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STRESS ANALYSIS OF REINFORCED CONCRETE
ANCHOR BLOCKS FOR UNDERGROUND PIPELINES
USING FINITE ELEMENT METHOD

Dr. Nabeel A. Jasim and Dr. Adi Adnan Abdu-Alrazaq
University of Basrah-College of Engineering-Civil Engineering Department

ABSTRACT

This paper deals with the behavior of reinforced concrete mchor blocks for
underground steel pipelines under the effect of loads caused by internal pressure and
temperature variation dug to transportation of hydrocarben products. The finite element
method is used to carry out the analysis using ANSYS 5.4 program. To study the effect of
soil, it is represenied by springs with different values for modulus of subgrade reaction 11
pormal and fangential reactions. It is concluded that increasing the valucs of the modulus of
subgrade reactions, kn and ks, of the soil surrounding the reinforced concrete anchor block
causes an increase in the Failure loads of the block. But at high values of these modules, the
rate of this increase in the failure load will decrease. The area of the passive face of the
concreie anchor block is found to have the main effect on the failure load as compared to the
length of that block. The failure load of the concrete anchor blocks that have square cross

sections is 1.33 times larger compared to that of 1

ectangular section. Jt 15 alse concluded that

lacating the steel flange at middle of the block leads (o larger resistance of anchor blocks as

compared to any other position.
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Intraduction

As pipelines, over or underground, are the
means by which hydrocarbon products are
conveyed between plant iwms, ihese
pipelines are subjected to temperature
variation, pressure and flow or combination
of them that may cause movemenis in the
pipecline,
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In addition to the flexibility of the pipe
aystem, there are geveral means by which,
these movemenis can be controlied. For
underground pipelines, concrete anchor
blocks are often used 1o control these
movements. Their function is to prevent
wranslation and rotation of the pipe I any
direction at the point of attachment {1}
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Earliest study concerning with the
stresses  and  deflections  occurred  in
pipelines at the transition from fully
restrained to unrestrained conditions was
done by Schnackenberg [2]. Lengitudinal
deflections were used to determine whether
a concrete anchor block is required, which
separates the restrained portion from the
moving portion of the line (Fig.1). The
anchor force was expressed as [3.4]:

Fo = A,{0.5- v, + BT, -T,)] ... (1)

where A, = =Dt is the cross sectional
area of the pipe in m*, ): mean diameter of
the pipe, t: pipe wall thickness. S, hoop
stress due do fluid pressure in kN/m?, v
Poisson's ratio, w: thermal expansion
coetlicient in *C™, E: modulus of elasticity
of stecl pipe in kN/m?, T temperalure at
time of installation in *C, T 20 Maximur: or
minimum opetating temperaiure in”C .

The required bearing block aren was
given by [3]:

_SE.E,

A
b S,

A2

where, SF: is safety factor (usually 1.3), 8
is the horizontal bearing strength of the seoil;
KN/m®.

Peng {3,4] explained that special
problems are involved in pipeline stress
analysis  because  of  the unique
characteristics  of a  pipeline, code
toquirements, and techniques required in
apalysis.  Elements  of  analysis  were
specified to  include pipe movement,
anchorage force, soll friction, lateral soil
force, and soil-pipe interaction.

In the present study, the finite clement
method is used to analyze the stresses in the
concrete  anchor blocks, The different
paramelers that affect the design of such
blocks are investigated.

Modeling and Finite Eiement
Formuiation of the Materials

In this study, the reinforced concrote
anchor block is analyzed by the finite
element method (FEM), using the ANSYS
5.4 programi. The model is made using
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three-dimensional  eipht-nodded  brck
elements, Solid63, as illustrated in Fig. ()
[6). The element is defined by eight nodes
having three degrees of freedom at each
node (translations in x, y and z directions).

The concrete raterial is assumed to be
non-linear isotropic and capable of
directional integration point cracking and
crushing. Cracking is permitted in three
orthogonal directions at each integration
point. If cracking occurs at an integration
point, it is medeled through an adjustment
of material properties which effectively
treats the cracking as a smeared band of
cracks.

The reinforcing steel is assumed to be
smeared throughout the element and perfect
bond  between  sieel and  concrete e
assumed. The stress strain relationship for
steel is assumed as bilinear with strain
hardening.

The soil is assumed as sandy soil, with
horizontal bearing capacity of 192kN/m?,
which surrounding the anchor block at all
sides except at the top. The soil is modeled
using Combinl4 spring element (6], which
has also three degrees of freedom at each
node. Each spring element is fixed at the far
end to simulate infinite extended so0il mass.
Typical meshes used for simulation of the
anchor block and surrounding soil are
depicted in Fig. (3).

There are two types of Combinid
spnng element, the first is normal to the
faces of the anchor block to simulate the
normal effect of the soil with coefficient of
subgrade reaction (k,}, while the other is
tangential to the faces of the block to
simulate the friction effect of the soil with
coeflicient of subgrade reaction (k).

Full details can be found in Ref. 7).

Analysis and Results

The ful} size models of anchor blocks,
thal have been analyzed, are designed
according to the method of Refs. {2) and (3)
in which the required failure load of the
anchor blocks is computed from Eq. {1} In
addition, some anchor blocks cast in the
North Romatla site in Basrah, which were
destgned according to the same method, arc
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also reanalyzed. Figure (4) shows a typicat
concrete anchor block with its dimensions
and reinforcement. The reinforcement ratio,
g, is 0.04036,

According to the techmical practice, a
steel flange (ting of 10cm height and Scm
thickness) is welded to the pipe to prevent
any slip between the pipe and the anchor
block. Therefore, in this analysis the load is
assumed o be tmansferred from the pipe o0
the concrete anchor block throngh this
flange, whereas the material of the flange is
neglected within the ancher block modet.
The load is assumed to distribute equally
among the nodal points in front of the stes]
flange, as llustrated in Fig. (5). The load is
applied at 30 equal increments.

The properties of the materials and the
symbols used to designate them are shown
in Table (1).

A detailed study is carried out to
investigate the effect of the warious
parameters which are expected to control
the design.

4: Effect of Soil Properties

To study the effect of changing the soil
properties by changing the wvalues of
modulus  of subgrade reaction, four
different values of k; and k; were adopted
using one model of anchor block, model 1,
as given in Table (2A). The model has cross
section dimensions desipned according to
the anchorage force given by Eq, (1}, which
iz 886.5kN and exists in the site of North
Romela in Basrah, The required area of
model 1 was designed according 1o Eq. (2).
The flange is placed at mid-length and mid-
height of the blocks. The results of the
analysis are given in Table (2B).

Table {2B) shows that the failure
anchorage load increases as the values of
ky and k; increase, but the ete of increasing
of failure loads decreases with 1ncreasing of
k, and k; values. This may be explained as
that the increase of modules of subgrade
reaction will iead the soil to be more stiff
and providing a confinement to the concrete
material which improves its behavior. The
model failed by erushing of concrete in
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front of the flange for ail values of k, and
Y, as illustrated in Fig (6). The ratio of
pradicted failure load using finite element
analysis 1o the desipn load (Fy/Fp) ranges
from 2.81 10 2.978 .

Figures (7) and (8) show, respectively,
the stresses and strains along the block at
the nodes located at the top of the pipe at
the ultitnate load. These figures show that
the zone just behind the flange is under
tensien while the zone in front of the flange
is under compression at failure,

Ag it can be seen maximum stresses
occur at the zone in front of the flange
where loads are applied. The maximum
stresses are -22459kN/m?, -24145kN/m’,
23910kN/m?, and -24721kN/m’ for k, =
20000kN/m’®,  S0000KN/m®, B0000KN/m’,
and 100000kN/m’, respectively, While
maximum strains are -0.0023, -0.00244,
-0.00244, and -(1.00244, respectively.

Figures (%) to (12) show ithe
deformations of model 1 in different
directions at different locations within the
anchor block, remembering that there is
symmetry about y-plane. 1J; is  the
displacement in Z-direction, U, in X-
direction, and U, in Y-direction. These
figures show that increasing the values of
subgrade reaction leads to a reduction in the
deformaticns, but the rate of this reduction
reduces with increasing the values of k,, and
ks due to the confinement provided by the
stiff seil when k, and ks are increased.

Figures {$) and (10) show that Z-
deformations of concrete close 1o the pipe
at the zone in front of the flange have larger
values compared to any other zone within
the block. The deformations decrease with
increasing the distance from the flange
Zone.

The same model 1 is also analyzed
using constant wvalues for modulus of
subgrade reaction (k, = 100000kN/m’,
ke = 12500kN/m’) under four cases as
follows: (1) All springs on all faces are
¢omsidered. (2) Negleciing the effect of the
normal springs on the side faces by
neglecting k;, on those faces. (3} Neglecting
the effect of tangential spring on the side
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faces and the base by neglecting k, on them.
(4) Nepglecting the effect of the normal
springs on the side faces and the tangential
springs on the side faces and the base by
neglecting k, and k; respectively. The
results of the analysis are given in Table
3).

( Table (3) shows that the ratio of
predicted failure load using finite element
analysis to the design load (Fp/Fp) ranges
from 2.978 to 3.015 . The model failed by
crushing of conerete in front of the flange
for all cases as explained in Fig. (6).

From the results, it is c¢lear that
neglecting the normal springs on the side
faces, case 2, does not affect the failure
load. Neglecting the tangential springs on
the side faces and the base, case 3, causes
the failure load to increase about (1.25%)
greater than that of case 1. In case 4, where
all normal springs on the side faces and
tangential springs on the side faces and the
base are neglected, the failure load is as for
case 3,

The maximum stresses and strains
oscurred at the zone in front of the flange
where leads are applied. Their values are
-24721kN/m?, -23995kN/m’, -23527kN/m?,
-24264kN/m”  and  -0.00244, -0.00244,
-0.00242, -0.00244 for cases 1, 2, 3, and 4,
respectively.

2: Size of the Anchor Block

The required bearing area of the
concrete anchor blocks can be found by Eq.
(2)., while there is no experimental or
empirical technique to find the length of the
anchor blocks, expect that the allowable
beating capacity of soil must not be
exceeded. Therefore, the effect of size of
the anchor bleck is studied by designing the
bearing area according to the above
equation, while the length will be varied
using different vatues to find the length at
which the block will resist the applied loads
safely.

The model adopted in this study (model
2) is designed to withstand the anchorage
force given by Eq. (1). Constant values for
moduius of sub}graﬂe reactions are used (k,
= 100000KN/m’, k; = 12500kN/m™). Model
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2 has bearing area of (16 m?). To study the
effect of the length of the concrete anchor
blocks on their behavior, five different
values of length were adopted, as listed in
Table (4). The flange is assumned to be
placed at the middle of the length and
height of the conerete anchor blocks.

Table {4) shows that the ratio of
predicted failure loads using finite element
analysis to the design load (Fr/Fp) ranges
from 0.946 to 1.31 . This Table shows that
the failure load increases with increasing
the tenpth of the block, but the rate of load
increase reduces for large values of length.
This may be interpreted due to that failure
always occurred in the zone in front of
ftange,

Figures {13) and (14) show the values
of stresses and U,-deformations in the Z-
axis along the block, at top of the pipe. The
maximum gtresses, sirains, and
deformations occur at the zone in front of
flange where crushing of concrete occurs at
that zone.

The maximum stresses and strains for
lengths 0.28m, 0.34m, 0.42m, 0.48m, and
0.56m are -22376kN/m?, -23910kN/m’,
-24619kN/m?, -22879kN/m?, -20679KN/m’
and -0.00212, -0,00228, -0.00238,
-0.00224, -0.00204, respectively.

The U,-deformations along the Z-axis
at the side faces and U,-deformations along
the Z-axis at the base increase with
increasing the length of the blocks, as
shown in Figs. (15) and (16).

Uy-deformations Increase from the
active face toward the passive one except
for lengths of 0.28m and 0.34m. While U,
deformations change their values from
positive (tension) at the active face of the
block, behind the flange, to negative values
(compression} at the passive face, in front
the flange, where they begin to increase
toward the passive face. Also the results for
L= (.28m and 0.34m differ from those for
other lengths.

3. Shape of the Concrete Anchor
Block

The effect of the shape of cross
sectional area of the passive face on the
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behavior of the concrete anchor blocks is
studied using two models of constant area
and length, models 3 and 4. Mode] 3 has a
square section, while model 4 has
rectangular, as listed in Table (5). The
modulus of subgrade reactions for the two
models are (k, = 100000kN/m’ , and k; =
12500kN/m™). The flange is asswmed o be
placed  at the middle of the length and
hieght of the concrete anchor blocks.

Table (5) shows that the failure load for
the anchor block of square section is 1.33
times greater than that of rectangular cross
section. In the two models, the concrete
anchor blocks failed by crushing of
concrete in front of the flange.

Figure (17} shows that stresses along Z-
axis, at top of the pipe, behind the flange
are close together for the blocks of the two
models, while in front of flange, model 3
have stresses greater than that of mode] 4,

Maximum stress for the model 3 is
-22534%KN/m’ and for model 4 s
-21332kN/m®. While, the maximum strain
for the model 3 is —0.0022 and for model 5
is -0.00202.

Figure (18) shows the U-deformations
along the side faces. The determined Ux for
model 3 is larger as compared te that of
mode]l 4. This behavior is due to the larger
distance of side faces from the pipe zone
for moedel 4 compared to that of model 3, as
mentioned previously, Due to same reason,
the Uydeformations along the Z-axis for
the base of block at model! 4 are larger as
compared to that of model 3 as shown in
Fig. (19},

4: Position of the Flange along the

Concrete Anchor Block

The effect of position of the pipe flange
on the bebavior of concrete anchor block is
studied through that the flange was
assumed tc be placed at different seven
positions along pipe of model 1, as listed in
Table {6). Constant values for modulus of
subgrade reactions are assumed (kn =
100000KN/m”, and k. = 12500kN/m). The
properties of the reinforced concrete anchor
block and sutrounding scil are listed in
Tabie (1).
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Table (6) shows that the maximum
failure load occurred at the case when the
flange is located at face of anchor block
(3102.0kN}, when z = 0.0m, Within the
anchor block, the maximum failure load
occwrred in the case when flange is located
at the mid-length of the block (2640.0kNY,
when z = 1.25m. In all cases, the concrete
anchor blocks failed by crushing of
conerete in front of the flange. The failure
load when the flange is located at the active
face is greater by 17.5% as compared to
that when it is at the mid-length of the
block.

Meking a <omparison between the
predicted failure loads using finite element
analysiz and the design failure load, Fe/Fp,
this ratio ranges from 2.08 10 3.5,

Figure {20} shows the failure load
variation with the position of pipe flange.
The: load is larger when the flange is within
first ha'f of the block. The maximum value
is obtained at the mid-length of the tlock,
and then it decreases with increasing
distance toward the passive face of the
bleck. The largest value of failurz load is
obtained when the flange is placed at the
active face, but this is not preferable
practically since 1t is  structurally
advantageous to contain the flanged zone of
pipe within the concrete block, in addition
10 that the concrete bleck provides a
protection to the flange from aggressive
attack of soil.

Thus, it can be noted that the best
position for the flange to insure larger
resistance capacity is ai the mid-tength of
the block.

5. Position of the Pipe within the

Anchor Block

In some cases, the pipe may not located
in the mid-height of the concrete ancher
blocks, but it may be placed at the bottom
third of the block. To study the effeci of
this parameter and comparing this with the
case at which the pipe is located at mid-
height of the anchor blocks, a model is
examined using the two cases. In the first
casc, the pipe is located at the mid-height of
the anchor block, model 1. In the second
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case, the pipe is placed at distance 0.5m
from the base, model 3. Two positions of
the flange are selected for each case. The
first is at the active face of the block, z =
0.0m, while the second is at the mid-length
of the blogk, z = 1.25m from the active
face, as listed in Table (7). This table shows
that failure loads of model 1 are greater
than that of model 5 by average value of
ot for pothz=0end z= -1.725m.

In the two models, the conerete anchor
blocks failed by crushing of congrete in
front of flange where maximum siresses,
strains and deformations oceurred.

For model 1, the maximum stresses dre
2472 IN/m and  -24277kN/m’  for
z = 0 and z = -1.25m, respectively, while
the maximum strains are 0.00252 and
.0.00244, respectively. These values are
larger than those of model 5, in which the
maximum stresses and strains for z = 0 and
7 = -1.25m ate -24001KN/m’, 22478k N/’
and -0.00236, -0.00222, respectively.

The U,-deformations in model 5 have
latger values as compared o those of model
{ (Fig. 21). This is because the distance
from the pipe to the base for model 5 is
emalier and remembering that deformations
gradually decrease with increasing distance
from the pipe or the flange Zone. For the
rwo cases of flange’s position in model 1,
U,-deformations changed there values from
positive at the active face 10 negative with
increasing distance towards the passive
face, while this behavior is reversed in
model 5.

Conclusions

Based on the finite element stress
analysis of the reinforced conerete anchor
blocks, the following main conclusions can
be drawm:

1. The failure of concrete anchor blocks
accurs by crushing of concrete at the rone
in the front of flanges, where the larger
values of stresses and strains have
pccurred. _

3 [ncreasing the values of the moduius of
subgrade reactions of the soil surrounding
the teinforced concrete anchor block, kn
and ki, canses an increasing in the failure
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loads. Bui the increase in failute load
occurs at decreasing rafe as the kg and ks
values become larger.

3. Increasing the valucs of the moduli of
subgrade reactions, kn and k., causes a
decrease in the values of deformations.

4- The increase in the length of the anchor
block increases the failure load of the
block, but it seems that a length more
than 0.4m have no infiuence, provided
that the soil bearing capacity is not
violated.

5. The arca of the passive face of the
conerete anchor block has the main effect
on the failure load.

6 The load capacities of the concrete
anchor biocks that have square sections
are 1.33 times larger than that of
rectangular section. :

7- The load capacity of the CONCIELS
anchor block when the pipe is placed at
mid-height of the block is 9% larger than
that when the pipe is placed at the boftom
third of the block.

8- To insure the adequate load capacity for
the block and best fixity between the pipe
material and the concrete anchor block,
ihe best position for the flange is at the
center of the block.
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Table (1): Properties of the Concrete and Steel Reinforcement for the Modeled Anchor
Block and Surrounding Soil.

Material Parameter Symbol VYaloe
Unit weight (kiN/m") Ye 234
- Concrete of  I'Youna's Modulus (KN/m”} E. 212X 10°
" the anchor | Ultimate uniaxial cylinder compressive strength fr 20000
block Dltimate uniaxial tensile strength (KN/m®) f, 1§00
Poisson's ratio Ve 02
Steel Unit weight (KN Yy 789
's M : X 10°
ceinforcement Young's 0:.1ulus (kMfm") E. 2
Poisson's ratio Uy .3
Soil Unit weight KN/ Yaail 22
Angle of internal friction ¢ 35°
] £ 4
Steel of fhe” Young's Modulus (kIN/m”} E, 2x10
. Poisson's ratio 1+ 0.3
plpe . w =1 ﬂ'ﬁ
Thenma! expansion coefficient {*C™ ) a 10.5x 1

* For design requirement.
Table (2A): Details of Model 1.

Py Dimenslons of the Modulus °:i:::‘hﬂ“'1'
Modet dil: modeled block {m) Na. N E;;E,m:]
No (D) of of loaded
) (o Height Width Length | Element Modes K, K,
() (W) (L}
20000 2500
1.5 3.0 SO0 6250
. 1 0.1524" 2.5 3656 88 80000 10000
. i] b w W
L 2 N L woooo | 12500
' 0735 jOTs ) 1.5 1.5

¥Pipe thickness = 1 lmm.
Table (2B): Predicted Failure Loads for Model 1.

Diesign factored Modulus nf_ Failure Load
Maodel No. 3;2;'* “hg‘;m::g ction “"“&SEM Fi/Fp
(kN) ky ks {kN)
20000 2500 2491.5 2810
. 886.5 50000 6250 2565.0 2.893
20000 10000 2600.4 2933
106000 12500 2640.0 2.978
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Table (3): Predicted Failure Loads for Model 1.

Model Design faciered load Failure Load using FEM
No (Fp)* Case (Fr) Fe'Fp
’ (kN) (kN)
7 2640.0 2978
7 26444 2,083
1 B36.3 3 76730 3015
) 2673.0 3015

* Schnackenberg ' method.

Table (4): Dimensions and Predicted Failure Loads for Model 2.

- Design Dimensigng ¢f **
Model l;;l‘; ‘_3 famfnd Dresigned conerefe anchor hiocka N, of No. of F:::r
Nao. D} |ﬂalli. nrela (!ﬂ] WL Eleme. Loaded (Fr FeFp
{m} (Fn) (m’) Height | Width | Leogth Nodes )
(kM) {H) W) {L}

0.28 14.20 28260 | 0.94

0.34 11.76 32400 | 1.08

2 0.50% | 30000 16.00 4,00 4100 0.42 9.52 TI00 240 IR520 | 128
048 B.33 JEF00 | 129

0.56 .14 33155 131

" * Schuackenberg ' mathod.
* by =hs=w =wy; = 200 m, Pipe thickness = §, Tmm.

Table (8): Dimensions and Predicted Failure Loads for Models 3 and 4.

Pi Desipned Dimensions of iy
Model Dil:.e factored | Dresigned concrete anchor blocks N No. of ailare
No. (D..) load aren (m} E]‘:::; Loaded I.;;'ad Fe'Fy
iy | F0 (w'y [ Height | Width | Length Nodes khﬁ
{uN) (H) W) @ {
100 3.00
3 by b, W) Wy 0,48 4608 142 30%6.0 1.79
. L5 | 1.5 | 130 | 150
0.406 17334 9.00
2.00 4.50
4 h, i, Wy Wy 48 4576 208 231 4 1.34
1.0] 10) 225 ] 225
* Schnackenborg ™ method.

** Pipc thickness = 6, 4mm.
Table (6): Predicted Failure Loads for Model 1.

Model Design factored load | Position of flanpe | Failure Load
No, (Fp)* from active Tace (Fr} F¢/Fo
(IN} () (kN)
0.00 31020 3.50
0.357 2409.0 LAY
0.714 25080 2.83
1 886.5 1.25 2640.0 2.98
1.607 2620.0 2.96
1.964 1873.5 211
2.32 1848.0 2.08

* Schnackenberg** method,
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Table {7): Predicted Failure Loads for Models 1 and 5.

Design factored No. of Position of Failure
Model load No. of Lua;:'l ed Nange from Load Fp/Fy,
No. (Fp}* Elements Nodes active face {Fr)
(kN) (m) (kN)
0.H) 31024 3.50
l 456.5 3696 53 125 26400 | 2.98
5 1508 24 0.04) 2835 3.20
1.25 2430 2.74

* Schnackenberg™ method.

S¢ h&
SL -+

T . .
Fig. (2): 50lid65 3-D Reinforced Concrete Element.

Elerment a

‘;‘/Ela-mem ]

Eleraent a Element b Element ¢

Fig. (3): Typical Meshes Used For Simulation of the Anchor Block and Surreunding Soil.
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a- Dimensions of Anchor Block.
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b- A Typical Section of Ancher Block with

Reinforcement

Fig. (4): Concrete Anchor Block.

Fig. (5): Load Simulation.
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Fig. (6): Typical Cracks and Crushing,
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Pogitien of nodcs along Z-axiz (m) )
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Fig: (7) Stresses-Position of Nodes along the Z-Axis for Mode! 1, at Top of Pipe.
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Fig. (8): Strains-Position of Nodes along the Z-Axis for Mudel 1, at Top of Pipe.
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Fig. (9): Uz-Deformations of Nodes along Z-Axis at Top of Pipe.
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Fositicn of nodes along X-geis (m)
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Fig. (10): U-Deformations of Nodes along X-Axis at Plane of Loading Flange.
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Fig. (11): U,-Deformations of Nodes along Z-Axis at Middle of the Right Face.
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Fig. (12): Uy-Deformations of Nodes along Z-Axis at Middle of the Base,
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P ition of nodes along Z-axis (Frreentage of tock's length)
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Fig: {13): Stresses-Position of Nodes along the Z-Axis for Model 2, at Top of Pipe.
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Fig. (15): U-Deformations of Nodes along Z-Axis for Medel 2, at Middle of Right Face.
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Position of nodes along Z-axis (Pereeniage of block's leagth)
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Fig. (16): Uy-Deformations of Nodes along Z-Axis for Mode! 2, at Middle of Base.
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Fig: (17): Stresses-Position of Nodes along the Z-Axis for Models 3 and 4, at Top of Pipe.
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Fig. (18): Uy-Deformations of Nodes along Z-Axis for Models 3 and 4, at Middle of Right
Face.
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Position of nodes along A-axis (Percentage of binck's length)
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Fig. {19} U,-Deformations of Nodes along Z-Axis for Models 3 and 4, at Middle of Base.
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Fig. (20} Failure Load-Positien of the Flange Relationship for Model 1
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Fig. (21): U,-Deformations of Nodes along Z-Axis for Models 1 and 5, at Middle of Base.
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