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In & former publication by this department® certain eco-

‘nomic data pertinent to shori-span suspension bridges were

ge ere
esented. the findings, in general. indicating that the suspen-
. in many instances, constitutes a most effective and

selection for short-span structures. In this connec-

tion, the writers wish to point out a lew fundamental facts:

suspension syste

uitable for

ri-span highway bridges due o the fact that such structures
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are lacking in rigidity, and that the live loads produce excessive

distortions, thus rendering the designs unsuitable for traific

Structures in the second class are suitable for highway trai-

fic: however, this type has not enjoved extensive use due prin-

cipally to the excessive cost.

1 type has been used extensively. and has
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However. il possesses ceriain peculia

lead the des when proportioning

dual ensemble

live-lgad distort
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s a certain proporiion of the s
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load directly to the supports by virtue of its simple beam capac-
ity. Since these two systems act simultaneously it is obvious
that the stress distribution in the ensemble will not be deter-
minate from statics alone.

Stiffening frames may be either hinged or fixed at the
towers, and the side spans may be either suspended or inde-
pendently supported. Since space will not permit a considera-
tion of all of these types, the present investigation has been
limited to structures with suspended side spans and two-hinged
stiffening frames.

As may be inferred from the title, this bulletin will be con-
fined to suspension bridges of comparatively short-span (from
350 feet to 600 feet, main span length). In a subsequent bulletin
under process of preparation at this time, the researches will be
extended to longer spans, and an attempt made o develop
certain design constants of universal application.
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order to simplifs : ot
be neglected for the present, and the ca o‘c structure consic
as fixed at the tower points “0O7 and “D”.#

The external loads acting on the cable consist of the dead
load of the entire system (cables, :,uimnmo frames, deck, ete)
which may be represented by the term “w” per rm'?t ’
the effect of the live loading which may be ro
term “q” per unit length. The dead load “w”
as uniform throughout the length of the span miz:m the limits
of accuracy desired. The live load “¢” may or may not be con-
sidered as uniformly distributed, depending upow ?"hc (;‘em"ee
of accuracy desired (this will be discussed late ‘).
variable, as will be seen from Equation 8. In thi
should be pointed out that the loading “q” does not
the total live load but onlyv that portion of the live

mitted to the cable.

g
he

Let Sy represent the dead-load stress in the cable at any
point;

S, represent the live-load stress in the cable at an:

arepresent the unit distortion of the cable under live
load;

T‘ben the average stress during the period of motion was
S,, 4 S, and the total resilient energy stored within the cable is

But, from Figure 2,

ds ds 7
s e~ . /
Sp=H, - ——and S5; == Hy, - - e
dx Ax
ds ¥ ds  ds

Alsodi =5y —— = Hp - ——v - ——— &/
AE, dx  AE.

7 Side-span effects wiil be considered later

STRUCTURAL THEORY 9
Where:

H, == Horizontal siress in cable due to dead load;
H, = Horizontal stress in cable due to live load,;
Sy

- [}Ih ’“ gHI] © ° L].; * -
AE.

Expressed in words, the internal energy stored within the
cable equals the product of the dead load horizontal pull, plus
one-half the live load horizontal pull, multiplied by the live
load horizontal pull times the length integral

L,; o —— dS -
dx

divided by the area of the cable, times its modulus of elasticity.

Reasoning in a similar manner, the average external load-
ing during the period of motion is represented by the term

;

{(w -~ 3q); hence the external work which has generated the
resilient energy represented by Equation 2 (and therefore must
balance it} is represented by the expression

V Py -

Wi | (w3 - 8 dx (3)

Where A represents the deflection of the cable at any point.
For elastic equilibrium, therefore
. H, . o S

[Ho + 3H 3 — J[Lel= | (wrig) -2 dx

Fa

< el a

]ds which can be readily evaluated as
dx -

- 37320 log. {4¢
toad sag ratio

O S L 5 I {2a)
.. £/l (see Figure 1).




10 SHORT-SPAN SUSPENSION BRIDGES

The above equation contains the terms representing the
horizontal component of cable stress for both dead and live
loading; also the deflection A at any point in the span and the
term “q” representing that portion of the total live load trans-
mitted from the stiffening frames to the cables. With these
factors evaluated, the cable stress for the loadings assumed
can be readily determined. Moreover, since the residual live
load active against the stiffening system is” obviously (p-q)
per unit length between points “a” and “b” and (-q) per unit
length over the balance of the span, the stiffening frame
stresses also will be determinate.

The above derivation constitutes the basic theory of stiffened
suspension bridges and is comparatively simple. Its application,
however, is not as simple as the theory itself inasmuch as the
evaluation of the various unknowns is a process somewhat
involved.

Equation 4 contains four unknowns; viz: H,; Hi: g and A
and also the cable area “A” which obviously must be assumed
for the solution, and subsequently corrected by a process of
cut and trv exactly as in the case of any other statically inde-
terminate frame. The term H; is readily evaluated from statics

wiz
as * where “f” is the dead load sag at center line span. This
8t

leaves for determination the terms g, 4, and H,, each of which
will be considered in order.

wi?
#* The expression Hp = —— is mathematically correct only when the dead lond
8f

per unit length is constani throughout the entire Jength of span. A constant deck
joad and a constant cross section of cable produces a combined unit dead load of
varying intensity increasing from the center toward the ends due to the inclination
of the cable. This discrepancy, for a 900-foot main span, was calculated by the
authors and found to be approximately one-tenth of one per cent. The error intro-
duced by using this formula is, in most instances less than the discrepancy existing
between the actual weight of the siructure and the most accurate estimatle the
designer can make; moreover, the variation in the unit dead load caused by ihe
inclination of the cable is in many cases partially offset by a corresponding varia-

wi¥
tion in the weight of the stiffening frame. The expression Hp = can therefore

e used in designing any bridge of moderate length: however. excessi

ely iong-
span structures should be investigated for this varving load.

3
i
i

STRUCTURAL THEORY 11

Article 2——Evaluation of the Term "q" {representing that portion of the
live load transmitted to the cable)

Consider any infinitesimal increment of cable length as a
free body in equilibrium (Figure 3) under the action of dead
load forces onlv., Yv oo o vields the following:

v dy,
Hy), — - H,, o —
ax dx
But
dv, — dyy = d°v
Whence
r?;'-‘}
i,}\xv e ITI 2
dx*

ailar manner, after the aj
{for elastic equilibrium:

A2 (v - A)
b Hi] = L T
: dx?
H, o d=a
- 1] T }i}) S S (U —
1—'{?' : df: I“I]»
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PORTLAND CITY COUNCIL
COMMUNICATION REQUEST
Wednesday Council Meeting 9:30 AM
Council Meeting Date: /N 0\/ 2 \oen O, 20V
Today’s Date OC*O be/\/ g) 2—59 [ O AUDITOR 188218 aH1GE: DT
Name \J AL E S \%\ ' o
Address. < [ ¢ <& A iTects L Pt iAcy 23206

Telephone S 2~ 7] [~ ¢ (% Email & A DUWWAL T DAL oA E GO, ¢ oM

Reason for the request:

E oo DEstenw Fon

Lo d Rpaings

Voo 3 oo

(signtd)

o Give your request to the Council Clerk’s office by Thursday at 5:00 pm to sign up for the
following Wednesday Meeting. Holiday deadline schedule is Wednesday at 5:00 pm. (See
contact information below.)

e You will be placed on the Wednesday Agenda as a “Communication.” Communications are
the first item on the Agenda and are taken promptly at 9:30 a.m. A total of five
Communications may be scheduled. Individuals must schedule their own Communication.

e You will have 3 minutes to speak and may also submit written testimony before or at the
meeting.

Thank you for being an active participant in your City government.

Contact Information:

Karla Moore-Love, City Council Clerk Sue Parsons, Council Clerk Assistant
1221 SW 4th Ave, Room 140 1221 SW 4th Ave., Room 140
Portland, OR 97204-1900 Portland, OR 97204-1900

(503) 823-4086 Fax (503) 823-4571 (503) 823-4085 Fax (503) 823-4571

email: kmoore-love@ci.portland.or.us email: sparsons@ci.portland.or.us
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Request of James B. Lee to address Council regarding economic design for
Sellwood Bridge (Communication) ”

Filed NOV 05 2010 |

LaVonhe Griffin-Valade

A%ty of Portland
B :

“

NOV 10 2010
PLACED ON FILE

COMMISSIONERS VOTED

AS FOLLOWS:

YEAS

NAYS

1. Fritz

2. Fish

3. Saltzman

4. Leonard

Adams




