
Transport 2:

One-Time Truck Shipments

• Load density: freight capacity is determined by both the 

weight and cube of a load

• Trucking is the only transport mode that most shippers 

need to have detailed knowledge of

– Only trucks used for shipping/receiving at most facilities

• Trucks transport from facility to railhead, port, airport

– Other modes handled by specialized freight brokers
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Trucking
U.S. For-Hire Trucking Services
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Truck enclosed van semi-trailer (interior dimensions in parenthesis)
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Trucking Operations

TL routing alternatives

Logistics network used for LTL and PX
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LTL Terminal

T-shape best 

for 150-200 

doors
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One-Time vs Periodic Shipments

• One-Time Shipments (operational decision): know 

shipment size q

– Know when and how much to ship, need to determine if TL 

and/or LTL to be used

– Must contact carrier or have agreement to know charge

• Can/should estimate charge before contacting carrier

• Periodic Shipments (tactical decision): know demand 

rate f, must determine size q

– Need to determine how often and how much to ship

– Analytical transport charge formula allow “optimal” size 

(and shipment frequency) to be estimated

• U.S. Bureau of Labor Statistic's Producer Price Index (PPI) for TL 

and LTL used to estimate transport charges
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Transport Charges

• Spot price: current no-contract charge

• Contract price: negotiated multi-shipment charge

– Charge for each single origin and destination (lane)

– Charge for any origin/destination (OD) based discount off 

of tariff

• Estimated price: based on analytical formula

– Only used for planning purposes (e.g., prior to negotiation)

– Gives estimate of average charge across all OD pairs

• Mix of spot and contract

• Why are spot prices usually higher than contract? Are they always?

– Design constants used for missing data

– Can determine “optimal” shipment size/frequency 
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Logistics Engineering Design Constants

1. Circuity Factor: 1.2 ( g )
– 1.2 × GC distance ≈ actual road distance

2. Local vs. Intercity Transport:

– Local: < 50 mi  use actual road distances

– Intercity: > 50 mi  can estimate road distances

• 50-250 mi   return possible (11 HOS)

• > 250 mi  always one-way transport

• > 500-750 mi   intermodal rail possible

3. Inventory Carrying Cost ( h ) = funds + storage + obsolescence
– 16% average (no product information, per U.S. Total Logistics Costs)

• (16% ≈ 5% funds + 6% storage + 5% obsolescence)

– 5-10% low-value product (construction)

– 25-30% general durable manufactured goods

– 50+% computer/electronic equipment

– >> 100% perishable goods (produce)
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Logistics Engineering Design Constants

4.

5. TL Weight Capacity: 25 tons ( Kwt )

– (40 ton max per regulation) –

(15 ton tare for tractor-trailer)

= 25 ton max payload

– Weight capacity = 100% of physical capacity

6. TL Cube Capacity: 2,750 ft3 ( Kcu )

– Trailer physical capacity = 3,332 ft3

– Effective capacity = 

3,332 × 0.80 ≈ 2,750 ft3

– Cube capacity = 80% of 

physical capacity

≈≫
3

3 $2,620 Shanghai-LA/LB shipping cost

2,400

Value
1:

Transport Cost ft 40’ ISO container capa
$1 ft

city
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Logistics Engineering Design Constants

7. TL Revenue per Loaded Truck-Mile: $2/mi in 2004 ( r )

– TL revenue for the carrier is your TL cost as a shipper

=
−

≈
−

15%, average deadhead travel

$1.60, cost per mile in 2004

$1.60
$1.88, cost per loaded-mile

1 0.15

6.35%, average operating margin for trucking

$1.88
$2.00, revenue per loaded-mile

1 0.0635
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TL Cost per Mile in 2004

133

• Bottom-up estimate of TL cost per mile in 2004:



Truck Shipment Example

• Product shipped in cartons from 

Raleigh, NC (27606) to Gainesville, 

FL (32606)

• Each identical carton weighs 40 lb

and occupies 9 ft3 (its cube)

– Don’t know linear dimensions of 

each unit for TL and LTL

• Cartons can be stacked on top of 

each other in a trailer

• Additional info/data is presented 

only when it is needed to 

determine answer
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Truck Shipment Example: One-Time

1. Assuming that the product is to be shipped P2P TL, what is 

the maximum payload for each trailer used for the 

shipment?

{ }

max

3

3

3

max
max

max max max

25 ton

2750 ft

40 lb/unit
4.4444 lb/ft

9 ft /unit

2000

2000

min , min ,
2000

4.4444(2750)
min 25, 6.1111 ton

2000

wt
wt

cu

cu
cucu

cu

cuwt cu
wt

q K

K

s

q sK
K q

s

sK
q q q K

= =

=

= =

=  =
 
 
 

 
= =  

 

 
= = 

  135



Truck Shipment Example: One-Time

2. On Jan 10, 2018, 300 cartons of the product were shipped. 

How many truckloads were required for this shipment?

3. Before contacting the carrier to negotiate (and using Jan 

2018 PPI), what would have been the estimated TL transport 

charge for this shipment?

max

40 6
300 6 ton, 1 truckload

2000 6.1111

q
q

q

   
= = = =     

Jan 2018

20042004

max

532 mi

$2.00 / mi
102.7

131.0
$2.00 / mi $2.5511/ mi

102.7

6
(2.5511)(532) $1,357.20

6.1111

TL TL
TL

TL

TL TL

d

PPI PPI
r r

PPI

q
c r d

q

=

= × = ×

= × =

   
= = =     
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Truck Shipment Example: One-Time
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https://data.bls.gov/multi-screen?survey=pc



Truck Shipment Example: One-Time

4. Using the Jan 2018 PPI LTL rate estimate, what was the 

transport charge to ship 15 cartons LTL?

( )

( )

2

1 15
27 29

2

1 15
27 29

40
15 0.3 ton

2000

14
8

7
2 14

2

4.44
14

8
177.4 $3.7770 / ton-mi

7
4.44 2(4.44) 140.3 532

2

3.7770(0.3)(532) $602.81

LTL LTL

LTL LTL

q

s

r PPI

s sq d

c r q d

= =

 
+ 

 =
  

+ +−  
  

 
+ 

 = =
  

+ +−  
  

= = =
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Truck Shipment Example: One-Time
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LTL Rate Estimation Formula

140

• Top-down regression using representation LTL tariff rates:

wi = weighting factors represent relative likelihood 

of shipment weights, densities, and distances

Residuals of Initial Model (Step 1)

Residuals of Full Model (Step 3)



Truck Shipment Example: One-Time

5. What would the shipment size have to be so that the TL and 

LTL charges are equal?

( )

( )

max

2

1 15
27 29

( )

14
8

( )
7

2 14
2

( ) ( )

arg min ( ) ( )

0.7960 ton

TL TL

LTL LTL

LTL LTL

I TL LTL
q

q
c q r d

q

s

r q PPI

s sq d

c q r q qd

q c q c q

 
=  
 

 
+ 

 =
  

+ +−  
  

=

= −

=
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Truck Shipment Example: One-Time

6. What are the TL and LTL minimum charges?

• Why do these charges not depend on size of the shipment?

• Why does only the LTL minimum charge depend of the 

distance of the shipment?

28

19

28

19

45 $57.40
2

45
104.2 1625

177.4 532
45 $87.51

104.2 1625

0.0342 2000 68.43 lb

TL
TL

LTL
LTL

I

r
MC

PPI d
MC

q

 
= = 
 

 
  

= +  
  

 
  

= + =  
  

= × =
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Shipment Size (ton)

0

20

40

60

80

100

120

140

160

Indifference Point between MC and LTL

c
LTL
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Truck Shipment Example: One-Time

• Independent Transport Charge ($):

{ } { }{ }0 ( ) min max ( ), ,max ( ),TL TL LTL LTLc q c q MC c q MC=

143

0 1 2 3 4 5 6 7

Shipment Size (ton)

0

500

1000

1500

2000

2500

Independent shipment charge: Class 200 from 27606 to 32606



Truck Shipment Example: One-Time

7. What is the most likely freight class for this LTL shipment?

• Load density is the main 

factor in determining the

class:

3

3

40 lb/unit
4.

0

4444 lb/ft
9 ft

2

/unit

 Class 0

= =



s

Class-Density Relationship
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Truck Shipment Example: One-Time

• The National Motor Freight Classification (NMFC) can be used 

to determine the product class

• Based on:

1. Load density

2. Special handling

3. Stowability

4. Liability
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Truck Shipment Example: One-Time

Tariff (in $/cwt) from Raleigh, NC (27606) to Gainesville, FL (32606) 
(532 mi, CzarLite DEMOCZ02 04-01-2000, minimum charge = $95.23)

$

• CzarLite tariff table for O-D pair 27606-32606 

100 1
hundredweight 100 lb ton

2000 20
cwt = = = =
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Truck Shipment Example: One-Time

8. Using the same LTL shipment, what is the transport cost 

found using the undiscounted CzarLite tariff?

0.3, 200

0, 95.23

q class

disc MC

= =

= =

{ }

{ }

{ }

1

2 21

2

arg

arg

arg 0.3 0.5 20.25

B BB
i ii

B BB

B

i q q qq

q q qq

q

−= ≤ <

= ≤ <

= ≤ < =

( ) { }{ }

( ) { }{ }

{ }{ }

{ }{ }

tariff 1 max ,min ( , ) 20 , ( , 1) 20

1 0 max 95.23, min (200, 2) 20(0.3), (200,3) 20(0.5)

max 95.23, min (127.69) 20(0.3), (99.92)20(0.5)

max 95.23, min 766.14, 999.20 $766.14

B
ic disc MC OD class i q OD class i q

OD OD

= − +

= −

=

= = 147



Truck Shipment Example: One-Time

• What is the weight break between the rate breaks at 0.25 

and 0.5 tons?

0.25 0.5 1 2.5 5

ton

638

999

1638

3224

4719

$

TC
tariff

w/o Break

TC
tariff

( , 1)

( , )

99.92
(0.5)

127.69

0.3913 ton

W B
i i

OD class i
q q

OD class i

+
=

=

=
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Truck Shipment Example: One-Time

• Additional information needed for online one-time (spot) LTL 

rate quotes using Coyote.com website

– Shipment weight in pounds:

– Carton dimensions:

– Stack cartons on pallet to make it easier to transload:

(Why was this not as necessary for TL?) 

149

3 3 3 3 39 ft 9 12 in 15,552 in  i24 24 2 n7cu l w d= = ×  × × = × ×=

15
48 in. 48 in. pallet 8 carton/pallet 2 pallets

8

height 2 27 5 59 in.

(5 in. height of unloaded pallet)

 
×   =  

 = × + =

2000 2000 (0.3) 600 lbLTLq = =



Misc.
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Misc.
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Misc.
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Misc.
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