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Abstract:  This collection of algorithms calculates the number of vehicle assets required to transport cargo (supply classes I through IX) from the supplier to the requesting organization.  These algorithms calculate the daily quantity of vehicles, by LIN, based on road conditions in the area of operations.  Requirements are based on the cargo capacity (weight and cube) of the transporting LIN. 
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VARIABLES
Inputs:  The following inputs are required to implement these algorithms.  These inputs are normally obtained from the movement program based on requirements forecast for a specific planning period.  The requirements are also based on the profile for the theater of operations. 

srci —  Type Unit

The standard requirement code (SRC) for a unique type of unit.

Example:  src1 = aaaaaFbbb (Tank Battalion).
TF = {src1, src2, ..., srcn}  —  Units in the Task Force
The unique name of a specific task force organization, where srci is the SRC of an individual unit in the task force.

Example:  TF Louie = {one src1 = aaaaaFbbb [Tank Battalion], two src2 =
cccccFbbb [Infantry Battalion], and one src3 = dddddFzzz [HHC Infantry Brigade}}

OPHRS(Shift) – Operational Hours per Shift
The number of hours per day in which vehicles and drivers are normally employed.

Example:  OPHRS (Shift) = 10
OPDAY —  Operational Day

The number of hours per day in which vehicles and drivers are normally employed in shifts.

Example:  OPDAY = 20

RATE(Type)  —  Rate of March
The average number of miles/kilometers that can be traveled in an hour by a vehicle (includes all halts) based on the road and weather conditions.

Example: RATEKMIH = 32 kilometers in the hour (good roads)

WEIGHTSpt(Class) — Weight of Supply Class Required by Supported Organization

The weight in pounds/tons of a class of supply required by a supported unit (srci, TF, DSUi).

Example: WEIGHTDSU1 (Class I) = 4.095 tons/day.

CUBESpt(Class) — Volume of Supply Class Required by Supported Organization

The volume in ft3 of a class of supply required by a supported unit (srci, TF, DSUi).

Example: CUBEDSU1 (Class I) = 725.332 ft3/day.

WTCAP(LIN)  — Cargo Weight Capacity of a Vehicle

The cargo capacity of a vehicle LIN in pounds/tons.

Example:  WTCAP (S70027) = 22.5 tons or 45,000 pounds (FM 55-15).

CUBECAP(LIN)  — Cargo Volume Capacity of a Vehicle

The cargo capacity of a vehicle LIN in ft3.

Example:  CUBECAP(S70027) = 847.1 ft3 (top of side rack) (FM 55-15).
AVAIL(LIN) — Availability of a Vehicle

The average availability of a task vehicle LIN for daily mission support.  For tractor-trailer combinations, it is the availability of the tractor.

Example:  AVAIL(T61239) = 0.847  (FM 55-15).

DIST(Sup-Spt) — Distance Traveled

The total distance to be traveled in order to transport cargo from supplier to supported organization Sup-Spt.
Example:  DIST(GSU1-DSU1) = 200 KM.

DELAYVEH(Type) — Delay of Vehicle

The time taken away from the physical forward movement of cargo by a vehicle VEH .  Delay times Type include load and unload (L&U), segment delays (SEG), halts (Halt), and other delays.

Example:  DELAYTruck(L&U) = 2.5 Hrs. 

VEH — Type of Cargo Vehicle

The type of vehicle that will carry cargo between two points.  Vehicle type is truck, semi-trailer, container carrier, relay semi-trailer, and/or PLS.

Outputs:  This collection of algorithms calculates the quantities listed below.  

DISTseg (VEH):  The distance that can be traveled by a cargo carrying vehicle in each segment seg of the road between the supporting and supported organization.  The length of the segment is governed by the operational hours per shift and the rate of march.

SEGN:  The number of segments to be traveled on the road between the supporting and supported organizations.  If  there is only one segment per operational shift, the operation is considered to be local haul.  If more than one segment, it is considered to be line haul.  

T-T:  The total time (turnaround time) consumed in a round trip movement (including all delays).

QTYREQLIN (WT):  The number of vehicles LIN required to transport the cargo based on weight.

QTYREQLIN (CUBE):  The number of vehicles LIN required to transport the cargo based on volume (cube).

FREQLIN (WT):  The number of days between trips to ensure that a vehicle has a full load based on weight.

FREQLIN (CUBE):  The number of days between trips to ensure that a vehicle has a full load based on volume.

ALGORITHMS  
The examples for each motor transport algorithm is based on the following scenario:

The theater is northeast Asia (NEA), the intensity is light, and the posture is attack.

Task Force Louie is composed of one tank battalion, two infantry battalions, and one HHC infantry brigade.  TF Louie is supported by a division support unit (DSU1) and by a general support unit (GSU1).  The DSU and GSU are responsible for providing supply classes I (Subsistence – 3 MREs), II, IIIP, IV (Barrier), VI, and VII.  Class VII consists of cargo requiring standard transportation and cargo requiring HET support.  Transportation is provided by a Corps Transportation Company and a HET Company.

The sample input data for the examples below are provided in Figure 3.1.1-1, and Tables 3.1.1-1, 3.1.1-2, 3.1.1-3, and 3.1.1-4.

Figure 3.1.1-1  Input Data – Example of Distances


Table 3.1.1-1  Input Data – Weight and Volume by Class of Supply

	Class
	WEIGHTTFLouie (Tons)
	CUBETFLouie (Ft3)

	I (Subsistence)
	4.095
	725.332

	II
	1.746
	339.591

	IIIP
	0.064
	6.894

	IV (Barrier)
	4.960
	537.615

	VI
	0.873
	143.232

	VII (Standard)
	0.002
	0.359

	VII (HET)
	0.060
	17.285


NOTE:  All the above values were obtained from the supply standards/algorithms documented in ASTARS.

Table 3.1.1-2   Input Data – Sample of Supporting Transportation 
	Equipment
	Cargo Vehicle
	         HET

	
	Tractor
	Semi
	Tractor
	Semi

	LIN
	T61239
	S70027
	T59048
	S70859

	Model
	 M931
	 M871
	M1070
	M1000

	AVAIL
	84.7%*
	
	 90%**
	

	WTCAP (Tons)
	
	22 1/2
	
	    70

	CUBECAP (Ft3)
	
	 847.1
	
	 1343.0


* FM 55-15                                ** Assumed to be 90%

NOTE:  The values in the tables below are default values – Unless otherwise specified by the OPLAN, use these values.
Table 3.1.1-3   Input Data - General

	Variable
	Hours
	Good Roads
	Bad Roads
	REF

	OPHRS(Shift)
	10
	
	
	FM 55-15

	OPDAY
	20
	
	
	FM 55-15

	RATE(MIH)
	
	20
	10
	FM 55-15

	RATE(KMIH)
	
	32
	16
	FM 55-15


Table 3.1.1-4  Input Data – Delay Times (In Hours)

	Variable
	Trucks1
	Semi-

Trailer1
(Semi)
	Container

Carrier1
(CC)
	Relay

Semi-

Trailer2
(Relay)
	PLS1
	REF

	DELAY (L&U)  
	2.5
	2.5
	1.5
	
	0.5
	FM 55-15

	DELAY (SEG)  
	
	
	
	1.0
	
	FM 55-15

	3DELAY (HALT)
	0.833
	0.833
	0.833
	0.833
	0.833
	FM 55-10


1 Load and unload time are per round trip, local haul.

2 Delay is per line-haul segment, round trip.

3 Delay time is based on the length of all halts in an operational shift.  Therefore, 10 minutes every 2 hours during a 10 hour shift results in a total halt time of 0.833 hrs. 

 Example: 
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Segment Distance:  This algorithm computes the length of each segment that a vehicle can travel based on rate of march and shift hours.
Algorithm 1




[image: image2.wmf](

)

(

)

Type

RATE

Type

DELAY

Shift

OPHRS

VEH

DIST

Type

VEH

seg

´

ú

ú

û

ù

ê

ê

ë

é

-

=

å

)

(

)

(

2

1


For example, the length of each segment that a vehicle can travel between the GSU1 and the DSU1 is 130.67 KM, calculated as follows:

Example of Algorithm 1
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Number of Segments:  This algorithm computes the number of segments that make up the total distance to be traveled.

Algorithm 2
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For example, the number of segments in the distance between the GSU and DSU is 2, calculated as follows:

Example of Algorithm 2
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Turnaround Time:  This algorithm calculates the total turnaround time consumed in a round trip movement to include all delays.

Algorithm 3

[image: image7.wmf](

)

(

)

(

)

SEGN

Type

DELAY

Type

RATE

Spt

Sup

DIST

T

T

Type

VEH

´

+

-

´

=

-

å

2


For example, the total turnaround time in this example is 16.17 hours, calculated as follows:

Example of Algorithm 3
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Number of Vehicles Required Based on Weight:  This algorithm calculates the total number of vehicles LIN required to transport the weight of the classes of supply required by the supported organization Spt

Algorithm 4
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For example 1, the total number of 22 ½ Ton Semi-Trailers (LIN=S70027) required to transport the weight of supply classes I (Subsistence), II, IIIP, IV (Barrier), VI, and VII (Standard) required by DSU1 is one (1) per day, calculated as follows:

Example 1 of Algorithm 4
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For example 2, the total number of HET Semi-Trailers (LIN=S70859) required to transport the weight of supply class VII (HET) required by DSU1 is one (1) per day, calculated as follows:

Example 2 of Algorithm 4
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Number of Vehicles Required Based on Volume:  This algorithm calculates the total number of vehicles LIN required to transport the volume (cube) of the classes of supply required by the supported organization Spt.

Algorithm 5
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For example 1, the total number of 22 ½ Ton Semi-Trailers (LIN=S70027) required to transport the volume of supply classes I-Subsistence, II, IIIP, IV-Barrier, VI, and VII required by DSU1 is two (2) per day, calculated as follows:

Example 1 of Algorithm 5
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For example 2, the total number of HET Semi-Trailers (LIN=S70859) required to transport the volume of supply class VII (HET) required by DSU1 is one (1) per day, calculated as follows:

Example 2 of Algorithm 5
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Frequency of Vehicle Requirements:  This algorithm calculates the number of days required between trips to ensure that a vehicle LIN  has a full load based on the weight of the supplies.

Algorithm 6
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For example, the number of days between trips by a HET Semi-Trailer (LIN=S70859) to transport a full load (based on weight) of supply class VII (HET) required by DSU1 is 2,500 days, calculated as follows:

Example of Algorithm 6
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Frequency of Vehicle Requirements:  This algorithm calculates the number of days required between trips to ensure that a vehicle LIN has a full load based on the volume of the supplies.

Algorithm 7


[image: image19.wmf](

)

(

)

CUBE

1

CUBE

LIN

LIN

QTYREQ

FREQ

=


For example, the number of days between trips by a HET Semi-Trailer (LIN=S70859) to transport a full load (based on volume) of supply class VII (HET) required by DSU1 is 159 days, calculated as follows:

Example of Algorithm 7
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Hardware/Software:  Most of this collection of algorithms has been implemented in the

DA Movements Management System-Redesign (DAMMS-R), a standalone computer application. 

Assumptions/Limitations:  These algorithms are strictly definitions of the equations required to automate the motor transport planning process.  These algorithms can be used in combat or logistics models and simulations to determine cargo transportation  requirements.  

Discussion:  These algorithms describe the equations used in the calculation of transportation requirements.  These equations have been in standard use throughout the Army for years.  The equations are valid if the underlying operational hours, delay times, march rates and vehicle availability are appropriate for the planned operations.

The number of vehicles should be determined from the weight or cube algorithms, based on which one requires the largest number of vehicles.  

References:

FM 55-10   Movement Control, 09 Feb 1999
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TB 55-45-1   Standard Characteristics for Transportability of 

                                 Military Vehicles and Other Outsize/Overweight Equipment, 

                                 1 Jan 2001

Models Incorporating the Algorithms:  These algorithms are currently implemented in the DAMMS-R program and will be implemented in the Transportation Coordinators Automated Information for Movement Systems II 

(TC AIMS II).

Data:  Unless otherwise noted, all data/rates are available from the referenced Field Manuals and USA CASCOM (DCD-TC).

NOTE:  TOE (SRC) numbers have been coded due to web site security. Authorized users can obtain the actual TOE numbers by emailing, Logistics Standards Coordinator, LOGSTDS@lee.army.mil
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