The Use of Vanadium in Reinforcing Bar Steels

A.M.Sage
Vanadium Technical International Committee (U.K.)

In Europe, high strength reinforcing bars for concrete structures are largely joined by weld-
ing and in order to achicve good joints without pre—heat and cracking, the steels have a low
carbon content of about 0.25%. At this carbon level the strength is reduced and has to be rc-
stored by thc addition of micro alloys, or by in—line heat treatment. The addition of vanadium
to the stecls is the most commonly used method of restoring the strength, and the.most univer-
sally acceptable, taking account of the varying conditions of manufacturc which exist in mills
making these bars. This report describes the production of these steels, and compares the pro-
duction and propertics, with thosc of bars produced by other alloys or methods.

Strength

The addition of vanadium to a 0.25% carbon steel can increase the yicld strength from 350
N/ mm? to over 600 N/ mm?, depending on the carbon content, vanadium addition, manga-
ncse content and bar diameter.

The vanadium in creascs the yield strength through precipitation of vanadium carbonitrides
in the ferrite, largely by interphasc precipitation and to a small extent by grain rcfincment. The
precipitation strengthening results from precipitates forming during and after rolling, and is
largcly indepcndent of the rolling conditions. The precipitates tend to be coarser and less effcc-
tivc in larger diamcter bars. The strengthening effect from a given vanadium addition therefore,
is less as bar diameter increascs. The larger diamceter bars may also have a slightly coarser grain
size. The cffect of vanadium content and bar diameter for a scrics of laboratory stecls arc given
in Fig 1.

Increasing the nitrogen content can also increase the yicld strength of the bar, as can be
secn in Fig 2,

Dendability

In many applications, rcinforcing bars arc bent through a radius of 180 ° |, and in many
specifications a rebend test is incorporated to cnsurc that the bars can be bent in this manncr. If
frec nitrogen is present in the stecls, the bars may crack during this test duc to the strain ageing
cffect of the frce nitrogen in solution. This however, rarcly happens with vanadium stecls be-
causc the nitrogen forms vanadium carbonitride with the vanadium, and so the nitrogen is re-
movcd from solution and is present as harmliess precipitate. It is however, important that the ra-
tio of vanadium to nitrogen is above a certain limit, to cosure that there is no frec nitrogen in so-

lution,
Weldability

Vanadium stccl reinforcing bars arc welded by manual mctal arc processes, and by using
welded joints considerable savings in stecl arc achicved, with the result that fower cost rein-
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forced concrete bridges, tunnels etc. can be constructed.
Typical steél compositions and structures are shown in Table 1.

Advantages of Vanadium over other HSLA Rebar

The fact that vanadium stcel rebars achieve their strength mainly through precipitation
means that they can be made under a wide range of production conditions, involving a wide va-
fation in temperature of recheating, rolling, pass reductions and finishing temperature. They can
be produced on old mmills which roll slowly and give finishing temperatures which arc low, or on
modern bigh speed mills where heavy reductions and high finishing temperatures arc involved.

Steels strengthened by niobium additions on the other hand, depend for their strength
primarily on grain size, and a low finishing temperature. Although these conditions can be met
in older slower mills where finishing temperateres are low, such temperatures .cannot be
achicved on fast mills, at least not without loss in production. When rolling niobium steel bars,
unlike vanadium steels, it is csscotial to vse a high reheating temperature and rcasonably long
soaking time, to cosure that the niobium goes into solution. Accelerated cooling of reinforcing
bar has also been uscd to provide an increase in strength, but in order to do this, special equip-
mert has to be installed, and it is often not possible to do this on existing mills without
unwarrantcd expense.

Bars which are strengthened by accelerated cooling have a bard tempered martensite struc-
ture on the outside, which carries the load and a soft ferrite pearlite structure in the core. In ap-
plications wherc the surfacc is machined to provide a screw thread for joining or other purposc,
the accelerated cooling process is not suitable.
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Table I Composition and Properties of some Typical
Weldable grade High—strength Reinforcing Bar Stecls
Combosition,% Diamcler Yicld Strength U.TS. Elongation
.2 .2
C Mo Si Vo mm  guge N/mm? P48 N/mm? P00 %
024 13 040 009 40 14 506 73.4 715 103.7 16
(1.5%in)
025 14 030 007 32 10 517 75.0 707 102.5 23
0.21 095 040 005 40 14 441 64.8 617 89.5 21
(1.57in)
06.21 1.0 025 004 32 10 434 63.0 600 387.0 21





