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CHAPTER ONE
INTRODUCTION

11 GENERAL

Tunnels can be defined as underground passages made
without removing the overlying ground materials (1TA, 18986).
In tunneling the ground actively participates in providing

stability to the opening therefore , the design procedures

for tunnels , as compared to above ground structures,
depend mainly on geotechnical factors like the site
situation, the ground characteristics and the method of

excavation .

The selection of excavation method for any tunnel
depends on the site situation and engineering properties of
the ground materials (Duddeck and Erdman, 1985). In soft
ground, soilsy, of a high water table; tunnels may be

driven by two main methods;

i. In more cohesive soil, the ground may be strong
enough to allow a certain open section at the tunnel face. In
this case the tunnel is excavated sequentially with boring
machines and the disturbed so0il in the tunnel face will be
supported firstly by shotcrete to prevent water inflow before
final support installation. This excavation methodis named the

free air method.

ii. In soft ground of high water table, immediate
support must be provided by stiff lining. The tunnel is
excavated with a cylindrical machines, shield, which have a
radius slightly greater than the tunnel radius. The

compressed air is used in this method to increase the
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is

N - -
ine locations along Baghdad Metro Project were selected

1
bo appLy the study models. This project was chosen because

it represents one of the important transport projects in
Baghdad city as will be described in the next section. A
great amount of geotechnical data, which are by experience
societies, along metro alignment gave this study a strong

tool to analyze the different geotechnical problems.

1.3 BAGHDAD METRO PROJECT

The Baghdad metro project was proposed by Baghdad Rapid
Transit Authority (BRTA). The preliminary site investigations
were completed in 1980 while the -final investigations
completed in 1983 by the Metro S1 Joint Venture (HMS1JV) which

comprises:

= National Center for Construction

Laborateries, (NCCL}, Iragq.
2. Sail Mechanics Limited, (SMLJ, U.K.

3. Fugro International BV. , {FIBV),

Netherlands.

The project Fig. (1) comprises 32 km of Metro path which
made up of two lines meets at a central interchange,
Khulfaa street; C(Khallani SQ, S01)! ., thus forming four
routes A to D. The proposed lines will have a 6.5 diameter
tunnel with a minimum invert level at 20 m below existing

ground level (BRTA, 1980).

This project is an important part of a massive program
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14 GEOLOGY OF BAGHDAD CITY

Iraq represents a part of the old TEthys sea which ye
affected by tectonic movements started 30 to 50 wmillion
years ago, reached maximum intensity at the end of Tertiary
Period. Structurally Iraq surface can be divided into thres

zones (Buday, 1980), as described below

1. The Thrust Zone:

Thi ’
his zone occupies north and north east parts of lrag.?

complex st .
ructures gf high mountainsg, thrust faults ﬂd.

\ ==
" this 2one. This cosplexif
on and e
in Tertiary FPeriogd

2. The Foldeg Zone
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3. The Unrfolded Zone

1 = QKN
This zone occupies the middle and south? parts of Iraq

and extends to the West Desert in the west part of lraq. This

zone represents a flat area withaout surface outcrops for the

subsurface Formations except some locations in the Desert.

av e

The south and south east parts of this zone ' comprised mainly

of alluvial deposits of cohesive and granular materials

where Baghdad City is located.

lraq surface was also divided topographically into five

main units (Buringh, 1960), as below :

1. Zagros Mountains Area.

2. Foot Hills Area.

3. Jezira Area.

4. Lower Mesopotamian Plain Area.

5. Northern and Scuthern Desert Area.

where Baghdad City lies in the Lower Mesopotamian Plain.

1. 5 THE SOIL CONDITION IN BAGHDAD CITY

As discussed above, Baghdad City is located in the
Lower Mesopotamian Plain.Whichis an alluvial flood plain
compris . Quaternary and Tertiary deposits derived largely
from Zagros and Taurous mountains to the north east and
north borders. These mountains are thought to be the result
of the tectonic_ movements in the Tertiary Period. They
consit's mainlyulimestanes and dolomite with some calcareous
mudstones and sandstones. Bedrock does not outcrop on the

plain. Buday(1880) estimated the thickness of the Quaternary
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_Baghdad soil, Shews a generalized successj

of essentially cohesive deposits overlying a major

horizon: these have been termed the cohesive and

strata respectively (BRTA, 1983a). (Figs,; 1.2 and 1.3

Significant changes in dﬂpns-itinn;?i?'
environment must have occurred between granular and Wh&ﬁiﬁjtl
strata. Presumably a marked reduction in the hydrau.l"i.'i::j
gradient of the river systems which might correspond to the

general rise in the sea level at the start of Holocene soEe

8000 to 10 000 years ago. Since that time the climate has

been stable and similar to that of the

present day (BRTA
1983b).

Wide changes in
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;8 The annuwa i rfloods aor the ngr.i'_S River i Pte

banks.

4. The change in the main river course some 4000

¥Years ago by a dam constructed across it.
The artifacts of earlier civilizations are more

prevalent in the Recent Stratum, a term used by MS1JV reports

to distinguish the upper part of the cohesive stratum.

1. & SCOPE OF THE STUDY

In view of the objectives, this study was presented in
seven chapters. Chapter one gives an introducing to the aims
and problems of the study with a brief description to the

geological and geotechnical conditions of the study area.

Chapter two shows a review of the early studies, and the
more advanced studies on the subject where the important

arithmetic relations and approaches are given.

Chapter three discusses the geotechnical assessment of

Baghdad =so0il, and the geotechnical dEEfgn factors wvere

calculated.

In chapter four, the approaches used in this study are
described, and all models are depicted. The multi purposes

computer program BMP is also explained.

In chapter five, the geotechnical problems for every

study site are represented in two dimensional models.

In chapter six a review of the findings of other studies
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CHAPTER TWO
THEORETICAL BACKGROUND

21 GENERAL

This chapter gives the theoretical background and
the previous regsearches and literatures dealing with the
tunnel geotechnical design subject. In general there are
three techniques which may solve the tunnel excavation and

construction problems, these techniques are:

1. Analytical Methods.
2. Experimental Methods.
3. Numerical Hethods.

2.1.1 ANALYTICAL HETHODS

These +*echniques can be considered as the most economical
method. ©One of their characteristics is the ability to
reanalyze the problem with less complication for the same
system geomebry.

The serious deficiency with these techniques sgg' the
difficulty in representing the real material ﬁahgg{qfa:gﬁ

% gy 2

boundary conditions (Leco and Cluugh, 1992; 'ﬁait' et -ulﬂ!
1982).

2.1.2 EXPERIMENTAL METHODS

The experimental techniques are widely used in solving

the geotechnical engineering problems. The real ground

12
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2.1.3 NUMERICAL HETHODS

The existence of computers helped in developing tp

technigque (Cundall, 1994). The finite slement ®ethod SR o

of the most important methods because of its ACCUracy

generality, and ability of solving many and large probless
The main drawback is the difficulty to represent the rea
internal properties of the model system and the higl
expenses  0f the computers and the software needs in the bi

problems (Cundall, 1994; Duddeck, 1991 ; Kielbassa am
Duddeck, 1991 ; Konietzky, 19943 .

2.2 SOIL SUPPORT
TUNNEL

e

INTERACTIONS AROUND THE CIRCULAR

Excavatiun of tunne|

installation of and

iT‘IvD 1 ves
= re nd
]iﬂl'ng_ mova | of grou

in site EtTESSEg' the relief of the i"iﬂﬂl

the sqj
1 -
It reacheg a ne Around tunnel wil1 4i lace unti!
contr ¥ State o EP
I S By the mannep Suilibrium that is 1argel’
al. . o
» 1905, Bulsnh_ 165, f SUpport activation ¢ Bauden et
Fig.(2
- ..11 shf_‘l'ﬂ'
s
W oa Circula, t ﬂ.::]ﬁlnpmlaJ"'i‘3~=-ltl1:.« t tef
Bovemanty |, nne | A he Eeomechanical Y7
Fesg,, OfY¥ imode] for & :
a

Pred; .
letion must 1nc|_._|;;i|£'
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less the below parametersCFig. 2.1), (Wong and Kaiser, 1986):

1. The depth ratio (H /a0,

2. The  horizontal te wvertical stress ratio,

Ko = e o3,
ks W

3. The iInternal pressure, support pressure, FPi.

4. The ground properties as, cohesion C; friction

angle ¢; elastic modulus E: and Foisson's

ratio .

2.2.1 VERTICAL LOAD PREDICTION

The vertical load resulting from the overlying ground
materials on the tunnel crown has long been investigated by

many authors, (e.qg., Bulsoni985; Terzaghi, 1943).

Terzaghi (1943) studied the soil movements above tunnels
and adopted the " trapdoor ™ approach to calculate the
vertical pressure on the tunnel crown, roaf. The
problem of stress translation by mobilization of shear
stresses in soil is defined by "™ Arching ",(Circular Arrows
in Fig 2.1). The studies showed that the shape and amount of
arching depends on the relative flexibility of soil and
lining (Wheby, 1882). When the tunnel lining is more flexible
than the surrounding soil, or the wall is not supported,
positive arching will result and the soil transfer most of
the load side ways and only a smal] percentage of the load
reaches the tunnel wall. Negative arching results when the

lining is more rigid than surrounding soil. Where most of the

load will be carried by lining, (Fig 2.2>-

Duddeck and Erdman (1985); recommended based on review

14



hat the tunnel lining shoulg
tr +

den pressure at the

r
{1751 G EanELL overby
1 FOn
crowWn-
: ion of
5 6: appropriate reductl §raung
2. For HAa or more is dEbatahlﬁ )

i =
pressure pernltted ¢ 50

GROUND GEOTECHNICAL PROPERTIES

——
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The ground responds during excavation greatly depen

on the soil engineering properties. These properties ay

be studied carefully te predict the initial ground stat
elastic or plastie, because all computation methods of a
theoretical approach to simulate t he ground behavii
will depend on this initial state. Three methods al

used by researchers to indicate the initial ground stats

these include the Wong and Kaiser me thod, the so
consistency method, and the overload factor method (OFS).
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Th i
&: saxd consistency, the relation between soil water

ntent and
o nd the Atterberg limits for the cohesive <pil and

the number of blows in standard penetration test for the

granulac soils (Bowels, 1984), gives an idea about the shear

strength and initial state of soil as will be discussed in

chapter three. For cohesive soils the consistency index, e,

was also used. This index is defined as the ratio of the

difference of liquid limit and natural water content to the

plasticity index, as bellow:

L. - Wn
fe =
PI * ® # & ®# w & * zfsb

Where; LL: Liquid limit %, Wn: Natural water content%
Fl: Plasticity index % .

The below table describes the relation between, [c, and the

soil consistency (Boniface et al., 1994).

Srateiafl Comzistency T

Varyve gafl o mofl T X D5
Firm 0.5 < led 0. 75
=giff 0. 755 lec £ 1.0

Verys sl or hord Ic >=1_0

Table(2.1): The Cohesive soil Consistency (Boniface et al

1994) .

The third method for determining the initial state of
soil depends on the overload factor (OFS). This factor fﬁé!ﬂ ;;
introduced firstly by Peck (19689); then used by Deer et fﬂl%gj;%é
(1969) to describe the predicted soil behavior during tunnel

excavation. The OFS is computed as :

16
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The i : " .
Erain size distribution of soil will affect the

nature
of the ground responses during excavation, This

distribution will give an idea about shear strength
components, permeability, and the stabil ity of the ground
against quick sand problems (Bowels, 1984: Lamb and
Whitman, 1879). The quick sand problem resullts yhen the soil

shear strength becomes equal to zero ( this problem will

b= discussedin detail in chapter four).

Yokoyama, (1979); studied the problems resulting from
tunnel excavation in a high water pressure ground. He
recommended that the following soil characteristies play an

important role in the soil stability against quick sand

problems:

a. Finer materials content, clay + silt, (f%): The percent of

fine materials must be greater than 5%.

b. Coerficient of uniformity, Doo/Dio, (Uc): This coefficient

must be greater than 4.

2.4 THE STRESS DISTRIBUTION AROUND TUNNEL OPENING

When a circular tunnel is driven in any ground, the
initial ground stresses (vertical and horizontal stresses)
will be changed to new stress components named radial and
tangential stresses. Obert and Duval (1867); Szechy (1967)
and Peck (1969) gave many equations to calculate the radial
and tangential stress components around the circular tunnel.
Most of these equations depend on the theory of elasticity or
practical measurements. The following equations are

on

widely used when the circular tunnel is excavated in rock or

i8
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Where; P. repr 3
. pPresents the internal pressure applied on the

unlined tunnel for stabilization purposes.

he di i
T radial and tangential stress components, for each soil

. .. Lthe
siate, coincide with principal total stresses or:
o= . v = e N -
i 2y and < . = @, at the spring line (tunnel axis
level) and = - =
k % o and eI at the invert and crown of

tunnel ¢ floor and roof).

Wong and Kaiser (1987a and b) used the finite element
method to study the stress redistribution around the circular
tunnels in two dimensional! models. They found that the
yielding initiation will be started when the stress
difference {91 - ar} exceeds the shear strength of the soil.
The yield location aroundthe tunneldepends on the initial

ground stresses {av, @, ) and the ground stress ratio (K=).

25 THE GROUND CONVERGENCE CURVE GCC

The ground convergence curve, GCC, method was suggested
by many authors CE.g, Deerst al., 1969; Duddeck, 1991; and
Enistein and Schwatz, 1979) to study the soil behavior at
the tunnel wall. Fig.(2.3) presents a schematic ground
convergence curve for a point at the tunnel wall. Before
excavation, the curve originates at point (1) or at the
initial overburden pressure (Po = Pi), Po = rH. Portion (1 -
2) represents the elastic unloading response of the ground.
Point (2) indicates for the initiation of yielding. Portion
(2 - 4) reflects the non-linear ground response due to

yielding up to start of wall collapse mechanism.

20
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 $ elastic, portion 1-2 of Fig.(2.3). The inward radial
! displacement Uie of the wall is given by:

i the= (a.(1 + VI/E), (v — Py N
: Where,
I

E: ¥

: # Toung modulus or dnfnruatinn modulus,
i v: Poisson's ratio,
|
" When pP. ¢ p_, -
Ri ' - Yieldi
i*. $2.3), angd the totaj - SRS pontion (acdg
1 * al inw
| ard plastic displacement is give
W
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Where,
rp = a ld2.Cov,. (Ko = 12+  SemPDC1] + Kok, fCko =

135, PE wgeny 0 ka=131 s

Hoek et al. also based on field measurements, concluded
that the radial displacement starts about one half a tunnel
diameter ahead of the advancing face, and reaches about one
third of its final value of the tunnel face. This radial
displacement gets to final value at about one and one half

tunnel diameter behind the face (Fig 2.4)

This analytical approach have been used in this study to
present the ground responses to the tunnel excavation,
CChap- 4)

Duddeck (1991) wused finite element methods to draw the
GCC for soil tunnels in order to analyze the predicted

ground pressure on the tunnel lining.

26 THE GROUND SURFACE SETTLEMENT ABOVE THE TUNNEL

The ground surface settlement above tunnel axis takes
more attention especially when the tunnels passed under urban
areas, because this settlement may lead to ﬂeﬁtrﬁ?"ﬁﬁﬁ“
buildings and streets. '

that
The settlement occurs during and after constructing the

tunnel can be divided into two types: ; :

i -
=3

1. Type one is caused by uncontrolled reasons such ’
i

as plastic deformation and property changes of

soil due to the local over stress, unbalanced

22
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a. The value of the maximum surface
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b. The extension of surface settlement.

e. The form of surface settlement profife.
|
The shape of the settlement profile can
approximated as given below (Wong and Kaiser, 1987b):
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X
;‘ﬁ I Khere;
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- ¢ settlement a¢ a transverse

X from tunne] axis.
i -
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) L g B S o 2. 6b
0.28H + 0.1

=,
1]

-y
f

Eqs.(2.6a and b) are used for cohesive and granular soil

respectively.

These equations were used practically to determine the
extension of ground settlement above tunnel axis, where the
half width of settlement trough ¥ can be defined by:

stf Illll..i.i.'f"'z-sd'
and the maximum settlement 5; is given by:
Si - V!x/” .'.."""'IE-SE-
Where;
Vix : is the volume of the settlement trough per

unit length along the tunnel axis.

Deer et al.(1969) suggested that in sand, when there is n

unusual problems, the V/% is taken as 1%. And when the tunnel

is excavated below water table the conditions become
difficult and the Ii'!!_stakﬂn as 2.5 to 5%. -
i
RS
Peck (1869), depending the field measurements,

suggested a relation between the OFS and V/X in cohesive and
granular soils(Fig 2.5), this relation is very i-pnrtaptlgggd.
used widely in practical settlement determination (Sﬂhgiﬁﬁpp,__

P |

and Rendon, 188B1). ! Ink.

: o .q

Rosza(l1979) studied the settlement problem above the

. metro stations in Poland depending on analytical gpprnaﬁhﬂﬁ.

24




5 = . o
,87b) used: FINILE
r 'I!Qﬂ?h-3
settlement abov

while Wong and Kalse | o air
tial and compressed shield,

d termine the g_rq_u:_'id-. e tunnels f

ete : | t

excavation methods, se_quen
E

-
. iy . 49

s - o L ] A v
2. THE STRESS VARIATIONS WHEN USING COMPRESSED AIR N

THE TUNNEL EXCAVATION

: he tunnel
The compressed air wused in  the untxe b
process will cause a wide change in the initia]

stresses around the opening. Fernandez and Al-v_

(1994)treated this problem by mathematical methods whers tllé}'

i 1 b r
ground massTtaken asahomogeneous, isotropic, porous, elastig)

. :; medium and the unlined tunnel is pressured with an i“tél‘;ﬂ.ﬂ
..n-: Pressure, Fi, and assumed the flow out of the tunnel o he
:_..- radial and the Darcy's law was wvalid. Based on iﬁei}gﬁ 3
=

assumptions, they estimated the excess pore pressure, induced

by seepage within the surrounding ground medium as-:

Inib Ar)
T T e T A .

intb sa) L R S R e |
Where pPi =

= internal

Pressure,
— radial distance at

and b = an arbitrary

the Seepage i re
in ess PO
water pressure becomes nj) B duced exc

qu (20 Ea} W 3

more suitabe g as de-urelﬂPEd by the Same authors to becose
o Caleulate th d

the tunne Th € excesg Pore aroun

) ) pressure

interna) i vater Press by &P
a Pressyre in the t ure  pg, ST e ¥y o
fening o Unne) p; the

at any point around
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dho ho

Iln [ 1+ - coss21

Fw = ywihi-ho) e se e Th
I [ da —SBO G RG e ned )

Where;

Pw = excess pore water pressure.

yw = water unit weight.

hao = external hydrostatic head.

2 = angle measured clockwise from the crown of
the tunnel.
Fernandez and Alvarez also used an analytical

relationships to estimate the seepage induced stresses within
the ground mass at angle equal to 90° from tunnel crown as

below:

F
=t 1

e
e ST ) (a1 I} +

. _ 2 . = }
2in rra +L(1-21) (1+8h0°/r2)-2(1-v)] In ()

Inl(e aho /e D
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CHAPTER THREE

THE GEOTECHNICAL ASSESSMENT OF BAGHDAD CITY SOIL

3. 1 GENERAL

The engineering properties of Baghdad City soil were
tested based on recommendations given in British standards
(B5S 5980) in 1980, along metro alignment, by many companies
and the data have been recorded in several geotechnical
reports, (BRTA, 1983a, b, and c¢). These data were used in
this study for understanding the geotechnical situation,
engineering properties and to estimate the initial soil
behavior during excavation. The results obtained in this
chapter were used iqﬁfﬂxt chapters to build the geotechnical
models in order to simulate the wvarious ground problems

around tunnel opening.

Nine locations have been selected to use in this

study. These locations are, see Fig (3.1):

1. 501 (Khailani 5Q)

2. AQO2 (Tahryer 5Q)}

3. Al4 (Saida 5Q)

4. A24 (Saddam Cityl

5. BO6 (Jumhuryia S54J

6. C0O2 (Rashied 5t., Near Rafidain Bank)
7. COB (Demasqus SO

8. C20 (Mansocor City)

9. DO6 (Al-Frdos S0QJ

31
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to the importance
These locations were selected according of

its site . and to cover

atiol.
geometrical tunnel relations ( Hfa r

soil propertieg

ang

various

3.2 THE MAIN GEOTECHNICAL CHARACTERISTICS OF BAGHD:!.:D

SOIL STRATA

The succession of Baghdad soil, as discussed in CHHP.L
comprises essentially cohesive deposits overlying Eranulap
deposits . The upper part of the cohesive deposits near tpe
Tigris River area comprises a low consistency with
eccurrence of brick, bone and pottery fragments, so, the
cohesive materials are divided into Recent and Cohesive

deposits (BRTA, 1983a).

According to the above discussion and references,
Baghdad soils are divided into three main strata, these

strata from the ground surface are:

1. Recent Stratum.
Z. Cohesive Stratum.

J. Granular Stratum.

3.2.1 RECENT STRATUHM

Apart f
par rom the river, the Recent Stratum is essentiallY

cohesive in nature althnugh the
]

‘ ¥ e
deposite contain variabl
OF even cobh|e Sizp %

Uhere the

proportion of up tg Erave]

brick, pottery and bone, fragments

n
deposits have D8




n wh .
matter. ich also include extraneous

The Recent 5t
ra
tum can be differentiated from the
Presence of bone
coarser gravel] and cobble gjize

is usually, although not always
L

Cohesive Stratug by the

fragments, and pottery

brick fragments. It

. o of a lower consisteney and
it cou @ postulated that it consists of cohesive

eroded from the

materials

Cohesive Stratum and then re - deposited in a

depositional environment which usually pPrecluded desiccation.

3.2.2 THE COHESIVE STRATUM

This stratum is somewhat wvariable in nature; it

s generally comprised of stiff to wvery stiff clay, although
sandy clay and clay (very silty) also occur. Layers and/or
lenses of silty sand and sandy silt are present throughout

the Cohesive Stratum; these are generally relatively thin

although layers up to several meters thick were encountered
witha significant proportion of the investigated: positions

along metro alignment. There is someé gverall tendency for the

layering and lensing to occur more frequently in the Ilower

half of the stratum particularly in those locations remote

from the river However, it is not generally possible to

Cohesive Stratum from one

1983a).

correlate the variations within the

investigatign pﬂsitiﬂl‘l to the next (BRTA;

3.2.3 GRANULAR STRATUH

Granular Stratum was not

i f the
The full thickness ©O Shok
the jnvestigations positions {ERTA, 1 =
iy being 60.27m. The stratum

i d
The maximum depth achieve
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