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ABSTRACT: Timber-concrete composite (TCC) floors are popular design solutions in mass timber buildings due to their 
enhanced structural and non-structural (e.g., acoustic and thermal performance) properties. Despite their prevalent use, 
the structural reliability of TCC floors, consisting of a series of glulam beams and a concrete slab has not been properly 
evaluated. In this study, reliability analyses of a wide range of TCC floors with self-tapping screws (STSs) as connectors 
were conducted using the first-order reliability method (FORM) with a special focus on the glulam beam shear failure 
limit state. The reliability indices associated with the glulam beam shear limit state showed that it was unconservative to 
use the current resistance factor of 0.9 in the Canadian timber design standard. A similar issue is also observed the design 
of pure glulam beams when they are not used in timber-concrete composite (TCC) floors. Based on the study conducted, 
a resistance factor of 0.7 is more appropriate for the design of glulam beams with respect to timber shear in the TCC 
floors. 

KEYWORDS: Timber-concrete composite (TCC) floors, Self-tapping screw, First-order reliability method (FORM), 
Shear strength

1 – INTRODUCTION 

Timber-concrete composite (TCC) floors are increasingly 
used in timber construction due to their improved stiffness, 
acoustic performance, and thermal efficiency. In TCC 
floors, self-tapping screws (STSs) commonly serve as 
effective connectors due to their ease of installation, 
enabling a high degree of composite action between timber 
and concrete [1-2]. A common type of TCC system is a 
ribbed-plate type system consisting of a series of glulam 
beams and a concrete slab, connected by mechanical 
fasteners (see Fig. 1). Among the various strength limit 
states considered in the design of TCC floors, such as 
timber bending, concrete bending, timber shear, concrete 
shear, and connection shear, timber shear is of particular 
interest in this study. Timber shear failure is inherently 
brittle and can occur suddenly, making it a critical concern 
for reliability assessment [3-4]. Despite the growing 
adoption of TCC floors in timber construction, the 
reliability of these systems against timber shear failure 
remains inadequately studied. 

(a) Three-dimensional (3D) view
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Fig. 1 The schematic view of TCC floors 

Existing design provisions in CSA O86-24 [5] apply 
resistance factors originally derived for stand-alone timber 
elements without rigorous reliability calibration for TCC 
systems. This raises questions about the validity of using 
the current resistance factors in the standard for glulam 
beams in the design of TCC systems. In an attempt to 
address this question, a comprehensive reliability analysis 
study that considered all ultimate and serviceability limit 
states of TCC systems has been conducted. This paper 
specifically focuses on the glulam beam shear strength 
limit state. Specifically, the reliability of one-way TCC 
floors designed according to CSA O86-24 [5] was 
assessed using the first-order reliability method (FORM). 
The reliability indices of TCC floors across a range of 
design parameters, including concrete slab thickness, 
beam spacing, and connector spacing were calculated. The 
findings would lead to reliability-based design 
recommendations for glulam beams with respect to timber 
shear limit state of TCC floors.  
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While this study primarily focuses on the reliability of 
TCC floors associated with timber shear failure, the 
reliability of the design provisions for pure glulam beams 
is also examined after observing the potential issue of 
using the current resistance factor of 0.9 in the Canadian 
timber design standard for TCC systems. As such, a 
comparative reliability analysis of glulam beams 
considering the shear failure is also conducted. 

2 –METHODOLOGY 

To evaluate the reliability of timber shear failure in TCC 
floors, a three-step procedure was followed. First, the TCC 
floors were designed such that the factored resistance 
equals the factored load effect, following the provisions of 
CSA O86-24 [5]. A wide range of design cases was 
considered to encompass various scenarios that engineers 
may encounter in practice. Second, the reliability of the 
timber shear limit state was assessed using a 
corresponding limit state function established in the safety 
margin format. In this step, probability distributions for the 
basic random variables contained in the limit state function 
were specified, and the reliability indices for the given 
designs calculated. Third, the reliability indices for all 
design cases were compared with the target reliability 
index specified in CSA S408 ‘Guidelines for the 
Development of Limit States Design Standards’ [6].  

In addition to evaluating the shear reliability of TCC 
floors, an independent reliability assessment of glulam 
beams was conducted using a similar methodology. This 
helped determine whether the observed low reliability 
indices stem from the presence of concrete and thus only 
exists for TCC designs.  

3 –TIMBER SHEAR DESIGN PROVISION 
FOR TCC FLOORS IN CSA O86 

3.1 GAMMA METHOD 

The gamma method is commonly used when calculating 
the effective bending stiffness of TCC floors or composite 
beams [7]. This method was developed from a closed-form 
approximate solution, assuming a sinusoidal load applied 
on a simply supported TCC beam and a constant 
distributed connection stiffness between concrete and 
timber layers along the composite beam. The effective 
bending stiffness of a TCC beam, , can be 
calculated as per (1), 

 (1) 

Here, and  are the effective bending and axial 
stiffnesses of the concrete slab considered, respectively; 

 and  are the bending and axial stiffnesses of 
the wood beam, respectively;  denotes the distance 
between the centroid and the neutral axis of concrete slab, 
while  denotes the distance between the centroid of 
timber section and the neutral axis of concrete slab.  is a 
composite factor used to denote the degree of composite 
action between timber and concrete, which can be 
determined as per (2). 

 (2) 

The value of  is a function of the stiffness of shear 
connection per unit spacing, , as per (3), 

(3) 

in which  is the slip modulus of shear connection and  
is the spacing of shear connection. When  approaches 
zero, , which signifies the absence of composite 
action between two materials. In contrast, when  
approaches infinity, , which indicates full 
composite action. 

Note that  and  in Eq. (1) can be readily 
determined for the timber cross-sections, and  and 

 can be calculated as per (4) and (5), respectively, 

 (4) 

(5) 

in which 

 (6) 

(7) 

where  represents the effective width of the concrete 
slab, which is determined as (8) 

 (8) 

where  is the span length,  is the concrete slab 
thickness, and  is the beams spacing, as shown in Fig. 
2. 

Fig. 2 Effective width of concrete slab in a TCC floor 

In (1), the last two unknown terms  and  can be 
calculated as per (9) and (10), respectively.  

(9) 

(10)
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where  is the distance between the centroids of concrete 
slab and timber beam (see (11)). 

(11) 

3.2 TIMBER SHEAR LIMIT STATE 

The factored shear resistance  of a TCC floor, which 
is limited by shear failure of the timber element, can be 
calculated using (12) and (13) according to CSA O86-24, 

(12) 

in which 

 (13) 

where  is the glulam shear resistance factor  is the 
modified glulam shear strength, which accounts for the 
effects of different factors. These factors include the load-
duration factor  for standard loading condition, the 
system factor  applied for shear strength, the 
service-condition factor  for dry-service 
condition, and the treatment factor =1 for untreated 
glulam in dry-service condition. Additionally,  is the 
gross sectional area of the glulam beam.  

3.3 LOAD EFFECTS 

In Canada, the load and resistance factor design (LRFD) 
method is used to ensure that structural components have 
adequate capacity to withstand applied load effects. 
According to LRFD the structural component's capacity is 
designed to exceed the factored load effect for each load 
combination, as expressed by 

 (14) 

where  is the designed resistance,  is the nominal 
load effect of component  in the load combination 
considered, and  is the load factor for  used to amplify 
load effects.  

For one-way TCC floors, two load combinations are 
considered: dead load (DL) only, i.e., , and the 
combination of dead load and live load (LL),

 as specified by NBCC [8]. Thus, the maximum 
factored load, as per (15), is used for design of the TCC 
floor with width  (See Fig. 2)  

  (15  

where  represents the uniformly distributed load 
density, and  and  represent nominal dead and live 
loads, respectively. The one-way TCC floor was 
considered simply supported in the design, which leads to 
the maximum factored shear force, , expressed as per 
(16), 

(16) 

3.4 DESIGN CASES 

To evaluate the reliability levels of the timber shear limit 
state for TCC floors and pure glulam beams designed 
according to NBCC [8] and CSA O86-24 [5], two sets of 
design cases were generated. The design space of TCC 
floors includes a wide range of practical scenarios by 
varying the live load (from:1.9 to 4.8 kPa) and span (from 
4 to 10 m), along with three key design variables: concrete 
slab thickness (from 50 to 150 mm), glulam beam spacing 
(from 1 to 4 m), and connector spacing (from 100 to 500 
mm), as detailed in Table 1. 

Similar to TCC floors, the design space of glulam beams 
includes a wide range of practical scenarios by varying the 
live load (from 1.9 to 4.8 kPa) and span (from 4 to 10 m), 
along with one key design variables: beam spacing (from 
1 to 4 m), as detailed in Table 1. The TCC floors are 
assumed to be constructed using 20f-E grade glulam as the 
timber material and plywood as the interlayer. Note that 
only one grade for concrete and glulam is considered in 
this study, with nominal properties of concrete and glulam 
summarized in Table 2, as these materials are commonly 
used in TCC floors. In addition, the same glulam grade and 
material properties are used to evaluate the shear reliability 
of pure glulam beams, ensuring consistency when 
comparing the reliability of TCC floors and pure glulam 
beams. 

Table 1 Nominal values for load and geometrical variables of TCC 
floors considered in the design pool  

Parameter Value 

Live load,  1.9, 2.5, 3.0, 3.5, 4.0, 4.8 

Span,  4, 6, 8, 10 

Concrete slab thickness,  50, 75, 100, 125, 150 

Beam spacing,  1, 2, 3, 4 

Connector spacing,  100, 200, 300, 400, 500 

Table 2 Specified properties for glulam and concrete in TCC floors 
considered 

Parameter Value 

Glulam density,  440 

Glulam bending strength,  25.6 

Glulam shear strength,  1.75 

Glulam tension strength,  12.7 

Glulam modulus of elasticity,  10300 

Concrete density,  2300 

Concrete compressive strength,  30 

Concrete modulus of elasticity,  24648 

Stiffness of STS connection,  12.0 

With the resistance equations, load effect calculation, and 
nominal values for load, geometry, and material variables 
considered in the TCC designs, TCC floors are designed 
by selecting an appropriate glulam cross-section. This is 
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achieved through an iterative process in which the cross-
section is adjusted until the factored resistance is 
approximately equal to the factored load effect. 
Specifically, the ratio between the factored load effect and 
the factored resistance (referred to as the LR ratio) is close 
to but less than 1.0. This iterative design process ensures 
that each TCC floor satisfies the glulam shear requirement, 
ultimately generating a design space of 2400 one-way 
TCC floors. Similarly, the same iterative design approach 
is applied to ensure that the glulam beams meet the shear 
limit state requirements before reliability assessment, 
leading to a total of 96 glulam beams designed. 

4 – RELIABILITY ANALYSIS 

4.1 UNCERTAINTIES OF RESISTANCE 
DESIGN VARIABLES AND LOAD 
VARIABLES 

Table 3 summarizes the 13 random variables used to 
characterize the uncertainty in the design parameters. It 
includes the distribution types, bias factors defining the 
mean value and the nominal/specified value, and the 
coefficients of variation (cov) for each random variable. 

4.2 LIMIT STATE FUNCTION 

According to the LRFD framework, the factored resistance 
must exceed the factored load effect as indicated in (14). 
Consequently, the limit state function can be defined in the 
safety margin format, as the difference between resistance 
and load effect, see (17), 

 (17) 

where  and  represent the random resistance 
and random load effect, respectively, as a function of the 
vector X containing all basic random variables. 
Specifically, the limit state function for the shear failure of 
glulam, is given by (18): 

 (18) 

where  denotes the random shear resistance of TCC 
floors, while  and  represent the random dead and live 
load effect, respectively, after considering the 
uncertainties in basic random variables. Similarly, the 
limit state function of glulam beam considering shear 
failure is given by (20), 

 (20) 

where  denotes the random shear resistance of glulam 
beams. Note that the dependence(X) is dropped here for 
brevity.  

Structural failure is indicated when . Reliability 
analysis is conducted to estimate the probability of limit 

state exceedance or failure, , and to determine the 
reliability index , which is defined by (19), 

 (19) 

where Φ represents the standard normal cumulative 
distribution function.  

The First-Order Reliability Method (FORM) is an 
approximation technique commonly used in reliability 
analysis to estimate the probability of failure by linearizing 
the limit state function in the standardized normal space. 
This method has been widely applied in timber reliability 
studies [15-18] for its computational efficiency, and will 
be employed in this study to evaluate the reliability of TCC 
floors as well, considering the large number of design 
cases to be evaluated. 

5 – RESULTS AND DISCUSSIONS 

5.1 RELIABILITY RESULTS OF TCC 
FLOORS CONSIDERING TIMBER 
SHEAR LIMIT STATE 

Before conducting reliability analysis using FORM, its 
accuracy is assessed using MCS with a large number of 
stochastic samples (i.e., 1000000). Fig. 3 illustrates the 
comparison of the reliability index ( ) calculated using 
FORM and MCS approaches, i.e., , for 
the design cases with (

) and increasing live load for timber 
shear limit state, evaluated using both methods. The 
relative error of FORM with reference to MCS, calculated 
as , ranges from 1.9% to 

3.1%, which is considered acceptable. Thus, FORM is 
adopted for the subsequent reliability analysis.  

Fig. 3  vs live load using different reliability methods 
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Table 3 Probabilistic descriptions for basic random variables used to model the uncertainty in design parameters  
Basic random variable Distribution Bias factor cov Reference 

Load 
Dead load  Normal 1.05 0.10 [9] 

Live load  Gumbel 0.90 0.17 [9] 

Material 

Concrete modulus of elasticity  Lognormal 1.00 0.15 [10] 

Glulam modulus of elasticity  Lognormal 1.00 0.1 [11] 

Shear strength  Lognormal 0.99 0.15 [11] 

STS stiffness  Normal 1.20 0.099 [12] 

Model uncertainty of STS stiffness  Lognormal 1.24 0.26 [12] 

Geometry 

Concrete width  Normal 1.00 0.02 [13] 

Concrete depth  Normal 1.00 0.02 [13] 

Glulam depth  Normal 1.00 0.01 [14] 

Glulam width  Normal 1.00 0.01 [11] 

Span  Normal 1.00 0.02 [10] 

Connector spacing  Normal 1.00 0.02 [10] 

For timber shear, the reliability index  ranges from 1.99 
to 2.62 for all the designed TCC systems considered. The 
average  is 2.42, with reliability indices exhibiting 
minimal variation (cov=0.046). The reliability indices for 
the timber shear limit state are significantly lower than 
the target reliability index , indicating that the 
current design provisions for timber shear in TCC floors 
may not provide adequate safety margins.  

Fig. 4(a), (b), and (c) illustrate the variation of  with 
increasing live load for TCC systems with different 
concrete slab thickness, beam spacing and connector 
spacing, respectively, while keeping other design 
parameters constant. The red dashed line in Fig. 4 is the 
target reliability index. The results show that  decreases 
slightly as the concrete slab thickness increases, though 
this reduction is less pronounced at higher live loads. For 
example, for , the difference in  between 

 and  is 0.24, whereas for 
, the difference is only 0.06. Additionally, 

as concrete thickness increases, a larger glulam cross-
section is required to resist the TCC shear force, leading 
to an overall increase in the self-weight of TCC floors. 
However, at higher live loads, the self-weight 
contribution becomes relatively small compared to the 
total load effect, leading to a diminishing influence on . 

The results also indicate that, compared to concrete slab 
thickness, variations in beam spacing and connector 
spacing have a limited impact on  in the timber shear 
limit state in general. Notably, the  value for the design 
case with  and  deviates 
significantly from other cases. This is because under 
these conditions the factored resistance exceeds the 
factored load effect with a relatively low LR ratio (i.e., 
much less than 1.0), even with the smallest glulam cross-
section (80mm 114mm) available in the industry, 
resulting in a higher reliability index.  

(a)

(b)

(c)
Fig. 4  vs live load for different design parameters: a) concrete 

slab thickness, b) beam spacing, and c) connector spacing 
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To provide insights into the calculated probability of 
failure, MCS is used to simulate the probability 
distributions of resistance and load effects for several 
design cases. Fig. 5 illustrates the probability density 
functions (PDFs) of resistance and load effect. The red 
lines represent shear resistance, while the blue lines 
represent maximum shear force in the TCC. Fig. 6 
illustrates the PDFs of resistance minus load effect 

. The probability of failure can be visually interpreted 
as the area under the PDF curve where the values are less 
than zero, indicating cases where the load effect exceeds 
the resistance. 

For the timber shear limit state of the designed TCC 
systems, both resistance and load effect increase as 
concrete slab thickness increases, as shown in Fig. 5(a). 
A thicker concrete slab contributes to a higher load effect 
due to the increased self-weight of the concrete, resulting 
in a rightward shift in the PDF of the load effect. At the 
same time, resistance also increases because a thicker 
slab necessitates a larger glulam cross-section, thereby 
improving the shear resistance of the TCC floor. Fig. 6(a) 
further illustrates the shifts of PDFs of  rightwards 
for different concrete slab thicknesses. The PDF of 

 for the case with  exhibits a fatter bell-
shaped curve, with the centre shifted to the right. Due to 
the heavier tail in the PDF of  for the case with 

, the probability of failure, indicated by the 
area under the PDF curve on the left of vertical axis, is 
higher for . As a result, Fig. 4(a) shows a 
slight reduction in the reliability index as concrete slab 
thickness increases. Although the additional resistance 
from the thicker concrete slab mitigates some of the 
adverse effects of the increased load, it does not fully 
compensate for them, leading to a moderate decrease in 
structural reliability. 

Similarly, both shear resistance and load effect for the 
designed TCC systems increase as beam spacing 
increases, as shown in Fig. 5(b). Note that the resistance 
of the designed TCC floor system naturally increases in 
response to the increased load effect. As illustrated in Fig. 
6(b), a similar trend is observed when increasing the 
beam spacing for the PDFs of , compared to when 
increasing concrete slab thickness. It shows a slight 
reduction in the reliability index as the beam spacing 
increases. This implies that the increase in load effect is 
counterbalanced by the corresponding increase in 
resistance, leading to only a minor reduction in the 
reliability index. 

In contrast, variations in connector spacing, as shown in 
Fig. 5(c), exhibit only a minor influence on the shear 
resistance and load effect of the designed TCC systems 
in the timber shear limit state. As illustrated in Fig. 6(c), 
the PDFs of both resistance and load effect remain 
relatively unchanged across different connector spacing 
values, indicating that the effect on the reliability of the 
TCC floor under the timber shear limit state is minimal. 
Note that  represents the composite action of TCC 
floors, where a higher value indicates stronger composite 
behaviour. In the analysed design cases of Fig. 5(c),  
are equal to 0.64 and 0.23 when the connector spacings 

are 100 mm and 500 mm, respectively. It can be observed 
that as connector spacing decreases, the composite action 
increases. However, this primarily affects the overall 
bending stiffness, while its influence on TCC shear 
resistance and shear load effects remain relatively small. 

(a) 

(b)

(c) 
Fig. 5 PDFs of resistance and load effect for different design 

parameters: a) concrete slab thickness, b) beam spacing, and c) 
connector spacing 

(a) 
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(b)

(c) 
Fig. 6 PDFs of resistance minus load effect (R-S) for different 

design parameters: a) concrete slab thickness, b) beam spacing, 
and c) connector spacing 

The reliability indices for TCC floors under shear limit 
state were found to be significantly lower than the target 
level, raising concerns about whether this is due to the 
presence of concrete or the shear design provisions of 
glulam beams. To further investigate this, the next 
section examines the shear reliability of pure glulam 
beams. 

5.2 RELIABILITY OF GLULAM BEAMS 
CONSIDERING SHEAR LIMIT STATE 

This section conducted independent reliability evaluation 
of pure glulam beams, following the same methodology 
used for TCC floors, but without the influence of the 
concrete slab. 

The results show that the reliability index  ranges from 
2.13 to 2.57 across all the designed glulam beams, which 
is below the target reliability index. Fig. 7 illustrates the 
variation of  for glulam beams under different live load 
and beam spacing configurations. The figure shows that 
the reliability index varies little across different live 
loads. Additionally, the effect of beam spacing ( ) on  
is minimal, in spite of a slight decrease in reliability. 

It can be seen that even without the influence of concrete, 
the reliability index for shear failure of glulam beams was 
still lower than the target reliability index of 3.5 when 
using . This suggests that the low reliability 
issue of the designs with respect to timber shear failure 
not only exists for TCC floors but also for glulam beams. 

Fig. 7  vs live load for different beam spacing (L=8m)

5.3 RECOMMENDED TIMBER SHEAR 
RESISTANCE FACTOR IN TCC FLOORS 

As pointed out earlier, a resistance factor of  as 
specified in CSA O86-24 [5] for the timber shear limit 
state both in TCC floor and pure glulam beam design fails 
to meet the target reliability level prescribed in CSA 
S408-11 [6]. Thus, a more appropriate resistance factor 

 associated with the glulam shear design equation 
needs to be proposed aiming to achieve the desirable 
reliability level . To this end, different 
resistance factors are used for design and the reliability 
levels achieved are evaluated. Fig. 8 illustrates reliability 
indices corresponding to different values of resistance 
factor  in timber shear limit state for a TCC floor. It 
can be observed that as  increases, reliability index 
decreases. Table 4 presents the reliability results of all 
design cases for the timber shear limit state when 
different values of  are used, with the mean value 
shown in parentheses. The results indicate that the 
reliability indices in all TCC floor cases can achieve the 
target reliability level when . Furthermore, the 
reliability index of pure glulam beams considering shear 
limit state ranges from 3.56 to 3.70 across all designed 
glulam beams, suggesting that a lower resistance factor 
may be necessary to achieve sufficient shear reliability. 
Therefore,  is deemed more appropriate for the 
TCC design against the timber shear failure to reach the 
required safety level specified in CSA S408-11 [6]. 

Fig. 8  vs resistance factor of timber  
( ) 
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Table 4 Reliability results in timber shear limit state for different  

  (Mean) cov 

0.9 1.99~2.67 (2.42) 0.047 

0.85 2.29~2.94 (2.71) 0.038 

0.8 2.60~3.23 (3.03) 0.030 

0.75 3.05~3.54 (3.36) 0.023 

0.7 3.42~3.88 (3.71) 0.018 

6 – CONCLUSION 

This study presented a reliability evaluation of TCC 
floors designed according to CSA O86-24, with a focus 
on timber shear failure. The reliability indices obtained 
using FORM demonstrated that the current resistance 
factor of  results in a reliability index lower than 
the target level prescribed for brittle failures in CSA 
S408-11.  

Additionally, the parametric studies revealed that 
increasing concrete slab thickness slightly reduces the 
reliability index, whereas variations in glulam beam 
spacing and connector spacing have a negligible impact 
on the reliability level when the same design provisions 
are followed.  

An additional analysis on glulam beams without concrete 
was conducted and the results showed that pure glulam 
beams also exhibited low shear reliability at , 
suggesting that the reduced reliability in TCC floors was 
not solely due to the presence of concrete in TCC 
systems. 

As such, a reduced resistance factor of  is 
recommended for glulam shear design in TCC floors in 
order to achieve the desired safety margin.  

Similar reliability assessments for other limit states, 
including timber bending, concrete bending, concrete 
shear and connection shear failure, as well as for 
serviceability limit states, have been conducted to 
establish a comprehensive reliability-based design for 
TCC floor systems. These results will be reported in 
future publications. 

7 – ACKNOWLEDGEMENTS 

The authors would like to thank the Chinese Scholarship 
Council (CSC) for providing a scholarship to the first 
author. 

8 – REFERENCES 

[1] A. Dias, J. Skinner, K. Crews, and T. Tannert,
Timber-concrete-composites increasing the use of
timber in construction, Eur. J. Wood Wood Prod.,
vol. 74, no. 3, pp. 443–451, May 2016.

[2] M. A. H. Mirdad, Y. H. Chui, D. Tomlinson, and Y.
Chen, Bending stiffness and load–deflection
response prediction of mass timber panel–concrete
composite floor system with mechanical connectors,
J. Perform. Constr. Facil., vol. 35, no. 5, p.
04021052, Oct. 2021.

[3] L. Zhang, J. Zhou, Y. H. Chui, and D. Tomlinson,
Experimental investigation on the structural
performance of mass timber panel-concrete
composite floors with notched connections, J.
Struct. Eng., vol. 148, no. 2, p. 04021249, Feb. 2022.

[4] M. A. H. Mirdad, Structural Performance of Mass
Timber Panel-Concrete (MTPC) Composite Floor
System with Inclined Self-Tapping Screws and an
Insulation Layer, Ph.D. dissertation, Dept. Civ.
Environ. Eng., Univ. Alberta, Edmonton, AB,
Canada, 2020.

[5] CSA O86:24, Engineering Design in Wood, Canadian
Standards Association, Toronto, ON, Canada, 2024.

[6] CSA S408-11, Guidelines for the Development of
Limit States Design Standards, Canadian Standards
Association, Mississauga, ON, Canada, 2011.

[7] S. Cuerrier-Auclair, Design Guide for Timber-
Concrete Composite Floors in Canada, Special
Publication SP-540E, FPInnovations, Pointe-Claire,
QC, Canada, 2020.

[8] Canadian Commission on Building and Fire Codes,
National Building Code of Canada, National
Research Council of Canada, Ottawa, ON, Canada,
2020.

[9] F. M. Bartlett, H. P. Hong, and W. Zhou, Load Factor
Calibration for the Proposed 2005 Edition of the
National Building Code of Canada: Statistics of
Loads and Load Effects, Can. J. Civ. Eng., vol. 30,
no. 2, pp. 429–439, Apr. 2003.

[10] JCSS, Probabilistic Model Code, Joint Committee
on Structural Safety (JCSS), 2001.

[11] D. Rosowsky, D. S. Gromala, and P. Line,
Reliability-based Code Calibration for Design of
Wood Members using Load and Resistance Factor
Design, J. Struct. Eng., vol. 131, no. 2, pp. 338–344,
Feb. 2005.

[12] Mirdad MA, Chui YH. Stiffness prediction of Mass
Timber Panel-Concrete (MTPC) composite
connection with inclined screws and a gap.
Engineering Structures. 2020 Mar 15;207:110215.

[13] B. Ellingwood, Reliability Basis of Load and
Resistance Factors for Reinforced Concrete Design,
NBS Building Science Series 110, National Bureau
of Standards, Washington, DC, USA, 1978.

[14] T. Toratti, S. Schnabl, and G. Turk, “Reliability
Analysis of A Glulam Beam,” Struct. Saf., vol. 29,
no. 4, pp. 279–293, Oct. 2007.

[15] I. Drummond, A. Kermani, and S. C. Wamuziri,
Reliability of Timber Structural Systems: A Review,

3921 https://doi.org/10.52202/080513-0478



Proc. Inst. Civ. Eng. Struct. Build., vol. 146, no. 1, 
pp. 101–108, Feb. 2001. 

[16] Z. Li, X. Zheng, C. Ni, D. Tao, and M. He,
Reliability-based Investigation Into the Duration of
Load Effect for the Design of Timber Structures
Based On Chinese Standard, Struct. Saf., vol. 87, p.
102001, Nov. 2020.

[17] M. Schick and W. Seim, Overstrength Values for
Light Frame Timber Wall Elements Based on
Reliability Methods, Eng. Struct., vol. 185, pp. 230–
242, Apr. 2019.

[18] H. S. Sousa, J. S. Machado, J. M. Branco, and P. B.
Lourenço, Onsite Assessment of Structural Timber
Members by Means of Hierarchical Models and
Probabilistic Methods, Constr. Build. Mater., vol.
101, pp. 1188–1196, Dec. 2015.

3922https://doi.org/10.52202/080513-0478




