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REMOVE ASPHALT
ASPHALT THICKNESS : 10 CM
AREA : 449.981 M?

ASPHALT CUBING : 44.998
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Submission Review and Comment Sheet

Employer’s Representative Comments ; : : T n.Omebm..ﬁ

Dept/ page /
initials | Section

Document No COMMENTS RESPONSE

The foundation recommendations of the
tunnel can be approved provided that
the minimum foundation level of the
8 tunnel is 1.5 m from the surrounding M
ground especially at the inlet and exist.
Thickness of plain concrete could be
considered to substitute the level
difference.
3 plate load tests are to be performed to
min 7.5 kg/cm2 to confirm the soll
2 condition at the foundation level andthe | M Open
proposed design modulus of subgrade
reaction.
An addendum report Is 10 be submitted
to provide a design for a technical block
along the transition zone between the
tunnel walls and the surrounding ground.

Open

M Qpen

File Name: Review Notices No-3407 Page 2 of 2
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1 INTRODUCTION

This report has been prepared upon the request of Gharably Integrated Engineering
Co. (GIECO) in order to carry out the geotechnical enginecring services of the site
geotechnical cngineering and technical support for design and construction of The
High Speed Rail project. The project owner 1s The Ministry of Transport and The
National Authority of Tunnels while the project main consultant is the association of
(SYSTRA Group — ACE Consulting Engineers - SHAKER).

This report addressing the geotechnical investigation of both field and laboratory tests
for MAQR Monastery Tunnel - Beheira Governorate - Egypt. The report shall be
based on the recent site investigation data carried out under the supervision of A&A
and other available data for the project as well as the contract documents.

3 GENERAL DESCRIPTION OF PROJECT UNDER STUDY

The Project under study is The High Speed Train. It is planned to construct three (3)
lines of the High Speed Train as the following:

o Line (1): Starting from Al Ain Sokhna City and ending at The New Alamein
City.

e Line (2): Starting from Sixth of October City and ending at Luxor and Aswan.

o Line (3): Starting from Hurghada and Safaga and ending at Qena and Luxor.

Our scope of work is limited to Line (1) - Section 3 (Al Ain Sokhna City and ending

at The New Alamein City). This report studies MAQR Monastery Tunnel at ST.
213+965.

3 DESCRIPTION OF PART UNDER STUDY

The part under study in this report is MAQR Monastery Tunnel at ST 213+965,
Figure 3-1 shows a typical layout of the part under study and configuration of tunnel
with relation to the rail tracks.

Tunne! under study is 12.50 m in width and about 76.0 m in length below the railway
track embankment. Figure 3-2 shows the longitudinal section of the proposed tunnel
at the station under study which indicates that top of asphalt level (T.0.A) is varying
from +24.76 to +25.42 and foundation level (F.L) is +23 30 while Figure 3-3 shows
the cross section of the proposed tunnel.

Proposed tunnel

3 L
s kgL

Figure 3-1: Typical layout of the tunnel under study
1
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Figure 3-3: Cross section of the proposed tunnel
4 SCOPE OF GEOTECHNICAL WORK

The activities performed for the subject project included:

o Planning the site investigation program.
Supervision for all fieldworks and the laboratory tests related to the site
investigations.

e Reviewing results of site investigation,

o Interpretation of data collected during site investigation from fieldwork and
laboratory work.

o Conducting the geotechnical analysis based on the data presented in the report
including finite difference modeling, safety against shear failure and safety
against total/differential scttlement

» Utilizing the above resuits to develop the foundation recommendations.
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5 SITE INVESTIGATION PROGRAM

5.1 General

A site investigation program is carrying out in order to provide adequatc information
on the subsurface conditions. The site investigation program comprises mechanical
boreholes, borcholes sampling, field tests and laboratory tests Appendix 1 includes
the relevant information related to this program: borehole logs results as well as the
results of the field and laboratory tests.

52 Boreholes for area under study

Three (3) mechanical boreholes was carried out to a depth 40.00 m below the existing
ground level. The borehole logs are shown in Appendix 1. The coordinates for the
executed borehole can be summarized in Table 5-1.

Figure 3-1 shows the layout of the executed boreholes at the area under study.

Table 5-1: The details of the executed boreholes

Borehole No. STA. Easting Northing Elevation Depth
BH-01 566421.023 845762.831 24.78 40.00
BH-02 213+965 | 566436.183 845788.871 25.44 40.00
BH-03 566451.343 845814.911 25.95 40,00

p &
p &
i

Figure 5-1: The layout of the executed boreholes at the areas under study
6 BOREHOLES AND LABORATORY TESTS

6.1 General

MISR LAB (Specialized geotechnical consultant) has executed boreholes under supervision
of A&A Consultants. All laboratory tests had been carried out by MISR LAB.

6.2 Codes and standards for boreholes execution
For all field tests ASTM standards has been applied as follows:
Table 6-1: ASTM standards used in boreholes execution

Parameter Standard
Logging and Site Characierization ASTM D420, D5434
Soil classification ASTM D2487, D2488
Standard Penetration Test ASTM D1586
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6.3 Sampling collection

The boring equipment and the operating procedure has assured high recovery of the
bored volume. Bentonite mud had been used as boring fluid. As ground water is
encountered, the circulation fluid level in the borehole is maintained above the ground
water level during the sampling operation
Boreholc had been cleaned at the sampling clevation ensuring that soil to be sampled
is not to be disturbed. The effective depth had been measured before sampling
If during the boring operations cohesive soil had been encountered, samples had been
obtained utilizing Shelby wbe (thin wall tube sampler). In sandy formations, split-barrel
sampler had been used. Field soil description had been performed by a geotechnical engineer.
The upper and lower ends of undisturbed soil samples had been sealed with paraffin or wax.
Each sample had been identified by waterproof label with the following data:
- Site location, - borehole number, and - type of sample, - top and bottom depth.
All samples collected from boreholes were examined, described and classified by
specialized geotechnical investigation firm and taken to the laboratory for testing.
Ground water table in the drilled boreholes were detected and measured during boring
and 24 hour afier completion of each borehole.
For each bored borehole, a log sheet had been prepared including the following
information:

1. Name and location of the project.
Date of boring (start and finish).
Borehole number.
Borehole coordinates and ground surface elevation, or reference to a datum point.
Water table elevation and date.
Depth and thickness of bored layers.
Depth to top of sample and number of each sample.
Description of sampler type.
. Soil description.
10. Type and results of in situ tests.
11. Results of some laboratory tests. (Borchole log is enclosed in appendixl).

© NG

6.4 Field Tests
6.4.1 Standard Penetration Tests

During the boring operations, standard penetration tests were performed for layers of
soils every 1.50m interval. The test was carried out according to ASTM D1586. The
Split-Barrel Sampler has the standard dimension as stated in ASTM D1586. The
driving shoe is of hardened steel and is replaced when it becomes dented or distorted.
Flush-joint stee! drill rods were used to connect the split-barrel sampler to the drive-
weight assembly. After boring has been advanced and cleancd to the required testing
elevation the test was then performed. Split barrel sampler was attached to the
sampling rods and lowered into the borehole then the hammer was positioned above
the anvil and attached to top of the rods. Own weight of the sampler, rods, anvil and
drive weight rested on bottom of the boring and applying a seating blow. If eXCessive

cuttings are encountered (more than 10 cm) at bottom of the boring, bottom of hole
was cleaned again.

The rods were marked in three successive 13cm increments so that the advance of the

sampler under impact of the hammer can be easily observed for each increment.
Sampler was driven with blows of hammer dropped from 0.75m height and the

4
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number of blows applied in each 0.15m increment was counted. The test stopped when
a total number of 50 blows were counted during any of the three 0.15m increments oF
when a total of 100 blows were counted for 0.30m; in this case the observed
penetration shall be recorded. The first 0.15m of penctration was considered to be a
seating drive. The sum of number of blows required for the second and third 0.15m
of penetration is the standard penetration resistance or "NSPT value".

Once performing the test, the split-barrel sampler was recovered and sample stored in
the core sample boxes with indication of the number of the test and relative depth.
For each performed test, test depth, number of blows per each 15 cm of penetration

and weight of the drilling rods per linear meter was recorded. The test resuits are given
on the boring log in Appendix 1.

7 BASICS OF SOIL CLASSIFICATION BASED ON BOREHOLES AND
LABORATORY TESTS

71 Unified Soil Classification System (USCS)

The USCS is one of the most common used method for soil classifications. The USCS
classification method depends mainly on the particle size and Atterberg limits. The
USCS uses symbols for the particle size groups. These symbols and their
representations arc G—gravel, S—sand, M—silt, and C—clay. These are combined
with other symbols expressing gradation characteristics—W for well graded and P for
poorly graded—and plasticity characteristics—H for high and L for low, and a
symbol, O, indicating the presence of organic material. A typical classification of CL

means a clay soil with low plasticity, while SP means a poorly graded sand. The flow
charts shown in Figure 7-1.

Sofl is fine—groined
Proceed lo flowchart of Fig. B.1b

[ 18 grmvet trocticn » andtracton® |

[—Yes-—l—ﬂo'j
Sod i gravet Soil ia sand
First letter 18 6 Firstletter s S

‘uunumnml

[ e | osw [ sesreen 5% and 127
T ver
¥

Yes (-

| —— mend‘:omﬂurm?‘
1a chay froction > Bt fraction?
l—Yeu—LNo—l
W first letter i3 G, H Erot letter G,
Prastic clayey fnes | Nen-plastic Cuxdend1sCex3 Cux4andisCes3
M:&gc frrea o WEM Ciensification ty: GH-GM
Second lefter M QOtheretae, Otherwese,
Ciaseification is: GP-GC Clzsalficgtion in: GP-GM
if first lefter 18 G, Cuz4 ond 1 £Cex3 #f st Ioter is S, 1 Erot letier n S,
second letter ia W, otherwise second fetter 18 P Cuz€end1sCes3 Cuz8andtsCes3
Classzation is: SW-SC Cinssficetion ia: SW-5M
H first ictter i3 5, Cuz Gand 1sCesd Otherwise, Otharwse,
eecond letter I W, otherwize eocond ledter s P Clasathestion i SRSC Classificeton ia: SP-SM

Figure 7-1: Unified Soil Classification System flowchart for coarse-grained soils
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72  Relative density for non-cohesive soil

The sand can be described based on relative density as in (Epri, 1990).

Table 7-1: Relative density limits for non-cohesive soils

Relative density Soil Description
< 15% Very loose
15%-35% Loose
35%-65% medium
65%-85% Dense
>85% Very dense

8 SOIL FORMATION

8.1 Soil formation based on Boreholes

Based on the results of the soil investigation program, the soil subsurface condition at
the site consists mainly from SAND, very dense, medium to coarse, with trace of silt,
yellow. This layer appears in all boreholes from ground surface to the end of boreholes

with thickness of 40.0 m.

82 Ground water table

The ground water table was not encountered during drilling boreholes or after 24 hrs.

8.3 Geological cross section

The following figure shows the geological section of the executed borcholes at the

area under study.
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Figure 8-1: Geological section of the executed boreholcs

9 RELATIONSHIP BETWEEN GEOTECHNICAL PROPERTIES AND
OTHER FIELD/LABORATORY TEST RESULTS

The relations between the soil parameters and the results of field and laboratory tests
shall be discussed in this section in brief as most of them are given in the literatures.
These relations shall be used for estimating the soil parameters needed in the
geotechnical analysis and design.

It is worth to mention that as per project specifications the design shall be according
to AASHTO. Therefore, all parameters for sand layers shall be adopted using
corrected number of blows (Niso).

9.1 Correlation for non -cohesive soils
9.1.1 Relation between bulk unit weight y and N for non-cohesive soils

According to Bowles design handbook (1982), the relation between the unit weight
and the N values is given as follows:
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9.1.2

9.1.3

Table 9-1: Relation between the unit weight and the N values
| SRS

Corrected number of blows Bulk unit weight y
in SPT (Niso) (t/m)
0-4 1.lto 1.4
4-10 14to 1.6
10 - 30 161019
| 30 - 30 >19

AR

Relation between N values and Relative Density for non-cohesive Soil

According to Terzaghi-Peck (1948) and Gibbs-Holtz (1957), the relation between the
number of blows in SPT test and the relative density is given as foliows:

Table 9-2: Relation between the number of blows in SPT test and the relative density

Corrected number of blows

in SPT (Nio) Relative Density Rd%
0-4 0-15%
4-10 15% - 35%
10 - 30 35% - 65%
30-50 65% - 85%
> 50 > 85%

For engineering practical use in estimating the relative density Dr from N and
effective overburden stress 'vo, in addition, Giuliant and Nicoll (1982) correlated the

relative density to N value by the following formula:

Rd = Nig?5 7 (4.188 + 0.639 &o”*%) wovviniiiiiinicniiininaer Equation 9-1

Where:
Niso

O"vo

Rd

Relation between N values, Relative Density Rd and the angle of internal friction ¢
for non-cohesive Soil

Corrected number of blows
Effective overburden stress in (¢/m?)

The relative density.

Peck (1974) presented a relation between the number of blows ns and the angle of
internal friction ¢ as presented in Figure 9.1.

Schmertmann (1975) gave a correlation between N and angle of shearing resistance ¢
as a function of stress level. This correlation can be approximated as follows:

§ = tan™ [Niga/ (12.25+ 20.3 Pvol] ®* cesvcv s evnssrnene v Equation 9-2
Where
G've effective overburden stress in (kg/cm?).
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Figure 9.1: The Relation between the standard Penetration Resistance (Nvaiue) and Angle of
shearing resistance (¢) for granular soil (after Peck, 1974)

The Egyptian Code of Practice — Part 3 presented the relationship between N, relative
density (Dr) and angle of shearing resistance as in the following table.

Table 9-3: Relation between N values, relative density and angle of shearing
resistance

C ted number of 1 Angle of sheari
orrected number o 0 . e Ol shearin
blows in SPT (Niso Relative Density Dr% | | ogistance efs
0-4 0-15% 27-30
1 4-10 15% - 35% 30-32
10 - 30 35% - 65% 32-36
F 30 - 50 65% - 85% 36 - 40
N = 30 > 85% > 40

9.1.4 Relation between Relative Density Rd and the angle of shearing resistance ¢ for
non-cohesive Soil

Giuliani and Nicoll (1982) gave the following expression as a relation between the
relative density Rd and tangent of the drained angle of internal friction ¢' as follows:

tang=0.575+ 0.361 RPP oo verneivrenireere ot Equation 9-3

9.1.5 Relation between Deformation modulus E and N for Non-cchesive Soils

To get the relation between the deformation modulus and standard penetration test
results NSPT for cohesionless soils, many empirical correlations between NSPT and
the deformation modules E have been established. Webb (1570) showed that the
relationship between NI60 values and the values of the drained young's modules can
be calculated approximated by the formula:

E=aNiso+th oeoeereeicennrimesnniiin e senm sovsnsse s ane ca Equation 94
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Where a, b=478,7170 kPa

In addition, AASHTO (2007) provided correlation for clastic modules E based on soil
type and from SPT N values (uncorrected values dug to overburden effect) is given in
the following table.

Table 9-4: Relation between Elastic Modulus and N values

Soil Type Equivalent Elastic Modulus E (kPa)
Silt and sandy silt 400 Nico
Clean fine to medium sand and slightly silty sands 700 N 160
Coarse sand and sand with little gravel 1000 N 160
Sandy _E'ivel 1200 N 160

Janbu (1963) proposed a correlation relating the deformation modulus to the relative
density of the sand as well as the sand gradation and the confining pressure (which is
depending on the effective vertical pressure). In this correlation E is stress depended
as E is depending on the confining pressure as follows:

a

E = * x ) .
F T s asves ssannen sesassses Equation 9-5
Where
E Eso% kN/m?
F Factor depends on sand relative density and sand formation
15,000 for loose and silty sand
30,000 for medium dense sand

50,000 for dense sand and very gravelly sand

ox  Effective confining pressure KN/m2 = oy * Ko (Ko = at rest carth pressure
coefficient)

o,  Effective vertical pressure kN/m?

9.1.6 Relation between N values and cone resistance qc for non-cohesive Seil

The relation between N values and cone resistance qc is given by EPRI 1990 as shown
in Figure 9.2.

O lirvogohies ond Mollezghs, 1988 (45}
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Figure 9.2: Recommended Variation of qc/N with Grain Size for non-cohesive soil (Source: EPRI,
1990)
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10 SELECTION OF GEOTECHNICAL PARAMETERS

10.1 General

The geotechnical parameters for different layers shali be concluded from the results
of both field and laboratory tests.

10.2 SAND Layers
10.2.1 Grain size distribution

The grain size distribution according to the results of laboratory tests can be
summarized in the following table:

Table 10-1; Grain size distribution of sand layer

BH No. | Depth (m) | Fines % | Gravel % Sand % USCS
BH-01 3.00 5 0 95 SP-SM
BH-01 12.00 5 0 95 SP-SM
BH-01 30.00 5 0 95 SP-SM
BH-02 7.00 3 0 97 SP

BH-02 15.00 5 0 95 SP-SM
BH-02 35.00 6 0 94 SP-SM
BH-03 3.00 5 0 95 SP-SM
BH-03 20.00 5 0 95 SP-SM
BH-03 35.00 5 0 95 SP-SM

From the table above, sand could be classified according to USCS as SP-SM to SP.

10.2.2 Standard Penetration Test

The Standard Penetration Test (SPT) results show that the counted blows values
(NSPT) for this layer gives more than 50 blows. Sand layers could be classified as
very dense sand.

For the purpose of design, Nser can be taken as 50 blows.

10.2.3 Relative density

According to the relation between Relative Density Dr and the number of blows in
SPT test for non-cohesive Soil, Using the correlation in item 9.1.2, the idealized
relative density shall be about 85%.

10.2.4 Shear Strength Parameters

According to the results of S.P.T, the layer is very dense and the angle of shearing
resistance can be considered 38°.

10.2.5 Deformation Modulus (E)

Based on the above the deformation modulus for this layer had been calculated using
empirical correlations. The deformation modulus would be taken 500 kg/cm?.

11
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11 TDEALIZED GEOTECHNICAL FORMATION AND IDEALIZED
PARAMETERS

For safe design, the idealized soil parameters and the idealized soil profile had been
selected to express the whole borchoies,

The following table summarizes the idealized geotechnical formation as well as the
idealized geotechnical parameters.

Table 11-1: The idealized parameters of the soil layers

Laver ID Depth Thickness |y Drained Deformation | Drained Friction
Y From| To (m} Modulus (kg/cm?) | Angle (Degree)
Sand 0.0 EOB 40.00 50 300 38

12 GEOTECHNICAL ANALYSIS FOR FOUNDATION SYSTEM

12.1 Selection of Foundation Type

The following factors shall be considered when selecting the foundation system:
1) The foundation system must have an adequate factor of safety against
bearing capacity failure (shear failure).
2) The foundation system must provide settlement not exceeding the allowable
total settlement.
3) The differential movement shall be within the allowable limits.

Based on the above and according to the soil conditions, shallow foundations shall be
considered the most appropriate foundation system. The shallow foundation system
had been selected as “Raft”.

Foundation Level According to the EC, part three (3), the foundation level must have
the following criteria:
1) The foundation level must be chosen in a way to ensurc that the foundation
rests on stable layers
2) Minimum foundation depth must be permit for the construction of the
foundations.
In addition, the selected foundation system shall ensure the safety of the foundation
system against both shear failure and excessive settlement.

In all cases, the foundation leve! for the tunnel at station under study shall be as per
finished level of the tunnel requirements. However, the foundation depth shall not be
fess than 1.00 m below the finished ground level. As per the received data, foundation
level is +23.30 below the minimum top of asphalt level by about 1.50 m.

12.2 Safety Factors and Allowable Settlement:

The allowable stress of the selected foundation shall satisfy two basic critenia.

The first criterion is that the soil beneath the foundations shall have adequate shear
strength to support the column loads with an adequate factor of safety.

The second criterion is that the expected total and differential settlements and
associated angles of tilt shall be within the allowable limits. The values for factor of

12
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safety for the soil shear strength and for the setilement for shallow foundations,
according to the Egyptian Code of Soil Mechanics and Foundations - Part 3 are as

follows'

o Factor of safety against shear failure
» Allowable iotal settlement for Rafts

* Allowable angle of tilt
12.2.1 Safety against Shear Failure

- 2.5
: 100 mm

. 1:500

The allowable soil bearing capacity which satisfies the shear failure criteria has been
calculated for raft with different dimensions, The calculations have been performed
by adopting the shear strength parameters listed in Table 11-1 for the soil condition

of Foundation. The allowable net bearing capacity is given as follows:

Quit = C.Nc .Ac +1.DeNg.Aq +y2.B.Ny.Ay

Where:
qult = ultimate bearing capacity (KN/m?)
c = cohesion (KN/m?)
q = effective surcharge; (KN/m2)
=y1 Df where Df refers to depth of footing
vl = unit weight of subsoil above foundation level (KN/m?)
v2 = unit weight of subsoil below foundation level (KN/m3)
B = width (diameter) of footing (m)
Df = The depth of the base of footing (m)
Nc, Ng, Ny = bearing capacity factors dependent only on the angle of
shearing resistance @ of the soil.
Ac, Ag, Ay = shape factors
Table 12-1: Shape factors for bearing capacity calculation
Shape of Foundation Ac,Aq AYA
Strip 1 1
Rectangular 1 +0.3B/L 1-0.3B/L
Table 12-2: Bearing capacity factors
$° Nc¢ Ng Ny
0 5.00 1.00 -
5 6.50 1.50 -
10 8.50 2.50 0.50
15 11.00 4.00 1.00
20 15.00 6.50 2.00
225 17.50 8.00 3.00
25 20.50 10.50 4.50
275 25.00 14.00 7.00
30 30.00 18.00 10.00
32.5 37.00 25.00 15.00
35 46.00 33.00 23.00
375 58.00 46.00 34.00
400 | 75.00 64.00 53.00

The detailed geotechnical analysis shows the allowable bearing capacity at the
foundation level is more than 3.00 kg/cm?.

i3
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12.3 Settlement analysis
12.3.1 General

The scttlement of the foundation had been evaluated at the proposed foundation level

As previously explained, the allowable settlement of the foundations shall be
considered as 100 mm.

The analysis had been performed for the Raft with width of 12.50 m and length of
76.0 m.

12.3.2 Method of analysis

Settlement analysis had been carried out using the computer program “VDISP”
VDISP calculates the settlements (and stresses if required) within a linear or non-
linear elastic soil mass. This program uses the Bossuinseq approach for stress
distribution in soil and can accept multiple soil profiles and different loading
conditions. The aim of the analysis is to validate the values of calculated settiement.

12.3.3 Results of the analysis

The settlement analysis showed that the maximum settlement expected to occur is
83.23 mm for a raft with width of 12.5 m and length of 76.0 m for expected gross
bearing stress 300 kPa. It is worth to mention that the expected settlement shall be
immediate. The foliowing figure shows the results of the settlement analysis.

o

& m

0m 1800 4 108 MXN&O

Figure 12-1: The used model in analysis using V-Disp Software with the calculated points

14
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12.3.4 Moduius of subgrade reaction

The modulus of subgrade reaction is in general, the applied stress divided by the
corresponding settlement. The value of the settlement concluded before with the
corresponding applied stress shall be used to determine the modulus of subgrade
reaction. For the bearing stress 300 kPa, the corresponding average scttlement is
about 83.23 mm. Then, the average modulus of subgrade reaction for the tunnel’s raft
can be considered as 360 ton/m?,

13 SEISMIC CONDITION AT PROJECT AREA

13.1 Ground type

EC and also Euro standards had defined the soil profile type based on the following:
1- Soil type.
2- Shear wave velocity.
3- Number of blows in SPT tests.
4- Undrained cohesion.

These values are related to depth of 30 m from ground level and weighted average
values are to be used. For example, the shear wave velocity Vs30 is calculated as

follows:

VS830=30/Z(d/VS)
The following table extracted from EC and BS summarizes the criteria for assessment

sail profile type.
SRS L = —
Ground | Descnption of stratigraphic profike l Parameters 1
e I
! vy {m/s) | Ner <, (kP3)
| Dayws WK™
A | Rock or other mck-ike gealogical formaton, —i > BDO |
| | iInchating at most 5 m of weaker material at |
| Lthe surface. |
i
is Deposits of very dense sand, gravel, or very | 360 - BOD | > 50 > 250

stff clay, ot least severs! tens of metres in
thitkness, characternsed ty & gradual moreass
of Mmechancal propertses with depth.

<
|

1 ]
| Deep ceposas of demse or medium-dgense and, | 180 - 360

| gravei or shtf clay with thickness from several
| tens to many hundreds of metres.

15 -5 | 70- 250

o

| Deposits of kocse-to-medium cohesiontess soi
| {wnth of without some soft cohesve layers), of
of predominantly soRt-to-firm cohesive soil,

< 180 < 15 < 70

A sod profile consisting of a surface alluvium
layer mith v, values of type Cor D ang
thitkness varying between about 5 m and
20 m, undertan by stffer material with

v, > BOO m/s.

S;

e

Deposits consisting, of contaming a layer
at least 10 m thick, of soft days/sits with 3
hugh plasticsty index {P1 > 40) and high
water content

< 100 10 - 20

{indicative)

Deposits of hquefladie soils, of sensitive clays,
or any other soll profe not included in types
A-Eors,

S TENE: I

According to the Egyptian code and relevancy codes and based on the results of
borcholes, the ground type shall be Type B.
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13.2 Peak ground acceleration according to Egyptian Code

According to Egyptian code for loads and as per, the Seismic zone for the project shall
be considered as zone 2. Figure 13-1 shows the seismic map of Egypt
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Figure 13-1: Seismic zones for Egypt

According to Egyptian code for loads-item 8.4.1, the peak ground acceleration for
different zones can be categorized as per EC as follows:

Zone peak ground acceleration (a,)
Zone | 0.10g
Zone 2 0.125¢g
Zone 3 0.15g
Zone 4 020g
Zone 5A 025¢g
Zone 5B 030g

Beheira Governorate is located at zone 2, the peak ground acceleration as per EC is
0.125¢.
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14 RECOMMENDATIONS

14.1 Foundation recommendations for tunnels under study

1) Shallow foundation system had been selected as “Raft” to support the loads of
the proposed Tunnel.

2) The thickness of the plain concrete rafi shall be chosen by the designer
considering economic aspects of the foundation, In case that the chosen thickness
of the plain concrete is less than 300 mm, the plain concrete shall be considered
as non-structural elements.

3) The allowable gross bearing capacity at the recommended foundation level for raft
shall be 3.0 kg/cm? for the tunnel,

4) For Rafl, the vertical modulus of subgrade reaction shall be considered as 360
t/m3,

5) The foundation level shall be (+23.30)

6) The site preparation guidelines shall be applied prior to the construction of
foundations according to the next item.

7) For case of non-uniform stress, the area subjected to compression shall be not
less than 75% of the foundation area. The allowable net bearing capacity can be
raised by 15% for case of wind loading and 33% for case of carthquake loading.

8) The horizontal modulus of subgrade reaction shall considered as 10% of the
vertical modulus of subgrade reaction,

9) The soil type according to Egyptian Code for Calculation of Loads and Forces
for Construction and Building Works", ECP 201 (2012 Edition) is TypeB.

14.2  Site preparation guidelines

The following site preparation guidelines must be followed prior to construction of
the foundations:

1) The whole area of the structure shall be excavated down to the foundation level.

2) The excavation bottom shall be examined thoroughly; fill materials and any
debris shall be removed completely.

3) The Soil at the foundation fevel shali be inundated with water for period not less
than 24 hours or with rate of 0.5 meter cube water per square meter, which ever
reached first.

4) The top mud soil shall be removed, then the soil at excavation bottom shall be
compacted up to 95% of the maximum dry density obtained from the modified
proctor test,

5) Plate beading tests shall be performed. The maximum test stresses shall be 6.00
kg/cm?. One test per 1000 m? with minimum two tests per tunnel.

6) Cast the foundation system.

7) All quality control tests should be performed according to specifications.

14.3 Concrete Works

According to the results of the chemical analysis and the Egyptian code for soil table
(1-30), the following can be considered:

1) Ordinary Portland cement (CEM 1) is to be used for all foundation elements,
2) Minimum cement content for reinforced concrete shall be 350 kg/m3 and for the
plain concrete shall be 250 kg/m?.
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3) The water cement ratio shall not exceed 0.50.

4) The minimum concrete cover shall be 5 cm for all foundation buried elements.

5) All foundation elements must be insulated by a suitable water proofing material.

6) The concrete shall be as dense as possible and only siliceous sand and coarse
aggregates are to be used in all concrete works.
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ELECTRICAL EXPRESS TRAIN (HIGH SPEED RAIL)
MQAR Monastery Tunne - St. 213+965 BH-01
Site Location : El-Sadat City Drilling Fiuid :  Bentonite Logged By: Amr Abu Elfadl
Project No.: 114-13 Type of Drilling : Mechanical Boring  Checked By: A-A consultants
Client GIECO Casing diameter :76 mm
Co-ords {xy) : (566421.023 845762,831) Casinglength: 176 mm
Start Date* September 2023 Type of samples :S.P.T , Wash , Core
End Date :  September 2023 Elevation : 2478
Drilling Co.: MisrLab Borehole Depth : 40.0m
= Initial Water leve) « Final Water level G.W. depth:
2|z 5 » " ‘:% - " Consie“.vtency CR. %
HIRE: g |8 |3 o 28 | 2.5 | rRoD%
= als SOIL DESCRIPTION g = 2 ) e QL’L‘
e o e eL.L.
1 %7 WCICEEE
(24.78) " | =B
1-{ 24| SAND, very dense, medium to coarse, with trace i s
of silt, yellow i
23
2...
22 [
11 ss [ S :
a2 B
520 Wy | 1
- 18
]] 6 67 i
7418
et 17
- 16 B
ot i s0/10f
1015
P 14 il
- 13 '
-{12- 50/9)
13 112 !
14" ~ =
1510
! =]
~ 1187 50/7
17 I8
NOTES: Boring ended at depth 40.0 m from the ground level,.
Ground water table was not encountered during boring
39 MOHAMED FAHMY EL-MOHDAR ST. - SEVENTH DISTRICT BH-D1 mail:mail@a-aconsultants.com
NASR CITY - CAIRO - EGYPT Page 1 of 2 ;
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Samples

DEPTH

"ELEVATION

SOIL DESCRIPTION

SYMBOLS

UscCs

Qp
{kg/cm2)

SPT

{Cogsizt:ncﬂ; CR. % I
er.l. | RQD%

eL.L.

FINES
(%)

=4

-
~
i

18

18

20

21~

22 4

23

24

25 -

26 -

27

28

29 -

30 4

314

324

33

344

36 -

36

37 4

38 4

38

<11

s

- 4

40

!
bad

LN

OO OO0

..

. .

RO
1iele s e

.
.
.
.
.
.
.
.
»
-
>
-
.
-
9
»
0
D
A
0
0
.
»
.
.

50/10

50/10

50/7

s0/11) |

. il

NOTES: Boring ended at depth 40.0 m from the ground level.
Ground water table was not encountered during boring

39 MOHAMED FAHMY EL-MOHDAR ST. - SEVENTH DISTRICT BH-01

NASR CITY - CAIRO - EGYPT

Page 2 of 2
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ELECTRICAL EXPRESS TRAIN (HIGH SPEED RAIL)

MQAR Monastery Tunnel - St. 213+965 BH-02
Site Location : El-Sadat City Drilling Fluid :  Bentonite Logged By : Amr Abu Elfad!
Project No.: 114-13 Type of Drilling : Mechanical Boring  Checked By : A-A consultants
Client : GIECO Casing diameter :76 mm
Co-ords (x,y) : (566436.183 ,845788.871) Casing length: 176 mm
Start Date:  September 2023 Type of samples :S.P.T, Wash , Core

EndDate:  September 2023 Elevation : 25.44

Drilling Co.: MisrLab Borehole Depth : 40.0 m

= Initial Water level » Final Water level G.W. depth:

z u: S Consistency]
HE S8 |83| 5| B2 |2 | oo
E tw = 2 s ™~ : S [ ] -L.
a8 § SOIL DESCRIPTION = g » i e
— o... ————— —_— - S—— W —

| |25} (25.44 [ % g aa ]
1 FILL { crushed concrete, crushed asphait, sand) e N A | ]
— 24
2] (25.24) il
24 | SAND, very dense, medium to coarse, with trace B fhall]
of silt, yellow
11 2 LEL R
4 . i I = % |
- 21 _.] .
5 al .
20 I
s— - z
]] - 19 69
7 b 1
- 18
8-
- 17
9 {
11 £ 67
10
- 15
11— i |
-4 .
m 12—'13 81
E 13 - v gt £
i - 12 RS il e 1 Lk
{144 fan T
§ - 11 R
=116 so/ef
| — 10 it
i |18
| =
1] 17 I
NOTES: Boring ended at depth 40.0 m from the ground level.
Ground water table was not encountered during boring
39 MOMAMED FAHMY EL-MOHDAR ST. - SEVENTH DISTRICT BH-02 mail:mail@a-aconsultants.com
NASR CITY - CAIRO - EGYPT Page 1 0f2 ]
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NOTES: Boring ended at depth 40.0 m from the ground level.

Ground water table was not encountered during boring

mail:mail@a-aconsultants.com
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ELECTRICAL EXPRESS TRAIN (HIGH SPEED RAIL)

MQAR Monastery Tunne! - St. 213+965 BH-03
Site Location : EI-Sadat City Drilling Fluid :  Bentonite Logged By: Amr Aby Elfadl
ProjectNo.: 114-13 Type of Drilling : Mechanical Boring  Checked By: A-Aconsultanis
Client : GIECO Casing diameter :76 mm
Co-ords (x,y) : (566451 343 845814 911) Casinglength: 176 mm
Start Date- September 2023 Type of samples :S.P.T , Wash , Core
End Date :  September 2023 Elevation : 2585
Drilling Co.: MisrLab Borehole Depth : 40.0m
s> Initial Water level « Final Water leve G.W. depth:
glz |8 218 |8 = | g_ |[comssncy croy
Elnlg 8 (& 29| o | YE p.1. | RQD%
S8 |& SOIL DESCRIPTION = |3 gl » e L 2
il F x eL.L.
— [ B TR e
(25.95) LI
1-f-28 | SAND, very dense, medium to coarse, with trace - g g
of silt, yellow i
224 5 W
11 3-1-23 P il
4——22 b —
5121
I 64— 20 &7 Lk
7119 +
g} 18
917
1 1 e 73 : 1
11415
12114
b i 50/11 3
114412 |
15411
= {18 110 so/s ] il
17 Lo

NOTES: Boring ended at depth 40.0 m from the ground level.
Ground water table was not encountered during boring

39 MOHAMED FAHMY EL-MOHDAR ST. - SEVENTH DISTRICT BH-03

mail:mail@a-aconsultants.com
NASR CITY - CAIRO - EGYPT
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= — -
51815 SOIL DESCRIPTION BBy G| 22 | ern |
e = 1
174 9
1848 '
1947 .

ok s0/10[ I :
2145 F
2244 o B
2343 2 = !

.

w{24-}2 oo/e i
25 -1 ; i :
26 -0 ) WEA (L |
27 11 i i - . i ) 1l
28 -2 ) FIE o T .- |
20 43 T BRHES i

w{30-+4 soral ; :
N5 3 ] q
3216
[T
3448

ol Rl I s0/7f - -
35_-.‘“‘,*r R by | 5
37414 3 !
38 - 12 ' i
39——-15!' : S PE|

40} 14 :

NOTES: Bering ended at depth 40.0 m from the ground level.

Ground water table was not encountered during boring

39 MOHAMED FAHMY EL-MOMDAR ST. - SEVENTH DISTRICT BH-03
NASR CITY - CAIRO - EGYPT

Page 2of 2
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MISR LAB

Y e
A Al o gy

SOIL TESTING
OUR REFERENCE : Date 2023 uaisw
PROJECT - el AN - Jha it s 3k Client : A&A
Test Boring Depth Effective Uniformity | Coefficient
No. No. {m) Diameter Coefficient | Of Curvature
(rmm) Cu Cc
1 3.00 0.19 3.16 1.01
COBBLES GRAVEL SAND SILT CLAY
Coarse | Medium Fine Coarse |Medium| Fine
LLE Standard Slave Size 4 10 20 40 80 140 200
t 1 | 11
100 =
x ‘\
80
- 70
=
Y60
\
iz 30
&
40
E
B 30 \
20 \\
10 ]l‘
0 I
100 10 1 0.1 0.01 0.001
Grain Diameter (mm)
Lab. Engineer : Lab. Director :




MISR LAB

) V- VY
SOIL TESTING Al e sy
OUR REFERENCE : Date 2023 _raisu
PROJECT : Gt bl - pia LY s ks Client : A&A
Test Boring Depth Effective Uniformity | CoefTicient
No. No. (m) Diameter Coefficient | Of Curvature
(mm) Cu Ce
1 12.04 0.19 2.63 0.83
COBBLES GRAVEL SLll SILT CLAY
Coarse | Medium Fine Coarse [Medjium | Fine
US Standard Sleve Size 4 10 20 40 80 140 200
100 \ [ bt
%0 N
80
0 \
& \
E" 60
= 50
& 40 \
E \
& 30 \
20
\
10 —F'
0 hai
100 10 1 01 0.01 0.001
Grain Diameter (mm)
Lab. Engineer :

Lab. Director :



MISR LAB

Y s
SOIL TESTING g ah o ey
OUR REFERENCE : Date 2023 paisw
PROJECT : fapedt Rl - fha LY s i Client : A&A
TFest Boring Depth Effective Uniformity | Coefficient
No. No. (m) Diameter Cocfficient | Of Carvature
{mm) Cu Cc
1 30.00 0.19 2.89 0.86
COBBLES GRAVEL SAND SILT CLAY
Coarse | Medium Fine Coorse |Medium Fine
U.5.Standard Stave Size 4 10 20 40 B8O 140 200
| | |1
100 T
(3 | i ]
90 ; ; é
. ' 1]
- 10
T 60 A '
N
i 30 *
‘é 40 A
g
& 30 . I
20 : | i
B \ |
10 — i
0 | L |
100 10 1 0.1 0.01 0.001
Grain Diameter (mm)
Lab. Engineer :

Lab. Director :



MISR LAB

tTIY s
Ay ot L aay

SOIL TESTING
OUR REFERENCE : Date 2023 juadis
PROJECT : gl Bl - e L 0 3k Client : A&A
Test Boring Depth Eifective Uniformity | Coefficient
No. No. (m) Diameter Coefficient | Of Curvature
(mm} Cu Cc
2 7.00 0.2 3.25 1.11
COBBLES GRAVEL SAND SILT CLAY
Coarse | Medium Fine Coorse |Medium | Flne
U.3.Standard Sieve Site 4 10 20 40 80 140 200
90 S
80 \
™ \
&
= 60
\
iz 350 \
E \
40
B 30 \
20 Y
) \
10
8 haf
100 10 1 0.1 0.0t 0.001
Grain Diameter (mm)

Lab. Engineer ;

Lab. Director :




MISR LAB

) Y-

Al el gy

SOIL TESTING
OUR REFERENCE : Date 2023 yraGom
PROJECT : oot gl - i LY s ik Client : A&A
Test Boring Depth Effective Unifermity | Coefficient
No. Ne. (m) Diameter Coeflicient | Of Curvature
(snm) Cu Ce
2 15.00 0.2 3.30 1.21
COBBLES GRAVEL SAND SILT S
Cozrse | Medium Fine Coarse [Medium| Fine
t1.8 Standard Sleve Size 4 10 20 40 80 140 200
100 - [ 1 1
80
- 70
R
E 60
m S0
]
40
;
& 30
20
10
Y M
100 10 1 0.1 0.0 0.001
Grain Diameter (mum)
Lab. Engineer : Lab. Director :




MISR LAB

) SV

SOIL TESTING Ay b iy
OUR REFERENCE : Date 2023 jaains
PROJECT : Gl JHRl - i WY 0 3 Client : A&A

Test Boring Depth Effective Uniformity | Coefficient
No. No. (m) Diameter Coefficient | Of Curvatare
(mm) Cu Ce
2 35.00 0.16 3.44 1.02
COBBLES GRAVEL SAND SILT CLAY
Conrse | Medium Fine Coarse [Mediem] Fine
U.5.5tandard Sieve Bire 10 20 40 80 140 200
100 [[ I 11
% 4
80 \
\
g \
T 60
=
& 50
c
40
; \
& 30 \
. \
. .
s
0
100 10 1 0.1 0.01 0.001
Grain Diameter (mm)
Lab. Engineer: Lab. Director :



MISR LAB

Y —aa
Ayl sy

SOIL TESTING
OUR REFERENCE : Date 2023 sabaws
PROJECT : ot JBRN . a1 e ki Client : A&A
Test Boring Depth Effective Ugiformity | Coefficient
No. No. (m) Diameter Coefficient | Of Curvature
{mm) Cu Cc
3 3.00 0,19 3.16 1.40
COBBLES GRAVEL SAN SILT CLAY
Coarse | Medium Fine Coarse |Medium | Fine
U8 Standard Slave Size 4 10 20 40 B0 140 200
100 J\ L [ 11
90 N
80
0
£ 0
\
& 50 ‘
w0
c
B 30 \
20 ‘\
10 r\
; h
100 10 1 0.1 0.01 0.001
Grain Diameter (mm)
Lab. Engineer : Lab. Director :



MISR LAB

Y i

b o sy

SOIL TESTING
OUR REFERENCE : Date 2023 it
PROJECT : Eupad) ABRN - e WS e S Client : A&A
Test Boring Depth Effective Uniformity | Coefficient
No. No. (m) Diarneter CoefTicient | Of Curvature
{mm) Cu Cc
3 20.00 0.19 3.42 1.30
COBBLES GRAVEL SAND SILT ST
Coarse | Medium Fine Coarse |Medium | Fine
1.8, 5tandarg Sleve Size 4 10 20 40 B0 140 200
| 1 | 11
100 —
90 \\\
80
- 10
> \
T 6 \
£ \
& S0
=
40
:
A 30
20 \
10
0 Th I
100 10 1 0.1 0.01 0.001
Grain Diameter (mm)
Lab. Engineer :

Lab. Director
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SOIL TESTING L A e gy
OUR REFERENCE : Date 2023 jaaisw
PROJECT : ) il - e i1 e 3k Client : A&A
Test Boring Depth Effective Uniformity | Coefficient
No. No. {m) Diameter Coefficient | Of Curvature
{(mm) Cu Cc
3 35.00 0.19 3.11 0.91
COBBLES GRAVEL SAND SILT CLAY
Coarse | Medium Fine Conrse [Medium | Fine
. 8.Standard Sleve Size 4 10 20 40 BO 140 200
0 4\ lu i by
90
80 \
. 70
g \
T 60
g
ic 50
& i
40
: \
& 30 \
20 \
10 \
o b
100 10 1 0.1 0.01 0.001
Grain Diameter (mm)
Lab. Engineer : Lab. Director :
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SOIL TESTING Al o iy

INJUROUS CHEMICAL COMPOUNDS

Project No. : DATE 2023 sl

Project : foall AREN - e W e G CLIENT A&A

BH.NO: 2 DEPTH : 20m

NO. CHEMICAL COMPOUND MOIECULAR FORMULA RESULT IN WEIGHT % “
1 Total mineral soluble salts Tonized salts 0.4
2 Salinity &s sodium chloride NaCL 0.22
3 Sulphate as sulpher trioxde S0, 0.09
1

4 PH value log (—ﬁ 7.15
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Job No. sneet Mo, Demos
LAsys
Drg. Ref.
Made by Date Data Checked
03-0Oct-2023 New.vdd

Analysis Options

Analysia: Poudsinesg

Gleral Fasszsn’s el ! 0.

Haxitis allowaple patio beturie “alus t e, -
tagid boundary tevelt -40.3 [ocCb}
=peplacerents &L orra sentreids caltulat«d.

so1l Profiles - Soil Profile 1
Laysr Levsl at hurber of Youngs Modulus  Paissons Roni-Linear

cop sntermadiate ratio curve
displacsment
levels
Top BEm
fecTY [xTal {xra)
z -0 2 A0000. SOUN0 0. 2000 Npne
Reotangular Loads
Toad x dimsnsicns y dimeneions Tavel Prassurs
min Amx min mex
[w) [=} = (=] {m0D} [kral
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Soil Zones
2one x oooxdinates y cocrdinates Profile
min R mn i

m) {e] (m} (m]
1 =20.00 20.00  -BO,00 $0.00 So1l Profale

™

Displacenent Caloulation Points
point X coord Y coard Lavel Calculata
(=] ] {mo0)
1 -0 .0 .0 Yoz
2 6.2%0 0 -0 Yo

RESULTS FOR GRIDS
Analymis: Bousksinesd
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rigid boundsry leval: -40.0
TP Looation Diwplacument

3 ¥ Lavel
{m} =] [mo (==}

Losds -0 Ny .0 98.17

Foints - .0 .Q 98.17
6. 130 LB .0 68,29

Program VDISP Version 17.8.4 Copyrght© 1997-2002 Oasys Lid. Page

vertical Displacement Analysis Primted 03-Oct-2023 Time 17
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