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INTRODUCTION

This guideis furnished as an aid to final stage manufacturers in determining conformity
to the applicable Emission Control and Federal Motor Vehicle Safety Standards. Final
stage manufacturers should maintain current knowledge of all Emission Regulations
and Federal Motor Vehicle Safety Standards and be aware oftheir specificresponsibility
in regards to each standard.

Any manufacturer making material alterations to this incomplete vehicle during the pro-
cess of manufacturing the completed vehicle should be constantly alert to all effects, di-
rect or indirect, on other components, assemblies or systems caused by such alter-
ations. No alterations should be made to the incomplete vehicle which either directly or
indirectly results inany component, assembly or system being in nonconformance with
applicable Emission Regulations or Federal Motor Vehicle Safety Standards.

GM/AmericanlIsuzuMotors, Inc. willhonoritswarranty commitment (forthe cab-chassis
only),tothe ultimate consumer, provided: (1) thefinal stage manufacturerhasnotmade
any alterationsormodificationswhichdonotconformtoanyapplicablelaws, regulations
or standards, or adversely affectthe operation ofthe cab-chassis; and (2) the final stage
manufacturer complied with the instructions contained in this guide with respect to the
completionofthevehicle. Otherwise, thewarrantybecomestheresponsibilityofthefinal
stage manufacturer.
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The final stage manufactureris solely responsible for the final certification of the vehicle
and for compliance with Emission Control and Motor Vehicle Safety standards. The in-
formation contained in this guide is furnished for the final stage manufacturer’s informa-
tion and guidance.

This guide contains information pertaining to the GM/Isuzu built W3500 Gas, W3500
Diesel, W4500 Gas, W4500 Diesel, W5500 Diesel.

NOTE: Allinformation and specifications contained in this book are based on the latest
information available at the time of the publication. The manufacturer reserves
the right to discontinue or change, at any time, without prior notice, specifica-

tions, options, materials, equipment, design and models.
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The following is a list of Federal Motor Vehicle Safety Standards applicable to those vehicles with a GVWR greater than 10,000 Ibs. Please refer to the following chart.

W3500
W4500

W3500

wasog | Wo900

FMVSS ‘ Title

‘ W5500 ‘ FMVSS ‘ Title

101 [Controls and Displays A+ A+ 118 |Power Operated Window System® A A
102 l;%n.f_gﬁ::g;;g;]ﬂ; Z\L?r:éssf?g;_nce Starter Interlock, A+ A+ 120 |Tire Selection and Rims A+ A+
103 | Windshield Defrosting and Defogging Systems A+ A+ 121 | Air Brake Systems B B
104 | Windshield Wiping and Washing Systems A+ A+ 124 | Accelerator Control Systems A+ A+
105 Hydraulic Brake Systems A+ A+ 205 | Glazing Materials A+ A+
106 |Brake Hoses A+ A+ 206 [Door Locks and Door Retention Components A+ A+
107 |Reflecting Surfaces A+ A+ 207 | Seating Systems A+ A+
108 Lamps, Reflective Devices, and Associated Equipment A+ A+ 208 | Occupant Crash Protection A+ A+
111 Rear View Mirrors A+ A+ 209 |Seat Belt Assemblies A+ A+
112 Headlamp Concealment Devices A A 210 [Seat Belt Assembly Anchorages A+ A+
113 Hood Latch System A A 211 | Wheel Nuts, Wheel Discs, and Hub Caps* A A
115 | Vehicle Identification Number A A 213 [Child Restraint Systems A A
116 Motor Vehicle Brake Fluids A+ A+ 302 |Flammability of Interior Materials A+ A+

This chart is only a guide. For complete information, please refer to “Document for Incomplete
Vehicle” provided with each chassis.
A = Incomplete vehicle; when completed will conform providing no alterations have been made affecting items covered by FMVSS regulations and “Document for Incomplete Vehicle.”

B = Incomplete vehicle; when completed by the final manufacturer will conform providing it is completed in compliance with FMVSS regulations and “Document for Incomplete Vehicle.”
+ = Meets Canadian Motor Vehicle Safety Standards bearing same FMVSS number.

— = Canadian MVSS only.

4 = Not applicable to truck or bus.

5 = Not applicable to trucks with a GVWR greater than 10,000 Ibs.

Compliance of this vehicle with EPA and California Certification Requirements will be maintained providing no alterations are made to the components or systems identified below:

Air Inlet System

Diesel Fuel Injections Controls

Engine Assembly with all Components of Exhaust Emission Control System
Exhaust System

Fuel System

Turbocharger and Associated Controls

NOTE: Above list is a guide. For further detailed information/clarification of the above
components or systems, please refer to the “Document of Incomplete Vehicle”
provided with each chassis.

IGI Rev. 12/98
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WEIGHT RESTRICTIONS

Regulations and Requirements

The Gross Vehicle Weight Rating (GVWR) and the Gross Axle Weight Rating (GAWR)
of each Incomplete Vehicle are specified on the cover of its Incomplete Vehicle Docu-
ment in conformance to the requirements of Part 568.4 of the Federal Motor Vehicle
Safety Regulations. The final stage manufacturer is responsible under Part 567.5 to
place the GVWR and the GAWR of each axle on the Final Vehicle Certification Label.
The regulation states that the appropriate rating “shall not be less than the sum of the
unloaded vehicle weight, rated cargo load, and 150 pounds times the vehicle’s desig-
nated seating capacity.”

Unloaded vehicle weight means the weight of a vehicle with maximum capacity of all
fluids necessary for operation of the vehicle, but without cargo or occupants.

During completion of this vehicle, GVWR and GAWR may be affected in various ways,
including but not limited to the following:

1. The installation of a body or equipment that exceeds the rated capacities of the In-
complete Vehicle.

2. The addition of designated seating positions which exceeds the rated capacities of
this Incomplete Vehicle.

3. Alterations or substitution of any components such as axles, springs, tires, wheels,
frame, steering and brake systems that may affect the rated capacities of this Incom-
plete Vehicle.

Use the following chartto assure compliance with the regulations. Chassis curb weight
and GVW rating is located on Page 2 in each vehicle section. Always verify the results
by weighing the completed vehicle on a certified scale.

Curb Weight of Chassis Ibs.

PLUS weight of added body
components, accessories or other
permanently attached components.  +

(From required vehicle section)

. ) (Body, liftgate, reefer, etc.)
PLUS total weight of passengers, air

conditioning and all load or cargo. +

(Driver, passengers,
accessories and load)

EQUALS Gross Vehicle Weight Ibs.
(GVW) of completed vehicle.. =

(Should equal GVWR from
required vehicle section)
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Gross Axle Weight Rating

The Gross Vehicle Weightisfurtherrestricted by the Gross Axle Weight Rating (GAWR).
The maximum GAWR for both front and rear axles is listed in each Vehicle Section.
Weight distribution calculations must be performed to ensure GAWR is not exceeded.
Always verify the results by weighing the completed vehicle on a certified scale.

NOTE: Although the Front Gross Axle Weight Rating (FGAWR) plus the Rear Gross
Axle Weight Rating (RGAWR) may exceed the Gross Vehicle Weight Rating
(GAWR), the total GVW may not exceed the respective maximum GVWR.

Thevariationinthe GAWR'’s allow the second stage manufacturer some flexibility in the
design of the weight distribution of the attached unit

Weighing the Vehicle

Front and rear GAWR'’s and total GVWR should be verified by weighing a completed
loaded vehicle. Weigh the front and rear of the vehicle separately and combine the
weightsforthe total GVWR. Allthree weights mustbe lessthantherespective maximum
shown in the vehicle sections.

Tire Inflation

Tire inflation must be compatible with GAWR and GVWR as specified onthe cover ofthe
Incomplete Vehicle Document for each vehicle.

Center of Gravity

The design of the truck body should be such that the center of gravity of the added load
does notexceedthe guidelines aslisted in each Vehicle Section. Ifthe body is mounted
insuch away thatthe center of gravity height exceeds the maximum height of the center
of gravity designated for each model, the directional stability at braking and roll stability
atcornering will be adversely affected. Avertical and/or horizontal center of gravity cal-
culation must be performed if a question in stability arises to ensure the designed maxi-
mum height of the center of gravity is not violated.
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INSTALLATION OF BODY AND SPECIAL EQUIPMENT

Clearance Around Engine, Driveline and Others

Engine

Atleast1.6in. clearance should be maintained around the engine. No obstacles should
be added in front of the radiator or intercooler.

ENGINE (Front View)
- Z

1.6 inches or more

1.6 inches or more

NN

Aty

Transmission

Thetransmissionisremovedfromtherear. Enough clearance mustbe providedto allow
rearward movementofthe transmission assembly. Clearance should be sufficientto al-
low 5to 6 inches unrestricted movement of the transmission assembly. Inaddition, pro-
vide atleast 2 inches clearance around the control lever on the side of the transmission
to allow free movement without any binding.

—
~o_~ L

TRANSMISSION

5 to 6 inches

ENGINE

Atleast 6 inches clearance should be maintained above the transmission to allow easy
removal ofthe upper coverformanualtransmissions. Atleast2inchesclearance should
be maintained above the automatic transmission to allow for transmission removal.

? 5.9 inches (150 mm) or more M/T
| 2.0 inches (58 mm) or more A/T

Front and Center Propeller shafts

At least 1.25 inch clearance should be maintained around front and center propeller
shafts.

1.25 in. or more

Front propeller shaft

1.25 in. or more

IGI Rev. 12/98
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Rear Propeller Shaft

With the rear springs at maximum deflection, atleast 1.25 inch clearance should be pro-
vided over the rear propeller shaft.

1.25 in. or more

Rear propeller shaft

Exhaust System Clearance

If flammable materials such as wood are used in the body, provide at least 3.9 inches
clearance betweenthe body and any parts ofthe exhaust pipe, mufflerand catalytic con-
verter. Ifitisimpossible to maintain this minimum clearance, use aheatshield. Alsouse
a heat shield if an oil pump or line is located above the exhaust pipe, muffler or catalytic
converter.

Tool box

\ /— Oil pump
C /_Heat shield

Rear Wheel and Axle Clearance

The design and installation of the body should allow sufficient clearance for full vertical
movement of the rear wheels and axle when the vehicle travels over rough or unlevel
surfaces.

Rear of body

Normal rear axle
center line

C

When all rear wheels
ride over a high spot

When rear wheels on one
side ride over an obstacie

Recommended clearance (Dimension E) is given in each model section. Oversize tire
requires correspondingly greater clearance.

Other Clearances

Transmission control cable may be brokeniifitis bent by or interferes with the body and
its fixtures. To preventthis, 1 inch minimum clearance should be provided. When cable
is detached for body mounting, be sure not to bend the cable.

Accessibility to the grease nipple on the rear spring bracket/shackle should be provided
so that serviceability with a grease gun is not hampered.
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g& o ! Minimum Clearance Location
U\ N en o
\Exhaust pipe \Mumer Parking Brake Cable 1.2 in. _
Fuel Hose 1.6 in. —
Shock Absorber ig :2 F/?;(rlr?eSiS(?ge
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Body Installation

To maintain the performance of the truck chassis, either a side member or subframe
should always be used for body mounting.

Body mounting with low rigidity will often adversely affect riding comfort.

Installation of Special Equipment on the Chassis

Wheninstalling special equipment on the chassis, extra consideration must be given to
the weight and construction of the equipment to assure proper distribution of the load.
Localization of the load should be prevented. All special equipment should be properly
secured into position. We recommend the use of subframe members when installing
special equipment.

Subframe Design and Mounting

The subframe assembly should be mounted as close to the cab as possible. It should
be contouredto matchthe shape and dimensions ofthe chassis frame as closely as pos-
sible.

N
)

2/

’

e = —— — — m — - ——— — — -

Rear end of the cab

Contouring of Subframe

Contouring of the front end of the subframe members as shown in the three illustrations
below will prevent stresses from being concentrated on certain areas of the chassis
frame.

®
" 45° H Drawing A B
>’ Steel subframe
® e _
a ® 0.2in. H
jf— ===l 2~H
0.2in. H or more
77777777777777777777777777777777777777 H H or more

When using a steel subframe, do not close the end of the subframe.

Steel subframe

Chassis frame

IGI Rev. 12/98
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Prohibited Attachment Areas

Do not attach the supreme with a bolt on bracket to the chassis frame at the points indi-
cated by shading in the following illustrations.

1. Atthe front end of the supreme. The attaching bolt or bracket must be at least 2 inch-
es behind the kick up point of the subframe.

2 in. or mo_reL

+ Kick up point of subframe

ufﬂ
\ Do not attach in this area

2. Within 8 inches of bends in the chassis frame or the attachment points of any cross
members.

g 8in.8in 8in.8in
h_—ﬂ_'r = ém m G .ﬂ:,/m\- A %' ]
o7 e ; | Y 1y T H

] 7 _

’ ||_§| o fl / :\\ /(F\ AN . -
il / jﬂf' W

28
341 -

33 29 6.1

Do not attach in these areas.

Subframe Mounting Bracket Installation

Mounting brackets should be clampedtothe chassis frame using bolts. For proper posi-
tionsinwhichtoinstallthe bolts, refertothe preceding section and the section “Modifica-
tions to the Chassis Frame.”
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Bolster

Subframe member Bracket [
o
FD: [ DN

-

sssj H

Cushioning material
B] Cushioning material
Chassis frame
Chassis frame

Subframe Mounting U-bolt Installation

When U-bolts are used to retain the subframe, reinforcement blocks must be installed
in the frame members. This will prevent distortion of the frame flange as they are tight-
ened. The drawing indicates the correct placement of reinforcement blocks. If you use
wood blocks, be sure that there is sufficient clearance between them and any parts of
the exhaust system.

If any fluid lines or electric cables are located near the reinforcement blocks, you must
provide atleast 0.4 inch clearance between rigid or stationary portions, and atleast 1.6
inch between moveable or flexible portions of the lines.

Subframe

Fluide line

Chassis frame

1.6 in. or more

Reinforcement block
(Reinforcement blocks should be mounted
securely in installed position)

Flexible portion

For the installation positions of the U-bolts, refer to “Prohibited Attachment Areas.”
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Modlfication of the Chassis Frame

Modifications ofthe chassis frame should be held to an absolute minimum. Modification
work should be performed according to the instructions in the following paragraphs.

When modification is complete, chassis frame members should be carefully inspected
to eliminate the possibility of any safety-related defects.

Working on Chassis Frame

The chassis frame is designed and built with consideration for proper load distribution.
Sufficient physical strength is provided when the load is evenly distributed. Installation
of special equipment on the chassis frame can cause variations in load distribution. If
even distribution of load is not keptin mind when the equipmentis installed, localization
of stresses on specific areas of the frame could cause cracking of the chassis frame
membersorother problems, evenifthe total weight of the equipmentis within the design
limit.

The chassis frame is designed as an integral unit. Therefore, we do not recommend
cutting the chassis frame under any circumstances.

Drilling and Welding

NOTE: VEHICLES EQUIPPED WITH ELECTRONIC OR HYDRA-MATIC
TRANSMISSIONS, Any electric arc welding performed upon the vehicle must
be done with the negative battery cable disconnected.

1. Donotdrillor weld in the shaded portions of the chassis frame members. Do not weld
within 0.8 inch from the edges of any existing holes.

2. Hold the length of any welding beads within 1.2-2.0 inch. Allow at least 1.6 inch be-
tween adjacent welding beads.

Dimensions: A -not more than 0.51 in. in diameter
B - must be more than 0.8 in.
C - must be more than 1.0 in.

All holes must be drilled. Do not use a torch to make any holes.
All riveting must be done with cold rivets. Do not use hot rivets.
The flange of the chassis frame must not be cut under any circumstances.

o o M~ w

The subframe must be attached to the chassis frame with bolts. Do not weld.

Reinforcement of Chassis Frame

Reinforcements must be installed to prevent the considerable variation in the section
modulus. They must be welded so as to avoid localized stresses.

The frame of the W3500, W4500 and W5500 is made of SAPH440 mild steel.

IGI Rev. 12/98
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The drawing below illustrates correct and incorrect methods of frame reinforcement.

SATISFACTORY

Frame rail

Reinforcement

Plug weld or rivet

T"”’ | | Frame rail
|
e

|

| J

UNSATISFACTORY

,/J/
I
Reinforcement

Welding is prohibited

Welding

1. Keep reinforcement plates and chassis frame free from moisture and water.
2. Avoid cooling with water after welding.

3. Use a suitable means to protect pipes, wires, rubber parts, leaf springs, etc. against
heat and affect of sputtering.

4. Remove fuel tank assembly when welding portions near the fuel tank.
5. Remove coat of paint completely when welding painted areas.
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Fluid Lines

Do not disturb the layout of any brake lines or fuel lines unless absolutely necessary.
When modification is needed, follow the instructions below carefully to ensure safety.
Brake fluidlinesmustnotbe cutand splicedunderany circumstances. We donotrecom-
mend the cutting or splicing of any fuel lines, butifitis absolutely necessary, be sure that
the correct fitting and tools are used to form the joint, and then pressure test the joint.
Steel lines are metric sizes.

Preparation of Additional Lines

1. Where possible, use only genuine GM/Isuzu lines as supplied by authorized GM/Isu-
zu dealers.

2. Use the correct metric flaring and bending tools to form the lines.

3. Avoid repeated bending. Do not use heat for flaring and bending the lines. Before
and after forming the new lines, examine them carefully for scratches, distortion,
dents and the presence of any foreign matter.

Installation of Additional Lines

Install new lines away from adjacent parts and away from any sources of heat.
1. A minimum clearance of 0.4 inch must be maintained between lines. Where neces-
sary, clip the lines into position in order to maintain this minimum clearance.

2. Minimize any crossing between lines. If a crossing is unavoidable, use the following
procedure:

a. Atleast 0.4 inch clearance should be maintained between lines at the crossing
point.

b. If the 0.4 inch clearance cannot be maintained, or if the lines are subject to vibra-
tion, clip them securely.

3. Plan the bends and clipping points of the lines to minimize vibration and the resulting
fatigue.

4. Use rust-proofed clips and apply vinyl coating to the portions of the lines to be clipped.

5. Install new lines in positions where they are protected against water, dirt, grit, sand,
rocks and other foreign matter that can come from above or below, or can be flung
up by the wheels.
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Lines

Clip Vinyl
0.4 in. or more @

Clip

Electrical Wiring and Harnessing

Toincrease the reliability of the wiring, all frame harnesses are covered with corrugated
vinyl tubing. The following instructions apply to extending or modifying these harness.
See the Electrical Section for information on commonly used circuits in the W3500,
W4500 and W5500 sections.

Wiring

1.

Most wiring connections on GM/Isuzu vehicles are made with terminals. We recom-
mend the use of terminals when splicing cables and wires.

When splicing, use new wire of the same gauge, and do not make splices inside the
corrugated tubing.

When making connections to the end of the harness, make sure the connections are
electrically perfect. Use insulating tape as needed to prevent the entry of water,
which results in short circuits and/or corrosion.

When making new circuits, or modifying circuits already installed, make the cables
only just taut enough to remove any slack. Use clips or grommets where required
to protect cables from heat or sharp edges. When cables must run near the exhaust
system, see the instructions in the “Exhaust System” section.

Always use rustproof clips, and apply vinyl coating to that portion of the clips in direct
contact with the harnesses. No scotch clips or connectors.

To minimize the vibration of the harness, clipping points should be set up according
to the table.

Clip Distance \
less than 11.8 in.

Harness Diameter |
less than 0.2 in.

0.2in.~0.4in. approx. 15.7 in.

0.4in.~0.81in. approx. 19.7 in.

7. When changing the length of the battery cable, do not cut or splice the existing cable.

Make up a new cable of the correct length and wire gauge for the load and distance,
without splices.

. When using connectors, use a socket (female) connector on the electrical source

side and a plug (male) connector on the electrical load side to lower the possibility
of a short circuit when disconnected.

. When connecting cables to moving or vibrating parts such as the engine or transmis-

sion, be sure to maintain sufficient slack in the wiring to absorb the vibration. Follow
the example of existing cables connected by GM/Isuzu. Keep flexible cables clear
of other parts.

10.Do not use vinyl tape in the engine compartment. The heat will ten to make it peel

off. Use plated steel clips coated with rubber or vinyl.

IGI Rev. 12/98
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Vinyl tube
/ / Direct contact*
M
{ | .

] € 3

SATISFACTORY UNSATISFACTORY

Rubber grommet

Electric wire

Steel piate
SATISFACTORY UNSATISFACTORY

* Cables should not be in contact with sharp edges or pierced holes.

Gp—— (T
Harness
b/ Hamess*
The harness receives
the adverse affect of
dirt, grit, or water

SATISFACTORY UNSATISFACTORY
* Harnesses should not be installed on inside lower face of the chassis frame.

* Harnesses should not be taped to fuel lines or other lines. A sufficient clearance should be maintained between
harness and pipe lines. Line Taping*

When parallel: 0.4 in. or more /\
When across: 0.8 in. or more
[ | [ I
v

I
o

0]

SATISFACTORY Harness UNSATISFACTORY

IGI Rev. 12/98
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Wire Color Code

The electrical circuits of GM/Isuzu vehicles NPR, NPR GAS and FRR are con-

nected with low-voltage stranded wire for automotive applications. The color

coding standards are as follows for W3500, W4500 and W5500:

ac tarter circuits and grounds
(1) Black B S ircui d d
ite enerator (alternator) circuit
(2) Whi W G (al ) circui
e ighting circuit
(3) Red R Lighti ircui
(4) Green G Signal circuit
(5) Yellow Y Instrument circuit
rown r Accessory circuit
(6) B Br A ircui
ight Green g Other circuit
(7) LightG Lg Other circui
(8) Blue L  Windshield wiper motor circuit

Maximum Current Allowable in Low Voltage Wiring

Exhaust System

Modification of the exhaust system should be avoided. If modifications are absolutely
necessary, the following points should be maintained.

1. Maintain the clearance specified in the “Exhaust System” table between all parts of
the exhaust system and any fuel lines, brake lines, brake hoses, electrical cables, etc.
The exhaust outlet should not point toward any of these parts.

| Clearance

2.4 in. or more. (If the combined section of a
group of parallel brake lines is more than 7.8 in., a
clearance of 7 in. or more should be provided.)

Brake Lines

3.9in. or more. (The temperature of flexible
brake hoses should not exceed 158° F. If the
highest temperature is not measurable, a clear-
ance of more than 15.7 in. should be maintained
between the hoses and the exhaust system.

Flexible Brake Hoses

3.9 in. or more.
3.1 in. or more.
5.9 in. or more.

Wiring Harnesses and Cables
Steel Fuel Lines
Rubber or Vinyl Fuel Hoses

Harn_e SS No. of Wires/ Cross Maximum
Dl?srsr:gtner quﬁY/\;IGent Wire Diameter Sectional Aél:%\/r\/rzalte
(mm) (mm) Area (mm 2) (Amps)
100 00 217/0.80 109.1 363
85 0 169/0.80 84.96 305
60 1 127/0.80 63.84 248
50 1 108/0.80 54.29 223
40 1 85/0.80 42.73 191
30 2 70/0.80 35.19 171
20 4 41/0.80 20.61 123
15 6 84/0.45 13.36 93
8 8 50/0.45 7.952 68
5 8 65/0.32 5.228 51
3 12 41/0.32 3.297 39
2 14 26/0.32 2.091 29
1.25 16 16/0.32 1.287 21
0.85 18 11/0.32 0.8846 17
0.5 20 7/0.32 0.5629 13

Reference : The values given in the “Maximum Allowable Current” column are based
on the ambient temperature condition of 104° F with temperature increase of 104° F.

2. Ifatool box s installed, it should preferably be made from steel. If a wooden tool box
isinstalled, at least 7.8 inches clearance should maintained between the tool box and
any parts of the exhaust system.

3. Ifthe exhaust system is modified, it is the responsibility of those making the modifica-
tion to ensure that the noise level meets appropriate standards.

Fuel System

Relocation of the fuel tank, or installation of additional fuel tanks is not recommended.
If modifications to the fuel system are unavoidable, follow these recommendations:

1. Maintain adequate clearance between the fuel tank and any other device or
structure.

2. Do not connect an additional fuel hose.

Rear Comb. Lamp/License Plate Lamp Mounting Bracket

Bracketsinstalled aretemporary. Please donotusethese bracketsforbodyinstallation.

IGI Rev. 12/98
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Serviceability

No matter what other modifications or changes are made, accessto componentsrequir-
ing daily preventive maintenance or other routine service must not be obstructed. This
includes:

Inspection, filling and draining of engine oil and cooling water.

Inspection, filling and draining of transmission fluid.

Adjustment, removal and installation of the fan belts.

Inspection, filling and removal of the battery and battery cover.

Inspection and filling of brake fluid.

Inspection and bleeding of the brake system and servo unit.

Maintenance of clearance for tightening of check bolt on brake safety cylinder.

© N o g s~ w NP

Operation of the spare tire carrier, including mounting and dismounting of the spare
tire.

9. Adjustment, removal and installation of distributor and/or cover.

Wheelbase Alteration

With certain applications, it may become necessary to alter the wheelbase of the chas-
sis. The next two sections provide the suggested guidelines for accomplishing either
shortening or lengthening of the wheelbase.

Shortening/Lengthening the Wheelbase without Altering

the Frame

Since the frame is an integral part of the chassis, it is recommended that the frame not
be cutifitis possible to avoid it. When shortening/lengthening the wheelbase on some
models, itispossible to do so without cutting the frame. Thisis possible on models which
have a straight frame rail. If the chassis does not have a straight frame rail, it may still
benecessarytocuttheframe. Forinstructionsonshortening/lengtheningthesechassis,
refer to the ALTERING THE WHEELBASE BY ALTERING THE FRAME section of this
book. Otherwise, the wheelbase may be shortened/lengthened by removing the rear
suspension, drillingnew suspension mounting holes atthe appropriate spotintheframe,
and sliding the rear suspension, suspension liner, and suspension crossmembers for-
ward or aft. The suspensionand suspensioncrossmembers’rivetholes leftinthe frame
rail flange must be filled with GRADE 8 bolts and hardened steel washers at both the
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bolt head and nut, HUC bolts or GRADE 8 flanged bolts and hardened steel washers at
the nut. When shortening/lengthening the wheelbase in this manner, the following
guidelines must be adhered to:

1. All frame drilling must comply with the DRILLING AND WELDING section of this
book.

All rivet holes left in the frame rail flange from the suspension and suspension cross-
members must be either filled with GRADE 8 bolts and hardened steel washers at
both the bolt head and nut, HUC bolts or GRADE 8 flanged bolts and hardened steel
washers at the nut.

N

w

The components required to be slid forward or aft are the suspension and suspension
hangers, suspension crossmembers and suspension frame liner.

Altering the Wheelbase by Altering the Frame

Evenonastraightframerail, itmay be desirable to cutthe frame and lengthen or shorten
the wheelbase rather than simply sliding the rear suspension back or forward. The fol-
lowing section offers some guidelines and suggestions for cutting and lengthening or
shortening the frame.

Glossary of Terms—Chassis Wheelbase Alteration

CA - Length from back-of-cab to rear axle center line in inches.

AL — Added length (in case of a lengthened wheelbase.) Difference between WB
(new) and WB (old).

SL - Shortened length (in case of shortened wheelbase). Difference between WB
(old) and WB (new).

1. Determine the added length (AL) or shortened length (SL) required to lengthen or
shorten chassis. (For added wheelbase: New CA = CA + AL, For shortened wheel-
base: New CA=CA-SL)

2. Obtain the material to be used as the insert for the lengthened wheelbase in the cor-
rectlength (AL). The insert must have the same cross sectional dimensions and yield
strength as the original frame rail.

w

Divide the new CA by two (2). Measure (new CA)/2 from the center of the rear axle
forward and mark this point on the chassis frame.
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@ ! Y Cut Point

) @

—1/2 New CA

4. Cutthe chassis frame at this point. If the wheelbase is to be lengthened, addition of
the previously obtained insert (of length AL determined in step 1) will be made at this
time. If the wheelbase is to be shortened, measure the distance (SL) forward of this
cut and remove a length (SL) section from the chassis frame. Insure that an ade-
guate area on the frame remains for the required addition of the necessary reinforce-
ments. These are the only suggested places for cutting the frame and reinforce-
ments but may be changed upon the advice of GM/Isuzu Application Engineering.

Section to be Added

: J @ | //Cut Point

AL Nng CA

Lengthening the Wheelbase

Second Cut Point

= Section to be Removed
ﬁ] , // First Cut Point
/
@@

SL NQW QA
2

Shortening the Wheelbase

5. When welding the insert (length AL for wheelbase lengthening) to the original frame
rail, a continuous butt weld must be used at the splices. When shortening the wheel-
base, weld the ends of the chassis frame together with a continuous butt weld over
the junction of the frame ends. Weld both the inside and outside of the frame rails
using welding techniques prescribed by established welding standards (ref. SAE
J1147) and in accordance with this guide. An example of this weld is shown below.

" 74.0In. or more
BUTTWELD 100 % -Weld can be inside or outside

of member or, as shown, a combination of both _\

K 7
8 ,1.0 in. or more

6. Determine the appropriate additional internal reinforcements which are required us-
ing this equation:

Reinforcement Length = AL + 6 x (original frame rail web depth).

The figure below shows how this reinforcement is to be placed over the extended or
shortened section of the frame rail.

W ol N
AY ¢ N AN
3xD | AL__|  3xD . 3xD _;  3xD
6xD+AL §xD
Lengthened Wheelbase Shortened Wheelbase

D = Original frame rail web depth

The suggested cross section of this reinforcementis a snug fitinner channel. Ifthe new
wheelbase exceedsthe upper limit of the optional wheelbases of this model, i.e.; a“long
bridge”, itmay be necessary to use an “inverted L” reinforcement in addition to the snug
fitchannelreinforcement(seefiguresbelow). GM/IsuzuApplication Engineeringshould
be consulted for approval of such cases. It should be noted that these methods of rein-
forcements, and any other methods which may be used, require a45° angled cut at both
ends to avoid stress concentrations in the frame (note the figures under item 7).

IGI Rev. 12/98
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The maximum propeller shaft lengths (pin to pin) for the respective models are
(] l N (e shown in the following table.
OR _ :
Propeller Shaft Diameter (in.) 3.25 3.0 3.0
\ Mammur_n Propeller Shaft 50.8 50.8 508
Length (in.)
== I t% b. Propeller Shaft Angles
Snug fit inner channel Snug fit inner channel with “Inverted L" for "Long Bridge"” wheelbases The maximum propeller shaft angles1 with respect to the previous Shaft1 are
shown in the following table.

7. The reinforcements must be fastened securely to only the web of the original chassis
frame rail. The reinforcement must be held rigidly in place using either HUC bolts,
GRADE 8 bolts and hardened steel washers at both the bolt head and nut, or GRADE
8 flanged bolts and hardened steel washers at the nut. Below are some suggested

_ _ Maximum Propeller Shaft o o 0
bolt patterns. It should be noted that these bolt patterns must not align the bolts verti- Angle 5.7 5.1 5.7

cally, i.e.: the bolt pattern must be staggered.

c. The propeller shaft angles must be designed such that the angles will cancel to
avoid propeller shaft whip.

W o ° o ) W
N o o oo o ° d. The propeller shaft yokes must be assembled such that the propeller shaft yokes
are “in phase.” In phase means that the yokes at either end of a given propeller

10. Extending the frame will also require relocation and/or addition of crossmembers.
If the extension is within the limits of the optional wheelbases of the respective model,
the exact cross member locations and dimensions are given in the respective model

shaft assembly are in the same plane.
. Lengthening the frame will also require extending the brake lines and electrical har-
ness. Itis recommended that the original brake lines be removed and replaced with
brake lines of the same diameter as the original lines and of the appropriate length.
The electrical harness must be extended in accordance with the Electrical Wiring
and Harnessing requirements.

. The propeller shafts’ overall length will also need to be lengthened or shortened. If
the extension is within the limits of the optional wheelbases of the respective model,
the exact propeller shaft lengths and angles are given within each section of this
book. If the modified wheelbase exceeds the optional wheelbases of the respective
model, the following guidelines must be adhered to:

a. Propeller Shaft Length

IGI Rev. 12/98

sections of this book. If the modified wheelbase exceeds the optional wheelbases
of the respective model, the following guidelines must be adhered to:

a. The cross member location will largely be determined by the propeller shaft
lengths and where the center carrier bearing locations are for the propeller shaft
assembly.

b. A cross member must be located at the front and rear spring hangers of the rear
suspension (refer to the appropriate section of this book to see where these sus-
pension cross members are to be located).

c. The cross member must be constructed such that it supports both the upper and
lower flange on each frame rail. A cross member such as the one below may be
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constructed, or GM/Isuzu cross members may be obtained from your GM/Isuzu
parts dealer.

Frame rails

d. The maximum distance between crossmembers for the respective models is giv-
en in the following table.

Maximum Dlstanqe Between 35.7 35 7 35 7
Cross Members (in.)

e. The drilling for any additional holes in the frame rails must comply to the Drilling
and Welding section.

11. All other aspects of lengthening or shortening the wheelbase must comply with the

applicable section of this Body Builders Book. For special applications and longer

than recommended body lengths, GM/Isuzu Application Engineering must be con-
sulted for approval. In the West Coast call 1-310-699-0500 extension 2385 and in

the East Coast call 1-770-475-9195 extension 353.
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1999 MODEL YEAR BODY APPLICATION SUMMARY CHART

Model/GVWR | 10t | 12ft | 14 | 16ft. | 18ft | 20ft. | 22ft | 24ft | 26t
109 9.25 X X

W3500 Gas 1325 | 9.25 X

11,050 Ibs. 450 9.25 X X
176 9.25 X
109 9.25 X X

WA4500 Gas 1325 | 9.25 X

14,050 Ibs. 450 9.25 X X
176 9.25 X
109 9.25 X

W3500 Diesel 1325 | 9.25 X

11,050 Ibs. 450 9.25 X X
176 9.25 X
109 9.25 X

WA4500 Diesel 1325 | 9.25 X

14,500 Ibs. 450 9.25 X X
176 9.25 X
109 9.25 X

W5500 Diesel 1325 | 9.25 X

16,500 Ibs. 450 9.25 X X
176 9.25 X X

*=W3500, W4500 Gas and Diesel 20 foot body requires GM/Isuzu Application Engineering Department approval
IMPORTANT: Body selection recommendations are based on water-level weight distribution and no accessories, liftgate or refrigeration units. This table is intended for reference and does not preclude the necessity

for an accurate weight distribution calculation.

IGI Rev. 12/98
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1999 MODEL YEAR* BODY & PAYLOAD WEIGHT DISTRIBUTION (% FRONT/% REAR)

GVWR wB CA CE OAL BOC 10 ft. 12 ft. 14 ft. 16 ft. 18 ft. 20 ft.
Automatic Transmission
W3500 Gas 11,050 109 88.4 131.5 199.5 9.25 18/82 7/93
W4500 Gas 14,050 109 88.4 131.5 199.5 9.25 18/82 7/93
W3500 Gas 11,050 132.5 111.9 155 223 9.25 14/86
W4500 Gas 14,050 132.5 111.9 155 223 9.25 14/86
W3500 Gas 11,050 150 129.4 172.5 240.5 9.25 16/84 8/92
W4500 Gas 14,050 150 129.4 172.5 240.5 9.25 16/84 8/92
W3500 Gas 11,050 176 155.4 198.5 266.3 9.25 15/85*
W4500 Gas 14,050 176 155.4 198.5 266.3 9.25 15/85*
W3500 Diesel 12,000 109 88.4 131.5 199.5 9.25 7/93
W4500 Diesel 14,500 109 88.4 131.5 199.5 9.25 7/93
W3500 Diesel 12,000 132.5 111.9 155 223 9.25 14/86
W4500 Diesel 14,500 1325 111.9 155 223 9.25 14/86
W3500 Diesel 12,000 150 129.4 172.5 240.5 9.25 16/84 8/92
W4500 Diesel 14,500 150 129.4 172.5 240.5 9.25 16/84 8/92
W3500 Diesel 12,000 176 155.4 198.5 266.3 9.25 15/85*
W4500 Diesel 14,500 176 155.4 198.5 266.3 9.25 15/85*
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| GVWR |

| oAL

WB CE | Boc | 10ft | 12f | 14f | 16ft | 18ft. | 20ft | 22t
Manual/Automatic Transmission
W5500 Diesel 16,500 | 109 884 | 1315 | 1995 | 9.25 7/93
W5500 Diesel 16,500 | 1325 | 1119 | 155 223 9.25 14/86
WS5500 Diesel 16,500 | 150 | 129.4 | 1725 | 2405 | 9.25 16/84 | 8/92
W5500 Diesel 16,500 | 176 | 1554 | 1985 | 2663 | 9.25 15/85 | 8/92+

* W3500, W4500 Gas and Diesel 20 foot body requires GM/Isuzu Application Engineering Department Approval.

** \W5500 Diesel 22 foot body requires GM/Isuzu Application Department Approval.

IMPORTANT: Weight distribution percentages listed do not include added accessories, liftgate or refrigeration units. Percentages based on water-level distribution of body and payload weight which is determined
by subtracting chassis wet weight (including 200 Ib. driver) from GVWR. These tables are intended for reference and do not preclude the necessity for an accurate weight distribution calculation.
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1999 GM/ISUZU SERIES TRUCK PRODUCT ENGINES

The following table presents Net versus Gross Horsepower and Torque ratings:

49Vd

Gross Torque 1

. . . 1 1 _ 1
Engine Model Application ‘ Net Hp+ Hp/Rpm ‘ Net Torque * Lbs-ft./Rpm ‘ Gross Hp * Hp/Rpm Lbs-ft./Rpm
GMPT 5.7L-V8 W3500, W4500 Gas N/A N/A 250/4200 330/2800
GM/lsuzu 4HE1-TC W3500, W4500 Diesel 137/2800 268/1300 142/2800 275/1300
Manual Trans.
GMilsuzu 4HEL-TC W3500, W4500, W5500 169/2700 339/2000 175/2700 347/2000
Automatic Trans.
GM/lsuzu 4HE1-TC WS5500 Diesel 169/2700 339/2000 175/2700 347/2000
Manual Trans.
GM/lsuzu 6HK1-TC FSR & FTR 197/2400 427/1500 200/2400 441/1500
Manual Trans./Auto. Trans.
GM/lsuzu 6HK1-TC FVR 227/2400 490/1500 230/2400 506/1500
Manual Trans.

NOTE: 1 Horsepower and Torque Ratings measured under SAE J1349 standards.

GVW/GCW Ratings

Truck Model Transmission GVWR (lbs.) GCWR (lbs)?
W3500 Gas Automatic 11,050 14,050
W4500 Gas Automatic 14,050 17,050
W3500 Diesel Automatic 12,000 18,000
W3500 Diesel Manual 12,000 18,000
W4500 Diesel Automatic 14,500 19,500
W4500 Diesel Manual 14,500 20,500
W5500 Diesel Automatic 16,500 19,500
W5500 Diesel Manual 16,500 22,500
FSR, FTR, FVR Automatic 3,4 3,4
A) The W3500/W4500 Gas/Diesel are not approved for Hot Shot type applications. C) Allison AT 545 automatic GCWR is restricted to 30,000 Ibs.
B) Allison AT 542 automatic GCWR s restricted to 22,050 Ibs. D) See FSR, FTR and FVR section
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The following table provides the rear frame height for each model/GVWR with standard and optional tires:

GVWR (lbs.) Standard Tire Frame HT (in.) FH Std. Tires
W3500 Gas 11,050 215/85R-16E 32
W4500 Gas 14,050 225/70R-19.5F 32.75
W3500 Diesel 12,000 215/85R-16E 32
W4500 Diesel 14,500 215/85R-16E 32
W5500 Diesel 16,500 225/70R-19.5F 32.75
FSR, FTR, FVR 2) 2) 2)

A) This is for 191" WB. The 148" WB and 167" WB have 32.9” frame height due to tapered frame.
B) Refer to FSR, FTR & FVR section.

Clutch Engagement Torque Chart

Engine | Torque (Ibs-ft) | at (RPM) ‘
GM/Isuzu 4HE1-TC (142 HP) 260 1,000
GM/Isuzu 4HE1-TC (175 HP) 265 1,000
GM/Isuzu 6HK1-TC (200 HP) 331 1,000
GM/Isuzu 6HK1-TC (230 HP) 368 1,000
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PAINT CODE NUMBERS FOR 1987-1995 W3500/W4500

Sherwin-Williams Company and Inmont Corporation have developed paint specifications to match the 1987-1995 models. All have supplied paint code numbers to their jobers
Rogers or Martin-Senour for Sherman-Williams and Rinshed-Mason for Inmont.
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Sherwin-Williams

GM/Isuzu Code Color Name Sherwin Code

0172-P1 Glacier White 35478

Acrylic Enamel Formula

Stock # 1 Qt. 2 Qt. 3 Qt. 1 Gal.
F5R108 0.3 0.5 0.8 1.1
F5L68 1.2 2.3 3.5 4.7
F5Y107 2.1 4.3 6.4 8.6
F5B81 5.1 10.2 15.3 20.4
F5W110 399.0 798.0 1197.0 1596.0
V6V175 444.0 888.0 1332.0 1776.0
V2V269 1018.0 2036.0 3054.0 4072.0

Acrylic Lacquer Formula

Stock # 1 Qt. 2 Qt. 3 Qt. 1 Gal.
L4R304 0.4 0.09 1.3 1.7
L4L305 0.9 1.7 2.6 3.5
L4B302 1.9 3.9 5.8 7.8
L4Y351 3.0 6.1 9.1 12.1
L4AW301 952.0 190.4 2856.0 3808.0

Inmont

GM/Isuzu Code Color Name Inmont Code
0172-P1 Glacier White RM 15602

Acrylic Enamel Formula

2 Qt.

PNT-90 80.2 160.4 240.5 320.7
AT-190 726.8 1453.7 2180.5 2907.3
AT-142 754.2 1508.4 2262.5 3016.7
AT-184 758.7 1517.4 2276.1 3034.8
AT-138 761.4 1522.8 2284.1 3045.5
AT-100 955.6 1911.2 2866.8 3822.4
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PAINT CODE NUMBERS FOR 1995.5-1999 W3500/W4500

Arc White
GM/Isuzu Paint Code GM/Isuzu Option Code Sherwin-Williams Code BASF Code
W301-P801-0 729 51400 RM 25318

PAGE

Accuride White*
GM/Isuzu Paint Code GM/Isuzu Option Code Sherwin-Williams Code BASF Code
301 W 30102 TBD 51548 RM 25319

*  Wheel Color for 1999 N/W Series Gas models + produced in Janesville, Wisconsin.

PAINT CODE NUMBERS FOR 1997-1998 F SERIES MODELS (ZY1 PAINT SCHEME)

Arc White
GM/Isuzu Paint Code GM/Isuzu Option Code Sherwin-Williams Code BASF Code
W301-P801-0 729 51400 RM 25318

Gray/(Light Argent Fenders)

GM Paint Code GMC/GM/Isuzu Option Code Sherwin-Williams Code BASF Code

WE 5398 None 47155 RM 23009

IGI Rev. 12/98
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W3500, W4500, W5500 TOWING PROCEDURE

Shoulditbecome necessary to tow the W3500, W4500 and W5500, the following proce-
dure should be followed:

1. For manual transmission models, disconnect the propshaft at the rear axle or trans-
mission. Secure the propshaft to the frame or crossmember.

2. For automatic transmission models, move the selector into “N” position, vehicles can
be towed at speeds below 30 mph and up to distances less than 50 miles. Ifitis nec-
essary to exceed these speeds or distances, the rear axle shafts must be removed
or utilize rear end towing procedures.

3. Attach “J” hooks to the front axle inboard of the front spring.

4. Position a4” x 4” timber or spacer under the front bumper reinforcement and another
4” x 4” timber with spacer blocks (as illustrated) under the front spring.

Position the tow bar under the bumper.
Attach safety chains to the front springs.
If the truck is loaded, the front bumper should also be removed.

© N o O

Refer to Owner’s Manual in glove box for additional information.

WEIGHT DISTRIBUTION

Atruckasacommercial vehicle has butone purpose. Thatpurposeistohaulsomecom-
modity from one place to another. A shortdistance or along distance, the weight to be
hauled, more than any other factor, determines the size of the truck. A small weightre-
quires only a small truck; a large weight requires a large truck. A simple principle, but
it can easily be misapplied. In any case, selecting the right size truck for the load to be
hauled will ensure that the job will be done and that is will be able to be done with some
degree of reliability and within the legal limitations of total gross weight and axle gross
weights.

Not only mustatruck be selected that will handle the total load, but the weight must also
be properly distributed between the axles. This is of extreme importance from both a
functional and economic aspect. If atruck consistently hauls less than its capacity, the
owner is notrealizing full return on his investment and his operating costs will be higher
than they should be. If the truck is improperly loaded or overloaded, profits will be re-
duced due to increased maintenance costs and potential fines resulting from overload-
ingbeyondlegallimitation. Carefulconsiderationmustbe giventodistribution oftheload
weightin orderto determine how muchwillbe carried onthe rear axle, onthetrailer axles
andthe total. Moving aload afewinches forward or backward on the chassis can mean

the difference between acceptable weightdistribution for the truck or an application that
will not do the job satisfactorily.

Every truck has a specific capacity and should be loaded so that the load distribution is
kept within Gross Axle Weight Ratings (GAWR) and the truck’s Gross Vehicle Weight
Rating (GVWR) or Gross Combination Weight Rating (GCWR) for a tractor/trailer and
the weightlaws and regulations under which the truck will operate. Improperweightdis-
tribution will cause problems in many areas:
1. Excessive front end wear and failure

a. Tie-rod and king pin wear

b. Front axle failure

c. Overloading of front suspension

d

. Wheel bearing failure

IGI Rev. 12/98
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2. Rapid tire wear

a. When the weight on a tire exceeds its rating capacity, accelerated wear will result
and could result in tire failure.

3. Rough, erratic ride

a. Ifthe center of the payload is directly over or slightly behind the rear axle, the lack
of sufficient weight on the front axle will create a bobbing effect, very rough ride,
and erratic steering. This condition will be magnified when the truck is going up
hill.

4. Hard steering

a. When loads beyond the capacity of the front axle are imposed upon it, the steering
mechanism is also overloaded and hard steering will result.

b. Excessive overloading could result in steering component damage or failure.
5. Unsafe operating and conditions

a. Poor traction on the steering axle effects the safety of the driver and equipment,
particularly on wet, icy and slippery surfaces. Experience indicates that approxi-
mately 30% of the total weight at the ground on a truck or tractor should be on the
front axle with a low cab forward vehicle.

b. When a truck is overloaded, a dangerous situation may exist because minimum
speeds cannot always be maintained, directional control may not be precise and
insufficient braking capacity can cause longer than normal braking distances.

6. High maintenance costs

a. Improper weight distribution and overloading cause excessive wear and prema-
ture failure of parts. Additional stresses impose on the frame by the misapplica-
tion of wheel bases, may be instrumental in causing the frame to crack or break.

7. Noncompliance with weight laws and regulations

a. When there is the possibility that axle loads will exceed existing weight laws and
regulations, careful weight distribution is necessary to provide a correct balance
between front and rear axle loads, and total load within legal limitations.

Inthisway, maximum payloads may be carried withoutexceeding legal limits. Ifthe body
is too long for a wheelbase, the center of the body and payload is placed directly over
the rear axle. This places all the payload on the rear axles, resulting in overlading the
reartires, rear axle springs and wheel bearings and potentially exceeding the rear axle
legal weight limit. the frontaxle is then carrying no part of the payload and is easily lifted
off the ground when going over rough terrain, creating a very rough ride and temporary
loss of steering control Ifthe body istoo short for the wheelbase used, frame stress may
be increased and may result in excessive loads on the front axle. Excessive front axle
loads increase wear on the king pins and bushings, wheel bearings and steering gear.
Excessive front axle loads also over stress the front axle, springs, tires and wheels. All
ofthese contribute directly to higher maintenance costs and hard steering, both of which
are undesirable.
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WEIGHT DISTRIBUTION ANALYSIS involves the application of basic mathematical
principles to determine the proper positioning of the payload and body weightin relation
to the wheelbase of the truck chassis.

Itis much less expensive to work all of this out on paper, make mistakes on paper and
correctthem there than to set up the truck incorrectly and either have it fail to do the job
or much worse, fail completely.

Itisimportantto become familiar withthe dimensions ofthe truck asthese willbe needed
to perform the necessary calculations.

CE g
CA g

<4+—BBC—»—<4—»BOC

=

_£:CG—>

EV/Za 7S | &
! k ) FH
L v
«AB-»
4-BA» WB pie AF >
< OAL >

BBC - Bumper to back of cab
BA - Bumper to axle

CA -Cabto axle

AB - Axle to back of cab
BOC - Back of cab clearance
CE - Cabtoend of frame
CG - Center of gravity of body and payload from axle
WB - Wheelbase

OAL - Overall length

AF - Axle to end of frame
FH  -Frame height
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Weight Distribution Formulas

W < F >
< F >
<A »>Ble C >« L/2 >
<«—A—>|Bl¢CPe}D <« L/2 ><D>

= 00 [@u

W, W, W. W,

A - Front axle to back-of-cab 1. Wf=WxD 5. W, =WxF

B - Distance between cab and body or trailer WB WB

C - Front of body to C.G. or front of trailer to kingpin

D - distance C.G. of body or fifth wheel is ahead of rear axle 2. D=W;xWB 6. F=W; xWB

F - (A + B + C) or distance C.G. of weight of fifth wheel is behind front axle W W

WB - Wheelbase

W - Weight of body plus payload, or kingpin load 3. WB=WxD 7. WB=WXF

W; - Portion of W transferred to front axle Wi W;

W, - Portion of W transferred to rear axle 4 W=WxWB 8 W=W. xWB
D F

Basic Formulas

(a) W xD =W;xWB (c) WB=(A+B+C+D)=(F+D)

or
(b) WxF=W,xWB (d) W =WsxW,
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Weight Distribution Formulas in Words

To find:

(Total weight) x (Distance C.G. is ahead of the rear axle
(Wheelbase)

1. Weight transferred to front axle

(Weight transferred to the front axle) x (Wheelbase)
(Total weight)

2. Distance C.G. must be placed ahead of rear axle

3. Wheelbase = (Total weight) x (Distance C.G. is ahead of the rear axle)
(Weight to be transferred to the front axle)

4. Total Weight = (Weight to be transferred to the front axle) x (Wheelbase)
(Distance C.G. is ahead of the rear axle)

5. Weight transferred to the rear axle = (Total weight) x (Distance C.G. is behind the front axle)

(Wheelbase)

6. Distance C.G. must be placed behind the front axle (Weight transferred to the rear axle) x (Wheelbase)

(Total weight)

7. Wheelbase = (Total weight) x (Distance C.G. is behind the front axle)
(Weight to be transferred to the rear axle)
8. Total weight = (Weight to be transferred to the rear axle) x (Wheelbase)
(Distance C.G. is behind the front axle)
9. Remember = Total weight must always equal weight transferred to the
rear axle plus the weight transferred to the front axle
100 Ib.
8" Pivot
B 20"
P Ib.

To find the value of “P”, the leverages must be equal for balance. Therefore:
i.e. “P" = 40 Ib.
100 Ib. x 8 in.=“P”" x 20 in.
or This same approach is used to determine axle loadings on a tractor or truck chassis.

“pr = 100 Ib. x 8 in. Assuming the rear axle serves as a pivot point, the front axle load can be determined

20 in. by applying the lever principle.
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Kingpin 5th wheel location (ahead

Load of rear axle CL) (D)
w) /

po—————

Wheelbase (WB)

Front axle Rear axle
load load
W) (W)

Kingpin Load x 5th Wheel Location
Wheelbase

Front Axle Load:

Kingpin Load—Front Axle Load

Rear Axle Load:

(4) Atractorhasawheelbase of 150in. Ifthe kingpinloadis 20,000 Ib. and the fifth wheel
location is 15 in., find the total weight on the front and rear axles. The tare
weight ofthe tractoris 7,000 |b. on the frontaxle and 4,400 |b. on the rear axle.

Front Axle = Load
20,000 x 15 = 2,000 Ib.
150
WB
Rear Axle Load = 20,000 - 2,000
= 18,000 Ib.

Therefore:
Total Front Axle Weight
Total Rear Axle Weight

2,000 + 9,000 Ib.
4,400 + 18,000 Ib.
22,400 Ib.

In calculating the weight distribution for atruck, the same lever principle is applied; how-
ever, there is one change in the initial consideration of the method of loading the truck
body. Instead of the trailer kingpin location ahead of the rear axle center line, we must
determine the position of the center of gravity of the payload and body weightin relation
to the rear axle center line.

For our calculations we assume that the payload is distributed in the truck body so that
the load is supported evenly over the truck body floor (water level distribution). The
weightofthe bodyitselfisalso consideredto be evenly distributed along the truck frame.
Inthis mannerwe can add the payload and body weights together and calculate the dis-
tribution on the vehicle chassis as an evenly distributed load on the truck frame rails.

So that we can make the necessary calculation in a simple manner, the total body and
payload weightis considered to act at the center of gravity which will be at the center of
the body length.

18

Body + Payload = 15,000 Ib.
9 24" T

<&

T A

150"

Example:
Front Axle Load =
(Body Weight + Payload) x C of G location
Wheelbase

Rear Axle Load =
(Body Weight + Payload) — Front Axle Load

Therefore, Front Axle Load =
15,000 x 24 = 2400 Ib.
150

Fear Axle Load = 15,000 — 2,400 = 12,600 Ib.

If the truck tare weight without the body is 5,000 Ib. on the front axle and 2,400 Ib. on the
rear axle, then

Total Front Axle Weight = 5,000 + 2,400 = 7,400 Ib.

and

Total Rear Axle Weight = 2,400 + 12,600 = 15,000 Ib.

This same lever principle is applied in all calculations of weight distribution, whether we
are dealing with concentrated loads as with a kingpin load acting on a fifth wheel or if it
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The body manufacturer can provide the body length and weight, or actual measure-
ments of the body may be taken with a tape. Generally, (D) is unknown. This you must
find logically, or with a tape measure.

be with an evenly distributed load as with a truck body. The same approach is made in
calculating an evenly distributed load on a trailer.

Inthe case of atractor/trailer or atractor with aset of doubles ortriple trailers, each units

is handled as a separated unit and then combined to determine the total. Find (D) and then solve for W; and W,

This simple example illustrates how the principles are applied. Using the formulas, find

the weight distributed to each axle. 5 Q'g,,
’ o)
300 1b. | 48 D
24" 5
— N\
- _ 7 o N
LT iR
96"
Front Rear D = 60-3-48=9in.
W= 205
Front Weight Rear Weight
W, = 2,795
A. Wi=WxD A. Total Weight—
WB
B. 300x24 B. 300-75
96
C. = 751b. C. = 2251b.
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Recommended Weight Distribution % of Gross Vehicle

Weight by Axle

Calculating tractor/trailer weight distribution can be thought of in the same terms as cal-

culating full trucks.

7

; CONVENTIONAL (2 Axle)
Front Axle Rear Axle
25% Desired 75%
20-30% Permissible 70-80%
COE (2 Axle)
@ O |
Front Axle Rear Axle
33 1/3% Desired 66 2/3%
30-35% Permissible 65-70%
Jgﬁ CONVENTIONAL (3 Axle)
QIO
Front Axle Rear Axle
20% Desired 80%
18-25% Permissible 75-82%
COE (3 Axle)
@ IO
Front Axle Rear Axle
25% Desired 75%
20-30% Permissible 70-80%

.

W,

U 1O8 00
wR wR

w,

The weight atthe center of the body and the load when applied is the same as the single
point load of the kingpin on the fifth wheel.

w

F

i it ]

N OO

w, w

TRAILER WEIGHT

Fill in:
L = 40 feet
RAS =48 in.
KP =36 in.
WB = 396
D= 204

L
D
KP ® ~RAS™
! ]
i 00

wB

Kingpin Rear

3,500 Ib. Tandem

6,500 Ib.

In the following example, a 50,000 pound payload at water level loading. Calculate the
payload (PL) weight transfer to kingpin and the rear axle.
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C/L Payload

45’

36"

[~ 48"~

wB

Payload at Kingpin
PLyp, =WxD
wWB

Calculate the “D” dimension

OAL/2-AF =D

45 feet/2 — 48 inches = 222 inches
PLyp = 50,000 Ib. x 222 in. = 24,342 |b.

456 in.

PLyp = 24,342 Ib.

Payload at Rear Tandem

PLy = W — Py,

PL;; = 50,000 Ib. — 24,342 Ib. = 25,658 Ib.

PL; = 25,658 Ib.
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Once the weight on the kingpin is determined, it can then be treated on the tractor the
same as a weight on a straight truck.

Duetothe variationsin haulingand wheelbase requirements from one truck application
to another, there is no one specific 5th wheel setting that will apply in all cases.

A “rule of thumb” which has proven satisfactory in many cases sets the 5th wheel one
inchahead ofthe rear axleforeach 10inches ofwheelbase. Inthe case oftandem axles,
the wheelbase is measured fromthe center line of the front axle to the midpoint between
the tandem rear axles. The location of the 5th wheel fixes the load distribution between
the frontand rear axles. Too far forward and the front axle is overloaded. Iftoo far back,
the frontaxle maybetoo lightlyloaded and cause an unsafe steering and braking control
situation at the front axle.

Atractor on a hill with the 5th wheel set at the axle center line or too close to it will result
inan unsafe handling situation by transferring too much weightto the rear axle and actu-
ally unloading the front axle

=
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Performance Calculations

The following calculations have been included to help you determine the performance
characteristics required by their customers and to selectthe appropriate model vehicle:

Speed Formula

This formula can be used to determine:

1. Top speed of the vehicle.
2. Speed in a given gear.
3. Final ratio required for a given speed.

MPH @ Governed Speed = (60) x (RPM)
(Rev/Mile) x (Gear Ratio)

Definitions in formulas:

RPM = Revolutions per minute of the engine
Rev/Mile = Tire revolutions per mile
Gear Ratio = The product of the axle ratio times the transmission ratio
60 = Time Constant
Example:

W3500 Diesel 12,000 GVWR automatic transmission.

RPM = 3,000
Rev/Mile = 674
Gear Ratio = .703 x 5.375

MPH @ Governed Speed = (60) x (3000)

(674) x (.703 x 5.375)

MPH @ Governed Speed = 70 MPH

Grade Horsepower Formula

This formula can be used to determine horsepower required for a given grade and
speed.

Horsepower Req'd. for a given grade = GVWR x Grade x Speed

+ AHP

37,500 x Efficiency Factor

GVWR =  Gross Vehicle Weight Rating
Grade =  Grade anticipated in percent
Speed =  Speed in miles per hour
37,500 =  Constant

Factor for losses in drivetrain due to friction
(use 0.9 for a 90% efficient driveline)
Horsepower required to overcome wind force

Efficiency Factor

AHP Resistance

Example:

W3500 Gas 11,050 GVWR automatic transmission with a van body.

AHP Resistance
HP Required for Grade

GVWR = 12,000 Ibs.
Grade = 1 percent
Speed = 55 MPH
37,500 = Constant
Efficiency Factor = 0.9

53.6 HP (see the following formula for calculation)
12,000 x 1 x 55
+ 53.67

37,500 x 0.9

HP Required for Grade = 73.22

Air Resistance Horsepower Formula

This formula is used to determine the horsepower required to overcome air resistance
at a given speed.

FA x Cd x (MPH)3
156,000

Air Resistance Horsepower =

Definitions in formulas:

FA = Frontal area of vehicle in square feet
Cd = Aerodynamic Drag Coefficient

MPH = Speed of vehicle in miles per hour
156,000 = Constant

Frontal area is calculated by multiplying the height of the vehicle by the width of the ve-
hicle and subtracting the open area under the vehicle from the total.

Aerodynamic Drag Coefficients (Source Material: Motor Truck Engineering Handbook):

0.70 for most trucks, semitrailer combinations with tanks or van bodies
0.77 for double and triple trailers and flatbeds with loads
1.00 car and boat haulers
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Example: Definitions in formulas:
W3500 Diesel 12,000 GVWR van body with 96" wide, 115" high _
; i y ) 1200 = Constant
(84" body height + 31" frame height) T _ Maximum Torque of Engine
FA = (96) (115) E = Engine Efficiency (0.9)
— X -3.2 C = Driveline Efficiency (0.9)
(12) (12) R = Transmission Ration x Axle Ratio
FA = 73.47 FT.2 RR = Rolling Resistance (see following chart)
Cd = 0.70 GVWR = Gross Vehicle Weight Rating
Speed = 55 MPH r = Loaded radius of tire
Air Resistance HP = 73.47 x 0.70 x (55)3 Example:
156,000 _ . . .
Air Resistance HP - 54.85 W3500 Diesel 12,000 GVWR automatic transmission on concrete highway.
Engine Horsepower Formula E f 8497 Ib-ft.
This formula can be used to derive the output at a given RPM and torque. C = 0.9
R = .703 x 5.375 (in overdrive)
Horsepower= Torque x RPM RR = 1.0
5252 GVWR = 12,000
r = 14.1in.
Definitions in Formulas: Percent Grade = 1200 x (347) x (0.9) x (0.9) x (.703) x (5.375)
-1.0
Torque = Twisting output of engine given in Ib-ft 12,000 x 14.1
RPM = Revolutions per minute of engine Percent Grade = 6.53-1
5252 = Constant Gradeability = 5.53%
Example:
Road Rolling Resistance
W3500 12,000 GVWR automatic transmission. Road Tolling Resistance — Expressed in Percent Grade
Torque = 347 |b-ft Road Surface Grade Road Surface Grade
RPM = 2000 Concrete, excellent 1.0 Cobbles, ordinary 5.5
132 HP = (347) x (2000) Concrete, good 15 Cobbles, poor 8.5
5252 Concrete, poor 2.0 Snow, 2 inch 2.5
Gradeability Formula Asphalt, g(?od 1.25 S.now, 4 inch 3.75
Asphalt, fair 1.75 Dirt, smooth 2.5
This formula can be used to determine how large of a grade a vehicle can climb. Asphalt, poor 2 o5 Dirt, sandy 3.75
Percent Grade = 1200 x (T) x (E) x (C) x (R) Macadam, good 15 Mud 3.751015.0
- RR Macadam, fair 2.25 Sand, level soft 6.0 to 15.0
GVWR x r
Macadam, poor 3.75 Sand, dune 16.0 to 30.0
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Startability Formula

This formula is used to determine what type of a grade a vehicle can be started on.

Startability = (1200) x (CET) x (E) x (C) x (R)
- 10%
(GVWR x 1)
Definitions in formulas:
1200 = Constant
CET = Clutch Engagement Torque
E = 0.9
C = 0.9
R = Transmission x Axle Ratio
10% = Average break away resistance and static inertia constant
GVWR = Gross Vehicle Weight Rating
r = Loaded radius of tire
Example:

W3500 Diesel 12,000 GVWR manual transmission.

CET = 260 Ib-ft
R = 6.02 x 4.10
GVWR = 12,000 Ib.
r = 14.1in.
Startability = (1200) x (260) x (0.9) x (0.9) x (6.02 x 4.10)
- 10%
(12,000 x 14.1)
Startability = 26.86%

Vertical Center of Gravity Formula

These formulas are usedto estimate the vertical center of gravity of acompleted vehicle
in order to determine whether maximum allowable limits have been exceeded. Thisfor-
mula should be used when encountering high center of gravity loads.

A, Wvx (W) = Mv
B. Wbx(Vb) = Mb
C. Wpx(Vp) = Mp
D. Wex(Ve) = Me
E. VCg = (Mv + Mb + Mp + Me)
(Wv + Wb + Wp + We)
EG . ¢ FH = Frame Height
quipment FLHT = Floor Hg’llght
CG
| % Payload
Vo % CG Body
i P
CG
Complete Vehicle
Vb
......... |
\L FLHT

CG Vehicle

Definitions in formula:

VCg = The total average vertical center of gravity of the completed vehicle
(vehicle, body, payload and equipment

Wv = Weight of vehicle

Wb = Weight of body

Wp = Weight of payload

We = Weight of equipment

Vv = Distance from ground to center of gravity of the vehicle

Vb = Distance from ground to center of gravity of the body

Vp = Distance from ground to center of gravity of the payload

Ve = Distance from ground to center of gravity of the equipment

Mv = Moment of vehicle

Mb = Moment of body

Mp = Moment of payload

Me = Moment of equipment
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Example:

W3500 Diesel 12,000 GVWR automatic transmission, 132" WB, 14’ body length, 84”
high body, full payload of boxes stacked to a maximum height of 48” above the flooring.

Wv = 5291 Ibs.
(from vehicle specifications)
Wb = 2100 Ibs.
(from body manufacturer)
Wp = 46009 Ibs.
(GVWR — (Wv + Wb + We))
Vv = 24.9
(from Body Builder’s Guide, W3500 Diesel Section)
Vb = 80 in.
(from body manufacturer)
Vp = 62 in.
(1/2 of payload height + frame height + height from frame to flooring)
Mv = 5291 x 24.9 = 131,746 Ib-in
(from A above)
Mb = 2100 x 80 = 168,000 Ib-in
(from B above)
Mp = 4609 x 62 = 285,758 Ib-in
VCg = (131,746 + 168,000 + 285,758)

(5291 + 2100 + 4609)
VCg =  (528,504)

(12,000)

48.8 < 54.0 inches (54 inches is maximum allowable VCg per mfg. specifications
from Body Builder’s Guide, W3500 Diesel section)

Since maximum VCg for this truck is not exceeded, 48” stack height above
flooring is acceptable.

Horizontal Center of Gravity Formula

These formulas are used to estimate the horizontal center of gravity of a completed ve-
hicle in order to determine whether it exists between the centerlines of the frontand rear
axles. Thisformula should be used when aload and/or permanent equipment (liftgate,
reeferunit, snow plow, etc.)isinstalled on either extremesalongthe completed vehicle’s
overall length.

IGI Rev. 12/98

A. Wvx(Hv) = Mv
B. Wbx(Hb) = Mb
C. Wpx(Hp) = Mp
D. Wex(He) = Me
E. HCg = (Mv + Mb + Mp + Me)
(Wv + Wb + Wp + We)
CG Overall Outside
Equipment Body Length
Y
CG
Hp Payload
? CG Body

—HC J Complete Vehicle

GROUND REVERENCE

i

Wheelbase

Definitions in formula:

HCg

Wv
Wb
Wp
We
Hv
Hb
Hp
He
Mv
Mb
Mp
Me

The total average horizontal center of gravity of the completed vehicle
(vehicle, body, payload and equipment

Weight of vehicle

Weight of body

Weight of payload

Weight of equipment

Distance from front axle to center of gravity of the vehicle
Distance from front axle to center of gravity of the body
Distance from front axle to center of gravity of the payload
Distance from front axle to center of gravity of the equipment
Moment of vehicle

Moment of body

Moment of payload

Moment of equipment
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Example:

W3500Diesel 12,000 GVWR automatictransmission, 132: WB, 14’ bodylength, full pay-
load of boxes stacked anddistributed evenly throughouttheflooring, 1,0001b. reeferunit
attached in front of body.

Wv = 5291 Ibs.

(from vehicle specifications)
Wb = 2100 Ibs.

(from body manufacturer)
Wp = 3609 Ibs.

(GVWR — (Wv + Wb + We))
We = 1000 Ibs.

(from equipment manufacturer)
Hv = 42.4 in.

(from Body Builder’s Guide, W3500 Diesel Section)
Hb = 107.51n.

(from body manufacturer)
Hp* = 107.5 in.

(1/2 of payload length + distance from front axle to front of body)
He = 17.5
(from equipment manufacturer)

Mv = 5291 x 42.4 = 224,338 Ib-in
(from A above)

Mb = 2100 x 107.5 = 225,750 Ib-in
(from B above)

Mp = 3609 x 107.5 = 387,967 Ib-in
(from C above)

Me = 1000 x 17.5 = 17,500 Ib-in
(from D above)

HCg = (224,338 + 225,750 + 387,967 + 17,500)
(5291 + 2100 + 3609 + 1000)

HCg = (855,555)
—— =71.3inches
(12,000)

71.3 < 132 inches(132 inches is the wheelbase dimension)

Since HCg for this truck is not greater than the WB or negative (-), (denotes HCg
forward of front axle centerline), it exists between the centerlines of the front and
rear axles.

* Hp and Hb dimensions are the same in this example because CG of body and payload happen to
be at the same point.

INTERSTATE HIGHWAY SYSTEM LIMITS

Bridge Gross Weight Formula

The Federal Government established the Federal Bridge Gross Weight Formulato pro-
vide a standard to control the spacing of truck axles on trucks that use highway bridges.
Thisis intended to space loads out over a distance to avoid too high a concentration in
one area that could cause damage. The truck’s gross weights, axle weight and axle
spacings are set in order to keep axle loads and gross weight loads with the limits set
by the Federal Government. The Bridge Formula Table is used to check trucks to make
surethatFederalweightlimitrequirements are metandthatthe allowable grossand axle
weights are inthe correctrelationship with the spacing of axles to prevent highload con-
centrations on highway bridges.

The Federal Governmenthas established the following formulato be used to determine
the allowable weight limits and axle spacings for trucks.

W = 500 (LN + 12N = 36)
N-1

Where:

W = The total gross weight that may be carried on any group of two or more
consecutive axles to the nearest 500 Ib.

L= The distance (spacing) in feet between the outer axles of any group of two or
more consecutive axles.

N = The number of axles in the group under consideration; except that two
consecutive sets of tandem axles may carry a gross load of 34,000 Ib. each

provided the over-all distance between the first and last axles of such
consecutive sets of axles in 36 feet or more.

Bridge Formula Definitions
The following definitions are used for bridge formula calculations.
Gross Weight:

The total weight of a truck (and/or trailer) combined with the weight of the load being
hauled. The Federal gross weight limits on interstate highways and federal-aid high-
ways and reasonable access is 80,000 Ib.
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Single Axle Weight

The total weight at the ground by all wheels of an axle whose centers may be included
between parallel transverse planesforty inches apart, extending across the width of the
truck. The Federal single axle weight limit on the Interstate system and reasonable ac-
cess is 20,000 Ib.

Tandem Axle Weight

The total weight at the ground of two or more consecutive axles whose centers may be
included between parallel vertical places spaced more than forty inches but not more
than ninety-six inches apart, extending across the full width of the truck. The Federal
tandem axle weight limit on the Interstate system and reasonable access is 34,000 Ib.

Consecutive Axle Weight

The Federal law statsthatany two consecutive or more axles may notexceed the weight
as computed by the formula even though the single axles, tandem axles, and gross
weights are within the legal requirements.
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Exception to the Bridge Formula

There is one exceptionto the use of the Federal Bridge Formula: Two consecutive sets
oftandem axles may carry agrossload of 34,0001b. each, providing the overall distance
between the first and last axles of such consecutive set of tandem axles is 36 feet or
more.

Other Federal Provisions

Maximum Width: 102" Overall

Length: States cannot set overall length limits on tractor, semitrailer or tractor —
semitrailer, trailer combinations. States must allow tractors with double trailers.
States must allow semitrailers of up to 48 feet in length for doubles
combinations. There is also not limitation on overall length for semitrailer or
doubles combinations.

Thesewidthandlengthdimensionsapplytotrucks operating on Interstate highwaysand
federal-aid highways designed by the Federal Highway Administration. This also pro-
vides for reasonable access to the Interstate highways.
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FEDERAL BRIDGE FORMULA TABLE

Distance in feet between the Maximum Load in Pounds on any Group of 2 or More Consecutive Axles
extremes off~amy-group< T 2 or

4 34,000*

5 34,000*

6 34,000*

7 34,000*

8 and less 34,000* 34,000

8 and more 38,000 42,000

9 39,000 42,500

10 40,000 43,500

1 44,000

12 45,000 50,000

13 45,500 50,500

14 46,500 51,500

15 47,000 52,000

16 48,000 52,500 58,000

17 48,500 53,500 58,500

18 49,500 54,000 59,000

19 50,000 54,500 60,000

20 51,000 55,500 60,500 66,000

21 51,500 56,000 61,000 66,500

22 52,500 56,500 61,500 67,000

23 53,000 57,500 62,500 68,000

24 54,000 58,000 63,000 68,500 74,000

25 54,500 58,500 63,500 69,000 74,500

26 55,500 59,500 64,000 69,500 75,000

27 56,000 60,000 65,000 70,000 75,500

28 57,000 60,500 65,500 71,000 76,500 82,000

29 57,500 61,500 66,000 71,500 77,000 82,500

30 58,500 62,000 66,500 72,000 77,500 83,000

31 59,000 62,500 67,500 72,500 78,000 83,500 90,000
32 60,000 63,500 68,000 73,000 78,500 84,500 90,500
33 64,000 68,500 74,000 79,000 85,000 91,000
34 64,500 69,000 74,500 80,000 85,500 91,500
35 65,500 70,000 75,000 80,500 86,000 92,000
36 66,000+ 70,500 75,500 81,000 86,500 93,000
37 66,500+ 71,000 76,000 81,500 87,000 93,500
38 67,500+ 72,000 77,000 82,000 87,500 94,000
39 68,000 72,500 77,500 82,500 88,500 94,500
40 68,500 73,000 78,000 83,500 89,000 94,500
a1 69,500 73,500 78,500 84,000 89,500 95,000
42 70,000 74,000 79,000 84,500 90,000 95,500
43 70,500 75,000 80,000 85,000 90,500 96,000
a4 71,500 75,500 80,500 85,500 91,000 96,500
45 72,000 76,000 81,000 86,000 91,500 97,500
46 72,500 76,500 81,500 87,000 92,500 98,000
47 73,500 77,500 82,000 87,500 93,000 98,500
48 74,000 78,000 83,000 88,000 93,500 99,000
49 74,500 78,500 83,500 88,500 94,000 99,500
50 75,500 79,000 84,000 89,000 94,500 100,000
51 76,000 80,000 84,500 89,000 95,000 100,500
52 76,500 80,500 85,000 90,500 95,500 101,000
53 77,500 81,000 86,000 91,000 96,500 102,000
54 78,000 81,500 86,500 91,500 97,000 102,500
55 78,500 82,500 87,000 92,000 97,500 103,000
56 79,500 83,000 87,500 92,500 98,000 103,500
57 80,000 83,500 88,000 93,000 98,500 104,000
58 84,000 89,000 94,000 99,000 104,500
59 85,000 89,500 94,500 99,500 105,000
60 85,500 90,000 95,000 100,500 105,500
* Tandem Axle by Definition NOTE: Al permissible load calculations are to the nearest 500 Ib. Maximum load on any single axle, 20,000 Ib. Weights
+ Exception to Federal Bridge Formula Table and Law. See Text for Explanation. over 80,000 Ib. are in excess of the Federal GVW on the National Highway Network.
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