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Soil Failure in the Luanda Region, Geo technic Study 
of These Soils

Etude géotechnique de la structure instable des sols de la région de Luanda, Angola

by H. N. F e r r e i r a , E ngineer C h ief o f  L ab o ra to ry  o f  Engineering o f  the Public W orks o f  A ngola, 

and

C. A .F . d a  S i l v a , E ngineer C h ief o f  Section o f  F o u n d atio n s o f  the L ab o ra to ry  o f  Engineering o f  P ublic W orks of 

A ngola. L ab o ra tô rio  de E ngenharia  da D irecçâo  de O bras P üblicas e T ran sp o rtes  de A ngola, L uanda , A ngola

Summary

The authors describe their researches on a soil of marine 
origin locally known as "muceque”. Results of identification 
tests, grain size analysis, chemical and differential thermal 
analysis, CBR, compaction, static penetration and load tests on 
piles and plates, are presented.

They have confirmed that this soil shows a variation of dry 
density with the moisture content, in the ascending branch of 
the compaction curve, which is above normal, thereby revealing 
an excessive sensitivity to water. The relationship between 
dry density (y) and the CBR is norm al (y =  a +  b log CBR), 
although there is appreciable dispersion.

Conclusions have been drawn on the following subjects : 
granulometric fractions and their chemical composition ; beha­
viour of these soils in high-way embankments ; bearing capacity 
of the natural soil with usual moisture content and when saturated.

1. Introduction

In  the study  o f foundations it is found  th a t an unstab le  

soil m ay  be capable o f bearing  a  definite load u nder the 

norm al conditions o f m oisture con ten t, bu t th a t it m ay undergo 

rap id  settlem ent o f great am plitude w hen the m oisture con ten t 

is increased.

Such soils m ust be relatively  perm eable to  allow  the cond i­

tions o f n a tu ra l m oisture to  be easily m odified (w hich excludes 

clays), and  m ust be above the w ater table, thereby differing 

from  quicksands, in w hich instab ilty  is re la ted  to  uplift. 

Sandy soils present a  special case, w here they are above the 

w ater table  and  have a relatively  low d ry  d e n s ity ; these soils 

m ay  be found  in d ry  clim ates and  under tropical conditions 

favourab le  to  desert fo rm ation .

Soils o f  this type have been identified since ab o u t 1956 in 

Southern  regions o f Africa, R hodesia and  the U n ion  o f South  

Africa. In  A ngola these soils occupy, am ongst o thers, a vast 

area near the sea coast betw een L uanda and  P orto  A m boim , 

form ing the upper layer o f the L uanda platform s, bound 

by  the Bengo an d  C uanza rivers and  the Q uissam a plateau. 

In  this area they  are  red  coloured and  are  locally described 

as “ m uceque” . T heir study  has been carried  ou t since 1955.

2. Geological origin

In  Fig. 1 som e typical borehole results are show n, indic­

ating the geological n a tu re  o f  these soils.

T heir w indblow n origin has been recognised in the red sands 

o f K alahari (7, 8, 9 and  10). U nstab le  structures have been 

found also in residual soils o f granite, in localities where 

drainage is easy, as a result o f d issolution and  rem oval o f 

soluble salts from  rocks (12). It has been assum ed th a t the 

red qua te rnary  sand know n as “ m uceque” is o f m arine origin.

Sommaire

Cette étude portera sur un sol à fort tassement rencontré 
dans les région de Luanda, et appelé localement « muceque ». 
On montrera que celui-ci est d’origine marine.

On trouvera dans ce rapport, les résultats des essais suivants : 
identification, granulométries, analyses chimiques et thermiques 
différentielles, CBR, compactage, pénétration statique et essais 
de chargement par pieux et plaques.

Il est vérifié que la densité sèche du sol varie plus rapidement que 
prévu avec sa teneur en eau de compactage, dans la branche 
ascendante de la courbe de compactage ; ce qui démontre une 
sensibilité excessive à l'eau.

La relation entre la densité sèche (y) et le CBR est normale : 
(y = a + b log CBR) mais cependant avec une grande dispersion.

Finalement les conclusions à tirer portent sur les sujets suivants : 
fractions granulométriques et leur composition chimique ; 
comportement de ces sols comme matériau de remblais routiers ; 
force portante du sol naturel avec une teneur en eau normale, 
puis immergé.

1 brown fine sand ;
2 red sand (muceque), collapsing soil ;
3 ligth yellow consolidated sand ;
4 silty sand ;
5 coarse sand with gravel ;
6 brown clay ;
7 grey clay with ferruginous vein ;
8 light grey clay ;
9 yellow silty clay ;

10 silt clay sandstone.
(a) With ferruginous vein ;
(b) For a penetration of 0,10 m ;
(c) — — 0,14 m ;
(d) — — 0,02 m ;
(e) — — 0,18 m.
(A) Terzaghi penetration test.

Profils géologiques :
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Table I

Summary of chemical analysis of several samples 

Sommaire des analyses chimiques de quelques échantillons

Average with depth
Min. Max. Average - - - - - - - - - -

per cent per cent per cent 35 cm 70 cm 100 cm
per cent per cent per cent

Loss upon ignit ion 119 300 2-02 1-67 2-36 1-81
Silica total (Si Os) 86-95 93-20 90-54 91-55 90-02 89-98
Insolub le silica 83-30 91-24 86-78 88-36 86-49 85-98
Solub le silica 1-96 5-58 3-76 3-18 3-53 3-96
Sulphuric anhydride (S0 3) — — — — — —
Alum ina (A120 3) 4-80 8-36 6-18 5-83 6-43 6-47
Ferr ic ox ide (Fe20 3) 1-04 2-40 1-60 1-36 1-68 1-77
Lim e (CaO) 0-10 0-20 0-16 Traces 016 0-16
Magnesia (M g O) Traces 016 0-04 Traces 0-12 Traces

„  , . SOL. SIL . 
Relat ion  — - -- ——— 0-25 0-70 0-49 0-45 0-42 0-51

A l20 s+ Fe20 3

_ , a i2o 3
Relat ion  ■ 2-21 5-56 4-1 4-31 4-16 3-91

Fe20 3

Number of samples : 16

This origin is a ttribu ted  to  them  by  Soares de C arvalho  (4), 

based on  m icroscopic m orphological and  fossil argum ents. 

T h a t au tho r, observing grains o f 0-3 m m  diam eter th rough  a 

b inocular m agnifying glass, ob tained  percentages o f dull- 

gloss grains varying betw een 50 and  92 per cent, w ith a m ini­

m um  o f 20 per cent in a sam ple. In  agreem ent w ith C ailleux (4), 

w ith percentages above 20 per cent, a  m arine origin is p robable, 

and  if above 30 per cen t the m arine origin is practically  

certain .

Still in  agreem ent w ith C ailleux, he has defined the indices

2 r
o f dullness o f  first o rder (1 000 — ) and  o f second order

(1 000 — ) expressed in  m illesimals, r being the sm allest

radius o f cu rva tu re  o f the grain  angles, R  the radius o f cu r­

vature im m ediately above, and  L  the length o f the grain. The 

varia tion  curves o f the indices representing  length L  obtained  

for the “ m uceque” have defined tw o types, one w ith m axim um  

diam eter o f 0-3 m m  and  the o ther o f  0-5 m m , and  w ith values 

a ro u n d  200 m illesimals, bu t alw ays below 300. T he wind- 

carried  sands o f A ngola show higher m axim a, corresponding 

to a length o f  0-7 mm.

Soares de C arvalho  has also said : “ R einecke ( V e r r i e r , 

1953) has found  in the sands o f Q uelo ferruginous concre­

tions which contained  m arine m olluscs” .

T hus the m arine genesis has been clearly established, 

dem onstrating  th a t there are  also unstab le  sedim entary  soils 

o f this origin.

3. Type of soil

The m ineralogical analysis carried ou t by Soares de C arvalho

(4) shows th a t the characteristic association  is zircon +  cya­

nide. The chem ical analysis was m ade on  a soil profile (table I) 

and  shows a relative un ifo rm ity  a long  the profiles.

A nalyses effected in fractions separated  from  the m aterial 

show the characteristic alm ost exclusively siliceous o f the 

rough  fraction  and a high percentage o f alum ina in the fine 

frac tion  (tables II  and III).

The silica/sexquioxide m olecular ra tio  (table I I I)  is above 1. 

In  agreem ent w ith W in terkorn ’s classification (11, page 22),

Table II

Chemical analysis of a sample by sizes 

Analyses chimiques 
d’un échantillon par subdivisions granulométriques

Tests
Total 

sample 
per cent

Material 
passing 

the 
No. 200 

sieve 
per cent

Material 
retained 
on the 

No. 200 
sieve 

per cent

Material 
in suspen­

sion at 
total 

elapsed 
time of 
2 min. 

per cent

Loss upon ignit ion 1-45 5-31 0-22 15-85
Silica 93-54 78-24 96-47 48-89
Sulphuric anhydride

(S o 3) No No No No
Insolub le silica 90-41 71-73 95-07 46-52
Ferr ic ox ide (Fe20 3) 0-96 2-70 0-56 6-07
Alum ina (A120 3) 4-71 11-90 3-22 25-93
Lim e (Ca O) 0-38 0-67 0-17 0-59
Magnesia (M gO) Traces 0-41 Traces 0-45
Organic m atter 0-11 — — —

Table III 

Chemical tests 

Essais chimiques

Sample No. 4993 4994

Fraction Total <  5 ¡j. <  5 n

Loss upon ignition 0-9 12-27 13-09
Si0 2 (to tal) 92-5 48-42 4407

0-9 8-18 9-60
a i2o 3 4-7 26-47 29-25
CaO — 0-14 0-18
M g O — 0-42 0-47

Molecular relation ———- - - . , ^
Fe20 3+ A l20 a

16-5 1 -40 1-13
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Table IV

Summary of physical tests 

Résumé des essais géotechniques

Number 
o f tests Max. Min. A verage

L l  per cent) 44 24 N .P . N .P .-21 *

P l  (per cent) 44 16 N .P . N .-.-12 *
P i  (per cent) 44 15 N .P . N .P .-9  *
G ro u p  Index 44 2 0 0
C lassification 44 A -6 A-2-4 A-2-4 •

) N o. 10 61 100 100 100
G rain  size analysis Sieve analysis! No. 40 61 97 52 75

M aterial passing ) N o. 200 61 44 14 28
(per cent) H ydrom eter 5 (J- 57 29 0 12

analysis i 2 56 28 0 10
Specific g rav ity , g cm - 3 9 2-64 2-58 2-60

N a tu ra l density , g cm - 3 48 1-82 1-52 1.64

* Som e sam ples were n o t p lastic  (N .P .). T he num ber indicates the average value o f  the “A tterberg  L im its” o f  the sam ple 
which have shown p lasticity .

• T he m ost frequen t g roup.

the soil is n o t lateritic  a lthough  it d isplays a red co lour and  

contains som e iron.

I t  has been defined as the type o f  soil com m only  found  in 

sand dunes (1, page 40).

In  the differential therm al analysis o f the clayey fraction  

( <  2[i), therm ogram s were ob ta ined  (Fig. 2) w hich denote

T.D.A.

I  + + }

Table V

N atural density 
Densité naturelle

SAH PIE 6329

4 — -|— f

Fig. 2 T.D.A.

the presence o f m inerals belonging to  the caulinite group, 

N o  m inerals o f any  o ther group  w ere detected.

Identification  tests according to  A A SH O  standards have 

lead to  the results show n in table  IV, w hich gives specific 

weights and  n a tu ra l d ry  density . The d ry  densities “ in situ” 

are very low (Table V) especially w hen com pared  to  those 

ob tained  by com paction  tests (Table VI).

Tests were carried  ou t w ith sam ples taken  from  three differ­

en t depths (0-50, 1-00, 1-50 m ) in 10 boreholes distributed 

within a  15 km  radius. T he results o f these com paction  tests 

are show n in T able V II.

C om paring  these values w ith the com paction  curves given 

by the R oad  R esearch L ab o ra to ry  (16, pp. 158) o r w ith those 

indicated by the H ighw ay R esearch B oard  (6, pp. 42), we find 

tha t, on  the ascending branch  o f the com paction  curve, the 

d ry  density  increases w ith m oistu re  con ten t m ore rapidly  

th an  in the tests carried  ou t by the au thors. I t is therefore a 

soil which has a n a tu ra l low d ry  density , and  which is also 

m ore sensitive to  w ater than  norm al soils, a  fact which con tri­

butes to  its instability .

Values
Frequency

distribution

1 -50-1-53 1
1-54-1 -57 3

1-58-1-61 10
N atu ra l density, 1-62-1-65 10

g cm -3 1-66-1-69 24
1-70-1-73 4

1-74-1-77 2
1-78-1-81 5

1-82-1-85 1
60

Table VI

Compaction and CBR 
Compactage et CBR

Number 
o f tests Max. Min. Aver.

(y d , g cm  3

S tandard  P ro c to r ( W
) (per cent)

68
2-10

10-0

1-84

7-0

1-98

8-9

»yd, g cm '3 2-17 1-95 2-04

M odified A .A .S.H .oj W
! (per cent)

49

7-9 6-3 7-3

C B R  (per cent) (y =  0-95 stan ­

dard  p ro c to r density)
39 13-0 3-4 7-0

) w ithout 

C B R  (per cent) ' soak ing 

(y = N a tu ra l  density)! with 

' soaking

40

40

14-5

9-8

0-7

0-5

3-5

1-9

C B R  in situ  (per cent) 39 110 1-0 3-5

T he C B R  values ob ta ined  in the labora to ry  test, as well 

as those ob tained  w ith sam ples after soaking according to  

the conditions o f a labora to ry  test, are ad justed  to  the same
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Table VII 
Compaction tests 

Essais de compactages

Moisture 
content 

W  (per cent)

Standard 
proctor 

Yd g cm" 3

Modified
A.A.S.H.O.
Y d, g cm“ 3

0 1-70 1-80

4-5 1-92

5-5 1-90

6-5 1-96
7-5 1-89 1-97

8-5 1-89 1-98

9-5 1-92 1-97

10-5 1-89 1-91

11-5 1-84 1-88
12-5 1-85 1-85

13-5 1-79

zone on  the curve (Fig. 3) ; all the values observed are  co n ta ­

ined betw een the straigh t lines :

y  =  1-75 +  0-240 log CBR 

y  =  1-55 +  0-293 log C B R

0.4 0.6 0.8 1 ? 4 6 8 10 20 40 60 80 100 

C . B . R  %

•  -  L A B O R A T O R Y  T E ST S  

°  - T E S T S  ON U N D I S T U R B E D  S O A K I N G  S A M P L E S

Fig. 3 D ry density. CBR curves.

Densité sèche. CBR.

The m ost frequent values are near the last one.

These straight lines are agreed on  the po in t (C B R  =  5-600 ;

Y =  Gs) which is a characteristic  com m on to the soils o f 

A ngola, and  which the au thors assum e to  be com m on to  all 

soils.

The field C B R  tests w ith previous local soaking o f 2 hours 

lead  to  C B R  values such as : (CBR in ¿-/Viz/laboratory CBR ) =

1-8 to  2-1, which is ano ther general characteristic o f soils 

found  in A ngola.

4. Foundations for Buildings

4.1. Cone penetration tests— The geological soudings 

undertaken  by the au thors supplem ented by penetration  

tests show th a t the layer o f red sands w ithin the zone o f L uanda 

c ity  has a  dep th  varying from  5 to  10 m etres. T he appearance 

o f the underly ing stratum , form ed by m ore com pact yellow 

sands, is show n in the diagram  o f the penetra tion  tests by  a 

sharp  increase o f resistance a t the p o in t (Fig. 4).

The fundam ental p roperties o f these soils ob tained  from  the 

sta tic  penetration  test (table V III  and  Fig. 4) are  as follows :

(a) slight variation  o f resistance a t the po in t w ith increased 

dep th  ;

PO IN T R E S I S T A N C E , k cm 2 

SO

Fig. 4 Typical pénétration résistance. 

Résistance à la pénétration.

Table VIII 

Cone pénétration tests 

Essais de pénétration au cône

(A) Resistance at the point frequency distribution

Depths
m 10-20 20-30 30-40 40-50 50-60 60-70

1-2 2 4 4 4 2 1
2-3 — - 6 — 5 4 2
3-4 — 5 4 3 5 —

4-5 — 3 5 2 6 1

(B) Summary o f tests

Depths

Resistance at the point 
kg/cm2

Allowable bearing capacity 
q =  R J 37 (13)

Min. Max. Average Min. Max. Average

1-2 15 65 37 0-4 1-8 1-0
2-3 23 65 41 0-6 1-8 1-1
3-4 22 53 39 0-6 1-4 1-1
4-5 27 85 45 — — —

(C) Depth D at wich Rv increased suddenly

Depth 4-5 5-6 6-7 7-8 8-9 9-10

Number 
of tests 1 1 7 6 1 1
Average

Rv 160 170 152 179 140 170

kg cm -2
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(b) low value o f this res is tan ce ; an average value o f 40 kg 

per sq. cm can be assum ed for any  depth.

4.2. Load tests on plates— H aving  carried o u t load  tests 

on sa tu ra ted  g round , low er load  bearing values were obtained 

than  those derived from  tests on  g round  w ith is n a tu ra l m ois­

ture con ten t.

In Fig. 5 are show n the load settlem ent curves for ground 

under the follow ing conditions :

(a) w ith its n a tu ra l m oisture con ten t in d ry  w e a th e r;

(b) s a tu ra te d ;

(c) in the cond ition  (a) up  to  a load o f 1 kg per sq. cm and  

sa tu ra ted  fo r the h igher loads.

L O A D ,  kg c r i 2 

0 1 2  3 4

Essais de chargement.

The loads, fo r 0-5 cm settlem ent, are respectively 2-8 kg 

per sq. cm and  0-9 kg per sq. cm in curves (a) an d  (b). T heir 

ra tio  is approx im ately  3 : 1 .

4.3. Tests with piles— T he influence o f sa turated  soil is 

clearly ev ident in  tests on piles.

The piles were m ade o f cast-in-p lace concrete, som e 6 m 

long and  others 8 m  long. T heir m inim um  diam eter was 0-42 m 

and  their estim ated  bearing capacity  was 55 tons. T he tests 

carried ou t on  them  w ith g round  having  its n a tu ra l m oisture 

con ten t in d ry  w eather gave load /settlem en t curves o f  the 

type show n in Fig. 6 where one o f the curves is depicted.

In the test carried  ou t on  an 8 m pile, a fter raising the test 

load to  140 tons (w ith a settlem ent o f 5 m m ), w ater was allowed 

to flow from  a tap  to  the g round  a round  the head  o f the pile. 

The settlem ent a tta ined  after 48 hours was 12 cm (Fig. 6).

5. Erosion

The erosive action  o f  ra in  on  these soils is rem arkable. In  

the na tu ra l fo rm ations, this revealed by  the gullies w hich 

abound  in the upper p a r t o f  L uanda  and  its progressive action  

gives rise to  special u rban  problem s. (14).

D uring  the heavy rains o f M arch 1955, w ithin a  period  of 

three days a  recession o f approxim ately  60 m occured in  one

L O A D ,  to n

Fig. 6 Load settlements curves for individual piles.

Courbes chargement. Pénétration pour pieu isolé.

gully. T he erosion stopped a t the level o f the underly ing  

stra tum  (5).

In  the case o f roads where pav ing  was lim ited to  a m ere 

coating  o f asphaltic rock over com pacted  soil, w ater in filtra­

tion  has caused spectacular erosion in which gullies exceeding

4 m etres in depth have been form ed.

E rosion o f slopes still rem ains a fundam ental p roblem  of 

highw ay construction  in such soils.

6. Conclusions

F rom  the results o f their tests the au thors have fo u n d  tha t 

“ m uceque” is a soil form ed by two com pletely different 

fractions : one is coarse and  siliceous, the o ther is fine and  

contains com pounds o f iron  and alum inium . The first fraction 

is found  stabilised to  som e ex ten t by the bonds resulting 

from  these m etallic com pounds, which have been largely 

deshydrated . The instability  o f the soil thus originates from  

the breakdow n o f  these bonds by the action o f w ater, thereby 

prov ing  th a t this soil is particu larly  sensitive to this action.

W here they concern the foundations o f buildings, load tests 

show the need for reducing loads on the foundation  soil, in 

o rder to  avo id  heavy settlem ents which m ay result from  an 

occasional increase o f m oisture content.

The sensitivity  o f bearing capacity  to  the sa tu ra tion  o f soil, 

is transla ted  in the tests carried ou t, in to  reductions in the 

adm issible load o f 3 and  2 kg per sq. cm , to  1 and 0-6 kg 

per sq. cm respectively. C onsidering the perm eability  o f these 

sands, the la tte r values are those tha t should be used. O n the 

o ther hand , the foundations should be taken below the level 

o f drains and  sewers as settlem ent has a lready resulted from  

erosion  o f soil close to  fractures in the sewage system.

In  piles foundations it is necessary, to  drive the toes o f the 

piles dow n to  the underly ing  stra tum , the resistance o f which 

is m uch higher. A com parison  o f  the results o f load  and  

penetra tion  tests shows tha t the estim ated perm issible loads 

on  these soils can  be calculated precisely.

F o r highw ay and  a irpo rt construction , “ m uceque” deserves 

special study where problem s o f com paction  and  erosion are 

concerned. A tten tion  is therefore draw n to the following 

recom m endations : recom paction  o f cuttings dow n to a depth  

to  be determ ined by the CBR  o f the n a tu ra l g round ; covering 

o f slopes and  berm s ; careful con tro l o f com paction  ; judicious 

choice o f  the C B R  value after ob tain ing  reliable local infor­

m ation  ab o u t the con tro l o f com paction  ob tainable on the 

construction  site.
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