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At 700 °C, the difference in the tensile strength reduction factor between MS (Equations (9)–(11)) and NIST is 8% (Table 11, (f)(1)), and the difference between HSS (Equations (12)–(14)) and NIST (2016) is 6% (Table 11, (f)(2)). Reduction factors for the yield strength, tensile strength, and elastic modulus were derived and compared with the standard (AISC, EN1993-1-2) and
previous studies (NIST). For the sake of this tutorial, it’s assumed that the music files you’d like to convert to mp3 are on a music CD, and that your computer has an optical disc drive capable of reading and playing music CDs. It’s also assumed that you’re using the Microsoft Windows operating system on your computer.By the way, this process of converting music files on a CD into
mp3 files is called “ripping.”Insert CD and Launch Windows Media PlayerTo start off, open your computer’s optical disc drive and insert music CD that contains the files you would like to convert to mp3. The high-temperature mechanical properties of steel are useful for FEM analysis.Qiang et al. As with the 0.2% strain level, Figure 8b shows that the distribution of data is lower than
the reference for a target temperature of 400 °C. Table 10. Comparison of reduction factors for yield strength with previously reported values and standards at 2.0% strain level. At 400 °C, the difference in the tensile strength reduction factor between MS (Equations (9)–(11)) and NIST is 4% (Table 11, (c)(1)), and the difference between HSS (Equations (12)–(14)) and NIST is 3%
(Table 11, (c)(2)). Table 8. They verified the thermal properties of HSS using both steady- and transient-state tests. As a result, the design of fire-protective steel structures with high standards is not sufficiently conservative or safe. In this paper, the steady-state test was selected and carried out because the purpose of the research was to provide the stress–strain curve and
determine the difference in the mechanical properties of mild steel (MS) and high-strength steel (HSS) under high-temperature conditions.Among the various steel materials in building construction, the high-strength low alloy (HSLA) provides better strength, weldability, corrosion, and weather resistance compared to conventional steel materials [10]. [Google Scholar]
[CrossRef]Aziz, E.; Kodur, V. At the 0.2% strain level, the normalized strength factor of MS is lower than that of HSS, which is different from the results of Chen et al. However, this study did not provide a comparison with ASTM A572 Gr. 60 steel, and a comparative analysis for mild steel and high-strength steel was not conducted.Maraveas et al. Moreover, Wang proposed the elastic
modulus equation for high-strength steel Q460, but there was a difference from Eurocode 3 based on mild steel. Licensee MDPI, Basel, Switzerland. Therefore, in this study, the following yield strength reduction factors are proposed by considering the variables at a 0.2% strain level.MS (Mild Steel): Yield Strength Reduction Factor Equation HSS (High-Strength Steel): Yield
Strength Reduction Factor Equation The elastic modulus reduction factor showed differences according to the MS and HSS zones. The chemical composition of ASTM A572 Gr. 50 steel and Gr 60 steel is summarized in Table A1 of the Appendix A.The tests were performed in accordance with ASTM E8 [28] and ASTM E21 [29]. The reduction factor for the yield strength was analyzed
by expanding the strain level up to 20%. You can do this several ways. First, the creep effects are offset due to the heating of the steel member at the jig setting for a short period of ten minutes or for a long period of more than one hundred minutes (because both ends of the steel are fixed by the jig). Figure A1. [16] obtained the post-fire elastic modulus, yield and ultimate strength
reductions, ductility reductions, and stress–strain curves of HSS (S460, S690). The total length (TL) of each steel coupon was 910 mm, and the length of the tapered section (P) was 70 mm. This may be due to strain hardening. They suggested that creep deformations of A572 steel are not significant until 500 °C and become predominant at temperatures above 500 °C. There isn't a
mathematical formula for converting ISO back to ASTM, but you can refer to published tables to find the equivalent specifications in one system or another. 2015, 40, 926–939. Figure 1 and Figure 2 summarize the results of the yield strength reduction factor and tensile strength reduction factor for MS, HSS, and VHSS. In previous studies, HSS was shown to display a characteristic
vulnerability to temperature in yield strength compared to MS [13,31]. You’ll now see a listing of tracks (music files) that are on the CD. Figure 3 summarizes the reduction factors for the elastic modulus of previous tests for MS, HSS, and VHSS. [Google Scholar] [CrossRef]Lee, J.W.; Engelhardt, M.D.; Choi, B.J. Constitutive model for ASTM A992 steel at elevated temperature. 2013,
55, 15–21. Figure A2. [Google Scholar] [CrossRef]Kwon, I.K.; Jee, N.Y. Experimental study on the mechanical properties of structural steel SS400 at high temperature. You might have music files on a music CD that you would also like to have on an mp3 player. The yield strength reduction factor was analyzed by expanding the strain up to 20%. The tensile strength reduction factor
for MS is summarized by Equations (9)–(11), while that for HSS is expressed in Equations (12)–(14). In Proceedings of the Korean Institute of Building Construction Conference; The Korean Institute of Building Construction: Seoul, Korea, 2009; Volume 25, pp. The NIST regression equation (green dashed line) and Gr. 50 (black line) showed a similar decrease in the strength below a
target temperature of 400 °C, but both were different with respect to Gr. 60 (red line). High temperature mechanical properties of high strength structural steels Q550, Q690 and Q890. Elevated temperature material degradation of cold-formed steels under steady- and transient-state conditions. Moreover, the strength reduction factors of the MS at both 400 °C and 700 °C agreed
well with the NIST code rather than the standards, including the Eurocode and AISC.The differences in the elastic modulus reduction factor of the Eurocode and AISC to MS are 30% and 26%, respectively. EN 1993-1-2 Eurocode 3: Design of Steel Structures—Part 1–2: General Rules–Structural Fire Design; Comité Européen de Normalisation: Brussels, Belgium, 2005. Therefore, it is
necessary to know the mechanical properties, including the Young’s modulus reduction, yield strength, and tensile strength reduction, under various stress levels at elevated temperatures. Target Temperature(°C)Strength Value(MPa)Elastic Modulus(MPa)0.2% ( f y , 0.2 ) 0.5% ( f y , 0.5 ) 1.0% ( f y , 1.0 ) 1.5% ( f y , 1.5 ) 2.0% ( f y , 2.0 ) 20% ( f y , 20 ) Max ( f u ) E T 25332 ( f y , 25 ,
0.2 ) 292 ( f y , 25 , 0.5 ) 358.7 ( f y , 25 , 1.0 ) 397.3 ( f y , 25 , 1.5 ) 418.7 ( f y , 25 , 2.0 ) 466.7 ( f y , 25 , 20 ) 514.7 ( f u , 25 ) 205,000 ( E T , 25 )
100310.7306.7360400425.3476.85496180,000200321.3318.7373.3412437.7502.65516182,000300298.6316369.3406.7437.3502.65568248,000400268276320350.7374.7405.3460220,000500196.7201.3229.3246.7257.3205.3273.3116,667600128138.7152156160133.3162.785,00070060727677.777.758.777.750,0008004142.745.350.7525261.325,00090028283233.333.334.74016,667
Table 8. At 100 °C, the strength was similar to that at room temperature, but the strength increased in the temperature range from 200 to 300 °C. The strength of Gr. 60 (red line) increased due to temperature strain hardening from 100 to 300 °C. The tensile strength of the steel was the highest value at all strain levels. Elevated-temperature mechanical properties of high strength
structural steel S460N: Experimental study and recommendations for fire-resistance design. The tensile strength reduction factor indicates the maximum value of the yield strength regardless of the strain level. Ripping a CD and converting the files to mp3 can take several minutes. 2013, 25, 947–957. Nevertheless, it is not mentioned whether the types of structural steel are mild
steel or high-strength steel.In this research, we focus on the difference in the strength reduction factor between mild steel (MS) and high-strength steel (HSS). Effect of temperature on strength and elastic modulus of high-strength steel. Steel Res. Figure 12. Table 2. Hence, the findings reported in this study generated a database that can be applied to fire safety design or
performance-based fire-resistant design. Figure 9. At 400 °C, the difference between the yield strength reduction factor of MS (Equation (1)) and NIST was 0% (Table 9, (c)(1)), and the difference between HSS (Equation (4)) and NIST was 16% (Table 9, (c)(2)). [Google Scholar]Cho, B.Y.; Jee, N.Y. A study on the mechanical properties of structural steels by welding at high
temperature. The steady-state tests provide the stress–strain results directly [4]; however, the transient-state tests result in a temperature–strain curve that needs to be modified into a stress–strain curve. To compare the mechanical properties of A572 Gr. 60 to those of mild steel, Gr. 50 steel was selected in this study to quantify and compare the above properties.To investigate the
reduction factors of the yield strength, tensile strength, and elastic modulus, 66 samples were prepared for both the A572 Grades 50 (Gr. 50) and 60 (Gr. 60) steels. Qiang’s study emphasizes the need for more research on the mechanical properties at high temperatures of all high-strength steel grades used in construction.Li et al. As the temperature increased above 400 °C, there
was a gradual decrease in the strength of the steel. American Society of Civil Engineers. The difference between the proposed MS and HSS equations (Equations (9)–(14)) and the tensile strength reduction factor of NIST (2016) is 3% at 300 °C. The Gr. 50 steel was selected to compare the strength reduction in MS against that in HSS. The strength reduction rate was the smallest at
a 0.5% strain level, which was evaluated at a higher strength compared with the other strain levels. Comparison of reduction factors for yield strength with previously reported values and standards at 1.5% strain level. Yield Strength(MPa)TypeDescriptionTypical ExampleApplication690Very-high-strength steel(VHSS)Ultra/super-high-strength steelS690, S960Cranes, bridges, highrise buildings, offshore structures Table 2. Korean Inst. In the steady-state test, strain control was achieved with the UTM. In contrast, the regression equation represented by NIST (NIST_2016, green dashed fine line) is drawn in the HSS zone up to 450 °C and in the MS zone above 450 °C. Navigate to the online ISO Catalog published by the American National Standards Institute.
Rev. To reflect these observations, the yield strength reduction factor for MS is summarized in Equations (1)–(3), whereas the yield strength reduction factor for HSS is summarized in Equations (4)–(6). Moreover, the creep effects at elevated temperatures were not covered in this paper due to limitations. Thus, the maximum difference in the yield strength resulted by 17% at 400 °C
particularly. In addition, the two steels were significantly lower in strength than the EN1993-1-2, AISC, and NIST. This paper only covers the comparisons of the strength reduction effects of the Grade 50 and 60 structural steels to some design codes, including EN, AISC and NIST. The yield strength reduction of the HSS was smaller by 17% than the one of MS at 400 °C. In addition,
the difference between HSS (Equation (5)) and EN1993-1-2 is 15% (Table 9, (d)(2)), and the difference between HSS (Equation (5)) and AISC 2016 is 12% (Table 9, (e)(2)). 2012, 30, 73–79. MORE FROM QUESTIONSANSWERED.NET Global standardization has led to the gradual replacement of the American Society for Testing and Materials standard to the International Standard
Organization method. An elevated temperature of a structure exposed to fire can cause temperature-dependent effects on the building materials, such as concrete and steel [1]. Press the “Rip settings” button and choose “Format” from the drop-down list. If A572 steel is cooled after heating up to 600 °C, it recovers almost 100% of its yield strength at room temperature. Standard
Test Method for Elevated Temperature Tension Test of Metallic Materials; ASTM E21-09; American Society for Testing and Materials: West Conshohocken, PA, USA, 2009. In addition, the distribution of the data was below the intensity reduction graph for the AISC at all target temperatures. Other results for the strength reduction factor according to the strain level show that the
reduction rate of the strength reduction factor varies with the strain level.After the test for the ASTM A572 Gr. 60 steel, the stress–strain curves at each target temperature were summarized, as shown in Figure 7. We also won’t give or share any of your data with other parties. Figure 7. For example, ASTM D638-94b covers tensile evaluations for plastics, including overall length,
radius and width. 2015, 93, 841–850. Because Gr. 50 steel is increasingly used in buildings and bridges, it is increasingly important to know its thermal properties. Once the process is completed, you can listen to your new mp3 files or transfer them to an mp3 player or similar device. You have to extract the files before you can view them. Figure 5. EquationTemp.400 °C700
°CRowStandardEC *, (E)AISC, (A)NIST, (N)EC *, (E)AISC, (A)NIST, (N)MS Equation(Equations (1)–(3), M) Difference(%) | M − E | | M − A | | M − N | | M − E | (M)–(A)(M)–(N)24240305(1)HSS Equation(Equations (4)–(6), H) Difference(%) | H − E | | H − A | | H − N | | H − E | (H)–(A)(H)–(N) 7716151216(2)Column(a)(b)(c)(d)(e)(f) Table 10. 2013, 25, 174–182. Ph.D. Thesis, Delft
University of Technology, Delft, The Netherlands, 2011. Moreover, the HSS ((Equation (4)) and standards (EN1993-1-2 and AISC 2016) are all 7% at 400 °C (Table 9, (a)(2), (b)(2)). In particular, the classification of MS, HSS, and VHSS according to steel type is prominent in Figure 1b. It is mentioned that the most important mechanical properties of structural steel all decrease as
the temperature increases. Based on the results of this study, the following conclusions can be drawn:When comparing the proposed MS Equations (1)–(3) of the yield strength reduction with the standard (EN 1993-1-2 and AISC 2016), the maximum difference of 24% occurred at 400 °C. Reduction factors for Gr. 50 at various strain levels obtained from the steady-state test. From
those options, choose “MP3.” Next press “Rip settings” again and choose the “Audio Quality” menu. Figure 4 shows the shapes of the samples and their dimensions. The recommendations for the mechanical properties of structural steel for current European and American steels were mainly obtained from MS. The elastic modulus of HSS was low as the temperature increased
compared with MS. EN1993-1-2 (blue fine line) and AISC_2016 (black dotted-dashed fine line) are drawn in the MS zone. Mechanical Properties of ASTM A572 Gr. 50 and 60 steels. Table 3. On the other hand, the proposed MS Equations (1)–(3) did not differ from the ones of the NIST 1907 (0%). The yield strength was compared with the proposed equation, Equations (1)–(6), and
standards (EN 1993-1-2 and AISC 2016). Ph.D. Thesis, University of Texas, Austin, TX, USA, 2012. Read on to find out how.Use an Online ConverterOne of the simplest ways to convert jpg files to a media share file format like png, PDF or TIFF is by using a free online converter. The elastic modulus decreased at a target temperature of 100 to 200 °C, increased again at 300 to 400
°C, and showed a tendency to decrease above 500 °C. Figure 1. In addition, the values reported in the literature, listed in Table 2, did not meet the standard (Eurocode, AISC) below 400 °C, as shown in Figure 8a. Fire Technol. At 300 °C and a strain level of 0.2%, the strength reduction factor decreased by up to 15% compared with room temperature, but at a strain level of 20%, it
decreased only by 7%. [Google Scholar] [CrossRef]Shakil, S.; Lu, W.; Puttonen, J. The regression equation of NIST 1907 (2016) is closer to the yield strength reduction factor of MS (Equations (1)–(3)) than HSS (Equations (4)–(6)) at 400 °C or below. The difference between the reduction factors of MS and HSS is not large, such that it is not necessary to divide them into regression
equations. [23] also analyzed the post-fire mechanical properties of high-strength Q690 structural steel. Experimental studies on mechanical properties of S700 MC steel at elevated temperatures. Figure 13. It saves you the step of transferring your photos to your computer before converting. [Google Scholar]Ye, J.; Chen, W. The strength derived at each target temperature was
normalized by the strength at room temperature and expressed as a reduction factor (RF).After testing the ASTM A572 Gr. 50 steel, the stress–strain curves at each target temperature were summarized, as shown in Figure 6. A review of the literature indicates that there is a lack of information on HSS at elevated temperatures.Most tests have reported that the mechanical
properties are different from those of conventional carbon steels [24,25]. [Google Scholar] [CrossRef]Huang, L.; Li, G.Q.; Wang, X.X.; Zhang, C.; Choe, L.; Engelhardt, M. Post-fire mechanical properties of high strength structural steels S460 and S690. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license
( . However, the tensile strength reduction factor of Gr. 50 (black line) was observed to be 0.28 (28%), which is different from the AISC graph. At 400 °C, the difference in the tensile strength reduction factor between MS (Equations (9)–(11)) and AISC 2016 is 15% (Table 11, (b)(1)), and the difference between HSS (Equations (12)–(14)) and AISC 2016 is 14% (Table 11, (b)(2)). Simply
upload the files you want to convert to the site and then convert and download them to your computer in a ZIP folder. Despite using the same steel type, there was a difference in the yield strength reduction factor, as shown in Figure 1a, according to the strain level. [Google Scholar]Buchhanan, A.H. Structural Design for Fire Safety; CRC Press: New York, NY, USA, 2017. Figure 16.
Equipment for the steady-state test (SST): (a) heating furnace; (b) extensometer; (c) steel after the high-temperature tensile test; (d) Gr. 50 specimens after the high-temperature tensile test; (e) high-temperature tensile test using the extensometer and thermocouple; (f) steel temperature (surface temperature and furnace temperature). At times, you may need to convert a JPG image
to another type of format. In addition, the range of the strain level at 1.0 to 2.0% is the plastic flow region of the steel material, where there is no significant difference because the steel has a constant strength regardless of the strain level (see Figure A2, Figure A3 and Figure A4). Because of this, you can convert files to PDF from any OS or device as long as you have an Internet
connection. Figure 11. Therefore, we added the temperature range at 400 °C in the regression equation. The proposed equation for the elastic modulus (Equations (7) and (8)) and the standards (Eurocode and AISC) were compared. As the distribution of the literature (Table 2) and test data shows that the elastic modulus gradually decreases with an increase in the temperature, a
new regression equation for the elastic modulus is proposed in order to reflect these changes.The tensile strength reduction factors from the literature (Table 2) and ASTM A572 Gr. 50 and 60 were compared, as shown in Figure 10. Proposed reduction factor for the elastic modulus. Or, you might have a collection of older CDs that you would like to convert into a more modern
format. In addition, in Eurocode 1993-1-2 (Annex A) [9], when the temperature of the steel is less than 400 °C, the tensile strength (ultimate strength) reduction factor is specified to account for strain hardening. MS, including Gr. 50, is represented by the black line, while HSS, including Gr. 60, is shown by the red line. Figure 2. In addition, most of the studies provided only the data
sheet of the tested steel, and there were few comparison targets with other steel types. Figure 9. Above 300 °C, the proposed graph underestimates the tensile strength factor, as compared with AISC. To measure the tensile strength of steel at high temperature, the experimental equipment setting consisted of a steel frame, an electric furnace, a high-temperature extensometer, and
data logger equipment. This indicates that the proposed MS Equations (1)–(3) and NIST equations differ from the ones of the standards (EN 1993-1-2 and AISC 2016) based on experimental data of various mild steels.Eurocode and AISC propose a yield strength reduction factor of 1.0 for mild steel at 400 °C, but the proposed MS Equations (1)–(3) and the NIST equations indicate a
value of 0.76. These standards establish useful and accurate baselines for materials manufacturing. In this study, Gr. 60 steel was considered to be closely grouped with HSS. In other words, the steady-state test implicitly considers creep effects through loading rates under constant-temperature conditions [1]. The difference in residual strength after cooling of MS, HSS, and UHSS
was derived through microstructure observation using SEM.Aziz et al. Based on the stress–strain curve of Gr. 50 steel for each target temperature, the difference in the stress according to the temperature was not large up to 300 °C, but the stress rapidly decreased above 400 °C. Figure 15. These figures show that the reduction in the yield and tensile strength of HSS decreases
compared with MS. You can use the check boxes to select or deselect the songs you would like to convert; this is useful if you don’t need the entire CD converted to mp3.Choose Audio QualityBut wait — before you begin converting your files you need to select the correct rip settings for file type and audio quality. However, using the average value of the data, the regression equation
showed that MS was more vulnerable to temperature than HSS, in contrast to Figure 1. 2008, 64, 689–703. [13] examined the reduction factors for the yield strength, elastic modulus, and ultimate strength using high-strength structural steel. Based on the results of previous studies, the strength reduction in HSS must be investigated further for fire design purposes. Here, f y , 25 ,
0.2 , f y , 25 , 0.5 , f y , 25 , 1.0 , f y , 25 , 1.5 , f y , 25 , 2.0 , and f y , 25 , 20 are the yield strengths at strain levels of 0.2, 0.5, 1.0, 1.5, 2.0, and 20%, respectively, at room temperature. Again, if you want a PDF, instead of exporting, click “Print” and select PDF at the bottom left-hand corner.Use Your SmartphoneYou can also convert jpg files from your smartphone by installing one of
several free and paid apps. Constitutive equations and empirical creep law of structural steel S460 at high temperatures. 2020, 9, 1893–1904. The elastic modulus is an important factor that determines the initial strength, expressed as the tangent modulus in the elastic section of the stress–strain diagram. Types and applications of steel according to the yield strength. [Google
Scholar] [CrossRef]Outinen, J.; Mäkeläinen, P. Mechanical PropertiesSteel TypeASTM A572 Gr. 50ASTM A572 Gr. 60Yield Strength (MPa)345415Tensile Strength (MPa)450520Elastic Modulus (MPa)200,000200,000Elongation Break (%)18–2116–18Bulk Modulus (GPa)160160Shear Modulus (GPa)8080 Table 5. [19] also pointed out that the cooling methods can affect the residual
strength after a fire.Kodur et al. 2016, 118, 41–48. At 500 °C, for strain levels of 0.2% and 20%, the strength reduction factor decreased by 41% and 56%, respectively, relative to room temperature, while the elastic modulus reduction factor decreased by 43%. Comparison of the reduction factors for the yield strength with the literature values and standards at various strain levels:
(a) 0.2% (using the 0.2% offset method); (b) 0.5%; (c) 20%. However, it does not work at 700 °C such that the yield strength reduction factor of the HSS increases greatly compared with the standards (Eurocode and AISC).In the case of HSS, it is better to make the yield strength reduction factors lower than the ones of current design standards to ensure a safe design. Steel
specimen: (a) steel coupon; (b) steel coupon dimensions. They showed that the thermal characteristics of HSS are different from those of MS. Click "keyword" and then type a description for the procedure or product into the "Enter keywords" text box. Table 7. [Google Scholar]National Institute of Standards and Technology (NIST). Therefore, a new tensile strength reduction factor
regression equation was proposed based on the target temperature of 300 °C.The proposed equations for the yield strength, tensile strength, and elastic modulus reduction factors were derived from data reported in previous studies [9,13,16,17,18,19,21,22,23,24,25,26,27,31,32,33,34,35,36,37] and the ASTM A572 test results. Equations for the yield strength, tensile strength, and
elastic modulus were proposed. There are many existing studies on the Gr. 50 steel; however, very few are available on the ASTM A 572 Grade 60 (Gr. 60) in comparison with the Gr. 50. AISC 2016: Specification for Structural Steel Buildings, 15th ed.; American Institution of Steel Construction: Chicago, IL, USA, 2016. Most of the HSLA are ASTM A572 Grade 50 (Gr. 50) and have
the same characteristics as the HSLA 355 in Europe. Many sites let you convert up to 20 images at once. This study also provides extensive data on the reduction factors for the yield strength, tensile strength, and elastic modulus of mild steel (MS), HSS, and very-high-strength steel (VHSS). ChemicalCompositionSteel TypeASTM A572 Grade 50 (Gr. 50)ASTM A572 Grade 60 (Gr.
60)Carbon, C (%)0.230.26Iron, Fe (%)9898Manganese, Mn (%)1.35Phosphorus, P (%)0.04Silicon, Si (%)0.40Sulfur, S (%)0.05 Figure A1. Figure A3. These results show that the strength of steel can be significantly lowered at a high strain level (20%).As the strain increased, the temperature significantly affected the steel material, resulting in a rapid decrease in the strength. [14]
investigated HSS using S690 in a fire scenario. Fire Mater. As a result of the comparison, it was found that the current design standard cannot be safely applied to the fire-resistant design of steel structures using HSS S690. In their FEM modeling studies, a case study of a steel bridge girder showed a residual capacity of ~84% at a fire temperature of 680 °C. The elastic modulus
reduction factor: (a) different steels at elevated temperatures from previous studies; (b) according to the steel grade, highlighting the MS, HSS, and VHSS zones. Figure 7. In addition, the results and differences for high-strength steel compared to mild steel were not described.Aziz et al. ISO has developed over 18,500 standards, as of publication date. Based on the test and existing
literature data, regression equations for yield strength, tensile strength, and elastic modulus were proposed. Fire Sci. NIST-1714: High-Temperature Tensile Constitutive Data and Models for Structural Steels in Fire; National Institute of Standards and Technology (NIST): Gaithersburg, MD, USA, 2011. Compared with the current European, American, Australian, and British steel
structure design standards, it was deduced that high-strength SN460N steel is not safe for fire-resistant design. However, if a specific fire design is required above 500 °C, the equations can be applied separately.MS (Mild Steel): Tensile Strength Reduction Factor Equation HSS (High-Strength Steel): Tensile Strength Reduction Factor Equation In this section, the proposed
equations for the yield strength, tensile strength, and elastic modulus are compared to the literature (Table 2) values and reference data. NIST-1907: Temperature Dependent Material Modeling for Structural Steels: Formulation and Application; National Institute of Standards and Technology (NIST): Gaithersburg, MD, USA, 2016. The study of Qiang derives significant data on
mechanical properties at high temperatures, as in the study of Chen et al. Their results showed that the steel grade has a significant influence on the post-fire residual mechanical properties of HSS. Structural Fire Engineering; American Society of Civil Engineers: New York, NY, USA, 2018. The yield strengths of Gr. 50 and 60 were 345 and 415 MPa, respectively. [Google Scholar]
[CrossRef]Qiang, X.; Bijlaard, F.S.K.; Kolstein, H. The results of the previous analysis show that, based on a target temperature of 400 °C, a strength reduction factor regression equation should be separately proposed according to the strength of steel at various strain levels.Using the slope for the elastic section of the steel, Figure 9 compares the reduction factors from the literature
and the elastic modulus. [Google Scholar] [CrossRef] [PubMed]Yuan, G.; Shu, Q.; Huang, Z.; Li, Q. In addition, regression equations are presented based on the data analysis. [Google Scholar]Chen, J.; Young, B.; Uy, B. Table 11. The reduced section length (L) for gauge measurement was 50 mm, the reduced section was 20 × 6 mm, the width was 20 mm, and the thickness (T) was 6
mm. Figure 10. [Google Scholar]Maraveas, C.; Fasoulakis, Z.C.; Tsavdaridis, K.D. Mechanical properties of high and very high steel at elevated temperatures and after cooling down. Mechanical properties of structural steel at elevated temperatures and after cooling down. The recent research can be summarized as follows.Chen et al. Fire Saf. Fire Eng. As shown in Figure 2b,
EN1993-1-2 (blue fine line) shows a conservative tensile strength reduction factor compared with other studies, but AISC (black dotted-dashed line) was relatively overestimated. However, as there are no previous studies analyzing the strength reduction factor at the 20% strain level, the equations were compared using the ASTM A572 Gr. 50 and 60 test data and regression
equations from Eurocode, AISC, NIST, and the existing literature (Table 2). In this study, a yield strength reduction factor formula for MS and HSS is proposed. Most of the steady-state tests disregard the creep effects for the following reasons. Table A1. Thus, engineers must be careful when using the strength reduction for HSS at temperatures between 500 °C and 600 °C. This
high-temperature extensometer, with a sensitivity of 0.00694 mm for axial deformation, was measured by a data logger device, i.e., TDS-150 (Tokyo Sokki Kenkyujo Co., Ltd., Tokyo, Japan). An approach similar to this study can help to establish a fire-resistant design standard for each steel type in the future.This study presents a detailed experimental study on the mechanical
properties of ASTM A572 Grade 50 (Gr. 50) and Grade 60 (Gr. 60) steels at high temperatures. In addition, the elastic modulus of Gr. 60 (red line) steel increased due to temperature strain hardening at a target temperature of 300 °C. Figure A2. 97–104. Figure 16. File extensions will depict the new file type, such as .png.Use Windows PhotoYou can convert a jpg image by using the
Photos app on Windows. [13], but the regression equation for HSS S690 was not presented. As the temperature increases, the yield strength reduction of HSS and VHSS is greater than that of MS, such that the strength reduction factor of HSS and VHSS at high temperatures should be applied more conservatively than the standard. It is necessary to distinguish the yield strength
according to the steel type. [12] analyzed the mechanical properties of HSS and VHSS at elevated temperatures and after the cooling state. An experimental investigation of properties of Q345 steel pipe at elevated temperatures. Click the format you want to export and then save the photo. Figure 10. As mentioned earlier, additional studies on high-strength steel (Gr. 60) are
necessary at elevated temperatures in accordance with the increase in demand. The values in Table 5 were divided by the values at room temperature, which are summarized in the form of a reduction factor of less than 1.0, as listed in Table 6. [Google Scholar]Kodur, V.; Aziz, E. However, current research on HSS at high temperatures is lacking. Identify the product specification
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creep effect is disregarded during the tension test with a short period of time of approximately two to three minutes at elevated temperatures [7,8]. Steel Struct. Mater. Figure 3. The load displacement data for the UTM, temperature of the electric heating furnace, and displacement measurement data for the high-temperature extensometer were connected to the data logger device
and transmitted to the computer. The presented data are compared with the values reported in codes and previous studies. Table 6. Struct. 2003, 53, 260–262. An electric heating furnace to surround a steel specimen can be heated up to 1200 °C and maintain a constant temperature for an extended period. Future work needs to cover the creep effect at elevated temperatures with
various stress levels in the fire-resistant design. Overall, when the strain level of the maximum stress (tensile strength, f u ) is reached, the stress gradually decreases with an increase in the strain. Figure 14. Comparison elastic modulus value (%) of standard and equation at 700 °C. KWS Conf. Figure A4. The slope of the elastic section refers to the slope of the initial tangent
modulus line. Build. Stress–strain curve for Gr. 50 steel: (a) 0.05 strain level (initial part); (b) 0.2 strain level. Stress–strain curve for Gr. 60 steel: (a) 0.05 strain level (initial part); (b) 0.2 strain level. [Google Scholar]Chen, J.; Young, B. The heating rate of the steel specimen was 10 °C/min. [Google Scholar] [CrossRef]Wang, W.Y.; Liu, B.; Kodur, V. The differences in the reduction
factor between MS (Equation (1)) the and standards (EN1993-1-2 and AISC 2016) are all 24% at 400 °C (Table 9, (a)(1), (b)(1)). f u represents the highest strength value at all strain levels and f u , 25 is the ultimate strength at room temperature (25 °C). Select an ISO standard based on the given description. Open the photo you want to convert with Preview and then click “Export”
on the File menu. These experimental studies with the steady-state test included the stress–strain relationships at strains of 0.05, 0.1, and 0.2% for both the A572 Gr. 50 and 60 steels. [Google Scholar] [CrossRef]Comité Européen de Normalisation. At 300 °C, there was no difference (0%) between the standards (Eurocode, AISC) and the proposed equation (Equations (9)–(14)) in the
tensile strength reduction factor. In general, the reduction in the yield strength of the Gr. 50 and 60 steels was similar at the main temperatures of 500 to 600 °C, where there was a rapid decrease in the strength of the steel material. Strength values and elastic moduli of Gr. 50 at various strain levels obtained from the steady-state test. MORE FROM QUESTIONSANSWERED.NET
No matter what types of files you need to convert, our online file converter is more than just a PDF file converter. To fill this knowledge gap, a series of experimental studies on the mechanical characteristics at elevated temperatures are performed for ASTM A572 steels with the objective of generating the strength reduction factors at various strain levels. This shows that, similar to
the Gr. 50 steel, the strength reduction rate varies with the strain level.Using the 0.2% offset method, previous studies (Table 2) reporting the strength reduction factor and the test data for ASTM A572 Gr. 50 and 60 were compared, as shown in Figure 8a. The non-linear least squares regression was used. Therefore, more research is required to derive the elastic modulus equation
according to the steel grade.Figure 16 shows the regression equation for the proposed tensile strength reduction factor with a comparison to the literature (Table 2) and code values. In Table 5, Table 6, Table 7 and Table 8, the 0.2% offset ( f y , 0.2 ) is the high-temperature yield strength at a strain level of 0.2%, while f y , 0.5 , f y , 1.0 , f y , 1.5 , f y , 2.0 , and f y , 20 indicate the
high-temperature yield strength at strain levels of 0.5, 1.0, 1.5, 2.0, and 20%, respectively. Thus, many of the research results regarding the stress–strain curve and strength reduction factors at elevated temperatures are reliant on the steady-state test. Figure 6. This study investigates the effect that elevated temperatures have on the mechanical properties of ASTM A572 Gr. 50 and
60 steels. Figure A3. The two ASTM A572 Gr. 50 and 60 test lines showed significant differences in the target temperature range from 300 to 400 °C, as well as a similar strength reduction above 500 °C. In Figure 14, Figure 15 and Figure 16, the black bold solid line is the proposed equation for MS (Equation), whereas the red bold solid line is the proposed equation for HSS
(Equation). Although the point at which the strength of steel material rapidly decreases is known to be 538 °C, this study suggests that the yield strength reduction starts from 400 °C for MS.The proposed Equations (4)–(6) of the yield strength reduction for the HSS at 400 °C are different from the ones of the standard (EN 1993-1-2, AISC 2016) by 7%, and differ by 16% from the
NIST. Click "Go." A list of relevant ISO standards will appear. Types of steel according to yield strength. 2012, 35, 1–10. We care about the privacy of your data. An approach for evaluating the residual strength of fire exposed bridge girders. Lee et al. For applications where notch toughness is important, consult SSAB for specific Charpy V-notch toughness requirements. Contrary to
the results at 300 °C, the strength reduction significantly decreased at the maximum strain rate of 20% for the steel above 400 °C. [Google Scholar] Figure 1. Eng. 2020, 116, 103157. Figure 2 shows the MS, HSS, and VHSS tensile strength reduction factor graph. After reaching the target temperature, a general 30 min period was required for temperature stabilization; after 15 min,
the tensile load was applied to the samples. The difference between the proposed equation and Eurocode and AISC is noteworthy because the proposed equation of the elastic modulus reduction factor in this study includes the extensive experimental data of the previous study. Our PDF file converter does more than convert files to PDF. Generally speaking, the yield strength, elastic
modulus, and tensile strength equations of NIST 1907 (2016) are prepared based on experimental data for various mild steels, and the result is relatively similar to the equation proposed in this study.This paper covered various strength reduction factors, including the yield strength, tensile strength, and elastic modulus factors at elevated temperatures of up to 1000 °C. Therefore,
the yield strength reduction factor should be separately presented according to the steel type (MS, HSS, and VHSS). 2001, 17, 89–96. The maximum difference in the yield strength reduction between the Gr. 50 (black line) and 60 (red line) steels was 0.1 (10%) at a target temperature of 200 °C. As with the yield strength results, the proposed elastic modulus Equations (7) and (8)
were close to the ones of the NIST compared to Eurocode or AISC.As a result of analyzing the tensile strength, there was a negligible difference in the reduction factor depending on the steel type compared to the yield strength and the elastic modulus. The equation of ASTM A572 Gr. 50 was proposed and compared with A992 and S690 steel. The rectangular steel plate was laser-cut
for the high-temperature tensile test of steel. If it is necessary to determine the creep effect, a separate creep test is needed [8]. Above a target temperature of 400 °C, the strengths of both the ASTM A572 Gr. 50 and 60 steels decreased sharply from 500 °C. Target Temperature(°C)Strength Reduction Factor (RF)Elastic ModulusRF0.2% ( f y , 0.2 / f y , 25 , 0.2 ) 0.5% ( f y , 0.5 / f y ,
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Table 9. 2017, 132, 108–116. As a result of analyzing the experimental results and the literature (Table 2), the 0.2% strain level yield strength reduction factor should be divided based on the target temperature of 400 °C. They also specified the creep effect on steel members, where creep deformation becomes predominant at temperatures above 500 °C.Azhari et al. After you
convert a document to PDF, you’ll be able to download and delete your files from our servers. The difference in the tensile strength reduction factor was not significant, regardless of the steel grade. Figure 4. Summary of the steady-state test performed at elevated temperatures. [Google Scholar] [CrossRef]Jang, K.H.; Lee, J.H.; Shin, Y.U. An experimental study on high temperature
tensile property of high strength steel. Because the NIST’s regression equation was created based on experimental data from various mild steels, the results were relatively similar to those of the MS (Equations (1)–(3)) equation.Figure 15 shows the regression equation for the proposed elastic modulus reduction factor with a comparison to the literature (Table 2) and code values. In
general, it is common to obtain the strain of steel for design purposes of up to 20%; in this study, the range of the maximum strain was expanded to 20%. The drop-down menu has an option labeled Edit with Paint 3D. The proposed equation graph is higher than EN1993-1-2 and tends to be similar to NIST. In a transient-state test, a series of works are required to convert a
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[Google Scholar] [CrossRef]Hanus, F.; Caillet, N. In addition, not only the temperature of the thermocouple inside the heating furnace was measured, but also the surface temperature of the steel was separately measured using SDT25 (Type K Thermocouple) equipment (Figure A1). 2007, 21, 47–55. Tensile strength showed no significant difference depending on the steel type
compared to the yield strength and elastic modulus. Figure 7a shows the stress–strain curve up to the initial 0.05 (5%) strain level. At 700 °C, the difference in the elastic modulus reduction between MS (Equation (7)) and AISC 2016 is 26% (Table 10, (b)(1)), and the difference between HSS (Equation (8)) and AISC 2016 is 21% (Table 10, (b)(2)). 2011, 2, 217–229. ASTM A992 steel
has a specified minimum yield stress of 345 MPa (50 ksi) and specified maximum yield stress of 450 MPa (65 ksi). When comparing the NIST regression equation (green dashed line) with the Gr. 50 and 60 test lines, a similar strength reduction factor was obtained up to 400 °C, but differences occurred between 500 and 700 °C. The decrease in strength at a 0.2% strain level was up
to 10% in the temperature range from 100 to 300 °C, as listed in Table 8; however, at a 0.5% strain level and tensile strength ( f u / f u , 25 ), the strength was, at most, 9%, an increase of 10%. The load cell of the universal testing machine (UTM) had a loading capacity of ±2000 kN, where the displacement transducer could measure up to 250 mm. [22] examined the mechanical
properties of high-strength structural steel (S460N) at elevated temperatures. The yield strength reduction factor: (a) different steels at elevated temperatures from previous studies; (b) according to the steel grade, highlighting the MS, HSS, and VHSS zones. At all temperature ranges, there was a significant difference among the NIST graph, EN1993-1-2 graph, and AISC graph.
2004, 28, 237–251. The regression equations from the literature (Table 2) and the test data for ASTM A572 Gr. 50 and 60 were expanded to a 20% strain level and compared, as shown in Figure 8c. Figure 3. However, above 400 °C, the yield strength of the steel decreased due to the high temperature, which was similar to the graphs for Eurocode 1993-1-2, AISC, NIST, and the
experimental data. Either way, this process is easy.A Few AssumptionsFirst, a few assumptions. In a tab along the top, look for Edit & Create. 2006, 132, 1948–1954. Figure 11. A comparison of the reduction factors for the elastic modulus with the literature values and standards. In this study, the steady-state test method was used to investigate the stress–strain behavior at elevated
temperatures.In the steady-state test, the samples were heated to a specified target temperature and then loaded until they failed while maintaining the same temperature. Design of high strength steel columns at elevated temperatures. Therefore, as the reduction in the yield strength is different based on 400 °C, a separate regression equation should be proposed. 2017, 6, 1–13.
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depending on the strain level. They found that the post-fire mechanical properties of S460 and S690 are not affected until they are exposed to temperatures above 600 °C.Wang et al. Figure A4. Dependence of mechanical properties of high strength steel S690 on elevated temperatures. ASCE Manuals and Reports on Engineering Practice No. 138. NIST 1907 (2016) was compared
with the proposed yield strength equation (Equations (1)–(6)). [15] also evaluated the residual strength of a fire-exposed steel bridge girder. A thermocouple was installed inside the electric heating furnace to verify the internal temperature in real time during heating. The proposed equation is higher than the reduction factor for the elastic modulus for EN1993-1-2 and AISC because
the distribution of the literature data is generally higher than the code values (i.e., EN1993-1-2 and AISC). Proposed reduction factor for the tensile strength. Above 700 °C, the strain increased at low stress, as shown in Figure 7b, for Gr. 60 steel. The estimation of the stress–strain relation with their detailed model showed results more similar to EC3 and NIST. The tensile strength
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Table 6. Table 5. 2020, 11, 137–149. This study contained significant results on the elastic modulus of Q460 steel, but the detailed results and related equations for the difference between mild steel and high-strength steel were somewhat insufficient.Lee et al. [17] presented results from experimental studies on the high-temperature properties of high-strength Q460 steel. In the
following equations, T a is the temperature of steel (°C), R f , Y is the yield strength reduction factor of the steel in the regression equation, R f , E is the elastic modulus reduction factor of the steel in the regression equation, and R f , T is the tensile strength reduction factor of the steel in the regression equation. Both steady-state and transient-state tests are being used to
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Figure 13. HSS did not experience significant strength reductions after cooling from fire temperatures of up to 600 °C. Proc. In addition, extensive literature data on the yield strength, tensile strength, and elastic modulus of mild steel (MS), high-strength steel (HSS), and very-high-strength steel (VHSS) are provided. However, this type of steel exhibited ductile behavior at a target
temperature of 400 °C or higher, with an increase in elongation and the occurrence of ductile fracture. [Google Scholar] [CrossRef]Li, G.Q.; Lyu, H.B.; Zhang, C. A yield strength of 0.2% offset was used and the stress–strain relationship is shown in Figure 5. Secondly, data differences can easily arise not from the heating rate but from the loading rate [5,6]. Mechanical properties and
design recommendations of very high strength steel S960 in fire. These results mean that HSS (Equations (4)–(6)) is closer to the yield strength reduction factor of Eurocode and AISC than MS (Equations (1)–(3)) at 400 °C or below. Archit. Using the stress–strain curve at the initial strain level, the diagram of the steel in the elastic section can be carefully observed. Further
developments and comparisons on the strength reduction factors using various levels of high-strength structural steels are needed in the future. Comparison yield strength value (%) of standard and equation at main temperature. The yield strengths obtained from the experiments at various strains are insufficient to present the yield strength reduction factor for each steel grade
according to the strain level. They also covered the thermal characteristics of MS as compared with HSS. Table A1. Through further tests and studies, it is necessary to derive the yield strength reduction factor equation at different strain rates. The samples were heated from ambient temperature to a target temperature, i.e., 25, 100, 200, 300, 400, 500, 600, 700, 800, and 900 °C.
[Google Scholar]Qiang, X.; Jiang, X.; Bijlaard, F.S.K.; Kolstein, H. Effect of temperature on creep in ASTM A572 high-strength low-alloy steels. At 500 °C, the strength reduction factor decreased by up to 41% at a strain level of 0.2% and decreased by 54% at a strain level of 20%, while the elastic modulus reduction factor decreased by 49%. The tensile strength (ultimate strength)
reduction factor: (a) different steels at elevated temperatures from previous studies; (b) according to the steel grade, highlighting the MS, HSS, and VHSS zones. The ASTM A572 specification is the Standard Specification for High-Strength Low-Alloy Columbium-Vanadium Structural Steel for plates used in general construction and structural applications. ASTM A572 includes five
grades with specified minimum yield strengths of 42, 50, 55, 60, and 65 ksi, respectively. Our free file converter works on any OS, including Windows, Mac, and Linux. This section presents the tensile test results for each target temperature for ASTM A572 steel. Standard Test Method for Tension Testing of Metallic Materials; ASTM E8/E8M-09; American Society for Testing and
Materials: West Conshohocken, PA, USA, 2009. Figure 6. The Gr. 50 and 60 test lines and EN1993-1-2, AISC, and NIST graphs showed similar strength reductions above a target temperature of 500 °C. The yield strength results of the compared standards and equation at the main temperatures (400, 700 °C) are summarized in Table 9 from Figure 14. The elastic modulus of Gr. 50
(black line) steel increased due to temperature strain hardening at the target temperature of 200 °C. Studies involving the mechanical properties of high-strength steel (HSS) at elevated temperatures have received considerable attention in recent years. Post-fire mechanical properties of high strength Q690 structural steel. Table 1. At 700 °C, the difference in the tensile strength
reduction factor between MS (Equations (9)–(11)) and AISC (2016) is 2% (Table 11, (e)(1)), and the difference between HSS (Equations (12)–(14)) and AISC (2016) is 0% (Table 11, (a)(2)). However, there is no presented regression equation for strength reduction depending on high-strength steel and mild steel by temperature.Qiang et al. Figure 5. Target Temperature(°C)Strength
Reduction Factor (RF)Elastic ModulusRF0.2% ( f y , 0.2 / f y , 25 , 0.2 ) 0.5% ( f y , 0.5 / f y , 25 , 0.5 ) 1.0% ( f y , 1.0 / f y , 25 , 1.0 ) 1.5% ( f y , 1.5 / f y , 25 , 1.5 ) 2.0% ( f y , 2.0 / f y , 25 , 2.0 ) 20% ( f y , 20 / f y , 25 , 20 ) Max ( f u / f u , 25 ) E T / E T , 25
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Table 7. There is not a significant amount of data on VHSS, but it is distributed below in the MS and HSS regions based on S960. They also discussed the fact that the most recent codes have conservatively reported on the reductions in the yield strength for MS; however, this is not the case for HSS.Qiang et al. Standard Test Methods for Elevated Temperature Tension Tests of
Metallic Materials; ASTM E21-92; American Society for Testing and Materials: West Conshohocken, PA, USA, 1992. In general, the Eurocode and AISC propose a strength reduction factor in the MS range. The elastic modulus reduction factors are also reduced further than those for MS at elevated temperatures. In the paper, the strength categories are presented in Table 1 for
various steel materials, including mild steel, HSS, and VHSS, for convenience [11,12]. At 800 °C or higher, even if the initial stress was low, the steel did not break, with a continuous increase in the strain of the steel material. [13,31]. At 300 °C, the tensile strength increased by up to 10%; above 400 °C, there was a decrease in the tensile strength. Results from the stress–strain
relationship at elevated temperatures are used to suggest the strength reduction factors with convenient regression equations for both the A572 Gr. 50 and 60 steels. However, since the largest difference occurred between the standards (EN 1993-1-2, AISC) and the data in the 300 ~ 700 °C range, a new equation was proposed at 300 °C and 700 °C.Unlike previous studies, this
study proposes an equation divided into mild steel (MS) and high-strength steel (HSS). Close the disc drive door. However, the elastic modulus factors of the NIST are in good agreement under 5% based on the experimental works for both MS and HS. Above 400 °C, the strength of the steel material decreased significantly, while the difference in the room-temperature strength
increased with an increase in the strain level. Determination of the yield strength, tensile strength, and elastic modulus according to strain level. Previously, Eurocode and AISC were known to reflect the yield strength reduction factor of the MS group, but the results were different from the actual data. The MS Equations (1)–(3) showed a difference of 5% from the ones of the NIST
equation at 700 °C. Figure 12. [Google Scholar]American Institution of Steel Construction. Above a target temperature of 400 °C, the Gr. 50 line was located below the distribution of the other data. The target temperatures were 25 °C (ambient temperature), 100 °C, and 900 °C, where the temperature was increased at intervals of 100 °C. The increase in the strength of the steel in
the target temperature range from 200 to 300 °C results in a temperature hardening phenomenon that occurs only in structural steels, which has been reported in several previous studies [31]. There is the possibility of data being missed or differing due to the modification of the analytical processes on the results [2]. A comparison of the reduction factors for the tensile strength
with the literature values and standards. The stress was measured at temperatures higher than the room-temperature strength due to temperature hardening from 200 to 300 °C. In addition, the tensile strength reduction factor may have a value greater than 1.0 at 100–300 °C, which is a phenomenon due to temperature hardening and has been reported in several studies [22]. Table
3 lists the number of samples for both steels, where the plate thickness for the test sample was 6 mm. [Google Scholar]Kwon, I.K. Derivation of the mechanical properties of structural steels at high temperatures. EquationTemp.700 °CRowStandardEC * (E)AISC (A)NIST (N)MS Equation(Equation (7), M)Difference(%) | M − E | | M − A | | M − N | 30260(1)HSS Equation(Equation (8),
H)Difference(%) | H − E | | H − A | | H − N | 25215(2)Column(a)(b)(c) Table 11. These analyses indicate that the yield strength reduction factor depends on the steel type, test method, and strain level. Technol. TestSteel TypePlate Thickness(mm)Target Temperature (°C)25 *1002003004005006007008009001000SSTASTM A572 Grade 50 (Gr. 50)63 **3333333333ASTM A572 Grade
60 (Gr. 60)633333333333 Table 4. You also get unlimited file sizes as well as the ability to upload and convert several files to PDF at the same time. Int. As we know, the steady-state test has been widely used to evaluate the stress–strain relationship of steel members because of its simplicity and practicality [1,2,3]. Figure 6b shows the stress–strain curve up to the 0.2 (20%) strain
level. Civ. The elastic modulus reduction factor for MS is expressed in Equation (7), while that for HSS is expressed in Equation (8).MS (Mild Steel): Elastic Modulus Reduction Factor Equation HSS (High-Strength Steel): Elastic Modulus Reduction Factor Equation Figure 13 shows the proposed equation for the tensile strength reduction of MS and HSS. In addition, ASCE MOP states
that caution should be exercised because high-strength steels may experience greater strength loss at elevated temperatures than mild steels [1].There are not many mechanical property datasets specific to both the ASTM A572 Gr. 50 and 60 steels for fire design purposes. The strain rate was ~0.006/min, which is within the range of 0.005 ± 0.002/min established by ASTM E21-92
(1997) [30].The mechanical properties of ASTM A572 steel at high temperatures are useful for deriving the stress–strain relationship. The results of the HSS S690 test were compared with the AISC (American), ASCE (American), Eurocode 3 (European), and AS 4100 (Australian) standards. The elastic modulus results of the compared standards and equation at 700 °C are
summarized in Table 10 from Figure 15. [Google Scholar]Azhari, F.; Heidarpour, A.; Zaho, X.L.; Hutchinson, C.R. Mechanical properties of ultra-high strength (grade 1200) steel tubes under cooling phase of a fire: An experimental investigation. Strength values and elastic moduli for Gr. 60 at various strain levels obtained from the steady-state test. Figure 14. It is called highstrength steel (HSS) if the normal yield strength exceeds 460 N / mm 2 based on the EN 1993-1-2 [9]. Based on the graphs (Figure 8, Figure A2, Figure A3 and Figure A4) of various strain levels, Gr. 60 (red line) had a higher strength than Gr. 50 (black line) below 500 °C, but, above 500 °C, Gr. 60 had a lower strength or similar characteristics compared with Gr. 50. Based on their
results, they concluded that high-strength Q460 steel exhibits a slower loss of strength and stiffness than MS throughout a temperature range of 20–800 °C. At 700 °C, the difference in the yield strength reduction factor between MS (Equation (1)) and NIST was 5% (Table 9, (f)(1)), and the difference between HSS (Equation (4)) and NIST was 16% (Table 9, (f)(2)). 2016, 112, 60–70.
To include both the experimental and literature data, various factors were considered. These online tools allow you to convert various file types and are available on dozens of free sites. [18] estimated the stress–strain of ASTM A992 steel at elevated temperatures from 20 to 1000 °C with strain regions at both 5% and 20%. A comparison of the reduction factors for the yield strength
with the literature values and standards at a 0.2% strain level. Table 4. Compared to the HSS, the yield strength of the MS decreased significantly with the increasing temperature. If you happen to forget about deleting your files, they will be deleted from our server automatically after three hours to ensure your information is secure. The creep effect also implicitly is considered in
EN 1993-1-2 [9] in the steel material [1,4]. [Google Scholar]American Society for Testing and Materials. ASTM and ISO aren't always exactly equivalent -- the only way to tell for sure is comparing the descriptions in both naming conventions. Graphs for Eurocode 1993-1-2 and AISC overestimated the yield strength at all strain levels. At 1000 °C, the deformation of the steel material
increased rapidly when the high-temperature extensometer exceeded the limit of the measuring range.Based on the stress–strain curve in Figure 7, the yield strength, tensile strength, and elastic modulus values for the major strain levels are summarized in Table 7. As the strain level increased from 0.2% to 20%, there was an increase in strength at each target temperature;
however, the strength reduction factor decreased at a strain level of 20%. 2013, 88, 34–42. The graphs of Gr. 50 (black line) and A572 Gr. 50_Kodur (Reg.) below a target temperature of 400 °C show a similar strength reduction even at a strain level of 0.5%; however, a difference occurred between 500 and 700 °C. The higher the quality, the better the converted mp3 file will sound,
but it will take up more disk space.Rip CDNow you can press the “Rip CD” button. If Windows Media Player is set to be your computer’s default CD playing software, then Windows Media Player may open automatically and begin playing the CD. CC0/Free-Photos/Pixabay A JPG file is one of the most common compressed image file types and is often created by digital cameras.
[Google Scholar] [CrossRef]Lee, J.W. Elevated Temperature Properties of Astm A992 Steel for Structural-Fire Engineering Analysis. The stress–strain relationships must be acquired to draw out the mechanical properties at elevated temperatures. The two ASTM A572 Gr. 50 and 60 test lines show significant differences from EN1993-1-2 in the temperature range from room
temperature to 400 °C. In the Eurocode and AISC standards, the tensile strength at the target temperature was divided by the yield strength at room temperature and expressed as a yield ratio. If you’d like Windows Media Player to fill-in the song information automatically, make sure your computer is connected to the Internet; doing this can save you a lot of time because it
automatically fills in information like the song name, artist, composer and more. In order to check the thermal and structural response of the steel bridge girder exposed to fire, the thermal and mechanical properties of the steel were entered into a finite element analysis program (ANSYS). Therefore, more research is required to apply and analyze the tensile strength reduction
factor above HSS to the design. In future studies, various strains should be analyzed according to the grade of the steel, with the derivation of a reduction factor that considers the plastic strain of the steel. Figure 12 shows the proposed equation for the elastic modulus reduction factor for MS and HSS. For example, ISO 527-5:2009 is "Plastics -- Determination of tensile properties -Part 5: Test conditions for unidirectional fibre-reinforced plastic composites." Tips Although you don't need to purchase the actual catalog to get the ISO number, you may want to purchase one to be sure the material or procedure is exactly the same. [Google Scholar] [CrossRef]Schneider, R.; Lange, J. On the other hand, at 700 °C, there was no difference in the elastic modulus
reduction between MS (Equation (7)) and NIST (0%), and the difference between HSS (Equation (8)) and NIST is 5% (Table 10, (c)(1), (c)(2)).As with the yield strength results, the proposed elastic modulus equation (Equations (7) and (8)) was found to be closer to NIST compared to Eurocode or AISC. The stress–strain curve for Gr. 50 steel is important for applications of the
strength reduction factor according to the strain level in the fireproof design of steel structures.Based on the stress–strain curve shown in Figure 6, the yield strength, tensile strength, and elastic modulus values for the major strain levels are summarized in Table 5. Figure 6a shows the stress–strain curve up to the initial 0.05 (5%) strain level. If you want to convert your jpg file to
PDF, instead of Edit & Create, choose Print. The two methods are both steady-state and transient-state tests at elevated temperatures for steel coupons. The tensile strength of Gr. 60 steel (red line) increased by ~10% at 300 °C due to temperature strain hardening. Compared with MS, the reduction factor of the elastic modulus for HSS is lower with an increase in the temperature.
Res. The ASCE MOP [1] also states that not only is the yield strength of high-strength steel (HSS) between 490 N / mm 2 and 690 N / mm 2 but also the yield strength of very-high-strength steel (VHSS) is more than 690 N / mm 2 . Chemical composition of ASTM A572 Grade 50 and 60 steels. Figure 4. First, Figure 1 shows the MS, HSS, and VHSS yield strength reduction factor
graph. This is a great way to convert images taken with your phone camera. [Google Scholar] [CrossRef]National Institute of Standards and Technology (NIST).
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