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Advantages of Nippon Steel's Tapered Steel Tube and Its Fatigue-resistant Technology
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Abstract

Since September 1997, Nippon Steel has been producing the tapered steel tubes by its newly invented
hot-spinning manufacturing method. Taking advantage of this manufacturing method's capability to
create ver satile form of tapered configuration, Nippon Steel has developed several uniquetubular prod-
uctsand further gave birth to comprehensive fatigue-resistant technology for column structures such as
luminaire poles. Best of all, theinnovative column base structure has demonstrated landmark perfor-
mance of fatiguelife. Thisarticlereports several advantages of Nippon Stedl's tapered steel tube prod-
uctsand its fatigue-resistant technology for the column structures.
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Manufacturing process of tapered steel tubes
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Samples of the taper configurations
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Entasis tapered lamp post

* Lighter weight
* Relaxation of bottom stress

+ Countermeasures against tube

bottom corrosion

* Fail-safe structure

Bottom Double-wall

*Bottom reinforcing
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Strength improvement by the variable wall thickness and bottom

double-wall structured tubes
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Critical
section
Diameter [152. 1 163 163
Thickness 4.5 4.5 6.0

Area 1483 1651 2180
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Measures for openings applying the freedom of taper and variable
wall thickness tube
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Critical zones exposed to the danger of fatigue cracking
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Reinforcement of the tube-base plate structure by the trapezoidal ribs
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U shaped rib structure
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The fatigue test result of the pole base structures (JSSC: Japanese
Society of Steel Construction)
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Comparison of stress concentration factor
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The fatigue strength class of joints{ Steel-structure Fatigue Design

Guideline and Its Commentary” by the Japanese Society of Steel

Construction)
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Non-weld joint

Butt weld joint Gusset weld joint

Seamless tubes | (One-side welding)
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Deformation of the steel tube caused by rib welding (vertical section) Deformation of the steel tube caused by U-shaped rib welding (cross section)
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Deformation of the steel tube caused by rib welding
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Comparison of weld residual stresses
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Steel tube
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Detail example of the U-shaped rib structure
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Charact.Freq.=f(height,mass & rigidity distribution)

Design of diameter & wall thickness distribution

Obtainment of required

characteristic frequency
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Design of characteristic frequency
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Examples of the installation of vibration control devices

goooooooooooobooooooboooooooooooo
goooooooooooooooOoobobooooooooooo
ooooooooooooooooooboOooooooooooo
jdooooooooooooooooonoooooooooo
goooooooooooooooobobooooooooooo
gobooooboooooooooooooo
goooooooooooobooooooboooooooooooo
gooooooooooooooooboooobooooo@moo
O20alD00000000C0O0DOOO0O0O0O0O0OOODODO0O00O0
gooooooooooooooooooooooooooooaz
goooooooooooooooobobooooooooooo
eol00b000o0ouoooooooooooobooOobboboOooo
goooooooooooooooooboboooooooooo
goooooooooooooooobooooooooooooo
gooooobooooooo

45 000000000
goooooooooooooooobobooooooooooo
ooooooooooooooooooboOooooooooooo
goooooooooooobooooooboooooooooooo
goooooooo
ooooooooooooooooooboOooooooooooo

00000000000 38000020040



ooooooOooOooOooOooooooo

1500

VCD is not installed

1000 | |
°0 Tl
M
=il
-1000
-1500

ACC. (cm/sec?)

Mmm i| " i W |\|M|“|!|HI||||||I i

|
i

0

1500

5 10

VCD is installed

1000
500

-500
-1000
-1500

ACC. (cm/sec?)
[=]

Countermeasures
against fatigue

Characteristic
frequency design

Strengthen the opening

Strengthen the base
structure

Fail-safe measure

2 Performance test of the device
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The effect of the vibration-control device

Effective features of

NSC’s tapered tubes

Variable taper
within a tube

Variable wall thickness
within a tube

Bottom double-wall
structured tube available

High Fatigue-resistant
reinforcing structure
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Effective features for fatigue resistance
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