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TOPIC 1: 

Control methods and instrumentation 

Guttler, U., (FRG) 

Partly Frozen Artificial Sand Islands a s Foundations 

f or Exploration P la tforms in Arctic Seas 

Presently arc tic exploration activities are concentra
ted mainly in Northern Canada in the area of the Beaufort.
Sea, but the permanent future chal l ange of increasing 
n eed of energy will surely extend the activities to other 
regions of th e arctic sea. Exploration techniques under 
those difficult climatic conditions need new enginee ring 
int entions to solve the problems of static design of 
offshore str uctures . 

Building artificial islands to install exploration 
units o n the top characterizes the way to control the 
farces induced by different types o f ice features by ac
tivating the shear r esi stance and energy dissipat ing 
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e ff e cts of a dequa t e s oil masses . Special ca r e has to be 
taken in t he level of water tab l e to protect the equip
ment aga inst the ride up of i ce rubbl e fields and 
against unallowable defo r mat i ons of the carrying soil 
b ody . 

Different type s of pro t ec tions are in us e . Their prin
c iple is preponderan t dependent o n the expected height 
of ice .loads . Recently the con s tructive methods are cul 
minating in the installation of concrete caissons as a 
v ertica l b arrier . 

Permanent low water and soil temperatures and water 
saturated condition of the i s lands body b eneath the sea 
l evel are advantageous preconditions for stab i l i zat i on 
of soil portions of critical areas of the i slands top ty 
artificial ground fre ezing. 

Th e ide a matured to investigate the applicabil ity 
of this techni qu~ related t o a rtif icial islands protec
t ion. Se veral cons iderations led to the decision to l ean 
on the exampl e o f concrete caissons a nd to investigate 
the effec t of a similar protection s uppleme nting t he 
caissons by a pure frozen body . Ever when µnaly t ica~ 
calculatio ns d o not cove r the. who le range of de signing 
p rob l e ms a c ombination of different investigation methods 
is necessary. Two main sections h ad to b e c l arifi e d: 

- How does t he c onstruct. i on b ehave at d.if fc re nt. s t.ati c 
and dyna mic ice load c onditions? 

- Which e n e rgy and which time is necessary t o build up 
and conservate a f r ozen body of those extr em dimens ions? 

Consequently the e nt i re i nves tigatio ns i ncluded basical 
a naly t ica l c alculations, me chan.ica] and thermal l a bora 

t or:l dnd rr,odel tests , and nurner i.cal calcula tio ns. 

The mechanica l part of the investigation i s presen ted 
i n the same tit l e d paper in Session 9 . The the rmal part 
c onsisted on one h and of h ea t conductiv i ty t ests c arried 
out on the model soil in frozen and unfroz en condition . 
Heat conductivity is one of the bas ic s oil properties 
used in therma l numerical investigations . On the other 
hand thermal mod el tes ts we re created usinq an ar range 
ment of vertical model f reeze pipes ins t alled in a salt
water saturated sand body of the dimens ions of 1 .0 x 1.5 
x 0 . 8 (m) in a cooling chamber for simulation of arctic 
environmental condi tions . The time dependent frozen body 
build- up and the extens i on of the frost front was c on
trolled by several t emper atur e measurements inside the 
model . The resul ts of the mode l tests and th e thermal 
soil properties were used to calibrate numer ical finite 
e lement calculations for further parame t er s tud ies va r y
ing cooling tempera ture and freeze pipe arrangements . 
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Figure. Thermal FEM- Calculations: Temperature distribu
tion a nd frost- f r ont- extension of the frozen body. 
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The figure s how s an exampl e of the results of the nwner j 
cal i nvest i gati_ons , the tempera t ure distribution around 
the frozen body for a special fr eeze pipe cons t ellation 
a nd f r eezing time (plan view). 

I n c onseq !..lence of the exper iences made by the combina
tion of different kinds of inves tigation s shall be no
ticed : 

- A variable concept for designing frozen soil eleme nts 
for stabi l izing critical area s of artific i al islands 
in arc tic sea s against i ce loads could be worked out. 

- Tools are inves tigations based o n analytical and nu~e
rical calculations, model tests a nd mechanical and 
thermal laboratory tests for determination of so i l 
propert i es i n fro ze n a nd un froze n condition . 

Different questions still have to be solved e . g . th e 
more p rec is e de t erminati on o': r ea l i ce load condi tions 
in situ , being assumed very conservative i n these in
vestigations , and the developmen t of tests o n suitab le 
freezing syste ms to b uild up and conservate the froz e n 
body d ur ing the time of use . 

Nevertheless t he resu l ts of t his projec t have shown 
that ground fr PPZ ing can be a va luable technique for 
strengthening so i l structures i.n ar c tic r egions and 
cou ld serve as an addi tiona l stabilizing componen t i n 
comb ination wJ. th cai s sons and othe r cons t ruc tions 
especiall~r when considering the flex ibility of applica
tion and of time l imited insertion . 

Broms, B., (SGP)* 

I have a question to Mr. Holeyrnan. It refers to 
the lime piles where unslaked lime was used in 
bore holes and expansion itse lf was used to 
consolidate the surrounding soil . High swelling 
pressures developed which were on the order of 
0, 4 to 1, 0 MPa. These pressures seem to me so 
high that they would cause hydraulic fracturing 
and cause a series of vertical cracks forming in 
the surrounding soil. The cracks could hav e a 
very important function by making the lime to 
penetrate into the surrounding stabilized soil. 
This would aid the water from the surrounding 
soil to move to the lime. It was not clear from 
the analysis if this fracturing was taken into 
account. What would your reactions be if this 
kind of fracturing were occuring? What would be 
the implications of your analyses? 

Holeyman, A., (B)* 

We have not considered the possibility of hyd
raulic fracturing. That is because in the analy
sis the tendency for expansion is converted into 
a uniform increase of pore water pressure. That 
means that hydraulic fractu r ing would not occur. 
But, if you have a field test where you can see 
a fracture then we have to change something in 
the analysis. 

Zolkov, E., (IL)* 

I am somewhat distressed by the continued refe
rence to ion exchange as being a mechanism of 
lime stabilization. I thought it was established 
some 20 years ago that ion exchange has very 
little to do with lime stabilization. Could you 
put me right, please? 

The second point I want to make is: One must be 
very careful judging the changes in clay by 
plastic index. It cha nges with time and has no 
relation to the strength increase. 

Anonymous,* 

I would l ike to add a few comments to the paper 
by Holeyman and Mitchell. There are two aspects 
involved in their approach which make me suspi
cious: They take into account only the expansi o n 
of the solid, as it expands about 85 per cent. 
The total expansion of the lime and water 
involved in the reaction is negative. In fact, 
there i s a small volume decrease. I therefore 
would not expect a singl e drop of wate r to come 
out o f the system, simply b ecause there is no 
total volume incr e as e according to the approach 
of the authors. Secondly: They presume that the 
temperature had not i nfluence in this process. 
However, in the tests which they refer to, the 
Japanese tests, temperatures between 120 °c and 
150 °c were measured. I think that th e pressure 
curve of these tests clearly shows that there 
might be temperature effects because there was a 
pronounced peak value some time after the start 
of the test. 

Holeyman, A., (B)* 

The tests which were analysed by Kuroda e t al. 
shows that there is pressure due to swelling and 
I think it cannot b e denied that there is an 
expansion of the solid phase o f the skeleto n of 
t he slaked lime and t hat the tendency to expand 
induces pore pressures. In these tests tempera
ture c an have an influence specially when expan
sion is restrained. In other tests done by Chiu 
et al. you can see that the final expansion is 
of the order o f 30 p er cent which means that the 
peak value is not observed in the real cases 
where some expansion can take place. 

It is true that we do not consider heat genera
tion and in some recent papers, e.g. Bang et 
al., 1982, there are reports of high temperature 
increases in lime columns, up to 400 degrees. If 
you look at these curves, you can see that the 
time they measured for the temperature at the 
periphery of the column and inside the column to 
reach the peak value grows when approaching the 
centre of the column. The curves are of the same 
nature as the ones I presented. Unfortunately in 
the mentioned papers it is not possible t o find 
a coefficient of consolidation. I think that the 
people who deal with this type of improvement 
should include this type o f data in their publi
cations. 
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