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Abstract

This research was carried out on the soil of the Abu Grag District , while is based on the
investigations carried out by Al-Mawal company in the year or 2012. The aim of this research is the
Geotechnical Evaluation of these so is soil which is important (essential) in the construction design.

This research included the aging of test well, distributed all over the city. The depth of these wells is
15m.

This evaluation is based on the information's obtained from the field work and the results of lab. test
carried out on the compacted and not compacted samples taken from the soil of area.

The results of this research showed that the soil classified to clay with high and low plasticity, and
clayey silty sand with content gypsum for final depth

The number of vales (N) of standard penetration test (SPT) is between (5-50/6" blow) and water
table is between (1.20-1.40)m below natural ground surface (N.G.S).

The moisture content (M.C) is between (19.4%-29.1%) of samples weight. The percentages of clay
in the grain distribution is between (14%-61%), and for silt between (21%-26%), and for sand between
(17%-62%). The value of the liquid limit (L.L) is (41.5%-57%), the plasticity limit (P.L) is (17.3%-41.0%)
and the plasticity index (P.I) is (8.6%-21.0%). The dynamic and static methods are used to estimate the
bearing capacity .

The value of allowable bearing capacity is (3.21-11.38) ton/m>in using the static method while in
using dynamic method the value is (27.3-5.0)ton/m’. The investigation and lab test showed that soil needs
treatments for the sake of constructing engineering Projects on it .

Key ward: Geotecnic, SPT, Construction designs, Clay soils
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1045 57 8.0 - 1270 1.30 1
1041 55 8.0 - 1274 1.20 2
1053 54 8.1 - 1269 1.30 5
1049 58 8.0 - 1281 1.25 6
1056 58 8.0 - 1283 1.20 7
1051 56 8.0 - 1290 1.20 8
1050 61 7.9 - 1288 1.40 9
1054 62 8.0 - 1281 1.35 10
1042 59 8.0 - 1268 1.20 11
1049 57 8.0 - 1263 1.25 12
1043 55 7.9 - 1267 1.30 13

- C, =10 N (Sanglerat , 1972)
- C,=6.25 N (Terzaghi & Peck , 1948)
-C, =29 N (Hara et al. , 1974)
- C, =4.85 N"* (Sivrikaya & Togrol , 2002)
- Co=(4-6) NF" (Stroud , 1974)
Based on the soil consistency estimations of Terzaghi & peck ( 1967) given in Table (10)
qall =1.1 C,

SPT(N)
Total for
300mm
BH.1

Bearing Capacity Jaail 4148 -9
) Cun g ol 3RV Gand el o Lo 2 sansadl ) Jand BUE aaiat 5 LSalinl) 5y Ll )
—1 Al cYalad) e ool 5. (£) S8 Jsaal) b LS

il )RV (and il i e e L - samsall Bl Jo AL 8 (£) Jsan

SPT(N)
Total for
300mm
BHJ3

SPT(N)
Total
for
300mm
BH4

SPT(N)
Total for
300mm
BH.5

SPT(N)
Total
for 300mm
BH.6

Average
SPT(N)
Total
for

300mm

15

15

10

16

28

24

25

29

42

16

25

31

33

28

38

39

85

86

Depth SPT(N) SPT(N) SPT(N) SPT(N) Average Ave. B.C
(m) Total for Total Total for Total SPT(N) Total ™M’
300mm for 300mm 300mm for 300mm for 300mm
BH.7 BH.8 BHJ9 BH.10
2.0 - 15 9 11 12 6.0
3.5 11 - - - 11 5.7
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5.0 13 17 24 18 8.5
6.5 23 - - - 23 9.8
8.0 - 16 28 20 21 93
9.5 20 - - - 20 9.1
10.5 - - - 26 26 10.7
12.0 13 24 21 33 23 9.8
15.0 87 83 50/6" 90 90 27.3

SPT(N) SPT(N) SPT(N) Average
Total for Total for Total for SPT(N) Total
300mm 300mm 300mm for 300mm
BH.11 BH.12 BH.13

9 - - 9
- 17 12 14

16 - - 16
- 28 27
17 - 17
- 16 17
15 - 15
- 32 31
53 - 53
- 41 39

— 00 e e slaie YU (AS80AY1) ¢ Sl 45yl -
qQut=CNc+yDeNg+ 05y BNy
(0) Jsand b LS il el 5 (¥) I Lisbse Gled Jale 331 4 Jas L6 o

Y Al 35 Lalail 4 o Lan = gusall Ayl Jond ALE o8 () Jsaa

BH.NO Depth Triaxial test Direct shear test Y wet Y drv qu
ol Un drained | Un drained Drained Drained gm/em? gm/em? T/m’
Cu T/m’ du C T/m’ (4]

BH.1 1-1.5 1.52 9 - - 1.73 1.35 3.21
= 445 2.68 8 - - 1.86 1.48 5.50
= 8-8.5 - - 0.0 29 1.88 1.47 -
= 14.5-15 - - 0.0 35 2.10 1.66 -

BH.2 2-2.5 2.37 8 - - 1.83 1.45 4.75
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Df= the depth of foundation (m ) allowable bearing capacity T/m?
(1.0)m (5.40) T/'m?
(2.0)m (6.87) T/'m?
3.0)m (8.16) T/'m?
(4.0) m (9.37) T/'m?

Settlement L gigd -
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Parameters of Consolidation test

C. C.

1) Cilia gadll =) )
o A g A AU R el o g (V) s Bl Adlae) clla padl) il e
Gl b S Al AN JleeY 5 Gund) eDa e 23U 4 lie Citens Jlaninly a5 131 (%Y, £Y)
e VA€ 8 Y of o <) OO Adlad dail 2 a5 Jady Al pal) <6 aidd s &) e
D Adle s am 5 g (R Aad)(+,05) Ciand) U elall s ga A Jels Yol w28 (410 g Joinsd]
gwaia dalles J zUas a5 (CL) QiS5 Blae) any 4 CaCo3
A Al 4 slaasl lia gadl) 35 (V) Jsas

SO; (%) TSS (%) CaCO3 (%) CI (mg/)
BH.2 1-15 0.36 171 413 131 14.0 8.0 170
- 225 0.44 345 549 0.88 15.0 8.0 218
= 335 0.70 380 5.62 1.70 16.8 8.0 225
B 445 0.79 529 7.10 1.54 17.0 8.0 200
BH.3 556 091 350 6.44 185 21.0 8.1 330
= 6.5-7 1.07 419 8.26 091 234 _ 136
= 758 1.19 438 8.57 0.83 26.0 - 100
= 859 123 742 10.65 0.62 27.0 _ 91
BH.5 10-10.5 1.30 820 12.50 _ 29.0 - -
- 11-11.5 1.41 10.25 14.15 _ 32.0 - -
BH.6 12.5-13 1.57 8.60 1127 - 35.0 - -
- 13.5-14 1.68 937 12.38 37.0
B 14.5-15 175 9.80 12.54 _ 42.0 _ _
BH.7 1-15 038 244 437 137 11.0 8.0 120
B 225 041 2.80 4.60 118 13.0 8.0 147
= 335 0.47 561 7.19 0.90 16.8 8.0 239
- 445 0.53 432 6.54 0.77 17.0 8.1 273
BH.8 555 0.61 6.20 9.15 0.85 20.0 8.0 225
= 6-6.5 0.77 525 7.18 071 224 ; 118
= 775 0.89 647 8.61 0.59 24.0 _ 92
= 8-8.5 0.93 6.92 827 - 27.0 _ _
BH.9 9.5-10 1.05 11.20 15.62 _ 28.0 - -
- 10.5-11 111 935 13.27 _ 31.0 - -
- 11.5-12 127 9.60 13.28 - 32.0 - -
BH.10 13-13.5 231 10.52 14.18 _ 35.0 - -
- 14.5-15 242 887 12.64 _ 32.0 _ _
BH.11 1-1.5 037 143 337 0.029 8.0 14.0 0.061
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= 2-25 043 337 5.56 8.0 15.0 0.054

= 4-45 0.65 348 5.88 - 79 18.0 0.047

= 6-6.5 0.78 4.23 6.49 - 8.0 17.0 0.042
BH.12 7.5-8 0.99 338 5.45 - 8.0 19.0 0.036

= 859 1.13 5.58 8.13 - 8.0 21.0 0.031

= 10.5-11 1.24 4.64 7.21 - - 22.0 -
BH.13 12-12.5 1.31 430 7.26 - - 25.0 -

= 13-13.5 1.35 352 6.74 - - 27.0 -

= 14-14.5 1.48 4.79 7.52 - - 31.0 -
BH.11 1-1.5 0.37 143 3.37 0.029 8.0 14.0 0.061

(grain size analysis) (sl eaal Judail) V-2 Y
A aclil) Cluall 4y el il maa3 8 ( Hydrometer  analysis) «b ) Jalail 45y )k casaic

a3 G—ale cJa ) A 8 ol o) Cua (sieve analysis) Yoo a8y Jaie (s plall (el 5 0 2l)
sl (Y 2IY) e Ja)l) 4 giall Ail) a5 i ) anad) 05 8l 4 il Al s (Y)
(V7Y ) o ) gl Al g (YT 2 YY) A can ) i (all Ll (IS
i giall Bl V) A ddle o) A aga s e il el Ay e dpda o4 A () Can

Al e alanal
( Atterbeg limits) & 3 3g9as —¥—1 ¥

(€Y,+=YV,Y) Cp (pL.)4asal) oy (0V, s —€,0) e (LL)A soed) aad 4 el i) a3
e ey ol sda cpdi (V) Galal (YY) = AT) o 55 Al 3 (pI) salll pdige (psS i
ile Gy e 5 (CL) &l 5k 55 (CH) &5all) dulle dila &3 )55 (USCS) 2 sl i i) G
8 sl AESE Banl) oLy Auia Conaill 03 5 A 5l 23k 5 5 gl
Water contevd 43sh ) 5 giaa —¥—1 ¥

g dndall dala s 4 il ciliua G daecal) 56K ad Lagd ) il e o) Al el asay )
(V390 o5 Al > 58) Ll AS e e i @ 5 (pore pressure) elall Jaall (75 43l 0
skl G s o pisaS A il dssal

gy (V) Galall (Y,0-19,8) (o Led A sl 4 il Al caa gl 5 85 Ay sha )l (5 gime s
Jlii g G 5 ALl g A il alesall dplee (8 JSLAa (e iy Las Wle 4pshayll (o 5 sinall 128
ssal g e gl ) e b Candl b e i Lali 5 il Al pall Ailie 2 55 () s LSl
skl (6 sime g i) (B bl ) 58 38 )
(Activity of soil) 4 4lad —¢ -1 ¥

f VS A (4,07 = +,07) Gl Ll At 2y i A dlad o Jone in o) i

BH.1=0.52, BH.2=0.55, BH.3=0.56, BH.4=0.55, BH.5=0.54, BH.6=0.56, BH.7=0.56,
BH.8=0.53, BH.9=0.52, BH.10=0.56, BH.11=0.53

Joi s Lellad Aa o Tolaie) Allad e o) dilaie G Gty Allad e Ao i cilS
,(\ﬂﬂ\/ c;ﬁuj\)@bﬁm@ﬂ\;&u@w&‘f‘}“d};ﬂ\.~,"loup_

(Non active) alad e 4 5 VYO e
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Table (1) Physical properties of soil for Abu Grag District site B.H.1

System of classification Properties index Unit weight Layers Description
gm/cm’

clay Silt sand | Grave | Mc LL Pi Dry wet
% % % . % %
Brownish silty sandy
clay soil , soft
consistency,

Brownish sandy silty
clay soil , medium
consistency

Greenish , fine to
medium , silty sand
soil , dense

Grayish silty sandy
clay soil , stiff
consistency, with
content gypsum

Greenish , fine to
medium , silty sand
soil ,very dense with
content gypsum

Properties index Unit weight Layers Description
gm/cm?

Mc LL Pi Dry wet

DS 0-1 46 24 30 0 - - - - - Brownish silty sandy - -
clay soil , medium
consistency
SS 1-1.5 50 23 27 0 - - - - - = - 15
UsS 2-2.5 51 24 25 0 262 | 500 | 29.0 | 145 1.83 = 2.72 -
DS 3-35 47 26 27 0 - - - - - = - -
SS 445 48 29 23 0 - - - - - Grayish sandy silty - 28

clay soil , medium
consistency, , with
organic matter

UsS 5-5.5 45 30 25 0 250 | 420 | 250 | 148 1.85 = - -
DS 6-6.5 43 28 29 0 - - - - - Grayish silty sandy 2.71 -
clay soil , stiff
consistency

SS 775 5 27 31 0 - - ; - : - N L)
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DS 8-8.5 6 30 64 0 28.2 Greenish , fine to - -
medium , silty sand soil
, dense
DS 9-9.5 4 27 69 0 - - - - - = 2.65 -
SS 10-10.5 7 28 65 0 - - - - - = - 33
DS 11-11.5 44 25 31 0 24.7 - - - - Brownish silty sandy - -
clay soil , medium
consistency
US 12-12.5 42 30 28 0 - 410 | 23.0 - - = 2.71 -
DS 13.5-14 5 31 64 0 - - - - - Greenish , fine to 2.65 -
medium , silty sand soil
,very dense with
content gypsum
SS 14.5-15 4 34 62 0 - - - - - = - 91

System of classification

Properties index

Unit weight
gm/cm?

clay Silt sand
% % %

Mc LL
%

dry wet

Layers Description

Brownish silty sandy
clay soil , soft
consistency,

Grayish silty sandy
clay soil , medium to

stiff consistency

Greenish , fine to
medium , silty sand
soil , dense

Grayish silty sandy
clay soil , stiff
consistency,

Greenish , fine to
medium , silty sand
soil ,very dense with

content gypsum
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Table (4) Physical properties of soil for Abu Grag District site B.H.4

Type System of classification Properties index Unit weight Layers Description

of gm/cm?
sample

clay Silt sand | Grave | Mc | LL Pi wet
% % % . %

Brownish silty sandy clay
soil , medium consistency

Grayish- greenish sandy
silty clay soil , medium
consistency,

Greenish silty sandy clay
soil , medium consistency

Greenish , fine to medium
, silty sand soil, medium
dense

Grayish silty sandy clay
soil , medium consistency
Greenish , fine to medium
, silty sand soil ,very dense
with content gypsum

Type System of classification Properties index Unit weight Layers Description
of gm/cm?
sample
LL Pi Dry Wet
DS 0-0.5 45 26 29 0 - - - - - Grayish silty sandy - -
clay soil , medium
consistency
DS 1-1.5 44 27 30 0 - 420 | 25.0 - - = 2.71 -
UsS 2-2.5 46 26 28 0 27.1 - - 1.44 1.83 = - -
SS 335 49 24 27 0 - - - - - = - 14
DS 445 52 23 25 0 - - - - - = - -
usS 555 54 24 22 0 252 | 51.0 | 33.0 1.47 1.84 Brownish sandy 2.72 -
silty clay soil ,
medium
consistency
SS 6-6.5 51 26 23 0 - - - - - = - 21
DS 7-1.5 48 27 25 0 - - - - - = - -
usS 8-8.5 45 24 31 0 260 | 43.0 | 250 1.46 1.84 Greenish silty sandy | 2.71 -
clay soil , soft
consistency
SS 99.5 42 25 33 0 - - - - - = - 20
DS 10-10.5 7 31 62 0 28.1 - - - - Greenish , fine to 2.65 -
medium , silty sand
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soil , dense
DS 11-11.5 4 32 64 0 - - - - - = - -
SS 12-12.5 5 30 65 0 - - - - - = - 39
DS 13-13.5 41 28 31 0 - - - - - Grayish silty sandy 2.70 -
clay soil , medium
consistency
DS 14-14.5 8 29 63 0 257 - - - - Greenish |, fine to - -
medium , silty sand
soil ,very dense
with content
gypsum
SS 14.5-15 5 31 64 0 - - - - - = - 80

Table (6) Physical properties of soil for Abu Grag District site B.H.6

Type System of classification Properties index Unit weight Layers Description
of gm/cm®

sample
clay Silt sand | Grave | Mec LL Pi dry | wet
% % % . %

Grayish silty sandy
clay soil medium
consistency

Brownish sandy silty
clay soil , stiff
consistency

Grayish silty sandy clay
soil , stiff consistency

Greenish , fine to
medium , silty sand soil
, medium dense
Grayish silty sandy clay
soil , stiff consistency

Greenish , fine to
medium , silty sand soil
,very dense with
content gypsum
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Table (7) Physical properties of soil for Abu Grag District site B.H.7

Properties index Unit weight Layers Description
gm/cm’

LL Pi dry Wet

Brownish silty sandy
clay soil , soft
consistency

Brownish sandy silty
clay soil , medium
consistency, , with

organic matter

Grayish silty sandy
clay soil , medium
consistency

Greenish , fine to

medium , silty sand
soil , medium dense

Grayish silty sandy
clay soil , medium
consistency

Greenish , fine to
medium , silty sand
soil ,very dense with

content gypsum

Type System of classification Properties index | Unit weight Layers Description
of gm/cm?
sample
Silt sand | Grave | Mc LL Pi Dry | wet
% %
DS 0-0.5 46 25 29 0 - - - - - Brownish silty sandy clay - -
soil , medium consistency
Us 1-1.5 44 26 30 0 262 | 42.0 | 230 1.45 1.83 = 2.71 -
SS 225 46 24 29 0 - - - - - = - 15
DS 3-35 50 23 27 0 - - - - - Greenish silty sandy clay - -

soil , medium consistency,
with organic matter

US 4-4.5 53 22 25 0 28.1 | 51.0 30.0 1.42 1.82 = 2.71 -

SS 5-5.5 48 28 24 0 - - - - - Brownish sandy silty clay - 13
soil , medium consistency

DS 6-6.5 43 30 27 0 - 40.0 240 - - = - -

DS 7-1.5 7 32 61 0 - - - - - Greenish , fine to medium , 2.65 -

silty sand soil , medium
dense
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SS 8-8.5 5 30 65 0 29.1 - = - 16
DS 9-9.5 41 26 33 0 - - - - - Grayish silty sandy clay soil - -
, medium consistency
us 10-10.5 | 43 27 30 0 260 | 42.0 | 250 1.46 1.84 = 2.70 -
DS 11-11.5 | 44 24 32 0 - - - - - = - -
SS 12-12.5 | 43 26 31 0 - - - - - = - 24
DS 13-13.5 6 28 66 0 - - - - - Greenish , fine to medium , - -
silty sand soil ,very dense
with content gypsum
DS 14-145 | 3 30 67 0 253 - - - - = 2.65 -
SS 14.5-15 5 31 64 0 - - - - - = - 83

Type
of
sample

System of classification

Table (9) Physical properties of soil for Abu Grag District site B.H.9

Properties index

Unit weight
gm/cm?

Layers Description

clay
%

Silt
%

sand | Grave | Mc LL

% . %

Pi

dry wet

Grayish silty sandy
clay soil , soft
consistency

Brownish sandy silty
clay soil , medium
consistency, with

organic matter

Grayish silty sandy
clay soil , soft
consistency

Greenish , fine to
medium , silty sand soil
, medium dense

Grayish silty sandy
clay soil , medium
consistency

Greenish , fine to
medium , silty sand soil
,very dense with
content gypsum

50/6"
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Table (10) Physical properties of soil for Abu Grag District site B.H.10

System of classification Properties index | Unit weight Layers Description
gm/cm?

Silt sand | Grave | Mc | LL Pi dry Wet
% %

Grayish clayey sandy silt
soil , soft consistency

Brownish sandy silty clay
soil , medium consistency,
with organic matter

Grayish silty sandy clay
soil , medium consistency,
CL

Greenish , fine to medium ,
silty sand soil , medium
dense

Grayish silty sandy clay soil
, stiff consistency

Greenish , fine to medium ,
silty sand soil ,very dense
with content gypsum

Table (11) Physical properties of soil for Abu Grag District site B.H.11

System of classification Properties index Unit weight Layers Description
gm/cm?
clay Silt sand | Grave | Mc | LL Pi dry wet
% % % . %
DS 0-0.5 44 25 31 0 - - - - - Grayish silty sandy clay - -
soil , soft consistency
SS 1-1.5 49 23 28 0 - - - - - = - 9
DS 225 21 24 55 0 - - - - - Grayish clayey silty sand | 2.67 -
soil , medium dense
DS 335 18 25 57 0 - - - - - = - -
SS 445 15 22 62 0 29.0 - - 1.41 1.82 = - 16
DS 55.5 14 26 60 0 - - - - - = 2.66 -
DS 6-6.5 17 24 59 0 - - - - - = - -
SS 7-7.5 20 23 57 0 - - - - - = - 17
DS 8-8.5 45 26 29 0 26.1 | 42.0 25.0 - - Brownish silty sandy clay - -
soil , medium
consistency
DS 99.5 44 24 32 0 - - - - - = 2.71 -
SS 10-10.5 | 47 22 31 0 - - - - - = - 15
DS 11-11.5 | 49 23 28 0 26.6 - - - - - -
DS 12-12.5 | 52 22 26 0 - - - - - = 2.72 -
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0 - - -

DS 13-13.5 54 25 21 51.0 33.0 Brownish sandy silty clay - -
soil , stiff consistency

SS 14-14.5 | 59 24 17 0 - - - -
DS 14.5-15 | 61 21 18 0 19.4 - - - - = 2.74 -

Table (12) Physical properties of soil for Abu Grag District site B.H.12

Unit weight Layers Description

System of classification Properties index
gm/cm’

Me LL Pi Dry wet

%

Grayish silty sandy clay
soil , medium
consistency

Grayish clayey silty
sand soil , medium
dense

Brownish silty sandy
clay soil , medium
consistency

Brownish sandy silty
clay soil , stiff
consistency
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Table (13) Physical properties of soil for Abu Grag District site B.H.13

System of classification

Properties index

Unit weight
gm/cm’

Silt
%

sand
%

Grave
. %

LL

Pi

Dry

wet

Layers Description

DS 0-0.5 47 24 29 0 - - - - - Grayish silty sandy clay - -
soil , soft consistency
DS 1-1.5 52 21 27 0 - - - - - = - -
Us 2-2.5 50 22 28 0 274 48.0 31.0 142 1.81 = 2.71 -
SS 335 54 21 25 0 - - - - - = - 12
DS 445 23 26 51 0 - 26.0 17.3 - - Grayish clayey silty 2.67 -
sand soil , medium
dense
DS 5-5.5 21 25 54 0 - - - - - = R R
SS 6-6.5 20 27 53 0 - - - - - = - 26
DS 7-1.5 22 28 50 0 - - - - - = 2.67 -
DS 8-8.5 43 25 32 0 26.0 42.0 25.0 - - Brownish silty sandy - -
clay soil , medium
consistency
SS 9-9.5 43 23 29 0 - - - - - = - 17
[N 10-10.5 | 51 24 25 0 25.1 - - 147 1.84 = 2.72 -
DS 11-11.5 53 26 21 0 - - - - - Brownish sandy silty - -
clay soil , stiff
consistency
SS 12-12.5 | 58 25 17 0 - - - - - = - 31
UsS 13-135 | 63 22 15 0 - 57.0 41.0 - - = - -
DS 14-145 | 67 19 14 0 23.7 - - - - 2.65 -
SS 14.5-15 | 64 20 16 0 - - - - - = - 38




