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On the Thickness of a Retaining Wall
under some Particular Conditions,
By S. C. E.

The following are the formule for the thickness of a wall retaining the earth under no external
loading. 1 know not whether the formulee of this description have ever been devised : my poor knowledge
is unable to detect any such. The subject is, in fact, limited to somec particular cases as described below,
but, though it is not worthy a notice of our rcaders, it may not be utterly useless in forming a rough idca
about the thickness of a retaining wall.

It is a well-known fact that the truc phenomena about the pressure of the earth are not and can notbe
(at least at the present state of our knowledge) fully recognized and many an assumption and hypothesis
have been taken up by various authoritics. I shally in the present problem, follow to the Rankine’s theory of
the pressure of the earth, as, although his theory is not sufficiently rigorous and some of his opinions are not
universally true, still it may be regarded as the best of the theorics concerning the subject.

The present problem is : — To find the thickness of a wall retaining the carth (under no external loading)
with the free surface in the same level plane as the top of the wall baving uniform batters in its front and
back surface.

Let AB CD be a wall retaining the carth whose frec surface is a plane in the same level as AB. Taking
the unit length of the wally we sec that the forces acting thereupon arc the weight of the earth BCQ and
the horizontal pressure of the earth. Both of these forces act at a point E such that 3CE = BC.

Let
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AB =a

Batter of AD = 1: —

1
w »nCB=1:—"1

CD=hb
Height of wall = h

Weight of unit volume of earth

y »oo ” y» wall
then b = a + 4h,
where A =1r+s
. . wrh?
The vertical cxternal force is -
2

(1+sing), @ being the angle of repose

Tet G be the centre of gravity of the

to meet the vertical line GL. at H and toke HF equal to PE.
and complete the parallelogram HLMF.

weight of the mall both in magnitude and direction.
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, and the horizontal pressure 'o,W:i~ where c = (1—sing) 1

of the earth,

wall and PE the resultant of the pressures of the earth.

Rankine takes DN — 3 CD for the safety of the stability of the wall.

Now we have

RE =

3a®4 3dah + A’h*+rah

3(2a+4h)

Produce PE

Take HI. egual to the wecight of the wall
Then HM gives the resultant of the pressure of the earth and the
ILet N be the point at which HM mects the base CD.
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RH = RE ten BREH u;w‘wm.

HS = RS —RH = lwfn*wm
SN = HS ten SHN
= HS cwh
~ rwh+ (2a + i)W
3a®+ 3dah + A°h® + 3ash + Ash®
DS = .
3{2a +4h)
Hence if we take
DN =D,
then we have
1 1 2
-—_ ) =— — T23% 22 2
) = (5a' 3lah+ P+ 3ash + dsh
- wh .- 2ra?— 2Arah —rfah - Arh%)] cereeecvenennas(I
rwh + (2a + Ah)W ‘2ach +c2h’- 3ra’— 3Arah -r'ah - rh’)] (1)

This is the most general equation for the stability of the -retaining wall.
Clearing the fractions we have after some simple reductions :
[(3n—6.a%+ (3n—g)iah + (n — 3)2°h? + 3nash +nish*] (2a 4+ Ah)W
= wh[znach + ncah? - (6n — 6)ra’— (6n — g)drah —nr’ah —(2n — 3)A°rh® — 3narsh —nrsh?].
wh[nch(2a + 2h) ~r {(6n — 6)a®+(7n — g)Aah +(2n — 3)4*h*} —nshr{2a + Ah}).
whlnch{2a+ Ah)—r{(3n — 3'a+ (2n— 3)Ah} {2a 4 Ah} —nshr(za + Ah)].
But 2a+ Ahfo.
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Hence we obtain
[(3n—6'a®+ (3n —g)4ah + (n— 3)4’h® + 3nash +nish*]W
= whinch—r{(3n—3%a+(2n— 3)Ah} —pshr].
Which, transforming, becomes
(3n—6)Wa®+ 3h[(n— 3AW +nsW 4+ (n— 1)rw]a
= h¥ncw —(2n — 3)Arw—nrsw—(n — 3)'W — ndsW].
This is a quadratic equation of a ; hence solving we have

a = IMA:||Wmﬂ<<|mI {(n—3)AW +nsW + (n— 1)rw}

* /\%w {30%*— (n*— 2n— 3)#—(ron - 2n’)s} W*

+ {(4n®—8n)c— (2n® —4n+ 6)Ar +(2n® + 2njrs} Ww + 3(n— 1)’r'w* Mu
Put
3n’%’— (n*—2n — 3)A*— (1on—2n%is = m
(40° —8n'c —(2n—4n + 6)Ar 4 (2n*+ 2n)rs = p
3n—14* = q,
Then the above equation becomes

h .
a "j{lmlm?lwvxéz—.ugmé.*rﬁblmvgw +L\%AS~/>\&+©S$\+@€&D ETITTYTITIO ................AN

This is the most general equation for the top width of the retaining wall,

If, according to Rankine, we take n=3, then the equation (2) becomes

i
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where m' 0s’—44s

p' = 8rs+4c—4rd

2

q = 4r.
If, on the other hand, we take n = 4, then

a HM/P% l§<<+Am<<+w:i+/%|.M|AB:<<N+w__<<<<+m:,<i e e {4)

where m" = 488—51—81is
p? = 32c—22Ar+40rs
gt = 27

If we take
w = 100 lbs
W = 120 lbs

then the equations (3) and (4) become respectively

a u%n.ﬁlcmm.:oﬁ:. VB 3OP T Z5q e ererer e en st s sinenns(3, A)

a "-NTM_“.IalxinﬂMml;r—mﬁv.T »\wﬁwQB:xTwOmv:.TNm@:Z.........................................................AA.. A)

If we assume the batter of the front face 1: 24 and that of the back face 1:6, so that

= .1
5 =
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str =
- ’

2
H and g =130 orc =
then the equations (3. A) and (4. A) become respectively

2

a = .wNmmT or b = .mwwr .................................................................................Aw‘ m.v

o

I

a = .NwOwS or b .Aw@? ve redens ..........................................,............................r.. mv

e If the front face be vertical so that s = o, then the equations {3) and (4) become respectively
a nawaugs¢.\mMMﬂﬂﬂﬂﬂuaﬂiz::::::::::::::::::::::::::::::::::::::a.mv

a "A|rl<< —r(W+3w)+ a\wﬂwwnws.w._.amnIwm~..¢<<<<lmm<<gw_.:::.......::...:...............::.::.@. B)

If we take as before

w = 100 lbs
W = 120 lbs
r =3
g8
then the equations (3. B) and (4. B) give respectively
a = .3854h or b
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These equations (3. a, (3. b}, (4. a), (4. b) give at oncc the dimensions of the wall whenever the height

h is known.
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The above four formule have been derived on the assumption that w = 100 lbs, W = 120 lbs, r =},
§= g and c = & For other values of.these quantities any one can easily deduce the requisite formula
from the equations (3) and {4). Whether 3 or 4 or other values are to be used for n must be determined
by each person with his own authority : I have only shewn here some instances of the use of the formula
(2)-

It is a fact that the batter of the back surface of a retaining wall is not in general uniform, and in such
cases the above formule cannot be used with perfect rigorousness.  They can, however, be made use of by
substituting a uniform batter for the varying one which is most probable to give the equal stability as those
in question, the choice of such a batter depending however merely on our skill. ~ They will much facilitate

the determination .of .the dimensions of the wall when its different parts are of different heights.

L

— i
S i

O%ﬁEﬁfMMﬁ HE~ E%gﬁ»mi p—N— RN N B K Ars P
FEHENRBRRIENA A ERY A R IR a MNP RN AEH I BRI NEDK
BREUE" ~ { Rr BAHMENBERY»LAEBABMES+ BRIKN {REBER - X
LN EBNEIKBEYM BN KA rBEr A BI Y- B E iREIRNEEE SN
Y I N e N NN T 1 T T R TR LY 1 PR T2




