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Basic Plan for Tunnel Lining






Appendix-6

Basic Plan for Tunnel Lining

The following Loads which should be taken into considera-

tion in the design of Lining for this Tunnel are decided:

a. Earth pressure

b. Water pressure

c. Dead Load |

d. Soil Medium deformation. due to the Canal expansion
work

e. Seismic Load

f. Influencé Load.

To correctly evaluate items a, d, e and f among these
Loads, it is_necessary to take into consideration interaction
between Lining and ground in addition to the soil conditions

and construction conditions.
However, as we can see from the comparisons with the

bridge field shown in Table 1, there are currently many un-
solved problems in the Tunnel field, and the evaluation meth-
ods for ﬁhem Haﬁe not yet been established.

_ Accordihgly, we have decided toiconfirm the safety of
lining by énalyzing using all methods currently available in
this basic design. N

Flow for Design of Tunnel Lining is shown in Fig.l.
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1. Design relative to éarth and water pressures

The structural calculation for tﬁnnél lining is classi-
fied into the following two methods concerning the evaluation

niethod for load::
a. Conventional calculation method

Loads will be evaluated on loose earth pressure
pased on the ultimate equilibrium theory. ® The struc-
tural calculation is performed by applving the loose

earth pressure to a dynamical model.
b. Continuous model method

This method calculates with the soil medium and
tunnel lining as a compound system, that is, a sec-
tional force occurring in the lining depends upon the

s0il medium rigidity and lining rigidity.

The method in item "a." is mbStlf used in
Japan, and the method in item "b." is used in'Euro—
pean countries. We will use both methods for the

designing of lining.
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1.1. Conventional calculation method
Lining for earth and water pressures was designed for

three cases shown on Table 1.1.1 by varying the overburden and

groundwater lavel and the Canal water level.

Table 1.1.1 Design Contents

CASE Condition Height of Overburden Water Level
1 | Max. Overburden 40 m 24 n
2 Under the Canal
~ (at Present) 18 m o 37 m
3 Under the Canal
: {in Future) - - 7m 37 m

The objects of the three respective cases are those
positions shown in Fig.1.1.1 below.
Further, the'reSpective cases were designed both when the

dead load and earth pressure were applied and when the dead

load, earth and water pressures were applied.

' /casle-E case-3
‘g:l:n: el. pilat .

Fig.1.1.1 Ldngitudinal section of the Tunnel
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gince the Tunnel has been planned as a drainage type
tunnel, it can bhe basically considered that no water pressure
is applied to the lining.

Concérning safety of the lining, therefore; we confirmed
by using the allowable sttess design method in which no - water
pressure is applied, and by .using the limit state design
method in which the lining would not be broken even'if water
pressure should be applied on it.

For the limit state design, the Standard Specification
for Desigh and Construction of'ConcretefStructures;‘prépared
by Japan Society of Civil Englneers is used - '

The conditions in which study was carrled out are shown

in Tables 1.1.2 and 1.1.3.

The thickness of the lining has.béen decided as 400mm
from viewpoint of structural Basic Desgign.

To keep this design thickness through the concreting
works, the actual planned thickness shall be 450Hmi. The
reason comes from the con51derat10n of - the dlfference between
the inside concreting form and the actual roundness/stralght—

ness of the Tunnel.

Fig.1.1.2 Cross Sectioin of the Tunnel
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The inside radius of the Concreting Form is fixed through
out the lining work. .HoweVer; the actual measured tunnel size
is different places by places and the maximum diameter defor-
mation from ﬁhe theoretical round is recorded as 45mm by the

result of measurement as in item 4.1.3 "Tunnel BSection Surv-

ef".

For reinforcement, this specification was adopted beéecause

reinforcement steel bar availabl!e in Arab Republic of Egypt is

Sb40 for D19 or more.

APg-7



Table 1.1.2 Soil Conditions

Item Cbﬁdition
Density of Soil 1.95 tf/m3
Density of Water T1.05 tE/md
Density of Scil in Water '0.90_tf/m3
Coefficient of Lateral Pressufe 0.8

Coéffiéient of Ground'Reéctidn

3,000  tf/m3

Internal Friction Angle of Soil

15.0 °.

Soil Cohesion

19.0 tf/m?

Table 1.1.3 Structural Condition of Tunnel Lining

Item Condition
Tunnel Outside Diameter(segment) 11.60 m
Tunnel Inside Diameter 9.50 m
Centroid Radius 4.95 m
0.40 m

|Lining Thickness

Coefficient of Ground Reaction

2,650,000 tf/m?

Cross Secticn

0.40 m2 /m

Moment of Inertia

0.005333 m%/m

Design Strength of Concrete

270.0  kgf/cm?

Allowable Compressive Strength-
of Concrete

90.0 kgf/cm?

Tensile Yielding Strength
of Reinforcing Bar

(SD40)
4,000.0 kgf/cm?

Allowable Tensile Stress

of Reinforcing Bar

2,100.0  kgf/cm®
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1.1.1. Calculation of the Load

Regarding the evaluation method for lcad, the lcad was
calculated on the basis of the definition by Terzaghi's loos-
- ening height of soil as shown in Fig.1.1.4., which has been
generally used in the conventional calculation method of
lining.

While calculating the loosening height under the Canal,
the caﬂal water pressure was treated as a placed load.

‘The 1loosening height calculated for each case and the
results for the vertical load and horizontal load calculated
.on the basis thereof are shown in Table 1.1.4. |

While_caiculating the earth pressure in Case 3, it was
asSumed-that.the weight of water existing on the Canal bed was
applied to the tunnel as a placed load in addition to the full
earth covering thickness (7m} because the loosening height

exceeded the full overburden height.

Table 1.1.4 Result of Calculated Load

Casél Case?2 Case3

Overburden (m) 40.0 "18.0 7.0
Ground Water Lavel (m) 24.0 37.0 37.0
Height of Loose Zone (m) 4.5 9.4 7.0
Vertical Earth .Pressure (tf/m2) 4.05 8.46 37.80
Horizontal Earth Pressure (tf/m2)

at Tunnel Crown 3.2 6.77 30.24

at Tunnel Bottom 12.88 16.80 38.59
Water Pressure (tf/m2)

at Tunnel Crown 25.20 38.85 38.85

at Tunnel Bottom 37.38 51.03 51.03
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1.1.2. Calculation of the Sectional Force

‘The sectional forde was calculated by applying.a itrape-
zoid distributed load used in the conventional ‘calculation
method for a structural model in which lining was evaluated
by ring structure with unifoim rigidity and ground reaction
by springs around the ring structure as shown in Fig.l1.1.5.
Since the Road Deck and lining are incorporated into one at
this time, the Road Deck was taken into cOnsidérati'on as a
structural member for calculatlon.

The ground reactlon was . ensured to be applied only to a
portion of the lining which has been deformed cutside {ground
side) from the initial state. Assuming that no shearing force
transmits because waterproofing sheets and fleece exist around
the lining,fthe ground reaction was ensured to be applied only
in the ring normal line direction. _ |

Also, judging that the lining will receive sufficient
reaction from the surrounding ground through the segment rings
during construction, the ground reactidn was also taken into

consideration against the dead lcad of lining,

AP6-12



YVertical earth pressure (water pressure)

# Y 4 L 4 L ] r

Spring [or Ground reaction

Dead load

Lining

Road deck I

NE

3 4 ] 3

Horizontal earth pressure
(water pressure)

Fig.1.1.5 Analytical Model of Lining for the Earth Pressure

and Water Pressure
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The c¢calculation result of the sectionai force is shown

in Table 1.1.5., in which the dead load. of the new lining is

taken into consideration.

Table 1.1.5 Calculation Result of Cross Sectional Force

Maximum'Bending Moment Axial Force
tf.m - _ . 3
Types of Load ' 3T - _ 3
k=3000t £ /m3 | k=5000t£ /m3 | k=3000t £/m? | k=5000t £/m
= (.8 = 0.5 1| = 0.8 = 0.5 . %}
Earth Pressure| 2.280 2.288 27.960 20.869
CASE-1 _
Earth Pressure _ : : :
+ 10.890 6.738 - 156.396 153.150
Water Pressure
Earth Pressure| 1.859 5.253 50.773 37.915
CASE-2
Earth Pressure : :
+ _ 9.994 3.938 242,329 240.436
Water Pressure
Earth Pressure| 11.180 24,890 $174.677 151.454
CASE-3 _ ‘
Earth Pressure : : .
+ 14.686 4,178 232.422 228.479
Water Pressure :
%1 According to the past record in Japan, X = 5,000

tf/m3 and

these were fixed values.

X

AP6-14
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1.1.3. Evaluation of Safety

Out of the calculation results for the sectional force,
the stress intensity was verified by using +the allowable
stress design method both in a stationary state of leoading, in
which only the earth pressure is applied, and in a non-

stationary®* state of loading in which earth and water pres-

sures are applied.
The stress intensity for a Section shown in the following

figure was calculated.

Note for = : in case of the Drain System being not effective

3220%2000 _ % '§r
fs-19355c | o
1000

The calculation result for stress intensity is shown in

Table 1.1.6.
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Table 1.1.6 The'Result of Compressive and Tensile Stress for

Lining
: : Fatth Pressure
Earth . Pressure o +
‘Water Pressure
7 oc ds | .dcr‘ U8
k=3000t£/m3, =0.8] 15.6 — 80.5 | —
CASE-1 : —
x=5000tf/m3, =0.5| "15.1 |. 16.0 64.3 | @ ——
k=3000tf/n3, =0.8] 20.0 | — | 99.4 —
CASE-2 f-ren : : :
k=5000tf/m3, =0.5| 34.8 146.7 76.6 S
~ |k=3000tf/m3, =0.8] 86.3 — 99.4 —
CASE-3 - — _
k=5000tf/m3, =0.5{ 167.5 1129.1 74.4 —

Regarding the calculation results of the sectional force
when earth and water pressures were applied and when k=5,000m3
and tf/m3:0.5 were used, it is a very unusual case that water.
pressure 1is épplied to the 'Tuﬁnel lining, and k=_5,000tf/m3
and K=0.5 are not basic values in this design._ Therefore;
safety was cbnfirmed by the uitimate_capacity of lining as

shown in Fig.l1l.1.6.
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Table 1,1.7 Result

mr

of Stress Intensity Caleulation .(d.ead loadtearth pressure)

Task Team Report Hay, 1990 .

Basic Desiegn

Hax overburden

Nax overbirden

llnder the Canal at present

linder the Canal in future

E .
e——0 o o o |18 D22 § 2
. ) ‘ o | & ctec 20 <=
Cross-section of D19 cte 200 = OO O O |1
Lining | o =
' B 1000 i000 i
S — z y
: 2o = =
Overburden and = § == T § TR &£ §
Groundfwatér level E g 5 Z
[
Pe=10. 0om De= 9. 90m
Cohesion c (tf/m?) c'=2.14 cu=18 cu= 19 cu= 19
Internal friction , . B _
angle ¢ (deg.) ¢ =2 pu= 15 du= 15 pu= .15_
fHeight of loosening
) ho (m) 15.2 4.5 9.4 7.0
Coefficient of ' . .
ground reaction K (tF/09) 2000 3000 5000 3000 5000 3000 5000
Coefficient of lateral . ' .
earth pressure A 0.1 0.8 0.5 0.8 0.5 0.8 0.5
Mmax (tf-m) . 7.500 2,280 2.288 1.859 . 5.253 11.180 24.890 -
N (tf) 73.000 27.960 20. 869 50. 773 37,915 174,677 151. 454
oc (kgf/cm?) B6. 4 15,6 15,1 20.0 34.8 86.3 167.5
os (kgt/cm?) — e 16.0 e 146.7 —_ 1129.1




Table 1.1,8 'Re'sult of Stress Intensity Calculation dead loadtearth perssuretyater pressure

.Task Teaé] Report MHay, 1990 !

Basic D‘e'sign'

Hax overburden

¥ax overburden

Under the Canal at present

Um_ier the Canal in future

| D -
—Qe—0 O——Q—— O ——!% D22 ot -20(-} 3le
D19 cte 2 2 cte =
Cross- section of 19 ctc 200 = -0 o) 0 0O o- -}
~Lining S
1000 1000 -
. 7 hv)
AT RS = =
' V] R,
Overburden ang . = § =L § S g,;E £
Ground-vater level = § g-'f S
. = -
\ 1
De=10, 05m De= 9.90m
Cohesion ¢ (tf/m?) c'=2.14 cu= 19 cu= 19 cu= 19
Internal [riction t o oen _ _
angle ’ ¢ (deg.) ‘f’ - 27 fbu: 15 (,hu_ 15 ¢"U— 15
Height of loosening . Cx
- ho (m) 15.2 4.5 8.4 7.[].
Coeflicient of - ) - . _ _
ground reaction X (t/m%) 2000 3000 5000 3000 5000 3000 5000
Coelficient of lateral _ : ' _ -
earth pressure A 0.7 0.8 ' 0.5 0.8 0.5 9.8 0.5
Mnax (t£-n) 3700 10.890 6.738 9.994 3.938 10. 686 4.178
N .(tf} 200000 156,396 153150 242. 329 240. 436 T 232.422 228,479
oc (kef/cn?) 72.0 8.5 | 643 99.4 76.6- 99. 4 4.4
os (kegf/cm?) — _— N _ — - ——
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1.2. éontinuous Model Method

An analytical method using a continuous model was advo-
cated by Schmid H. in 1926, and numerous proposals have bean
made so far. Since, however, there are not much differences
among methods as long as a flexible 1iniﬁg is concerned, we
have decided to use for our design the proposal by Einstein H,

et al as shown below.

‘s Since the rigidity ratio of the'ground to the lining is
as great as 100 times, it can be regarded as a flexible

“1ining.
a = EgR3/EcJ + 100

Where, E : Elastic modulus of ground
Ec: Elastic modulus of lining
R : Radius of tunnel lining

J : Inertia of lining

This model 1is used to determine displacement in the
Tunnel Lining surface and sectional force produced in the
Liﬁing. ' _

in this model, it is assumed that P{= vertical load)} and
Kp (= horiidntal 1dad) are working to soil medium after the

excavation and lining of tunnel as shown in Fig.1.2.1.
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(b)

fa)

Herbert Hl. Einstein, M.ASCE and Charles ¥.Schwartz, A, M.ASCE
fSlmpllfled Anaysis for Tunnel SupportsJ
Journal of the Geotehnical Eng1neer1ng Division, Apr11 19749; pp. 499~v518.

Fig.1.2. 1 Analytlcal Mbdel Based on the Theorv

of Elast101ty
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The calculation formulas are as follows
The compressibility ratio, C*, is defined as

i E RB (l""ys?)
- EsAs(l“‘vz)

C*

‘Phe flexibility ratio, F*, is similarly defined as

R {1—vs%)
Is (1“'7}2)

E
¥
F E.

The lining displacements (in dimensionless form):

USE

PR (1+v) %-(I_FK)aoﬁ_(l’"K) [ (5-6v) az*— (1—¥) Jcos26

vsE _

SrE =L (-0 [(5-6v) ar- (1-v) T cos20

The lining sectional forces (in dimensionless form):

No=L G+ 0-a +1 (1-K) (1-2a:*) cos20
M= 2 1=K (1-2a7) 00820

in which

Aot = C*F* (1 —»)
T CE+F*+C*F* (1)

. (F*+6) (1=v)
82°= 9RF (1 —v) +6 (5—67v)
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1.2.1. Calculation of the Load

For the design condition, the same condition as in Case 3

with the greatest sectiOnal force was used in the conventional
calculation method.

The load was calculated by using the following procedure.
Yertical load i P

Pe=128nx(1.95-1.05)t/n3 =11.521/n2

Pw=428ax1, 05t/m3 =44.941/n2
P=Pe+Pw _ _
=11,52+44.94 =56, 161 /m?

Lateral pressur: K

" Hlere, calculation is done using apparent pressure cofficient K"

Coefficient of earth pressure 2 : A =0.8
S A Pe =08X11.52t/n2 =9 2161/n?

Coefficient of water pressure. A w : A w=1.0

.

S AwPw=10xX44.94t/n2 =44, 94t/n?
KP=2Pe+ A wPw=0,216+44,94 =54, 156t/n?

K' =KP. /P

il

54, 156/56.46 =0.96

\]

37m

SERNTEN

42.8m

7.0

Lyt

Fig.1.2.2 Tunnel Section for Calculation

i2.8M
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1.2.2. calculation of the Sectional Force

The input constant used to calculate the sectional force

is shown in Table 1.2.1.
The calculation results for the sectional force is shown

in Table 1.2.2.

fable 1.2.1 Conditions for Sectional Force Calculation

Item : Conditions

Elasfic Coefficient of Ground 15,000.0 tf/m3
Flastic Coefficient of Lining | 3,500,000.0 tf/m’
Poisson's Ratio of Ground 0.45
Poisson's Ratio of Lining | 0.20

Radius of Lining - : _ 4.95 m
Cross Sectional Area of Lining 0.40 m2
Moment of Inertia of Lining . 0.00533 n?
Coefficient of Lateral Pressure 0.96/4.50
Vertical Load 56.46 tf/m?

APG-24



Table 1.2. 2 Calculatlon Results of Cross Sectional Force
(Continuous Model)

c Bending Moment (tf-m). - Axial Force . (tf} : : .
Angle : s Remarks
K= 0.96 | K= 0.50 | K= 0.96 | K= 0.50 |
0 1.08 13.51 261,97 203.05
10 1.02 12.70 | 261.96 202.89
20 | 0.83 | 10.35 261.92 202.41
30 - 0.54 . 6.76 261.86 201.69
40 0.19 2.35 261.79 200.80
50 | -0.19 | -2.35. | 261.72 | 199.85
60 -0.54 6,76 | 261.65 | - 198.96
70 ~0.83 | -10.35 | 261.59 198,23
80 -1.02 -12.70 261.55 197.76
90 -1.08 -13.51 . 261.54 | 197.59
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Axial tension N (tf)

‘be O degree. As a result, it could be confirmed that it is

1.2.3. Evaluation of Safety

sufficiently safe.

The evaluation of safety was confirmed by the limit state

deSign method as shown in Fig.1.2.3. "For the verified sec-

tional force position, the angle in Table 1.2.2 was assumed to

300 : ,‘
_ .
Allosable Strength ‘
P of Lining \
\
// I Ultimate Strength of Lining’
200 0] \
!
!
i
!
/.
o
/ O: K=0.96
100 - / M= L0811 tfem, N =261.9730 tf
// ©: K=0.50 ]
/ M=13.5143 tf-m, N =203.0530 tf
/
/
/
/
/
) y
0 20 40 60 80

Beﬁding moment M (tf«m)

Fig.1.2.3 Strength of Lihing and Sectional Force
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2. Design relative to buoyance

gince this Tunnel is a dralnage type tunnel it is. not
necessary to consider that 100% of the theoretlcal buoyancy is
applied'to Llnlng. To secure safety, however, the design was
made on the assumption t+hat 100% of the theoretical buoyance
operates.

As regards to stability of the Tunnel, the shearing
re51stance force (8) of the overburden portion will also be
taken into consideration as shown in F1g 2.1.1, and if the
relationship exists between bucyancy {F) applled to the Tun—
nel, weight (P) of the overburden and the Tunnel dead 1load

(w1:Segment ring, Wyt Lining), stability can be secured.

wl + w2 + 28 + P =z g-F ‘
(a : Safety-Féctpr‘l;ZS)

where, Weight of Segment Ring : W; = 41,71 tf

Weight of Lining 1 Wy = p-DC-t.TC
= n-9.9.0.4:2.5
= 31.10 tf
Weight of the-overburden':
P = Do-h-(r-Iw)
= 11.6+7-(1.95-1.05)
= 73.08 tf '
hvd

k]

P

| ¥ W[+W2
Fig.2.1.1. Relation ship between Buoyancy that acts upon.the

Tunnel and Resisting Forces
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Shearing resistance force of ground

=h - ¢’ +R/2 (r—7w) * hZ-tang
7% 194+0.589/2X (1.95-1.05) X 72X tanl5
~13343.48

=133, 4Btf

- Where, k : Cdefficiént of adctive earth pressure

k = tan? (45 ¢ /2)
= tan2(45-15/2) -
=0,589 C

Buoyancy : F=xn/4-DoX7rw
=(7r/4)X11.62‘X1.05
=110, 87tf

WitWo+2S+P2ca - F
41.714+31,10+2% 133, 48+ 73,0821,26X 110,987

412, 85 = 138,71 0X.
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3. Pesign relative to influence of the Canal expansion

work (Cross-section)

The ground at the Canal's bottom is predicted to rebound
by the Canal expansion work. It is considered that the Tun-
nel, which crosses thé Canal's bottom, will bhe affected by
this rebound. |

Accordingly the design will be made using FEM and a Beam

on'the elastic foundation model.
3.1. Design using FEM(Finite Element Method)
3.1.1. Design condition

The influence of the ground rebound -due to the Canal
expansion on the liﬁing crdss-séction:wés studied using FEM.

The analytical model of FEM is as shdwn in Fig.3.1.1, and
to view the influence of excavation, only an excavatidn_load
(P= 33 tf/m?) will be applied.

The Tunnel's cioss—sectibn will ‘be studied at the center
of the Canal. The excavation load for the Canal is not infi-
nite in the Tunnel's depth direction, but it is.essentiaily
necessary to make three-dimensional analysis.. Although two-
dimensional analysisg will be made for simplification's sake
this time, the ground layer thickness will be a problem in
the calculation of displacement at this time. In the analyt-
ical medel, the ground layer thickness was assumed

to be 200 m to allow the amoﬁnt of rebound to meet that of
FEM in the longitudinal direction as to be mentioned later.

The condition used for studying is shown in Table'3.1.1.
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Table 3.1.1 Condition

for FEM

Item

Condition

Earth Condition
' - Elastic Modulus
Poisscn's Ratio

15,000.0 tf/m?
0.4

Tunnel Condition
Segment
Elastic Modulus
Cross Sectional Area
Moment of Inertia
Lining
Elastic Modulus
Cross Sectional Area
Moment of Inertia
Road Deck
Elastic Modulus
Cross Sectional Area
Moment of Inertia
Support Wall of Road Deck
Elastic Modulus
Cross Sectional Area
Moment of Inertia

1,750,000.0 t;/m2
0.3859 m
0.0113 mn?

2,650, 000.0 tf/mz
0.4 m
0.0053 md

2,650,000.0 tg/m2
0.35 m
0.6036 mi

2,650,000.0 tg/m2
0.3 m
0.0023 n?

Joint Element - 1
Elastic Modulus
Shear Modulus
Joint Element - 2
Elastic Modulus
Shear Modulus

15,000.0 tf/mg
6,250.0 tf/m

12,500.0 tf/m?
0.0 tf/m?
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A joint element (1) was pro’vid.ed between the soil .medi.um_
and the segment to evaluate the disconnection between_the sbil
medium and segment. Likewise, a joint element (2) was provid-
ed between fhe segment and the Lining. A fleece such as non-
- woven drain material was considered. The dimensions of these

joint elements are as shown in Table 3.1.1.
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9.50 7.0m

L

Detail of tunnel element Tunnetl

¢.

Soil Hedium

Joint element O *!

4950 am

R =

Segment

Lining

% 1 Interaction between Soil ¥edium
. and Segmeni Ring and Lining
3% 2 Interaction between Segment Ring
and Lining

Fig.3.1.1 Analytical Model of FEM
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3.1.2. Analytical Result

The amouﬁt of rebound produced by the Canal excavation
and the Lining sectional force are as shown in Fig.3.1.2,

3.1.3, 3.1.4 and Table 3.1.2.

Table 3.1.2 Result of FEM Analysis

. Item ' Result
Rebound Amount .
Bottom of the Canal ) & = 210.6 mm
Tunnel -Crown . 5 = 210.8 mm
Tunnel Invert 6 =171.9 mm
Cross Sectional Force of Lining
-Axial Force N = 18.0 tf
Bending Moment M= 6.0 tf-m
. Shear Force 8= 12.7 tf
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Fig.3.1.2 Diagram of Ground Displacement
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Fig.3.1.3 Diagram of Tunnel Displacement and Axial Force of
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SHEAR FURCE DTAGRAM 1) BENUTNG MOMENT DTACKRAM (7=

M=6.508 tf-nm

\ §=12.742 Uf

(a) | o | (5)

Fig.3.1.4 Diagram of Shearing Force and Bending Moment
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3.1.3. Evaluation of safety

The Canal will be excavated over a long period of time
after the lining is executed. Therefore, it is considered
that the current earth preSsure will be applied to the 1lining
until the Canal excavation is finished.

Accordingly the safety of the lining is specified below.

. Ordinary Cbndition: Sectional force due to the cur-
rent earth pressure + BSectional force produced by

excavation

Critical Condition: Only sectional force produced by

excavation

The table below shows the result of calculation. Each

result is within the stress limit.

Table 3.1.3. Summary of Cross Sectional Force

Ordinary”™ Cross Sectional Total
Force due to
{a} the Deepening{b) {a)+(b)
Ordinary Condition - .

N(tf) 49.183 18.012 57.983
C o M(tfem) 0.486 5.508 65.994
5(tf) _— . 12.742 12.742

Critical Condition o : . _
N(tf) —_— 18.012 18.012
M{tf.m) . — 6.508 6.508
S(tf}) _ 12.742 S12.742

% : Refer to the result obtained by the conventional method

Table 3.1.4 The Result of Stress Intensity

(unit:kgf/cmz)

_ ac oca g8 osa
Ordinary Condition 46.0 90.0 104.4 | 2100.0
Critical Condition 46.6 135.0 1017.6 3150.0
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3.2.Design using beam on the elastic foundation mode
3.2.1. Estimation of Rebound

The rebound Qf that may occur during the excavation of

the Canal was estinated by using (assumed) swelling index, C.
« Bedrock Model
The depth to bedrock_will be assumed to be 50 meters
below the excavated bottom of the Canal, based on. the Ahmed
Hamdi Tunnel As-Built Drawings. The Bedrock will also be
assumed to be uniform through the thle bottom,

+ BEstimation of Existing Voids Ratio, eo

Void ratio, eo, can be calculated with the following

formula:
ao = (Gs-.rw}/rd - 1, rd = rt/(l + w)
Where; _
w = moisture content (30%)

rt = unit volumetric weight of soil (1.95 tf/m3)
rw = unit volumetric weight of water (1.05 tf/m3)
The above three factors were obtained from the drawings.

Gs = specific gravity (2.5) (assumed)

rd

I

1.9/(1+0.3) = 1.46 tf/m3

eo = (2.5x1.05)/1.46 - 1 = 0.797

Hi

. Estimation of Compression Index, Cc

Compréssion Index, Cc, can be obtained from the liquid
limit, WL, using the folliowing formulaf '
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Cec = 0,009 (WL - 10) (Skempton‘é'law)
Liguid limit WL = 60 to 90% = 70% (from the As-Built Drawings)
Cec = 0,009 x (70 - iO) = .54
« Estimation of Swelling Index, Cr

It is believed that Swelling Index, Cr is generally
between 1/10¢ and 1/30 of the Compression Index, Cc. Therefore,
the Swelling Index, Cr can be assumed to be within the follow-

ing range.
Cr = 0.54 x (1/10 to 1/30) = 0.054 to 0.018
. Estimation_of Rebound

Rebound can be estimated by the following consclidation

settlement formula:

H+.Cr po+ p
P = ——— 1 PO .
l+eo 09 po )
Where,
H=50m
Po = (25 + 33) % 0.9 = 52.2 tf/m3 (at center of earth)
AP = 33 x 0.90 = - 29.7
- - 50.0 x 0.018 52.2 -~ 29.7
pl: - ’
(3 ogey ) test 52.2 )
= - 0.183 m = - 183 mm
50.0 x 0.054 . 52.2 - 29.7
D2 = . 1 i
S TP N7 A R A )
= - 0.549 m = - 549 mm

Therefore, the estimated rebound of the excavated surface

of the Canal will be appfoximately as Ffollows:

p = 183 to 549 mm
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+ Relative displacement at the Tunnel‘s position

The relative displacement at. the Tumnel's position has
been calculated as below by using an appfoximate:eétimatidn
for the amount of rebound on the Canal excavation sufface.

The relative displacement at the Tunnel‘s position is an
appfoximate estimation'by the past réferehces, etc., and has
considerable latitude. _ 5

According to the original "Ahmed Hamdi Tunnel Design
Documents“, on the 6ther hand, the amount_bf rebound bn_the
Canal excavation surface and the relative displacement at the
tunnel positiOn.are 350 mm and 50 mm_reSpectively.' |

Judging the above'synthetically, the relative displace-

ment at the tunnel position will be 50 mm in thé‘study of the

lining.
. p=183~549mn
Canal drilling level l' i
: 7
.8 .
=
S Ap
ks = Tunnel -~
L]
A
A&@ﬂ%k
geb?¥nd_a} ca?al gelafiye. -
rilling level: isplacement y
o (np) A p (mn) Remarks
Wi nmum : - | [ Document on_ﬂ.H.TUHﬁeljf
183 40,3 - p= 350 nn:
Yaxmum : Ap= 50 nu
' 54§ 120.3
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3.2.2. Design condition

The rebound of the ground affected by the Canal expansion
work was calculated by applying it on a double-deck ring
model, in which the segment ring and lining were evaluated by
girder, as shown in Fig.3.2.1. '

Since the fleece material to be provided between the
segment and the lining togethér with waterproofing sheets at
this time is compressible as ‘'shown in Fig.3.2.2, the fleece
material was evaluated as a coinpreséive spring between the
'se.gment ring and lining. Since, however, the nonwoven materi-
al is considered to be unable to resist the tensile force, no

tensile spring was chosen.

Forced digplacement _
/ ' _ Distribution of forced
displacement .

50 mm

1
|
Spring model

for Fleece

Lining

Spring equevalent
to goil resistance

[o

Segment-ring

Sepnment-ring,
E = 3500000 tf/m?
1 =0.01131%7 =0.005655 n" {(n=05)
A =10.3859 m? _ _
note lor g : elfective [lexural rigity ol segment ring
with reduced stiflfness joint.

Fig.3.2.1. Analytical Model AP6-41



For the fleece compressive spring, the following values
were used because of an relationship between a load with 50%

in compressibility and the displacement as shown in Fig.3.2.2.

CASE-1: k=2,500 tf/cm? When a sheet of fleece material
. L of 7 mm is used. o
CASE-2: k=1, 250 tf/cm2 " When two sheets of fleece mate-

rial of 7 mm are used.

§§7 104 '\\\
\;: 80 \ \\ :
ﬁ' ”\\ v\\ Design Curve
iE N v -
%{ 60 . \\ S " Actual Curve
PTI RN B
[ g h S
&
é 20
0 10 20" 30 40 50
Compressive load (ti/m?) -
Thickness of Retention of
_ fleece %X (100 — thickness® ) %

Compressive load

Fig.3.2.2 Compressive Characteristic Curve of Fleece .
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On calculating the sectional force, we have decided to
use the calculation result for sectional force of lining
before the Canal expansion because the lining is considered to
have already received earth pressure before the Canal expan-
sion work. '

The calculation result of sectional force is shown in
Table 3.2.1.

. Also the dispiacements for the segment ring and lining at

this time are shown in Table 3.2.2.

Table 3.2.1 Result of the Sectional Force

Max. RBending Moment Axial Force
tf-m tf

Segment Lining Segment Lining

Cross-Bectional Force before — 0.382 s 48.845
the Expansion of Canal
Influence of Expansion of Canal| -B0.435 33.644 -0.402 18.318
Cage-1
Combined Effect _— 34.026 e 67.163
. Influence of Expansion of Canal| -77.346 22.144 6.322 12.794
Cage-2
Combined Effect — 22.526 _— 61.639

Table 3.2.2 Result of the Lining Displacement

Seément Lining
: Displacemant.at erﬁn 48.44 mm 29.77 mm
Case-1 Displaéement at Bottom 2.56 mm 15.10 mm
Relétivé Displacement ' 45.b§.mm 14.67 mm
.Displacement at. Crown 48.76 mm . 19.14 mm
Case-2|Displacement at Bottom 2.14 mm 9.88 mm
RelativelDisp;acgment 56.62 mm 9,25 mn
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The safety was evalhated by the ultimate.strength of the

limit state design method.

Verification of the
strength exceeds that of . the single'réinforcement in Case-1

results shows that the ultimate

and is within the ultimate strength in Case-2 as shown in

Fig.3.2.3. _
~From this fact, it can be seen that fleece material of

14 mm(?.mm x 2} is effective for the influence of the Canal
expansion work. '

Although the segment ring causes local sectional failure,
a hinge is formed because the peripheral area of the Tunnel is
restricted.by the ground and lining exists inside, and it is

judged that the structure bf segment ring will hot be broken.

200 ~ :
v Allowsble Strength of Lining /

v

Ultimate Strength

1
\
1
1
- \
L l
- 1
> ' N, of Lining
= :
2 '
2 !
i
= : case-1 fleece Tmm
= ) /
t C
1
1
I
i
: case-2 fleece 14mm
I
i
@
]
I’ .
ra
0 20 40 60

Bending moment M (ff?m)

Fig.3.2.3 Strength and Sectional Force of Lining
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When affected by the Canal expansion work, the safety was
confirmed by superimposing the sectional force due to the
traffic load on that due to the Canal expansion work because a

great bending moment occurs as shown in Table 3.2.3.

Table 3.2.3 Road Deck Safety Verification

Point A | Point B | Point C | Point D

5| (Traffiq' Load) tf.m ~5.50 3.37 - =5.50 3.46
M (Canal #xpansicm} tf'm -1.38 -1.38 4.33 1.61
M (Total) tf.m’ -6.88 1.99 -1.17 5.07
N (Canal Expansion) tf 81.14 81.14 80.10 80.10
Beam Height h ' em 53.00 35.00 43.00 31.00
Qovered with. Reinforcement @ . cm 10.00 10.00 10.00 10.00

Amount of Reinforcement As=As' cm2 D19ctc200|D19ctc200D19ctc200{D19ctc200

e kgf/cm2 29.7 29.8 21.5 52.8

3£} kgf/cm2

As a result, it can be'confirmed that there are no prob-
'lems on the Road Deck caused by fluctuations of the sectional

force due to the Canal expansion work.
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4. Design relative to the influence of the Canal expansion

work (Longitudinal direction)

4.1, Design using beam on the elastic foundation +

Loading method
4,.1.1. Design condition

In this Tunnel, the earth covering will be greatly
changed under the influence bf.the expansion work of the Canal
to be carried out in the future. | . .

Since about 40% of the Tunnel length will be affected by
the Canal expansion work, design in the Tunnel's longitudinal
direction was made. :

The cohditions used for the design are as éhown ih Tables
4.1.1 and 4.1.2. |

These so0il conditions are basically the same as the
design conditions of the Tunnel's cross-section.

Regarding the coefficient of grouhd 'reaction of
3,000tf/m3 among them, comparative design is also performed
using K = 2,000 tf/m>. | .

This is to confirm that the Tunnel will not be broken
even if the coefficient of ground reaction of 3,000tf/m> which
is estimated from the geological survey result is to be

reduced to almost 2/3.

Table 4.1.1 Soil Condition

Item _ Condition
Density of Soil 1.95 tf/m?
Density of Water 1.05 tf/m2
Density of Soil in Water 0.90 tf/m?
Coefficient of Ground Reaction | 3,000 (2,000)tf/m3
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Table 4.1.2 Structural Condition of Lining

Ttem Condition
Tunnel Cuter Dlameter (Segment) bo = 11.60m .
Tunnel Inside Diametex Di = 9.50 m
Centroid Radius - Re = 4..95 m
Lining Thickness t = 0.40 m
Elastic Coefficient E = 2650000.0 tf/m’
Cross-Sectional Area Al = 12.44 mZ/m'
Moment of Inertia Il = 152.66 m4/m
Pesign Si:rength of Conérete ack = 270 ]_::gf/c:m2
Allowablg Compressive Sf;ress of Concrete oca = 90 kgf/cm2
Tensile Stfenjth of Reinforcement Bar osy = 4000 kgf/cmz
Al_lowable Tenisile Si_:rength of Reinforc.ement Bar osa = 2100 kg‘f/cm2

Fig.4.1.1 Cross Section of Tunnel Lining
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4.1.2. Caleulation of the load

The vertical load, which changes in the Tunnel's longitu-

dinal airection.due to the Canal expansion work, was calculat-

ed to find out difference'between the current overburden and

the

overburden

Fig.4.1.3.

The calculation results of the load are

after

the

4.1.3 below and in Fig.4.1.2.

Canal

excavation

‘ag shown in

given'in Table

Load

Table 4.1.3 Calculation Results of
Distance|Current Overburden [Current Earth Earth Overburden Earth =Pressure after
(m) {m) ) Pressure (tf/mz) after Exijansion .(m) Expansion (i:gf/cmz)
0.0 17.0 15.3 17.0 15.3
300.0 26.0 23.4 26.0 23.4
360.0 27.0 24.3 7.0 6.3
580.0 34.0 30.6 14.0 12.6
640.0 35.0 315 35.0 31.5
720.0 35.0 31.5 35.0 31.5
780.0 18.0 16.2 18.0 16.2
B20.0 23.0 20.7 12.0 10.8
920.0 21.0 18,9 10.0 9.0
980.0 20.0 18.0 9.0 8.1
1030.0 10.0 36.0 10.0 9.0
1050.0 40.0 36.0 10.0 9.0
1160.0 34.0 30.6 34.0 30.6
1310.0 40.0 36.0 10.0 36.0
1647.0 23,0 20.7 - 23.0° 20.7
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]Exlenl ot pilol
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After the Canal Expansion 4u3tfﬂn2

20
_‘}O .

Fig.4.1.2 Distribution of Vertical Load in_the

Longitudinal Direction of Tunﬁel
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'_441.3. Calculation of'sectionél force

To calculate the sectional force, the difference between
the earth pressure due to the preéent earth covering and the
earth pressure due to earth covering after the Canal expansion
was caléulated,by applying a predetermiﬁed load to a structur-
al model in whiCh the 1ininQZWas evéiuated by beam haﬁing
uniform rigidity in the'longitudinal direction and the ground
reaction was evaluated by elastiCity=as'sh6wn in Fig.4.1.3.

It has been assumed that ‘the .ground reaction can be
alwafs expected ifrespective of the deformation of'the.Tunnel
Lining. No shearing force transmits since there exist water-
proofing sheets around the Lining, and the ground reaction is
appiied only in the perpehdiéular direction to the Tunnel
axis.

This method evaluates variations in earth pressure pro-
duced when the ground is excavated and is most geﬂerally used
in Japan. Table 4.1.4 and Figs.4.1.4-7 show some resﬁlts of

our calculation.

Table 4.1.4-Ca1cu1ation on the Cross—Sectional Force

Max., Bending Moment Axial Force

Exs&m K=3000 tf/m2 1994 | ' 8.8
CASE-2 | K=2000 tf/m2 - 2835 ] 13.1

Load (Earth pressure)

b 3 4 h 3 ‘L b ¥ Y ". b - -
I '_* _ _ )
( e Tunnel lining éfeéz.model) - S _0
RS E SR LT EEEEEEE

Elastic foundation

-
e
&

Fig.4.1.3 Analytical Beam Model for Canal Expansion
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4.1.4. Evaluating of safety

From the calculation result of the sectional force, the

stress intensity was verified by using the allowable unit

stress method.
The stress intensity was calculated for the cross-

section shown in Fig.4.1.8.
As the result of these verifications, both cases were

below the allowable stress intensity.

Table 4.1.5 Result of Calculation on the Stress Intengsity

g cC - gca oS8 gsa
CASE-1| K=3000 tf/m2 14.8 90.0 1310.7 | 2100.0
CASE-2| K=2000 tf/m2 | 21.2 90.0 1863.8 | 2100.0

Fig.4.1.8 Cross Section of Tunnel Lining
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4.2. Design using FEM -
4.2.1. Design condition

Design is'performed_using FEM taking.into chSideratiOn
the influence of the Canal expansion in the Tunnel's longitu-.
dinal direction. A FEM analytical model is shown in
Fig.4.2.1.

: The analysis condition is as shown in Tables 4.2.1 and.
4.2.2.
For the Tunnel, only lining-wili be taken into considera-

tion, and it is considered as a beam member.

Table 4.2.1 Soil Condition

Item _ Conditicn
Elastic Modulus (tf/m2) 15,000
Poisscn's Ratio 0.4
Density of Soil {tf/m3) 0.9
Cohesion - (rE/e2)) 190
Internal Friction Angle (rad.) _ 20

Table 4.2.2 Structural Condition of Tunnel

Item Condition
Elastic Nodulus C(tf/m2)| 2,650,000
Cross-Sectional Area {m2) 12;44
Moment of Inertia (md) 153.00
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4.2.2. Calculation result of sectional force and

Displacement
The displacement and sectional force produced by the

Canal expansion work are as shown in Table 4.2.3 and

Figs.4.2.2 to 6.

Table 4.2.3 Calculation Result of Sectional Force and

Displacement
Item
Axial Force tf _ 1235.7
Bending Moment tfim | -7910.0

Shearing Force _ tf 158.9

Max. Ground Displacement
at the Bottom of Canal mm _ 239.0

Max. Displacement :
of the Tunnel mm 226.4
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- Smax =—158.875 tf

g2
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Fig.4.2.5 Shearing Force Diagram
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4.2.3. BEvaluating of safety

Safety at the ultimate strength is confirmed by using
the limit state design method.. The ultimate strength is

calculated in two cases of single reinforcemént and double

reinforcement, the result of which is as follows:

- Design_strengtﬁ of concrete: oeck= 279 xgf/cn?
- Allgrable compressive stress: o cas 80 kgf/en?

of concrete

/ - Tensile strength of ' © osy= 4000 kgl/en?
_ / ‘ reinlorcement bar '
| // A .
, . - Allowable tensile stress of : -gsa= 2100 kgf/cn?

, // reinforcement bar

Fig.4.2.7 Crogs Section of the Tunnel

In case of single veinforcement : Moo=  7615.9 tf “n
In case of double reinforcement : Muoa= 14908.9 tf +m

M= -7910.0 tf +m >M,a= 76150 tf *m , NO
In case of single reinfépéemenf
<Mus= 14908.9 tf «n . OK

In case of double reinforcement

In case of single reinforcement, ultimate strength is
beyond the safety margin specified, and in case of double
reinforcement, ultimate strength is below the safety margin
specified. ' _

Judging from the above calculation, double reinforcement

is necessary for reinforced Tunnel lining directly under the

Canal.
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5. Seismic Design of tunnel structure
5.1. Design Analyses by Dynamic FEM Program

Seismic design-analyses for longitudinal movement of the
Tunnel will be done  using a dynamic FEM program { program

title: FLUSH).

5.1.1. Determination of Input . Earthquake Ground

Motion

The input ‘earthquake ground motion for seismic design
analyses is.generéily determined based'on the magnitude of
earthquakes, epiCentral'disténce, and dynamic characteristics
of tﬁe_ground, assumed_accordiﬁg to past records of strong
earthgquakes that occufﬁed in ‘areas adjacent to the structures

of the design analyses.

The historical data of Strong earthquakes in areas adja-
cent to the Tunnel have been obtained from the Focus. Catalogue
of the Meteorological Agency of Japan, as shown in Fig.b.l1l.1
and Table 5.1.1. The data was extracted from earthguakes with
a magnitude (M) of 5 or stronger occurred in the selected

areas for 91 years from 1900 to 1991.

it is understood from the distribution of earthquakes
shown in Fig.5.1.1 and Table 5.1.1 that strong earthquakes, M
- 5.0 or 5.4 occurred in the area within 100 kilometers (km)
in radius from tﬁe-;étructure, and their focus depths were
relatively shallow, being 24 and 33 km in depth. Earthquakes
with the intensities of M = 5.0 to 7.1 occurred eight times in
only three years ﬁithin. an area 330. km southeast from the
structure, and.the record of the biggest earthquake,.M = 7.1;
is especially noticeable. It should also be noted that an
~ earthguake of intensity M = 5 occurred between the place where

the biggest earthquake occurred and the Tunnel.
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Fig.5.1.1 Past strong Earthgquakes in Areas Adjacent to the

Project Site

Table 5.1.1 Past Strong Earthquakes in Areas Adjacent to the Project Site
(Source: Focus catalogue of the Meteorological Agency)

1990. 11 00:00 ~ 1991. 2. 28. 24:00

Magnitude 5.0 — 9.0 - Depth: 0 — 350 m Areal
N | Y M DH MIN Latitude Longitude | Depth |
111969 3/24 11:54 | 27°31.7" 33°49.7'| 21 |5.2
211969 3/31 7:15 | 27°40.1" 33°59.2'| 33 7.1
3]1969 3/31 21:44 | 27°27.7" 34° 1.7 6 (5.0
411969 4/ 8 10:31 | 27°30.2° 33°43.3'| 15 (5.2
5[1969 4/16 8:12 27°35.2" 33°58.1'-33 [5.0
61969 4/23 13:37 | 27°35,6" 33°56.5'| 28 |5.0
711972 1/i2 8:15 | 27°31.6° 33°44.9'| 54 (5.1
81972 6/28 9:49 27°38.9" 33°45.6'| 15 |5.6
911974 4/29 20: 4| 30°31.7' | 31°43.3'} 33 |5.4
101979 4/23 13: 1 | 31°14.6' | '35°27.7'| 33 [6.1]
11/1983 2/ 38 13:46 | 29° ¢.9' 34" 49.9"| 10 |5.1
1211983 2/ 3 23:30 | 29°16.3"' { 34°46.0'] 10 |5.1
13{1983 6/12 12: 0 |'28°30.5" | 33°10.3'| 10 {5.0
14/1984 8/24 6: 2 32°.44.3" 35° 6.6') 24 [5.0 [
15/1987 1/ 2 10:14 | 30°28.8" 32°13.3'[ 24 (5.0 |
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From'these records, it is assumed that crustal altera-
tions may occur in areas facing the Red Sea. The magnitude of

alterations may be assumed as:

'Epicentral distance : within a radiugs of 100 km from the
structure
Focus depth : approximately 20 to 40 km

M =5 min’

‘Magnitude

In this analysis, the following earthquake magnitude

is assumed taking into consideration the importance of the

structure.

Epicenter E immediately below the structure
30 km (Effective distance: 30 km)

e

Focus depth
Magnitude : M= 7.0

Phe type of earthguake is assumed to be vertical shocks

produced from a source directly under the structure.

The peak ground acceleration for +the design against
‘earthquake ground motion is normally determined based on  the
assumed relationship between. the magnitude and the epicentral
distance. The methods of estimating the peak acceleration on
bed rock, which means earthquake-resisting bed rock here,
based on the data from strong earthquakes recorded at ports

and harbors in Japan, are shown in Fig.5.1.2.
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Based on the curves shown in. the figure[ the peak accel-
eration (amax) of foundations during earthquakes of the magni-

tude assumed above will be:

amax = 215, for which M = 7 and effective distance = 30 km

It ig desirable that acceleration waveforms be determined
based on the records of earthqﬁakes similar in magnitude to
the assumed earthquake or the actual record in an adjacént
area of the subject gstructure. Since the desired recdrds‘of
earthquakes of an assumed magnitude at a spécific site are
rarely available, the past records of strong earthquakes
equivalent in magnitude'and'with similar ground characteris-

tics afe_normally uéed;

It is understood from the drilling log shown in Fig.
5.1.4 that the ground at the site of this design.project is
covered with silty clay to depths from 6.5 to 20.0 meters,
with a substratum consisting of'qustane below the depth of
20.0 meters. The ground is estimated to be very solid, being
290 m/sec for clay soil and 300 m/sec for mudstone measured in

wave velocity (Vs) per second, which was obtained by PS5 1log-

ging.

The observed waveform at El Centro (officially called
"Imperial Valley") is a representative seismic wave and is
widely used in seismic designs, as is the assumption of such

solid ground and seismic magnitude M = 7.

The El Centrpo sgeismic waves will be used as  an input
waveform in this project, since ground conditions and seismic
magnitudes are similar in this assumption. The actual El

Centro waveform is shown in Fig. 5.1.3.
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Soil parameters uged in seismic design are shown in Table

5.1.2. Soil

Parametears

5.1.2.
Table 5.1.2 So0il Parameters
. ?1 Si;atic Secondarty Dyhémic’ Secondary|Shear Unit Volumetric jPoisson’'s
Layer [Wave Velocity Wave Velocity Rigldity{Weight Ratio
Vs (m/s8) Vs (m/s) g *2 r (tf/m) v
ob 200 100 1990 1.95 0.48
Ch 290 - 310 - 150 4477 1.95 0.47
Mdm 444
& (460,400, 440, 222 9807 1.95 0.465
Mdw | 390,460) *2
%1 : Ob - Surface Soil
Ch - Hard Clay
Mdm - Moderately Cemented Mudstone
Mdw - Wall CemenEed Mudstone 5
2 : G=( v/ g ) Vs G = 9.8 m/s
%3 : Weighted mean 444 m/sec. has been obtained by malti-

Structural design parameters are shown in Table 5.1.3.

plying each layer by the height of layer

5.1.3. Structural besign Parameters

Table 5.1.3 S8tructural Design Parameters

Item Condition
Elastic coefficient E = 350,000 (tf/m?)
Sectional area A= 12.44 (n?)
Moment of inertia of area I = 153 (m4)
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The earthquake resisting bed rock is defined aél_the
basement which will not be affected by subsurface layers and
can behave elastlcally deep in the ground different from the
definition used in geotechnics. It is generally limited to bed
rock, or to dilluvial deposits havihg a bearing strength "N

of 50 or more. (Ref. Fig.4.1.4 or Page 4415)

In this design project, the'groﬁnd-surface at a depth of
100 meters, where the "N" value is stabilized, will be assumed

as bed rock as determined by the results of soil exploration.

The El Centro seismic waves will be. considered as an
earthquake ground'motion at the expdséd surface of bed rock.
'The earthquake ground motion, divided by two, Wlll be glven as
an input earthguake ground motlon {one half of the accelera-
tion waveform and the maximum amplitude: a max = 215 gal/2 =
107.5 gal) for bed rock.

AP6-T72



5.1.4. Method of Bnalysis

Seismic reéponse analyses will be made by the dynamic FEM
method using a_program named “FLUSH" on a three-~dimensional
pseudo model. This three-dimensional pseudo modeling procedure
has been adopted because a principal section together with a
sub-section that reprbduces natural‘groﬁnd in depth can be
established, while a tunnel model with a depth is made by
normal two-dimensional modeling  procedures. The three-
dimensional pseudo model has also a characteristic to make it
possible to evalﬁate dissipating effects of séismic waves on

the sub-section (out-of-plane direction).
'Fig.5.1.5 is a sketch showing the concept of a three-

dimensional pseudo model. Fig.b5.1.6 shows the analytic model

(mesh system data) used in this analysis.
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Design point of input earthquake ground motion

E, Fp=E, ' (exposed surface Of bed rock) |
- Bedrock f‘ (E+F=2E)
' EiFy

Rising wave

Seismic bedrock .~ Descending wave

Design incident wave: 1/2 of exposed

surface of bed rock

Conceptual Sketch of Iﬁput Earthquake Ground Motion at Bed Rock

| Structure Qut-of-planc basement

L~
pre ' /“7/ Out-of-plane 5%
Ffec bed rock yd / viscosity bouﬁiﬂy Free bed rock
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Fig.5.1.5 Conceptual Sketch of Three-Dimensional Pseudo

Model
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5.1.5. Results of Analyses

The largest strains occurring between joints in the
centel of the Tunnel are shown in Table 5.1.2 from the results
of analyses. These values have been obtalned by d1v1d1ng the
largest relative dlsplacement-occurring_between joints in the
center of the Tunnel due to the diétance in between. The

negative symbols show tensile strain.

It is understood from Table 5.1.4 that the largest strain
is occurring at locations shown in Fig.5.1.7, and the value of
strain (gpay) is between 4, 400'and-4,500p. All other areas

indicate .a value under gp.. = 4, OOOp
Fig.5.1.8 shows the dlstrlbutlon of horlzontal dlsplace—

ment at the tlme of the largest straln, 9max = 4,400 to

4, 500p, for reference purpose.
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Table 5.1.4 Maximum Strain at the Tunnel Center

NO JOINT NO. Max. Sgrain
(x107%)
1 -9 - 33 - 423
2 33 ~ 57 -476
3 57 - B2 -1018
4 82 - 108 ~205
5 108 - 134 1289
6 134 - 160 2423
7 160 - 187 2806
8 187 - 210 2396
9 210 - 232 2495
10 232 - 254 1771
11 254 - 276 1291
12 276 -~ 307 . 185
13 307 -~ 329 -1507
14 329 - 351 -3265
15 351 - 364 -4533
16 . 364 - 1386 ~4475
17 386 - 411 ~3311
18 411 - 441 ~1070
19 441 - 471 818
20 471 ~ 496 2153
21 496 - 518 3391
22 518 - 538 3281
23 538 - 558 2595
24 558 -~ 578 2168
25 578 - 598 2409
26 598 ~ 618 2399
27 618 ~ 638 1244
28 638 - 658 -792
29 658 - 678 -2120
30 678 - 698 ~1651
31 © 698 - 718 -1080
32 718 - 739 ~1497%
33 739 - 762 -2835
‘34 762 - 786 ~-3280
35 786 - 812 ~2322
36 812 - 840 -1404
37 840 - 868 ~-301
38 868 - 898 1459
39 g9g -~ 832 2750
40 932 -~ 964 3183
41 964 - 997 2879
42 997 - 1028 2434
43 1028 - 1059 1412
44 1059 - 1089 -69
45 1089 - 1118 =226
46 1118 - 1147 146
47 1147 -~ 1175 ~743
48 1175 - 1203 -565
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5.1.6. Safety Evaluation

The dynamic FEM program is named "FLUSH" on a three-
demensional pseudo model, and the concept of this model is

shown in Fig.4.3.18.

According to the results of analyses by FEM, the largest

strain value ( maﬁ) of soil medium surrounding the Tunnel is,
max: 4,400 - 4,500p

. This value is exceeding the yiéld.strain for reinforcing
steel bars (€sy = 2000n), and will cause the residual strain.
However, this ( max) is smaller than the restoring limit
strain (€sh = 13,000n), and after the conpletion'of earthquake
action, the deformed Tunnel will be restored to its original

structural situation. ©So, the safety will be verified.

Furthermore, it can be determined that the Tunnel will be

safe by incorporating the following conditions.

- Leakage can be prevented by waterproofing sheets, even if

cracks occur on concrete surfaces.

-~ Since cdrrosion_resistant and waterproofing sheets con-
crete are to be inserted between -the segment rings and
lining, isolation effects can be expected. It can be
assumed that the relative strains occuring in -this analy-

sis will not be conveyed to the lining'concrete.
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5.2. Design by Response Displacement. Method

The earthguake resisting design of the Tunnel will be
provided by using the response displacement method based on
the " Design Guidelines for Underground MultinﬁrPOSe Lifeline
Duct" of the Japan Road Association. '

This analysis method is.for Tunnel and soil medium moving
in the same manner when the Tunnel is under the earthguake.

The response displacement method is a method of design
based on the concept that underground structures, like shield-
ing Tunnels, have displacement characteristics determined by
the relative displacement or strains 5Hf the bed rock in adja-

cent areas, not by the inertia force of earthquake ground

motion.
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5.2.1. Design Conditions

The location of the Tunnel is shown in Fig.5.2.1. The

deSign‘bed rock surface is assumed to be 70 meters below the
bottom of the Canal (approximately 50 meters below the bottom

of the Tunnel).

Bbttom df canal

7.0

10. 3m

N N Tunnel

0m

52.7m

Design of rock surface

Fig.5.2.1 Bed Rock Model for Seismic design Analyses
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The design conditions are shown in the followwing two

tables.

Table 5.2.1 Calculation Condition
Thickness of Subsurface Layer {m) 70.060
Velocity of Secondary Wave (m/sec) 1000.00
Depth of Tunnel Center {m) 12.80
Elastic Modulus of Tunnel Lining (tf/mz) 2650000.00
Cross—-Sectional Area (mz) : 12.44
Moment Inertia (m4) 152.66

Table 5.2.2 Condition of Ground

Thickness of Subsurface Layer (m) 70.00
Average Dengity of Soil | _ (tf/mz) : 1.95
Average Velocity of Second Wave (m/sec) 300.00
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5.2.2. Determination of Sectional Force by Response

Displacement Method

The displacement of subsurface 1aYers bccufring during

earthquakes is assumed, by the response displacement method,

to be caused by propagating sine seismic waves ' shown in

Fig.5.2.2. Section force will be determined using the follow-

ing equations based on the beam theory for elastic foundation.

Where,
Ph, Pv
Mh, Mv
E - A
2 « 1h
E-1Iv
Uh, Uv

fE A : . .
P_.=a1'$1~ L '.U.h ) ! '
i \.E'_.‘
Pvzal_'E:r L A'?.;Uv _ S
: S (Equation 1)
P dn E‘I\. L . )
I\{h“az‘fz““_“i‘:;“""'“""'Ua o A
L dRiE - Iy
l\ivza:'fg%’?‘—:"{lv
: Axial force from seismic shocks within hori-

LE]

0

. , _
Un(z)=';33.'T.ww32H

zontal and vertical plahes (t)

Bending moment from seismic shocks within
horizontal aﬁd vartical planes (t.m)

Axial rigidity of Tunnel (t)

Bending rigidity within horizontal plane in
tunnel (t-m%) ' : _
Bending rigidity within vertical plane in
tunﬁel-(t.m4)

Horizontal and vertical displacement amplitude
caused by seismic shocks at the depth of
centef of gravity of multi-purpose 1lifeline
duct (m)

However, iny the horizontal displacement
amplitude 1is considered in this analysis.
Therefore, Uv = 0. '

Uh can be determined by the following equa-

tion.

b

............... ertieensanaans (Equation 2 )
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Where,
Uh (z) : Horizontal displacement amplitude.at the depth
of (z) from ground surface (m)
Sv : Design response rate. (m/se¢) for the proper
period (Ts) of subsurface layers.and seismici-
‘ty zoning can be obtained from Fig.b5.2.2 below

Ts : Proper period of subsurface layers (s)

L is the wave length of ground vibration which c¢an be

obtained by the following equation.

2.L1 * Lz

L =371,

[ B (Equati0n 3)
Li=Vps* Ts

Li=Ves - Ts

Vgg : shear elastic wave velocity of bed rock (m/sec)
: shear elastic wave velocity of subsurface layers

(m/sec)
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- Ground surface

Subsurface layer

Basement for seismic analysis

/- Displacement amplitude of ground vibration
-Primary shear mode of subsurface layer ' '

Wavelength of ground vibration and displacement amplitude

i 2 xz
A=Uh§z)= F2Sv-Tse cosz—H

L/cos ¢
Us  Asin#
Axial displacement Up, ) -
Ua=Asin#*sin [_?__rr%)_s_f -.r]
. I Acos ¢ :
Lateral displacement Uy

2
Ur=Acos#-sin [__r_r_%cm_f{ . .r]

Displacement Caused by Earthquake Ground Motion

Fig.5.2.2 Conceptual Sketch_of Displacement of _Subsurface'

Layeres Shown by Response Displacement Method
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Natural Period of Subsurface Layers Ts)

Fig.5.2.3 Desian Resgponse Velocity
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5.2.3. Results of Analyses

The results of analyses are shown in Table 5.2.3 below.

Table 5.2.3. Results of Analyses

Axial force . P (tf) | 8541.23

Bending moment within horizontal pléne M (tf-m) 2106.38

Bending moment within vertical plane M (tf-m) 1054;12

5.2.4. Safety Evaluation

The safety at maximum ultimate strength will be verified
here by the limit state design method. It is assﬁmed that
axial forces will not occur on the Lining because of the
1solat10n effect of the waterproofing sheets.

The moment estimated to occur will be 2106 tf.m. The
structure is estimated to be safe, since the maximum ultimate
strength (Mud) is 7615.9 tf.m when the axial force of a single

reinforcing bar is zero.

M = 2106 tf-m > Mud = 7615.9 tf-m ...... OK
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6. Design for Effects of Cruising Ships
6.1. Design for Wreck Load

An increase of load due to sinking of a ship wvaries,
depending upon how the weight of the ship changes upcn sinking
and how the ship contacts the bottom of the Canal. Here, the
increased load due to sinking is simply assumed to be a guo-
tient of the displacement'tonnage of the ship divided by its
bottom area. _ '

The allowable unit stress of the lining against the wreck
load can bé assumed to be 50% more of the allowable. unit
stress against the permanent load because the wrecked ship is
likely to be left on the canal bottom constructed above the

Tunnel only for a short pefiod of time.

1.5 - 90 kgf/cm? 135 kgf/cm?
1.5 . 2,100 kgf/cm?® = 3,150 kgf/cm?

Uca

1

Osa

The Tunnel lining is designed to withstand an unit stress
of maximum o, = 86.3 kgf/cm2 even after the expansion work of
the Canal has been completed. Regarding the wreck load as a
downward bearing load, the allowable unit stress, 0,5 = 135
kgf/cm2 indicates an allowance of 48.7 kg/cm2.

The following is the tolerable load strength obtained
from the above result:

-2 2
(dPpay = 21.3tf/m

If a tanker size should Dbe obtained by associating a
tolerable load strength to a corresponding tanker size, this
tolerable load _stréngth is roughly associated with a 250
thousand—toﬁ class tanker as’Fig.G.l.l indicates.

_ This conclusion suggests that the. Tunnel lining would
safely withstand a ship of 250 thousand tons or less when it

has sunk directly above the Tunnel.
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x 10000 ton

of-Tanker

Fig.6.1.1 Size of Tankers vs Loading Capacity
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6.2. Consideration on Impact Load Caused by Anchoring

"We should like to guote the "Technical Standards for Port
Facilities, and Explanatioﬁ on the Standards', (corporation)

Japan Port and Harbor Association, September 1980.

"2.2.9 Impact Load by Anchoring”

Wb
Wa = {1 + i)
(L + 2-h-tan@;)(B + 2-h-tané,)

W anchor weight in the water

LS

external diameter of the conduit
L : length of the anchor bottom
width of the anchor bottom

: depth of the conduit (tunnel) installation
81, 62 : distribution angle

i : additional factor by impact

According to this Code, h = 3 to 4 m and i = 15 to 25.
it is recommeﬁded ‘to use such appropriate wvalues based on

experiments.
# It may be different from automobile load or train load.

After the final expansion work of the Canal has been
completed, ships cruising in the Canal will include tankers as
big as 500,000 tons. ' o |

Acqording to' "Port and. Harbor Engineering Laboratory,
Literature Ne.215, Amount of Anchor Penetrétion_Obtained by
Anchbring Testé*, an ahchof used by a 500 thousand ton class
tanker is assumed to be 30 tf, e |

_ Similarly, the length and width Qf the anchor bottom were
estimated baSed on the foliowing exéfeséions by referring to

the specifications of the JIS type stockless anchor.
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i

0.60-/W + 0.56
0.23./Ww + 0.22

i

1f£ W= 30 tf, L = 3.85 m, and B = 1.48 m.

The distribution angle was obtained by the following

expression: n . o :
8y = 0y = - " ¢y = 45° - 15° = 30°

W, the weight of the anchor in the water, was obtained as
follows, assuming the unit volume weight of iron being 7.85
t/m3, and the specific gravity of the sea water in the Canal

baing 1.05 t/m3:

(ri - rw) © (7.85 - 1.05)
7 2 302

ri _ 7.85
26 tf '

The impact load, Wa is expressed as follows:

W' =W

HS

| 26-10.4 | _
(3.85 + 2-7-tan30°)(1.48 + 2:7-tan30°)
37.9 tf/m%

Wa = (1 + 15)

Where the load 1Eﬁgth of the impact load is either of the

following two:

11.9m
9.6m

3.85 + 2.7-tan30°

> 10.4m
1.48 + 2.7.tan30°

These 1load length can be régarded as larQer than the
external diameter of the Tunnel or very close to it. It is

treated as an additional bearing load.

" The anchoring impact load(Wa), 37.9 tf/mz,'is far_greater
than the tolerable load Strength; 21.3 tf/mz, leading to'the
conclusion that the séfety of the lining of the Tunnel'wili be_

threatened when anchoring is conducted.
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Based on the above discussion, it should be concluded
that the particular care must be taken of cruising in the
water area above the Tunnel. In particular, sinking or an-

choring must be avoided in this water area.
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7.

Conclusion on the Tunnel Lining Design

The conclusions on the Tunnel Structural designe are as

fbllows:

PM5

a.

The design 1lining thickness at the section of the
lining is to be 400 mm (lining thickness as construct-
ed: 450mm), consiéting'of D 22 ctc 200 single rein-
forcement steel bar. (See Fig.7.1.1)

This section's thickness is the maximum lining thick-

ness within the clearance limit.

The-reinforéement steel bar used along the vertical
section of the Tunnel is D 19 ctc 200 single reinforce-

ment. (See Figl?.l.l)

The safety of the lining against-soil/water pressure
has been confirmed based on the allowable unit stress

level.

The stability of the Tunnel has been confirmed against

the buoyancy after the Canal expansion work.

The safety of the'lining has been confirmed against the

impact of the Canal expansion work.

It is confirmed that egrthquake does not cause any

breakage of tunnel lining.

Considering how the Tunnel would be affected by cruiSE'

ing ships when they sink or ancheored, it has been con-

-cluded that the Tunnel would safely withstand tankers of

up to 250 thousand tons. _ o
It shoucld be noted, however, that the conclustion is
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based on' the hypotheses for designing, leaving the
possibility that there are some possible phenomena that

‘have not been evaluated in obtaining the conclusion,
Comprehensive examination of the above conclusions leads
ué to judge that.basically single_reinfofcement attaining 400
. i inthe lining thickness, D 22 ctc 200 for the main rein—
forcement, and D 19 ctc 200 fof.fhe reinforcement along the

axis direction could secure the safety of the Tunnel.

However, various assumptions in sect.c. "Design Relative
to Influence of the Canal Expansion Work" are involved in the
design to cope with the effects of the Canal expansion work
and cruising ships in evaluating loads and in analyzing mefh~

ods.

Therefore, the following measures should be taken. to

sufficiently secure the safety of the Tunﬁel lining:
a. To reinforce the Tunnel by applying double reinforce
ment steel bar (See Fig.7.1.2 and Refer to Table

7.1.1), and

b. To Ieview/confirm the safety of Tunnel by fieid meas-

urement .
Additipnaliy, the above mehtioned safety measurement will
provide significant information for examining the future Canal

expansion work.

The field measurement of the Tunnel should apply the

followings.
a. Displacement of the Tunnel.
b. Strain of the reinforcing steel bar of the segments.

Table 7.1.1 is a summary of our proetection plan.

AP6-95



TIE

- msu_‘aomw i 2.uo [#1655

T uvE 1IE1S ONIOWOANIIZM
20 INTUEONVHUY TVEENID

TANNAL HOWVR: G3NVHY

IR 19235 DUIDICIUISY JO JUOBODUEiTy [Bi90o9

I"1°L-B1a

I

[N LI I TN = o
1 L MCY TN Ko |
B 20 O T 50 =T 1 T
= [T e Tl wit ] g
nt (53 - wil Mry |«
. ) RT L1 .
[ L3 Wl el |«
[ 2k TS
W[ il e
L it ®T il oex L
P 5 ) o T
= S I3 (i 1§
- wiy Nl . i A | o<}y |
. sriy et Vo b omi] oon i
—— T | wx fw 1mior v
el T AT
i [y t LR
- (3 1 1qr ] _to
[Tl [Ty
a1
r

LNIWIDHOIND B2 40 AL

[

[=]

" AP7-96

3.?.



wIT

{eUe) U3 I9pUl X8 19938 DUOi0ZUTSY JO JUSWSBUBIIY Z°1-1°Bta

.ﬂ;u_s.uw__ ] _u:ua_ . vuuoum

AYNYD THL UIOND YVE TIILS
ONIDUCANTIY 30 LNIWSSNVIEY

TENNNL 1AWV A3NVHY

r
N
% [
B 7T
+lmer Mg
LARSZE Y
i [T a o leron| 4 tat
d | T 2L« ] o -1
] 1] (IR ] [T
el IR EAEE T RETIE
s T3 0y - Jo] wiyf e |w
[ It T sotwml wry | e |4
T ot Wl EO UL L0 O L
D 3 = fwlare{«tn
3 2] O T KT
gl T T v oo avr f e [l
. B [ L T I R T
— | % 03 LT TR N
El 51 X S ) wi Wic (-l
- Wit o OO TN R
. et tan Juzlurl e tuel
Pl DAL 2 I A TSR
r E T ST Wil ek§ -1
b | 4T fy TN
%It | A NIERT
T (30 R N N
[ K] L DT R I
.23 23 RN RN
- LTS SRl -1t
" Y3 | BT | tas fuafiy
PR e ]
1zoom - T aoiie Taonnes Jowrenladr1 | UTS | 1108 | T

LNIRIDYCHANT 3d JO LS!1T

AP6-97

2



4 O o - v UoltEnjEAg [TIOUDD)
{ur 0g9
X v O @) . Av4 #OI2- UONORASULS 107}
1507y poreunisy
[ oA b : pajosIIe
9q 10U [ D[NPAUDS ‘paE . ‘patos]ye 2 "parRyIe 2 - .9 101 [[IM 2[APAYDS ampayog
uoROnASTOs Sy, | 3G 30U [ ANPOYIS UOHONNSUCO AT, | jou fia 2[OPIYS UOHINASEeD oYL, | 19U [[i4 S[APAYDS UOTIINTISUOY Sy, UOEIONASUOD ST, UONIUNSUO)
“2YdS 4q — =T
Pe2I0JuTeI 3q {[tM J05IR] ST IUSUIOUW FW 000t . ﬁl
Suipuiog sroyM suonted poysel
| 5| W m | mm
=
Ciloocao o 4
L e
S Wwewsbuewy agrog Bury jusuiag 2.0 w nay
B
= _llll._..._.gdlrl 23334 _..F_aﬂn_ .
%U .'_ uswdas SeATY WAGeL]
—l 00000 O uowasedsIp sUT gIosqe “JIoM PUR 93UBULIOJ I
= (007 913 770 101 ARUX PUZ 95()G L UtssIdwoo 5 Suunp Jouun 1o p1ooay
= . ur g Ao Jo Aedes | oy wo 13w Aew et
UOUEUIIOISUES B SBY A{PUNOU | samssord oaIssa0%a. “squrof
- SSID{OL] LI § JO 20937 a0ULG Aq psuuoop | Sumsixs Jo UONIPUOD
juawsbuelny ajbuig “unu )] sem oun Aepuosss pue a3g wes sfuu p o IEMEIRG
*goress L1pa TUOISONI) JusAR1d 03 PogEos "potiout ST itm patuaasid og Tusw3as JO JUSWA0RIESTD Samefal uawIes s5nessq pannbal 2q [
1 sousutzopad Jo 50 1SNULI2G1T 3918 JO S3BIMS LT | joumms $Howie 10§eIYL {007 910 ot ‘stuawrdas Fumstxs jo wmod | yiom Joenweunopred | Junymes pur Jugjess
PI0OTY NOYIp 9q | 'I9Te0S AIIA T RISl JO SAAUXD | oy 7 roq [ owm{OA Wrumews) | SUMEN] 9 Furzd[ewre Jo nsaz e sy Susmp ponmbaz | JO Sptom TeuonIpPY
U0 UED FIIUCD JO 10q ‘potow ST AQ paptaod sem “UOHANNSUOS JO 5523 21 "Aoedeo Jutreaq ssdoxd st areo swanxy | s1oeys Suryooxdoem
E1oA310p 24 ‘010U Uonosiond UISOLI0D TIISL)S e Aq PO 9 UES JUDWSIOJUIN  oagY 01 poxmbor are UOWos | popracd oq 1sawy Suroerd
Surow;d 207 pannbes | PLI0daL us0q sey 11 edomy w oY 30 SUM[OA I 1nq *SoUeULOyId Paremar st jouum Sustxs | Guyryaeq potpou o1 zoud pounzoytod
s1 Suidumd aseypy | SUIUT 10] Pasn U2eq SBY POAW STYL JO SPIGODX JoqUMYL B SI¢ 1Y ], Jo Azroedes utpeo] S MM | sip Aq srede orzoug | sq 1St Sunppsey
“pesn praRll Wl 36'804'F1 = DA 9[qnod
| 9101 1O ASNEING ULy 8919/ = Ny 93w "SIuRUdos
SOUTISISII UOISOLIOD 100foxd vorsuedye Teureo 941 onoIp reumpriducy : Sunisixs Jo opis
wofmimapy | JO SIORCWI o Bunsisal 10 amseot WR €7°6€ = R 21gnoQ "9010j ‘dnpoiy e oxe | Ieax oy BuI[yoRq
ST STL DYJS | TR oA B aq M ST "(DYAS) W pprog = My sopdurg | EUireaq gavy sjuawdos Bunsxa 18 | syoin yi vorsuedys Aq pmaes aq [ SUBWAITYDY
30 Te O) Te[Ius SIRINU0S PISIGIUIRI I203T 2315 1ila (ur 7' = NfIN) astastRL], SIOTTPUOD 1 ISPUN RO UIAOMK TEURD 9t Ag uotjoel eprdQns peteimsyg
Areotseq sT(ng0) | - @SeRmoU osTe weo (iSuans umstsar "SMOL -uou Jo A[iqeded WIWASTIASIP | pasnzs oq Aewreyy | Iedoxd pue ssearouy
PIAUO0 PAOIO] wedust pue 3ot PUe ‘9seadll | signop ur poueire saeq Jutoloquial U QI PRNPIISQ MR | sdys woyy poroniard 1{14 3{o0Ipaq pue
-urel sseifioqry jo | WED [391S TUIOIOJUIDY JO SNAO YeIM | pra seoIow [[im pSuons Suirweq | 300foud vorsuedys [eued 21 WO joq two puw poslojuror | SIIU [oUUT] UoaMING
Auoedes Supeo] sig], | € 181 SSuRAs o[Isus pue Surpusg RUIPNRIUO] pUe ISIDASUEL], s1auf] ATepuooes uo 1wedun ayy, 24 {114 o0Ipag UOISHYPE N,
. (suefueste MoI-3]qRop) pourely uonoaluy 4q
510980 JYAS 75N Joog Surozoqney oseotouy | (9999L) WO URAOM-UON USHIYL | yoorpog Sumszoyuray 3unnppoeg ?/

Jool0ig ucisuedzy WOXIF 2IN1INI]S I=|UuUn], FJO UP[d UOIR0930I3 171" L 919=L

AP6-98



':Appendix_7

pPata Provided by the Governor of

:TIsmailia . (from S,C,A-)
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REPUDLIC OF FGYPT . T . R e L oD

L AUTIORITY BT e

1) -

2) -~

3)

-AHSUHi—21¢_J991 _ .
nf Harka A ) . _%é
: . ;J-‘:JI )
. 064-220030/9 Tsmadlia - R
. ’210134 —f~4ﬂ——«a4~w»~«fhinlrij
220785 t)l—~AJJl13J‘
Subject T - Data given from his Excellenoy the Governor of

Jsmailia, Professor Dr, Ahmed El-Gowely, in his

office to the Japanese exverts (JICA) T
OHTSUKA and Mc. T. TQUNASHIMA on Sunday 11/8/91
( from 10 o 11 a.m. )' o

 Concerning: — The future Developmwont plan of Sinai and the

reletionship between thﬂﬂe progects and Ahmed
Handy Tunnel

The Canal Area devided. into 1 -~ -

North Sinai Governorat, South Binai ‘Gévernorat, Port—Sald

Govarnorate, Ismailia {and East’ of the Canal) Governorate,

Suez Governora+e and,Sharkla Gﬂvarnorata.

The'ﬂrea of Ismailia Governora 115ﬂ929 feddans (x4200 qg)
Thla area 1nclud1ng the lands rom Aleantara to Sarabium
(eaat end west the Canal) : _ : ‘

* 438550feddﬂns landﬂ east the Ganal in Sinai.

* 626122 feddens 1ands west thﬂ Ganﬂl

* 52013 feddans the water area of ‘the’ ‘Canal”end the lakes.

Water sourcas in Sinaii -

‘South pa.rt Th.e syphon- of Sa:c‘ab;ium ( km. 93 : o

_ North part: Ths Byphon of km. 27 whloh is an exten51on of

Salam ‘Canal which is e branch of the River Nile :

(Damleta brench). They have terminated -the flrst

"stege and they w111 ‘start. the second stage Lmome—

dlatly 1hau stage includes the operaulon of pasg—

sing the syphon under the Canal waterjand it ié
_expected that this stago will be terminated wlth—
_in two years. That staga is financed by a kuﬂalu
© fund.
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4) - Lands Reclemations —
That projeot 1ncludes 400000 feddans out of whloh 75000
- feddans Jbelong to- Tamailia Governorate and the rest beloqg
) to North Slnai Governorate.

5) = The Labour ha.nﬁs required 1o reolame $He lend ot loast 2

' persons pex feddan, -one for oultiva#ion prooess and one

for the sexrvice,of the land, and tha xﬁault ds 800000 3ob

opportunltyy :

Since the average nmarber of the famixy of each worker is

5, the total volume of immegrants, ooming from the west of

the Canal to Sinai (Nbrth Sinai and the easter Ismailia )
becomes 8000 x 5 = 4000,000 peopla gt 1east ( between 4

and five milliomn people ). - gf'
N

6) —'Prlor proagcts°;—' . .
- Agrlculture cultlvatlng fruits, vegetables and olives. _
— Agroindusiries such as stortlng, prncassmng and packlng
-agricultural produots, that King of industries that maln~"
1y depend on agrlculture, and induatrles that depend of '

i

iha, ex:.s’tence of qum“.es a:s J.:.me-q_uma.es, ma.rble quar—
rleé veresss Bt . -”}-" |
7)}3-Tburlsm .
Many tourlst villages and hotela inoludlng playgrounds
and green ares hava been establlﬁhed on,the beaches of the
Bltter lakes and the Canaly in additlon 10 many other .
proaeots that will be est&bllshqd during ‘the "development
'plan of the next mtage 1992/199?, Hheqe ‘aT0ag are characte—
Tized by thelr belng near from Gaigof

. -
TR

the pure nature =and -
the marvellous nature of- the beaahea. - )

8)%} Infragstructure proaeots vwhioch | are neoqssamy for the immi-

grants and the merger of the eaqt and west regions of the
Canal 1ncludlng bulldlng prlmary, preparatory and seconda-
schools, agricultural ‘and 1ndustr1a1 tralnlng centers,- hog-
pltals, in addltlon to establlshing internal transportatlon
roads,
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9;’9 Marketting: - o
. Arvanging markets inside and cutgide Egypt for the agricul- .
burdl and 1ndustrial products of Singi.E

1. 10) ~ .The preéent yumber of inhabitanta in Tomailia
. _ 200000 in Sinai . ° i
' 700000 in the avea wost the Canal ._i
- 1In holidays and fest:.va.ls, Ismallia recewes about one million
Egyptians guest / year. Lo i

oy 11) '~ Means_of connection botween sast and west the Canal
' . Ahmed Hamdy Tumnel is considerad one of the most 1mportant
means for connectlng the Delta and the Nlle rallesy to Slnal
and the project of the rehabllltation of Ahmed Hemdy — Tonnel
is very 1mportant and vital to excute the development plans of
Slnal the present time' and the fuﬁgre

He hope to inorease ‘the cooperation between ug and the Government

of Japan for. bulldlng_Tunnels and Bridgea for the safe purpose.

The Governor of Ismallla hopas to exphange cooperatlon bet—
ween the Egyptlan Government and Japaneaa Government in tralnlng

. farmers end agronomlsts in the field of agriculture development and
Land reclamation. : ‘ o ;w-{
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Expansion Plans of Suex Canal
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BEST THCGARDS, .
Deputy Diveotor of Horks Dept{
r. Ihlg.
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& «» -The rolution hatwesn the tunnel and the quanuiun plans of the Suor
: Ganal 3- ‘ B

. In gugnmant with  the tunnol &n 1976, {he fer fulur expanuion
ahﬁ dolbling planu of tha Suex Canal wers token into'oanaiduraticno
. ' These plany inolude 3 = - - -t -
(14*-$€i_ 1 «  Hidening and deepening the Canal cross~nootion ( exiating at
. 1976 )} to allew thé transiy of Yonded ships of 450,000 D,M.T,
With 35 foot drought. o ' - |

fhat plan= knoxn as # The First Staga of DaVelopment "o was
implemonted by the end of 1980 ., '

_CZI&JC?. 2’ = VWidening and deepening the Canal crona»section to allow the
{renoit of loadsd phips of 260,000 D.H,T, wiih 68 Teot drnught,
$e0, ¥ The Becond Btege of Dovelopment ¥,

the First phase of thin 273 siage of DeVoiprént eima ot the
- widening of the Canal eroas—aeotiﬁnloniysto allow the trananit
of londed Bhips up to 180,000'D.H,T. with 56 Toot draught ,
This phase +has alreg@y.ﬁeen impleﬁohted-gll through tho Sues
Cana}'excapt'for that southward: part ( ku i23 ~ 162 ) o -

The Second Phase of thie Qnd stagé of Dovelopment is under

foasibility atuﬂy, which is expocied to be yeady by the end
" . of 1991 .- ' :

Clalsl? 3 -Hidening and deepening the Uanal in far futurc to allow tho

transit of loaded chips up 4o 500,000 'DJH. P, with 75 foot
draught .

Doubling the Canal to allow the traﬁait of nhips in tug,
divections at the pame time . The Womstern branch will bo asnigne:
-~ for Bouthbound venvoys, the majority of which aro in ballast o
Tho Eastern branch ¥ill bo asoignoed fOr Horthbound oconvoys whlch
are relatively of bigger druupht '

(16L§ Q,*_ 4 w

‘Restriotions ' On Executing Expanaion Filans { Ikposed By The Tunnel )

| . As stated above, only the first siage of bcvelbpmbnt vas imp}en
mented { by the end of 1980 ) in the presence of the tunnol ., Rooommer
datianﬂ ware given by the Tunnel Domigner ihat uimost care ahould be

taken when executing any dredging works rchircd for oxpontion plane
on the.top of tho tunnal . '
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Thene racemnendatiﬁnu make soog difficu!iieu for 2.04 oxpansion
plans o

8ince the Japunone Connultant will carryv-out iho repairing pla.n
for the tunnel; BeCahos rcquentn the Consultant to- convider— in ropair
design~ the dredging worket en the tOp of ihe tunnel, 1o ecnable 8,C.A.
to corry oub safaly all fulure plans an proviounly explained .

In thin respect, B5.0.A, Buggesis to carry-out from now on w '
boefore Vveginning the tunnel repair -~ the dredging workn neoded for
the ond Btags of Dovelopment, o the top of tho funnel. following
Gonnultan't'a propovod method of dredging . Thup, any deffeuty, ihat muy

huppcn in thu tunnel, resulting froo thin drcdging #ill be includud in
the tunnel repairing process _ :

0
f

A on oxomplo of B meihod of drndginr, dre;igirtr' should be carried

into layo;-n of yres 7 ‘mever) with Yime intervala boiween * drodging loyer

vt oe.bed o 7 dayo 1 with a cutter of not more or ot Jonn, thon.. 97 1

r -8
The .Consultentis  requested ic etudy 4ho above proposod wethod of
drodging and give the Alsitations

# ¢ o *0r he -rcould bropoto any O-tllar
method . I

. . N

- .

we can aVOid any future defecins {hat muy
oceur 4n the tunnel body due to dredrinr workn after repair ,

By 8.C,.4A, auggestio,

Oonaultant'ﬂ deciniop is requetstad to be dolivered 1o 8,C.As Do
fmon ag possible, to be able to begin exeouting tho mantimmd operatio
(’ ﬂ 24 S‘tage } bvefors the. bcginni_ng of the tunnel repuir oporations
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