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Study of the Compressive Behavior of Polypropylene-low Glass Fiber

Compound and Thermoplastic Olefin under High Strain Rate

Se-Min Lee*, Dug-Joong Kim*, In-Soo Han**, Hak-Sung Kim****

ABSTRACT: In this study, the strain rate dependent tensile and compressive properties of PP-LGF and TPO was
investigated under the high strain rate by using the Split Hopkinson Pressure Bar (SHPB). The SHPB is the most
widely used apparatus to characterize dynamic mechanical behavior of materials at high strain rates between 100 s
and 10,000 s™. The SHPB test is based on the wave propagation theory which was developed to give the stress, strain
and strain rate in the specimen using the strains measured in the incident and transmission bars. In addition, to verify
the strain data obtained from SHPB, the specimen was photographed with a high-speed camera and compared with

the strain data obtained through the Digital Image Correlation (DIC).
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Table 1. Mechanical Properties according to GF contents

Tensile Strength| Elongation at | Density
(MPa) Break (%) (g/cm?)
Test Condition 50 mm/min, ASTM D638

PP 19 222 0.95
PP + GF10% 63 6 1.11
PP + GF15% 76.3 4.2 1.001
PP + GF20% 90 3.5 1.03
PP + GF35% 110 2.5 1.18
PP + GF50% 153 2.3 1.34
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Fig. 4. Stress-strain curve of TPO compression test at varying
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Fig. 5. (a) Comparison of strain data from SHPB experiment and
DIC (b) The images of TPO specimen by high speed
camera and DIC

sh5-o] F7hstell whet A = U ol A i**Ol ARAE = &%

7} o] & wEtrhA] ot AEIE o =2 6}?;77}11 A
Em, E3F o] &2 QI8 Afme v ARt A= UERATHS].

TPO A|HO] AL HEE &5 4800 s'~6600 s 270 A
A2 21Pstqint. Fig. 404 & o= Q0| B E =7t
Z7Fgol| whebA ek M Eol S7hetal Bt EgE
71 A Bk ol9g Aub= S|z 294, 1)
d o AEQ} 22 ok E AU Een YEet vl A
= HThel.

A ARt w2 M E HlolH
3l JARS DIC7|H o8 BA38 2
M3

E Hlo[EolA F glole7t 7|

®
&3
a9
g
N
a
o
il
¢
2

o AR 2 SHIT 4 Gk 010 ms o FRE 21k
Aol @98 282 ol A7} glol islol 4
o] AA1E|9Ir}. o] ] Akl that Wl Ul sk} DIC
oF ER1uk Ao A HEA ZAH RS & 4 9,
dlolgel AEAe AFstact

5.4 2

H oo A= 31 HEE &of|A o] TPO 449} PP-LGF
ﬁﬂJE&%A%%ﬂéﬂ‘N%N%ﬂﬁﬁﬁqd-

HYE SEoA 45 A= 9 oS 7ol S7hehes 43

B olct wheha] 2pF AA Al TPOL} PP-LGFE] 54 =

123 71 A A EAJS 2-8-35)ofof gtrt. B3t SHPB

ol P E tlolE o A=Y AT S8l 21471
39l 42 HFPES DIC 43 33 115143}‘2"10 , 7é

WA o2 & golE Y fAMIS Sall

of thigt A= R

oX ox flo
e N m]o

lo

i3
r>
=
1o
é
E

ol

-

7|

foi

S 20209 = HRAGFAAL )Y o=
ol |y A 787 e AdS ®o 3E A4
(20202020800360, 7] & FF 7% oA &g Mgk & 2w

e )

REFERENCES

1. Friedrich, K., and Almajid, A.A., “Manufacturing Aspect of
Advanced Polymer Composites for Automotive Applications;”
Applied Composite Materials, Vol. 20, 2013, pp. 107-128.

2. Kim, D.H,, Kang, S.Y,, Kim, H.J., and Kim, H.S., “Strain Rate
Dependent Mechanical Behavior of Glass Fiber Reinforced
Polypropylene Composites and Its Effect on the Performance of
Automotive Bumper Beam Structure,” Composites Part B: Engi-
neering, Vol. 166, 2019, pp. 483-496.

3. Chen, WW,, and Song, B., Split Hopkinson (Kolsky) Bar :
Design, Testing and Applications, Springer Science & Business
Media, 2010.

4. Al-Mousawi, M.M., Reid, S.R., and Deans, W.E, “The Use of
the Split Hopkinson Pressure Bar Techniques in High Strain
Rate Materials Testing” Proceedings of the Institution of
Mechanical Engineers, Part C, Vol. 211, No. 4, 1997, pp. 273-
292.

5. Abrate, S., “Behavior of Composite Materials under Impact:
Strain Rate Effects, Damage, and Plasticity”, ASME Appl Mech
Div-Publ-AMD, Vol. 250, 2001, pp. 41-50.

6. Kapoor, R., Pangeni, L., Bandaru, A.K,, Ahmad, S., and Bhatnagar,
N., “High Strain Rate Compression Response of Woven Kevlar
Reinforced Polypropylene Composites,” Composites Part B:
Engineering, Vol. 89, 2016, pp. 374-382.



