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CoMPRESSION MEMBERS.

Straight line formula have been adopted for compression members,
as being equally as satisfactory as those based on Enler’s theory, and,
at the same time, much simpler in operation.

ALTERNATING STRESSES.

Members subjected to alternating stresses are the only portions of
the structure where no addition is to be made for impact. It was
found more satisfactory in the case of these members to suitably in-
crease the section by a == formula covering the great variety of
cases likely to occur.

In the great stiffening trusses of a suspension bridge, which must
exceed 1,200 feet in length, the maximum alternation of stress is rarely
likely to occur, and arbitrary values have been specified. This, it may
be remarked, was also the view taken by the Boards of Engineers who
reported on the proposed North River Suspension Bridge, New York.

SHEARING AND BEARING STRESSES.

The specified allowances for impact must first be made before
applying the unit stresses specified for shear and bearing. The steel
for rivets is to be of softer quality, 50,000 to 60,000 lbs. per square
inch, than that employed in the structural members; and, where the
rivets are hand driven in the field, their number is to be increased
thirty per cent.

CABLES AND SUSPENDERS.

The wire used in cables and suspenders, if the latter are formed
of wire ropes, is specified to have a minimum tensile strength
of 200,000 lbs. (893 tons), per square inch. The main cables are to be
preferably constructed of a number of separate parallel wires gathered
and clamped together into a compact cable. This is in accordance with
the practice followed in the Brooklyn Suspension Bridge, and in the
new East River Bridge, of 1,600 feet span, now in course of con-
struction.

ConcLusioN.—The foregoing paper represents the results of a study
on unit stresses, etc., made in connection with the specification adopted
by the Sydney Harbour Bridge Advisory Board, of which Professor
Warren is a member, and Mr. Dare the Secretary.
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APPENDIX 1.

“Some Experiments on Bridges under Moving Train Loads”

by F. E. Turneaure, Assoc. M. Ams. Soc. C.E.
Vol. 24 Proc. Am. Soc. C.E.

The following is a summary of the principal results and conclusions from the
experiments :—

1.

Speeds less than about twenty-five miles per hour are not likely to result in
much vibration.

. The increase in deflection due to vibrations, caused by locomotives running

at speeds of forty to fifty miles per hour, is likely to be forty or fifty per
cent. for girder spans of less than fify feet in length.

. This percentage decreases rapidly for longer spans, becoming about twenty-

five per cent. as a maximum for seventy-five feet spans.

. Owing to cumulative effect, the percentage is likely to be a maximum of

twenty or twenty-five, for spans from seventy-five feet to one hundred
and fifty feet or more in length, but the experiments indicate no increase
in per centage for increase in span.

. The relative increase in chord stress is about the same as in deflection ;

that in centre dingonal is somewhat more than in the deflection; and in
hip vertical it corresponds more nearly to that in girders of forty to fifty
feet span-lengths.

. The effect of speed of application of the load on mean deflection was of no

consequence in the spans tested (the increase in deflection from live load
being due to vibration), although theory points to an appreciable increase
from this cause in very short spans without camber.

. Secondary stresses are likely to be high in small girders with shelf-angles,

and in some parts of trusses, and the discrepancy between observed and
computed stress may be greater from this cause than from dynamic effect
of moving loads.




APPENDIX II.

Extracts from Specification upon which Tenders are now invited for
the Sydney Harbour Bridge.

‘WiIND PRESSURE.

Provision is to be made throughout the structure against the following wind
pressures acting at right-angles to the centre line of the bridge : —

(n) Brinoe Unroapen.—Tifty pounds per square foot of exposed surface, treated
as a uniform load over the whole structure.

(4) Bripee Loapep.—Thirty pounds per square foot of exposed surface treated
as a uniform load over the whole structure, together with 300 pounds per
lineal foot over the whole length of the bridge, acting at eight feet six
inches above the rail, and treated as a moving load.

The wind pressure on the main span is to be calculated from the details of the
design submitted on the general principle, that the area of exposed surface will be
equal to the area of one main truss x 2, plus the area of hand-rail x 2, plus the
area of deck system x 15, the area in each case to be taken as the area seen in
elevation, at right-angles to the direction of the wind. For the wind pressure on
main towers of suspension bridges, the exposed surface to be taken to area x 2 for
each pair of bents.

’ TEMPERATURE.

A range of 60° F. on either side of mean temperature is to be allowed for.
The co-efficient of expansion of steel for 60° F'. is to be taken at .0004.

TrRAIN MOMENTUM STRESSES.

All portions of the structure are to be designed to resist the longitudinal
stresses induced by suddenly stopping one or both the maximum trains specified,
the co-efficient of friction of the wheels on the rails being assumed as 0-20.

CENTRIFUGAL FORCE OF TRAINS.

Such portions of the structure as are on a curve are to be designed to resist the
centrifugal force due to one of the maximum trains specified on each track.

Maximum LoADING.
All members of the structure shall be proportioned to resist either—

(@) A combination of dead load; maximum live load on railway tracks, road-
ways, and footways; train momentum stresses; and stresses due to the
centrifugal force of trains (if any); or

(k) A combination of dead load ; maximum live load on railway tracks; one-
half the specified live load on roadways and footways; wind pressure on
structure and train, at thirty pounds per square foot; train momentum
stresses; temperature; and stresses due to the centrifugal force of trains
(if any) ; or

(¢) A combination of dead load; wind pressure on structure omnly, at 50 1b.
per square foot ; and temperature.

The sectional area to be provided is to be the maximum area required by either
(a), (), or (¢), proportioned according to the specified unit stresses.
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ImpAcT.

Except in the case of the main towers and main trusses of cantilever bridges,
and the main towers, cables, and stiffening trusses of suspension bridges,
an addition for impact is to be made to the stresses due to live loads,
determined in the following manner :—

=CX{LXT—LE}

‘Where D — calculated dead load stress in member.
L — calculated maximum live load stress in member.
I = addition to be made for impact to the maximum live load stress
(including train momentum and centrifugal force).

C =a cunstant, representing seventy-five per cent. (0-75) for all train
loads ; thirty per cent. (0-30) for the rolling load of twenty
tons specified for the roadways; and fifteen per cent. (0°15)
for the live load of 100 pounds per square foot on the road-
ways and footways.

In the case of the main towers and main trusses of cantilever bridges, and the
main towers, cables, and stiffening trusses of suspension bridges, no allowance need
be made for impact; but the specified allowance is to be made for impact in the
case of the central suspended girders of cantilever bridges.

UNIT STRESSES.

All portions of the structure shall be so proportioned that the maximum loads
shall not cause the stresses to exceed the following, for medium steel (where not
otherwise specified.)

TENSION.

(@) Dead load and live load, on all members, including train momentum,
centrifugal force, and impact, were specified.

P = 17,000 pounds per square inch on the net section.

(b) Temperature and wind pressure on all members.

= 24,000 pounds per square inch on net section.

(¢) In the following members no addition is to be made for impact to the live-
load stresses, and Clause 6 shall not be taken to apply. These members
are to be proportioned, both for dead-load and live-load stresses, upon the
following maximum unit stresses :—

Floor beam hangers and other similar members liable to sudden

loading (bars with forged ends).

For loads due to railway—P = 7,000 pounds per square inch on net section.

For loads due to roadways or footways—P = 9,000 pounds per square inch
on net scction.
Floor beam hangers and other similar members liable to sudden
loading (plates and shapes).

For loads due to railway—P — 6,000 pounds per square inch on net section.

For loads due to roadways or footways—P = 8,000 pounds per square inch
on net section.

In determining net sections, all rivet holes are to be taken as § inch larger than
the nominal diameter of the rivet.
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COMPRESSION.

(a) Dead-load and live-load, on all members, including train momentum,
centrifugal force, and impact, where specified.

!
P = 17,000—80— pounds per square inch on gross section.
(b) Temperature and wind pressure on all members.

P= 22,500—100—:, pounds per square inch or gross section.
‘Where P = working stress per square inch.

! = length of member in inches, centre to centre of connections.

7 = least radius of gyration of the section in inches.

No compression member shall have a length exceeding 100 times its least
radius of gyration, except for the windbracing, where the length may be 125 times
the least radius of gyration.

ALTERNATING STRESSES.

For all members subjected to stresses alternating between tension and com-
pression, no addition shall be made for impact to the live-load stresses; but the
sectional areas provided shall be proportioned upon the following unit stresses : —

(a) All members, other than stiffening trusses of suspension bridges.

For loads due to railway—
1 minimum

Tension P = 12,000 { =5 aximom § per square inch on net section.

, _ _ zpl _ 1 minimum ) per square inch on
Compression P — 1 12,000— 50 =57 paximom { aross section.
For loads due to roadways and footways—

. 1 mini . .
Tension P —= 15,000 { l—- Ll Ll } per square inch on net section.
Taximum
_ ! 1 minimum ) per square inch
Gompression P = { 15,000 '-607} { 1=, “maximum §  on gross section.

In applying the above, the resultant stresses shall be calculated for the member
under consideration due to the sum of the dead-load stress and the live-load stress
of the like sign, and also to the difference of the dead-load stress and the live-load
stress of the opposite sign. The ‘‘minimum’’ stress shall then be taken to be the
less and the ‘“‘maximum’’ stress the greater of the resultant stresses so obtained.

(b) Stiffening trusses of suspension bridges.

Tension P = 14,000 pounds per square inch on net seetion.

. 1 )
Compression P = 14,000—60~.-pound per square inch on gross section.

The greater of the two sectional areas required as so determined to be used in
proportioning the members both for (¢) and ().

COMBINED STRESSES.

In the case of members subjected to a bending stress in addition to a direct
tensile or compressive stress, the extreme fibre stress due to a combination of the
bending and direct stresses shall not exceed the limits specified for direct stress.
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SHEARING STRESSES.

After making the specified allowance for impact, the shearing stress on pins,
bolts, and machine driven rivets shall not exceed the following :—

Medium steel . .s - 12,000 lbs. per square inch.
‘Wrought iron s . oo 9,000 1bs. per square inch.

For field rivets, hand driven, the number of rivets determined as above shall
be increased thirty per cent.

BEARING STRESSES

After making the specified allowance for impact, the pressure upon the bearing
surface (diameter x thickness) of pin, bolt, or machine-driven rivet holes shall not
exceed the following : —

Medium steel . .. .. 24,000 1b. per square inch.
‘Wrought iron .. . .. 16,000 1b. per square inch.

For field rivets, hand-driven, the number of rivets, as determined above, shall
be increased thirty per cent.

BeNDING STRESSES ON PINs.

After making the specified allowance for impact, the stresses upon the extreme
fibres of pins due to bending shall not exceed 25,000 1bs. per square inch, providing
that the bending moment in the pin is calculated upon the assumption that the
pressure from each member is distributed evenly over the bearing surface of
such member.

PrATE GIRDERS.

No portion of the web-plate shall be included when proportioning the flanges
of plate girders.

The webs of plate girders must be stiffened at intervals about the depth of the
girders, whenever the shearing stress per square inch exceeds the stress allowed by
the following formula :—

_4q_
2
1+ 2

3000

‘Where C = 12,000 for girders in which the maximum stress is due to load of
railway, and 15,000 where the maximum stress is due to load of roadways or
footways.

H = ratio of depth of web to thickness.

No web-plates shall be less than §-in. thick in railway girders, nor less than
5-in. thick in roadway or footway girders.

The stiffeners shall be a neat and close fit under the flanges of the girders.

Allowing shearing stress =

RoLLED GIRDERS.

After making the specified allowance for impact, and deducting for rivet holes,
all rolled girders shall be proportioned by therr moment of inertia, allowing such
value for the modulus of rupture that the unit stresses on the extreme fibres shall
not exceed the limiting values specified.

DEFLECTION.

The depth of all members shall be such as to prevent undue deflection under
the maximum loads specified.
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PRESSURE ON ROLLERS.

In all expansion bearings turned rollers are to be provided, working between
planed surfaces, nowhere less than six inches in diameter, and so proportioned that
the pressure per lineal inch of roller shall not exceed 300 @ for steel rollers between
steel surfaces, where 4 is the diameter of roller in inches; such pressure not to
exceed 3,000 lb. per lineal inch.

In the case of long rollers, great care is to be taken that the saddles and
bedplates are made sufficiently deep and stiff to ensure an equal distribution of the
load over the whole length of the roller.

CABLES AND SUSPENDERS.

The main cables and suspenders of suspension bridges are to be proportioned
for the maximum loads specified, with a factor of safety of 3} on the minimum
ultimate strength of the material proposed to be used by the Tenderer.

PRrRESSURE UPON MASONRY AND CONCRETE.

The maximum pressure upon any portion of the masonry or concrete in the
piers shall not exceed the following : —

Trachyte, granite or Melbourne bluestone bedstones, 500 1bs. per square inch.
Masonry of selected sandstone . .. .. 250 lbs. per square inch.
Concrete as specified .. . .. .. .. 200 lbs. per square inch.

PrESSURE UPON FOUNDATIONS OF PIERS.

The maximum pressure on the sandstone upon which the piers are to be
founded shall not exceed 25,000 1b. per square foot under the maximum loading
specified. Such pressure to be the actual pressure upon the foundations due to the
weight of the structure and loads thereon, without making any allowance for the
weight of the water or material at present overlying the rock, or for skin friction
on the sides of the pier.
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" Diagram No. 1.

SYONEY HARBOUR BAIDGE

Diagram showrng Working Slresses in Tension

A1ler allowing for lmpac/ /= €x(L*73)

R AN live losd

478216 = 6 60 Tons per sg.rn.

e Y3077 = 584 Jorrs per sg in,

3
N
N Where C = /5 lor Lve load s/ 100/bspersg 77
? C<30R, Kolling Losd of £076rs
X P C =756, Tromn lood
Moo 7p
=
7 o4 a5
lons per sg.im. Lbs pursg.in.
843 19 000 —
804 18 000 i e
i l
X
i 769 /7 000 |
5N o i
N \\ Loy, |
\ o0 e ‘
Y 2 e o
e B -
o 75 16 000 = e
g Zop.
<
§ \ <
N S .
G|
LY *R
N 67 /5 000 NN
N BN
o > . |- of
<)
N
o~ 625 14 000 %Q_
§
“
S s 13 aoo =
Q
[
3 :
{ !
§ 536 12 000 j\
~
®
Q
K
Q 4 9/ wooo |
“y
3
N
N
N 226 0 voo —
[\ 8
<
402 Soov |
357 Lov0

Jve Losd of 100/b per sg 77
Folling Load af 20 Tons

Jrain

Do
172

Ns7ems - 232 Zors per sg. o,

Foctor of Safely varies from 35 lo 406 Measured on Ul strenghh
Do
Lo

Fig. 6.

SCHNEIDER — AMER ICAN

BRIDCE CO .

Raicway Brioces 1300

( This is identical wmith the Pencoyd Bridge Co Specification /8.95)

300
S+300 = 100 fors.0

0

Joo £00

600 00

<23 for S « 1000’

00 1000

%

/8000

17000

QJeag Lodd .

16000

15000

74000

/3000

pors

——t ——’{_/mm

12000

7 B
al Mlﬂ/b
£rer

11000

ail s

g fres

10000

o000

o200

Diagram No. 3.

Tons
8-04

760

775

670

625

5-8/

536

49/

2-46

<.02

357

COM PARISON

UN\T STRESSES

IN TENSION FOR VARIOUS SFECIFICATlONS

( These ave the Slelica/ working slresses per sg.in. 31 7er a/lowing £or /m,o&C/‘)

Umit St ressper Sq Il

RAiLROAD

Dead [oad

Fquiv Live Load = 3600 1b per foot

30 F1 Sran
(Lower Flange)

= 260/bper foot

Ratio 7=, — . 93

STRINGER

RaiLroap Main GIrRDERA

150 Fr Deck Sean
(Chords of Shapes)

Assumed Arrangement of Deck

1L 23

Pead Load = 1800 16 per Foot
Live load = 7000 /b per foot

j L
Ratio i+p = -80

'I‘AT i T

Roaoway Strincer 30F7 Span

Live Load at 1001b per saft| Rolling Load of 20 Tons

(Lower Flange)

Deadl vad - 580 1b per foot | Dead [oad = 580 Ib per foot
Live Load « 500 16 per foot |Fgunr.Livelaad- 995 /b per foot

. L
Ratioz+p=

L
-46 Fatwo 750 = - 63

Assumed z‘f’/dﬂff/ﬂ?ﬁ[ of Jeck
2 11

Roapway Main Giroer B

150 FT Deck Span
Chords of Shapes

TB T T T T
Dead loaa = 3000 Ib per F¢
Live Load = 2250 /b per Ft

L
Ratlo 755 = 43

~> C EEEE ]
18000 = | S x,,,,l B N
\ \ . }
17000 i e T ,[ i 4 ,,__%If, E Ll eC |
Ky | I ;T
woo| || 1] ] ol | | A o° | { B
| | | | | |
rsoeo Bodrd _of _Trade 6% Tons ,o;ef sg. /. !,,, 77”*} I LW?’KDV ] 7'7“‘7——:«—jm ]
14000 S NI CESUS TSI S | - . —_— ] A,k ‘ N A-,(PW T
| ADRRETAN NN
Bogo | | | — \ | O S — & o SHEHE! (NSRS ASSSSN ) DU (—
| £ 1% | HEEE
12000 B I . L, | VU I ISR, WU (NI, e SR | S S Do A
| w ¢ ©® | | } |
7000 — - S i — | S —t m,@[f =1 UG SEUHN. SE— I SRS S — Y—
" S ‘ | 1 = | ,
10000 ‘ . @ I I 4 T A N I NN SR S S A
; I ; ‘ 1 |
4 6{ | | ] | |
9000 | . ,,,J_,L ‘ J,, _— | - N, P —— -
(Sy 1 1 i | ‘
gooo | . | —— | SR | 4 ! —
! ! ‘ ‘ ‘ i | |
7000 1 ‘ | 1

A
¢
F = Frenen
14
S

- Theodore C(oopers

= JAL Waddells
= Syaney Horbour E//Olyd

Specifications

Covernment  Specification

Specification

< American Bridge (o Specification 1900 Kf 5/1/7:/0’5/)

1896 &/30/
1897
/899

Specification

calculated gpproximately

NoTe. The Dead Load weights gwen abore have been
Trom the design of deck

embodied n Jpeaﬁ(&f/ﬂn for S yaney Herbowr B//a’gc






