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For several years the sea had been encroaching upon a paTHSt this 
roadway, which runs along the coast overlooking the Strait of Fuca, 
with the consequence that the banks were gradually being eroded. In 
1903 the City Authorities commenced to build a low concrete wall to 
form some protection, and they continued building it in sections until 
it was about 1,500 feet in length in 1906. This wall, which had a height 
of 6 feet above high water, a section of which is shown in Fig. 1, Plate I 
did not, however, prove of much service against the heavy seas which are 
prevalent during certain parts of the year. In 1910 the roadway was getting 
into a serious condition and the City Authorities saw they would have to 
take immediate steps to form some permanent protection. A by-law was 
passed authorizing the expènditure of $75,000 which was augmented by 
the sum of $20,000 from the Provincial Government for the purpose of 
erecting more suitable protection works. The City Authorities were 
in favour, and had the intention of building on top of the old wall, a pro­
posal of which the Public Works Engineer did not approve on account 
of the unstable condition of the foundations and general state of the wall.

- After close investigation into the local conditions and a careful 
study of the various types of walls elsewhere constructed with similar 
objects, the conclusion was arrived at that protection could be most 
effectively and economically attained by a vertical wall carried down into 
solid ground below low water mark, except at its termination where it 
was anticipated the depth might be materially reduced. Trial sections 
of a solid and of a reinforced concrete wall were made and it was found 
that the cost of the former would considerably exceed that of the latter.
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A comparison was then made between walls,with counterforts 16 

feet and 20 feet apart, respectively, and the balance in favour of economy 
proved to he for the latter. 'It was therefore decided that the wall should 
be vertical, carried up to the level of the roadway, of a reinforced concrete 
type without a base plate, with counterforts at 20 feet centres, and with 
a belt of granite in its face where the wash of the sea was greatest.

The calculations for the strains and areas of steel and concrete were 
then commenced and the following assumptions made:—

That all steel used would have an elastic limit of 32,000 lbs per square
inch.

That all rods should have a working stress of 12,000 lbs. per square 
inch and be callable of being cold bent, 180” Hat on themselves.

These assumptions were subsequently required by specification.
Hate No. 11 gives the results of the calculations. The diagram on 

the left is for calculating the Earth Pressure or P. for earth horizontal 
with top of wall and is in accordance with Trantwinc's formula, in which

weight of a single cubic foot of backing X t*
P -

2

100 X t*

2

and the figures thus obtained are those in Col. 1.
Column 2. The figures are found simply by subtracting the loads in 

the previous column, one from thé other.
Column 3. Figures in Col. 2 multiplied by 20. 20 feet is the distance

from centre to centre of counterforts.
Column 4. Let W. equal total load uniformly distributed in, lbs.

Let S. equal clear span of strip in inches.

Then Moment, in inch lbs. - —

Columns 5 and 6.
Notation:—

h equals Height of Strip.
T “ Theoretical thickness of wall to centre of gravity 

of steel.
p “ Ratio of cross-section of steel to cross-section of 

wall to centre of gravity of steel.
K “ Constant for a given steel and a given concrete. 
C “ Pressure per square inch in outside fibre of concrete 

in compression.
* Tension per square inch in steel reinforcement.S



Assumptions

Formulae

Column 7. 
Column 8. 
Column 9.

r equals

M *
F *

" - Ratio of moduli of elasticity 
l‘"c concrete.
Bending moment in inch lbs.
Factor of safety.

of steel to

h equals 12 inches.
F • 4
C “ 2.500 lbs. per square inch.
S * 56.000 * » « *
r “ 10.

(h K-

(2) p-

2
S

Cr

(3) M-KhT1
Solving equation (1) for K we have

_ 2,500 
8

56,000 ! 56,000
+ 25,000 I +25,000

K-86.57
Substituting these values in formula SfM-KhT1) we have

KX12
Solving formula 2, we have 
p- .007 a
According to formula 1, the theoretical batter for the back 

of the wall is 1 in 19, but a batter of i in 12 was adopted. 
Diameter of rods to correspond with areas in Col. 6. 
Similar to Col. 3.
Area of steel=Tensile Strain in lbs. divided by working 

stress of steel per square inch (12,033).
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10. Diamater of rods to correspond with-areas in Col. 9
11. Depends on the slope given to counterforts.

In this case the slope is 6 of the height.
1?. Calculated from Col. 3 thus:—

Overturning Pressure for a depth of 2 feet from top of 
wall equals 286 40 + 858 60 - 1,145 lbs.

13. Overturning pressure per panel in lbs. (Col. 12) multiplied 
by M height.

14. These stock sizes were adopted as being of ample strength 
and suitable for the purpose, as shown by the formula 
as follows:—

Area of steel - + 15,00Q

where Mo equals overturning moment in ft. lbs. (Col. 13)
L * length of tie rod.

• 15,000 “ working stress in steel per square inch.

Figures 2 and 3, Plate I, are ly.iical sections of the wall and 
counterforts. The reinforcement is shown in Plate No. 111 and in the wall 
consists of horizontal rods 1 foot apart commencing with X-inch diameter 
at 2 feet from top of wall and increasing in diameter with the depth of 
wall. These rods are link jointed and are kept in place between each 
counterfort by two face plates each *|in. X 4 in. at 6 feet 8 inch centres. 
To the horizontal rods is wired expanded metal and No. 16, 1-inch mesh 
was at first used for this purpose but No. 10,3-inch mesh was afterwards 
substituted on account of the former being found to be too light and the 
mesh too small.

The counterforts are reinforced in the same manner as the wall with 
horizontal tie rods hooked into face and back plates. It should be pointed 
out here that these tie rods and also the horizontal rods in the wall are 
subject to shearing stress at their connections with the face and back 
plates of the former and at the link joints of the latter, a point which is 
very easily overlooked. The back plates consist of 6-inch plates, >4-inch 
and X-inch riveted together.

At each counterfort the horizontal rods in the wall were at first placed 
between the face plate and the hooks of tie rods, but it was afterwards 
found that a more secure method was to place them at back of face plate 
and resting on lie rods of counterfort to which they were securely wired, 
and this method was adopted throughout the rest of the work. The 
bottom of all face plates are split and spread, and at the counterforts 
the face and back plates ai>held together by ‘4-inch bolts. The footings 
of the counterforts are reinforced with X-inch diameter rods at 4 X-inch 
centres which are carried abçut 2 feet into wall and rods of same diameter 
at 7-ineh centres and 7 feet long *e placed between the bottom tie rods 
so as to thoroughly anchor the counterfort to footing.

| Column 
Column

?
Column

Column

Column
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rv To protect the wall from the wash of the sea and battennf by drift 
logs, a belt of granite has been placed in the face of the walj as shown. 
Holes were drilled through the granite and h-inch diameter rods placed 
therein set with neat cement, thereby double clamping each stone. In 
the event of the cement mortar between the courses showing signs of 
disintegration the joints are to be raked out and caulked with lead wool. 
The lower part of the wall up to the shoulder, excluding the granite, is 
in the proportion of 1:3:6 concrete and all other concrete is in the 
proportion of 1:2:4. All concrete was of a "wet" mixture and the 
cement used was Portland. The exposed face of the concrete is of cement 
mortar in the proportion of 1 part Portland cement to 3 parts sand de­
posited at the same time as the concrete, and lifting plates were at first 
used to ensure the bond, but spading was afterwards adopted as being 
found more satisfactory. "> , '

At the back of the wall a layer about 1 foot thick of broken rock is 
placed for facilitating drainage and a weeping drain of 3-inch drain tile 
placed in wall between each counterfort. The length of the wall is 1,680 
feet, the greater part of which has an average height of 30 feet. It is 
finished on top with an iron pipe railing supported by reinforced concrete 
posts at 10 feet centres.

The work was done by contract and the total cost amounted to 
$119,020, divided up as follows:—Wall. $112,130; Convenience and 
steps to beach, $3,810} Railing, $3,080.

Work was commenced in January 1911 and completed in February 
1912, but a great deal of delay occurred and time was wasted through 
disputes. y

The plans were prepared in the Public Works Department by the 
author, acting under the instructions of Mr. Edward Mohun, M. Can. 
Soc. C.E., etc., who designed the work.’ Mr. A. E. Foreman, A. M. Can. 
Soc. C.E. was supervising Engineer and the Contractor was the Pacific 
Coast Construction Co., Ltd., Victoria.
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