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INTRODUCTION.

——0 03O0

THE theoretical portion of this work is arranged in the form of a
series of problems, bearing on the subject of dock walls, which, it is
to be hoped, will put the engineering student in possession of most
of the facts already ascertained and the deductions which have been
made therefrom by mathematicians up to the present time. The
information from which these problems have been compiled has been
chiefly derived from the authorities hereafter mentioned.

Some of the geometrical investigations are, however, now pub-
lished by the author for the first time. |

The graphic method, heretofore chiefly applied to calculating the
strains on roofs and girders, has been freely made use of to render
the meaning of the algebraical formule more thoroughly intelligible.

In classifying different structures, dock walls may be said to
occupy a situation intermediate between masonry dams and retaining
walls, the former being built to support a pressure of water, and
the latter to resist a thrust of earth. A dock wall has to perform
both these functions.

In order to estimate the effect produced by the different forces
which come into play in any structure, it is necessary to understand
the nature of these forces, that is to say, to know their

Magnitudes
Directions }
Points of Application

The forces which come into play in the ‘case of dock walls are
three, viz.:

2. Earth Thrust

1. Water Pmnme
3. Weight of Muonry}
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Each of these will be considered separately, and finally their
joint effect explained.

In the following pages the portion of wall under consideration is
supposed to be a section one foot in length.

WATER PRESSURE.

The laws which govern fluid pressure were first discovered by
Archimedes, who lived B.c. 287 to 212.

The definition of a fluid is as follows :

A fluid is a substance, such that the mass of it may be very
easily divided in any direction ; and of which portions, however small,
can be very easily separated from the whole mass.

The laws of fluid pressure are these, viz. :

The pressure of a fluid on any surface with which it is in contact
is perpendicular to that surface.

The pressure at any point of a fluid is the same in every
direction. .

If a mass of fluid be at rest, any portion may be supposed to
become rigid without affecting its equilibrium or the pressure of the
surrounding fluid.

For any portion of a fluid mass may be contemplated as a separate
body, surrounded by fluid, which presses perpendicularly at all points,
and its solidification will introduce no change in the pressures upon
it, and therefore no change in the pressure at any other point of the
fluid.*

This last proposition enables the laws of statics to be applied to
cases of the equilibrium of fluids.

Thus the pressure of water against the sloping face of a dock
wall is determined by imagining the prism of fluid lying vertically
over the face to become solid, and then calculating the effect produced
by its weight on the principle of the inclined plane without friction.

* Sec Besant's ¢ Hydrostatics,’ p. 9.
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The pressure of water is thus reduced to question of statics.
The thrust of earth is however of a more complicated kind, and it is
only quite recently that its true nature has been fully understood,

EaArTH THRUST.

The tenacity of earth is so uncertain an element that it is
neglected, and the earth merely considered as a granular mass having
friction between its particles.

By a granular mass is meant a collection of very small solids
more or less of the same size and shape, such, for instance, as a heap
of sand or pile of shot.

If dry sand be poured out of a vessel with a spout on to a fiat
surface it will form a conical heap, the sides of which will make
particular angle with the horizontal, and it will be found that the
steepness of this slope can never be increased beyond a certain limit,
however judiciously the sand be poured, or however carefully it is
heaped up afterwards. This slope is called the angle of repose of the
material of which the granular mass is composed, and varies for
different substances, scarcely in any case exceeding 45° and sometimes
being as low as 20°.

It is plain, therefore, that a granular mass is not capable of
maintaining a vertical face, except where there is cohesion as well
as friction between the grains; and, as has been said above, the former
is neglected in the following investigations.

Now, since a bank of earth is not able to remain vertical of its
own accord, it is evident that when an upright wall is built against
it a certain amount of sustaining power must be exerted by the wall
to prevent some portion of the earth from slipping down.

If the wall was removed altogether the face of earth would
assume its angle of repose, and it was accordingly at first thought
that the ecarth thrust was produced by the whole wedge of earth
between the back of the wall and the natural slope.

This, however, as will be seen hereafter, is not the case, since
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wasn % waill ghyvex way the carth does not break away along the line
A potnsk s, bt sbmy a plane of rupture half-way between the
want A the wall wnd the sugle of repose, so that the earth thrust is
A vy iy shenit hwlf ths wedge of carth between the back of the
wibl snd thc 1mtnrsl slorpee,

M, Ax Combinnh) snd M, de Prony, who wrote at the beginning of
thin rsmtnry, wers the first to prove this mathematically, and since
tht tinme thee mabijrct b Iussn more fully gone into by Neville and
Munkina, A very gl pmper roforring to this matter was read by
My, Cinmtuble Intors the Ameriean Bocioty of Civil Engineers, Jan.
19, 1873,

Phus eppuestion of walle constructed to rosist a thrust of earth has
bty ehiefly dealt with by military ongineers, who are concerned
with it §n construeting fortifientions,

‘Phus wnbijest. of enrth thrust presonts a good field for careful
axperiments on o large soale, which have yet to be tried.

Kxperiments with shot, pens, corn, &e., made with a box havmg
gl wideow und movesble end, would be valuable.

Weianr or WaLL,

There in but little to be said with regard to the third force in
(uestion, vis, the weight of masonry, excopt that it acts vertically
downwarda through the centre of gravity of the whole mass.

JoINT ErFrer oF Foroeks,

The cambined eftfeot of the three forces that have been considered
in to produce oertain straina within the struoture.

Against the face of the wall is a pressure of water tending to
push it backwards,

Agninst the back of the wall is a thrust of earth tending to push

M forwards.
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Thirdly, there is the weight of the masonry tending to counteract
the two former.

If the water pressure and earth thrust are equal, or nearly so,
they will neutralize each other when the dock is full. It is, however,
necessary to comstruct a wall sufficiently strong to resist the earth
thrust when the dock is empty.

The effect of the earth thrust and weight of masonry is to pro-
duce a resultant pressure cutting the base in a particular point, called
the centre of pressure.

If the centre of pressure falls beyond the limits of the base the
wall will be overturned ; but any deviation of the centre of pressure
from the centre of base produces additional strain on that side, and
before the wall can be overthrown this strain will become so great as
to crush the materials of which the structure is composed.

This may be easily verified by placing a heavy block of stone
on a yielding surface and attempting to overturn it. Before the
block can be overthrown a dent is produced in the yielding surface
at the corner round which it turns. If the surface be unyielding the
corner of the stone itself will be damaged. Thus the block of stone
does not overturn round the extreme point of its base, but round some
point within it, which corresponds to the centre of pressure alluded to
above. It is necessary, therefore, that the distance between the centre
of pressure and the centre of the base should never be so great as to
allow of the possibility of the materials of the structure being crushed.

The general nature of the forces coming into play against dock
walls and their joint effect having been now considered, the student
is in a position to proceed to the problems, which reduce the results of
theory to practical formulz.
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PREFACE.

THE theoretical portion only of this work is now ready for publica-
tion, but the author intends as soon as possible to supplement it by
a practical treatise on the materials and appliances used, and the diffi-
culties usually met with by engineers in the construction of dock works.
There are but few books in our libraries devoted exclusively to the
subject dealt with in the present volume; it is therefore hoped that
the information collected together by the author may prove useful to
the engineering student, who in the present day is required to be
something more than the mere rule of thumb practical man, now
happily disappearing before the rapid strides of scientific advance-
ment. It must not, however, be forgotten that it is to practice that
theory is indebted for all the data upon which her subsequent rea-
soning is founded, and that the accuracy of the results obtained
will depend entirely on the soundness of these data. Experiments
are also of great value in confirming the results of theory and
practice combined, and it is much to be regretted that so few have
been tried bearing on this subject.

January 12, 1876.
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List oF PROBLEMS.

Problem I.—To find the amount, direction, and point of application
of a fluid pressure acting against the plane face of a wall.

Problem II1.—To find the amount, direction, and point of application
of the thrust of earth against the vertical back of a wall.

Problem I11.—To find the wedge of maximum earth thrust.
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Table showing how earth thrust varies according to the value of
angle of repose.
Investigation of the general case of earth thrust, when back of
wall is not vertical.
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thrust and weight of wall, and to calculate its effect.

Problem V.—To transform a rectangular profile into one of equal
strength, having a straight sloping face.

Problem VI—To find the position of the centre of gravity of the
section of a wall having a vertical back and a straight sloping
face.

Problem VII—To find the alteration in position of centre of gravity
of a wall, produced by stepping at the back.

Problem VIII.—To find the alteration in position of centre of gravity
of a wall, produced by giving its face a curved batter in place of
a straight one.
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section with that of one of the same sectional area, having a
straight sloping face.

Problem X.—To show how uniformly varying pressure may be repre-
sented graphically by either a triangle or a trapezium ; the centre
of pressure lying vertically under the centre of gravity of the
figure.
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Problem XI.—Given an uniformly varying pressure acting on a rect-
angular surface and the amount of the deviation of the centre
of pressure from the centre of gravity of that surface—

Find the maximum pressure produced in terms of the deviation
and of the mean pressure.

ProBLEM 1.

To find the amount, direction, and point of application of a fluid
pressure acting against the plane face of a wall.

A BC D (Fig. 1) represents the profile of a wall 1 foot in length,
having a straight battering face A B, which supports the pressure of
a fluid whose surface is level with the top of wall A D.

Through B draw a vertical plane E B, and suppose the fluid
contained in A BE to become solid, being supported, without friction,
by the two planes A B, BE.

In order to find the required pressure which will act normally
to A B, draw the triangle of forces thus:

1, {Through G (the centre of gravity of prism A B E) draw L K vertical
) { and equal to A E, to represent the weight of A BE.

9 Through L draw L M horizontal, to represent the reaction of
) { plane EB.

Through K draw KM at right angles to face of wall AB, to
{ represent the required pressure acting normally to its surface.

Now, let

Depth of fluid supported by wall . =

Angle which face of wall ma.kes with} _
horizon . =

Weight of 1 onbic foot of ﬂu.id . =

Total pressure a.lon 1 foot in len h off _
wall face .. .. 8 gt f} -

Wy o

By producing MK to cut B C it may easily be shown that

Angle MKL = ABOC = 4.
B 2
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So that
Bequired pressure MK = LK sec. §
= weight of ABE x sec. 6.

Therefore
= % w h3 cot. @ X sec. 6.
1. P =3 wh? cosec. 6.

When A B is vertical, § = 90° and cosec. § = 1.

2. P=3wh?
Also, since L K passes through G, the centre of gravity of A BE,
BE = }AB,
s {De th ofg gg?tre of pressure K below sur-} - 3h
. ce o .

Fluid pressure acts normally to face of wall.

ProsreyM II.

To find the amount, direction, and point of application of the
thrust of earth against the vertical back of a wall.

The surface of the ground is supposed to be horizontal and level
with the top of the wall. Friction between the earth and the back of
wall is neglected.

A B (Fig. 2) represents the vertical back of a wall of rectangular
section 1 foot in length.

B C is the natural slope of the earth supported, making an angle
CBK = ¢ with the horizontal.

It is now assumed that whatever thrust there is behind the wall
is produced by a wedge of earth, such as A BC or A BO, acting in
one solid mass, having a tendency to slide down the plane BC or BO
on which it rests,

There are two cases to be considered, namely :

1.—Where there is supposed to be no friction between the wedge
and the plane which supports it.
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Here the tendency of the prism A BC to produce horizontal
thrust against the back of the wall increases with the inclination of
BC to the horizon, whilst the weight of A B C decreases exactly in the
same proportion.

The horizontal pressure against A B is therefore a constant
quantity, and is equal in amount, direction, and point of application
to that of a fluid of the same specific gravity as earth.

This may casily be verified by referring to Problem I., where the
investigation is quite similar,

So if friction be neglected, and

Horizontal earth thrust against vertical} T
back of wall per foot forward ..

Height of back wall . . = h
Weight of 1 cubic foot of ea.rth . = w,
4, T=3wh?
6. Depth of centre of pressure below surface = 4h

Case 2.-—Where friction is supposed to exist between the wedge
and the plane which supports it.

The effect of friction is to reduce the horizontal thrust by counter-
acting the tendency of the wedge to slide.

In the case of the wedge A B C (acting as one solid mass) where
B C is-the natural slope, the amount of friction will be just sufficient
to prevent sliding altogether, and there will be no horizontal thrust
at all,

The same reason of course applies to any prism resting on a
plane making an angle less than ¢ with the horizon.

Any horizontal pressure, therefore, which exists behind the wall
must be due to a wedge of earth, the lower surface of which makes an
angle greater than ¢ with the horizon.

Let BO (Fig. 2) be any plane making an angle O BK with BK
greater than the natural slope of earth.

In order to find the amount of horizontal thrust caused by prism
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A BO against the back of the wall, construct the triangle of forces,

thus:
1, JThrough G (the centre of gravity of ABO) draw D E vertical and
: { equal to A O, to reprosent the weight of wedge A B O.

9 Through D draw DF, making angle HDF = ¢ with the normal
: { DHt BO, torepresentthonadwnofplancBO

g, |Through E draw EF horizontal, to represent the required thrust
{ behind wall.

Let
Horizontal thrust behind vertical back of| _ =)
wall, taking friction into account .. .1 —
Height of back of wall AB . e h
Angle of repose of earth CBK
Angle CB O which BO ma.kes with na-} _
tural slope . . = @
Weight of 1 cube foot of ea.rth

W, )

By producing A D, FD, and ED to cut BK, it may easily be
shown that
Anglo FDE = OBC = a.

And ED was made by construction = A O, to represent weight of
prism A BO, which varies as A O (the height A B being constant).

So that
Required horizontal thrust EF = ED tan. a.

6. H = weight of prism A B O x tan. a

EF
=4wh.AO X D
EF
=3wh.AO X x0

7. H=3w,h.EF.

Here, however, E F is not a constant quantity, but varies with the
inclination of B O or with angle a.

For instance, when B O and B C coincide, angle a = O, and con-
sequently EF, and therefore I = O, as stated previously.

Now if the slope of B O be gradually increased beyond ¢,
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The tendency of the prism A BOQ to cause horizontal thrust
against back of wall by slipping down plane B O becomes greater.

But at the same time, the weight of A B O (which varies as A O)
becomes less.

The amount of friction (which depends on the weight of A B O)
becomes less also.

These varying quantities combine to form a mazimum value for
H or EF, which represents the earth thrust at some particular incli-
nation of BO.

This inclination is determined in the following Problem.

ProBrEM III.

To find at what slope of BO the earth thrust represented by EF
attains its maximum value.
On B C (Fig. 2) describe a semicircle B A C.
Produce BO to cut it in M.
Join A M.
Draw OL, M N at right angles to A C.
Now, because angle M A C = M B C in same segment
=a
=FDE
and D E was made equal to A O.
Therefore triangle A OL is in every respect similar and equal to
the triangle of forces DEF.
So that EF representing thrust against back of wall is equal
to LO.
Therefore the thrust will be greatest when L O is a maximum.
Now, since A B, LO, M N are parallel to each other, therefore
from similar triangles, ,

LM _AM
TO  AB
or
ML =224 10

=2aB %
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Also
LO MN
LA~ MA
MN
LO—ﬂXLA
MN
_mx(MA—ML)

MN
_MN—'mXML

Substituting value of M L,
MN MA

=MN—HX ‘TEXLO
MN
=MN—K§XLO
LO(1+1{-§)=MN
ABx MN
LO_AB—[—MN

Now A B is a constant, so that if successive values be given to
MN in the above fraction, the numerator will increase much more
rapidly than the denominator.

Therefore L O is greatest when M N is greatest.

But M N is greatest when M bisects arc A C.

Therefore EF, which represents the earth thrust and is equal to
LO, attains its maximum value when slope BO bisects the comple-
ment of ¢ (the angle of repose).

Or when .
Angle a = } (90° — ¢)

(-

G-

Referring back to Problem II., Formula 6, it will be found that
Horizontal thrust produced by prism AB O = weight of ABO X tan. a.
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But when this thrust attains its maximum value,

Angle ABO = OBC = a = } (90° — ¢);

therefore
Weight of prism ABO = $ w, A tan. o,
and

8. Maximum earth thrust = 3 w, h* tan.? (2 - g) .

This is the same formula as that obtained by Moseley and Twisden.
Rankine puts the formula in this form :

_ , 1 —s8in. ¢
9. Maximum earth thrust = 3} w, h 1 sin. ¢’
1 —sin.¢

_ T 3 . . . -. . 1" _ 2) .
ere i é is merely a trigonometrical reduction of tan. ( 1" 9

Since E D passes through centre of gravity of prism A B O, therefore
10. Depth of centre of pressure below surface = §h.

The pressure acts normally to back of wall.

wh

Notes on Problem I11.

It has just been shown that the maximum earth thrust against
the back of a vertical wall = weight of 1 cub. feet of earth x % the

square of the height of wall x tan.? (7—r - ?) .

4 2
The following table gives the values of E— 12’ , and also of
s fm ¢ . R THOOT,
tan. i~3 for different inclinations of ¢.
Tasix L
: '. i
* ¢ * ¢\ * ¢ * ¢
\ iTs | tan? (1 -3)- | ¢ it wat (7 -)-
L] o ’ (-] (] ’ !
0 4 0 | 1000 40 2% 0 \ -917
b 42 80 889 45 22 80 ; -172
10 i 40 0 . 704 i+ b0 20 0 ! 132
15 87 80 ; 588 60 15 0 i 071
20 8 0 +490 ] 70 10 0 i 081
2% 82 80 405 1 80 5 0 I +007
80 80 0 838 P90 00 : 000
86 27 80 : <271 | l
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A BD resting on a plane B D, inclined to the horizon at an anglé
D B H, greater than ¢, the angle of repose of earth.

A triangle of forces, exactly similar to that shown on Fig. 2,
may be drawn in this instance also, since the directions of the lines
representing the different pressures are independent either of the
slope of the back of the wall or of the slope of the ground behind it.

The weight of the prism A BD will of course be different in this
case, which fact is taken into account in the demonstration which
follows.

Accordingly, as in Problem II., Formula 6,

Earth thrust due to prism = weight of prism ABD x tan. a.

From points A and D let fall perpendiculars A K, DL on B C.

Let AK =a
BC = b} Constant quantities.
Angle ACB =8

DL=x
Angle DBC =« } Variable.
It is required to ascertain when area A BD x tan. a attains its
-maximum value.

Area ABD tan.a = (Jab — 3ab) X tan. a

=§b(a—x)x—zm

ax — o?

=4bx zoot,B

Differentiating the quantity b , and putting its value

t ,3
=0 for a maximum, the following equatlon for z is obtained :
(b—acot.B) (a—22) — (ax — a®) (—cot. 8) = 0
11. x?cot.3—-2bx=-ab
ab—bz = bz — 2* cot. 8
=« (b — « cot. B)
=X BL

. Area ABC — aren DBC = area DBL
. Area ABD = arca DBL.
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Therefore

Earth thrust behind wall is greatest when area of triangle ABD

= area of triangle D BL.
But
: Earth thrust = area ABD tan. a x w,,
50 )
Mu:imnmearththrust_: area DBL tan. a X w,,
or

18. Maximum earth thrust = } w, x*.

The value of z found by solving quadratic equation 11 is

14. x =D tan. 8- /b tan. 8 (b tan. 8 — q).

At point B (Fig. 4) draw BE at right angles to B C and produce
C A to meet it in E.
Let
BE=c.
Now
btan. 8 = ¢,
therefore
16. x=c-+Jc (c—-a)
and

16. Maximum earth thrust = 3 w; {c — Jc (c — a)}°.

A geometrical method of drawing B D so that it shall divide the
figure A BL D into two equal triangles, the angle BL D being a right
angle, is shown on Fig. 5, and is demonstrated thus,

Draw BN parallel to the surface of the earth A C.

Draw A KM cutting B C at right angles in K and meeting BN in M.
On A M describe semicircle cutting natural slope BC in R.

Make MQ = MR.

Now B D drawn through Q is the required line.

Draw D L at right angles to B C.

Draw A E parallel to B D meeting L D produced in E.
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*. Triangle BE D = triangle BAD
= triangle BD L

. DL=DE
=AQ

. QL is parallel to ACor BN.
> By similar triangles,

il
W oW

OIH
=
§|w U‘O

- ¥K
- %0
MQ(MQ - MK) = QA . MK
MQ’ = MK (MQ + QA)
= MK.MA
. MR* = MK .MA

which verifies the construction of describing a semicircle round the
points MR A, and making MQ = MDR. See Euclid, Book VI,
Prop. VIIL
It has been shown in Problem III. that, if A BC be the prism of

earth between the back of a wall and the line of natural slope, then
the pressure produced by any other prism such as A BO may be
found thus:

Round triangle A B C describe a circle (Fig. 6).

Produce B O to meet circle in M.

Join A M.

Draw O L at right angles to A C cutting AM in L.

This makes triangle A O L similar to the triangle of forces, and
Thrust produced by prism ABO = 3w, A x OL.

By taking a series of points, such as M in arc AMC, and
repeating the above construction, the locus of the point L may be
traced. '
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DESIGN AND CONSTRUCTION OF DOCK WALLS. 15

but the formul® obtained are somewhat unwieldy. The following
method is graphic and may be understood without a knowledge of
the differential calculus, which is indispensable if the question be
treated algebraically.

A B (Fig. 7) is the back of a wall supporting a trapezoid of
earth ABCD; BC being the natural slope.

The whole of the trapezoid A BCD does not act in producing
horizontal thrust against A B, but only some portion of it, such as
A BK resting on a plane BK making an angle KB Q greater than
angle of repose of earth with the horizon.

This is evident from the following consideration, namely, that the
earth tending to thrust outwards, being confined, acts more or less as
one solid mass, and this being the case, the trapezoid ABCD can
produce no thrust, since it is just prevented from sliding down BC
by the friction of that surface. At any greater slope, such as BK,
the friction is not sufficient to prevent the mass producing horizontal
thrust against A B by sliding bodily downwards.

So let

Angle of repose of earth C B Q

A
Angle KBC a

To find the horizontal thrust of ABK draw the triangle of
forces thus:

1, {Through G, the centre of gravity of ABK, draw 8GR vertical to
* { represent the weight of A BK.

9 Draw R T making an angle VRT = ¢ with normal RV to BK to
* { represent the reaction of surface B K.

8. Draw 8 T horizontal, which will give the required thrust against A B.

By producing VR to cut BQ it will easily be seen that angle
VRS=RBQ;

So that

<. Angle TRS = a.

Thrust ST = RS tan. a
= weight of ABK tan. a.

This fact enables the way in which the amount of the horizontal
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DESIGN AND CONSTRUCTION OF DOCK WALLS. 17

Infinite Surcharge.

If the surface of the ground is parallel to the natural slope and
of indefinite extent, the solution of the above problem becomes much
simpler, and is as follows:

A B (Fig. 9) is the back of the wall,
B O the natural slope, and
A D the surface of ground.

As in the preceding case, suppose the earth thrust to be
produced by a mass A BK.

Through A draw A L parallel to BK, and through K draw KL
at right angles to A D.

Let fall perpendicular A E on BC, cutting BK in H.

Now as before,

Earth thrust produced by prism A BK
= weight of ABK tan. a
=31, AE X AKtan. a
.=, LK. AE.
Forangle LAK = AKB=KBC=a

Earth thrust = Jw, LK. AE
=4w;AH.AE,

Where A E is a constant and A H-a varying quantity represent-
ing the thrust for different slopes of B K,

A H will be greatest when BK is parallel to A D, in which case
A H becomes equal to AE ;

therefore
. Maximum earth thrust = } w, A E*

19. Maximum earth thrust = } w, h* cos.! ¢.

This result agrees with that of Neville.

o)
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Rankine, who treats the question more generally and abstrusely,
makes

20. Maximum earth thrust = } w, h’ cos. ¢,

a higher value than that of Neville. The smaller the value of ¢ the
more nearly will the two results agree.

The locus of the point L (Fig. 9) gives a curve, any ordinate
to which such as LK, drawn at right angles to A D, represents the
amount of earth thrust, produced by any particular prism ABK,"
acting as one mass.

ProBLEM IV.

To find the resultant pressure-produced by the earth thrust and
the weight of wall, and to calculate its effect.

A dock wall must be made sufficiently strong to stand when the
dock is empty, and therefore, in calculating its stability, the support-
ing power of the water will be neglected.

ABCD (Fig. 10) represents the cross section of a rectangular
wall 1 foot in length.

Let

h = height of wall

b = breadth of wall
w, = weight of 1 cube foot of earth
Wy = ”» » D) masonry

q = ratio of distance between centre of pressure

) and centre of base to breadth of base

Draw the triangle of forces thus:

from point K (situated at a height FK = } k above base) set off

Through G (the centre of gravity of wall) draw G Q vertical and
1
K T downwards = bk w, to represent weight of wall.

9 {me T S horizontal = } w, A* tan® (E ¢ to represent thrust

2
of earth.
3. Join K8, which will give the resultant pressure cutting the base in E.
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DESIGN AND CONSTRUCTION OF DOCK WALLS. 19

The point E is called the centre of pressure, and its distance EF
from centre of base = ¢b.

Let angle R K Q which resultant makes with
vertical = 6, and let (’—r ) P

4 2
Now
1
- 32 —_
tan. 6 = 41w, A* tan.? € X Vhu,
21, tan 0=}.Exl—1xtan.’e
’ w; b

In order therefore that the wall may not slide forwards, the
angle 6 must not exceed ¢, (the limiting angle of friction of base of
wall on its foundation),

22. or tan ¢, must be less than 3 %% X tan.? €
2

In order to find the ratio of 4 to & when the wall is just on the
point of sliding, the following equation is deduced from Equation 21 :
h

=W
23. B—wlxztan.dacot.’«

5

Assuming that ratio of weight of masonry to that of earth =2
which is a very fair average value, then
h _o. T 3
24. .E = 2'5 tan. ¢, cot.? (Z - é
This equation determines the frictional stability of the wall: it is
now necessary to find the relation of 4 to b so that ¢ may not exceed
the safe limit assigned to it by practical engineers,
If ¢ is greater than %, the resultant will fall without the base,
and the wall will consequently overturn.
Before this can possibly take place however, the materials of the

face of the wall, or the front portion of the foundations, will have
' ' D 2
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given way by being crushed; it becomes essential therefore to give ¢
some smaller value to ensure the safety of the structure.

2 {English engineers make q = }
* |French .

1) q=4%
Referring again to Fig. 10,
t&n. 0 = f|—‘F = &%b
from Equation 21
8¢qb h
or q=-}.:;::xtan.’¢
h_ W,
26 = cot e,\/quwl
Assume as before that :-%’ =3,
1
therefore when ¢ = }
27. T =1:369 cot. «
and when ¢ =2
28. 2 = 1-677 cot. «

The table below gives the ratios of heights to breadths of walls
of rectangular profile for different angles of repose of earth supported ;
These ratios are deduced from Formule 27 and 28.

TasLe IL
¢ gwhenq=}. éwhenq:}. v ¢ ;—:whenq=§. gwhenq=}.
o ‘ () |
0 1-369 1-677 ! 35 2:630 8-223
5 1:494 1830 | 40 2-936 8-596
10 1-631 1-998 | 45 8-306 4-049
15 1-792 2:185 | 50 3:761 4-607
20 1-955 2:895 | 55 4-842 5-819
25 2:149 2:632 60 6°109 6-2568
30 2:371 2:905 :
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It will be observed from inspection of the above table that, when
the friction between the particles of earth supported, is entirely
destroyed, by saturation from water (the result of bad drainage, or
any other cause),

¢ will equal nothing, in which case it will be necessary to make

Breadth of base of wall = § height

in order that ¢ may not exceed }.

By filling in behind the wall with care and paying attention to
the drainage, the amount of the earth thrust may be very much
reduced, and for all ordinary cases it will be quite sufficient to make

Breadth of base of wall = } height,

which will enable the structure to withstand a pressure of earth whose
Angle of repose = 42°,

and at the same time keep ¢ within the safe limit of 1, which will also
almost always ensure the frictional stability as well as the resistance
to crushing and overturning.

The conditions of stability of a wall of rectangular section have
now been fully investigated. This is not however the most economical
form of profile as regards the amount of material employed, since it is
possible, as will be seen by Problem V., to give the face of the wall a
considerable batter without altering its stability.

ProBLEM V.

To transform a rectangular profile into one of equal strength,
having a straight sloping face.

ABCD (Fig. 11) represents the cross section of a rectangular
profile.

The resultant pressure cuts the base A D in E.

In CD take point L so that CL = } height of wall. Through
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L draw L M horizontal. Through E draw EG vertical, cutting L M
in G. Make GM =LG. Join DM and produce it to meet CB
in K.
Then the profile ABKD will be of the same strength as the
rectangular profile A BC D.

For since the centre of gravity G of triangle C DK is situated
vertically over the centre of pressure E, the removal of the portion
CDK can take place without affecting the stability of the wall.

Let

Breadth of wall AD .. b
Height of wall AB e e e h
Deviation of centre of pressure from centre} - qb

of base, EF .. .
Now since
CK = 3LM
=38DE
=3b(3-9;
therefore

29. Breadth K B of new section at top = b (3q - }).

Ifg=14,

Breadth of wall at top may be made = } breadth
S0. of base without altering stability of wall, in
which case the batter of face will be § b to h.

Ifg=3,
{Breadth of wall at top may be made = § breadth
81.

of base without altering stability of wall, in
which case the batter of face will be § b to h.

ProBrEM VI.

To find the position of the centre of gravity of the section of a
wall, having a vertical back and a straight battering face.
ABCD (Fig. 12) represents the profile of a trapezoidal wall

with a vertical back.
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DESIGN AND CONSTRUCTION OF DOCK WALLS. 23

Let
Breadth of wallat top .. .. .. BC = a
s » bottom .. .. AD = Db }
Height of wall .. .. .. .. .. AB = h

. Through C draw C E vertical, cutting base in E.
Find centre of gravity of rectangle BE by drawing OR, KR
through O and K, the middle points of A B, A E to intersect in R.
Find centre of gravity of triangle C E D by drawing P S through

P where AP=21AB and LS through L where EL=1 ED to
intersect in S.

Join R 8.

The intersection of the line joining the middle points of BC, A D
will give G the centre of gravity of figure A B C D.

Draw ordinates through R, G, and S'at right angles to A D and
A B respectively.

Let

Ordinate G N = x}
” GM =y

It is required to find the values of z and y in terms of a, b, and .
Now

K—% = area ECD ; area ABCE
=b—a
2a
and
KEM=2-}a
ML=b-2z~-§(b—a)
So

x 22 — a _b-a
b+2a—-32 2a

_b(a+Db)+a?
32. x = 3 (a + b)

_2b (a+Db) - a?
8. DM =3 GThH

#




24 THEORY AND PRACTICE IN THE

Again,
ON
ﬁ—P=nreaE0D.ueaABCE
b—a
- 2a
and
ON=3}h-y
NP:y—&h
So
h—-2y b-a
§°3y—h_ 2a
2 b
$4. y=ih. aa:b
35. BN = g,h."a++"’bb
ProBrLEM VII.

To find the alteration in position of centre of gravity of a wall
produced by stepping at the back. -

A BCD (Fig. 13) represents the profile of a wall with a vertical
face and stepped at the back, as is usual, with a view to economizing
material.

Through A draw A K vertical and produce C B to meet it in K.

Now the mass of earth A K B between the vertical A K and the
back of the wall is supported on the stepping, and thus adds to the
stability of the structure.

The effect is exactly the same as if the wall was of rectangular
section A K CD, the portion A KB being built of a lighter material
of specific gravity equal to that of earth.

Join A B, which will give a triangle AKB = mass of earth
resting on stepping, near enough for all practical purposes.

It is required to find the position of the centre of gravity of the
composite mass AKCD.

Determine P the centre of gravity of A BCD and Q the centre

" —avity of A K B by method shown in preceding problem.
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DESIGN AND CONSTRUCTION OF DOCK WALLS. 25

Join P Q.
Let point G-in P Q be required centre of gravity of composite
mass.

Let

Weight of 1 cubic foot of earth .. = W,
9 v v masonry . . . = W,

Breadth of wall at top e BC = a
. » base .. .. .. .. AD =D

Height of “« o« « w « w DOC = h

Now
PG Xx3wh.(a4+d)=QG X }w,h.(d—a)

The intersection R of diagonal A C with P Q gives the centre of
gravity of area AKCD.

The point G therefore must always lie between its extreme
limits P and R.

If the weight of masonry = weight of earth, stepping at the back
will not affect the stability of the wall in any way whatsoever.

In most cases the difference between the weight of earth and
masonry is so small, that the ordinary margin for safety allowed for in
the calculation of the stability of a rectangular section will include the

reduction in the moment of the wall caused by making steps at the
back.

ProBLEM VIII.

To find the alteration in position of the centre of gravity of a
wall, produced by giving its face a curved batter instead of a straight
one.

A BCD (Fig. 14) represents the profile of a wall, with a straight
battering face A B.

The arc A K B, whose centre is at O, is the corresponding circular
batter, passing through the points A and B.

E
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Bisect A B in E and draw E P at right angles to A B.

Let P be the centre of gravity of segment AKB,and Q the
centre of gravity of A BC D.

The position of P is determined by the following formula. (See
Parkinson’s Mechanics, p. 103.)

gin.? 6

87. BEP = 34T. 7 in 0cos. 6

T Cco8. 0

Also
38. Weight of segment AKB = w, r? (4 — sin. 6 cos. 0)
Where

Radius O B = r
Angle AOB .. = 260
Arc AKB I
2r -
Weight of 1 cubic foot of masonry = w?

The position of Q is determined by Problem VI.
Join P Q and produce it to R.
Now if R be the centre of gravity of AK B CD,

QR x (weight of ABCD — weight of segment A K B)
= P Q x weight of segment A KB,

_ ~ weight f AKB
3. QR =PAX yoioni of ABCD — weight of AK B

This formula gives the position of the centre of gravity R of the
profile A K B CD, having a face with a circular curved batter.

If the curve of batter be not a circular arc, the problem becomes
much more intricate, and must be solved by an approximate method.

The effect of giving a curved batter to a wall instead of a straight
one is to move the centre of gravity of a section farther back from
the face, and thus increase the moment of stability of masonry.
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ProBLEM IX,

To compare the stability of a wall of rectangular section, with
that of one of the same sectional area, but having a straight sloping
face.

A BCD (Fig. 15) represents a rectangular profile.

Bisect A B in N.

Now any line, drawn through N, such as KN E cutting BC in
E and D A produced in K, will give the face of a trapezoidal section
DKEC of the same area as A BCD.

Let M be the point vertically under the centre of gravity of
rectangle A BCD, and L the point vertically under the centre of

gravity of DK EC.
Now
o s . MA
Stability of rectangle B D : stability of trapezium ED = ix
Let
EC=a
ED=b
Here
AD =} (a+b)
MA =} (a+D)
2b b) — a* .
LK = —g’(&_'_T)b)—a- (See Equation 33)
MA (a + b)?

40.

LK " $X3b@ato) —a

When figure D K E C becomes a triangle, a = O.

of triangular profile of same sectional area

4 {Stability of a rectangular profile : stability
" | and height = 3.
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the base may be determined, by drawing the corresponding ideal
figure and finding the point in the base vertically under its centre of
gravity.

The position of the centre of pressure therefore depends on the
amount of the greatest and least pressures.

Also

Mean pressure per unit of ares = } sum of greatest and least pressures

and
total pressure
area of base

Mean pressure per unit of area =

It now becomes necessary to work out the converse problem,
namely, to find the maximum pressure in terms of the mean pressure
and of the distance between centre of pressure and centre of base.

ProsrEM XI.

Given an uniformly varying pressure acting on a rectangular
surface and the amount of deviation of the centre of pressure from
the centre of gravity of that surface. To find the maximum pressure
produced in terms of the deviation and of the mean pressure.

Let AB (Fig. 18) be the cross section of a rectangular plane
surface acted upon by an uniformly varying pressure.

At A draw AM at right angles to A B, to represent the least
pressure.

At B draw BXK at right angles to A B, to represent the greatest
pressure.

Now trapezium A B K M is the ideal figure representing the effect
of the uniformly varying pressure, and PO drawn at right angles to
A B through middle point P gives the mean pressure.

Find centre of gravity G of A BK M.

Then point R vertically under G is the centre of pressure.
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Let’
Maximum pressure . BK = m } unknown
. Minimum pressure . AM = n quantities.
Mean pressure .. . . PO = p known
Lengthof .. . . . AB = b f quantities.
Amount of deviation .. PR = qb
Now

p= memintensityofpressureperunitofsnrfaée
_ total amount of vertical forces acting on surface A B
B area of surface A B

Also
P = } sum of greatest and least pressures.

The following equations enable m to be found in terms of p and ¢ :

RB = b m+2n)

m+n (8ee Problem VI.,
RB=3b-gb - Equation 84)
p=1%(m+n)
Therefore
b4 -9 =i ("
Solving which,

42. m=p (1+6q)

By this equation all cases where ¢ is less than { may be deter-

If ¢ = L then the ideal figure is a triangle, and
43. m =2p

When g is greater than 1 the problem is solved thus:
The diagram and notation will be exactly similar to"that used in

the preceding case except that A M being a tension is drawn down-
wards instead of upwards.

Let N (Fig. 19) be the point where KM cuts AB. Make
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NQ= AN, and draw QE at right angles to A B cutting M K
in E.

Now the pressures represented by triangle A MN will be just
neutralized by pressures represented by triangle N Q E.

So that BQEK will be the ideal figure representing the total
effect of the forces acting on A B, and the centre of pressure R will
lie vertically under @, the centre of gravity of BQE K.

P is the middle point of A B.

Let
PN==2
QP =AP-2AN and AN=}b-=2
QP = }b—b+32
=2x-3}b
And
QB = QP+}b
=2z
Again
¥=gg and CK=m-—p
7 1
PRy
b
z=1}xm—fp
Therefore
b
Q=1
Also -
p=%t(m—n)
n=m-—2p
Now
BB=§-b—qb
Also
RB=§Qme+2” (See Problem VI,

m-n Equation 84)
_ bp m-+42n
B *'m—px m-n
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DESIGN AND CONSTRUCTION OF DOCK WALLS.

And
m+42n = Sm-—4dp
m4n ¥ m—p
So
. 5 _
BRB = }.,—”—fli)x 3::T:p
Therefore

b(§-9)=%-(mb_—pm,x(3”"41’)

From which equation the following quadratic is obtained :

3 =i
m m.l_gqxp }pl_gq

Solving this,
1

1 —_—

J38

33

The table below is deduced from Equations 42, 43, and 44, and

gives the coefficient of p for different values of ¢.

Tasrz III.

Values of g. Coefficients of p.

0 1-000
N 1-250
1:500

i 1-750
3 2:000

& 2-261
} 2-577
= 3-000
3 3-618
3 4-632
& 6645
H 12-656
} infinite

This table is shown graphically on Fig. 20.

A B representing 1 breadth of rectangular surface acted on by

an uniformly varying pressure is 6 inches long.
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A K representing the mean pressure is 1 inch long.

Therefore, if AR be the distance between centre of pressure

and centre of gravity of surface acted on, then the length of RL
measured with a 1 inch scale will give the value of the maximum
pressure. .
Where the amount of deviation of centre of pressure is less than
1 breadth of base it will be observed that the values of the maximum
pressures increase in arithmetical progression and the line KM is
straight.

Beyond this, however, they increase much more rapidly, and.
when centre of pressure falls on outer edge of A B the maximum
pressure = infinity. '

A table is added below showing the different values of ¢ when
the coefficients of p are whole numbers.

Coefficients of p. Values of q.
1 0
2 P o
I o
¢ or - e
: 146412418

5 ' 5 = 5.4
‘ 148(2—84+2) 14 (6- 12+ 18-+ &o. o (¢ — 2) terms
‘ NS 6. = 1)
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SUMMARY.

The object of the treatise and a list of the different authorities on
the subject is given at the commencement.

Next follows a catalogue of the Problems connected with dock
walls, the general results obtained being these, namely :

A dock wall has to resist a pressure of water acting against its
face and a thrust of earth acting against its back.

These two forces counteract each other, so that when the dock is
full it is only the preponderance of the greater over the less which
tends to endanger the stability of the structure.

During construction, however, and at other times subsequently, it
is necessary that the dock should be empty.

The strength of the section of the wall must therefore be sufficient
to withstand the thrust of the earth, by means of its weight only,
being unassisted by the supporting power of the water.

PRESSURE OF WATER.
(See Problem 1.)

The pressure of water varies as the square of the depth and its

Amount = area of face immersed x depth of centre of gravity
of face below surface x weight of 1 cubic foot of water.

Direction is normal to face of profile.

Point of Application is 3 depth of face below surface.

PrEssuRE oF EARTH.
(See Problems II. and I11.)

The greatest pressure of earth which can ever be brought to
bear against the back of a wall is when both the friction and adhesion
between the particles of the soil are destroyed by water or any other
cause.

The amount of the pressure in this case is equal to that which
F 2
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would be produced by a fluid of the same specific gravity as earth,and
may be determined by Problem I., substituting w, for w in Formula 1.

The only force which is likely, except under extraordinary cir-
cumstances, to come into play is that of earth possessing a certain
amount of friction between its particles, which varies according to the
angle of repose.

Adhesion is neglected, being too uncertain a quantity to be
dealt with,

Taking friction into account, the maximum earth thrust is equal
to that which would be produced by a fluid, the weight of each cubic
foot of which is w, tan.? (Z - ;—’), and may be determined by Problem I.,
substituting w, tan.? (E - -(2#) in Formula 2.

The wedge of earth to which this thrust is due is formed
between the back of the wall and the plane bisecting the complement
of tho angle of repose. '

The nbove only holds good when the surface of the ground is
horizontal and the back of the wall vertical.

Whon this is not so, the wedge of maximum earth thrust is equal
in sectional aren to the triangle formed by letting fall a perpendicular
on the natural slope from the point where plane of rupture cuts the
surface of ground,

These more complicated cases and also that of surcharge are
fully discussed in the notes to Problem III.

Table I. gives the amount of earth thrust against the vertical
back of a wall for different values of ¢, the angle of repose.

RESULTANT PRESSURE.
(See Problem IV.)

The pressures which exist against a wall have now been deter-
mined, and it is next shown in what manner they tend towards
causing failure. '
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THE CENTRE OF (3RAVITY OF A TRAPEZOIDAL PROFILE.
' (See Problem V1)

STEPPING AT Back oF WALL.
(See Problem V1II.)

The effect of stepping the masonry behind a wall is investigated -
in this Problem, the result being that, in proportion as the weight of
earth is less than that of masonry, the centre of gravity of profile is
brought nearer face of wall.

CURVED BATTER. -
(See Problem VIIL)

The effect of replacing a straight batter for the face of a wall by
a curved one is to add to the stability of the structure by bringing the
centre of gravity of profile nearer back of wall.

STABILITY OF TRAPEZOIDAL PROFILE.
(See Problem 1X.)

The comparative stability of a rectangular section and one with -
a straight battering face but of same area is given by Formula 40.

The strength of a rectangular profile is to that of a triangular
one of same height and sectional area as 3 to 8.

UNIFORMLY VARYING PRESSURE.
(See Problem X.)

It is here shown that an uniformly varying pressure may be
graphically represented by any of the following plane figures :

1. A trapezium.

2. A triangle.

3. A double triangle.

The centre of pressure lies vertically under the centre of gravity
of the ideal figure.
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CrusHING Power oF EarTH THRTST.
(See Problem X1.)

This Problem shows how the graphical representation of an
uniformly varying pressure may be applied to determining the maxi-
mum power of the resultant force, produced by earth thrust and
weight of wall, to crush the materials of which the face of wall or
foundations are composed.

The mean pressure per unit of area exposed and the value of ¢
being known, then

Formule 42, 43, and 44 give the value of the maximum force,
which must not exceed the resistance of materials of which wall is
composed, to crushing.

Table I1I. and Diagram 20 show the amount of maximum pressure
for different values of ¢.

Process oF DEsIGNING THE SECTION OF A Dock WALL DEDUCED
FROM THE PRECEDING PROBLEMS.

In determining the proportions and outline of a profile, the
following leading principles must be borne in mind.

The wall must be strong enough to stand when the dock is .
empty.

The amount of the earth thrust behind wall depends on the
adhesion and friction between the grains of earth.

Table I. and accompanying diagram illustrate most forcibly how
rapidly the pressure of earth increases as the friction between its
particles diminishes. '

Now if sufficient care be taken with the method of filling in
behind the wall and the drainage, it is possible to prevent the angle
of repose, on which the amount of friction depends, from decreasing
beyond a certain limit.

In this way considerable economy of design may be effected.
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Fix upon a safe value for the angle of repose of earth supported,
so that. by careful filling and draining behind wall this limit need
never be reached.

The height of wall, being a quantity already settled by the
practical requirements of the case, the breadth of base necessary for
a rectangular profile, of the given height, and supporting a pressure
of earth whose angle of repose is known, may be found by Table II.

This rectangular section may now be transformed into a more
economical one, without endangering its stability, by baving a battered
face in front and stepping behind, as long as the limits stated in
Problems V. and VII. are not exceeded.

@ive the base and courses of masonry a sufficient amount of
rake backwards to ensure the frictional stability of the wall.

Practical Example.

The manner in which the foregoing principles are applied in
practice is shown on Fig. 21, which represents the section of the north
wall of the Canada Half-tide Dock, Liverpool, executed under the able
superintendence of Mr. G. F. Lyster, the Engineer-in-chief. The
dimensions were taken during construction by the author, and are
as follows:

ft. in.
Height . 43 0
Breadth of base 19 0
Breadth at top .. 6 6
aq. ft.
Sectional area of wall above datam e e e 266
” " » below e e e e 270
Total sectional area of masonry .. .. .. 536
8q. ft.
Sectional area of earth supported on stepping behind wall .. 141
Ibs.
Weight of masonry per foot forward at 150 lbse. to the
cubic foot .. .. 80,400
Welght of earth per foot forward at 120 lbs to the cubic
. 16,920
Total pressure on foundations .. .. .. 97,320 lbs,
or 43° 1 tons.

G
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It appears therefore that the weight per foot forward of the
masonry and the earth supported on stepping (which adds to the
stability of wall) is nearly 43 tons.

This pressure acts vertically downwards through the centre of
gravity G- of the composite mass of earth and masonry.

The thrust of earth behind wall acts horizontally at $ depth of
wall.

The resultant (the combined effect of these two forces) is shown
cutting the base at a point } breadth of base from centre of base: this
being the safe limit assigned by English engineers to distance between
centre of pressure and centre of base.

This being the case, if the triangle of forces be drawn, it will be
found that amount of

Earth thrust per foot forward of wall = 193 tons.

This is the thrust which would be produced by earth having an angle
of repose of 26°. For from Formula 8, Problem III.,

(453 ¢) 1 AM

where

: M = 194 tons
w, = 120 lbs.
h = 43 feet
¢ = angle of repose

ton. (45° = %) = 5 VB x 2
= 627
¢ = 26°

The angle which the resultant pressure makes with the vertical
is 21°, which gives the limiting angle of friction of base of wall on
its foundation.

Again, since

Superficial area of foundation per foot forward = 19 square feot

and
Tot.l pressure on foundation = 43-4 tons,
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therefore

Mean pressure per square foot of foundation = 2-28 tons.

And from Formula 44, and Table III., when deviation of centre
of pressure from centre of base = } breadth of base,

Maximum pressure produced = 2:57 mean pressure
= 5-86 tons per square foot.

The results arrived at therefore are that the wall in question is
capable of sustaining a pressure of earth whose angle of repose = 26°
without the materials of the wall of foundation being subjected to a
greater crushing force than 5-86 tons per square foot.

The resistance of sandstone to crushing is about 300 tons per
square foot, so that in this case there is an ample margin for safety.

The wall cannot overturn since the point where the resultant
cuts the base falls within it.

The wall will not slide forwards unless the limiting angle of
friction of base of wall on foundation exceed 21°.

G 2
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SUMMARY OF FORMULA.
ProBLEM 1.
Pressure of Waler.
Against a wall with straight battering fac(;,,
P = }wh cosec. (1]
Against a wall with vertical face,
P=juk [2]
Depth of centre of pressure below surface,
3h (31

Direction of pressure normal to face of wall.

ProBLEM II.
Pressure of Earth.
Against a wall with vertical back, neglecting friction,
T =}uk [4]
Depth of centre of pressure below surface,
3k (5]
Direction of pressure horizontal.

Taking friction into account,

H = weight of wedge of earth X tan. a [6]
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ProsrLemM III.

Maximum earth thrust against vertical back of wall, taking friction into -
account, surface.of ground being level,

M = ju i tant (7 - 3) [8]
Rankine’s formula,
. 1 —sin. ¢
M= puk 1 14 sein. ¢ (9]

Depth of centre of pressure below surface,
3h [10]

Direction of pressure horizontal.

Notes on Problem I11.

Maximum earth thrust against back of wall, which is not vertical, taking
friction into account, surface of ground not being level,

M= }ud [18]
z = btan. 8 — b2 tan? 8 = ab tan. 8 [14]
2=c— o= a) [15]
Maximum earth thrust produced by surcharge,
M = yw, i cos’ ¢ [19]
Rankine’s formula,
M =} whkocoes ¢ _ [20]

ProBLEM IV.

Resultant pressure produced by earth thrust and weight of wall : its effect.
Equation determining angle which resultant makes with the vertical,

tsnO-},—x:tant [21]
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Ratio of height of rectangular profile to breadth of base when wall is on
point of sliding forwards,
:-'="%:x2m¢.oot.u [23]
Ratio of height of rec;tangu]ar profile to breadth of base, when the point
where resultant cuts base falls within safe limits so as not to endanger the
stability of structure,

h )
$=oot.¢\/6qx%‘ [26]
Ratio of height to breadth when safe limit = $,

%‘ = 1-869 cot. ¢ [27]
* Ratio of height to breadth when safe limit = §,

%‘ = 1-677 cot. « (28]

ProBLEM V.
Transformation of Profiles.

Breadth at top of trapezoidal profile of stability equal to that of rectangular
profile on same base and of same height

=b(8g-}) ' [29]

Breadth of transformed profile at top when ¢ = %,

} breadth of base
Batter of face, [80]
3btoh
Breadth of transformed profile at top when ¢ = 8,
§ breadth of base
Batter of face, [81]
3btoh
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ProsrLEM VI,

To find the co-ordinates of the centre of gravity of a wall of trapezoidal
section ; taking the back and base of wall as the axes,

2
©=1}. “———'t:f’:' ® (32]
2 b
y=1 GL:T [34]
Distance from toe of wall,
2b —a?
DM = }. -—L“a-'%b%—-i‘ (33]
Depth below top of wall,
a+2b
BN = §h. T (85]
ProBLEM VIL

Alteration in position of centre of gravity of section of wall, produced by
stepping at the back,
PG b—a_ w
QG " 5Fa X (361
where
P is centre of gravity of wall stepped behind,
Q is centre of gravity of earth resting on stepping,
G is required centre of gravity of composite mass.

ProBLEM VIIL

Centre of gravity of section of wall with a curved batter on face.
Distance of centre of gravity of circular segment from chord line,

sin3 0
=§Tm.—o—f005.o [37]
Weight of circular segment,
= w, 13 (6 — sin. 0 cos. 0) [88]
QR = PQ X weight of circular segment 39]

weight of section with curved faco



48 THEORY AND PRACTICE IN THE

where
P is centre of gravity of circular segment,
Q is centre of gravity of trapezoidal section,
R is required centre of gravity of section with curved face.

ProBLEM IX.

The stability of a rectangular profile is to the stability of a triangular
profile of same height and sectional area in the proportion of

8:8 [41]

ProBLEMs X. AND XI.

Maximum crushing power exerted by an uniformly varying pressure acting
on a rectangular surface,

_ total amount of vertical foroes
P =" “ares on which they act
When uniformly varying pressure can be represented graphically by
a trapezium,
m=p(l+6q) [42]
a triangle,
m=2p [43]
two triangles,
1

1 -\ .
m=pX'2(T‘2—q){3—4q+J-§\/89—l} [44]

a rectangle,
m=p

Symbols made Use of.

ProBLEM 1.

total water pressure per foot forward of wall.
weight of 1 cubic foot of water.
height of wall.

angle of face of wall with horizon.

Q;AS"U
]
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ProBLEM II.

= horizontal earth thrust per foot forward of wall, neglecting friction.
= weight of 1 cubic foot of earth.

height of wall. »

horizontal earth thrust per foot forward of wall, taking friction into account.
angle of repose of earth.

angle between wedge producing thrust and natural slope of earth.

ProBreEM III.
180°.

Notes on Problem III.

maximum horizontal earth thrust per foot forward of wall whose back is not
vertical. '

perpendicular let fall on natural slope from point where line of rupture cuts
surface of ground.

length of line drawn at right angles to natural slope from lower point of
back of wall to intersect surface of ground produced.

= perpendicular let fall from top of back of wall on natural slope.
= length of natural slope.

angle which natural slope makes with surface of ground.

ProBLEM 1V.

angle which resultant makes with vertical.

= weight of 1 cubic foot of masonry,

weight of 1 cubic foot of earth.
height of wall.
breadth of wall.

T™_ ¢

4 2

distance between centre of pressure and centre of base
breadth of base
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ProsLEX V.
breadth of base.
height of wall.

ratio of deviation of centre of pressure.

ProBLENs VI. axp VIL

bresudth of wall at top.
breadth of wall at bottom.
height of wall.

woight of 1 cubic foot of carth.

. weight of 1 cubic foot of masonry.

ProrLEX VIII.

= rwdius of battered fawe.
= 4 angle subtended by curved face.

circular weasure of curved face.

ProBLEX IX.

breadth of trapezoidal section at top.
breadth of base.

ProBLEX X.

mean pressure per square foot of ares.

= maximum crushing force.

ratio of deviation of centre uf pressure.
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ADDENDA.

TEE LisE or RESISTANCE

The above term is so0 ofien mai> use i n ~oanection with retaining walls
and other structures, that it may p:rhaps bz as well thoroughly to explain its
meaning, before leaving the theor:iixal portion of this work. The best mode of
illustrating this point will be by a practizal example.

Let ABCD (Fiz. 22, bz the cres seotion of a trapezoidal wall sup-
porting a pressure of water against the fam A B.

Take any plane EF, parall:l to the tasz C B, and investigate the con-
ditions of stability of the porticn AF E D abuve it; thus,

Draw G L vertical passing throuzh G. th= centre of gravity of AFED,

Draw M N horizontal, at a height ML =4AF. Let K b> the point
where the resultant, produced by the pressure of water and weight of wall,
cuts the plane E F.

Now the locus of the point K is the line of resisfance, or, in other words, if
any portion of the structure be scparated from the rest by a horizontal plane
and the point where the resultant pressure cuts this plane be determined, and
called the centre of pressure, then the centre of pressure will always lie within a
curve called the line of resistance.

The equation to the line of resistance may in this case be found as

follows :
Let

weight of 1 cubic foot of water
” ” masonry

s
I

height AF
= breadth at top AD -

” bottom EF
distance K F of centre of pressure from face of wall

]

R~ > 8
I

Now
KL _ pressure of water aguinst AF
LM~ weight of AFED
3KL _ Iuw
h  ~ (a+40b)hw,

n2
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Plate 16.

]"?}y . 22.

o}

\’
$(a+b) hw,

E & ¥ N.Spon.London & New York.
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against the back of a wall is when the friction between its grains is destroyed
and it assumes the form of mud.

The amount of this pressure is equal to that which would be produced by a
fluid of the same specific gravity as the earth.

This pressure the author proposes to call mud pressura. The amount of
mud pressure being a quantity which is absolutely certain and easily deter-
minable, the engineer should always fix the pressure he intends his wall to be
able to resist as a certain fraction of the mud pressure. The value of this
fraction depends partly on the angle of repose of the earth supported, and
partly on the amount of adhesion between the particles, and as has been stated
above that though theory offers very plausible explanations more or less
approximating to the truth, yet the only satisfactory way of determining the
actual pressure is by experiment. _

A safe value to assume for the ordinary pressure likely to be produced by
common kinds of earth is = § mud pressure, which according to the wedge
theory corresponds to an angle of repose of 30°.

LONDON: PRINTED BY W. CLOWFS AND SON#, STAMFORD STREET AND CHARING CROSS.
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