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1.0 immooucnou B 

; - - 

_. » 

The configuration of an NWRI vertical automatic profiler is shown in 
Figure l. The proposed installation site is not yet fixed, but it. will be located 
approximately 81°15’ W, 42°15‘ N in the central Lake Erie basin. ' 

-3 

_ 

As shown in Figure 2, in this area the lakebottom is underlain by a 

deposit, of very soft to soft post-glacial silty clay up to about 20mm thick near the 
centre of the lake (Lewis, 1.966).. V 

» 
. . l 

‘ " 

V Designers of the profiler system would like to know in_ advance the 
amount of penetration that can be expected for both the anchor and the profiling 
winch (Figure 1). - 

V 

__ 

’ 

_

_ 

2.0 son. CONDITIONS . 
f 

. _, ‘ 

No geotechnical data are available for the immediate area of interest. 
Geotechnical properties of the same deposit were, however, measured in eight 

deep cores during a_l972 offshore drilling programme in connection with the 
investigation of the foundation performance of jack-up drilling platforms (Lewis 

it ih, 1972). 
' 

. 

'

' 

V 

Geotechnical data employed for the calculations below come from 
laboratory testing carried out on soil samples from Boreholes. l3l63 and 13193 
(Figure 2) which were located about 1+0 km SW and 30 km SW, respectively, of the 
proposed location for the profiler system. ~ 

For the calculation in Section l#.O following, measured values of the 
cohesion (c) and the submerged unit weight‘(Y') from Borehole l3l63 are used. In 

other boreholes, not as many tests were carried outon samples from the silty clay 
topstratum. When data from Borehole l3l93 or from other boreholes are used, the 
bearing capacity is overestimated due to the paucity of data and, consequently, 
smaller penetration estimates are obtained. g. 

" 

_ 

_ 

" ’ 

Results of one-dimensional consolidation tests on samples from 
Borehole 13193 are used in Section 5.0 following. These were the only 

consolidation tests performed during the l972 programme. 4 
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,3.-0 
" 

_ BEARING CAPACITY THEORY - 

A

' 

m ' In the first analysis of the problem, the amountof penetration is 

estimated by means of the Terzaghi bearing capacity equaiton ('I'erzaghi'and Peck, 

1967), in which the two installations in question are regarded as shallow footingsl- 
A 

_ 
g 

’ The bearing capacity equation assumes a footing failure to occur due 

to a downward displacement of the wedge of soil beneath the footing and the 

lateral displacement of the surrounding soil (Figure 3). The analysis further 

assumes predetermined rupture surfaces, as shown in Figure 3, and the bearing 

capacity represents the smallest load at the limit equilibrium that may lead to the 
failure of {the soil-footing system.‘ In the Terzaghi bearing capacity equation, the 

shear resistance above the base of the footing is disregarded and it is replaced 

withasurcharge . 
V 

p 

4 

_ 

_ , 
. , 

_ 

q = Y'D- (,1)' 

where q is the surcharge (kPa), Y‘ is the submerged unit weight of soil (kN/ma), 

and D (m) is the depth of the footing. 
' 

~ ,'
l 

- The ultimate bearin capacity, q (kPa), is calculated from eneral 
\ 

3 u .

3 
equations_ ~ t 

_ 

4 
.

- 

For a circular footing: quc. = cNc 1.3 + qNq + 0.3 Y'BNY _ 

(2a) 

i For a square footing: qus = c,Nc 1.3 + qNq + 0.4 Y'BNY (2b) 

For a rectangular footing: qur = cNc(l+O.3 -?—_)+qNq+O.l4 Y'BNY' (2c) 

where c is the cohesion of soil (kPa), NC, Nq, and NY are the dimensionless bearing 
capacity coeffic-_ie_nts, and'L (m) is the length of the rectangular footing. _ 

, 
For undrained conditions, such as those existing on a lake bottom, the 

angle of internal friction, ¢>, is considered to be zero and, consequently, Nc=5.7, 

N q=l.O, and Ny=O, and equations (2a, b, c) simplify to . 

Q 

v_ quc = 7.4c+Y~'D - - (3a) 

1According to Terzaghi's definition, a shallow footing is the one in which the 
depth of the bottom of the footing, D, is less than the least dimension of the 
footing, B (see Figure 3). ,

~ 

. 

‘ 

g 

_ 2._.
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L

K 

~ 

qus 5.7.1“: 4-'_y'AI_) =_qucM _ (3b) 

- 
A 

qu; = 5.7¢(1+o.a%)_+v'1:> 
_ 

_(3¢) 

_l 
A 

The penetration D can be determined from equations (3a, c), provided 
that values of qu, c, and Y‘ (all of which generally vary as functions of D) are 
known. In this method, it is assumed that the footing-continues to penetrate into 
the soil until the applied footing pressure becomes equal to the ava_ila_ble_ bearing! 
capacity of the soil. Gemenhardt and Focht (1972) used a very similar approach 
and reported very good agreement between predicted and observed penetrations of 
jack-up rig footings at 120 offshore locations in the Gulf of Mexico. ' 

“ 

_ 

_

- 
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4_'.O "W COMPUTED PENETRATIONS P 
' -i ’ 

' 

._ 
' 

’ 

. 

’ The computation of footing pressures is summarized in Table 1 below. 

TABLE l - Footing Pressures for the Anchor and the Profiling Winch and 
Some Other Quantitites. 

g 
_ 

" 7 
- 

‘P
. 

p 

_ j _l§n_Lh9§' 
V 

VProfilin Winch ' 

l.323- _ 
Weight, kN V 3.336 
Footing Area, m2 t 

_ 

‘ 

_o.ss - 2.25 
_ 

l
~ 

-V 1-155 

Specific Gravity (assumed) . 

V 

’ 7.86 i 

Submerged Weight, kN - 7.-9'5 

Footing Pressure, kPa ll-.1415 
V 

- 0.513 

' The geotechnical -properties of interest are the submerged unit weight“ 
of soil, Y‘, and the cohesion of soil, c. Examination of values determined in the 
laboratory on samples from Borehole 13163 shows that both Y‘ and c increase with 
depth at approximately uniform rates (Figure 1+)- 

g 

. 

P
' 

V 

For the point set of l2. Y’ values, the linear regression results in an 
equation V 

_ 

~ 
- 

W 

‘ 

'- 

‘ Y‘ = 2.200+ lJl».48D (lla) 

:2 1= 0.972 ~ (ab) 

where r2 is the coefficient of determination. - 

Similarly, the point set of ll c values yields 

c = 0.327 + 0.305 D 
_ (5a) 

. 
. R = 0.9.11 (Sb) 

V For the present calculation, it is assumed that the c value, which is to 
be used .in Equations 3a and 3c,, is the one measured at the depth B/2 below the 
footing base. Furthermore, the average submerged unit weight above the footing 
base is used in these equations. 

_ 

’ 
W 

_
A 
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ill-.1 
i Penetration of Anchor

V 

-4 
_ _ %=_o_.ussm 

_
_ 

~ 

in 

A 

Therefore, at an arbitrary depth of the footing base D, the following 
equations‘ are to be used r 

'_ 
- » 

’ 

_

. 

in 

l 

~ 'Y'D = 2.2+O;724D ' 

- (6)! 

- 

" ¢D = 0;l+s6+o.3osp- '(7) 

» The relationship between the bearing capacity and the Idepth of 

penetration can be now expressed by a quadratic equation, < 
e 

, 
.

- 

' ' 

qua = 0.7214132 +4.45m+ sums (8)
_ 

' ' The positive root of this equation for quc=l+.#15_ kPa (the applied 
footing pressure) is then the estimated penetration depth of the anchor 

A
_ 

1 
- 

' 

i 

- 0 = 0.21m. 
ll-.2 

" Penetqration of Profiling Winch 

_% = 0.60m
A 

MD = 2.2+o.721+p A 

. (6) 

- ¢D = o.51o+o.3o5p 
' 

(9) 

' 

qué 
=~ o.12ap2 4 mzsen + 3.4.42 

_ 

‘ 

(10) 

T. ‘Since qur for D=0 the footing pressure ‘of 0.513 kPa, E 
Y penetration is expected. - 

- 

_ _

- 

The results and the bearing capacity vs penetration curves- for the 
anchor and the profiling winch are plot-ted in Figure 5. 

_ 
_

_ 
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-5.0 CONSOLIDATION THEORY - - 
V 

~ 

‘ 

f , 

V 

- As an independent check on results obtained in 4.1 and 4.2, _the 

problem is treated as that of time-dependent one-dimensional consolidation, using 

the well-established Terzaghi theory (Terzaghi and Peck, 1967). 
' 

V 

. 

_ 

‘

- 

5.1 Total Settlement " '

- 

_ _ 

' 

Using the empirical Equation 14a for Y‘, the vertical profile of the 

existing overburden pressure, po (kPa), is estimated to be _ 
. _ 

' 

s -V 

F 

' 

_ po = 1'0 = 2.2D+ 1,442-02 ; (11) 

This relationship is plotted in Figure 6. 
i

" 

t Now, we want to compute Ap (kPa), which is the increased pressure 
intensity, distributed nonlinearly with depth, due to the applied footing pressure. 

The computation of Ap is carried out graphically by means of the Boussinesq 
method and the Newmark influence chart (Terzaghi and Peck, 1967). The results 
obtained for the anchor and the profiling winch are shown in Figure 7. 

‘ 

,

» 

The amount of expected settlement in the underlying layer of the post- 

glacial silty clay can be computed from the equation
’ 

, 
1-1- 

S = my Ap dD (12) 

where S is the settlement (m), mv is the coefficient of compressibility (l/kPa), 
and H is the thickness of the soil stratum (m), which experiences the increase in 
pressure Ap due to the applied load». F s 

Within the surficial stratum (depth 0-3 m) only three my values are 
available from the laboratory consolidation tests on samples from Borehole 13193. 
A parabolic fit to these three points yields an interpolated curve (Figure 7) 

mv =‘ 0-.0O6D2 4 0.0l#.1D ~[|_- O-O71 t (13) 

- 

' The total amount of settlement can be now computed by determining 
the shaded areas in Figure 8. The application of Simpson's rule for numerical 

integration yield the following results . 
.

< 

.".5..



' For the anchor: i ’ S = 0.17 m 
“ i For’ the profiling winch: S = 0.03 m 

i.e., the results, obtained by a completely different approach, agree quite closely 

with‘ the penetration estimates in 4.1 and 4.2. _

. 

Rate of Settlement
_ 

» _The rate of settlement can be estimated from the solution of the 
second-order partial differential equation for one-dimensional consolidation 

3u au ' -=¢~--.- (11+) 
A 

Av 
- 3t,,vaD2- . _s 

where u is the excess pore pressure (kPa), t is time and cv' (cmz/s) is the 

coefficient of consolidation. 
" 

. 
i 

’ " 
' 

.

" 

‘ ‘Of present interest is to find the degree of ‘consolidation, U95, in 

relationship to the length of time, t (e.g. months), measured from the installation 
of. the anchor and the winch. 

’ 

A

' 

_' According to the Terzaghi theory, this relationship isexpressed by 

i 
t U96 = f(Tv) (15) 

A H2Tv . 

.t'=-C‘-'— %(16) 
.v 

_ 
g y 

where TV is the dimensionless time factor. The relationship between U95 and TV 
has been tabulated and plotted for principal practical situations (Terzaghi and 
Peck, 1967; Leonards, 1960). In the present computation, it is assumed thatythe 
initial excess pore pressure, U Q, decreases linearly with depth and becomes zero 
at the depth D=H. The results. are plotted in Figure 9, which also shows the 
amount of settlement as a function of time. - »

' 

y 

The estimated time to reach 95% consolidation is 

For the anchor: , t95 = 26.1 months - 

For the profiling winch: 
u 

t95 = 11,5 months 

The assumed cv value used in the computation is l.5 x 10 
3 'cm2/s. 

Because of the number of assumptions made, the computation of the 
rate settlementhas the character of a very crude estimate. The results are 

-7-»



particularly sensitive to selected CV v_alues.i For example, i£_cv'is»_c_ho'se_n to be 2 x 
10'“ c_rn2/s (which represents another test value on a sample _from Borehole 

13193), the results change drastical1y._ In this case, V 

’_ 

-i
‘ 

Forthe anchor: _' 
_ 

I . 1:9-5 
A.= 

16.3 years
A 

For the profiling winch: 
‘ 

_ it” =-7.26 years. 
Q 

" " I 
V

~ 

- 

’ In view of these uncertainties-, a more refined theoretical" analysis 
appears unjustified. l 

. 

' 

V * 
e ._ 

V - 

' 

" 

A

- 

;8_



6.0 Y _' CONCLUSIONS _ 

" 
- 

. 

j V

, 

2 
' 

' The railway wheel» anchor is estimated to sink into the lake bottom 17- 
21 cm The result is in agreement with the hindcast field experience of Technical 
Operations personnel’ who reported settlements less than 0.6 rn basedon the 
mudline on chains and the force required to reco.ver it from the bottom. 

'

. 

' 
- The settlemeht of the profiling winch should not exceed 3 cm. The 

winch was previously deployed in Kootenay Lake where it settled less than l0 cm, 
as evidenced by winch operation and lack of sediment in mechanism on recovery. 

- 
- The settlement of anchor is expected to occur over the period of two- 

three years. The time required to achieve 95% consolidation for the‘ winch is 

about one year. Both results represent very crude estimates, primarily due to 

uncertain values of the coefficient of consolidation in the post-glacial silty clay 

stratum-‘ -~ 

i 
' 

I .- ' ~ ‘ 

V _9"_
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