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ABSTRACT

Strut-and-tie model (STM) method is a lower bouretimd based on the theory of plasticity, which lbarused
especially for the design of structural concreteniers in D- Region. An approach for automaticaithging an
appropriate STM for structural concrete members efemtl and analyzed by using solid element mesh is
introduced in this study. The finite element analysan be performed in any FEA computer progran liaa
the solid element meshing capability. The solidredat principle stress trajectories of the concreéenber are
obtained and struts and ties are extracted basetherdirection cosines and magnitude and graplyicall
displayed. The algorithm includes two main importeeatures: (1) to extract and display an appro@rérM
from the output of FEA; and (2) to refine, analyamed design the extracted appropriate STM. As a Eamp
application, concrete pile cap configuration isduge demonstrating the capability of the proposesthod in
finding an appropriate strut-and-tie model and carag with the previous theoretical and experimestiadiies
that deal with STM for the purpose of verificatiohthe results.

Keywords:Strut and Tie Model, Stress Trajectories, Solichtgat, Principal Stress, Finite Element Analysis

1. Introduction

The strut and tie model (shortened as STM) appredtbh is originated from truss analogy concept
has become more rational to use as a tool for diggjgof structure’s disturbed or discontinuity
regions (D-region) of concrete structures. Soulfilfs the void in many design codes and guidedine
by providing reasonable approach to design stratdwb—regions instead of using rule of thumbs and
experience to design in such structural componditits.structural member is idealized as a truss by
introducing uniaxial compressive struts and tensies in this model which represent the actual load
transfer mechanism of the particular member ungplied loads and given support conditions. In the
concept of truss analogy, truss mechanism is defimefully cracked reinforced concrete section and
concrete is considered to be as no more tensi@gitn. The truss action is produced by diagonally
cracked web concrete struts while longitudinal &radsverse reinforcement are act as horizontal and
vertical ties. The locations where struts and itsrsect are called as nodes and these nodal zones
represent biaxial or tri axial stress fields depeadn two dimensional or three dimensional truss
configurations of particular member. This particudtudy is focused on three dimensional strut and
tie model which cannot be idealized from two dimenal strut and tie model as usual practice for
many three dimensional structural components.

According to the experience of many researcheesgetis no single or unique STM is available for
any particular structural component. So, enginggudgments are helpful in this occasion to find ou
correct truss model for particular member whicdefined based on stress trajectories obtained from
elastic analysis or load path approach as deschp&thlaich (1987).

Since STM becomes rational design approach fogdexs) structure D-regions in which no sufficient
guide lines are provided in many of design codprattices. Many of the structures including joints,
brackets, openings, corbels, deep beams, pileaapains D-regions in which geometric or static or
both discontinuities are available. In fact propghsign guide lines are necessary to overcome
problems and failures concentrated on those D-msgidue to empirical design provisions and
detailing practices. So, finding of accurate trudealization for such structural components is
essential for economical and safest design practidafortunately finding of necessary STM for
structural members has to undergo so many barakheugh that is the most suitable approach
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available to identify the load transfer mechanismsoch components. As understood from the
literature, available tools to find STM are itevatiand more time consuming. Although FEM
approach provide clear picture of stress distrdrutif any structural configurations, in many inssan
even imagination of STM for a particular situatios difficult as their complexities in stress
distribution in many structures D-regions. On thbheo hand difficulties occur in confirming the
adequacy of identified STMs and selecting bettedehdrom available many options. So, it is
necessary to pay attention on those unresolvedgmmsbassociated with STM design approach.
Obtaining of elastic stress distribution for comp#tructural configurations can be easily achielved
employing finite element method (FEM). FEM is theaidable most powerful tool which is more
popular among designers to analyze complex stralctonfigurations to find out its response for
applied loading conditions. For the present stiBM is the basic tool which is going to be used to
find the hidden truss mechanism in three dimensistractural components according to its elastic
stress distribution. In this study, it is proposedise three dimensional solid element mesh arsabfsi

a pile cap in order to extract its strut and tiechaism use in load transfer.

2. Material and Methods
History

The concept of truss analogy in structural desgreads over hundreds years of history (Ritter, 1899
Méorsch, 1902)( Schlaich (1987).According to thetpasords, although certain part of the structures
are designed with almost required accuracy, somerqiarts are designed using rule of thumb or
judgment based on past experience. In that cast ohtise researchers are contribute their effort to
apply concept of truss analogy to find solutions designing of such irregular reinforced concrete
members.

As a further development of the approach, the agfitin of strut and tie model for design of struetu
D-regions as well as for B regions are presentdhjatich (1987) in well described manner. After that
the concept of strut and tie approach becomesn@dtio D-region design and is included in many
design codes as guide line to design of such deejfrieegular members.

In the strut and tie model proposed for reinforcedcrete structures, loads are carried througlbfset
compressive fields (strut) and these are interoctedeby tension ties which is usually reinforcement
bars, pre-stressed tendons or concrete stress.fi€ltese compression strut and tension ties are
interconnected at nodes. Once a suitable truss Inoddentified, the forces of the strut and ties a
calculated satisfying equilibrium between appliedds and inner forces in order to sizing of them.
Especially this method implies that the structsréesigned according to lower bound theorem of the
theory of plasticity.

As it can propose many strut and tie models fotractural member, it is necessary to find out
optimized model for particular member. Since loagsto use the path with the least forces and
deformations, the models with the least and shitiees are best because of reinforced ties are much
more deformable than concrete struts. This simplkerion is formulated as follows by Schlaich.
(1987)

3 Fl.e . = Minimum

i BT mi
Where F, = force in strut or tie i
£, = mean strain of member 1

l; = length of member i

There are basically three types of struts and &es identified. Those are Concrete strut in
compression (g, Concrete ties in tension without reinforcememt) (and Ties in tension with
reinforcement (J). The nodes can recognize as CCC-node, CCT- nodé&;node or TTT-node
depending on the combination of above mentionad aid ties. The principle remains same for the
nodes which combine more than three strut andd@s

As mentioned earlier ;Tis one dimensional element between two nodes wisclessentially
longitudinal reinforcement bars or pre-stressimgltas as well as stirrups. In the case of longitaidi
reinforcement adequate anchorages need be prowidedier to avoid brittle anchorage failures at
load below the ultimate capacity. Whereasa@d T, are two dimensional or three dimensional stress
fields which spread between two adjacent nodes.
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The successes full usage of strut and tie modigpends on understanding of basic member behavior
and engineering judgment and it is basically agtesbol. The process of developing a strut and tie
model for particular member is an iterative andpfieal procedure and it can be done using few
approaches as identified. This can be done eithesing stress trajectories based on Elastic Arglys
or load path approach or by using standard models.

The strut and tie model is based on the crackeiibsegnd it gives lower bound capacities according
to the lower bound theorem of plasticity whichhe theoretical basis of truss analogy. It is assume
that crushing of concrete (struts and nodes) doesctur prior to the yielding of reinforcemenei

or stirrups) for this is to be true.

Finite Element Analysis

In the case of finding appropriate STM for a staual concrete member, as it is understood from the
literature, identification of the flow of interndbrces that is stress trajectories of that paricul
member is the main focus. In that case, FEM isatralable more reliable tool which can be used to
analyze any complex structural components by megsiim to small elements. Nowadays it is more
popular among engineers because of its compayibilith modern digital personal computers even
for analysis of much complex problems.

As it is clear from the literature, FEM is used many researchers as their tool to find the stress
trajectories of structural components. As a simdaproach, in proposed study, Finding of stress
trajectories of a pile cap is going to be done eyipl linear elastic finite element analysis using
solid element mesh with aid of digital computer.

Computational Approaches for Developing Necessarytisit and Tie Models

As experienced by many researchers and desigterdraditional methods which are used to find
STM for particular structural concrete member icimtime consuming and most of the time it would
be an iterative procedure based on designer’stiouand previous experience. Also it is a difficul
task for designers to find correct strut and tiedeldfor members with complicated geometry and
loading conditions. So, many researchers focusedhein studies to find out necessary STM for
structural concrete members using computationalogmhes. Most of such approaches are related to
the automatic generation of STM using computer.

As a computational approach, Liang et al.,(2000ppsed a performance based evolutionary
topology optimization method for automatic genenatdf optimal strut-and-tie models for reinforced
concrete structures based on evolutionary struobptémization method (ESO).. In that approach, the
element virtual strain energy is calculated fomaat removal, while a performance index is used to
monitor the evolutionary optimization process. histmethod, the load transfer mechanism of the
structural member is gradually characterized fr@maining elements of the discritized concrete
member after systematic removal of elements the tze least contribution to the stiffness.
Furthermore, Liang et al. (2001) again introdutesl method for automatic generation of STM for
prestressed concrete beams by using the perforntesesl optimization (PBO) technique.. In PBO,
the performance objective of topology optimizatisnthe minimizing of weight of the continuum
structure while maintaining deformations within eptable limits.

Ali and White (2001) also introduced a computeredicapproach for designing of D-regions of
concrete structures using optimization approachdefine the topology of the equivalent truss
structure. In their optimization algorithm, two ne@atures are included in order to avoid the
generation of impractical reinforcement layout é&mdccount stress redistribution.

The basic idea of the ESO method is also used bgk{®006) to determine more rational strut-and-
tie models. In their method, the ESO method usingstelements are effectively used in finding the
best strut-and-tie models in RC structures. Brigknent composed of six truss elements is used as a
basic structural element unit in order to prevédmwt structural instability that may occur during the
evolutionary optimization process. Systematic reah@f each brick element that has the least virtual
strain energy is used to find the optimal load ¢fan mechanism of an RC structure, which is
equivalent to the optimal topology of the strut-died model. The optimization criterion of
minimizing the total elastic strain energy of theusture is applied in the method.

All of the attempts discussed from the literature facused on two dimensional STM. Liang-Jenq leu
et al. (2006) discussed about STM methodology Foed dimensional RC structures and they
proposed refined ESO method (RESO) to develop STMriee dimensional space. This method also
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utilizes the finite element model with given loagliand support conditions and optimum topology is
found from removal of ineffective materials whichdetermined from strain energy density of each
element.

Although many attempt have been taken place inifmaf necessary strut and tie model for D-
regions of structural concrete members, most of tilee they were end up with inefficient
conclusions. On the other hand, the usage of figiégenent output is not completely used by any
researcher although they get the help of FEM. Imymaases only ESO method is and its
modifications are governed the finding of necessaifyl. As described by Schlaich et al. (1987)
stress trajectories are straight forward to uséing STM. Although stress trajectories are used to
identify STM, it is not easy to use for any casggeeially when structure is too complicated. On the
other hand it is not an easy task to identify takewant STM through stress trajectories in three
dimensional stress states as far as internal elestreiss trajectories cannot be visualized.

As a new approach, considering the FE analysidtsesuodified space truss model is proposed by
Kanok-Nukulchai et al. (1996) especially for pilgps which bare even larger size of columns and any
number of piles under pile cap. This modified trassdel gives more realistic results taking in to
account of column size and its location, pile sfs and dimensions of the pile cap. In this model,
the column axial loads and moments are assumee t@bsferred to the pile cap at the corners of the
equivalent rectangular column section which is lmethmy main reinforcement cage. These column
nodes is used to apply the equivalent loads detexirfirom axial loads, moments and shear forces act
at column base which is main advantage over sitnpgs models proposed by previous researches.

L, <0+ b}

2] Sixteen Pile Case [(Alsofor 12 pile, 14 pile, 20 pi

o
L . .
L ~ -
— P b -
b ——Secore Ay members
|

. 1
¢ Four File Case d] Three File Case

Figure 2.1:Modified 3- D Truss Model for Pile Caps (NukulcBaAnwar, 1996)

With full usage of finite element mesh analysisutess Jason (2008) prepared the computer
programming platform to extract STM in two dimenmsbstructural members using stress trajectories
obtained from shell element mesh finite elementyaig His study is limited to shell element mesh

of shear walls and deep beams. As an extensiohatfresearch, present study is focused on to
develop computer programming platform to extracMSor three dimensional structural components

using 3D solid mesh FE analysis. Pile cap is threethdimensional structural D-region concrete

member focused on this study which is analyzed gusiolid element mesh in order to extract

necessary strut and tie model.

Present Methodology

The methodology followed by this study is mainlyngmised of two major steps; Linear elastic
analysis of selected structural component and deusl of Visual Basic programming platform to
extract the STM. Steps of the research methodawgwadapted in schematic diagram below.
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FINITE ELEMENT ANALYSIS OF STRUCTURAL MEMBERS

v

(1) Linear elastic analysis of selected structorambers using solid element mesh
in SAP 2000 V1

!

(2) Obtain the following data from FEA output resul
(i) Solid element stresses at corner joints
(i) Direction cosines of principal stresses at solah&int corner joints
(ii)Solid element corner joints and centroid cdoates
(iv) Solid element joint connectivity
(v) Solid Element Properties

STM EXTRACTION PROCESS IN VISUAL B ASIC PROGRAMINGPLATFORM

\4

(3) Import and store data obtained from st

v

(4) Calculations
(i) Calculation of average principal stresses at sédhents centroids and
corner joints.
(i) Calculation of direction cosines of average priatgiresses in each element

v

(5) Groupings
(i) Solid element grouping with nearly equal princig@ess directions
(i) Solid element grouping with nearly equal princiggiess values which
having nearly equal direction for strut and tiedat

v

(6) Display
() Averaged principal stress vectors of the structomamnber
(i) Primary strut and tie layout

v

(7) Refining of primary strut and tie model based o
(i) Limit of stress magnitude(stresses less than spdgiercentage of
maximum stress available are ignored)
(i) Number of divisions in direction cosines variation
(iif)Number of divisions in stress range variatiarparticular direction
(iv) Size of the strut or tie

v

Refined strut and tie layout — Figures/Captiol

—

S
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3. Computational Aspects
Solid Element Stress Vectors Grouping with Nearly Bual Directions

After the averaged maximum absolute principal stres each nodes and element centroids are
extracted together with their direction cosineg, mhodel becomes system of points which represent
the solid element joints and solid element cengreiith having a principal stress vector at eacmpoi
The next step is the grouping of stress vectors nétarly equal directions. Separate module is evritt

to do the screening of all principal stress vectacsording to their direction cosines. Since the
directions of each and every stress vector arefsggabthrough three direction cosines, screeninly wi
follow one after another direction cosine valuesatrange from -1 to +1. For simplicity, direction
cosine values with respect to each global axisdareled in to number of equal groups which are
ranged from -1 to +1. Once this step of screersngpimpleted, the output is stress vectors and those
are stored in separate cells which represent péaticlirection. The cells having no stress vectres
eliminated.

Solid Element Grouping with Nearly Equal Principal Stresses Magnitudes

Once the stress fields which are having nearly ledjpections are grouped together, the next step is
to identify the stress fields which are having heagual magnitude from previously screened nearly
equal direction groups and grouped them togethee. iumber of stress value groups belongs to one
directional set can vary from one to any reasonealige in order to extract better strut and tielay
Once the above two steps are completed, the oigméparate stress paths of having nearly same
magnitude and direction. Each of these stress vagptmups represent either strut or tie member
depending on sign of the stress. In the compugarhm, all of these screened stress vectorsdtore

in three dimensional data structure array and tdes® is used for graphical presentation of stndt a
tie model and it is called primary extracted stmd tie layout.

Averaged Principal Stresses
(Maximum absolute values)

Principal stresses

with same Sorting based on Direction cosines
directions stored ipt
separate cells i V A o
| Principal
stresses
! with same
<, . direction
! o
% i //* o ¢
g :
S :
';' Sorting based on magnitude
‘B ol Principal
3 A irection stresses with
S cosines in'Y . same
"é ) direction direction &
p— /’ o |0 .
5_11, 9 magnitude
"~ Direction cosines in X 1 *

Figure 3.1:Graphical Representation of Grouping Process
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Definition and Graphical Representation of Primary Strut and Tie Members

Once the grouping of stress vectors completedhallcoordinates of the stress vector points which
follows the same strut or tie member is known. Text step involved in STM extraction is
identifying of those struts or ties by sizing thehhe first step involved in identification of pantiar
strut or tie is the aligning of all the points bads to that particular stress fields with z (vetliaxis
and bring it in to axis origin. Then all the stressctors are directed in to vertical direction and
scattered along the vertical axis. Then plan aresthase scattered points is divided in to grid
introducing sufficient grid spacing in which eaaldn the grid represent the cross section arahef
strut or tie. Then, the stress field is dividedarvertical tubes having rectangular cross sedi@sed

on above grid spacing. The stress points belongeparate rectangular tubes are identified as@trut
tie according to sign of their stress. In heregtutwvith no stress vectors can be eliminated amgthe

of strut or tie determined based on lower and uppess points belongs to particular stress tube. T
axis of the tube is considered as axis of the strute and those axes are again rotate back io the
original positions in order to locate the struttigr in their respective positions. This procedwse i
followed for all stress fields sorted out in orderextract the primary strut and ties layout. le th
graphical representation, those strut or ties e@aled by their center lines.

Rotating of Principal

Principal stresses with stress vectors to align
same direction & ith vertical (Z) axis &
magnitude bring it to the origi

>N

— >N

7

! —»X - —»X

|
z R v Divide the
T — Xy plane in
/] : to grid based
I I on strut or
: : tie size &
5 i identify the
E I stress tubes
T M
! )'————r-———'——{—r )

Rotate back to original position _
Extracted strut or tie through

stress tubes

Figure 3.2:Graphical Representation of Strut and Tie ExtractiRrocess
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Refining of Primary Strut and Tie Layout

Once the primary struts and tie layout is extractiee refinement of it can be achieved by varyimg t
governing parameters involved in extraction prodessbetter strut and tie layout. There are four
parameters introduced in extraction algorithm;

(i) Stress limit tolerance

(i) Number of divisions in direction cosines

(iii) Number of divisions in stress range

(iv) Strut or tie size

Once this refinement is done, the output is refistedt and tie layout and it is displayed in graphly
in program output.

4. Results and Discussion
General

Based on present implementation, the major outporirng from the process is appeared in two forms
in which graphical interface and text file form&our graphical views can be viewed through the
graphical interface. It includes view of the ofess trajectories of the structural member, view of
stresses in directed slots, view of compact ditbsteess field and view of strut and ties. Vievstfit
and tie is the major output concern in presentystdthe data text files output coming from the
process include details of directed stresses, |datbidirected stress groups and details of stnat a
ties. The details of strut and ties include dittcosines and coordinates of the extracted stait a
ties together with their stress values and it isdu® model strut and ties in SAP 2000. The output
results of nine pile cap configurations and thresr ponfigurations modeled and analyzed in SAP
2000 with solid element mesh are used to verifypresent implementation and some of the results
are adapted in here.

Two Piles-Pile Cap

Two piles-pile cap taken from usual constructioagtce modeled in SAP 2000 and analyzed with
the application of point load at the column cerded output data files used in STM extraction
process.

2 SMAX Contours (Column Load) [E)B)X] 2 smiN contours (Column Load)

_n 36 54 72 90 1|-5 14.4 1__,5 360 -31.5 -27.0 -225 -1-3,5 9.0 _
(a)Principal Compressive Stress (b)Principal TenStress

Figure 4.1: Principal Compressive Stress & Tensile Stress Consoof Two Piles-Pile Cap

Although bottom tensile zone of the pile cap isaodel from the stress contours, compressive stress
flow is not cleared. This is because of usage bl ®bement for modeling of piles and column. Since
column is modeled using solid element, the loadingnrom column spreads at the top of the pile
cap. Normally column and pile caps are modeledgusaime elements as it is better to represent axial
load transferring members.
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The refining configurations of direction cosine idiens=4, Stress range divisions=4, Strut size=0.5
and Stresses > 6% of Maximum stress are used liactixig the above strut and tie layout. Although
many strut and tie members still present in thedaythe basic expectation of triangular shapeat str
and tie layout is achieved.

14

\FZae
5
iy

T

'/ \
e T f\\‘* }

Figure 4.2: Stress Trajectories & Refined Strut and Tie Laydmm Program Output

v
!
\
A
Ny

e N

Four Piles-Pile Cap

Four piles —pile cap configurations of having sgandepth ratio varying from one to four are
considered in the strut and tie extraction. Iriaksults from all the pile caps modeled from goli
element including piles and column are used tothestextraction process but it doesn’'t show better
results. Then, piles and columns in all models reqdaced by frame elements to overcome that
problem.

The commonly used pile cap configuration of hawpgn/depth is equal to two is considered as first
four piles pile cap case.

SMIN Contours (Column Load) (=13 SMAX Contours (Column Load) 9] =1E]

i)

(a)PrincipalTensile Stres: (b)Principal Compressive Stress

Figure 4.3: Principal Tensile & Compressive Stress Contourskafur Piles-Pile Cap
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Figure 4.4: Refined Strut and Tie Layout for Four Piles Pile @aSpan/Depth=2)
The refining configurations of direction cosine idiens=4, Stress range division=2, Strut size=1.2
and Stresses >11% of Maximum stress are used fiactixig this strut and tie layout. As it is shown i
above figure two inclined struts can be seen imheaamrner of the pile cap while horizontal tie
members lie in between each corner. Although tokniations of struts are not sufficient to intertsec
within the body of the pile cap, it can be idealizes a shape of pyramid when each corner struts are
represented by a single strut. According to Adethal., (1990), the shape of the simple 3D strdlt an
tie model for four piles pile cap is pyramid shapesdshown in Figure 4.8.

Almost similar to pyramid shape four inclined stlayout is clearly shown in program output for the
case of four piles pile cap with span/depth is eéqoaone. This implies that formation of struts
possible in rather deep members compared withashatiembers.

7 \

Figure 4.5: Refined Strut and Tie Layout for Four Piles Pile @aSpan/Depth=1)

The above shown strut configuration is extractawuph the use of refining criteria of Direction
cosine division=3, Stress range division=2, Stizé¢=sl.5 and considering stresses greater than 15%
of maximum stress present in the system.

All other pile cap configurations with four pilesrsidered are rather shallow members compared to
the above two cases. So, only tension ties atdktern of the pile cap are cleared in extracted uayo
as bending is governing action in such members.

Pier Configurations

The use of strut and tie model for designing ofeddion members is the present practice as thegsstre
distribution is complex. Apart from the pile capnfigurations, the validity of the results comingt ou
from proposed strut and tie extraction algorithnchecked against such irregular and complex pier
configurations used in many of the elevated stmastibuilt in the vicinity of the city of Bangkok.
Three of such pier configurations are consideredhia study. The first one is the common pier
configuration used in elevated railway track in Bleok. The second case is the pier with relatively
thick pier head spread over large area. These tgbestructures are common in most of the
interchanges and other locations of elevated higtstraictures. The third case considered is pidn wit
curved pier head which is commonly used in U-tuidde structures.

Common Pier Configuration used in Elevated Railwaylrack in Bangkok

Toller pier with tapered head is modeled by solarents and fixed support condition is used at the
bottom. The load coming from both side spans amdiexp as point loads acting on pier head as
similar to the real situation and results comingnirlinear static analysis is used as input for the
extraction algorithm.

The program output gives the strut and ties laybedrly showing four inclined struts at pier head
region and four vertical struts at stem region lasws in following figure. This strut layout is
extracted with refining criteria of Direction cosimlivision=3, Stress range division=1, Strut size=1
and neglecting stresses less than 3% of maximuesssts present in the system. The strut layout
modeled in SAP 2000 by removing the small strut @en@lement present within the body of the stem
is also shown in other figure and it is evident tthe program output extract the struts that shoav t
path of the compressive stress flow of the strattonember.
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B SMIN Contours (Paint load) EEX
. = b e 4 /
= e

I—— o = o e oosmm—)  Figure
4.6: Principal Compressive Stress Contours of Pier Haatter Point Loading & Extracted Strut
and Tie Layout

Pier with Curved Pier Head

Similarly as previous pier configurations, curveshtl pier is modeled with solid element and bridge
girder loads coming from both sides spans of tee @ie applied as point loads on relevant locations
A linear static analysis result of the model isduseextraction of possible strut and tie layout thoe
pier head configuration. Pictures of solid elemmodel, principal stress contours due to girder $oad
and extracted strut and tie layout are shown ilofohg figures.

SMAX Contours  (Point Load) EIE]E] 2 sMN Contours (Point Load)

U360 315 270 225 1300035 8

(a)Principal Tensile Stress (b)Principal Compressive Stress
Figure 4.7: Principal Tensile Stress & Compressive Stress Caonsoof Curved Pier Head

Tension ties on top of the pier head and verticahressive struts at stem of the pier can be seen
from the extracted strut and tie layout which istehawith principal stress contours of the pier. But
compressive struts cannot be clearly seen at ttierb@f the pier head. The above strut and tieuayo
is extracted through the use of refining criteriti Rirection cosine division=4, Stress range
division=4, Strut size=1 and neglecting stressas fdan 5% of maximum stress present in the

system.
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Figure 4.8: Strut and Tie Layout for Pier with Curved Pier Head

5. Conclusions

Based on results and experienced gained througbrésent study, following conclusions are drawn.
() Solid element mesh analysis can display the intestrizss flow of three dimensional
structural members and initial strut and tie laycaut be visualized through it.
(i) The proposed method can extract the possible atrdttie member layout that match with
internal stress flow of three dimensional disturbegion members.
(i) Further modifications are required to improve qoeality of the results.
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