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EPSTEIN—DESIGN OF COFFERDAM

DESIGN OF A CELLULAR COFFERDAM

By HARE!IS EpstEIN
Designing Engincer, Bureau of Yards and Docks, U 8 Navy Department

SYNOPSIS

This paper presents the theory for design of a cellular cofferdam consisting
of a number of steel sheet pile cells, earcular 1n cross section, and filled with earth

The theory 1s 1illustrated by a practical design for a specific location showing
computations for determining the diameter of the cylindrical cells, the necessity
for and the amount of foreign fill required within the cell, the depths to which
the sheet piles forming the cells must be driven and the required section of the
piles In this case the piles must be 795 ft long and driven through 45 ft of
tule mud, 10 ft of blue clay and penetrate 3 ft of a 35 ft stratum of yellow
clay which rests upon hardpan The excavation mmside the cofferdam 1s carried
545 it below the top of the sheet piles

The cofferdam 13 a gravity retaming wall and 1s designed accordingly The
overturning moment of the fill outside the cofferdam, the resting moment of the
cylindrical cells, pressures at toe and heel of cells, resistance to shding and
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horizontal shear are computed and from these the design 1s made

PROBLEM

An 800-ft long graving dock 1s to be
built at a site whose average so1l forma-
tion 1s as given 1n Figure 1 It 1s assumed
that due to the proximity of existing
buildings and the very flat angle of re-
pose of the tule mud, the site of the dock
cannot be pre-dredged lower than eleva-
tion 90

Dredging to elevation 90 1s desirable
not only from the standpoint of reducing

sheet piles forming the cofferdam cells
are to be 1n the yellow clay if possible,
but, for reasons of economy, not down to
the hardpan, unless found necessary

The original site material mn the cells
of the cofferdam may be replaced with
fill material having an angle of internal
friction of 30°.

The characteristics of the soils at the
site as determined from laboratory ex-
periments are given 1n Table 1

TABLE 1
W, \ Angle of
Motenal pebtinser, | Apltmanal | Gobeson
Tule mud 36 25 150
Blue Clay 45 15 420
Yellow clay 60 30 500
Fill (100 1b per cu ft i ar) 60 30 400

the pressures on the cofferdam structure
in which the dock 1s to be built, but also
to enable floating equipment to be used
In constructing the cofferdam

The dock 1s to be founded on piles A
cofferdam free of intermal bracing 1s de-
sired 1 order to facilitate proper driving
of the bearing piles, and the placing of
the concrete in the dry

The use of a cellular steel sheet pile
cofferdam surrounding the site of the
dock 1s mndicated The bottoms of the

The maximum allowable interlock
stress in steel sheet piles 1s 6,000 1b per
Iin 1nch

It 1s required to find the diameter of
the cylindrical cells, the depths to which
the sheet piles forming the cells will have
to be driven (depth required both at
front and at back), as well as the re-
qurred section of the sheet piles

The design of the cofferdam becomes
unique and somewhat complicated due to
the various soil strata of widely differ-
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ing chalacteristics through which the
cells pass and also to the fact that 1t 1s
desirable to stop the cells, for 1easons of
economy before reaching the hard-pan
The discussion of the problem may ap-

~
g Bottom of £xcavation £/ 57,
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the fill inside the cell aiound the toe of
the cell M, 1s the resisting moment The
resisting moment must be larger than the
overturning moment The ratio of the
resisting moment to the overturning mo-
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pear lengthy, but for clarity the solution
1s presented step by step

The cellular cylindrical cofferdam 1s 1n
fact a gravity wall retaining the earth
fill behind 1t and has to be designed as
such The moment of the retaned fill
around the toe M, 1s the overturning
moment, the moment of the weight of

ment 1s the factor of safety agamst
overturmng The overturning moment
produces pressures on the base which
are assumed to vary uniformly from a
nmimnmum at the heel to a maximum at
the toe Ordinanly the pressure at the
toe 1s hmited to a certain maximum
value, while the pressure at the heel 1s
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assumed to be 0 The last condition,
however, 18 not a condition sine qua non
It 1s true that the soil cannot take any
tension but this condition can also be
fulfilled with the neutral axis passing
through any plane within the circular
ares,

Let R=radius of cylindrical cell
M =overturning moment of the fill
around base mn kip ft per ft
of wall
P =1mtensity of vertical pressure
at bottom of cell per sq ft
m kips

Then My=2RM, The overturning mo-
ment on one cylindrical cell
P,=PrR? Total vertical load n-
side one cylmdrical cell
M.=PrR3, Resisting moment of

one cell
.M, 8M
S=*1,=*TR7

=umt pressure due to bending

In order that the stress at the heel of

the cylinder shall be zero, we must have

the intensity of vertical pressure equal to
the umt pressure due to bending, thus

rR=y L _16ve )
=P
whete

M

- P
Factor of safety against overturning
3 2
f,— M, PxR® _ aR @)

™M, 2RM _ 2e
The radius, R, 1equired for a given factor
of safety, f,, 1s then obtained from

R=08Vel, (2a)
When R 1s as given by equation (1) we
get,
and maximum compression at the toe m
kips per sq ft 1s

P+S,=2P (4)

The minimum stress at the heel=0
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In order that the cylinder should not
shde on the base we must have the re-
sistance to the sliding either equal to or
greater than the horizontal force H, of
the fill behind the cylinder The resis-
tance of cylinder to shiding on the base
18 made up of the frictional resistance
plus the cohesive resistance

Let p=tan ¢=tan of the angle of in-
ternal friction of the ma-
terial at base

and C=coefficient of cohesion mn kips

per sq ft,
H,=2RH

where H=hori1zontal force of retained fill
i kips per Iin {t of wall

Then 2RH=#R?*(Pu+C)
2H
and R= m (5)

Factor of safety against sliding
wR?(PutC) _ »R(PutC) o
2RH - 2H

The maximum intensity of horizontal
shear for a circular beam occurs at the
neutral axis and equals

_VYm_ 4y _sH
T It T 3xR®*™ 34R

where V =total shear for one cell=2HR

fo=

kips per sq ft

The -resistance of material at base n
kips per sq ft =Pp+C

8SH
Then —gﬁ- = P[L +C
_ 085H
and R= m (7)
Factor of safety against horizontal shear
_ 3n(Pp+CIR

The radius, R, required for a given factor
of safety, f,, 1s then obtained from

0 85Hf,

R= Pp+C

(8a)
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Comparing equations (5) and (7) we con-
clude that the controlling factor mn de-
termining the radius of the cylindrical
cell 1s the maximum shear intensity rather
than the shiding resistance

Using formula (1) and (8a) we can
find the radius of the cylindrical cells to
satisfy the given conditions However
before proceeding with the actual design
of the cofferdam, we will derive the ex-
pression for horizontal active and pas-
sive pressure exerted by a sotl possessing
an angle of internal friction ¢ and a co-

c B
r wll RZE e
£ ﬁa
3 Qn
3 AN
<
$
W
A Ha
EN *
=)
A
()
*
4
A
Figure 2

hesive strength of C per sq umt The
rupture 1s assumed to occur along a plane
as 1s done by Coulomb In Figure 1,
let AB be the plane of rupture and let
x=angle which this plane makes with
the horizontal Let also r=tanx and
p=tan ¢ The forces acting on this plane
are given 1n Figure 2
Force tending to slide down

FSZFW—FH
But Fy=Wsinx and Fy=H, cosx
. Fg=Wsinx—H, cosx
where W = the weight of ABC

__ wh?

wh?
——cotx =

) or

SOILS INVESTIGATIONS

and H,=horizontal force required to
stop W from shiding down
w=density of material

The forces resisting shding Fy=1{orce of
friction Fg+resistance due to cohesion
Fe

Now FF = N[L and Fc =CA

WhereN=normal pressure on
AB=Wcosx+H,sinx

and A=Area of AB= h
sIn X
|
...FRZFF+FC=[L(\VCOSX Cl
+H,sinx)+ !
8In X

At the point of shding we have Fs=Fp
or Wsmx—H, cosx

_ Ch
=(Wecosx+H,smmx)p+ pr—
* Ha(cos X+ pusin x)
Ch
=W (sin x—pu cos x) —
sin x

W (sin X —p cos x)
COS X+ p 81N X

_ Ch
sIn X (€08 X+ 4 SN X)

or H,=

Dividing numerator and denommator by
cos X we get

H.= W(tanx——p)
A= 1+4ptanx
_ Ch
s x ¢os X (1 +p tan x)
_W(r—u)_ Ch
or  Hi= 1+4pr sin x cos x (1 4 pur)
Now ::::; =r ..SINX=Trcosx

But smn?*x+4cos*x=1

..co8?x(14r¥) =1 ..cos®’x=

1412
and SIN X COS X=T €05> X
smxcosx—L
T 1412
. Wi(r— Ch(l14r?
H,— (r—p) Ch(i+r? (9a)

1+pr r(1+pr)
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2
Substituting for W= “;h we get
_ wh*(r—p) —2Ch(1+41?%)
Ha= 2r (1+pur) (=)

In order to find for what value of r, H

will be 8 maximum we make% =0

dH,
dr
whp(1+2,a' r?) +2C(142pr—r?)
4r?(1+pr)*

or

=0
‘. (1+2,u,r—r2) (Whp.+2C) =0
or 142pr—r2=0
=V1+x2+p=tan (45+¢/2)

Substituting this value 1n equation (a)
and simplifying we get

and

H,= —Ltan2 (45—¢/2

)
2 —2Ch tan (45—¢/2) (9)

The weight of shiding wedge 18

W= 3'% tan (45°—¢/2)

Hy 2Ch
W (1— W )tan (45—¢/2)

and Hy= (W—2Ch)tan(45° —¢/2) (10)

The intensity of the horizontal active
pressure 1, at any depth h from the sur-
face 18

dH,

IA—T =wh tan? (45— / )

—2Ctan (45 $/2) (11)

The vertical intensity at the same point

=wh The ratio of the intensity of the
horizontal active pressure to the vertical
intensity 1s

Ki= —{5 =tan? (45—¢/2)
v __20 tan (45—¢/2)
Iy

Proceeding 1n a similar manner for the
passive pressure we find that when the

(12)
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wedge of earth 1s on the verge of moving
up
wh?
Hp= —2' tan® (45+ /2)
+2Ch tan (45+4/2) (13)
or Hp=(W+2Ch) tan (45+¢/2) (14)
The intensity of the horizontal passive

pressure Ip at any depth h from the sur-
face 18

Ie= d;-}Ilp =wh tan? (45° +¢/2)
+2Ctan (45+¢/2) (15)
£/111 5
Ext HW £/ 1086 < "
T, g
N T
///‘60 8 # !g (‘3 S,\'
11s 3 5 v
/900 _[//9] 7! \
l &’c r of\Ce/! I" 5
=T g
¥ <
R g
3 N R
3
ol 9 =
Q 2 < y
o
2
£/ 570 2221,
Figure 3

The 1atio of the intensity of the hori-
zontal passive pressure to the vertical in-
tensity 18

Ke= %— =tan® (45+¢/2)
v 2C tan (45+¢/2)
+ T,

(16)

DESIGN OF COFFERDAM

Assume cofferdam to stop at elevation
57 and fill mside cofferdam from eleva-
tion 90 to surface with a drain at eleva-
tion 90 The pressures nside and outside
of cells are plotted on Figure 3 accord-
ing to Table 2 which gives the strength
characteristics of the various soils en-
countered The pressure at rest for the
tule mud was determined by laboratory
test and found to be the equivalent of &



SOILS INVESTIGATIONS

486

owm ~+8c €|98¢ T+ Y081 0000 £/408T 0000 €|3EL T Nwwolmmmowwv 0—1020 0[g€€ 0]10Z0 0|<€€ 0|LLS 0090 0|0 0225 0| 0F (ary w1 93
mo aad q1 001) MY
NmM .—+ooo €|3€L T+ Y081 0000 £[408T 0/000 £{z8L 1 hhmu 0~ €EE 0|4LS 0— Y020 0JSEE 0|40Z0 0{SLE 0]L2S 0090 0|0S 0[228 0! o€ A8 mojpx
vmm ~+wmw T|¥60 T+ 1920 0[869 1[U920 0[869 T|g0g 1 *ﬂw o 68S 0[¥F9 0— 4LZ0 0[68S 0[UL20 0685 0292 0|50 0[Z 0893 0] ST Lo anpg
thon_uﬁwv cleLy o+amwoo$vmamwco$vmonmﬁmowolwgommﬁ 0—4ST0 0[90F 0|USTO Z/90% 0]L£9 0980 0|ST 0|99% 0f ¢7 PRIA M,
I a1 43 a1 ) g Ap: ¥I VI [ VI g g | =3 ﬂ
$|s s e B0 |
-1 3
uoBIYOO Yim %Mn..ﬂean._“w M. M. U0TBaY0D QI %%wﬂ&h” d_ M NW 2 & uwy [PusyE
8|8 B8 = &
omssoid aawee g aingsaxd sagoy

¢ 31dVL



EPSTEIN—DESIGN OF COFFERDAM 487
£l 1115
xtHW E/ 1086
e ‘r
7.
o Drarm__70°
» [ ‘
¥4
- P4
E — § ¢ W % . —
= N =
S 3 E § =
RE Q= 3 g::
= y - N
° =N 14 NE: (IR
N L v
N Y 8 = B
N o § 3 s I
0 — I | )
3 g 33 |} NE 5
R o %= 1 e NS -%
[~ 0 —¥ N ~
A £ =] N
J— )
o 490 —' LE/ 52 3
N N N ]
¢ E R \
4./8 . Q
SE S oraerlez] e ¥
NS (e [ESE Y LR 2
Q N R :jl N4 Q\
| 4541 R~ e/ 135 ] 4 28
N 40 7S TR -
Q P Rt 32 >
i 406 +5 q-- ﬂ"g FE 492
Yellow Clay
- W H— M U—
Figure 4

liquid weighing 85 pounds per cubic foot
This was used in figuring the pressure
behind the cell The pressure inside of
the cell was taken as the active pressure
In both cases the cohesion was neglected
as 1t 1s on the side of safety

The forces and their locations are indi-
cated in Figure 3 fiom which

H=967kips M=1591 kip-it
P=215x100+33 x 36
=3 34 kips per sq ft

Using a factor of safety aganst hori-
zontal shear of 15 we have from formula
8a and Table 2
R= 15x 85H__ 1275%967

T Pu+C  334(466)+ 15

=7211t

The tension on the interlock, T, of the
steel sheet piles at base,

IR_222x721
27 12
This value is more than twice the value
allowed, hence we must replace the tule
mud nside the cell by the same fill used
at the top and make a drain at elevation
(57) to reduce the inside pressure The
mside and outside pressures on the cell
will be as shown on Figure 4
For this case

P=545x100=>5 45 kips per sq ft
1591

T= =13 3 kips per Iin 1n
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Using a factor of safety against horizon-
tal shear of 15 as before we have

__1275x967
= 545(577) + 4

For R=35 it we have Factor of safety
against overturning {formula 2) f,=66
Maximum compression under toe

8M
-R? =8 76 kips per sq ft

Maximum tension on interlock

18x35
T= 12

At the allowable 6 kips per linear inch we
have allowable 1=206%/sq ft

The actual I due to fill 1s 1 8, the differ-
ence therefore 18 206—18= 26%/sq ft
which allows for a head of water mside

R =35 ft

=53 kips per lin 1n

26 ,
the cell of —0—6—4_40 mn case the dramn

does not act temporarly

However, 1f we stop the sheet piles at
elevation 57, the pressure of 8 76%/sq ft
at the toe will cause the bottom of the
excavation to blow up In order to pre-
vent this blowing we have to drive piles
in the front to such a depth as to make
I, the active intensity of the horizontal
pressure from 1inside the cell at that
depth, at least equal to the passive n-
tensity i front of the cell at the same
point However, before determiming the
depth to which the front piles will have
to be driven, we will determine how far
below elevation 57 the fill inside the cell
will have to be carried We can not stop
1t at 57 for in that case the intensity of
the active pressure immediately below
57 1n the tule mud 1s

I= 406 x 5 45=2 22%/sq ft

.". T=6 5 kips per linear inch, which 1s
more than the allowable

SOILS INVESTIGATIONS

Assume that we will carry the fill to a
distance x below elevation 57 Then
Iy=>545+ 06x, 060 being the weight of
the fill in water and I,=0406(545
+ 06x) =222+0024x (neglecting cohe-
sion) The passive mtensity at x below
elevation 57 for tule mud

Ip= 089x (neglecting cohesion)
and the resultant intensity
I,=1,—-1,=222 - 065x
LR_ (222 065x)35
12 12
Substituting for T=60 kips per inch,
we get

T=

x=251t

We will carry the fill down 5 ft below
elevation 57

Now let us assume that we will drive
the piles 1n the front of the cell a distance
y m the yellow clay.

Neglecting at present the increase in
the toe pressure due to the increased over-
turning arm, the vertical intensity, Iy, at
the toe mnside the cell 1s

I,=876+45x 0647 (036)
+10x 045+ 06y (see Fig 4)

or 1,=9 76+ 06y /'
Now IAZIVKA
From Table 2
577
K, for yellow clay 1s 33— I
v

I,=(9 76+ 06y) 33— 577=2 64— 02y

The vertical mtensity, Iy, at the same
pomnt on the excavated side 1s

Iy=12x 036 +10x 045+ 06y
= 882+ 06y
'. Ip=Kva
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From the table we get
Kp :3+ I_v—

To=( 882+ 06y)3+1732
=4 378+ 18y

In oider to be safe aganst blowing of
bottom we must have

IA=IP
or 264— 02y=4378-+ 18y
or y:—87

which apparently means that the pile
nced not be driven in the yellow clay,

___1“___1_—_
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however, 1f we stop the pile at the yellow
clay we get

1,=976x 589— 644

=510 kips per sq ft
I,= 882x1698 11094

=259 kips per sq ft

Therefore I, 1s greater than I and unless
we drive the pile in the yellow clay the
bottom will blow Let us drive the front
of the piles a mimimum of three feet 1n
the yellow clay or to elevation 32 The
depth to which the piles in the back of
the circular cell will have to be driven 1s
determined by the resistance of the wedge
of earth ABE to move up under the active
pressure of the earth in back of line AB
as shown 1n Figure 5 Assume the piles
in the back to be driven a distance d be-
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low the excavation line {elevation 57 0)
m the fiont Let the rupture plane AC
make an angle § with the horizontal so
that tan §=x Then by formula 9a we
get for the active pressure

H _ W(x—p) _Ch(1+x?)
AT 14xp x(1+xp)

u=tan of the angle of internal friction of
the particular strata and W=the weight
of the shiding wedge plus the surcharge
load P coming on the wedge The sut-
charge P on line CD 1s not umform, but
for the purpose of simplicity, 1t will be
taken to be the weight of material above
line CD 1n kips per sq ft Therefore de-
noting the thickness of any strata by A,
1ts u by a, 1ts C by C, and the density by
wa, we have the horizontal base of the
shding tnangle

ba=A cot f or b,:%

and the total shding weight W, 1s

PA n w.A?

Wa=+5- 2x

A
- E (2P+AWn)

and the active pressure for this strata A
18

A(2P+Aw,) (x—a)
HAA=

2x (14ax)

_CaA(1+x°)
x(1+ax)

For any other strata of depth B under-
lying the strata A we have by similanty

B[2(P+Aw,) +Bw,] (x—b)

Hiw= 2x (1 + bx)

_ CBB(l +X2)
x (14 bx)

In hike manner the value of the active
pressure for any other strata can be
found

Let the bottom of the last full strata
be a distance z below the assumed dis-
tance d Denote CD by m Then we get
from the figure Y=mx—z
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Then,

_ (mx—z)[2(P+Aw,+Bw,+Cw, .+

SOILS INVESTIGATIONS

) + (mx—z)w,] (x—y)

Hay

2x(1+xy)

_ Cy(mx—3z) (1+x%)
x(1+4xy)

The total active pressure of ACD 13

Hi=Hua+Hip+Hac+

or

1 {A(2P+Awn) (x—a)

Hy=o +

+Hay

B[2(P+Aw,) +Bwy] (x—b)

+ ..

2x 1+ax 1+bx
(mx—2) [2(P+Aw,+Bw,+ )+ (mx—z)w,] (x—y) }
+ 14xy
(14x2) ( AC, BCp (mx—z)Cy
T x {1+ax 1+bxt T 1+xy } (17)

Besides this active pressure there 1s also
the active pressure (not the pressure at
rest) of the retained material behind the
cell above line CD, both of which are
resisted by the passive pressure of the
wedge ABE 1n front of the cell

Let ¢a, ¢5, ¢c, ¢y denote the angles of
internal friction for stratas A, B, C, Y
respectively Let also

Then by formula (14) we get the passive
pressure for strata A
W‘,.Aza.2

Hea=(Wa+2AC,)a= D)

+ 2ACAG.

For strata B underlying strata A, con-
sidering the weight of strata A as a sur-
charge on strata B, we get

Ba2
Hpp= 25

9 (2Aw,+Bw,) +2BCy8

For strata Y whose thickness 1s mx—z
we get
2

(;7 [2(AW,+Bwy+Cwe+...)
+ (mx —2z) wy] 42 (mx—2) Cyy

HPY=

The total passive resistance 1s

He=Hpa+Hes+Hpc+ Hpy (18)

The difference between the passive and
active pressure 1s

Hrsz—HA

Hr 1s as given above by equation (18)
and H, 1s as given by equation (17)
above, both of which are expressed n
terms of the only unknown x That value
of x 1s to be taken which will render H, a
minimum

In our case we will figure the width m
of rectangular cofferdam equivalent to
the given circular cell as being

m=R+K

where

7R?

2KR = )

m=R+ Z—R =1785x35=625 ft
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For active pressure A=0, B=70 ft,
while for passive pressure A=120 ft;
B=100 ft

Substituting these values with the
weights cohesion and angle of friction for
each stratum 1n equations (17) and (18)
we get the net resistance to shiding on the
meline
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n back of the cell into the yellow clay
Assume that we will drive the entire cell
to elevation 432

Figure 4 shows the pressure diagrams,
as well as the total pressures and ther
locations with reference to bottom of cell
for the pressure behind the cell and the
passive pressure n front of the cell The

110x% 4 615x* 4 700x® —111x%+517x—28 0

Hr:HP_HA:

Since the piles in the back and in the
front of the cell are stopped at elevation
420 and 320 respectively, tanf or x
cannot be less than

4232
625

Substituting this value of 016 for x we
get

H,.=1525 kips per hn ft of wall

For any value of x larger than 016, H,
becomes greater

The horizontal active pressure above
line CD (elev 42) 1s as given mn Figure
6 and 1s=111+8234467+129=1530
kips per Iin ft of wall
Hence the factor of safety against shd-

=016

mg:%<1 and 1t 1s not safe If we

figure the cylinder to shde on line CD
(elev 42) the factor of safety against
shding,

_157(Pu+C)R
= H

Here H 1s equal to 153 kips less the pas-
sive pressure on BF (see Fig 5) The
passtve pressure on BF 1s gotten by sub-
stituting for x 1n equation (18) the value
of 16 and 1s equal to 48 kips per Iin ft
of wall

- 157(6 14 x 274 42)35
TR 153 —48

Comparing this factor of safety with the
factor of safety for shding obtamed
above, we see that critical shding 1s the
shding along line CF, the cell however
18 not safe against shiding and will con-
tinue to be so unless we drive the piles

fs

=109

314x3+4+1 7x2+2x
overturning moment around bottom of
cell (elev 32) 1s

M =4894 kip-ft per ft of wall
H=153 7 kips per ft of wall
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The average pressure on base (elev 32)
18
P =665 kips per sq ft

Now using formulae (2), (6) and (8) we
get for factors of safety

fo=2 6
f:=16
f,=117

The above factors of safety are con-
sidered satisfactory considering the tem-
porary nature of the structure

It remains, however, to investigate the
shiding of the cell on an inchined plane as
well as the blowing of the bottom within
the cofferdam

Using formula (17) and making
P=665, A=B=C=2z=0 we get
171 875x%+ 695 31x — 544 63

116x+2
In formula (18) all symbols used are the
same as before except that z becomes now

—3 and thus the net resistance to shd-
Ing 1s

H.,=Hpy—H,
407 81x2 4+ 887 65x* —25 31x + 640 63
’ 116x+42

In order to get H, a mimmum we make

dH,
= =0, which gives x= 186

Ha=

Substituting this value of x 1n the equa-
tion for H, we get

H,.=302 0 kips per ft. of wall

and f,/'= H,_ 3020 =196 which 1s safe

H 1537

The factor of safety against overturn-

ing, f, 15 less than 4 and the neutral axis

therefore does not pass through the heel

of the cell In order to find the maximum
pressure on the toe we proceed as follows

The eccentricity of a cell of radus R 18

v_ M, _2MR
P, PnR®

el

S =038

SOILS INVESTIGATIONS

With this value of % we enter diagram

Figure 7, and proceeding according to n-
structions given thereon we find b=12
and therefore maximum compression at
the toe 1s

_ P
=5R? =17 4 kips per sq ft

In order to make the cofferdam safe
against blowing, let us assume that we
will drive the piles in the front (at the
excavation side) to a depth y below ele-
vation 32 The vertical intensity of pres-
sure at the toe inside of the cell 1s

=17 4+ 06y kips per sq ft
and I,=IyK,=522+ 02y

The vertical intensity at the same point
on the excavated side 1s

1062+ 06y kips per sq ft
and

I,=492+ 18y kips per sq ft.

In order to be safe against blowing we
must have

IA:IP or y=19 ft

This would indicate that the front piles
should be driven to elevation 32—1.9 or
to elevation 30 1

If we leave the piles at elevation 32 or
make y=0 1n the above equation for I,
and Ip we get I,—I,=0 30 kips per sq
ft which can be overlooked 1 view of the
fact that the maximum pressure of 17 4
kips occurs only at one point

Our completed design 1s therefore as
follows

Radius of each cell=350 ft

All sheet piles are to be driven to elev
320 and to have s minimum 1nterlock
strength of 12000 Ib per hin inch

The fill mside of cells 1s to be sand
weighing 100 1b per eu ft and having
an angle of internal friction of at least
30° Thas fill 15 to extend from elev 520
to elev 111 5 Efficient drains are to be
provided at elev 570
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. Figure 7

R Radius of circular footing, feet
M, Total moment at base of footing, kKip-feet
P, Total vertical load at base of footing, kips
C, Umt pressure on so1l (maximum) kips per square foot

1 With M,P; and Co known—to find R
_ MG

z —_ —
Py
From value of z on z curve project vertically to intersect b-curve, reading value of b on vertical

scale, substitute value of b 1n Rz\/ P,

bCe
2 With M,P, and R known—to find C,
& _M
R = PR
From value of—;i— on % curve project vertically to intersect b curve, reading value of b on

P
vertical scale, substitute value of b 1n Co= b—Ro’

3. For location of neutral axis continue vertical projection in either case to K 'scale





