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Abstract: Shear deflection effects are traditionally neglected in most structural system identification 

methods. Unfortunately, this assumption might lead to significant errors in some structures, like 

deep beams. Although some inverse analysis methods based on the stiffness matrix method 

including shear deformation effects have been presented in the literature, none of these methods is 

able to deal with actual rotations in their formulations. Recently, the observability techniques, one 

of the first methods for the inverse analysis of structures included the shear effects into the system 

of equations. In this approach, the effects of shear rotation are neglected. When actual rotations on 

site are used to estimate the mechanical properties in the inverse analysis, it can result in serious 

errors in the observed properties. This characteristic might be especially problematic in structures 

such as deep beams where only rotations can be measured. To solve this problem and increase the 

observability techniques' applicability, this paper proposes a new approach to include shear 

rotations into the inverse analysis by observability techniques. This modification is based on the 

introduction of a new iterative process. To illustrate the applicability and potential of the proposed 

method, the inverse analysis of several examples of growing complexity is presented. 

Keywords: composite structures; observability method; shear rotation; stiffness matrix method; 

structural system identification 

 

1. Introduction 

Structural modeling is associated with the simulation of structural response. This goal is 

traditionally achieved by transforming physical problems into mathematical ones based on a number 

of assumptions and hypotheses. Many studies are performed on the model of the beam structural 

response [1–4] and most of them are based on either Euler-Bernoulli’s beam theory [5] or 

Timoshenko’s beam theory (known as first-order shear deformation theory) [6]. Due to the plain 

section deformation assumption, shear deformations are neglected by Euler-Bernoulli’s beam theory 

[7,8]. This theory states that plane sections remain perpendicular to the neutral axis during and after 

bending deformation [9], and accordingly that shear forces and stresses are zero. Euler-Bernoulli’s 

beam theory only holds for cases wherein constant bending moments are applied alongside the 

structures. Therefore, Euler-Bernoulli’s beam theory is usually applied to slender beams with 

negligible shear deformations and in this approach, shear effects are considered modeling errors [10]. 

Nevertheless, in some structures (such as deep beams), the shear deformation cannot be neglected 

and it must be included into the formulation [11,12]. The definition of these deep beams might differ 

slightly from one code to the other. For example, on the one hand, Eurocode EN 1992-1-1 [13] 

characterizes deep beams as beams with slenderness wherein the beam span is three times less than 

the overall section depth. On the other hand, ACI committee 318 [14] describes these beams as beams 

with spans equal to or less than four times the beam's depth.  
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Timoshenko [15] was the first one who introduced the shear effects into beams with the so-called 

first-order shear deformation theory. In fact, the shear effects are included in his theory in both the 

vertical deflections and the rotations. In Timoshenko’s beam theory rotation due to the bending, wb, 

and rotation due to the shear, wr are considered separately and analyzed independently. In this 

theory rotation between the cross-section and the bending line is allowed. The differences between 

methods in a simply supported beam with concentrated load, V at mid-span are presented in Figure 

1. Where Euler-Bernoulli’s beam theory (Figure 1(b)) and Timoshenko’s beam theory (Figure 1(c)) at 

the zoomed support of Figure 1(a) can be seen. 

 

Figure 1. (a) A simply supported beam with a zoomed support. (b) Euler-Bernoulli’s beam theory on 

the beam support. (c) Timoshenko's beam theory on the beam support. 

Finite Element Method (FEM) is a numerical problem-solving method based on a concept in 

which large equations are divided into smaller and simpler equations. This technique is a common 

method for computer-based analysis in engineering [16]. The Stiffness Matrix Method (SMM) is one 

of the major methods of the FEM approach for analyzing the structural Response of beam-like 

structures. The literature review showed that a number of SMM approaches included shear rotation 

into their SMM formulations [17–22]. However, most of these methods fail to simulate structural 

cases with discontinuities in the cross-sections, with non-collinear elements, or with non-uniform 

loads. The only SMM that is able to analyze these models is the FEMs in which nodal variables are 

bending rotation and transverse displacement (the effects of shear rotation are neglected in this SMM 

formulation). Many works, for instance, in Przemieniecki [23], contain a detailed formulation of the 

common Timoshenko beam theory SMM. The stiffness matrix presented in this approach overlooks 

the effect of shear rotation. Emadi [24] highlighted the neglect of shear rotation effects in some widely 

used commercial simulation software that rely on the stiffness matrix, such as SAP 2000, CSI 2016, 

and Midas Civil 2015. In fact, these programs only include the shear effects into the vertical 

deflections. However, it has been traditionally assumed that shear rotations have minimal practical 

significance in most structures. This assumption can introduce significant errors in the determination 

of mechanical properties during the inverse analysis of structures that lack a unidimensional 

geometry, such as deep beams, laminated composite walls, or sandwich structures. In such cases, 
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shear deformation can play a crucial role, and it is essential to incorporate its effects into the 

formulation. 

System Identification (SI) represents a modeling process for unknown variables in a certain 

system of equations used in numerous engineering fields [25–27]. The SI goal is to be able to 

characterize adequately the parameters of a certain system. Since its introduction, SI has been 

extended to most engineering fields [18,28]. Structural System Identification (SSI) can be framed in 

the context of the SI that deals with the design of mathematical models for identifying structural 

parameters (such as the flexural or the axial stiffnesses) [29]. In the literature, many methods for SSI 

are proposed. Most of them are based on the SMM (see e.g. [30–34]. The details of the main SSI 

methods are shown in the literature and addressed by [35]. Most SSI methods are not able to quantify 

correctly the structural parameters when shear effects are not negligible. This can be explained by the 

fact that most SSI methods based on SMM normally use Euler-Bernoulli’s beam theory (see e.g. [36–

38], this assumption underestimates deflections and overestimates the natural frequencies since the 

shear effects are disregarded [39]. The effects of shear deformations in their SMM models are studied 

by some authors [8,40]. Although the assumption of neglecting shear rotations may lead to wrong 

estimations for mechanical properties in SSI methods, normally these effects are overlooked. 

Nevertheless, in some structures (such as deep beams) shear effects might play an important role. In 

these cases, shear effects should be introduced into the formulation in order to reduce the errors of 

SSI methods, and the inability of considering these effects should be considered a modeling error 

(error in the modeling of structures). 

The observability method (OM) is an SSI method based on the system of equations of the SMM. 

In this procedure, the mechanical properties (e.g. Flexural stiffness, EI) can be quantified from the 

deformations measured in static tests. OM has proved its efficiency in different structural typologies 

(such as trusses, beams, frame structures, and cable-stayed bridges) [41,42]. The analysis of these 

structures is based on polynomial systems of equations, and it is not as simple as it may look due to 

the coupled equations. To solve this problem, a numerical optimization approach (constrained 

observability method (COM)) can be used to decouple the coupled linearized variables. Recently, 

Emadi et al. [43] included the effects of shear deformations into the COM. Unfortunately, this 

application (like other SSI methods based on SMM in the literature) is not able to take into account 

the actual rotations as shear rotation effects are not included into the formulation. Because of the 

inability of this method to consider shear rotations in SMM, COM is not able to observe the value of 

mechanical properties correctly, when actual rotations are included into the measurement sets. For 

this reason, this procedure is not suitable for actual structures as wrong results are obtained even 

when noise-free measurements are considered.  

This paper aims to fill this gap by presenting a new method based on COM to observe the 

structural properties from actual rotations measured on-site for any kind of structure (even in those 

where shear rotations are not negligible). To do so, the use of an iterative process is proposed. In this 

process, estimated shear rotations are subsequently subtracted from the actual rotations on site. Then 

the normal COM can be performed in terms of bending rotations and bending and shear vertical 

deflections. Also, throughout iterative steps, the structural properties are successively updated from 

the inverse observations. 

This article is organized as follows: In Section 2, a brief explanation of both the OM and the COM 

are presented and the importance of shear rotation is discussed. Also, a new method for analyzing 

the effects of the shear rotation in COM is presented. In Section 3, different structures are analyzed 

to show the important role that shear rotations might play in some geometries. Moreover, the 

applicability and accuracy of the new method in different structures are presented. Finally, the 

conclusions obtained are drawn in Section 4. 

2. Materials and Methods 

For the SMM, the equations of nodal equilibrium might be written as: 

[K] { }={f}, δ⋅  (1)
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where the horizontal, u, vertical, v and rotational displacements, w are parts of {δ}, the stiffness 

matrix [K] covers information about axial stiffness EA, flexural stiffness EI and the length of the 

element L. The horizontal forces, vertical forces, and moments are included in the external force 

vector {f}.  

The main disadvantages of this method are the complexity in the system of equations might lead 

to the following problems: (1) they are not able to include the effect of shear rotation into the SMM 

methods, these methods are considered as common Timoshenko’s beam theory SMM (e.g., [23]). (2) 

Methods, which consider the effects of shear rotation due to some assumptions, are not applicable in 

general complex structures [44]. In the OM, as in any inverse tool, some parameters of the nodal 

displacements {δ} are measured on-site to identify the unknown mechanical properties in the SMM 

when the geometry, the boundary conditions, and the load case in a certain static load test are 

determined. To do so, equation 1 can be rewritten as presented in Eq. (2), where all the known 

quantities are collected into the coefficient matrix [B] and the vector {D}. Therefore, [B] and {D} are 

known, while all the unknowns are placed into the vector {Z}. Equation (2) can be solved to observe 

unknown equations with the help of algebraic operations. For more information, readers are 

recommended to review [42]. 

[B] { }={D}, z⋅  (2)

In the OM the linearity of the system is assumed and coupled product of variables (and products 

of variables such as Young Modulus E and Inertia I are considered as a unique variable EI). Where 

NA is the unknown axial stiffnesses and NF is the unknown flexural stiffnesses. Theoretically, the 

number of measurements should be at least equal to the number of unknowns; therefore, NA + NF 

measurements are expected to be enough to observe all unknown parameters. Lei et al. [42] found 

that due to the lack of nonlinear constraints among product variables in OM, in most cases, it is not 

able to observe material properties with minimum required measurements. Lei et al. [42] proposed 

COM which solves the system of equations numerically after including the nonlinear constraints. 

This is to say that COM does not provide any symbolic solution. As they are only based on the 

numerical solution of the system. In order to apply the optimization process, the objective function 

of COM can be defined as follow: 

{ } [B] { }-{D}, z z= ⋅  (3)

Where {∈} is the residual of the equations which is a vector with the same number of rows as the 

original vector {Z}. The objective function of the optimization process is to minimize the square sum 

of the residuals, ∈ in Eq. (3). MATLAB and Optimization Toolbox Release [45] are used to obtain the 

optimal solution of the objective function. Before starting the optimization process, the objective 

function should be normalized. The algorithm for SSI by COM is summarized as follows: 

 Step 1: Apply SSI by OM to check whether any variable is observed. If all unknown parameters 

are observed, there is no need to go to the COM process, otherwise, go to step 2. 

 Step 2: Obtain Eq. (2) from the OM and generate the objective function. 

 Step 3: Obtain the normalized unknown parameters. 

 Step 4: Guess the unknown parameters' initial values, apply bounds for the solution and solve 

the optimization process, in order to find the least acceptable value for vector {∈}.  

A summary of the procedure is shown in the flow chart in Fig 2. For more information about the 

COM, the reader is addressed to [42]. 
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Figure 2. Flow chart of structural system identification by COM. 

Since the COM method was based on Euler-Bernoulli’s SMM, it was not able to consider the 

effects of shear deflections. This problem was solved by Emadi et al. [43] who introduced the effects 

of shear deformation into the COM process. Due to a lack of considering shear rotation in SMM, COM 

is not able to observe the value of material properties correctly, when rotations are included into the 

measurement sets. This method is not suitable for measuring rotations as wrong results are obtained 

even in noise-free measurements when these types of deformations are considered. Emadi studied 

the effects of this impotence in considering shear rotations in SSI methods based on SMM [44]. It 

showed the effects of neglecting shear rotation in the inverse analysis were not negligible, even in the 

cases where beams cannot be considered deep beams (based on Eurocode EN [13] and by the ACI 

Committee 318 [14]).  

In this section, a new procedure is developed to take into account the effects of shear rotations 

in the SSI of 2-dimensional structures modeled with beam elements.  

Providing that a static load test is performed in a structure and measurements are taken from 

some nodal displacements (total deflections and rotations including bending and shear 

displacements and rotations), the first step will be trying to separate the bending and shear rotations. 

Then, firstly, direct analysis is performed assuming those beam elements have their theoretical 

mechanical properties. Then, the shear rotation of each element is calculated based on the assumed 

mechanical properties. Equation (4) can be used to calculate shear rotation, vs in each element based 

on Timoshenko's beam theory. 

GA

Q

v *
Ws =  (4)

where Av is the shear area, Q is the shear force and the shear modulus G might be written as: 𝐺 ൌ 𝐸2ሺ1 ൅ 𝑣ሻ (5)

where the coefficient v refers to the Poisson’s ratio. According to Eq. (4), the shear rotation for 

each element only depends on shear forces, shear area and shear modulus. On the other hand, shear 
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area and shear modulus are directly obtained from the assumed mechanical properties of the 

structure, while the shear forces can be obtained from the results of the direct SMM analysis. By 

subtracting the value of shear rotation from the measured rotation of each node the bending rotation 

can be obtained (it is important to highlight that the measured rotation can be expressed as the sum 

of shear and bending rotations). Therefore, the COM process can be used as it is based on neglecting 

shear rotation effects. Once COM provides an estimate of the mechanical properties of the structure, 

these can be used to calculate new shear rotations. In this way, an iterative process should be 

performed until the adequate structural response of all the elements is satisfied. In order to limit the 

computational cost of the optimization process, the stopping criteria are defined: 1) when the iterative 

process is performed more than 200 times without getting improvement of the solution, and 2) when 

the difference between values of the observed structural properties in 2 subsequent iterative steps are 

less than 1e-3.  

The main steps of this procedure are described as follows:  

 Step 1: Assumption of the initial values of structural properties, as the theoretical ones  

 Step 2: Calculate the shear rotation of each element from the assumed structural properties and 

static loads. It is important to highlight that the stiffness properties can be obtained through either 

theoretical values (for the first time) or observed structural properties provided by the COM 

optimization (in the iterative process). 

 Step 3: Obtain the bending rotation from the calculated shear rotation in Step 2 and perform 

COM analysis. It is to say that the value of bending rotation for the measured nodes is calculated by 

subtracting the actual value (measured on-site) from the theoretical shear rotation calculated in Step 

2. 

 Step 4: Check the stopping criteria. If one of them is satisfied, the process stops, otherwise, go 

to Step 2.  

A summary of the procedure is shown in the flow chart in Figure 3. In the following section, a 

set of structures are analyzed to illustrate the applicability and potential of the proposed method. 

This will be called 2COM as COM is applied in two steps. 

 
Figure 3. Flowchart of 2COM. 

3. Results 

To show the applicability of the new method, several academic examples are analyzed in this 

section. It is important to highlight that in these simulations, no horizontal forces are considered and 

therefore, the axial resistant mechanisms are not studied as they are not excited. In addition, 

measurement errors are neglected in the simulations. 

3.1. Example 1: simply supported beam with 2 iteration processes 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 August 2023                   doi:10.20944/preprints202308.1084.v1

https://doi.org/10.20944/preprints202308.1084.v1


 7 

 

Consider the 4 m long and 0.2 m wide simply supported beam modeled with 3 nodes and 2 

beam elements depicted in Figure 4(a). This beam has a constant cross-section and its mechanical 

properties are listed in Table 1. The boundary conditions of the structure are horizontal and vertical 

displacements restricted in node 1 and vertical displacement restricted in node 3 (this is to say, 

u1=v1=v3= 0). The beam is subjected to a concentrated vertical force in node 2 of 100kN (V2= 100kN).  

 

Figure 4. Example 1. (a) FEM for a simply supported beam. (b) Deformed shape with the value of 

bending vertical deformation and with bending and shear vertical deformation at Node 2. (c) 

Deformed shape with bending rotation and with bending and shear rotation at Node 1. 

Table 1. Properties of the FEM of the simply supported beam. 

Properties Value 

axial stiffness [GPa·m2] 440.65 

shear stiffness for node 1 [GPa·m2] 344.05 

shear stiffness for node 2 [GPa·m2] 385 

flexural stiffness for node 1 [GPa·m4] 1,246.7 

flexural stiffness for node 2 [GPa·m4] 1,120 

For the inverse analysis of the structure, the load V2, the length of the elements, Poisson’s ratio 

and Young modulus E are assumed as known, while the inertia, I and the shear area Av for both 

elements are assumed as unknown. To identify the two unknown parameters (Av and I) a 

measurement set of at least four rotations is required to identify the values of unknowns. 

Nevertheless, the analysis of the traditional OM of this model proves that no set of four rotations in 

OM enables the proper identification of the unknown parameters. Therefore, a set of vertical 

deflection and a rotation should be measured together (it is to say w1, w2, w3 and v2). The values of 

the measurement set obtained from Timoshenko’s beam theory simulation can be seen in Figure 4(b) 

and Figure 4(c).  

To check the robustness of the method, a set of random values is chosen for Inertia and Shear 

area to be used to calculate the hypothetical site measurements. 50 different random sets of the initial 

value coefficients for the inertia and the shear area were randomly chosen between 0.8 and 1.2 of the 

theoretical values. These initial parameters are successively updated throughout the iterative process. 
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From 50 analyses, in 3 analyses the optimization process was not convergent to the solution and no 

result was acquired. The normalized average, standard deviation and coefficient of variation of the 

remaining results as well as the mode are presented in Table 2. 

Table 2. Obtained results from random initial values 

parameter average CoV standard deviation 

EI1 1.000 8.791e-7 8.791e-7 

EI2 1.000 9.114e-7 9.114e-7 

GAv1 1.000 0.000 0.000 

GAv2 0.910 0.128 0.116 

These results prove the adequate convergence of the proposed methodology in simply 

supported beams for random initial values of the Inertia. The reason for the flaw in the observed 

value of GAv2 is that the measuring on node 2 cannot provide sufficient information for covering the 

shear area of beam number 2. Therefore, the value of the shear area cannot be observed properly. It 

should be said that even in this situation the new method is able to observe Inertia properly. For the 

same measurement set, the results of traditional COM (without the ability to consider shear rotations) 

in this example lack physical meaning. These values illustrate the inability of traditional COM to 

identify the correct value of parameters as it is not able to identify shear rotations. 

3.2. Example 2: Cantilever beam with 2 iteration processes 

Consider a cantilever beam with the same cross-section and same properties as in Example 3.1 

modeled with one beam element and 2 nodes as it is presented in Figure 5. The boundary conditions 

of the structure are total horizontal and vertical displacements and rotation due to bending restricted 

in node 1 (this is to say, u1=v1=wb1= 0). The only external force applied is assumed as a concentrated 

vertical force in Node 3 of 100kN (V3= 100kN). As in the previous example, the length of the elements, 

L, the Poisson’s ratio and the Young modulus E are assumed as known in the inverse analysis, while 

the inertia I and the shear area Av for elements 1 and 2 are assumed as unknown. To obtain these four 

unknown parameters the measurement set should include at least four rotations. Nevertheless, the 

analysis of the traditional OM proves that no set of four rotations in COM enables the proper 

identification of the unknown parameters. Therefore, a set of vertical deflection and rotation should 

be measured together in this example. To perform the COM2, a measurement set that consists of two 

rotations and two vertical deflections (w2, w3 and v2, v3) is employed. The rotations and the vertical 

deformations including shear effects of this structure are presented in Figure 5.  
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Figure 5. Example 2. (a) FEM for a cantilever beam. (b) Deformed shape with the value of bending 

vertical deformation and with bending and shear vertical deformation at Node 2. (c)  Deformed 

shape with bending rotation and with bending and shear rotation at Node 2. 

To check the robustness of the method, a set of random values is chosen for Inertia and Shear 

area to be used to calculate the hypothetical site measurements. 50 different random sets of the initial 

value coefficients for the inertia and the shear area were randomly chosen between 0.8 and 1.2 of the 

theoretical values. Also, no matter what set of the initial value is chosen, in all circumstances, the 

obtained values of 2 iterative process have proper convergence to real values of mechanical 

properties. The normalized average, standard deviation and coefficient of variation of the remaining 

results as well as the mode are presented in Table 3. 

Table 3. Obtained results from random initial values. 

parameter average CoV standard deviation 

EI1 1.000 8.783e-7 8.783e-7 

EI2 1.000 9.118e-7 9.117e-7 

GAv1 1.000 0.000 0.000 

GAv2 1.000 0.000 0.000 

These results prove the adequate convergence of the proposed methodology in cantilever beams 

for random initial values of the unknown parameters. These results show the applicability of the 

proposed methodology in cantilever structures. It is important to highlight that obtained results of 

the original COM process for this example lack physical meaning as ratios of 0.562 and 3.000 were 

obtained for the Inertia in I1 and I2, respectively. 

3.3. Example 3: Application to a composite bridge 

To show the application of the proposed methodology to a real structure, the problem of the 

construction of a bridge by the balanced cantilever method is studied in section 4.  

In these structures, deflections should be anticipated in advance in order to calculate how to 

build the precamber structures in the different segments. To update this precamber structure for 

every step during construction, complete topographic surveying is usually performed. Therefore, an 

inverse analysis can be employed for providing information for this model updating process. 
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However, shear effects might not play a very important role for a full developed cantilever, 

neglecting the effects of shear rotation in the first segment will lead to the unreliable estimation of 

the bending stiffness. A simplified model of the Yunbao Bridge over the Yellow River in China (see 

Figure 6) is studied in this section to show the Applicability of the new method to solve this problem. 

The structure span is 90m long, but only an intermediate construction stage is considered in this 

example. The studied construction stage includes the construction of two symmetric cantilevers. The 

length of each deck segment is 4.5m and the length of the segment over the pile is 2.5m. The total 

length of the model is 29.5 m. The mechanical and material properties defined by the method of the 

transformed section are listed in Table 4 [46].  

Table 4. Properties of the Finite Element Model of the Bridge. 

Properties Value 

area [m2] 12.52 

shear area [m2] 9.83 

inertia [m4] 35.62 

steel young’s modulus [GPa] 210 

concrete young’s modulus [GPa] 35 

poisson’s ratio γ 0.3 

 

Figure 6. Composite bridge on-site [47] 

Actual site data is not considered in this structure and the structural response is simulated 

numerically. The effects of creep and shrinkage in concrete are neglected. The load test used simulates 

the movement of the formwork traveler (Figure 7). The weight F of the formwork traveler (weight of 

formwork included) is considered 60 % of the weight of the segment (1041 kN). The effect of each 

form traveler in the deck is considered two vertical forces. The values of these two forces are 0.25F 

and 1.25F (226 kN, upwards and 1267 kN, downwards). Load case of the bridge model is calculated 

by reducing the effects of stage i (Figure 7(a)), from stage i+1 (Figure 7(c)), wherein the formwork 

traveler is moved forward to the next segment. Load cases of the stages i and i+1 are expressed in 

Figure 7(b) and 7(d), respectively. The consequent load case introduced in the simulation is shown in 

Figure 8(e). It is to highlight that the vertical resultant of such forces on each side of the cantilever is 

zero. 
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Figure 7. Definition of the load case: (a, b) Stage i. (c, d) Stage i+1. (e) Load case used for the inverse 

analysis. 

The simplified FEM of this structure is presented in Figure 8. This FEM includes 7 elements and 

6 concentrated loads Since there is no axial load, the axial stiffness is not activated in this example; 

therefore, only flexural and shear behavior is analyzed. As shear stiffness and bending stiffness from 

elements 2, 3, 4, 5 and 6 are supposed to be observed from the previous construction steps, such 

properties are considered as known. Hence, shear and bending stiffness of the new built elements are 

the targets of the analysis (this is to say I1, I7 and Av1, Av7) and are assumed as unknowns. 
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Figure 8. Example 3. FEM of the bridge with load case used for inverse analysis. (b) Deformed shape 

with the value of bending vertical deformation and with bending and shear vertical deformation at 

Node 1. (c)  Deformed shape with bending rotation and with bending and shear rotation at Node 1. 

In this example, there are 4 unknowns (it is to say EI1, GAv1 and EI7, GAv7). In order to identify 

the 4 unknown mechanical properties, a set of at least 4 measurements is required. The analysis of 

the OM proves that the COM is not able to observe any structural properties by only measuring 

rotations in this example. To observe the structural parameters with the proposed methodology, the 

variation of deflection and rotation should be taken into account (it is to say, w1, v2 and w7, v6). The 

value of theoretical rotation and vertical deflection of node 1 are presented in Figure 8(b) and 8(c). 

Timoshenko's beam theory is used to calculate the values of measured variables in node number 1 

(the value at node number 7 is the same).  

The initial value coefficients of unknown inertia and shear area (I1, I7 and Av1, Av7) were 

randomly chosen between a ratio of 0.8 and 1.2 of the theoretical values. The 50 analyzed random 

initial values are performed. Also, no matter what set of the initial value is chosen, in all 

circumstances, the obtained values of 2 iterative processes have proper convergence to real values of 

Inertia. The normalized average, standard deviation and coefficient of variation of the remaining 

results as well as the mode are presented in Table 5. 

Table 5. Obtained results from random initial values. 

parameter  average CoV standard deviation 

EI1  1.000 8.237e-7 8.237e-7 

EI2  1.000 8.903e-7 8.903e-7 

GAv1  0.617 0.740 0.456 

GAv2  0.256 0.305 0.078 

These results prove the adequate convergence of the proposed methodology in a bridge 

structure for random initial values of the unknown parameters. These results prove the efficiency of 

the proposed COM to estimate the inertia when the effects of shear rotations are considered, in case 

that the shear area cannot be observed by the proposed method. It is to say that traditional COM is 

not able to identify the value of mechanical properties and it lacks physical meaning when theoretical 

rotations are measured. In addition, it is important to highlight that, as far as the authors know, no 

other SSI method based on SMM in the literature is able to include the effects of these rotations in the 

inverse simulation. 

4. Discussion 

All Structural System Identification (SSI) methods based on Stiffness Matrix Method (SMM) in 

the literature neglect shear rotations. This limitation might lead to significant errors when the 

structural parameters of some structures (such as deep beams) are obtained from actual rotations on 

site. To fill this gap, the formulation of the Constrained observability method (COM) is updated to 

include the effects of the shear rotations. This application leads to an iterative process where the initial 

values of the estimates are successively updated. The applicability of the proposed methodology is 

illustrated by several academic examples. In addition, to illustrate the applicability of the proposed 

method on actual structures, a simplified model of an intermediate construction stage of a cantilever 

composite bridge in China is studied. The results of this study show how the value of structural 

properties can be observed by COM when the actual rotations are included into the measurement 

set. This research presents the application of the method for error-free measurement sets. Possible 

modeling errors have been also neglected. 
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