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Experimental Study of the Behavior of Box Floor with
Orthogonal Ribbed Beams by Poplar LVL

Hongwei Ma,? Anlian Wang,? Jialong Ji,® Yan Liu,>* and Meng Gong °

Considering the unidirectional layout of ribbed beams and simple structure
in traditional wooden floors, it is not suitable for large-span wooden
buildings. Six groups of floor ribbed beams with plane size of 4.8 mx3.6 m
were designed and manufactured by using poplar laminated veneer
lumber (LVL), among which five floor specimens were orthogonal ribbed
beams and the other one was traditional. A bending performance test was
carried out to analyze the influence of different ribbed beam spacing and
high span ratio on the mechanical performance of poplar LVL orthogonal
ribbed beams, and its results were compared with that of the traditional
floor with ribbed beams. The results showed that the box floors with
orthogonal ribbed beams had good integrity during the bending process.
Moreover, the change of the high span ratio had an important influence on
the bending performance of the box floors with orthogonal ribbed beams,
and the change of the spacing of the ribbed beams had a relatively small
influence on the flexural performance of the box floors with orthogonal
ribbed beams. Under the same conditions, the bending performance of the
box floors with orthogonal ribbed beams was better than that of traditional
floor.
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INTRODUCTION

Poplar laminated veneer lumber (LVL) is an engineering wood material, which is
made of small diameter logs by rotary cutting, drying, gluing, forming blanks parallel to
the grain direction, and gluing. This type of lumber is characterized by high yield, stable
lumber quality, and high mechanical property (Gilbert et al. 2019).

There have been many studies on the physical and mechanical properties of poplar
LVL. Liu and Yang (1997) tested the physical and mechanical properties of poplar LVL
and found uniform material properties and little variation. Colakoglu (2004) analyzed the
physical and mechanical properties of poplar LVL made of different materials and colloids
and found that different types of glue resulted in different strength characteristics. Hirofumi
et al. (2010) conducted tests on poplar LVL made of five kinds of wood, and the strength
of poplar LVVL was related to the direction of wood texture. Cui et al. (2016) carried out
physical performance tests and reported that the bending performance of fiber line
implantation was significantly improved. Meng et al. (2016) conducted tests on strength of
poplar LVL made of poplar and eucalyptus with different veneer thickness and found that
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the strength of poplar LVL increased with the decrease of veneer thickness.

Many research studies have focused on the topic of the wooden floor cover. Chen
et al. (2004) examined the reinforcement detected results of actual wooden floor cases and
concluded that the design of the wooden floor should consider the strength, deformation,
feasibility, and the convenience for construction. Paquette and Bruneau (2006) conducted
quasi-dynamic tests on full-size wooden floors and found that there was no obvious plastic
deformation on the wooden floors. Pathak and Charney (2008) simulated floor under lateral
loads and found that nail connection was the main source of in-plane flexibility,
independent of the aspect ratio of floor. Zhou et al. (2008) conducted a vibration
performance test on an 8.26x6.09 m wooden floor with truss joists and found that the
vibration performance of the wooden floor could be significantly improved by adding
transverse bracing and slatted bracing. Li et al. (2010) established a finite element model
of wooden floor and reported that a simplified wooden floor model can be used to analyze
the hybrid structure and design. Sadashiva et al. (2011) investigated the influence of the
deflection changes of the wooden floor in the plane on its structural response and found
that the single-layer structure was most affected by its deflection. Chen (2015) conducted
tests on three composite wooden floors of 3.66 m x 4.88 m and found that transverse
bracing and the arrangement of reinforced thin steel belt could improve the shear
performance of these composite wooden floors. Further research on poplar LVL floor is
necessary due to the relatively few studies on this topic.

Based on the research of traditional floor with ribbed beams, the floors with poplar
LVL orthogonal ribbed beams were tested on the structure of orthogonal bidirectional
bending properties and compared to the deflection results of wooden floors with orthogonal
ribbed beams by the method of bidirectional board (GB50010-2010; Liu et al. 1997), quasi
plate method, and cross beam line method (Shen 2003; Bai 2018). The research results
provide reference for the experimental research and theoretical analysis of poplar LVL box
floor and expands the application of poplar LVL material in building structure.

EXPERIMENTAL

Test Specimens

To investigate the influence of depth-span ratio and ribbed beam spacing on the
behavior of the orthogonal ribbed beams of the wooden-floor, six floors specimens, which
were designated as L1 to L6 in Table 1, were designed according to Chinese codes
(GB50005-2012; GB50005-2017) and fabricated with the following variables: (1) with
orthogonal ribbed beams (L1, L2, L3, L4, and L5) or without orthogonal ribbed beams
(L6); (2) the plane dimensions of all six floors were 3600 mmx4800 mm; (3) different
depth-span ratio of ribbed beams; (4) different ribbed beam spacing of wooden floors; and
(5) the width of four side beams of all six floors were 80 mm, and the length of these side
beams was the same as that of ribbed beams of every floor. The depth-span ratio of
specimens L1, L2, L3, L4, and L5 were equal to 0.392, 0.261, 0.196, 0.308, and 0.475,
respectively. The height of ribbed beams of specimens L1, L2, L3, and L6 was 235 mm,
but that of specimens L4 and L5 were 185 mm and 285 mm, respectively (Fig. 1a).
Specimen L6 had transversal beams with spacing of 600 mm and longitudinal diagonal
braces (30 x50 mm) with spacing of 1200 mm (Fig. 1b), which served as a control

specimen. The effect of depth-span ratio on the ribbed beam behavior can be obtained by
comparing the performance of Specimens L1, L2, L3, L4 and L5. The effect of ribbed
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beam spacing on the ribbed beam behavior can be seen by comparing L1, L2, and L3. The
transverse ribbed beam axis was numbered from left to right, the longitudinal ribbed beam
axis was numbered from bottom to top with English letters, and the axis numbers of test
pieces L1 and L6 are shown in Fig. 4 and Fig. 5.

All ribbed beams of six specimens (the longitudinal beams are full length, and the
transverse beams are truncated by longitudinal beams) were fabricated using poplar LVL
produced by Jiangsu Jiuhe Wood Industry Company. The coupon tests were conducted at
Yangzhou University to determine the physical and mechanical properties of the materials
(Liu et al. 2017; Su et al. 2022) (Table 2). There were three types of steel connectors (3-
mm thickness) between ribbed beams; they were manufactured using steel Q235B (Ma et
al. 2019; Ma et al. 2020) with yield stress of 235 MPa, which included internal node
connector, end node connector, and angle connector (Liu et al. 2022). Self-tapping screws
(M4 x20) were used to connect the beams and connectors (Fig. 1), whose spacing and

relative position between them are shown in Fig. 2.

Table 1. Specimen Design Parameters

Number | P'ain Dimension | Ribbed Beam SIZ(i:?ianegrige Dsepp:r}- Ribbed Beam
(m) Spacing (mm) (mm) Ratio Layout
L1 3.6x4.8 600 40%235 0.392 Bidirectional
L2 3.6x4.8 900 40%235 0.261 Bidirectional
L3 3.6x4.8 1200 40%x235 0.196 Bidirectional
L4 3.6x4.8 600 40x185 0.308 Bidirectional
L5 3.6x4.8 600 40x285 0.475 Bidirectional
L6 3.6x4.8 600 40x%235 0.392 Unidirectional

Table 2. Physical and Mechanical Properties of Poplar LVL

Moisture Content (%) 12.8

Density (g/cm?) 0.576

Tensile Strength along Grain (MPa) 39.4

Compressive Strength along Grain (MPa) 37.03

Horizontal Grain Compressive Strength (MPa) 6.3
Level 61.56
Bending Strength of Glue Layer (MPa)

Vertical 64.8
Level 9877.3

Flexural Modulus of Elasticity (MPa)
Vertical 10135.4

Test Setup

The ribbed beams, L-shaped steel connectors with and self-tapping screws used for
the flexural test are shown in Figs. 1 and 3. In selecting the beams, connectors, and screws,
the elastic method was used in designing ribbed beams. The physical and mechanical
properties of poplar LVL, whose material performance tests were carried out in the material
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laboratory of Yangzhou University, are given in Table 2. The six specimens were
fabricated by a local fabricator and all tests were performed in accordance with the Chinese
specification (GB/T 50329-2012). In the actual test, the loading device of this test adopts
a self-designed steel frame support and water tank system. The water tank is composed of
a steel frame, whose height is 1200 mm, and plastic canvas with 1300 mm internal height.
The purpose of the 100-mm difference between water tank height and internal height is to
fit on the ribbed beams of the floor, so that the load acts evenly on the floor ribbed beam
and deforms together with the ribbed beams. The bottom of the water tank fits the ribbed
beam of the specimen to ensure uniform stress. The support adopts a steel support frame
that can be assembled and disassembled. The whole test device was shown in Fig. 3.

Rib beam spacing: (o
L1:600mm o e
L2:900mm\ Wb A
L3:1200mm ST
A

End node
connector

Internal ribs
Section size:

L4:40*185mm
L1:40*235mm
L5:40*285mm

Edge banding ribs:
D1:80*185mm
D2:80*235mm
D3:80*285mm

Edge banding ribs: Internal node L-shaped
L4:80*185mm L
L1:80*235mm

L5:80*285mm Angle connector

(a) Schematic diagram of ribbed beam layout of L1-L5 specimens

End node
connector

Edge banding ribs
Internal rib Section size:80%x235mm

Section size:40%x235m

Scissors

Section size:30x50mm

Connect with two 60mm nails

Angle connector

Edge banding ribs
Section size:80%x235mm

(b) Schematic diagram of ribbed beam layout of L6 specimen
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(c) L1 specimen (d) L6 specimen

Fig. 1. Schematic diagram of Poplar LVL orthogonal ribbed beam specimen

235

M4x40 tapping screws

Reinforced L-shaped connector
M4x20 tapping screws

235

25, 50
A #

(b) End node connector

235

(c) angle connector
Fig. 2. Schematic diagram of node connectors of the specimens

Ma et al. (2023). “Box floor with ribbed beams,” BioResources 18(1), 255-271. 259



PEER-REVIEWED ARTICLE b | oresources.com

Flexible
Steel supporting to prevent . o1 water
deformation of water bag bag
- - Water tank
steel frame
Rib beam

Removable steel bracket

”~

Fig. 3. Water tank loading device

Test Apparatus

To measure the strain and deflection values of all levels of the specimens under the
vertical uniformly distributed load, the test apparatus, whose arrangement would consider
the symmetry of each specimen, consists of: (1) water tank to apply vertical load to the
ribbed beams; (2) the flow meter control the applied load value by controlling water
amount in the water tank; (3) a strong steel frame to support the floor and water tank; and
(4) a strong floor to support the entire test assembly. As shown in Fig. 4, the
instrumentation consists of: (1) The strain gauges at the bottom of the ribbed beam joints
and bottom middle of longitudinal ribbed beams of quarter specimen to monitor the stress
change; (2) the strain gauges at the middle bottom of transverse ribbed beam to analyze the
stress working state of the short beams; (3) the linear variable displacement transducers
(LVDT) (Wang et al. 2019) at the bottom of the longitudinal and transverse beam junctions
in order to observe the change of joint deformation; (4) four dial indicators B1, B2, B3,
and B4 at the middle of the four edge beams to measure the displacement change of the
surrounding support ribbed beam. All loads, displacements, and strains were recorded in a
data acquisition system at a rate of 60 channels per second. All recorded data were stored
in a computer for subsequent analyses.

Loading Protocol

The tests were carried out according to the structures GB/T 50329 (2012) and
ASTM E2322-03 (2015) standards. During pre-loading, the sample was loaded to 5% of
the ultimate load (the ultimate load was calculated according to the finite element
simulation results and calculation results), and the load holding was 15 min. During this
period, the equipment and instruments were checked to see whether they were working
normally, and then the water in the tank was evacuated for unloading. Before hierarchical
loading, all measuring equipment should be zero. The loading value of the first stage was
10% of the ultimate load. From the second stage, loading value of each stage was increased
by 5% of the ultimate load, and the loading holding time of each stage was 15 min. After
the instrument reading was stable during the test, the test data and test phenomenon were
record.
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The test was stopped when the load of floor was less than 7.6 kN/m?. This is based
on the standard value of uniformly distributed live load on civil building floor, which is 2.0
kN/m? by Chinese specification (GB50009-2012), and the reliability of the test setup.
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General Behavior and Failure Pattern

The overall failure mode of all specimens was that the self-tapping screws in the
metal connections connecting the cross ribbed beams were pulled out, resulting in partial
separation of the cross ribbed beams at some joints. Some final failure modes are shown in
Fig. 6.

broken

bbb
|

(c) Pull out the ribbed beam node (d) The scissor brace is sparated from the
screws ribbed beam

Fig. 6. Test failure phenomenon of each specimen

The failure modes of each specimen are as follows:

(1) For specimen L1 with height span ratio of 0.392, when the load reached 7 kN/m?,
there was a slight crack in the edge beam at the joint of axis A and axis 5. When the load
reached 7.5 kN/m?, the self-tapping screws at the first node of axis D and axis 3 and at the
second node of axis D and axis 7 were slightly pulled out and the dimension of the gaps
between ribbed beams were 5 and 4 mm, respectively.

(2) For specimen L2 with height span ratio of 0.261, when the load reached 7.5 kN/m?,
the self-tapping screw at the first joint of axis C and axis 5 and the second joint of axis C
and axis 3 and the third joint of axis C and axis 7 was lightly pulled out and the width of
the gaps between ribbed beams were 9, 5, and 4 mm, respectively.

(3) For specimen L3 with height span ratio of 0.196, when the load reached 7.5 kN/m?,
the self-tapping screw at the first joint of axis B and axis 3 and the second joint of axis C
and axis 7 was fractionally pulled out with a width of 5 mm.
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(4) For specimen L4 with height span ratio of 0.308, when the load reached 7.5 kN/m?,
three edge beams at the intersection of axis A and axis 4, and axis A and axis 5, and axis
A and axis 6, were slightly torn, with a width of 2, 5.5, and 3.5 mm. The self-tapping screws
at the intersection of axis D and axis 3, and axis D and axis 7 were slightly pulled out, and
the ribbed beams were separated by 4 mm and 2.5 mm, separately.

(5) For specimen L5 with height span ratio of 0.475, when the load was loaded to 7.5
kN/m?, there was no obvious structural damage, and the structural deflection was smaller
than that of other specimens.

(6) For specimen L6 with height span ratio of 0.392, when the load reached 7.5 kN/m?,
the gap between the diagonal bracing and ribbed beam, which is between axis 2 and axis
3, was 4 mm.

The results indicate that the increase of height span ratio led to an increase in the
bearing capacity of ribbed beams, and the reduction of ribbed beam spacing could
effectively distribute the load of specimens. When the loading reached 7.5 kN/m?, the self-
tapping screws were pulled out from some of the joints of the specimen, and the connector
separated from the ribbed beam, indicating the combination of joint failure mode and shear
failure mode.

RESULTS AND DISCUSSION

Load-Strain Curve and Analysis

The load strain curve of poplar LVVL orthogonal ribbed beam specimen in each box
floor is presented in Fig. 7. The abscissa in the figures is the strain of the ribbed beam and
the ordinate is the test loading value. From these figures, two observations can be drawn.
First, for all specimens there was a linear relationship between load and strain at the initial
stage, which was positive, indicating that the bottom of the ribbed beam was in flexural
tension state.

In the whole deformation process of the orthogonal ribbed beam specimen, the
longitudinal short-ribbed beams were conducive in reducing the deformation and the
spatial torsion degree of transverse long-ribbed beams, and in improving the overall
stiffness of the specimen. Second, all strain values of transversal ribbed beams were
negative, illustrating that these ribbed beams bottom were under pressure.

For specimens L1, L2, and L3 with different ribbed beam spacing, when the applied
load reached 45 to 60 kN, their curves became nonlinear for these three specimens with
different parameters. In particular, the slope of curves increased by a gradual increase of
ribbed beam spacing, but the strain growth rate increased. Meanwhile, the curves mutation
increased and changed greatly with the increase of ribbed beam spacing because of a
reduction number of self-tapping screws, and the weakening of connector constraints
between ribbed beams, and sliding of some self-tapping screws. These results suggest that
a densification of ribbed beams could lead to the rapid transmission and uniform
distribution of load, and thus enhance a higher load.

In comparison with the traditional specimen L6, the maximum strain of the ribbed
beam of the specimen L1 was reduced by 41.7% due to the existence of orthogonal ribbed
beams. This result could greatly reduce section failure.
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Fig. 7. Load-strain curve of each specimen

Deformation Analysis

Load-displacement analysis
According to the test results of six specimens, the relationship between load and
displacement of each measuring point basically increased linearly, and the displacement
value of measuring points at symmetrical positions was basically equal with small error.
Among the test results, the maximum displacements of specimens L1, L2, L3, L4, and L5
were 25, 26, 28, 55, 18, and 31 mm, respectively. It can be seen from the results of
specimens L1, L2, L3, and L6 that the change of height span ratio had a slight effect on the
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deflection of specimens. From the test results of specimens L1, L4, and L5, it can be seen
that the change of beam height had a great impact on the deflection of the specimen because
the number of self-tapping screws was reduced, resulting in the increase of shear force
borne by a single self-tapping screw and sliding. Therefore, the number of self-tapping
screws has become one of the factors controlling the deflection of the specimen. According
to the vertical displacement data of each measuring point under the load of 7.5 kN/m?, the
deflection and deformation diagram of each floor ribbed beam is drawn, as shown in Fig.
8. The deflection deformation of poplar LVL orthogonal ribbed beam specimen is the
largest in the middle of the span and decreases around the midpoint. The vertical
deformation of the whole floor ribbed beam specimen is "bowl".

(e) Specimen L5 (f) Specimen L6

Fig. 8. Schematic diagram of deflection and deformation of each specimen

Deflection analysis

The maximum deflection of each specimen is shown in Table 3. The comparison
of deflection values of all specimens shows that under normal service load (live load is 2.5
kN/m?) (GB50009-2012), all specimens except D1 met the allowable deflection value
requirements of flexural member ribbed beams specified in the literature (Ma et al. 2020).
Under the same load (7.5 kN/m?) (GB50009-2012), the deflection of L1 was 51.0% lower
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than that of L4, and that of L5 was 33.2% lower than that of L1 when only the height of
the ribbed beam was changed. For specimens L1, L4, and L5, the flexural rigidity of
specimens increased by about 70% with each 50-mm increase in the sectional height of the
ribbed beam. For specimens L1, L2, and L3, the change in the spacing of ribbed beams
increased the stiffness of L1 by 11.3% compared with L3. In addition, the experiment also
shows that the deflection of orthogonal floor ribbed beams (L1) was 19.5% lower, and the
stiffness was 13.1% higher than that of traditional floor ribbed beams (L6) under the same
condition of ribbed beam section height and load.

The maximum load in the table is the maximum load value added by the test, 7.5
kN/m?; Normal service load is defined as the following: take the normal service limit load
standard value combined with "constant load + live load" to calculate the floor uniformly
distributed load (live load is 2.5 kN/m?) (GB50009-2012). The allowable deflection value
of floor beam of flexural members is set as L /250 as required.

Table 3. The Maximum Deflection of Each Specimen

Specimen Maximl_Jm Load Deflection Under AIIO\_NabIe SRt?f_lfitgg
Number Deflection (mm) Normal Load (mm) Deflection (mm)

(N/mm)

L1 26.30 9.52 14.40 4538

L2 27.51 9.80 14.40 4408

L3 29.09 10.59 14.40 4079

L4 53.63 16.61 14.40 2601

L5 17.57 5.59 14.40 7728

L6 31.43 10.96 14.40 3942

Table 4. Numerical Table of Deflection of Ribbed Beam (unit:mm)

ection
Position
Deflection 0 [06(09) | 1.2 1.8 24 |3@27) | 36 | 42 | 48
Value
L1 0.65 -5.00 -8.39 -9.47 -9.52 -9.46 -8.91 5 ;30 0.72
L2 0.68 -5.03 -7.34 -9.21 -9.80 -8.44 -8.33 5 ;31 0.75
Horizontal L3 0.71 -6.10 -9.74 * 1059 | 10.51 -9.77 4.74 0.79
L4 | 0.87] -1091 | 1565 | 1660 | 16.39 | 15.64 | 14.88 | 8.86 | 989
L5 0.43 | -4.09 -481 | -5.33 | -5,59 | -5.00 | -3.91 5 ;)6 0.39
L1 0.56 -4.56 -7.64 -9.52 -7.10 -5.01 0.53 - -
L2 058 | -6.28 - -9.80 - -5.22 0.56 - -
Vertical L3 0.61 - -9.42 10.59 -7.48 - 0.61 - -
L4 0.72 | -7.72 1361 | 16.39 | 12.69 -6.86 0.78 - -
L5 0.33| -2.48 -3.92 | -559 | -3.90 | -2.10 0.36 - -
Note:* The measuring point fails
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Analysis of stiffness of orthogonal ribbed beams

Because the A-G axis of the orthogonal ribbed beams is composed of short-ribbed
beams, the longitudinal and transverse stiffness of the orthogonal ribbed beams is different.
According to the deflection of longitudinal and transverse ribbed beams under general floor
live load (2.5 kN/m?), the difference value of longitudinal and transverse stiffness of the
specimens of orthogonal ribbed beams (including the longitudinal direction along 3600
mm and the transverse direction along 4800 mm) was analyzed. The deflection value of
each orthogonal ribbed beams is shown in Table 4.

Based on the basic principles of elasticity, when both constrained ends of the beam
are the same, the deflection curve of a beam made of elastic material under uniform
distributed load is a quartic parabola curve.

Quartic equation of horizontal ribbed beams:

L1: y=0.21x%-2x3+7.6x2-14x+0.75

L2: y=0.19x*-1.8x3+6.9x%-13x+0.71

L3: y=0.29x4-2.6x3+9x?-15x+0.39

L4: y=0.43x*-4.2x3+16x2-28x+0.83

L5: y=0.14x4-1.4x3+5.6x2-9.5x+0.31
Quartic equation of vertical ribbed beams:
L1: y=-0.047x*+0.32x3+2.2x?-10x+0.58
L2: y=0.22x*-1.8x3+8x2-16x+0.58

L3: y=-0.86x*+5.7x3-7.5x?-6x+0.61

L4: y=-0.53x*+3.6x3-2.2x>-14x+0.71
L5: y=-0.21x*+1.5x3-1.5x?-3.8x+0.29

According to the bending moment of the floor ribbed beam and the curvature of the
fourth-order deformation curve, the relative stiffness of the longitudinal and transverse
ribbed beam under uniformly distributed load can be obtained, the relative values of the
stiffness of each specimen are calculated, and the results are shown in Table 5.

Table 5. Relative Values of Longitudinal and Longitudinal Stiffness of Orthogonal
Ribbed Beam Specimens

] Relative Stiffness
Specimen Number - -
Horizontal Vertical
L1 1.50 1.70
L2 1.57 1.67
L3 1.50 151
L4 0.9 0.98
L5 2.80 3.02
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As determined from the relative value of the stiffness of longitudinal and transverse
ribbed beams in Table 5, the relative value of the stiffness of longitudinal ribbed beams in
the specimens of all orthogonal ribbed beams was greater than the relative value of
transverse ribbed beams. This was because the transverse ribbed beams were made of
spliced short beams and the orthogonal ribbed beams were a whole beam without
truncation. With the increase of the depth-span ratio of the ribbed beams, the relative value
difference of longitudinal and transverse stiffness was about 9.6%. When the spacing of
the ribbed beams varies, the relative value of the longitudinal and transverse stiffness of
the specimens had a small difference. This was because the reduction of the number of
transverse ribbed beams reduced the hindrance of the longitudinal ribbed beams in the other
direction during the deformation process, resulting in relatively coordinated deformation
of the joints among the ribbed beams.

Comparison of theoretical calculation and experimental values of deflection

Based on the cross beam system method (GB50010-2010; Liu et al. 1997), the
Two-way plate method and the plate fitting method, the deflection deformation of the
orthogonal ribbed beam structure system in the box floor of the poplar LVVL was calculated
theoretically by using the cross beam system method and the continuous plate system
calculation method (two-way plate method and pseudo-plate method) (Shen 2003; Bai
2018), and the calculated results were compared with the test results. The results are shown
in Table 6, where the mean relative error is the error between the theoretical value and the
experimental value of each sample.

Compared with the test results, the average relative error of the calculation results
based on the bidirectional board method was 7.2%, while the average relative error of the
cross beam system and the simulated plate method were 26.8% and 26.5%, respectively.
This was because the bidirectional board method took into account the load distribution in
two directions and the deflection coordination at the midpoint of the slab. The cross beam
system method considered the deflection coordination at all nodes, and the simulated plate
method considered the deflection coordination of the whole ribbed beam. The deflection
calculation of the orthogonal ribbed beam system of poplar LVL without covering the plate
obtained by the bidirectional plate method was in good agreement with the experimental
values.

Table 6. Comparison of Theoretical Calculation Deflection Value and Test
Deflection Value (unit:mm)

Average
Number Load Value (2.5 kN/m?) Load Value (7.5 kN/m?) Relative
Method (%)
11 | L2 | L3 4 | L5 | L1 L2 L3 L4 L5
Testvalue | 952|980 1059 |16.61| 559 | 26.30 | 27.51 | 29.09 | 53.63 | 17.57 -
Crossbeam | o as | 705 | 720 | 14.07 | 3.85 | 20.61 | 21.14 | 21.61 | 42.20 | 11.54 | 26.8
method
Bilateral plate | o 1o | 9 45 | 948 | 10.41 | 5.31 | 28.41 | 28.45 | 28.45 | 58.14 | 15.01 | 7.2
method
Simulation | 5.30 | 8.98 | 10.77 | 10.82 | 2.98 | 20.19 | 26.94 | 32.32 | 41.33 | 11.32 | 26.5
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CONCLUSIONS

1. The box floor with orthogonal ribbed beams showed good integrity during the loading
process, although the self-tapping screws were detached and cracks occurred between
ribbed beams. The deflection deformation of the mid-span was the largest and
decreased along the midpoint to the four sides. The vertical deformation of the whole
floor was "bowl-shaped".

2. The change in the ratio of the height to span of the ribbed beams had a greater impact
on the specimens of the orthogonal ribbed beams than the change in the spacing of the
ribbed beams. For every 50-mm increase in the section height, the flexural rigidity of
the specimens increased by about 70%.

3. The orthogonal ribbed beams benefited the stiffness of the specimens. Compared with
the value of L6 specimens, the deflection of L1 specimens was reduced by 19.5%, and
the stiffness increased by 13.1%, and maximum strain decreased by 41.7%.

4. The experimental deflection calculation of box floor with orthogonal ribbed beams
made by poplar laminated veneer lumber (LVL) without covering panel was in good
agreement with the values calculated by the bidirectional plate method.
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