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Synopsis

Comnlete designs and estimates for three self-
anchored hishway susmension bridges are made in this paver.
The svan lengths investigated are commonly consldered to be
shorter than the economic limit for suswension bridges.
Simple truss and cantilever bridges are usually considered
the most economiec types for these span lengths,

In the past twenty years a number of self-anchored
suspension bridges hsave been built, These are of widely
varied proportions and carry various kinds of loadings.
Y05t of these bridges are designed to carry street-car
loadineg, and thus have a high ratlo of live loasd to dead
load, which is less adventageous 1in a susnension bridge
than in eny other tyne. Consequently the econcmics of
self-anchored susnension bridges for light highwey loading
are not very well known,

There have been only five self-enchored susmension
bridges constructed in the 'estern Hemisnhere, Three of
these are almost identical, and carry two lines of street
car tracks.

The bridges considered here are designed to meet
the spnecifications of the American Association of State
Highway Officials for H-15 loading. As the queantities and
costs would vary conslderably for different snecifications,
materials, and unit costs, they are more significant when

compnared with the guantities and costs of simnle truss and
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cantilever bridges desieuned for the same conditions, A
comnarison is here made with published date on more common
types, The relative costs of the various tynes of bridges
will remain essentially the same, even though the »rices
nay fluctuate considerably.

A5 substructure costs denend entirely on local
conditions for each crossing, they are not considered here.
However, for sny particular location, part of the substrue-
ture cost will be provortionsl to the superstrueture cost,
and nart of it wlll be constant regardless of the suner-
gtructure, The nier sizes for susmension bridges can be
reduced because the loads ars smeller, less bearing area
1s recuired, and only one shoe is reacuired for each »ler,
Conseguently, economic comnarisong of tyves based on suver-
structure estimates only, will remain valid for comverisons
of the total cost of the structure,

Introduection

History of Type
The self-anchored susvension bridge was probably
originated by Josef Langer, an Austrian Engineer, TLanger
used this tyme of sitructure for his Wrsgowic Bridge on the
Franz Josenh Rallway, built in 1870. This bridge, however,
had the cable anchored to the stiffeninz girder near the
center of the main snan, as well as at the ends, No other

bridze has been constructed in thisg manner,



Charles Bender, an American en~ineer, natented
the self-anchored snswension “ridee in the "™ited States
in 1867. Bender's matent drawing shows the cable anchored
near the middle of +the side s+warns. No bridee of this tyme
was constructed, however, nmrobebly because the theory of
the stifferineg truss was not very well develomed at that
time, The stiffening truss of an external anchored susvnen-
sion bridge is not a major stress carrying member, snd many
trusses on this tyme of dridee were first desizmed by guess
and later remwlaced with heavier trusses when fallure occurred,
The failure of the stiffening truss of a self-anchored bridge
would result in the collanse of the structuvre, and conse-
conently an accurate method of snalysis of the itruss was
necessary before bridees of this tvoe couvld be drilt,

Existing Brideges

The =zenersl Aimensions of existing self-anchored
susnension bridges can be conveniently arranged in tabular
form, Table I is a chronological and geogranhical l1list of
the bridges which have been construveted., Several other
self-anchored suswension bridses arc proposed or under
construction at the present time (1938),

Most of the European bridges listed in Table I
carry strect cars as well as highway loading. The Sixth,
Seventh, and Ninth Strect brid~zes in Pittsbureh are desigmed
for two lenes of 18-ton trucks and two lines of 60-ton

street cars.



Name oand Location

Moublenthor, [ ubeck, Germany

Napogela, Austrra

HS/n - Leutz, Koln, Germany
Lpps tadt, Germany

Admiral Scheer, Beriin Gerrmarny
Forst, Gerrmany

A6/ - Miitheim KSin, Germany

Hing Alexander 1,
Belgrade, Yugosiavia

Hryosu, Tokyo, Japon

Seventh St, Pittsburgh, Fo.
Ninth S*F, Prittsburgh, Fa.
Sixth St, Pittsburgh, Pa

Little Nrangua, Macks Creek, Mo.

Yeor

Burlt

/899

/910
1915
/917

1927
1987
1929

/934

/828

/82é
/927
/928

/1955

Fiver

£E/be - Trave
Cona/l
NMarch
Rhine
Lippe
Spree
Neisse

Rhine

Save

Surmidla

Allegheny
Allegherny
Allegheny

Little Niangua

Length, F¥#
NMarr Siale
Spa‘(? Span
/375 64.51
/18 17/ &8.90
605. /8 J02.59
181.07 3772
315.85 121.07
/29, 89 &42.94

1033 46 298.65

856. 3/ eqd6.07
300.00 /50 00
J42.08 c2/. 76
430.00 215 00
430.00 2/5.40
22500 //12.50

TABLE I- SELF-ANCHORED SUSPENSION BRIDGES
EUROPEAN BRIDGES

Sog of Depth of
Swspension  Suspension St FFening Stiffening
Member F+  NMember  Member, FF.  Member
/8.79 Fiveted 4.30 Continuous
Warren Truss
1312 Rrveted I.62 Continuous
7russ
70.67 Eyeplote /0.50 Continuous
' Girders
Prveted Three - hinged
Truss
35.// Fyeplote 7./8 Continuous
Grrders
Eyeplate Continuous
Jruss
113./9 Frestressed /9.69 Cantilever
Locked/-Wire S7rands Girders
92 .08 Prestressed /4.04 Cantilever
Locked-Wire Strands Grrders
AS/IATIC BRIDGES
42.00 Eyeplale 85 Three- hingéd
Grrders
AMERICAN BR/DGES
34.29 Lyebar 82/ Continuous -
Girders
52.80 Lyebar 9.04 do
5280  Eyebor 9.0¢ o
25,00 Prestressed 275 Two - Ainged
Wire Strands Grrders

‘ Toble compited by Mr Howard Mullins

Towers

Roc ker
Focker

Focker

Focker

RFocker

Focker

Aocker

One Fixed
One Movable
o

o

Fixed

Srde Soan
Condition

Loaded

L oaded

Loaded

Urifoaded

LUnlooded

Loaded

Looded
lLooded.
Looded

Loaded

Zeitschrift des Veremes deutscher
Lngenweure, 1900 E£iserne Bruckenr 19/1.

Eisenbau, 19/0
Zerfschriff des Veremes dewtscher

Ingerneure, /9Z0.
Dire Bautechnik, 1923,

Die Bauitechnk 1932,

Der Bauingerneur, 99,
NMohringer; “Briages of the Fhune’

Der Bowungenietr, /1930.

Engineering News-Record Oct 3 /1929,
World Engineering Congress, Tokyo, /929
Vol X Fart & Public Works.

Engineering News - Fecord], Dec. /8 /1924,
Sept 23 /926.

Engineering News-Recard, Sept 25, /933,



Method of Desigm

Notation

Fiz, 1.

/7 = horizontal comnonent of cable stress dve to live load,
Fu

w

horizontal comvonent of cable stress due to dead load,

dead load in pounds per foot per cable.

n

M= bending moments (in the stiffening truss) wnder given
loads, for H = 0.
/M = bending moments (in the stiffening truss) with zero

loading, for H = 1.

Y = direct stress in cadble for H 1.

Ly = direct stress in truss for H = 1,

£Ee - modulus of elasticity of cable material.

£ = modulus of elasticity of stiffening truss material.
A, = area of cross-section of cable.

A = area of cross-section of stiffening truss.

Z = moment of inertia of stiffening truss in main svan.

Z = moment of inertia of stiffening truss in side spans.



& = anele that the tangent to the cable at sny voint

makes with the horizontal
The notation for the general dimensions of the structure is
evident from Fig. 1. Subscripts (,é% . ’X/'/W , etc.)
denote side span terms. The following notation will also

be used for constants which apvear frequently in equations:

=L - 4 = F+h s F=Frh

L—[/’ r’_j’ r / / /

V:%’y’=9+ﬁ:4—%(£~x};
:_f; ,7:.,5. ¢ f/,:4F/X/é'X p

S RS A G A
2 F Liry

€= F+2/r

Effect of Deflections

Suspension bridges with extermal anchorages,
unlike most engineering structures, deflect enough to
anprecigbly change the moment arms of the forces acting.
In an securate analysis, these deflections are considered,
and the analysis is thus made more difficult. Because of
this effect of deflections, deformations are not »ronor-
tional te loads., and the common methods of sunermosition
and influence lines cannot be used.

The deflections of self-anchored susmnension

_5_



brid«es are also larxe, However., if a vertical section
is massed throuzh the cable and stiffening truss at any
point, the horizontal commonents of stress in the cable
and stiffening truss form a couple, the value of which

is not affected by deflections,

Origirmal Positicn

y \[ ch/o;wﬂea Positior,
// _}
y _4_7_,,/7’ My
72
v — T e 1t Hw
AR
Filz., 2.

In Fig, 2. the bending moment at any nmoint A,

will De,
MA = M+ Hm ~( H + /7’,,,)7/ + ﬂ-/*—/-/w))? (1)
or
/qu = M+ Hm (2)
The &eflection,77 , cancels out of the moment equation,
ag does the dead load cable stress, H, ., Therefore, the
changes in moment arms caused by deflections may be dis-
regarded, and the live load stresses may he computed
genarately and sumerimmosed on the dead load stresses.
Influence lines can also be used for self-anchored sus-
pension bridges.
Equation (1) has another sismificance. The

stiffening girder functlons as e long column carrying sa



compression of H+H,. If it were not attached to the
cable, it would tend to buckle vertically from the moment
(H+—HW)7 , The last term in Egquation (1). This tendency
to buckle vertically is counteracted by the cable, as shown
by the fact that this term vanishes from Equation (1).

The bending moment at any nolnt in the stiffen-
ing truss of an extermal-anchored susmension dridege would
be renresentad by the Equation,

My = M+ Hm =(H+Hu)y. (3)
The last term of Equation (3) rewresents the effect of
deflections in reducing bending moments, Sinee this term
does not apvwear in Equationm (2) for a self-anchored sus-
pension bridge, the bending moments will be larger than for
g similar external-anchored susvension dbridge. This dis-
advantage in the self-anchored tyne is »nartially offset
by cambering the stiffening girder, and thus reducing the
bending moments.

Desian Equations

The gself-anchored svsmension bridqe with contin-
uous stiffenina truss is staticelly indeterminate to the

third degree. If the cable is removed, the resulting

Tj“‘-\~L““£P////’;_u_ka g

Fig. 3.
struecture is a continuous girder over three svans, If M

-7-



is the bendingz moment in a besm simply supported at the
towers, and Mz and M5 are the bending moments in the
girder at the towers, it is seen from Fig. 3 that the
bending moment at any point a distance x from the end of

the main span is found from the eguation,

A= M, +/NZ34-45(/73"/%Q) (4)
In the left side spon the equation becomes,
,NZ/= fﬂb'*j%/N7Z (5)
For the right gide spon the equation is,
/&46/:: /&72 *:i%'/VfB (6)

The values of M, and M, as determined by using the
three-moment ecuation are substituted in Eguations (4),
(5), and (6).

The bending moment, m, in the stiffening zirder
developed by o unit H, is made uv of o uniform suspender
pull in each span and of the bending moment caused by the
parabolic camber. These loads ore shown in Fig. 4, ond

the corresnmonding bending moment diagram is shown in Fig. 5,

4 ¥y é?faﬂv?f
8 pe Ft 2 f;gy
) fTudthtefinterey 4,597
He [ I2==57" 72 7 e H=/*
Fig. 4.

From Fig. 5, the bendling moment at any noint a distance x

8-



%54\ )| eF /ffh':F M
Xt | \\w m “’//////’
L T

Fig. 5.

KN

€

from the end of the main svan is,
m= -y'+rel (7)
At any nolnt a distance X, from the end of the side snon,

the hendine moment is

— d ¥
m, = -y, +£; e, (8)
The horizontal commonent of the cable stress, H

for any loading, will be found from the equation,

M v
oL
e a&

77 /:‘c AE

in wihich the limits of the 1ntegrations are token over the

(9)

entire struecture. Substituting valves from Equations (4)
to (8), and evaluating the intesrals, the following equation
is obtained.

(10)

4
;i%zZiAjii7ny-efva& + Z‘ZSV/ﬁINZZ;/—ﬁLeﬁchb/

Jg’d"*j’éz"&fz’?"z*ez-fey)*—-——2(/+8n2) Eé_ﬁ 2;256’6 N(/*&)z) Wz f*&)



The denominator of Egnation (10) is constant
for any structure, beinez independent of the loading con-
ditions, It 13 also a dimensionless number, containing
only ratios, If this denominator ig called I, and the
numerator is evaluated for the case of a load P in the
main spen at a distance kL from the lef< tower, Equation

(10) becomes,

/= 'D"e[k(/{"? Yol s +/) e//" /"j (11)

For s load Py ot a distance 4.4 from the outer end of the

gide s»an, Equation (10) becomes,
/o = L—'?"’[v/«(k32/r 1) - Z-/k /r)/ (12)

In analyzing a self-anchored suspension bridge,
influence lines for H may be constructed from Equations
(10), (11), and (12). Influence lines for bending moments
at any point may be constructed from Equations (2), (4), (5),
(6), (7), and (8).
Cable Anchored to Chord of Truss

The self-anchored susnension bridge with a stiff-
enlng truss will bPe analyzed by the preceding equations 1if
the cable is anchored to the truss at the center of gravity
of the truss section, TUsually, however, it will be more
econvenient to anchor the cahle %o the lower chord of the
stiffenine truss, This will inelude an end moment of —/7/CF

in the above equations, where ¢/~ is the distance from the

-10-



center of aravity of the trugss to the point where the

cable 1s anchored (Fiz. 6),

L[ c.q.0f Truss Sec tion |
¢ F = A A LA ST ATSALEL = — o F
W& 7.3 Ay 8T

Fig. 6.

s
] ;/‘/HQF - :;‘LZI_} HCF

[~
perl _— el

Fig, 7.
Tauation (7) will be changed by the bending moments shown

in Fig, 7. The bending moment, m, for a unit H, will be
7/
17 = -y e (era) F (13)
Eouation (8) will be replaced dy the equation
7 ,&
my = =4 +z/€+0v‘c)/3‘ - c K (14)

If the values from Equations (13) and (14) are substituted
in Egquation (9), the valuve of H for a load P in the main
smen at a distence4£ from the left tower is obtained.

” )
;"é[k//r_Z/(z“_/) —g/e-fa)/k__/(‘e)‘] (15

5?-‘4m?+a)tﬂ@+qf%‘énhlgivéu%@*aya~ZY?*G)VTFcz;Cﬂ?ﬂ#¢ZM3]+
£ 37 2], £ CIL opcd ,)*%_rf,g__@
EbAcFi /*577 +Z: ‘F;eJZCqMOfanb /CAZA 7,

-13-



In deslening the stiffening truss it will be more
convenlent to compute the direct stress in the lower chord,
and the bending moment adout the lower chord, than to use
the above forms for the bending moment about the center

of gravity of the truss section.

M(H AN

I

Fig, 8.

M beF

< H

Fig. 9.

The bYending moment shown in Fig. 8, in which H
acts at the center of gravity of the truss section must
be increased by the moment A F, as shown in Fig. 8. The

bending moment at any point in the main sman will then de
4 ’
Mye = M= Hy ~(erarc)F] (16)
For any point in the side svan, the bending moment will be

/\71..(.: A - H[/,//-:é’\-/‘/(éva*c),i-‘] (17)



Designs and Estimates

Deglegen Snecifications

The self-anchored susnension bridges are designed
according to "Standard Svecifications for Highway Bridges,”
adopted by the American Associstion of State Highway
Officiels (A.4,5.H.0.), and published by the Associstion
in 1935. The loading used is H-15 loading, consisting
of a 15-ton truck preceded and followed dy 11l:-tonm trucks
on each traffic lane., For loaded lengths of 60 feet or
creater, an eguivalent loading is used, as given in the
gsnecifications.

The costs of simnle snan and cantilever bridges
are commuted from quantities mublished by Dr. J. A. T.
Waddelll. These quantity curves have been nlotted from
actual weights of huondreds of structures, and are »rob-
ably the mos?t reliable data of their kind available. The
structures are designed for Dr, Waddell's specifications,
which differ from the A,A.S.H.O. specifications in many
respects. Dr. Waddell gives formulas for finding quantities
in gstructures degsigned for other smnecificatilouns.

THe simple truss and cantilever smans were
desizned for a standard 8-inch reinforced conecrete floor
with 1l-inch wearing surface, whieh weighs 110 1b. ner sgq. ft.
and is estimated to cost $0.80 mer sa. ft. The susmension
brideses are desisned for a 3-ineh steel-concrete floor

which weighs 47 1b. and is estimeted to cost $1.25

- —— -~ -

lWaddell, J.A.L., "Jeights of Metael in Steel Trusses,”
Trangactions, Am, Soec., C. E,, 1936, »p., 1 - 34.

-13-



per sq. ft. Studies made by Dr. Waddell show that for the
span lengths considered here, the costs of simple truss
and cantilever bridges will be apvroximately the same for
the lighter, more expensive floor as for the heavier,
cheaper floor.l

The estimates for simple trusses and cantilevers
are made for 20-foot roadways and for steel with a working
gtress of 16,000 1b, wer sa. in. The emtimates for the
gself-anchored suspension brideces are made for 22-foot
rosdwavs and for a worRing stress of 18,000 1b. ner gq. in.
Waddell zives the formula,2

w'' = w (0,3 +0.7 lé;QQQ) = 0,922 w (18)
18,000

for converting the weight, w, based on & working stress
of 16,000 1b. per sq. in. to the weight, w', obtained
with & working stress of 18,000 1b. per s8q. in. If the
weisght for a wider structure is provortional to the width
of roadway, the weight of steel, w', for a 22-~foot road-

way would be

w't = 0,922 w X = 1.014 w (19)

NIN
(@] {av]

Equation (19) shows that the effeat of the
wider roadway commensates for the effeet of the higher
working stress within an aceuraecy of 1.4¢%. As this error
is within the limits of the accuracy of the estimates, 1t

1Waddell, J.A,L., "Economlies of Highway-Bridge Floorings
of Various Unit Weights,™ Transactions, 4m.Soc.C.E.,1938.
Waddell, J.A.I., op, cibt,, p.9.
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will be disregarded, and the designs compared as 1f they
were based on the same sgpecifications.

The most important difference in the sypecifl.
cations by which the bridges were designed, is the mag-
nitude of the live load., The H-15 lozding is reoresgented
by an egquivalent uniformly distributed load and a concen-
trated load. The uniformly distributed load is the game
for all sman lensxths, Waddell's Class "A" loading is
renregsented by an eauivalent uniformly distributed loading,
without & concentrated load,l The distriduted load is
greater for shorter swan lengths and decreases for
longer spans. Waddell's Class "A" loading probadbly gives
higher gtresses than H-15 locading for shorter span lengths,
and approximately egual stresses for the longer spans
considered here.

The working stress for nrestressed wire strand
cables 1g not given in the A.A.S.H.O. snecifications, In
the gusmenslon bridze designs a working stress of 65,000
1b. ver sq. in, is used., PThig is a conservative velue
for the working strese in this tywe of cable.

Bridges with 240-foot Msin Svan

The stress sheet for a self-anchored susnension
bridge with a main sman of 240 feet and side snmans of
100 feet is shown 1n Fig, 10, These stresses are comnuted
by Equations (4) to (12)., The main cedbles are each

composed of four 14-inch galvanized dbridge strands,

lyaddell, 7.2.L., "Bridge Engineoring,™

-15-



These strands are prestressed to increase the modulus of
elasticity to 24,000,000 1b.per sqg.in., and to eliminate
Inelastic action under load, The lenzths of the strands
for cables and susnenders are measured after nrestressing,
and while the strands sare ocarryving their dead-load tension,
The cables and susnenders are socketed in the shon, with
no nrovision for adjusting the lengths in the field,
excent by shims between the sockets and bearineg blocks

of the main cable strands. The strands of the main
cables are spaced in an open arrangement for convenience
in inspecting and painting.

The stiffening girders are composed of 36-inch
wide flange rolled sections, with cover plates where
required. These girders are field sgpliced at several
voints. Structural olates are riveted to the girder webs
and oasgss through glots in the uwovmer flange to attach to
the susnender sockets. The cable attaches to the stiffen-
ing girder at the end, through cest steel bearing blocks
which bear on & 7%-inch nin through the zirder web, The
girder web is reinforced by bearing n»nlaetes.

The roaedwasy sufface is comvosed of & 3-inch steel
and concrete floor weilghing 47 l1lb.per sq.ft. The stringers
are spaced at 5'-0" centers, and the floorbeams are spaced
at 20'-0" centers, As the econonmic panel length is deter-
mined by the floor and live load, it will be aporoximately
the same for bridges of any span length, The floor systems

are the same for all three susvension bridges designed in

-16-



this paper. Additional details of the stiffening girders
and floor system are shown in Fig. 11.

The main tower columns are made uv of rolled
gteel sections as shown in Fig, 12, The towers are of the
rocker tyve, so that temverature stresses are eliminated.
The reactions at the tower base are distributed to the
nier masonry by rolled steel slabs, The rocker nlates
are a8lso made of rolled slabs, which are machined to a
cylindrical surface. The cable reaction is distributed
to the tov of the tower columns by cast-~steel saddles,

The sunersitructure quantities and costs for the
suspension bridge with 240-fooil main span, as computed

from the designs of Figs. 11 and 12, are as follows:

Struectural Steel

Towers 230,860 1b.,
Main Girders 219,460 1b,
Laterals 15,940 1D.
Floor System 154,500 1b.
Curb, rail %9,720 1b,
260,480 1b. @ $0.06= $27,700
Cagt Steel~-~ Saddles 2,750 1v. @ $0.18= 680
Pins and Nuts 1,100 1b, @ $0:.10= 110
12-in. Prestressed Strands 2%,500 1b. @ $0,20= 4 700
l-in. Prestressed Stremds 650 1b. @ $0.20= 130
1-1/8 in, Omen Sockets 28 @ $6,00= 170
Snecial Onen Sockets 28 ¢ $16.00= 280
Sockets for Main Strands 16 @ % 6.25= 160
Cable Clamms 38 @ $12.00= 460
Strand Svreader Clamns 4 @ $50.00= 200
Strand Besring Blocks 8 @ $50,00= 400
Floor-3" Zteel-Concrete 9680 sq.ft. ®@ $1.25= 12,100
Total Superstructure Cost $47,030

-17-



Cable: 4-/ 5 Y Galvanized
prestressed SPtronds

éanggr:: ! -1 Galvonized
prestressed strands

Maximum Cable Stress
L. 860

L. L. F/0
Jotal/ 1170

FIG /O

- 1
&
¥
3
!
+4.0% Grade s L¢ 17 5 g I LU
." , Syyrrm. abt & —-
| 5 panels @ 20°0"= /000" N G parels @ 20-0"= 1E0-0"
ELEVATION OF SUPERSTRUCTURE
BENDING MOMENTS /N STIFFENING GIRDER
Porel Point Lo Ll Lz L3 L4 L5 Lé L7 L& L9 L10 L1/
H 270 270 270 270 & 70 E70 270 270 270 270 270 270
Dead [ oad -
M 0 + 7 +24 165 “124 +203 +95 5 ~62 ~110 -/4/ -/5/
AMaximurm H 415 260 260 260 260 357 295 Fok 334 F7E FI5 415
Pos. Momen? M o *665 #9390 +965 +&6 34 + 453 +495 + 710 +839 +9/0 * 904 + 925
Maximum H 415 40/ 40/ 40/ 200 FE7 F70 Je3 F55 TEO 295 cel
Neg. Moment | pq 0 -568 -853 -840 676 -637 ~-405 -85 -394 ~332 ~27/ ~Z22

Note : Stresses are in kips

Bending moments are in Ft-kips

SELF-ANCHORED SUSFPENSION BRIDGE

SPANS  /00-240" /00" LOADING H-15

LESIGNED BY DJ PEERY

PITTSBURGH, PA. 19358
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STIFFENING G/IRDER DETAILS

SELF-ANCHORED SUSPENSION BRIDGE

SPANS  100-240-100° - LOADING H-I5
DESIGNED BY D.J PEERY

PITISBURGH, PA. 1938
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This estimated cost will have more significance
when comvared with suvnerstructure costs of simvle span
bridezes deslened for the same lensgths and with the sanme
unit vnrices., This sman length is too short for a canti-
lever bridze to be economical. There are two simnle
snan layvouts which mizht be used. the choice being
determined by local conditions, If niers can be nlaced
at any voint in the stream, three equal snans of 146'-8"

might be used, as shown in Fig. 13. With this layout,

[46°-8" e /46'-8" | /4¢-8 "
440/‘ O” 3

i i i

Fig., 13.
the weiszht of steel ver foot of bridge will be 1970 1b.

The total guantities and costs will be as follows:

Struvueturel Steel-- 866,000 1b, @ $0.06 = $52,000
9" Concrete Floor--~ 9680 sq.ft, @ $0.80 = 7,740
Curbs 440 ft. @ $3.60 = 1,590
Total Suverstructure Cost $61,330

For locations where it is important that the
main span be long enough to give satisfactory fToundations
or clearance, the simple span arrangement would be as
shown in Fig. 14. This arrangement of spans should be

compared with the susvension bridge, as all the spans

-18-



are the same lengths as the sypans of the susvension bridge.

VNN NN

? 4 42 m 7 ry
[Q0-0" | 240'-0 o /007-0 -
L 440-0" N
Fig. 14.

The quantities and costs of this bridze will be as follows:

Structural Steel -- 936,000 1b. @ $0,06 = $55,200
9" Concrete Floor -- 9680 sa.ft, @ $0.80 = 7,740
Curbs -- 440 Tt. @ 3$%.60 = 1,590
Total Superstructure Cost $65,530

Bridges With 340-Foot Main Span

The stress sheets for a self-anchored suspension
bridge with a main svan of %40 -feet and side spans of
140 feet are shown in Figs. 15 and lg. These gtresses are
comnuted from Equations (13) +g (17). The bending moments
tabulated in Fig, 15 are about the lower chord, as commuted
from Eouationg (16) and (17). In Figure 16, the maximum
n0gitive and negative stresses for each member of the
g8tiffening truss are given, and the sections desismed to
resist these stresses are shown,

The main cables are each comnosed of nine 1#-inch
prestressed gstrands. The strands have a similar omen

arrangement to that used for the bridge with a 240-foot

main span.

-19-



The bridee is stiffensed by a truss having a
denth of 6'-8" TDbetween centers of chords. The cable is
anchored to the lower chord of the stiffening truss,
since this chord is braced laterally, and is better adle
to resist compressive stress, However, part of this
conpressive stress is carried by the upper chord, as
is evident from Figs, 6 and 7. The design egquations for
a bridge having the cable anchored to the lower chord.
of the stiffening truss will not be the same as for a
bridge 1n which the cable is anchored at the center of
aravity of the truss section,

The towers are similar in desien to the towers
for the bridese with 240-foot maln snan, Tower detalls
are shown in Fig, 17. Details of the stiffenineg truss
and susmender comnections are shown In Fig, 18,

The suvperstructure quantities and costs for the
340-foot svan susvension bridge are as follows:

Structural Steel

Towers 71,600 1b.
Trusses 398,880 1D.
Laterals 35,010 1v,
Floor System, ’ .
Curd & Rail 250,000 1b.
755,490 1b., @ $0,06 = $45,300
Cast Steel--Saddles 5,770 1b, @ $0,18 = 1,030
1%2-in., Prestressed Stramds 55,100 1b. @ $0.20 = 11,020
Pins and Nuts 2,500 1b, @ $0.10 = 250
1-in. Prestressed Strands 1,440 1b, @ 30,20 = £90
Onen Sockets (attached) 88 @ $7,00 = 620
Sockets for Main Strands 36 @ §$7.00 = 250
Cable Clamns 52 @ $15,00 = 780
Floor--3" Steel-Concrete 13,640 sa.ft.@ $1.25 = 17.060
Total Sunerstructure Cost $76,600
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Cable: 9-13" Galvarnized

Moaximum Cable Stress

prestressed stronds
Hangers: /- 1" Galvornzed
prestressed strand

DL, 499
L.l 245
Joro! 744

FI1G 15

\

L\-

37-94"

T — S
, > ;
#+4.0% Grade < 777 e /18 LZ0 /22 L24 L2¢ L 28 130
Lo L2 L4 Le g Ll Syrmm. obt &
' 7 ponels @20° = /400" . EZ ponels @ 200" = [70-0"
r ELEVATION OF SUPERS TRUCTURE
BENDING NMOMENTS AND SHEARS IN ST/FFENING TRUSS
Panel Point LO LZ L4 L& LE L1O L /2 L /4 LiG L18 L 20 L2 Lz24 L26 L28 L3/
Peod ood H 439 4339 479 439 439 4359 439 439 4359 439 459 439 459 473 439 439
M o o */7 66 32 +ZC0 + F74 +4ée6 *+ 256 128 -9 ~IEZ =21/ -8/ ~FE5 -347
Maxirmum H 654 426 425 425 425 425 426 I3 469 402 506 533 553 573 497 621
Pos. Momen? | ag 0 900 | +/480 $1770 | #1730 +/370 830 | +330 +680 ~940 +1270 +/470 | +/560 +/540 +/470 | ~/430
Maximum H 654 632 63/ 629 627 625 6/9 526 579 569 354 537 579 499 4 79 433
Neg NMoment | py o -780 -/360 ~/590 -/6/0 ~14/0 - 1040 - /140 ~630 -620 - 750 -760 - 740 - ~670 -560 -4 70
Maxierwen o5 Sheor +35 24 +/9 +/9 +28 +25 +59 +49 +4.2 * 78 + 34 *+ 7 \77 + 30 + 33A
Maximurn Neg. Shear - 47 -35 -&8 -Z8 -37 -47 -65 -Z27 -Z0 -17 ~-/8 -Z/ -6 ~J0 -3Z ~-33

Nofe: Stresses are in Kips

Bending moments are in Ft-kips

SELF-ANCHORED SUSPENSION BRIDGE

SPANS 140-340140" - LOADING H-15

PITTSBURGH, PA.

DESIGNED BY D.J. Peery

/1938




FIG /6
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§
3
I\
977 ~/156 125 Uiz 170 -/40 \ U5 +96 -/02 4 + 32  ~/4/ urg #1109  -/9/
/0 W49 /0 W49 10 W49
K‘S?S- /C:% $
<2N% o
Fa 2,\
¥

2- /8 v 58 Li2 Z- /8 = 58 2-18v 458 L16 2- /8w 458 LI 218+ 458 L 20
/-Cov.Pl /8x% / - Cov.Pl 18 x4 | /~Cov. Pl 18x% /- Cov. Pl 18x} [ ~Cov PJ. 18x%
2-Side Pl /4x% 2~ SideP 14 % 2 - Srdle Pl I4dx & 2~ Side Pl 14xE 2-Side Pl /4x7%
Sy mm.
abt & =
Uzl + 115 - P2/ U23 +11l  — Z34 LES 100 =230 Uez7? +83 -2/19 U29 + 70 -2/4 U31;
/O W54 /0 W60 10 WF&0 /0 W54 /0 WF 54
& ol & <) 53 T» Bk > 9
c"/e x 2 10 <’ > *A\O\PF A *510\.? L ) \O R *5\0 ¥ '
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2-18 = 427 L22 Z- 18 =427 LY 2- /18 v« 58 L26 Z-18—58 - L 28 E-/8~ 58 L3O Z2-18—58

/- Cov P /8x%
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Note: All vertical members [OWE/

SELF-ANCHORED SUSFENSION BRIDGE
SPANS 140°740-/140° ~ LOADING H-15
DESIGNED BY DJ PEERY

Stresses Shown are in kips
Tension (+); Compression (/.

PITTSBURGH, PA. 1938
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LOADING H-15

TOWER DETA/ILS

DESIGNED BY D.J PFERY
PITTSBURGH, PA. 1938
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The cost of a cantilever bridee for the same
span lengths will be comnuted. TFor a2 cantilever gtructure,

s8ilicon steel will be more economical than carbon steel, It

is possible that some saving could also have been made in the

cogt of the suspension bridge by the use of gilicon steel.

) S
—— -t 340’ 1. /A0 __{
< &e§20’ o
Fig, 19,
The quantitles and costs for the cantilever shown in Fig, 19
will be es follows:
Silicon Steel 712,000 1b., @ $0.075 = $53,400
Carbon Steel 475,000 1b. @ $§0.06 = 28,500
9" Concrete Floor 15%,640 sq,ft.@ $0,80= 10,920
Curbs 620 ft, @ 33,60 = 2,230
Total Superstructure Cost $95,050
The cost of a gimple span layout with the same
span lengths will be estimated., The side spans will be
N ‘ N ANX -
¥ ] U 0
[
!. /40" i F4C° e /40’ ,41
“ 620’ g
Flg. 20,
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shorter thaen the economic limit for silicon steel and the
cost of the main span will be an~roximstely the same for
carbon steel as for gilicon steel, The estimate will
therefore be made for carbon steel in the entire structure.
The quantities and costs for the bridge shown
in Fig. 20 will be az follows:
Struetvral Steel-- 1,536,000 1b, @ $0.06 = $92,200

9m Concrete Floor 10,920
Curbdbs 2,230
Total Superstructure Cost $105,350

The layout for three egqual simmle snmans of the

seme total length as the above structure is shown in Fig.21.

AN/ RN/ RN,

! 7

l}:“ 206 1_5/4 -_I‘ 206/—8// L‘ 2Qé I_Bu —:

e 620-0" o
Fig. 21.

The quasntities and cogts are as follows:

Structural Steel -- 1,366,000 1b. @ $0,06 = $81,900
9" Concrete Floor 10,920
Curbs 2,230
Total Superstructure Cost $95,050

Bridges with 480-foot Main Span

The design of a self-anchored susmnension bridege
with a main gnan of 480 feet and side snans of 200 feet
1s shown in Figs, 22, 23, and 24, This structure is

s8imilar to the gusnension bridge with a 340-foot main



Cable: - /2~ /5 " Galvoanized
presiressead stronds

Hongers: ~ /- [§ Galvanized
presrressed strand

Meaximum Cable Stress

LL 860
L.l 20

Jotal

/170

FlG 22

-\ :ﬂ
-\ ‘
FHH———____‘L i *‘
: 7 132 L34 L3¢ L3g L40 L4Z L4 3\%}
+ 40 % Grode io Lz L4 Lé L8 Lo L2 Lié Lig L18 i20 lz22 Lz Lee L2E 30 f
; Symm, abt €~
B /0 panels @ 20-0"= 200-0" i 12 ponels @ F0'0"= 240°-0” e T
ELEVATION OF SUPERSTRUCTURE
BENDING MOMENTS AND SHEARS IN STIFFENING TRUSS
Panel Poirt Lo L2 L4 Leé LE L/IO L 12 L/4q L/6 L/8 L 20 L22 L24 Lie L28 L30 L3z | L L3¢ L.38 L40 Laz2 L44
Dead Load H 760 760 760 760 70 760 760 760 760 760 760 760 | 760 760 760 760 760 760 760 760 760 760 760
N o -8 *& *50 | +/30 r230 | +360 | +5/0 | +690 | +800 | #1140 | +8C0 | +530 |+270 + 50 170 | =360 | ~5/0 | -30 | -730 | -F00 | ~-£40 | -&50
Maximeim H /030 740 740 740 <0 740 70 740 740 740 S | 8ZO | /0 BLO G50 870 | 800 920 N 350 980 | /1000 | /050
Pos. Momen? M 0 HEIO | #2100 |+ 7850 | 3200 | #7320 | +T/00 | #2650 | +2070 | #1700 |+/990 | +/540 | +/480 | +/750 |+ 2080 | +C4F0 | +2650 | #2690 |+2700 |+2730 | #2700 |+27/0 |+£750
Meaximem H /030 /030 | /1030 | /020 | /020 | /1020 | /1020 | /020 | 1020 | /020 B70 | &9¢ | Seo 0 930 920 Q00 | &80 50 | B30 &00 770 740
Neg. Meorment M o -1450 | ~2300 | <2800 | <FO50 | -3/20 | -2980 | -2570 | -COZ0 | -/1800 |~/8I30 |-/900 | ~/E/0 | -1/60 | -/3/0 | /450 | ~/550 |-/590 | ~/580 | /470 | /340 |-/230 | -//50
Maximum Fos. Shear *63 ~57/ +4/ +32 | 27 | +24 | 227 +34 | #+44 | 55 | 75 | +65 | +58 | +53 +49 | 46 43 | +40 | +38 | +37 +38 +4/
Maximum Neg. Shear 67 -55 -47 -39 ~75 -5 -40 -48 -60 -7Z -~ 55 | =3/ -2&€ ~EZ -EE -23 -5 | 29 ~34 -37 —40 -4/

MNote: Stresses are in kips

Bending moments are in f#-kips

SELF-ANCHORED SUSFPENSION BRIDGE
SFANS 00-480-200" - [ OCADING H-I5
DESIGNED BY D.J PEERY

PITTSBURGH, PA. /938
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SELF-ANCHORED SUSPENSION BR/IDGE
SPANS 200-450200°  LOADING H~/5

DESIGNED BY D J PEERY

PITTSBURGH, PA. /938
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SPANS 200'-480"200°

LOADING H-I5
DESIGNED BY D.J PEERY
PITTSBURGH, P4. 1938




snan. The truss denth for the 480+foot main swan is also

6'-8", This is sufficiently deep for this svwan length.

For the 340-foot sman a shallower truss would have been

desirable, but this would have made it necessary to

shorten the nanel lengths or use an uneconomical slovoe

for the diagonals, The main cables for the 480-foot svan

are each composed of twelve 1-5/8 inch prestressed strands.

The superstructure quantities and costs for the

480-foot span suspension bridge are as follows:

Structural Steel

Towers 123,860 1b.
Trugses 849,280 1b.
Laterals 68,000 1b,
Floor Systen 303,000 1b,
Curb and Rail 62,500 1b

17206 . 640 15.0 $0.06x3d4,400

Cast Steel--Saddles

8,990 1b.,@ $0.18= 1,600

Ping and Nuts 5,500 1v.@ $0.,10= 550
1-5/8 1in. Prestressed Strands 121,200 1b.@ $0.20= 24,260
1-1/8 in. Prestressed Strands 4,479 1b.@ $0.20= 820
Oven Sockets (attached) 136 @ $8.00= 1,090
Cable Clamns 74 @$18,00= 1,330
Floor--3" Steel-Concrete 19,400 gc.ft, @ $1,25= 24,250

Total Suverstructure Cost

$138,350

& canfilever bridge with the same swan lengths

will be more economical if built of silicom

steel than 1if

B <
K AR AR AR AL ; U
i \

' 200’ '. 450’ i 200’ JI
C C &0’ >
Fig., 25,
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built of carbon sfteel., The quantities and costs of a canti-

lever bridge layout as shown in Flg. 25 are as follows:

Silicon Steel -- 1,430,000 1b, @ $0.0%5 = $107,200
Carbon 3teel -- 877,000 1v, @ $0.06 = 52,600
9" Concrete Floor-19,400 sq.ft. @ $0.80 = 15,520
Curdbs 880 1, @ 83,60 = 3,170
Total Sumerstructure Cost $178,490

The simmie snan lavout with the smans the same

200’ ; 1450’ i 200’
S80°

\
A
.

Fig., 26.
lengths as in the susvension bridge, is shown in Fig. 26,

The quantities and costs will be as follows:

Silicon Steel -- 1,470,000 1b., @ $0.0%5 = $110,000
Carbon Steel 900,000 1b, @ $0.06 = 54,000
9" Conecrete Floor 15,5620
Curdvs 3,170
Total Sunerstructure Cost $182,690

m/WWW MWWW\/KLW\ Nﬂm\

£93"- 2" 293’ -4" 233'-4"
550-0"

T
|}

Fig. 27.
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The quantities and costs of the simple span

layout shown in Fig. 27, which consists of three equal swans

of the same total length as the susnension bridge, will

be as follows:

Siliecon Steel--1,230,000 ib. @ $0,075

Carbon Steel -- 753,000 1b. @ $0.06

9™ Conecrete Floor

Curbs

Total Sunerstructure Cost

Summary and Conclusions

estimated are tabulated in Pable II,

Type
Self —anchored
Susnengion
Simnle Snana
Simnle Smans

Self-anchored
Sugnension

Cantilever
Simple Spans
Simple Spans

Self-anchored
Suspengion

Cantilever
Simple Svans

Simple Svpans

$92,200
45,200
15,520

3,170

$156,030

The costs of the structures which have been

Table II

Spans
(feet)
100-240-100
100-240-100
3 @ 1467-8"

140-340-140
140-340-140
140-340-140
3 Q 202'—8"

200-480-200
200-480-200
200-480-200
3 @ 2937-4"

Suvperstr.

Cosat

$47,030
$65,530
$61,330

$76,600
$95,050
$105,350
$95,050

$138,350

-$178,490

$182,690
$156,090

-25-

The costs axre

Difference in Cost
of Trusses and
Susvension Bridges

Dife, %
$18,500 28.3%
$14,300 23,3%
$18 250 19.4%
$28,750 27 .3%
$18,450 19.4%
$%0,140 22 ,44%
$44 ,340  24.2%
$17 ,740 11.2%
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vlotted for the various tymes and smwan lenaths in Fig., 28.
From the cost curves it is nossible to determine the
suverstructure costs of bridges of other snan lengths,

For unit prices other than those uvsed in this investigation,
the curves may be adjusted by multiplying by the ratio of
the wnit orices.

The above investigation shows self-anchored susven-
sion bridges to have an economy of from 19.4% to 28.3% over
cantilevers and simmnle trusses of the same smen lengths,
However, the validity of the c¢ost estimates will devend
somewhat on the location for whlsh the bdbridge is designed.
For locstions where it is difficult to use falsework or
a temvworary anchorege for erection, a cantilever bridsge might
be more easily erected and hence the unit nrilces would be
lower for the cantilever.

The quantities for the suspension bridges are
believed to be correet within an accuracy of 34, The
greater accuracy obtained by completely detalling the
structures would not be justified, as the variation in
practice of different designers would intreduce differences
as great as this error. The economic nrovortions of self-
anchored susnension bridges have not been thorousghly
studied, It 1s nossible that by varying the ratios of cable
sag to sman length, slde svan to main sven, truss devth to
svan, or vanel length to width, an additional economy may

be obtained from self-anchored susnwenslon bridges.
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The recent use of self-anchored suspension bridges
ecarrying light live loads shows economy which has not long
been avnreciated. The aesthetic advantages of suspension
bridges have always been recognized, and have been respon-
gsible for the construction of several of the existing
gelf-anchored bridges, The economic and aesthetic advan-
tages of self-anchored susnwension bridges should maeke this

tyne of structure very monular in the future.
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