Experimental Studies on Retrofit by Partially Encased Concreteto the Sted
|-Girder subjected to Buckling Deformation
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Abgtract: The authors have proposed a new type of sted-concrete compodte bridge using
the partialy encased compodite girder, reinforcing bars are wel ded to the flanges and concrete
is filled into the areas surrounded by the flanges and web, and dready proved through
experiments and analyses that the encased composite girder had extremey high ultimate
bending and shear sirength as compared with the conventiona sted |-girder.  In this paper,
the retrofit or rehabilitation method of partidly encasing with concrete is suggested, to the
ged I-girder deformed by buckling or subjected to damage.  In order to confirm the effects
of retrofit by the method and having the ultimate strength enough of the partialy encased
compodte girder, bending tests and combined tests subjected to bending and shear
amultaneoudy of the sted I-girder and the encased composite girder retrofitted by the above
method arecarried out.  Consequently, the validity of thisretrofit method isverified.
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1. Introduction

The continuous ded |-girder is one of the most common forms of bridge sructures. At the
intermediate supports, large bending moments and shear forces exist and the web is diffened by
veticd and horizontd diffeners.  Furthermore, the concrete dab is in tendon due to hogging
bending moments and does not contribute to bending strength.  The lower flanges and lower parts of
webs arein compression and are vulnerable to flexurd-torsond and shear buckling.  Theflangesze
at intermediate supportsis usudly the maximum in the whole span.  On the other hand, a the span
center, bending moments are large but shear forces are amal.  The concrete dab isin compresson
due to sagging bending moments and contributes to bending drength.  The upper flange is in
compression but the laterd displacement is restrained after the concrete dab is erected.  Therefore,
the girder areaaround the intermediate supportsisthe critica part of the continuous girder.

A new dructurd form has been proposed to increase bending and shear strength of sted |-girders
around the intermediate supports of continuous girders [1-3]; concrete isfilled into areas surrounded
by the upper flange, lower flange and web, asshown in Fig.1l. The encased concrete is expected to
prevent buckling of web and flange plates in compression and the concrete itsdlf dso contributes to
the bending and shear strength. The use of encased girders can diminate most of the stiffenersasthe
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web isdtiffened by the encased concrete. It dso preventsflexurd-torsona and shear buckling of the
plate girder and consequently the number of crossbeamsisreduced.  In this bridge system with the
encased composite girder, concrete is filled only around the intermediate supports and the weight of
the encased concrete does not increase the design bending moment of girders very much.

However, measures must be taken so that the encased concrete would nat fal off, if it should be
crushed or damaged. There are cartain ways to prevent this suds are welded on the web, or
reinforcing bars are welded to theweb [4-7].  Inthis Sudy, reinforcing bars are placed verticdly and
welded to the upper and lower flanges This type of encased composite members has been
proposed for the beams and columns of buildings [4-6], but they have used the rolled sted H-section
with a width-to-height ratio (the flange width divided by the web height) of about 1.0. But, the
bridge girders have alarger web height with a width-to-height ratio of under 0.3 and the research for
the building members cannot befully goplied to the bridge girders.

From the above point of view, bending and shear tests have been dready performed to sudy the
bending and shear strength of the encased composite girderg3]. It has been proved that the encased
compodite girder had extremey high ultimate bending and shear drength as compared with the
conventiond sted I-girder. Next, the andytical methods have been dso suggested and it has been
verified that these methods were vadid asthe estimation method compared withthetest resultq3].  In
this paper, it is the main purpose of establishing the new retrofit method to the sted 1-girder bridge
subjected to damage(buckling deformeation, corrosion and fatigue crack, for example).  Thereupon,
as the gpplication of the above-mentioned new type of sted-concrete composite bridge using the
partidly encased compodte girder, the new retrafit or rehabilitation method of partidly encasng with
concrete is proposed to strengthen the sted 1-girder deformed by buckling or subjected to damage.
Previoudy, the bending test and combined (subjected to bending and shear smultaneoudy) test of the
ded I-girder are performed to bring ultimate strength to occur locd buckling.  Next, for the partidly
encased composite |-girder Srengthened by the new retrofit method, the bending and combined test
are ds0 carried out, and it is confirmed the encased girders have much drength cagpacity and the
retrofit method isvdid.  This pgper summearizes above results.

2. Partially encased compodtel-girder
2.1 Outlineof theencased |-girder

As above mentioned, dthough the continuous sted [-girder bridge is one of the most common
bridge, large bending moment and shear force occur around the intermediate support and the lower
flange is on compression side by negative bending moment.  For that reason, an improvement is
needed to prevent local buckling. Generdly, the way that the thickness of upper/lower flange and
web are large or many diffeners are dlocated around the intermediate support isadopted.  But, the
complicated work is needed at that way.

Asasolution of this problem, the authors have proposed the new type of stedl-concrete compodite
bridge usng partidly encased I-girder which reinforcing bars are welded to the flanges and concrete
isfilled into the areas surrounded by the flanges and web, and by the flanges and vertical diffeners
(Fg.1). By encased concrete, not only concrete contributes itsdlf to increase the cross-sectiond



diffness, but aso the deformation of flanges and web is condrained by the encased concrete so thet it
is expected to increase the strength againg the flexurd-torsond buckling of compression flange and
the shear buckling of the web.

2.2 Structural characterigicsof theencased 1-girder

Fra of dl, the bending tests were carried out to grasp the structurd characterigtics of the partidly
encased composte I-girder and the conventiond ded |-girder[3]. In the encased I-girder, the
concrete restrained the loca buckling of flange and web a the same time the concrete showed
confined effect. As a reault, the ultimate bending strength of the encased |-girder was 2.08 times
than that of theted |-girder.

Secondly, the shear tests of the encased I-girder and conventiona sted |I-girder were carried out. It
was a0 cdeared that the ultimate shear strength of the encased I-girder was 2.89 times than that of the
ded I-girder. It was presumed that this improvement upon the ultimate shear drength of the
encased |-girder would be due to the effect based on the truss theory, which consist of compresson
grut by concrete and tension strut by sted web.

3.Proposal of theretrdfit by partially encased concrete
3.1 Damageof thegsed |-girder and theretr ofit
The corroson (rust) of the sted plate, the fatigue crack from the weld part (as shown in Fg.2), the
flexurd-torsond buckling of the compresson flange and the shear buckling of the web have been
regarded as the damage of the sted |-girder.  Usudly, strengthening with cover plate and bolt (as
shown in Fg.2) is carried out about corrason or fatigue crack, however, it is often dedt with as a
temporary strengthening method and has not been established as a permanent strengthening method.
Heseting reform is taken as aretrofit method for the shear buckling of the web when deformationis
amadl, but it is disadvantageous from aviewpoint thet it must be done carefully intheste.  Incaseof
large deformation, a troublesome trestment, which is the method of exchanging and renewing object
members, is needed.  In addition, there are few examples for the flexurd-torsond buckling of the
compresson flange.

3.2 Retrofit by partially encased concrete

In case that web or flange of the sted I-girder istaken large buckling deformation by the excessive
load or crash of heavy equipments, there are hardly any proper strengthening method and the
dandardized method has't been proposed so0 far.  On these backgrounds, as a new atempt, the
authors have proposed thet these damaged sted 1-girders should be strengthened by partidly encasing
with concreteinto the damaged pand asshown in Fg.3.

4Veification of the Retr ofit Effect
4.1 Outlineof thetests

Two specimens of the ged |-girder with shgpe and dimenson shown as Fig4 and Fig.5 were
fabricated and the bending test and combined test about these specimens were carried out.  Hange



and web were excessively deformed by torson and shear force respectively.  Ther specimens were
encased with the concrete after the test, and above loading testswere carried out again.

For convenience, the bending test is Smply expressed as M, and combined test as H, and the sed
I-girder as S, theencased I-girder asC.  For example, the sted [-girder in bending test is expressed as
MS.

Rolled sted for welded sructure(symbol SM490Y) was used for ded plate, and sed bar for
concrete reinforcement(symbol SD345) and nomind diameter D10 was used for the ded bar.  The
high-early-gtrength portland cement was used for the concrete, and the nominad maximum size of
coarse aggregate was et to 15mm[8]. Mechanica properties of the sed plates used are shown in
Table 1. And requirements for mixture and compressive strength(28-day strength) of the concrete
used areshownin Table 2.

The pand between two loading points was noticed about MC.  Four verticd ged bars were
welded between upper and lower flange a one sde, and three horizontd sted bars were st (not
welded) between two verticd diffeners.  The pands adjacent to the center loading point were
noticed about HC.

Theloading was held by |oad control using theoil pressurejack.  The measurement subjectswere
load and displacement of the lower flange in the center of the span and the others, the detail of the
measurement was omitted Snce they werethe same asthat of reference 3.

4.2 Experimental resultsand condderation

The tests of MS and HS were held previoudy. The find form of MS and HS after buckling
deformation is shown as Fig.6 and Fg.7. In MS, &fter flexura-torsond deformation and buckling
in the upper flange, the upper side of the web was deformed to the out-of-plane direction.  In HS,
flexurd-tordond deformation and buckling was found in the upper flange of the left-gde pand,
amultaneoudy, diagond tenson druts were appeared in the pand.  The edge of the upper flange
was deformed 30mm to the verticd direction, and the web was deformed 15mm to the out-of-plane
direction. HS was dso deformed likethat. MC and HC conss of these deformed sted |-girders
and the encased concrete with the sted bars.

Fig.8 shows the rdation between load and displacement of MS and MC in bending test.  Fg.9
shows the relaion between load and digplacement of HS and HC in combined tes.  Asareault, it
became clear that the ultimate strength increased remarkably by encasing with the concrete and were
147 times and 1.59 times than that of the sted I-girder, repectively, and that they had enough
deformation capacity.

5.Conclusons

In this paper, the gpplication of the new type of sted-concrete composite bridge using the partidly
encased composite girder, the new retrofit method of partidly encasng with concrete was proposed
to strengthen the sted 1-girder deformed by buckling or subjected to damage.  And it was proved
that the new dructure, mentioned so far, was S0 vauable to retrofit the sted I-girder even if it was
deformed excessvely. Heredfter, it isimportant to investigate the effectiveness and availability for



retrofitting fatigue crack and corrosion, and in the future, to establish the method of the retrofit using
this new dructure. In addition, the part of this reseerch was done in Jgpanee Society of Sted
Congruction (Committee for High Performance Sted Bridge usng Compaosite Structure, charman:
Professor Nakamura, Toka Univ.)
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Tablel Mechanicd property

Yield Tensile Total
Test Specimen M aterial point Strength | elongation
M Pa M Pa %
MSMC Flange t=12mm) SM 490Y A 372 511 30
Web t=6mm) 349 513 30
HSHC Flange t=12mm) SM 490Y A 400 513 33
Web t=6mm) 385 531 33
Table2 Requirementsof mixture
Test Slum Entrained | Nominal | Compressive
. P Air Strength Strength
specimen
cm % N/mm? N/mm?
MC 8.5 4.2 40 46.8
HC 11.5 4.4 40 58.3




c 6@75=450m 6@75=450m
X
LT I l l | | | l l l l |
AN AN A
- 110m - Filled
— Conerete |1 Vertical
Sed Bars
1 Horizontal
Span Center Intermediate Sed Bars
Supports Intermediate

Supports

Fig.l Patidly concretefilled sed I-girder Bridge.

Strengthening with cover plate
Vertical stiffener
Horizontal stiffener

Fig.2 Damageof thested I-girder bridge and the Strengthening(Repair).

m:,,% —
Joining /:*/
: Concrete
Connecting rebar Spot welding

Horizontal rebar

Fig.3 A new retrofit method.



200

200

900

~ 1500 600 1500 |

Fg4 Bending Ted.

2]

Y

900

© 1200 | 600 | 600 | 1200 |

Fg5 Bendingand shear test.

@MSs

@HSs (b HC
Fig.7 Fnd deformation in bending and sheer test.



N

(8}

o

o
1

MC : 2003kN(1.47)
2000
1500 M'S: 1421kN(L.00)
X
]
31000
500
0 '

10 20 30 40 50
Displacement(mm)

Fig.8 Load and Digplacement in bending test.

HC : 2311kN(L59)
2500 |

2000 HS: 1452kN(L.00)

500 r

(KN)

Load

1000

500 r

0 «

0 10 20 30 40 50
Displacement(mm)

Fig9 Loadand Displacement in bending and shear tet.



