WIND PRESSURE (RAILWAY STRUCTURES) COMMISSION.

To THE BieET HONOURABLE THE PRESIDENT OF THE BOARD OF TRADE
London, May 20th, 1881.

Srz,

Ix comphance with the mstructions from the Board of Trade (a copy of which
is given in the Appendix) to consider the question of wind pressure on ralway
structures, and to report to them on the subject, we have such ingnines and
procured such information on the subject referred to us as we deemed necessary, and
have now the honour to report the conclusions at which We have arrived

It was necessary in the first instance to ascertain as accurately as possible from the
sources which were accessible to us what the highest pressures of the wind mn this
country amount to. With this object we obtained from™ those observatories and
stations whove the pressure or veloeity of the ‘wind is measured, the statements which
we give in the Appendix. In order to exhibit the action of the wind during heavy
storms, we have also appended hthographed copies of wind diagrams taken by meaus
of eelf-registermg apparatus at Bidston, Glasgow, and Greenwich.

At some of the stations from which we have obtained returns the wind pressures
are mensured directly by Osler’s self-registering pressure anemometers, at others the
velocity only of the wind 1s measured by Robinson’s rotating anemometers, the ve-
locity of the wind being taken at three tumes the velocity of the revolving cups

For some stations the only published information is the run in muiles of the wind
during each hoar. There can obviousty be no more than a general accordance between
this and the greatest pressure experienced during the hour To utilize for our pur-
pose observations tnken at stations where the velocity only of the wind is recorded,
the records of the Bidston Observatory, where both elements are recorded, have heen
employed as furnishing a means of conuexion between the two In the case of high
winds, with which alone we have to deal, it was found that the greatest pressure
recorded in an hour was tolerably well proportional Eo the square of the mean velocity

"during the hour, and that the empiiical formula 0= P, where V = maximum run

1. mmles of the wind in any one hour and P = mazimum pressure 1n pounds on the
B foot at any time during the storm to which V refors, represented very
fearly the greatest pressure as deduced from the mean velocity for an hour We have
accordingly given in the Appendix a table calculated from "the above formula for
deducing maximum pressures from observed velocities

An addrtion to the tables obtained from English, Irsh, and Scottish stations, which
are those only that are strictly applicable to our inquiry, we give as matter of
Efggﬁhon & summary of sfrong winds registered at stations on the Contanent and 1n

It will be seen on reference to the Tables that the wind pressures vary greatly at
différent stations  This, no doubt, manly arises from difference of exposure of the
stations to the action of the wind 1n consequence of the geographical and local circum-
stances of their position, but may in some cases be partly cauged by differences in the
instryments Yor measurement. Thus at Glasgow the highest recorded pressure
yer square foot 15 47 Ibs., while at Bidston near Liverpool the indicated pressure on one
oceasion amounted to 90 1s.; dnd on another oceasion to 80 1bs.

Bub the predhures at Bidston seem very abmormal, bemg much beyond whathave
been. noticed st any of the other stations. The conformation of the ground on which
the Bidston-Observatory stands is such that the velocity of the wind there might be
groatly méensifled.

Tt will be fioticed in the lithographs that the records of exceptionally high pressurcs

-mdicate’ s very biief duration. From inquirics we have made, we are satisfied that

these records aré hot referable to instrumentsl error, depending on the recording
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instrument being carried by its momentum beyond the pasition of equlibnum under the
wind prossure dcting at the moment, but represent a real phenomengn  But whether
the exceptionally high velocifies to which such pressures are due extend over a con-
-sidersble xpace n = dateral direotion, or outhe auler hand: ars- exdismely Jeéal, is &
pownt on which we have not heen able to find experimental evidence
The differences of the wimnd pressures obseryed at dufferent stations led us ¢
sider whether there weie any other modes of approximately ascertamning the &
the wind for our purpose There are mtu:aiS bmldings, tall chimneys, ship bulding
sheds, &c., which probably -would: not wibhstapd pressures. so exfreme as those we
referto, butm most cases the contour of the adjomning ground, and the obstruction to
wind by adjormng buldings, trees, and other swrrounding objects, would render conclu-
sons drawn from such cases unrehable It occurred, however, to us that some useful
information might be drawn from another source, viz frem rajlways themselves

It is obvious that on existing railways that have been long in use, a series of
experiments, 1f we may apply such an expresmion to them, have for many yesrs been
earried on, for over them trains have been running at all tunes of the day and mght
on high and unsheltered embankments and along other spaces exposed 1n many cases
to very strong winds

Now, a wind pressure varymg from 30 to 40 Ibs per square foot, 1s sufficient to
overturn the ordimary Railway Carmeges that have been in use during the last 25 or
30 years, and we thought 1t useful to inquire from the different Railway Companies
for cases where raitway carrieges have been overturned by the force of the wind
The only cases of this kind that have been brought to our hnowledge are appended to
this Report

From the wnformation thus acquired, from the inquiries we have made, and from
the consideration we have given to the subject, we are of opmion that the followng
rules wall sufficiently meet the cases referred to us —

(1) That for ratlway bridges and viaducts &8 meximum wind u}_{ressure of 56 lbs per

_ square foot should be agsumed for the purpose of calculation

'(2) That where the bridge or viaduct 18 formed of close girders, and the tops of such
girders are as bigh or highes than the top of a trmn passing over the brdge,
the total wind pressurc upon such bndge or viaduct should be ascertaived by
applymg the full pressure of 56 1bs per square foot to the entire vertical
surface of one main girder only, But if the top of a tran passing over the
bridge is hagher thap the tops of the mam girders, the totalj wind pressure
upon such bndge or wiaduct ehould be ascertaired by applymg the full
pressure of 56 lbs per square foot to the entire vertacal surface from the
wottom of the main girders to the top of the tiain passing over the bndge

(8 ) That where the bridge or viaduct 18 of the lattace form or of open construction,
the wind pressure upon the outer or windward girder should be ascertained
by applying the full pressure of 56 lbs per square foot, as if the girder
were a alose girder, from the level of the rails to the top of a train passing
over such bridge or viaduot, and by applying e addition the full pressure
of 56 1bs per square foot fo the ascertained vertical area of surface of the
wronwork of the same girder situated below the level of the rails or above
the top of a tramn passing over such bridge or viaduet The wind pressure
upon the mner or leeward girder or girders should be ascertained by applying
a pressure per square foot to the ascertawned vertical area of surface of the
ironwork of one girder only situated below the level of the rals or above
the top of a train passing over the sawd bridge o1 viaduct, aceording to the
following scale, iz —

(a.) M the surface area of the openm spaces does not exceed two-thirds of
.the whole area included within the outhne of the girder, the pressure
.should-be taken al 28 lhs. per square foot
(5.) If the surface mrea of the open spaces lie between two-thirds and
‘threé-fourths of the whole azea included within the outlmne of the
girder, the pressure should be taken ab 42 Iba, per square foot.
(¢.) If the surfaoe area of the opeén spaces he grester than three-fourths
of the whole area included within the outline of the girder, the pres
~ sure ghould be taken at the full pressure of 56 1bs. per square foof.
4.) That the pressure wpon arches and the picrs of bridges and viaducts should be
) uscertained s nearly aspossible in cgnformxty ith the rules above stated.
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{B:) Ahat Inander to ensure a proper margm of. asfoty for bridges and waduets 1n
- #7 respeet-of the strains caused by wind presgure, they should be made of suth-
cient strength to wi;;)yl:fshnda strain of fo{e&ujr ﬁme; g]:e szmount duehto t{:e
ressure.caloujatod by the foregoing m And that, for cases where the
ig@eimy -thie wind to- overturn stractures is counteracted by gravnivy alone,
.2 factor 6f sgtety of 2 will be sufficient
ith regard to the aighth pdaragraph of the Report of the Select Committee on the
orth Brifish Ralway-{Tay Bridge) Bill, fo which you have drawn our attention, we
beg 1o observe thsat-whers trains ran bebween grrders they will generally be sufficiently
protected from the wind, the degree of protection afforded by the girdors dapending
upon the extent to whieh the girders are open or close, where the girders are s¢ open
as to afford ingufficient protection, or where trams rum, es 1z some cases they may do,
on the tops of girders, we agsume that the engmeer will provide a sufficient parapet,
but we are imndisposed to ge further mlo detarl on this subject, as 1t :mght tead fo
stereotype modes of constrnction, which %8 think is undeairable
~ Tn conclusion we beg to pont out that the velooity of wind, hike that of every other
moving body, is more or less retarded by frietron, and will be affected therefore by tho
character of the surfaces over which 1t has to pass, which mav be rough smooth,
or irregular. It will follow, therefore, that other thmgs being the same, greater
velogitaes will be attaned at higher altitudes than at low ones, the wind at higher
altitudes being farther removed from retardation by friction
Though we are of opmion thet no bridge or wiaduct is likely to be bult in such a
situgtion as to expose 1t to wind pressures equal fo those which have been occasionally
widioated by the on the Bidston Observatery, vét even if that were possible, a
bridge or vinduct constructed according fo the ruies we have given would not be
subjected to strans nearly equal to its theoretical strength
On the other hand, there will be many strustures of small altitude or in sheltered
situations which never can he exposed to the wind pressure we have assumed, and
where the application of the rules we have given would require modification
Some modification of the rules may also be reguued in the case of suspension or other
] of very large span, but such cases will be of rare occurrence, and we recom-
mend that they should be specially considered when they anse

‘We have the honour to be,
Sn,
Your most obedient servants,

JOHN HAWKSHAW,
W G ARMSTRONG
W H BARLOW

G G STOKES

W YOLLAND

We, the undersigned, concur 1n the above BReport so faras it goes, but we think the
following clause should be added, iz —

The evadence before us does notenable us to judge as to the lateral extent of the
extremely high pressures occasonally recorded by anemometers, and we think 1t
desirable that experiments should be made to determine this question If the lateral
extent of exceptionally heavy gusts should prove to be very small, 1t would become a
guestion whether some relaxation might not be permatted in the requirements of this
Beport

W G ARMSTRONG
Q. G STOKES



