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ABSTRACT: - This study focuses on benefits to be gained by using composite beams with
concrete slab attached to a circular steel tube alternative IPE section in steel beam. The
experimental research program was attitude to evaluate the flexural behavior of these
composite beams with circular steel tube. A total of fourteen beams divided into seven test
groups with different variable, were fabricated and testing under static loading conditions to
determine the ultimate load and mode of failure of composite beam with circular steel tube. It
was found, that the proposed structural system proved the qualification in flexural behavior,
this mean; it can be used in building and construction as structural member resisting the
bending. In addition, this composite beam can be used to pass through it the service work as
electrical lines, mechanical heating, ventilating, etc. without need to increase floor height and
web opening making that was cause increase building cost. Also the new proposed section
can be used to transport water or oil.
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INTRODUCTION

Composite steel structures have been introduced for a several years as one of the
most economical construction systems. A composite member is defined as consisting of a
rolled or a built-up structural steel shape that is filled with concrete, encased by reinforced
concrete or structurally connected to a reinforced concrete slab. The perfect properties
combination of the two most common building materials, i.e. steel and concrete, provides
safe and economic structures. Composite beams offer many benefits more than non-
composite sections. Since the load carried out by both the steel beam and the concrete slab,
the steel section size is smaller than otherwise would be required. This reduces the total
building height and the weight of steel required, thus reducing the direct cost. The typical
structural framings compose of beams with solid webs; these backward the supplies of
pipelines and air conditioning ducts necessary or satisfactory needing for which the
construction is built. Production of beams with openings in web has become satisfactory
engineering solution, and reduces the possibility of a service engineer making holes
continuous in unsuitable positions. Introduction of openings in the web led to reduce beams
stiffness resulting in more extensive deflections than the solid webs without opening. The
bending moment capacity of the beam with web opening will be decreased at the opening
because of the contribution of web to the moment capacity is reduced 1,

New structural sections of composite steel-concrete bridges were suggested and
developed to be used in the last years. Such composite bridges types were adopted in Japan.
Using steel section has high strength and ductility, such as concrete filled pipes or rolled H-
girder, whereas filled concrete limits local buckling of steel plates [?. Five composite bridges
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were suggested using steel pipes or cold —formed steel girders. The first project is a new
railway bridge system that adopts steel tubes as the main beams. The steel pipe is filled with
concrete close the mid supports. The bending capacity and behavior of concrete —filled steel
pipes with concrete slabs were investigated using 6 m long specimens. The results showed
that the concrete has a significant effect in limiting local buckling of the steel pipe and raising
the bending capacity 1. The second example is a cable stayed bridge that uses pipes of steel
as the main girders. Because of the high compression in the girder, steel pipes have large
resistance against axial compression, which would be useful for cable—stayed bridges ©I.

Nakamura and Narita (2003) ™! experimentally studied the behaviour of steel tube
filled with concrete bridge girder that consisted of composite with an overlying concrete slab.
Mossahebi et al. (2005) 521 the concept of voided slab (hollow core slab) in conjunction with
steel beam to form a type of composite beam or flooring system to be used in multistory
buildings were established through a series of studies presented using finite element
modeling, ABAQUS software, with experiments using precast hollow —core floor slabs,
modeling the headed stud shear connectors. Saleem et al. (2010) ! developed a steel free
composite deck made of ultra high performance concrete (UHPC) and fiber reinforced
polymer (FRP) tubes. A preliminary experimental testing program and an analytical
evaluation were undertaken to investigate the strength and serviceability of the deck system.
The findings indicate that the proposed system is a promising alternative to steel decks with
opening from both strength and serviceability standpoints.

This study focuses on benefits to be gained by using composite beams with
concrete slab attached to a circular steel tube as an alternative IPE section in steel beam. This
type of composite beam able to track the new mechanical heating, ventilating, plumbing, and
electrical lines through the steel tube, weight savings resulting reduces overall building costs.
In addition, this type of beam, composite steel tube section, will show good behavior to resist
the local buckling compared to I-section beam.

2. EXPERIMENTAL PROGRAM

This section will provide details related to fabrication procedure, test set-up, loading
scheme, instrumentation, and test descriptions.
2.1 Test Specimens Details

Fourteen simply supported steel concrete composite beams were designed and tested
under two points load in the one-third span. Typical composite beam was 2000 mm in length
and it was a simply supported beam at a span of 1800 mm. Thickness of concrete slab was
130 mm and width 400 mm; it was connected to steel tube beam with studs as shear
connectors in twelve of the specimens, while the other two were designed with angle and
perfobond connectors. The typical geometry of test specimen is shown in Figure (1). The
tested specimens were classified as seven groups depending on different parameters
including; support length, where the steel beam was confined near the ends by concrete block
around circular tube in different length 250, 450, and 650 mm, thickness and diameter of steel
tube, spacing and type of shear connector, influence of one open and two open in mid span of
beam, and for comparison of normally composite steel-concrete beam with I-section beam
were tested. These were considered the main variable for the fourteen specimens.

The groups ID consists of two part; the first part denotes group number and the
second part signifies the main variable, the first term, alphabetic term, of identification
corresponded to a type of variable. 'S’ for supported length, "Th’ for thickness of steel tube,
'Spa’ for spacing of studs, ‘open’ for beam with opening, 'D’ for diameter of steel tube, angle
and perfobond shear connector for the sixth group, and finally the steel beam with I-section
was the seventh group. The second term, numerical term, used in the group from 1 to 5,
represent the secondary variable. For group one, support length was 25, 45, and 65 cm;
thickness of steel tube 3 mm, 4 mm, and 6 mm in second group, etc. Fabrication details of the
test beams are presented in Table (1) and Figure (2). The concrete slab was reinforced with
deformed steel rebar ¢ 4.75 at 60 mm in two layers in longitudinal and transverse direction.

Diyala Journal of Engineering Sciences, VVol. 09, No. 03, September 2016
105



STRUCTURAL BEHAVIOR OF COMPOSITE REINFORCED CONCRETE DECKS WITH LIFE LINE STEEL TUBE SYSTEMS

2.2 Classification of Cross —Sections

All composite cross —sections should be classified according to the limiting values as
recommended in some codes of practice as AISC 2005 "), BS 5950-1 [ and Eurocode 3
[11n the present study, the cross section classification is carried out based on the limiting
values provided in the previous codes. The circular steel tube beam used in this study varied
in cross —section classification as class 1 (compact) for d/t ratio lower than 50, and class 2
(non compact) for d/t ratio larger than 50 based on limitation of AISC —LRFD [, In addition,
steel I-section beam was classified as class 1 (compact) for web and flange according to
AISC [Mand as class 1 (Plastic) according to BS 5950 -1l and Eurocode 3 1
2.3 Materials

The materials used in this investigated are locally available except the stud shear
connector. All beams in the test program were cast using normal concrete. The structural steel
I-beam of section 160 mm x 16 kg/m, and circular steel tube section with five type was used,
three with diameter of 168 mm (6 inch) and thickness 3 mm, 4 mm, 6mm; the other two with
diameter of 100 mm (3.8 inch), 215 mm (8.5 inch) and thickness 4 mm. The material
properties of the steel were determined by cutting and testing several tension coupons
according to ASTM A370-101%. Material properties obtained from the coupon tests, yield
stress, ultimate strength and elongation, are presented in Table (2).

Each of the beams group was cast on the same day, together with six cylinders, three
cubes, and three prisms to determine the concrete mechanical properties. After the beams and
control specimens were casted and compacted, these were leveled by using a steel trowel.
The beams were cured one day after the form was removed by using dump blanket (cover)
for 28 days. Then they were left under the laboratory condition.

2.4 Instrumentation

In given period of the beams test, the main structural behavior characteristics were
recorded at each loading stage. Dial gauges (reading to 0.01 mm) with magnetic base were
used to measure the mid span deflection, as well as the slip (relative movement) of both ends
of the beam between the steel beam and concrete at each load increment. Seven strain gauges
with 30 mm long were used to measure the strain on concrete surface and steel beam. Three
of these strain gauges were installed on the top concrete surface of the mid span (one on
center of slab, two at 50 mm from the slab edge at mid -span). Four strain gauges were
attached directly to the steel surface, including three attached to steel beam from bottom, one
in mid span and two under the loading point (one third —span), while the fourth one was
attached to top of steel beam at mid span (embedded in concrete) as shown in Figure (2). The
flexural testing machine with 3000 kN capacity was used as shown in Figure (3).

3. EXPERIMENTAL RESULTS AND DISCUSSION

The test results of the experimental program described in previous section to study the
structural behavior of composite concrete structural steel tube beams presents in this section.
G1S45 specimen selected as comparison specimen between seven groups, where it’s
designate based on group name that related to, as follows: G1S45, G2Th.4, G3Spac.60,
G4NoOpen, G5D.6", and G6Stud Conn.

3.1 Experimental Observations and Failure Modes

The load on beams was applied in increments. The beam specimens under this load
failed by crushing of concrete flange in compression zone and the load recorded by the test
machine dropped suddenly with increased in deflection. The maximum load recorded by the
machine was considered as the ultimate load. The initial behavior of the specimens was
elastic without any evident change. When the load reached between 40-90 kN, first crack at
the bottom surface of the concrete slab was first observed. At the load of 220 kN to 240 kN
for specimens with steel tube diameter of 6” (168 mm) with stud connector, the ends slip was
observed, and at load 100 kN to 180 kN the initial slip was read for specimens G5D3.8",
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G6Angle Conn., G6Perfobond Conn, and G71-Sec.. After the load exceeded 280 kN, the
deflection at mid-span increased rapidly and the number of crack began to increase.

The cracks near top and bottom of steel tube at the end of specimens were observed at
the load increased to 280 kN. When the load larger than 300 kN, the longitudinal cracks,
started at the support of beams, appeared from the inner towards end of beam until reached to
the steel tube at load exceeded 340 kN, as shown in Figure (4). As loading procedure
progressed, the crack width began to increase after load 350 kN.

The composite steel-concrete beam is failed because of the cracks are appeared in the
concrete slab, yield of the steel beam and due to the crushing of concrete slab. Figure (5.a)
illustrates a typical failure mechanism of one specimen; this failure mode was observed for
all specimens except G71-Sec., where, the failure was initiated by the local flexural buckling
of web at support as shown in Figure (5.b).

3.2 Load —Deflection Behavior

The estimation of the composite steel tube beams deflection at mid-span according to
the applied load have been recorded by dial gauge as shown in Figure (6). Two regions of the
curves were shown from these curves: elastic and plastic zones. It is found that specimens in
group G1Support, G2Thickness, G3Spacing, G40Opening, and G6Connector loads—deflection
curves to be identical in the initial elastic region up to about 250 kN. This demonstrates that
up to load value of about 50% of ultimate load, no degradation occurred in stiffness of
composite concrete with circular steel tube beams and that is no effect appeared when support
length, thickness of steel tube, spacing of connector, tube with or without opening, and type
of connector were change.

3.3 Behavior of Interface Slip

The interface slip, which is the relative movement between the concrete slab and the
steel tube beam, was measured by using dial gauges at the ends of beams. For each test beam
in the experiments, two dial gauges have been used to measure the slip, as shown in Figure
(2). The experimentally measured values of the end slip are presented in Figure (7). In these
results, the mean value of two readings was used. It can be noticed that during the early stage
of loading no interface slip was recorded for all composite beams and this state continued
until the applied loading approached 200 kN, after which the curve becomes nonlinear. From
these curves and load—mid span deflection curves presented earlier, it can be shown that for
any composite beam, as the load increases a comparable increase in slip and deflection is
recorded. As the slip has increased, loss of interaction is resulted which allows for extra
deflection, where as the slip is a function of degree of connection and the properties of
materials.

Figures show for beam G1S65 it is obvious that the values of end slip in this beam are
less than those in beams G1S25 and G1S45 because there is a confinement for shear span in
G1S65 beam larger than other beams. It can be seen that the slip value had decreased as the
tube thickness was increased to 6 mm. It can be concluded that when the degree of shear
connection increased, the measured end slip considerably decreases. Similar behavior of end
slip was observed for G4NoOpen, G40Openl, and G40pen2 and approximately linear up to
70% of the ultimate load, after which the curve becomes nonlinear. The opening effect on the
strength and the behavior of the member may be small, because a hole is located to avoid
regions of high shear.

It can be concluded that beams with small diameter exhibit higher slip values at the
end of beam. In the G5D3.8", comparable to the slip value at maximum load of it (245 kN)
with other beams of group 5 at this load, the increase in slip is 85%, while for the G5D6", the
increase in slip value is 79% comparable to the slip value at beam G5D8.5" in load value of
400 kN, after that the slip value was increase rapidly at maximum load for the last two beams
to approximately equals.

It can be seen that nearly the same overall behavior of all beams when the type of
shear connectors is angle, stud and perfobond. The results of G6Perfobond Conn. show this
low slip value because the concrete dowel is passing inside the connectors opening and the
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influence of the transversal reinforcement passing inside the connectors’ holes. While for
beam G6ANngle Conn., width of angle and the profile of it provide high shear area in front of
angle and marked it capable to resist the bearing stress on a shank is concentrated near the
base, that cause bending of stud connector, because concrete bearing on the connector is
confined laterally by the steel element.

In group 7 as shown in Figure (7), the slip behavior cannot be compared because the
beam was failed by local web buckling at support at early stage of loading and the slip value
is very small or negligible. In Eurocode 4 1! the ductile behavior of composite beams can be
defined, if the ultimate load higher than the loading causing the recorded slip of 0.1 mm by
more than 10% (Hyeong- Yeol-Kim, et. al.) 2. Therefore, in this study the behavior of the
composite steel tube beams tested is considered ductile where ultimate load larger than the
load value causing end slip 0.1 mm is about average value 57 %.

3.4 Strain Profile along the Beam Depth

The strain profile of the cross —section were obtained by taking the strain values at
different loading stages and plotted with the depth of the beam section, as shown in Figure
(8). Figures presents the strain distribution of some specimens measured by the strain gauges
attached to the top surface of the concrete, top surface of steel tube (embedded in concrete),
and the steel beam bottom surface at mid —span of composite steel tube beam. Very small
strains were recorded at the first stage of loading up to onset of cracks in concrete when a
sudden —increase in the strains were took place, thereafter the strains increased almost
linearly with increasing the load. The maximum concrete strain in compression were
measured at top most fibers of concrete slab, while the gauge located on top surface of steel
tube and embedded in concrete may be recorded either compression or tension strain, based
on the neutral axis movement. Also strains at bottom most fibers of steel beam exceed the
yield strain of steel as shown in figures of strain profile.

3.5 Neutral Axis of Composite Section at mid -span

Figure (9) illustrate the movement of the neutral axis position for the seventh groups
respectively. The plastic neutral axis is located within 100 mm above the steel tube (in
concrete slab) for all beams except for G5D8.5” until the load 280 kN, where the neutral axis
position in between 100 mm and 120 mm from top, i.e. at embedded area of steel beam in
concrete slab.

In addition, it’s clear that the movement of neutral axis of composite beam may be
illustrated in three stages. Firstly, when the load is smaller than the yield load (yield of steel
beam) close to 220 kN, the position of neutral axis is fixed until that load. While for the
beams of groups (G2Thickness and G5Diameter) the behavior is different. The first stage of
test results can be called elastic neutral axis. The composite neutral axis moved towards the
upper with the load increase, which might be plastic neutral axis. This is presumably because
the developments of the end slip and yield of steel beam and may be considered the second
stage. In the final stage, when the load is larger than 350 kN, the cracks in the concrete at
supports, top and bottom of steel tube will developed and the crack width will increased
rapidly. The composite neutral axis began to remain constant at around 60 mm and 40 mm
from top fiber.

3.6 Moment — Curvature Results

The moment —curvature relationships for all tested composite beams are given in
Figure (10). A linear branch was observed before the yielding moment is achieved, after that
the curve became nonlinear. The curvature increases with load until failure. Large cross
section lead to stiffer response as shown in specimens G2Th.6, G5D8.5", G5D6" and when
no open in steel beam. This behavior was because the curvature value was calculated based
on N.A depth, where it is increased with cross —section area increased and that cause
decreased in curvature. There is no effect of other parameters such as support length, spacing
and type of shear connector on curvature value.
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4, CONCLUSIONS

Experimental investigations on the behavior and strength of composite circular steel
tube, with concrete slab, have been presented. The following conclusions can be drawn from
this investigation:
1- The load —deflection curve of group with support dimensions (G1Support), tube thickness
(G2Thickness), spacing of connectors (G3Spacing), opening in tube (G4Opening), and
connectors type (G6Connectors) show no degradation occurred in stiffness of composite steel
tube beams up to 50 % of ultimate load value.
2- The thickness of steel tube is important factor, where the strength of beam with 6 mm steel
tube thickness is 39% larger than beam with 3 mm thickness. It’s appeared that, increase the
cross section area of steel tube, increases the ultimate strength of composite steel tube beam.
3- Suddenly failure by web buckling was observed for beam G7I-sec at support, because no
stiffeners were used in the middle and end of I-section steel beam. A heavy load or reaction
concentrated on a short span produces a large portion of the steel web under high
compressive stresses either under the load or at the support. This makes the steel section more
susceptible to web failures phenomena such as web crippling, web buckling, or web crushing.
4- Failure mode of I-section beam (G71-Sec.) is web buckling, while this phenomenon was
not observed in circular steel tube. Where, section dimensions were selected based on the
same beam weight and depth of I-section the same as diameter of steel tube.
5- It is clear, that though even the beam is designed as a full composite section, a perfect
interaction without any slip cannot be obtained because of the bearing stress of shear studs,
which are consider as ductile connectors.
6- Finally from previous conclusions, it can be said, the tube section is the best alternative to
I-section in composite beam. It has better response in bending and resistance to buckling
failure without stiffeners need at mid span and support near. The proposed structural system
proved the qualification in flexural behavior, this means: it can be used in building and
construction as structural member resisting the bending. In addition, this composite beam can
be used to pass through it the service work as electrical lines, mechanical heating, ventilating,
etc. without need to increase floor height and web opening making that causes increase in
building cost. Also, the new proposed section can be benefit to transport water or oil through
it.
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Table (1) Details of Test Specimens

. Support*** Shear Connector
Beam Specimen Steel Sec. Length x Depth x Opening
Group* Designation Type** . No. & Spa.
Width Type mm
G1S25 Tube 250x240x300 Stud 33@60 | No Open
168 (6")x 4
G1 Tube
G1S45 168 (6")x 4 450x240x300 Stud 33@60 No Open
G1S65 Tube 650x240x300 Stud 33@60 | No Open
168 (6")x 4
G2Th.3 Tube 450x240%300 Stud 33@60 | No Open
- ' 168 (6")x 3
Tube
G2Th.6 168 (6")x 6 450x240x300 Stud 33@60 No Open
G3Spa.80 Tube 450x240%300 Stud 24@80 | No Open
3 ' 168 (6")x 4
Tube
G3Spa.100 168 (6")x 4 450%x240x300 Stud 20@100 No Open
Tube
G40penl " 450x240x300 Stud 33@60 1 open
o4 168 (6")x 4
Tube
G40pen2 168 (6")x 4 450%x240x300 Stud 33@60 2 open
" Tube
. G5D.3.8 100(3.8")x 4 450x170x235 Stud 33@60 No Open
" Tube
G5D.8.5 215(8.5")x 4 450x290x355 Stud 33@60 No Open
G6ANgle Tube 450x240x300 Angle 17@120 No Open
168 (6")x 4
G6 . Pla;]telwith
ube oles
G6Perfobond 168 (6")x 4 450x240x300 Perfobond along No Open
beam
G7 I-section I-sec. 160x80 _ Stud 33@60 No Open
* G1: Support, G2: Thickness, G3: Spacing, G4: Opening, G5: Diameter, G6: Type of connector, G7: |-
section.
** Section type [Dia. of tube (mm), (inch)] x thickness (mm).*** All dimensions in mm.
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Table (2) Material properties of structural steel beam

Yield . i
. Tensile Max. Elongation
Materials Strength Strength MPa % (50mm)
MPa
Steel I- Web (4mm) 307 421 31
section beam Flange (7 mm) 311 428 22
Tube
(168(6")* 3mm) 346 427 36
Tube
(168(6")* 4mm) 345 435 44
Circular Steel Tube
Tube beam | (168(6")* 6mm) 345 4L 50
Tube
(100(3.8"*4mm) | 3 450 34
Tube
(215(8.5")*4mm) 337 438 >4
RS s
I 250 mm ; 1500 mm ' 250 mm |
4 I
1l !

(a) Composite Beam with Variable Supports Length

400 | 00 00
130
130 130
é 170 240 290
235 | 300 ass
je———>] -~ je————]
Tube Diameter 3.8” (100 mm) Tube Diameter 6” (168 mm) Tube Diameter 8.5 (215 mm)

(b) Cross Section with Variable Diameters

Figure (1) Typical Geometry of Test Specimen
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Crack around steel tube Longitudinal crack at support Crack from inner to outer

Figure (4) Types of Cracks and Position

a. Circular Steel Tube beam b. I-Section Steel beam

Figure (5) Typical Failure Modes of Test Specimens

Diyala Journal of Engineering Sciences, Vol. 09, No. 03, September 2016
113



STRUCTURAL BEHAVIOR OF COMPOSITE REINFORCED CONCRETE DECKS WITH LIFE LINE STEEL TUBE SYSTEMS

—o—G2Th3
—8—-G2Th4

—4—G1S65

—e—GI1825
| ST

50 o -rra-emiea-
0

g 300 1:----ia--- -0l
2 T

T T T T T T T .
o o o o o o o
[=1 [=3 =1 w9
o] . oA -
o]

35 40

30

15 20 25 30 35 40 45

10

Deflection (mm)

Deflection (mm)

e 2 2 2 @ 2 2 o = o =
50505050505
n N & < ®o o L A B
(N3 pBoT]
DDM
g e @ ~
i v v v
9 2 2 2
% A
I
R i OO of-
_ ' 14
F——————t——t— N B
e 9 9 8 9 @ 69 @ 89 o 9
505050»&0505
n n & < ®m o N - -
(N3D peo]

50

5 40

30

20

15

10

50

a5

40

35

30

20

15

10

Deflection (mm)

Deflection (mm)

-
1S '3
b b

—4— G6 Perfobond Co!

o o o o 2 o 2 o o o =2 o
wn o wn o n o “D =3 wn =] w
w (2] £ 3 el o N - -
(N>D pBor]
““““““““““““““ % : in L
@ e @
A AR
w0
(UBNUENL) -
o o o o o o o =] o o = o
wn o w o 2] o ”D o n o n
n n e - o” o” o~ - -t

(N3 peory

35 40 45 50

30

15 20
Defles

10

35 40

30

tion (mm)

C|

Deflection (mm)

, , :
r H =
““““““““ : ) m
! 1w v wn
W 4 3 8
! et = o=
oo o ol
. A
—
2 8 8 8 8 8 8 8 8 8 8§
8 3 2 3 & 8 & 8 4 2
(N> peoT

45 50

30 40

20

Deflection (mm)
(6) Load —Deflection of Groups

15

10

Figure

Diyala Journal of Engineering Sciences, Vol. 09, No. 03, September 2016

114



STRUCTURAL BEHAVIOR OF COMPOSITE REINFORCED CONCRETE DECKS WITH LIFE LINE STEEL TUBE SYSTEMS

= S, n
o0 © : I
" g
L | EE
l:: @ 8
-
e eyl 7 n
> L
w
& gl g £
— S o g2 5[t w»
P Fow» 33 A A
= = L s 8 -
6y N & SHaag M3
333 | w $ 4 § 4 <
L
¢ b3 :
F <
R T 0 SRS 5 B | B G O R R 0 S S (RO B L n
n M=
[~ m
E R R SRR b b e R e e L by AR
L & iy
g &
L in
- S s 7t 4 e UL LS £ s st st o -7 1 o 5 ot & |90 byt oo e e i e i S s € e oo B [ o =
L wn
- )
T 2 I 5% Y2545 5 S5 0 122 (T g ol O] - S Y (Y 5n G W l ~
L ~ =) ol D B
" S R A S R £ A | AR ST SR S D R 0 e el L n
) W -
g s g
“““““““““““““““““ L - £
w o R
.
i mmmeb e e e L n F B
s < Er
| [CRTRY)
o | o |
-
¥ bl
3 8 g 3 o o o
e e b e 8 B = N o o
2 2 2 2 3 s 2 22 z3g g °
PR R 2@ 8 8§ 58" )
L1 L (I i £ A Sy ) ol e RO Himab 6 Gt Elach e iy et i s o szt o < wn
(N3D pBoT] "
..
-3 F o
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ©
L. & | i
o o 3 LN - ) e e e 0 ot [ sy i e gt s O (7
e 0 o~ 3 £ w
3 g g g 0 B g e
A A A o @ w
A_ o & & S0 Rt ] e s i aAal T w
& Wi | n "
i Al - (CERURRY) L w | 86 8
. - - b A T 1% Ao O L e B et STt g oo I 7
* 000 n 2 EhE z +++ I
L
| PP T F
<
n '
RN =
i 3 g
s E
= &
{7, 50 oS G s " * 5 (o i Sy 1G5 S B Pt ot RO F Ho o o & o @ @ O @ O 9 O
s} 550505050505
~ n v < < ®m m N oH
o (N3 peor]
B ) o~
%
\ n .
1 ~
,.A -
—
q
7 i |
s
| . L2 E F L shneinw
2 8 3B 288%883:8g8¢88%¢s8 s -°
n n < 5544335211

(N> peory (N3 pror]

o o o o o
n o W o u
n o on & < o

Z 300
-1
=]
2

5.5 6.5

4.5

£ 3.5
Slip (mm)
Figure (7) Load —Slip Curves of Groups
Diyala Journal of Engineering Sciences, Vol. 09, No. 03, September 2016
115




STRUCTURAL BEHAVIOR OF COMPOSITE REINFORCED CONCRETE DECKS WITH LIFE LINE STEEL TUBE SYSTEMS

-3000 -2500 -2000 -1500 -1000 -500 0

Strainx10°
500 1000 1500 2000 2500 3000

G1S25

—*—P=10kN
—8—P=50 kN
—&—P=90 kN
—+—P=100 kN
—*—P=160 kN
—=—P=220kN
—&—P=240 kN
—©—P=260kN
- @ -P=300kN
- #@-P=361kN
- - P=305kN

Section Depth (mm)

-3000 -2500 -2000 -1500 -1000 -500 0O

Strainx 10

L L

500 1000 1500

2000 2500 3000

L L L J

Yield strain of
steel tube =
1643 105
I E‘ ) 5
LE E G2Th.3
Cin >l =
S 155 R 1 £ |—ploN
: 2 —=—p=80 kN
| | ——r=100ky
: 32 —+—p=160kN |
1 —+—p=221kN |
} —8—P=241 kN
A\
AN - % - p=281kN
- -+ - P=300 kN
\ \
| ~ @ - p=365kN
' N\
X N
4 °

1804 - -

240 -1 -\

T\
270 - - 3.\

R
1204 }\ \1

i N

\\ { N \\
1504 || NG

\; ield strain o’f
steel tube =
1647 *10°

Strainx10 Strain x10-°
3000 -2500 -2000 -1500 -1000 -500 0  S00 1000 1500 2000 2500 3000 ~-3000 -2500 -2000 -1500 -1000 -500 0 500 1000 1500 2000 2500 3000
' , oo P ' . — i T : + + . e s — . " "
Ak | wi I
N 1 \2» + .
N ! A |
\\ : Yield strain ‘;"“ 1 Silelld bstrnm_ot
RN | ofsteel tube I g0 1 | steelbeam=
1. =1605%105 A 11470 *10°
s ) 1 -80 !
=100 3 .
= C 2 :
E e R H :
= : : Tl ot £ |
5 s G Z K '
£ G5D8s" S I | .
= 1 < % =
O —+—P=30kN | { H B g :
2 E 0 ‘ ! oo g G7I-Sect. L
_|—=—P=200kN ]‘ 4 . 2 pyTES :
—*—P=260 kN £ s _ v
—+—P=300kN | -1 i —=—p=60kN :
-{—*—P=360 kN 1 \ I —=—p=100kN i
— % - P=400 kKN l { : —%—p=140kN !
-+~ P=500 KN {11 1 — X- p=201KN :
- @ -P=523kN 1 5 et
JEN 1 - * - p=221kN

Diyala Journal of Engineering Sciences, Vol. 09, No. 03, September 2016
116



STRUCTURAL BEHAVIOR OF COMPOSITE REINFORCED CONCRETE DECKS WITH LIFE LINE STEEL TUBE SYSTEMS

0 2 4 6 8 10 12 14 16 18 20
Neutral Axis Depth (cm)

Figure (9) Neutral Axis Depth of Groups

550 550 -
500 500 A ‘o
4
450 450 4
¥
400 400 - "\ A
.
350 350 .\\ B
z % v
= 300 z i =
= < 30 1
g 250 F 250 &
a g 2
200 =~ 200 A £
150 D [ 150° 4 Py i ——G2Th3
| GIS). —=—G2Th.4
300 _*_GIS65| ¢ 100 - —— G2Th.6
50 &5
0 ! ' ’ J v L ! i L 0 T T T — T T T T T i
47 dee ERLOHON 33 0 U6 H8 20 0 2 4 6 8 10 12 14 16 18 20
Neutral Axis Depth (cm) Neutral Axis Depth (cm)
ST 550 -~
50 500 -
450 450
400 400 -
Ay
555 K 350 -
z i i Z 300
Z 300 Ve <
F 250 g 250 +
< -
= 200 A & ; 200 +-- = - 2
—=—G3Spac.60 150 4 —=—G4 No Open
150 1 —+—G3Spac.80 —+—G40pen 1
100 - —— G3Spac.100 100 4 —+— G4 Open 2
50 50
0 T T r T T T r T 1 0 T T T T T T T T T 1
0 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Neutral Axis Depth (cm) Neutral Axis Depth (cm)
550 550 -
500 - » S 500 A
L
450 { 450 - g
e
400 - E\ i s posie 400 -
350 4-- '\\‘ B : . 350 4 !
z il } e AT TR z i
= 300 I: : % 300
-~
g 250 | 3 " g 250 A
=300 =i B R BT 1 L x - = 200 : i
£ ' ~— G5 G —+— G6 Angle Conn.
150 - - 3i- G'_D'3f . 150 i e
! . | =—G5D.6 = tud Conn.
100 - e —+—G5D.8.5" 100 4 1 —+— G6 Perfobond Conn.
;Y ; - :
50 A 5 . . 50 Hssiseds
0 T T T T T T T T T 1 0 T T T T T T T T T !
0 2 4 6 8 10 42 14 16 48 20 0 2 4 6 8 10 12 14 16 18 20
Neutral Axis Depth (cm) Neutral Axis Depth (cm)
550 -
500 -
450
400 -
350
z il
Z 300
E 250 - ‘
= 200 - ——G1825
—=—G1S45
450°1 —— G1S65
100 - —— G7 I-Section
50 4
0 : : - : -

Diyala Journal of Engineering Sciences, VVol. 09, No. 03, September 2016
117



STRUCTURAL BEHAVIOR OF COMPOSITE REINFORCED CONCRETE DECKS WITH LIFE LINE STEEL TUBE SYSTEMS

0 i v 1 <t
m g
5 |z g%
853
=) mh.m o
‘‘‘‘ 2
® 225
w0 Ty
o o 333 =
: _— m
: 2l f 11 g
z b S H & W
() = r--s-- () Rl g *
* o ok ' @
2 Sl T ! E
m m ' ., £
: s ! ] B R M
g = - ! 3 g i i i
= ® g 1 (ST 1 :
2 L ” : 3
I BRLLE B ) 5 ” wwn g
o ! ' ' =1 : DA B
~ ! 1 J - T
: ' e a4 SRR SEEEE R
‘‘‘‘‘‘ o ” : : ' i ++++
= , , , W ; ;
L — : e . v o | ‘ ‘
> g3 8§ 35 8 8 8 8 ° | e
(ur Npp) Jud o] H H H
............................................. 3 ; .
3 ; — e ; Hp
CTTTTTTTVTTTLOTT ® ey T8 s 4 oo et frodecteort
! ! ! Wi 00 1 A o o @B : : :
; ] s : 28 W : !
: : N T 88 5| [URURY) o ; ' :
P RN (CRTRT) ¢ g gl ; b : g
G N T L o g8 g +++ : 0
: ” + & a o al L T R . St e S T
m Tl 18881 g m P
s i = : : '
: a | ey . :
, p ) | ~ , :
| -t & 8 | : < L
: 2 = s o s o o
” = T a7 & 3 o
; * o = S5
! h4 S & m (wr Ny Juawopy
! £ E £
; -mW s £
m g £ o &
: : s
1 . : 1
[P A — - ——
1 1 ' - o
' Il il —
I A ° o =
g2 8§ &8 8 8 8 & & °
- - - -

(ur Ny Juawiopy (e \pY) JUSWOR] (e N JudmIo A

Curvature *10 (mm?)
118

Figure (10) Moment —Curvature of Groups
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