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Introduction

The all designers of bridges need the value of dead load to start in the design
structures of bridge by computer analysis program or by manual calculations

And some managers of constructions company need this value to determine
the weight of steel structures the used in bridge to do the approximately prices or
cost of constructions and also can use this value the student in academy studies in
engineering colleges ,

So that we products some formulas to solve this problems where we obtained
on three formula for three types steel arch as showing in fig(1) and fig(2).

The two chart above includes two type chart the first in fig(1) Chart displaying
value of dead load for live load with max load 650 ton can use with predestined
bridges and the second type fig(2) Chart displaying value of dead load for live load
with max load 1950 ton can use with vehicles bridges, the types of bridges are the
first tied arch bridge (pin with roller) and the second type two pin and the third type
truss rip (pin with roller) as showing in fig(3)
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Fig(1) Chart displaying value of dead load for live load with max load 650 ton can use with
predestined bridges
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Fig(2) Chart displaying value of dead load for live load with max load 1950 ton can use with
vehicles bridges
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Fig(3) types of steel arch bridges span 130 m (425 ft).

In this study we use three example for three types as showing in fig(3) to
determine this value and also we use the same materials ASTM A992 and the same
length of span and the same loads the Numerical studies of arched steel bridge
transitions on the example of the arch structure with a span of 130 m have been
performed. Numerical studies of the examined structures were carried out using the
ETABS 2015 software . the study is to determine the effect of a static constructive
scheme of an arched bridge transition when using arched constructions with flexible
arches and a rigid beam of a pedestrian or carriageway. For calculation, the same
loading and dynamic factors are taken for all variants, which are included in the total
load per running meter of the beam of rigidity of the arch bridge.

It consists of two arches, each of which has one hinged fixed support, and the
other is hinged-movable. The function of tightening the arch is performed by the
main girder of the carriageway of the girder. The girder (Tie) of the roadway and the
arches are made of steel welded box-shaped profiles fig(4). Such a constructive
solution is more mobile, but the effect of temperature influences is leveled by the
moving support, which is important in conditions of a significant temperature
difference.

The second variant is a two-hinged or pin arch structure, consisting of two
arches, each of which has two pivot pivots. The main girder (Tie) of the roadway and
the arches (Rip) are made of steel welded box-shaped profiles that serve as a puff.
Such a constructive solution is more stringent, but the effect of temperature effects is
more evident.

The third option is a steel structure .included from (Tie) steel box girder and
steel arch (Rip) truss, and the truss included bottom and top truss and diagonal its
made from steel box section, this option through the analysis by ETABS 2015 .we
determine concentrations stress in the two end of arch where the end of the arch joins
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by welding with girder (Tie) because the transfer temperature strain from (Tie) and
(Rip) to joint of connection so that products high stress concentration in this area and
to reduce this value mast be increced the cross section area see fig(4) and moment of
ineratia to lower the strssses in the end of the (Tie).
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Fig(4) the span steel box girder for steel arch (Tie) with section of steel arch (Rip)

Numerical studies of the stressed-deformed state of steel arch bridge structures
with a span of 130 m are carried out, with the same uniformly distributed loading
2.8 t/m? taking into account its on weight and the dynamic factor for the mobile
load Kpipam=1,15

CONDITIONS
The following are the Climatic Conditions:
Minimum Daily Average (January) 3.4 °C
Extremely Lowest Temperature(January) -2 °C
Maximum Daily Average (July) 43 °C
Extremely Highest Temperature(July)55 °C
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Max metal temp by sun shine 80°C

Prevailing direction Wind NW-SE

Max. wind speed 44.4 m/s (3 seconds)
Annual Rainfall 170mm

Max Relative Humidity 80%

Min Relative Humidity 25%

Seismic zone Zone=2B (0.2g)
Soil Bearing Capacity 100Kpa

In fact this study is useful for Iraq or or hot areas in Middle east, For all the
calculated options, the temperature effect of Iraq's conditions was accepted at a
temperature drop during the operation of steel structures in the range of 60 ° C in
south of iraq (at a minimum temperature of 5 ° C, the installation temperature was
assumed to be 10-20 ° C).

Methodology

For the purposes of this paper, the nonlinear finite element analysis program
ETABS 2015.has been used sufficient number of straight hermit beam finite element
has been used for the analysis of the three option as showing in fig(3) accounting for
the effect of both geometric and material nonlinearities. And by depending on the
formula of EC3 [1] to determine the depth of welded plate girder we find some
difference in the max moment in girder (Tie) and the steel arch (RIP) this difference
affected on the value of max deflection of structure at center of span 130/2 meter
approximately equal L /600 and the value of deflection must be equals in three option
to determined the end weight to total of steel structures .

hy = \/%\/3 kW0l ... (1)

1- hy = depth of steel girder the box section by inches

2-kp = design factor of box girder

3-4,, = slendress ratio (depth ratio to web thickness) and depending on
the type of stif fners longtudunal or transfer as sowing in table 1

Table (1) Minimum Girder Web Thickness To Depth Ratios
(AASHTO)
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A-7, A-373 A.441 Steel A.441 Steel 50.000
& A-36 46.000 psi yield psi yield
Steels
No stiffeners 1/60 1/52 1/50
Intermediate 1/170 1/145 1/140
transverse stiffeners
Longitudinal 1/340 1/290 1/280
stiffeners

And we also  determine the minimum web thickness however the table (1)
and this depending on the type of stiffeners and in this field we use box section
longitudinal stiffeners with transfer stiffeners as showing in table (1)

1
MIN t,, = >80 X 100 = 0.357" <£0.450" OK thicknes of web for TIE

But to determine the max thickness we also we can use the following formula
by AASHTO standard .

D
S

Where D = depth of steel box section.
d = distance between longitudinal stiffeners.

k=517 100 2 =827
- (100/4) S
D\/f, _ 100v0.55 X 50

MAX t,, = = = 0.450"
Yo128Vk 128V82.72
> 0.450" OK thicknes of web for TIE

And from analysis program we obtained on the max moment from
unsymmetrical load and max axial force from symmetrical load on surface of bridge .

As showing below.
-8511.8621 kip-ft
g g .......nn|||||||||||||||||\\IH\IH||H||||||||||m...._ 255201

Mament M3
fig(5) Max moment in TIE unsymmetrical
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Axial Force P

745.401 kip
A =g

fig(6) Max force in TIE unsymmetrical

Moment M3

818.7126 kip-ft
at 0.4521 ft

fig(7) Max moment in RIP symmetrical

Axial Force P

-956.014 kip
at 0.0000 ft

fig(8) Max force in RIP unsymmetrical

Above in fig(5) and fig(6) and fig(7) and fig (8) the max value for analysis
steel structures of steel arch bridge the first option and the second and the third it is
similar methods analysis and large number of geometrically and materially nonlinear
analysis, and the including initial imperfection was carried out in order to capture the
real highly nonlinear behavior of the arches and estimate their strength capacity. The
result of this analysis were used in order to propose, an moment forces ,which need
not be situated at the same cross section , obtained from a linear analysis. see table
(3) Results of calculation of steel arch structures.

And by check the value of critical stress for (rip) and (Tie) section and by
depending on the max value as showing above from max moment bending or max
forces or max torque or max value to defalcation from unsymmetrical position and
symmetrical we can find the critical stress .

And we do the combined compression and bending moment that is provided in
EC3 for cross section by

Neq My.Ed
X y + kyy Woof #z... (2)
Y-em cM

For the application of this equation for the case of arches Nes, Myes  are taken
as the design values of compression and bending actions, which are the maximum
values of the internal actions appearing along the arch, not necessarily at the same
cross-section
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Where A is the area of the cross-section, wy, ,, is the plastic section modulus,
fy 1s the yield stress, x,, is a reduction factor due to in-plane flexural buckling, k., is
an interaction factor due to combined compression and bending. The expression on
the left part of inequality, defined as the utilization factor, should be bounded for
design purposes by a maximum allowable value, denoted with¢, the load facter
effected slightly on the properties of cross section for rip and the selendriens rotia
A, ~h,/t, thatis approxmatly equal depth of section over thaickness of the web
Juo > Ao = 4, |—~ and in generaly in liner or non liner intrecation equal yirld stress
over modulas of elastisity ander root squer for the materail of rip it use fo steel arch .
And for welded plate girder (Tie) can teak moment bending at any distence along the
length of span 130m to determaine the properties of cross section for symmetrical
forcers over bridgeand as the fowlloing.

Mo =M, -G n3)

Xz

Were is the M ,=¢/°/8 moment bemding and 7, moment of ineratia and W, the

section modulas

Lo =2Mty 112+24,K5 1 4+2bpt3 1125 L. (4)
w20 _, 3 ,
0 =20 =2ht,, 16+ Aphy +2bsty [ (6hg); e (5)
Weo s Wer +Wes  Way =203, /6, Wyp = Aghy +2b,t7 1 (6hy), ....(6)
My Arho L 7

C = = =

T M, 2k, 6+ Arhy  2hgt, | (647)+1

- My Arhy _ Arhy
Mx Zhgta)/6+Afho Wx

—> Ath = Cfo ..... (8)

And the Wy, section modules of flanges in [6] and #,,, section modules of the
web andz,, thickness of web and A4, =b,7, area of flanges for the welded section

And the value coefficient of &, in formula [1] depending on the fowling table
(2) to determine the depth of cross section .

table (2)
Coefficient kql
(hotey ! (3A7) +1)
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0,5 0,857143 0,8660 0,9086 0,9045 0,9353
1 0,75 0,8101 0,8690 1,1969 1,1273
1,25 0,705882 0,7859 0,8516 1,1611 1,1047
1,5 0,666667 0,7638 0,8355 1,1284 1,0839
1,75 0,631579 0,7434 0,8206 1,0983 1,0645
2 0,6 0,7246 0,8067 1,0705 1,0465
2,5 0,545455 0,6908 0,7815 1,0207 1,0138
7%
And the &, = 7z . 9)
Y po (ot e /(3Af) +1)
. : : , Meg+ Y m
W, 1t is constructive coefficient ratio , v, = fo—z”f.
me
W pe 1t 18 constructive thickness of wall coefficient ratio, v, = “’O—Z’”".
Mgy

m o weight the welded plate girder with out any stiffener longitudinal or transfer .
> m; the total of weights of additional all parts and all type of stiffener.
The qualitative characteristic of the displacements and the bending moments

and longitudinal forces is shown in Fig.(9) under symmetrical and unsymmetrical
loading to avoid option number second in fig(3).

L

Fig(9) The results of calculating the arched combined bridge design with two pin hinged
supports with unsymmetrical and symmetrecal loading, the maximum values of bending
moments and and the longitudinal forces in the bar of cruelty in the arch.
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Poirt Displacement and Drift

X yif il
Translation, in 0.766678 0.000000 -4.054196
Rotation, rad 0.000000 0.000301 0.000000
Dirift NAA N/~

Fig.10 General scheme of the arch combined structure of a metal bridge with an arched farm
span of 130 m. General scheme of displacements under symmetric loading

However, in the plate girder, the web is part of a built-up member. When the
critical buckling stress in the web is reached, the girder does not collapse. The flange
plates carry all of the bending moment, the buckled web serves as a tension diagonal,
and the transverse stiffeners become the vertical compression members.

This has the effect of making the girder act as a truss n Fig. 10 shows the
general scheme of the steel arch truss third option as showing in fig(3) combined
structure of a metal bridge with an arch truss of 130 m. Also, the results of the static
calculation: the general scheme of displacements under symmetrical loading and
maximum displacements, which amounted to 4.05 inches = 10.287 cm. Numerical
studies of the examined structures were carried out using the ETABS 2015 software
program . the fowling all the maximum value for analysis the steel arch bridge in
fig(3) and for the three option

The steel consumption on the arched structure based on the calculations made
(the conventional theoretical mass of the steel arches, beams of stiffness, diagonal
elements of the truss, connections between the trusses, without additional metal
structures for the foundation of the pavement) amounted to 268.5 ton , including: a
bar of rigidity - 85 tons, an arch through construction 96 tons, diagonals (lattice of the
truss) and connections between the arches - 57.3 + 30.2 = 87.5 tons.
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table (3)
Results of calculation of steel arch structures
Tur apo4HON CTaIbHOM KOHCTPYKLIUU Max Max total Max
MOCTa structure M) (N) weight | weight | deflecti
Kip.ft Kip (ton) (ton) on
(in)
] T~ arch 818 -1495 | 138.9
AT T
— 2 girder -8611 | +1184 | 126.6 | 282.93 | -9.4"
(Tie)
option (1) pin with roller cable 29.6 174 | 1742
arch 3455 1100 | 176.6
girder 5471 154 90.25 | 284.27 | -9.6"
(Tie )
cable -27.6 170 17.42
option (2) pin with pin
arch 313.5 | -1027 96
gider | 14356 | +1328. | 85 | 2085 | -2.6
(Tie ) 2
. L diagonal 17 +117 57.3
option (3) pin with roller with 4
cable 302
Comparison of specific weights of structural elements.
Table 4
Comparison of the specific weights of structural elements of bridges for three
variants
Relative weight, %
The steel arch welded girder tension cable
of the bridge for (Tie) arch on the total
option (Rip) of the bridge on the theoretical
total total theoretical weight of
theoretical weight of conditional
weight of conditional
conditional
option (1) pin with roller
2
option (2) pin with pin
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36% 31% 33%

option (3) pin with roller

The analysis of the specific weights of individual structural elements showed
that in the welded plate girder (Tie) less systems, in which the rigidity bar performs
and the hollow function of the arch tightening, the costs of steel on the arch were
36% -38%, and in the arch spacer system 62%. At the same time, specific The weight
of the structure of the girder (Tie) and connections in the first and second versions is
62% -64%, and in the spacer system (option 2) - 38%.

The Strength and stability analysis of the spatial arch structure. There is no
bracing between the two main arches. Flexible hangers carry the bridge floor system,
and it is structurally independent of the main arches. A major concern of designer
was to ensure sufficient safety margin with regard to out-of-plane stability of the arch
structure.

The load-carrying system comprises main arches and the auxiliary half-arches
interconnected by the cross bars. These elements, attached to the both sides of the
bridge, significantly enhance the lateral stiffness of the whole structure. Stability of
such a structure cannot be checked by simple analytical formulas.

Table.5
Different thrust of horizontal and vertical forces between three type steel arch
for one end supported
NO type of steel arch force X (Kip) force Z (Kip) percents %
1 tied solid web arch bridge 0 916.04 (416.3 92%
130m ton)
option 1
2 two hinged steel arch bridge 1202 (546.3 ton) | 956.4 (434.7 ton) 100%
130m
option 2
3 tied Truss steel arch bridge 0 917.5 (417 ton) 92%
130m
option 3

Moreover, existing code-type methods do not allow consistent verifying of
arch stability beyond the elastic range.

Y _(live load) 50 x 13 = 650 ton

A parameter (design factor) B is proposed to evaluate the technical solution of
combined arched steel bridges. This parameter is the ratio of the weight of the bridge
structures (one arch, one girder and cable or rip and tie and cable) to the total live
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load ¥_(live load) 50 x 13 = 650 ton , which amounted to 650 tons per arch. The
parameter [ is calculated for each variant of the arch bridge structures.

Now we can obtained on the design factor for three types arch as the following :

Yotied 28293

= — = = 0.435 time
lBtled Zlive load tied 650

2wtwo hinged — 284.27

= = 0.437 ti
Dlive load tWO hinged 650 ime

Btwo hinged —

Y truss B 268.5
Zlive load tTUSS 650

Biruss = = 0.413 time

The final we define () the design factors for save weight of steel arch :

Table.6
Design factors for save weight of steel arch (f8)
type of load Tied steel arch Two hinged steel arch Truss steel arch
Dead load f 0.435 X live load 0.437 X live load 0.413 X live load

The dead load is obtained from the weight of the permanent parts of the bridge
structure itself. This includes the steel deck, arches, wind bracing, columns and
bracing under the deck. The dead load is calculated by obtaining the mass of the
section of bridge being considered and multiplying it by the appropriate design The
value above with out dynamics loads where some time the dynamics loads equals 15
% to 20% live loads . and this factor with out earth quack factor.

And from analysis we find only thrust horizontal very big in two side of arch
two hinged type (2) yes the save weight 284.2 ton but the horizontal thrust very large
in abutment where the need to more piles or reinforcement concrete to improve the
resulting of reactions forces in abutments so that will be high expansive and No
economy .

Conclusions

1- The result of our research was the obtaining of the parameter (weight) of the
weight of the steel structures of the steel arch bridges, the ratio B for three types
(variants) of steel combined arch bridges. The weight factor BG is adopted as the ratio
between the theoretical weight of the bridge and the mobile load on the bridge arch
bridge. It is established that this parameter of the weight of the steel structures of the
arch bridge has a range of variation: § = 0.435 ... 0.437...0.413.

2-An important new scientific result of the research is the comparison of
theoretical calculations and practical application of the method for determining the
optimum height of box sections at the first stages of designing combined arch bridges
with the use of welded steel girder profiles. These studies determined the range of
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coefficients that should be assigned when calculating the optimum beam height of a
box section. For beams of stiffness = 1,2..1,3, = 1,1..1,2, = 1,25. For the arched part
of the bridge, the values of the coefficients should be assigned in the range: =
1,1..1,3,=1,4..1,6, = 1,25.

3- Specific weights of separate structural elements for each type of arch
combined steel structure are established. For spacer systems, the costs of steel on the
(Tie) of rigidity are 32-36%, and for the arch and communications, respectively, 68-
64%. And for arch (Rip) (type spacer structures, the cost of steel on the arch is 68%
and on the reinforcement bar 32%.
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AHOTALIA
n.7.H., npodecop bimk C.1., Hatxep Atien Azaa0,
KuiBchKuii HallioHAIBHUN YHIBEPCUTET OYIIBHUIITBA 1 apXITEKTypH

JOCJIIIPKEHHSA 3BAPHUX CTAJIEBUX APKOBUX MOCTIB
TPHOX TUIIB. BUSHAUYEHHSA NOCTIMHOI'O HABAHTAKEHHS BIJ]
BJIACHOI BATHU CTAJIEBUX 3BAPHUX KOHCTPYKIIIA APKOBHUX
MOCTIB YEPE3 PYXOME HABAHTAKEHHSA
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[IpoBeneHi YUCIOBI  JOCIIIKEHHS PALIOHATBHUX KOHCTPYKLIM CTajJeBUX
apOYHUN MOCTOBUX KOHCTPYKLIA 3 METOK BU3HAYEHHS BIUIMBY YMOB OONUpaHHS
apKu Ta 3arajibHOi CXeMHU KOHCTPYKIIIl Ha 3arajibHl BUTPaTH CTalll AJid yMOB Ipaky.

BukoHaHO YMCIIOBI JHOCHII)KEHHSI apKOBUX CTaJ€BUX MOCTOBUX KOHCTPYKIIN
Ha TPUKIAIl apoyHoi cuctemMu MnpoiaboToM 130 M. YwucenbHl AOCIIIKEHHS
PO3IMIAHYTUX KOHCTPYKIIA BHUKOHAHI 3a JIONOMOIOK) MPOTPaMHOT0 KOMILIEKCY
ETABS-2015 Ta CSI bridge -2014. Merow a0CHiIX€Hb € BU3HAYCHHS BIUIMBY
CTATUYHOI KOHCTPYKTUBHOI CXEMH apKOBOTO MOCTOBOI'O MEPEXO01y MPH 3aCTOCYBaHHI
apKOBUX KOHCTPYKIIM 3 THYYKHMMH apKaMu 1 *OpPCTKOi Oajkoro MIMOXIJHOI abo
Mpoi3HOI YacTWHU. [l po3paxyHKy MPUHHATI JUIsi BCIX BapiaHTIB OJHAKOBI
HABAHTAXKEHHA 1 KOe(ILIEHTH JAMHAMIYHOCTI. BUKOHAHO MOpIBHSHHSA 3 BaplaHTIB
PO3PaXyHKOBHX CXEM apKOBUX KOHCTPYKIIIM MOCTOBHX MEPEXOiB, HIOHANWO1IBIIT
3aCTOCOBAHUX B yMOBax Ipaxy.

[lepmmii BapiaHT  — L€ ABOXIIAPHIPHA apKOBa KOHCTPYKIIS MOCTOBOIO
nepexoidy, IO CKJIAJA€TbCsl 3 JBOX apOK, KOKHA 3 SKMX Ma€ OJAHY IIApHIPHO-
HEPYXOMY OMOpY, a 1HIIY IIApHIPHO-pyXxoMy. DYHKIIIO 3aTSKKU apKU BUKOHYIOTb
TOJIOBH1 OaJIKK MPOi3HOT YaCTMHU MOCTOBOIO mepexoay. Sk Oanka mpoi3Hoi YaCTHHH,
TaK 1apKy BUKOHAHI 31 CTAJIEBUX 3BApHUX KOPOOUACTUX MPODIITIB.

Jpyruii BapianT — 1€ ABOXIIapHIpHA apKOBa KOHCTPYKIIIA, IO CKIAAA€THCS 3
JIBOX apOK, KOXKHA 3 SIKUX, SIKa Ma€ JIBl OMOPH MIAPHIPHO HepyxoMmi. ['010BHI Oasiku
MPOi3HOT YACTMHU Ta apKU BUKOHAHI 31 CTAJIEBUX 3BapHUX KOpoOYacTHX Mpo(diis,
K1 CITyXaTh 3aTKKOIO.

Tpetii BapianT (puc.9,B) — 1€ crTajgeBa KOHCTPYKIiSl, B SIKIi OCHOBHHMH
HECYYUMH €JIEMEHTaMM € JBl IIApHIPHO pO3TalioBaHi (epMu apoyHoro obOpucy.
Hwxuiii nosic hepM € 01HOYACHO 1 TOJIOBHUMHU OaliKaMH MPOiXKIK0i yacTuHU. Depma
TaKO> Ma€ MpH YCTAHOBIII HA OMOPHI YACTUHU MOCTOBOT'O MEPEXOAY OJHY HIAPHIPHO
HEPYXOMY OIOpY, Ta IPYTy WAPHIPHO PYXOMY.

VY KOHCTPYKTMBHOMY BHPILIEHHI MPUUHATO, IO KOHCTPYKIIS THYYKHUX apoK
BUKOHYETBCS 3BApPHOr0 KOpOOYACTOro Iepepizy, a Oaigka KOPCTKOCTI TaKOX
MIPOEKTYETHCS SIK 3BapHa KopoOyacTa Oasika.

PesynbraTamMu  JOCIHIKEHb CTAJIO OTpUMaHHs MapaMmeTpa ((akropa) Baru fg
CTaJIeBUX KOHCTPYKIIH apoOYyHOro MocCTa [Jii TPhOX THIIB (BapiaHTIB) CTaJIeBUX
KOMOIHOBAaHHUX apo4YHUX MoOcCTiB. DakTop Bark MocTa fg NPUHHATHH SK
CIIBBIJTHOIIIEHHS MI) YMOBHOIO TEOPETHYHOI Barord MOCTa 1 PYXOMHUM
HaBaHTaXeHHsAM. BcTaHoBjIeHO miana3oH 3MiHu dakTopy, 110 ckianae fg = (0,437 ...
0,413). Otpumani pe3ylbTaTd [J03BOJSIIOTH CIHPOTHO3YBaTH Macy CTaJIeBHX
KOHCTPYKIIIA TpOJITHOI OyJOBM MOCTa 3ajJ€XHO BiJI CyMapHOrO KOPUCHOTO
HABaHTa)KCHHS.
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KirouoBi cnoBa: nponiTHI OyZOBU MOCTIB, apKH, CYLUIBHOCTIHYACTI NIEpEpi3H,
MILIHICTb, CTIMKICTh, HaIMpPY>KEHO-A€(POPMOBAHMUI CTaH, ONTHUMaJbHA BHUCOTA
nepepizy, aHaJlITUYHA Ta YUCIIOBA MOJIEN1, TOKa3HUKU €KOHOMIYHOI €(DEKTUBHOCTI.



