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Motivation 
• ~23.5 million children regularly ride school buses in the 

United States. 
• ~26,000 accidents involving school buses are reported 

annually. 
• Despite this, school buses remain among the safest modes 

of transportation. 
• This research represents an effort to further improve 

school bus safety. 
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Background 
• There are some concerns regarding opening emergency 

exits and keeping them open when the bus is not in the 
upright orientation. 

– Safety Recommendation A-00-072. National Transportation Safety Board. 
2000 

• There are also concerns with respect to the operability of 
the emergency exits after a rollover accident and the 
impact of inoperable exits on emergency evacuations. 

– Federal Register Proposed Rules. NHTSA. 2014 
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FMVSS No. 217 
• Defines the size and force requirements to 

operate emergency exits on school buses in the 
upright orientation. 

• Force requirements are a function of the location 
of the emergency exit operating mechanism. 
– High force regions correspond to regions in which an 

able-bodied person can exert maximum force 
(Relatively close to shoulder height of an average 
adult male) [Pollard and Markos, 2009] 

 

• Maximum Permissible Force: 
– High Force Regions: 178 Newton's (40 pounds) 
– Low Force Regions: 89 Newton’s (20 pounds) 
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Rear Emergency Door 
Operating Mechanism 

• The motion required to operate the rear 
emergency door depends on the orientation of 
the school bus. 
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Strength of Children 
• Opening the emergency exit is a significant portion of 

total egress time [Sliepcevich, C.M., et al., 1972]. 

• Several strength measurement studies exist, however it 
is hard to apply them directly to the design of emergency 
escape devices [Sliepcevich, C.M., et. al., 1972]: 
– Standardized Postures 
– Geometries of Measurement Equipment 
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Height of Children 
• “Anthropometric reference data for children and 

adults: United states, 2007-2010” [Fryar et al., 2012] 
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Problem Statement 
• FMVSS No. 217 does not consider the physical 

capabilities of the youngest group of children riding 
school buses. 

• No standard egress time has been established to 
evaluate the effectiveness of emergency exits on school 
buses. 

 

• Are children capable of evacuating a school bus 
in the upright and rolled-over orientations 
without adult intervention? 
– Stature and Physical Capabilities 
– Cognitive capabilities to read and follow instructions 
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School Bus Mock-up 
• Blue Bird Vision 

– Model year: 2013 
– Seating capacity: up to 78 passengers 
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Study 1: Evacuation Through 
the Rear Emergency Door 

• Measure the maximum force that could be 
exerted on the rear emergency door handle 
by children in K-2. 

• Determine if K-2 children are able to unlatch 
the rear emergency exit in both upright and 
rolled over orientations. 

• Determine if K-2 children are able to self-
extricate (individually) through the rear 
emergency exit in a rolled over orientation. 
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Hypotheses 
– The maximum force exertion capability of children (K-

2) on the rear emergency door handle is less than the 
permissible force in the high force region (40 pounds). 
 
 
 

– Mean self extrication time through the rear 
emergency door is improved when the last row of 
seats is removed. 
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Variables 
• Independent Variables: 

– Grade Level (Kindergarten, First Grade, and Second 
Grade) 

– Height (inches) 
– Weight (pounds) 
– Gender 

• Dependent Variables: 
– Force exertion on the door handle in simulated 

upright and rolled over orientations. 
– Time to self-extricate through the emergency exit 

opening in a rolled over orientation. 
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Test Apparatus 
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Force Measurement 
Apparatus 
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Subjects 
• 126 subjects in K-2 were recruited from Oak 

Mountain Elementary School (Birmingham, AL). 
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Data Collection 
• Station 1: 

– Gender, Grade, Date of Birth (month/year), Height, 
Weight 

• Station 2: 
– Maximum Force exertion on door handle (upright and 

rolled-over orientations).  
– Three 3-second trials with 30 second rest interval 

between trials. 
• Station 3: 

– Unlatch the door (upright and rolled over orientation). 
– Self extricate through the apparatus in the rolled over 

orientation (with and without the last row of seats). 
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Results 
• Kindergarten: Two males and two females were 

unable to unlatch the door in the upright 
orientation. Two females were unable to self-
extricate through the door opening in the original 
rear seat configuration. 

• First Grade: One male and one female were 
unable to self-extricate through the door opening 
in the original rear sear configuration. 

• Second Grade: One female was unable to self-
extricate through the door opening in the original 
rear sear configuration. 
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Results: Force Exertions 
• One-sample t-test: H0: µ ≥ 40 pounds: 

 
 
 
 
 
 

 
 

• Paired t-test: Mean force exertion in upright orientation is 
greater than mean force exertion in rolled over 
orientation (p = 0.002) 
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Results: Force Exertions 
• ANCOVA: Grade, weight 

and gender had a 
statistically significant 
effect on force exertion in 
the upright orientation. 

 
• ANCOVA: Weight and 

Gender had a statistically 
significant effect on force 
exertion in the rolled-over 
orientation. 
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Results: Self-Extrication 
• ANCOVA: Height had a statistically significant effect on 

self-extrication time for trials with and without seat 
obstruction (p < 0.05). 

• Paired t-test: Mean self-extrication time through the 
emergency door opening with seat obstruction is greater 
than evacuation time without seat obstruction (p < 0.05). 
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Discussion & Conclusions 
• Force exertion data suggests that children in K-2 do not 

have the strength capabilities to exert the maximum 
permissible force to unlatch an exit in the high force 
region. 

• Flow rates with the original seat configuration are 
approximately half of the flow rates without the seat. 
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Discussion & Conclusions 
• The last row of seats impedes the evacuation process. 
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Study 2: Roof Hatch 
Evacuations 

• Measure the maximum push force and 
torque that can be exerted on a roof hatch 
knob. 

• Determine if K-2 children are capable of 
opening a school bus emergency escape 
roof hatch. 

• Determine if K-2 children have the 
capability to self-extricate through and 
emergency escape roof hatch. 
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Study 2 Hypotheses 
• The maximum push force exertion on the roof hatch 

knob for children in K-2 is less than the force required to 
open a roof hatch (20 pounds). 
 
 
 

• Percentage of successful evacuations increases with the 
grade level of the children. 
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Variables 
• Independent Variables: 

– Grade Level (K-2) 
– Height  
– Weight  
– Gender 
– Hand Length and Hand Width 

• Dependent Variables: 
– Push Force and Torque Exertions 
– Ability to operate the release mechanism 
– Ability to self-extricate through the roof hatch 
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Subjects 
• 91 (51 males, 40 females) subjects in K-2 were recruited 

from Jim Pearson Elementary (Alexander City, AL) 
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Test Apparatus 
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Test Equipment 
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Data Collection 
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Results 
• Only 21% (6/30) of the kindergarten participants were 

able to open the roof hatch and 87% (26/30) were able 
and willing to self-extricate (2 males, 2 females were 
unable to self-extricate). 

• 71% (24/34) of the 1st grade participants were able to 
open the roof hatch and 91% (31/34) were able and 
willing to self-extricate (1 female did not want to 
participate in opening and extricating through the roof 
hatch). 

• 89% (24/27) of the 2nd grade participants were able to 
open the roof hatch and 96% (26/27) were able and 
willing to self-extricate (1 male was unable to self-
extricate). 
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Results: Push Force 
• Maximum Push Force Best Subsets Regression 

 
 
 
 
 
 
 

• Weight and hand length had a statistically significant 
effect on push force (p < 0.05) (adj. R2 = 58.61%) 
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Results: Roof Hatch 
Evacuations 

• Factors having a statistically significant (or 
nearly so) effect on opening the roof 
hatch: 
– Hand Length (p < 0.05) 
– Weight (p = 0.055) 

 
• No variables were found to have a 

statistically significant effect on self-
extrication. 
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89 Newtons (current allowable maximum) 

• Overall in K-2, 58% of the subjects were able to exert 
more than 89 Newtons of force. However in 
kindergarten, only 40% of subjects were able to exert 
more than 89 Newtons of force. 

Discussion & Conclusions 

32 Newtons (force that accommodates all subjects)  



Discussion & Conclusions 
• In summary, 40% (36/91) of the subjects were unable to 

open the roof hatch. However, 28% (10/36) were able to 
exert a push force exceeding 89 Newtons. 
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Discussion & Conclusions 

• Reasons subjects were unable to self-
extricate through roof hatch: 
– Apparent insufficient upper body strength. 
– Low friction between the smooth ceiling 

surface and subjects’ feet. 
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Study 3: Evacuation Times 
• Measure the evacuation time of subjects in kindergarten 

through the third grade (K-3) (by grade) through the front 
door (stand alone), rear emergency door (stand alone), 
and both the front and rear exits simultaneously. 

 
• Compare evacuation rates with the bus driver's 

assistance/guidance to unguided evacuation rates. 
 

• Determine the effectiveness of the emergency exit doors 
by measuring flow rate (people per minute) of the front 
(stand alone) and rear (stand alone) emergency exit 
doors, as well as both simultaneously. 
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Importance of Egress Time 
• Egress time is critical in accidents. Bus fire tests 

indicate that available time for successful 
evacuations is between 200-300 seconds (~3-5 
minutes) [Matolcsy, 2010]. 

• Factors that can impact egress times [Sliepcevich, 
C.M., et al., 1972]: 

– Smoke  Age/Experience 
– Fire  Strength and Agility 
– Visibility Opening Size 
– Injuries 
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Hypotheses 
• There is a significant difference among the 

mean flow rates of the different grade levels. 
 
 

• There is a significant difference in the flow rates 
of evacuation with bus driver assistance 
compared to evacuation without bus driver 
assistance. 
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Subjects and Data Collection 
• 475 students (251 males, and 224 females) in K-

3 were recruited from Oak Mountain Elementary 
School (Birmingham, AL). 
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Data Collection 

C1 

C2 

C3 
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C4 

• 2009 Thomas C2 SAF-T-LINER 
– 12 rows of seats 
– Max capacity: 72 passengers 



Results: Flow Rates 
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Results: Flow Rates 
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Factors Affecting Flow Rates 

• Factors that had a statistically significant 
effect on flow rates: 
– Exit Type 
– Grade Level 
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Effects of Grade and 
Evacuation Routes 

• Tukey Pairwise Comparison: Flow rates were statistically 
different between (p < 0.05): 
– Kindergarten and third grade 
– First grade and third grade 
– Kindergarten and second grade 
 

• Mean flow rates of the front door evacuations, rear door 
evacuations, and both door (simultaneously) evacuations 
were found to be significantly different (p < 0.05) 
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Discussion & Conclusions 
• Elevation of emergency door off the ground is a concern 

during rear door evacuations, children were asked to “sit 
and scoot” during the evacuation process. 
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Discussion & Conclusions 
• Distribution of evacuees between the front and rear 

doors in the both doors (simultaneous) evacuations. 
– Distribution between exits more equal with older children and 

evacuation trials with driver’s assistance. 
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Questions? 
• Contact Information: 

– Joe Abulhassan 
– Cell: 503-880-5045 
– E-mail: yabulhassan@murraystate.edu 
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