














450 Dufferin Street
Energy Balance Analysis

Equations are referred to the AECOM paper, using the same references in square brackets [EQ #]
Locomotive & Car masses are from the FCM/RAC guidelines

Parameters Notes Track Distances as reported by latest survey
Load Case 1 Load Case 2 Load Case 3 Load Case 4 min CL 130

Glancing Blow Direct/Single Car Impact Glancing Blow Direct/Single Car Impact Location 1 Location 2 Location 3 Location 4
No. of Locomotives 1 0 1 0
Mass of Locomotive 200,000 200,000 132,000 200,000 Case 1 Yes Yes Yes Yes
Length (m) 17 17 26 26 Case 2 No Yes Yes Yes 8.5 Don't consider if dCL > 8.5 m
No. of Cars 9 1 8 1 Case 3 Yes Yes Yes Yes
Mass of Cars 129,700 129,700 67,120 67,120 Case 4 No Yes Yes Yes 13 Don't consider if dCL > 13 m
Length (m) 17 17 26 26

Total Mass (kg) 1,367,300 129,700 668,960 67,120
Angle of impact (° to wall) 3.5 See Table 1.0 3.5 See Table 1.0 0 0 0 0 0 0 0
Radians 0.06 See Table 1.1 0.06 See Table 1.1
Speed limits within the corridor: 366 km/h 366 km/h

101.56 m/s 101.56 m/s
227.23 mph 227.23 mph

K.E = 0.5.mass.velocity^2 Glancing Blow Direct/Single Car Impact Glancing Blow Direct/Single Car Impact
Initial Track Speed (km/h) Speed of impact (m/s)

112 31.1111 661.71 62.77 323.74 32.48
100 27.7778 527.51 50.04 258.09 25.90
80 22.2222 337.60 32.02 165.18 16.57
72 20.0000 273.46 25.94 133.79 13.42
50 13.8889 131.88 12.51 64.52 6.47
25 6.9444 32.97 3.13 16.13 1.62

Step 1: Calculating Angle of Impact
Freight Trains, Metric (4M) Freight cars, Metric (9M) Passenger Trains, Metric (5M) Passenger cars, Metric (10M)

[EQ 4,4M,5,5M] Taken as 3.5° as suggested by AECOM F = asin(dcL/8.5) Taken as 3.5° as suggested by AECOM F = asin(dcL/13.0)
Table 1.0 Glancing Blow Direct/Single Car Impact Glancing Blow Direct/Single Car Impact
Track Number dcL (m)

1 130 0.061 #NUM! 0.061 #NUM!
2 0 0.061 0.000 0.061 0.00
3 0 0.061 0.000 0.061 0.0000
4 0 0.061 0.000 0.061 0.0000

0.061 0.000 0.061 0.0000
0.061 0.000 0.061 0.0000
0.061 0.000 0.061 0.0000

Table 1.1
Track Number dcL (m)

1 130 3.50 #NUM! 3.50 #NUM!
2 0 3.50 0.00 3.50 0.00
3 0 3.50 0.00 3.50 0.00
4 0 3.50 0.00 3.50 0.00

3.50 0.00 3.50 0.00
3.50 0.00 3.50 0.00
3.50 0.00 3.50 0.00

Step 2: Calculating velocity at impact

EQ [3M, 7M, 8M]
Glancing Blow Single Car, Direct Impact
EQ [3M]

EQ [7M]

Rolling Resistance (R) = 0.25
Grade (G) = 0
vo^2 = -10314.40627 m/s EQ [8M]
2a =  -9.8*(R+G) = -4.905 m/s
Experimental (Hirsch et al, 1989) m/s
Average to account for air resistance and other minor losses -4.905
dcL-1.625 128.375
sin G = 0.06104854

Table 2.0 Glancing Blow* Direct/Single Car Impact** Glancing Blow* Direct/Single Car Impact**
Track Number dcL (m)

1 130 0.03 #NUM! 0.03 #NUM!
2 0 102.20 #DIV/0! 102.20 #DIV/0!
3 0 102.20 #DIV/0! 102.20 #DIV/0!
4 0 102.20 #DIV/0! 102.20 #DIV/0!

102.20 #DIV/0! 102.20 #DIV/0!
102.20 #DIV/0! 102.20 #DIV/0!
102.20 #DIV/0! 102.20 #DIV/0!

Table 2.1
Track Number dcL (m)

1 130 0.00 #NUM! 0.00 #NUM!
2 0 7140.70 #DIV/0! 3493.63 #DIV/0!
3 0 7140.70 #DIV/0! 3493.63 #DIV/0!
4 0 7140.70 #DIV/0! 3493.63 #DIV/0!

7140.70 #DIV/0! 3493.63 #DIV/0!
7140.70 #DIV/0! 3493.63 #DIV/0!
7140.70 #DIV/0! 3493.63 #DIV/0!

Step 3: Calculating Length of Impact
EQ [6M, 11M]
Glancing Blow Single Car, Direct Impact Two cars in accordion (not used)

[6M] [11M]

Freight Passenger
Table 3.0 Glancing Blow Direct/Single Car Impact Glancing Blow Direct/Single Car Impact

Track Number dcL (m) Length of Action of Impact Force (m)
1 130 3.05 #NUM! 3.05 #NUM!
2 0 3.05 #DIV/0! 3.05 #DIV/0!
3 0 3.05 #DIV/0! 3.05 #DIV/0!
4 0 3.05 #DIV/0! 3.05 #DIV/0!

3.05 #DIV/0! 3.05 #DIV/0!
3.05 #DIV/0! 3.05 #DIV/0!
3.05 #DIV/0! 3.05 #DIV/0!

Step 4: Calculating Design Forces
EQ [6M, 11M]
Glancing Blow Single Car Impact

m = mass of derailed cars (kg) m = mass of derailed cars (kg)
vG= velocity of impact (step 2) vG= velocity of impact (step 2)

G = angle of impact (step 1) F = angle of impact (step 1)
dG = deformation of the consist in the direction of applied force dA = deformation of the consist in the direction of applied force
dG = 3.048sin( G) in m dA = .3048COS( F) in m

Freight Passenger
Table 4.0 Glancing Blow Direct/Single Car Impact Glancing Blow Direct/Single Car Impact

Track Number dcL (m)
1 130 0.01 #NUM! 0.01 #NUM!
2 0 143021.48 #DIV/0! 69974.14 #DIV/0!
3 0 143021.48 #DIV/0! 69974.14 #DIV/0!
4 0 71510.74 #DIV/0! 69974.14 #DIV/0!

71510.74 #DIV/0! 69974.14 #DIV/0!
71510.74 #DIV/0! 69974.14 #DIV/0!
71510.74 #DIV/0! 69974.14 #DIV/0!

FII = Forces along the length of the wall
F Force for each load case
µ = coefficient of friction 0.45 for concrete or steel

Freight Passenger
Table 5.0 Glancing Blow Direct/Single Car Impact Glancing Blow Direct/Single Car Impact

Track Number dcL (m) Force Along the length of the wall (kN)
1 130 0.01 #NUM! 0.00 #NUM!
2 0 64359.67 #DIV/0! 31488.37 #DIV/0!
3 0 64359.67 #DIV/0! 31488.37 #DIV/0!
4 0 32179.83 #DIV/0! 31488.37 #DIV/0!

0 32179.83 #DIV/0! 31488.37 #DIV/0!
0 32179.83 #DIV/0! 31488.37 #DIV/0!
0 32179.83 #DIV/0! 31488.37 #DIV/0!

Step 6: Energy Absorbed by Crash Wall Freight Passenger
Glancing Blow Direct/Single Car Impact Glancing Blow Direct/Single Car Impact

Table 6.0
Track Number dcL (m) dG = 3.048sin( G) in m dA = .3048COS( F) in m dG = 3.048sin( G) in m dA = .3048COS( F) in m Note:

1 130 0.3042 #NUM! 0.3042 #NUM!
2 0 0.3048
3 0
4 0

0
0
0

Deformation Provided by passenger car manufacturer: 20 inches Equivalent to 3 MJ at each car end
0.508 meters for 3 MJ

5.905511811 MJ/m

Table 6.1
Track Number dcL (m) Notes:

1 130 1.7966 #NUM! 1.7966 #NUM!
2 0 1.8000
3 0
4 0

0
0 a more direct impact is involved (closer to 90 degree
0

Freight Passenger
Table 6.2 Glancing Blow Direct/Single Car Impact Glancing Blow Direct/Single Car Impact

Track Number dcL (m)
1 130 -1.80 #NUM! -1.80 #NUM!
2 0 3493.63 #DIV/0!
3 0 349363% #DIV/0!
4 0 349363% #DIV/0!

0 349363% #DIV/0!
0 349363% #DIV/0!
0 349363% #DIV/0!

Energy Absorbed by plastic deformation, crumple zones (MJ)

1. Due to lack of more detailed crash test data from
locomotive/car manufacturers, we assume that 0.5m of
deformation is equivalent to 3 MJ of energy absorption,
thus about 6 MJ/m of deformation.

3. The crumpling length is lower in the perpendicular
component to the wall as a side impact is less likely to
activate the full energy absorption potential of the
designed crumple zones.

Energy to be Abosrbed by the wall (MJ)

4. With indeterminency considered, the support
structures embeded in the wall design may have better
energy absorption characteristics by dissipating energy
through designed crumbling, elastic or inelastic
deformation or deflection.

Step 5: Force along the length of the
wall

Calculations beyond this point are not featured in the guidelines by AECOM/AREMA for crash wall designs.
The specification for the total amount of energy absorbed by the wall is useful to guide the engineering of the deflection wall.

Numerical value of dG and dA used in
Table 4.0 Deformation in the direction of applied force (m)

The length of plastic deformation in each directional
component as per the angle of attack is considered with
respect to the deformation data and absorption energy
provided by Bombardier for the passenger cars currently
in use (Bi-level IX coach). Bombardier stated that the
maximum crumple length at the end of a car is 0.5m, and
is designed to absorb 3 MJ of energy.

Assuming a linearly proportional plastic deformation behavior where the
energy absorbed is distributed evenly along the designed length of the crumple

zone:

Adjusted Velocity at Impact (m/s)

Maximum Energy Carried at Impact (MJ) prior to contact with wall

Design Forces (kN)

Freight Passenger

Angle of Impact (Radians)

Angle of Impact (degree equivalent)

Freight Passenger

Freight Passenger

Maximum Kinetic Energy (MJ) at track speed before derailment


