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Evaluation of Material Properties Variations of Cementitious Composites under High Strain Rate
by SHPB Test and Image Analysis
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Abstract

Under impact or blast loads, concrete behaves with different mechanical properties comparing to the static loading conditions.
In other words, with high strain rate, mechanical properties of concrete vary significantly. To evaluate the compressive characteristics
of concrete with high strain rate, SHPB(Split Hopkinson Pressure Bar) test is typically used. However, because SHPB test method
has been developed for metallic materials, it is necessary to verify the applicability of SHPB for brittle materials such as concrete.
Also, there have been little researches on the evaluations of mechanical characteristics of UHPC under high strain rate conditions.

This study has been performed to evaluate and analyse the compressive characteristics of plain concrete and UHPC with SHPB
test apparatus. Also, to verify the applicability of SHPB test for concrete, direct displacement image analysis with high speed
camera was performed for the comparisons with analytical solutions for SHPB test.
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Fig. 1 Type of loads versus Strain rate (Bischoff et al., 1991)
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Fig. 2 Strain rate dependent Strain—Stress Curves (Grote et
al., 2001)
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Table 1 Mixture proportions of Normal concrete (kg/m?)

W/B S/a ) ; SP AE
@) @) C W BS Gravel | Sand Bx%) | Bx%)

44.2 48 304 168 76 898 839 1.2 | 0.003

Note. 1) BS : Blast—furnace slag powder

Table 2 Specified mix of UHPC (weight ratio to C)

W/B Silica— . SP Steel Fiber
%) C fume Sand Filler BX%) Vi, %)
20 1 0.25 1.1 0.3 0.018 2%
Table 3 Properties of steel fiber
. Density Tensile strength I fn I/ df2)
Type of fiber (kg/cm®) (MPa) (mm) (mm/ mm)
Straight 7.8 2,500 13 65

Note. 1)1;: length of fiber, 2)d;: diameter of fiber
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Fig. 3 Manufacturing process of testing specimen
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Fig. 5 Schematic diagram of SHPB (Marais S.T. et al., 1991)
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Fig. 7 Setup of high speed camera for SHPB Test
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Fig. 9 Test results of SHPB Test
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FTE B Y okF sk 2AYEE 44 skeeld THE AREER tE Zlse BolA 9k 5, 1EE ske] ZaES Al
A A WgletA HH, ol& ]@%7}3}7] Ast W F ATl dAE AlFH O F = SHPB(Split Hopkinson Pressure Bar)
Test7} Itk 281k, SHPB Test= w57 22 UARE S8l /e AIFR o2/ HAAER 28] Ee| 280 7FsA]e] tigh
W7k #7Po R Bastel, UHPCS) 22 A4u7 a4l 2otelse] de e olele Aol

ojefl & A= %ﬂPAE AEAE %H A2 SHPB Test NS ARgSle] Ank Z32|E 9 UHPC AlgAle] dist A|E571E

slo] Zudplels 83 WA B B 45S FAA,

SHAl 20 : Impact, blast, high strain rate, SHPB, UHPC, high speed camera
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