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Abstract 

Squat shear walls are widely used in various structures to resist earthquake loads. However, the relevant design expressions 

found in building codes and literature do not incorporate the influence of all crucial parameters and provide inconsistent peak 

shear strength estimations. This study adopts the artificial neural network (ANN) to predict the peak shear strength of squat 

walls using an extensive database that includes the results of 487 walls with wide-ranging test parameters. The ANN models 

consider the effect of concrete strength, the wall aspect ratio, vertical and horizontal reinforcements, vertical reinforcement 

of boundary elements, and axial load ratio. These accurately predicted the available test results. They implemented it to carry 

out parametric and sensitivity analysis to investigate the effect of the main parameters on the peak strength and to give 

information about the factors that contribute most to the shear response. In addition, a softened strut and tie method is 

proposed, considering the variables that substantially influence the shear strength. A nonlinear regression analysis is 

employed to determine the coefficients of the proposed model using the available database. The performance of the proposed 

model is measured using the existing models, which results in the best favorable agreement with the test results. 

Keywords: Reinforced Concrete; Squat Walls; Seismic Design; Artificial Neural Network; Strut and Tie Method. 

 

1. Introduction 

Reinforced concrete (RC) structural walls find wide application in various buildings to enhance their seismic 

capacity by increasing lateral stiffness and minimizing lateral deformations. The slender RC walls develop their flexural 

strength to maintain the life-safety of a structure and reduce the damages when subjected to severe earthquakes [1], and 

the proper design and detailing demand ductile behavior and avoid brittle shear failure under seismic loads [2]. But this 

is not the case for short walls (squat walls) having an aspect ratio equal to or less than 2, as the behavior is controlled 

by shear deformations [3]. Squat walls are utilized in nuclear facilities, low-rise buildings, podiums of high-rise 

buildings, and bridges as principal structural members for lateral load resistance owing to their high stiffness and 

capability to limit lateral deformations [4]. Since the strength of squat walls is determined by shear instead of flexural, 

an appropriate estimation of the peak shear strength is crucial in designing such walls to guarantee ductile performance 

and avoid undesirable shear failure under earthquakes [5]. 

The behavior of squat walls has received considerable attention over the last few decades, and extensive experimental 

work has been conducted to aid in the understanding of such behavior [6–11]. They concluded that parameters such as 

the wall's aspect ratio, axial load, concrete strength, vertical and horizontal reinforcements, and boundary elements have 

a pronounced influence on peak shear strength [12, 13]. Despite the popularity of squat walls and thorough 

investigations, the current methods in the design codes remained unchanged for decades [14]. These methods consider 

different parameters, do not reflect physical behavior, and provide scattered strength predictions when estimating the 

test results [14]. Therefore, there is a need to develop a reliable model to predict peak shear strength. 
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To address the aforementioned problem, several models in various forms are developed based on various methods. 

For instance, Wood [15], Sanchez-Alejandre and Alcocer [16], and Gluec & Whittaker [17] suggested empirical 

expressions. On the contrary, Hsu & Mo [18], Massone & Melo [19], and Chandra et al. [12] developed softened truss 

models. Hwang & Lee [20, 21], Kassem [14], Ma et al. [22], and Chetchotisak et al. [23] presented strut and tie models. 

Although the accuracy of the above models is improved compared to the design codes, some still provide inconsistent 

strength predictions because they are derived using a limited number of experimental results. Furthermore, some of 

these models are devoted exclusively to rectangular walls and provide scattered estimations when applied to calculate 

the shear strength of flanged walls [22]. The models of Gluec & Whittaker [17], and Ma et al. [22], on the other hand, 

are derived solely to predict the shear strength of flanged walls. 

The current progress in the machine learning field opened new perspectives to develop more reliable computer 

programs to predict the peak shear strength of squat walls. For example, Chen et al. [24] employed artificial neural 

networks (ANN) and particle swarm optimization (PSO) to develop a hybrid model for the shear strength of rectangular 

squat walls. Baghi et al. [25] suggested an empirical model using the PSO technique. Gondia et al. [26] and Tariq et al. 

[27] introduced expressions to calculate the shear strength of flanged squat walls using genetic programming (GP) and 

gene expression programming (GEP) techniques, respectively. While Feng et al. [28] and Parsa & Naderpour [29] 

developed shear strength predictive models for flanged squat walls using the eXtreme Gradient Boosting (XGBoost) 

algorithm and improved support vector regression method (SVR), respectively.  

This work is a new attempt to predict the peak shear strength of rectangular and flanged squat walls. Unlike the 

previous studies, the current one employs a substantial database of 487 squat walls that experienced shear failure with a 

broad range of test variables to build ANN and the strut and tie models. Since the predicted peak strength by the ANN 

models is made using non-accessible matrices, they are utilized to conduct parametric and sensitivity analysis to study 

the influence of the geometric and mechanical variables and measure their contribution to peak shear strength for 

rectangular and flanged walls. The strut and tie method is applied to develop a simplified model replicating the load 

transfer mechanism to calculate the shear strength of rectangular and squat walls. The performance of the proposed 

model is gauged with those of the existing ones. Figure 1 summarizes the workflow of this research. 

 

Figure 1. Research workflow 

2. Squat Shear Walls Database 

A considerable number of RC squat walls have been tested for the last several decades to understand their behavior 

and to study the effect of the main variables on peak shear strength. Tests were performed on rectangular walls 

constructed with and without boundary elements. These were subjected to horizontal and axial loads (see Figure 2). The 

results of 298 and 189 tests performed on rectangular squat walls constructed with boundary elements (RWBEs) and 

rectangular walls without boundary elements (RWs), respectively, are used in the development of the ANN and strut 

and tie models. These are taken from the database assembled by Chetchotisak et al. [23].  
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Figure 2. A typical squat wall under vertical and lateral loads 

The test results of RWBEs consist of 107 and 191 flanged walls and walls constructed with boundary columns, 

respectively. While the test results of RWs include 133 walls with vertical boundary reinforcements, and the rest have 

no vertical boundary reinforcements.  

Squat walls utilized in this study were loaded by various types of horizontal loads such as monotonic, dynamic, 

repeated, and cyclic, and the latter is applied to most of these walls. The database includes squat walls that experienced 

premature shear failure only, while those experience flexural and sliding failures are left out. Table 1 summarizes the 

statistical information of the main parameters of the database analyzed in this study, where fc, hw/lw, ρh, ρv, ρb, and 

P/fcAw are the concrete compressive strength, the wall's aspect ratio, the horizontal reinforcement ratio, the vertical 

reinforcement ratio, the vertical boundary reinforcement ratio, and the axial load ratio, respectively. The whole database 

and the strength predictions are presented in Tables A-1 and A-2 in Appendix I. 

Table 1. Statistical information of the main variables 

Type Variables 
Statistical parameters 

Mean Standard deviation Minimum Maximum Range 

R
W

B
E

s 

fc (MPa) 38.3 22.7 10.0 111.0 101.0 

hw/lw 0.80 0.36 0.28 2.20 1.92 

ρh (%) 0.73 0.48 0.00 2.76 2.76 

ρv (%) 0.75 0.49 0.00 2.76 2.76 

ρb (%) 2.78 1.76 0.44 9.70 9.26 

P/fcAw (%) 0.05 0.06 0.00 0.32 0.32 

R
W

s 

fc (MPa) 31.3 9.3 14.0 58.0 44.0 

hw/lw 1.06 0.52 0.33 2.17 1.84 

ρh (%) 0.60 0.39 0.00 1.59 1.59 

ρv (%) 0.75 0.58 0.10 2.87 2.77 

ρb (%) 3.06 2.23 0.34 12.75 12.41 

P/fcAw (%) 0.03 0.06 0.00 0.40 0.40 
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3. Artificial Neural Network (ANN) 

3.1. Overview 

It is a data processing technique operating based on the human nervous system. The structure of this technique 

consists of numerous processing components (neurons) working jointly to tackle a particular problem. Each neuron 

transforms a weighted input using the bias and transfer function to output. The advantage of ANN over the other 

traditional methods is due to the direct application of test data in solving complex problems without prior assumptions, 

where the solution is obtained through learning by examples like a human [30]. Owing to the ANN's robust process 

capability, it is now widely used to solve problems in various fields of civil engineering [31, 32]. 

3.2. Development of ANN Models 

Two ANN models are built in the present study: one for RWBEs and the other for RWs. It allows for the fact that 

peak shear strength produced by the former is higher than that developed by the latter due to the confining effect 

associated with the presence of boundary elements and the reduction in cracking and concrete strength softening [14, 

33]. The architecture of each model consists of an input layer, a hidden layer, and an output layer. The input layer 

comprises the parameters (pi) employed to predict the shear strength, and the output layer includes the normalized peak 

shear strength (v = Vtest/Aw). The input parameters are selected according to the previous investigations [14, 17]. It is 

noted that the number of neurons in the hidden layer is determined using the trial and error method to reach the best 

correlation with the experimental results, and the use of a large number of neurons in the hidden does not develop the 

accuracy and sometimes lead to overfitting [30]. The number of neurons in the hidden layer (m) of the RWBEs and 

RWs models is 21 and 13, respectively. Figure 3 shows the architecture of the above models, where p, w, v, and b denote 

the input, the weights of hidden and output layers, and the bias, respectively. 

 

Figure 3. Architecture of the ANN models 

The previously described test results are employed to develop the ANN models for RWBEs and RWs and are divided 

into three parts: 70%, 15%, and 15% for training, testing, and validating the ANN models. The proposed models adopt 

the Levenberg–Marquardt back-propagation algorithm, and the TANSIG and PURELIN transfer functions are for 

hidden and output layers. The peak strength is calculated by minimizing the deviation between the ANN predictions and 

the expected output through back-propagation to the input layer to modify the weights between neurons and biases. This 

procedure continues until reaching the desired results. In addition, the early stopping technique is utilized to prevent 

overfitting and maintain the generality of the models [30]. Comparisons between the ANN models and the test results 

are presented in Figure 4. Furthermore, the performance of the ANN models is measured using the average ratio of 

estimated-to-measured strength (AVG), the coefficient of variation (COV), and the correlation coefficient (R). The 

AVG, COV, and R of the RWBEs model are 1.01, 0.10, and 0.98, respectively, and the AVG, COV, and R of the RWs 

model are 1.00, 0.10, and 0.98, respectively. The statistical analysis confirms that both models correlate well with the 

available database, as the R of these models is higher than 0.8 [34]. 
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(a) RWBEs 

 
(b) RWs 

Figure 4. Performance of the ANN models 
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3.3. Parametric analysis 

Parametric analysis is performed using the ANN models to study the effect of the input parameters on the peak shear 

strength of RWBEs and RWs. In doing so, the selected ANN input ranges from its smallest value within the database to 

the highest one and holds the rest inputs at their average values within the database [35]. The average of the ANN inputs 

set to fc = 38.3 MPa, hw/lw = 0.80, ρh = 0.73%, ρv = 0.75%, ρb = 2.78%, P/fc Aw = 0.05 in the calculations of the RWBEs 

strength, and the average of the ANN inputs set to fc = 31.3 MPa, hw/lw = 1.06, ρh = 0.60%, ρv = 0.75%, ρb = 3.06%, P/fc 

Aw = 0.03 in the calculations of the RWs strength. 

Figure 5-a shows the effect of concrete strength (fc) on the normalized peak strength (v =Vtest/Aw) of the RWBEs 

and RWs walls. The shear strength increases with concrete strength, and this trend has been observed experimentally by 

Gulec and Whittaker [17]. The concrete contribution is acknowledged using square and cubic roots in the ACI-318-19 

[36] and EC8 [37]. 

Figure 5-b demonstrates the influence of the aspect ratio (hw/lw) on (v =Vtest/Aw) of the RWBEs and RWs. As inferred 

from this figure that the shear strength decreases with the increase of this parameter, which is parallel with the previous 

experimental studies. The influence of hw/lw on shear strength is considered in various existing models to allow for the 

fact that shorter walls reduce the path to transfer the load to supports through a compressive diagonal strut, subsequently 

leading to concrete crushing at higher load-carrying capacity than that of slender walls. 

Figure 5-c displays the predicted (v) with the variation of horizontal reinforcement ratio (ρh). It indicates that the 

shear strength of RWBEs decreases with the increase of ρh from 0 to 1.5%. However, it increases with ρh from 1.5% to 

2.76%. The shear strength of RWs increases with the ρh to a specific limit (ρh = 1.2%), beyond which the shear strength 

decreases with the increase of ρh. The effect of this parameter is still unclear because some scholars indicated that ρh has 

negligible influence on shear strength [38-40], while others indicated that the influence of ρh is modest compared to ρv 

[14, 23]. On the other hand, ACI-318-19 [36] and Baghi et al. [25] point out that this parameter significantly affects the 

peak shear strength. 

Figure 5-d presents the effect of vertical reinforcement ratio (ρv) on v. It clearly shows that the shear strength of 

RWBEs walls when ρv increases from 0% to 1.5% and decreases when ρv increases from 1.5% to 2.76%. The shear 

strength of RWs increases with ρv increases to a specific limit (ρv = 1.5%), beyond which the shear strength decreases 

with increasing ρv. Similar to ρh, there remains uncertainty concerning the influence of ρv. That is, the ACI-318-19 [36] 

and Sanchez-Alejandre and Alcocer [16] ignore this parameter in the calculations of shear strength, while others found 

that the contribution of this parameter to the peak shear strength is higher than that of ρh [14, 23]. 

The peak shear strength of RWBEs and RWs walls with the variation of the boundary elements' vertical 

reinforcement ratio (ρb) is explained in Fig. 5-e, where the shear strength of RWBEs enhances with ρb, while that of 

RWs increase when ρb increase from 0.34% to 7.2% and decrease when ρb increase from 7.2% to 12.75%. There is no 

consensus about the role of ρb in estimating the peak strength, as some models take into account the effect of ρb [17, 23, 

25], and others overlook this parameter [15,18, 14, 23, 36]. 

Fig. 5-f plots the variation of the axial load ratio (P/fcAw) against the shear strength of RWBEs and RWs walls. For 

the RWBEs walls, the strength improves with the (P/fcAw) from 0 to 0.16, beyond which declines with increasing 

(P/fcAw). Similarly, the peak strength of RWs develops with (P/fcAw) from 0 to 0.2% and descends beyond the latter 

ratio. This parameter is considered in the majority of the existing models while ignored by ACI-318-19 [36] and EC8 

[37]. 

 

(a) fc 

 

(b) hw/lw 
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(c) ρh 

 

(d) ρv 

 
(e) ρb 

 
(f) P/fcAw 

Figure 5. Effect of input parameters 

3.4. Sensitivity Analysis 

It is carried out to estimate the contribution of the input variables to the ANN peak shear strength. Garson [41] 

introduced an algorithm to determine the relative importance (RI) of each of the ANN inputs, and the larger value of 

(RI) indicates a higher contribution to the peak shear strength. A detailed description of the RI calculations can be found 

elsewhere [30], and below is the summary: 

𝑃𝑖𝑗 = |𝑊𝑖𝑗| × |𝑊𝑖1|  (1) 

𝑄𝑖𝑗 =
𝑃𝑖𝑗

(𝑃𝑖1 + 𝑃𝑖2 + ⋯ + 𝑃𝑖𝑚)⁄   (2) 

𝑆𝑗 = (𝑄1𝑗 + 𝑄2𝑗 + ⋯ + 𝑄𝑘𝑗)  (3) 

𝑅𝐼1 =
𝑆1 × 100

(𝑆1 + 𝑆2 + ⋯ + 𝑆𝑚)⁄   (4) 

in which, 𝑃𝑖𝑗  is a product of the absolute value of the matrixes Wij and Wi1, which are the weights of input j in the hidden 

neuron i, and output neuron 1 in hidden neuron I, respectively; k is Eq. (3) denotes the number of neurons in the hidden 

layer. 

Table 2 presents the RI values of the input parameters of the RWBEs and RWs models. It indicates that the concrete 

strength is the most significant parameter and the horizontal reinforcement ratio is the least contributing one. It is hardly 

surprising since the former parameter (fc) represents the average shear stresses through the section simplifying the 

complex shear behavior and therefore adopted in every peak strength expression [42], and the influence of the latter (ρh) 

is minor on the peak shear strength [27-29]. It should be noted that the obtained results are comparable to those of 

Chetchotisak et al. [23]. 

Table 2. Relative importance and ranking of the input parameters 

Type Parameter fc hw/lw ρh ρv ρb P/fcAw 

RWBEs 
Relative importance 0.22 0.19 0.13 0.17 0.17 0.15 

Ranking 1 2 5 3 3 4 

RWs 
Relative importance 0.21 0.17 0.13 0.18 0.17 0.15 

Ranking 1 4 6 2 3 5 
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4. Strut and Tie Model 

Because of the geometrical properties of squat walls, they are considered disturbed regions (D-regions) with complex 

stress trajectories and nonlinear strain distributions. Hence, the strut and tie method is adopted to develop the proposed 

design as viewed to be an appropriate approach to replicate the load-transferring mechanism of such regions and squat 

walls [20, 21].  

Figure 6 presents a typical squat wall constructed with boundary elements, supported on a rigid foundation and 

loaded vertically by (P) and laterally by (Vu). It reinforces with vertical and horizontal steel bars uniformly spaced at Sv 

and Sh, respectively. 

  
(a) Diagonal strut mechanism (b) Web mechanism 

Figure 6. The proposed strut and tie model 

The design model assumes that the peak shear strength for squat walls with enough flexural capacity is obtained 

from the diagonal strut mechanism, 𝑉𝑐 , and web reinforcement mechanism, 𝑉𝑤 [14, 20, 21, 23]: 

𝑉𝑛 = 𝑉𝑐 + 𝑉𝑤  (5) 

The compressive diagonal strut (Ds) resists the lateral (Vn) and axial load (P/2), where the latter is divided into two 

concentrated loads acting at the boundary elements (R). For RWBEs, the vertical steel bars of boundary elements 

withstand the tensile force (T). However, for RWs, it is assumed that the vertical steel bars in an effective width of (0.1 

lw) at both ends of a wall resist the tensile force (T), and the rest of the vertical reinforcement in (0.8 lw) contribute to 

the truss mechanism [14, 20, 21, 23]. 

4.1. Diagonal Strut Mechanism 

This mechanism includes the contribution of concrete replicated by a single compressive strut, forming as shown in 

Figure 6-a and inclined at angle θ. The latter is determined from the wall's aspect ratio and is given by: 

𝜃 =
ℎ𝑤

𝑑𝑤
  (6) 

𝑑𝑤 = 𝑙𝑤 − ℎ𝑏  is the horizontal length of a wall between the compression and tension forces developed in the 

boundary elements; hw, lw, and hb are the height of a wall, the length of a wall, and the length of a boundary element, 

respectively. As previously mentioned, hb is considered as 0.1lw for RWs. The equilibrium equations below are obtained 

from the transferring load mechanism 

𝑉𝑐 = 𝐷𝑐 cos 𝜃  (7) 

𝐶 = 𝑇 = 𝐷𝑐 sin 𝜃  (8) 

C and T are the compressive and tension forces developed in the boundary elements. The diagonal strut usually 

forms in a bottle shape. However, for simplicity, it is considered prismatic with a uniform width. The corresponding 

cross-section area of the diagonal strut is given by: 

𝐴𝑠𝑡𝑟𝑢𝑡 = 𝑤𝑠𝑡𝑤  (9) 

ws and tw are the width and depth of the diagonal strut. It is widely accepted to assume that ws equal to the depth of 

the concrete compression zone of an elastic column [14, 20, 21, 23]. Hence, it is given by: 

𝑤𝑠 = 𝑎𝑐 = (0.25 +
0.85ℎ𝑐

𝐴𝑤𝑓𝑐
) 𝑙𝑤  (10) 
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The compressive force of the diagonal strut computes from the product of the cross-section area (𝐴𝑠𝑡𝑟𝑢𝑡) and effective 

concrete strength (𝑓𝑐𝑒): 

𝐷𝑐 = 𝑓𝑐𝑒𝐴𝑠𝑡𝑟𝑢𝑡  (11) 

The effective compressive strength of the diagonal strut is considered a function of concrete strength and determined 

from the following equation: 

𝑓𝑐𝑒 = 𝛾𝑐𝜂𝑓𝑐  (12) 

A is an empirical coefficient calibrated using the test results, and 𝜂 is a softening factor suggested by the fib-Model 

Code 2010 [43] to design D-regions: 

𝜂 = (
30

𝑓𝑐
)

1
3⁄

≤ 1  (13) 

By substituting, Equations 10 to 13 into Equation 9, the diagonal strut mechanism takes the following form: 

𝑉𝑐 = 𝛾𝑐 𝜂𝑓𝑐𝐴𝑠𝑡𝑟𝑢𝑡 cos 𝜃  (14) 

4.2. Web Mechanism 

In addition to the diagonal strut mechanism, the web mechanism (Vw) developed by the horizontal and vertical 

reinforcements is a significant strength element because these reinforcements provide an additional load path alongside 

the diagonal strut and consequently improve the wall peak shear capacity [14, 21, 23,43]. It is proposed that the web 

reinforcements form a diagonal compression force (Ds) acting on the same line as that provided by concrete, Dc [44, 45]. 

The strength contribution of the web mechanism (Vw) is equal to Ds, which estimates from the vector sum of the forces 

developed by the horizontal and vertical reinforcements, see Figure 6-b. Since the current loading situation is very much 

similar to those in beam-column joints and deep beams [44, 45], the contribution of the web mechanism is expressed as 

by: 

𝑉𝑠 = 𝑉ℎ + 𝑉𝑣 = 𝛾ℎ𝐴ℎ𝑓𝑦ℎ + 𝛾𝑣𝐴𝑣𝑓𝑦𝑣 cot 𝜃  (15) 

𝛾ℎ and 𝛾𝑣 are empirical parameters to be calibrated with the test results to allow for the fact that web reinforcements 

do not develop their yield strengths [14, 44,45]; 𝐴ℎ and 𝐴𝑣 are the area of horizontal and vertical reinforcements, where 

𝐴ℎ = 𝜌ℎℎ𝑤𝑡𝑤 and 𝐴𝑣 = 𝜌𝑣𝑙𝑤𝑡𝑤; 𝑓𝑦ℎ and 𝑓𝑦𝑣 are the yield strength of horizontal and vertical reinforcements; 𝜌ℎand 𝜌𝑣 

are the reinforcement ratio of the horizontal and vertical rebars, respectively. 

4.3. Peak Shear Strength Expression 

When Equations 14 and 15 are substituted in Equations 5, the peak shear expression is given by: 

𝑉𝑛 =  𝛾𝑐𝜂𝑓𝑐𝐴𝑠𝑡𝑟𝑢𝑡 cos 𝜃 + 𝛾ℎ𝐴ℎ𝑓𝑦ℎ + 𝛾𝑣𝐴𝑣𝑓𝑦𝑣 cot 𝜃  (16) 

The unknown parameters (𝛾𝑐 , 𝛾ℎ , and 𝛾𝑣 ) are determined from regression analysis using the above-described 

database. It is worth noting that the database of RWBEs and RWs walls is divided into two sets: one consists of (70%) 

employed to calibrate the proposed model, and the other set includes the remaining (30%) for validation. In particular, 

the results of 209 RWBEs and 132 RWs walls are for calibration, and the rest results of 89 RWBEs and 57 of RWs are 

for validation. 

The optimum values of the above parameters are estimated to improve the accuracy and to decrease the coefficient 

of variation (COV) of the calculated-to-measured strength ratio. 

The analysis results in 𝛾𝑐 = 0.64 , 𝛾ℎ = 0.30, and 𝛾𝑣 = 0.15 for RWBEs and 𝛾𝑐 = 0.26 , 𝛾ℎ = 0.33, and 𝛾𝑣 = 0.22 

for RWs. By substituting these results into Eq. (16), the peak strength expressions can be expressed as follow: 

For RWBEs: 

𝑉𝑛 =  0.64𝜂𝑓𝑐𝐴𝑠𝑡𝑟𝑢𝑡 cos 𝜃 + 0.30𝐴ℎ𝑓𝑦ℎ + 0.15𝐴𝑣𝑓𝑦𝑣 cot 𝜃  (17-a) 

For RWs: 

𝑉𝑛 =  0.26𝜂𝑓𝑐𝐴𝑠𝑡𝑟𝑢𝑡 cos 𝜃 + 0.33𝐴ℎ𝑓𝑦ℎ + 0.22𝐴𝑣𝑓𝑦𝑣 cot 𝜃  (17-b) 
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A keen observation of the empirical parameters in Equations 17-a and 17-b indicates that the values of these 

parameters are higher in the former than those in the latter, reflecting the strength enhancement provided by the confining 

effect associated with the presence of the boundary elements. In addition, the higher values γh in RWBEs and RWs 

expressions compared to those of γv suggest that the strength contribution of the horizontal reinforcement is higher than 

that provided by the vertical bars. This finding is consistent with the ACI-318-19 [36] and Baghi et al. [25] and 

significantly different from those of Barda et al. [38], Maier and Thürlimann [39], Lefas et al. [40], Kassem [14], 

Chetchotisak et al. [23], and the proposed ANN models. Further investigations are needed to clarify such contradictions. 

Comparisons with the available database mark the reasonable agreement between the calculated and measured 

strengths, as presented in Figures 7-a, and 7-b. The AVG is 1.00 and 1.02 for RWBEs using calibration and validation 

sets, respectively, with COV of 0.19 and 0.16, respectively; while the AVG 1.01 and 1.02 for RWs using calibration 

and validation sets, with COV of 0.18 and 0.20, respectively. It is noteworthy that the close values of the statistical 

parameters confirm the generality of the proposed model 

  

(a) Calibration set (b) Validation set 

Figure 7. Performance of the proposed strut and tie model 

4.4. Comparisons with Existing Models 

To inspect the accuracy of the design model regarding those in existence, the peak strength models of the ACI-318-

19 [36], EC8 [37], Wood [15], Hwang & Lee [21], Sanchez-Alejandre & Alcocer [16], Kassem [14], and Baghi et al. 

[25] are considered and summarized in Table 3. 

Table 3. Summary of existing models 

Source Peak Strength expressions 

ACI-318-19 [36] 
𝑉𝐴𝐶𝐼 = (𝛼𝑐√𝑓𝑐 + 𝜌ℎ𝑓𝑦ℎ) ≤ 0.83√𝑓𝑐𝐴𝑐𝑣 

𝛼𝑐 = 0.25 for 
ℎ𝑤

𝑙𝑤
≤ 1.5, 𝛼𝑐 = 0.17 for 

ℎ𝑤

𝑙𝑤
> 2.0, 𝛼𝑐 can be determined using linear interpolation for 1.5 <

ℎ𝑤

𝑙𝑤
< 2.0 

EC8 [37] 𝑉𝑅𝑑 = 0.18𝑘(𝜌𝑣𝑓𝑐)
1

3⁄ + 0.75𝜌ℎ𝑓𝑦ℎ𝑏𝑤𝑙𝑤, 𝑘 = 1 + √
200

𝑑
≤ 𝑉𝑅𝑑𝑚𝑎𝑥 =

𝑏𝑤𝑧𝑓𝑐
tan 𝜃 + cot 𝜃⁄  

Wood [15] 0.5√𝑓𝑐 ≤ 𝑉𝑊𝑜𝑜𝑑 = 0.25𝐴𝑣𝑓𝑦𝑣 ≤ 0.83√𝑓𝑐𝐴𝑐𝑣 

Hwang & Lee [21] 

𝑉𝐻&𝐿 = 𝐾𝜉𝑓𝑐𝐴𝑠𝑡𝑟 cos 𝜃, 𝐾 = 𝐾ℎ + 𝐾𝑣 − 1, 

𝛾 = 3.35
𝑓𝑐

⁄ ≤ 0.52 , 𝐴𝑠𝑡𝑟 = (0.25 +
0.85ℎ𝑐

𝐴𝑤𝑓𝑐
′ ) 𝑙𝑤𝑡𝑤 

𝐾ℎ& 𝐾𝑣 are functions of horizontal and vertical reinforcements 

Sanchez-Alejandre 
& Alcocer [16] 

𝑉𝑆&𝐴 = [(𝛾𝜂𝑣 + 0.04 𝑃
𝐴𝑤

⁄ ) √𝑓𝑐 + 𝜂ℎ𝜌ℎ𝑓𝑦ℎ] 𝐴𝑤 

𝛾 = 0.42 − 0.08
ℎ𝑤

𝑙𝑤
⁄ , 𝜂𝑣 = 0.75 + 0.05𝜌𝑣𝑓𝑦𝑣, 

𝜂ℎ = 1 − 0.16𝜌ℎ𝑓𝑦ℎ ≥ 0.20 𝑀𝑃𝑎 

Kassem [14] 

𝑉𝐾−𝑅𝑊𝐵𝐸 = 0.67𝑓𝑐 (𝜓𝑘𝑠 sin 2𝜃 + 0.30𝜔ℎ
ℎ𝑤

𝑙𝑤
⁄ + 1.74𝜔𝑣 cot 𝜃) 𝑑𝑤𝑡𝑤 ≤ 1.25√𝑓𝑐𝑑𝑤𝑡𝑤, 𝜔ℎ =

𝜌ℎ𝑓𝑦ℎ

𝑓𝑐
 

𝑉𝐾−𝑅𝑊 = 0.44𝑓𝑐 (𝜓𝑘𝑠 sin 2𝜃 + 0.10𝜔ℎ
ℎ𝑤

𝑙𝑤
⁄ + 0.3𝜔𝑣 cot 𝜃) 𝑑𝑤𝑡𝑤 ≤ 1.25√𝑓𝑐𝑑𝑤𝑡𝑤, 𝜔𝑣 =

𝜌𝑣𝑓𝑦𝑣

𝑓𝑐
 

𝑑𝑤 = 𝑙𝑤 −
ℎ𝑏

2⁄ −
𝑎𝑠

3⁄ , 𝑎𝑠 = (0.25 +
0.85ℎ𝑐

𝐴𝑤𝑓𝑐
) 𝑙𝑤 

Baghi et al. [25] 

𝑉𝐵 = 2𝛽𝑓𝑐
0.65𝑏𝑏ℎ𝑏 + 𝛽𝑓𝑐

0.65𝑡𝑤𝑙𝑤 + 𝜌ℎ𝑓𝑦ℎ cot 𝜃 𝑡𝑤𝑙𝑤 

𝛽 = 𝛼(0.2𝑥0.02 − 0.1𝑥1.5), 𝜃 = 0.6𝛽−0.8 + 60 

𝑥 = (
𝜌𝑏𝑓𝑦𝑏

𝑓𝑐
+

𝜌𝑣𝑓𝑦𝑣

𝑓𝑐
)

ℎ𝑤

𝑙𝑤
, 𝑦 = (

𝜌ℎ𝑓𝑦ℎ

𝑓𝑐
+

𝑃

𝐴𝑤𝑓𝑐
) 
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Although the proposed model agrees well with the available test results and achieved the least COV compared to the 

existing models, it is not applicable in practice because 46% of its strength estimations are unsafe (Vn/Vtest> 1), see 

Figure 8. Therefore, a reduction factor of 0.75 is suggested based on statistical analysis to multiply by Equation 17 to 

develop a design expression that produces conservative strength estimations and eliminates undesirable unsafe ones. 

  

(a) The proposed model (b) ACI-318-19 [36] 

  

(c) EC8 [37] (d) Wood [15] 

  

(e) Hwang and Lee [21] (f) Sanchez-Alejandre & Alcocer [16] 

  
(g) Kassem [14] (h) Baghi et al. [25] 

Figure 8. Strength estimations using the proposed and existing models 
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5. Conclusions 

This research has investigated the peak shear strength of squat walls using the ANN technique and the strut and tie 

method, considering the test results of 487 squat walls that failed in shear with a broad range of test parameters. The 

findings from the above analysis are summarized below: 

 The ANN models have provided the best correlation with the considered database compared to the proposed strut 

and tie model and those in existence. The AVG, COV, and R of the RWBEs model are 1.01, 0.10, and 0.98, 

respectively. The corresponding values of the RWs model are 1.00, 0.10, and 0.98, respectively. 

 The ANN parametric analysis suggests that the normalized peak shear strength of the RWBEs walls increases with 

the concrete strength, vertical and horizontal reinforcement ratios, vertical reinforcement in boundary elements, 

and decreases with the wall aspect ratio. Also, the analysis indicates that the normalized strength of RWs increases 

with concrete strength and vertical reinforcement ratio while declining with aspect ratio. The normalized strength 

of the RWs walls improves by increasing the horizontal and vertical reinforcement ratios and the vertical 

reinforcement ratio of boundary elements to a specific limit, beyond which it decreases. Similarly, the normalized 

strength of RWBEs and RWs enhances with the axial load ratio to a definite limit and then further descends. 

 The sensitivity analysis using the Garson algorithm suggests that the concrete strength is the highest contributing 

input to the normalized peak shear strength of the RWBEs and RWs, while the horizontal reinforcement provides 

the lowest contribution. 

 The proposed softened strut and tie model provides improved correlations with the test results than the existing 

models because of the considered parameters and the wide-ranging database. 
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Appendix I 

Table A- 1. Test result of RWBEs 

No. Specimen Name hw lw tw bb hb ρh ρv ρb 

1 WAS 2760 2000 80 200 200 0.4 0.4 3.81 

2 WBS 3520 2000 80 200 200 0.4 0.4 3.81 

3 5 925 1804.4 51 191 127 0.25 0.25 2.09 

4 6 925 1804.4 51 191 127 0.25 0.25 2.09 

5 7 925 1804.4 51 191 127 0.25 0.25 4.71 

6 8 925 1804.4 51 191 127 0.25 0.25 4.71 

7 9 925 1804.4 51 191 127 0.25 0.25 4.71 

8 10 925 1804.4 51 191 127 0.25 0.25 4.71 

9 12 925 1804.4 51 191 127 0.25 0.25 2.09 

10 13 925 1804.4 51 191 127 0.5 0.5 2.09 

11 14 925 1804.4 51 191 127 0.5 0.5 2.09 

12 25 925 1804.4 51 191 127 0.5 0.5 2.09 

13 32 925 1804.4 51 191 127 0.5 0.5 2.09 

14 33 925 1804.4 51 191 127 0.5 0.5 2.09 

15 35 925 1804.4 51 191 127 0.5 0.5 2.09 

16 36 925 1804.4 51 191 127 0.5 0.5 2.09 

17 37 925 1804.4 51 191 127 0.5 0.5 2.09 

18 40 925 1804.4 51 191 127 0.5 0.5 4.71 

19 41 925 1804.4 51 191 127 0.5 0.5 4.71 

20 43 925 1804.4 51 191 127 0.5 0.5 4.71 

21 44 925 1804.4 51 191 127 0.5 0.5 4.71 

22 45 925 1804.4 76 191 127 0.25 0.25 2.09 

23 46 925 1804.4 76 191 127 0.25 0.25 2.09 

24 47 925 1804.4 76 191 127 0.25 0.25 2.09 

25 48 925 1804.4 76 191 127 0.25 0.25 2.09 

26 49 925 1804.4 76 191 127 0.25 0.25 2.09 

27 50 925 1804.4 76 191 127 0.5 0.5 2.09 

28 51 925 1804.4 76 191 127 0.5 0.5 2.09 

29 52 925 1804.4 76 191 127 0.5 0.5 2.09 

30 53 925 1804.4 76 191 127 0.5 0.5 2.09 

31 54 925 1804.4 76 191 127 0.5 0.5 2.09 

32 56 925 3329.5 51 191 127 0.5 0.5 2.09 

33 57 925 3329.5 51 191 127 0.5 0.5 2.09 

34 59 925 3329.5 51 191 127 0.5 0.5 2.09 

35 B3-2 953 1905 102 610 102 0.48 0.5 4.09 

36 B4-3 953 1905 102 610 102 0 0.5 4.09 

37 B6-4 953 1905 102 610 102 0.48 0.26 4.09 

38 B8-5 1905 1905 102 610 102 0.5 0.5 4.09 

39 4BII-1 560 610 50 130 100 0.5 0.5 2.25 

40 3A2-3 560 910 50 130 100 0.5 0.5 2.25 

41 4BII-3 560 1220 50 130 100 0.5 0.5 2.25 

42 BB 2159 2032 203 305 305 0.82 0.82 3.68 

43 CW-0.6-1.2-20 1200 2300 80 300 300 1.2 1.2 1.44 

44 CW-0.6-0.6-20 1200 2300 80 300 300 0.6 0.6 1.76 

45 CW-0.6-0.8-20 1200 2300 80 300 300 0.8 0.8 1.04 

46 CW-0.6-1.6-20 1200 2300 80 300 300 1.6 1.6 1.04 

47 CW-0.6-2.0-20 1200 2300 80 300 300 2 2 1.04 

48 CW-0.6-1.2-40 1200 2300 80 300 300 1.2 1.2 1.04 

49 CW-0.4-1.2-20 800 2300 80 300 300 1.2 1.2 1.04 

50 CW-0.8-1.2-20 1600 2300 80 300 300 1.2 1.2 1.04 

51 CW-0.6-0.6-20a 1200 2300 80 300 300 0.6 0.6 1.04 
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52 CW-0.6-0.8-20a 1200 2300 80 300 300 0.8 0.8 1.04 

53 W7101 1875 2250 80 250 250 0.71 0.71 0.81 

54 W7102 1875 2250 80 250 250 0.24 0.24 0.81 

55 W7402 1875 2250 80 250 250 0.24 0.24 1.63 

56 W7404 1875 2250 80 250 250 0.24 0.24 1.63 

57 W7501 1875 2250 80 250 250 0.24 0.24 2.44 

58 W7503 1875 2250 80 250 250 0.24 0.24 2.44 

59 W7601 1875 2250 80 250 250 0.71 0.71 1.63 

60 W7602 1875 2250 100 250 250 0.23 0.23 2.44 

61 W7603 1875 2250 100 250 250 0.71 0.71 2.44 

62 W7604 2875 2250 80 250 250 0.24 0.24 2.24 

63 W7605 2875 2250 100 250 250 0.23 0.23 2.24 

64 W7606 1875 2250 100 250 250 0.23 0.23 1.23 

65 J1 1200 1000 100 500 120 0.28 0.28 3.88 

66 J4 1200 1000 100 120 280 0.28 0.28 6.93 

67 J5 2200 1000 100 500 120 0.28 0.28 3.88 

68 J6 2200 1000 100 500 120 0.28 0.75 3.88 

69 J7 2200 1000 100 500 120 0.75 0.28 3.88 

70 CW-0.6-0-20 1200 2300 80 300 300 0 0 1.76 

71 CW-0.6-0.3-20 1200 2300 80 300 300 0.3 0.3 1.04 

72 CW-0.6-2.4-20 1200 2300 80 300 300 2.36 2.36 1.04 

73 CW-0.6-2.8-20 1200 2300 80 300 300 2.76 2.76 1.04 

74 CW-0.6-0-0 1200 2300 80 300 300 0 0 1.04 

75 CW-0.6-0-40 1200 2300 80 300 300 0 0 1.04 

76 CW-0.6-0.6-0 1200 2300 80 300 300 0.6 0.6 1.04 

77 CW-0.6-0.6-40 1200 2300 80 300 300 0.6 0.6 1.76 

78 CW-0.4-0.6-20 800 2300 80 300 300 0.6 0.6 1.76 

79 CW-0.8-0.6-20 1600 2300 80 300 300 0.6 0.6 1.76 

80 CW-0.4-2.0-20 800 2300 80 300 300 2 2 1.76 

81 CW-0.8-2.0-20 1600 2300 80 300 300 2 2 1.04 

82 CW-0.6-2-0 1200 2300 80 300 300 2 2 1.04 

83 CW-0.6-2-40 1200 2300 80 300 300 2 2 1.04 

84 CW-0.6-2-20B 1200 2300 80 300 300 2 2 1.76 

85 CW-0.6-0.6-20L 1200 2300 80 300 300 0.6 0.6 1.04 

86 CW-0.6-1.2-20L 1200 2300 80 300 300 1.2 1.2 1.04 

87 CW-0.6-2-20L 1200 2300 80 300 300 2 2 1.04 

88 Kabeyasawa-K7 1501.14 1998.98 120 200 200 0.53 0.53 1.43 

89 Taga-No 1 1200 2180 80 180 180 1.2 1.2 2.89 

90 Taga-No 2 1200 2180 80 180 180 1.2 1.2 2.89 

91 Taga-No 3 1200 2180 80 180 180 1.2 1.2 2.89 

92 Taga-No 4 1200 2180 80 180 180 0.6 0.6 2.89 

93 Taga-No 5 1200 2180 80 180 180 2 2 2.89 

94 Taga-No 6 1200 2180 80 180 180 2 2 2.89 

95 Taga-No 7 1200 2180 80 180 180 2 2 2.89 

96 S-1 1100 1000 75 375 100 0.52 0.7 2.1 

97 S-2 1100 1000 75 375 100 0.52 0.7 3.04 

98 S-3 1100 1000 75 375 100 0.52 0.7 3.87 

99 S-4 1100 1000 75 375 100 0.52 1.19 3.15 

100 S-5 1100 1000 75 375 100 0.52 1.19 3.99 

101 S-6 1100 1000 75 375 100 0.52 1.19 4.46 

102 S-7 1100 1000 75 375 100 1.06 0.7 3.04 

103 S-F 1100 1000 75 375 100 0.52 0.7 0.84 

104 Aoyagi_1-1-148 1520 2720.34 80 320 320 0.76 0.71 1.74 

105 Aoyagi_1-2-149 1520 2720.34 80 320 320 0.76 0.71 1.74 

106 Aoyagi_1-3-150 1520 2720.34 160 320 320 0.62 0.58 1.74 

107 Aoyagi_1-4-151 1520 2720.34 80 320 320 0.76 0.71 6.48 
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108 Aoyagi_1-5-152 1520 2720.34 160 320 320 0.62 0.58 6.48 

109 Endo-1 1750.06 2250.44 80 250 250 0.47 0.49 0.81 

110 Endo-2 1750.06 2250.44 80 250 250 0.14 0.16 0.81 

111 Endo-3 1750.06 2250.44 80 250 250 0.14 0.16 0.81 

112 Endo-4 1750.06 2250.44 50 250 250 0.22 0.26 0.81 

113 Endo-5 749.3 2250.44 50 250 250 0.76 0.79 0.81 

114 Ryo_1-1-29 1198.88 2300 78 250 250 0.18 0.18 2.55 

115 Ryo_1-2-30 1198.88 2300 75 250 250 0.19 0.19 2.54 

116 Ryo_2-1-32 1198.88 1550 80 250 250 0.18 0.19 3.21 

117 Ryo_2-3-34 1198.88 1550 80 250 250 0.18 0.19 2.55 

118 70 1325 2301.24 74 250 250 0.18 0.18 2.54 

119 Sugano-71 1325 2301.24 83 250 250 0.07 0.07 2.54 

120 Sugano-140 1620 3959.86 120 360 360 0.66 0.66 1.77 

121 Sugano-141 1620 3959.86 120 360 360 0.66 0.66 1.77 

122 Sugano-142 1620 3959.86 120 360 360 0.66 0.66 1.77 

123 Sugano-143 1620 3959.86 120 360 360 0.33 0.33 1.77 

124 Sugano-144 1620 3959.86 120 360 360 0.33 0.33 1.77 

125 Sugano-145 1620 3959.86 120 360 360 0.66 0.69 1.77 

126 Sugano-146 1620 3959.86 120 360 360 0.66 0.69 1.77 

127 Sugano-147 1620 3959.86 120 360 360 0.74 0.77 1.77 

128 Tsuboi-131 899.16 508 67 120 120 1.89 1.97 8.27 

129 Tsuboi-133 899.16 508 67 120 120 2.58 2.53 8.27 

130 Tsuboi-134 406.4 508 67 120 120 1.89 1.97 3.95 

131 Tsuboi-135 406.4 508 67 120 120 1.89 1.97 8.27 

132 W1 2150 1500 100 250 250 0.52 0.39 2.29 

133 W2 2150 1500 100 250 250 0.79 0.52 2.29 

134 W3 2150 1500 100 250 250 0.74 0.74 2.29 

135 W4 2150 1500 100 250 250 1.12 1.12 2.29 

136 Ohono_2-1 400 900 70 100 100 0.5 0.1 5 

137 Ohono_2-2 400 900 70 100 100 0.5 0.1 5 

138 Ohono_2-3 400 900 40 100 100 1 0.2 5 

139 Ohono_2-4 400 900 40 100 100 1 0.2 5 

140 Ohono_2-5 400 900 40 100 100 0.2 1 5 

141 Ohono_2-6 400 900 40 100 100 0.2 1 5 

142 NW-2 2261 1700 80 200 200 0.25 0.65 2.14 

143 No.1 2261 1700 80 200 200 0.2 0.2 5.08 

144 No.2 2261 1700 80 200 200 0.35 0.35 5.08 

145 No.3 2261 1700 80 200 200 0.53 0.53 5.08 

146 No.4 2261 1700 80 200 200 0.53 0.53 5.08 

147 No.6 2261 1700 80 200 200 0.66 0.66 5.08 

148 No.7 2261 1700 80 200 200 1 1 5.08 

149 No.8 2261 1700 80 200 200 1.45 1.45 5.08 

150 DHSCW-01 1900 1000 100 200 200 1.01 1.01 3.39 

151 DHSCW-02 1900 1000 100 200 200 1.01 1.01 3.39 

152 DHSCW-03 1300 1000 100 200 200 1.01 1.01 3.39 

153 DHSCW-04 1300 1000 100 200 200 1.01 1.01 3.39 

154 DHSCW-05 800 1000 100 200 200 1.01 1.01 3.39 

155 DHSCW-06 800 1000 100 200 200 1.01 1.01 3.39 

156 HP0D0 1200 1500 100 1500 100 0.71 0.97 1.26 

157 HP5D0 1200 1500 100 1500 100 0.71 0.97 1.26 

158 S1 1199 1181 100 400 100 1.01 1.13 1.13 

159 S2 1199 1181 100 400 100 1.03 1.16 1.13 

160 S3 1199 1181 100 400 100 1.03 2.46 2.55 

161 S5 1199 1181.1 100 400 100 1.01 1.13 1.13 

162 S6 1199 1181.1 100 400 100 0.57 1.13 1.13 

163 S7 1199 1181.1 100 400 100 1.01 1.13 1.13 
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164 W1 600 1000 60 200 100 0.63 0.63 3.14 

165 W2 600 1000 60 200 100 0.55 0.55 3.14 

166 W3 600 1000 60 200 100 0.55 0.55 3.14 

167 W4 600 1000 60 200 100 0.62 0.62 3.14 

168 W5 600 1000 60 200 100 0.31 0.31 3.14 

169 S4 1750 1500 200 300 200 0.51 0.54 9.62 

170 S4 1750 1500 200 300 200 0.51 0.54 9.7 

171 HN4-1 650 860 70 170 80 0.81 0.52 2.09 

172 HN4-2 650 860 70 170 80 0.81 0.52 2.09 

173 HN4-3 650 860 70 170 80 0.81 0.52 2.09 

174 HN6-1 650 860 70 170 80 0.81 0.52 2.09 

175 HN6-2 650 860 70 170 80 0.81 0.52 2.09 

176 HM4-1 650 860 70 170 80 0.81 0.52 2.09 

177 HM4-2 650 860 70 170 80 0.81 0.52 2.09 

178 HM4-3 650 860 70 170 80 0.81 0.52 2.09 

179 LN4-1 650 860 70 170 80 0.81 0.52 2.09 

180 LN4-2 650 860 70 170 80 0.81 0.52 2.09 

181 LN4-3 650 860 70 170 80 0.81 0.52 2.09 

182 LN6-1 650 860 70 170 80 0.81 0.52 2.09 

183 H-HZ4 425 400 30 130 50 0.31 0.48 7.8 

184 H-HZ6 425 400 30 130 50 0.31 0.48 7.8 

185 H-HZ8 425 400 30 130 50 0.31 0.48 7.8 

186 H-HZ10 425 400 30 130 50 0.31 0.48 7.8 

187 L-C 900 1200 170 250 250 0.46 0.46 1.65 

188 L-M 900 1200 170 250 250 0.46 0.46 1.65 

189 M-C 900 1200 170 250 250 0.46 0.46 1.65 

190 M-V 900 1200 170 250 250 0.92 0.92 1.65 

191 M-H 900 1200 170 250 250 0.46 0.46 1.65 

192 U-1 2020 3100 75 2980 100 1.2 1.2 0.44 

193 U-2 2019.3 3100 75 2980 100 1.2 1.2 0.44 

194 RA-00P 1800 3075 75 1500 75 1.2 1.2 1.23 

195 RA-15P 1800 3075 75 1500 75 1.2 1.2 1.23 

196 RB-00P 2400 3075 75 1500 75 1.2 1.2 1.23 

197 RB-15P 2400 3075 75 1500 75 1.2 1.2 1.23 

198 RC-00P 3000 3075 75 1500 75 1.2 1.2 1.23 

199 RC-15P 3000 3075 75 1500 75 1.2 1.2 1.23 

200 SW1 1100 1000 75 375 100 0.45 0.47 6.43 

201 SW2 1100 1000 75 375 100 1.34 1.34 6.43 

202 SW3 1100 1000 75 375 100 0.75 0.84 6.43 

203 SW4 1100 1000 75 375 100 0.75 0.84 6.43 

204 SW5 1100 1000 75 375 100 0.45 1.34 6.43 

205 SW6 1100 1000 75 375 100 0.94 1.01 4.25 

206 Type N 2050 2050 80 250 250 0.25 0.25 1.81 

207 Type S 2050 2050 80 250 250 0.25 0.25 1.81 

208 Matui_1-3 880 1000 30 80 80 0.44 0.44 3.8 

209 Matui_1-4 880 1000 30 80 80 0.61 0.61 3.8 

210 W72M8 1280 1729 120 800 120 0.91 0.91 0.91 

211 W72M6 1280 1729 120 800 120 1.19 1.19 1.19 

212 W96M6 1280 1729 120 800 120 0.91 0.91 0.91 

213 W96M8 1280 1729 120 800 120 1.19 1.19 1.19 

214 W48M6 1280 1720 120 800 120 0.79 0.79 0.89 

215 W72M8 1280 1720 120 800 120 0.91 0.91 0.89 

216 W72M6 1280 1720 120 800 120 1.19 1.19 1.19 

217 W72M8 1280 1720 120 800 120 0.91 0.91 0.89 

218 W96M8 1280 1720 120 800 120 1.19 1.19 1.19 

219 DP1 2340 2885 75 3045 95 0.76 0.82 0.62 
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220 DP2 2340 2885 75 3045 95 0.76 0.82 0.62 

221 1F 2760 2000 80 200 200 0.4 0.4 3.98 

222 2F 3520 2000 80 200 200 0.4 0.4 3.98 

223 T03 1200 800 50 150 150 0.41 0.57 2.01 

224 T06 1200 800 50 150 150 0.41 0.57 2.01 

225 T07 1200 800 50 150 150 0.41 0.57 1.13 

226 T08 1200 800 50 150 150 0.41 0.57 2.01 

227 T09 1200 800 50 150 150 0.41 0.57 1.13 

228 W-15-1 1000 2150 150 500 150 1.06 1.06 3.8 

229 W-12-1 1000 2120 120 500 120 1.32 1.32 4.75 

230 W-12-2 1000 2120 120 500 120 0.91 0.91 4.75 

231 W-12-3 1000 2120 120 500 120 1.7 1.7 4.75 

232 W-12-4 1000 2120 120 500 120 1.32 1.32 4.75 

233 W-12-5 1000 2120 120 500 120 1.32 1.32 4.75 

234 W-15-2 2000 2150 150 500 150 1.06 1.06 3.8 

235 W-12-6 2000 2120 120 500 120 1.32 1.32 4.75 

236 W-12-7 2000 2120 120 500 120 1.32 1.32 5.48 

237 24M:8:30 1600 2150 150 1000 150 0.8 0.8 0.57 

238 24M:8:40 1600 2150 150 1000 150 0.6 0.6 0.48 

239 24M:8:50 1600 2150 150 1000 150 0.48 0.48 0.76 

240 24M:6:30 1200 2150 150 1000 150 0.8 0.8 0.57 

241 24M:6:40 1200 2150 150 1000 150 0.6 0.6 0.57 

242 36M:12:30 2400 2150 150 1000 150 1.16 1.16 4.47 

243 36M:12:40 2400 2150 150 1000 150 0.9 0.9 4.5 

244 36M:12:50 2400 2150 150 1000 150 0.72 0.72 3.6 

245 36L:8:30 1600 2150 150 1000 150 1.16 1.16 0.86 

246 36L:8:40 1600 2150 150 1000 150 0.9 0.9 1.14 

247 36M:8:30 1600 2150 150 1000 150 1.16 1.16 0.86 

248 36M:8:40 1600 2150 150 1000 150 0.9 0.9 0.67 

249 36M:8:50 1600 2150 150 1000 150 0.72 0.72 1.14 

250 36M:6:30 1200 2150 150 1000 150 1.16 1.16 0.86 

251 36M:6:40 1200 2150 150 1000 150 0.9 0.9 1.62 

252 48M:8:30 1600 2150 150 1000 150 1.61 1.61 1.14 

253 48M:8:40 1600 2150 150 1000 150 1.16 1.16 0.95 

254 48M:8:50 1600 2150 150 1000 150 0.96 0.96 1.62 

255 48H:8:30 1600 2150 150 1000 150 1.61 1.61 1.14 

256 48H:8:40 1600 2150 150 1000 150 1.16 1.16 0.95 

257 48H:8:50 1600 2150 150 1000 150 0.96 0.96 0.92 

258 WC150 2250 1500 130 250 250 0.81 0.81 2.57 

259 WD170 2250 1500 130 250 250 1.01 1.01 2.57 

260 WD200 2250 1500 130 250 250 0.85 0.85 2.57 

261 WCD170 2250 1500 130 250 250 1.01 1.01 2.57 

262 WB-1 700 1120 50 150 120 0.25 0.25 4.23 

263 WB-2 700 1120 50 150 120 0.25 0.25 4.23 

264 WB-3 700 1120 50 150 120 0.25 0.25 4.23 

265 WB-4 700 1120 50 150 120 0.25 0.25 4.23 

266 WB-5 700 1120 50 150 120 0.25 0.25 4.23 

267 WB-6 700 1120 50 150 120 0.5 0.5 4.23 

268 WB-7 700 1120 50 150 120 0.5 0.5 4.23 

269 WB-8 700 1120 50 150 120 0.5 0.5 4.23 

270 WB-9 700 1120 50 150 120 0.25 0.25 4.23 

271 WB-10 700 1120 50 150 120 0.25 0.25 4.23 

272 WB-11 700 1120 50 150 120 0.25 0.25 4.23 

273 WB-12 700 1120 50 150 120 0.25 0.25 4.23 

274 WB-13 700 1120 50 150 120 0.25 0.25 4.23 

275 WB-14 700 1120 50 150 120 0.25 0.25 4.23 
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276 WB-17 700 1120 50 150 120 0.25 0.25 4.23 

277 HSCW1 1200 880 75 375 90 0.47 1.26 4 

278 HSCW2 1200 880 75 375 90 0.47 1.26 4 

279 HSCW3 1200 880 75 375 90 0.47 0.75 4 

280 HSCW4 1200 880 75 375 90 0.47 0.75 4 

281 HSCW5 1200 880 75 375 90 0.75 1.26 4 

282 HSCW6 1200 880 75 375 90 0.75 1.26 4 

283 HSCW7 1200 880 75 375 90 0.75 0.75 4 

284 FSW-4 914.4 1219.2 76 152 152 0.55 0.55 3.27 

285 FSW-5 914.4 1219.2 76 152 152 0.55 0.55 3.27 

286 FSW-6 914.4 1219.2 76 152 152 0.55 0.55 3.27 

287 FSW-7 914.4 1219.2 76 152 152 1.09 1.09 3.27 

288 FSW-8 914.4 1219.2 76 152 152 0.23 0.23 3.27 

289 FSW-9 914.4 1219.2 76 152 152 1.09 1.09 3.27 

290 FSW-10 914.4 1219.2 76 152 152 1.09 1.09 3.27 

291 FSW-12 914.4 1219.2 76 152 152 0.23 0.23 3.27 

292 FSW-13 914.4 1219.2 76 152 152 0.23 0.23 3.27 

293 1 600 1330 40 130 130 0.31 0.31 1.26 

294 2 600 1330 40 130 130 0.63 0.63 1.26 

295 3 600 1330 40 130 130 1.26 1.26 1.26 

296 4 600 1330 30 130 130 0.84 0.84 1.26 

297 5 600 1330 20 130 130 0.63 0.63 1.26 

298 6 600 1330 20 130 130 1.26 1.26 1.26 

Table A-1. (Continued) 

No. Specimen ID fc fyh fyv fyb P/fcAw Vtest Vn Vn/Vtest 

1 WAS 27 377 377 434 0.07 654 603.6 0.92 

2 WBS 27 377 377 434 0.07 542 546.2 1.01 

3 5 22 271 271 324 0 378 336.7 0.89 

4 6 22 271 271 324 0 360 336.7 0.94 

5 7 26 271 271 305 0 511 375.3 0.73 

6 8 25 271 271 305 0 483 365.9 0.76 

7 9 24 271 271 305 0 535 356.3 0.67 

8 10 23 271 271 305 0 454 346.5 0.76 

9 12 31 271 271 324 0 523 421.2 0.81 

10 13 18 393 393 296 0 414 344.1 0.83 

11 14 21 414 414 299 0 489 378.9 0.77 

12 25 41 331 331 276 0 409 543.3 1.33 

13 32 27 345 345 345 0 445 423.9 0.95 

14 33 24 341 341 341 0 476 394.7 0.83 

15 35 26 345 345 345 0 405 414.5 1.02 

16 36 25 341 341 341 0 454 404.3 0.89 

17 37 28 345 345 345 0 360 433.2 1.20 

18 40 34 323 323 345 0 676 482.7 0.71 

19 41 23 323 323 345 0 471 381.6 0.81 

20 43 34 323 323 345 0 560 482.7 0.86 

21 44 32 323 323 345 0 592 465.2 0.79 

22 45 20 313 313 345 0 409 477.7 1.17 

23 46 12 296 296 345 0 387 344.8 0.89 

24 47 18 294 294 345 0 489 444.2 0.91 

25 48 19 336 336 345 0 489 465.6 0.95 

26 49 14 319 319 319 0 400 382.6 0.96 

27 50 16 306 306 319 0 409 456.6 1.12 

28 51 17 343 343 319 0 503 483.0 0.96 

29 52 18 348 348 316 0 498 500.2 1.00 
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30 53 21 341 341 317 0 520 544.2 1.05 

31 54 14 346 346 312 0 427 434.6 1.02 

32 56 23 371 371 316 0 792 833.8 1.05 

33 57 21 349 349 316 0 783 782.8 1.00 

34 59 19 348 348 314 0 676 741.1 1.10 

35 B3-2 27 513 545 414 0 1108 980.0 0.88 

36 B4-3 19 0 535 527 0 1017 738.5 0.73 

37 B6-4 21 496 496 529 0 876 779.1 0.89 

38 B8-5 23 496 527 489 0 851 745.7 0.88 

39 4BII-1 20 359 359 312 0 89 95.5 1.07 

40 3A2-3 22 359 359 312 0 155 175.4 1.13 

41 4BII-3 20 359 359 312 0 201 242.4 1.21 

42 BB 50.5 441 441 446 0 1940 2408.4 1.24 

43 CW-0.6-1.2-20 34 412 412 379 0.06 1658 1335.5 0.81 

44 CW-0.6-0.6-20 30 412 412 374 0.07 1179 1107.7 0.94 

45 CW-0.6-0.8-20 40 412 412 379 0.05 1475 1310.5 0.89 

46 CW-0.6-1.6-20 34 412 412 379 0.06 1677 1448.9 0.86 

47 CW-0.6-2.0-20 35 412 412 379 0.06 1823 1582.6 0.87 

48 CW-0.6-1.2-40 32 412 412 379 0.12 1515 1455.8 0.96 

49 CW-0.4-1.2-20 33 412 412 379 0.06 1617 1447.0 0.89 

50 CW-0.8-1.2-20 33 412 412 379 0.06 1343 1225.8 0.91 

51 CW-0.6-0.6-20a 29 412 412 379 0.07 1246 1085.7 0.87 

52 CW-0.6-0.8-20a 30 412 412 379 0.07 1307 1164.3 0.89 

53 W7101 26 447 447 297 0.05 625 891.2 1.43 

54 W7102 25 447 447 297 0.06 522 743.7 1.42 

55 W7402 23 414 414 318 0.06 529 700.3 1.32 

56 W7404 24 414 414 409 0.06 541 719.3 1.33 

57 W7501 27 367 367 409 0.05 635 747.2 1.18 

58 W7503 22 367 367 409 0.06 639 673.0 1.05 

59 W7601 20 443 443 328 0.07 797 809.6 1.02 

60 W7602 20 443 443 328 0.06 826 804.1 0.97 

61 W7603 24 443 443 328 0.05 1008 1066.1 1.06 

62 W7604 35 423 423 383 0.04 493 711.4 1.44 

63 W7605 27 423 423 383 0.05 622 774.5 1.25 

64 W7606 26 423 423 425 0.05 884 919.8 1.04 

65 J1 103 610 610 630 0.05 1209 865.6 0.72 

66 J4 94 610 610 630 0.05 810 715.3 0.88 

67 J5 103 610 610 630 0.05 595 616.4 1.04 

68 J6 97 610 578 630 0.05 724 609.9 0.84 

69 J7 111 578 610 630 0.05 894 816.3 0.91 

70 CW-0.6-0-20 35 0 0 374 0.06 1193 1015.7 0.85 

71 CW-0.6-0.3-20 35 412 412 379 0.06 1283 1100.8 0.86 

72 CW-0.6-2.4-20 34 412 412 379 0.06 2003 1664.3 0.83 

73 CW-0.6-2.8-20 32 412 412 379 0.06 1732 1736.3 1.00 

74 CW-0.6-0-0 32 0 0 379 0 744 792.3 1.06 

75 CW-0.6-0-40 32 0 0 379 0.12 1421 1115.6 0.79 

76 CW-0.6-0.6-0 35 412 412 379 0 1151 1013.7 0.88 

77 CW-0.6-0.6-40 34 412 412 374 0.12 1698 1334.0 0.79 

78 CW-0.4-0.6-20 34 412 412 374 0.06 1871 1273.5 0.68 

79 CW-0.8-0.6-20 34 412 412 374 0.06 1275 1075.5 0.84 

80 CW-0.4-2.0-20 34 412 412 374 0.06 2081 1730.3 0.83 

81 CW-0.8-2.0-20 34 412 412 379 0.06 1656 1470.0 0.89 

82 CW-0.6-2-0 34 412 412 379 0 1712 1393.6 0.81 

83 CW-0.6-2-40 34 412 412 379 0.12 2035 1730.9 0.85 

84 CW-0.6-2-20B 36 412 412 374 0.06 1775 1602.9 0.90 

85 CW-0.6-0.6-20L 25 412 412 387 0.08 1276 1018.0 0.80 
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86 CW-0.6-1.2-20L 26 412 412 387 0.08 1390 1211.7 0.87 

87 CW-0.6-2-20L 25 412 412 387 0.08 1491 1414.8 0.95 

88 Kabeyasawa-K7 20 356 356 378 0.07 738 999.2 1.35 

89 Taga-No 1 27 412 412 387 0.07 1088 1165.6 1.07 

90 Taga-No 2 38 412 412 387 0.05 1334 1331.1 1.00 

91 Taga-No 3 58 412 412 387 0.03 1461 1595.1 1.09 

92 Taga-No 4 37 412 412 387 0.05 1236 1142.7 0.92 

93 Taga-No 5 26 412 412 387 0.08 1137 1393.0 1.23 

94 Taga-No 6 37 412 412 387 0.05 1461 1539.6 1.05 

95 Taga-No 7 58 412 412 387 0.03 1677 1821.8 1.09 

96 S-1 79 578 545 532 0 428 555.0 1.30 

97 S-2 65 578 545 533 0.07 720 590.9 0.82 

98 S-3 69 578 545 532 0.13 851 694.9 0.82 

99 S-4 75 578 533 532 0 600 559.9 0.93 

100 S-5 73 578 533 531 0.06 790 638.4 0.81 

101 S-6 71 578 533 532 0.12 970 713.6 0.74 

102 S-7 71 545 545 533 0.06 800 676.2 0.85 

103 S-F 61 578 545 561 0.04 487 531.6 1.09 

104 Aoyagi_1-1-148 20 353 353 363 0 931 876.3 0.94 

105 Aoyagi_1-2-149 26 353 353 363 0 1029 1010.3 0.98 

106 Aoyagi_1-3-150 29 339 339 363 0 1553 2055.9 1.32 

107 Aoyagi_1-4-151 24 353 353 272 0 1495 966.8 0.65 

108 Aoyagi_1-5-152 29 339 339 272 0 2308 2055.9 0.89 

109 Endo-1 26 624 624 359 0.05 654 895.5 1.37 

110 Endo-2 25 624 624 359 0.06 522 753.3 1.44 

111 Endo-3 26 624 624 359 0.05 524 752.5 1.44 

112 Endo-4 25 624 624 359 0.07 467 506.8 1.09 

113 Endo-5 26 624 624 359 0.07 783 817.2 1.04 

114 Ryo_1-1-29 23 335 467 467 0 965 668.6 0.69 

115 Ryo_1-2-30 33 335 467 467 0 931 816.2 0.88 

116 Ryo_2-1-32 17 485 467 467 0 343 334.1 0.97 

117 Ryo_2-3-34 17 485 467 467 0 470 334.1 0.71 

118 70 24 549 549 419 0 834 651.2 0.78 

119 Sugano-71 25 461 461 419 0 804 701.3 0.87 

120 Sugano-140 21 572 572 397 0.09 2353 2880.0 1.22 

121 Sugano-141 21 572 572 397 0.17 2942 3320.8 1.13 

122 Sugano-142 21 572 572 397 0.11 3138 2990.2 0.95 

123 Sugano-143 20 572 572 397 0.07 1814 2320.6 1.28 

124 Sugano-144 21 572 572 397 0.07 1912 2387.9 1.25 

125 Sugano-145 20 284 284 397 0.08 2138 2383.4 1.11 

126 Sugano-146 20 284 284 397 0.08 1981 2383.4 1.20 

127 Sugano-147 21 397 397 397 0.09 2305 2727.8 1.18 

128 Tsuboi-131 31 296 296 302 0 162 177.2 1.09 

129 Tsuboi-133 32 296 296 302 0 174 218.3 1.25 

130 Tsuboi-134 30 296 296 261 0 195 180.2 0.92 

131 Tsuboi-135 29 296 296 302 0 184 177.6 0.97 

132 W1 37 450 450 465 0 491 589.2 1.20 

133 W2 36 450 450 465 0 621 666.0 1.07 

134 W3 38 450 450 465 0 569 678.1 1.19 

135 W4 36 450 450 465 0 622 791.2 1.27 

136 Ohono_2-1 29 280 224 224 0 294 279.7 0.95 

137 Ohono_2-2 29 280 224 224 0 282 279.7 0.99 

138 Ohono_2-3 29 280 224 224 0 231 168.7 0.73 

139 Ohono_2-4 29 280 224 224 0 210 168.7 0.80 

140 Ohono_2-5 29 224 280 224 0 210 180.0 0.86 

141 Ohono_2-6 29 224 280 224 0 207 180.0 0.87 
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142 NW-2 56 1001 848 776 0.1 714 950.2 1.33 

143 No.1 65 792 792 1009 0.13 1101 999.0 0.91 

144 No.2 71 792 792 1009 0.12 1208 1112.2 0.92 

145 No.3 72 792 792 1009 0.12 1360 1215.7 0.89 

146 No.4 103 792 792 1009 0.14 1656 1541.1 0.93 

147 No.6 74 1420 1420 1009 0.12 1353 1576.5 1.17 

148 No.7 72 792 792 1009 0.12 1478 1462.2 0.99 

149 No.8 76 792 792 1009 0.11 1638 1710.8 1.04 

150 DHSCW-01 77 474 424 460 0.28 739 997.9 1.35 

151 DHSCW-02 77 474 424 460 0.21 649 912.1 1.41 

152 DHSCW-03 77 474 424 460 0.21 915 1052.4 1.15 

153 DHSCW-04 77 474 424 460 0.21 902 1052.4 1.17 

154 DHSCW-05 77 474 424 460 0.21 1179 1291.7 1.10 

155 DHSCW-06 77 474 424 460 0.21 1072 1291.7 1.20 

156 HP0D0 36 335 554 554 0 890 838.4 0.94 

157 HP5D0 36 335 554 554 0.01 975 859.5 0.88 

158 S1 37 574 574 574 0.07 680 847.6 1.25 

159 S2 38 574 574 574 0.26 928 1153.8 1.24 

160 S3 37 574 574 530 0.07 977 963.3 0.99 

161 S5 37 574 574 574 0.06 682 832.7 1.22 

162 S6 36 537 479 479 0.07 667 723.2 1.08 

163 S7 34 555 555 555 0.27 855 1088.2 1.27 

164 W1 34 327 327 460 0 397 308.9 0.78 

165 W2 31 429 429 460 0 400 299.3 0.75 

166 W3 31 429 429 460 0 379 299.3 0.79 

167 W4 37 359 359 460 0 414 328.6 0.79 

168 W5 32 359 359 460 0 346 276.2 0.80 

169 S4 46 667 653 617 0.07 2544 1893.2 0.74 

170 S4 47 667 653 617 0.07 2545 1915.0 0.75 

171 HN4-1 32 302 302 302 0 205 281.1 1.37 

172 HN4-2 32 302 302 302 0 247 281.1 1.14 

173 HN4-3 32 302 302 302 0 202 281.1 1.39 

174 HN6-1 30 443 443 443 0 255 293.6 1.15 

175 HN6-2 30 443 443 443 0 204 293.6 1.44 

176 HM4-1 38 302 302 302 0 223 310.8 1.39 

177 HM4-2 38 302 302 302 0 231 310.8 1.35 

178 HM4-3 40 302 302 302 0 250 320.3 1.28 

179 LN4-1 18 302 302 302 0 193 204.1 1.06 

180 LN4-2 18 302 302 302 0 217 204.1 0.94 

181 LN4-3 30 302 302 302 0 203 270.8 1.33 

182 LN6-1 31 443 443 443 0 246 298.8 1.21 

183 H-HZ4 15 259 259 226 0 30 27.2 0.91 

184 H-HZ6 16 259 259 226 0 30 28.3 0.94 

185 H-HZ8 16 259 259 226 0 33 28.3 0.86 

186 H-HZ10 18 259 259 226 0 28 30.3 1.08 

187 L-C 21 508 508 475 0.1 1052 909.1 0.86 

188 L-M 21 508 508 475 0.1 995 909.1 0.91 

189 M-C 40 508 508 475 0.07 1142 1243.4 1.09 

190 M-V 40 508 508 475 0.07 1201 1410.4 1.17 

191 M-H 40 508 508 475 0.07 1131 1243.4 1.10 

192 U-1 29 391 391 391 0.04 1636 1475.4 0.90 

193 U-2 29 391 391 391 0.04 1618 1475.5 0.91 

194 RA-00P 32 349 349 349 0 1473 1398.3 0.95 

195 RA-15P 30 349 349 381 0.03 1671 1451.3 0.87 

196 RB-00P 29 381 381 381 0 1264 1283.9 1.02 

197 RB-15P 29 381 381 349 0.04 1464 1398.7 0.96 
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198 RC-00P 30 349 349 349 0 1032 1206.8 1.17 

199 RC-15P 29 349 349 349 0.04 1170 1292.4 1.10 

200 SW1 86 536 536 535 0.1 1000 719.0 0.72 

201 SW2 86 498 498 535 0.1 1191 858.9 0.72 

202 SW3 96 536 498 535 0.09 1099 806.2 0.73 

203 SW4 96 536 498 535 0 718 648.8 0.90 

204 SW5 83 536 498 535 0.11 1104 753.6 0.68 

205 SW6 83 498 498 419 0.11 1121 796.1 0.71 

206 Type N 22 340 340 398 0.11 712 632.3 0.89 

207 Type S 25 340 340 398 0.1 702 670.5 0.96 

208 Matui_1-3 12 237 237 237 0 76 67.6 0.89 

209 Matui_1-4 12 237 237 237 0 72 72.5 1.01 

210 W72M8 82 792 792 792 0.02 2066 2277.2 1.10 

211 W72M6 82 560 560 560 0.02 2015 2232.4 1.11 

212 W96M6 102 792 792 792 0.02 2128 2554.9 1.20 

213 W96M8 102 792 792 792 0.02 2483 2737.8 1.10 

214 W48M6 82 560 560 560 0.02 1516 2033.4 1.34 

215 W72M8 82 792 792 792 0.02 2066 2261.8 1.09 

216 W72M6 82 560 560 560 0.02 2015 2217.2 1.10 

217 W72M8 102 792 792 792 0.02 2128 2537.5 1.19 

218 W96M8 102 792 792 792 0.02 2483 2719.6 1.10 

219 DP1 22 605 605 605 0.05 1277 1177.1 0.92 

220 DP2 19 605 605 605 0 891 1005.7 1.13 

221 1F 28 377 377 434 0.06 686 602.4 0.88 

222 2F 27 377 377 434 0.07 554 546.2 0.99 

223 T03 30 420 420 420 0 129 128.8 1.00 

224 T06 34 420 420 420 0 117 137.1 1.17 

225 T07 31 420 420 420 0.1 137 162.7 1.19 

226 T08 31 420 420 420 0.07 144 153.2 1.06 

227 T09 27 420 420 420 0 94 122.3 1.30 

228 W-15-1 25 369 369 369 0.08 2187 2078.2 0.95 

229 W-12-1 35 369 369 369 0.06 2658 1990.9 0.75 

230 W-12-2 38 369 369 369 0.05 2511 1870.5 0.74 

231 W-12-3 36 369 369 369 0.06 2511 2171.5 0.86 

232 W-12-4 36 369 369 369 0.03 2481 1893.5 0.76 

233 W-12-5 40 369 369 369 0.05 2668 2089.0 0.78 

234 W-15-2 26 369 369 369 0.08 1814 1787.7 0.99 

235 W-12-6 33 369 369 369 0.06 1755 1637.4 0.93 

236 W-12-7 34 369 369 422 0.03 1648 1564.7 0.95 

237 24M:8:30 38 296 296 422 0.05 1680 1972.5 1.17 

238 24M:8:40 36 422 422 528 0.06 1740 1978.2 1.14 

239 24M:8:50 35 528 528 296 0.06 1740 1946.2 1.12 

240 24M:6:30 40 296 296 422 0.05 2100 2205.0 1.05 

241 24M:6:40 41 422 422 296 0.05 2190 2259.3 1.03 

242 36M:12:30 36 296 296 422 0.06 2490 1855.2 0.75 

243 36M:12:40 34 422 422 528 0.06 2490 1855.0 0.74 

244 36M:12:50 37 528 528 528 0.05 2430 1896.0 0.78 

245 36L:8:30 25 296 296 422 0.08 1800 1793.7 1.00 

246 36L:8:40 28 422 422 296 0.07 1830 1913.0 1.05 

247 36M:8:30 39 296 296 422 0.05 1890 2139.8 1.13 

248 36M:8:40 39 422 422 528 0.05 2040 2186.5 1.07 

249 36M:8:50 38 528 528 296 0.05 1980 2156.3 1.09 

250 36M:6:30 33 296 296 422 0.06 2250 2151.4 0.96 

251 36M:6:40 35 422 422 296 0.06 2370 2270.2 0.96 

252 48M:8:30 27 296 296 422 0.07 1980 2001.3 1.01 

253 48M:8:40 28 422 422 528 0.07 2040 2053.7 1.01 
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254 48M:8:50 28 528 528 296 0.07 2040 2076.0 1.02 

255 48H:8:30 42 296 296 422 0.05 2280 2401.1 1.05 

256 48H:8:40 43 422 422 528 0.05 2340 2447.4 1.05 

257 48H:8:50 45 528 528 349 0.05 2430 2528.5 1.04 

258 WC150 27.3 451.3 451.3 547.9 0.07 870 897.1 1.03 

259 WD170 32.9 505.9 595.7 595.7 0.07 980 1130.1 1.15 

260 WD200 33.7 451.3 574.9 547.9 0.07 880 1013.3 1.15 

261 WCD170 33.9 505.9 595.7 595.7 0.07 890 1142.9 1.28 

262 WB-1 18 294 382 383 0 173 172.0 0.99 

263 WB-2 18 294 382 383 0 184 172.0 0.93 

264 WB-3 16 294 382 383 0 210 159.8 0.76 

265 WB-4 16 294 382 383 0 226 159.8 0.71 

266 WB-5 15 294 382 383 0.17 334 231.9 0.69 

267 WB-6 15 294 382 383 0 235 171.5 0.73 

268 WB-7 15 294 382 383 0.16 304 245.2 0.81 

269 WB-8 15 294 382 383 0.32 282 318.9 1.13 

270 WB-9 17 530 530 383 0.15 240 251.5 1.05 

271 WB-10 17 530 530 383 0.15 238 251.5 1.06 

272 WB-11 17 530 530 383 0.15 277 251.5 0.91 

273 WB-12 17 530 530 383 0.15 332 251.5 0.76 

274 WB-13 17 530 530 383 0.15 216 251.5 1.16 

275 WB-14 17 530 530 383 0.15 203 251.5 1.24 

276 WB-17 10 530 530 383 0.25 193 216.9 1.12 

277 HSCW1 104 550 550 550 0.04 735 582.8 0.79 

278 HSCW2 93 550 550 550 0.09 845 612.6 0.72 

279 HSCW3 86 550 550 550 0.09 625 569.4 0.91 

280 HSCW4 91 550 550 550 0.22 866 756.0 0.87 

281 HSCW5 84 550 550 550 0.09 801 619.7 0.77 

282 HSCW6 90 550 550 550 0.05 745 591.7 0.79 

283 HSCW7 102 550 550 550 0.08 800 657.4 0.82 

284 FSW-4 50 419 419 425 0.09 606 711.5 1.17 

285 FSW-5 56 419 419 425 0.04 633 674.7 1.07 

286 FSW-6 50 419 419 425 0.02 453 596.5 1.32 

287 FSW-7 53 419 419 425 0.04 702 731.5 1.04 

288 FSW-8 48 600 600 425 0.05 553 597.5 1.08 

289 FSW-9 50 419 419 425 0.05 737 725.1 0.98 

290 FSW-10 56 419 419 425 0.08 824 825.1 1.00 

291 FSW-12 57 600 600 425 0.08 676 721.7 1.07 

292 FSW-13 57 600 600 425 0.01 474 595.7 1.26 

293 1 36 286 286 286 0.19 373 446.3 1.20 

294 2 30 286 286 286 0.2 370 422.6 1.14 

295 3 32 286 286 286 0.22 438 495.5 1.13 

296 4 33 286 286 286 0.22 276 359.0 1.30 

297 5 30 286 286 286 0.31 211 254.0 1.20 

298 6 34 286 286 286 0.29 213 286.5 1.35 

        AVG 1.00 

        COV 0.19 

Table A- 2. Test result of RWs 

No. Specimen ID hw lw tw bb hb ρh ρv ρb 

1 C10 3750 2250 200 200 410 0.6 0.56 2.45 

2 A10 3750 2250 200 200 410 0.6 0.56 2.45 

3 A14 3750 2250 200 200 410 0.6 0.56 2.45 

4 A20 3750 2250 200 200 410 0.6 0.56 2.45 

5 W-MC-C 3316.7 1525 203 203 153 0.55 0.42 6.58 
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6 W-MC-N 3316.7 1525 203 203 153 0.55 0.42 6.58 

7 RC-M-1.2 1200 1000 100 100 150 0.63 0.63 3.54 

8 RC-H-1.2 1200 1000 100 100 150 0.86 0.86 6.46 

9 RC-M-1.5 1500 1000 100 100 150 0.63 0.63 6.46 

10 RC-H-1.5 1500 1000 100 100 150 0.69 0.69 8.85 

11 H0.33OR 750 1500 200 200 150 1.59 1.06 1.06 

12 H0.33OUC 750 1500 200 200 150 1.59 1.06 1.06 

13 H0.33ORC 750 1500 200 200 150 1.59 1.06 1.06 

14 H0.33OGC 750 1500 200 200 150 1.59 1.06 1.06 

15 H0.33OR-HC-LD 750 1500 200 200 150 1.59 2.06 2.06 

16 H0.33OU-HC-F 750 1500 200 600 200 1.59 1.51 1.51 

17 H0.33OU 750 1500 200 200 150 1.59 1.06 1.06 

18 N0.33MR 750 1500 200 200 150 1.59 1.06 1.06 

19 H0.33MR 750 1500 200 200 150 1.59 0.66 0.66 

20 H0.33OU-HC-LD 750 1500 200 200 150 1.59 2.06 2.06 

21 PW1 4691 3048 152 152 305 0.28 0.28 3.5 

22 PW2 4691 3048 152 152 305 0.28 0.28 3.5 

23 PW3 4691 3048 152 152 305 0.28 1.57 2 

24 PW4 4691 3048 152 152 305 0.28 0.28 3.5 

25 SW-13 1905 1905 76 76 191 0.93 2.87 2.87 

26 MCN50M 2498.08 2402 102 102 240 0.14 0.14 3.27 

27 MCN50C 2494.96 2399 102 102 240 0.14 0.14 3.27 

28 MCN100C 2492.88 2397 101 101 240 0.28 0.28 4.69 

29 MRN100C 2484 5400 100 100 200 0.28 0.28 2.84 

30 MRN50mC 2482.16 5396 103 103 200 0.12 0.12 2.91 

31 MCN50mC 2493.92 2398 103 103 240 0.12 0.12 3.45 

32 MEN50mC 2502.78 1239 101 101 124 0.12 0.12 4.54 

33 MCN50mD 2318.36 1916 83 83 192 0.11 0.11 3.77 

34 MCN100D 2324.41 1921 84 84 192 0.26 0.26 4.96 

35 S5-Z4B2-2 2250 2000 200 200 300 0.25 0.7 1.34 

36 M60 2159 2032 203 203 254 0.34 0.34 4.04 

37 M115 2159 2032 203 203 254 0.17 0.17 2.33 

38 H60 2159 2032 203 203 254 0.86 0.86 6.63 

39 H115 2159 2032 203 203 254 0.43 0.43 3.51 

40 H60X 2159 2032 203 203 254 0.86 0.86 6.63 

41 EB 2159 2032 203 203 406 0.82 0.82 4.6 

42 3B 2159 2032 203 203 254 0.82 0.82 5.16 

43 Sheu-SWN-1D 500.38 1000.76 100 100 100 0.57 0.43 0.43 

44 Sheu-SW-0E 500.38 1000.76 100 100 100 0.71 0.71 0.71 

45 Sheu-SW-1E 500.38 1000.76 100 100 100 0.71 0.71 0.71 

46 Sheu-SW-9E 749.3 1000.76 100 100 100 1.18 1.27 1.27 

47 Sheu-SW-1 500.38 1000.76 100 100 100 0.57 0.43 0.43 

48 Sheu-SW-4 500.38 1000.76 100 100 100 1.03 0.77 0.77 

49 Sheu-SW-4A 500.38 1000.76 100 100 100 1.03 0.77 0.77 

50 Sheu-SW-6 500.38 1000.76 100 100 100 1.03 0.77 0.77 

51 Sheu-SW9 500.38 1000.76 100 100 100 0.57 0.79 0.79 

52 Sheu-SW10 500.38 1000.76 100 100 100 0.57 0.76 0.76 

53 Sheu-SW11 500.38 1000.76 100 100 100 0.57 0.79 0.79 

54 Sheu-SW12 500.38 1000.76 100 100 100 0.57 0.78 0.78 

55 Sheu-SW13 500.38 1000.76 100 100 100 0 0.76 0.76 

56 Sheu-SW14 500.38 1000.76 100 100 100 1.14 0.76 0.76 

57 Sheu-SW15 749.3 1000.76 100 100 100 0.57 0.79 0.79 

58 Sheu-SW16 749.3 1000.76 100 100 100 0.57 0.76 0.76 

59 Sheu-SW18 749.3 1000.76 100 100 100 0.57 0.78 0.78 

60 Sheu-SW19 749.3 1000.76 100 100 100 0 0.76 0.76 

61 Sheu-SW20 749.3 1000.76 100 100 100 0.57 0.76 0.76 



Civil Engineering Journal         Vol. 9, No. 02, February, 2023 

299 

 

62 W2 2000 1500 200 200 200 0.29 0.32 1.28 

63 10 1801 1300 80 80 130 0.25 0.25 7.31 

64 11 1400 1400 100 100 140 0.13 0.26 5.71 

65 13 1400 1400 100 100 140 0.26 0.26 5.71 

66 14 1199 1700 80 80 170 0.13 0.25 4.41 

67 28 1400 1400 100 100 140 0 0.25 4.29 

68 73 1700 1700 160 160 170 0.26 0.51 5.68 

69 74 1700 1700 160 160 170 0.57 0.51 5.68 

70 75 1700 1700 160 160 170 0.57 0.51 5.68 

71 76 1700 1700 160 160 170 1.08 0.51 5.68 

72 77 1700 1700 160 160 170 1.08 0.51 5.68 

73 78 1700 1700 160 160 170 0.61 0.51 2.51 

74 79 1700 1700 160 160 170 0.61 0.51 2.51 

75 80 1700 1700 160 160 170 1.08 0.51 2.51 

76 81 1700 1700 160 160 170 1.08 0.51 2.51 

77 82 1700 850 160 160 85 0.57 0.4 9.91 

78 83 1700 850 160 160 85 0.57 0.4 9.91 

79 Yoshizaki-165 860 800 60 60 86 0.23 0.22 4.92 

80 Yoshizaki-166 860 800 60 60 86 0.82 0.73 5.47 

81 Yoshizaki-167 860 800 60 60 86 0.41 0.44 7.71 

82 Yoshizaki-168 860 800 60 60 86 0.82 0.73 8.25 

83 Yoshizaki-169 860 800 60 60 86 1.17 1.17 8.25 

84 Yoshizaki-170 860 1200 60 60 120 0.23 0.24 3.52 

85 Yoshizaki-171 860 1200 60 60 120 0.82 0.78 3.91 

86 Yoshizaki-172 860 1200 60 60 120 0.41 0.44 5.52 

87 Yoshizaki-173 860 1200 60 60 120 0.82 0.78 5.91 

88 Yoshizaki-174 860 1200 60 60 120 1.17 1.17 5.91 

89 Yoshizaki-176 860 1600 60 60 160 0.82 0.8 2.94 

90 Yoshizaki-177 860 1600 60 60 160 0.41 0.37 4.44 

91 Yoshizaki-178 860 1600 60 60 160 0.82 0.8 4.44 

92 Yoshizaki-179 860 1600 60 60 160 1.17 1.17 4.73 

93 WSL1 1750 1600 100 100 300 0.2 0.2 4.02 

94 WSL2 1750 1600 100 100 300 0.2 0.2 1.34 

95 WSL5 1750 1600 100 100 300 0.2 0.2 4.02 

96 WSL7 1750 1600 80 80 300 0.68 0.25 3.35 

97 WSL8 1750 1600 80 80 300 0.48 0.17 3.35 

98 SW11 825 750 70 70 140 1.1 2.4 3.1 

99 SW12 825 750 70 70 140 1.1 2.4 3.1 

100 SW13 825 750 70 70 140 1.1 2.4 3.1 

101 SW14 825 750 70 70 140 1.1 2.4 3.1 

102 SW15 825 750 70 70 140 1.1 2.4 3.1 

103 SW16 825 750 70 70 140 1.1 2.4 3.1 

104 SW17 825 750 70 70 140 1.1 2.4 3.1 

105 SW22 1375 650 65 65 140 0.8 2.5 3.3 

106 SW23 1375 650 65 65 140 0.8 2.5 3.3 

107 SW31 1375 650 65 65 140 0.35 1.5 3.3 

108 SW32 1375 650 65 65 140 0.35 1.5 3.3 

109 SW32R 1375 650 65 65 140 0.35 1.5 3.3 

110 SW33 1375 650 65 65 140 0.35 1.5 3.3 

111 SW33R 1375 650 65 65 140 0.35 1.5 3.3 

112 C30-N-ALR01 1000 800 80 80 80 1.44 1.96 2.45 

113 C30-N-ALR02 1000 800 80 80 80 1.44 1.96 2.45 

114 SW11 1646 3048 203 203 406 0.67 0.67 1.5 

115 SW12 1646 3048 203 203 406 0.33 0.33 2 

116 SW2 1647 3050 203 203 305 0.96 0.96 0.96 

117 SW3 1647 3050 203 203 305 0.71 0.71 0.71 
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118 SW5 1006.5 3050 203 203 305 0.96 0.96 0.96 

119 SW6 1006.5 3050 203 203 305 0.71 0.71 0.71 

120 SW7 1006.5 3050 203 203 305 0.34 0.34 0.34 

121 SW8 1647 3050 203 203 305 1.5 1.5 1.5 

122 SW9 1647 3050 203 203 305 0.71 1.5 1.5 

123 SW10 1647 3050 203 203 305 0.34 1.5 1.5 

124 test1 760 1520 152 152 152 0.28 0.43 3.48 

125 test4 760 1520 152 152 152 0.28 0.43 3.48 

126 test2 760 1520 152 152 152 0.28 0.4 1.44 

127 test3 760 1520 152 152 152 0.28 0.4 1.15 

128 test9 610 1370 152 152 137 0.28 0.23 1.27 

129 test7 610 1370 152 152 137 0.28 0.23 1.27 

130 test8 610 1370 152 152 137 0.28 0.23 1.27 

131 test5 610 1370 152 152 137 0.28 0.23 1.27 

132 test6 610 1370 152 152 137 0.28 0.23 1.27 

133 SW4 1200 600 60 60 110 0.39 0.5 6.86 

134 SW7 1200 600 60 60 60 0.39 0.59 12.75 

135 SW8 1200 600 60 60 110 0.28 0.5 7.14 

136 SW9 1200 600 60 60 110 0.56 0.5 7.14 

137 Wall-1 1160 2000 100 100 320 0.26 0.8 1.25 

138 Wall-2 660 2000 100 100 320 0.26 0.8 1.25 

139 Wall-7 1637.5 2000 100 100 320 0.24 0.34 0.89 

140 Wall-8 1637.5 1500 100 100 360 0.24 0.37 0.79 

141 WR-20 2250 1500 200 200 200 0.28 0.32 1.33 

142 WR-10 2250 1500 200 200 200 0.28 0.32 1.33 

143 WR-0 2250 1500 200 200 200 0.28 0.32 1.33 

144 W4 1160 2000 100 100 260 0.57 0.33 1.09 

145 W5 1160 2000 100 100 260 0.81 0.65 1.09 

146 B14CD8U 2500 1300 150 150 240 0.67 0.67 2.57 

147 SW2 1647 3050 203 203 305 1 1 1 

148 SW3 1647 3050 203 203 305 0.67 0.67 0.67 

149 T01 1200 800 80 80 150 0.51 0.71 1.41 

150 T04 1200 800 80 80 150 0 0.71 1.41 

151 T05 1200 800 80 80 150 0.51 0.71 2.51 

152 T11 1200 800 80 80 150 0.51 0.71 1.41 

153 MSW5 1900 1200 100 100 120 0.28 0.28 1.3 

154 LSW1 1300 1200 100 100 120 0.57 0.57 1.7 

155 LSW2 1300 1200 100 100 120 0.28 0.28 1.3 

156 LSW3 1300 1200 100 100 120 0.28 0.28 1.3 

157 LSW4 1300 1200 100 100 120 0.28 0.28 1.3 

158 LSW5 1300 1200 100 100 120 0.28 0.28 1.3 

159 W9 1500 750 125 125 75 0.2 1.05 2.41 

160 W11 1500 750 125 125 75 0.11 1.05 2.41 

161 W13 1500 750 125 125 75 0.11 1.05 2.41 

162 T2-S2-3 950 1500 120 120 290 0.68 0.68 2.31 

163 T2-S3-4 950 1500 120 120 290 0.68 0.68 2.31 

164 T4-S1-6 700 1500 120 120 290 0.68 0.68 1.77 

165 T5-S1-7 1700 1500 120 120 290 0.68 0.34 4.37 

166 T6-S1-8 1700 1500 120 120 290 0.68 0.68 4.37 

167 T1-S2-9 950 1500 120 120 290 0.34 0.34 2.31 

168 SW23C2 1650 970 50 50 100 0.26 0.26 2.15 

169 SW60N1 1650 970 50 50 100 0.38 0.38 5.44 

170 SW60N2 1650 970 50 50 100 0.38 0.38 5.44 

171 SW60C1 1650 970 50 50 100 0.38 0.38 5.44 

172 SW60C2 1650 970 50 50 100 0.38 0.38 5.44 

173 RW-A20-P10-S38 2440 1220 152 152 206 0.27 0.27 3.24 
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174 RW-A20-P10-S63 2440 1220 152 152 206 0.62 0.62 7.28 

175 RW-A15-P10-S51 1830 1220 152 152 206 0.33 0.33 3.24 

176 RW-A15-P10-S78 1830 1220 152 152 206 0.74 0.74 6.17 

177 RW-A15-P2.5-S64 1830 1220 152 152 206 0.62 0.62 6.17 

178 Wall 1 1646 3048 203 203 305 0.71 0.71 0.71 

179 Wall 2 1646 3048 203 203 305 0.71 0.71 0.71 

180 SH–CFP–M 1350 1060 150 150 106 0.52 1.56 1.56 

181 SH–DCM–M 1350 1060 150 150 106 0.52 1.56 3.05 

182 SH–CFP–C 1350 1060 150 150 106 0.52 1.56 1.56 

183 SH–DCM–C 1350 1060 150 150 106 0.52 1.56 1.56 

184 H0.1S 2000 1000 100 100 220 0.33 0.33 5.43 

185 U1.0-BC 1350 1200 100 100 240 0.84 0.48 1.31 

186 U1.0-BC2 1350 1200 100 100 240 0.84 0.48 1.31 

187 Ohono_1-2 400 900 100 100 90 0.1 0.1 5 

188 M4 609.6 899.16 80 80 90 0.26 0.39 0.39 

189 C1.0 1350 1200 100 100 210 0.84 0.32 2.24 

Table A-2. (Continued) 

No. Specimen ID fc fyh fyv fyb N/(fc Aw) Vtest Vn Vn/Vtest 

1 C10 32.7 507 507 543 0.09 1232 1387.6 1.13 

2 A10 32.7 507 507 543 0.09 1221 1387.6 1.14 

3 A14 42.6 507 507 543 0.14 1445 1577.2 1.09 

4 A20 43.7 507 507 543 0.2 1641 1690.9 1.03 

5 W-MC-C 33 483 427 462 0.03 716 871.7 1.22 

6 W-MC-N 34 483 427 462 0.03 698 876.9 1.26 

7 RC-M-1.2 46 667 667 484 0 345 361.6 1.05 

8 RC-H-1.2 46 633 633 472 0 465 425.3 0.91 

9 RC-M-1.5 47 667 667 472 0 350 373.1 1.07 

10 RC-H-1.5 42 622 622 478 0 530 368.9 0.70 

11 H0.33OR 31 655 655 655 0 1508 1609.7 1.07 

12 H0.33OUC 27 655 655 655 0 1372 1562.9 1.14 

13 H0.33ORC 27 655 655 655 0 1485 1562.9 1.05 

14 H0.33OGC 27 655 655 655 0 1359 1562.9 1.15 

15 H0.33OR-HC-LD 50 655 670 670 0 2638 2390.8 0.91 

16 H0.33OU-HC-F 50 655 655 655 0 2465 2060.4 0.84 

17 H0.33OU 31 655 655 655 0 1256 1609.7 1.28 

18 N0.33MR 31 466 466 466 0 1073 1291.7 1.20 

19 H0.33MR 31 655 655 655 0 1069 1388.3 1.30 

20 H0.33OU-HC-LD 50 655 670 670 0 2178 2390.8 1.10 

21 PW1 36 522 579 579 0.1 836 1047.0 1.25 

22 PW2 40 522 579 579 0.13 1228 1147.5 0.93 

23 PW3 34 522 353 353 0.1 1005 1188.3 1.18 

24 PW4 29 522 462 462 0.12 970 971.7 1.00 

25 SW-13 43 455 448 448 0 632 691.2 1.09 

26 MCN50M 19 447 447 434 0.01 408 292.2 0.72 

27 MCN50C 18 447 447 434 0.01 352 283.7 0.81 

28 MCN100C 18 447 447 430 0.01 453 353.2 0.78 

29 MRN100C 16 447 447 443 0.02 766 937.3 1.22 

30 MRN50mC 20 605 605 456 0.01 776 916.2 1.18 

31 MCN50mC 20 605 605 443 0.01 329 314.4 0.96 

32 MEN50mC 20 605 605 443 0.01 154 136.8 0.89 

33 MCN50mD 25 630 630 411 0.01 234 212.5 0.91 

34 MCN100D 25 435 435 411 0.01 274 252.0 0.92 

35 S5-Z4B2-2 39 327 465 488 0.4 1166 1566.2 1.34 

36 M60 39 453 453 440 0 1122 888.3 0.79 
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37 M115 38 786 786 770 0 1104 837.2 0.76 

38 H60 44 475 475 450 0 1969 1446.7 0.73 

39 H115 44 806 806 770 0 1808 1323.3 0.73 

40 H60X 42 475 475 450 0 1954 1426.4 0.73 

41 EB 44.7 441 441 446 0 1680 1360.3 0.81 

42 3B 49.1 441 441 446 0 1950 1403.8 0.72 

43 Sheu-SWN-1D 27 467 467 467 0.12 299 317.0 1.06 

44 Sheu-SW-0E 25 491 491 491 0 315 301.5 0.96 

45 Sheu-SW-1E 34 491 491 491 0 324 336.4 1.04 

46 Sheu-SW-9E 29 453 453 453 0 336 379.6 1.13 

47 Sheu-SW-1 26 483 483 483 0 210 253.7 1.21 

48 Sheu-SW-4 26 481 481 481 0 279 335.9 1.20 

49 Sheu-SW-4A 27 481 481 481 0 272 339.9 1.25 

50 Sheu-SW-6 28 481 481 481 0 276 343.9 1.25 

51 Sheu-SW9 26 467 432 432 0 248 289.8 1.17 

52 Sheu-SW10 27 467 453 453 0 270 294.7 1.09 

53 Sheu-SW11 26 467 432 432 0 222 289.8 1.31 

54 Sheu-SW12 26 467 448 448 0 248 292.1 1.18 

55 Sheu-SW13 32 0 453 453 0 243 270.2 1.11 

56 Sheu-SW14 31 467 453 453 0 313 354.3 1.13 

57 Sheu-SW15 26 467 432 432 0 222 258.9 1.17 

58 Sheu-SW16 26 467 453 453 0 221 259.5 1.17 

59 Sheu-SW18 26 467 448 448 0 219 260.5 1.19 

60 Sheu-SW19 25 0 453 453 0 157 190.2 1.21 

61 Sheu-SW20 21 467 453 453 0 211 241.6 1.15 

62 W2 28 335 335 395 0.1 443 546.5 1.23 

63 10 16 367 367 471 0 187 118.6 0.63 

64 11 16 362 362 471 0 235 150.1 0.64 

65 13 18 370 370 471 0 289 182.7 0.63 

66 14 17 366 366 471 0 255 173.6 0.68 

67 28 23 0 431 471 0 258 162.8 0.63 

68 73 21 419 407 376 0.09 775 514.4 0.66 

69 74 21 421 407 376 0.09 790 632.0 0.80 

70 75 14 421 407 376 0.14 812 581.7 0.72 

71 76 15 415 407 376 0.13 794 775.9 0.98 

72 77 18 415 407 376 0.11 875 800.2 0.91 

73 78 21 421 407 382 0.09 662 647.1 0.98 

74 79 14 421 407 382 0.14 591 596.9 1.01 

75 80 15 415 407 382 0.13 657 775.9 1.18 

76 81 18 415 407 382 0.11 713 800.2 1.12 

77 82 21 421 407 381 0.09 318 331.2 1.04 

78 83 18 421 407 381 0.11 304 325.6 1.07 

79 Yoshizaki-165 24 433 433 333 0 102 70.7 0.69 

80 Yoshizaki-166 24 433 433 343 0 147 128.1 0.87 

81 Yoshizaki-167 24 433 433 343 0 135 90.0 0.67 

82 Yoshizaki-168 24 433 433 345 0 159 128.1 0.81 

83 Yoshizaki-169 24 433 433 345 0 175 165.9 0.95 

84 Yoshizaki-170 25 433 433 333 0 160 123.7 0.77 

85 Yoshizaki-171 25 433 433 343 0 235 200.3 0.85 

86 Yoshizaki-172 25 433 433 343 0 220 149.2 0.68 

87 Yoshizaki-173 25 433 433 345 0 269 200.3 0.74 

88 Yoshizaki-174 25 433 433 345 0 275 250.0 0.91 

89 Yoshizaki-176 26 433 433 343 0 322 288.1 0.89 

90 Yoshizaki-177 26 433 433 345 0 279 211.1 0.76 

91 Yoshizaki-178 26 433 433 345 0 382 288.1 0.75 

92 Yoshizaki-179 26 433 433 351 0 422 354.2 0.84 
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93 WSL1 29 604 604 438 0 349 274.5 0.79 

94 WSL2 29 604 604 438 0 233 274.5 1.18 

95 WSL5 29 446 446 438 0 357 249.8 0.70 

96 WSL7 29 604 604 438 0 324 358.5 1.11 

97 WSL8 29 632 632 438 0 292 301.8 1.03 

98 SW11 42 520 470 470 0 260 261.0 1.00 

99 SW12 43 520 470 470 0.1 340 288.6 0.85 

100 SW13 32 520 470 470 0.2 330 290.6 0.88 

101 SW14 34 520 470 470 0 265 250.5 0.95 

102 SW15 35 520 470 470 0.1 320 274.7 0.86 

103 SW16 41 520 470 470 0.2 355 310.7 0.88 

104 SW17 39 520 470 470 0 247 257.2 1.04 

105 SW22 40 520 470 470 0.1 150 203.5 1.36 

106 SW23 38 520 470 470 0.2 180 213.5 1.19 

107 SW31 28 520 470 470 0 116 101.3 0.87 

108 SW32 43 520 470 470 0 111 111.0 1.00 

109 SW32R 31 520 470 470 0 83 103.3 1.24 

110 SW33 39 520 470 470 0 112 108.5 0.97 

111 SW33R 30 520 470 470 0 94 102.6 1.09 

112 C30-N-ALR01 29 289 601 601 0.12 252 287.3 1.14 

113 C30-N-ALR02 26 289 601 601 0.22 245 301.2 1.23 

114 SW11 35 462 462 462 0 1850 1954.7 1.06 

115 SW12 35 462 462 462 0 1737 1528.0 0.88 

116 SW2 48 434 434 434 0 2342 2522.9 1.08 

117 SW3 54 434 434 434 0 1888 2347.5 1.24 

118 SW5 30 462 462 462 0 2831 2586.8 0.91 

119 SW6 26 462 462 462 0 2184 2097.4 0.96 

120 SW7 26 462 462 462 0 1323 1530.6 1.16 

121 SW8 24 462 462 462 0 2600 2739.4 1.05 

122 SW9 30 462 462 462 0 2791 2481.4 0.89 

123 SW10 32 462 462 462 0 2275 2339.0 1.03 

124 test1 26 424 424 448 0 703 509.5 0.72 

125 test4 44 424 424 448 0 801 663.4 0.83 

126 test2 31 424 424 448 0 467 546.5 1.17 

127 test3 31 424 424 424 0 520 546.5 1.05 

128 test9 30 424 424 424 0 405 455.4 1.12 

129 test7 32 424 424 424 0.05 654 534.9 0.82 

130 test8 32 424 424 424 0.05 707 534.9 0.76 

131 test5 28 424 424 424 0.1 753 553.6 0.74 

132 test6 31 424 424 424 0.1 819 587.0 0.72 

133 SW4 37 550 550 500 0 105 91.6 0.87 

134 SW7 32 550 550 540 0 129 90.6 0.70 

135 SW8 46 400 550 540 0 95 72.2 0.76 

136 SW9 39 400 550 540 0 98 95.0 0.97 

137 Wall-1 25 425 435 435 0 573 573.7 1.00 

138 Wall-2 22 425 435 435 0 680 759.7 1.12 

139 Wall-7 45 450 450 450 0 380 499.3 1.31 

140 Wall-8 45 450 450 450 0 225 336.3 1.49 

141 WR-20 28 342 342 449 0.1 442 539.9 1.22 

142 WR-10 28 342 342 449 0.1 425 539.9 1.27 

143 WR-0 28 342 342 449 0.1 424 539.9 1.27 

144 W4 33 480 480 480 0 400 557.6 1.39 

145 W5 27 480 480 480 0 600 669.4 1.12 

146 B14CD8U 40 450 450 450 0 480 616.3 1.28 

147 SW2 48 414 414 414 0 2504 2849.9 1.14 

148 SW3 54 414 414 414 0 2082 2487.8 1.19 



Civil Engineering Journal         Vol. 9, No. 02, February, 2023 

304 

 

149 T01 24 420 420 420 0 107 145.0 1.35 

150 T04 29 0 420 420 0 90 84.2 0.94 

151 T05 24 420 420 420 0 127 145.0 1.14 

152 T11 27 500 500 500 0.07 129 180.3 1.40 

153 MSW5 22 610 610 585 0 187 219.4 1.17 

154 LSW1 22 598 598 585 0 262 337.8 1.29 

155 LSW2 22 610 610 585 0 191 225.1 1.18 

156 LSW3 24 610 610 585 0.07 268 260.4 0.97 

157 LSW4 23 610 610 585 0 232 228.6 0.99 

158 LSW5 25 610 610 585 0 247 235.6 0.95 

159 W9 31 588 604 604 0 177 205.0 1.16 

160 W11 31 588 604 604 0 173 172.3 1.00 

161 W13 25 588 604 604 0 158 162.6 1.03 

162 T2-S2-3 26 481 481 440 0 666 568.3 0.85 

163 T2-S3-4 29 584 584 473 0 813 656.5 0.81 

164 T4-S1-6 35 584 584 519 0 874 771.3 0.88 

165 T5-S1-7 35 584 584 528 0 710 559.4 0.79 

166 T6-S1-8 23 584 584 528 0 735 568.6 0.77 

167 T1-S2-9 24 584 584 473 0 563 429.3 0.76 

168 SW23C2 33 478 478 538 0.14 83 104.8 1.26 

169 SW60N1 33 469 469 465 0.07 105 112.5 1.07 

170 SW60N2 33 469 469 465 0.14 110 122.8 1.12 

171 SW60C1 33 469 469 465 0.07 110 112.5 1.02 

172 SW60C2 33 469 469 465 0.14 117 122.8 1.05 

173 RW-A20-P10-S38 47 516 450 472 0.07 405 422.0 1.04 

174 RW-A20-P10-S63 49 443 443 477 0.07 742 624.3 0.84 

175 RW-A15-P10-S51 49 516 450 472 0.08 603 500.2 0.83 

176 RW-A15-P10-S78 56 443 443 476 0.06 859 703.6 0.82 

177 RW-A15-P2.5-S64 58 443 443 476 0.02 670 612.1 0.91 

178 Wall 1 36 464 464 464 0 1618 2296.6 1.42 

179 Wall 2 37 464 464 464 0 1705 2318.6 1.36 

180 SH–CFP–M 43 563 600 600 0 548 654.6 1.19 

181 SH–DCM–M 43 563 600 600 0 624 654.6 1.05 

182 SH–CFP–C 43 563 600 600 0 537 654.6 1.22 

183 SH–DCM–C 43 563 600 600 0 555 654.6 1.18 

184 H0.1S 41 642 641 617 0.08 394 276.8 0.70 

185 U1.0-BC 31 520 520 520 0.07 415 422.6 1.02 

186 U1.0-BC2 34 520 520 520 0.07 368 434.1 1.18 

187 Ohono_1-2 29 224 224 224 0 204 162.4 0.80 

188 M4 24 745 504 504 0.05 135 182.3 1.35 

189 C1.0 35 520 520 520 0.07 455 419.1 0.92 

        AVG 1.02 

        COV 0.20 

 


