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I.) Sl"GGESTION 

At the suggestion of UNIDO the undersigned person, Dipl.-lng. Peter Lechner, had to 

make investigations about the deposition of red mud. Mr. Lechner should make a 

statement for two procedures. 

Fun her statements about the stability and the penncability of the consisting dikes 

should be given. 

2.) RECORDS/SUPPORTS 

• Siteplan of the ponds in which the red mud is stored at the moment - designed by 

Interaluminia in September 1990. 

• Inspection of the area by the undersigned on the gtb of February, 1994. 

• Results of the laboratory from soil samples by the undersigned. 

• Introduction of th: system by the Maschinenfabrik Andritz Aktiengesellschaft 

company, A-8045 Graz, Austria. 

• Introduction of the system from the deposition by the EIMCO Process Equipment 

Company, Salt Lake City, Utah, USA. 

3.) GESERAL FA(,"TS 

During the production of aluminium there i~ a waste product which is a very liquid red 

mud (see pict. H). 

At the moment this red mt.dis stored in lagoons near the Orinoco (see pict. 9 and 10). 

Due to the problems caused by this way of storage, and concerning the permeability 

Ofricr for irrnttthnk~ and mtk• Dipl.·1111. Pet.tr l.«tuwr, IOIO Gnz, Au.trla 
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of the ground and of the dams which enclose it. another kind of ~torage is being 

sought. Also the area for this type of deposit is neariy exhausted. 

As one of the five members of a commission of the UNIDO. the undersigned was in 

l·harge of the illusttation of the geotechnicai aspects of the two presented procedures; 

namdy a wet and a dry deposit. 

-1.) STATEMENT CONCERNING THE" ANDRITZ" PROCEDURE 

This procedure consists of drying the red mud that has to be stored. The result of the 

drying (filtering) may be seen in picture 7. The company Maschiw:nfabrik Andritz 

company has produced samples for testing the gcotechnical charact...""Tistics of this 

dried red mud product on th<.' ~pot. 

The undersigned has already made some initial tests in Puerto Ordaz. These 

investigations were divided in two pans; uncompacted and compacted samples. 

The compaction was done by a simple. available loader. The material has been driven 

over about 5 times (see pict. 1 ). 

There are two different samples. since all samples were not available on one day. We 

had to distinguish between one sample 4 - 5 days old. and another new one. which 

was fresh before the investigations staned (new area). 

The difference between the areas in the now compacted condition is only in the liquid 

coment of the samples. 

These were: 

at the old area ---29% 

at the new area 

Office• for lll'nltthnlo and ~alin Dtpl.·lna. Petet l.ed1ner, llOIO Gn:t~ Austria 
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in relation to the dry mass of the samples. 

It can be seen that within 5 days che last IO cm on the top are dried out a funher 2%. 

The unit weight of soil of the uncompacted ~les had already established for both 

pans 

1,1 g/cm1 

in Venezuela. 

After the compaction using the loader (sec picl 4) the unit weight of soil for the 

old area was 2,05 g/cm1 and for the 

new one 1,93 g/cm1. 

This causes an average compaction of 

1,8 times 

with a resulting solid .... ~ontent of 

._ 76,4%. 

From this superimposed soil samples were taken and proctor compaction tests were 

done in the geotechnical laboratory. 

The result was that the liquid content should be 

Dlpl.•lftl. Peter l.cd11wr, 1810 Grai, Au11n. 
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c~ '!P"'"'= nt1-...t _•epe.stt_.__· _______________________ _._,...._s 

19% 

for getting an optimal compaction (sec app. I) to get the density of 

~ p = 1,85 g!cm3. 

You can see by these results that the density made by the loader is higher than the 

investigation in the laboratory - although the liquid pan is higher as the optimal value. 

To checlc the compaction we made driving tests. vane shear investigations and 

loadplate tests (see pict. 2 and 3). After all these investigations we discovered an 

improvement of the storage condition. 

Back calculations of these results and also the results of the laboratory (see app. 4) 

show better deformations- and loading qualities from the compacted materials. 

Up to the height of about 50 m there are deformations which would only be expected 

in range of "dm". 

The compaction with the loader by means of driving over it 5 times is a good 

compaction method. The ~suit is a goe>ti and resistant surf~e against the influence of 

the weather (see picture 5 and 6). 

To get funher information of the possible shape of deposit, direct shear tests with 

different densities have been made in the laboratory and the following results have 

been received: 

In the case of a liquid content of about 20% to 30% the angle of internal friction was 

at least 30° with a minimum cohesion of 2,8 N/cm2, if we take as a minimum density 

of the red mud approx. J .7 g/rn3• 

Dlpl .• 11191. Peter 1.ttllner, 1110 Graz, Audria 
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If the density goes down and the liquid content increases the angle of internal friction 

suddenly goes down. In this case we obtained an angle of internal friction less rhen 7°. 

The result of this process shows. that because of the reduction of the liquid content a 

compaction with a loader is possible. You can reach slope inclinations up to Joe. 

Bcxause of the low liquid content. the contractions decrease and the cracks on the 

surface are reduced and consequently the erosions through rain will also be reduced to 

a tolerable scale. 

Above all the surface of the deposit can be used inunediarcly. This Is a panicularl 

advantage because the surface of the deposit can be rccultivated at once. The 

undersigned recommends a layer of soil (about 40 - 60 cm high) where native plants 

and grasses may be set. This is therefore one optimal way to include this area into the 

existing country. 

5.) STATEMENT REGARDING THE EIMCO PROCEDURE 

The aim of this procedure is to thicken the liquid red mud with a super thickener. 

Through gravitation thr, floating pa• t sinks down, it is then collected and transponed 

to the deposit by means of pipes. In order that pumping is possible, there must be 

liquid conditions. 

The pipes end at the deposi• and the air should reduce the liquid pan through surface 

evaporation. 

\fore compaction should not be done. As you can sec in the test in the laboratory, 

which was done in tt.e investigations of dry mud, the angle of friction gocf. down with 

an decreasing density, so that you get an immense loss of security. 

It was not possible for the undersigned to make comparison tests in relation to the 

fihering machine. because there was no suitable material and no filtering machine was 

available. 

Dtpl..I ... Peter IAdlnw, llOIO Graz, A:islrla 
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The undersigned states once more, that statemcncs about the dci;:>..;iting of this 

redmud can only be carried out in a large scale investigation. Tests made in 

labor.Hori.es can not be compared with natural conditions. 

The large cracks have to be consiJered as resulting from the change of thr. liquid 

l.'oment of the red mud as a consequence of evapcation. Due to the rain a scouring 

will be made, and a deposit of mud will be very difficult 

The t•ndersigned would like to say, that experiences of similar red mud deposits can 

give a good reference point, but cannot give established statemencs for an other red

mud deposit. 

Also. one has to consider that in the case of a wet deposit the heavy pans sink further 

than the lighter smaller pans of the red-mud mass. Therefore, there are layers with 

rougher pans and layers with fine particles with sttongly marked glide wnes, because 

the finer panicles have a smaller angle of friction. 

In conclusion it can be said, thai a wet-deposit with rhis red mud has never been 

l.'arried out before. 

Geocechnical investigations could not be made, because there were no samples 

available. 

Concerning the tests in the laboratory with the dry red mud it can be said, that if the 

densiiy is lower as in case of wet red mud deposits, a smaller angle of friction is 

reac~ed and the safety decreases. 

6.) SAFETY OF EXISTING DAMS OF THE LAGOON STORAGE. 

Concerning rhe repons which were given to the undersigned it can be seen that the 

slopes of the dams are J,75: 1. The height is 6,5 m. The prnblem of these dams is not 

the stability, it is the permeability. 

Dipl.·11'111. Pttn l.te:hntr, MIO Grai., Austria 
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There is really only one possiblity of checking permeability. and that is by taking 

water samples from rhe area between the Orinoco an the darns - but in the region 

closer to the dams. The best way to take water samples would be to drill holes at 

different levels at different times. 

In dependence on the decreasing or the increasing level of contamination. sealing 

measures can be taken. for instance with diaphr.lgma walls or with thin bcntonite 

walls. 

The stability of dams can be easily controlled by the installation of inclinornerer 

measuremems. 

Through rhese inclinomerer measuremenrs the speed of defonnarions and rhe areas of 

gliding zones can be a'iCenained. 

Gra1.. \larch 1994 Dipl.-lng. Peter LECHNER 

Dlpl.·1111. Pewr l.tthnrr, llOIO Gra1. Au.trill 
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Picture I: Loader for compaction 
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Picture 2: Performance ol loadplate compaction lf5ts 
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Omc~ for l!l!nltthmn and ~L11k~ 
Dlpl.·lac. Pein 1.echner, IOIO Gr•z. ,\Hhi• 
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C.:.•tcd1nu . .il rcpurt: red-mud deposit 
pact 11 

Picture 3: Performance of loadplate compaction tests 

Picture 4: Deposit after compaction 

Dlpl.·lnc. Palft' L«hner, 8010 r.ru, Ausb1a 
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Picture 5 : Surface after compaction 
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Office for ~eoiecllnic~ and .tatics 
Dlpl.-lntf. Pdcr f.tthner, MIO Gru~ Aullrla 
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Picture 7: Filtned sample. procedure "Aadritz" 

Picture 8: Rtd·mud produced at the momertt 
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G.eoltthnic:il rep<>.-l: red-mud deposit 
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Picture 9: Deposition in the lagoons 
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Office for genltthnin and ttatln Olpl.·ln1. Peta Lechner, MIO Graz, Auftrla 



-

.mployer: 

Uni do 

project: 

Jnteraluminia 
01,1.-1.,. Pe t e r LECHNER 

4-8010 GllAZ, JAXOl-REDTENIACHERGASSE 9 
TEL: 0315/81 35 35-10 FAX: OW 9 

PROCTOR COMPACTION - TEST 
kind of so i : : re ti - mu ti indica:ion: 

,0 

clep:ll: 

machine 

dlcmehr : 100 nm 
height : 120 nm 

·.~· ....... !', 80 

1,70 

1,60 

1,50 

1,40 

16 

rt1ult: w~, = 

f' ~· = 

20 24 

21 • 1 ,; 

1 • 82 Q/ t:m1 

j person responsible: camnision nlll'Oer: 

I IGoorctory nlft'Der: date: 

c°""actlon energy 

0. 6 t.fttwVm• 

ratio of gravel D = 

28 32 
.,,. . 

36··' ·'' 

18.3.94 

40 



.-:=---·---------------------------,---------------..~ 

I 
..,,1oyer: ~n-.~~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
• 

C-nido ~ ................................... 
pro feet: 01,1.-111,. Peter LECHNER 

Interaluminia A-&010 "1AZ. JAIOl-IEDTENIACHEIGASSE 9 
TEL: Olll/11 l5 lS-10 fAI: DW 9 .................................. 

PROCTOR COMPACTION - TEST 
kind or so;·: rt ti - mucil indico:ion: 8. 2. 9 4 

dis:urDea SCll'1)•• 

mac:h I ne 

diameter : 100 nm 
he I gh t : 120 nm 

1,80 

1,70 

1,60 

1,50 

1,40 

result: 

14 16 

w,, = 
f .. ,= 

20 

11.5 ,; 
f .117 g/ om' 

I person ruponsibie: c1111111ision nll!'Der: 

l IOOoratory nlft'ller: oo:e: 

24 

c:Oft1)ac:tlon energy 

0.1 MltfV'm• 

ratio of gravel 

28 32 

18.3.94 

D = 

--.-

-



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' ) . .,, 

Uni do .................................. 
pro(ect: 

Interaluminia 
.................................. 

D1,1.-1.,. Peter LECHNER 
A-8010 Cilil, JAIOl-IEDTENIACHEIG.\SSE t 

TEL: 0311/11 35 35-IG FAX: DI 9 

PARTICLE - SIZE - DISTRIBUTION 
?rind of soi I: r Id _ Dl1&a indication: 2 3 6 /Santi I person rupansible: I c111111i 1 ion nlll"Der : 

disturbed scr111I• depth: I 'a11orotor1 nlll"D1r: I do!e: 18.3.94 

--,------------------....,.-----------------------------------... sedimentat ior. 

O> 
c 

Cll 
u 

. 
~ ,, ._, 

analysis 
sieve analysis 

• 
sand gravel • -

.0 

I 1r1ec/.vm I cOOl'.sc I medivm I coorSt! 
.0 

fin~ 6nc 0 
0 

- .. -g ~ - ;. : 
':> -: = ; -;· 

d (mn) particle size 

uniformity coefficient u 

effect Ive 111• d = (mn) 

~~r---------------------------------------4~ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r 

9'11>loyer: 

pro feet: 

Uni do .................................. 

Interaluminia 
.................................. 

11,1.-119• Pe t e r LECHNER 
A-Iota GRAZ, JAKCll-IEDTElllACHEIGASSE ' 

TEL: 0311/11 35 35-10 FAX: DI ! 

PARTICLE - SIZE - DISTRIBUTION 
kind of soi I: ,, " - ""'" indicotlon: 7.2.94 I person responsible: I ccmni 1 ion nlll'Dor : 

O> 
c 

"' "' 0 
a.. 
G 
O> 
0 -c 
G 
CJ 
r... 
G 
a. 

doptll: I loborotory nll!Dor: j dote: 18. 3. H 

s e d i me n t a t i o n sieve analysis l analysis 
I I 

.. 
I s i I t sand gravel • 

~lay I -
.D. I 

I I 
mct:lt·rPrl I coor.sc 

~ 

firrc .:,·,,~ ! med.iJm I coar4c f"i,,c I med,·:hn I caar~ I 0 I .. 

.,, 
i:==~== ------ --·-· -· __________ ___. - -

. ,___1----· =---·-·~ t:~ ..... - : -·· =::;:=- ~ --.--~---.-----=----·-·-
-
' ,, _, 

.... ~ ... 
~ - - .. ;;; - ~ ;- a = c: ::· = = = 

~ 

part 

uniformity coefficient u = _ct.. ... 
d,, 

efh.:tlve 1l:u d = 

- .... .. -
i c I e s i ze d (mn) 

(rrm) 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Uni do 
pro feet: 01,1.-1.,. P6t er LECHNER 

A-1010 c:RAZ, JAIOl-REDTElllACH£KASSE 9 
TEL: 0311/11 35 35-10 FAX: DW 9 Interaluminia 

PARTICLE - SIZE - DISTRIBUTION 
kind of soi I: Ted - mvd indication: 8. 2. 94 person re1pon1ible: canmi1ion n"'8er: 

distyrbed 141111le depth: laboratory n..,.er: dote: 18.3.94 

O> 
c 

fn 
fn 
0 
a. 

CD 
O> 
0 -c 
CD 
u 
L. 

CD 
a. 

s e d i me n t a t i o n sieve analysis 
analysis 

• 
s i I t sand gravel • 

tloy .0 

fi,.,c I m~dtvtrr I coar~c 
.0 

fine: I mecllum I Coor.£~ f;ne. I 111ec~-tm1 I cxrr.se. a 
u 

:10 : ..• t..~~~---~ ,~:,. ------ - ~ "-~• ... ~--- -~-~ . 
f---t-. -: • F-::.:- ~ -- :-- ;~i---- ;.- - '- ,...~;;. r -·· r-- .. -•-:-·- - ~---:... __ _ 

~~ - : : ~~- --~:_=-~ -~~e~:::~~·~:-~ ~:~~~.:~==----..a.--------1-- ! :.'- - ----1-~ -- .. ·- ---·· -- t _. - . -· ... - . ------------:-;.. ~rH--~---- ~~~--·----~·::=f·- _. _. ~ ~~ . 
;~r==+====~~=======:.=:=:t:t::±:========.:::==========:::.-================ ..__.___..;..,,.;·~I·• ... • • 

t-.--_____ ..,.,_.~....__..;. •• - r ~~=~-.-=-- ~;.=. =•1:·.=.::.::-.:-:: t:::::---~--
:.J ----f~~~-~=-_-J:_-_. -----~.: CF~ --. - - - ~ '. ~ ~~ =:. _.:·:: .: :.! :...:.:~-=-~:....===:..::== 

· / : : r ~~-- · -.-.. .:.. :-;r~~ - --· ~-- r _ • - ; ~, t::~ -·;. ____ _.__..,;,,,,,,,.; ------.L-U•· ·- I-· - · tr•I ·- -~ • t- -- --l -:-1 - • · -• · ·•· -·-----;.-~-
•:s · /' ~ f+:-:-: -~---~ . :-;t -~ --·--- .. .;..~~. -· f -- · · · ~--·--------

F='A 
- ~· • , 'r' - ' ; • j ;.... - • • • - - • • ·• t - • • • • • • • I . 
~ • r • ·- -- • t L, ~ -- " • - ... ~ • •1' ·- ·-• • • . • • •• •.. -· • _ _ 

-~~·~-r -r ···:- ~HL-:- - . - ~:. .. L --· - - - ... t ·-~ - ·---...,..---
'" , ----;...;...~-- r- -- ~~!1-------· ··~~·~I -•-·--·- ·····f --·---
. . . . ~-~----- ;~---. ---- .. ··r-• -~- -· --~·---- ~ . 

I • -~---- t~t---- ,, ___ • • ~-.. ~ --·- ••• ••-•-- ·--------.,., ' --=-r~- : --· ~t~~-.:-::-=-:..:1::::~- ··:= ... .-:-!t:~~·--=:-=------. -·· t·· - ........ ·-· .. -1_-- --· .. -··-- ---- ··-. '. :·-:. :----::-~ :::~ . _ . .::. ~-·+ hj::-:-.=.~'.~..:~---~·--::==== 
r;; 

~ - - -=--=-=-========= . :------~ =:-===:: __ ___:, __ _ 
:~-- - .... ~ ...... _. ·-----·- --t·- ------

~- 3· 

particle size d (mn) 

uniformity coefficient ~ 

effect Ive size d = (mn) 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Uni do . . . . . . . . . . . . . . . . . . .............. . 
pro feet: D1,1.-1.1• Pet er LECHNER 

A-IOIO RAZ. JAIOl-IEDTE•ACHEKASSE 9 
TEL: 0311/11 l5 35-10 FAI: LIW 9 lnteralumtnta . . .............................. . 

PARTICLE - SIZE - DISTRIBUTION 
lrintl of soil: rel - av& I ntli cot i Of': l&f1UU 

I person responsible: I cCllllllision ncll'Dor: ------
disturbed •-.•• doptll: I loborotor1 nlllGer: 1 tloto: t 8 . 3 . 9 4 

C> 
c 

"' "' 0 
a. 
It 
C> 
0 -

100 

to 

•O 

":'O 

i<J 

so 

~Loy 

-

s•dimentat ion 
analysis 

s i I t 

sieve analysis 

sand grave I j ~ 1
1 

fi11t: I "'~a,-.,,,, I cocr.sc fine I medt"wn I c::x:vsc. I ~ 

.. H.~t.ft---'- t. -Lwi-r• ·· ·- L.- 11 f'1 tr·t--~·- · · · · · 
- ··•-· . " t+- - I I l t " -- ---t " ·t-~· ~ • t1r -·~··~:. •.··- • I .::;• 

:_ : .lli"'ntt~ ~:.:-:. ·,·_: ~tl· tR=t---L z: ~t~ - = --=. ·t·· ~t~+.:E-·!--~::~:::: :::::~1 t--+---....... r I ·-· 1-;. ~. ~h - ! r ~d ----
---~·. ~: . -.~ +-t. ·-~-···• ~+~~~ . .. - ~ ~~ ~·!. -.L--.....;.-+i.....:...:.O..r~\ 
...._ ------~· t•l'lw . - . ·11 I-- ITl ft • . . • ~ L ·mJr.-t··;..- tn'i+---r-=--= :.t;t-; :...:. --~-:t: ~~:.... _ , __ : 
___ ..._. ;. ~ t , ·. ·-·.·-· •:...._.· ": ·•.: ..___.. . . ~ ~. t . ' L- . . ' .... I 

Ht!- -·=-:::-·4.~T =· _'": '·_: ~-! ~:r:::-_:~- . ' : 
r:===~=-:.-:..-:.-:,.-_ .... ~ ..... ~----. ---. ..;·o+;+..;.r~...__-:_-----=..-_-_:_-:......;~:... ....... _.-..-_-_-+-_-_ -~---"'---~-• ..:..:....~:...;... _____ -..;....· =:;:==== ...... ::.:;=.r 
t----t_.~: t1' t ~ . :- -~-- td -- t · , _ ......___.!";.•t ·- -- ~ -,. r ~: =-• --. --'-----~H - ·~ -~ ~-.- I''--~---:.~·-•-~~ .. ~. • •·• 

~ - ,. - ! - ~ •. - .c ~I g 
~· ~ - ~ - ;; .., Q = = ~ =· = = 

(mn) particle size 

uniformity co•fflclent u 

effective 1fze d 

= _d_,L 
d,. 

= (mn) 

d I 

~--l.~------------------------------------~-



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

employer: 

pro(ect: 

it P V ~ NJ) i >< 2 
Uni do 

Interaluminia 
01,1.-1.,. Peter LECHNER 

A-8010 Gill, JAKOl-IEDTElllACllEIGASSE 9 
TEL: 0311/11 35 35-10 FAX: llW ! 

DIRECT SHEAR TEST 
kind of 10il: AT indic•t ion: 8.2.9-1 person re1pon1ible; 

distwrbed 141q1le dept!I: IClborotor7 ~Cldler: 

TEST 1 

normal stress N/an 2 5.0 

shear strength N/an 2 6.5 

displocsnent st mn 

sheer strength N/an2 5.5 
displccsnent s2 mn 16 . 6 

cngle of :nter:tci ~r:c;:ion = --~~.-./J.
0 

-.... 
5 
~ 

... 
0 
II 

.t::. 

"' 

cohesion = .. . J ... IJ. :'{j::=nl 

residua: cngte of fric:ion = .. ~ Q ... 2 . . 
0 

' I . 

TEST 2 

20.0 

19 . 6 

45.2 

t 6 . 0 

2 0 . " 

·o 20 JO 40 50 

normal s~ress 6' (N/cm 2 ~ 

camnisi•n ncntier: 

d•te: 18. 3. 9" 

TEST 3 

50.0 

39.4 

13.7 

32.0 

17. 0 

50 



I ,. ... 

employer: n• I Uni do 
• e e • • e • e I • e • e • • e e • • • • e • • • • • e • e • • e • 

pro(ect: Dlpl .-119. Peter LECHNER 
I Interaluminia l-1010 GIAZ, JAIOl-IEDTElllACKEIGASSE 9 

TEL: Olli/II 35 35-10 FlX: l1fl 9 .................................. 

I 
D RECT 

I 
I SHEAR TEST 

Ir ind or soi I: Af'I Jll&CI 
indicotlon: 1. z. 9 4 person r11pon•ib!1: l c-i s ion nllllber : 

disturbed s~le depth: IClllorotorr nllllller: l d.1to: 18. 3. 9 .f 

I 
I TEST 1 TEST 2 TEST J 

I normal stress 6" N/an2 5.0 20.0 50.0 
shear strength r, N/an2 6.7 20.9 46.0 

I di•placement st mn 29.3 27.3 62.0 

shear strength T,. N/an2 4.5 16 . 0 3 " . 5 

I displacemen! s2 mn 19.8 I 6. 5 1 4 . 0 

angle of inter:icl f:-1ctfon = .:l.f ... Q.o 

I cohesion = ? 8 . ~ ... ~-·- .. ~/c.'Tl· 

residual anqie of fric~;on = . . 3. ~--. 4. 0 

I 
50 

[7 I 
.... I 
... 

/ .... 
... 

I 40 ~ 

- ... v v N 

/ 5 .... 

I 
........ .... 

/ z - .... 
JO 

~ 

I/ 
v v .... v I 

.t::. .... -OI ... 
c 
u ... ... 

20 - [ 

~ v I 
Ill 

... 
0 
0 

.t::. .... 
"' 

I 
... 

:o ~ v/ 
I I I I ' . . ' ' ' I ' 0 

!O 20 JO 40 so 50 70 

I :iormol st~ess ()' (~/an 2) 

-
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.rnployer: n• I Un·ido 

.................................. 
pro feet: Dlpl.-1119. Peter LECHNER 

I Interaluminia A-1010 GRAZ, JAIOl-IEDTEMllACHERGASSE 9 
TEL: 0311/11 35 35-10 FAX: llW 9 ...... ~ ........................... 

I 
D I RECT SHEAR TEST 

I kind of soil:Jl&sfic JllCI I indication: 7.2.94 I person respons i b I•: I ccnmi s ion nirrOer: 

I 
dlst11rbed s11111re I dept!I: I IGboratory nirrOer: I date: f 8. 3. 9" 

I TEST t TEST 2 TEST 3 

I normal stress s N/an2 5.0 20.G 50.G 
shear strength 

..., 
N/an 2 9.8 t 9. 8 44.8 lf 

I displacement st mn 

shear strength - N/an2 I Lr 

I 
displacement s2 mn 

angle of inter:ial ~rict:on = . . 3.~.-.2. 
0 

I chesion = .... ~. ·. 2 :-!/ C.'":"I 2 

res:duai cngie of f::ction = ..... - . -

I 
50 v -I .... 

- / .... 

I 
40 

/ - .... 
N 

/ 5 -
~ -I - -
?...., 30 _V, -

I 
.:::; --Cit -c 
u -.... 

20 I - /! I I I 
., I -... 
0 .... 

I » 
.:::; -

I 
en 

/ I I -·o v I i 

I 
.... 

- I 
~ 

. ' . . ' ' 

:o 20 JO 40 50 80 70 

I r,ormol stress 5' (N/cm 2) 

\. 



I , " 
~toyer: n• I Uni do .................................. ' i 

pro feet: 01,1.-1.,. Peter LECHNER 
I Interaluminia ~-1010 &RAZ. J.UCOl-ICDTENIACHER&ASSE 9 

Ttl: 0311/11 35 35-10 FAX: DI 9 .................................. 

I 
D I RECT SHEAR TEST 

I :Cind of soil:Jhstii: ii ace indication: 8.2.94 j person ro1pon1ible: l comni•ion nllltlor: 

dl1t11rbed 1411111., deptb: l laborotorr n\S!Der: I dote: fB.3.94 

I 
I TEST 1 TEST 2 TEST 3 

I normal stress fj N/crn2 5.0 20.0 50.0 

shear strength !', N/crn2 7.8 17. 9 I 37.0 I 

I displocsnent s1 nm 

shear strength ?',. N/crn:l 

I displacsnent s2 mn 

angle of in~erncl fr i ct ; on = . . 3. ~-·· ~. 0 

I cohesion = .. . 1.-. 7. ~/c."T12 

residuai angle of ~ r i ct ion = ........ 

I 
50 

I 
... 
... .. 
.... 

/ 

I .fO 

-- .... v "' 5 .... 

I/ ....... .... 

I z .... I ....... 
JO I 

?..., .... vi I I 
.J: ... - I Qt .... 

/ I I c 
u .... ... 

20 
I -

~ vv I 
Ill I 

... I 0 

~ u 

I .J: 
Ill 

~ I '.O 
,,,. 

I ! v I 
I 

I 

I 
: 

I 
.... 
... 

(I ' ' I ' ' I 

·o 20 JO .fO 50 so ;o 

I normo I stress 6' (~/cm 2) 

LI 
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«f1>loyer: ::n• I Uni do 

.................................. 
pro feet: Dlpl .-la9. Peter LECHNER 

I In t e r a l um in i a A-1010 "'-lZ, JAIOl-IEDTElllACHERGASSE 9 
TEL: 0311/11 35 15-10 Fll: DW 9 .................................. 

I 
D I RECT SHEAR TEST 

I kind of 1oi1:,iutic titer indicotion: l 4fU1U 
person responsibl•: J ccnmi s ion nintoer : 

disturbed 1~11 deptll: loboro:ory nlll'Oer: I dote: tB.3.94 

I 
I TEST t TEST 2 TEST 3 

I 
,ormal stress 6' N/an2 5.0 20.0 50.0 

-
I shear strength r, N/an 2 7.2 I 9. 0 34.8 

I 
dlsplocement st nm 

shear strength 1'r N/an 2 3.0 13. 4 33.0 
I 

I 
dlsplacemen~ s2 nm 

I I 

cngle of internal fric:ion = --~ f _._ Q. 0 

I cohesion = .. -~-·.$. N/c.-n2 

residual angle of fric:ion = .. 3.t. .. 0. 0 

I 
50 
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I 
40 
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/~/~ 
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! 0 .... ... ' 20 ' ' - I t/ ' 

II 
rlt I I I .. ' ... I l 

0 .. /v 0 I i 
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I ! rlt 

I 
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l 

!O v I I I I 

: 

I 
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l ... 
0 ' ' ' ' ' ' . ' . . ' 

ro 20 JO 40 so 80 ~o 

I normal stress () (N/cm 2) 
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.np I oyer: =n• Uni do .................................. 
prof ect: Dlpl .-1.,. Peter LECHNER 

Int eraluminia A-1010 ~. JAIOl-IED!ElllACHEICASSE ! 
TEL: 0311/11 35 35-10 FAX: D1J 9 ........................ ~ ......... 

OEDOMETER CONSOL I DAT I ON 
kind of IOI I: r1l - aul indication: person responsible: l ~•ion nwdler: 

cll•turbecl 1~le cleptll: laboratory nlllDer: jctate: tB.3.94 
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..J ; I 
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' _, 

I -.;;;::: . -, '"1 ; ... -i "-- -
1 2 «1 e l~ 32 64 

log. norma I stress (N/cm2 J 

h-: = 20. C: C· mm he; = 10 ::. = .t m.m ~ .... _,., 

Es 109 131 i 217 I 232 I l122 
I ! 

[N/c::-;.:: 
4e1s 

; i ' 4247 : 5062 5238 167 7 
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9"1ploy•r: =n• Uni do .................................. 
pro feet: 11,1.-1 ... Peter LECHNER 

I 
I 

Interaluminia A-1010 AA?, JAlm-tEDTEJllACHEKASSE 9 
TEL: 0311/11 35 3~10 Fil: DW ! .................................. 

OEDOMETER CONSOL I DAT I ON 
II ind af tall: 

f' ' ' 
- av& l11dicotlan: person responsible: cannis on nlll9er: 

disturbed s~I• deptll: loboretarJ n~er: date: IB.3.94 

.. 

-I I I I i I 

-t I I f 
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I i 
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I ! i 
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- ~ '\... - I i ::i, , -
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c"k/h =· -1 ! ! ; 
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~ 16 32 , 64 . 
log. norma I stress f: :· i / : :-:-~ 2 ~ 

ho = 20.000 --··-·· h=. = 19.972 --··-·· 

102 ' 470 I 688 869 1535 ' ' 
I 

~s ! ! I ~ 

~Ni c=-:.2 J 4557 I J872 4358 S4 67 ! 2117 
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