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'�� &UDVK� 7HVW� 9HUL¿FDWLRQ� RI� 2IIVHW� 5HDU�,PSDFW� $FFLGHQW� 5HFRQVWUXFWLRQ� DQG�
Crashworthiness-Design Concepts

Robert L. Anderson, MS*, PO Box 1208, Scottsdale, AZ 85252; Kenneth J. Saczalski, PhD*, 1440 W Bay Avenue, Newport Beach, CA 
92661; Todd Saczalski, BSMET, 140 Calle Irena, Sedona, AZ 863336; Russell L. Anderson, MS, PO Box 7185, Tempe, AZ 85281; Mark 
C. Pozzi, MS, Sandia Safety Sciences, 2 Marietta Court, Ste A, Edgewood, NM 87015; and Peter E. Baray, 8018 E Cyprus, Scottsdale, 
AZ 85257

After attending this presentation, attendees will be presented with a vehicle-to-vehicle crash test methodology for validating physics-
EDVHG�UHFRQVWUXFWLRQ�RI�RIIVHW�UHDU�LPSDFW�RYHUULGH�FUXVK�DFFLGHQWV��ZLWK�YHUL¿FDWLRQV�RI�RFFXSDQW�LQMXU\�DQDO\VLV��D�GHPRQVWUDWLRQ�RI�
VDIHU�DYDLODEOH�DOWHUDWLYH�YHKLFOH�GHVLJQV��DQG�WKH�EHQH¿WV�RI�XVLQJ�EDVLF��DFFHSWHG�FUDVKZRUWKLQHVV�GHVLJQ�FRQFHSWV�

This presentation will impact the forensic science community by explaining how the crash test method provides a means for 
VFLHQWL¿FDOO\�YHULI\LQJ�DFFLGHQW�UHFRQVWUXFWLRQV�ZLWK�FRUUHODWLRQ�RI�LQMXU\�PHDVXUHV��DV�ZHOO�DV�GHPRQVWUDWLQJ�VDIHW\�LPSURYHPHQWV�DQG�
UHGXFHG�LQMXU\�ULVNV�UHODWHG�WR�IROORZLQJ�ZHOO�HVWDEOLVKHG��JRRG�FUDVKZRUWKLQHVV�GHVLJQ�FRQFHSWV�

,Q�WKLV�VWXG\��D�SK\VLFV�EDVHG�DFFLGHQW�UHFRQVWUXFWLRQ�ZDV�SHUIRUPHG�RQ�D�UHDU�LPSDFWHG��IRXU�GRRU�VHGDQ�YHKLFOH�WKDW�ZDV�VWUXFN�
RII�VHW�WR�WKH�ULJKW�UHDU�KDOI�E\�D�6SRUWV�8WLOLW\�9HKLFOH��689��WKDW�RYHU�URGH�WKH�UHDU�EXPSHU�DQG�WUXQN�ÀRRU�VWUXFWXUH���7KLV�DOORZHG�WKH�
VHGDQ¶V�ZHDNHU�VKHHW�PHWDO�IHQGHU�PDWHULDO�WR�HDVLO\�FUXVK�DQG�DOORZ�GLVSODFHPHQW�RI�WKH�UHDU�VKRFN�WRZHU�VWUXFWXUH�LQWR�WKH�ULJKW�UHDU�
RFFXSDQW�VSDFH���7KH�VHGDQ�KDG�WZR�DYHUDJH�VL]H�PDOHV�LQ�WKH�IURQW�DQG�WKUHH�VPDOOHU�UHDU�VHDW�RFFXSDQWV���'XULQJ�WKH�FUDVK��WKH�RFFXSLHG�
IURQW�VHDWV�\LHOGHG�UHDUZDUG�LQWR�UHDU�RFFXSDQW�VSDFH���6LPXOWDQHRXVO\��LQWUXVLRQ�RI�WKH�ULJKW�UHDU�RFFXSDQW�VSDFH�E\�WKH�VKRFN�WRZHU�
structure shoved the right rear 13-year-old forward toward the rearward collapsing front seat and occupant.  As a result of the above 
occupant space violations, the right-rear occupant received a severe disabling head injury.  In contrast, the front occupants and other two 
rear occupants, who were located farther from the right-rear penetration, did not receive any permanent injuries.  In order to understand 
the engineering parameters that led to the injury of only the right-rear occupant, a reconstruction of the accident was performed by using 
HQHUJ\�DQG�PRPHQWXP�EDODQFH�SULQFLSOHV���7KH�UHFRQVWUXFWLRQ�DQDO\VLV��VHH�)LJXUH���GLDJUDP��LQGLFDWHG�WKDW�WKH�689�LPSDFWHG�LQWR�WKH�
VWDWLRQDU\�VHGDQ�ULJKW�UHDU�DW���NSK��

Figure 1:  Reconstruction Diagram of Right Rear 50% Off-Set Overlap Rear Impact of SUV into 4-Door Sedan.
$�YHKLFOH�WR�YHKLFOH�FRQ¿UPDWLRQ�FUDVK�WHVW��ZLWK�LQVWUXPHQWHG�VXUURJDWHV��ZDV�UXQ�WR�YHULI\�WKH�UHFRQVWUXFWLRQ�LPSDFW�VSHHG�DQG�

show consistency of surrogate injury measures with accident occupant-injury levels as further proof of the analysis.  Figure 2 shows 
a comparison of the actual accident vehicle damage with the sedan used in this crash test.  Figure 3 shows the pre-test positions of the 
rear seated surrogates and also a photo clip from the high-speed interior camera recorded at 173 milliseconds after impact.  The 173ms 
FOLS�VKRZV�WKH�OHIW�VLGH�RI�WKH�ULJKW�UHDU�VXUURJDWH�KHDG��UHG�FKDONHG��WXUQHG�WRZDUG�WKH�ULJKW�DQG�VWULNLQJ�WKH�EDFN�RI�WKH�ULJKW�IURQW�
VXUURJDWH�KHDG��EOXH�FKDONHG���DQG�WKH�IURQW�VHDW�KHDGUHVW��GXH�WR�WKH�LQHUWLDO�UHDUZDUG�ORDGLQJ�RI�WKH�IURQW�RFFXSDQW�ZKLOH�WKH�ULJKW�UHDU�
VXUURJDWH�ZDV�EHLQJ�VKRYHG�IRUZDUG�IURP�WKH�UHDU�LQWUXVLRQ���7KH�+HDG�,QMXU\�&ULWHULD��+,&��PHDVXUHV�RI�WKLV�WHVW��OLNH�WKH�DFFLGHQW��
LQGLFDWHG�WKDW�RQO\�WKH�ULJKW�UHDU�VXUURJDWH�UHFHLYHG�D�VHYHUH�+,&�OHYHO�RI����������L�H���LQ�YLRODWLRQ�RI�WKH�1DWLRQDO�+LJKZD\�7UDI¿F�
6DIHW\�$GPLQLVWUDWLRQ��1+76$��LQMXU\�OHYHO���ZLWK�D�GDQJHURXVO\�KLJK�SHDN�*�UHVXOWDQW�KHDG�ORDG�RI�����*¶V�
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,Q�DGGLWLRQ�WR�WKH�DERYH�UHFRQVWUXFWLRQ�FRQ¿UPDWLRQ�WHVW��WZR�RWKHU�WHVWV�ZHUH�DOVR�UXQ�ZLWK�WKH�689�LPSDFWLQJ�RIIVHW�LQWR�WKH�ULJKW�
UHDU�KDOI�RI�D�IRXU�GRRU�VHGDQ�DW���NSK���2QH�WHVW�ZDV�UXQ�ZLWK�D�FUDVKZRUWK\�PRGL¿HG�H[HPSODU�RI�WKH�DFFLGHQW�YHKLFOH�WR�GHPRQVWUDWH�
how good crashworthiness redesign of the Original Equipment Manufacturer��2(0��YHKLFOH�FRXOG�KDYH�EHHQ�XWLOL]HG��ZLWK�VWDWH�RI�
the-art concepts recommended in the 1960s and 1970s, to eliminate the right-rear occupant head injury caused by the space-intrusion 
dangers of the accident vehicle design.1-4��$QRWKHU�UHSHDW���NSK�WHVW�ZDV�DOVR�UXQ��EXW�LQ�WKLV�WHVW�WKH�VWUXFN�DFFLGHQW�YHKLFOH�GHVLJQ�ZDV�
UHSODFHG�E\�D�GLIIHUHQW�FRPPHUFLDOO\�DYDLODEOH�PRGHO�\HDU�2(0�(XURSHDQ�GHVLJQHG�IRXU�GRRU�VHGDQ��ZKLFK�GHPRQVWUDWHG�KRZ�D�YHKLFOH�
with well-designed barrier resistance and stronger less-rearward yielding front seats could have also eliminated the injury sustained by 
WKH�ULJKW�UHDU�WHHQDJHU���,Q�ERWK�RI�WKHVH�WHVWV��WKH�IURQW�DQG�UHDU�LQWUXVLRQ��DQG�YLRODWLRQ�RI�WKH�UHDU�VHDWHG�RFFXSDQW�VDIHW\�]RQH��ZDV�
reduced such that none of the rear-seated surrogates had injurious head contact with the front seats or front occupants.

)LJXUH�����&RPSDULVRQ�RI�$FFLGHQW�9HKLFOH�5LJKW�6LGH�'DPDJH��%OXH�9HKLFOH��ZLWK�&RQ¿UPDWLRQ�7HVW�9HKLFOH�

)LJXUH�����3UH�7HVW�6XUURJDWH�3RVLWLRQV��/HIW�6LGH�3KRWR��DQG�&RQ¿UPDWLRQ�7HVW�,PSDFW�,QWUXVLRQ�3KRWR�DW����PV�
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