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ABSTRACT ARTICLE HISTORY
To enhance the overall stability of the glulam reticulated shell, an innovative structural solution, the glulam suspendome, is Received: 6 January 2024
introduced by integrating a cable-strut system. A destructive test utilizing 13 hydraulic jacks was carried out to assess the Revised: 27 June 2024
overall stability. This study primarily encompassed analyses of load-displacement curves for nodes, load-strain characteristics Accepted: 30 August 2024

of structural members, load-cable force assessments of hoop cables, and an investigation into failure mode. The failure mode
of the structure involved instability around the weak axis of the member near the mid-span node, along with member fracture.
The structure sustained an ultimate load of 1094.21kN (84.17kN>13). Based on the parameter analysis of the finite element
model (FEM) of more than 200 cases of glulam suspendome, the ultimate bearing capacity improvement coefficient (k) of the
suspendome structure compared with single-layer reticulated shell was given. The experimental and numerical analysis on the
mechanical properties of glulam suspendome serves as a dependable point of reference for the design of other glulam
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1. Introduction

Nowadays, spatial structures employing steel, aluminum alloy, and glulam
as primary materials, notably single-layer reticulated shells, have gained exten-
sive utilization in contemporary public buildings. Ensuring the static stability of
spatial structures constitutes an important aspect of structural design. To achieve
a more comprehensive understanding of the static stability of single-layer retic-
ulated shells, extensive investigations have been conducted through physical
model testing. Ma et al. [1] conducted an experimental inquiry into a reticulated
shell made of steel featuring bolt-ball joints, revealing that under the load of
22.43kN, instability occurred at the mid-span joint. Xiong et al. [2, 3] performed
an experimental investigation on a reticulated shell connected by aluminum al-
loy gusset joints. Failure was observed in the rods near the mid-span node when
subjected to a load of 99.7kN. For glulam reticulated shell, Lu et al. [4] carried

out tests employing various rise-span ratios and bolt arrangement configurations.

The structure exhibited an ultimate bearing capacity of approximately 5.50kN,
with the failure mode primarily characterized by parallel-to-grain cracking in

Table 1
Destructive tests of reticulated shells and suspendome

the compression zone of the glulam members.

Numerous studies have consistently demonstrated the inherent weaknesses
in joint stiffness and overall stability within single-layer reticulated shells. To
enhance the stability of reticulated shells, a novel structural form known as the
suspendome structure has been developed [5]. The suspendome structure
achieves higher stiffness and reduces structural deformation under similar loads
by increasing cable-strut system within the single-layer reticulated shell. Many
experts and scholars have conducted the static properties of the suspendome in
detail through model tests, encompassing assessments of structural deformation
under both design load and excessive load, as well as evaluating the impact of
asymmetric loading on the structure [5-11]. However, there has been a scarcity
of experiments conducted to investigate the stability of the suspendome struc-
ture. Zhang et al. [12] conducted tests on a suspendome structure, which expe-
rienced overall instability leading to pronounced collapse of the structure. The
ultimate bearing capacity of the structure was determined to be 327.34kN. The
basic profiles of experimental tests are shown in Table 1.

Structural form Material Dimension Loading point Ultimate load
Single-layer cylindrical reticulated shell [ Steel Span: 5m>6m; Height: 1.25m Single-point 22.4kN
Single-layer spherical reticulated shell 23] Aluminum alloy Span: 8m; Height: 0.5m Single-point 99.7kN
Single-layer spherical reticulated shell 1] Glulam Span: 4m; Height: 0.8m/0.4m 7-points 5.50kN

Suspendome (12 Steel Span: 9.3m;Height: 0.93m 442-points 327.34kN

To date, research on suspendome utilizing steel and aluminum alloy had
indicated that the upper members of the structure predominantly experience
compression. Taking into account the exceptional compressive capabilities of
glulam, this paper innovatively applied it to the upper reticulated shell, thereby
introducing a novel type of structure termed as the glulam suspendome. How-
ever, regarding the static properties and the overall stability of glulam sus-
pendome, no experimental investigations have been conducted thus far.

In this study, the ultimate bearing capacity and the overall stability of glu-
lam suspendome were studied through the destructive test of 13 hydraulic jacks.
Based on the theoretical analysis of the instability of the glulam members, the
failure mode of glulam suspendome was investigated. Using finite element soft-
ware, the numerical model of the structure was established, while the parameter
analysis of the structures was analyzed. Based on the ultimate bearing capacity

of single-layer glulam reticulated shells, the ultimate bearing capacity improve-
ment coefficient (k) of glulam suspendome was given. The test and numerical
analysis results of the glulam suspendome have yielded satisfactory outcomes,
providing valuable assistance to the structural design.

2. Experimental methods
2.1. Material test

As depicted in Fig. 1, tests were conducted to ascertain the parallel-to-grain
compressive strength of the glulam material utilized in this study. TCT24 grade

Douglas Fir glulam conforming to GB/T 50708-2012 [13] standard was used in
the material test. The specimen was determined in accordance with ASTM
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D143[14], while testing was conducted using a 100kN-capacity electronic uni-
versal testing machine. The test loading speed was controlled by displacement,
with a specific speed of 0.3mm/min. The test results are shown in Table 2.

Table 2
Test results of glulam material properties
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Fig. 1 Parallel-to-grain compressive test

Material properties (MPa) Number of specimens

Average value X

Standard deviation S Coefficient of variation v

Parallel-to-grain elastic modulus 16

Parallel-to-grain compressive strength

12254 1769 14.44%
43.89 3.87 8.81%

2.2. Specimen design

Serving as the upper structure of the glulam suspendome, the single-layer
glulam reticulated shell adopts the Kiewitt-6 structural configuration [15]. In
accordance with the suggestions provided in technical specification [16] and
relevant literature [17, 18], the design of glulam suspendome in this research
entailed a span of 6m and a height of 1.2m, resulting a rise-span ratio of 0.2.
The specimen was characterized by a strut height of 0.6 m, while the sag-span
ratio was 1/400. The section size and material of each component were shown
in Fig. 2.

‘ Reticulated shell member:

‘ Glulam Suspendome 50x120mm (Douglas Fir glulam)
Vertical strut:
/" ®50x4mm (Q345)
" Hoop cable:

" ®15mm (Galvanized steel wire)
Radial cable:
®20mm (Alloy Stecl)

" Upper joint with ~~
universal spherical pivot

! Stiffener |

‘Lower joint with
rolling cable-strut pivot

Radial sliding support

Fig. 2 Diagram and dimension of the glulam suspendome

2.3. Measurement layout

To investigate the mechanical properties of the glulam suspendome, it was
essential to accurately measure the displacement of typical nodes, the strain of
the members, and the tension of hoop cables. The specific measurement scheme
followed the same approach as outlined in the reference [15].

2.4. Prestressed tension and loading scheme

In this research, the prestress ratio was 1:2[19]. LC1 was 4.5kN, while LC2
was 2.25kN. As depicted in Fig. 3, 13 hydraulic jacks were employed for syn-
chronous loading in the destructive test.

The destructive test adopted the same loading method as the full-span load-
ing, utilizing 13 hydraulic jacks to execute synchronous loading. At the begin-
ning of the formal loading, the load was set to 0.1 times the predicted ultimate
load (Py) until the load reached 0.7 times P,. When the load is 0.7 to 0.8 times
Pu, the load for each stage was adjusted to 0.05 times Pu. Once the load reached
0.8 times Py, a displacement-controlled loading method was adopted. According
to ASTM D1761-12 [20], the loading speed was set at 0.9mm/min.

Fig. 3 Diagram of the formal loading in destructive loading

3. Destructive loading
3.1. Failure mode

The load-displacement curve of the 1st node is depicted in Fig. 4, along
with the corresponding failure modes of the relevant members during the
loading process. When the load reached 26kN, the first crack appeared in the
first circumferential member, with the failure location observed in the 4th
member. When loading to 52kN, the 55th member of the second main rib
exhibited cracking near the bolts. Subsequently, when the load reached 72kN,
the 58th member within the same circle sustained damage. The structural
damage occurred in the upper reticulated shell of the glulam suspendome, while
the cable-strut system remained undamaged.

Load(kN)

-60 -50 -40 -30 -20 -10 0 10

Displacement(mm)

Fig. 4 Load-displacement curve

The ultimate load capacity of the structure was determined to be 84.17kN,
with a total load reaching 1094.21kN (84.17kNx13). The displacement recorded
at the 1st node reached -45.10mm. Upon reaching the ultimate load, the sound
of crack within the glulam material became apparent. Parallel-to-grain cracking
was observed in some of the main rib members adjacent to the 1st node.
Concurrently, the 37th member experienced a fracture, roughly attributed to the
member buckling. Meanwhile, other members adjacent to the 1st node exhibited
instability along the weak axis. Members from the 37th to the 42nd rotated
around the mid-span node. The structural failure mode was depicted in Fig. 5.
Detailed buckling analysis was presented in Section 3.5.

Fig. 5 Failure mode of glulam suspendome
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3.2. Load-displacement curves

(1) Node displacement

As shown in Fig. 6a, the displacement of the 2nd, 3rd, 5th and 6th node
were recorded as -42.9mm, -38.66mm, -31.65mm, and -35.95mm, respectively.
The displacement of the nodes on the first ring exhibited a smaller magnitude
compared to that of the 1st node, with a consistent change trend observed across
these nodes. This observation suggested that the 13-point synchronous loading
scheme effectively ensured symmetrical deformation of the structure.

As depicted in Fig. 6b, among the outer ring nodes of the glulam
suspendome, the 15th node exhibited the largest displacement, measuring -
24.55 mm. Since the main rib node of the second circle was not the loading
point, its displacement was minimal. The displacement of the 8th, 10th, 14th
and 16th node were recorded as -2.04mm, -13.14mm, -7.99mm, and -10.12mm,
respectively.

0 T T T

Load(kN)
Load(kN)

Displacement(mm)

(@23,5,6

Displacement(mm)

(b) 8, 10, 14, 16, 15

Fig. 6 Node displacement

(2) Support displacement

As depicted in Fig. 7, all support displacements were observed to be radial
outward. The displacement of the 35th support was the smallest, measuring
3.16mm. The displacements of 21st and 22nd supports were relatively close,
measuring 7.91mm and 8.38mm, respectively.

Load(kN)

Displacement(mm)

Fig. 7 Load-displacement curves in support

3.3. Cable tension curves

As shown in Fig. 8, the cable force of hoop cables exhibited a positive linear
growth relationship with the load. When the structure experienced failure, LC1
measured 97.12kN, while LC2 was recorded as 24.69kN. LC1 was significantly
larger than LC2 because nodes in the second circle transferred a greater load to
the cable-strut system.

90 T T T T T T T T T

Bl sl hetun ol G i

Load(kN)

i
| Outer Loop Cable _|
i — - = Inner Loop Cable

L L L L L L L

0 10 20 30 40 50 60 70 80 90 100
Cable Tension(kN)

Fig. 8 Cable tension
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3.4. Strain distribution curves

To further investigate the mechanical behavior of the glulam suspendome,
representative members are selected to analyze.
(1) Reticulated shell member

The main rib members of reticulated shell were analyzed, and their load-
strain curves were presented in Fig. 9. Throughout the loading process, the main
rib members primarily experienced compression. As illustrated in Fig. 9b and d,
the strain of the 39th and 37th member was recorded as -1388.95ue and -
2186.53 e, respectively. The 39th and 37th members of the first circle exhibit
the highest force, followed by the members of the second circle, and finally, the
outermost ring members displayed the least force.

90 . %0

Load(kN)
Load(kN)

h 0 RS " " L A NS
-1200 -1050 -900 -750 -600 -450 -300 -150 0 -1600 -1400 -1200 1000 -800 -600 400 200 0 200

Strainye) Strainye)
(a) 52,76 (b) 39, 49, 71
90 T T T T %0 T T T T T T
80 80
10 0
60 60
Zso g0
3 5
S0 S0
30 30
20 20
10 10
0 0
1750 -1500 -1250 -1000 -750 2250 -2000 -1750 1500 -1250 -1000 -750 -500 250 O
Strainye) Strain(ye)

(c) 58, 86 (d) 37,43

Fig. 9 Load-strain curves in radial members

As depicted in Fig. 10, an analysis of the circumferential members of the
reticulated shell was conducted. The members of the first ring experienced
compression, while members of the second ring underwent strain. The strain of
the 6th and 18th member at failure state was recorded as -930.64pe, 189.57pe,
respectively.

T T T T T T T % T T T T T

o . H . L H . L .
<1400 <1200 -1000 800 -600 -400 200 0 200 50 0 50 100 150 200 250 300
Strain(pue) Strain(pe)

(@6 (b) 18

Fig. 10 Load-strain curves in circumferential members

As depicted in Fig. 11, an analysis of the diagonal members of the
reticulated shell was conducted. Obviously, all diagonal members were
subjected to compression, with the pressure trend of symmetric members
exhibiting consistency. As shown in Fig. 11a, the strain of the 60th and 59th
member was recorded as -1106.38pe and -584.26p¢. As depicted in Fig. 11b,
the strain of the 87th and 90th member approached -1800y¢, while the strain of
the 88th and 89th member was close to -850pe. The compressive strain of the
90th member was the largest, measured at -1865.93pe.
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Fig. 11 Load-strain curves in diagonal members

(2) Vertical strut

As illustrated in Fig. 12, the struts of the glulam suspendome experienced
compression during loading. The force on the 91st and 92nd struts was nearly
identical, with their strain measuring close to -190pue. Among the struts
corresponding to the third circle nodes, the 97th strut exhibited the largest force,
while the 98th strut had the smallest force. The maximum compressive strain
was recorded at -242.23pe.

Load(kN)
Load(kN)

L%t

200 -175 -150 -125 -100 75 -50 25 0 25 2240 2000 <160 <120 80 40 0 20

Strain(pe) Strain(pe)
(a) 91, 92 (b) 97, 98, 99

Fig. 12 Load-strain curves in vertical struts

(3) Radial cable

The radial rods corresponding to the main rib members of the reticulated
shell were analyzed, as shown in Fig. 13a. The strain of the 127th and 128th
member was recorded as 408.35peand 497.82 e, respectively.

As shown in Fig. 13b, radial cables in the third circle were all tensioned,
with a relatively consistent changing trend. Among them, the strain of the 151st
rod was the largest, measuring 838.26pe. The strain of the 161st and 164th rods
was approximately 400, while the strain of the 163rd rod was the smallest,
measured at 85.62pe.
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Fig. 13 Load-strain curves in radial cables

3.5. Analysis of the member buckling

As depicted in Fig. 14, an assessment was conducted to ascertain whether
any glulam member became buckled by calculating the axial force of the main
rib member. The approach to determining member instability is as follows: the
axial force of the member should exceed the stable bearing capacity of a single
member, calculated under standard hinged conditions at both ends, yet remain
below the stable bearing capacity calculated assuming fixed joints at both ends.
Additionally, the load-axial force curve of the member must exhibit a
decreasing section after reaching its maximum value.

The stability bearing capacity can be calculated using the following formula
[13]:

N = g¢f.A, M
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Where, f. is the parallel-to-grain compressive strength of the glulam; A,
is the area of the cross section of the member; ¢ is the stability reduction co-
efficient of axially loaded compression; E is the parallel-to-grain elastic mod-
ulus of the glulam; b is the width of the cross section; [, is the calculation
length; k; is the effective length factor, which is valued as 1.0 for the member
which has hinge joint at both ends and is valued as 0.65 for the member which
has fixed joint at both ends.

In this study, under conditions where both ends are hinged, the ultimate
bearing capacity of the axial compression member is determined to be 109.14kN.
Conversely, when both ends are fixed, the ultimate bearing capacity of the axial
compression member is calculated to be 204.86kN. As illustrated in Fig. 14c
and d, the axial forces acting on the 37th, 58th, and 86th members all adhere to
the initial criterion of the judgment principle. Compared with the axial force of
the 58th and 86th members, the axial force of the 37th member was greater.
Therefore, it can be concluded that the 37th member experienced instability first,
consequently leading to structural damage.
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Fig. 14 Load-Axial Force curves in radial members

In Fig. 15a, the failure mode of the aluminum reticulated shell depicted
members near the loading point buckling around the weak axis, leading to the
inclined failure of the structure [21]. As shown in Fig. 15b, it is evident from
the literature [12] that the failure of the steel suspendome was attributed to the
buckling of the local member. This phenomenon further highlights the im-
portance of considering member stability and selecting appropriate slenderness
ratios in the design of suspendome.

2

(a) Aluminum reticulated shell

(b) Steel suspendome

Fig. 15 Failure mode of the members in the reticulated shell and suspendome

4. Parameter analysis
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4.1. Validation of the FEM

The numerical model of the glulam suspendome was constructed using the
ANSYS software. The glulam members were represented using BEAM188
elements. The vertical struts and radial cables were modeled using Link180
elements. Additionally, the hoop cables were represented using Link10
elements. The constraints applied to the finite element model included
circumferential and vertical constraints on the outermost node. Prestress was
applied to the structure by setting the initial strain of hoop cables.

As depicted in Fig. 16, the analysis focused on the 1st node to compare the
test results with the results obtained from FEM. The structural deformation
observed in the finite element model closely matched the experimental findings.
The relative error of ultimate bearing capacity calculated by the FEM was
9.16%, compared with the experimental results.

T T T
F=91.88kN AN

- B=-52.86mm

80 A
v %
W

F = 84.17kN

100

Load(kN)

&= -45.46mm "

SR 1 Y y
1 ) !
. — Test \\ -
FEA N
0 - 3

— — —_—
60 50 10 30 20 10 0 10

Displacement(mm)

(a) Load-Displacement Curve (b) Node Displacement

Fig. 16 Comparison between FEM and test

4.2. Parameter analysis

In the parameter analysis, this paper selected the structural prestress, span
and span-ratio, height of vertical struts, initial defections to analyze the overall
stability of glulam suspendome. Table 3 showed the structural size and the
section size of glulam member. The upper structure of glulam suspendome
adopted K6-type reticulated shell, while each ring was built with a hoop cable.
The prestress of the structure was applied by adjusting the cable force of hoop
cables. Refer to relevant practical projects, the constraints were typically
defined as radial sliding and circumferential constraints to reflect this design
approach in FEM. Only the parallel-to-grain compressive strength is considered
in this analysis, reflecting the primary loading condition of the glulam members.

The key parameters include the prestress ratio (the ratio of the cable force
of each ring) and the prestress amplitude (the prestress of the outermost hoop
cable). Fig. 17a showed the naming rules of the finite element model (FEM),
while Fig. 17b showed the diagram of the FEM. The selection of parameters
was as follows:

Span: 30m, 45m, 60m, 75m, 90m, 105m, 120m;

Span-Ratio (f/L): 1/5, 1/6, 1/8, 1/10, 1/12, 1/15;

Length of vertical struts(m): 2.0, 2.5, 3.0, 3.5, 4.0, 5.5, 6.0, 6.5, 7.0, 7.5;

Prestress Ratio: Ratio of the number of nodes corresponding to each loop
cable;

Amplitude of prestress (kN): 90 (30m, 45m, 60m), 120 (75m, 90m, 105m,
120m);

Section of member: Vertical strut (¢p219x7), Radial cable (¢80), Hoop
cable (¢7x73).

Table 3
Structural parameters
Span (m) 30 45, 60 75, 90 105, 120
Section of glulam members (mm)  180>540  240>720  300>900 3601080
Rings 5 7 9 11
AN

§|90530
Span(m-):|/: —|_

Length of
vertical struts (dm)
E.g. : 600530 means the glulam suspendome ar
which has a span of 60m, a span-ratio of 1/5
and vertical struts of 3.0m.

(a) Naming rules of FEM (b) Diagram of FEM (600530)

Fig. 17 Finite element model (FEM)
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4.2.1. Prestress Amplitude and Initial Defection

Based on the glulam suspendome named “600530”, the initial prestress of
the structure was changed to explore the influence of different prestresses on
the overall stability of the structures. Concurrently, the influence of initial
defects on the overall stability of glulam suspendome was studied by setting the
initial defection values of different sizes.

As shown in Fig. 18a, different prestress amplitude had little effect on the
ultimate bearing capacity of glulam suspendome. When the cable force of the
outermost ring cable was 90kN (A), the ultimate bearing capacity of the
structure was the maximum, which was 11.46kN/mZ2. When the cable force of
the outermost ring cable was increased to 1.4A, the ultimate bearing capacity of
the structure was the smallest, which was 11.00kN/m2. The ultimate bearing
capacity of the structure was reduced by about 4.18%.

Damage to the upper reticulated shell occurred prior to the full activation
of the load-bearing capacity of the lower cable-strut system. With greater
prestress amplitude, the structural stiffness is enhanced, leading to reduced
deformation under identical loading conditions. However, variations in
prestress amplitude exert little influence on the stress distribution within the
upper glulam members. As structural failures predominantly occur in the glulam
components, often due to premature instability, the ultimate bearing capacity of
the glulam suspendome is relatively insensitive to changes in prestress
amplitude.

As depicted in Fig. 18b, different initial defections also had little influence
on the ultimate bearing capacity of glulam suspendome. When the structure had
no initial defection, the ultimate bearing capacity was 11.46kN/m2, When the
structural defection was L/100, the ultimate bearing capacity was 11.00kN/m?,
which was reduced by about 4.18%.

ad (KN/m2)
ad (kN/m2)

! ._/\\ 7 :”K\\< ez
12 ] na

0.6A 08A A 124 T4A 0 LA200 LS00 Li600 L4SO L300 LAS0 L0

Initial Defection

(b) Initial Defection

Prestress Amplitude

(a) Prestress Amplitude

Fig. 18 Results of parameter analysis

4.2.2. Span, Span-ratio and Height of vertical struts

As shown in Fig. 19a, more than 200 cases of glulam suspendome with
different span, span-ratio and length of struts were analyzed in order to explore
the influence of structural span and span-ratio on structural stability bearing
capacity. As shown in Fig. 19b, the ultimate bearing capacity of the structure
decreased with the reduction of the span-ratio. Taking span-75m as an example,
the ultimate bearing capacity of the structure was 125.31kN/m? when the span-
ratio was 1/5. When the span-ratio is 1/15, the ultimate bearing capacity of the
structure was 39.03kN/m?2, which decreased by 72.05%. With the decrease of
the span-ratio, the force of the upper reticulated shell was more, which leaded
to the easy destruction of glulam material.

oad (kN'm2)

s 16 3 o 112 s
Span-Ratio (f'L)

(b) Span and Span-ratio

(a) Parameter design

Fig. 19 Span, Span-ratio and Height of vertical struts

As shown in Fig. 20a, as the length of the struts increased, the ultimate
bearing capacity of the structure gradually increased. For example, when the
length of the strut was 2.0m, the ultimate bearing capacity of the structure is the
lowest, which was 22.78kN/m?. When the strut length was 4.0m, the ultimate
bearing capacity of the structure was the highest, which was 28.33kN/m?, an
increase of 24.36%. As shown in Fig. 20b, the ultimate bearing capacity of the
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glulam suspendome with a span of more than 75m did not increase significantly
with the increase of the length of the struts. This indicated that the overall
stability of glulam suspendome with small span can be effectively improved by
increasing the length of struts. However, for the structure with large span, it is
necessary to increase the section size of the glulam members to improve the
overall stability of the structure.
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Fig. 20 The length of vertical struts

4.3. Estimation of ultimate bearing capacity of glulam suspendome

At present, there were few theoretical studies on the overall stability
performance of suspendome structure, and there was no corresponding
calculation formula of ultimate bearing capacity. Based on the calculation of
ultimate bearing capacity of single-layer glulam reticulated shells, the
reinforcement factor ““ k™ was proposed to estimate the ultimate bearing capacity
of K6-type glulam suspendome. It is worth noting that the ultimate bearing
capacity of K6 single-layer glulam reticulated shell was also calculated by FEM
in Section 4.1.

A

suspendome

k= ®)

Ashell

A qepencome 18 the ultimate bearing capacity of glulam suspendome, kN/m?;
Age s the ultimate bearing capacity of the single-layer glulam reticulated
shell corresponding to the suspendome, kN/m?,

According to the parameter analysis in Section 4.2, the prestress and initial
defection had little influence on the ultimate bearing capacity, while the span,
span-ratio and strut length had great influence on the ultimate bearing capacity.
Therefore, this paper carried out numerical simulation analysis on several
groups of glulam suspendome with different spans, span-ratios and strut lengths,
and put forward the growth coefficient table of K6-type structures (Table 4-10).
The enhancement coefficient which was not given in the table can be calculated
by interpolation. It can be inferred from the data that the smaller of the span-
ratio and the longer the length of struts, the more obvious tension system can
improve the overall stability of the structure.

Table 4
k- (Span=30m)
Length of Span-Ratio
vertical struts (m) 15 16 8 V0 112 115
2 175 182 191 203 224 283
25 197 201 215 229 257 329
3 212 220 238 254 284 366
35 230 240 258 278 312 406
4 248 250 279 303 339 445
Table 5
k- (Span=45m)
Length of Span-Ratio
vertical struts (m) 15 16 18 V0 112 115
2 127 127 130 138 145 167
25 134 134 137 146 155 181
3 142 141 144 153 164 194

411
35 150 149 150 160 173 206
4 157 155 157 166 182 220
Table 6
k- (Span= 60m)
Length of Span-Ratio
vertical struts (m) 15 1/6 U8 110 112 115
2 124 123 128 131 143 152
25 129 128 134 138 152 164
3 135 134 141 145 161 176
35 140 140 147 152 170 187
4 148 146 152 159 178 199
Table 7
k- (Span= 75m)
Length of Span-Ratio
vertical struts (m) 15 16 U8 110 112 115
55 110 109 118 123 129 133
6 110 111 118 124 130 134
6.5 110 110 117 124 130 134
7 112 111 118 124 131 135
75 112 112 119 125 131 136
Table 8
k- (Span=90m)
Length of Span-Ratio
vertical struts (m) 15 1/6 U8 110 112 115
55 112 113 123 134 141 145
6 114 114 124 133 141 146
6.5 114 114 124 133 142 146
7 114 114 125 134 142 147
75 115 116 125 134 142 149
Table 9
k- (Span= 105m)
Length of Span-Ratio
vertical struts (m) 15 1/6 U8 110 112 115
55 115 118 127 140 152 151
6 115 118 133 142 154 151
6.5 116 119 133 142 155 152
7 117 119 134 146 156 152
75 117 120 134 147 156 152
Table 10
k- (Span=120m)
Length of Span-Ratio
vertical struts (m) 15 1/6 U8 110 vz 115
55 117 120 142 156 164 164
6 117 120 142 157 168 165
6.5 118 120 142 158 169 165
7 118 120 142 160 171 166
75 118 122 143 161 173 167
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5. Conclusions

In this study, a novel type of glulam suspendome is proposed. A destructive
test with 13-point synchronous loading is conducted on a structural model with
a span of 6m and a height of 1.2m. Based on the analysis of structural failure
mode, load-displacement curves and load-strain curves, the mechanical
properties of glulam suspendome are investigated. Based on the analysis of
structural parameters, the method of estimating the ultimate bearing capacity of
the structure and the improvement coefficient (k) are proposed. The following
conclusions are drawn:

(1) In the destructive test, the failure load recorded at each loading point is
84.17kN, resulting in a total load received by the glulam suspendome of
1094.21KkN (84.17kNxL13). The failure mode of the structure involved instability
around the weak axis of the member near the mid-span node, along with member
fracture. The displacement of the mid-span node is the largest, measuring -
47.10mm. The compressive strain of the main rib member of the first layer is
the largest, measured at -2186.53ue (-160.76kN). This suggests that the
importance of considering member stability and selecting appropriate
slenderness ratios in the design of the glulam suspendome.

(2) In the destructive test, the second ring members in the reticulated shell
are subjected to tension. Consequently, the corresponding position of the
vertical struts experiences greater pressure, resulting in higher tension in the
outer ring radial rods. This observation indicates that the load of the glulam
suspendome is primarily transmitted downwards to the cable-strut system
through the outer ring nodes. In the design of the glulam suspendome, the load
dispersion effect of the outer cable-strut system should be taken into
consideration.

(3) The parameter analysis of more than 200 finite element models showed
that prestress and initial defections had little influence on the overall stability of
glulam suspendome. The geometrical dimensions of the structure, such as the
span-ratio and the length of vertical struts, had a great influence on the overall
stability of glulam suspendome. It is worth noting that when the span of the
structure is greater than 75m, the ultimate bearing capacity of the structure
cannot be effectively improved by increasing the length of the struts.

(4) By comparing the ultimate bearing capacity of single-layer glulam
reticulated shell and glulam suspendome of the same size, the reinforcement
factor “k” of glulam suspendome was given. The results showed that the smaller
of the span-ratio and the longer the length of the strut, the more obvious tension
system can improve the overall stability of the structure.
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