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AveERAGE ULTiMATE BreAKING UniT STREssks 1N Pounps PErR Square Inch.
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raa , TRANSVERSE .
TENSION, COMPRESSION. I RUPTURR. SHEARING.
' i
KIND OF TIMBER. With Grain. iII: Modul
. — Extreme wius {  With | Across
With | Across X ’(x.‘::’:s | Fibre of Grain. | Grain
Grain. | Grain. | End} |Columns, 7" | Stress. Elasticity.

Bearing.[under 15 '

Diams. |
AVHIE OaKe.tivier tr vavee cvneee ceavsaranen | 10,000 | 2,000 7,000 4,500 | 2,000 ? 6,000 | 1,100,000 8oo 4,000
White Pine oo, tieeiiaiiiineies titicianciaacs 1 7.000 500 5.500 3,500 | ~ 800 | 4,000 | 1.000,000 400 2000
* Southern, Long Leaf or Georgia Yellow Pine .. ... 12,000 Goo 8,000 5000 .00 | 2000 { 1,705,000 Goo 5,000
Douglas, Oregon and Wash-| Yellow Fir..........} 12,000 P 8,000 6,000 1,200 6,500 | 1,400,000 600 | eann..
ington Firor Pine. JRed Fire...covaann. 10,000 |ev... R P A P ‘ 5000 ceiiisnecifeece o
Northern or Short Leaf Yellow Pine .... -.... 0.000 500 6.000 4,000 1,000 , 6,000 | 1,200.000 400 4.000
Red Pine c..cieveennnnn.. teee  evsnecasssens ‘ 9,000 500 6,000 4,000 800 f 5,000 | 1,200,000 | ¢o seleececen.
Norway Pine..coiieniiiiiiiieiieiiiisnneneeassns i 8,000 feiieannn 6,000 4,000 800 1 4,000 | 1,200,000 |eecesicc]feaaaccns
Canadian (Ottawa) \White Pine ' . T R 350 ceeen
Canadian (Ontario) Red Pine o 5,000 | 1,400,000 400 ceee o
Spruce and Eastern Fir...ccovieiiiiiiieranennnns { 4,000 | 1,200,000 400 3,000
Hemlock ............ 3.500 { 900,000 350 2,5c0
CyPresS vueeeeeceoccertecnocen-ananns l 5.000 900,000 [ P
[0 T ! 5,000 700,000 |..cccaen 1,500
Chestnut .. . C eiiesaeie seceeaee v reane 5,000 , 1,000,000 Goo 1,500
California Redwood ...oveiivirenicnrnaiaoennannn 4,500 | 700,000 400 ‘ ........
California Spruce ... .cvvvireieanns o o o §.000 } 1,200,000 loeee  leviaaee

AVERAGE SAFe ALLowabLE WorkinG UniT STrRESSES 1IN Pouxnps PEr Souare Inch.

Recommended by the Committce on ** Strength of Bridge and Trestle Timbers.”

ANERICAN ASSUCIATIUN UP RAILWAY SULERINIENDENTS BRIDGES AND BUILDINGS.~—5TH ANNUAL CONVENTION, NEW O. (3ANS, OCT,, !SQS.

*
Q10N . TRANSVERSE .
TENSION. COMTPRESSION. ROPTURE. SHEARING.

. With Grain. )
KIND OF TIMBER. o Extremel Modulus

With | Across Across | Fibre of With | Across

Grain. { Grain. ! End |Columns| Grain. | Stress. | Elasticity.| Grain. | Grain.

- Bearing.lunder 15
Diams.

Factor of Safety. Ten Ten Five. Five. | Four. Six. Two. Four. | Four
WhiteOaK.eeeeeecerecinneesantasarnnas eeeses] 1,000 200 1,400 900 $00 1,000 $50,000 200 1,000
\White Pine coceeciiiiiieiieiiaiianioncasnncanns 7 50 1,100 7¢o0 200 700 500,000 100 500
Southern Long.Leaf or Georgia Yellow Pine ...... 1,200 60 1,600 1,000 350 1,200 850,000 150 1,250
Douglas, Oregon and Wash.)] Yellow Fir ..........} 1,200 |........ 1,600 | 1.200 300 | 1100 | 700,000 150 feeeeee-s

ington Fir or Pine. Fir covveecennad] 1,000 feeee.... e T cee o 8OO (eeveceensafionnanan cerenens
Northern or Short-Leaf Yellow Pine .. 50 1,200 Soo 250 1,000 600,000 100 1,000
ReA PIDC cecacecececiocacaannsnsscnacane 50 1,200 Boo 200 800 600,000 |eeeveevafocaanans
Norway Pine coccceecineitocieenateiacananns A N 1,200 Soo 200 700 600,000 {...- ...f. ceceese
Canadian (Ottawa) White Pine ...c.coiiiievenanes 1,000 |oaiaeoifernannns 1000 | ....... e 100 [eeeceae-
Canadian gOntaxio) RedPine ccovvevineennnnenee] 1,000 | coviacfeennnea. 1,000 |........ 700,000 100 [eccaee.
Spruceand Eastemn Firoo.o.oovil oiiiaiiiiiiia, 8oo 50 , 1,200 Soo 200 700 600,000 100 750
Hemlock oviiiinceeennnicenncacenenans ceae] 000 ferireieefecerenns Soo 150 600 450,000 100 Goo
CYPrESS ceveenctoacrastaacassnssesasasanrasssasss 600 fieieaann 1,200 Sa0 200 Soo 450.000 l.oeeensn cevenens
L0 800 J..ea-..e 1,200 $o00 200 800 350,000 [.c.ea--s 400
ChestDUL .uivceevrnnrecancreoceccacsssecnsencans ] 900 |eeeecaii]eceianns 1,000 250 800 500,000 150 400
California Redwood ..ivneiinecisoncccccnencnses | 700 feeersee]ernenne 800 200 750 350,000 100 feeeeeans
California SPruCt <. cicee.cecrrieceeiecoceranass sosesoalesiisoce senianas 8oo I........ 8oo 000 "veveenrsieeneeane

For THE CaxapiaN ENGINEER
CONCRETE CONSTRUCTION.

" obtain accurate and reliable data, as well as to a num-

BY MAJOR HENRY A. GRAY, M. INST. C.E., M. CAN. SOC.
C.E., ENGINRER IN CHARGE PUBLIC WORKS OF CANADA,
DISTRICT OF WESTERN ONTARIO.

During my visit to the old country this last summer

1 visited several works and places where concrete was

being used for different structures—cspecially break-

waters, piers and docks- -and I succeeded in obtaining

a large and valuable amount of information with re-

spect to the same, which 1 have endeavored to give

from my notes in the following form: 1 ackoowledge
with many thanks the aid given me by James Forrest,
secretary of the Institution of Civil Engincers,

London, who directed my at‘ention to the best sources,

i.c., papers presented to the institution, from which to

ber of my professional friends, civil and military, who
gave me the result of their experience.

Concrete was extensively employed by the Romans
for building purposes, but for some unexplained cause
fell into disuse, and until the Jast few years its use has
been almost entirely confined to the making of mono-
lithic masses placed underground to act as foundation
substructures for stone or brick superstructure. The
French engineers appear to have been the first to dis-
cover the value of beton or concrete, for harbor works
on the sea coast. At first, in its use for such works,
natural hydraulic limes were employed as the cement-
ing material with the addition of pozzolana. In the
course of time, and when the manufacture of Portland
cement had improved, the use of concrete in the con-



