thnoughout

the test and only maximum .load was obsenved. The resul-ts ane pnesented

in Tabl-e A-l.l-3 and A-l-.14.

The mean value of shea:: stness panaÌIel to the sur-face of 3/4 in.

thick par-ticleboa::d was found'to be 234 psi. with a standand deviation

of l_5.7 psi., and a coefficient of vaniation of 6.7L9o. The mean

value of shean str^ess parallel to the sunface of I/2 in. thick panticle-

board was found. to be 343 psi. with a standand deviation of I7.7 psi.,

and a coefficient of var-iation of 5.1-69o.

2.l-. 6 Shean Penpendicu.l-an to Su::face

The method of test was simil-a:: to the shean test panall-e.l- to

su::face. Thene a::e two types of the specimen to test. Each type of

test specimen is shown ín ,'Eig. 2 . 1. 15 and 2 . 1.l-6. The ::esul-ts ane

pr.esented in Tabte A-1.15 to A-1.18' nespectively.

The mean value of shean str.ess penpendicufar to the sunface of

3/4 in. thick panticleboand type I was found to be 895 psi. with a

stand.and. deviation of 56.8 psi., and a coefficient of vaniation of
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6.359o. The mean value of shean stness per:pendicul-ar. to the su::face

L/2 in. thick panticJ-eboand type I was found to be 1,086 psi. with a

standand deviation of 77.6 psi., and a coefficient of vaniation of

7.L49o. The mean value of shear: stness penpendicular. to the sunface

3/4 in. thick par.ticleboand type ff was found to be l-r.l-38 psi. with

standand deviation of 45.6 psi., and a coefficient of va::iation of

4.0L9o. The. mean va.l-ue of shean stness perpendicular- to the sunfaee of

I/2 in. thick panticleboand type II was found to be 1,535 psi. with a

standand deviation of 67.3 psi., and a coefficient of vaniation of

4.3geo.

2.I.7 Fl-exure in a Pl-ane Panal-l-et to the Par.ticl-eboand Surface

The method of test was based on ASTM Standand D l-037-64 [3].

Each test specimen was pïaepaned. as shoi^m in Fig. 2.L.I7. The specimens

wene made both with the long dimension iparall-e.l- and tnansverlse to the

long dimension of panticteboand. The centen and end points of each

specimen wene manked for a 20 in. span. Each specimen was weighed

befo::e test. The actual depth and width.,at the cente:: and the length

wene measuned to an accuraacy of 0.001 in. with ve::nien cal-ipens.

The density of each specimen was a.l-so deterrnined.

The 601000 l-b. testing machine shown in Fig. 2.L.2 was used

fon loading. The beam supponts were set for a 20 in. span on the

table of the testing machine. Each specimen was placed on the supponts

and the dial gauge r^ras attached to the centen of span unden the specimen

as shown in Fig. 2.f.18. The.l-oad was app.t-ied at mid-span continuously

thnoughout the test. The .l-oad and the dial gauge readings lrene obsenved

fon plotting load-deftection curve. The stress at pnopor.tional 1imit,

of

.a
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2.L.Lg - Assembly
Fl-exune Test

of Panticfeboard Specirnen
Para.llel to Sunface
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2.I.8 Fl-exune in a Plane to the Par-tícleboand Sunface

31.

the

The

ultimate stness and the modul-us of el-asticity wene detenmíned.

nesults ane pl?esented in Table A-1.19 to A-1.22 respectively.

The mean value of bendíng stress in a plane pai:allel to the

surface of 3/4 in. thick pa::ticJ-eboand fo:: which the long dimension of

the specimen l¡ias par:allel to the long dimension of the boand was

found to be 842 psi. with a standard deviation of 4.0 psi., and a

coefficient of vaniation of 0.489o. The mean value of bending stress

in a plane par:a]lel- to the sunface of L/2 in. thick pa::ticleboand for'

which the long dimension of the specimen was parallel to the long

d.imension of the boand was found to be t'I04 psi. with a standand

deviation of 3.0 psi., and a coefficient of variation of 0.27eo.

The mean va.l-ue of bending stness in a plane panallel to the sunface of

3/4 ín. thick paï.ticleboai:d fon which the long dimension of the

specimen r^ras transvense to the long dimension of the boand. was found

to be 699 psi. with a standalrd deviation.of tl-.0 psi., antd- a coefficient

of vaniation of I.579o. The mean value of bending stness in a plane

panallel to the surface of I/2 in. thick panticleboand fon which the

long dimension of the specimen was transvense to the long dimension of

the boand was found to be 844 psi. with a standand deviation of L2.2 psi-.,

and a coefficient of vaniation of I.449o-

The method of test was similar to that of the fl-exure test

pa::atlel to the panticleboand su::face. Each test specimen was pre-

paned as shown in Fig. 2.L.Ig. The test assembly of each specimen was

shown in Fig. 2.L.20. The nesul-ts are presented in Table A-1.23 to

A-L.26, respectivelY.
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The mean vaLue of bending str-ess in a pJ-ane penpendicul-ar- to the

sur:face of 3/4 in. thick particleboand fon which the long dimension of

the specimen was panallel to the long dimension of the board was

found to be 955 psi. with a standand deviation of 14.0 psí.' and a

coefficient of vaniation of I.479o. The mean value of bending stress in

a plane pe::pendicul-ar: to the sur:face of L/2 Ln. thick par:ticleboa::d for'

which -the long dimension of the specimen was panallel to the long

dimension of the boand was found to be 968 psi. with a standar"d

devíation of I2.0 psi., and a coefficient of vaniation of L.24eo. The

mean value of bending stness in a plane perpendiculan to the sunface

of 3/4 in. thick pantieleboard fon which the long dimension of the

specimen was t::ansverse to the long dimension of the boand was found

to be 903 psi. i¿ith a standard deviation of 1.0 psi., and. a coefficient

of variation of 0.II9o, The. mean value of bending stness in a plane

penpendicu.lan to the sunface of I/2 Ln. thick panticleboand for- which

the long dimension of the specímen was tnansvense to the long dimension

of the boa::d was found to be 9I0 psi. with a standand deviation of

1.0 psi., and a coefficient of var"iation of 0.Il9o.

2. l-. 9-Cr.eep Behavioun

The cr.eep behavioun was investígated by flexune test. The

fl-exu::e,.ctleep investigations wer.e penfonmed both panall-el and tnansvense

to the sunface of panticleboard. The same size and shape of f.l-exure

test specimens r^rer-e used in these investigations. Tests wene set up

as sho¡m in Fig. 2.L.21 and 2.L.22. A 50 l-b. constant load which

stressed the mateniat to about 509o of the ultimate, blas used fon l-oad-

ing and the dial- gauge was used fon measuning deflection of each.
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Fig.2.L.22
Creep

- Assembly of Panticleboand SpecÍmen
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specímen. Ëach specimen was l-oaded fon 30 days and the load was then

removed. The defl-ections were obser:ved fon 30 days unden constant

l-oad and anothen 30 days after. the l-oad hlas rlemoved for l?ecovery. The

nesults are presented in Fig. A-J-.1 to A-1.4, r'espectively.

2.2 Fibengl-ass

The fiberglass used in this-,investigation consisted of glass

fibres oriented in the l-ongitudinal di::ection and embedded in a nesin

matrix. This matenÍal- is fow in weight, cornosion nesistant, non-

conducting and offens enormous tensife and flexunal st::ength. The

rectangular clloss-section of fibe::glass was used in this pnoject.

Tests wene perfonmed only to detenmíne the behaviou:r in tension

panallel to the surface.

2.2.L Tension Par-alfel- to Sunface

The test was based on ASTM Special Technical Publication

460 [4]. Each test specimen was pr:epared as shown in Fig. 2-2.L.

The gtue that was used to bond the fibenglass pieces togethen was M-Bond

2OO, a stnain-gauge adhesive. The actuaf width and thickness of each

specímen at the center l^ias measu::ed to an accuracy of 0.00i- in. with

vennien caliper.s to determine the actuaf net cnoss-sectionaf ar-ea.

The 60,000 Ib. testing maching shov¡n in Fig. 2.L.2 was used fon

loading. The stnain indicator shown in Fig. 2.2.2 was used fon measur--

íng stnain. The st::ain gauge with 67 mm. gauge length was attached

to each specimen using M-Bond 200 adhesive. Each specimen was gr-ipped

in the fixed head of the testing maching as sho'kn in Fig. 2.2.3.

The load was applied continuously thnoughout the test.



--l ''d¡

Ftg.Z.2.l Detoils of Fibergloss Specimen for Tension

Test Porollel to Surfoce.







4-L.

The load and the strain indicator. r.eadings wene obsenved fon detenmin-

ining stress and st::ain pnopenties. The stness-strain curve vlas

plotted and the modulus of el-asticity was dete::mined. The nesul-ts are

pnesented in Tabl-e A-2.I.

The mean val-ue of tensil-e stress pa::alleI to the su::face

fibenglass r^ias found to be 921000 psi. with a standard deviation

l-r549 psi., and a coefficient of va::iation of l.68eo.

2. 3 Gl-ue

The two kinds of glues that wene used wene white nesin and

epoxy glue. The white nesin glue was supplied neady to use, whereas

the epoxy gtue had to be mixed with a handener- befo:e use. The white

r-esin glue was used. to bond panticl-eboa::d togethen. Epoxy glue was

used to bond fibe::glass togethen and fiber.glass to panticl-eboand.

2.3.1- Bond Str-ength between Two Panticl-eboar.d Pieces

The method of test was simil-ar to the shear test panal-l-el to

the particl-eboand surface. Each test speeimen was composed. of panticle-

boar.d pieces bonded togethen by white resin glue as shown in Fig.

2.3.L. The resul-ts ane pnesented ín Table A-3.1. It coul-d be seen

that the shear-bond stnength of white nesin glue was highen than the

shean stnength of particleboa::d.

The mean val-ue of bond str-ess of white nesin glue between two

panticleboard pieces was found to be 524 psi. with a standand deviation

of 27.I psi., and a coefficient of variation of 5.1-89o.

of

of



Fig. 2.3. I Detoíls of Specimen f or Bond Slrength Test

Between Two Porticleboord Pieces.
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2.3.2 Bond Strength Between Panticleboand and Fibe::gl-ass

The method of test was simi.l-ar to the shear test panal-Lel- to

the pa:rticl-eboand sur.face. Each test specimen was composed, of

particleboand pieces bonded togethen by whíte nesin glue and one

piece of fibergl-ass was glued to -the panticleboar.d by epoxy glue as

shown in Fig. 2.3.2. The r:esults ane pnesented in Tab.l-e A-3.2. It

coul-d be seen that the shean-bond stnength of epoxy glue was highen

than the shean stnength of panticleboand.

The mean value of bond st:ress of epoxy glue between panticle-

boar.d and fiberglass was found to be 889 psi. with a standa::d deviation

of 50.0 psi., and. a coefficient of variation of 5.62eo.

2.3.3 Bond Str.ength Between Two Fibergl-ass Pieces

The method of test was similar- to the shean test par.al-l-el- to

the panticleboand sunface. Each test specimen was composed of fiber-

glass pieces bonded togethen by epoxy glue as shown in Fig. 2.3.3.

The nesults ane pnesented in Tab.Le A-3.3.

The mean value of bond stness of epoxy glue between two

fiber:glass pieces was found to be 504 psi. with a standand deviation

of 63.4 psi., and a coefficient of var"iation of I2.579o.
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Fibergloss

Fi9.2.3.2 Detoils of Specimen for Bond Strength Test

Between Porticleboord ond Fibergtoss.
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Fig.2.3.3 Detoils of Specimen for Bond Strength Test

Between Two Fibergloss Pieces.

rffi



Tension panalleJ- to sunface
(3/4" par.ticleboandÙ long dimension
of specimen panallel to long di-
mension of par-tieleboard

Tension panallel to sur.face
(I/2" pantícleboand) long dimension
of specimen par:alIel to long dí-
mension of panticleboar.d

Tension, panallel to sunface
(3/4" pai:tícleboand) Iong dimension
of specimen tnansvense to long
dimension of par.ticleboand

Tension panal-lel to sur-face
(t¡2" panticleboar.d) long dimension
of specimen transvense to long
dimension of panticLeboand

TensÍon per-pendicuLan to su::face
(3/4" par:ticleboard)

Tension penpendicula:: to sunface
(I/2'¡ panticleboand)

Comp::ession par-allel to sunface
(3/4" panticleboar.d) Long dimension
of specimen pa::allei to long di-
mension of par.ticl-eboai:d

Test

TABLE 2.L.I

SUMMARY OF PR]MARY TEST RESULTS

Mean St::ess
psi.

902

Standand Deviation
PSÍ.

1093

82.6

667

Coefficient of Vaniation
o-.Ò

77 .r

816

59. 3

46

l-03

9.16

59. 6

2 008

7. 05

2.L

7.8

8. 89

r27.4

7. 30

4.57

7 .51

6. 34

È
O')



TABLE 2.I.I (continued)

Compr:ession par:allel- to surface
(L/2" panticleboand) long dimension
of specimen panallel to long
dimension of par.ticl-eboar.d

Compnession parallel to su::face
(3/4" pai:ticleboand) long dimension
of specimen tnansve::se to long
dimension of panticleboand

Compr.ession pai:alÌel- to sunface
(l/2" par-ticleboar.d) long dimension
of specimen t::ansve::se to long
dimension of pantÍcLeboand

Compr:ession pellpendieulan to sunface
( S74tt pai:tieleboand)

Compnession penpendicuLan to sunface
(l/2" particleboand)

Shean panalJ-el to sunface
( 3/4" pa:.ticleboar-d )

Shean panallel to sunface
(L/2" pantieleboand)

Shean pe::pendicular to su::face
type I (3/4" par.tícleboard)

Test Mean Str:ess
PSí.

246L

Standar.d Deviation
psi.

1642

l-54.7

2042

Coefficient of Vaniation
90

4556

7490

234

343

895

35. I

51. I

6.29

204.6

368. 9

2.L4

15. 7

r7 .7

56. B

2.54

4. 49

4. 93

6. 7l-

5.16

6. 3s

{



TABLE 2.I.I (continued)

Sheai: penpendicul-ai: to sur.face
type. I (I/2" pantÍcleboand)

Shear. penpendicular. to sur:face
type II (3/4" panticleboa¡.d)

Shea:: penpendicular. to sunface
type II (I/2" panticleboand)

Flexure pa::alle1 to surface
(3/4tt par.tieleboand) tong dimension
of specimen par.alle.l to long di-
mension of panticleboard

Flexune panallel to sunface
(I/2" panticleboand) ]-ong dimension
of specímen panalle.l to long di-
mension of pa::tic.l-eboar.d

Fl-exune parallel to sur.face
(3/4" par.ticleboard) long dimension
of specimen transve:rse to long
dimension of panticl-eboand

Flexu::e parallel to sunface
(I/2" pa::ticleboand) long dimension
of, specimen tr.ansvense to long
dimension of pa::ticleboar.d

Test Mean Stness
psi.

i-086

1138

15 35

Standand Deviation
PSí.

77.6

45. 6

o/.ó

842

Coefficient of Var^iatÍon
%

1104

4.0

699

7 .r4

4. 01

4. 3B

3.0

844

11. 0

0.48

12.2

0.27

l_. 57

l-. 44

00



TABLE 2.L.L (continued)

Flexu:.e penpendicu.l-an to sur.face
( 3/4" par:tÍcteboar.d) long dimension
of specÍmen panallel to long di-
mension of par.ticleboard

Flexune perpendicular" to sur:face
(t¡2" panticleboand) long dimensíon
of specimen pairalle.L to J-ong di-
mension of pantÍ.cleboand

Fl-exune penpendicul-ar to sur:face
(3/+" panticleboand) long dimension
of specimen tnansvense to long
dimension of pantieleboar.d

FLexur.e penpendiculan to surface
(l/2" par.ticleboard) long dimension
of specimen tnansvense to long
dimension of pa::ticl-eboand

Tension panallel to sunface
( fiberglass )

Bond st::ength between two
pa::ticleboard pieces

Bond str.ength between panticleboar.d
and fibei:glass

Bond sti:ength between two
fibenglass pieces

Test Mean Str.ess
psi.

955

Standand Devíation
psi.

968

l_+. 0

903

Coefficient of Var.iation
o-
'o

12.0

910

92 ,000

52+

889

504

1.0

I.47

1.0

1r549

27.L

50. 0

63. 4

r.24

0.11

0.ff

1. 68

s. l-8

5.62

12.57 +
(o
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CHAPTER III

DES]GN OF FLOOR SYSTEM

3.l- Genenal- Design

i,,
The stnuctui:e was designed as a floo:: deck-joist-beam. The

pul?pose of this design was to develop a section whose component parts

that would act efficiently togethen; i.e. to develop composite action.
,:' ,'.,'.

Al-i- of the sections weïre designed following the r:equirements of the , '''

CSA standand 086-l-970 code [2]. The average of the lowest values of ;:,',,,,,:,,:

ul-timate st::ength obtained from the various tests (i.e. specimens
\panaJ.JeJ. and transvetlse to the long dimension of the boand) wene

divided by safety factor of 2.0 to obtain the allowable stnength. The

moduLus of elasticity of panticleboand and fibenglass wene used

directly fnom the average of the l-owest val-ues obtained fnom the tests

Themodu1usofe]-asticityofpantíc1eboandwas224',000psi.oand'the

modulus of el-asticity of fíbenglass hras 0,250,000 psi. The mod.ulan

natío between fibengJ-ass and panticJ-eboar-d was found to be 27.g

approximately and. to be consenvative a val-ue of 2s was used Ín the ':':.':...: .:;..:

design. The average of the l-owest values of ultímate stnength and. ',,', ,',

,..,..t,r',

the all-owable stnength of panticleboand obtained fnom the vanious tests

are pxôesented in Table 3.L.1-. The ul-timate tensÍÌe st::ength panatlel

to su::face-.of fibnegrass was 921000 psi. r so that the a'owabre tensir-e 
Ì,,.,,,,,,,,,

stnength panarlel to su::face was 46,000 psi. The density of panticle* :. ::'

boand and fiberglass were 0.028 and 0.07 l-b. per in9, r:espectively.

The fl-oon deck was designed continuously oven the joists which

hrene spaced at 16 ín. centens and a design J-ive l-oad of 100 psf. r^ias
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Tabl-e 3 .1-. 1

Ultimate and Allowabl-e Strength of Par.ticl-eboand

Type of Test Ul-timate Stnength
(psi. )

All-owabl-e Str:ength
(Psi, )

Tension Paral-lel to Sui:face

Tension Penpendicul-ar to Sunface

Compnession Par.al.l-el- to Sur:face

Compnession PenpendÍculan to
Sunface

Shear Pa::allel to Sunface

Shean PenpendicuLa:r to Sunface

Fl-exune Paral-lel- to Su::face

Fl-exure Penpendiculan to Sunface

667

46

L642

455 6

234

895

699

903

333

23

B2L

2278

LL7

447. 5

349. s

451-.5



used. Each joist was designed simpl-y supponted over a 4 ft. span and

was loaded by 11000 l-b. concent::ated load oven the ar-ea of 2 L/2 ft. by

2 L/2 ft. The beam was designed simp-ty supponted over a 20 ft. span

and was loaded by a 50 psf. distr.ibuted live l-oad. Composite action

between the deck and the floon beam was assumed. The single unit of

the f1oon beam section is shown in Fig. 3.1-.1-. Design calcul-ations

fon the floon beam system are given in Appendix B.

The degnee to which the deck can act as a comprlession flange

with the beam depends on the adequacy of honizonta.I shean transfer

at the deck-joist and joist-beam íntenfaces. The component pa::ts

were connected togethen with J-ag screws and the shean stnength at this

connection vras the subject of an investigation.

3. 2_ thea:r Test of the Deck-to.-Beam Lag Screwed Connection

A doubl-e shear test was perfonmed to find the shean str.ength.

Each test specimen vras prepaned as shown in Fig. 3.2.L Each specimen

repnesented two sets of floor deck, joist and beam fixed togethei: by

lag scnews. The dimension of each lag screr^r was 3/8 in. diameter: by

7 in. in length. The testing machine shown in Fig. 2.I.2 was used fon

loading. The top platen of the testing machine was equipped with a

sphenical bea::ing to obtain unifonm.distnibution of l-oad oven the

su::face of the specimen. Each specimen was assembl-ed on the tabl-e of

the testing machine and. the dial- gauge was placed under. the fixed head

of the testing machine fot measuning deflection, as showa in Fig. 3.2.2.

The .l-oad was applied continuously throughout the test. The l-oad and

52.
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Fig.3.2. I Detoils of Specimen for Sheor Test Between Porticleboord

ond Log Screw.
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3.2.2 - Assernbty of Specimen fon Shean Test
Between Particleboand and Lag Scnew
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the dial gauge neadings we::e obsenved fon detenmining load and de-

fl-ection pnopenties. The l-oad-defl-ection curve was plotted and the

l-oad at the pnoportional- limit was detenmined.

The r.esu.l-ts are p::esented in Table B-2.I. The .avenage value

of l-oad at the proportional- l-imit fon single shean was 640 lb. so a

safety facto:: of 2.0 was applied. Therefore, the allowable load was

320 l-b. for. one lag screw.
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CHAPTER IV

LOAD TEST OF FLOOR SYSTEM

4.1 Constr-uction of the Test Stnuctune

The stnuctu::e was constr-ucted using ::epnesentative fuff-scale

dimensions as shown in Fig. 3.1.1-. 3/4 in. thick pantícleboa::d was

used as the fl-oon deck. Each joist was mad.e of thnee plies of 3/4 in.

thick panticleboar:d bonded together with white resin glue. I/2 in.

thick pa::ticleboa::d was used fon the two webs of the box beam. The

top and bottom flange of the beam wene made of thr"ee plies of 3/4 in.

thick pa::ticleboard bonded together with white resin glue. The webs

and flanges of the beam wene bonded together with white nesin glue.

The fiber.glass was bonded to the bottom flange of the beam with

epoxy glue. The floon deck and each joist wene glued togethen with

epoxy glue to obtain composite section. A 3/8 in. d.iamete:: by 7 in.

Iong lag screll was used to connect the floo::, joist and beam togethen

at each joist. Joints in the panticleboa::d deck and webs wene spliced

to per.mit stness tnansfen across the joint.

Due to the shear p::oblem between the joist and the beam, the

stnuctui:e was l-oaded with two points .loads instead of unifonmly

d.istnibuted load. The loads were applied at one thi::d of the sp3n fnom

each end. to obtain zer-o sheal? in the middle third and constant maximum

shean from each foad to each suppo::t. The floor: beam in this negion

of maximum shea:: was shown in Fig. 4.I.I. Particl-eboard blocking was

pr.ovided between the joists to help r-educe joist rotation and slíp due

to shean. Each block was hetd in place with foun extra lag scnews'
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Each bfock was made from thr-ee plies of 3/4 ín. thiek pa::ticleboa::d

bonded togethen with white resin glue. The unifor-mly distnibuted load

was converted. to two points loads to pi:ovide the same vafue of bending

moment. The point load vafue resul-ting in a bending moment conr-espond-

ing to that due to a live l-oad of 50 psf. \ÁIas l-,700 l-b'

4.2 E>ad Test System I

The stnucture vras tested in the invented position to ensune

stabilities during loading. The structure was set unde:: two fnames

as shown in Fig. 4.2.L. Each support was hinged as shown in Fig.

4.2.2. The loads wene applied at each end thnough load cells with

hemispher:ical buttons usíng hydraulic jack loading. Each load cell

was calibnated against the testing machine shown in Fig. 4.2.g.

befo::e use in the test. This cal-ibration of the .load cell tnans-

for.med the stnain nead.ing to the load ::eading. The st::ain indícaton

shown in Fig. 2.2.2 was used with.a load cell- fon measgr:ing stnain..

The cal-ibnation chant of each l-oad cell ís pnesented in Fig- 4.2.4 and

4.2.5, ?espectively. The toad cefl with hemisphenical button is

shown in Fig. 4.2.6.

The extent to which thene was composite action between deck

and beam was d.etenmined from the variation of longitudinal- stnains

across sections of the beam. The demec gauge shown in Fig. 2,L.3, was

used fon measuring stnain. Stnaíns were measu.::ed at seven cnoss-

sections whose J-ocation along the beam are shol^In in Fig. 4.2,7. The

stip between fibe:rglass and particleboard was checked with the demec
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Model

Slroin

Ff - 772.

lndicolor NO.3

Seriol 73 - 50

Lood Ronge 0-6000 lb.

4000

i
o

3 sooo

Fig.
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4.2.5 CALIBRATION CHART OF LOAD CELL NO:z.



Fig. 4.2.6 - Load Cell with Hemisphenical Button
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gauge? The slip of the joist was al-so checked with the demec gauge.

Dial gauges were used fo:: measuning defl-ections at mid-span and at each

end of the beam.

The st:ructure was loaded in fou:: stages. Dur:ing stage I ,

the stnuctune was l-oaded up,to hal-f of the design l-oad (i.e. to

850 lb. at each end) and atl- of the gauge neadings Ì^iere reconded.

Duning stage II, the l-oad was increased to fult design l-oad (i-e. to

11700 l-bs. at each end) and all- of the gauge neadings were again

::ecor.ded. Aften that, the structu::e was btocked in place to obsenve

::elaxation of the loads untit the l-oading became.:constant at which time

all of the gauge neadings were again taken to detenmine cneep in the

str-uctune. This method of detenmining ereep behavioui: fnom the r-el-ax-

ation behavioun T¡ias chosen because of the difficul-ty of making pnecise

adjustments to the hydr"aulic jacks to keep the applied loading constant.

Stage fII and stage IV wene sirnilar to stage I and stage II ' but the

Loads wene incneased to one and a half and two times the design load

(i.e. to 21550 l-bs. and 31400 lbs. at each end, nespectively). The. l-oad

was then reduced to zeno and all of the gauge neadìngs I¡Iene neconded.

The st::ucture was then left unloaded fo:: the purpose of obsei:ving the

defl-ection recovet?y. V{hen defl-ection recoveï1y appeaned to have

ceased., all gauges wene nead again to deter-mine c:reep necovel?y in the

str:uctune. The stï-ucture was then l-oaded to failune and only the dial

gauge neadings wer:e obse::ved.

Duning the eanly testing phase to stage II sepanation between

joists an{ beam was obsenved at one end of the beam. At this point, the

loading was removed and steeJ- r.ods wene used to clamp the joist and

deck system togethen as shown in Fig.4.2.8. The stnuctu:re was then

netested.
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CHAPTER V

DISCUSSION OF TEST RESULTS

5.1 Test Results

The test :resufts pnesented in Chapten LI are those pentaining

to the appr-op::iate p::operties of particleboa::d and fibe:rglass. These

nesults led dinectly to the crite::ia used in the fl-oon design of

Chaptei: III and Appendix B. The test nesu.l-ts p::esented ín this

Chapter. refen to the l-oad tests pe::formed on the str-uctune.

As outlined in Chapte:: IV, thnee sepalate load tests were

penfo::med on the stnuctur:e. The fir-st test was to full- live l-oad and

the l-oad then nemoved; this was for. the pu:rpose of remedial- stnength-

ening of the joist-to-beam connection. The second test .tnias to twice

the design.l-oad and the load then removed to obsenve creep necovery.

Du::ing these two tests, strains and deflections hlelle measured. The

thind test consisted of loading to failune, with deftection readings

being taken duning loading.

The Ìongitudinal- stnain variations at the vanious cross-sections

of the beam ane plotted as shown in Fig. C-L.l- to C-I.7 inc.l-usive fo::

the finst test and in Fig. C-2.1- to. C-2.7 inclusive for the second test.

Taking the neutnal- axis of the beam as that axis wher-e the strain has a

zeno val-ue, the var-iation in the l-ocatíon of the neutr:al axis afong the

beam is dinectly obtainabte fnom the st::ain neadings. The pr:ofiles of

the neutna.l- axis along the beam at diffenent stages of J.oad.ing are shown

in Fig. 5.1.1 and 5.I.2 fon the finst test, and in Fig. 5.1-.3 and 5.1-.4

fon the second test. It can be seen fnom a companison of neco::ded
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neutt?al- axis l-ocation with the theonetica.l- locations for the beam with

fu]l composite action fnom the deck and fon the beam alone that the

deck did perform to some extent as a composite pant of the beam.

However, ít is evident that the deck did not behave as a fu11y composite

component of the beam, and moreover:, the effectiveness of the deck

decl-ined with increasing Load.

The amount of slip between fibenglass and pa::ticleboar:d, was

measur-ed at a numben of focations, the nesults being shown in Tabl-e

C-1.1 for the finst test, and in Table C-2.I fon the second test.

Although failu::e duning the third test ínitiated as a resul-t of failune

at this intenface, the amount of stip negistened dur:ing the finst two

tests was negligible.

The extent to which the deck wil-l- act as a composite stnuctu:ral-

compónent of the beam depends almost whoJ-Iy on the integnity of the

deck-to-j.oist connection and on the joist-to-beam connection. The

extent of the slip at the joist-to-beam connection was measuned at a

number of selected l-ocations and the nesults ane presented. in Tables

C-L.2 and. C-2.2 for the fi::st and second tests,,nespectively. It can

be seen that a ce::tain amount of slip took place continuously th::oughout

the test, a factor which is of majo:: cánsid.enation in l-oss of composite

deck action. The deck-to-joist connection showed no signs of slip.

As noted in Chapte:: IV, a study of cneep under constant load

was not pnactical fo:: the loading arrangement used. Consequently,

the rel-axation of load at constant deformation was measured. The

rel-axation of loads fon the fir.st and second test are shown in Eig.

5.1-.5 and 5.f.6, nespectively. In genenal, the loading became constant
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after one i^ieek. In the finst test, the rel-axation at foad stage II

was 302o approximately. In the second test, the nelaxation of foad

stages II and IV we::e l-89o and 209o appnoximately. The fir-st cnack of

the stnuctu::e as shol^rn in Fig. 5.f.7 occu:rl:ed at the bottom of the

particl_eboard beam, eight feet firom the left end when the stnucture was

l-oaded to stage IV in the second test. The clleep Ilecovelry of the

structure is shovm in Fig. 5.1.8. The cneep llecoveny was 259o app::oxi-

mately.

The l-oad deflection cut?ves of the test structure loaded .con-

tinuously to fail-une are shown in Fig. 5.].9. The maximum l-oad was

2.7 times the design l-oad approxímately. The final- failu::e of the

structuï.e is shown in Fig. 5.1-.1-0. The stnuctu::e could stil-l carny a

l-oad of appr.oximately t.5 times the design load after fail-une.

5.2 Discussion

Having estabfished that par-ticleboard neinfonced I^iith fibe:rglass

is a feasible structunaf medium' one of the most impolîtant factons in

the devel-opment of a suitabl-e floor system is the extent to which

composite action between fl-oon deck and beam can be nel-ied upon' ln

dete::mining the extent to which composite action is pnesent, a numben

of methods alre avail-abl-e, each of which will lead to a different

assessment. The methods which can be used ane as follows;

a) Taking a compressive stress in the deck of zeno as o%

composite action, and. a compnessive st:ress in the deck equal to that

obtained fr:om an analysís assuming full composite action as lO09o



Fig. 5.1.7 - Finst Cnack of Test Stnuctune
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composite actionr a detenmination of deck sti?ess bas,ed on strain read*

ings and the stness-stnain díagnam will- lead, by intenpolation, to an

assessment of the pnecentage composite action availabl-e.

b) The contnibution of the deck to the ul-timate moment of

nesistance compared wíth that for. a fully composite beam woul-d al_so

p::ovide an assessment of the deg::ee to which composite action was

being achieved.

c) A defl-ection analysis can be mad.e to asses,s the contnibution

of the deck to the stiffness of the beam. Taking composite action as

I00% when the actual- defl-ection was equal to the theonetical- defl-ection

of the fully composite fLoor. deck and beam section, and taking cornposite

action as ze?o when the actual- defl-ection r^ias equal to the theonetical

defl-ection of the beam alone, the pencentage of composite action can

be assessed fnom actual deflection neadings.

The finst method gives an assessment of composite action based

on stress considenations and is thenefor.e r.el-ated to the str.ength of

the stnuctur-e. The pe::centage contiribution, of the deck can be assessed

at any load J-evel- and at a number. of Locations along the beam. An

analysis of the test ::esu.Lts wene found to be as follows: In the

finst.Èest at the l-eft end of the beam the pencentage of composite

action avaitable fr-om the deck was 669o and 55% for loading stages r

and II, nespectively, while at,the night hand side it was found to be

459o and 229o, and 669o and 409o at mid-span. fn the second test at the

left end of the beam the percentage of composite action avail-abLe fnom

the deck r,¡as 66%, 609o, 5ïgo and 559o fon loading stages I? II , IfI and IV,

respectivery, whiJ-e at the night hand side it was found-to be 669o1 44eo,
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379o anð" 339o , and 669o , 559o , 469o ar'd 4A% at mid*span,

The second method gives an assessment of the composite action

available to r.esist ul-timate moment. tlhe::eas a theoretícal assessment

can be made of the values of the ultimate moment fon the beam al-one, and

for the fu1ly composite beam and deck system, it is not possible in

the p::esent investigation to make an accur:ate assessment of the com-

posite action. This is because the failur.e was pnecipitated p::ematunely
i:l.:,...:11:..;:.,1

by a fiber.glass-to-epoxy bond fail-ure, and a tnue ul-timate moment i^/as i"'';'.',',',',''

not obtainabl-e. An estimate of the ul-timate moment of the beam alone i:,,,,:.,, ,:,:,',
Ì::i:::::':;-::

is 2L ft.-kips. and that for. the fully composite section is 26 ft.-kips 
i

The actual fail-une moment was 23 ft.-kips. This l-eads to an assessmena ]

of 50eo composite action, but the assessment is pnobably low. l

The l-ast method outlined above is based on deflection behavioun.

As the modul-us of elastícity of panticleboard is considei:ably less

than that of timben, deflections become a significant facto:: in the

desígn of pa::ticl-eboand'itooo systems. Any eva.l-uation of the percentage

composite action availabl-e from the floor deck is thenefo::e based on

senviceability (as measuned by deflection pe::fonmance) nather. than on

stnength. Based on this method of evaluation the percentages of

composite action wene found to be as foll-ows: In the fii:st test, the

percentages composite action at l-oad stages I and If wene about 85% and

609o nespectively. In the second test, the per-centages of composite
; t , ,, ,

action at Load stages I, If , III and IV we::e about 909o, 809or 709o i,.'.:-::':

and 659o, nespectively.

The choice of which method to use in design would depend upon

whethen str.ength or deflection were being considened. The most suitable



sol-ution to this ditemna, of cou::se,

joist-to-beam connection penmitting

The movement of the l-ocation

it the development of a non-slip

IOO% composite action.

of the neutnal axis unde:l increas*

ing load can be explained as foll-ows: It can be seen fi:om str.ess-stnain

cur?ves of pantícleboard and fibenglass that the pnopoi:tional l-init

range of pa::ticleboard is consider.ably less than the pnopontional- l-imit

l?ange of fibengl-ass. In ,the structune , when the st::ess in the panticle-

boand has just reached the pnopor.tional limit, the stness in the

fibengtass is stil-.l- well within the pnopontionaf l-imit. The modul-us

of elasticity of pai:ticleboai:d is neduced, but the modul-us of

elasticity of.fibenglass nemains constant as the l-oad is incneased.

Consequently, the fiberglass becomes a morae significant structunal

component as the load incr-eases. For. this r-eason, the -neutnal axis

shown in Fig. 5.1-.1 to 5.1.4 shifts lowen ín the beam with incneasing

load. After: unloading, the neutnal axis moved al-most to the level of

fibenglass because of c::eep which had taken place in the particleboa::d.

That is, deflection r.ecoveray üias much greater in the fibe:rglass than

the panticleboand, as the stress leveL in the fibenglass üras stil-l-

bel-ow the pnopontional- fímit. As expected, it was found fnom the stnain

neadings that the panticleboa:rd cneep was considenabl-e wheneas fiber-

glass cneep was not detectable.

The particl-eboar-d cr-acked when the l-oad neached stage IV in the

second test. The cnack occur.::ed at the location of a particl-eboard

joint in the bottom flange because it was the weakest point in the

beam. The value of the stness at this pa::ticulan location obtained

fnom the stnain neading was in the onden of 700 psi. The value of stress
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obtained from a calculation assuming fu1I compos.ite action was about

600 psi. The actual stness is somewhat g::eaten than the theonetical-

stness as fuJ.l composíte action is not avail_abl_e.

The load-defl-ection curves of the stnuctune wene quite l-inea:n

because failune was due to a sudden slip of the fibe:rglass. The fiben-

glass used in the investigation contained a neleasing agent which did

not exhibit good bonding propenties with the epoxy grue. The stnucture

cou.l-d the::efone cat?ny e gneaten l-oad than the maximum load obtained

f::om the test, if fiberglass slip had not taken place. The faíl_ur.e

of the stnuetur.e might be a buckling of the deck at the maxirnum moment

pontion or shear along the webs of the beam.

V'lhil-e the test stnuctu::e behaved as an adequate stnuctur:al- unit

du::ing loading, the st::esses and defi-ections r^rere gueaten than antici-

pated by simple beam theor:y. As discussed ear.l-ie::, this ís due to the

fact that the deck was not fulIy effective as a stnuctur.al component

acting compositel-y r¡rith the beam. It is r.ecommended that stnuctunal_

design can be penformed based on simple beam theony, but that a pnecise

amount of composite deck-beam action cannot be rel-ied upon. The sol-ution

to this dilemma woul-d be to develop a sound joist-to-beam connection

capable of tnansfenning shean without slip on joist r-otation. Until

that time, the beam and deck should be considened as sepanate stnuctunal

el-ements. In any design, of coul?se, it is necessary to establish the

values of wonking stness to be used for the par-ticulan matenial-s employed

in the desígn. This would necessítate an adequate testing pnogramme to

establish the wonking stness val-ues fon a wide nange of particl-eboa::d

types and fiber.glass types.



Simple beam theory is bas,ed on the ass.umpti.on of plane sections

nemaining plane during bending, and on the assumption that the mater.ials

invol-ved obey Hookers l-aw. The va]idity of the fi:rst assumption is

appanent fnom the diagnam of st::ain distnibution, f::om which the effect

of joist-to-beam slip can al-so be seen. The validity of Hookets -l-aw

up to the design stresses can be seen fr.om the stness-stnain diagr:am of

the panticleboand and fibenglass. Using the mid-span str.ain disti:ibu-

tion at design load, Fig. c-2.4, and the modul-us of elasticity of the

material-s based on the stness-str.ain tests, the va.l-ue of the inte::nal-

moment of nesistance was cal-cul-ated to 134,400 l-b.-in. The actual mid-

span moment at the design load was l-36,000 l-b.-in. This close agneement

is funthen evidence of the applicability of simple beam theor:y.

86.
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CHAPTER VI

CONCLUS]ONS AND RECOMMENDATIONS FOR FUTURE }JORK

6.l- Concl-usions

An expenimental study to detenmine the stnuctur-al- integnity of

a beam and fl-oon deck s¡zstem constnucted fnom panticl-eboand :-einfonced.

r^iith fibenglass was und.entaken following a stud.y of the mater:ial-

pnopenties. These latten tests on panticleboand índicated that the

values of the var.ious pnopenties were dependent on the onientation of

the test specímen in the panticleboand sheet, and on the density of

the specimen. Howeven, the values of the appnop::i.ate engineering

pnopenties of panticLeboa::d and fibenglass obtained fr.om these tests

indicated that a reasonabLe st:ructural design could be perfonmed.

The ffoon system designed behaved reasonably well- unden load,

although stness level-s and deflections wene gneate:: than p:redicted by

simple beam theor.y assuming one stnuctunal unit consisting of deck,

joist and beam acting togethen. It was evident both fnom the stnain

neadings and the deflection neadings that the deck did not fonm a fully

composite component of the str:uctur-al system. However-, in genenal ,

simple beam theony is applícable as discussed in Chapte:: V. The tag

scl?ei4ls used as the joist-to-beam connection r^rere found to be an unsuitabl-e

medium for: pnoviding an adequate shean connection. Duning test the deck

separated fr-om the beam and the l-oad had to be nemoved while the deck

and floor wer-e cl-amped togethen with steel- nods. The extent to which

the deck behaved as a composite pant of the str-uctune va::ied fr-om

229o to 669o based on a considenation of stness level-s, and fr.om 60% to
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90% based on a consideration of defl-ection behaviour, Genenalry,

composíte actÍon neduced wíth incr¡easing load.

creep, which took place pnimanily in the panticreboandr lrâs

evident in the stnuctune at al-l- stages of toading and was evaluated by

a considenation of l-oad nel-axation at constant deflection. Cnçep was

found to be in the oi:den of L89o of nonmal desígn load., and Ín the or"d.en

of 209o at twíce the design toad. Upon load nemoved cneep necovery üras

259o.

Although final- failune was pnecipatated pnematunery by a slip of

the fibenglass, the stnuetune was stil-l abl-e to carny 2.7 times the

design -l-oad befor-e fail-une, and. after fail-une could stil-l sustain a

l-oad of l-.5 tímes the design l-oad.

The stnucture tested pnoved to be a veny adequate. load-car:rying

system of potential- use in house const::uction. Fur.then r.efinements of

fabr.ication technique, analysis and design wouLd i:esul-t in impnoved

stnuctunal behaviour and economy.

6.2 RecommendatÍons fon Futune I'lonk

As the panticleboand and fibenglass composite action represents

a nel^i stnuetural medium, there are many topics nequining investigation.

Some topics on consequence ane:

i) A cl-assification of the vanious types of pantic]eboand on

chipboand., and a compnehensive investigation into the mate::ial pnopenties.

Also, some additíonal informatíon on the pnopenties of the vanious types

of fíbengl-ass.

ii) An investigation of the joist-beam intenface and the
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development of a s,uitahle shean-t::ans.fer connection.

iii) The devel-opment of pai:ticl-eboard wall panel-s fon house

constnuction.

iv) The use of fibe:rglass as a medium fon pnoviding continuity

in panticl-eboard nigid frame constnuction.

v) The fir.e nesistance of panticleboand stnuctunal- elements

reinfonced with fibenglass.
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APPENDIX A

PRELIMINARY TEST, RESULTS

A-l- Pa::ticleboand

Tension Panal-lel_

Long Dimension of Specimen

TABLE A-I. ].

to Sunface (3/41' Panticl-eboa::d)

Panal-Ie.l- to Long Dimensíon of Panticleboar.d

r:. :: t.: _

ì .1 -''. .'ii.....

' :. ::::

Do
lb. /in. '

e ult.
in. /in.

l_

2

o

4

tr

6

7

I

9

t0

11

12

0.02853

0.02704

0. 02803

0.02793

0.027L2

0.02745

0.02763

0 .027 37

0 .027 54

0. 02795

0. 02785

0.02831

l_010

847

952

824

882

766

970

870

9+7

944

783

l-029

0. 004308

0. 003730

0. 004208

0.003287

0.002714

0. 0.02689

0. 003785

0. 003785

0. 003685

0. 003924

0. 00301-3

0. 003969

287

290

320

318

364

300

325

300

3s6

3L2

324

340

0.02773 0. 0035 91
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TABLE A-]..2

Tension Paral-l-el- to Surface (I/2't Panticleboar-d)

Long Dimension of Specimen Panall-el- to Long Dimension of Par-ticleboai:d

Specimen
No.

Da
rb. /inY

f . / /u].t.tp
psi.

E ult.
in. /in.

E
p

1000 psi.

02825

02 869

02730

02862

02868

0283 3

02 8r_6

o2828

II24

tl_6s

966

t_067

II92

1064

l-l-67

1001

004567

004856

00373s

003745

004532

00309 3

004059

o04522

335

360

360

400

400

4t-0

4l-0

335

Avenage o.02829 1093 0. 0041_39 376
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TABLE A-].. 3

Tensíon Panal-le.1- to Sur.face (3/4't Panticl-eboand)

Long Dimension of Specimen Tnansvense to Long Dímension of Panticleboard

f.',t.t'
i

ì

Specimen
No.

D^
lb. /inl

t.R{ "tt'
psa.

e ult.
in. /in. P

1000 psi.

I

2

3

4

5

6

7

I

9

0.02672

0. 02696

0. 02655

0. 02660 .

0.02729

0. 02690

0. 02639

0. 02650

0.02692

727

697

727

665

699

58I

585

596

725

0. 003546

0 . 0045 32

0. 0042 33

0. 003320

0.002988

0. 003088

0. 00321_7

0. 003536

0.004313

246

200

2L5

250

270

l-9 5

230

2r0

235

Avenage 0.02676 667 0. 003641_ 228
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TABLE A-]-.4

Tension Paral-l_el_ to Sur.face (L/2n panticl_eboand)

Long Dimension of Specimen Tr.ansvense to Long Dimension of pantic1eboand

ll.:

Specimen
No.

D^
ó

1Þ. ,/ r-n.

r
'tpll
psi.

ul-t. e ul-t.
in. /in.

E
p

1000 psí.

l_

2

o.02674

0. 02697

0.02716

870

845

/,JO

0. 003320

0. 00341-l_

0. 002448

330

380

380

Avenage 0. 02696 816 0. 003060 363
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TABLE A.1.5

Tension Pe::pendicul-ar to Sur.face (3/4" Panticleboar.d)

Specimen
No.

trleight
cm.

f ul-t.tpr
psi.

1

2

ó

4

q

6

(]

9

l-0

r_06

l_l_0

l-l-0

r07

107

l_08

tl_l_

1l_4

lri-

LI2

48

44

50

44

48

44

45

49

46

46

Avenage 46
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TABLE A-].. 6

Tension Penpendicular. to Sunface (I/2,t par.ticl_eboand)

Specimen
No.

I'[eight
gm.

f , ul-t.tpr
psi.

l_06

96

r02

9B

l_00

97

LL2

l-00

98

1L6

97

96

Avenage 103

' '':

i..:..:: :

i:;-:-i
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TABLE A-L.7

Compnession Panal-lel_ to Sunface (e74t, particfeboand)

Long Dimension of Specimen Panall-el- to Long Dimension of Particl-eboand

Specimen
No.

D

Lb. /in. 3
t"ol¡ 

"t'psi.
e ul-t.
in. /in.

ED

1 ,000' psi.

l-

2

3

4

5

6

7

I

9

l_0

i_r

T2

l_3

l_4

15

l-6

0.02748

0. 02684

0.o272I

0.o27L0

0.02672

0.02729

0 .027 67

0.02646

0.02782

0.02815

0.028L2

0. 02Bl-0

0.02679

0. 02686

0.02794

0.02729

2074

2050

2033

1844

l_809

r877

2079

l_854

2160

2246

207I

207 0

l-870

l_997

2I72

l_925

0. 01713r_

0 . 0162 35

0. ots687

0. 0l_2550*

0. 0t_71-81

0. 018302

0.0L8277

0. 0l-2649*'

0. 0t-7679

0. 0l-6L85Js

0. 0l_0956?'s

0. 014392?'s

0. 0r_4069

0. 017953

0. 0l-1752?'3

0. 0l-8376

2so

280

3l_0

300

245

300

285

280

252

335

340

335

310

300

320

315

Avenage 0 .027 37 2008 0. 0l-5586 291

1..Fail-unes outside gauge length
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TABLE A-].. B

Compnession Par.al_l_el- to Sunface (l/2,, particl-eboand)

Long Dimension of Specimen Pa::al-l-el to Long Dirnension of pantic]eboand

Fail-u::es outside gauge length

t. "

Speeimen
No.

Da
UfÞ./fn.

ton// tt-'

psi.

e ult.
in. /in.

F

p
1000 psi.

l-

2

4

R

6

0.0287I

0.02799

0. 02930

0. 0281_6

0.02817

0. 02855

0. 02901_

2526

2406

2749

2l_9 3

2406

2506

2439

0. 015563?i

0. 014442:l

0. 019396

0. 0l-t006fi

0.01-7330?'s

0. 019396

0: 017628

342

340

400

360

315

330

380

Avenage 0. 02856 2+6I 0. 0r_6394 352
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TABLE A-1.9

Compnession Pa::allel- to Sunface (S¡4,, panticl_eboar-d)

Long Dimension of Specirnen Tnansverse to Long Dimension of par-ticleboand

Fail-unes outside gauge length

Specimen
No.

D

]b. /inl
t.n/¡ ttt '

: Psi.

e ul-t.
in. /in.

.L
p

1000 psi.

t-

2

3

+

0.02712

0 .02679

0. 02673

0.02623

1634

l-666

i-679

1588

0. 009818*

0. 0l-3296:'s

0.0t-6583

0. 0t6557

260

240

2L0

2I0

Aver.age 0.02672 L642 0. 014064 230
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TABLE A-1.10

Compr-ession Pa::al-lel to Sunface (t/2" panticleboand)

Long Dimension'. of Specimen Tnansvense to Long Dimension of par-ticl-eboand

Failunes outside gauge length

Specimen
No.

D^
]b. /inl

ton /¡ ttt '
psi.

e ul-t.
in. /in.

Ep
1000 psi.

l_

2

\)

4

5

0. 02690

0 .027 34

0 .027 06

0 .027 05

0.02733

2055

l-987

1975

2099

2092

0. 0l-l428fi

0. 008021-*

0. 008872r'

0. 0l-8300

0. 00849t-'1'

332

33s

335

300

330

Avenage 0.02714 2042 0.0ILo22 326
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TABLE A_1.1]-

Compnession Penpendicular- to Sunface (3/4" Panticl-eboard)

Specimen
No.

D

l-b. /in. 3
f ul-t.cpr

psi.

L

2

o

4

5

6

7

I

9

10

0.02656

0.02675

0. 0267 4

0. 02646

0.026L2

0. 02499

0. 02643

0 .027 27

0. 02531

O .02'3)-7

451-4

45r8

4805

4368

4509

4204

4549

+872

4405

4819

Avenage 0.02628 4556

1'.-:
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TABLE A-l-;-l_2

compnession Per-pendicul-ar to sunface (L/2u pantícl-eboar-d)

Specimen
No.

Dô
lb. /in. o

f r u.l-t.
cp-L

psi.

I

2

.)

4

5

0.02710

0. 02851

0.02822

0 .027 03

o .027 00

6979

8097

7282

7 5L7

7573

Avenage 0 .027 57 7490

i. - l

li:-

1.., .: .
j..,--.,



f03.

TABLE A-1.]-3

Shean Paral-Iel to Su::face ( 3/4t' par.ticl-eboard)

Specímen
No.

i,leight
gm.

f*¿ ult.
psi.

I

2

3

4

q

6

7

B

9

t_0

L24

132

L2B

130

l'29

129

L27

t-34

L27

L22

205

237

2LL

236

232

237

224

260

2TI

260

Specimen
No.

Vteight
gm.

frrp// tft'
psi.

l_l-

T2

13

l_4

l-5

l-6

I7

l_B

l-9

20

l-32

123

L22

L27

l-31_

L25

1l-8

130

129

130

252

234

248

222

237

lzo

2L8

z,>z

258

23L

Avei:age 234

: ...Ì t':.
ll:..::::-.'
i -.,: '

i



TABLE A_].. 14

Shean Par.all-el to Surface (I/2,t Par.ticleboand)

Specimen
No.

Ueight
gm.

t*r, tt-'
psi.

L

2

3

4

5

6

7

I

9

10

l-r

12

L2L

L2+

1l_9

L20

L2+

12L

J-14

l_r8

IT7

L23

12L

116

365

Jóö

347

355

óJZ

314

335

327

343

313

350

373

Avenage 343
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TABLE A_]-. J-5

Shean Perpendicul-an to Sur-face Type I (3/4', ParticLeboand)

Specimen
No.

Vleight
gm.

f . u.l-t.vpr
psi.

t_

2

o

lrÌ

5

IO2

l-04

L07

100

100

841

927

987

884

835

Avenage 895
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TABLE A-]-. T6

Shea:: Penpendiculan to Sunface Type I (l/á,, Panticl-eboa::d)

Specímen
No.

I,üeight
gm.

f , ult.wÀ
psi.

I

2

'J

L24

120

L25

986

1r_75

1097

Avenage 1086

l.'::.: 'i . ;.
l:--. :_.



TABLE A-].. ]-7

Shean Penpendicul-ar to Sur.face Type II (3/+', Panticl_eboar.d)

Specimen
No.

lüeight
gm.

f . ul-t.VPI
psa.

L29

130

l'28

l_30

L29

1073

l_193

Ll-06

1l_36

1l_84

Aver.age r-138
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TABLE A_1. ]-8

Shear Penpendicul-an to Sunface Type II (I/2,, par.ticl-eboar.d)

Specimen
No.

Iteight
gm.

f ult.vpr
psi.

I

2

3

4

5

l-l-9

l_l-8

TL7

lTB

LL7

t-584

163 3

l_450

!529

r477

Ave::age l-5 35

i:-:-:.._
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TABLE A-]-.19

Flexune Panal-lel to Sur.face (3/4" panticl-eboand)

Long Dirnension of Specimen Pa::al-l-el to Long Dímension of Pa::ticl-eboand

Specimen
No.

n-.) Ulb. ,/ rn.
rlpfl Pt'

psi.
fon¡ ult.

psi.
ll

p
1,000 psi.

I

2

0. 02694

0.02736

846

838

l_652

1548

273

269

Ave::age 0.027Ls 842 1600 27r



l_t_O.

TABLE A-1.20 :::ì:::.::::r:j
:

Flexune Par.al-l-el to Sur.face (L/2,, Particleboand) 
¡.,,,,,,,_,, :
ir:-:.:;::;:

Long Dimension of Specimen Panal-le.l- to Long Dimension of Par.ticleboand l

Specimen
No.

Da
vJÞ. ,/ rn.

rup¿ el'
psi.

ton¡ tt-'
PSí.

r
p

I,000 psi.

l_

2

0.02714

0. 02691_

tl07

tL01

L826

lB03

313

305

Avenage 0.02703 l_t_04 t8L4 309



l_1r.

TABLE A-r'2r 
i""'.'

Fl-exune Par-al1el to Surface (3/4tt panticl-eboand) :'': 
'::

i

Long Dimension of Specimen Transvense to Long Dimension of Pa::ticl-eboard i:,',1.,' :

Specimen
No.

Da
lb. /in. "

fop/¡ el'
psi.

ton/¡ tt- '
psi.

E

p
1,000 psi.

1

2

0. 02646

0 . 02 6i_6

7L0

688

l_31_8

l_248

222

227

.Avenage 0. 0263I 699 r-283 224
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TABLE A_I.22

Flexui:e panalLel to Sunface (L/2n panticleboand)

Long Dimension' of Specimen Tr:ansvense to Long Dinension of panticleboand

Specimen
No.

D.
l-b. /Ín. "

fup// PL'

psi.
ton¿ t"t'

psi.
Ep

1,000 psi.

1

2

0.02617

0.02642

830

858

L+67

l_549

239

249

Avenage 0. 02630 844 15 08 2+4



frôJro.

TABLE A-]-. 23

Penpendicular- to Surface (S¡4,, par:ticleboand)

of Specimen P.anallel- to Long Dimension of Panticl_eboard

Fl-exui:e

Dimension

Specimen
No.

Dô
o

l--b. / ]-n.
fup¿ rr"

psi.
f- ul-t.bpf

psi.

!
p

1,000 psi.

l_

2

0. 02669

0.02667

969

941-

L912

r-8 30

363

375

Avenage 0. 02668 955 1871 369
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TABLE A_L.24

Fl-exune Penpendiculan to Surface (t/2,, panticl_eboa::d)

Long Dimension of Specimen Par.al-l-el to Long Dimension of Panticleboand

Specimen
No.

DÒ
l-b. /in. "

tonr tt'
psi.

f- . u.l-t.bp¿
psi.

E
p

1,000 psi.

I

2

0 .02729

0. 02668

980

956

2043

1967

439

401-

Avenage 0. 02699 968 2005 420

f - .- ..



l_l-5.

:

i.-'

F.]-exur.e

Long Dimension

TABLE A-]..25

Penpendiculan to Sunface (3/4,,

of Specimen Tnansvense to Long

Panticl-eboard)

Dimension of Pantic.l-eboand

Specimen
No.

D^
l-b. /in. o

f- PL.Þpr
PSi.

f ul-t.Þpr
psi.

E
p

1,000 psi.

l-

2

0. 02655

0. 02680

904

902

L782

l-804

345

343

Avenage 0. 02668 903 l-793 344
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TABLE A-1.26

F.l-exune Penpendiculan to Sunface (L/2,, Panticleboand)

Long Dimension.of Specimen Tnansverse to Long Dimension of Panticleboar.d

Specimen
No.

Dâ
I

t.Þ. / rn.
FDT'bpl'"'

psi.
f- r u.l-t.bpr

psi.
-L

P
1,000 psi.

I

2

0. 02645

0.02632

9r1

909

r-794

L764

353

367

Avenage 0. 02639 910 L779 360



E
c
.9

Ë o.to
.l)ô

Densily of Specimen

Conslont Stress

Allowoble Stress

Ultimole Slress

GreeP =54ïo

8t6?432
Time (Doys)

Fig.A-l.l Creep Porollel to Surfoce

=O.02683 lb./inl

= 496 Psi.

= 349.5 Psi.

= 1283 Psi.

Creep Recovery 84o/"

40 48

13f' Porticleboord).



Density of Specimen

Conslont Stress

Allov¿oble Slress

Ultimote Stress

= 0.02676 tb"¿inl

= 717 Psi.

= 322 Psi.

= l5O8 Psi-

Ê

Ëo
(,
@
.{-
(¡'ô

o.20

Creep Recovery =637"

24 32 40 48 56
Time (Doys)

Fig.A-1.2 creep Poroiler to surfoce ( Ë porticreboord).



o.40

o.20

Density of Specimen

Gonslonl Stress

Allowoble Stress

Ultimote Slress

Creep = 53 7"

lb./inl

Psi.

Psi.

Psi.

Recovery 67 V"

'."t

119.

1,:.:

l::::

= O.02583

= 660

= 451.5

=1793

Creep

E
c
.9
C'
c,
(1)ô

8t6

Fig.A-1.3 Creep

24 3?
Time (Doys)

Perpendiculor to

40 48 56

2t
Surfoce (74 Perticleboord) .
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Density of Specimen

Constonl Slress

Allowoble Stress

Ultimole Slress

Creep = 56 ïo

8162432
Time (Doys)

Fig.A-1.4 Creep Perpendiculor lo

= O.O27|O lb/inl

= 846 Psi.

= 455 Psi.

= 1779 Psi.

Creep Recovery = 77 o/o

40 48 56
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A-2 Fiberglass

TABLE A-2.I

Tension Panall-el- to Sunface

t.-'

Specimen
No.

f.r¿ uIt.
1,000 psí.

E_f
10,000 psi.

92

93

91

91

oÃ

635

625

620

625

620

Aver"age 92 625



r22.

4.3 Gl-ue

TABLE A- 3. ]-

Bond Stnength Between Two panticleboand pieces

Specimen
No.

U ul-t.pp
psi -

5s6

522

+92

496

553

Avenage 524

i.-..'

l.rr. .1'::rl.



. ll.:::l¡ :i:f lr::' ì :lit .i 
i; i:' :: ::.: :.::::' a

L23.

TABLE A-3.2

Bond Stnength Between Panticleboar:d and Fibenglass

Specimen
No.

U - ult.pr
psi-

1

2

3

4

EJ

953

91r-

806

910

865

Aver.age 889



L24.

TABLE A-3.3

Bond Stnength Between Two Fibenglass Píeces

Specimen
No.

U-- ult.ïï
PSi.

570

580

432

435

502

Avei:age 504
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APPENDIX B

STRUCTURAL PROPERTTES

B-l- Section Design

The dead ]-oad and live l-oad that used hrerae as fo.l-lows:

Live load on floon deck = l-00 psf.

Live l-oad on joist section = fr000 lb. ovell an area of ^
2 I/2 x 2 I/2 ft?

Live l-oad on ftooolbeam system = 50 psf.

Dead load of pantic.Ieboand = 0.028 pef .

Dead load of fibenglass = 0.07 pcf.

The span length and size of the var:ious sections wene assumed

as fol-lows:

Spacing of joists = t6 in.

Span length of joists = 4 ft.

Span length of beam = 20 ft.

Thickness of ftooi: deck = 0.75 in.
t

Section of joists = 2.25 x 4 inl

Section of Beam = 3.25 x 16 in?

Floon deck desígn

DL. = 0.028 x 0.75 x 48 = l-.0 l-b,/ín.
100 x 48LL. =ffi =33.4 ¡-b./ín.

Total Load = 34.4 l-b./ín.

r--" - 48 x-o'753 = 1.688 inl*NA 
12

^ 48 x 0.752 3
- -. 

! all .m6
QXn = 0'375 x 48 x 0'1875 = 3'375 in9

rtr -34.4x1-62max. t0 880.64 lb.-in.



Tronsformed oreo

Fis. B-l.l

I + ¡4þ25" 
I

31.25"-ì

4'

P
N)
O)
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f, max.
D

V max.

f max.v

A max.

Â al-l-.

rolo

M max.

f. max.
D

V max.

f max.

A max.

A all-.

= 
889;91
4.5

: l..l- x 33.4 x l-ô = 587.84 l_b,

_ 587.84 x 3,375
1.688 x 48

= 195.7 psi < f'all. = 349,5 psi.

Section is 0.K.

Joist design

DL.

LL.

= 0 . 59 Ib. /in.

= L7.78 l-b. /in.

0.0069x34.4xt04
224,000 x l-.688

l-6=-360

= 24.5 psi. < f all-. = l-l-7 osi.v

= 0.041- in.

= 0.044 in.

= 3.357 in.

Total- l-oad = 18. 37 Lb. /in.

.v

(16 x 0.75 x 4.375) + (Z.ZS x + x Z)
2L

= t( tu 
îuo'7t3) *

-.2.;; * 43.+ L (-- a¡-) +

= 275.ss (t .Í*.ïh7) = 427t.02s rb.-ín.

(ro x 0.75 x r.or-82)l

(2.2s x 4 x L.zs72)l = 4t.s7r inI

= 344.9 psi < foall. = 349.5 psi.

= 275. 55 l-b.

427L.025 x 3.357
4t-.571_

18.37 x 30

_ 275.55 x L2.678 = ?? rr neì
4l-.571 x 2.25 < f al-l-. = l-17 psi.

V

224,000 x 4l-.571
lra

= ä- = o'l-3 in'

8B9rl9. 394

= 2.I i-b. /in.

= l-6.67 l-b./in.

= 0.096 in.

Section is 0.K.

Floon-beam design

DL.

LL.

l :,--.r'-
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Total- load = 18.77 l-b,/in.

TABLE B-]-.1

Section Pr.operties

= 
191.?'193 = 12.774 in.79. 469

= 359.236 + 5376.355 = 5735.591 inl

= (36 x 7.976) + (7.87s x t-.851) + (3.601 x I.8005)

v

rl¡R

Q*e

M max.

Equivalent point

M max.

fO max.

fO all.

fO max.

= 308.196 in9

IB.77x(2Oxt2)2
a

135144l-oad=--Ìõ--=l-689.3

= 1700 x B0 = l-36000

l-36000 x l-2. 399
573s. s91

= 349.5 psi.

l-36000 x L2.774 x

= 135144 l-b. -in.

= 1700 ]-b.

l-b. -in.

294 psi (in pantic.l-eboard)

i: _. '

Section

A

.z
l_n.

J

l-n..

Ay

.3rn.

I

.4ln.

v1

in.

.2
AV-

.4l-n.

Top fJ-oon

Top ftange

Bottom flange

tlebs

Fibenglass

36

7.875

7.875

l-6

Lr-. 7t-9

20.75

l-4. 625

2.L25

8. 375

0. f875

747

LIs.T72

l-6.734

l_34

2.I97

1.6875

8. 039

8.039

341-.333

0.1373

7 .976

l-. 851

l_0. 649

4.399

12. 5865

2290.r97

26. 981

893.034

309. 619

r856. 524

Total- 79 .469 r-0]5.103 3s9. 236 5376.3s5

5735. 591
25

= 7572.3 psi. (in fiber"glass)



V max.

fv NA

A max.

A all.

= l-700 l-b,

_ 1700 x 30.8.196 _ o., rr noÌ
5735,591 x l-

ã
_ 23 x l_700 x (20 x I2)'
= 648x224000x5735.591

20x12
= __;!- = 0.667 ín.

óbu

< f_-al-l-. = l.l-7 psi.
V

= 0.649 in.

loo

Section in 0.K.

Hoi:izonta.l- shear. fonce at interface between joist and. beam

H max. - 1799-I ?92.136 x 10 = 136r.69 r-b. at each joist5735. 591-

Use lag screws 3/8r' dia. 7 in. long

No. of lag scnei^rs = 
1391:69 

= 4.26- 320

Use one 1ag sc::ew at each joist and use fou:: extna lag scrrer^rs

between joists in the maximum shean po::tion.
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B-2 Lag Scrreli

TABLE B_2.L

Single Shean Between Lag Scnew and Particleboand

Specímen
No.

PL. Load
(]b. )

Ult. Load
(rb. )

l-

2

3

4

tr

650

625

650

650

625

l_l_37

l-l-l_0

LLI2

L232

IL62

Avenage 640 l_l-50
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C-t Test I

APPENDTX C

STRUCTURAL TEST RESULTS

TABLE C.I. ]-

Slip Between Fibenglass and Panticl-eboand Beam

Loading
Condition

Left End
(in. )

Midspan
(in. )

Right End
(in. )

No Load

Stage

Stage ]I

Stage II
aften 6 days

Un.l-oaded

0

0. 0001

0004

0004

0001_

0

0009

0023

0020

0003

U

000 3

0007

000 I

0004
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TABLE C-L.2

Slip Between Joist and Beam

Loading
Condition

Left End
(in. )

Right End
(in.)

No load

Stage I

Stage II

Stage II
aften 6 days

Unl-oaded

tt

0.0144

0. 0469

0482

0252

0

0

0

05 89

3184

3l_84

r484
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Beom Foce I
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C-2 Test II

TABLE C-- 2.L

Slip Between Fibe::glass and Panticl-eboand B.eam

Loading
Condition

Left End
(in. )

Midspan
(-in. )

Right End
(in. )

No load

Stage

Stage I]

Stage II
after- I days

Stage III

Stage IV

Stage IV
after. 7 days

unl-oaded

un]oaded
aften I0 days

0

0002

0004

0004

0006

0008

0009

0002

U

0

0011-

0021_

0

0

0. 0020

0 0035

00570

0 0074

002 50

0 0016

0

0002

0007

000 8

00r1

0015

0015

0008

0006
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TABLE C-2..2

SJ-ip Between Joist and Beam

Loading
Condition

Left End
(in. )

Right End
(in. )

No load

Stage

Stage ]I

Stage II
aften 8 days

Stage III

Stage IV

Stage IV
afte:: 7 days

unl-oaded

unloaded
afte:: l0 days

0

0080

0 307

0320

0572

ro92

l_092

0692

0692

0

0300

l_500

1500

3500

5 600

5700

2600

2200
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