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ABSTRACT

Concrete Filled Tubular Steel (CFST) members are recently used widely due to their proved efficiency. CFST
members can carry high axial compression forces which merge the advantages of steel and concrete sections.
This paper presents an investigation for the use of CFST members as compression elements in space trusses
through experimental and finite element (FE) modeling program. This program included two steps. The first
step presents a comparison between hollow steel and CFST slender columns. The second step considers the
behavior of full space truss with CFST members. The study also presents a FE modeling for all tested
specimens (steel and CFST members). Test results like, ultimate load capacity, load against axial shortening
and deformed mode shape are presented and discussed. The study reported the improvements that obtained by
applying the technique of replacing the compression members in space trusses with CFST elements. The FE

showed an excellent agreement with the experimental results.

Keywords: steel, concrete, space truss, concrete filled tubular steel and finite element.

1. Introduction

A space truss is a three-dimensional structural system
composed of linear elements. It consists of two parallel
grid layers of members (chord members) connected by
vertical or diagonal members (web members). Circular
steel pipes are the most popular cross-section for space
truss elements. The need for efficient compression
members led to the use of CFST members. This paper
investigates composite trusses containing concrete-
filled tubular steel members. Previous studies by
Schmidt [1&2] examined three small-scale space
trusses with edge supports and 6x6 panels measuring
1830%1830%216 mm overall. The study reported
linear behavior until failure. EI-Sheikh and McConnel
[3] presented experimental loading test results on a
corner-supported space truss measuring 4000 x 4000
mm with a depth of 575 mm, where buckling mode
was the dominant failure mode that started on the
upper chords. Fulop and Ivanyi [4] presented
experimental test results on the behavior of an N-type
segment space truss with a 3 x 3 lower layer grid and
a 2 x 2 upper layer grid, where theoretical length of
grid bars and diagonals was 1200 mm; collapse
occurred due to local buckling of two opposite
diagonals at the top center joint. Kim et al. [5] showed
the behavior of three different layout space trusses
under vertical load until failure; failure mode shape
occurred after reaching the ultimate load due to
buckling in upper chord members. Sahol Hamid et al.

[6] studied double-layer space truss behavior through
finite element program; model results were compared
with previous experimental tests and good agreement
between experimental and FE results were obtained
using ABAQUS.

Young & Ellobody [7], Ellobody [8] and Ellobody [9]
presented in their studies the behavior of concrete
filled steel tubes. Also a comparison was drawn
between the concrete filled steel tubes and empty
tubes. Different parameters were discussed such as
cross section shape, dimensions, length of specimen
and concrete cylinder strengths varied. Also, FE
analysis investigation was drawn on concrete filled
stainless steel slender tube columns by the study
presented the steps of CFST modeling and how to
make a perfect modeling. Uy et. al. [10] investigated
the behavior of slender CFST columns. The
investigation was drawn through experimental
program under axial loading. The study included 24
Specimens with different cross section shape: circular,
square and rectangular. A total of 29 CFST columns
with square section were investigated by Dundu [11].
The investigation was drawn through experimental
tests. The load test was axial compression load till
failure to study the ultimate load and failure shape
mode.

Fong et al. [12] studied the effect of using CFST truss
members and presented the load-carrying capacity and
ductility of composite steel trusses compared to

ERJ, PART 4, Civil Eng., Vol. 46, No. 3, July 2023, pp. 365- 380 365



Mohamed I. Mousa, Kamel A. Kandeel and Maher M. Elabd ** Behavior of Space Trusses with CFST
as Compression Elements™

hollow steel ones. Experimental results showed that
the maximum load resisted by a member in the
composite truss was 29% higher than that of the steel
truss. Both steel and composite trusses had the same
failure mode shape: overall buckling of compression
members. Han et al. [13] presented experimental tests
on CFST chords of steel trusses and compared the
behavior of composite trusses with hollow tube steel
trusses. Three CFST trusses and one steel truss were
investigated; all had a span of 5000 mm and height of
485 mm. Chen et al. [14] investigated concrete-filled
tubular steel trusses, including four circular hollow
section tubular multi-planar trusses to ensure no lateral
displacement occurred during testing; only top chords
were in-filled with concrete.

Previous studies presented the behavior of concrete
filled tubular steel as separate elements. also, few
studies were drawn the using of CFST element on
planer steel trusses. we can note, space truss studies
were not included the using of CFST element. And so,
the thesis will be discussing the behavior of space truss
with CFST element. Thesis will present experimental
tests and finite element investigation on CFST as
sperate elements and as truss elements on space truss.

2. Experimental Investigation

The experimental program consists of two series. The
first series includes 12 separate slender column
specimens divided into two groups: 6 hollow steel
columns and 6 CFST columns. The second series
includes 4 space truss models with the same
configurations; two trusses have hollow steel tube
elements while the other two have their upper chord
members replaced with CFST members. All steel
tubes had a yield stress of 440 MPa and self-
compacting concrete with a compressive strength of
35 MPa was used to fill the steel tubes.

Trial mixes were carried out using the absolute volume
method to design the concrete mixes used in this study.
Table (1) shows mixes designed using this method and
materials mentioned earlier. A total of three standard
150 mm cubes were prepared from this mix and tested
after 28 days of casting. The results were carried out
using the compression testing machine. for the steel
tubes and plates, the slices were taken and tested up
using direct tensile test.

2.1 Sperate Slender Column Tests.

The two groups of columns had the same steel tube
properties, as shown in Table (2). Column specimens
were made from circular steel tubes with three
different diameters: 42.0 mm, 48.8 mm, and 60.30
mm; tube wall thicknesses were 3.00 mm, 2.80 mm,
and 3.00 m, respectively. Specimen lengths were 1000
mm and 1250 mm. Figure (1) shows one of the column
specimens.

Specimens were labeled according to whether they
were steel columns (SC) or composite columns (CC).
The third and fourth letters indicated their nominal
diameter: 42 for 42.00 mm, 48 for 48.80 mm and 60
for 60.30 mm while the fifth letter (L) indicated their
length in meters. For example, specimen CC60L1.25
was a concrete-filled tubular column with a diameter
of 60.30 mm and length of 1250mm.

Table 1 - Trial Self- Compacted Concrete Mix

Cement Aggf‘ergszte Sand  Water ADDICRETE
content content: content BVF
() g (@ (k) | Conent (ko)
400 1150 @ 595 = 200 6

—- LDIV

Figure 1-Photo of Separate specimens and Test
set up and locations of LDTVs

2.2 Test Setup and Instrumentation of Sperate
slender column tests

All columns were tested using a loading jack with a
maximum capacity of 1000 kN. Specimens were
subjected to axial force at the top of the columns with
a load interval of 2 kN throughout the test. A load cell
was located at the top of the specimen to record
applied load, as shown in Figure (1). A rigid 50 mm-
thick plate was placed under the loading jack and
another at the bottom of specimens as support; a tie-
rod was placed between plates to allow rotation in one
direction, see Figure (1). Column boundary conditions
were pinned in-plan direction; rotation in this direction
was permissible while out-of-plan rotation was
prevented. Four displacement transducers (LDTV)
were used and placed at the middle and top of the
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column; all LDTVs were connected to a data logger to
display axial displacement and mid-span deflection.

The tests on separate elements were drawn to calculate
the ultimate load capacity and deformed shapes and

measure the effect of using concrete on steel tubes
members.

Table 2 —Properties and Dimension of Specimens of the First Series’

Spfglif’?len D(mm) t(mm) DII_Tn(:r::;OﬂS D/t A=Le/r g?r:ir(;tﬁ St?é?gth

T le Feu (MPa) Fy (MPa)
SC42L.1.00 42.00 3.00 1000 14.06 7698 | - 295
SC42L.1.25 42.00 3.00 1250 14.06 9498 | - 295
SC48L.1.00 48.80 2.80 1000 17.14 6683 | - 295
SC48L1.25 48.80 2.80 1250 17.14 8244 = - 295
SC60L1.00 60.30 3.00 1000 20.10 52.74 295
SC60L1.25 60.30 3.00 1250 20.10 65.07 295
CC42L.1.00 42.00 3.00 1000 14.06 76.98 35 295
CC42L1.25 42.00 3.00 1250 14.06 94.98 35 295
CC48L1.00 48.80 2.80 1000 17.14 66.83 35 295
CC48L1.25 48.80 2.80 1250 17.14 82.44 35 295
CC60L1.00 60.30 3.00 1000 20.10 52.74 35 295
CC60L1.25 60.30 3.00 1250 20.10 65.07 35 295

2.3 Space Trusses Tests.

Space truss specimens were divided into two groups:
the first group included two space trusses with hollow
pipes while the second group included two composite
space trusses. All four space trusses measured 3840
mm in length, 1280 mm in width and 900 mm in
height, see Figure (2). Space truss members were
made of circular hollow sections with equal lengths of
1000 mm and consisted of 3x1 panels; each panel was
square-shaped and measured 1280 x 1280 mm. Two
different cross-sections were selected for top chord
members: CHS42.0x3 for the first space truss and
CHS48.8X2.8 for the second; all lower and diagonal
members had cross-section CHS60.3x3.2 for all truss
specimens. Composite steel truss members were filled
with self-compacting concrete with compression
strength of 35 MPa, see Table (3). Four space trusses
were made: two with hollow steel tubular elements
and two with hollow steel elements except upper chord
members made of CFST elements. ST1 and CT1
trusses had identical configurations regarding
dimensions of truss members; using CFST elements
instead of hollow tubular elements for upper chords
was the only difference between ST1, ST2 and CT1,
CT2.

All space trusses were design and manufactured as
simple truss. the configuration of supports was hinged

for three supports and the fourth support was roller.
The connection between members was pin type.
Members were connected using a guest plate with a
thickness of 10 mm and one bolt with a diameter of 24
mm and grade 10.9. Two welding joints were selected
to prepare space trusses: tee joint and corner joint
using maximum allowable weld size equal to 70% of
plate thickness.

2.4 Test Setup and Instrumentation of Space
Trusses Tests.

All space trusses were tested to failure and subjected
to static load at the middle joint in the upper chord of
the truss. Four LDVTs were used and fixed to measure
the horizontal displacement and deflection, see Figure
(3). LDVT 1 and 2 were fixed at the middle length of
lower mesh members and measured overall space truss
deflection. LDVT 3 and 4 were fixed at the left
member of upper chord; LDVT 3 measured in-plan
displacement while LDVT 4 measured out-of-plan
displacement.
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Table 3—Experimental Load Capacity of Slender Column Specimens.

Specimen Upper Mesh Lower Mesh & | Concrete Strength = Steel Strength
Label Section Diagonal Section Feu (MPa) Fy (MPa)
ST1 CHS42.0x3.0 CHS60.3x3.0 = - 295
ST2 CHS48.8x2.8 CHS60.3x3.0 . - 295
CT1 CHS42.0x3.0 CHS60.3x3.0 35 295
CT2 CHS48.8x2.8 CHS60.3x3.0 35 295

Figure 2— Photo and Layout Dimension of Space Truss

<
e o = i,

Loading Point

LDTV - Vertical Deflection
of Lower Mesh

LDTV - InPlan Buckling for
First Upper Chord Member

LDTV- OutPlan Buckling for
First Upper Chord Member

Figure 3— Sketch of Space Truss Specimens Under Testing.

3. Results of Sperate Slender Column Tests.

3.1 Ultimate Load Capacity

Column load-carrying capacity (Pexp.) Was measured
by determining peak load from experimental tests.
Tests began with regular 5.0 kN increments up to
maximum load; peak load was the maximum load
resisted by the column. Failure loads for all specimens

were recorded to study the effect of buckling ratio.
Comparisons were made between concrete-filled
tubular columns and hollow steel columns; Table (4)
presents experimental load capacity for each
specimen.
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Table 4 — Experimental Load Capacity of Slender Column Specimens
Specimen Dimensions Concrete Strength = Steel Strength Pexp
Label D (mm) t (mm) L(mm) Fou (MPa) Fy (MPa) (kN)

SC42L.1.00 42.00 3.00 1000 @ - 295 99.51
SC42L.1.25 42.00 3.00 1250 @ - 295 89.40
SC48L1.00 48.80 2.80 1000 @ - 295 121.20
SC48L1.25 48.80 2.80 1250 0 - 295 114.30
SC60L1.00 60.30 3.00 1000 295 184.60
SC60L1.25 60.30 3.00 1250 295 174.40
CC42L1.00 42.00 3.00 1000 35 295 110.65
CC42L1.25 42.00 3.00 1250 35 295 97.90
CC48L1.00 48.80 2.80 1000 35 295 145.35
CC48L1.25 48.80 2.80 1250 35 295 136.70
CC60L1.00 60.30 3.00 1000 35 295 262.15
CC60L1.25 60.30 3.00 1250 35 295 246.15

3.2 Deformed Shape and Failure Mode 160

Load against axial shortening relations for column 140 4 .

specimens is presented in Figures (4, 5 and 6). Curves 20 / L —_scaLio |

were divided into three stages: elastic stage, elastic- Z S AR — - -CC48L1.00

plastic stage and plastic (post-ultimate) stage. The 5100 1 {" ,'\-_ 2 L = ColLLE |

plastic or post-ultimate stage began with the peak load S 0 ] \\‘_. o

carried by the column up to failure; a rapid increase in Z ol 7 ’,’ —

axial displacement was noticed with a progressive E Iy "n,h
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a) SC42L.1.00
N

f) CC42L1.00 g) CC42L1.25

h) CC48L1.00

: ot e

i) CC60L1.00 j) CC60L1.25

Figure 7 — Experimental failure mode shape for slender column specimens.

4. Results of Space Truss Tests.

4.1 Ultimate Load Capacity.

Table (5) presents ultimate or failure loads for four
space trusses. Specimens ST1 and ST2 were space
trusses with different upper chord sections; failure
loads were 132.87 kN and 154.22 kN, respectively.
Composite space trusses CT1 and CT2 with upper
chord cross-sections CHS42.0x3.0 and CHS48.8x2.8
had failure loads of 145.54 kN and 186.25 kN,
respectively.

4.2 Deformed Shape and Failure Mode

For space trusses, deflection at middle span was
recorded during tests with increasing applied load.
Figure (8) shows the relation between experimental
applied load and deflection at middle span. The area
under curves can be divided into two regions: the first
region starts from test beginning up to ultimate load
capacity where load and deflection increase together
in a semi-linear relationship; the second region starts

at ultimate load capacity and continues to test end up
to failure where applied load decreases with
significant increase in deflection. In general, steel
space truss failure was brittle or compression failure.
Figures (9 to 12) show failure mode shapes of space
truss specimens. Failure mode shape indicates space
truss failure mode; all steel trusses were designed for
top chord members to collapse under compression
failure. Figure 9 presents failure mode shape of steel
space truss ST1: at test beginning, space truss failed as
one unit to reach ultimate load and left upper chord
member rapidly buckled in-plan. Figure (9) shows that
space truss ST1 failed in compression failure
occurring at upper chords

Figure (10) shows failure mode shape of steel space
truss ST2; truss CT1 had similar behavior to space
truss ST1 except that right upper chord member
buckled upon reaching ultimate load.

Figures (11 and 12) present failure mode shapes of
composite space trusses CT1 and CT2; composite
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truss behavior was similar to steel trusses with hollow
pipes and failed due to collapse of right upper chord
member. In general, all composite and non-composite

space trusses collapsed under compression failure of
upper chord members.

Table 5 — Experimental Load Capacity of Space Truss Specimens.
Specimen Truss Upper Mesh Lower Mesh & Concrete Steel Failure Load
Label Type Section Diagonal Section Strength Fe, - Strength Fy Pexp (KN)
yp g (MPa) (MPa) Exp
ST1 Steel CHS42.0x3.0 CHS60.3x3.0 = - 295 132.87
ST2 Steel CHS48.8x2.8 CHS60.3x3.0 @ - 295 154.22
CT1 Composite | CHS42.0x3.0 CHS60.3x3.0 35 295 145 54
CT2 Composite | CHS48.8x2.8 CHS60.3x3.0 35 295 186.25

200 ——ST1
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= 100 AL N~
2 7o : SN
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Figure 8 — Experimental Load Against Middle
Span Deflection Relation for Space Trusses ST1,
ST2,CT1 And CT2.

5. Finite Element (FE) Modeling and Validation

The current study presents an accurate finite element
model for CFST and hollow tube steel members using
ABAQUS 2017 [15] software program; results
showed excellent agreement for linear and nonlinear
analysis.  Finite Element Modeling included
identification of element part, mesh and material
property as well as analysis type. Boundary condition,
contact between element parts and load application
were also included. Steel tubes were modeled as shell
elements with reduced integration S4R while
concrete-filled cores were modeled using 3-D solid
C3D8. Hollow steel tube members were modeled as
shell or wire elements. For CFST columns, all degrees
of freedom for top and bottom surfaces were prevented
except displacement at loaded end allowed in applied
load direction. Load was applied as static uniform at
upper rigid plate identical to experimental loading
procedure. Tested space trusses were supported at four

lower corners using pin supports; the first support was
prevented from moving in all directions while the
second support was allowed to move in X-direction
and prevented in other two (Y + Z) axes; the third
support was allowed to move only in Y-direction
while the fourth support was allowed to move in all
directions except Z-direction ,see Figure (13).

Several mesh sizes were tried to achieve reasonable
mesh that provided reliable results while reducing
computational time. It was found that a mesh size ratio
of 1 (length): 1 (width): 2 (depth) for most elements
achieved accurate results.

The connection between the wire parts was simulated
as hinge which was created automatically. The option
of coupling was selected for the connection between
the shell or solid and wire parts. The meeting joint of
parts was selected to create the coupling as master
constraint. Then select the shell or solid part surface as
slave.

5.1 Material Modeling of The Normal Confined
Concrete and Steel Tube.

To model the concrete core, a procedure similar to that
presented by Ellobody and Young [7] was used. Figure
(14) illustrates the relationship between the equivalent
uniaxial stress-strain curves for both unconfined and
confined concrete. The plastic part of the concrete was
modeled using the DRUCKER PRAGER model
available in ABAQUS [15]. Two parameters
(*DRUCKER PRAGER and *DRUCKER PRAGER
HARDENING) were used to define the yield stage of
confined concrete. The material angle of friction (b)
and the ratio of flow stress in tri-axial tension to that
in compression (K) were taken as 20 and 0.8
respectively, as recommended by Hu et al. [16].

For modeling steel material, elastic properties were
completely defined by providing Young’s modulus
(E) and Poisson’s ratio (v). The nonlinear part of steel
material’s stress-strain curve was modeled using the
PLASTIC option available in ABAQUS [15], Mander
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et al [17]. Contact elements were used to model analysis. Interface element allows surfaces to separate
interaction between internal surface of steel tube and under tensile force influence but prevents penetration
external surface of concrete core. Coefficient of through hard contact interface.

friction between two faces was taken as 0.25 for

e FJ & \_ A%

N

\

Figure 11— Failure Mode Sae of Steel Space Truss CT1.
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bl

Figure 12— Fallure Mode Shape of Steel Space Truss CT2.
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Figure 13 — Degree of Freedom for Experimental and Finite Element Modelling Space Trusses.

Confined concrete

; Unconfined concrete

8. [ e, > g
Figure 14 — Equivalent Uniaxial Stress—Strain
Curves for Confined and Unconfined Concrete
[16]

5.2 Proposed FE Models Results

Table (2) and Table (3) summarize the results of
experimental tests for separate columns and space
trusses, respectively. The same specimens were
modeled using the ABAQUS finite element program.
Results such as load-carrying capacity, load versus

axial shortening, middle length deflection curves, and
failure mode shape were extracted and explained from
the finite element program. Finally, a validation
process was performed to compare experimental and
finite element results to ensure the accuracy of the
finite element program.

5.3 Validation of Results for Slender Columns.
5.3.1 Load Carrying Capacity

Table (6) presents a comparison of ultimate load
capacity between experimental and finite element
results for individual specimens. The mean difference
ratio between experimental and FE results was 7.49%,
with the highest and lowest values being 9.10% and
4.26%, respectively.

2.3.1 Deformed shape and failure mode

Figures (15 to 20) present the experimental and FE
modeling load axial shortening curves for all column
specimens. Excellent agreement between finite
element results and experimental results is observed
except for specimens CC60L1.00 and CC60L1.25.
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Table 6— Experimental and Finite Element Load Capacity of Slender Column Specimens.

Specimen Dimensions Feu Fy Pexp PrEe. difference
Label D t L (MPa) (MPa) (kN) (kN) ratio %
(mm) (mm) (mm)
SC421L.1.00 42.00 3.00 1000 | ----- 295 99.51 90.8 8.74
SC421.1.25 42.00 3.00 1250 @ - 295 89.40 82.8 7.38
SC48L1.00 48.80 2.80 1000 | ----- 295 121.20 112.5 7.18
SC48L1.25 48.80 2.80 1250 @ - 295 114.30 104.11 8.68
SC60L1.00 60.30 3.00 1000 ---- 295 184.60 167.8 9.10
SC60L1.25 60.30 3.00 1250 ---- 295 174.40 160 8.05
CC42L.1.00 42.00 3.00 1000 35 295 110.65 101.5 8.23
CC42L.1.25 42.00 3.00 1250 35 295 97.90 91 7.14
CC48L1.00 48.80 2.80 1000 35 295 145.35 139.1 4.27
CC48L1.25 48.80 2.80 1250 35 295 136.70 126.6 6.64
CC60L1.00 60.30 3.00 1000 35 295 262.15 239.7 8.51
CC60L1.25 60.30 3.00 1250 35 295 246.15 231.1 6.06
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Figure 18-Experimental and F.E. Modelling
Load-Axial Shortening Curves for CC42L1.00
And CC42L1.25.
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Figure 19 — Experimental and F.E. Modelling
Load-Axial Shortening Curves for CC48L1.00
And CC48L1.25.

The finite element results for CC60L1.00 and
CC60L1.25 were larger than those obtained from
experimental results in terms of axial shortening
versus ultimate load. In general, the behavior of finite
element curves can be divided into three regions:
elastic, elastic-plastic, and plastic.
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Figure 20 — Experimental and F.E. Modelling
Load-Axial Shortening Curves for CC60L1.00
And CC60L1.25.

Figure (21) presents the deformed shape at failure
from experimental tests and FE modeling for separate

column

specimens.

The

comparison

clearly

demonstrates the capabilities of FE modeling in
simulating experimental tests. It is worth mentioning
that all specimens failed due to overall buckling.

C4L1.25

T Sal

d) SC60L1.00
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f) CC42L1.00 g) CC42L1.25

5.4 Validation of Results for Space Trusses.

5.4.1 Load Carrying Capacity

Table (7) presents experimental and FE modeling
results for four space truss models. The mean
difference ratio between experimental and FE results
was 7.49%, with the highest and lowest values being
9.10% and 4.26% respectively.

5.4.2 Deformed Shape and Failure Mode

Figures (22) and (23) present the load against mid-
span deflection results obtained from FE modeling and
experimental tests for steel and composite space
trusses respectively. Generally, it can be observed that
the FE modeling curves are divided into two regions.
The first region starts at the beginning of the test until
reaching ultimate load. In this region, load and
deflection increase together in a semi-linear
relationship. The second region starts at ultimate load
to end of testing where load decreases with rapid
increase in deflection for CT1 and CT2. The curves
from FE modeling and experimental tests were largely
identical. However, deflection from finite element
modeling was observed to be less than that obtained
from experimental tests. This behavior is expected to
be due to clearances in bolt holes leading to additional
slippage in connections.

Figures (24) to (27) show good agreement between
failure modes, ultimate load capacity, and
deformations that occurred during experimental tests
and FE analysis for space trusses ST1, ST2 and CT2.
It can also be observed that the dominant failure mode
for all space trusses was compression failure in the
upper chord member. From the discussion, it is clear
that there is good agreement between FE modeling and
experimental test results.

h) CC48L1.00
Figure 21 — Experimental and F.E. Modelling Failure Mode Shape for Slender Column Specimens.
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Figure 22 — Experimental and F.E. Modelling
Load- Middle Span Deflection Curves for ST1

And ST2.
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Figure 23 — Experimental and F.E. Modelling
Load- Middle Span Deflection Curves for CT1

And CT2.

ERJ, Menoufia University, Vol. 46, No. 3, July 2023

376



Mohamed I. Mousa, Kamel A. Kandeel and Maher M. Elabd ** Behavior of Space Trusses with CFST
as Compression Elements™

Table 7-Experimental and FE Modeling Load Capacity of Space Truss Specimens.
SPecimen  rpygs  Upper Mesh ~ Lower Mesh & | Fo, Fy Pexp Pee.  Difference
Label  Type Section  Diagonal Section (MPa) (MPa)  (N) (kN) ratio %
ST1 _ CHS42.0x30: e 295 132.87 141.13 6.22
ks o
(7] ™

ST2 CHS48.8x2.8 - 295 154.22 162.89 5.63
o 3

CT1 K3 CHS42.0x3.0 % 35 295 145 54 157.25 8.05
=% @]
IS

CT2 8 CHS48.8x2.8 35 295 186.25 202.56 8.76

Figure 24 — F.E. Modelling and Experimental Figure 25 — F.E. Modelling and Experimental

Deformed Shape of Steel Space Truss ST1. Deformed Shape of Steel Sﬁce Truss ST2

gvmm\w»«;dhv/w o
I ".E"N"‘\' \‘

Figure 26 — F.E. Modelling and Experimental Figure 27 — F.E. Modelling and Experimental
Deformed Shape of Steel Space Truss CT1. Deformed Shape of Steel Space Truss CT2.
6. Discussion of Results
Tables (8) and (9) present the ratio of load capacity and CFST members as individual elements and for
increase for experimental test results for hollow tubes space trusses with hollow and CFST elements,
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respectively. Six steel specimens with three different
cross-sections were tested as individual elements. An
increase ranging from 9.51% to 19.60% was recorded
for individual CFST elements compared to hollow
steel elements. A 9.54% increase was recorded for
space truss CT1 with CFST composite elements
compared to ST1 with non-composite elements. For
second space truss T2, the ratio of ultimate load
increase was 20.77% compared to steel truss ST2.
Figures (4) to (6) show comparisons between CFST
and steel tubular specimens in terms of load against
axial shortening curves. Each figure contains four
curves: two for CFST and two for hollow steel
elements. The curves in each figure are for steel tubes
with the same diameter. From Figures (4) to (6), it can
be observed that hollow steel columns are more ductile
than concrete-filled steel tubular members.

Table 8-Comparison of Ultimate Load Capacity
Between Steel and CFST Slender Column Specimens

SPECIMEN Ultimate Load (SktN)| iF:]itri;)a:Z
Label  CFST Column Colﬁ?’nn %)
C42L.1.00 110.65 99.51 11.19
C42L.1.25 97.9 89.4 9.51
C48L.1.00 145.35 121.2 19.93
C48L1.25 136.7 114.3 19.60
C60L1.00 262.15 184.6 42,01
C60L1.25 246.15 174.4 41.14

Table 9—Comparison of Ultimate Load Capacity
Between Steel and Composite Trusses Specimens.

. Ultimate Load (kN) .
Specimen g Ratio of
Label Composite ~ Steel increase (%)
Truss Truss
Tl 145.54 132.87 9.54
T2 186.25 154.22  20.77

Figure (8) presents the applied load against deflection
at mid-span for space truss specimens. Four curves are
included: two for ST1 and ST2 which are steel space
trusses and two for CT1 and CT2 which are space
trusses with CFST members. The ductility of
composite space trusses is less than that of steel ones.
In general, all steel and composite trusses failed due to
compression failure. The applied load on the truss
increased linearly until reaching ultimate load then
sudden collapse occurred.

The diameter-to-thickness (D/t) ratio of a steel tube is
an important factor in selecting the tube. The D/t ratio
has a significant effect on slenderness ratio as well as

confinement pressure of the steel tube and concrete
core. Therefore, the D/t ratio is considered along with
the ratio of load capacity increase of concrete-filled
steel compared to hollow steel tubular elements.

The first series of experimental programs includes six
individual CFST elements with three different D/t
ratios: 14.06, 17.14, and 20.1, respectively. Figures
(28) and (29) present the relationship between
diameter-to-thickness (D/t) ratio and Ratio of increase
in ultimate load for individual CFST elements.

Column Length L=1000 mm
45.00

40.00 A
35.00 /
R
S 30.00
E 2500
=
'§ 2000
E 15.00
10.00

-l
=
=

=4
=
1=

14.06 17.4 20.1
I/ t Ratio

Figure 28 — Relation of Diameter to Thickness
Ratio (D/T) And Ratio of Increase of Ultimate
Load For CFST Columns CC42L.1.00, CC48L1.00
And CC60L1.00
For column specimens with length 1000 mm, Figure
28 shows the relationship between D/t ratio and Ratio
of increase in ultimate load capacity. The D/t ratio has
a large effect on Ratio of increase in ultimate load
capacity for CFST columns; increasing D/t ratio led to
an increase in Ratio of increase in ultimate load

capacity.

Column Length L=1250 mm
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Figure 29 — Relation of Diameter to Thickness

Ratio (D/T) and Ratio of Increase of Ultimate
Load for CFST Columns CC42L1.25, CC48L1.25

And CC60L1.25.

The D/t ratios for CFST elements CT1 and CT2 are
14.06 and 17.14, respectively. Figure (30) shows the
relationship between D/t ratio and Ratio of increase in
ultimate load for composite space trusses. From Figure
(30), it can be clearly observed that increasing D/t ratio
led to an increase in ultimate load.
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In general, the D/t ratio is an important parameter that
has a significant effect on the ultimate load of CFST
elements. The D/t ratio of steel tube influences
confinement pressure of steel tube and concrete core.

Member Length L=1280 mm
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Figure 30 — Relation of Diameter to Thickness
Ratio (D/T) and Ratio of Increase of Ultimate
Load for Composite Space Truss CT1 And CT2.

7. Conclusion

This study presents an experimental investigation on
concrete-filled tubular steel members (CFST) as
individual elements and as compression elements in
space trusses. Individual CFST and hollow steel
elements, as well as full composite and non-composite
space trusses, were tested. The study discusses load
capacity, deformed shape, and failure modes for CFST
and steel members. A finite element study was carried
out to model behavior during experimental work.

The following conclusions can be drawn from the
results:

1. Filling steel tubes with concrete to form CFST
members led to enhancements in behavior of
compression members compared to hollow
tubular steel members in terms of ultimate load
capacity.

2. CFST and hollow steel members had the same
deformed shape at the failure due to compression
or brittle failure.

3. CFST members exhibited brittle behavior
compared to hollow steel members.

4. The D/t ratio has a major effect on the behavior of
CFST members; increasing D/t ratio leads to an
increase in CFST capacity due to confinement
pressure effect on concrete core.

5. Finite element modeling is capable of predicting
ultimate load capacity and deformations for CFST
and hollow steel members.
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