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ABOUT DSIAC

The Defense Systems Information Analysis Center (DSIAC) is a U.S. Department of Defense
information analysis center sponsored by the Defense Technical Information Center. DSIAC is
operated by SURVICE Engineering Company under contract FA8075-14-D-0001.

DSIAC serves as the national clearinghouse for worldwide scientific and technical information
for weapon systems; survivability and vulnerability; reliability, maintainability, quality,
supportability, and interoperability; advanced materials; military sensing; autonomous systems;
energetics; directed energy; and nonlethal weapons. We collect, analyze, synthesize, and
disseminate related technical information and data for each of these focus areas.

A chief service of DSIAC is free technical inquiry (TI) research, limited to 4 research hours per
inquiry. This Tl response report summarizes the research findings of one such inquiry. For more
information about DSIAC and our Tl service, please visit www.DSIAC.org.
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ABSTRACT

The Defense Systems Information Analysis Center (DSIAC) received a request for information on
material properties of different common construction/building materials as functions of strain

rates (in particular, steels corresponding to the American Society of Testing and Materials 992
and 1003 standards and concrete materials).

DSIAC compiled a list of relevant works for this topic with the assistance of subject matter

experts at Texas Research Institute Austin, Southwest Research Institute, and The University of
Texas at Austin.
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1.0 TI Request

1.1 SUBJECT: High Strain Rate Material Properties of Common
Structural Building Materials

1.2 DESCRIPTION

The inquirer requested information on common structural building material properties related
to strain rates. In particular, the inquirer desired properties for common building materials at
higher strain rates (of interest are 0.001 to 100 s). The materials of interest at the time of the
inquiry were American Society of Testing and Materials (ASTM) Grade A992 and A1003 steels
and other common building materials that have changed in the past 50 years, such as concrete.
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2.0 Tl Response

The Defense Systems Information Analysis Center (DSIAC), with support from subject matter
experts (SMEs) from Texas Research Institute Austin (TRI Austin), Southwest Research Institute
(SwRI) and the University of Texas at Austin (UT Austin), completed a literature search using
open sources, university libraries, and discussions with specific SMEs from SwRI and UT Austin.

The SwWRI SME (Timothy J. Holmquist) specifically mentioned that there are limited data
available in the open literature on material properties as functions of higher strain rates for
both steel and concrete material systems.

2.1 ASTM GRADES A992 AND A1003 STEEL MATERIAL
PROPERTIES AS FUNCTIONS OF STRAIN RATE

ASTM Grade A992 steel is a low-carbon steel (low alloy or mild steel) with small amounts of
chromium, copper, and nickel, which typically has a tensile strength in the range of 40-70 ksi.
This alloy was designed to economically replace the older ASTM A36 and A572 steel standards,
which were long-used standard materials for bridges, buildings, and many other structures [1].
No data were found during Internet and Defense Technical Information Center (DTIC) searches
pertinent to this TI.

ASTM Grade A1003 steel is a replacement for various materials (ASTM A653, A792, and A875
standards) and covers coated sheet steel used in the manufacture of cold-formed framing
members such as studs, joists, and track and is available in a wide range of structural grades.
No data were found during Internet and DTIC searches pertinent to this Tl.

2.2 OTHER MILD/LOW-CARBON STEEL ALLOY MATERIAL
PROPERTIES AS FUNCTIONS OF STRAIN RATE

High-strain material properties for several other steel alloys were identified as part of the
search for the specific materials requested in the TI.

1. Johnson et al. investigated American Iron and Steel Institute (AISI) 4340 steel and AlSI
1006 steel at strain rates as high as 100,000 s (the work is provided as part of the Tl)
[2].

2. Johnson et al. also investigated AISI 4340 steel at strain rates of 0.009-117 s'! with a
focus on model validation and fracture analysis [3].

3. Moon and Campbell investigated normalized AISI 4130 steel and AlSI 301, 17-7PH, AM-
350, and AlSI 321 stainless steels over a wide range of strain rates (0.001-1000 s) and
found that the yield strength increased with the strain rate (as shown in Figure 1) [4].
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Figure 1:(Left) Strain Rates for Normalized AISI 4130 Alloy Steel Sheet (Longitudinal Specimens,
0.040-inch Thick) and (right) for Hardened AISI 4130 Alloy Steel Sheet (Longitudinal Specimens,
0.040-inch Thick, Austenized at 1570°F, Oil Quenched, and Temperate at 1000°F) [4].

4. Campbell and Eleiche investigated shear strength dependence on strain rate for mild
steel at strain rates from 0.001 to 1000 s [5].

5. Uenishi et al. investigated the dynamic effects on material properties for a mild steel to
optimize car body structures during crash events in 2003 [6].
6. E.EI-Magd published a study on the material properties of mild steel at high strain rates

and a wide range of temperatures in 1994 (as shown in Figure 2) [7].
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Figure 2: Temperature vs. Shear Strain Rate for Mild Steel [7].
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7. Singh et al. investigated moderate and high strain rate effects on tensile and
compressive properties in two different mild steels. The composition of the first steel
was carbon (C) = 0.16, silicon (Si) = 0.27, manganese (Mn) = 0.77, sulfur (S) = 0.016, and
phosphorus (P) = 0.024. The composition of the second steel was C =0.18, Si =0.28, Mn
=0.73,5=0.017, and P = 0.024, and the balance in each type of steel was iron. Singh et
al. reported on a wide range of experimental data (as shown in Figure 3) [8].

8. More recent work was performed by Paul et al. on ultra-low-carbon, low-carbon, and
micro-alloyed steel sheet at low to intermediate strain rates (0.0007-239 s, as shown
in Figure 4) [9].

9. The report on the 2001 World Trade Center disaster provides a variety of material data
on different grades of structural steels, but none of these is immediately relevant to the

TI [10].
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Figure 3: Engineering Stress-Strain (left) and True Stress-Strain (right) for the Mild Steel Alloys
Discussed in Singh et al. [8].
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Figure 4: (Left) Engineering Stress-Strain Curves for Low-Carbon Steel at Different Strain Rates
and (right) Strain Rate Sensitivity Curves at Various Strains for Low-Carbon Steel [9].

2.3 CONCRETE MATERIAL PROPERTIES AS FUNCTIONS OF STRAIN
RATE

Several works were found that had readily available data on concrete material properties as a
function of strain rate.

1. A. M. Rajendran published an extensive report that provided high strain rate data on the
mechanical properties of a wide range of metals (none of which were pertinent to this
Tl), ceramics, and concrete (Figure 5) [11].

2. Johnson et al. describe strain rate constants for modeling concrete behavior at different
strain rates [12].

3. High-strain concrete data were also generated by Holmquist et al. in 1993 for projectiles
penetrating concrete [13].
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Figure 5: Effect of Strain Rate on the Compressive Strength of Concrete [11].

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.



\
Defense Systems
Information Analysis Center

For the concrete data, fabrication data on the types of concrete (cement and aggregate cure
times, environments, etc.) were not always included in the work. This lack of fabrication data
may limit the relevance of the data identified as part of this TI, but the information provided is
a good starting point.
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