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A Design Method and Limit States for Pedestrian Steel Overpasses

YUKIO MAEDA
Dr.-Eng.
Professor of Civil Engineering
Osaka University
Osaka, Japan

Since the loading conditions for pedestrian steel everpasses is relatively
simple and cleer, the load-factor approach could be applied, which is practic-
ally simple and adequate for providing a safety comcept and introducing
probability into the design in a rational form.

On ‘the other hand, the design criteria for main structures will be the
limit of atructural usefulness. If stocky sectiong are used for structural
members, their plastic stremgth combined with stability limit may be the limit
of usefulness, taking account of deflection and stress limits at the normal
service loads or at the time of earthquake.

Here, design examples and their some results will be shown. The load
factors for three different load combinations adopted at the Standard Rules
for Plsstic Design in Steel, Japan Welding Engineering Society, 1967, are as
follows: (1) U=1.2D+2.1Lorl.4 D+ L), (2) U=1.2D+ 1, 7L+ 1.7V,
(3) U=D + L + 1.5 E, vhere U is ultimate strength, D is dead load, L is live
load, W is wind load or snow load, and E is earthquake force or collision load.
These values of the load factor were determined by a semi-probabilistic methed.

Fig. 1 illustrate typical three types of pedestrian ateel overpasses in
Japen, and classifications of the types result in 44 different design cases, by
span length which is 17.5 m or 22.0 m, by floor slab which is either reinforced
concrete slab or steel deck, and by section of main structural members which is
welded built~up or H-shaped rolled, and either uniform or non-uniform.

In proportioning the structural members for each case, the simple plastic
theory was applied to the mechanism collapse as shown in Fig. 2. Also,
secondary effects such as shear force, axial force, bucklings were considered,
and the design of each case was done sutomatically by a computer. Particularly,
in order to get a minimum weight of the members, the linearized relations
between full-plastic mement and weight were applied to the calculation. Further-
mere, an alternating collapse and an incremental cellapee, and stress and
deflection limits at the normal service lcad or at the time of earthquske, were
investigated.

One example of the resulis is indicated in Table 1, which is for C Type,
Portal Rigid Frames with variable sections of the members., The table shows
that an increase of plastic moment due to the incremental collapse is about 10%
for symmetrical form and T% for anti-symmetrical one, and that an effect due to
alternating plasticity can be neglected, but the design criteria is governed by
the specified working stress at the normal service loads. If the live load is
larger, the deflection may be the governing limit state.

Throughout the overall results, it is shown that the design criteris are
the plastic strength due to mechanism collapse, or the incremental collapse,
or the working stress or deflection which is to be specified at a Tule or
code, and that a priority among them depends upon the ratio of live load to
total 10ad, and upon the spanratic of the frame. If the values of losd
factors are changed, there will be different results of design criteria.
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Finally, it may be said that load factors and limit states should be
combined more rationally and in detail.

A Tb:PC ¢ Type
XM, LM KM, KoM, KM, KM,
KM, KN,
{X Type "'hl..j nL Pl T L w4
Continuous Beam o N " I L;

1 &~ —F »

l’ Ll
X
7.5m 4 |

C Type
Portal Frame

I~
—re R ,fvfﬂ_———"l
B Type s—=a ’

= Frame

B Type
Kl.l

. 1
A

K. M, K, M,

—a

K., KN,

7.5m

T
N r—‘_\/x

! =
{Mfate) Mpi' Ki“p
A,C Type : L &1,
- hhS K1‘ K2‘ K}
ype ¢ Kl‘ K?. K.ss )(2

. L‘l Lz

T

follapse  mechanisms

Fig. 1 Fig' 2

Table 1

¢ Type(variavle section)

Case [ cvB:i | CcvBz | CvBa ' CVB4 CVB 5 CYB$

_ Ttem | v e

s 4 I j k-] | m ‘ 0 500 500 S00

s 1 = 8 %1 I om %1 %

FL | L] | L] % ] ] ™
‘ ‘Locotion of variable section | X 0 | o | os | oz | 0.9
X K o) e e | 22| 1e, ko | rof o] 10 22! 10 10
M t1 | L [ 1. | | | !

Indtial ¥, ratles o | &, 40y 22 ‘ 04| 20 o3| 16! 84! 22! 050 15, 03

T T K K 10| to | Lo 10 10, 10 sof 10| 10§ 10 10| 10

F: 1 AL t1 v )

ira rtie e Lk L ao | ew| vo| om! va| ou| 1m| om| 1| om 1m om
My wm | 2am | mm | »wm | am | es . ==z
W, (-m) uw | 0.8 ne %.08 en | ®xx
AR 118 1o 118 L | 16 | 1.00
A (t-m) 10.87 . .02 0.2 15.2 14
MicMs i 0.5 [ 0.5 n.u 0.% 0.65
2012 W1z | woxz | maaz | @z 0412
section 1 (I-shaped) ’ T 8 ‘ s | x4 | mis | sexs b
[} 1 i
00~ 12 8 20012 012 W1z | ez

5 | mection 2 (I~ snaped) ‘ ™ l s | W ’ ™y x| s

e

4 v "

§ ) svions coonepeny | B | By ) ome® D Brg o Emg @
N . 20x 0= ¢ ' a0« 20 9 W<y | 016
HaCLLYE 4 (hox 5-“'1""" 184 & 1 iax 8 | Mx& e8| zmsd | 389

Floor beam spacing (m) 1% | re | Lo | 1.5 1o | 1.0

o @ at section 1 ne | m 124 182 ) [T

288 at section 2 [ 113 { 15 1M ‘ 1.2 W | e

Fu® at section 3 1l L5 1% L Lo 1818

TES * at section 4 [ m L2 136 Coe - 1581
Deflsction | uvm | ues s | ues 1 sw | wed
folumn tz3.5 | “.69 —[ wes | w54 | YT 0863 9.64

(Hote) =

strees at earthquake



	A design method and limit states for pedestrian steel overpasses

