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Abstract: Certain behaviors of some material are characterized by the periodic bar and joint
elements. We present a kinematic, geometric and graph theoretic connected model that
describes the stability, rigidity property of these rhombic tiling materials in two dimensions.
Cables, struts or rods are placed as bracing elements between opposite pairs of diagonal
joints, to prevent the rhombic tiling from the rotation of the bars around their common
joint. We characterize the rigidity of the finite parts of the rhombic bracing structure in the
plane. The results of this paper are based on the theorem of the rigidity of one-dimensional
tensegrity framework from Recski and Shai. We have applied our results to describe some
auxetic type structures that were mentioned earlier in the scientific literature. We also
introduce the model as a possible candidate for the mechanical information processing
system in a repetitive bar and joint structure.
1. Introduction
The components of the materials and their configuration determine the mechanical
properties of structural materials [7,22]. In this paper, tilings- or tessellations-like bar-andjoint frameworks represent the material. We show that our modeling can predict several key
behaviors of the material. The rigidity or flexibility of the frameworks was modeled on
repetitive structures like zeolites, tessellations, lattices, tilings, grids in [4,14,15,1,7,5,8,17]
and in [36,19,23,20]. The elements of these structures are connected by freely revolute
joints. We consider throughout these paper, only finite and vertex-to-vertex tilings.
Moreover, the tiles will always be parallelograms or rhombi. In particular, we say not
degenerated tilings; all tiles have a nonempty interior, hence the angles of rhomb greater
than 0⁰, and less than 180⁰. Our rhombic or lozenge tiling framework consists of rigid bars
connected by rotatable joints in the plane. The bars are the places of the edges, and the
joints are the places of the vertices of the tiles. We get a bracing CSR rhombic structure, if
Cables, Struts or Rods are placed between the opposite pairs of diagonal joints in certain
elements of the rhombic tiling. The cable and strut elements of our structure are
characterized as one type of load only, but being capable of deforming freely in the opposite
direction. If we use one of the diagonal of the squares, as a rod-type bracing element, the
square will be rigid in the plane. Infinitesimal Rigidity does not even allow infinitesimal
motions inside of our framework [31,19]. For example, a square with struts as sides and
cables as braces is rigid and also infinitesimally rigid. If we take a joint along one of the
diagonal, then the framework is also rigid, but not infinitesimally rigid, the fifth joint can
move infinitesimally perpendicular to its connected cables (we disregard that the diagonal
elements intersect each other).
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If we wish to prevent infinitesimal motions and make a framework infinitesimally rigid, we
may use further diagonal braces, which can be rods, cables or struts. In the case of rods, it
makes no difference that which of the two diagonals are used in the rhomb, but it is
important with cables and struts. Also, it makes no difference if we use a strut in one of the
two diagonals and a cable in the other. These frameworks without diagonals are
mechanisms. This paper introduces the Bracing of Rhombic Tiling Framework (the acronym
BRTF) with CSR and the main contributions are:
1. The mobility of BRTF with CSR is characterized by some vectors that represent
equivalence classes of edges hence they describe the possible motions of the bars of
BRTF. A description of the one-dimensional tensegrity and its rigidity will be defined.
The rigidity graph is given for a BRTF with CSR.
2. We take the frameworks rigid if we use sufficient diagonal braces. We are giving a
theorem for the BRTF with CSR that provides necessary and sufficient assumption for
the rigidity of the framework. We use Recski and Shai result [32] for the rigidity of the
tensegrity framework in one-dimensional space for the proof.
3. Four application of the model will be discussed that confirm its versatility. We will
apply the result for rhombic type frameworks, and we give a simpler characterization
of them.
These characterizations of the motion and the rigidity of the square framework in 2D and 3D
was considered in [31,27,30,24,25,29] and also similar models and concepts based on the
configuration space of the motion were used in [27,29,5,25,28].
2. Infinitesimal rigidity of the CSR framework or tensegrity framework
Some of the authors in the literature of tensegrity argue that framework on Figure 1 is a
tensegrity because some struts or rods connect to each other. Only one strut connects to
one or more (up to the dimension) cables in a joint of the tensegrity frameworks of these
authors. For that reason, we use CSR framework instead of tensegrity. However some of the
authors use tensegrity for CSR, and their results use this terminology, hence if we cite them,
then we use also their terminology.
A framework is rigid if any continuous motion of the joints that keeps the length of every bar
fixed and the length of every cable not greater and the length of every strut not less than the
original, keeps the distance fixed between every pair of joints also.
The concept of rigidity and infinitesimal rigidity are closely related [31,20]. It is obvious that
the rigid body type motions satisfy the above constraints. The rigid body type motions of the
CSR framework are named by trivial motion and are also trivial infinitesimal motions.
A CSR framework is infinitesimally rigid if it has only the trivial infinitesimal motions. We can
characterize the infinitesimally rigid framework better than the rigidity of a framework. In [2]
Baglivo and Graver gave a graph theoretical model for square grid framework. In this paper,
we provide a similar model for rhombic tiling. Hence, our result generalizes [2]. There are
some new and important results in [12,14,15,13,17,] for square grid framework bracing with
diagonal rods, and there are some other results in [2,18] if we use cables or struts too.
3. The rigidity of the one-dimensional tensegrity framework
The result of Recski and Shai [32] for tensegrity framework gave a good characterization of
generic rigidity and infinitesimal rigidity in one-dimensional space on a line or parts of a
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circle. Consider a one-dimensional F tensegrity framework. Define the positive direction on
the one-dimensional object.
We define the corresponding G(F) directed graph.
Definition 1: the vertices vi of G(F) correspond to the joints i-th of F, and there is a
directed edge e = {vi;vj} of G(F) with an orientation
1.) from vi to vj if there is a cable between the joints Ji < Jj (up)and
2.) from vi to vj if there is a strut between the joints Jj < Ji (down) between two joints
Ji and Jj.
Consider a tensegrity framework in one dimension (on a line or parts of a circular arc).
Theorem 1, Recski and Shai:
A given one-dimensional tensegrity framework F is rigid if and only if the
corresponding directed graph G(F) is strongly connected.
Sketch of necessity: suppose indirectly, that we cannot get from G1 to G2 because
there are no directed edges between them vertices. Hence, there are no cables
between the joints of the two components, which coordinates are greater in G2 than
G1. Similarly, there is no strut between the joints of the two components, which
coordinates are smaller in G2 than G1. Hence, the joints correspond to G2 can move to
the positive direction (up).
Sufficiency: We can get from any vertices to any other along a sequence of directed
edges and vice versa. Its means that if this joint moves opposite to the first direction
of the sequence, then all joint in the sequence move this direction with the same
displacement. Hence, the relative displacement does not change between any two
joints; the framework is rigid.
4. Characterizing the rhombic tiling framework and the motion of its edges
Define an equivalence relation between the bars. Two opposite bars of a rhomb or
parallelogram are equivalent. Hence, every bar of the rhombic tiling is in one of the
equivalence classes. There is a segment between the middle points of the opposite bars of
the rhomb. A broken line, illustrated by a thin black line, is a maximal length line that
consists of those segments that are between rods, which are in the same equivalence class
(Figure 1). We will call one of the broken lines just Line and denote by Li, the corresponding
sequence of the rhomb or parallelograms are also called de Bruijn lines, Conway worms,
ribbons [8], or track [21], we use the last one and denote it Ti. A Line Li is characterized by
the unit vectors vi that is parallel to all of its bar.
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Figure 1
Figure 1.
The rigidity characterization of an arbitrary BRTF with CSR
((There is a segment between the middle points of the opposite bars of the rhomb, this
broken line, illustrated by a thin black line, signed Li. The bars of L2 are parallel to v2 if the
bars rotate then its vectors also rotate. We can see the vectors on the middle below part of
the figure. On the right side, we can see the angle of the vectors in radian. On the left hand,
side in the framework the dashed line signed the cables. If the cable is between the head of
the vectors, then correspond (straighten arrow) to cables in the auxiliary framework.))

The bars, which are in the same equivalence class, can move only parallel to each other. The
motion of the bars in Line Li is given by the unit vectors vi that are parallel to all of the Line’s
bar.
At the beginning of the motion vi, vj may be equal. In this case, the Li and Lj do not intersect
each other; hence, there is no rhomb, which is in both track Ti and track Tj. If they could
intersect each other, then all the sides of the rhomb at the intersection of its Lines would be
parallel. Hence, this rhomb would be degenerate. Similarly, we can prove that there is no
loop on any Line. The intersection of any two different Line is empty or consists of a single
rhomb. Hence, there are no two Line, which intersects each other in more than one point
[8].
The bars, which are in the same equivalence class, can rotate together since they are parallel
to each other. Hence, the tracks deliver the displacement of the joint. On the one part, using
the diagonal of one of the rhombs of the track, we direct the displacement of the track into
the other track. On the other part, using from one of the CSR as a diagonal element we can
select from the displacement of the bars of the track to translate. In a way, the kinematic
sign (the displacement) process of these frameworks could regard as a mechanical
information process.
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5. The motion of the Rhombic Framework
The motion of a bar is independent from the motion of the other bars that are in a different
equivalence class. If there is no diagonal brace in the framework, then their vectors vi can
circulate the origin independently from each other, taking into account the no degeneracy of
the rhombi. We can describe the motion of the CSR rhombic tiling framework with some
vectors vi, disregarding the rotation of the congruent transformations of the framework. In
this part of the paper, we assume, that the angles of these unit vectors are not less than 0
and less than π. If there is a brace at the diagonal of one of the rhombus, then both of these
vectors are fixed to each other. The head of vectors forms a joint set on the one-dimensional
half unit circle. We can construct the one-dimensional auxiliary framework of the rhombic
tiling framework from these joints, connected by cable, strut, or rod.
Definition 2: The joints of the auxiliary framework of the BRTF with CSR are the head
of the unit vectors that describe the motion of the bars that are in the same
equivalence classes. The bracing elements are the next:
1. We connect two joints by a cable, if the corresponding rhomb has a diagonal cable
between the heads of that vector, that are translated to the corresponding side of
the rhomb, or has a strut in the place of the other diagonal.
2. We connect two joints by a strut, if the corresponding rhomb has a diagonal strut
between the heads of that vector that are translated to the corresponding side of the
rhomb, or has cable in the place of the other diagonal.
On Figure 1, there is a cable at the intersection of T1and T2, which connects the heads of the
translated v1t and v2t. Hence, the corresponding brace will be a cable in the auxiliary
framework. There is also a cable at the intersection of T1and T7, which connects the heads of
the translated v1t and the tails of v2t. Hence, the corresponding brace will be a strut in the
auxiliary framework.
Hence, we get to the auxiliary framework of the CSR rhombic framework. The auxiliary
framework is a one-dimensional tensegrity framework. We can see that at the auxiliary
framework of a rhombic framework on the right-hand side of Fig. 1, the Lines are denoted by
a thin black line. On the right-hand side, we can see the auxiliary framework on the line.
6. The rigidity of the Rhombic Framework

The construction of this framework implies the next theorem:
Theorem 2: The not degenerated BRTF with CSR is infinitesimally rigid if and only if
the auxiliary framework is rigid.
Proof: If the auxiliary framework is rigid than it is infinitesimally rigid since the rigidity
and the infinitesimal rigidity in dimension one are not different. There is a one to one
correspondence between the motion of vectors of equivalence classes of BRTF with
CSR and the motion of joints of its auxiliary framework F we disregard the rigid body
like motions. Any not two-dimensional body motion of the BRTF with CSR implies the
change least one of the rhombi, which also implies the change of the angle of the
vectors of the two equivalence classes and vice-versa.
Our model can transfer the motion of BRTF with CSR from two-dimensional plane to the
one-dimensional line if the rhombi do not degenerate and vice versa.
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The G(F)-graph of the auxiliary framework will be the auxiliary graph of the CSR braced
rhombic framework.
Hence, we can apply Theorem 1 for the BRTF with CSR.
Theorem 3: The not degenerated BRTF with CSR is infinitesimally rigid, if and only if
its auxiliary graph is strongly connected.
Proof: There is a one to one correspondence between the infinitesimal rigidity of
BRTF with CSR and the rigidity of its auxiliary framework disregard the rigid body like
motion the consequence of the theorem 2. There is also a one to one
correspondence between the infinitesimal rigidity of the auxiliary framework F and
the strong connectivity of the graph G(F), the consequence of the Theorem 1.
Consequence 1: There is a one to one correspondence between the independent motion of
BRTF with CSR and the strongly connected component of its G(F)
We can see the auxiliary graph of the rhombic framework on the left-hand side of Fig. 4.
The special case of Theorem 3, when we use only rods as bracing elements was discussed in
[27].
7. Applications
1. Our result presents a natural approach to identify cellular materials based on the BRTF
with CSR by computer simulation. Some of them will be auxetic. Our model is general
enough to describe those structures that are not really periodic and is also useful for those
that are periodic. These make the system more usable than periodical ones, making them
promising candidates for scientific, material science, nanotechnology and biomedical
applications. The possible simulation consists of the next steps:
1. Take a rhombic tiling subdivision
2. Take some bracing elements
3. Check the degree of freedom
4. Describe the possible motions
5. Determine the possible Poisson’s ratio
With this procedure, a variety of structures based on rhombic tiling framework could be
identified. Let N be the sum of the number of the Lines. Hence, n equal the number of the
nodes in the auxiliary graph. The time complexity of the rigidity algorithm of the former
framework braced with diagonals is linear with the size of the graph, because the time
complexity of checking connectivity has O(N), where N is the number of the vertices and
edges in the graph.
2. The authors in [35] consider the deformation of some of the bar and joint frameworks
based on periodic tessellations with negative Poisson’s ratio. They demonstrate that several
tessellations become auxetic.
We can characterize these crystallographic symmetries in our model, and we can
demonstrate the possible motions of the joints (Figure 2).
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Figure 2
Figure 2.
The rigidity characterization of a framework with eightfold rotational symmetry
((On the left hand, side we can see a framework that originally has eight-folded symmetry,
but really four. The dashed lines signed the cables that hold the constraints for the
symmetry. We can see two representation of the auxiliary framework, right the original, in
the middle the general. Above the picture of the auxiliary frameworks, the graph has two
components that can move independently from each other. The joints those are lighter in
the auxiliary framework, can move the others independently.))
For the applicability we use the auxiliary framework on a unit circle, Theorem 1 also applies
on a circle. From this part of the paper, the angles of the unit vectors are arbitrary. In [34] a
similar model was applied that was also described in [27,24]. The framework has eightfold
rotational symmetry, similarly to our framework above. The bars of the framework were
rigidly connected by certain joints, at some of the other places, there are scissor-type [35]
joints. These constraints are replaceable by the bracing elements in our model.
3. The Semiregular (Archimedean) tessellations have regular incongruent polygons and
equivalent surrounding of the vertices [16,3,6,5,10,]. The rigidity problems of the special
hexagon and the all special Archimedean tessellations was published in [24]. In some cases,
“special” means that we assume that opposite edges of the regular polygon in the
tessellation remain parallel during any motion of the vertices; it is a strong assumption.
However, in crystallography and case of the periodic framework is fitting with the
applications and consequences of the symmetry properties of the structures. If we make a
rhombic subdivision [ of the regular polygons in the Archimedean tessellation, then we can
characterize the rigidity of the each of the special semi-regular and special hexagon type
frameworks using Theorem 3.
It is easy to see that the (3,3,3,3,6) tessellation-like rod-joint framework is almost rigid
because there are many rigid triangles between the polygons of the tessellation. Some
hexagons on the boundary of the framework could be not rigid. The rhombi of these
hexagons must be made rigid with diagonal braces, also paying attention that the bracing
elements of the rhombi belong to the diagonal of the hexagon.
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Take a square tiling, if we put a diagonal rod into each square of every second row, then we
get an isomorphic structure with (3,3,3,4,4), we can make it rigid if we use bracing element
in the free rows. Similarly, the (3,3,4,3,4) structure is isomorphic with square tiling if we take
diagonal rods every second square of every row like a chess board, or take rigid squares into
the corresponding triangles, we can see it on the left hand side of Figure 3. Consider the
motions of this framework (Figures 3).

Figure 3
Figure 3.
The rigidity characterization of Archimedean 34334 Tessellation
((On the upper left-hand side, we can see a framework that was constructed from
Archimedean Tessellation 34334. Under that, we can see a larger isomorphic framework.
The dashed lines signed an extra cable, the dot-dashed line sign an extra trust. In the middle,
we can see a displacement of it. On the right-hand side, we can see the auxiliary framework
about the visibility without rods, we have not drawn four rods between the lighter joints and
also four rods between darker joints, but we signed only the two different tensegrity
elements by cables the consequence of its definition. In the upper right part of the picture,
the graph shows that there are two components. Here we signed the edges that correspond
to the rods and also directed edges that correspond the original cable and strut, one of the
components consists of the lighter nodes the other consist of the darker. The two parts of
the auxiliary framework can move almost independently each other; they can move closer
but not in the counter.))

We can see the auxiliary framework at the right side of the framework and the auxiliary
graph at the bottom, on the right of the picture, the framework has only one degree of
freedom. Some edges are originally included in the auxiliary graph because the common
edges of the neighboring triangles form diagonal rods in this tiling. If we put some CSR into
the light square of the framework, then the auxiliary graph will be connected.
The above tessellation was mentioned in [14,13], and its auxetic behavior was discussed in
the literature which implied the decrease of the area of the square that is drawn around the
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4×4 tessellation on the middle of Figure 3. We can see the auxiliary framework without
bracing elements on the right, and the auxiliary graph top right.
4. In [13] a new auxetic hierarchical system was proposed, based on the above mechanism,
these systems also exhibit auxetic behavior and have different sized holes that can open to
various extents (Figure 4). We describe this structure with our combinatorial-geometrical
model. Each

Figure 4
Figure 4.
The rigidity characterization of the hierarchical structure
The possible motions of the little square tiling are characterized by the double indexed
vectors. The sum of the minor vectors around the hole, for example, that is in the second
row and the second column, where we can see angle α1, is zero. In this simple hierarchical
case this means we can describe the motions with three independent parameters α1, β1, β2
hence some of the big squares that signed by β1 will be a different size than signed by β2, if
β1≠β2. Those originally horizontal vectors can move together that parity of the first index are
the same and the second index also the same. Hence, vectors v12, v32, v14, v34 are parallel
they signed in the auxiliary framework by vector voe, similarly the corresponding vertical
vectors are signed by vOE of the basic elements can move almost independently from each
other, but they have to satisfy the assumption that was discussed in [6]. The resultant of the
possible motions of the little square tiling around a hole is zero. For example the sum of the
small vectors around the second row and second column hole, where we can see angle α1, is
zero. In this simple hierarchical case this means we can describe the motions with three
independent parameters α1, β1,β2 hence some of the big squares that signed by β1 will be a
different size than signed by β2, if β1≠β2.
The motions of the rest of the special framework that correspond to a finite part of the semiregular (Archimedean) tessellations are similar to the motion of the (3,4,6,4) special
frameworks. Since, this is appropriately general, hence; we present only this, instead of all
cases of the semi-regular (Archimedean) tessellations. There are some useful results for the
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mechanical deformation of frameworks in [23], these are constructed similarly to ours from
periodic tessellations, in some of the cases, we can explain the auxetic behavior if we give up
the assumption of degeneration. The (3,4,6,4) or Roman tiling framework was also discussed
in [24] in Example (e), the method in case of the possible motion of the framework is similar
to ours. The braced CSR framework (3,4,6,4), its auxiliary framework and its auxiliary graph
are shown in Figure 5. The three different directions of the row are denoted by small letters
and indexed with larger cases. The vectors of the triangles denoted by capital letters can
move together only because they form a rigid triangle. The auxiliary graph is a six-partite
graph.

Figure 5
Figure 5
The rigidity characterization of Archimedean 4346 tessellation
((On the left-hand side, we can see a framework that corresponds to a finite part of the
Archimedean 4346 tessellation. It has a motion that is auxetic, (the two displacements partly
cover the original framework). Right-hand side we can see the auxiliary framework, above
we can see the auxiliary graph.))
The vectors of the triangles denoted by A, B and C are braced with each other, hence,
between the appropriate points of them, there are bracing elements in the auxiliary graph.
The auxiliary framework is rigid if and only if the special (3,4,6,4) tessellation-like rod-joint
framework is rigid in the plane. Our framework is not rigid because we cannot get from C to
b that is why the triangles can move, as we can see in the picture. The characterization of all
the other Archimedean tessellation types BRT with CSR framework is similar to the above.
We can see the fundamental region quadrangle OKLM of the tessellation in the Figure 6. The
fundamental region is the object that is being copied in the tessellation [23].
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Figure 6
Figure 6
The Poisson’s ratio of Archimedean 4346 tessellation with CSR
((The fundamental region OK’L’M’ is similar during the motion, hence the diagonal OL’
remains perpendicular to M’N’. Top on the right we can see the changing vectors
components of the diagonals, bottom of the right the constant components of the diagonals
are illustrated, the ratios of the components of the diagonals are equal. The similarity of the
fundamental region imply the -1 Poisson’s ratio.))
We present the vector of the diagonal KM:

−𝒄 + 𝒂 𝑨
+
2
2
𝒂 + 𝒃 −𝑩
⃗⃗⃗⃗⃗⃗ = 𝑂𝐺
⃗⃗⃗⃗⃗⃗⃗ + 𝐺𝑀
⃗⃗⃗⃗⃗⃗ =
𝑂𝑀
+
𝟐
2
𝒃 + 𝒄 −𝑩 − 𝑨
⃗⃗⃗⃗⃗⃗⃗
𝐾𝑀 =
+
𝟐
2
The vector Aα refer the vector A rotated by angle α, in this case:
−𝒄 + 𝒂 𝑨∝
⃗⃗⃗⃗⃗⃗⃗
⃗⃗⃗⃗⃗⃗⃗
⃗⃗⃗⃗⃗⃗⃗
𝑂𝐾′ = 𝑂𝐸 + 𝐸𝐾′ =
+
2
2
∝
𝒂
+
𝒃
−𝑩
⃗⃗⃗⃗⃗⃗⃗⃗
⃗⃗⃗⃗⃗⃗⃗
⃗⃗⃗⃗⃗⃗⃗
𝑂𝑀′ = 𝑂𝐺 + 𝐺𝑀′ =
+
𝟐
2
∝
∝
𝒃
+
𝒄
−𝑩
−
𝑨
⃗⃗⃗⃗⃗⃗⃗⃗⃗ =
𝐾′𝑀′
+
𝟐
2
⃗⃗⃗⃗⃗⃗ = 𝑂𝐸
⃗⃗⃗⃗⃗⃗⃗ + 𝐸𝐾
⃗⃗⃗⃗⃗ =
𝑂𝐾

The vector of diagonal OL:
⃗⃗⃗⃗⃗
𝑂𝐿 = ⃗⃗⃗⃗⃗⃗⃗
𝑂𝐹 + ⃗⃗⃗⃗
𝐹𝐿 = 𝒂 +
After the rotation angle α:

𝑨−𝑩
3

𝑨∝ − 𝑩∝
⃗⃗⃗⃗⃗⃗
⃗⃗⃗⃗⃗⃗⃗ + ⃗⃗⃗⃗⃗⃗
𝑂𝐿′ = 𝑂𝐹
𝐹𝐿′ = 𝒂 +
3

Each vector are unit, hence:
𝜋

√3 ⃗⃗⃗⃗⃗⃗ 2
⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝐾′𝑀′ =
(𝑂𝐿′)
2
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The diagonal OL’ is perpendicular to K’M’. The similarity of certain triangles we get the
similarity of the fundamental regions.
𝑂𝐸𝐾 ′ ∆≅ 𝑂𝐺𝑀′ ∆~𝑂𝐹𝐿′ ∆ ⇒ 𝑂𝐾𝐾 ′ ∆≅ 𝑂𝑀𝑀′ ∆~𝑂𝐿𝐿′ ∆ ⇒ 𝑂𝐾𝐿𝑀~𝑂𝐾 ′ 𝐿′ 𝑀′
Hence, the fundamental regions are similar during the motion. Chose the axial direction into
OL’, hence the axial strain is equal the transversal (direction K’M’) strain. Assuming that the
tessellation framework is compressed along the axial direction OL’, the lateral or transversal
variation is in the direction K’M’. The definition of the 𝜈 Poisson's ratios:
𝐾 ′ 𝑀′
𝑑𝜀𝑡𝑟𝑎𝑛𝑠
𝜈=−
= − 𝐾𝑀′
𝑂𝐿
𝑑𝜀𝑎𝑥𝑖𝑎𝑙
𝑂𝐿
The consequence of the similarity the ratios of the corresponding segment is equal, the
numerator is equal to the denominator. Hence, the Poisson ratio is equal -1 as also in [23].
Conclusion
In this paper, first the moveable BRT with CSR was considered, a new family of mechanisms
based on BRTF with CSR have been discovered. We are given the characterization of the
mobility and the infinitesimal motion of the BRTF with CSR in the 4-th paragraph. If
the framework uses symmetry constraints then we have to find the corresponding bracing
elements that provide the same displacement, see the application 2. Hence, our results are
generally applicable for a wider area of bar-joint type structural material, because we can
characterize the motion of the framework with higher degrees of freedom than for instant
the case of symmetrical structures, see [27,28], and also the constraints are taken optionally
from any of the CSR. We proposed a theorem that gives a necessary and sufficient condition
for the rigidity of the BRTF with CSR. Thus, our BRTF with CSR models may provide a useful
link between molecular and cellular scale mechanical behaviors and represent a new
approach on multi-scale modeling of materials.
The model is useful for the characterization of the mechanical information processing in
rhombic type bar and joint structure, see the end of the 4 paragraph because the graph
algorithms are very effective.
The main contributions of this paper are:
1. The mobility of BRTF with CSR is characterized by some vectors that represent
equivalence classes of edges hence they describe the possible motions of the bars of
BRTF. A description of the one-dimensional tensegrity and its rigidity is defined. The
rigidity graph is presented for a BRTF with CSR.
2. We take the frameworks rigid if we use sufficient diagonal braces. We are giving a
theorem for the BRTF with CSR that provides necessary and sufficient assumption for
the rigidity of the framework by the means of graph connectivity. We use the result
of [32] for the rigidity.
3. Four applications of the model were discussedand and its versatility is confirmed. We
apply the result for some known rhombic type frameworks.
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