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Introduction

The purpose of thils investigation of the tirber-concrete
composite desizn is to talke advuntages in the locations uvhere
the timber 1s 2t low cost and the cement 1s rather easy to
obtain. In otl.ier words, this Investigation simed specifically
at a low cost construction with a corparetively long service,

The timber-concrete com-osite construction presented
herein 1s aimced at reducing construction costs, through
primarily reduction of the steel cost znd secondly of on-the-
Job lsbor.

In tuls connection, sone of the features by which this
design will accomplish constructlon et lower costs are pre-
sented in the following:

1. The stron_th properties of the concrote vearing
surface in combinstion with the timber has been

utilized to sunrort the lozd,

2.

-3

her

)

is no need for folsevorkx or form=-work

2. Detalls are such thet the rost available grsades
and sizes of lumber wey be uced; this is the most
econorlcal way to buy lurber,

Yo Steel or harduere is held to & minloum.

S. Span length is varicble, porulitting a selectlion
for an economic bLalsnee betwren decikt end sub-
structure

6. Loading =nd roadwuny wilim .ay be selacted to suit

~

local conditlions,
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. Panel units of the laninabted deck wny be shop
zbricated and asiecabled,

Labor costs at present 2onsiltate nesrly 59 per ceat of
the totsl eost auzsinst 1) per ecent for msterisnlse, 4 reduction
in labor coals of one=third would thus eflect a soving

per cent of tot=l cosli not fo mention tile reduecing costs of

)

materials,
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General Treatinent of the Composite Timber-Joncrets
Sonstrucilon,

The tiinber-concrete coiposite construction can be briefly
described 25 a laminated wood slab of treated plank ri_idly
Interlociked with a hesvy conerate mate. This assendbly Is trans-
foruad into a unilt adeiuate for bridse decks dexigned for any
standard highway loading, or for piers, docks, warehouse, raups
or otaecr struchbures reuirlag heovy duty floor.

The wood slab or tiqber base is usually of 2 iach plunk
on edge, ! to 12 iaches in width, depending on sp=n and losd,

The T tornate plank are of dAiffecent width, so to hiave a raise

0" 1-3/8 inch to 2 inches to fora tie longitudinsl srooves.

L

The sane effect inay be obtzined by using plank of btwo widths
and alternating then in the =ssembly. Small trapezcidal steel
plates-shear-develop-rs are driven into pre-cut transverse slots

in these grooves, forinlng the shear connection between wood znd
concrete, Unlift spikes or dowels =zre driven into the ralsed
lantnations on fron 2 to lL foot centers to restrain the ten-
dency of conecrete to curl, These are not tazen into account
in computing shear reinforcement, bub do aid to it.

The principal problem in the design of slabs, of vhatever
anture, is that pectalning to latersl distribution of a con-
centrated losd. Obvliously, one must know what load is to be
carried on the particulsr width of slab used as the unlt on

witich tie calculations sre based. Tie clenents that enter into

the problem are mnierons and difficult to eveluste, so depend-
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ence has been put very largely on empirical fopnulas,

Laminated wood pieces spiked togethner in accordsnce with

(6!
e

a glven pattern and sscurely bonded to a conerete mat functlion
effectively in carrying transverse stresses., '"here large

scale installatlions are involved it will be advantageous to

enploy prefabricated panels of uniform widihs made up of wood

Fy

jv]

laminations rigldly fastened together vwith spiral dowels and
accurately bored for driving of additional dowels ia the field,
to joln the separate panels in one whole slsb assenbly, The
dowels are effectively bonded in the wood tecause thelr
spirally grooved ridges lie outside the diameter of the lead
hole in whichh the dowel is entered, ZJonsequently, they vrovide
effectlve transverse rcinforcenent for the comnosite slab,

For ordinarily, the span lengths used in trestle con-
struction all plank should be full panel length, lald imnediate-
ly on the support in a direction p=arallel to the roadway center
line., VWhere in multiple span construction, a coatinuous, un-
broken deck 1s often deslraghle, one-third of the laminations
are butt jointed over the support centers and one-third at or
near each quarter-span point, the joints being m=de in regular
rotation. The theory back of tuils 1s no matter what kind of
arrangements are possible, 1t 1s necessary thst at least two-
thirds of the strips shiould be continuous across spllce joints,
In the above arrangement there are two-thirds of the strips
extend across snd are cffective at any of these polnts, and a

full timber sectlon extends throughout the midspan resch be-



twzen quarter points.,

Shear Devalopers and Unlift Spikes.
The shear developers are made of steel plate in travesoidal

shapes. Tue standurd disensions are 3=3/l| in. on the top and

1/2 in. at the hottom. A 3"

height or altitude of 3-1/2 ; v%{%é&/“‘
Q /
7

in. with a thickness oi 3/32

im. They are driven in the

74

pre-cut slots of the tiaber

1\

base, thelr tops protrude haA

1/2 in. sbove the timber so
as to engage the concrete mat,
The spacing of the shear developers is froa the plans and should
be followed accurately. However, a slight shifts in spacing
to avold any knots in the timbter vhich would prevent their
effective sesating.

The uplift spikes are also driven into the ralsed tinber
and taelr nrotruding heads

are envbedded well in the

20, 20", 207, 207, 20
concrete mat to preclude |7
eny tendenecy to vertiecsal 'g;dgfj'ﬁs;. _:Jd—--- j
separation between the
s & of Span

concrete and the timber
due to their curling
actlon of concrete induced by differentizl tenperatures on its

top and bottom surfaces,
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Concrete 1st,

The conerave to te pourad on top of the lamlnste 1in-

ter base foim a wat over the base and is only reinforced

for shirinksge and teqapersture stresscs to prevent crec<ing,
Generally the mat reinforcaesznt consists of a mesh mede up
of 3/0-in. or 1/2-in. round baprs pluced from 9 to 12 inches

on centeirs both longitudinally «nd transveprsely. However,

v

e

n continuous spans, where negative wmoment occurs over the

[
suprorts, sufficient strel 1s addad 1o Lele cere of the

stressas celeculrted, For reinforeing these stresses generally
the bars of ahoul 1wlf span leagth are sto_pered between the
loagltuding) bars, In ease the longltudinsl bars should

call for splieing, they are prefersbly to be spliced at mid-

span «wnd not over a supnort. The slternste bars should

extend across the J

oints in the timber base nespr the quartere

points,
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xperimental Treatment of the Composite

Timber-Concrete Conatruction.

Comparison of Ultimate Strength:-

It is essentisal, in the first place, to see if there is
any benefit resulting from the use of composite construction.
To start with we first compsre the ultliete strength of the
composite beams with thet of plain timber beams of correspond-
ing stem dimension. At once, we see that this is a fair com-
perison; for the reason that if the concrete deck were plsced
ﬁpon the timber base wlthout any connection between them, there
would be no increase in strength because of the deck. 1In fact,
if the timber base were removed from underneath the deck it
would not be able to withstand its own wel _ht for an average
span of, say, 20 feet. From the above, we see, actually the
deck would be a burden on the timber buase or strin, ers. However,
with proper connection or adequate shear reinforcing, as tested
by Cregon State Highway Departinent as in this connection, it
shows that the strength of the compnosite beam 1s nearly double
thiat of the corresponding plain beams. Therefore it concludes
that "If a most sultable tyves of shears reinforcings were em-
ployed th=t the use of the composite type of construction will
produce structural memnbers having an ultimate strengtih at least
twice that for the same materials sand sizes used independently'.:

A
"

Techinical Bulletin Wo.l, Oregon State Hipghway Department,
pp. 71
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Comparison of Ultimate Strength for
Bach Type of Shear Connection Average for

Series No. 1 and No. 2

Umare .57/?/7//4 = Jbousands of Punds

[ Papos
S/pts and
/%ézﬁﬁS
ﬁ%a#7§>5a5

# oA
Thaps
fipes
Flarr Beams

Note: This figure 1s taken from Technical Bulletin No. 1,
Oregon Highway Department, pp. 73

~
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Comparison of the Different Types of Shesr Connections.
Since the composite design is the combination in a
structural member of two elements having different mechanical
vroperties, therefore, 1t reauires a definite study about
the beheviors of the horizontal and vertical shears as well

as the end slip

@

t the junction of the two different elemnents
under different loadings including the alternated load. Viith
the ald of thls study a better and more effective shear connec-
tions can be nrovided so as to produce the best results.,

In this connection, I would like to quote some the wvork
cerried by r. R. H., Bzldock and Ir. C.,PE, LicCullough of Cregon
State Ilghway Depsrtment on Loeding Tests on a Now Coniposite-
Type Short-span Highwey EPrildge Combining Conecrete and Timber
in Flexure.

The tests have been carried on ty using two sizes of T-

beamse. Series o, 1 Iircludes all the beams of smaller size;

o+

hat is, those with 6" x 15" concrete flange and I x 1h"
timber webs, Series 'o. 2 i::ludes 21l of the teams of the
larger size; that is, those with 6" x 21" concrete flange end

6" x 16" ticber web. 211 of the timber used in the webs or
stems of the beans gruded somevhet under struchtursl Douglss

fir, the sticks being thus selected in order to represent the
lowest quality likely encountered under wctual construction
conditions. All of the concrele was of Class "D" mix as defined

o

in the "Specifications for 3tute Highwey Bridge Construction"

-

for the State of Creson. This is a noninal 1:2:3 mix designed



-11-

to produce conceste Wich w111 withistand rot lesa then 2,870

~—a

pounds per square Ineh =f 20 dsys and 1s the class gencrally

a1 k) '

used by tie Ore_on Stote Hi_nweay Departient Tor bridzs deciis
v ~ ~ - -~
Aive troes of 2heal connections eve tead, snd lwo besn
in excnl series for esclhi type of shecr conraectlon vere tested

n

ted

e
U

The flrst $ype of shear contection - type 1 - cons

of 3/%-in, by 8-in. round spikes, driven five lnches int:

O

the tinber web, Foles slightly sioller then thie s)lkes vere

bored before the sikes were driven 1Ia order to nrevent
splitiing of the tinber., The snllies were spuced every two

inches betreen the surorts wnd the losxd polnts =nd every

ve inches

b
I~

setweon the load polants, Furthernmore the spikes
were staz_ered in throe rows so as to furthoer reduce the
tandency tovsed spiltting of the tinber. After the spikes
were driven, thne top turce inches exteoded up sbove into
tire conerate when 3t was poured around theone

Type & consisted of daps In the wood, together vith the
keys forved in then Ly e conerete, Tetween the surports =

inctes lon with five

[}

the losd points, the

inches between the daeps. Fetween the load points, ti.e daps

v
L 4

vere six lpches long vith twelve inches cleszr betucen dobse

modificaticn., The specing of the dups vas the cane zs Type

but the s

ikes were spaced tuo In ench dup, on beb.oenn daps

between the supports w1d the lo=d roinbe, and none bet.ean

Type 3 was a comblination of Type 1 and Type 2 vwith 1107

b

f’l d

"t

~
<
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the load points. The daps were sawed out, and the spikes wére
placed before the timber was set up for pouring the concrete.

Tyve !} made use of pipes in place of spikes and in much
the same manner es the soikes in Type L. Two and one-half-
inenh pipes (outside diameter), four anl one-half inches long,
were driven two and one-half inches into the timber and allowed
to extend up into the concrete flange a distsnce of two inches.,
The pipes were spaced at six and one-hualf-inch centers between
the supports and the load points and twelve snd one-fourth-
inch centers between the load points. Foles one-sixteenth
inch smaller than the pipe diameter were bored before the
plpes were drivene.

Type 5 consisted of " x 3/L" x Ii" steel plates driven
into slots in the timber one Inch deep and allowed to extend
three inches into the concrete, ‘They were spaced eight and
one-helf inches apsart between the supnorts and the load points
and fourteen inches between the load points,

rrom the above arrasngement of shear connections, the re-
sults were swming up by lir. Baldocl and lir. kcCullough as
follows:

"First, the plain dap type of connection is wholly in-
adquate to develop the strength of the rest of the beam and
should not be used,

Second, slots and plates form a good connection from the
stendpoint of rigldly, but for the sizes used in these testg,

permlt the web to fail at low loads by horizontal shear be-



-12-
low the bottom of the plates, Since 1t is not feasible to
extend the plates far enough into the timber stem to rein-
force it against this type of fallure, the slots and plates
do not appear to be a sultesble type of connection.

Third, the plain spikes form a fairly satisfactory method
of reinforcing, but they rermit an excessive amount of end
slip and, conseqguently, too much deflection erd too much inde-
pendent action, thereby reducing the strength of the beans,

This leaves (1) the pipes and (2) the combined spikes
and daps as the most effective typves with little room for
choice between then., However, there is still one factor influenc-
ing the selection vhich has not yet been considered; namely,
that the combined spikes and daps are somewnat cheaper than the
pipes, esvecially in cases where the connection must be ex-
tended well Into the web to reinforce it against horizontesl
shearing stress, All in all, therefore, the combined spike and
dap connection - Tyve 3 - should be accorded first plsce with

Type li-pipes - a close second",
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Comparison of Deflection.

The matter of deflectlon will now be considered, It ap-
peered in the above thet th= usc of a rigld connection between
deck and timber base would sdd considerably to the stiffness of
structures of this type. At a slence of the following tables
will suffice to draw the conclusion that the deflection of a
suitable-connected composite beam under s given loading will not
be more than 25 ver cent of the corresvonding deflection for

the s=zme sizes and materials used independently.

Comparison of Deflections for 7ach Fair of Peans

Types of Shear Connection

" Load Flain Plain Spikes Fipes Slots &

F n Theo-
Spikes Daps & Daps Plates 13

ai
ams retical

Series YNo. 1

5,000 0.07 0.06 0.05 0.06 0.05 0.26 _——
10,000 0.15 0.13 0.1l1 0.12 c.11 0.5 0.10
15,000 0.22 0.19 0.17 0.19 0.17 0.8  —----
20,000 0,32 0.2 0.2 0.26 0.23 1.1° 0.21
25,000 0.3 0.22  0.31 0.23 0.30 1.53  ----
30,000 0,55 =--- 0,37 0.1 0.37 -——— 0.32
35,000 0.71 ---- 0.1 0.8 0.3 mmmemmem
0,000  ==== -=-- 0,52  0.56 0.51  =eme  cee-

All deflectlons glven in inches,
Hote:

This tabtle is t-ken from Tectinicsl Bulletin To. 1,
Oregon State Highway Department, op. 70
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Fair

of FPrans

Load

5,000
10,000
15,000
20,000
25,000
30,000
35,000
10,000

52,000
60,000
62,000

70,000

Yote:

r‘
Trs
A

M.
I
11

Flal
Spik

0603

0.06

Tynes of sShear Connection

n Flain

es Daps
0.0l
C.08
0.13

0.17

Series

0.03
0.06
0.10
0,13
0.16
0.20

0025

0.3

0.2

-

o) o]

De 2

AT
NO e

Spikes
& Daps

-
<

Pipes

0.02

0.28

062322
0.35
0.h0

O.,'s"{

e

0.51

0.57

A1l deflections given in inches,

is table is tsken from Pulletin No.l,
chway Department, Do

-

70

Slots & Plsin
FPlates Deans

0.02
0.h1
0.55
0.73
0.92
1.16

Theo=-
rectics1l

0.06

0.172

0.18

~n - -
Cre_on State



-16-
Comparison of IInd 3lips.
The comparin

of the saiount of end slip for each differcnt

~~
13
(3

r—

types of stear connections will be next considerved, The re-
slts of the comparison as teste?l by Ore_on 3tate Highway De=

giving the following staotement with talles to show

[

rartment

the enl ¢1ins for esch tyve of shicar connection:

- L4 - g B -
Comryrrisom of ¥nd Oli»s for “neh

s
2
Je
=3
o]
)

Tyopes of Shear Connextion

Lo Flai Plain Splites o Fipes Slots %
Spikes Deps DERE Flates

N
U

]._l
®)
-
[}
@]
w
[ ]
}.—l
[
Ul X0
[ ]
]
.
‘O =
[OA TR UV}
~J
L] [ ]
9 AGal

=
Ul
-
(]
®)
&)
D
=
N)
o)
3
AS)
J
3
N
\\,’(
.
0
I
=
o

=
Joe)
o
Ll
N
_\]
L]
-
~3
e
o

\‘_‘1
-
D
D
O
o
un
L)
~)
(9}
L]
o
n
L ]
O
o
.
@
n)
o]
L]
N

\D
D
-
)
Q
(@]
™
-
.
O
]
1
|
]
el
-
1
—
L ]
\ J1l
(WS ]
-
.
O

‘

35,000  101.0 - 1

- 4
L]
o
)
H
o
O
[ ]
n

10,000 =m-- -me- 1.9 12.2 171

A1l end s1rs Jlvaa in thoonssnds of an Taeh,



T.ood

£0,000
~
25,000

60,070
N ol
(.,‘p, ’_‘:'JO

70,000

The resalts of this conparison for
«8 shown In the above tables,
and daps
types s

probedbly due to the

fit in

10T &8

Toanarison of
Y

alr of Teans

Tyres of Shear Jonnection

™ . - .
Tlain la'n
™~ . %, ~ y -
LIS Dﬁ,()d
- -
(a0 L
Serlies
——— 1.8

=== 0.3

_— 12,1
———— 15.8
———— 1700

1243 3.5
20 26.5
20.° 27,
oo 374
56,8 —me-
70,4 e

~ive the least slin

< 4

the cases of the

8 Sivea In thousandghs o

michy greater snount of s

~Le . - (o]
DL Plpes Slots &
S Dens Flates

T:Oo [

0.1

- - - - -

O
N

—--- 7.3

S 1. o

O
L]
jV}

1
——— 109

O
.
0

2
L]
(W8]

P}
L ]
(OS]
=
\n
L]
]

,

?0.9 ?".3 )I.O
[a)

-——— 30.0 8.6

AL~ e I

——— BIvRal 12.5

L]

an 1nche.

bHeans tn serles Vo, 1

-

indicates th=t comblned spikas

next. The other three

Tin

- a4

tlhen these two,

difficully In jebtiing a tight
dans =nd the slots and plates



and to the toendeney to sporing snd bend 1a the case of the
plain snikes., The sane inforstion for the bezms In Serles Lo,
2. Slots and nlates gave the lecst woount of slip i1 thls
test, with spikes and daps second, and pipes third. The plain

spikes hold well for the lower losads, but as soon as thils type

of connection starts to slip 1t gilves rempidly. The plalin daps

g
glip at a fairly hizsh rate froa the start and contiame on to
the point of fsilure,

It is obvious thot the deflections of thinse bamms an’ the
aaount of end slip uzre closely related since tiie more positive
the shear connection the more nearl 1 sral

i
(=

te inte

®

is com

(
e

e

action attained, and, hence thie less vwill be the deflection.

affects of Alternated Losads

With the composite beaa when tested under the alternated
load, o certain amount of plastic disgplsceaent L1a coanection
with the end slip as 1t doos i1a the statlc loading. Howevecr,
there is a partlal elestic recovery. This plastic shear dis-
placement is undoubtedly the result of ti

ntening up or seating

& g ul
of the shear connections acconpanied by a local crusiing of
the timber fibers, or of the concrete, or of both. A4As has been
observed by the Orezon State Highway Department that as the
loading is alternately asplied snd released, further successive
increments of plastic displsascement becone smaller as the nunber

of loading cycles is increased, The total cwiulative plastic

slippage approaches a fixed and definlte velue =s thue load
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alternations are increased indefinitely.

"Tests to destruction of the besms subjected to the ap=-
plication of alternstcd loads indicated no avpreciable loss
in ultimate strengtih as a result of such alternsted losding.
Even the initlal pluastic displacements were of comparatively
small magnitude, and the additlonsal plastic increments very
rapldly decreased to 2 nearly ne;ligible value. In view of
tnese facts, tuere appears to be no danger of any msterial
alternation in the manner of stress distribution throuzghout

the cross-section of a well-designed composite beamn as a re-

P
o

sult of slippage at the shesr connection',

jo
—

Location of Heubtral Axls.

If there were no connection between the concrete flange
and the timber stem and e2chi scetion were perfectly free to
slip past the other, the top of the flange and the top of the
stem would be under comnressive stress and the bottom of each
section would be under tenslile stress with a neutral axis at
about the middle depth of ezech section. On the other hand,
if the connection between the two sections could be made ab-
solutely tight nnd rigld with no speing or slip of any kind,
entire intezsrsl action could be obtained and there would be
but one neutral plane, the same zs in any homogeneous beam,
However, there vias a very small slip between the concrete and
timber sectlons, as previously noted, snowing that the true
condition lies scinewhere between the above tio extremes, so

it would be expected that there would be two neutral axaes

- c e . ) o
Bulletin ilo. 1, Orecon State Highway Department, po. 01
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qﬁite close to eacn other and to the theoretical axls, de-
terinined by assuning an entirely rigid shear connection.

A8 the concluslion drawn previously by the Cregon State
Highway Devartment indicates that the Eype 3 and Type li shear
connections between the Junctlion of the concrete and timber
composite beam is more prefersble than the other tynes of
connections. Therefore a study of the neutral axis of the
composite beams will sccordingly restricted to these two types
of shear connections,

A discussion on the shear slip effects the neutral axis
of the composite beams in the researcnh by Oregon State Hithway

Department for the composite design reveals that if the shear

I
slippage were cvenly distributed throughout the outer third

sectors there would be no slip at the load points; but, pro-
ceading from the load point outwerdly, the slip would be cumulsative,
each increment being zdded to the preceding increment so that

the total end slip, as measured, would be the suan of the slip
increments from each lozd point to the end of the beam., Tlere

this condition to obtain, there would be no slippage betveen

load points, and the two nesutral axes would coincide with esch
other and with the theoretical position as obtained by epplying

the ordinary transformed section formulae”. This means that if the
more positive types of shear connection could be secured the slip-

page was not sufficient to materially modify the general stress

distribution and that within the range of accuracy demanded

>

o

Technical Pulletin No. 1, Oregon State Highway Departmnent,
pp. 80
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in designs of this character thieoretical formulae may be safe-
ly employed.

From what has been said, it is permlssible to use the
ordinsry transforiied section formulas for the neutral axis
in the composite design 1f the shear connections are of the
adequate and rigid connections such as the connection con-

sisting of combined spikes and daps.

Temperature zffect
Before any discussion of the effect of alternated ten-

peratures upon composite design of this type, 1t appears

C

necessary to arrive, 1if possible, at somec definite understand-
ing concerning the coefficient of thermal expanslion for Douglas
fir timber parallel to the grain,

All in all, the duta in refzrence to this property of
timber are very meager and pernhaps somewhat unreliable,
Koehler in his "Properties and Uses of 7ood" makes the state-
ment that "differ.nt {nvestigstors are not in close agreement
in their results for the thermal expansion of wood's Studies
by Hendershot of Syracuse University indicate that the density
of wood has 1little iafluence on thermnal expansion, but th-t
the presence of moisture sy increase the thiermal coefficlent
to a considerable extent,.

Hendershot's experiments did not Include fir timber, and
their only sp»licablllty to the case in point 1s by analogy.

Furthermore, the data do not include tenver-tures below freecz-

ing, and it is felt th.t the expansion of the molture in fulr-
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ly damp timber as the tenpnersatures drop below freezing may be
sufficient to counteract, in part, 2t least, the contrsction
due to noraal therimal movement in the timber fibers proper.
Ir., J. Elton Lodewicik, in charge of the section on Forest
Products, United States Department of ALgriculture, makes the
following significant comment:

"o

e 1o

1Je

nt, however, should be borne in mind in tiis con-
nectiom,  Increase In tenperature will cause expsnsion direct-
ly but, =t the sawme time, the increased temperzture tends lo
decressc the moisture content of the wood and the decrease is
always accompanied by a decrease in size, rron the mesger
investipgantions svailleble it would seem loglesl to dlsregzsrd
thermal expanslion in view of the larger shrinkage occuring

during drying".

£251In the Omithsonian Frnysical Tebles for 19

)

9 slive a
ue of 0.0000021 inch oer inch per degree Fshrenheit foir Ule

~

coefficient of thermal e ansion for wood, but no deta sre at

hant regarding the physicel condition orr the molstrre content
of the specimnens.

In view of a8ll of the sbove facts, 1t gpreurs the part
of wisdom to investigate the phenoriena develooped in theue
composite designs in the lipght of two hypotteses: (1) the
Smitnsonien coefficient (0.0000021 inch per inch per degree
Fahrenhe!lt) and (2) neglecting the thermal expsnsion and con-
traction of the timber stem entirely.

-e
L

In the tests of COrsgon State Iighwey Commissicon on com-

IS
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pesite beons, on elshornte studiel on thie effect of e -

trure elsn s on straeca 10 the Lesa,  The study wns carried outb

to find the effe -t of tonper lture climnge, Tonperature change
oyer-hes to e dT Ty stress Alstribution In Loo woygs =s Tollooss
firet, by restraining the noiviel wovaaent of concrele @0l

1 ber 41U Lhe junction of tlese tio weterisls, ~dditionsl

shesring stresnses re 1oduced otidlen aust obvicusly be pro-
vided for by Ineressing the steen th of e shewr comnactions,

Breond, by virtue of 1le secondary bending, tanper-toce

a

stresses ara set v vrlenh beecoue o waxiaan at the extirene

coneprzio aad Lisber, 1n othor words, et the top

of the cbncvete fi:ng e end ¢t the botton of the ftimber stew,
The conelusion dArswn froa the stove stuly s ¢s

"It vould apperr Biet the only te porsture stresses hice

necd to e Lawvesticated I ronnerntion ity tie dos

o - : -
vosite besus of tlhic tooe Tneluded in tis Tnvestilontilon :re

i e e A - 3 . R T R a T T
Nes s aadd Boobh {Tiase abould e detowinlaed

P . . * . e A -.
e ‘nnetion Hotnt s
v -~

by the following Tom ulees

~
- [ ’C CC t'
T = —=======-=
N o
e ot
14 -on-l
A !

c i

and T = A f Y= ===

I

where I, = the podulus of clastielty for the conerete fl-nje

£ = bhe wmodulus of clanticltby Tor tlis Lisber ceb
Oa = the thornad cocffliclent for concrete

AL = ares of the cross-section of conerote flenon



A, = ares of the cross-section of tinher steq

-]

n = Tiber stress at the botion of the conerete flinge
-

at the Junction polnt ot the center of the besm,
A -
F.o=

tiie total stress 1in conecrete flonge

o

n.n

In the sbove formuise tha terim 'm" po thie nanber

L
]
n
i)
X
-
-+
93]

B

of shiezr connections which must be ;rovidad for tempor=tiure
stiress (thiese, of course, to be in ~diition to tlie connections
necess=ry for tle troasference of load stress). The tera "s"

renresents the vealus of soecil shear connection, znd the term

o+
%

t" represer tite waximu rance in teoapersture froan the as-

[

. "
suned wean or constructlon tenperaoturc,

I would likze to quote tihe conclusions deavi up by thils

study ws follo s

"Variastlons ian teopersture produced stresses of su

clent mnonttude Lo verrent o defl

inlte proviston Tor tlie same

1 2 - C . PR b - Yo - r [P
in desi_one This Tentiie, lLowever, can be cdegontaly LeKen

-1
=
(o)

capre of throu_hh o proper dasi_n of the slizsr connection,

secondzary bLending resnlting feon theranl eflfects does not
apesr to induee stress o

“

aent of tension due to restraint

in the Jower rortions of thn concrete alab polints to tic

visability of an ndequate peveente e of lon_iltullnel toa-
rerature rels forcanent'.™
i Teechnical Pulletin o, 1, Grooon Stute Tl hosy Teparboont,

]A!
Vi )
iy'e S



Zvolution of Theory.

From wheat has been said before, it seeis, at this point,
it 1s necessary to develope the formula whereby the composite
mewnbers of this kind can be designed vithout resorting to
physical experimentation.

In the design of this type of member, 1t is obviously
first to assume, as in the case of all T-besm girders, the
thickness of the deck slab and then the transverse specing of
timber stems, TFor short spans, the thickness of the concrete
flange will probsbly be determined by the permissible minlimum
deck thickness (not less than 6 inches for modern highwey losad-
ings), end the spacing of timber stem or stringers will be de-
termined by the transvcrse currying capascity of the deck slab
exactly as in the case of a homogeneous T-beam design. ‘hen
the length of span increases, a point will be reached wherein
this method 1s no longer applicable, and it becomes necessary
to increase the thickness of the concrete deck so as to provide
sufficient T-beam Ilange,

A reviewing of a certain empiricsl restrictions 1is
necessary at this moment. For homogeneous concrete besms, the
standard specifications of the Amerlcan Lssoclation of State
Highway Cfficiels provide that the assumed effective T-bean
flange wicth shall not exce~d the following:

(a) Onc-fourth of the span length of the beam,

(b) The distunce center to center of bemns.
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(¢) Six times the width of the besm,
(a) =i, chit tines the lesst thiciness of the slab
plus the width of the glrder stem.
Hovi sssumin_ the adequate bond and shesr resistance have

been provided at the junction of stem and flange, the effective

J

flange widtihi assumed in the desi

cnocaleulstlion must be arbitraspily

C
selected in eccordance wilth the zbove cmpiricel restrictions,
However, the composite beams tested in connection with ti.is re-
search project carried by Oregon State Highway Department re-
stricted the flange width to four times the width of the stem.
It further st-tes that urless more cerneriinentszl work is done 1in
this connection the restricticon regesrding the effe~tive flange
width (that 1s four times the stem width) should be adhered to.
After the approximste dlimensions of the composite membiers
having obtained in the msanner ss mentioned, 1t remains necessary
to find the method for the determlination of stress. It 1s very
evident. that the stress anslysis involves two distinct pheses,
that 1is:
(1) The evaluation of the extreme fiber bending stress
(2) The cetermination of the shearing stresses in the
Junctlon polint and the design of proper connection

etalls.

Ab]
=

Q.

Taelh one of the two above will be conzidered in order,
1. The evaluation of the extreme fiber bending stress.

If an adeuate shear conncetion h:s been asstited to

sive a rigld end truly elastic J netion pl-ne, then the cosposlile
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bea1r may be desizned by transforming the commosite section into
an equivalent homogoneous section in the ordinsry menner which
obvionsly consists simply in multiplying the assuued flan
width by the ratio of the elastic rmodull of concrete and timber,
Ec/Et’ and theresfter trcsting the entirely beam es a purely
hoaogeneous tinber beam of the trensformed dimension.

It should, at thiis moment, to be borne in mind tlet the
above ascunption holds only for a rigld snd truly elastic sheor
conncetion. However, as steted previously (see cowmpsrison of
snd 31lips) thot a certaln @aanount of rlastic shear slippace and
the consequent forinstion of two distinct neutral axes, neither
of which 1s cotnclident with the conputed vosition for an in-
tesral comnposite structnre, The flrst phuse of this prolilom,

therefore, is the detercination of the cdepgree to 7iichh sueh

shear slipnuze operctes to wodify theoretlcal mesults,
The figures 1in the next page were talken froa Teechnical

Bulletin YWo. 1, Cre_on State Hi_ hway Dep:vtment, show Adistinct-

u

ly the relationship of each stress curve to the othe

figure contsins six curves (tlwce for tensile stress end Lrce

v

for compressive stress), The pair designeted #s "newusured

stressea" was obtained Tron e Yefopastions e tually neasuveld

during the tests and the modull of elastieclty us deterglaed cx-
periaentally for each bean., The curves wariad "theovelienl steas
cs" wes obhalned Ty troasforming the composite besn Lato an

on snd using the sofaal values for fthe

lch ece esperiaontelly detoegived for

e . .. - I o
Tt will ho necessary o po



thie "o asured 8tress

1n n

curves and thie "theoretical stresz" cinrves

are based vpon Lhe s moduli of elastieity, so thiath th=

Fal

vaprisatlon of fhese bun ecacves ghows Lhe dizerepsney inkro-

duced by shene S1Lp, age ot the counectlions with small er:-ors
in erperinent ts have bean introduced, Przobleally iIn ezch

c=se, Lthe tuo curves follow each other very closely, Hs-

1a e roanse within the worskine 11atts of the ma-

curves desizonestod as "desl;n styresa”

T™ie renninad sct of

have been produced in exactly the sam» momer 23 the theoretl-

cal str=ss curves erxcepl thiat, an assuwied modulus of elast

city (2,000,000 pounds per square inch for conerete and

1,500,000 pounds per siyuare ineh for tinber) instead of the

A
gctaal messured one have been used, TIn thls way, the differ-

1

ence betwoeon the "desizn stress" and "measured stress

not only showus the discrepancy arising froa snear sl!
and instrumentzl errors but slso the aorroes Iatroduced from
the variastion in elastic modull of the nm=terisls fromn the ss-
sumed values usnally employed,

s 1t points out fron the test tht "In exbtrene csses thc

o

!

varlation between "deslgn stress" =nd "nezsired 8tress" smounts

to as much as 25 per cent, but that for the averase coadition

] Z h] .
tenslle stress was 5.5 per cent below the desigr

&
«) per cent

stress, and the measnred compressive stress wss 5.0

above the design stress. It should be renenbered that sll
discrepancies or errors arising fron a varistion belwean

asziuned and actual elasbic modull are not peculi:r to the
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composlte type of construction but are inherent in 211 struc-

tures bullt of these muterisls whethier honogensous or couposlite,
From what have been said »bove, 1t m=y conclude thut,

viille there 1s somz discrepancy betweson the measured stresses

and those “feterminel by theory, the variations zre not suf-

ficient 11 magnitude to cause any aprreclable error Tor mater-

.

1c2ls of thhis charscter, Therefore the thizorstlical desi

[y}

formulae using averaze valuves for elastic modull may be safely
used,

There 1s one fact that the errowrs arising by a veriatlon

-
in the elastlic properties of thes individual materlals are con-
siderably greater thszn those introduced by shesr slippage

points to the advisability of determing the elastlc modinlus of

both timber and conecrete, whenever possible,

)

2. The determinatlon of junction point shearing stresses,

(

Tne shearing forces elonz the junction plane between
timber and concrete ars the horizontal shears due to dead
load, live load, 1lapoct and the shearing Torce set up frog
temperature variations. These shearing foreces must obviously
be resisted by the connect’ons between the jun-tion of the
two materlals., The provision for these shesring forces em-
ploys no new principle, It siuply involves the desizning of
connections wi:lch are adequate in shear and bearing.

Since thz most suitable shear connection as reconmended

previously was the combinatlon of splkes an’ daps = type 3 =
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For the present the discussion of connection will adnere to
this type of shear connection. Ilowever, in the practical

-

degign the shear developers will be used instead of spikes

i

and daps, because of its simplicity and econoinlcsal,and, give

just as adequate and rizid connection as spikes and daps.
For all vracticel purposes, 1t :nay be asswned that the

entire bearing stress talen by each spike is concentrated in

~ .

that one inch of length on each side of the junction plane,
Such an assunption will be safe and will glive reasonable re-
sults, and, for ordinary commercial sizes, it willl be found
that the factor of bearing against timber or concrete will be
the limitinz one.

In connection with the use of spikes (and 1t sliould be
remenbered that this type of connection is recomended only

in combination with daped joints), a maximum spacing of 6

[
()

)

inches should be employed regsrdless of the theoretical
number required to take care of the shear, A very important

point in connection wilthi the use of splikes

]
AW

snd daons is the
necessity of driving the spikes far enoughh below the junction
prlane to reinforeed the timber stem against failure by longi-
tudinal shezr in the timber fibers proper,

In the meschanics 1t has been shown that the shear on any

cross-section of a rectangulsar bean is distributed as the or-

dinates to a parabola in accordance with thie following formula:

s [e2 - 42
s_ = - | =m—————-
J I 2
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where s ;ne shear at the point in question.

S = the total shedr over the cross-section,

I = the moment of inertia of the cross-section
about its neutral axis.

¢ = distance fromn the neutr«l axis to the
extreme fiber

the distance froan the neutral axis to tue

plane in question.

Tne shear 1s, of course, a m=ximuwn at the neutral axis,
diminishing 1n accordsnce with the above law to zero at the
extrene fibers. It 1s apoarent thst there will be a plane
somevnat below the neutral axls, at and below which the re-
sidual shear can be carriled by the timber itself at safe work-
ing stresses, The spikes used in the junction plane connec-
tilon should obviously be driven to thiis point. They should
also extend uoward into the concrete about half the thick-
ness of the slab and preferably not less than 3 inches in

any ordinary designe
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The Practical Design.

Before taoaking up thes actual desizn of the tiuber-con-
crete composite deck a briefl sumnaries of whiat have been
seid 1s necessarye. The dead load and live load stresses

must be segregated and applisd to thie proper elements. In

{
continuous bemi or slab construction the distribution of
bending momsnt between midspan and support will depend upon
the elastic properties of tihie assembly. In order to deter=-
mine the position‘of the neutral axis, moment of inertia,
and section modulus, 1t is necesssry to transform tlie assemb-
ly into a hypotieticzl wood section, wiilch is done by multi-
plying the steel area by the ratio of the modulus of elastlci-
ty of steel to thut of wood as explained previously (which
is usually taken sas 18.75 for southnern pine and Douglas fir),
It should be noted that the critical condition for which
the member shiould be deslined exlsts when the slab is first
pisced In servlice, before the concrete has =ttained 1lts ulti-
mate modulus of elasticity. Consequently, 1t is necessary
and be conservative to treat the assembly as a homogeneous
timber bean throughout the reaches where the concrete will be
in conpression, tuat 1s Ec:gt' As in continuous spans over
supports wnere the tinber sectlon will be in compression, the
c=tive bending monent is reslsted by the steel 1n tension
and the tlaber in compression, The conerete is considered to
hzve no value in tension.

™z entire dead loadl of tinber znd concrete fzalls to the
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timber section slone, and not to the composite assembly (cen-
for support of cornposite decks nmvy Lie required in ex-
Tre celeulation of stresses for deed losd iIn a continu-
cug span construction will cdepend upon the relative magnitude
of the positive end negative bending moments at criticel
points. Fowever, because of the joints in the tirber suvb-
b:se, thiere 1s no known theoreticsl tasis on vwiieh to csleu
late these wonents in wecordance with: the action of a con-
tinuous bewn of vurisble worment of irnertis without resorting
to actual loudirys tests In order to deteoimine these factors,
Sueh tesls hove shoun that for & continuous iLimber subdeck

with Jjoints &as above described the pos

J itive and negetive bend-
ing woments for uniform desd load in inlherlor spans are very
nesrly equels TFor &l1] pracltieal purposes, each can be ta<en

s 50 per cent of the slmple span dead load mouent and they

occur simultuneously. Post

t

ive moment in end spuan wlll be

sli_htly greater, usus=l

)
<<

sssumed at 60 ner cent of the simple
span monent.,

The live load stresses sre resisted by the composite

“

sections In order to determliie the forces acting on a glven
width of slab it 1s necesssry to fix the leteral distribution
of & concentrated losd, Tests by the Maryland Sste loads
Commission stiow a distribuiion of 15.1 ft. for &« single live

loed placed at tlhe center of an ordirery trestle.” “hen the

eflect of passing vheels placed in accordsnce with standard
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clearance disgrans is taken into consideration, the lateral

el
~

-~
wa

istribution for = eriticel corncentrsted loud is 5.1 feet,
(by eritical covcentrated lo~d is one of the interior heavy

two perssing load units in sccordance with standerd

o
clesrence disgrans).
It has been customzry, however, to essume a somewhat
narrover load distribution for shesr than for iroment calcu=-
lations, sirce the critical position of the lcad for meximum

shear will bte closer to the suprort. Thus the distribution for

L

shear celcirlstions is tsken at li.0 feet and for moment at

3

For live load, the positive moment is taken as 70 per
cent and negative moment as 50 per cent of the siiple span
live load moment in imterior spans; and 85 per cent and 10
per cent, respectively, of the simple spsan nioment 1n end spans
end Z-span structures, Faxiaum positive and negative moments
do not occur simultaneously,
Vorking stresses:
Timber: According to grades specified, viz., 12001,
1h00Ff, or 18007,
Joncrete: 800 1bs. ver sauare ineh in compression
(some desi_ners use 300 1bs., whict, of
course, give a somewhat higher resisting

moment for {the midspan composite section,

ot
b

Froc., fmerican “ood-Breserver's Assoclation, 1332, pp. 272
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Sterl: 19,070 1bs. per siuzre inch.
Shaar Davelopera: 1750 1lhs, ezeh for 3/32 in thick
steel plate in groove 2 inchies or less in

width,

The following 1s the detailed canleulations for

hY

3-span

-

tinher-conerete composite decks highway bridoe with 2l ft.
rozdwsye. The two end spuans at 19 ft. from buck fzce of
atutment eap Lo center line of first pler (17 ft. 6 in,

center to center of bents)., The interic

[

dlate sp=n 1s also

at 18 ft. The tot:=1l len_th of bridge 1s 2l ft. back to back

of abutment cans, The bridgs is desipnzd for the standard
H=-15 lo=d1ing.
The tinber sub-base consist of alternatiag 2 x I in,

aad 2 x 6 in, plank 1aid on edge, spiked together with a

concrete surface, incre=sing from 3% in, at the curb to h}

—

in. et the roajway center, Crown 1s not to be less than
ine 4)1 plank are dressed to a standsrd thickness of
1-5/8 in. The top and hottom surfaces of the wood lasination

lie in true horizontal nlanes in order to meointain a uniform

depth of groove.

The

9]

nesr developers gre used for the shesar connection
between the junetion of concrete and timber base,
A one=foot width of slab is sssumed in the calculstions

as follows:
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Pe«d Load lLoment.

Timber: Averagze thiclness eeeeeess 1=5/9 in,

‘”eib}lt ® ® 6 0 0 0 0 0 0% 0 0 0 0 0 00 00 é’o lbso E\ela Cu. ft.

Concretes Aversge thickness ceeee..s 5 1in,
va'-ei;_‘:[l.t ® e 0 0 0 00 000000000000 00 l;’) le. .‘oel‘ Clue ft‘

Total dead load is:

,’! {--‘,’C' .,
Tiuber: ~=i52 x 0 -= 23.1 lbs. per sq. ft.
(a8
c
Concrete: -4-= x 150 = 62,5 1bs. yer sq. Tte

Total 5.6 1bs,. per sa. ft.

Simyole svan dead locd wmomeat for 18 ft. span is:

85.6 x 19 x 18 x 12

for interior snan this woment 1is distributed:

Positive moment = L1,600 x 0.5

?O,BOO ino -1bS °

Tesative inoment

1,600 x 0.5 = 20,800 in.-1lbs.

Peen elements for 12 in. of slab:

Vood section st mid-span:

here sre © in, of width for egach helght of lawinstions.
then let y 1s the distence from bese of the l:minration to

center of gravity of the section, we hive,

E(5.625)(2.°1)+ 6(3.625)(1.51)
R 2.2 in,
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6(2.21)°
I] = eme———-- = 66,2 0
3 “ri
3 §| a. g
6(1.21) g, T \ by
----- sezo2s 0 Whe ) §

3 t 4 W 2
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3

126.5 in& is the norent of inertis

of wood only

“ood sectlon gt Suroort:

Since only two-thirds of the

plank

strins continuous

@

are

over the support. The moment of incrtia is therefore 2/3
of the mid-spen section, or w
R
' . L -y 5 3
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cach heil ht of leminetion in a 12 in, width of slab has
therefore a width of I in. It i1s further assuaed to use
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7o,000 x 2.7
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= 530 1bse per si. ine

Por the Standard H-15 loadlnz of the A.£.5.7.0. a 15-ton
truck with 0.1 losad on ewell rear vwhecl
15 x 2,070 x 0. = 17,020 1lbs,
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),600 Tn.-1bs,

Positive monent (interior span)

nesstive moment (Interlor suprorts)

122,600 x 0.5 = 61,900 in.-1bs.

~r e N
Mild-apnns

t = m=--==--=---= = % 1bs, per sq. in.

4
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The erlticsl vositliom of 195:3 unlh £o couting 8 ear will

be at thrce tlmbs the depth of slab froa sapnort ss specified
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by Service Durcan of fmerlican 7ood Iredervers!' Associstlion,
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SPPective 1oed per fH, width: -----= = 2,009 1bs,
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Since there are -- = 23.69 grooves per foot of

width (with 1-5/2 in. ia strips). The nwnber of shear de-

velopers rejquired pnepr linear foot 1n each groove 1s:

™e spocliiag in eceh groove is, thevefore,
===~ = 10,8 in,, or szy 10 in,

e spacing 1s meiatsined nes=r the sapport where the

shiesr 1s 2 maxinmun, and increased to 19 to 20 in., at mid-



2
L]

S

W
.

‘\’_L

64

woeihiler, 4,

i) M- ) - - . .

196./':. i PDOQ%"TJ

PR o . | N - -1
LuxTord Le e and Tipeg

8 ohviagy
Timber in Il¢
Crecon 3tate

T ... PR |
TOVie 1

1942,

Tungan,

Je

A Conrse
Southiern Fin

LS . . _~ - r
Timber-tonerete Coujosite Teck

12'1. Srrvice Ture

Ascsociatlon

“ood Freserving Tcue
1923, aren

0

Structures of
Jest Coast

Todern
¢ hssoctiation

in 73

AT A S TTRT

-
1 1 )

Uaes of “ocd

v e
‘teok, U.5. Departaert of Agril

rs

o ho
‘e e

ew Oonposite-typ

54 ne
e Combining Concrete
Taeeimicsl Tulletin

s

lvey Dopasrtment

i
[

Tinber Enginecering

"
P b ;
(}.t].’ &3

culture

Short-
=na
o. 1,

-

1erican Vood-Prescrvers!



ROUM USk OnLY










