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Abstract : This study analyzes the reduction effect of accidents regarding the crash safety of KNCAP. In Korea, the assessment of
full frontal crash safety was firstly introduced in 1999, while side crash safety assessment, whiplash assessment, offset frontal crash
safety assessment, and side pole crash safety assessment were started in 2003, 2008, 2009 and 2010, respectively. Although the
automobile safety assessment system has been known to contribute to the reduction of traffic accidents every year, there is a lack of
latest research on quantitative estimation. This study estimates the difference in statistical reduction of accidents between the actual
KNCAP vehicles and non-assessed vehicles, as well as the decrease in the number of fatalities after introducing the KNCAP
system. First, the number of KNCAP vehicles was estimated based on the production volume of new cars and the volume of
domestic end-of-life vehicles. Second, odds ratio analysis was performed on the reduction effect of actual accidents in KNCAP
vehicles and non-assessed vehicles, and the result shows 56 % reduction in the number of deaths. A model for estimating the
reduction of traffic accidents of KNCAP vehicles was developed based on two factors, and the result of the application reveals that
the reduction in the number of deaths and injuries was 14,211 from 1999 to 2017. It is expected that the continuous use of these
findings will contribute to the settlement of the KNCAP system and the improvement of the safety of vehicles.

Key words : A1x}FQFA =3 7H(New car assessment program), & 74 (Crashworthiness), & ¥4 (Effectiveness), 2.ZH]
(Odds ratio), AF&A5=7F 4 (Saved lives)
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Table 2 Summary of KNCAP vehicles per year (Frontal crash test)

Year A B C D | E F G H

1999 | 275,938 |592| 10,756 [6.30| 23 |3,788 |311,040 | 142,856

2000 | 290,481 |618| 10,236 [6.50| 22 |4,208 | 338,428 | 160,926

2001 | 260,579 |550| 8,097 [4.90| 17 |3,258|306,181 | 131,583

2002 | 231,026 |485| 7,222 |4.10| 15 |2,765|277,425| 114,273

2003 | 240,832 |503| 7,212 [4.00| 15 |2,197|248,777 | 106,372

2004 | 220,755 |459| 6,563 [3.50| 14 |2,693|285,752| 116,304

2005 | 214,171 [444| 6,376 |3.40| 13 |2,659 283,005 | 112,456

Year 1-star | 2-stars | 3-stars | 4-stars | S-stars v?}?ilcri:etrygefs
1999 1 2 3
2000 2 2 4
2001 2 1 5 1 9
2002 1 1 6 8
2003 5 2 7
2004 1 4 5
2005 1 4 5
2006 4 2 6
2007 1 2 3 6
2008 2 3 5 10
2009 1 8 9
2010 3 9 12
2011 11 11
2012 11 11
2013 1 10 11
2014 1 12 13
2015 2 10 12
2016 1 13 14
2017 1 10 11
Total 3 0 9 38 117 167

2006 | 213,745 {442 6,327 |3.30| 13 |2,635|282,595 105,807

2007 | 211,662 {436| 6,166 (3.10] 13 (2,551 278,273 | 95,474

2008 | 215,822 {441| 5,870 (2.90| 12 |2,519 278,062 | 91,386

2009 | 231,990 {472| 5,838 (2.80| 12 |2,546|297,131| 92,276

2010 | 226,878 [459| 5,505 |2.60| 11 |2,402 288,402 | 83,813

2011 | 221,711 [445| 5,229 |2.40| 11 (2,097 |277,190 | 74,743

2012 | 223,656 |447| 5392 |2.40| 11 |2,156|278,851| 70,667

2013 | 215,354 {429| 5,092 |2.20| 10 |1,933|264,795| 65,235

2014 | 223,552 |443| 4,762 |2.00 1,914 272,147 | 63,446

2016 | 220,917 |435| 4,292 |1.66 1,786 269,269 | 55,798

9

2015 | 232,035 |458| 4,621 |1.90| 9 |1,934|283,982| 63,446
8
8

2017 | 216,335 |420| 4,185 |1.86 1,727(263,668 -

Note: A = Number of traffic accidents (unit: accident)

B = Number of traffic accidents per 100,000 population (unit: accident/10
million people)

C = Number of fatalities in traffic accidents (unit: person)

D = Number of fatalities per million vehicles (unit: accident/million vehicles)

E = Number of fatalities per 100,000 population (unit: person/10 million
people)

F = Fatalities in car-to-car casuality (unit: person)

G = Number of people injured in car-to-car crash (unit: person)

H = Number of people seriously injured in car-to-car crash (unit: person)
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Fig. 1 Summary of KNCAP vehicles per year (Frontal crash test)
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2012 2013 2014 2015 2016 2017

e the number of KNCAP vehicles

Name Abbreviation Founded Location
United States New Car Assessment Program US NCAP 1978 Washington, DC, USA
Insurance Institute for Highway Safety ITHS 1959 Arlington, VA, USA
Australasian New Car Assessment Program ANCAP 1993 Canberra, Australia
Japan New Car Assessment Program INCAP 1995 Tokyo, Japan
European New Car Assessment Program Euro NCAP 1997 Brussels, Belgium
Korean New Car Assessment Program KNCAP 1999 Seoul, South Korea
China-New Car Assessment Program C-NCAP 2006 Tianjin, China
Latin New Car Assessment Program Latin NCAP 2010 Montevideo, Uruguay
New Car Assessment Program for Southeast Asia ASEAN NCAP 2011 Kajang, Selangor, Malaysia
Global New Car Assessment Program GNCAP 2011 London, Great Britain
Bharat New Vehicle Safety Assessment Program BNVSAP 2017 tbd
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Fig. 2 Flowchart of research methodology analysis
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Table 4 Summary of KNCAP implementation year, and the result, the year of being discontinued of KNCAP vehicles

Frontal crash grade Offset frontal crash grade Side crash grade year of being

Year Manufacturer Model - 3 3 ; . .

Driver's seat | Passenger seat | Driver's seat | Passenger seat | Side | Side pole discontinued
1999 Kia Sephiall 3 3 2002
1999 Daewoo Nubirall 4 4 2004
1999 Hyundai Avante 4 4 2001
2017 Kia Stinger 5 5 5 5 5 -
2017 Hyundai Grandeur 5 5 5 5 5 -
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Table 5 Summary of the volume of KNCAP vehicles by year

Year Manufacturer Model 1999 2000 2001 2002 2016 2017

1999 Kia Sephiall 113,427 80,720 25,018 Discontinued

1999 Daewoo Nubirall 129,428 123,276 43,656 14,948

1999 Hyundai Avante 220,008 89,907 Discontinued

2017 Kia Stinger 156 23797

2017 Hyundai Grandeur 20433 20433

Table 6 The estimated number of end-of-life KNCAP vehicles per year
) Number of new KNCAP vehicles The estimated value of end-of-life KNCAP vehicles per year
Production year Total
(KAMA) 1999 2000 2001 2016 2017

1999 360,502 4 4
2000 723,432 16 8 24
2001 599,367 58 32 7 97
2002 646,904 185 116 27 335
2016 1,165,759 19,709 58,350 63,822 13 534,719
2017 1,128,846 11,954 39,550 48,343 52 13 564,958
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Table 7 Summary on domestic volume of KNCAP vehicles by year

. Vehicles assessed b
Total number of cars registered KNCAP y
Number of | The rate of
New KNCAP | KNCAP
Year All type of | Passenger registered |vehicles on| vehicles
vehicles | car only (Passenger road compared
caronly) | (KAMA | tothe new
TA Calculated | registered
value): B | : B/A (%)
1999 |11,164,319|7,851,282 | 652,139 360,502 55%
2000 12,059,861 | 8,084,005 | 955,134 723,432 76%
2001 |12,914,613 8,902,179 | 1,011,973 | 599,367 59%
2002 |13,949,4419,737,430 | 1,227,160 | 646,904 53%
2003 |14,587,333(10,278,940| 983,410 | 491,511 50%
2004 14,934,474 110,620,574 857,828 415,180 48%
2005 15,397,095 (11,122,214 893,159 628,612 70%
2006 |15,895,303|11,122,214| 932,650 571,126 61%
2007 |16,428,245(12,099,793| 1,017,267 | 563,856 55%
2008 [16,794,287112,483,809| 1,017,595 | 616,423 61%
2009 |17,325,21013,023,803| 1,221,118 | 834,790 68%
2010 [17,941,356(13,631,756| 1,237,482 | 984,169 80%
2011 |18,437,373|14,136,465| 1,293,501 | 971,119 75%
2012 | 18,870,533 14,577,182| 1,256,403 | 1,031,844 82%
2013 | 19,400,864 |15,089,055| 1,244,013 | 1,059,144 85%
2014 120,117,955 (15,750,374| 1,533,806 | 990,416 65%
2015 20,989,885 (16,564,676| 1,532,054 | 1,110,818 73%
2016 21,803,351 (17,334,610{ 1,533,806 | 1,165,759 76%
2017 22,528,295 (18,029,378| 1,526,662 | 1,128,846 74%
KNCAPR 717 % 2 o
— ol A 7k O] KNCAPH 71k & 5 o

+ Felld = ANCAP A 13 72kt <=
— Fad = KNCAP *}3:e] d 2} o) &=
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Table 8 The proportion of KNCAP vehicles on road

The
Total Number estimated The
of KNCAP . The
number . umber of | estimated .
of cars vehicles end-of-life | number of proportion
Year | gistered | 0" | kncap | kncap |OTKNCAP
(KAMA . . vehicles
(Passenger vehicles vehicles
calculated . on road
car only) (Gaussian | on road
value: B | » ..
distribution)
1999 | 7,851,282 | 360,502 4 360,502 4.6 %
2000 | 8,084,005 | 723,432 24 1,083,910 | 13.4%
2001 |8,902,179 | 599,367 97 1,683,180 | 18.9%
2002 |9,737,430 | 646,904 335 2,329,749 | 23.9%
2003 [10,278,940| 491,511 1,035 2,820,225 | 274%
2004 |10,620,574| 415,180 2,876 3,232,529 | 304 %
2005 [11,122,214| 628,612 7,221 3,853,920 | 34.7%
2006 (11,122,214 571,126 16,397 4,408,649 | 39.6%
2007 (12,099,793 563,856 33,742 14,938,763 | 40.8 %
2008 |12,483,809| 616,423 63,065 |5/492,121| 44.0%
2009 {13,023,803| 834,790 107,366 6,219,544 | 47.8%
2010 |13,631,756| 984,169 167,098 |7,036,615| 51.6%
2011 |14,136,465| 971,119 238,864 |7,768,871 | 55.0%
2012 |14,577,182| 1,031,844 | 315,580 |8,485,135| 58.2%
2013 |15,089,055| 1,059,144 | 388,520 |9,155,759| 60.7 %
2014 [15,750,374| 990,416 450,484 9,695,691 | 61.6%
2015 |16,564,676| 1,110,818 | 498,514 (10,307,995 62.2%
2016 |17,334,610| 1,165,759 | 534,719 {10,939,035| 63.1 %
2017 [18,029,378| 1,128,846 | 564,958 |11,502,923| 63.8%
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Table 9 Descriptive statistics of crash type based on CDC (Collision
deformation classification)

Crash type of car-to-car accident
Accident The number Frontal Offset Side | Rear .
of traffic frontal Missing
year accident cruash crash croash croash %)
(%) %) (%) | (%)
2011 3,471 1,372 | 762 1,337 i i
(100.0) (39.5) | (22.0) | (38.5)
2012 4,732 1,917 | 864 1,950 i 1
(100.0) (40.5) | (18.3) | (41.2) (0.0
2013 4,063 1,457 | 609 1,995 i 2
(100.0) (35.9) | (15.0) | (49.1) (0.0)
5 3 2
2014 (100.0) (60) ) ) ) 0.4)
2015 1,643 442 386 498 240 77
(100.0) (26.9) | (23.5) | (30.3) | (0.1) | (0.0)
2016 2,887 736 335 320 218 1,278
(100.0) (25.5) | (11.6) | (11.1) | (0.1) | (0.4)
2017 3,441 726 120 37 79 2,479
(100.0) Q2L | (3.5 | (L. | (0.0) | (0.0)
Total 20,242 6,653 | 3,076 | 6,137 | 537 | 3,839
(100.0) (32.9) | (152) | (30.3) | (2.7) | (19.0)

Table 10 A frequency distribution of data 19,099 in total

Category N %
Male 10,735 56.2
Occupant Female 8,221 43.0
Missing 143 0.7
Driver's seat 12,071 63.2

Occupant Passenger seat 4,413 23.1
location Rear seat 1,967 10.3
Missing 648 3.4
Belted 16,481 86.3

Seat belt Unrestrained 869 4.5
Missing 1,749 9.2
Deployed 2,326 12.2

Airbag Undeployed 790 4.1
Missing 15,983 83.7
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where Null hypothesis : [H,: P =PF,], Alternative:
[H : P, # P,], Independent variable: Safety technology
equipped, Dependent variable: Fatality rate(Fatality/Total
P +P
5
Expected difference: d=|P,— P , «=0.05— Z, =1.96,
B=1—power— Z; =0.84

number of sample), The average fatality rate: P=

7 1] AARES AA 19,0997 HlolH Y&
KNCAP "] 7Fxe] A AHES p; =0.061, KNCAP 3
7hAbEe] A S p, =0.028 2 3FAS W, ol E = A
Aol ztel= d=0.03301" HTAAREES p=0.0165
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0.033?
=327.58
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Table 11 Result of analysis of KNCAP and fatality

MAIS 0Odds

Death O | Death X | Total ratio XQ(p)
6+ under 6 (95 % CI)
0 484 17,033 17,517
KNCAP (2.8%) [ (97.2%) | (91.7 %)
System X 97 1,485 1,582 (ggg_ 55.82
(6.1%) | (93.9%) | (83%) 04'54) (.000%%%)
581 18,518 19,099
Total
(3.0%) | (97.0 %) |(100.0 %)

Note: * p<.10, ** p<.05,*** p<.01

KNCAP 3 7t} n] g 7} 2|2
Ao Fg FA sk

Z1 3} Table 113} 2+0] KNCAP ¢] 713 2 A3 2}
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7HE WHA] @82 Apefo] IHE RS AFEFHUE AFGALSL

5 A e1 o] ok 2274l =rhar S A1k 5= A Th95 %
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Do-Nothing Viencap 1- Vincap =

= ancap ()= ancap)
_— e
S T
| ' f
(1-E)+F" = ancap F=(- ancap)

Where,

* Vincap= The rate of KNCAP vehicles (%)

¢ 1-Vgncap = The rate of non-KNCAP vehicles (%)

¢ F'=Fatalities of the situation that would nothave conducted a KNCAP

¢ F=Fatalities of current situation that have conducted a KNCAP

¢ E = The effect of fatality reduction (The rate of road accidents reduction)

Fig. 4 The estimation model of reduction in road accident
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Table 12 Results of the estimated volume of fatal accidents

reduction per year
Year F E Vieap F' Saved lives
1999 3,788 56 % 4.6 % 3,888 100
2000 4208 56 % 13.4 % 4,550 342
2001 3,258 56 % 18.9 % 3,644 386
2002 2,765 56 % 239 % 3,193 428
2003 2,197 56 % 274 % 2,596 399
2004 2,693 56 % 30.4 % 3,246 553
2005 2,659 56 % 34.7% 3,299 640
2006 2,635 56 % 39.6 % 3,387 752
2007 2,551 56 % 40.8 % 3,307 756
2008 2,519 56 % 44.0 % 3,342 823
2009 2,546 56 % 47.8 % 3,475 929
2010 2,402 56 % 51.6 % 3,379 977
2011 2,097 56 % 55.0 % 3,029 932
2012 2,156 56 % 582 % 3,199 1,043
2013 1,933 56 % 60.7 % 2,928 995
2014 1,914 56 % 61.6 % 2,921 1,007
2015 1,934 56 % 62.2 % 2,968 1,034
2016 1,766 56 % 63.1 % 2,731 965
2017 1,727 56 % 63.8 % 2,687 960
Total 14,021
Average 738
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Results of the estimated fatality reduction
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Fig. 5 Results of the estimated fatality reduction
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