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I. INTRODUCTION

It is of prime importance for struct-ral designers to
not only understand the mechanics of desien; but to also
understand the relative merits of the materials which are
available for design.

In the literatiure of today, material 1s beginning to
appear that léads one to believe that all desilens are econ-
omically feasible with all materials. This, of course, 1s
too broad a statement to be comnletely true.

The purpose of this thesis is to investicate the rela-
tive merits for use in heavy structures of three materizls.
Namely, wood; steel and aluminum.

Wood 1s chosen bedause i1t is the oldest known structural
material. A material which has only recently been retuvinated
in the heavy structural field by the discovery of the high
frequency egluelng process for laminated members.

Steel 1is chosen because 1t 1s the most commonly and
widely used material in the field today as well as beinz the
material which has grown up with civilization. Its develon-
ment follows very closely that of civilization. Steel is
used as the basls for comparing the other materials.

Aluminum is chosen because it 1s the new, younz material
in the structural field. Its development has been extremely
rapid and 1t is now blddineg for a place in the desicn of
gtructures with heavy 1live loads.

The use of all three of these materials in members with
simple tension, compression and bending is well known. The

cholice of material for such a member beineg based upon
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avallability, cost and weight of memver. It Dbelne gener-
ally understood tnit the lower snecific gravity of alum?num
and wood make them very desirale where desd load is a high
percentage of the total load.

The desiravility of these materials in replacing steel
in structures vhere the live load predominates 1s in question.
It 1e wvith this asvect that thils thecsls treats.

(1) METHOD OF APPROACK

After careful consideraticn of several posibilities
of an~rozch to the problem of com:aring these materials deck
plate girder bridges were decided unon.

Deck Plate eirders were chosen because:

(a) Girders are a well known standard form of heavy

structure,

(b) Girders emoody trne feat:res of crum»ling and
puckling which are the madtor features that cance
cne deslsn to vary from another in a manner otler
tnhan the variation of allowable stress.

(c¢) ©On girders of this type live load is the nredom-
inating feature in determ' ning stress; dead load
being a very small percentace of the total load.

(d) Aluminum and woocden girders for this tyne of
loading are very rare and little is known of them.

(2) VKETHCD CF PRESEITATION

The facts concernine Steel, Alum’num and Wnod are
presented in Chapters I, II and III.

7lder designs of Rivited Steel, Welded Steel, Aluminun

and Wood are in Chapters V, VI, VII and VITI.



Supplementary Svecifications to the A.R.E.A. speciflca-
tions for Aluminum are in the annendlces.
The concluvsicns based on this material are in Chanter IV.
This methed of presentation was chosen as teine the
most convenient for the reader.
References are l:sted by number in the Bibliogranhy
and are indicated in the text by use of these numbers.
Standard specificaticne are assumed available to all

interested readers and are referenced accordinely.

II. A BEEF EISTCRY CF TVE !I".TERTALS
(1) wWood

Yood 1s the oldest structural material known to man.
This 1s true becarege of two trnines:

1. Because of 1ts accescility on the face of the

earth.

2. Because of its workabillity; it couvld be cut and
shaped even by the crude Instruments of stone of
early man.

The difference in allowable stress with and aezinst the
graln combined with itse limited size; that of the larcest
tree; made wood structrually adaptable only to sm=ll members,

It 1s very 1nterestineg to nnte that the method by
which wo~d has finslly come into the heavy structural field
was used by the Egvptians.

In the tombe of the Pharaoh's have been found examnles
of laminated wo~d. This wnrd was used as an inlay for beau-
tification and down throueh the centuries cavinet makers have

used laminated wo-d.



This laminated wcod eradwally became the plywood of
today.

Laminated wonrd was still not ready as a heavy struc-
tural materlal because the glue with which laminates are
made was set ry exposure to the air. Laminates of over
one inch were not pr=ctical and even then the ~lue tetween
each lamination took a long time to set.

Uncertzinty as to the efflclency of setting of the
clue plus large cost of manufacture made these heavy struc-
tural members orohioitive.

During the second world war the hich frequency egluing
method was discovered whereoy laminations of any nu-ber and
any thickness may be glued at once into a sinele struvctural
member. Imnrovement of ¢lues to a point where they are
stroneer than the wood 1tself plus ‘'udiclous positioninz of
laminations res»lts 1n a member whose allowcble stresses may
e made equal in all planes. Yood again has entered the
heavy structural field. ‘

(2) STEEL

The use of iron 1like that of wo-d 1g traceable back.
before the dawn of history. Also like wo~d, many hundreds
of years passed before any significant change in the munu-
facture of iron occured.

Iron has been used down throueh the ares from the times
of the Bible down to the »nresent day to make cuttine
instruments and weanons of war. Iron instruments were used

in the bulldineg of the nyramids. Today iron 1s the moset

wldely used metal on the face of the earth.



The art of producine crucible steel was known and
practiced in ancient India. It was then foreotten for
hundreds of years until in 1442. Benjamin Huntman redis-
covered 1t. This process with only minor variatlions 1is
8tili used in many countrles today.

In 1784 Henry Cort patented a nrocess for converting
pie iron into wroueht iron. This was tie first fundamental
chan¢e in the iron induetry for many centuriesl)°

In 1885 Sir Henry Bescemer invented the Bessemer process
for makine steel. This made poselble “or the first time the
makine of steel on a larce scale and maybe listed among the
outstanding discoveries of the present time 1lnsofar as
effect on enrineerinz 1s concerned.

(3) ALUITHNUM

Aluminum, the most aruvndant of all the metallic ele-
ments found in the earth's crustz)unlike steel and wood
was not dlscovered until recent times.

In 1825 Hans Christian Oersted announced to the Royzal
Danish Academy of Sdences that he had obtained aluminum by
cently heatine aluminum chloride and potassium amalegam.

This was the first time that anyone had succeeded in freeinc
aluminum from the comnounds it occurs in in the earth's
crust.

In the next sixty years the discovery of cheaner
reducine agents reduced the price of aluminum from *545 a
pound to $17 a pound vut the production was still only a few

tons per year.



In 18826 Charles Nartin Hall, at that time only twenty-
two years of ace, succeeded in sevarating aluminum by the
electrolytic process. Workine indenendently Paul Louls
Toussaint Heroult, discovered the same process. He was also
only twenty-two years of ace.

The discovery of the electroiytic process enabled the
nroduction of aluminum on the laree scale upon which it 1is

produced today.
ITI DESIGN CCNSIDERATINN

(1) Physical Properties

The physical properties of steel are taken where
anplicavle from the American Rallway Eneineerine Association
Specifications for Steel Rallway Eridze, 1941. Those of
aluminum from Specifications for the Desien and Fsbrication
of Structures of Alcoa Aluminum Alloy 615-T as recommended
by the Aluminum Company of America. Those for word from
the National Desion Svecification for Stress Grade Lumber
and 1ts Fastenines 1244 as modified bty Bulletin VK-8,
Glued Laminated Specifications, January 10, 1949 by Timber

Structures Inc.

Neleht:
Aluminun = 169 pounds per cubic foot
Steel = 490 pounds per cubic foot
Wood = 60 pounds per cubic foot (Annrocx)



M odulus of Elasticity:

Aluminum = 10,007,020 1lbs. ner sq. 1in.
Steel = 20,000,000 1lbes. per s1. in.
Wood = 1,807,000 lbs. per sq. in.

Coefficient of Exoansion:
Aluminum = 0.0NN 013 Per decree F
Steel = 0.000 0065 Per decree F

Poisson's Ratio

3]
(@]

Aluminum = 0.
0

Steel - .

(]
O

Allow=ble Unit Stresses:

Axial Tension (Net Section)
Aluminum = 16,07 n.s.1.

Tension in extreme fibers of rolled shanes,

girders and ©nilt sections, suotect to bendine.

Aluminum = 16,000 p.e.i.

Steel = 18,000 p.s.1.

Stress in extreme fibers of »nins
Aluninum = 24,007 p.s.1.



Shear in power driven rivets
Steel = 13,800 n.s.1.
Aluminum

Cold driven 615-T 10,070 p.s.i.

Hot driven S35 8,000 p.s.li.

Shear in turned bLo.ts
Steel - 11,000 poSoi.

(2) Special Considerations

Axial Compression (Grosa Section)
Stiffeners in plate girders

Steel = 18,000 p.s.i.

Intermediate estiffeners:

If tre denth of the web between the flances or
side plates of a plate cirder exceeds 60 times 1its
thicknegs, 1t shall be sgtiffened by pairs of aneles
welded to the web. The clear distance between
estiffeners shall not exceed 72 inches nor tkat elven

by the formula:

d = 255,00N% (St)l/?
S a

d = clear distance between stiffeners in inches

t = thikness of web in inches



a = clear depth of web between flanges or side
plates in inches
8 = unit shearing stress, gross section, 1n web
at polnt considered.
Aluninum =

6.13 th

When s/h = or less than 0.4 Ig

When s/h

is greater than 0.4 Ig = t5h

5(5/h4)
(8/h)2 plus 0.625)
Where

I, = required moment of inertia of stiffener 1n
inches4

t = thickness of web in inches

8 = required stiffener spacling as given by
formula for critical shear bucklling stress

h = clear helght of web in inches

Critical shear buckline stress = 51,000,000
(b;2
t

unsupported width of plate in inches

o
n

ct
n

thickness of plate 1n inches

Centrally loaded columns

Steel

L not greater than 140
r

Riveted ends = 15,000 - 1/4 L2

r?



Pin ends = 15,000 - 1/3 L2
L

10

r

L = length of member 1in inches
r = least radius of gyration of member in inches
Aluminum
L equal to or less than 100
r
p 17,000 - 100 L but not to exceed 15,000 p.s.i.
a r
Where L equals the greatest slenderness ratio of the

r
member

Compression in extreme fibers of rolled shapes, girders

and built sections, sub'ect to bending.

Steel
For values of L/b not greater than 40
8 = 18,000 - 5 L2
b2
L = leneth in inches of unsupported flance be-
tween lateral connections of knee braces
b = flange width in inches
Aluninum

Basic allowable compressive stress as given

alone shall govern except providineg that the

equivalent radius of egyration of the compres-

sion flance 18 determined in accordance with

the

followine formula:
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Equivalent radius of egyration of compressgion flances =

0.2 (I, (J(KL)? plue 13.1 Ip a2)1/2
Se¢ ( )

Where

Sc = section modulus for beam about axis normal to
web (compression side) in inches to the third
power,

I, = moment of inertlia for beam about the principal
axls parallel to web in inches to the fourth
power.

L = laterally unsupported length of comvression
flange in inches.

K = factor representing end conditions of later-
ally unsupported length.

Ip =-moment of 1inertia of compression flange of
beam about axis parallel to web (may be
assumed equal to 1/2 of I, in case of I
shaped members having both flances alike)
in inches to the fourth power.

d = depth of beam in inches

torsion factor in inches to the fourth power.

i

Where
! = the sum of 1/3 bt3 (See ALCOA Spec. 3)
b = length of each separate rectangle in member
in webs

t = thickness of each sevarate rectangle.

Horizontal stiffeners



Steel

12

(Not necessary)

Aluminum

Horlzontal stiffeners shall have a radius of ey-

ration not less than that given by the following

formula:

r

Deflection:

i

i1

cp (h)2 £ x 10-9
t

required radius of gyration of one stif-
fener in 1inches.

clear heieht of web in inches

web thickness in inches

compressive stress at toe of flange angles
in p.s.l.

a coefficlent which depends upon the ratio
of the spacing of the vertical stiffener,
8, to the clear heicht of the web, h.
Values of cp found in Table IV of Speci-

fications.

Assume an equivalent uniform load such that the

moment at the center equals 73,700,000 in. 1lb.

73,700,000 wLZ
8

W =

73,700,000 x 8

840 x 840

= 825 pounds per foot

Steel:



Steel:

Deflection

= 5wL4 Averace I = 170,400 in4

384ET

5(825) (840)4
384 x 30 x 10° x 170,400

= 1.08 inches

Aluminum:

Wind

Cost:

Deflection

= 5wL4 I =

7,700 in.4
384 EI

o
o

= 5(825) (840)%
284 x 10 x 10° x 287,700

= 1.95 inches

Load:

Steel = 640 pounds per foot

Aluminum = 732 pounds ner fo-t

Steel (See Bill of Materials)

Riveted 67,205.8 pounds @ 1037 = #7,056.61

Welded 62,594.3 pounds @ 10%7

¢6,572.40

13



Aluminum (See Ri1ll of lMaterials)

34,365 pounds @ 37¢

No~d

40, 320 F.B.l".

@ 255.50

Freieht to Lansine

Creosote
Total

(3) waintenance

Steel:
Prime Coat
Cost

Coversace

Finieh Coat
Cost

Coverase

Aluminum:
Prime Coat
Cost

Coverace

Finish Coat
Cost

Coverace

Red Lead
24,00 per callon

Aluminum Paint
$6.70 per callon

1,000 sq. ft.

Red Lead
%4.00 per callon

1,029 sq. ft.

Aluminum paint
$6.00 per gallon

1,000 sq. ft.

14

$12,715.05

€10, 200
€00

1,740



IV CCHWCLUSIONS

The conclusions that foliow include a consideration
of the past, the comnarrisons of the nresent, and a tenta-
tive look into the future. Tiie facts are presented as
they exist today #2nd os nearly cor-—ect as avallavle informa-
tlon can make them. Tiie suegestions as tn the future are
the auvthor's own and are presented only as such.

Wood has as yet not reached the staze when 1t is
practical to build structures with heavy, predominamt live
loads of this material. Faitrication and cost are still
such as to make feasinility of such construction economi-
cally unsound.

It 1s interesting to note, however, trat an allowable
bendine stress of 3009 vnounds per square inch i1s now
allowed for laminated memvers which 1s ab-ut one third
greater than that quoted in any hand book published to date.

At the same time, the method of deslen 1s the simple
method which was probauvly the first case of bendine stress
desien learned vy the student of structures. Namely, a
rectangular beam with known beniine moment, shear and
allowavle stress whith a sinple substitution in the flex-

ural formula S = Mec.
I

Thus in at least one case proe¢ress has broucht simn-
lification rather than comnlicat:ion.
The main comparison 1s left to one between aldminum

and steel.
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Stress comparison shows aluminum to be elcht-ninths as
stronz as steel excent when fully sunported in which case
it is of the same strength.

Bearine this fact in mind an investigation of other
oproperties gilves an indication of the malor points of differ-
ence between the two materials.

Aluminum welghs annroximately one-third as much as
steel and has a modulus of elasticity of one-third also
while i1ts Poisson's Ratio 1s very nearly the same.

A modulus of elasticity of one-third means sn exnan-
slon or contracticn due to stress of three times that of
gsteel whille 1ts exnansion due to temneration 1s twice as
great.

This 1s the factor which causes aluminum deslen to be
more complicated than steel as well as makineg 1t necessary
to use much more aluminum, 1n relation to 1ts allowable
stress than steel.

For a e«iven load and the same cross-section of materilal
aluminum willl change in leneth three times as much as steel.
This makes aluminum three times as susceptible to crumnling
and buckline as steel. In the cnse of chanee of lencth
due to temnerature the factor 1s two instead of three but
gtill in favor of steel.

This results 1n the use of more and heavier vertical
stiffeners plus the use of horizontal stiffeners for
aluminum design. Steel of course does not require horizon-

tal stiffeners.
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In the case of column formulag aluminum in addition to
usine a lower allowable to start from also uses a mﬁch more
conservative formula than does steel for the same situation.
This also 1s directly traceable to greater ch:ince in lenvth
of aluminum thin of steel under the same load and cross-
section.

Aluminum uses Johnson's stralzht line formula while
steel uses Johnson'sg formula of the second derree. The
steel formula plots much closer to the stress-1/r curve
for values of 1/r less than 100.

Aluminum uses the formula for equivalent radius of
gyration of compression flances to deslen these flanres.
This formulia gclves a less conservative cross-section for
liehter loades which eradvally approaches the cross-section
found by conventional methods such as the flange area
method and then becomes more conservative as the loads
increase.

The deflection of the steel girder is 1.08 inches
while the deflection of *he aluminum zirder is 1.95 inches
when the aluminum girder 1s one foot greater in denth than
the steel.

The determination of the deflection of the aluminum
girder which 1s kent =ithin an allowable amount by increasing
the depth must be balanced asainst the increased need for
stiffeners with increased denth.

The deflection willl be the mator control factor but
care in keepine it close to the maximum allowabie will

allow the use of the.minimum amount of stiffeninc.
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(The deflection of the wocden girders will be 5 inches
for the same case which 1s again prohibitive.)

The wind load will be elichtly greater on the alumin-
mium ¢irder because nf 1ts ¢reater de~th. However, mini-
munn ancles are uged in both cases because the load 1s rela-
tively 1lient. Therefore, there is no real difference between
the two materials.

The fircst cost of the aluminum egirder 1is twice that of
the steel. The unit cost of the slvminum being three and
one-half times that of steel.

In snite of the ¢enerally acceoted opinion that aluml-
num maintenance has a com»naratively low cost becauce it
will not corrode; the facte indicate differently.

The Aluminym Comnany of America itself in 1ts sneci-
ficatlons recommends palnting exnosed aluminum structures.
The recommended primer and finich coats are exactly the
same as recommended for steel. One p~aint comnany may
recomned a different vaint than another but for both alumlinum
and steel. If anythine, the sluminum structure 1s more
exnensive because of 1ts slichtly ereater surface area.

It 1s true that aluminum 1s nonreactive with water.
However, 1t 1s 'ust as reactive (some authorities say more
reactive) with acids and caustics, as steel. The predom-
lnance of manufacturin= in all areas of the United States
means that there willl be more or less caustics and acids in
the air at all localities. Therefore protection in the

form of paint 1s necessary.



19

Anadizine and bonderizine simply make the surfaces of
aluminum and steel more acceptible to pa‘nt. A locality
that requires thls treatment for stesl also requires it for
alum’ num.

Fabrication of both materisls 1s done in the same shonsg.
As the shops were oricinally set up for steel fabrication and
the same machinery is used for aluminum there 1is very little
difTerence 1in cost.

What of the future of these mzaterials? In order to
succest what micht hannen in the future i1t 1s necessary to
consider the past.

Steel wgs developed over a period of many centuries.
Attempts have been made to use 1t for every conceilvable
surnose. Its usablility has been pretty much standarized.
This should not be construed as meaning that there will be
no pro<ress in steel but only that it will probapnly be a
steady egradual proecress.

Steel has huce facilltles for experimentation with a
monetary backing that 1s almost unliimited. This has been
true for the last half century.

Aluminum, on the other hand, has had only one century
of use. During this century it has made extremely rapid
advances. However, there are many filelds where 1ts ussbhility
has not been thorouchly triedq. The finances avallable
for experimentation has been only a fraction of thit of steel.
It ie findine a place in a market already held by other
materials. It must not only prove 1ts practicability but

also that 1s has greater nracticablility than an established

material. :



Aluminum has apnroximately the same avallability in
the earth's crust as steel. It 1s almost a sure thing that
better and cheaper ways of mining and processing 1t will
be developed. It is Jjust as.sure that where 1t is more
practicable, the world will accept its use and 1t will
replace the materials now used.

Aluminum has the advantace of being only one-third as
heavy as steel while 1t has about the same strenegth.

The time will come when progress in mining and proces-
glng methods as well as in usablility will decrease the cost
of aluminum to a point where 1t wlll be Just as economical
to use as steel.

At the present time the conclusion drawn 1s that alumi-
num while it 1s practicable as a material for structures
that have a predominance of live loads, 1t is not as yet

more practicable than steel.

V DECK PLATE GIRDER RAILRCAD BRIDGE (RIVETED STEEL)

Data and Specifications
Sinegle Track
Span = 70'-0O"
According to A.R.E.A. "Specifications for Steel Railway
Brideges" 1941
Live Load Coopers 8tandard E-72 Loadlng
Alternate Load = 2-90,000# Axels

Spaced 7'-0" ¢ to ¢
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¢ to ¢ of main girders
(Spec. 103) = 1/15 x 70 = 4.66' less than 6'6"
Use 7'-O"

Desion of Ties
Live Load on each tie at each rall = 1/3 x 90,000/2
= 15,000#. No Impact (Spec. 301).

Agsume wegt. of floor (Ties, cuard raills, steel raills

fastenings) - 700# per tie concentrated at rails.

Total concentration - 15,000 plus 350 = 15, 350

l_ 2 /i ..t
a St = &
i 3 =
l -~ -_._.L "/'f:
7 ” 7 / ;
gy 10 » 10 =10 Tre A
\\_~ ™ o v /’/
e JT — ,
68 Guard Ra:l lm :
, 1m0 ctog Main Girders - |

L | JL

Fig. 1



Mmax = 15,350 x (7.0 - 5.0) x 12 = 124,000 in.#
2

M =8 1I=f Dbh?
c 6
Swy = 1500#/3q. In. (Spec 301) Yellow pine

bhe = 184,000 X 6 = 738 in9
1500

Use a 10" x 10" Tie
bhe = 10 x 102 « 1000 in3

Leneth Tie

10'-O“g (Spec. 109)

Spacing - 4" )

Wet of F loor per Tie

10 x 10 x 10 x 60 = 4174#
12 x 12

Guard Raills = 2 x 6 x 8 x 60 X 14 = 47#

144 12

Steel Ralls & Fastenings = 200 x 14 233#

td
T

417 plus 47 plus 233 = €97#

Agsumed = 700# OK

Desien of lMain Girder

Wgt of floor per lineal foot = 12 x 697 = 598#
4

1
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Formula for assumed wgt of girder and 1/2 bracing ex-

cluslive of the floor system =

(12.5L plus 100)

=
"

k
2
1.

22 (12.8 x 70 plus 100) - 615#

ml

L = Span in feet

1.22 for E-72 loading

Total D.L. per foot of girder - 615 plus 697 = 964

Use 1000#/ft.

Max Moments & Shears

(See loading tables in appendix F, Sutherland &
Bowman, Structural Design) Cooper E-10 Loading x 7.2
= Cooper E-72 Loading. lax. L. L. Moment under WH
13 at center line of span

lMoment about wh 18 - 2508.5 x 7.2 = 9031 Kip ft.
2

Wet of wheels = §% x 7.2 302.4 Kips

C.&. = 9031 = 30!
302.4

at wheel 13

Place wheel 13 at center line of span
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ke
3 13 e
& T ) o
RS- 1 -
QL_ e - . 79‘_ o L—‘Q
Fig. 2
MRR = 9031 plus 302.4 x 5 R, = 106843 = 150.6 Kips
= 9031 plus 1512 Miax = 150.6 x 35 - 305.25
X 7.2
- 10,543 Kip ft. - 5271 - 2198 = 3073
Kip ft.
MAX MOMENTS IN KIP-FEET
Distance from
Support, Ft. 10 20 30 35
Dead Load 300 500 600 612.5
Live Load 1,554 2,528 3,006 3,073.0
Impact 1,212 1,970 2,344 2,398.0
Total 3,066 4,998 5,959 6,083.5

Total In.-Kips 36,792 60, 000 71,410 73,000.0

Dead Load }Moments:

R; = 1000 x 35 = 35k

Ngro' = 35 x 10 - 10 x 1 x 5 = 300 Kip-ft.



H@ﬂ = 3 x 20 - 20 x 1 x 10 50C Kin-ft.

= 35 x 30 30 x 1 x 15

600 Kin-ft.

M@q = 35 x 35 35 x 1 x 17.5 = 612.5 Kip-ft.

. r‘\ - - ) /‘»\\
- __.k‘_»;/ — _ DT ".*Lé"
N . §
i V
=N 72 o o R
Fig. 3

Yax lig,, (From Table 2 Msx Moment - WH 3)

M = 3009 x 7.2 = 10,25 Kip.-ft.

Sum of the weilvht of wheels = 96.0 - 5.0 x 7.2 = 227.9K
2

e
dvs

RR ITy2 plus 327.9 x 4

10,825 plus 1311

12,136

25



R, = 12,136 = 173.4k
70

1734 - 180

1554 Kip-ft.

Fie. 4
Max lig,, (From table 2 Max Moment -WH 12)
Mjg = 1748 x 7.2 = 6,280 Kip-ft.

Sum of Wet. of wheels = 142-71 x 7.2 = 256K
2=

M = Mya plus 266 % 15 plus 10 x 7.2 x B
Ry £ 0

= 6280 plus 3838 plus 180

26
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= 10,298 Kip-ft.

Ry, = 10,298 = 147,1k
=

=
®
|

147.1 x 20 - M,

2948 = 119 X T2

= 2942 - 414

= 2528 Kip-ft.

Max Mg ” (From Table 2 Max Moment - WH 12)
3

M@18 = 2528.5 X 7.2 = 9040 Kip-ft.

Sum of Wet. of Wheels = 142-58 x 7.2 = 302.2k
2



f18 plus 302.2 x §

::S‘
jsv}
1}

9040 plus 1511

R;, = 10,551 = 150.7%
70

Nggp - 150.7 x 30 - Myo

= 4821 - 420.5 x 7.2
2

= 4521 - 19815
= 3006 Kip-ft.
Impact: (AREA)
Kolling Effect « 207 = ,20

Direct Vertical Effect 109-.6 x 70 = 58% = ,58
(see A.R.E.A. Spnec. 206(b) )

Total .78

Impact:

€ 10' - 1574 x .78 = 1212 Kin-ft.

28
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@ 20' = 2528 x .78 = 1270 Ki»n-ft.
@ 30' = 3008 x .78 = £344 Kin-ft.
@ 35' = 3073 x .78 =« 2398 Kin-ft.
’ax Shears in 1,000 Lon.

Dist. Fm. Supvnort

In Feet 0 10 30 25
Dead Load 35.0 25.0 5.0 0
Live Load 199.1 150.1 71.7 55.3
Impact 155.4 117.2 55.9 43.0

Total 383.5 292.3 132.6 92,3

Dead Load (W = 1000#/1)

At O Vj a1 x 70 - 35K

At 10" V10' = 35 - 10 - 25K

At 20' V10' = 235 - 20 & 15%

At 20' V30' = 35 - 20 = 5K

At 35' y35' = 25 - 35 = O

Live Load Shears (ifax Shear when WH 2 is at Point for all

cases)



(/- S w_."a =
3 ¥ ik 6 i s |
o i | i ™ B o
=N .
Fie. 6
Myz = 3464 x 7.2 = 12,480 Kip-ft.
Sum of Wzt. of Wheels = 106-5 x 7.2 = 363.9¥
MRR - Mz plus 363.9 x 4
= 12,480 plus 1,455
R L L N G T
Yo a & 13935 & 190.158
L 70
Vio
| '4"
—,:\\ (,u\\‘
,<i‘/._ : _U___>_3|f5 |

et e

S

Fic.7

30
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Myp = 2942 x 7.2 = 10,530 Kip-ft.

2

Sum of wet of wheels - 309.8

3
Ry

My3 plus 309.8 x 4
10,530 plus 1239

11,769 Kip-ft.

Vo =R, -5 x 7.2 = 11,769 - 18,0

z
= 3881 = 18
k
@
|
20"
Fig., 8
Mio = 2316 x 7.2 = 8340 Kip-ft.

[aw)

Sum of Wet

M
Rp

of wheels = 76x 7.2 = 273.6
£

M10 plus 273.6 x 2
8340 plus 547

8887 Kip-ft.

31



Voo!

Ry, - 18

€887~ 18
10

127.0 - 18

109.0k
0 Vaor

e NS
E
4 2
ey - T P
B2 : : 70"

T N e e ——— e - el T

Fig. 9

Mg = 1748 x 7.2 = 6,280 Kipn-ft.
S

Vzgi= Ry - 18

6280 - 18
70

89.7 - 18



=N _ T
Fig. 10
Mg = lig = 1425.5 x 7.2 = 5,130k}
gk ==

V55| - RL - 18

5130 - 18
5

73.3 - 18

55, 3%

Impact

At 0' = 199.1 x.78 = 155.4F
150.1 x.78 = 117.2K

At 10!

At 20' = 109.0 x.78 85.1k

At 30' = 71.7 x.78 = 55.9%

At 35! 55.3 X .78 43,0k

Desion of Web

(AREA - Depth not less than 1 L)
12
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D= 1x 70' = 70"

£

For economy use

D= 1x20x 12 = 84"

5

Req. Web Area = 389,500 = 35.4 Sq. In. (Spec 301)
11, JOG .

35.4 = 0.422"

Thickness Req.
84

+ not less than 1 Clear distance between flaneces)
170
(Spec. 431)
Assume vertical lecgs of flange angles = 6" and
distance B to B of flange angles 1" greater than

2
depth of web.

Therefore: t = 84,5 = ,497" Use 1/2"
170

Desien Flanges:

Assume effective depth = 84.5

liax Flanege Stress = 73,000,000 = 864,000#
84.5

Total effective net flanze area req. = 864,000 =
18,000

48 Sq. In.



Equivalent flanee area of web

Net area req.

Assumed Section:

Gross
Section Area
2 Angles
6x6x§ 19.46 8q In

2 Cover Plates

15x3 22.50 8q In
4

1l Cover Plate

15x 9 8,43 Sq In
16
Total 50.39 8q In

in flanges and cover plates

(1 x gross area)

l x84 x1=5.24 83q. In.
) 2

48-5.24

42.76 8q. In.

No. of
Rilvet Area of
Holes Rivet Holes Net Area
4 3.00 8q In 16.46 Sq
4 3.00 8q In 19.50 Sq
2 1.13 Sq In 7.30 Sq
43,26 Sq

Net area cover plates = 26.80 = .598 less than 2 OK
43,26 ket

35
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s e
S
: '5'4A e :

&
~z. % \Weg

!
- AR ,E“«Neufrai Axis

Fig. 11

= o 7.03 x 30.93 plus 19.46 x 4.18 = 217.5 plus 81.5 =
y 50,30

299.0 = 5.95
50. 39 OK

Uge h e 84.4" = 84.5".05 X 2 =t 84-4"

Lengths of Cover Plates

Résistine NMoments = M = (Af plus 1/8Aw) x h x 18,000



Net Area Tctal Eff
s& Covers 1/8Ay Net Flanme h
Sq. In. Sq In Area Sq In 1In

2 angles plus
3 Covers 43.26 5.24 48,50 84.4

2 sneles plus
2-3/4" Covers 35.96 5.24 41.20 €3.7

2 angles plus
1-3/4" Covers 26.21 5.24 21,45 82.5

2 ancles 16.46 5.24 21.70 80.9

2 angles plus 2 covers

It 48.50 X 84.4 x 18,000 = 73,700,000 in/1%

2 angles plus 2 - /4" covers

Bage aneles 41.96

153.75 plus 81.5
41.96

235.25 = 5. 61"

41,96
Therefore D = 84,5 - 2 X o 39 D = 83.7 Use
= 84.5 - 078

2 angles plus 2 - 3/4" Covers

37

bt
(In-1b)

73,700,000

62,100,000

46,600,000
31,600,000






M = 41.20 x 83.7 x 18,000 = 62,100,000 in.-1b.

2 ancles plus 1 - 3/4" Cover

5 = 6,375 x 11.25 plus €1.5
Base of ancles 30,71

= 71.8 plus 8l1l.5
30.71

= 5.0"

D=284,5 -2 x 1.0

82.5"

31.45 x 82.5 x 18,000 = 46,600,000 in.-1b.

v
1]

2 ancles

8415 - 3. 64

80.&3"

o=
=y
]

21.70 x £0.9 x 18,000 = 31,600,000 in.-1b.

38



4334 Ul fa0ddNG wod4 20uULysig
s2 <108 S

Ql

|
et e R B PSR D [P
2l =T ] :
7 7 1
|
|
!
— — e e l.lll.ll'.l.‘—

el
A. -
R T e e

T (Lo e

— — — — o o — — — —— — — — — | —— — — e — — —— —

— —— —— — — — — —— —— — — ——— — —

oy ﬂw\l SA3A0D T +SR2

— — — — —— — — — — — — — — —

3¢m¥ +Sa2A0D €E+8$FT T
IS LUDLLOY m,?.*?wwm :

o2

oL

SOl * Qi="Ul Ul QQUIUIOI



Sunmary:
Top
1 - Cover 15" x 9/16" x 30'-0" plusor minus
l-- Cover 15" x 3/4" x 32'-0" plus or minus
1 - Cover 15" x 3/4" x 70'-0" plus or minus
Bottom

1 - Cover 15" x 9/16" x 30'-0" Plus or minus

1 - Cover 15" x 3/4" x 38'-0" plus or minus

1 - Cover 15" x 2/4" x 56'-0" plus or minus

Pitceh of Rivets in Verticle Lecs of Ancles

40
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PITCH OF RIVETS JOINING WEB AND UPPER FLANGE

w w .
3 'allﬂ
ol A o
. <‘: .
. = w w o o
0, e R g e <
i S < o S & il 5
o o o H —
f~§ % < a o ggi w = < o :
o8y ’ 3 4 b °|T nc
i R I O - N O | T P
u)g 3 ‘ g = < w w |3 n - O] »
il B ool aga|' Al el
ssel 8 | g loEmimgnl [Pees | o
SR & |8 |88y 58y vy PF |4 R
a 0| 389.5| 82.5 | 30.71| 35.95| 4030 |2025 | 4475| 2.64"
b|10] 292.3| 82.5 | 30.71| 35.95| 3030 |2025| 3590| 3.29"
2025
c| 12| 275.0] 82.5 | 30.71| 35.95| 2850 (2025 3480| 3.40"
a| 12| 275.0| 83.7 | 41.96| 47.20| 2920 [2025| 3540] 3.34"
e| 20| 209.1| 83.7 | 41.96| 47.20| 2224 |2025]| 2995| 3.94"
£| 20| 209.1| 84.4 | 50.39| 55.63 2241 [2025( 3008 3.93"
g| 30 132.6| 84.4| 50.39| 55.63 1424 |[2025| 2460, 4.80"
h| 35 98.3| 84.4| 50.39 55.64 1053 20251 2261] 5.22"
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Horizontal Increment of Flance Stress (Unner Flance)

\'/
H.I. h xA¢
£ plus 178 AW

Pt(a)

1}
(S]]
@
QO

5 x 30.71 x 1000 = 4,030#

Pt(b) £292.3 x 30.71 x 1000 = Z,0304%

Pt(c) = 275.0 x 30.71 x 1000 = 2,850#
82.5 35.95

Pt(d) = 275.0 x 41.96 x 1000 = 2,9204
83.7 42.20

Pt(e) = 209.1 x 41.96 x 1000 = 2,2244
éz. : 47‘25

Pt (f) =209.1 x 50.29 x 1000 = 2.241#
84.4 ©56.63

Pt(e) = 132.6 x 54.39 x 1000 = 1,424#
84.4 ©55.63

Pt(h)

93.3 x 50.39 x 1000 = 1,053#
84.4 55.63

Vertical Increment of Flance Stress

(Use one heavy driver over 3 feet plus flo r load) (Spec. 428)



W = Z98 plus 72,000 x 2 = 25 plus 2000 =

Resvlitant Increment of Flonce Stress

W)=

R.I. = ((H.T.)2 plus w?)

44

Pt(a) ( (4030)2 (2025)2 )% = (16,000,900 4,000,625)% -

L
(20,001,525)2 = 4,475#

Pt(b) ( (3,030)% plus (2,025)% )% (9,000,900

1
Pt(e) ( (2,850)2 plus (2,025)° )2 = (8,125,000

Pt(a) ( (2,920)2 plus (2,025)2 )2 . (8,525,000

Pt(e) ( (2,222)2 plus (2,025)2 )% = (4,950,000

Pt(£) ( (2,241)2 olus (20.5)2 ) £ = (5,040,000

Pt(g) ( (1,424)% plus (2,025)2 )% (2,040,000

Pt(h) ( (1,055)2 pius (2,025)2 )% = (1,111,000

plus

plus

plus

plus

plus

nlus

vlus

4,000,6258=
3, 5004

4,000,000F=

3,480

4,000, 000%=

3,540#

4,000, 000F=
2,9954
4,000,000%=
3,0004

4,000,0N0E =
2,4604

4,000,000) %

2,2061%
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Bearing per Rivet

Rivet Bearing Allowable = 27,000 1b./Sq.In. (Spec 301)

Bearing per Rivet

27,000 x % X g = 11,810 1b./Sq.In.

Pitch of Rivets Joining Web & Lower Flange

g .
o - P - -
f o <8 £ S% ™, g
O FEN. | e oA [N B - @

O~ i 0,0 [} > o [}
O ~ [T =] [V )] @ o o} ~N
S o Ao | TR = = &~ (] ~ O
clgel 5 |.a |28 |2 g|ad |88
A B LR P B LN
8 5' 'g = =2~ <4 — |m< s ]
a 0O |389.5 [82.5 |26.21 |31.45 |3,939 | 3.01
b J10 |202.3 |82.5 |[26.21 |31.45 |2,950 | 4.02

c |12 |275.0 |82.5 |26.21 |31.45 |2,758 | 4.28
d |12 |[275.0 |83.7 |35.26 |41.20 |2,868 | 4.12
e |20 |209.1 |83.7 |35.96 |[41.20 |2,179 | 5.42
f |20 |209.1 |84.4 |43.26 [48.50 2,210 5.35
g |30 132.6 |84.4 |43.26 [48.50 [1,402 | 8.42
h |35 98.2 [84.4 |[43.26 [48.50 [1,036 |11.41




Horizontal Increment of Flance Stress (Lower Flange)

Pt(a)

L]
03]
@
©
L]
(¢)]
»

26.22 x 1,000 =—3,230#
82.5 31.45

Pt(b) - 292.3 x 26.21 x 1,000
82.5 T1.45

2,980#

Pt(e) = 275.0 x 26.21 x 1,000 = 2,758#
B82.5 Z1.45

Pt(d) = 275.0 x 35.96 x 1,070 = 2,868#
83.7 41.20

83.7 41.2

Pt(f)

209.1 x 43.26 x 1,000 = 2,210
84.4 48,50

Pt(2) = 132.6 x 43.26 x 1,000, = 1, 4024
84.4 48.50 .

Pt(k) = 98.3 x 43.26 x 1,000
84.4 48 .50

1,036#
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Rivet Pitch of Horizontal Legs of Ancles (p!')

Dependent on H.I. only. Critical Valves of (n') occur

tust before cutoffs. i.e., points (a), (d) & (f)

’ .

(HI)' = V x Ac Ac = Area of Covers
h  Af plus 1/8 Aw
Af = Gross Ares
o!' = Ve Vc # Stress of 1 Cover
(H.I.) Plate Rivet (Sincle

Shear)
Ve = 13,500 x 3.1418
(7/8)2 _

8,100 1b./sa/ in.

Point (&) = 389.5 x 11.25 = 1,4784#
82.5 35.95

p' = 8,100 = 5,48

)

Point (d) = 275.0 x 22.50 = 1,565#
83.7 47.20

»!' = 8,100 - 5,18"
1,565 —_—

Point (f) = 209.1 x 30.93 - 1,32784#
84.4 55.63

p!' = 8,100 = 5,87
1,378 ——




Will be doubled <ivings 10.36" for lin. Use llin. Spacineg

7 x 7/8 =49 - 6 1/8" Use 6"
—8‘ ===

End Stiffener Ancles

Assume 4 ancles 6" x 4" x 3/4"
Effective width = 5 1/4 - 1/2 = 4 3/4" (Spec. 432)

Bearing Area = 4 x 4 3/4 x 13/16 = 15.4 Sq. In.

Pearing Reg. = 389.5 = 14.4 Sq. In. USE
27,000 -

No. of Rivebps = 289.5 - 23 Rivets Use 324 Rivets
11,810

Intermediate Stiffener Ancles (Spec. 423)

60 x 1/2 = 20" less than 84" Use Stiffeners

Clear Distance

d = 255,000f ( sxt )1/3
S ( a ) f = 1/2u
a = 72.5"
S = Unilt Shear
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At Supnort

S = 389,500 = 9,270 & 255,000x1/2  €9279x1 )15 5gn
B2 x 172 9,270 (

Outstanding Leg = Not less than 2 plus (1 x 84) - 5"
20

Thickress = 5/16" Use 3/8" liinimum
Ust 2 ancles 5" x 3 L/2% x 3/8"
19! ffom Sunoort

S = 292.3 = 6950 ds 255,000x1/2 (6950x1/2)1/3 = g7
Bax1/2 6,950 (T 72.5

20' from Supnort

= ©09.1 =4,970 d=255,000x1/2 (4,970x1/2)1/3 _ gz gu
84x1/2 (T 73.5 )

Greater than 72" Use 72" (Spec. 433)

Web Splice (Spec. 420) (Desizn for Shear & loment)




FPles 12

Assume Plates and Rivet Rows as shown all clearances
1/8" (10 plus 10 plus 52 plus 1/8 x 4 = 72,5")

Net Cross Section of one pair Splice Plates x ¢ to ¢

distance between splice plates = 1/8 Ay x Eff. Depth

Net Area Required = 5.24 x 84.4 = 7.12 8q. In.
62.25

50
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Aggsume Rivets placed opnosite

Then net width piate = 10" - 3" = 7n

Thickness of each plate = 1/2 x 7.12 = ,50" Use 1/2" Plate
7

No. of Kivets = (Assume no eccentricity as rivets are grouned

close together)
Streneth of 2 plates (t) = 2 x 72 1/2 x 15,000 = 126,000#
One Rivet Bearins = 11,210 1b/sq.in.

Rivets Req. 126,009 = 11 Rivets
11,€10

4 in each cf outer rows
3 in inner row

Gross sectlon shear plates = Total Web Area

Plate thickness = 1/2 x 84 x 1/2 = 403"
52

Use 1/2" 1Ioment Plates

No. Rivets (Use max shear in wet) = 289.5k




52

389,800 = 33 Rivets Use 24 (17 in each row)

11,£10

Lateral RBracine (Use Warren tyvne) (Unner flanges only)

Unit

Unit

’ax Allowance Stress in (C) = 18,000-5 L2
Y

o
it

Flange width

[
|

= Length between lateral bracing

(Not to exceed 18 feet)

Compressive Flange Stress = lIax l'oment/Eff. Devnth x

(Gross Ap plus 1/8 A)

Compressive Flanee Stress= 73,000,090 = 15,590 1b/ceq in
84.4(55.63)

15,590 = 18,000 - 5 LZ2
T1i5)%

45 (18,000 - 15,590)
1

(108,500)%

330

27.5!
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Use 18' M,n (Spec 428)

Use 10 Paneles @ 7' = 70!

Gross Frames at 14!

wind Loadine (Spec 209)

(Bridce) Wind load = 1 1/2 x 84 x 30 = Z15#/Ft. lecs than

200 nlus
150 = 350#/Ft. Bse 350#/Ft.
(Train)Wwind load = 300#/Ft.
650#/Ft.

Panel Load = 650 x 7 = 4,550

fat [ ot . = 1( 5] ‘r S

S DR S TRt \uv it St NG RS N R

[<\/P' '2"7} \“S ;'v' l\‘: }f ’,-‘// FC: I 3‘1;\//4J b *,‘ i /\J J

I /_ BRI, /.., L J./ I R

a L ~ e’ { < ! h I J ! .

Unit shear per panel (When all panels to ri~ht loaded)

ab = 9 plus 8 plus 7 plus 6 plus 5 plus 4 plus 3 = 45
10 10 10 10 10 10 10 10



o4

Stress ab' = 45 x 4,550 x 1.414 = 29,0004

10

cd' = 28 x 4,550 x 1.414 = 18,0504
10
10 :

e'f = 15 x 4,550 x 1.414 = 9,6604#
10

Allowable stress (e¢) = 15,000 - 1/4 L2
T2

L (1.41 x 7 x 12) - 18 = 99 1in.
Try 5 x 3 x 1/2 anele (r = .65)

Stress 15,000 - 1 x 992 - 9,200 1b/sq. in.
4 BB

Area heq = 29,000 = 3.15 sq. in.
9, 200

Furnished = 3.75 8q. 1in. OK Use throuchout

Check for tension: (Spec 410)

Connect 5" leg
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Net Section Connected Lez = 5 x 1/2

(1,725 x 1 x 1/2)

1 plus §E 2.5 - . €62 = 8q. in.
4o

1 plus (2.25)2
4 x 1.75 S = Pitch = 2.25"

Net Sectlon unconnected lec = 1/ x 2.5 x 1/2 =« .625 S1. In.

Net area su~nnlied = Sum = 2.265 sq. in.

Net Area required = 29,007 = 1.61 eq. in (Snec. 310) OK
15,000

llax stress Developed = 9.200 x 3.75 = 34,5004

Rivets needed = 324,500

= 4 Rivets (Sin<le shear)
8,120 =

Least (r) for struts = 6 x 12 = .515"
140

Unsupported lencth = 7'-0"-110" - g'-0" (Assumed)

Use 3 1/2" x 3 1/2" x 3/8" ancle

Panel Load = 4,550# .



4,550 - 2,275 (Taken by each strut)
2

Gross area = 2.48 sq. in. (Easily sufficient)

Cross Frames

Lateral force = 29,0004

Shear in each diaronal = = 14,500#

29,000 =
__Jz__

Stress = 14,500 x 1.414 = 20,500#
Assume 3 1/2" x 3 1/2" x Z/8" ancle (r) = (.62)

'in (r) Allowable

1]
t
e
"

ol

1/2 (842 a 842)3
15 /2 plus 84%2)

= 60 = .43 - 60"

14

Allowable stress = 15,000 - 1/4 3,600 = 12,850 1b/sq.in.
.63

Area req = 20,500 = 1.6 sq. in.
12,850

Area supplied = 2,48 sq. in. CK

56
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Use 5" x 3 1/2" x 3/8" Throuchout

Teneion

KHeq-net area in tension = 20,800 = 1.14 sq. in.

Iax stress developed = 1.E2 x 18,000 = 27,4004

Rivets = 27,400 = 4 Rivets

8,120
BILL OF MATERIALS
Wet
No. of Per Total Total
Item Pleces Section Feot Ft. Wet.
Flance zancles 8 B"xB"x7x70'-0"  33.1# 576-0" 19,065.6#
8
Yeb Plates 4 84Mxinxza' -0 143.0# 144'-0" 20,592.C#
Cover Platea 1 15"x3x72'-0" 38.3# 721-0"  2,757.64
Z .
1 15"x3x56"'-0" 38.2 56'-0" 2,144.£8
4
2 15"x§x38'-0" 38, 3# 76'-0" 92,9010.8#%
4
2 15"x9x30!'-0On 28.7# 60'-0" 1,722.0#

16



Stiffeners

End Angles 16
End Filllers 8
Int. Ancles 56
Int.

Fillers 56

Snlice Plates 4

Lateral
Bracing 10

Cross Frames

6'x4"x3x3"'-11"
4

14"x7x6'-01/4"
8
5"xZzxBx3'-11"
o]

3%“x%x6'-0%"

14"x3"x4'-4"

lO"x%"xe'—O“

5"x3"x%"x8'-3"
SE"x3F"x3x51-7"

201x7x1'-8"
15

l4avx7x)ptr-2"
16

15"x7x3'-3M
16

14"x7x1'-2"
16

23,64

41.7#

8, 5%

29,84

20.8%#

20, 2#

20.24#

58

110'-8"  2,611.14
42'-2"  2,008,7%
387'-4"  4,028.24
237'-2"  3,606.64
17'-4" 412,54
16'-0" 272,04

E2'»8" 1,055.2#

27'-11" 237.%#
31-0 89.4#
21-4" 48, 5#

20'-23" 652,34

10'-6"  218.4#
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End Frames 4 5"x3%"xgx7'-5" 10. 4# 291-gn z08., %
4 5"x33"x3x8'-5" 10.44% 25'-@an 26835, 2#
e
8 19"x7x1l'-7" 28.3# 12'-8M 257.2#
13
2 10"x3xio" 12.84 1.8 21.0#
B8
Int. Frames 8  3x"xZ3"x3x6'5" 8.5#  51'4" 435.64
8

8 3E"x35"x3xer-2n 8.5# 65'~4" 555. 9+

8
16 15"x3x1'-3" 19.1# 20'-0" 3R2.04
8
S} QM x3x9" 11.54# 6'-0on 69.0#
g
Rivet Heads €200 18# per 100 = 1,476, 04#

Totzal 67,205.84

VI DECK PLATE GIRDER R.R. BRIDJE (WELDED STEEL)

Data and Specifications
Sincle Track
Span = 70'-0"

Loadine Cooner E-72

Yorkine Stresses

Flexure 20,000#/87." ihere flances are supported latersl)



Fillet Welds 13,8n00"/Sq."

Specifications
American Institute of Steel Construction

American 7eldinz Society

Deel=n of Web and Stiffeners

Deptn of ¢irder = 1 x 70 x 12 = a4n

X

Shear in throat

Assume dead load = 207 less than for riveted case.

IAX SHEARS IKN 1,000 LB.

Distance fm. Sunnort in Ft. 0 10 20 30 35
4 0
Dead Load in Kiops 29.0 20 12
Live Load 1in Kions 199.1 150.1 109.0 71.7 55.3
Impact 155.4 117.2 85.1 55.9 43.0
Tot=l Kinsg 282.5 287.3 2056.1131.6 98.3
17AX ITONENTS IN XIP FEET
Dist. fm. Suvnort in Ft. 10 20 30 28
Dead Load 240 400 480 490
Live Lo~d 1,854 2,528 3,006 3,073
Imvace 1,212 1,970 2,344 2,398
Tntak 3,006 4,298 5,830 5,951
Tot:l in K-in = 36,072 58,800 63,260 72,412

60



End Sihear = 38%,0004%

Web Thickness Allowable

282,000 = .350
€4 x 13,000

I-in. Web Tnickness = 84

I
170

13,000 #/Sq."

.484 (Spec 42)

61

AISC (Spec 10)

ATSC

Use +" web

Unit Web Shear = 383,000
84 x 1/2

~

Need for Stiffeners:

= 9,1304#/Sq."

If h = or ¢reater than 70 Intermediate stiffeners are

t

required wherever h exceeds 8B00/(Sg)%

t

Near the Reaction Point 8,000/(S_ )% - £,000/(9130)

¥

-

83.7" (Spec. 45)

Velue of h/t = 84 = 168 Stiffeners Needed

.50
Stiffener Spacine = 4 -- 270,000t (S t)1/3
Ss ("h)

9130 (T 188)

(Snec. 45)

There will be 14 stiffeners snaced at 56" throucshout lencth

cf enan,
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Stiffener Plates = £4 = !
12

Good practice is to make stiffener width in inches equal

to depth in feet (Use 7")

ct
n

1 X width = (Srec 17) = 7 = _zgzu
1Z T

2

Use 7' x 8/16" nlates placed in pairs on onnosite sides of

web.

Stren~th of Stiffener Velds

Weldine Stiffeners to Veb
Comaon practice is to use 3/4" rivets on 5" centers.
Double bearing strencth = 11,2004
z" fillet welds = 2,400# per lineal inch

Use four welds on two stiffeners = 4 x 2,400 = g,g0n4

per lineal inch.

Equivslent of rivet per 6" = 6/5 x 11,200 =
9,600

1.4" of weld

However min. intermittent weld = 2" Snaced at 8"

Use

End Stiffeners

Reactlon trunsferred to web - 283,000#
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Stiffeners act as column whose heleht = 1 web denth =

1/2 x £4" = 421

This 1s stiff short column

Allowable = 17,000 lov. »er sq. 1in.

17,000

Use two pailr of end stiffeners each to take 2/3 of

total load as one will nrobably receive more than 1/2

total reaction.

2/3 X 2205 = 3500 Sqo 11’1.

One plate = 7.0 sq. in.

Use 8" x 7/8" Stiffeners (2 Pairs)

in = 8" on centers

leldine and stiffeners

Reaction transferred per nalr of stiffeners =

2/3 x 383,000 = 285,000#

Length 1/4" weld required = 265,000 = 107
L4 2, 406
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107" = 27% in 84" of web
4

Use 9 3" welds = 270

Check intermediate stiffeners for max concentration load.
Yax load = 72,000# plus 72,000 x .78 =
72,000 plus 56,000 = 12&,00M#
128,000 = 7.53 Saq. In. Needed
l: ,‘55,)

7 x 9/16 = 7.88 Sq. In. Suvplied

CK

Desizn of flunre (with lateral suovnort)

lax moment = 71,412,000 in.#

Flance area requlred = 71,412,000 = 46.7 Sq. In.
18,000 x &5

Effective area of web

1/8 x 1/2 x €4 = 7.0 Sq. In.

Area in flanre nlates - 46.7 - 7 = 39.7 Sq. In.

Flange section: Use 1 - 20" x 7/8e"



1 - 13" x 5/41!

1 - 16" x 5/8"

Gross moment of inertia

Web = 1/2 x 1/2 x £4° . 24,700 in. 4

20 x 7/8" plates = 2 x 17.50 x Z42.44° . 62,000 in. %

18 x 3/4" nlates 2 x 13.50 x Z3.95% . 50,500 in. 4

16 x 3/8" nlates 2 x 10.00 x 43.9375 = 28,600

Total I 176,900 in. 4

True fiber stress = 71,412,000 x 44.250 = 17,830 Lb. Per
176,900 Sq. In.

(e
m
(]

Cut off covers

Net I of web plus 20" x 7/6%" plus 18" x 2/4" plates =
138,000 in.4

, 300 = 57,000,000 In.#

Allowable moment = 18,000 x 1
42,6

’Z
o
(o]
(<

UI

Bendine moment at 18' point = 54,800,000 in.# |

i



Cut off too plate.

Net I of web plus 20" x 7/8" plate = 87,700 in. 1b.

36,80M,000 in.#

Allowsbhle moment = 87,700 x 18,000 =
42,875

I'oment at 10' voint = 35,072,000 in.#

Cut off 18" x 3%/4%" plate at this point.

Mlance Welds
"leld between web and flanege

Sg = VQ = 383,000 (41.00 x 43.1) = 3,830# per lineal
I 175,900 inch

Y = 17.50 x 42.44 plus 1%.50 x 43.25 plus 10.00 x 43.9275 =
41,00

= 742 plus 585 plus 4292 = 1,767 = 43, 1"
41

41.00

A 7/16" filiet weld eives a value of

4375 x .707 x 13,600 = 4,200# per l1lineal in.

Feld between flance nlate and firet cover



Sg = V9 = 283,007 x (23.50 x 43.5) = 2200 # ner
I 175,900

v = 985 nlus 429 = 10024 = 43.5"
23.20 £3.50

a 3/E" interrittent weld 2" loneo snaced at 4" in the
srodvuces shear = 2,600# per inch.
Weld between inner and outer cover plates

Sg = 383,000 x (10.00 x 43.9375) = 950# ver in.
176,900

Use Minimum 1/4" intermittent weld 2" lonc¢ snaced 4"

Cneck web splice

67

inch.

clear

in clenr.

Fibre stress in web = 42 x 12,600 = 18,8N00# per

44.25
8q.

in,

Tencsile value of plate = 1/2 x 12,600 = 9,300# per in.

Tensile value of 1/2" butt weld =

1/2 x 13.00 = 6,500# per inch.

Total = 2,850# per inch.

Area reinforced plates

Reinforced plate area = .« 438

Original plate area %, 500

[AV]
D
[$))
o
(1]

Area needed = .438 x 12

"
=
S~
av}
|

= 2.63 Sq. In. pner foot.



at 12" below top of web

Fibre stress = 30 x 19,600 = 1Z,300# per inch.

N

Use two 6" x 1/4" pilates

Area supplied = 3.C0 Sq. inchles

Weld on reinforcing plate
Use 1/4" fillets  weld shear = 2,000# per in.

Weld lencth = 2.850 X 12 = 8.55"
2 x 2000

Use 8" min plate to equalize butt weld

Plates = 2 - 8" x 6" x 1/4"

Lateral bracing (use Warren type) (Upner flance only)

lax allowable stress in (c¢) = 18,000 - 5 1°
b2

o
]

Flange width

[
i

lencgth between lateral bracineg

Not to exceed

Unit (¢) flance stress = }ax moment
Eff depth (A; plus % Ag )=
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71,412,000 = 17,400# per sq. inch
85 (48.00)

17,400 = 18,000 - 5 1%2
(2072

12 = 80 (18,000 - 17,400)
- 48,000
1 219" = 18 plus feet Use 18!

Use same bracing ag in riveted truss

Diagonals = 5" x3" x 1/2" angles

Max stress develoved = 9,200 x 3.75 = 34,500#

14" fillet weld = 5000# per 1lineal inch
34,500 = 7" Use 3.5" on each side
5,000

Struts: 33" x 21" x 3" ancles

15,000 - 1/4 x (64)2)
o+ UO

Stress

15,000 - 910

14,090# per sq. 1in.

14,090 x 2.49 = 35,00C#

3/8" welds = 3750 per lineal inch

35,000 = 9.3
Use 4.5" on each side. Use 9" of weld per intermediate

frames.



End Frames:

3.05 x

42,000
Z, 750

ITRM

Flance
Plates

Neb
Plates

End
Stiffeners

Int
Stiffeners

Splice
Platesgs

Lateral
Bracinge

End
Fromes

14,000

= 11.

# CF
PIECES

16

56

10

[

= 42,000%#

Use 11" £.% on each

SECTION

C
16"x5/8"x
3010

18Mx3/ 4Nk
48'-0n

201x7/8"x
mo1_Qn

84 'x5Nx 36!
—on

g1x7/8ux71
—On

71x9/16x7"
~0On
6"X§"X8"
5"X3"X%"x
gt_gn

) 1
Z3"x35 "X
3/8"X5'-2"

EMX3F"xE/8N
X?l_sﬂ

5'x35Nx3/8N
x6'_5||

19"x7/16"x
1r_7n

59.5#

143.0#

2.84#

13.44#

5.1#

12.84#

8.5#

l"’Jo 4#

10. 4+

Eixc 3

side.

TOTAL
120'-0O"
192'-0"
ges1-on
144'-0"
112'-0"
292'-0"

2'-0u
ast-on

20'-10"

29t

2c'-gn
12'-gn

70

T ‘C’TAL
WEIGHT

4,080.0#

8,812.8#%

17,136.0+

282.1#

208.7

BET.TH#



Int
Frames 8

Yelds

10"x7/8"x10"

AP KB S YAL

B3Nx3NxB /N
x2r-2n

151x3/30x1 1 =30

9Nx3/BNxAn

12.8#

8.5#

80 S ‘
19.1#
11.54#

1r-an

51'-4n

65'-4"
20 r_on

6!_0“

Total Weleht

21.04#

4325, 6#

(¢}
(@)

(o]

5. #
2.0#

(SN}
90

69.0#

168.0#
62,594, 3#

71
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VII D=CK PLATE GIRDER RAILROAD BRIDGE (ALULINUL)

DATA AND SPECIFICATIONS

Single Track

Span = 70'-0OM

According to American Rallroad Enelneering Association
"Specifications for Steel Rallways Bridees, 1941, as "Sup-
plemented by "Specifications for the Desizn and Fabrication
of Structures of Alcos Aluminum Alloy" 615-t." As revised
September 15, 1947.

As the dead load stresces are 10% or less of the
total and the welght of aluminum spans rum about 40% of
correspondine sfeel the shears and moments will be con-
sldered as the same as for the steel snans which is on
the safe side.

Because the 1live load deflection of aluminum is
greater than that for steel and because the web depths
for steel are arbitrarily chosen the depth of webs for
aluminum will be chosen one foot greater than that for

steel. This will chance the weleht only a small amount.

Assume:

Flange angles = 8" x6" x 5/8"

2 Plates = 14" x 5/8"
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1l Plates

14" x £

h = go

Assume t = 3/4"

% a less than 160

Use Horizontal Stiffener

Sg = 16,000 pounds per sq. in. (See Specs,)

v M @ e waw e

Flg. 14

Try: 3/4" web

2-14" x 5/8" Plates

1-14" x 1/2" Plate



Sg=

74

2-6" x 8" x7/8" Ancles

3/4 x (96)% plus 2 (14x(1.75)3 plus 24.5 x (48.875)%2

12 12

plus 4(72.3 plus 11.48 (45.32)% )

55,300 plus 117,500 plus 200 plus 94,800

267,700 in.4

73,000,000 x 49.75 = 13,600#

267,700

73,000,000 in.-16(See riveted girder)

16,000# per sq. in. (Ficure 5A of Specifications)

Check against eildewlse buckling (Fieure 2, Page 12, Sveci-

fications)

I, = M ment of Inertia for beam about princinal axis

narallel to web.

I .96 x (3/4)% plus 2 (1.75 x 14%) plus 4 (34.9 plus
12 12 '

11.48 (1.985)%)

- 3 plus 800 plus 140 plus 181 = 1124 inches?
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}"oment of Inertia for compression flanee sbout acils

parallel to web
1/2 Iy = 562 inches?
Torsion Factor = Sum of 1/3 bt3 (See S»ece)

96 x 3/43 plus 4 (8 plus 5.275) x (7/2)° pilus
3

X
3

(14 x (1.75)° )
13.5 plus 11.9 plus 20
85.4 inches®

Section modulus of compression flznce

3/4 x (48)3 plus (14 x 1.75)8% plus 24.5 x (48.875)2)
3 3

plue 2(72.3 plus 11.48 (45.39)%)

27,700 plus 58,750 plus 150 plus 47,300

133,900 inches?

133,900 = 2,690 inches?
~49.75
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L = Laterally unsupnorted leng*h of comoression flange in

inches

Assume L = 10' = 188"

o
"
—~
H
[ =)
~~
(]
oy
L,
'3
—
o
o
14V)
[$N]
—
Lo
joy
4v)
N~
nj

g
wj

[}
( 1124 (85.4 x 1207 flus 23 x 562 x (99.5%)

( 144,500,000,000 )%

= 379,500
L - 1 = 120 = 10005
(B/Sg)z  T1379,500)%  1I11.90
( (72,690 )

Horizontal Stiffenere (See Spec. 5)

Radius of gyration shall not be less than

r = Cp (

r = Eequlred radius of eyration of one stiffener in

inches



(al4

h = Clear heicht of web in inches

t = Web thickness

f = Compressive stress at toe of flance anegles 1n
# (Sq. In.)

Crm A coefficlent which defends upcn the ratio of the
gspaclne of the vertical stiffeners, S, to the clear
height of the web, h. (See Table IV, Specifications)

Assume 8 = h i 8="70 = .875
h &

Where S = Stiffener Spacineg

h = clear depth of web,

f =13,600 x 40 = 11,000 #/Sq. In.
43,175
9
r = 6.60 (€0) 11,000 x 10
3/4
- .825

Try a 3" x 3" x 1/4" ancle

I - 1.18 x 1.43 x (82)<2



1
'._I
'_.l
[es)
"
[{e]
(o)

= 2.14 inches?

1

(I)2
(&)

Horizontal stiffeners s8hall be cut off at the vertical
stiffeners and shall be s»Hrced 15.21" beleow the toe of
the top fl-rnce aneales.
& =1/2 h = 80 = 40"

-

40 X.4 = 16" pius 0.21" = 168,21"

Stiffener Snuacine: (Ficure 6A (Snecifications)

78

Shear on “es (Gross Section) = 289,820 = 5,400 1b/sq.in.

H:tio = 80 = 107

h
t T4

Use Stiffener Spmacling = h = 70"

(From Ficure 6A) Aliowance Shear = 6,250 1b/sq. in.

Slze of Stiffener:

“hen s is ereater than 0.4

[y



Substituting:

t%h ,( (s)2 pius 0.625 )
BT_‘;)‘*( & )

Required I of stiffener in inches
Web thickness in inches
gtiffener spacineg = 70"

Clear heleht of web = 8o

16
3/4% BB (

5x (8757%  ((-875)% plus 0.625 )

11.5 (.765 plus .625)

11.5 (1.390)

16.0

Try Two Stiffeners 4" x 3" x 5/1i6"

o

2
1

(3.29 plus 2.09 (1.615)°

(3.29 plus 5.45
(8.74)

7.4381

4

)

79



PITCH OF RIVETS IN VERTICAL LEGS OF ANGLES

(UBE 7/8" COLD DRIVEN)

80

1
=
- <
o Q
&~ ~
~ | ¢ . 7
5 S~ £ 5 &
T | g | s S| o~ 3 .
~~ i S H [ I ﬁ el T o — H
ETS e O o Oed—~| & <« (VI = o, N .
[V Lo C joF H0 0 =~ o | -l Sﬁ (a¥] -~ M
og (@) o << W cog | > o . H SN
jeich] -~ O A @~ SH T o' o o) ~ O
FCR I g o o~ ] @] @ - o~
o l+g o~ . e [ = T . N . O <t
-l w o (] &~ ou o o' H F - O 1] £ -
o] ol 5 KN G4 hg L & N . e O~ H - QO
A AR e | M <t < bd— | m ~| B> oo o~
a O | 389,5|94.4 | 42.22 | 51.22 | 3460 |2025]| 3990 | 3.12
b {10 | 292.3194.4 | 42.22 | 51.22 | 2560 |2025| 3260 | 3.82
c |20 | 2091|94.4 | 42.22 | 51.22| 1830 |2025]| 2725 | 4.50
d |30 | 132.6(94.4| 42.22 | 51.22| 1160 |2025]| 2350 | 5.30
e |35 98,3|94.4| 42.22 | 5l.22 860 |2025| 2180 | 5.70
EFF. DEPTH = 24.5 x 48.875 plus 22.96 x 45.39

47.2 x 2

24.5 plus 22.96

1200 plus

1040

47.46

47,2

94.4
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PITCH OF RIVETS IN VERTICAL LEZS OF ANGLES
(USE 7/8" COLD DRIVEN)

I 1
- <11B
o 0]
1 £ ~
~ | 3 . e
E |8~ | £ |.2 g
~ . | w
- -0 £ - O i IQ(\ a > .
—~ | 8 TS <™ el T o — H
= O O o O~ | o <] © & e} N .
[} o C [oR -0, O ~ o | ™ —A] Q= (aV] -~ m
og (@) © < W <o | > o] =1 o H (ST
w3} ~O A 0 ~— SH c o' e o) -0
R [y o w o @ ~ [} 1] « W ~ o
o l+s M ~ o Ui @ Qe . N . O <
- w O ()] L] oub, [o] o'l H Al 40 ] FEIEES
O |k S - [ &éh & N . ] O — - QQ
A AR ;> m thg < b — | m ~| P~ (o] [V
& 0] 389,5|94.4 | 42.22 | 51.22 | 3460 |[2025]| 3990 | 3.12
10 | 292.3|94.4 | 42.22 | 51.22 | 2560 |[2025| 3260 | 3.82
c |20 | 2021|94.4 | 42.22 | 51.22| 1830 |[2025]| 2725 | 4.50
d |30 | 132.6{94.4 | 42.22 | 51.22 1160 |2025| 2350 | 5.30
e |35 968,3|94.4 | 42.22 | 51.22 860 |2025| 2180 | 5.70

EFF. DEPTH = 24.5 x 48.875 plus 22.96 x 45.39
24.5 plus 22.96

1200 plus 1040
37,46

47.2

47,2 x 2

94.4
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PITCH OF RIVETS IN VERTICAL LE3S OF ANGLES
(USE 7/8" COLD DRIVEN)

|
- f
w (80]
&~ ~
— ~ - ! Pl
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~r . G j [+4]
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O |dHX Son ] [ S¥ < T & D . ] O - « QQ
(oI [ ]cH o > =1 thg ¢ bh— | ~| B>~ (o] o P ]
a 0] 389,5|94.4| 42.22 | 51.22 | 3460 |2025]| 3990 | 3.12
10 | 292.3]194.4 | 42.22 | 51.22 | 2560 {2025| 3260 | 3.82
20 | 20%1|94.4| 42.22 | 51.22 | 1830 |2025]| 2725 | 4.50
30 | 132.6|94.4| 42.22 | 51.22| 1160 |2025| 2350 | 5.30
35 06,3|94.4 | 42.22 | 51.22 860 |2025| 2180 | 5.70

EFF. DEPTH = 24.5 x 48.875 plus 22.96 x 45.39
24.5 plus 22.96

1200 plus 1040
47,46

47.2

47.2 x 2

94.4




Horizontal Increment of flance Stress (Upner Flanse)

HI = Vv x A
h  Ae X—{/S Ay,
Where EI = Horizontal Increment
V = Shear at section

h = Effective denth
Af = Area of flange

Ay = Area of web

Pi(2) 289.5 x 42.22 x 1070 = 3.460#
94.4 5l.22

Pt(p) 292.3 x 8.75 = 2.5604#
Pile) 2C9.1 x 8.75 = 1830#
Pt(d) 122.6 x 8.75 = 11604
Pt(e) 98.2 x 8,75 = 8604

Vertical Increment of Flange Stress
(Use one heavy driver over 3' plus floor load

(Spec 428 Area)

W = 598 plus 72,000 X 2 = 25 x 2000 = 20254
2 x 12 2 x 26

21



ez

Resultant Increment c¢f Flange Stress

R.I. = ( (EI)® x w2 )%
(24602 plus 20252)3
Where H.I = Horizontal Increment
W = Vertical load
Pt(a) = (11,950,000 plus 4,000,625)%
= (15,950,625)% o 3,9704
Pt(0) = (25602 pilus 20252)% - (8,650,000 plus 4,000,625)%

1
(10,650,625)% = 3,260#
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Pt(c) (1850° plus 20252)3 - (3,350,000 plus

4,000,625)%

(7,350,625)% = 22,7754

2 2 o —L,
Pt(d)  (1160%  2028%)% = (1,250,000 plus

4,000,625)%

(5,350,625)% = 2,350#

Pt(e) (8602 plus 20252)% . (740,000 plus

4,000,625)%

(4,740,625)% = 2,180#

(Use same pitch on bottom Flange)
Rivet Pitch of horizontal lecs or ancles (P'). Denendent
on He I. only.

HI = V x Ac plus As = Area of covers

Af 1/8 A
w
Ap = Gross Area

Stress of 1 cover
H.I. Plate Rivet
(Sincle shear)

re = 10,000 x 2.14 7/8% _

4

6,030 1b/eq/in
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94.4 51.22
P! = 6030 = 3.06"
1970

n
(0)]
L]
[
o
[on}
m
@D
(o)}

W11l be dou bled (Rivet on each side)

Check for buckling:

P = 43,800 - 284 EL = 46,600 - 384 x .5 x 7
A T 3672

= 46,000 - 3,720 - 42.880 ¥ltimate stresses
Y= ,29 X 1.25 = .262 (Page 71 Alcoa Structure

Hendbook)

Allowable stress (Specifications) = 17,000 - 100 / 7
262

= 15,050 1b/sq in

Use 15,000 1b/sq in

42,880 = 2.86 = Factor of Safety OK
15,000 ' _'

Use 6" Spacing

Web Splice

(Spec. 430 A.R.E.A.) (Desien for shear moment)
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Clear Denth of Web = 80O

———
| ’ |
{ {

}
i

Fie. 19
Assume all clearances = 1/8", Plates and rivet rows as shown.
Net cross section of one pair of Splice Plates x ¢ to ¢

distance between splice plates = 1/8 Aw x Eff Depth.

Net Area Req = 9 x 92.4

= 12.3 Sq. 11’!.
67.5

Assume Rivets placed opnosite

then net width = 12" 3" = 9"
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Thickness of each plate = # x 12.3 = ,685 (Use 3/4" Plate)

Number of rivets (Assume no eccent-icity)

Strength of two plates = 2 x 9 x 16,000 = 215,000#

No. rivets (bearine) = 216,000 = 17.% = 18 rivets 6 in
12,470 each row

Gross Sectlon shear pl=te = ¥eb

Plate thickness = 1/2 x 96 x 1/2 = .46

Use 1/2" Yoment Plates

No rivets (Uge Max shear in web) = 389.5 Kips

389,800 = 32 Rivets

12,470

Use 32 Rivets 16 in each row.

End Stiffeners

Assume 4 ancles 6" x 4" x 3/4"

Effective width = 51/4 - 1/2 = 4 3/4"
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Bearing area = 4 x 4 %/4 x 1

(O}

= 15-4 Sq. in.

ol

Bearing Regq.

27,000
i

Number of rivets = 389.5 _ 31.2 Uge 32 rivets
12,470 =

Lateral Bracine

Use 7 panela @ 10' = 70!
Wind Loadine (A.R.E.A. Spec. 209)

Bridee = 1 5 x 96 x 29 = 432 1b/ft. greater than 350
1b/ft

Train = 300 1b/ft.

Top Bracing Train « 300 #/1

Bridce= 216 #/1
516 #/1

516 #/1 x 10' = 5,1604#

(Use Warren type bracine)
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Fig. 16

Unit shear per panel (When all paneks to risht loaded)

6 plus

6 plus 4 plus
7

g

plus 2 plu

165]

AN

-

~len

23
=%

3l

Stress ab' = 3 x 5160 x 1.75 = 27,1004

Allowable stress (e¢) = 17,000 - 100

o] Loe

1w (228 x 12) = B0Y % Y1650
Try Two 3 2" x 3 3" x 3/8" ancles r = 1,07"
Sa = 17,000 = 100 116.5 = 6,0004
1.06

Area Required

27’100 - 4.5 Sq- 11’1.
6,000

Area Supplled = 4,96 sq. in. OK Use throuchout




Checkx for Tension

Net Area Required = 27,100

Net Section Connected legs

MaXx Stress Develoned =

16,000

(Snec. 410 Area)

2 (3

Wi
>

(1.725 x

in.

Kof

3.5 - .862 =

6,000 x 4.96 = 29,800#

ol
N’

l4V]
»

Rivets Needed = 29,800 = 6 Rivets (Sincle Sheur)
6, 240

Least r for struts (6 x 12-4 = .68

100

Use 3/12" x 3/12" x Z/&M

Panel Load = 5,160#

5,160

Gross Area

Bottom Bracing

2,580 Taken by Strut

2.49 sq. in. 0K

(Use VYarren type)

(2 in each leg)

OK

90
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Struts Use 3" x 3" x 7/8"

Panel Load = 10 x 2186 = 2,160#

Strees 1n a ' = 3 x 2,160 x 1.75 = 11, 300#

l - 116.5"

Try 2 3 x 20 x 3/8" r = .91

Sy = 17,000 - 100 116.5 = 4,200 1b/sq.1n.
.91

Aree Requlred = 11,300 = 2.69 sq. in.
_ 4,200

Ares Sunnlied

4.22 8q. 1in. OK

Tenslon less than 1 sq. 1n. OK

Stress Develoved = 4,200 x 4.22 = 17,700#

Rivets Needed = 17,700 = 2.9 Use 4 Rivets
6,240

Cross Frames

Intermediate Cross Frames - Use 3" x 5" x 3/8" aneles
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End Frames

Lateral Force = 27,7004

Shear in Back Diaconal = 27,700 - 11,300 = 8, 2004#
2

Stress in Back Diarcnal = 8,200 x 10.6 = 12, 400+
=5

Asgume 3 " x 3 3" x 3.8" ancles r = (.62)

Use 5" x 3 3" x 3/8" ancles

¥in (r) Allowable = 1 = 52 - (52) OK
100 100 "

l=-3%x10.6 x 12 - 12 = 521

Use 2 Rivets = 6,240 x 2 - 12,480+#
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Fl=ance
Ancles

Neb
Ansrles

Cover
Pl:tes

Cover
Plates

End
Stif:reners

End Stif-
feners Fill
Hor

Stif ener

Int.
Stiffener

Snlice
Plates

Snlice
Pl-tes

Lateral
Bracine

BILL OF !NATERTIALS
# CRF
PIECES SECTICN WET/FT
EMxB x5 /81x
8 72r-On 9.844#
95"x3/4x
4 3s =0 87.12#%
14M%x4 /805720
8 -O" lOo 59#
14"x3"x
4 72'-0" 8.47%
6“X4"X3/4"X
16 7r-10" 8., 30%
10"x3/8"%xE!
8 -g 7.5024#
23N gix
12 S5t 1.723#
4"x3"x5/16"x
44 7r-10" 2.52%
12"x3/4"x
g 1'-6" 10.89#
14" x3nx
4 417 8.47#
BENxBEIXG/8N
28 x9'8iH 3.01#
16 33"x3iM"x
3/81x51 -8 3.01#
ZNxZNx2/SNx
28 gr_gin 2.554
3"x3Nx3/81x
16 5t-gn 2.55#
15"x7/716"x
24 3'-s 9.%414#
141%7/16"x
32 1ta 7.411

2

3 -3
fx1 ¢
txj 3
[ =4

560.0"

TOTAL
WEIGHT

5,667.8#

140.'0" 12,545.34#

1251-4n

53!_4"

g71_0N

344'-e"

121-0"

1%!_4"

271!_0"

gni_gn

271 1.1

ont_gn

got_gn

YA

6,049, ~4#

£y439. 44

1,081.54#

115.2#

872. N4

130.7+#

155.32#

272.9#

693.2#

2%1.2#
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End Frames

Int.Frames

Rivet Heads €600

141%7/16"x

1.'3"

S5Wx2
X8R -!

K&
2-x
L&

N

O g
s

P

e

15"x3/84x
11-3n

gux3/auxgH

3"x3"x3/8"x

o 1

15"x3/8"x
l|_3ﬂ

guxg/gﬂxgu

8"
1]

7.411%#

3.69#

37!_4"
zri_on
101-01
1'-8n
100'-a"
30'-0"
4'_gM

94

34,365.0#
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VII WCODEN GIRDER RAILROAD EBRIDGE
Data and Snecifications
Sincle track
Span = 70'-0"

Deoth= 6'-0" Limit

Lo~ding = Cooper E-72

Nalking Stress

FFlexure = 3,000 p.s.i.

foment = 70,000,000 inch pounds

Shezr = 320,070 pounds

Try 4 - 11" x 56 7/8" glued laminated woods cirders.

72'-8" long

(6]
|
Q

HI' )

70,000,000 x 28.4375
4 x 11 x (50.875)"
12

2900 p.s. 1. CK
This would require 8 ¢irders of this eize wiich 1s im-

nractical.



APPENDIXES

I.

SPECIFICATIONS
for the
DESIGN AND FAERICATION
of
STRUCTURES
of
ALCOA ALUMINUM ALLOY 61S-T

Aluminum Company of America
New Kensinegton, Penna.
Revised- September 15, 1947
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These specifications are intended to supnlement stan-
dard specifications nrescribed for the desicn of steel
structures. Nothine in these snecifications is to be con-
strued as permittineg any radical departure from accepted
good desisn practice. These snpecificatlions are comparable
to those standard specifications for ordinary grade carbon
steel structures in which the basic tensile desicn stress
is 18,000 p.s.i.

Alcoca aluminum alloy 61S-T 1s a heat-treated material
and has the following nominal chemical comnosition:

Al Cu si Mg Cr
97.9% 0.25% 0.62 1.0% 0.25%

Trhe followine are the typical physical proverties of
615-T alloy:

Welght per cublc inch 0.098 1b.
Tensile strength 45,000 psi.
Tenglle yield strencth (0.2 percent set) 40,000 psi.

Elongation in 2 in. (1/2-in. Dlameter
round specimen) 17 percent

Compressive yleld strength (0.2 percent set) 40,000 psei.

Ultimate shear strength 20,000 psi.
Shear yield strength (O.prercent get) 26,000 psi.
Ultimate bearing strength (edee distance =

twice rivet diameter) 94,000 psi.
¥Yodulus of elasticity in tension and com-

pression 10,000,000 psi.
Modulus of elasticity in shear 3,800,000 nsi.

Poisson's ratio 0.33
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Brinell hardness, 500 ko load, 10 mm ball 95
Coefficient of expansion per 10 F 0.000013
The following material specifications annly to this
alloy:
Sheet and plate: Navy 47-A-12b, Federal QQ-A-7327
Tubing: Navy 44-T-30b, Federal WW-T-789
Shapes: Navy 46-A-10d, Federal QQ-A-325
Alloy 61S~T is produced in the form of sheet, plate,
extruded shapes, rolled shapes, tubing, rod, bar, wire,
and rivets. It comblines good strength characteristics
with the best cold workability of any of the heat-treated
aluminum &slloys. Because of its excellent resistance to
corrosion, 1t is widely used in marine structures and in
other locations where conditions of expnosure are severe.

Reference: Alcoa Structural Handbook; Aluminum
Research

Laboratories Technical Paper No. 1,
Column Streneth of Various Aluminum

Alloys".

l. Allowable Unit Stresses:
Axlal tension, net section 16,000 psi.
Tension in extreme fibers of roilled shanes,
extruded shapes, girders, and bullt sections
subtected to bendineg 16,000 psi.
Stress in extreme fibere of pins 24,000 psi.
Shear in power-driven rivets, ccld-driven

618-T 10,000 psl.
Shear in pcwer-driven rivets, hot-driven £38
(1030 to 1050°F) 8,000 psi.
Shear in pins and in turned tolts 10,000 nsi.

Bearine on pins 24,000 psi.
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Bearing on powér—driven rivets, turned bolts in
reamed holes, milled stiffeners, and other varts
in contact 27,000 psi
Bearing on unfinished bolts 13,000 psi

2. Allowable Comnressive Stresses in Columns:

For columns centrically loaded the allowable comnres-
gslve stress on the egross section shall bte found using the
following formulas:

For L less than or equal to 100 P - 17,000 - 100 L but

T A T
For L zreater_qpan 100 not to excéed 15,000 psi
r -

P
A - 70,000,000

L
(b2

ihere L = greatest slenderness ratio of member.
r

These column formulas are based on partial fixation of ends.
(K = 0.75). A plot of these column formulas 1s given in
Fig. 1, pare x11ii.

3. Allowable Compressive Stresces in Flances of Beams:

The compressive stress in the extreme fiber of rolled
ghaves, extruded shapes, and sinele-web egirders and built
sections, sub'ect to bendine, eross section, shall not ex-
ceed the values civen by the curve in the attached Fie. 8,
page X1V, b

Values of torslion factor, J to be used in connection
with Fleg. 2 are given in the Alcoa Structural Handbook for
many standard shapes. Values for plates and shapes not

shown may be calculated by assumine the sections to be com-

posed of rectangles and taking the sum of the terms 1 bt2
3



for each rectancle where b equals the leneth and t the
thickness of the rectangle. The value of J for a bnrilt
member 1s the sum of the individual J values of the sections
of which it is composed.

The term (g )% used in Fig. 2 1s rarely less than one-
half width of thg)compression flance for a plate eirder.
This fact is useful in preliminary desien.

Double-web box girders, because of their tube-1like
cross section, are very much stiffer in torsion than single-
web girders of comparable size. For the depth-width ratios
ordinarily encountered 1s design, double-web box girders
are so s8tiff in torsion that lateral buckling fallures of
the compression flance are of no imnortance in structural
design, and therefore it 1s not necessary to make any re-
duetion 1n alloweble stress because of the slenderness
ratio or leneth-width ratio of the flanee. The allowable
stress on the compresslon flanse of such members 1is
usually restricted by the possibility of local buckling of
the compression cover plate,

4, Allowable Compressive Strecsses for Flat Plates, Legs,
Webs and Flanges:

The compressive stress on the cross area of flat plates,
legs and flanges shall not exceed the values given by the
curves in the attached Fig. 3, pace xv, and Flg. 4, pace xvi,

The compressive stress at the toes of the flange
angles in the web of a girder or built member subtect to

bending, egross section, shall not exceed the values given
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by the curve in Fig. 5.

5. 8ize of Horizontal stiffeners on the Webs of Plate
Girders:

A horizontal stiffener of the type covered by Fig. 5A
shall have a radius of gyvration not less than that given bv
the following formule:

r = cp (R)2 £ 10-9
T

r = required radius of gyration of one stiffener in
in.,

h = clear heicht of web in in.,

t - web thickness in in.,

f = compressive stress at toe of flange angles in psi,

a coefficlent which demends voon the ratin of the
spacing of the verticel stiffeners, s, toc the clear
height of the web, h. Values of Cr are egiven in
Table IV, page-10.

Cr

For a stiffener composed of equal size members on both
sides of the web, the radius of gyration shall bte taken
about the center line of the web. For a stiffener composed
of a member on one side only, the radius of gyraticn shall
be tzaken about the face of the web in contact with the

stiffener.

6. Allow=2ble Shear Stresses for Flat Plates and Webs:

A

The shear stress on flat webs shall not exceed the

)

values ¢iven by the curve in the attached Fie. 6, pace xx.
The values in Filg. 6 anoly to the gross area of the web,

but the shear on the net area shall not exceed 12,000 pei.
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7. Snacine of Vertical Stiffeners on the %ebe of Plate Girders

The distance between vertical stiffeners anplied to the
web of a plate girder to resist shear buckline of the web
shall not exceed the value indicated by Fie. €A, parexxi.
Fic., 6A 1g merely a replot of the data in Fi~. 6 rearranged
for convenience in establishineg stiffener spscings. Where
a stiffeaner 1s composed of a pair of members, one on each
side of the web only, the distance s shall be the distance
measured from the rivet line. In determininge the spacing
of vertical stiffeners to resist shear buckline in panels
contalnine a horizontal stiffener located as shown in Fie. 54,
the distance h in Fie. 6A may be tsken as 90 percent of the

clear distance between flances.

8, Size of Vertical Stiffeners on the ebs of Plate Girde rs:

Stif"eners anvllied to plate girder webs to resist shear
buckling shall have a moment of lnertla, Ig, not less than
given by the following formulas:

when % less than or equal to 100. 0.4, Ig 6.13t3h

when s ereater than 0.4, Ig = t°h ¢ (£)2 p1lus0.525 )
h 5(R) s
Is = required moment of inertia of stiffener 1in 1n.4,
t = thickness of web in in.,
8 = requlired stiffener spacine from Fiz. 6A in in.,

h = clear height of web in in.
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For a stiffener composed of equal size members cn both
sides of the web, the moment of inertia chall be taken about
the center line of the web. For a atiffener comnosed of a
member on one side only, the moment of lnertia shall be
taken abnut the face of the web in contact with the stiffener.
In determininc moment of inertia of stiffeners the term "h"
shall always be taken as the full heilcht between flances

regardless of whether or not a horizontal stiffenetr i1s present.

9. Reversal of Stres=:

I’embers sublect to reversal of stress under the nassacge
of the live load shall be propnortioned as follows:

Determine the tensile <tress and the compressive stress
and incresse each by 50 percent of the smaller; then pro-
portion the member so that it wlll be can=ble of resistine
either increasced stress. The connections sh=zll be proror-

tioned for the sum of the stresces.

10. Aliowable Loads for Rivets and BRoits:

The s2liowable loads on cold-driven ©1S-T rivets are
#iven in the attached Tsble I, nare , and those for hot-
driven 538 rivets in the attsched T-bie IT, nagexi The allow-
able lozds on unfinished Z2&S-T bolts are given in the ~ttached
table 171, pare .

These allowable loads are ccmnuted on the basis of tlre
allowable shear and bearinc stresses =iven in Par=mcra-h 1
and renrecent in ezch case the controliine value, shesar or

bearine, whichever i1g lower. In computine the shear values,
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a correction was apnlied where necessary to take into account
the reductio: resultine from the cuttince action of thin
plates. (See Table &, "Rivetineg Alcoa Aluminum" - 1948),

All rivet valu es are based on the bolt diameters.
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TABLE IV

VALUES COF STIFFENER COEFFICIENT C,

OF HORIZONTAL STIFFE:ERS FOR WEBS OF PLATE GIRDERS
REINFORCED BY ONE HORIZCNTAL STIFFENER

X11

Values ¢f Coefficlent Cr for Various Web Thicknesses

e/h 3/8" 1/20 5/80 3 /40
0.60 2.16 2.16 4,19 5.28
0.65 | 2.29 3 3D 4,43 5.57
0,70 2.42 3.03 4,66 5.83
0.75 2.55 3.71 4,89 6.08
0.80 2.68 3.89 ’5.11 Be32
0.85 2.80 4,07 5.22 6.55
0.920 2.92 4,24 5.55 B6.76
0.95 3.04 4,490 5.71 6.96
1.00 3.15 4,55 5,90 7.15
1.05 3.26 4,69 6.08 7.33
1.10 3. 38 4,83 6.25 7.51
1.15 3.46 4,96 ‘ B.41 7.68

1.20 3456 8.09 6.56 7.85
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FABRTCATION

Quality and acur~cy of werkmanship shsll be in
accordance with standard snecifications for steel structures.
Detalls in which the fabrication of aluminum alloy €1S-T differs
from that of structural steel are covered by the féllowine
eapecifications:

A. Laylng Cut

1. Hoie centers may be center punched and cut-off lines
may be center punched or scribed. Center punching and scribing
ehall not be used where such marks would remaln on fabricated
material.

2. A temmerature correction shall be annllied where neces-
sary in the layout of critical dimencsions. The coefficlent of
exp:neion shall be taken as 0.000013 per decree Fakrenhelt.

Bs Cutting

1. laterial 1/2 inch thick or less may be sheared, sawe~
or cut with a router. i.aterial over 1/2 inch thick ehall be
sawed or routed.

2. Cut edges shall be true and smooth and free from ex-
cegsive burrs or rag-ed breaks.

3. Edeges of plates carryine calculated stresses
shall be planed to a denth of 1/4 inch except in the case of
gawed cr routed edges of 2 quality equivalent to a nlanned edee.

4, Reentrant cuvuts shall be filleted by drilling nrior t-

cuttinge.

[@]]

. Flame cuttine of aluminum alloye is not nermitted.
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C. Heating
1. Structural material shall not be heated excent:
a. laterial may be heated tn a temmerature not
exceedine 400 degrees Fahrenhelt for a neriod
not exceedine 15 minutes to facilitate bendine,

. Rivets shall be heated as snecified in Section

D. Punching, Drilling and Reoning

l. EKivet or bolit holes in main members shall be sub-
puriched or subdrilled 3/16 inch smaller than the mominal
diameter of the fastener and reamed to finiched size after
assembly, excent th:-t 1f the metal trhickness 1s ereater than
the diameter of the ho.e that hole shall be drililed.

2. Rlvet or boit holes in secondary material not car y-
ing calculated stress may be punched or drilled to finished
silze before assembly.

3. The finlshed diameter of holes for coid “riven rivets
shall be not more than 4 percent greater th=2n the nominal
diameter of the rivet.

4. The finished diameter of holes for hot driven rivets
shall be not more than 7 percent ¢reater than the nominal
diameter of the fastener.

. The finished diamete» of holes for unfinished bolts

wm

ehall be not more than 1/16" larser than the nominal boit
diameter.
6. Ho.es for turned bolts shall be drilled or reamed *to

give a drivineg fit. -
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7. All holes shall be cylindrical and nernendicular to
the principal surf:ce. Holes shall not be drifted in such a
manner as to distort the metal. Any chine lodeed between

contacting svrfaces shsall be removed tefore rivetine.

E. Riveting
1. The d&riven hesd of aluminum alloy rivets nrefer=bly
shall be of the flat or of the low cone tyne.
a. Flat heads shall have a diameter not less than
l.4 times the nominal rivet diameter and a heigc::t
not less than 0.4 times the nominal rivet diameter.
b. Low cone heads shall rave a dlameter not less
than 1.4 times the nominal rivet diameter and
a heleht, to the anex of the cone, neot lese
than 0.65 tires the nominal rivet diameter.
The included angle at the spex of the cone
shalil be ap»nroximately 127 decrees.
2. Rivets shsll e driven hot or ccld as colled for
on the plans.'

a. Hot driven rivets shall be Leazted in a hot elr
type furnace onrovidine uniform temneratures
throuzhout the rivet chamber and egul mned wit:
automatic temnerature controls.

b. For hot driven alloy 53S rivets the rivet tem-
perature shall be held at 1030 to 1050 derrees
Fahrenhelt for not less than 15 minutes and not

more than one hour before drivine,



c. Hot rivets shsll be transferred from the furnace
te the work and driven with a minimum loss of time.

3. Rivets chall be driven with direct-actine riveters
where practicable.

4, Rivets sh=211 fi1l1l1 the hoies completely. Rivet heads
ehall be concentric with the rivet holes and shall be in
proner contact with the surface of the metal.

5. Defective rivets shall be removed by drilline.

F. Welding

l. Welding of aluminum alloys 1s not permitted excent
as specifically called for on the plans.

2. There weldine 1is employed, care shall be exercise d
to remove all traces of weldine flux.

G. Cleaning of Metal Surfsces

1. Surfaces of metal shall te clenned imrediately
before painting by a method wvnich will remove all dirt, oill,
greace, and other foreien substances.

2. Either of the two foliowinz methnds of cleaning
may be used on exposed metal surfaces:

a. Sandblasting - Standard mild sandblasting

methods may be used.

b. hemical cleanine - Parts may be immersed in,

or swabbed with a dilute water sojution of
phosporic acid and crcanic solvents such as
Deoxidine No. 126. The solution temper=ture
shall remain in contact with the metal not less
than 5 minutes. Residval solution shall be

removed with-clear water.
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3., For contactine surfaces only, the metal may be

cleaned in accordance with section G-2, or with a soivent
such as mineral snirits or benzine.

4., Flame cleaning 1is not permitted.

H., Painting

1. Metal parts shall be painted unless the plans
state that no painting 1is required.

2., (Contactine metal surfaces shall be valnted before
assembly with one co=t of zinc chromate primer in accordan ce
with Navy Denartment Snecific-tion 52P18 or equivalent, or
with one coat of Alumilastic (brushinge consistency with zinc
chreomate added) or equivalent. Zinc chromate paint shall
be allowed to dry before asscbly of the narts.

3. In any case where aluminum work is to be fastened
to steel members or other disgsimilar metal parts, the alum-
inum shall be kept from diredt contact with such narts by
paintine the aluminum surface as described i1n H-2 and by
painting the diesimilar metal with a suitable primer paint.

4. Aluninum surfsced to be placed in contact with
concrete or mascnry construction shall, before installation,
be ¢iven a heavy coat of an Al%all resietant bituminous
paint. The quality of the bituminous paint used shall be
equal to that called for in the army-navy aeronautical
snecification AN-P-31. The paint shall be &apnlied as it 1is
received from the m:nufacturer without the addition of any

thinner.
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5. All otrer surfaces shall be given one shon coat of
zinec chiromste primer in accerdance with Navy Department
Specification 57P1l% or equivalent.

6. All surfaces, excent those covered by sections h-2,
H-3 and H-4 cgh=11 Tte riven a second chop coat of p=int
consistina of two pounds of Alcoa Albron Stundard Paste
No. 205 per gairicn of varnish to Federal Soecification
TTVE81lA, or equivalent. Sufficient Prussian Blue sghall be
added to permit detection of imcomplete application of the
subsequent paint coat.

7. After erection bare spots shall be touched up with
zinc chromate primer followed by one co~t of aluminum paint
ag gpecified in H-5 and H-6.

8. The completed structure shall be ¢iven one field
conat of aluminum paint as specified in sectlion H-6, exeept

that Pruselian Rliue shéll be ommitted from the field cnnt,
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