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Milwankee & 5t. Paul Ry.”
By J. H. PRIOR.}

The pripelpal requirements of a derrick gar aro: {I)
langth o! hoem-reach, wilb the neceszary stouililty of
the car; (2) sirength o! parts, with the requlred light-
vess for handling.

The pumber of oses to Which a derrfck car can be pot
are almosi In proportion to ils length of hoom. The
longer the boom and the greaiter ils capacity, the greater
must he Lhe 'ongliudinal nnd lateral stability of ke ear.
The lopgitndinal siodllity

the design of the cownectlon at the top of the tower
mekes practicaily all of this baizhl effective.

The upper part of Lhe tower consizls of an A frame,
which ezm he removed when Lhe car i3 In traoslt, thus
bringing the (otal helght of the car well within the
overbead clesravces.

The sqoare tower 1s folly rigged so Lhat when Ibe A
Irame is removed the car ¢an he used for all purposes,
hul, ng the streszes lo the top tackle are increased, Lhe
copaciiy of lhe car 1% rednced.

The shortest hoom Is made of two 15 [l sectioms;

{parallal with the Lrack) ie r‘“
comparatively easily ob-
mmned by Inereasing the
leocgth of the car and by
addjng the counlecweight
required 1o tho wzlght of
the eogine and rigging al-
teady in place. The lateral N
stablitty ls, however., a dif-
ficult matter to previde nod i
is a more douhifyl guactily
than 2oy olber feelore of
the car; this 15 dne moatly
tn the fact thal the wldih
of hase of the car zvallahle
agatnst overinrning s iim-
iled Lo Lbhe dislaoce ¢. 10 ©.
of rails, unless oublriggers
or guys are nsed,

The laleral nverturniog
woment of the load is
meagured hy the product of
tbe lond iote lts distavce
from the pearest rail, and
this overiuruing is resisied
hy o momebt which is Lhe
product of the welght ol
the car inlo ome-half ihe \
dislance beiween the ralls. i
As 1bis hall distance he- l
\ween the ralls, or the |
lever-arm of lateral me- i
went of reslstance, lo ©nly E
about 30 ins, ft is appar-
eot (hat the capocily of Lhe
ear for lifts at any dislance
from the cemler line of
track 1s limfted. The ex-
act fgures for the 20-ton
and BO-ton c¢ars described
Bbelow arte givan in tho ac-
companylng lahle,

To reduce Lhe slresses lo
Lhe bopm tackle, aod its con-
sequenl welgdt, it 13 deslr-
ahle {omakethe heightof the
Lower as great 2s possihle,
bul the permlssible pelght
of the tower is limited by the clear headroom in through
Iruss bridgas and under telegroph wires, durlng traasit
anl also when the c¢ar ia st work,

30-Ton Derrick Car.

)
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The fenlures ol a derrick car deslgoed by Mr. W. F..

FRech for the Dridge and Buildlng Depariment of the
Chieago, Milwaukes & St. Paol Ry. are shown In Flg. 1.
Thia has a 53-fL. flol ¢ar of heavy consirnctlon, carrying

*Abstracl of & paper read before the Weslern Sogisty
of Engineers 2nd priated in foll ip the “Journal® of the
Saclety.

tAssistznt Eoginesr, Bridge Department; Chicagn, Mit-
waukee & &t Fanl Ry., Chleago, IlI.

The 30-HP. enzloe ls of a lypo extansively nsed In
hridge eraetlon. The chiel characteriatle of this type
{which 15 common lu the different makes) is that ah
thafls, together with oll gear wheels attached io same.
are cansad fu revolve wheuever steam I8 admitted to the
c¥linder. The drums run loose opon thelr shalls ana
can ho mode Lo Tevolve with the shafls upon which they
are carried hy means of Iriction clutehes, When the
[riclion clnich ls disengaged, the drum can he held
withoui motlon hy meaos of the brake or the raichet and
pawl, the ghe!fl in the meantime revolviag for the pur-

pose  of handiing  othor

FIE. 2. ERECTION OF THE PEEDEE VIADUCT WiITH 30-TON DERRICK CAR.
The Boom is Setting the Bent of a 75-[(t. Span; This is Beyond Itz Normal Reach, but is Effected

by Quthauling, as Shown.
addltional teroiediale seelizne of 20 [t and 3§ 1t are
piovined, making leogths ¢f woem of 30 t, 30 fi, 83 L.,
or 85 fi. avaliable.

YWhan heavy loads are heing lifted, thers 13 a provisico
tor the insertion of a tlght ftUng hard-wood block be-
iwaen ibhe hody bolster of the car and the side [rame of
the truck. This permlis part of the load lo ha Llrens-
milled directly frum the car hody bolster Lo the iruck
slde I[rame and reliaves tha side benrings and aprings
of whatever losd posses through Lbe bard-wood hblock.

Fig. 1 shows the arraogement of lines, also of the
clutches, brakes and ihrottle under the coatrel of the
engipeman. Theso fenlurés are shown o dragram only.

linee

1 The winck heads are also
loose npoa their shaile, hut
wmay be fixed to the ohaite
hy the jaw clutches When
the jaw clotches are dison-
g2ged, Lhe wingh heads may
be held In one pesition by
‘meags of ratchets at Lheir
ends awd pawls connected
lg the frame of the engine,
When  the wineh  head is
held ogalpst motion hy the
pawl, it may he used for
fastenlng the me or hold-
g Lho load, altiiough the
shaft upon which 1L I3 car-
ried may he revolving while
1he enzive )s pandling ether
Loer,

With 110 Ths, steam pres-
sore, the englne can exert
a pull of zhout 8,000 lhs.
oo 0 lne fostensd lo the
drom. Ag this Is exerted
ar a radips of 8 ims. from
the ¢enler of (he shaft, a
conslderahle greater pull
caa e exeried by the winch
head, which has a some-
what smalier radius,

As shown o Flz I, each
swinging lloe aud rooper
hipe afler passing frem tho
froot of 1ho car iz glven a
oumber of wraps arpand
the wiochk head ond then
passes 1nto the hands of
the winch head maa. The
pull which tho winchk head
¢xerlsa wpen the lloe de-
pends upon the numher of
wraps which (ha line
mzkes around the winch
head, and also upon the pull
exerled hy the winch
bead man upen the end of
the loa. A very light
pull, wilth only a few w.aps arnond the wineh head,
permils the wines hezad to slip a2nd revolve wilbin the
llne which {s wrapped around it; g8 greater pull and
morve wrops ceUsea the winch head to grip he line with
n forca which can be increéased op to the breaking
atrength of the Iine. The boom ilne and the load line
aro fasiened lo tho drum, but before commencing opara-
tlons, it 1= ususl tn take a few wraps around tha
drum, in order to reduce the 5iréss where ibe ling lg
fastened to lhe drum.

Ope engineman ceoolrols tha ihrellle, In addition to
operaling the twe [riction drums. Ona wloch head man
operales the twoe swipglog lines and & Second wioeh

Y
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TAPLE OF HOISTING CAPACITIES OF DERRICK
CARE; C., M. & ST. P. RY.
30-Ton Derrick Car.

Tength Hoisting Swing of end of
of boom capeclly heow (rom cenier of track
L Lons fL
30 20 3
50 14 ¥
50 14
50 T 10
50 5 15
50-Ton Derrlck Car.
Wlilh Wilhont
outrlgger onlrigger
1t, ft.
0 10 26%
[3] 20 19%, 81
aT 35 19 8
42 50 13'% 6%,

head man uperates the runuer line when 1t i3 in use.
This mhakes a total of three men 1o the cab, the engine-
man doing his own fdring.

The car can propel ilself wilb ils own power in eitber
dircction by means of a cbain wheel, which carries n
1i-1m. chain; this passer nronnd znd drives a sprockel
wheel keyed to (he forward aoxle of Lhe rear truck. The
chaln wheal iz driven as iollows:

A gear wheel is placed on each end nl the front shaft,
Fig 1. The gear wheel 2i one ead of the shaft Is con-
neeled by 2 trein of gears wilh lhe chain wheel, ze¢
as o make It revolve in ithe directlon which Lhe eogine
te rupmimg and the gear wheel at the other eud of ihe
shafl is connected hy a similar train of gears so as to
mnke ihe chain wheel revolve in the reverse direcuion.
The gears al the ends of the shaft raon looss and can
eaclh Le Lhrown Into service {lhe oilher zear running
1ale) by means oi n Jaw clulech, feailhared to the middle
nf the sha(l, This arrangemcnl permits the car to he
propeded in eilker directlon by a non-reversible engine.

On a struclore sucd as the Pecdee viaduet, where the
melcrial must be brought out oc Lhe track and where
{aliework cannot be economically used, a hoom of 80-it.
reach would he regnired in place a single bent ahead of
the portion of the elruciure already erected. Thbe same
result can he accomplished with n ghorter hoom, though
not so convenienily, by outhaullng the member heyond
ibe reach nf Llbe boowm, as is shown in Fig. 2. Tbis
shows Lhe ecection of a bent for a 75-It. span ahead ol
the derrick car without the use nf [alsework; lke car
acls the T5-1t, glrders in positlon. At Lthe conclusion of
ibis operalion the structnrs 15 sclf-supporting and, as
seon 05 Lhe lalernls are placed, the lrack {les and rails
can he laid, which will perfnil {he derrick ear lo Inove
forward T5 [t. and complete lbe ereclion of the 5O-ft
Lower.

The spans hetween {nwers of Lhe Cow Cresk viaduer,
Tg. 3, are 61 ft, B 1os. In order w0 place o Lower bent
ahead of Llhe completed portien nf tho slructure withoui
outhauling, a hoom of 806 ft 8 ins, reach would be re-
quired. Thesa hents, however, were placed wilh the
63-1. boom availahle, Lhe stall amount of oulhaullng
being done with haod llnes.

The material for this viaducl was broughl out to the
point where it was required hy a track oo {hc ground
along Lhe ceuter e of viaducl, (he material being de-
livered Lo Llhe tramway lrom the track above by a wreck-
1ng craoe, which Lappened (o he avallable Thiz melhnd
diffars Irom that uscd at Lthe Pecdee viaduct (Fig. 23,
whera all materal was dahivercd above and earrled 1o
its position suspended from Lha hoom of the derrick car.
This melhnd of hringing oul the malerial was twade pos-
sible hy the level bollom of the valley whlch Lhe viaduct
Crosses.

Fig. 2 shows also ibc lower story of tbe tower heing
ecrected by & mulée Llraveler. Tuoning on a wide gage
track aod moving c¢ontivunusly away from ibe poriion
at the structure erecied. This arrangemenl. which kepl
ihe derrlck ecar econtiouously supplied with malerial
without moving [rom ile positlon at the end of tha com-
pleted portlon, greatly 1ocreused the erection speed. Thie
viaduct (consmisting of 27 spang supporied by 12 lowers)
was erected by the company forces in 18 consecutive
dars.

50-Fon Perrick Car,

The genera! fealures nf Lhe 50-lon derrick car deslzned
hy MMr. W E_Prueit are shown In Flg 4. The princlpal
requirements of deslgo and ihe difilcultles encouniered
ln satlsfying 1bem {af glven in the deseriptlon of Lhe
30-ton car) are equally true as applied 1o the 50-lon car.
But 10 Lbis case the essentials nf reach, stabllity, ele.,
were provided in 2 somewhalt different manner. The
iopgltudloal stabliity of the car was increased hy the
addition of 23 tone of counterweight: end ils lateral
slahility hy ihe use of onlriggers.

The machlne consists ol a steel superstructure mounted
on a steel flat car Tha A-frame, which performs the
work of a mwasl, 15 Tiveted Lo two transverse channsls
which are fitted 10 two clrcular caslings resting on
the plates riveted to ihe ®1deS of ihe ocar. The channels
form a box, lnto wblch the I-heam pulrigger ielescopes
when not in use, and frem which It can he withdrewn,
when required, 1o etiher side of (Le car, depending upon

the point irom which the load Is Lo be lifted. The ouier
end of Lhe culrigger resis eu hlocking oT a jack hearing
agalnsl Lhe ground.

To reduce the Sress 1n (he hoom lackle, the A-frame
is made a5 high as possible, bheing 21 il. % In. over all
ahove tbe top of rall. This heighl i3 within available
clear headroom, bnt can be materially reduced by re-
yolving the A-irame backwsards zronnd the castlng (as
chown in dotled Ilnes) when tbe car is In trampsit.

Al the lop of the A-frame is a lorglng revelving on iLs
horizonlal axis and having hearlngs for its eods io lha
A-Irame znd backstays. A verticzl pin passes throngh
ihic forging. To (hls vertical pin are altached iwo short
eye-hars, which are also eliached lo the lower block of

than would be possible wilh {he derrick cars, the in-
crease o working force o result in proporlional increase
o lonnage erected per day. Such a device is the trav-
eler deslgned hy Mr. H. C. Lotholz, and shown in Fig. 4.
This i3 2 cembination siructure of weod and lrom, which
spand Lha lrack, thereby permitting material to he
broughl to ibe lraveler on fisi cars as far as (B), apd
alsa permliling the passage oi Llrains through Lhe trav-
eler lmmealately afier completion of (he strucinre.
This traveler has a cantllever arm of T8-ft. and two
G60-TL wooden booms. making n tolal rench of whonl 120
It Tbis reach makes It passible lo erect an entire
lower tn advance of Lhe completed porilon of lhe siruc-
(nre {as shown In Fig. 7), the lower belng slable In

Smam Tecxre
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Side Elevation of 30 Ton Derrick.
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30-TOMN DERRICK CAR FOR BRIDGE ERECTION; CHICAGO, MILWAUKEE &
- ST. PAUL RY.

FlG. 1,

the top tackle. The backsiays arc also connected tn ihis
forging, which ix about a5 central a connection &8 can
be oblotped in a derrlck car.

The hoorn is 1o seclions and has n maximum length of
80 ft. when asgernbled. By Lhe remnval and suhbsiilulion
of iniermediate sections, this length can he reduced tn
63 It, 57 [t. or 42 fI The lhrusl of the hoom at Lhe
boltom is iransmitled hy & casting terminaling In a
spherical surlace, lo a hronze hushed sockst forming o
ball and socket loint. The 16-ft. hats shown at the end
ol Lhe hoom tackle are necassaty 1o keep it clear of the
hoom when uzlng loug booms zt high elevallon. The
copacities of the boom in wvarlous positions are shown
Ju the tahle. lo spite of instruclipns, greaier loads than
ihese have oflen heeu lifted in service. Flg. § shows
the car placicg a tower Lecl of the Blacklall Creak
viadnel, which bas Inlermediale spans of 63 ft. Thls
wns done with the 8§0-[t. hoom, ihz length of which made
it pesssble lo do nll thiz work wilhoul oulhaulicg. as
In Fig. 2.

The engine and propelling device ave of lhe Eame Lype
az on lhe 20-ton car, bul Lbe engine s of 50 HPD.
There is a lovomnllve alr-compressor om the car, with
Iwo elorage lauks under {he floor. With 110-lh. boller
pressure Lhis will supply suflcient air at 100 lhs. press-
ure for tha operatlon of five riveling hammers. The
compresser also furnishes alr for the alr brakes, and
the brake equipmenl bas proved a valuahle aafeguard

Derrick tar-.

Nsel! wlthout the use of lemporary braces The cauti-
lever arm !s epuipped wilth four {rolleys, eagh of 13
lons capaelly. Each (rolley 18 ¢cormposed of o stee? car-
riage om rollers, lrom which are snspended (wo four-
aheave hlocks, rove up wilh nine parls of 114-in, Tope.

A hook of 10 loms copacily woa hung from each hoam
and 30 loos of rails [or counterweighli were placed at
the rear epd of the itraveler. Additionpl anchorage was
provided hy anchoring Lhe traveler to the girder wilh
hooke. The traveler wes also anchored sideways hy
means of three %-in. holsling eablc zuys, on each side,
aftachied to top of Lhe traveler. The machi‘uery is of the
same general type as for the 80-wo derrick car, exceopt
that the front shatt ia omilted and ihe power 15 some-
what less. Tlhe followng deseription of Lha cquipment
and operation appli¢s Lo one side ouly, but both sides
have Lhe Same equipment,

The 10-ton hoek at the end of Lke beoem {s suspended
Irom a four-part tackle of %-In. hmsting cable. The full
lime ol this Ieuds througl the idler sheave at Lhe top
of rha hoom, tbence tbrough o soaich block at the foot
ol the mast and thenee to Lhe lower drum of the hoisling
2ogine. The boow is raised or lowered by a seven-partt
tackle of &i-in. cable, the {fall Jine ni which leads
through a snalch block ot ihe [oot of the mast and
lhence to the upper drum of the englue. The hnok hoist
&ad bonm baoist are operated by the engineman.

The hoom is 5wung lalerally by a Ave-part tackle (one
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FIG. 3. ERECTION OF THE COW CREEK VIADUCT 8Y A GROUND OR MULE TRAVELER FOR
THE LOWER PORTION AND A DERRICK CAR FOR THE UPPER PORTION.

when moving lhe car towards tha end nf a structure
under erection, oftem oo a falllug grade.

The two cars described bave heen employed [nr over
a year, oflen for dutics beyond Lheir rated capaclties,
and have given satlstactlon to the Aeld Tforces of the
Bridge Department.

Traveler for Viaduets.

Wbere It was necessary to ereet a vinduct nn a new
line before the track bad reescbed that part, and where
the erection of high struclures bad to he hurried to
completion befors an approaching winter In & counlry
noted for beavy snow [alls, 1t was necessary to desigp
an erectlon machine wilb a capacily for the continunus
and economlcal employment of a larger worklng Iorce

oa sach side) of 1%-in, mamla rope. The fall hoe of
ihis iz led tbrough a =eries nf smalch blocks {which
prevente the Lines from foulmg other parls of the trav-
eler) to the outside winch head on hoisting éngine.
Both of these llnes ate operated by one winch head man.

Each of 1he 15-ton trolley looks 1s sunported by a
mine-part lackle of 1%-1n, manila rope. The fell line
pasees tbrouzh a snateh bleck of two idlers al, the for-
ward end of Lb¢ cantilever arm, and themce back ihrough
a number of deck sheaves (whicih keep itz lies from
foullng cther piris) lo the lnside winch head of tha
englne Ae there are iwg trolleys, ope fall lins leads
t0 each !pslde winch hesd on the enmine. This fall lime
13 used slen for traversing the (rolley. lhere being
suitlclent Lension in the fall liue, when holdlng Ibe load,
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te move the trolley forward, the trolley being also
uader tbe control of the trolley lail line. One winch
bead man 1z required to opérate each trolley tall line.
The irelley tall liee leads from ils faslening 1o the
trolley, through two snatch hlocks to a cavel on the deck
of the traveler. In order to keep the trolley under con-
trel when It §2 heing hauled forward by moans of {ls

plecing twe olher columas for the sams lower. Runner
lings No. 1 2nd No. 2 are In service ready to outhaul
thege columns to their exact locatlon. Trotleys Mo 1
and No. 2 are lnwerfug (o the ground iwo loads of sway
bracing, which will atlerwards de Dpicked up and placed
in pesltlon by the runuer lnés No. 1 and Ne. 2, at
present rupning to the stump and being used for oqut-
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own fall Ifne, the lail line whleh is saubbed arcund the
cavel is pzld out at the required speed from the cavel.
When the trolley ie being hauled towards the rear nf
the traveler for apother load, the trolley fall 1lue and
the trolley tail line are inlerchapged, the formar helug
wrapped atcund lhe wineh bead to haul the trolley hack,
and the latler heing snubbed around the cavel 2nd pald
nut al the required speed. Bach irolley tall lime re-~
qulres tbe e¢otire attchtioo ¢f one man.

There are aleg iwo runner lines, each of which pasges
from the load Lo 2 snalch block fastened lo a slump and
leads from this hlock over

Elevation,
FIG., 4. 50-TON DCERRICK CAR FOR BRIDGE ERECTION; CHICAGO, MILWAUKEE & ST. PAUL RY.

haullzg. This lustration also shows a carload of col-
umns which ba: heecm run part way through che Llraw-
elgr, which will be lifted Erom the car by the trolleys
and lowered to the ground.

AB shown, the lraveler ls employed to its maximum
capacily aod worklng 50 men. Thz viaducl, whleh is
210 fl. from bas¢ of rall lo ground, parlly on a 10°
curve, wat erecled 1o 28 working dzys, by ihe forces of
the Bridge and Bulldiug Department under the &lrectiou
of Mr, F. J. Herlihy.

Fig. 7 shows also the Tekoa viadue¢t, en 2 new llne,

outslde wlheh head of the
e¢ngine, nn which tbey are
operaled simultaneously with
the swinzing line. These H -
lines are operated by nne
of the regular men oo ihe
wraveler, |
Six men bave been-enum- H
erated In bandliog tbe line-. '

the end of the traveler 1o the |7

iwelve men heing Teauired
for both sides. Two of fthese
mea are available asually
{for handling cignals, ag
tbay are pot <¢onbt{nuausly
engaged with their lines. A
third signal man, with the
assistance mentioned above,
transmlls all glgnals. This
glves o lota] of 13 men cn
fop of the traveler; 47 ad-
dinenal men were reqnired =
to fil! tbe crew for (this

PR SR Y
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work. FIG. & ERECTION OF THE BLACKTAIL CREEK VIADUCT (65 FT.

Flg. T chows all lines,
in operatlon, in the erection
of the 195-ft. tower of Clear Creek viaduct. The two
booms are plocing !wo columns with boom tackles No.
1 and No. 2; trolleys No. 3 and Nn. 4 are eiraullanenusly

SPAMS) BY A 50-TON DERRICK CAR WITH 80-FT. BOOM.

which was erecled before the tracks reached iis locatlon.
The matarial for thls viaduct wag dellvered to the fool
of g0 lgelined tramway (259 ‘grade), on which 1t waa

P

hauled up the billslde by means of hoisting ¢ngine and
cable rove inte a mx-part tackle. Flg. ¥ is a vlew of
the erecticn of thls viaduct hy the rraveler.

Teste of Iron Pulley Blocks.

Teeals of (riple-sheave hlocks as used for tackle of
lhis klnd were made at lbe Zesting laboratory of the
University of Wiscorsin In 1908 hy M. C. Withey. The
blocks were furnished hy maoufacturers for the purpose
nf ibe lest. The teslting machine was a vertical hy-
dravlle machine of 400,004 1hs. capecily. The blocks to
he ilested were pulled against a triple hlock designed
in the office of Mr. C. F. Lowelh, Enzlnesr n{ Bridges
nod Bulldings, and built oL the rallway shops at Milwau-
kee. Flg. B shows ope of the lest hlocks aud also the
speclal or “Milwaukes™ blnck. The construetlon of the
test blocks differed in detail. The results of the ierls
are summarjzed in Lbe accompanying iable, This gives

¥ 2B

n

Deteit ai M e

Section C~C.

alse the weighls nf Lhe blocks. Part nf Lbe welght of
the Milwaukes hlock wes dus (o the use of 21-m.
sheaves (Instead of 13% ivs, Lo 15 ins. o the test bloeks)
to teduce (be bending stress in ihe rope.

Weight Breaking load
1bs. Ths

Block,

1 , Q00
2 . 151.000
4 (Fig. B) . 558 253,000
5 (Fig. 9) .. . 360 258,000

CMilwaukes” .. 0 T Not hroken

Roth bincks were rova logcther with 7%-in. holstiog
cable, the ends of tbe cahle being fastenad ilo tbe tail
hults pf the upper and lower hlocks respeetively, hy
means of Lhree clips al each iall bolt. Tbe tenslou heads
of Lbe machine consisied of clevises with pins of large
diameter, these plus passed through the clevizes of fhe
blocks tn be lesied. Tbe lead was applled gradually
aod continued uatil a eracking sound was hesrd or fome
{odicatlou of failure was seen or suspected, Then the
lcad was relsased and the blnck was ecarefully examined
for slgns of feilare After several re¢pelltioos, the load
was contlnued until the tailure was complete The “Mil-
waukee¢’ hlock was @ the upper head of the maehine
and in B)] cases the lower hlock falled, whlle tbe upper
block remaloed practleally intact.

Mig. ¥ shows bhlock No. 5, and TPig. 10 shows a view
of block No. 3 after fatlure. The details of tbe lests of
ilizse twe hlecks aTe given helow. [We omit the detailed
destription of test sod favlure nf other blocka.—Ed J:

Test of Block No. 4—at 150,000 1bs.. Joad was re-
leased; wo sign of fallure. At 170,000 1bs., load Te-
Yeasad ; clearapce observed belnw 1al! holt; clevis scallng
on Inside: clevls pin bending. At 185,000 lbs ., load Te-
leased ; clevis seeling all over: inside and ontside straps
sconlipg; inside strap moved down al least Y% In., mark
geen &t top of strap. Al 208,000 1lhs., load released;
clevls pin easily seen to he bent, Al 247,000 Ihs,, cotter
sheared off on clevls pln on ooe side; head plo bending
up, Al 235,000 1bs., cotter on sheave pin sheared off oo

PR ——
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FIG. 6. TRAVELER FOR BRIDGE AND YIADUCT ERECTION; CHICAGO, MILWAUKEE & ST. PAUL RY.

one Side, load dropped to 220,000 lbs. apd block failed
wilth loud report.

Test. of Block No. 5.—{1) The block was pulled 1o
196,000 1bs., when ibe rigging In ke lesting machine
broke. End of pahle was iastened ip ouiside segment
of 1211 bolt. Tan belt was benl 1n block where cable
wag atizebed. Mo otber s:gn of [zrlnre noticed. (2)
Wilb c¢able undiaturbed from first test, hlock wns pulled
again. At 23I6.000 lhs., ¢levis pin hegan in beed, ¢aus-
fog block lo skew upward on side where tail holl heot.
Pin bole in plates al clevls much elongated. AL 253,000
1bs., M-im. tall boll shemred off wilh a loud repori. As
only the iall bkolt bad failed wbere Lhe cable was al-
lached, il was thought advisable to put Io a Jarger tall
bolt and tezl the bilock to complete destruction.

{3) A 1-in. wronght-iron bolt was substltuted, the
holes belng drilled larger in hlock. The end of cable
was fasiened at center segmenl of (afi bolt. Joad of
158,000 lbs. wes zpplled and released; 1ail bolt was
observed to he Elghtly bent. Maximum load applied
wak 258,000 1ba., after which load was releaged and
hlock exnmined. Sheave pin badly hent, cofter hroken
off ; both ioside shel] plates split; tail bolt hent upwar&;
hoth intide Ehell holts bhad moved upward ¥%-in, due
bolts aad sheave pin bendlng. Load was reapplled tu get
complete destruelion. At 255,000 1hs. inzidn shell pletes
bhad raised ¥-in. and load began golng back until about
178,000 lhs.; 2L this load hlock bursi aparl wilh a loud
report. Jasl previously the inside shell plates had ralsed
3% ins.

CANADA’S PORTLAND CEMENT FRODUCTION in
1808 was 3% millica harrels, an incresse of & mition
over 1907. About B0Q,000 hhle. nf ihis remalzed unsold,
however. The avergge price at works was $1.39, 2gainst
$1.55 1o 1007T. About half & mlllinn barrels was lm-
ported inio Canada duriog the year. The productinn
was Irom 23 plants, six more than were nperallog in
1607. However, Lhis list includes pne oalural cement
plent (listed as makiog ‘‘Datural Fortland cemsal’).
One of the plants makiog ariificial cement uses blast-
furpace slag. The tocreesing production in Cznadn hus
reduced the imporie very rapidly; Ave years ago more
cemenl waa imported inle Canoda then was mede there,
Lut since 1908 ibhe ratjo bas beeo derreasing rapidly.

unt! now the tmporte are only about 13% ol the produc-
tlen. The import duty 1 43% <ls. per barrel (levied on
groes weight, at 123 cts. per 100 1bs.).—From Egures
given 1o 2 hullelin of Lbhe Department of Mines, by T
Meleish, Chief nf Division of Mliperal Hesources and
Statishics, Otlawa,

———

A TRAIN-FERRY between lodia nnd Cerlon has heen
aulthorized by the governmenl of Indiz. The Bouth
Indian Ry. kae n llne ierminallng at Pambzn, cu tha
straltz, and opposzite thls l= a semaes of reels 2nd chen-
nels known 2 Adams Mridge. Several projects have’
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been propesed for a vizduel al thie crossing, somewhat
aller the plan of the line from Florlda to Key Waest.
The present 2uthorized project jneludes tho exiemslon of
the rallway across the Pamban Cbannel to Damesbkedl
Islznd. On the Céxlon gide, 2 railway will he bulll from
Mznar Island to Lthe mainland of Ceylon and some point
on the Geylop Government Railways. The distance
batwegen the two 12lands, about 40 mles, wlll be served
by the Lrain ferry. 'This arrangement will avold only
one transter, as the South Indian Ry. has a gage of
3 ft. 3% ins., while tho Ceylon Rys. have n gage of
5 tt. 6 lus., =0 rolling stock cannot inlerchange. F
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Education for Utility and Culture.®
By DR. CALVIN M. WOODWARD.t

The early universities camc Into helpg as a part of
the grand revival of learcing which prevailed iu Italy,
Germany, Frabce aod Eogland jo the 14th and 15th
centuries, They were the Jolnt product of Protestantism
cnd the art of pricling. Tbe former deciared [t the priv-
ilege of all to read the New Testament and the Falhers
in the origical (reek and Latin, The art nl printing
lald open Lo all the world all the treesures of noclent
learning.

Oxford and Cambridge came lnto notice nbout the yesr
1200, and for some four centurles they were the reclpl-
eats of repenmted gifts and benefactions from the rulers
ond the nobllity of England. As the unlversitles grew
{he cooree of stody slowly expacded. In the beglnoing
they were largely Lalln grammar schools for monks and
priests, Ewveo io Queen Ellzabelh's time, Qxford was
littlte more than & Divinity Schoel. Undergradnales
were 14 or 15 years of ngo ARd oiten younger. The
“Trivium' l¢ading to the degree of Bachelor of Arte
canslsted of Lalin grammar, logle and rhetorie. There
wat no Greek until the llme of Eraemus fo 1511, Even
a Lalin verslon of Arlstotle’s Logle waa used,

Having compleied (bree years ln the atudy &nd prac-
tice of dialectics, the student hecame a Bachelor of
Arls and "incepled'’ or “‘commenced’’ the four years of

leclics =ed phllosophy; the quadrlvlum te more philos-
ophy, perspective drawing, astronemy and Qreek,

Juch was the course of study that for centuries con-
stltuted the education of the yonth of Eogland who
were destined to fill places ino the church, (o hecomse
harristers, phrsiclans, ar geotlemen of lelsure, For such
end such coly was sducation suppesed to be necessary.

Tn bis famons Tractate of Educntinn, wrilten 24 years
after the landing of the Pjlgrims on Plymouth Rock,
Millen wrote only for the rlech ard for those of nohie
hirth. He adviged the stndy of tbe poets, orators, bis-
torinoa and philesophers of Gréece and Roma, There
wad liltle elze Lo study. There was po sclence, far the
speculatioos of Aristolle |ln regard to physics ond iLhe
conetilutloo of malter were unworthy of the name of
s¢lence, though they bhlocked all sclentlfic progress for
over o thousand years. English lteratnre dild mot ex-
ist. Modern mathematice s Lhe product of the last 200
years. Mlllon himseli followed jn the traek of Virgil,
as Virgll had rollowed in the tragk of Homer. “Para-
dlse Lost'” was modeled after the Aeroeld, and *Lrycldas’”
closoly resemhles one of the “‘Bucolles™ of Virgll,

Milton wrote sod saug for the few. The greal bulk
of lhe FEoglish peopi¢, Lhe formers, the sailors, the
mlpers, the tradesmen, the mannfocturers, the builders
of houses apd shops, had no edugalion and were sup-
posed to oeed oone. Fopaolar, uciversal edaczllon, os
we nnderstand the term, ls less than 40 years old (o

|
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ERECTION OF THE TEKOA VIADUCT BY A TRAVELER HAVING A 75-FT. CANTILEVER

WITH TWO 60-FT. BOOMS (VIADUCT SPANS 70 FT.).

study of the “Quadrivium™ which led to the degree of
Master of Arts. The ceremony of Gommeucemeol took
place omturally at Lhe beginuing of the fourth year, when
the student recelved his first degree aud entored upon
ikn hlgher courses of study. The Master's degree waoa
cunferred at the eod of the eevenlh yesr- You will
observe that we have retained the name “Commence-
ment’! to mark the termiocalion of the Arst course, and
not at all to ajgnify the buglnnlng of Lhe Master's
courke; und ihat the ceremony {5 held at the heginniog
of the spmmer vacation Instead of el lis end, as form-
erly.

The Qnadrivlum Included: 1, urithmetle or the sclence
of numbers {there wag for 300 yuars afteeward no alge-
bra, no trigonometry, no znalytlc seometry, oo caleulus);
% geomelry, i. e, Buelld and maps, whieh lnelnded all
the geograpby which was known; 3, musie; 4, astronomy,
as taughl hy Plolemy.

No poets or orators were sfudled at Cumbridge Lill
the early parL of the 15th century. Their inlrodnction
was due to Erasmus, who came to BL. John's College
in 1511 During the Chaocellorshlp of Thomas Cromwell
In the relgn of Henry VIIL, I was ordared that under-
gradnntea sbould be instructed o logiy, rhetorls, arith-
melle, geography, mnaic and Ariatollo,

In 1548 the trivium was ehnnged to mathematies, dia-

*Ap address hefore the graduatlog class of tha BMie-
souri 8chool nt Mines, at Rolla, Mo., June &

{Dean o! Washlngton University Eogloeering Schuols,
5t. Lonls, Mo.

Fugland. During ail lhese years, whlls Eogland waa
growlog greal, Qambridge eud Oxiord conllnued to build
on the lines I have descrlbed. They had a moncpoly
ot the educallon of the Engileh ruhugz and properiy
tlasses. No men Lrained differently were hrough’ iuto
competition with these men. Hence the clalm, often
made, Lhat the greatusss of Engladd's great men is due
to the fact that thelr traiulng was classieal relher thanp
scientle s extremely illogical.

No ous denles great Intellectual valne to ancienl as
well as o modern classles, hui we have learned that
meo may be edncated in mora (han one wuy; that thu
cld Toad la a jong road, a comparalivety dull und Do~
tnteresting road; a rnad hlocked up by dead issnes, an-
cient ruina. over the graves of oxtinet opations, und
through ao aimosphere redoleat with the air of anii-
quated myths. The classica]l period was a civillzallon
of art and luxurious enlture based on congoest snd
bomun slavery. .

Soch was the old un!verslty, nnd such In mony Instl~
totion2 is the ideal to-day., Bul all puch ideals must
he classed with the aneclents, It is thelr glory te he
nld, as thongh age la liself were a virtue.

I vlelied an ondowed school ln Manehesler, Englaad.
e few pearn ago. It was hundreds of vears mid. It bad
ita zncient halls, 1l anclent studles, 1te impassable
fence, and Its locked gale. But gradually its style of
pouseheld I[urmiture had hecome trapsformed. A mod-
ern kltchon, o pew dinber service, carpets and chalrs
remlnded cue of modern ilfe.

Then the craze for antlquity swept over the Board of
Mapageméent and they decided to put the schocl hack
200 years to ibe aciual style of living lo ““the good old
timse.”  Qut went the carpets, "the cooking slove, the
dining table; off weat the table cloth and modern L LLES
2nd forks; modeéra cbairs, napkins and plates. The
pupils ndopted agaioc the anclent dress; they cooked
oo spils and hehled tin ovens over open fres io huge
fireplaces; Llhey sat on bhenches without backs, at a
rough 9ak rtable aheve a stooe floor; aod ate frem
pewler plates and drank from pewter mugs. Grace was
said in Latln before 2nd after meat, T assure you 1t
seemed to me like n grand burlesque for the presenta-
tton of which a hundred liftle boys were belug trained
to act their parts.

In striking contrast with all this mockery of nnliquity
wes a modern manial trainlog toom with tho best of
modern tools aod appliances, This latter was the gift
of an ecthuslastle friend whbo thus redesmed aod mod-
ernized (be eotire schooi.

Up two 60 rears ago, the homors al Cambeldegs wera
awarded only In classles and mathemntics. In 1848 two
new ‘*‘irlposes,” or henors, were rcatahlished, ¥iz., in
Maoral Scleoce aod 1m0 Natural Belence. Then came ihe
Law 'Tripos, the Hlstorical Trlpos, Lhe Theological Trl-
pos, thn Semille Lnnguage Tripos, Lhke Tndian Lznguage
Tripos, and fnally, the Moderc Laoguage Tripus in
1836, -

Durleg Lhe last few years, Mechanical nnd Electrical
Epgmeerlog bave galned a foothold in Comhridge aod
receot]ly they have been placed co a permanent foolbiog.
A maunoal training shop has eveo secured recognitlon
among ike “modern slds” peuple of Camhrldge.

Higher zducation in the Unlled States starled on a
somewhat differoot plan apd it has had a very different
development. When Harvard College was started, 2060
years =2go0, il w23 a Ieeble imilalico of one of Lbe col-
leges of Cambridge University in Fnzlacd where John
Harvard had bheen a sludenl; hot there waa in eyery
New Eogland village & school wbere the rudiments of
an edosation were accestible to 21l In those dava
Harvard College was what would now he called a clyssi-
cal high school. 1L was pre-emicénlly a schoo) for the
prelimlpary (ralning of ¢lergymen and lawyers. It was
Lalin, Greek, malhematies, logie, rbetorie pnd meta-
pbysics (rom first to last. The ¢ourse of study had oot
chaoged in character veryr muek when I was a atudenl
there G0 vears zgo, bul & woaderful transformallon has
taken place since tben.

The siudy of materiale, ihe sludy of the laws of con-
Etruciloo, the diatributicn of forces, Lhe avalvsls and
limits of internal stress, lhe trapsformation and utllize-
tion of ecergy; the study zod use of exact methods and
lostrumenta of precision; the elemenis of drafting, shop-
work, and lhe essenilal featurea ©f prime¢ movers—all
these stodles bave made thia progresa poasible, zod tbey
promlze yet greater progress, If the proper educatico
is formshed.

We are ab last beglonnlog to underctand that the edo-
cation which is to he uaolversal should be a very differ-
ent thing [rom the educatloo of a privileged few. The
new edueailnn which domlnates fhe modern colleges
aod uaiveraitles 8ims to irain men Lo high effleieccy
2long all lices, practleal aod tbeoretleal, as well as
artigtic and spiritual. The old procrustean hed on which
all were slretthed or Iralned o the same course of
study haa heeo haclshed, never to reterm. The char-
acterlallc features of tho mew universily are [reedom
of choles and a thoroughly proctical treatment of tho
chosen branches,

A Lmverslty is a place where oue should he ablu
to study Lhe hest ihat bus heeo anid aud done io ithe
world. In our secondury schools oue mny acquire the
rudiments of an educatioa, moy learn how (o study,
may hecome soméwhat familiar with the breadth and
seope of the object of study; bul in the unliverslty he
should dlreelly attack the masterplecéa of Lhought and
achlevement; should dip inte the ¢hoicest zpd most in-
vigoratlug springs and drink deeply,

From the days of Jehn Mllron, in 1808, to the end ot
the 18tk cenlury, naiveraily tralling culmlnated o &
preparatiun for lhe professlons of law, medlcine and
theology, and n the training of the oobility for the
dutiea and responsibilitles of pgoverament acd ¢legant
soclety.

But when slchemy developed into chemistry; when
physics hecame an experiméntal science, when Lelbnitz
and Newtnp ¢laborzied the infinfresimal calculus; when
Waltts wvented up efficient steam englos; when Fullon
hullt 4 sueeessful steamboat; when Stephenson devised
the locomotive and cocstructed a road wilh =mooth
rails; and fipally when Siemcos and Gramme produced
the electric molor—vast fielda of fasciuallng and useful
malerlal were opened f{or study and research. Mathe-
maltleal analys!s and the principles of mechamics, which
hed previously been devoled to the prohléms of phyeical
aktronomy, were now direcled io the study of Lhe (rans-
formatlon aud tronemlssloo of energy, the theory of
glruelures, and thu phecomena of eleclriclly. The the-
ory of evatulion has gfven m new meaning to ull wital
phencmeeca; and the dectrine of Lhe cooservatlon of
engrgy hes permeated nll onr stndy of motlso end force.
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In the garlier days Alexander Fope vewced Lbhe popular
nobon Lthat ‘“‘the proper study of mankind is man.
“Nature Study,” which lo-day 1 the hrighl aiiractive
Ieaturs of the primary school, and equally the inspirlna
field of Lhe sevant, was pot cnunteuanced by polite so-
clety. For cenluries il was held lo he liltle short of
blasphemy to wonnd Lbe earth by digging [or orea which
were inteaded to be hidden away from our sighl and
louch; or (o altempt o any way te improve upou Ged's
workmaunship  When ju 168¢ & Spaolsh engineer pro-
posed 10 deepen Lhe chanzels of certaln rivecs and to
restrain their overflows o (he lpierest of navigatiom,
the Spaplsh Coupcii decreed as follows: 'If i( has
pleused God that those rivers shomld have been paviga-
ble, He would nor have pseded honmun assistaunes to
mmeke Lbem so; hot ae He has not doue it, It 1& plein
that He dees ool want It done”’; acd the ymprovementa
ware forblddec

It bag taken many centurigs for the wo.Md to discover
that ihe great Jorses of maturc are npelther sacred nor
profane, neither kind por cruel, that they nelther love
nor hete, and that they are more nochapgeahle 1han
lhe stars, that shrines aod temples, prlests and priest-
esses, tripods and oracles have heen io valn except so
far a5 they reacied upon lhe human heart and sotisfied
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ils nmatural craving for L\he worskin of a Superior Bemng.
Instezd of building a temple lo the far-darting Apolle
or lo Zeus Lhe Thunderer, we now streich over nur cit-
tes 2 nei-work for artihelal 1ighting; and all the wlods
that hlow and all the waters that flow are mede to
furnish their (ribule 1o cur comfort 2nd pleasurs. We
lap the sources nf endless epergy and transmit It {hrough
all the ramifications of nur social order, relleving man-
kio@ ifrom heevy hurdens aod creat!lpg hundreds nf oe-
cupations hitberto all unknown.

Out of all this vast extension nf the borlzon o1 humap
astivities, and th!s multiplicat!lon of occupaticns, has
come an lmpemnllve demand for technically gducaled men.
In our indusirial system the orylng want bang been and
is for men who can both plan and exeeute, The secret
of our recent success {n foreign markets lies in the fact
ihat we have put educated braigs into ocur preducts apd
inio our mgthods of mapufaclure, Hepce a ecore of
profegslons unlbought of 100 years ago have heen called
into heing, and the stapdards of these new professions are
intellecfuaily pot ome whit lower or less humene tham the
old,

Our hkaest preparatlon for the future ja o mastery of
wbal bas already been achieved. Qur updergraduaie
peniod should be devoled to the study and mastery ol es-
tablizhed iruths and accomplished facts, as emhbeodled (o
Janguage, Mlerature, aod Lbe achlevements in the arte
and sciences. As Matlhew Argold pul it: “The student
ehould study the best that has heen sald and done in iha
world.”* T like Arnold’s stalemeut exceedlngly, i I can
only mazke !l brnzd enough 10 Include (be wonderful ro-

=ults of applied science during Lhe last hundred years.
I am one of (hose who belleva |n progress, in lhe su-
perlotily of our own mge. I regard the conguesls over
matler zad fores through intelieclual processes of the
highest order. &8 among (he hest things that have
been dome in the world, apd 1 jnclude what has heeo
discovered and well eslablisked o the realm ot oetural
history and applied art, as well as in tha realm ol
ethnology and sotlology, The world bas heen slow to
accept the digoity of a scholarship for servlca. The old
fdea of culture was not lhat which ecables one Lo ac-
camplieh somelhing for others, bul thai which was valued
for whet it was supposed te¢ accomplish for nue's self—
as Emerson puts it

It ls inleresting to mote how strong and endnring
has hoen the prejudice zgaiust apy seholarship thag
wag suspecled uf beiug uselul, Among the Grecks
acd Hemaus of the classic pened, it was bheld to be
not only unégnified bhut lgooble 1o perzonally provide
foud, clothing and shelter for one’s self or for one's
famlly. The educzted man must not huild hls home, nor
even plan U He must neither culilvate crops mor cook
his food; nelther mapufacture cluth, por make garmenls.
All such work wae for slaves, wbhitg, black or yellow.

It was the bmsiness or otcupation of the genllemao
(who alone received any educatioo), to menage bis [amily
(Imctudlng his slayes), Aght for bis conntry whether for
couquest or for defense, enliivate art, poelry, athleifes,
mathemalles aod logie. Even Plale vonsidered geomelry
as degraded by bereg appiled to 2n¥ purpose of wulgar
utility. He decizred that the consiructloo ¢f machines
on mnthematical princlples was redncing a noble inlel-
Jectnal exercise tn 2 low crall, At omly for carpeuters
and wheelwrights; 1. e., for the while slaves of Athanw,
He hold ihal the science of mechanies was unworthy
of the attentinn of a philosopher. For weerly 2,000 years
Lhe hrightest minds of Greecce 2nd Rome scorned philivy,
and Lhey dizcouraged all studies which aimed “‘to add tn
the comfort or =alleviate the calamities of the buman
race.”

Macaulay says (in his Essay nn Bacon) lbat Seneca
was indignant becanse Demneritns was praieed for hav-
ing !pvented the archea which supported the roof of a
lemple, He maintalced Lbhal philosophy bas nothing to
do with teaching men 1o renr arched ronfs nver Lheir
heads, The true philosopher, he sald, does nolL care
whelber be baa an arched roof, or amy rocl. Pbilosophy
has pothing Lo dn with isaching men the use of melals,
She tezches us (o be lodependent of all material suh-
steDee, of 21) mechanical contrlvemces. Instead of at-
tempting (0 2dd to Lhe physical comforte of hls speclus,
Seneca regretted that his Jot was not cast In that golden
age when the human race lived In caves and dressed
cnly in Lhe skins of un!mala. To !mpule to such a2 mao
apy share I the invenlion or lmprovement of a plow,
or a mill, is ap (msult. *'ln my ime,” says Keneca,
“iherc have heen feventions nf ihis sorl. transparent
windows, tubes for diffusing warmibh equaily througb
all parts of a buildlng, etc., hut the invention n! such
“things Is drugdgery for the lowest slaves. Fhllosophy
Nez deeper. 1t is nol her nffice in teach men how lo uge
their hapds.”

Bacon sets oul deliherately (o overthrow the inflnence
of Greek philosophy as regards usefulbese, and wih un-
equaled force apd skill proclaimed the dignity and no-
biilty of useful studies, and of amervice (0 humanity. T
feel sure Lhat the spiril of serviee through lhe discovery
and presontation of sclentific truth lives and ihrives,
and thal nevermure will IL be neesssary, at least in
Ammerica, for a man of selence 1o apologlze tp the world
for mukipg his dlscoveriss and inveatlons useful (o mean-
kind.

TWe have been (old that engineering studies and pursulis
make mer sord[d 2pd vparrow. Tbe statemenl js Dol
true. 1t !s true ibat such studies make oze fesl the
weizht of coming rssponslbilities, a5 well as Lhe abeo-
lute necessity of mnslerlug fundamental principles. Eun-
gineering studenia rarely feef al likerty to huro thelr old
lexl-bocks. 'They have hees thought to bhe somewhat
lacking !p reverence, and unmpoetlcal. 1 must confeas
they are generally not glveu to the worship of tbe
ancients, htut they nre nol without poetic ipstinets.

Do not for mng momeot suppose that nll knowledge Is
eonimined fn books, of Lhat all acl s to be found In
muteums, ot thal @ll poelry i3 written wilh pens. To a
mind filled wilh a sympatby bzl is horn of intimale
koowledge, there {8 Ip 2 mighly moving mechepism, and
in the proporiions and grondeur of a great supersiructure
that obeys all tha laws of selence, 2 beauty Lhat delighta
the eye; a harmony and hond of tboughl, a rylhm and
rhyme of reason lbab falls upnp the loward ear like
heavenly musie,

The prohlems of sogloeering ara nol all solved. Io
fact tbe work of splution has huc Jusk hegun. Thero is
plenly for you to do as you s(ep from lhe lecture room
and laheratery to take up the respopsibilllies of edu-
cated, well-tralned men. The hest thought of to-day
js that the wealth of pature is mot to be squandered and
wasted. Qur nalaral resources ore to be conservad, We
arc to be mnt gnly hushandrhen, but thrifly busbendmea.

Is thera apy doubl ahoul tbe wortk of yomr produet?

The price of wisdom is above rubies.
for a “wlse and understanding heart,” and hls prayer
was granled. A wite and understanding hesrt means
mera Lhan schotarshlp, mere than manual skill, more
than lechnlcal agumen, more than weallh, more than
popularity, It mey ioclude all these, It must Include
several of them—iz musl loclude hlgh charaeter, ao un-
spotied Ihife, 2 devotlon to what ls (rue jo form aod io
essence, a copsecralion Lo service:

Zolomon prayed

... "I pray thes then—
Write mc as one who aerves his fellow mep.”

1 wish ¥you persenal sbeecess ip a very high sense, and
to that end [ wish to umpress updo you iwo tbings. I
do ol me2u that you should study your work, go Lo Lhe
hollom of every problem you have 1o soive. Yuu wlil
do (hal anywuy, i[ you are made of sound material
cepahle of inteose stress and a high elaslic lymit. The
two Lhlngs I emphasize are these:

(1) An icflexible determivation npever (o endorse what
you heligve to ha bad epgineering. Let Lhe templation
bhe ever so great, the brlbe ever ko fascinaling, sland
ke a rock, Lel the wind biow, let Lhe raln descend!
stand your ground! Some years age I wrole in an slhum
as a “Maxm for Conduct'!

“’In matiers of senllment, go with the stream; jn mat-
iers of principle stand like a rock.,” Carry Lhat away
with you,

{2) Cultivate the graces and refinements of really good
society.  Acquire (unless you bave It alveady) a perfect
mastery of your mnther tongue, and in lejsurd hours
make yoursgll famillar with the maslerpicces of litera-
ture aud arl. For ten or iwelve yeurs ibe late Professor
Jubn B. Jobnson and I were members of a Forlnlglily
Club ibat stndied the hooks which were well worth
sindying and discus-
sing, {rom Homer Lo
James TRussell Lo~
) well, Professor John-
i son felt, and 1 feel,
lhet  ihose  hours
were fuoll of the
grealest profic and
Lhe keenest pleasure.
Your Iniluence in
the world and the
pleature of your life
will depend parlly
upnn vour enogineer-
g wkill, but more
upon YOUT mMAnNers,
FouT speechk and
your breadth of cul-
ture. Tno oftéu lno
the paai the engi-

=y 7 neer has heen asso-
efaled fo the popu-
‘. ¥ lar mind wilh a

smaky chimeey,
g Egreasy machlnery,

B

and had English.
Accordingly a recenl
writer in urging n
more geDerous
couree ot eludy for
technlcal studenls,
zays: It will be a
surty  epitaph, that
on# Was boro a man,
and dled azn engr-
neer.” Let your epltaph he: “Here lies one who
was borp a common man and whn died a great eoginesr.””

One word more. Yau are to he not omly engineers apd
cultivaled men—you are 1o he citizens. As nlreedy
hinted, you are to serve your fellowmmer. You are tn
combine Ttility and Culture in Service.

We llve In a pew world, under the light of u new
civillzelion.  Qur (pslilutions are not founded or but-
tressed hy hbman glavery, while or blatk; might no
lopger makes right; the burly robher of the Middie
Ages is no lTonger our fdeal of a good clilzen. We are
a8 cerlain of the Brelberhood of man as of Lhe Father-
bood of God.

Blondy wnr 16 being relegated l¢ the past: nur ldeas
of herolsm apd manly pohiiy are nol to be found in
the prize ring or fo the arena: they are Lo be found in
the performance of tbe many dutles of citizenship, Fel-
lowship »od pol warfare should be our molto. Coopera-
tlon ralher iban heshile competition shouid be our prac-
tlee. Tt is a glorinus thing to belp colve problems in
such 2 way thal every solution Jeads on Lo a higher eimih-
zalion, Tet us lear down [be walls whieh separale nz-
lions one from the other, let us dismantle the forls, dls-
band lke army, 2pd let ug among curselves lay aside
warfare znd adopt tbe mathods of hrotherhood. It is
yours to help on the happy age when Science and

Tz KLey.
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Fig. 10. Fallure of a Pulley
Block Tested to Destruction
in a Testing Machine.

“‘art shall flourish, -
And knowledge shall grow to more and more,
And all men shall he hrothers,
And the most useful eball he Lthe mns! heautiful,
And “Servles’ shall be the walchword,
The key Lbat sball unlock lhe gales of FParadize ™



