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T'he La Salle Street Bridge — One of the Latest Types of Bascules
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The Development of the Chicago

Type Bascule Bridge

By Earle G. Benson, ’25

Bridge Design Engineer for the City of Chicago

HEN one considers that
the forerunner of our
present mighty lLift bridge
was a simple hinged leaf over a
castle moat,—a means of detense
against an invader,—it would ap-
pear that the evolution to the pres-
ent high perfection had been a
very gradual process. However,
such was not the case for 1t soon
became apparent to those early en-
gineers that any type of lift bridge,
counterweighted or not, could not
be made any appreciable span with
the materials then known or the
operating power available. Conse-
quently attention was turned to the
selt-balanced more easily con-
structed and operated center pier
swing bridge. At the end of the
nineteenth century
the swing bridge
had attained a high
degree of develop-
ment, progressing
through the earher
stages of all timber
construction to an
all-iron structure
operated usually by
steam poOwer.

The last ftew
yvears of the nine-
teenth century saw
the beginning of the
practical application
of electric power
and the use of steel
instead of wrought
iron tor construc-
tion purposes. These
two elements, elec-
tric power and steel,
made 1t possible to
meet the demand
for much bigger and

better movable bridges.

The held for development was
readv and, what was more 1mpor-
tant, 1t was now centralized. Ordi-
narily bridge installations were at
comparatively large intervals on
the more traveled rivers ot the
country, and the total number was
tew. However, the new metro-
polis of the prairies oftered an en-
tirelv different situation. Chicago
had grown up on a comparatively
narrow river that ran a crooked
course through the busiest section
of the city and sharply divided 1t
into three distinct portions, a north,
south, and west side. So effective
had been this division that the early
settlers recognized that
many crossings would be neces-

<O0On

The concrete substructure of the bridge rests on massive concrete piers that
are built down to bed rock.
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sary to prevent any breach. Con-
sequently, as early as 1829 rude
log and pontoon bridges spanned
the river at various points, and
bv 1834 a simple hinged span had
been built at Dearborn Street.
[.ater, all important streets were
spanned by swing bridges. At
the beginning of the twentieth
century these were the prevail-
Ing type.

[t might be well at this point to
ogive a clear definition of what 1s
meart ||_\' a bascule }}I‘idgﬂ, Inas-
much as one so frequently hears
this tvpe referred to as “tolding”
or “‘jack-knife’” bridge. The word
“bascule” 1tself comes from the
IFrench, meaning “‘see-saw’ ; hence
a Bascule Bridge means a balanced
structure where the
balance or counter-
poise lowers as the
roadway rises. Such
15 truly the
with the present day
bascules tfor they
are balanced in all
positions and re-
volve about trun-
nions or pms locat-
¢d near the center
of gravity, the coun-
terweight sinking
into a tailpit as the
roadway swings into
the air. There are
now many types ot
leat bridges having
patented teatures
with varving de-
orees of merit. To
describe them all
and ]nlint out the
advantages or de-
tects of each would
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be bevond the scope of this article.

[t has been said that the Chicago
River lent 1tself admirably to
the development ot bascule type
bridges rather than swing bridges.
The reason for this can readily be
seen by considering the local con-
ditions. To begin with 1t 1s well to
recall the character of the Chicago
River. Its main branch cuts through
a portion of the business district;
hence hundreds of thousands ot
people daily must pass over 1t to
reach homes or places ot
business. Its north and
south branches reach miles
out into the industrial sec-
tions of the city and there

great manufacturies have
their docks and loading
slips.  Consequently, the

largest lake steamers must
ply almost its entire length.
Furthermore, the concen-
tration of business in the
comparatively small area
of the loop has made land
so valuable that every toot
of ground up to the river's
edge must be utilized, and
so the river has become
bound in by docks to a
width of approximately
200 feet tor the greater
part of its length.

In view of these condi-
tions, 1t 1s simple to list
the advantages of the bas-
cule type bridge as against
the swing bridge for this
district :

(1) No center pier to
obstruct navigation — the
full width of the river be-
ing available for boat pas-
sage.

(2) Minimum space is required
and approaches are easily built.

(3) Need not be fully opened
for passage of small wvessels;
swing bridge must always be tully
opened.

(4) Bascules
time of operation.

(5) In cities like Chicago where
wide roadways are necessary, a
swing bridge of considerable road-

have a shorter

width narrows the channel when
{]'[H.*Il.
(6) Bascules mav be built side

by side for railroad use without
interference.

Appreciating these advantages
and spurred on by the fact that
many old swing bridges were be-
vond practical repair, the City of
Chicago in 1900 decided to adopt a
policy of replacing existing swing
bridges with bascules. To obtain
the best design possible, the Com-
missioner of Public Works, Mr. L.
E,. McGann, in May, 1900, invited
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competitive designs for a bascule
bridge at 95th Street over the Calu-
met River where conditions similar
to those on the Chicago River pre-
vailed. 'The competition resulted
in the submission of eight designs,
three of which were prepared by
the city’'s own engineers and the
others by outside bidders. A com-

mittee of three prominent bridge
engineers, consisting of Messrs. E.
[.. Cooley, Ralph Modjeski, and

Bvron B. Carter, were retained to

The movable leaf is kept in the upright position during its installa-
tion. Not until the machinery is put in place and the flooring ready

to be laid, is it lowered.

judge the designs. They selected
one of the city’s own designs on
which they recommended several
modifications. This general design
with some changes and 1mprove-
ments 1s the type used today not
only in Chicago but in several
other cities and 1s generally known
as the “Chicago Type Bascule.”

[t 1s interesting to note that in
design this bascule follows the ta-
mous lower Bridge of ILondon,
which was one of the first of large
trunnion bascule bridges. The de-
sign accepted was a double leat
structure, each leaf having three
trusses which were pivoted about
three trunnions. The span was 128
feet from center to center of
the trunnion bearings with a clear
waterway ot 100 feet between pro-
tections. To the rear of the trun-
nions the trusses extended back
about 26 feet through slots in the
fixed approach floor, under which
was carried the cast 1ron counter-
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weights. This design was of a
semi-through type, having portal
bracing at the trunnion end.
Trusses were set 21 feet center to
center and the outer two carried
brackets for the sidewalk. The
sub-structure consisted of a front
and rear pier connected by walls
so as to form watertight pockets
into which the counterweights were
to swing. Plate girders between
the front and rear piers carried
the trunnion bearings and also the
fixed approach. Operating
mechanism consisted o f
two gear trains below the
street level driven by two
38 H.P. electric motors for
each leaf. The main pin-
ions of the gear tran
meshed with cast steel
racks fastenied NS
curved heels of the three
trusses, and the rack teeth
were provided with open-
ings to prevent dirt or 1ice
from clogging the teeth.
At the center the two
leaves when closed were
connected by shear locks
consisting of longitudinally
sliding lock bolts engaging
in sockets i the opposite
leat.

Among the other designs
submitted were several
rolling lift bridges in which
the curved heel of the truss
rolled back on a track or
revolved on rollers 1n a
track of large radius. Sev-
eral of the former type
had then been built for the
city and are in use today,
the oldest being at the Van
Buren Street crossing.
However, the committee’s reasons
for favoring the trunnion type of
bascule are given in their report as
follows :

(1) “Constant point and direc-
tion of application of load on the
foundation whether the bridge 1s 1n
motion or 1s stationary.” (On a
rolling lift bridge the load moves
back as the bridge opens and may
cause unstability of foundations.)

(2) “Reduction of the number
of moving parts to a minimum.”

(3) “— the trunnion type of
bridge 1s an old and tried one and
1S not covered by patents.”

“The bascule design permits the
placing of the center of gravity ot
the moving bridge in the trunnion
axis on its proximity. The placing
of the center of gravity a short dis-
tance from the axis of the trun-
nions toward the draw opening
and the arrangement, as designed,
by which the fixed approach floor
relieves the tail end from any pos-
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sible live load have the advantage
that they tend to hold the bascule
hrmly 1n position when closed
without absolute necessity for heel
locks. There 1s no tilting effect
due to the action of live load com-
ing on the bridge.”

Thirty-one years later it is inter-
esting to note that the recommend-
ations made by the Board of Engi-
neers at that time, which were not
all then accepted, have now been
for the greater part incorporated 1n
present design. Several of the sug-
gestions were :

“—that adjust-
able resting blocks
be placed 1n tront of
and near the trun-
nion so that when
the draw closes, the
load may be trans-
ferred from the
trunnions to the
resting blocks. This
will facilitate lubri-
cation—"

“—for future an-l
more 1mportant
Structures, warrant-
ing additional e x -
pense, foundations
should be carried to
bed rock.”

“The design of
the piers 1s not sat-
istactorv,—the pro-
posed modification
consists of making
one counterweight
pit by disposing of
the partitions—"

How this first early design and
the wvaluable suggestions of the
committee have been developed
into Chicago’s modern type DBas-
cule can be best seen by a descrip-
tion of any of the large bridges de-
signed by the city in the last de-
cade. This period has seen more
intensihed activity in bridge build-
ing than any other, and, while the
evolution ot each improvement 1s
in itself interesting, the important
thing 1s the composite result of
these improvements.

The modern bascule consists es-
sentially of three separate parts:
(1) the substructure or founda-
tions, (2) the superstructure, con-
sisting of the leaves themselves and
the operating machinery, and (3)
the houses and
S€rve 0 protect
equipment.

The substructure of today is in
reality a huge concrete box with
walls four to five feet thick and
resting on about six massive con-
crete piers reaching in most cases
to bed rock. This usually means

traffic.

enclosures which
the operating
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a depth ot 50 to 100 feet below
lake level. The top of the sub-
structure 1s usually five or six feet
above water level, while the bot-
tom may be from 20 to 30 feet be-
low water level, necessitating of
course a water tight pit. On this
substructure or “bridge pit” 1s
mounted the pedestals and girders
tor the trunnion bearings, the river
pier or ‘“live load bearings,” the
anchor columns which secure the
tail end of the leaf, the gear trains,
and all the columns for the operat-
img houses. The immense concen-

e o i R\
AL AL i T

New types of bridge covering have been developed since the advent of heavy automobile
This particular kind is made up of asphalt planks laid diagonally.

trated loads together with the earth
and water pressure of the sub-
merged parts call tor a high degree
ot engineering skill in the design
ot reintorced concrete structures.

The superstructure consists of
the movable leat and 1ts supports
and the tixed approaches. Usually
where conditions do not call for
roadways ot extreme width only
two trusses are used. Depending
on the approach elevations and
conditions, they may be a pony
truss, railing height truss, or deck
bridge. The pony truss so com-
monly used 1in Chicago 1s a sort of
low through truss with all portal
bracing omutted. A ngid system
ot lateral bracing with deep floor
beams and solid counterweight box
serves to keep the trusses aligned.

The appearance of the trusses
has changed vastly from the early
bascules. Formerly, designed in
accordance with the then existing
loads and trathic, they were open,

angular, and apparently spindly
structures.  Today 1nstead, one
sees a gracetul curved arch 1n

which even the gusset plates have

83
radi.  There 1s now beauty in the
strength and massiveness ot the
structure. SO0 great have the

stresses become from the ever 1n-
creasing design loads that today
some cases require the use of nickei
steel 1in the portions of the truss
close to the trunnion. The magni-
tude of these loads can be appreci-
ated when 1t 1s realized that al-
though an arch in appearance, each
leat 1s but a cantilever with an arm

of over a hundrea feet.
Uniting the trusses, behind the
trunnions and under the approach
Hoor, 1s the counter-

weilght box, These
days the counter-
weight 1nstead of
being cast i1ron 1s

concrete mixed with
steel punchings
whete greater
welght 1s required.
Provision 1s also
made for removable
blocks of concrete 1n
order that changes
of balance can be
adjusted and so
that a condition ot
near balance can be
maintaimned during
the different stages
of construction. It
1s perhaps needless
foi ssiay Ehat the
bridge 1s erected 1n
the open position
and 1s not lowered
until machinery 1s
mstalled and the
loor ready to be laid. This leaves
the river open for trathc and all
work can be done from derricks on
the shore. The roadway is applied
with the leaves horizontal.

The roadway of the bascule
bridge offers an entirely different
problem than the ordimary hxed
highway bridge. On the latter type
1t 18 possible to use ordinary road-
way paving such as brick or con-
crete slab. Dut with a bascule the
roadway must remain 1n place
when the leat 1s vertical and must
also be light i weight, yet need
mmtrequent repairs or replacements.
The earlier bridges used oak plank-
ing laid on oak or fir subplanking
on stringers, the top surtace of
which later was changed to cre-
osoted wood blocks laid with the
end grain up. \When the motor
vehicular trathc became heavy, a
rubber block paving was tried and
cave excellent wearing surface. It
was more skid proof than wood
blocks and more easily repaired.
This flooring 1s used on the Michi-
gan Avenue link bridge on the up-

(Continued on page 105)
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Development of the Chicago
Type Bascule Bridge

(Continued from page 83)

per deck which carries motor vehi-
cles entirely. Later, on the new
[.a Salle Street bridge, a tlooring
of asphalt planks laid diagonally
was used. A new development
consisted of using pre-cast light
concrete slabs which are fastened
to the supporting stringers by lugs
imbedded in the slab and welded
to the steel beam. This type 1s used
on the recently opened \Wabash
Avenue bridge.

There has also been a steady 1m-
provement in the mechanism to op-
erate the bridge. FEarlier designs
consisted of complicated gear trains
with bearings mounted on built up
steel girders which in time, due to
their lack of rigidity, showed the
need for a more sohd alignment
of shafts and gears. It was at first
thought necessary to tie together
with shafting the two or three gear
trains operating the rack pinions,
in order that one might not run
ahead of the other. However, now
with the more rigid superstructure,
each gear train, with an individual
electric motor of from &80 to 100
H.P., operates on a rack, usually
of the internal tvpe, in the heel of
the truss. In spite of the develop-
ment in recent years ot compact
planetary speed reducers, experi-
ence in bridge operation has shown
that the simple three or four shatc
spur gear train is best. The loads
imposed are so great and freedom
from breakdown so essential that
oreat ruggedness of design 1S nec-
essary. Heavy cast steel bearing
frames carrying alloy steel shatts
and cut tooth steel gears through-
out are now standard practice. The
rack gear teeth now needed to
carry the loads imposed are over
five inches thick with an eighteen
inch face and are of special sec-
tion. Gear wheels run to six toot
and seven foot diameters and are
carried by twelve to eighteen inch
shafts. A service hand brake 1s
provided in addition to an auto-
matic motor shaft brake. The
trunnions that carry the leat are
keyed to the trusses and revolve n
bearings mounted on each side of
each truss. The outer bearing 1s
carried on a pedestal, while the
inner 1s carried on a curved longi-
tudinal girder running from the
river pier to the anchor pier in the
rear. Present day bridges require
trunnions varying from two to
three feet in diameter and nine
feet long.

Around this machinery must be
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built the enclosures and a building
to house the control apparatus.
Formerly these were but wooden
shelters and at the best were un-
sightly. Today beautiful limestone
towers flank the approaches and
harmonize with the surrounding
architecture. The columns sup-
porting the houses rest directly on
the substructure and from these 1s
framed the steelwork carrying the
sidewalks and house floors. Usu-
ally a bridge house 1s made with
from three to ive floors. The low-
est Hoor 1s the dock level on top of
the bridge pit. On this floor the
heating equipment for the enclos-
ures and house 1s placed. Midway
between the dock level and the side
walk level 1s located the lower mez-
zanine tloor which houses all the
electric control apparatus. The
house entrance 1s at the sidewalk

TAWNY

These are the tawny days; vour face
comes back.

The grapes take on purple; the sunsets
?'{‘ddt’” Ff”"l' on the ”'{1![!-5,

The bashful mornings hurl gray st
on the stripes of sunrise.

(‘.‘f'ﬁ’f’. silver on ﬁv[d.‘i‘. the frmf 1s wel-
COne.

Run on, vellow balls on the hills, and
vou tawony pumpkin flowers, chasing
vour lines or orange.

Tawny davs, and vour face agan.

—Carl Sandburg

level loor and here 1s located the
locker and general utility space.
Above this may be one or two
floors depending on the require-
ments of visibility for the operator
for a deck or pony truss type
bridge. The top floor 1s the oper-
ator’'s room, commanding a view
of both river and street traffic in
all directions from the windows on
all sides.

To give 1in any detail the pro-
cedure of the design ot the
modern Chicago Type DBascule
would be a long and involved dis-
cussion. Suffice 1s 1t to say that to-
day the magnitude of the work
requires many individuals, each
highly specialized in the design ot
some particular phase ot the
work. Only a brief description
of the determination of the loads
imnvolved can be given here. In
the first place, a bascule difters
radically from a fixed bridge 1n
that it receives loads 1n two
planes, vertical and horizontal.
The vertical loads are the usual
ones of dead load, live load, ana
impact or vibration. The hve
load through various systems of
wheel applications approximates
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200 pounds per squae foot. Hori-
zontal load 1s due to wind pres-
sure against the leat and must be
resisted through the rack and
pinion of the gear train and its
brakes. The bridge machinery 1s
designed to hold the leat against
a pressure of 20 pounds per
square foot of projected area, and
to operate against a wind maxi-
mum pressure of 10 pounds per
square foot. Agaimnst a 2 pound
wind the leaf must be opened 1n
approximately 45 seconds. 'The
amount of the rack tooth pressure
can be appreciated when 1t 1s
realized that the area of the leat
exposed to wind 1s at least 65 to
/0 feet wide and about 100 feet
high, and has a moment arm ot
perhaps 60 feet to a rack radius
of approximately 20 feet. These
horizontal loads combined with
the dead loads must be carried
down through the supporting
girders to substucture and piers.
Trunnions must be designed to
carry and revolve with this re-
sultant load of over 1,500,000
pounds, and the trunnion bear-
ings transmit this concentrated
load to a longitudinal girder ap-
proximately 50 feet long. Besides
this, calculations must be made
tor shear lock loads transmitted
trom leat to leat, also traction
loads and various possible com-
binations of different loadings.

To say that the ultimate had
been reached in bascule design
would be short sighted. Each new
design shows some new 1mprove-
ment, longer distances spanned,

wider roadwayvs provided, and
modern structural beauty 1n-
corporated. Each bridge bulit

stands as an engineering achieve-
ment whose useful lite 1s now
only measured by the require-
ments of a cityv’s trathc 30 to 40
vears hence. The only limiting
tactors of design are the materials
available for economic construc-
tion. As alloy steels are cheap-
ened and made 1n structural
shapes 1t will be possible to 1n-
crease the loadings or decrease
the sections. It perhaps 1s not
even hazarding too much to say
that eventually the new art ot
welded tabrication can be adapt-
ed to bridge erection and the sec-
tion-destroving rivet hole aband-
oned. It should be added that the
thing that has made this present
achievement in design ot Chicago
Type Bascule bridges possible
has been not only a river requir-
Ing many but the
power of a city always to fulfill

. w ) -
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1ts needs.



CHICAGO'S BRIDGES

HisTory

Chicago’s site was built during
the glacial period. When the ice re-
treated it left the St. Lawrence River.
the Great ILakes and the
which flow into them.

This svstem of waterwavs extends

streams

The Chicago River.

May, 1941

By
OTTO W. HANSEN

from the Atlantic Ocean to within a

few miles of the Des Plaines River.
Along this natural route of travel

came (‘HI]]IJI’L‘I‘S. traders and settlers
who peopled the Mississippi Valley.

Before the advent of the railroad,
however. the waterwavs formed an

Movable Bridges.

avenue ot communication so 1mpor-
tant that we of today can hardly
appreciate it. The idea of connect-
ing the Chicago River with the Des
Plaines River by means of a canal
was advanced by the first white ex-

I}]{H‘(‘I‘ “‘]IU \'i":iitL'{l t|lt: *-;itﬂ Df C]]i—

A Few of Chicago's Fifty-Six
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The Chicago River. A Century Ago.

Cago. Tlll_' two streams are unl_\' |
few miles apart, and the water-shed
which separates them is only a ftew
feet high.

These waterwavs
nected with each other. first h}' the
[llinois and Michigan Canal in 188,
and a second time h}' the Hullit:tr}'
Canal in 1900, Now the pl"ﬂjt‘t'tt'{l
development of the St. Lawrence
Seaway and the Lakes-to-Gulf Water-
wayv maintains this question as a mat-
ter of prime importance to Chicago’s
future.

two were  Coll-

Hat.

and nlll}' 1 few teet above water. it

As ('llit':l;_'_'u‘a ttlllngr:l]lll}' 1S
became necessary from the VCI'Y be-
cinning to provide movable bridges
to permit the passage of vessels.
With the movable-bridge
carly established it
that the story of
the story of Chicago. as it has been

policy
becomes cevident

these ".ll'i(];_'_:t'.*-i 1S

r]uat-l}' interwoven in the fabric of
this ll'lt-trupn]ia which in 100 Vears
has developed from a frontier post
to a great city of £,000,000. The im-
]ml't.‘tlll |::1rt ('llit‘:lf_{‘u‘:-} llriil;:t'h ]l:l\'t*
||1r1}'ri| in the consolidation of the
sections of the city, Hl']':ll’-’ltl‘l] as 1t
is by its rivers, into one homogeneous

communitty  1s manitest to

anvone

after a little thought.

‘l‘]u' fil"wt ]u'llt'*ntl'i.'ill Iil‘iii;_{t‘ WS
constructed at Kinzie Street in 1832,
The first swing bridege for vehieles

Dear-
\|| t':ll‘]_\' hl‘it]*_{'rn

and llllli"*triflll‘ﬂ was built at
born Street in 183 L,

Weoer -rT' fflnlu K s ”H'ir Costs were {lr
& u_xmi Lrom subse ri}ntinn tunds. The
rst 11|1Hti1"}l~1||\. }-Hi]t lil‘ill;_{’t' WS

-

constructe 1] i IS i \lfllli‘*“” Ht!*l'l".

costing 30.000. The first iron bridge
in the west was built in 1856 at Rush
Street, Chicago.

With but a few exceptions up to
1890 all bridges were of the hori-
zontal-swing tvpe, supported by a
pier in the center of the river and
in most cases were manually oper-
ated. This type reached a high de-
aree of perfection. One objection-
feature restricted use
of the river caused by the center pier
which made the most desirable part
of the waterway useless.

In 189+ a vertical-lift bridge was
built at South Halsted Street. It
operated as an elevator, with steam
power. It did not meet with favor,
being costly in construction, unsightly
and

able was the

uneconomical in operation and
providing poor operating visibility.
In view of the with
this tvpe other designs were devel-
oped to meet the demands for in-
creased and unobstructed waterwavs.
1892 to 1900 the construc-
tion of the drainage canal was in
The How re-
quirements affected bridge design to
the extent that proper waterway had
to be avold  currents
which might be detrimental to navi-
cation.

dissatisfaction

From

progress. proposed

furnished to

Water diversion through the
(‘hicago River was regulated by order
of the Secretary of War for many
After January 1, 1910 this
How was materially reduced so that
at the present time
water flow are inconsequential.
F.ArRLY BascuLes

back to the conditions i
Lhe l':il*l}' nineties, atter ”lt‘ ]-I.'ll‘-stl‘l'l

_\'t':ll'*-.

provisions tor

(roing

Street lift bridge had been in opera-
tion, a ru“in;_':*lift bascule ]n'idgl: Was
developed by Mr. Wm. Scherzer and
was constructed at Van Buren Street
In 18¢5.

teerally supported on a vertical cir-

Its movable leaves are in-

cular ;{ir{it*l‘ the  circumference of
which rolls. when the bridge is to
he raised. on a horizontal foundation
a distance of twenty to thirty feet,
much as a rocking chair rolls on a
Hoor.

As replacement of manv of the
bridges was imperative between 1894
and 1907. twelve of these rolling-lift
bridges. and six trunnion - bascules
were built, mainly at locations where
the old bridges impeded the flow of
water for sanitarv purposes.

Bascule ‘see-saw , a dou-
ble-arm cantilever mounted and bal-
anced on a shaft, the trunnion, on
which it my rotate. This principle
was used in the construction of the
ancient portcullis bridging the moats
around castles and forts. Its appli-
cation to large structures which can
be raised and lowered., and of sufh-
cient strength and capacity to meet
the trafhic requirements of a large
city involves considerable engineering
immgenuity,

The famous Tower Bridge of Lon-
don was one of the first large trun-
nion-bascule bridges to be built, be-
ing completed in 1894  Chicago’s
Van Buren Street rolling-lift bridge
was completed in 1895. It naturally
followed that local engineers would
observe their performance to deter-
nine their relative merits.

After several vears experience with
rolling-lift bascule bridges. it was de-
cided that the trunnion-bascule ap-
peared to be more suitable for local
conditions. As a result. competitive
designs for a bascule bridge at 95th
Street over the Calumet River were
invited in May, 1900. A committee
of three bridge engineers selected one
of the City’s own designs, with modi-
fications. This design fundamentally
is the tvpe used today not nn]}* in
(Chicago but in several other cities
and is known as the “Chicago Type
ascule .

The 95th Street bridge is double-
leaf with three trusses 21-07 c. to c.
pivoted about three trunnions. The
span is 128 fteet c¢. to c. of trunnion
bearings with cast-iron counterweights
under the fixed approach. The sub-
structure consists of a front and rear
pier connected by walls so as to form
waterticht counterweight pits. Gird-
crs parallel to the movable trusses
supported on the front and rear piers
carry the trunnion bearings. The
main operating pinions tor operating

[

Imears
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the bridge mesh with racks fastened
to the heels of the
trusses. At the

curved threce

center the leaves
when closed are connected by motor-
driven shear-locks.

The committee’s reasons for favor-
ing the trunnion type of bascule are
given in their report as tollows:

(1) “"Constant point and direction
of application of load on the foun-
dation whether the bridge is in mo-
tion or is stationary.” (On a rolling-
litt bridge the load moves back as
the bridge opens and may cause in-
stability of foundations.)

(2) "Reduction of the number of
moving parts to a minimum.”

“The

placing

bascule design permits the
ot the center of gravity of
the moving bridge in the trunnion
axis or its proximity. The placing
ot the center of gravity a short dis-
tance from the axis of the trunnions
toward the draw opening and the
arrangement by which the tail end
is relieved from any possible live load
has the advantage of holding the bas-
cule firmly in position when closed
without absolute necessity for heel-
locks. There is no tilting effect due
to the action of live load coming on
the bridge.”

Forty vears later and after about

$50.('.1()U.,{_l(_)(_} worth of local bascule
]'}1‘idgt' construction. we note that

these early recommendations. which
were not all then accepted. have been
incorporated in present design. Sev-
eral of the suggestions were:

“—that adjustable resting blocks
be placed in front of and near the
trunnion so that when the draw closes,
the load may be transferred from the
trunnions to the resting blocks.”

“—tor ftuture and more important
structures, warranting additional ex-
pense, foundations should be carried
to bed rock.”

“The design of the piers is not sat-
iIstactory, — make one counterweight
pit by disposing of the partitions—"

In the main the above description
of the 95th Street bridge is an ex
cerpt tfrom an article by Mr. Earle
(r. Benson, Mechanical Designing En
gineer for the Bridge Division, whicls
appeared in Tue Arvovr ENGiNekn
of March, 1931,

MoperNy TrunNioN BAascuLE

A tundamental departure trom the

above recommendations and
bodied in

designs is the

one ¢m
I.'ltt'l‘
distribution of the

}It‘m'tit':l”}' all  the

weights ot the movable leat in such
manner as to have the center of gra
ity of the entire leat coincide with
the center of the This
feature results in balanced equilib

trunnions.

May, 194|

The Halsted Street Lift Bridge
Built in 1894.

rium of the leaf. exclusive ot :||r|:]it'tl
loads, as snow and wind, in all posi
of travel.

with the

illl]lt'r:tti\'r t o

tions ot the arc

[n cooperation Chicago
Plan it
the acestnetic
While the fundamental prin

Wils consider

features of the bascule
IH‘i{l}_{‘l'h.

t‘i]llt' ot lll"'-i_.*_t'll w hich ]II.‘ll‘t'll the coun

terweigchts  below the roadwav  was
established in the 95th Street tvpe
of bridge, fturther

iln]urmw-nn*nt 1

appearance wias obtained throueh re

This

into the truss internally.

location ot the operating rack.
bhuilt

An internal operating pinion was pro

WIlsS

vided and the machinery was placed
alongside the trusses.  This construce
tion lit'l'lllitt{'li orcater latitude in th
desien of the movable leaves so that
variations in appearance could be ob
l]l"nil'l'll.

!:Iilit‘:] A Iu‘n <)

Abnormal operating conditions re
break

t'l!“'ll. oreat rugo dness .‘tlhl conserva

—_—

1||1il'r. as  Imsurance agcainst

2|
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Ninety-Fifth Street Bridge: 1905.

3-Truss, External-Rack Trunnion Bascule.

With the

widening ot

tive  design. Incerease 1

loads., roadwavs  and
aoreater length of spans it followed
that the size of the component parts
of the bridge naturally developed into
a oreater massiveness.  The combina-
tion of engineering functions together
with features of beauty, sometimes
termed “functional beauty” developed
ultimately to such a point that the
bascule bridge at Wabash Avenue in
1030 won the first award ot the Amer-
[nstitute of  Stecl

for the most beautiful steel bridge

1Can Construction
constructed during that vear.

T he may be de-
scribed Hlllnl:mtiu”}' as follows:

modern bascule

The foundation, a watertight mas-
sive-walled  conerete  box, provides
support for the trunnions and accom
modates the rear part of the movable
IHI?{. lt
of 6 to 8 ft. diam
cter reaching down to the rock trom
about 60 to 107 ft. below City Datum.
The vertical loads run up to 1000
tons.  The pit foor is about 20 ftt.
below water level and thus the result-
ing  uplift carth
water pressure must be duly consid-
cred.  The counterweight must  be
free of ]Hlu_\':l‘llt cffects from water
and therefore the pits must be water-
ticht.

| he *-.lllu'l‘atl‘tlr'[lll‘t* consists of two

leaves  and  counterweight

rests on calssons

and sidewise and

l!Hl‘L.‘IlIII‘ It*.’l‘\'i"w :lIHI “H'il' Hllllllﬂl‘tﬁ, lln'
fixed approaches, the machinery and
Foach leaft is a huge can
hundred feet:
ill t‘lnm'tl luhitinll “H' t'”'t't‘t ih ”l:lt
of a flat arch: in open position the

the houses.

tilever arm of over a

I‘n:nlu’:l}' SCTVES a8 a barrier ]11"nh*{'t
[ niting the

trunnions

irl.‘_'_' fl‘:illii" trusses, lu'
hind the

fl[l!r‘rn:u'h Hoor. 1s the counterweight

.'lllll

}H:\_

T'he superstructure is designed for
|"il‘l}' ton street
cars, 24-ton trucks, 100 |bs. per square
20 lbs.

dead and hive loads.

tt. uniform movine load and

22

under the

per sq. ft. wind load are assumed.
Proper allowances are made for im-
pact and vibration. Closed and open
positions are considered and change
in the character of the

taken into account.

stresses 1S

The roadway of the bascule bridge
offers a different problem from that
[t must
remain in place when the leaf is ver-
tical ; it must be light in weight, vet
substantial,

of the ordinary fixed bridge.

F.QuiPMENT

One operator’s house is provided
for each leaf, on opposite sides ot the
river, with a bridge operator for cach
leat,

ance in the design of these houses.

Ilrnln'r K'i.'-iill”it_\' s of import-

Usually a bridge house is from three
to five HIHII'H ]Ii;.',']l witll Hllitnll]t* :11‘('||i~

tectural treatment. It houses heat-

mng t'tluipmrilt. clectrical resistances)

relavs, and controllers, sanitary facili-

tics  and operating supplies.  The
H}H‘I‘:Itill;_{' "OOT11 Hl‘{'ll'lil'h the entire

top floor with a commanding view
directions of river and street
'T'his 1s ]HlHHihll‘ through the

in all
trathe.
provision of windows all around. The
operator regulates the bridge ftrom
this station through the controllers
on the brakes, motors, gate-signals,
center and heel-locks, in a definitely
|1rr~+{'rilu':l order. Neon “Stop signs,
clectrie bells, and one locomotive bell
]ll'll\'il]l'l]. Irlnllt'.mt‘
signals are interlocked with the center

on ecach house are
shearlock and the power circuit used
for moving the structure, so that be-
fore the operator can move the bridge
it is necessary that all the signals be
in their proper position and on dis
play to trathe. It for any
trouble is experienced in this  pri

reason

mary circuit, he is then required to
resort to the use of a ht‘{‘unli:ll‘}' AN
iliary circuit which is not governed
bv the interlocking features.
In the failure of

cvent  of both

these systems, the operator 1s  re-
quircd to signal the oncoming vessel
to stop by means of a red flag by day

Ordi-

nances limit the hlll'l'll of vessels so

and electric light by night.

that such an emergency can be met.
The

bridge in every position, and safe and

control of a heavy bascule
tlllirk n}n'r;tliun. rt'qllirr cthetent ma
chinery. The almost |u-rfrrt balance

attained tn[l:l}' necessitates  motive
power only to overcome inertia, frice-
tion of moving parts. wind and snow
loads.

[n the

manv factors are considered.

design of the machinery
In addi-
tion to static conditions, the stresses
from the kinetic energy of the mov-
ing masses are transferred to the gear
train: in case of failure, to the bum-
pers and live-load pedestals. Trouble
may develop in the machinery, or ex-
pansion castings may bind, necessi-
tating extraordinary force to move
the bridge and putting heavy pull on
the machinery. The most unfavorable
condition is assumed to be covered
bv the 20 1b. per sq. ft. unbalanced
loand on the leaf. This is the design
criterion for the machinery.
Ordinarily  carbon-steel  forgings
and eastings are used for machinery
parts but with the increase 1n the size
of the newer bridges its use would
in machinery too bulky and
impractical.  As for example, with
trunnions cften three feet in diam-
cter and nine feet leng, the tendency
is towards use of Iligll—Htrt'llj_':tll :l]ln}'

result

steels.  T'he machinery is mounted on
]n'd—}ll:ltt' steel :lltlluug"li
welded construction is resorted to on
occasion. The driving power for the
larger bridges is two 100 H. P. 600-
volt D).C. motors per leat.

In some 1nstances vnmprvﬁm-d air

castings,

and hydraulic devices are used for

operating signals, brakes or other

appurtenances.
MISCELLANEOUS

On several occasions the use of
vertical-lift bridges as means of meet-
ing extraordinary conditions  have
been considered but invariably these
studies reverted to the acceptance of

a bascule design. However, skewed

river conditions encountered at the
Torrence Avenue crossing  over the

Calumet River, together with the long
span, indicated the advisability of the
use of the vertical-lift bridge, which
was completed in 1937,
Besides  the  fifty  odd
bridges built by the Tocal governments,

movable

railroads have built eight bascule and
four lift bridges over the Chicago and
Calumet rivers within the City Limits.,

ARMOUR ENGINEER AND ALUMNUS
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Wabash Avenue Bridge. Trunnion Bascule Type.

Award by American Institute of Steel Construction

CONSTRUCTION

The scope of this article does not
permit of proper discussion of con-
struction methods used in the erection
of a bascule bridge. It may be of
interest to note that eighteen months
are required to complete the construc-
tion. Also that during that time trat-
he is  diverted temporary
bridge, or sometimes over the exist-
ing swing bridge.

DV GY e |

The change-over

' from the old to the new bridge is gen-

erally accomplished with only a few
da}':-r. inconvenience to tr:lﬂ:lt'.

A short time ago bids were taken
for the substructure portion of a new

bridgv at State Street to l‘l‘plﬂl't‘ a

thirtyv-five-year-old rolling-lift  bas-
cule. The replacement of this bridge
resulted from the construction of the

State Street subway.

May, 194]

Another rolling-litt bridge. also
about thirtv-five vears old, at Canal
Street near Cermak Road to be
replaced shortly with a modern bas-
l'lllt‘.

['rom

1S

these Instances. 1dea

of the “‘life’” of a bascule hrid;_::r 11

SOLce

Chicago is obtained.

MAINTENANCE

With forty vears assumed lite of
a bascule and with a svstem of fifty-
six movable bridges. it follows that
at the
three EYery
From 1900 to 1927, rapid and
wide change in trathe requirements,

rate
two

replacements should be
ot
}'l':ir.'";-

H]Hlllt h‘l‘il];_ft'.‘i

together with periods ot  economic
stress, gave rise to many l'm]‘lplf}:

maintenance }n'uhl:_'nn.
After 1922 the depression atﬂ}qn-d

for Most Beautiful Bridge Erected in 1930.

new bridge construction and lowered

the standard of maintenance. Condi-
tions reached such a stage that in

1928 a bond issue of F1.000.000 was
passed by the voters for the moderni-
zation of mnine bridges for which re
building was not required and ftor
which funds were not available. The
main factor in this situation was the
light Hoor system. designed tor the
Ii;_rhtrr :IIH{ Hltl\\'t'l' ]IH'I"‘HI:‘-{]I‘H“'I] \ Y &
llit‘ll"i :lrltl not :llllr to l'i‘l[‘lt' Witll t]lt'
modern heavy and tast-moving trathe.
T he
heavier, entailing additional counter
weight, all of which added about 100
tons to each leaf. This, together with
the increased loadings and the fact
that of structures
thirty or more years old, and badly

110 \W HIHII'H were Htl‘ﬂ!l_:_{'t”[' :llHi

SOe t'lt"--t' werce

(Turn to page 52)
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VMictal Products, Aurora, Hlinois. Home:
~007 Aurora Avenue, Aurora.

hutvse., Harorn Noryax, M. . Great
| akes Forge Co., 1220 W. 119th St., Chi
cago.  Home: 10853 Vernon Ave., Chi
Cago,

Kvcera, Joux J., Jr., M.E. Union

Special Machine Co., 400 N. Franklin St
Chicago. Home: 2750 S. Homan Ave,,
(‘hicago.

hvniexke, Freperick (.,
\merican Steel Foundries, #10
can  Ave., Chicago. Home:
hostner Ave., Chicago.

Kuvrrasp, Jerome J., C.E.
Millard Ave., Chicago.

l.ariNorr, Micuarrn, W.. M.E. The Buda
(Co., 154th St., Harveyv, Illinois. Home:
15266 Walton Ave., ”.‘lr'\'t‘}'.

[.avorn, Gerarp, M.E. Illinois Tool Co.,
2501 N. Keeler Ave.,, Chicago. Home:
3305 W, Diversey Blvd., Chicago.

[LevereNz, Ersesr (G., M.E. American

JR., vy I O
N, Michi
S83s N

Home: 1608

Steel Foundries, 410 N. Michigan Ave.,
(hicago. Home: 3119 N. Kilbourn Ave.,

(‘hicago.
McecKreon, Tuaoymas F., M.E. Container
(Corporation of America, 1301 W. 35th St

Chicago. Home: 7643 Drexel Ave., Chi-
Ao,
Maerrtin, Harvey AL Jr.. M.E. Mo-

jonnier Brothers Co., 3601 W. Ohio St.,
(Chicago. Home: 5341 S. Hovne Ave., Chi-
CAgo.

Maze, Lovis, E.E. Home: 1659 Wash-
burne Ave., Chicago.
Mevers, Staxrorp Warrer, Jr., M.E.

Homan St..
Ave., Chi-

Chicago Screw (Co., 1026 8.
(hicago. Home: 2443 lL.eland

CALo.

Moxssosn., Doxarp. Arch. Home: 1926
Kimbark Ave.. ('hit'ugn.
NELsON. BerTteEn S.. M.E. Foote Bros.

Gear and Machine Corp., 5301 S. Western
Ave., Chicago. Home: 1433 N. Kolin, Chi-
Cago, _

NiGrerrLi, Biacio J.,
Flectrie Co., 2437 W,

M.E.
Fulton

Delta-Star
Ave.. (hi-

cago. Home: 2921 S. Wallace St., Chi-
Cago.
OriNGger, Doxarp Ricmarn, M.E. C(Chi-

cago Screw Co., 1026 S. Homan St., Chi-
Cago.

(sex, Srvarr 1., M E. Goodman Mfty,
Co.. 4834 S. Halsted St., Chicago. Home:

221 N. Lockwood, Chicago.
Parker, Grorge H.. M.E. Container

l'ur]inl‘.‘itiun of America, 1301 W. 35th St..

Chicago. Home: 4228 Washington Blvd.,
(‘hicago.

Parker, VerNoN Hawnox., M.E. Al
Steel Equipment Co., 326 S, Jefferson,

Chicago. Home: 802 Hinman St., Aurora,
[linois.
Paver, Harown J.. C.E.
[Tomman Ave., Chicago.
Prowsaxn, Jaymes Wirson, FPE.
958 k. 40th St., Chicago.
Rapvireas, Srascey G., M.E.. Goodman
Mig, Co., 4834 S. Halsted St., Chicago.
Home: 3149 S, Normal Ave., Chicago.
Rieser, Doveras Avors, C.E. Home: 628
I“ox St.. Aurora. Illinois.
Ruuoe, Epwarn W., M.E.
Manganese Steel Co., 389 East 14th St.,
Chicago Heights, Illinois. Home: 1227
Sunnyside Ave., Chicago Heights.
ScuyMar, Rawea J., M.E. American
Steel I831 Hohman St.., Ham-

Home: 29 Carroll St..

Home: 2301 S.

!{HIIIL‘:

American

Foundries,
mond, Indiana.
Hammond.

SCHMIDT,
ﬂil'l']

Eowarp W.. M.E. American
1831 Hohman St.. Ham-
Home: 923 Michigan St..

Foundries.
Indiana.
Hammond,
Scisir, Rogerr o
Inc.,, 608 W.

rlJrrIriI.

M.E., | Von Metal

"roducts, Washington St..
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Chicago. Home: 119 Warren Ave, Au-
rora, Lllinois.

SCHOEFFMAN, L.awkesces Go, MUE. Crowe
Name Plate and Mfg Co., 3701 N. Ravens
wood, Chicago. Home: 3512 N. Oakley
Ave., Chicago.

S»miTi, LeoN L., M.E.
5th Ave., Chicago.

Swerrzer, Jonux H., M.E. Contamner
Corporation of America, 905 N. May St
(‘hicago. Home: 629 N, Stone, La Grange,

[Hlinois.

Home: 3563 W,

WiarrrineuaaM, Davin J.. M. E. Amer-
ican  Steel Foundries, #10 N. Michigan
Ave., Chicago. Home: 5156 Ferdinand

St., Chicago.

Wierzsicki, Epwarp J.. M.E. American
Steel Foundries, 1831 Hohman St.., Ham-
mond, Indiana. Home: 5117 S, Seeley
Ave., Chicago. :

WiLMms, Carr. A.., M.E. W. D. Allen
Mftg. Co., 566 W, Lake St., Chicago. Home:
1623 Kedvale St.. Chicago.

WoeNus, James N.. M.E. Acme Steel
Co., 134th & Clark Sts.., Riverdale, 111i-
nois. Home: 10157 L.owe Ave., Chicago.

Woobns, Perer H., M.E. Link-Belt Co.,
307 N. Michigan Ave.,, Chicago. Home:
144 Woodrow St., L.ombard, Illinois.

Z.ALEWA, STaNLEYy F., Jr., M.E. Link-
Belt Co., 300 W. Pershing Blvd., Chicago.
Home: 4933 W. 12th St., Cicero, Illinois.

/ywor, Wavrrer, M.E. American Steel
[Foundries, 4831 Hohman St.. Hammond,
Indiana. Home: 586 Price St., Calumet
City, Illinois.

PHOTOELASTIC ANALYSIS
(From page 13)

further discussion of this important
matter. The following references are
oftered :

“Correlation  Between
raphy and Mechanical Testing,
H. I'. Moore, Reprint No. 9, Uni-
versity ot Illinois  Engineering
Experiment Station.

“Methods of Correlating Data from
IFatigue Tests of Stress Concen-
tration Specimens,” R. E. Peter-
son, Timoshenko 60th Anniversary
Volume,

[Letter by the writer to MA

CHINE DESIGN, Professional

Viewpoints Section, August, 1940.

[t has been the intention of this
paper to bring to the design engineer
an appreciation tor the commercial
value of the application of photo-
clastic analysis, and a realization of
the simplicity of its application. T'he
writer recommends that a careful in-
vestigation be made in each individual
case to determine the value of equip
ping the engineering department with
]}]lnhu']:lﬁt-i(' ;l}}}):ll‘:ltlIS.

Acknowledgment to  MACHINE
DESIGN is made for permission to
use the cuts of Figs. 3 to 9 inclusive
and Iig. 12,

Metallog-

L B ]

——m e — . —

CHICAGO'S BRIDGES
(From page 23)

deteriorated. necessitated extensive

reinforcements and renewal of

ponent parts,

COnn

Many different tyvpes of bridge
Hoors have been  used since 1890,
Considerable  study has been given

this subject.  For observation pur-
poses and to clarify differences of
opinion as to the efhciency of various
tvpes of construction, typical bridge
pavements were installed on the south
roadway of Lake Street bridge in
1930, establishing a sort of “roadway
laboratory™.  Of about fifteen types
of construction and wearing surfaces,
a few proved unsatisfactory. In other
samples, weight, cost, wearing quali-
ties, or maintenance fac-
tors against them, with the result that
today only six different tvpes of
bridge pavement are used, the spe-
cific type depending on the particular
problem at hand.

costs were

For example, in 1939 it became
necessary to redeck the upper level
of the Michigan Avenue bridge to
replace a worn rubber-tile pavement
installed in 1927. This bridge is a
two-level structure with the lower
level accommodating trucks, while
the upper level serves boulevard and
bus trathc. This construction estab-
lishes a distance of twenty-one feet
from the trunnion to the upper road-
wav level. Material change in weights
of this decking would necessitate a
large amount of additional counter-
weight to prevent the bridge from
“falling backwards”™ when the bridge
was raised and to otherwise maintain
the horizontal and vertical moment
balance.  Consequently a compara-
tively light deck of timber and as-
phalt planking was adhered to with
aluminum curbs and center strip.
Back of the trunnions a combination
wearing-surtace of cast iron and con-
crete 1157 thick was provided, mainly
for added stopping and traction ad-
vantages to autos.

In this instance, due to the lower-
level trathe, the upper deck had to be
waterproofed.  With the wear of
L0,000 autos and busses daily on this
upper idea of a few of
the elements entering into  bridge-
Hoor design are brought to light.

In the maintenance and operation
of this bridge svstem, damages to
various parts of the structure and its
cquipment may result from collisions
with The more serious of
these is from collision of large steam-
boats with the movable leaves or the
foundations of the bridge. In the
instance of the sandboat collision with
the old Clark Street swing bridge, this
of such a serious nature as to
require removal of the old bridge, but

level some

vehicles.

was

ordinarily repairs can be made. These
repairs are generally made under difhi-
cult conditions in that it is essential

ARMOUR ENGINEER AND ALUMNUS




to keep trathe going over the struc-
ture while repairs are in progress and
also to keep the bridge in operating
condition so as not to impede vessel
movements,

With apologies for this personal
reference, the writer as a native Chi-
cagoan recalls the bridges of the early
nineties over which nearly every cross-
ing was a precarious one. In his con-
nection with the Bridge Division since
1913 it has been his privilege to be
closely associated with the engineers
and the many skilled mechanics who
put forth tremendous mental
physical efforts, and in many cases
gave their lives in the endeavor, which
carried the development of these struc-
tures from the frail structures of
the early nineties to those of the pres-
ent. Space does not permit naming
the many city officials, civic bodies
and others who cooperated with the
engineer in the solution and coordi-
nation of the political and economic
problems.

- In closing we feel that some parts
of this story might well be omitted.
rather than not to include a word ot
tribute to two men, the late Alexander
von Babo, Engineer of Bridge De-
sign, and Thomas G. Pihlfeldt, Engi-
neer of Bridges, who passed on re-
centlv after more than fitty yvears in
and under whose
bridge system of Chicago

and

this service direc-

tion the

busy to tollow up.

CO-OPS

(From page 30)

tries are interested in directing their
students toward this field, which may
mean the directing of human beings
rather than the engineering of mate-
rials.

The success indicated above is not
universal. There have been difficul-
ties in carrving the program forward.
One companyv spent time and energy
trving to hire other engineering grad-
unates, although they had four co-oper-
ative students about to graduate tfrom
their plants.  Although
attention had called to these
men, they lost them to other compa-
nies which were quick to take the men
that the original emplover was too

OWnN their

been

Another company
expected the co-operative students to
work five vears at the starting wage.

| another would grant a two-cent-

Still
an-hour raise if the students kicked
hard enough. One works manager, al-
though he had received reports of the
students’ grades at the end of each
college term. never talked to students
during their five vears in his plant.

Some student problems have been
student after six

Illnllt]lﬁ expfrii*n(‘:f ﬂhl::t'd fr_rr a trans-

interesting. A

fer to another companv because he
had learned all there
with the first company.

was to know
_-\Ili_lt_ht“r pair
after two months in a stock room i
which some fifty thousand ditterent
parts were kept wanted to be trans-
ferred to a place where they could
learn something.

Manyv calls have come to the Ar
mour College of Engineering for stu-
dents to work in industries outside the
Many of the compa-
co-operating

(hicago area.
nies select from the
apprentices in their own plant those
who were high-ranking students 1n
hich school and who show unusual
abilitv. Still other companies ask for
Chicago students to work outside ot
("hicago.

All candidates are given a battery
of tests before being accepted by the
college and are required to be in the
upper quarter of their high school

class.

TABLE 11

Time Spent

Time Spent

attained its position as one of the Dept. , a0ty N Alept. I'n Sehool : -If'agm "
world’s great achievements. = :'.'\L'h(){‘ll. - 2 months Starting wage +5¢
This article is submitted with the 38  Tool ('r_mdmg 1 month
approval of Oscar E. Hewitt. Com- 18 I'llt-a]'n't'tmn 1 month
missioner of Public Works: W. W. o School 2 months
DeBerard, City Engineer; and S. J. % I‘il}"“l_[t I month
Michuda. Engineer of Bridges. L e X, il
N —  School 2 months
- O (gear Cutting 2 months 2nd vear 50c
3rd vear 5ic
BEHIND DEFENSE tth vear 60c¢
(From page 26) 39  Stock Room I month
duties of this unique institution, to +9  Tracing 1 month 2 months
keep the whole machine operating —  School
smoothly with no stops or breakdowns, 19 Shop Engineering 2 months 2 months sth vear 65c¢
requires a statt of no less than sev- —  School
enty-seven persons, including trained 19 Shop Engineering 2 months
librarians, clerks, stenographers, typ- ——  School 2 months 2 months
ists, printers, book binders. engineers. 19 Shop Engincering

janitors ‘and pages.

While books and libraries are being
burned and destroved in Europe, in
America we still have the freedom to
enjov unmolested one of the most
democratic of institutions—the {free
public library. Sensing our strength
and knowing our value. we feel grate-
ful for the privilege of serving to
build a constructive defense as op-
posed to the useless vocal vitupera-
tions so common in many quarters
todav.

BETTER MOUSETRAPS
(From page 32|

i"lft‘l_\‘ of each :trtit‘ll‘ of :1]1;1:11‘1‘[ :Hui
the functioning of each piece of equip-
ment carried. Had anvthing been de

fective. the

room was called into playv. An mner

olass-walled room was erected and fit- parachutist could have

ted with auxiliarv blowers as well as stepped out of danger at once, a feat
I'ull dressed

for a jump, the parachutist stepped

HHIIH“H']l:It 1Imord tiilﬁrli]t u'|u‘*n Ol ih

a liquid-air evaporator.
dropping through empty air on a one

into the chamber and faced a wind of  way ticket.

200 miles per hour at 67 below zero, Fraxcis W, Gopwix,

“‘hi]t‘ tt"f-it.'-i were 11]:1{](‘ to assure t}H' .\Tlllnlll‘ “rnr:lrrll I‘n‘llntl:ltinll.
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