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ABSTRACT

Many borings in Mansoursh City should that there is a
layer of peat with thickneas ranges from 1.0 to 4.0 m at
depths range from 6.0 to 12.0 m in all parts of the city

and its surroundings.

Peat has a great capacity for téking up and holding
water, high shrinkage, great range of density and specific
grauity, high void ratio, high degree of permeability, 1l1ihw
strength and high degree of settlement in the few hours uf

loading.

A complete testing programme was performed on samples
taken out of the Manscurah City. Results showed that Maons-
ourah peat is a guite complicated and strange material which
mean that a great precautiona must be done to reach a sale

highway or building project.

Many figures and relstionships are obtained in the paper
to help engineers in the design and excution stages but tests

must be performed in each individual case.
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INTRODUCTION

Mansourah is one of the biggest cities in Egypt. It lies at Lhe
East of the Egyptian Delta where the Dammitta branch of the River Nile.
The city is 40 Kilometers south of the Midterranian Sea and 80 Kilone-
ters west of the Suez Canal. The Boroless lake is about 30 Kilomele-
rs far from the city,

Mansourah city is one of the biggest and important economic and
commercial centres in Egypt. It can be considered as the centre ol
activities in the Delta. Building of big tall houses, factories, hig
atructural projects and highways ia growing continousl specially afler
the erection of the big Dammitts port.

Many borings showed that there is a layer of peat with thickness
ranges from 1.0 to 4.0 ms at depths range from 6.0 to 12.0 ms. in all
parts of Mansourah city and it's surroundings. Peat which 1s a complex
material conaiats of decompoaed organic material has up to 95% organic
content based on dry weight, if it is free of extraneous mineral malter.
The organic materisl is generally combustible carbonaceous matter, while
mineral content may be due to plant growth or extraneous matter. Usually
mineral content, if exists, ranges between 4.5% to 66%. The smaller
value due to cotton grass while the largeer corresponds to amorphous peat.

Peat has a great capacity for taking up and holding water. Il acts
like a sponge. The range of moisture contents of peat appears tc be
between 75 % to 1500%. It may be as low as 95% and in some cases it may
reaches 3535% calculated as a percentage of the weight of the dry pcat.
When peat dries up in air, moisture content may ranges between 4.2% to
12% of the dry weight of the peat.

Generally, as peat dries out it will shrink, becoming harder and
more firm. Causes greater water reduction more shrinkage. Shrinlge
variea from 50% to 10% of the original weight.

The above figures and properties make the peat layer o comples male-
rial which needa a great care in dealing and in constructing buildings,
bridges and highways above it specially after the variations in grienul
water table due to the High-Dam.

The aim of this paper is to discover, analyse and repurt the wmgi-
neering characteristics of the peat layer which exists in Mansouraly City
of Egypt in order to help the deaigners, supervisdrs and contractors of
buildinga and highways to reach a safe complete project. The paper is
actually an anelysis of many borings and tests have been performed on
Mansourah soil. The results given here are only a guide and can not be
considered and extra tests must be performed in each indivicdual oo,
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The paper starts with a comprehensive collection of all values
obtained by others in different parts of the world for the peat praper-
ties and it is followed by a full description and analysis of resulis
obtained follow. A comparison between the local peat and other types
of peat will be held and a set of conclusions may be reached with s
recommendat ions,

(1) Peat Properties Obtained Previousely:

Macfarlane K (3), and Colley (1) have collected the values of peat
properties cited in more than 25 refrences and their results can be summ-
arized as:

a) Classification: There are many types of peat as:
- Peat which contains 65% to 100% organic matter.
- Muck which contains 25% to 65% organic matter.
- British muskage clasaified as '"fen peat”, "raised bog" and
"blanket bog" according to a special topographicel classificition.

b) Acidity Reaction: Measured in PH values which is the negative log-
aritibm of the hydeogen ion concentration in an aqueous suspension
of the soil. The values range from 3.1 ta 7.5. [t incrensr . wilh
depth which means the acidity is decreasing with depth.

c} Density and Specific Gravity: The specific gravity of the soll
depends upon moisture content, organic and inmarganic content.
specific gravity ranges from 0.2 (12.5p. c.f.) for dry In DY
(59.4P, c.f.) for wet peat. Bulk density of woody and herbac: us
peat ranges from 0.6(37.4P. c.f.) to 0.7 (43.7P. «.f. 1.

d)  Water Holding Capacity: The highest value reached was 3525% lor a

sphangnum peat while the lowest value obtained for wet peat wan 94%.
For air-dry peat the moisture content ranges from 4.2% to 12%.

e) Void Ratio: Void ratio is calculated as the product of the moistore
content and the specific gravity. Void ratic ranges from 2.B4% to
13.08%.,

f) Shrinksge On Drying: Orying out several peat samples showed that the
shrirkage of a sample varies from 90% to 10% of the original violume.
Shrinksge forces in peats can be extremely high.

g) Permeability: Using both the variable and constant-head permeameter.
The average value in vertical direction is 9 cm/day while in horiz-
ontal direction ranges from 6 to 40 cm per day. The difference in
the behavior of peat results mainly from the difference in the perme-
ability and itis affected by the magnitude andg duration of losding.
When peat is loaded with B P.s.i. for Seven months permeability
reduces 50,000 times than its intial wvalue.

h)  Strength and Deformation: Shear strength of peat ranges from #Z psl
at 4 ft depth to 610 psf at 12 ft depth. . 1t depends upon the
percentage of mimeral content. The laboratory results showed that
shear strength from unconfind compression test is found to be ranging
between Zero for undrained peat to 4 p.s.1. (576 psf) far drained peat
of about 7 P.c.f. dry density. The strength is relalbed La o defor-
mation of up to 20% of the intial length of the sample.
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The variation in strength is due to the different plant flbre

structures and humification. The bearing capacity equal -if )imes
the shearing resistance. Bearing capacity of aboul 10 P.u.g.
(1440 psf}. Due to the high peak of stresses set up under a el
or track, a smaller value of bearing capacity should he considoed,
i) Consolidation and Settlement: For peat samples of 2 cm ihickiean,
the logtime settlement curve becomes a straight line after a winnte
loading and remeins straight throughout the lesl. Long Tern cons
onlidation tests showed an averege of 9.4 inches whiile sell ol
based on Z4-hr loading period averages 7.3 inches. These o lace
did not consider the effect of traffic. Experimenlt of a peat luycr

2-3 m thickness beneath road project proved that settlement being

less for lower vehicle loads and greater for heavy loads. Gemrrally
settlement 0f peat would be equal to 50% of the layer thicknets and
half of the settlement would occure during the eariy few days nr weeks,

The main conclusion reached by many authors is that it is evidenl
that many gaps still exist in the knowledge of the engineering prop-
erties of peat. Avsilable information has very wide ranges ond
sometimes contradictory and confusing.

{2) Sampling:

The following samples are considered out of about 500 borings have
been taken out from different places in Mansourah City. Sample spots are
shown on the following attached map.

1, Sample No Depth Location Thickne:s
(m) of layet (m}

1 12.5 Al Gomhoria Street 2.0

2 11.5 Railway Square 1.0

3 11.5 Al Modier Street 1.0

4 13.20 Al Sanawia Street 2.2

9 12.0 Port Said Street 1,5

6 13.0 Al Shiek Hasaneen Square u.4

7 10.5 Al Galaa Street . 5.0

8 12.0 Mansoura University Axea 1.2

Al)l soil tests have been performed on each sample according the fall-
owing testing program.
(3} Testing Program:

A complete laboratory program is performed on each sample. Ihe tesl:

are:
1.  Microfabric atudy for the structure of the peat leyer using madern
electronic microscope.

2. Grain size distribution. Three distributions have been presenterd.
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3.

(4)

Atterberg limits which means the determination of the water cuntenl,
liquid limit, plastic limit and plasticity index. Graphs have
been presented relating the water content to the number of blouws
(cassagrand).

Peat chemical snalysis, which strats with a full physical description
of asmples, colour snd then determines the chemical composotlon nf
the peat.

Standard proétor test for different samples which ranges from 9.0
to 15.cm depth snd 1.0m to 3.0m thickness of layer.

Direct shear test of ths peat layer. Relations between:

1) Shear displacement versus shear stress.

2) Shear displacement versus vertical displacement.

3) Normal stress versus shear stress.

sre intended to see whether this layer can be used as foundatinns
or not end alao to determinas the maximum load which can be spplied
on highways placed above this layer (not direct loading).

Consolidation of direct shear test specimens, to dEtermine the value
of settlement per unit of time under 1, 2, 3 Kg/cm“ normal load,

Reaults of Teata:

1. Microfabric of Mansoura Pest:

A scanning electron microscope study has been undertaken for the
microfebric of Mansours peat using the electron microscope of
the Nstional Resesrch Centre, Cairo, Egypt, (N.R.C.). Fig.(2).

It is observed that the structure of Mansoura peat seemed to be
reqular aggregation assemblings consisting of elementary nilty
psrticle arrsngement interactlng with clay particles.

2. OGrsin Size Distribution:

Since s0il classificetion provides the engi neer with a goud tool
for predicting the behaviour of the subgrade soil performuinn and

since it depends upon some few and simple procedore, so il 14 Lhe
first test to be applied. Results of sieve analysis ul lhree
samples from differentplaces are shown in Fig. (3). ALl wample:
show that the grain size distrlbution of tha peat contain: clay,

silt and sand. The maximum size of particlee ia found Lo he
1.0mm whils the smaller psrticle size be lesa Lhan 0.00lm  Which

means 8 wide range of particle sizes. Particle aize be voareer
as the sample being less depth, i.e. samples taken at 3.0m depth
are found to be coarser than that at 5.0m. The later sample is

coarger than the_éample tsken st 12.0m depth. Most of the pest
samples are lying in the silt area. E

3, Peat Consistency (Attemberge Limits):

Values of water content, liquid limit and plasiic limit ore dete-
rmined for thres samplss taken at depths 3.0m, 5.0 and 11.0m.
Results are ahown in tsble {1).
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TABLE()

Sample. No. 1 Sample. NO.2 5Sample N(.3

3.0m depth 5.0m depth 12.0m deplh
Water content 210% 171.4% 250%
Liquid limit 185% 219% 230%
Plastic limit NG P.L. 86, 64% 50%
Plasticity Index NO P.I. 132.36% 180%

A flow chart relating the number of blows against water content
is shown in Fig. (4) for the three considered samples.

It is clear from the obtained results that the peat layer
in Mansourah area has a high water content. The water cintent
based on the same number of blows ranging between 171.4% to
250% by weight. The liquid limit is also high it reachei 230%
in & sample while the lowest velue obtained is 185%. Tl plasg-
tic limit is condiderably low which gives a quite high pluslicity
index. The plasticity index can be as high as 180%.

4, Peat Chemical Apalysis:

Msnaourah peat has a dark bleckiah grey coluur and visud)
inspection ststes that the peat is a cohesive sillcicue rganic
clayey silt. The chemical analysis of the Mansourah peal lasyel
is given below. The most notable fact is that it contains wore
than 75% silicon dioxide snd insoluble silicates. 1t cuntains
ferric and aluminium soxides, calicium carbonate, suplpher kriox-
ide, Magensium carbonste, sodium choloride and Hydeated iypsum,
The PH (Log~! ) vslue determined by the electrochemical method
is found to be 7.22% which means that the peat layer is aciditic
material, The obtained vslue can be considered as high as the
heighestvslue ever obtained in any place in the world.

(5) Direct Shear Test:

There ere three methods of assessing the shearing strangth of peat:
a) Measuring the strength in situ by means of some apparatus.

b) Uaing the stability analysis in an area where a sliding failurt has
occured.

¢) Securing undisturbed samples in the field and performing laboruatory
shear test.

The latter procedure ig followed on pne sample. .. The sample 15 comy-
letely saturasted, The desd load is fixed at 7.4 Kg while tEe narmal
stress is changed and tskes values of 1.0, 2.0 and 3.0 Kg/em™. The results
are shown on Fig. (5) where the following relations were stated 11 each
case of normal stress:
1) Shear displacement sgainst shear stress.
2) Shesr diaplacement against vertical dilsplacement.
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The relations stete that the shear stress increases with the incre-
ase of normal streas and shear displecement. In contrast, verticul
displacement decreases by increasing the normal stress and shear diuploce-
ment.

Tha relation shown in Fig. (6) between normal stress and Lhe sheog

atrese seemed to be linear and increased positively, i.e. shear stro.s
increases with the increase of normal stress.

(6) Consolidation of Direct Shear Test Specimens:

Long duration consolidation tests is not possible and hence a short
duration laboratory consolidstion testSare carried for 25-hours.
[ime-settlement curves are obtained under different values of normal stress
valuss were 1.0, 2.0 and 3.0 Kg/cm?.

Curves in Fig.{ 7 a, b, c) show that the relation between time and
settlement is a positive relation, i.e. settlement increasses with time
increasing. Rate increases rapidly in the first two hours and the
increaae ia very slow the reast of the observation time. The settlement
value increaaes with the increase of the normal stress applied on the sample.

{(7) Conclusiona and Recommendationa:

This work is aimed to more understanding of the basic fundemental
properties of the local peat 20il exists in Mansourah region. Befure
lieting the set of conclusione obtained snd recommendations, it should
he recognized that the shown figures and interrelationships are merely
approximate but they are good enough for estimating peat properties und
in predicting its behaviour in working. Also the results af this study
mdy be valuable for compariseon snd for highway and building construcliona.
The study shows thet:

L) The structure of the local peat in Mansourah is a regular aggregul Lon
assemblings conaisting of ailty particules interacting with clay.

2) The grain aize distribution of the peat extends over a large range
sand to the fine clay. {(size ranges from 1.00mm ta 0.001lmm).

3) The peat size becomes finar as depth increases.

4) Liquid limit of local peat is quite high, it ranges from 185% to
230% with an average value of 211%, The plastic limit is a relal i-
vely low. P.L. rsngea from NP to 86.64 which means a high valur ol

plssticity index. The soil having s great degree of swelling and
shrinkage which has, a bad effect on highway snd building supper
structurea. :

%) The water holding capacity ranges between 171.4% to 250% calculaled
on weight bases. It means that the peat layer may have a very high
shrinkage factor when dried up.
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6) Peat layer containa moatly all chemical components expected to exist
such as silicondioxide, insoluble silicates, calicium carbonate,

magneaium laborate, sulphate, aodium chloride and gypsum. Thie
means 8 great ampunt of precautions againat these effects should be
applied.

7) Acidity of locsl peat is quite high, it reaches the heighest value
asver obtained in the world. Antiacid materials should be added under
bases of buildings and highwaya.

8 Shear streas of peat increases with the increase of applied normal
atrsas. Tha maximum shear strema reached is 2.0 Kg/em? under JKg/cm?
normal load st 3.5 mm shsar displacement. At the above conditions
the maximum vertical displacement is about 1.0mm.

9) Consolidation of local peat layer reaches more than 4.0mm in the first

few minutes of applying the normal stress. Most of the consolidstion
amount occures in the firaf two bhours. It reaches about 6.00mm
after Z-hours under 2Kg/cm™ normsl load. 1n the rest 22-hours wmall
gsettlement occuraa. It reachea 6&.75mm, It meana that about:
60% of the aettlement occurs in the firat few minutes.
30% nroon " " Inoon I 2-hours.
o, ., - " ., after that,
10) Tests on peat layer, if exist, must be performed before designirij any

expressway or big building due to the peat strange properties.

11) Precautiona againat aulphate, acid, sodium and magnisum should b
considered.

Many suthors like to stress that the figures and results obtained in
this study are of great importance and valus to the higway and structura)l
people in both the design and construction but tests should be applied
only for the individual cases.

(8) Referencea:
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New Road Bridge at lackford, west suffolk™
Geotechnique, Vol. 6, No. 3, PP. 106-114,

3. Macfarlesne, I.C., (1959),"A Review of the Engineering Characteristics
of peat™, ASCE, SMI, PP. 21-35.
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FIG, (2) MICROSCOPIC FOTO FOR PEAT
JIN MANSOQURA . scale 5,5 mm = 10 um,
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LOCATION:

El Manscura - Peat Layer

BOREHOLE NUMBER:

DZPTH OF SAMPLE:

I. PHYSICiL PROPERTIES OF SAMPLE:

1) Description of sample;

2) Colour of sample:

( Peat )

II. Chemical composition of sample:

r.....l.T..l..'..I..".'.."...'...'.ll.l'll.l.

Dark blackish grey

r'.."........l

c. 11

Cohesive silicious organic clayey silt

LI TN B R A BN

Chemical compound calculated as

method determibation

Serial Molecular Result of
number weight percent from dry sample Formula a?:ty;i? by
1 Silicon dioxide gjingoluble silicates 1 O, 75.61
2 soxides (Ferric and Aluminivm ) Fe2 03 13,97
+
Rl. 03
3 Calicium carbonate Ca CO
3 1.84
q Magnesium carbonate Mg CO3 0.42
o
5 Loss due to igaition Gases 2.61
6 Sulpher trioxide s C
3 3.64
7 Sodium chloride ra Cl 0.23
8 Hydrated gypsum Ca SO4.2H2O 7.83
9 pH Value by the electrochemical Log 1 7.22

nuE 2) Soil Chemical
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VISUAL AND MANUAL IDENTIFICATION:

Dark greyish black organic clayey

silt contains traces of sand ( Peat )}

re, 3) GRAIN SIZE DISTRIBUTION
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ltem Test Rasuit item Test Result
1 Water content wt% 230.47 4 Test density In gm/cm’ 1.183
2 Feed rate In mm/min. 0.06 5 Cin lltgfr.:m2 0.58
{ Shearing area in em’ 31.67 ¢ ? in degrees 25.00
3
r//
2 f')f/
L/
] 1
L~
1 &Y L
///k.l
//
1 2 3
Normal Stress. (kg!cmzl
FIG, (6) The Relation Between She Stroes And

Normal Stress,
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Time in hour

LN

10 15 20 2

Notes:
1) Normal Load = 1,0 kg/cmz

FIG, (7a), CONSOLIDATION OF DIRECT SHEAR TEST SPECIMENS
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Time 1n hour

C.

17

ay

Notes: -
1) Normal Load = 2.0 kp/cm

BIG. (7 b) CONSOLIDATION OF DIRECT SHEAR TEST SPECIMENS
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Time in hour

5 10 15 20 25

Notes: 2
1) Normal Load = 3.0 kg/cm

FIG, (7 ¢) CONSOLIDATION OF DIRECT SHEAR TEST SPECIMENS






