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Osszefoglalo

Az acélhidak fizikai 6regedése, féleg a korrézid kdvetkeztében valamint a szerkezet lizemeltetése soran
bekovetkezett valtozasok (tengelyterhel és ndvekedés, sebesség ndvekedés), sok esethen szikségszeriivé teszik a
szerkezet meger gsitését.

A szerkezet fotartinak a teherbir 6 képessége egyiddben a tartok merevségének a megfelels szinten tar-
tasa hatékonyan megoldhat6 a gerinclemezes tartok éviemezeinek keresztmetszeti megndvel éseivel, vagy pedig
atart6 alsd 6viemezének kabel ek vagy merev feszitslemez segitségével torténd feszitésével.

Ebben a dolgozatban a meger dsitett fotarto erdjatékat mutatjuk be, a keresztmetszet normal fesziiltsége-
inek az elosz4sat gyakorlati példakkal illusztralva. Minden esetben a meger gsitést a tehermentesitett (hasznos
teher) szerkezeten végeztik el.

Abstract

Two methods of strengthening of the steel plate girders are presented in this paper with the aim of car-
rying capacity increase: one based on tension flange cross section increase and the other using rigid
prestressed or unprestressed tie rods added under the bottom flange.
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1. Introduction

Static and dynamic physical wear, accidental wear and traffic conditions changes can determine the ne-
cessity of some strengthening works which have to be able to ensure the functionality and a safe future use of
the bridge structure.

The carrying capacity increase of the steel plate girders, concomitantly with their rigidity increase can
be efficiently materialized through the cross flanges section increase or through the rigid prestressed or un-
prestressed tie rods laid under the tension flange.

The stresses patterns of the strengthened girder are presented in this paper and a numerical example is
given here.

2. Stress patterns and deflection size of the strengthened steel plate girders

2.1. Strengthening by flange cross section increasing

Adding strengthening elements on one or on both girder flanges, the increase of the moment of inertiais
obtained and implicitly the stresses and deflections under the live loads will diminish.

The stress patterns of the strengthened stedl plate girder through a T shape welded element added on the
bottom flange are presented in Fig.1.
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Fig. 1.
Stress patterns of the strengthened girder

The state of stresses is the extreme cross section fibers of the sted girder and in the added element to

the bottom flange will be:

M .
o, = Igys+w'|wpys
M .
g = Igy.+w'|\ﬂpy.
o =¢Mpyc

where:
I —moment of inertia of the strengthened section;
(Y — dynamic coefficient of the live loads.

(1a)

(1b)

(10)

The favorable effects are also obtained with regard to the elastic girder deflection.
For a girder with a variable cross section the deflection can be evaluated by the relation:

;=55 M, L
48 El,
where |, isthe average moment of inertia
1l
Im - z i
L
The following values of the girder deflection result:

— unstrengthened girder:

B
48  El,

- strengthened girder:

I m

f :E ﬂ+& |_2
48E B

where | isthe average moment of inertia of the strengthened cross section.

&)

(38)

(3b)

26

Miiszaki Szemlee 22



2.2. Girder strengthening using rigid tie rods

Strengthening with tie rods consist in adding of arigid the rod under tension flange made up by lami-
nated elements: L, U, O or welded sections.

Thetie rods can be laid horizontally or polygona under the bottom flange, Fig.2.

~ 4

Fig. 2.
Girders strengthened with rigid tie rods

The tie rods can be prestressed or unprestressed, the prestress of the ties increase their efficiency but
complicates the strengthening achievement.

Strengthening design with straight tie rods
The stress pattern can be followed in Fig.3 with regard to the strengthening steps.
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Fig. 3.
Sate of stressesin the strengthened girder using arigid tierod

The state of stresses in girder and in the tie rod taking into account the dynamic effect of the traffic
loads will be:

- top flange:
M X X
X MM, (X k)] 4a)
A |
— bottom flange:
X M, + X+
X M, (euck] (40
- tierod:
X + X
=T 4c
A (40)
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Selftension effort evaluation

The effort X, can be determined by using the static force method to solve the condition equation of the
statically indeterminate system, Fig.4.

o kel 1.1 Y N—

IR Ii"*n,E_E;I
(T + Q

Fig. 4.
Slftension effort evaluation in thetierod

511X1 +A1P :Ax1 (5)
where:
" m? L on? e’ 1
anj—dx+j dx=| = +—||
= s E.A El EA
|
AP:jMPmdx:—iQ
! El El
- It
Ax1__axl
It is obtained:
%Q
X, = 6a
e 1 1 (63
—~ + —+ I,
El EA EA
where;

M, — bending moment diagram given by traffic |oads on statically determinate system,
m, n — bending moment and axial force diagrams given by X;=1 on statically determinate system,;
Q — bending moment diagram area given by traffic loads on the tie rod length.
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If thetierod isarigid element than E=E and relation (6a) becomes:

o)
X =— I (6b)

(e 101
—+—+— |
I A A

Tie rod effect on the deflection.

The girder deflection is determined with respect to the maximum bending moment taking into account
thetie rod reduction effect:

55M_ +M,
f:MLZ—fI (78.)
48El |
where:
tM.m X.e
fo= | =—dx= (17 - 4c? 7b
clE sam( ) (7b)
X, =X +X,.

The deflection f; given by the negative bending moment M, = X e (relation 7b) is obtained by using the
Mohr-Maxwell method, Fig.5.
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Fig. 5.

Deflection calculation fromtie rod effect

3. Numerical example
The state of stresses on the main girders of asted railway bridge with the span L=20m, Fig.6. , isanayzed.
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Fig. 6.

Miiszaki Szemlee 22 29



3.1. Preliminary design elements

Loads evaluation
— track weight (STAS 1489-78)

0,=800 daN/m

— structure dead weight (STAS 1489-78)
For atrough plate-girder bridge with aspan L <30 m, for load train T 8,5:

0,=44L +650=1530 daN/m
The structure weight is affected by a correction factor ke=0,75 for 30welded structures and so it results:
g =g, +k,g, =1948 daN/m

Thetota dead load is considered: g=1950 daN/m=19,50 kN/m
The maximum bending moment given by dead loadsis:

The maximum bending moment given by load train T 8,5 can be evaluated by the relation:

M = (10,651 +106,8L —320) = 6076 KNm
The train loads have to be multiplied by the dynamic coefficient ¢, which for welded track is:

17

=141
B/rL -

@ =110+

The maximum bending moment will be:

My =M, +¢gM . =9542 KNm
and for one girder is:

M2‘°‘ = 4771 KNm

M =

The girder resistance characteristicsare given in Table 1.

Moment of inertia Modul of resis- Cross section area Aver age moment Average
Section | [em?] tance [cm?] of inertia Cross section area
W [cm?] Im [cm?] Am [cm?
mid-span (1-1) 2831490 30611 486
2531718 450
end-span (2-2) 2165330 23409 406
Resistance capacity checking:
M _ 4771x10* _

=— =2="— =1556 daN/cm*< o, o, =1600 daN/cm®

o
W 30611

Rigidity (deflection) checking:
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)=32255 kNm

max max

M, :%(M9+M

_55M,L*
48 EI,

=272 cm< f,=—==4cm
500

3.2. Main girder strengthening by increasing the cross section of the tension flange

For atrough plate-girder bridge the strengthening solution adopted consist in a [ shape welded mem-
ber under the bottom flange, Fig.7. and the strengthened section characteristics are presented in Fig.8.

260 B + L
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Fig. 7. o —
"
L
= — [cm]
_‘

Fig. 8.

The bending stresses will be:
- top flange:

M
o :WQJ’M:AP y. =1451 daN/cm?

c

— bottom flange:

M .
o = Wg +% y, =1232 daN/cm?

c

- strengthening element:

o, = I’MIVIP y. =1422 daN/cm?

Cc

The strengthened girder deflection is:

M
f DE g +& L> =240 cm
48E I

I m
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3.3. Main girders strengthening using a simple rigid tie rod

The state of stresses in the main bridge girdersis analyzed, by using as a strengthening method atie rod
made up by 2L 100x100x10 at 250 mm distance from the bottom flange, with alength of 17 m, Fig. 9.
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Fig. 9.

Thetierod excentricity is:
e =925+25-2,82=114,68 cm

The diagrams for the tie rod selftensioning effort are presented in Fig.10, where;

2
M, = M 0,885—)(—2 and M, = Mx(x215)2977 KNm
0,1936 L L

It isobtained (Fig.10):

Lm:. 17 I_i_'5":'_1|
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Fig.10.

Q=5 +S,+8S, = 41973 kNenm?
where:

S, =M,|, =16609

S, =(m

2

-M,)x0,12L =5017

max max
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analyzed methods are presented in Table 2.

(1]
(2]

(3]
(4]

The sdlftension effort in thetierodis:

The stresses will be:

in girder (rel. 4a, 4b):

intierod:

max max

X, =330,2 kN

o, = -1245 daN/cm?

o, =1054 daN/cm’

o, =1212 daN/cm?

Thetie rod effect on the girder deflection is:

f, =0,348 cm

f,=f-f =243 cm

4. Conclusions and observations

- M, )(0.88L - 2¢) = 20347

(rel. 6h).

(rel. 7b)

The state of stresses and deflection of the initial girder and of the strengthened girder by using the two

Case g, o f
(reduction [%]) (reduction [%]) (reduction [%])
Initial girder 1556 1556 2,78
Strengthened girder by bottom flange in- 1451 1232 2,40
crease (93 %) (79 %) (86 %)
Strengthened girder using asimplerigid tie 1245 1054 2,43
rod (80 %) (68 %) (87 %)

From the numerical analysis performed here above the following conclusions can be mentioned:
the strengthening of the steel girders using arigid tie rod is more efficient in comparison with flange
Ccross section increase at the same material consumption, because the material can be distributed more

5.

conveniently;

the consolidation with rigid tie rod involves a reduced handwork because it is fixed only at the end-
span and in some intermediate points, in comparison with a continuous welded € ement.
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