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cracks to resist tensile stresses, thereby reducing the average
reinforcement stress level compared to its magnitude at the
crack. This phenomenon results in a gain in rigidity, called
tension stiffening [1].

Abstract
Unlike the conventional carbon steel that has been used
widely as reinforcement bars, the usage of Inoxydable steel
(Inox) is still limited despite their superior properties in
strength and ductility. Hence, limited study has been
conducted to determine the structural behavior of Inox
including the constitutive law and material model when it is
used as reinforcement bars in concrete element. In this study,
tension stiffening model is specifically developed for Inox to
determine their interaction properties with the surrounding
concrete. This study uses constitutive laws developed for Inox
from Austenitic type. An inverse method based on
combination of results from experimental works and the one
obtained from nonlinear numerical analysis (NNA) is applied
to determine the parameters involved in the tension stiffening
model. The tension stiffening model developed for inoxydable
steel is then compared with the conventional carbon steel.
Results from this study shows that the inverse method is able
to develop tension stiffening model for concrete beam
reinforced with inoxydable steel. When compared with carbon
steel, tension stiffening for inoxydable steel is 50 percent
higher during the cracking phase. Findings from this study;
tension stiffening model parameters for inoxydable steel are
very useful for modeling works which uses Inox as
reinforcing steel bars.

A simple way to account for this local phenomenon is to
integrate the bar-concrete interaction in a global dimension by
modifying the stress-strain relationship of the material, either
the reinforcing bar or the concrete [2]. Several investigators
have developed the tension stiffening model by modifying the
concrete material model. After reviewing different model
developed by other researchers, tension stiffening model
proposed by [3] shown in Figure 1 is chosen to represent the
interaction properties between Inox and concrete. It depicts
the main phenomena of primary and secondary stage. Four
parameters; Cd, Cb, Cp, and Cs are used to define the entire
model together with concrete properties of f’t and εcr;
2

𝑓′𝑡 = 0.3𝑓𝑐𝑘 (3)
𝜀𝑐𝑟 =

𝑓′𝑡
𝐸

where, 𝑓𝑐𝑘 is compressive strength of concrete, and E is the
modulus of elasticity
σc, TSE
f't
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INTRODUCTION

εc = εs
εcr

In reinforced concrete structures, the presence of steel
necessitates the consideration of bar-concrete interaction. The
bar-concrete adherence allows the concrete located between

Cpεcr

Csεcr

Figure 1: Tension stiffening model used in the study

5280

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 15 (2017) pp. 5280-5288
© Research India Publications. http://www.ripublication.com
The tension stiffening model is one of important parameter to
consider in any numerical modeling involving reinforced
concrete composite. Since this model represents the
interaction behavior between concrete and reinforcing bars in
the model, accurate parameters which represent the type of
reinforcing bars used are crucial in order to have a model
closely represents the actual condition of the reinforced
concrete structure. Tension stiffening model to represent
interaction properties between carbon steel and the
surrounding concrete has been developed by other
researchers. Despite their excellence resistance to corrosion,
superior strength, and high ductility which gives it the
potential application as reinforcement bars [4-6], studies
involving this type of reinforcement bars are still limited [7].
Based on the authors’ knowledge, tension stiffening model
which determines interaction properties between Inox and
concrete has not yet been developed.

METHOD AND APPROACH
In order to determine the four parameters in the tension
stiffening model, NNA is conducted on the beam section to
determine the load-deflection curve based on the section and
beam properties. This analysis consist of two main stages; i)
section analysis, ii) beam analysis. Figure 2 shows the steps
taken during the NNA. In the beginning of the analysis, initial
values of the tension stiffening parameters are introduced to
the program together with the other properties of the RC beam
obtained from laboratory samples. These include the materials
and geometrical properties.
In the first iteration, section analysis is conducted followed by
beam analysis. Section analysis will provide the properties
detail for a particular section of the beam for each load
increment. These properties will then be used in the beam
analysis in order to determine load-deflection curve at midspan of the beam. The load-deflection curve obtained from
this NNA is then compared with the one obtained from
laboratory work; bending test on the beam sample. The
tension stiffening model applied in the section analysis is then
corrected by changing the values of the four parameters; C d,
Cb, Cp, Cs so the load-deflection curve values from NNA
resemble well with the laboratory results. The set of
parameters which give the best-fit values with laboratory is
selected as the tension stiffening model to represent the
concrete beam reinforced with Inoxydable steel bars. These
inversely estimated values give more reliable representation of
interaction properties between the Inox and composite
concrete.

Therefore, this study aims to develop a set of tension
stiffening parameters that resemble the interaction properties
between inoxydable steel and concrete. This model is then
compared with the one with standard carbon steel as
reinforcing bars. Constitutive law used to represent the
behavior of inoxydable steel used in this study is developed
based on series of laboratory works [8] and therefore valid to
be used in other numerical model involving this type of steel.
Furthermore, the approach used in this study has been
demonstrated to be able to determine the interaction properties
through bending test instead of direct tension as been reported
by other researchers [9-13].

Laboratory works
Tension stiffening parameters:
- Initial values of Cd, Cb, Cp, and Cs
ITRS = 0

ITRS = ITRS + 1

Adjustment of tension
stiffening parameters
Cd, Cb, Cp, and Cs

Section Analysis
Beam Analysis

- Load-deflection (P-δ)
curve at mid-span
- Stress at gauges position
for each load increment

P-δNNA/ P-δLab (R2) > 0.8
Yes

No

Print tension stiffening parameters

Figure 2: Steps in the nonlinear numerical analysis

If the coefficient of determination, R 2 between the two curves
is more than 0.8, the values set of Cd, Cb, Cp, Cs will be chosen

as the tension stiffening parameters for Inoxydable steel.
Otherwise, second iteration will be conducted with a new set
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of parameters and the whole process will be repeated all over
again.

plain concrete and compared well with test results by other
researchers. Furthermore it is well suited to the present
method of analysis. The four parameters Cd, Cb, Cp, Cs are set
to an initial trial values at the beginning of the analysis and
inversely estimated from a combination of nonlinear analysis
and experimental results.

Section Analysis
Increasing the loading (axial force and/or bending moment)
applied to a section, causes the neutral axis depth, the strain
and stress distributions, and the flexural and axial rigidities to
vary in a nonlinear manner. Numbers of studies involving
numerical techniques have therefore been conducted to tackle
this situation. Bilinear and trilinear moment-curvature
relations for flexural members are example of early and
simple models. However, such models are incapable of
tracing an accurate response for heavily reinforced sections,
especially in presence of an axial force [3]. In this study, a
nonlinear solution scheme is utilized within which direct and
exact computations are made by performing closed-form
integrations for nonlinear section properties. The section
analysis involved determination of overall effective or secant
flexural rigidity (EIs) for the beam section. The strain profile
is determined using the applied moment and the current value
of the EIs about the inelastic centroid. The compression and
tension zones of the section are identified.

c)

Stress-strain relation for reinforcing steel

A bilinear relation is considered adequate for proper
simulation of the actual stress-strain relation for reinforcing
steel used in compression zone (carbon steel Grade 460) since
the elastic-plastic behavior with or without introducing the
strain hardening effect is easily simulated by controlling the
slope of the second line. However, for tension zone where
Inoxydable steel bars are used, a specific constitutive law
developed in a previous study conducted by the authors [8];
Eq. [3] and [4] are applied to represent the nonlinearity of this
type of steel.

𝜀=
𝜀=

𝜎
177 305
𝜎−480
34 724

+ 0.002 (

+ 0.38 (

𝜎
480

)

5.56

𝜎−480 3.17
293

)

for 𝜎 ≤ 𝜎0.2
+ 0.0047

[3]

for 𝜎 > 𝜎0.2 [4]

Material Models:
a)

Concrete behavior in compression

where 𝜎0.2 is the stress at 0.2% proof stress; taken as limit of
elasticity for the inox.

For concrete layers in compression zones, a fourth-degree
polynomial model is chosen to represent the stress-strain
relation [14];
𝜎𝑐 = 𝑎0 + 𝑎1 𝜀𝑐 + 𝑎2 𝜀𝑐 2 + 𝑎3 𝜀𝑐 3 + 𝑎4 𝜀𝑐 4

Terminology and Basic Concept :

[1]

Considering the axial rigidity (EAs) as the overall effective
elasticity modulus of the section times its area, the integrated
form of EA is given by:

The above polynomials have been proposed on the basis of
agreement with experimental work. The coefficients in Eq. [1]
are defined by using the curve boundary condition based on
concrete properties;
𝑎0
𝑎1
𝑎2 =
𝑎3
{𝑎4 }

1
0
1
0
[1

0
1
𝜀𝑚
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2
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3(𝐶𝑢 𝜀𝑚 )2

𝐻+𝑌𝑁

𝐸𝐴𝑠 = ∫𝑌

𝑁

∑𝑀
𝑗=1(𝐸𝑠𝑏𝑗 − 𝐸𝑐𝑏𝑗 )𝐴𝑠𝑏𝑗

−1
0
0
0
𝐸𝑐𝑖
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𝜀𝑚
𝑓𝑚 [2]
3
0
4𝜀𝑚
4(𝐶𝑢 𝜀𝑚 )3 ] {𝐸𝑐𝑓 }

𝐸(𝑌) =
𝐸𝑠𝑡𝑖 =

where, 𝑓𝑚 = 𝑘𝑐 . 𝑓𝑐′ , 𝑘𝑐 = 0.85, 1.0 or > 1.0 according to some
investigators. In this study 𝑘𝑐 is taken as 1.0. 𝐸𝑐𝑖 is the initial
modulus of elasticity, 𝐸𝑐𝑓 is the modulus of elasticity at the
ultimate strain, 𝐶𝑢 taken as 1.5 and 𝜀𝑚 is the maximum strain.
b)

𝐸(𝑌). 𝐵. 𝑑𝑌 + ∑𝑁
𝑖=1(𝐸𝑠𝑡𝑖 − 𝐸𝑐𝑡𝑖 ) 𝐴𝑠𝑡𝑖 +

𝐸𝑠𝑏𝑗 =

𝜎(𝑌)
𝜀(𝑌)

𝜎𝑠𝑡𝑖
𝜀𝑠𝑡𝑖
𝜎𝑠𝑏𝑗
𝜀𝑠𝑏𝑗

[5]

[6]
[7]
[8]

where N, M are the numbers of the top and bottom
reinforcement layers, respectively.

Concrete behavior in tension

The stress-strain relation of reinforced concrete shown in
Figure 1 is used to represent the tensile behavior of the RC
beam. This relation is well backed by experimental curve of

The flexural rigidity (EIs) is the overall effective elasticity
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𝐻+𝑌𝑁

modulus of the section times the moment of inertia about the
inelastic centroid (Yc), the inelastic centroid being the position
about which the first moment of the axial rigidity (EA)
vanishes; Figure [5(a)]. Hence
𝐻+𝑌𝑁

𝐸𝐼𝑠 = ∫𝑌

𝑁

𝑀𝑖𝑛𝑡 = ∫𝑌

𝑁

𝐸𝑐𝑡𝑖 ) 𝜀𝑠𝑡𝑖 𝐴𝑠𝑡𝑖 (𝐻 + 𝑌𝑁 − 𝑌𝑠𝑡𝑖 − 𝑌𝑜 ) + ∑𝑀
𝑗=1(𝐸𝑠𝑏𝑗 −
𝐸𝑐𝑏𝑗 ) 𝜀𝑠𝑏𝑗 𝐴𝑠𝑏𝑗 (𝑌𝑁 − 𝑌𝑠𝑏𝑗 − 𝑌𝑜 )

𝐸(𝑌). 𝐵. (𝑌 − 𝑌𝑜 )2 . 𝑑𝑌 + ∑𝑁
𝑖=1(𝐸𝑠𝑡𝑖 −

[11]

𝐸𝑐𝑡𝑖 ) 𝐴𝑠𝑡𝑖 (𝐻 + 𝑌𝑁 − 𝑌𝑠𝑡𝑖 − 𝑌𝑜 )2 + ∑𝑀
𝑗=1(𝐸𝑠𝑏𝑗 −
𝐸𝑐𝑏𝑗 ) 𝐴𝑠𝑏𝑗 (𝑌𝑁 − 𝑌𝑠𝑏𝑗 − 𝑌𝑜 )

Analytical Procedures:

2

To develop an approach which lends itself to direct
computation, the section is divided into two zones each of
which is bounded by one of the extreme fibers and the neutral
axis. According to the type of stress in any zone (tension or
compression), it is further divided into regions having a
certain stress-strain formula for each. The compression zone
may include one or more of the following regions (Referring
to Figure 3 for concrete region):

[9]
The curvature of the section (𝜙) is obtained, as usual, by
dividing the moment (𝑀𝑜 ) about the inelastic centroid by the
flexural rigidity (EIs). The internal axial force is given by:
𝐻+𝑌𝑁

𝐹𝑥 = ∫𝑌

𝑁

𝜎(𝑌). 𝐵. (𝑌 − 𝑌𝑜 )2 . 𝑑𝑌 + ∑𝑁
𝑖=1(𝐸𝑠𝑡𝑖 −

𝜎(𝑌). 𝐵. 𝑑𝑌 + ∑𝑁
𝑖=1(𝐸𝑠𝑡𝑖 − 𝐸𝑐𝑡𝑖 ) 𝜀𝑠𝑡𝑖 𝐴𝑠𝑡𝑖 +

∑𝑀
𝑗=1(𝐸𝑠𝑏𝑗 − 𝐸𝑐𝑏𝑗 ) 𝜀𝑠𝑏𝑗 𝐴𝑠𝑏𝑗

[10]

The internal bending moment (𝑀𝑖𝑛𝑡 ) about the inelastic
centroid is represented by:

Compressive stress (σc)
fm
CRfm

ECf
ECi

0.2fm

1

1

εm

Cuεm

ε20

Ccεm

Compressive strain (εc)

Figure 3: Stress-strain relationship for concrete in compressive zone

Concrete:

following regions (Referring to Figure 1 for concrete region):

Region 1: 0 ≤ 𝜀𝑐 ≤ 𝐶𝑢 𝜀𝑚

Concrete: Region 1: −𝜀𝑐𝑟 ≤ 𝜀𝑡 ≤ 0

Steel:

Region 4:

0 ≤ 𝜀𝑠𝑐 ≤ 𝜀𝑦

Steel:

Region 2:

𝐶𝑢 𝜀𝑚 < 𝜀𝑐 ≤ 𝜀20

Region 2:−𝐶𝑝 𝜀𝑐𝑟 ≤ 𝜀𝑡 ≤ −𝜀𝑐𝑟

Region 5:

𝜀𝑦 ≤ 𝜀𝑠𝑐 ≤ 𝜀𝑠𝑢

Region 5:

Region 3: 𝜀20 < 𝜀𝑐 ≤ 𝐶𝑢 𝜀𝑚

Region 4:

−𝜀𝑦 ≤ 𝜀𝑠𝑡 ≤ 0

−𝜀𝑠𝑢 ≤ 𝜀𝑠𝑡 ≤ −𝜀𝑦

Region 3: −𝐶𝑠 𝜀𝑐𝑟 ≤ 𝜀𝑡 ≤ −𝐶𝑝 𝜀𝑐𝑟

For steel, 𝜀𝑦 = yield strain, 𝜀𝑠𝑢 = ultimate strain

Explicit forms of the rigidities and the internal loadings for all
the regions are derived by performing analytical integrations.
By the summation of the region properties, the section

The tension zone may also include one or more of the
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properties are directly obtained.
𝐸𝐴𝑠 = ∑2𝑖=1 ∑𝑁𝑅𝑖
𝑗=1 𝐸𝐴𝑖𝑗

[12]

𝐹𝑥 = ∑2𝑖=1 ∑𝑁𝑅𝑖
𝑗=1 𝐹𝑥𝑖𝑗

[13]

𝐸𝐼𝑠 = ∑2𝑖=1 ∑𝑁𝑅𝑖
𝑗=1 𝐸𝐼𝑖𝑗

[14]

𝑀𝑖𝑛𝑡 = ∑2𝑖=1 ∑𝑁𝑅𝑖
𝑗=1 𝑀𝑐𝑖𝑗

[15]

defined using the most recent location of the inelastic
centroid Yc and the total height of the section H: 𝑌𝑁1 =
𝐻 − 𝑌𝑐 and 𝑌𝑁2 = 𝑌𝑐

where 𝑁𝑅𝑖 is the number of regions per zone.
The effective section properties corresponding to any applied
bending moment step, M, are evaluated as follows. The
procedures are programmed in MATLAB and simplified in
the flowchart shown in Figure 4.
1.

𝜙=
2.

𝐸𝐼𝑠

The section rigidities (EAs, EIs), internal axial force (Fx),
and the bending moment (Mint) are calculated for the
present strain distribution using Eqs. [12] – [15].

4.

The accuracy of the most recent inelastic centroid
position is investigated using the criterion of vanishing
the moment of axial rigidity about the current centroid
(ES) at the correct position:
𝐸𝑆 =

𝐹𝑥
𝜙

[17]

A normalized convergence criterion is adopted with a certain
tolerance limit depending on the level of accuracy
desired. The tolerance used in this study is 5x10-7:

The instantaneous curvature is determined by dividing the
applied moment by the most current value of the effective
section flexural rigidity:
𝑀

3.

𝐸𝑆
≤ 𝑇𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒 ⟹ 𝐶𝑜𝑛𝑣𝑒𝑟𝑔𝑒𝑛𝑐𝑒 𝑎𝑐ℎ𝑖𝑒𝑣𝑒𝑑
𝐸𝐴𝑠 𝑥𝑌𝑐

[16]

[18]

The depth of the tension and the compression zones are

Figure 4: Flow chart of the nonlinear numerical analysis programmed using MATLAB
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5.

If Eq. [18] is satisfied, an equilibrium solution is
reached, yielding the inelastic centroid position and
the section properties for that step. Otherwise, steps
1-4 are repeated using the corrected inelastic centroid
Yc until convergence is achieved:
𝑌𝑐(𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑) = 𝑌𝑐(𝑐𝑢𝑟𝑟𝑒𝑛𝑡) +

6.

𝐸𝑆
𝐸𝐴𝑠

load increment. The mid-span deflection, in symmetrically
loaded simple beams, is obtained by performing numerical
integration of the moment of curvature distribution along half
the span about the support point. The numerical integration is
performed as a summation of the analytical integration
contribution of each segment. This is expressed for the fourpoint bending case as

[19]

𝐿/2

The analysis is stopped when a failure criterion is
satisfied. The failure criteria implemented are rupture
of reinforcement or crushing of concrete. Concrete
crushing failure is defined at 0.003 compressive
strain for unconfined compression and a higher value
for confined concrete (the strain at which the
compression stress of the descending branch reaches
0.2 fc). Rupture failure occurs when the
reinforcement reaches the ultimate rupture strain.

∆𝑚𝑖𝑑𝑠𝑝𝑎𝑛 = ∫0

𝐿 2
2
𝑃𝐿𝑎 [(2) −(𝐿𝑎 ) ]

2𝐸𝐼𝑠𝑖

2

𝑃
2𝐸𝐼𝑠𝑖

3
3
𝑋𝑖+0.5
−𝑋𝑖−0.5

[

3

]+
[20]

where Ns=number of segments along the beam shear span;
P=total load applied on the beam; Xi−0.5=distance from the
support point to the beginning of segment i; Xi+0.5=distance
from the support point to the end of the segment i; La=shear
span of the beam, and EIsi=flexural rigidity of segment i.
The mid-span deflection is then plotted and compared to the
curve obtained from laboratory test, as shown in Figure [5(b)].
The tension stiffening model applied in the section analysis is
then corrected by changing the values of the four parameters;
Cd, Cb, Cp, Cs so the load-deflection curve values from NNA
resemble well with the laboratory results. The set of
parameters which give the best-fit values with laboratory is
selected as the tension stiffening model to represent the
concrete beam reinforced with Inoxydable steel bars. These
inversely estimated values give more reliable representation of
interaction properties between the Inox and composite
concrete.

Beam Analysis
The nonlinear load-deflection solution of the beam is
formulated using the moment area integration. Because the
flexural rigidity reduces with an increase in moment, the
stiffness of the beam is expected to vary along the span, in a
nonlinear fashion, with the change in bending moment. This
study is intended to consider an accurate stiffness distribution
along the beam. This is accomplished by dividing the beam
into a large number of segments and calculating the section
flexural rigidity in the middle of each segment under a certain

(a)

𝑁

𝑠
𝑥𝜑(𝑥)𝑑𝑥 = ∑𝑖=1

(b)

Deflection
mid-span

Figure 5: (a) Basic parameters used for analyzing RC sections, (b) Beam is divided into a large number of sections to determine
the central deflection for every increment of load

concrete beam is reinforced with two bars (20mm diameter) of
inoxydable steel from austenitic type in the tension zone, and
two bars (8mm diameter) of carbon steel in the compression
zone. 10 shear links formed from 6mm mild steel bars were
provided at 70mm and 120mm from each ends for shear
reinforcement in the shear spans. The beam were tested on
simply supported condition with a clear span of 2.9m and
loaded symmetrically and monotically. Crushing test on the
concrete sample in accordance with [15] were conducted to
identify the compressive strength of the concrete; fc = 50 MPa,
and the Young’s Modulus of the concrete is 37,565 MPa.

RESULTS AND ANALYSIS
Results obtained from the NNA are compared with laboratory
findings in order to determine the tension stiffening model for
Inox. A beam sample is constructed and tested under bending.
Results are used as input to the nonlinear numerical analysis.

Preparation and testing of beam sample
Fig. 6 shows the dimension of the reinforced concrete beam
sample used in this study. A 2.95m long simply supported
beam subjected to four point bending is used. This composite
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280

Shear links
ø6
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20ø

280
125

Cover =25

35

7x120

3x70

Cover=25

Figure 6: Dimension of the RC beam as per constructed and tested in laboratory (units are in millimeter)

Determination of Tension Stiffening Parameters
A series of analyses are conducted to determine the tension
stiffening parameters that correlate well with the real behavior
of the RC beam as per laboratory findings. Table 1 shows the
four sets of trial on selecting the values of Cd, Cb, Cp, Cs.
Based on the section properties obtained from NNA, and loaddeflection values from beam analysis, comparison with
laboratory results gives value of 0.9, 0.6, 4 and 40 for Cd, Cb,
Cp, Cs respectively. The load-deflection curve from NNA
using these tension stiffening parameters are compared with
laboratory curve in Figure 7. Good correlation can be
observed from these two curves. Figure 8 shows the final
tension stiffening model develop for composite concrete beam
reinforced with inoxydable steel from austenitic type. This
model is useful to represent the interaction behavior between
these two materials in any finite element modeling works.

Table 1: Investigation of tension stiffening parameters

5286

Paramet
er

Selecti
ng Cd

Selecti
ng Cb

Selecti
ng Cp

Selecti
ng Cs

Selected
paramete
rs

Cd

0.8,0.9,
1

1.5

1.5

1.5

0.9

Cb

0.5

0.45,
0.5, 1

0.8

0.8

0.5

Cp

4

4

4, 5, 6

4

5

Cs

40

40

40

5, 10,
13, 20

13
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Figure 7: Force displacement curve from laboratory results compared to the nonlinear numerical analysis

Tensile stress, σt
4.07
3.663
Tensile
strain, εt

2.035

0.000108

0.00054

0.001404

Figure 8: Tension stiffening model for beam reinforced with inoxydable steel bars

the cracking phase, the tension stiffening with inoxydable
steel increases 50 percent as compared to standard steel.

Comparison with Carbon Steel
According to a study conducted by [3], selected values for
tension stiffening parameters for concrete beam reinforced
with carbon steel are 0.8, 0.45, 4, and 10 for C d, Cb, Cp, and Cs
respectively. Figure 9 shows the tension stiffening model for
inoxydable steel as compared to the standard carbon steel.

CONCLUSIONS
Approach suggested in this study is able to determine
parameters involved in developing the tension stiffening
model through combination of numerical modeling and
experimental results. Results from bending test can be used
instead of direct tension which required more experimental set
up. This tension stiffening model could be used further in any
numerical simulation to represent the interaction properties
between inoxydable steel and concrete in composite material.
Findings from this study increases the understanding on the
behavior of Inoxydable steel when it is used as reinforcement
bars in concrete element.

Cracking phase
f’t
0.9f’t
0.8f’t
0.5f’t
0.45f’t

εcr

4εcr 5εcr

10εcr

13εcr
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Figure 9: Comparison of tension stiffening model for
concrete beam reinforced with carbon steel and inoxydable
steel
Referring to Figure 9, it can be observed that concrete beam
reinforced with inoxydable steel has higher tension stiffening
effect than the one reinforced with standard carbon steel. In
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