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Abstract: Plasterboard panels attached to cold-formed steel trough screw connections are commonly used in prefabricated and modular
building construction. Building modules are built in a factory as panelized or volumetric units and then delivered to site for assembly. Those
modules experience different loading scenarios during lifting and transportation that may cause damages to nonstructural elements such as
plasterboard panels and their connections. Therefore, the connection capacity of plasterboard to steel becomes an important design consideration for modular buildings. This paper presents an experimental and analytical study of the load capacity of such screw connections. Bearing
tests were ﬁrst conducted to examine the bearing behavior of plasterboard with screw shanks or metal strips as the bearing components. The
connection performance with different screw sizes was then studied through single-lap shear tests. Finally, as validated by the experimental
results, an analytical formulation was proposed based on the concept of equivalent diameter for the estimation of connection capacity. DOI:
10.1061/(ASCE)AE.1943-5568.0000338. © 2018 American Society of Civil Engineers.
Author keywords: Modular construction; Plasterboard; Screw; Bearing strength; Connection capacity; Cold-formed steel.

Introduction
Plasterboard (also referred to as gypsum board) is a construction
material composed of a lightweight gypsum core sandwiched
between paper linerboards (Kolaitis et al. 2014) and is commonly
used for interior ceilings and interior wall panels in a building (Ang
and Wang 2009). In modular construction, which is an emerging
construction technique featuring onsite assembly of prefabricated
modular units (panelized or volumetric) (Lawson et al. 2014), the
employment of cold-formed steel frames with preinstalled plasterboard panels is a common practice, particularly for residential and
commercial buildings (Telue and Mahendran 2001). Fig. 1 shows
an example of steel-framed building modules with plasterboard
panels manufactured in a factory [Fig. 1(a)], during transportation
[Fig. 1(b)], and a completed modular building [Fig. 1(c)]. Besides
the convenience of their installation, low cost, and high quality
(Boyd et al. 2012), such systems also bring beneﬁts to the acoustic
performance (Fausti et al. 1999) and ﬁre protection (Chen et al.
2012, 2013, 2014; Vimmrová et al. 2011) of a modular building.
In particular, the connections of plasterboard panels have
become an important design consideration for manufactured modular buildings due to the panels’ high vulnerability to racking action
during handling, transportation, and lifting before ﬁnal assembly.
During these processes, the connections of plasterboard panels are
subjected to various loading scenarios that are not considered in traditional onsite construction. Consequently, it has been reported
from modular construction practices that building modules were
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found with certain damages after transportation (Lift Holdings Pty
Ltd. 2017). Such damages may make the modules unusable in the
service phase of a building, resulting in extra losses and costs for
construction projects. Typically, such damage is in form of cracking
in the plasterboard panels, particularly around windows or doors, or
in the form of connection failure (Corvetti et al. 2004). It follows
that the mechanical performance of plasterboard panels and their
connections plays a fundamental role in preventing them from damage during possible loading scenarios (Golledge et al. 1992).
Screws, alone or in conjunction with acrylic adhesive, are typical
connections for plasterboard panels attached to steel framing.
Studies have been conducted to understand the mechanical performance of screw connections between plasterboard and structural
framing. The typical failure modes identiﬁed by Veljkovic and
Johansson (2006) were bearing failure for screws installed in the
central region of plasterboard in light steel framing and pullout failure (of gypsum material) for screws near the edge of plasterboard.
The mechanism of pullout failure for edge screw connections has
been investigated through experiments at both component (Fiorino
et al. 2007; Serrette et al. 1997) and structural levels (Memari et al.
2009; Serrette et al. 1997). For the bearing mode, bearing and shear
tests were conducted by Liew et al. (2004) based on connections
between timber framing and different types of plasterboard with
screws or nails of different sizes. A linear correlation was revealed
between the bearing capacity and the shear capacity of fastener connection. Furthermore, experimental studies (Liew et al. 2006;
Serrette et al. 1997) showed that the racking performance of plasterboard was governed by the connection capacity, and the results
from component-level testing were indicative of the connection performance at a structural level. Accordingly, connection behavior
could be incorporated in a full structural analysis for more comprehensive modeling. In the work of Liew et al. (2005), a mathematical
model was developed to predict the racking performance of a steel
frame structure incorporating plasterboards and their connections,
showing good agreement with the results of ﬁnite-element modeling. The connection model was deﬁned by the available experimental load-displacement relationship in terms of the shear behavior after multilinear approximation.
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Fig. 1. Steel-framed building modules with plasterboard panels: (a) manufactured in a factory; (b) during transportation; and (c) in a completed modular building. (Images by authors.)

Although results reported in the literature, such as connection
performance under shear loading, are valuable for the quality handling and transportation of building modules in modular construction, they are still limited with respect to certain type of screws and
with a focus on the effects on the overall racking performance. The
connection capacity for plasterboard panels to cold-formed steel
studs with different screw sizes has not yet been well quantiﬁed,
and no sound analytical formulation has been developed to describe
the bearing resistance of screws between plasterboards and steel
studs. Again, these features are important in supporting the design
of building modules for various new loading scenarios.
In this paper, an extensive experimental study is presented to
deepen understanding of the bearing behavior of plasterboard–
screw connections. First, bearing tests with two different bearing
components were implemented to quantify the bearing strength of
the plasterboard. Then, single-lap shear tests were performed using
different screw sizes to analyze the bearing capacity of the connection. On the basis of the failure mechanisms and load-displacement
behaviors obtained from the experiments, an analytical formulation
was proposed to describe the screw connection capacity between
plasterboards and cold-formed steel studs. The formulation was
developed based on a general form of design equations for bearing
resistance of screw connections while also taking into account the
equivalent diameter of screws for the actual contact area between
screw and plasterboard. The results presented may assist the design
of building modules subjected to loading during handling, transportation, lifting, or other high-risk phases before being fully installed.

Experimental Program

linerboards) of 570 kg/m3 and density of the paper linerboards of
about 700 kg/m3 were used as a common type in modular building
construction. The following material properties were determined
experimentally. The compressive strength was 3.4 MPa [coefﬁcient of variation (COV) = 5.4%] according to ASTM C472
(ASTM 1999). The tensile strengths were 2 MPa in the longitudinal
direction (COV = 7%) and 0.8 MPa in the transverse direction
(COV = 12.9%), and the corresponding tensile modules were
2,159 MPa (COV = 11.6%) in the longitudinal direction and 1,636
MPa (COV = 8.4%) in the transverse direction, measured with the
testing setup proposed by Benouis (1995). The fasteners were selfdrilling screws hardened conforming to AS 3566.1 (SAA 2002), in
three different speciﬁcations, 6, 8, and 10 gauge (here referred to as
6, 8, and 10 G, respectively). The overall length was 25 mm for the
6 G screws and 30 mm for the 8 G and 10 G screws, ensuring that
the screws could fully penetrate through the panel. The 6, 8, and
10 G screws had bugle head, self-embedding, and countersank
head, respectively, and they all had a self-drilling point. Screws
were made of carbon steel grade 1022 with zinc-plated coating.
Furthermore, 6 and 8 G screws were type BSD, and screw 10 G
was type CSD as per AS 3566.1 (SAA 2002), where BSD are
screws with spaced threads and type CSD are screws with threads of
uniﬁed national coarse (UNC) machine screw diameter-pitch combinations. Such screw types were designed to penetrate the metal
stud without the need for a predrilled hole.
Two different bearing component types were used in the bearing
tests, namely the shank portion of a 6 G screw and a metal strip
(MS) 2.9 mm in width. The width of the MS was chosen as the average value of the external and internal diameters of the 6 G screw.
For the single-lap shear connection tests, cold-formed steel 2 mm in
thickness and grade 250 was used as the connecting parts.

Materials
Plasterboard panels (supplied by Gyprock, Melbourne, Victoria)
of standard grade suitable for internal application 10 mm in thickness with the nominal density of the panel (gypsum core with
© ASCE

Specimens and Experimental Setup
As mentioned, two test scenarios were conducted, namely bearing
tests of the plasterboard panels and shear tests of the screw
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Fig. 2. Schematic setup of bearing test: (a) using a 6 G screw drilled in (DS) with front view on left and side view on right; and (b) using a metal strip
(MS) in front view.

(b)

Fig. 3. Experimental setup for single-lap shear connection tests:
(a) specimens conﬁguration in front view; and (b) rear view.

connections between plasterboard panels and cold-formed steel
studs in a single-lap conﬁguration. Plasterboard specimens were
prepared measuring 100  100 mm for the bearing tests and 200  300 mm for the screw connection tests. All plasterboard specimens were sampled in the central region of a large panel, at least
100 mm away from the edge in accordance with AS 2588 (SAA
1998) for consistency of the intended mechanical properties.
Figs. 2(a and b) show the setups for the two types of bearing test
(DS for drilled screw and MS) of the plasterboard panels. For the
ﬁrst type [DS; see Fig. 2(a)], the load was applied to the two ends of
a 6 G screw drilled through a rigid bracket to investigate the bearing
behavior of plasterboard under the contact pressure induced by the
screw shank. A similar setup was employed by Liew et al. (2004),
which was designed as per ASTM D5764 (ASTM 2013) originally
for bearing tests for fastener connections to wood. For the second
type [MS; see Fig. 2(b)], the bearing pressure was applied through a
2.9-mm-wide MS across the top of the plasterboard specimens. A
total of eight specimens were tested, four for each type of bearing
test scenario. The tests were conducted using a 50-kN Instron
machine (Instron, Melbounrne, Victoria) at a displacement rate of
2 mm/min. During testing, the plasterboard specimens were
restrained between two metal blocks to avoid any lateral movement. The vertical displacement of the bearing component (DS or
© ASCE

MS) and the corresponding load level were constantly recorded
during the tests.
Fig. 3(a) shows the specimens in the single-lap shear connection
tests, modiﬁed from Liew et al. (2004). As illustrated, each specimen consisted of a plasterboard panel with a bottom steel plate
attached by a self-drilling screw and a top steel plate attached by
two M6 hex bolts. The bolt connection in the top steel plate was
overdesigned in order to focus and observe damages on the screw
connection only. The specimens (ﬁfteen in total) were grouped in
ﬁves for each type of screw (6, 8, and 10 G). The screws were installed using a power tool. Figs. 3(a and b) show the testing setup
for the shear connection tests, which were conducted using a 50-kN
Instron testing machine at a displacement rate of 2 mm/min. The top
and bottom steel plates of the specimens were clamped by the grip
jaws of the machine using the gripping length of 50 mm to ensure
effective ﬁxation. The relative displacement between the bottom
steel plate and the plasterboard panel at the screw location was
measured using an MTS LX500 Laser Extensometer (MTS
Systems Corporation, Chatswood, New South Wales), with the
points of measurement of a 20 mm distance (locations of reﬂective
tapes) as indicated in Fig. 3(b).

Experimental Results
Failure Modes Observed from Bearing and Shear
Connection Tests
Figs. 4(a and b) show the typical failure modes from the bearing
tests in which similar observations were obtained regardless of the
type of bearing component (DS or MS). In each case, the process of
bearing failure involved crushing of the gypsum core in compression, tearing of the linerboards at the side edges of the contact surface, and accumulation of failed linerboards beneath the bearing
component, as highlighted in Figs. 4(a and b). With further increase
in the applied load, hole extension was observed under the contact
surface, as shown in both Figs. 4(a and b). No failure was observed
on the bearing components consisting of screw and MS.
Figs. 5(a and b) show the failure modes from the screw connection tests under different installation qualities. When the screw was
properly installed, as seen from Fig. 5(a), the bearing failure was
induced in a fashion similar to the foregoing description, including
compression crushing of the gypsum core, tearing of the linerboards, and hole extension. No signiﬁcant misalignment or ﬂexural
deformation of the screw was observed. In comparison, for overdriven screws, as shown in Fig. 5(b), the screwhead could travel
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Fig. 4. Typical failure mode of plasterboard specimens from bearing test using (a) drilled screw (DS); and (b) metal strip (MS).
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Fig. 5. Typical failure modes from single-lap shear connection tests using screws when (a) correctly installed; and (b) overdriven.

into the interface between the gypsum core and the linerboard, leaving one of the linerboards unengaged to the bearing resistance. As a
result, for specimens exhibiting this type of failure, lower joint
capacity (up to 16%) could be obtained (due to the lower contribution from the linerboard) compared to the cases in which screws
were properly installed. With loose screws (not fully driven), the
joint capacity could be reduced by up to 23%, due to the lack of conﬁnement effect from the screwhead. In the following discussion, the
results from those specimens were excluded in the characterization
of connection capacity.
Load-Displacement Curves from Bearing Tests
Figs. 6(a and b) show the load-displacement curves from bearing
tests with DS and MS, respectively, as the bearing components.
Similar trends were observed regardless of the type of bearing component. In the initial stage of the load-displacement curves, all
specimens exhibited linear elastic deformation up to about 163 N
for scenario MS or 167 N for scenario DS. After the initial linear
stage, a signiﬁcant reduction in stiffness (by 83 to 93%) was
observed, accompanied by a noticeable ﬂuctuation in the residual
load. This corresponded to the progressive damage of the plasterboard material underneath the bearing surface. For both DS and MS
scenarios, the damage did not lead to loss of load-carrying capacity,
due to the residual resistance by the crushed gypsum beneath the
bearing components.
Fig. 6(c) shows typical load-displacement behavior of bearing
tests of plasterboards, with the damage limit indicated in the ﬁgure.
This limit was deﬁned as the onset of nonlinear behavior, namely
the intersection between the load-displacement curve and its tangent within the linear stage, corresponding to the initiation of damage in the plasterboard. In the bearing tests, it could be difﬁcult to
deﬁne a maximum bearing capacity due to the constant increase in
load-carrying capacity after the onset of damage, even up to displacements as large as 5 mm.

stage. This linear stage lasted to 193 N for 6 G, 257 N for 8 G, and
328 N for 10 G screws. The slopes of the linear responses indicate
connection stiffness of 1,041 N/mm for 6 G, 738 N/mm for 8 G, and
689 N/mm for 10 G screw connections. Relatively greater variation
was observed for connection stiffness than for connection capacity,
particularly when small screws were used, due to the inhomogeneity of the gypsum material with the presence of random micropores
or defects (see Table 1 for the COV values).
In Figs. 7(a–c), the characteristic load levels are indicated. As in
the bearing tests, the screw connection capacity at the damage limit
(Fc,d) was deﬁned according to the intersection point between the
load-displacement curve and the tangent of the elastic stage. The
load at damage limit corresponded to initiation of damages in
the gypsum core, while tearing of the paper linerboard was not yet
detected.
After Fc,d, the load continued to increase with reduced stiffness
until the ultimate load (Fc,u, the maximum load measured during the
tests) was reached. Again, the damage around the screw hole did
not lead to signiﬁcant loss of load-carrying capacity, due to the residual resistance from the crushed gypsum and the torn linerboards
accumulated beneath the fastener, similar to the mechanisms
observed in the bearing tests. However, compared with the bearing
tests in which the load increased continuously after the damage
limit, even at a high displacement [see Figs. 6(a–c)], a load plateau
was observed in the connection tests after the damage limit was
reached. This may be attributed to the higher loads associated with
higher levels of damage during the later stage of the connection
tests. When the ultimate load was reached, the plasterboard experienced the typical failure mode involving crushing of the gypsum
core, tearing of the linerboards, and hole extension.

Estimation of Screw Connection Capacity
Equivalent Diameter

Load-Displacement Curves from Shear
Connection Tests
Figs. 7(a–c) show the load-displacement behavior of screw connections between plasterboard and steel studs using 6, 8, and 10 G
screws, respectively. As seen from Figs. 7(a–c), all specimens
exhibited approximately linear elastic behavior during the initial
© ASCE

On the basis of the load-displacement responses in association with
the corresponding failure modes and mechanisms observed, it
became necessary to introduce an equivalent diameter as an essential geometric parameter to account for the actual contact area
between screw and plasterboard. Figs. 8(a–c) illustrate the quantiﬁcation of the equivalent diameter to be used for different contact
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Fig. 6. Load-displacement curves from bearing tests for loading scenarios with (a) drilled screw (DS); (b) metal strip (MS); and (c) typical loaddisplacement curve from bearing test with drilled screw (DS).

Fig. 7. Load-displacement curves from shear connection tests with characteristic load levels using screws type (a) 6 G; (b) 8 G; and (c) 10 G.

scenarios. Fig. 8(b) corresponds to the connection tests with properly installed screws (with head in contact with plasterboard).
Fig. 8(c) corresponds to the scenario DS of bearing tests where the
bearing pressure came from the screw shank only. As illustrated in
Figs. 8(a and c), the equivalent shank diameter (deq,shank) was determined as the diameter of an equivalent roller with an external surface [highlighted by thicker lines in Fig. 8(c)] identical to the actual
surface of the screw shank considering the threads [highlighted in
Fig. 8(a)]. Similarly, the deﬁnition of equivalent diameter (deq) is
illustrated in Figs. 8(a and b) based on a 6 G screw as an example. It
was found that the equivalent diameter increased by 16% when the
contact surface of the screwhead was included.
Bearing Strength
For scenario DS, the bearing strength (fb,d) could be determined by
Eq. (1) in conjunction with the use of an equivalent diameter,
namely
fb;d ¼

Fb;d
ðfor scenario DSÞ
deq;shank  t

(1)

where Fb,d = applied load at the damage limit; deq,shank = equivalent
screw shank diameter for scenario DS; and t = thickness of the plasterboard panel.
© ASCE

Fig. 8. Screw type 6 G (a) full geometry; (b) equivalent roller dimensions of the screw (screwhead and screw shank); and (c) equivalent
roller dimensions of screw shank.
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Similarly, the bearing strength for scenario MS could be determined by Eq. (2), with the contact area determined by the width of
the strip (w) multiplied by the thickness (t) of the plasterboard panel,
namely
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fb;d ¼

Fb;d
ðfor scenario MSÞ
wt

(2)

In this way, the bearing strength determined at the damage limit
(fb,d) was 6.3 MPa for scenario DS and 5.6 MPa for scenario MS,
with a difference of only 11%. This result may imply that the bearing strength of a plasterboard could be characterized using the concept of contact surface based on a simpler setup such as a MS with a
similar width to the equivalent diameter of the screw despite the different contact proﬁle. That conclusion is also supported by the similar load-displacement response resulting from the different bearing
components because the overall bearing behavior is determined by
both the gypsum core and the linerboards (which were less affected
by the contact proﬁle). Furthermore, the result indicates that the
actual contact area resulting from the screw proﬁle can be effectively characterized based on an equivalent diameter. It should be
noted that the bearing capacity obtained takes into account the
effects of all the components of the plasterboard panels including
linerboards and gypsum core. Consequently, the values given of
bearing strength at damage limit may be valid only for the 10-mm
Gyprock plasterboard panel employed in this study, and this value
may vary for plasterboard panels with different thicknesses, gypsum compositions, and quality of the paper layers.

Fc;d ¼ fb;d  deq  t

(3)

where fb,d = bearing strength obtained from a bearing test of the connecting material (i.e., plasterboard panel in this study); t = thickness
of the connecting material; and deq = equivalent diameter of the
screw as deﬁned in Fig. 8(b), taking into account the actual contact
surface area. Based on the measurements and manufacturer speciﬁcations, the values of deq were determined as 3.17 mm for the 6 G
screw, 3.95 mm for the 8 G screw, and 5.05 mm for the 10 G screw.
Table 1 compares the experimental results of the connection
capacity at both damage (Fc,d) and ultimate limit (Fc,u) from the
connection tests and the corresponding estimated values based on
Eq. (3). It can be seen that the differences in connection capacity
(estimated and experimental) are insigniﬁcant, with the ratio
between the estimated and experimental values ranging from 0.96
to 1.03.
It is noted that the calculations using the external diameter (dext)
in both bearing strength and connection capacity underestimate the
former by about 20% and the latter by 10 to 30% for the parameters
investigated in this study, although such calculations based on the
external diameter are often used, such as for the bearing resistance
of bolted connections in steel members (CEN 2005). This may be
mainly because of the differences in material properties: in particular, steel is signiﬁcantly harder than gypsum, and as a consequence,
such connections in steel members cannot develop the same full
contact surface area as screws in plasterboard members. It is therefore more reasonable and accurate in this study to consider the
actual contact area between the screw and plasterboard and also to
include the contact from the screwhead region.

Formulation for Connection Capacity
The screw connection capacity (Fc,d) on plasterboard can be formulated in a form similar to the foregoing, based on the bearing resistance of the plasterboard. This approach is also commonly used for
screw and bolted connections in wood structures (AWC 2015) and
in steel structures (CEN 2005), modiﬁed with the introduction of
the equivalent diameter as formulated in Eq. (3).

Further Discussion
Fig. 9(a) shows the relationship between the experimental connection capacity at the damage limit (Fc,d) and the equivalent diameter
of the screws (deq) investigated, with the error bar representing the
range of the test results. As seen from Fig. 9(a), good linear correlation (R2 = 0.98) was obtained, supporting of the use of equivalent

Table 1. Comparison of estimated and test results from connection tests
Screw type
6G
8G
10 G

Experiment Fc,d (N)

Experiment Fc,u (N)

Estimation Fc,d (N)

Comparison of Fc,d (Estimated/Exp.)

193 (16.4%)
257 (6.4%)
328 (6.0%)

442 (5.0%)
451 (3.3%)
505 (7.6%)

199.0
248.3
317.4

1.03
0.96
0.97

Note: Numbers in brackets are COV of test results.

Fig. 9. Correlation between (a) experimental values of screw connection capacity at damage limit and equivalent screw diameter; and (b) percentage
of load increment from damage to ultimate limit and ratio of screwhead to root diameter (dhead:droot).

© ASCE
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diameter in the proposed formulation. Moreover, the percentage of
load increment from the damage limit to the ultimate limit is also
calculated, with the range from 35 to 56%. Fig. 9(b) shows the relationship between the load increment (i.e., from damage limit to ultimate limit) and the dhead:droot ratio, indicating good linear correlation (R2 = 0.97). This ﬁnding suggests that the amount of load
increment may be correlated to the lateral conﬁnement effect
afforded by the screwhead (characterized by the dhead:droot ratio),
such that a higher load increment was obtained for the screws with a
higher dhead:droot ratio.

consideration of the screwhead. If the contribution of the
screwhead was not considered, underestimation the connection capacity by up to 30% resulted.
The formulation was developed for screw connections between
plasterboard panel and cold-formed steel stud located in the center
at spacing of 100 mm or more than which experienced bearing failure when subjected to shear load. This may assist the design practices of such connections in building modules, protecting the modules from potential damage due to handling, transportation, lifting,
or other high-risk phases that may be experienced before the installation process.

Conclusions
Downloaded from ascelibrary.org by Monash University on 05/22/19. Copyright ASCE. For personal use only; all rights reserved.
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This paper has presented an experimental and analytical investigations of the screw connections between plasterboard and coldformed steel studs commonly used in modular building construction. In the experimental program, bearing tests were ﬁrst conducted
to investigate the bearing behavior of plasterboard using two different bearing components, screw shank and MS. Further, the behavior
of screw connections between plasterboard and cold-formed steel
studs was investigated through single-lap shear tests with different
screw sizes (6, 8, and 10 G). Based on the understanding gained
from the experimental investigation, an analytical formulation was
proposed for estimation of the capacity of screw connections on
plasterboard in conjunction with the concept of equivalent diameter.
The following conclusions can be drawn from the present study:
(1) Similar mechanical responses were observed from the bearing
tests with screw shanks and MS. In both scenarios, the failure
process on the plasterboard involved compression crushing of
the gypsum core, tearing of the linerboards, and hole extension. The load-displacement behavior exhibited a linear elastic
stage until the damage limit (167 N for DS and 163 N for MS)
and then a further load increase with reduced stiffness. The
plasterboard damage did not lead to loss of load-carrying
capacity, even at a large applied displacement of more than
5 mm for the scenario with a DS.
(2) From the shear connection tests, the failure mode associated
with a screw installed in the central region of the panel was
bearing failure of the plasterboard. No failure was observed in
the screw or the connecting steel plate. Compared to the bearing tests with the 6 G screw shank, the damage limit for connection with the 6 G screw was 56.2% higher, due to the
presence of the screwhead, which provided additional contact
area with the plasterboard and further lateral pressure to the
plasterboard. Those effects were also identiﬁed as key determinants of the connection capacity at the ultimate limit, and
the load increment (from damage to ultimate limit) was found
to be directly proportional to the ratio of head diameter to root
diameter of the screws.
(3) The connection capacity was affected by the quality of the installation. In comparison to properly installed screws, the
reduction in connection capacity could be up to 16% for overdriven screws, due to one of the linerboards being unengaged
against the bearing load, and 23% for a loose screw, due to the
lack of beneﬁcial lateral pressure from the screwhead.
(4) The connection capacity at the damage limit can be estimated
through the proposed approach through the concept of equivalent diameter, showing good comparison with experimental
results. It was also demonstrated that the actual contact area in
different scenarios can be characterized effectively based on
the equivalent diameter for evaluation of the bearing strength
of plasterboard using a screw shank, as well as the screw connection capacity between plasterboard and steel stud with
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Notation
The following symbols are used in this paper:
deq ¼ equivalent screw diameter;
deq,shank ¼ equivalent screw shank diameter;
dext ¼ external diameter of the screw shank;
dhead ¼ diameter of the screwhead;
droot ¼ root diameter of the screw shank;
Fb,d ¼ bearing load at damage limit;
fb,d ¼ bearing strength of plasterboard at damage limit;
Fc,d ¼ screw connection capacity at damage limit;
Fc,u ¼ screw connection capacity at ultimate limit;
t ¼ thickness of plasterboard panel;
R2 ¼ coefﬁcient of determination; and
w ¼ width of the metal strip.
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