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Abstract 

The Highway Technician’s job is to maintain a world class highway system.  Along 
with dump trucks, backhoes are an integral part of our highway equipment 
operations.  Backhoes are used daily to perform tasks such as culvert replacement, 
ditch setbacks and ditch cleaning. 
 
ODOT’s fleet consists of numerous types of backhoes. Backhoes are costly pieces 
of equipment with increasing yearly maintenance costs.  Daily pre-trip inspections 
and operator maintenance along with the proper operating techniques will help to 
reduce the overall expense of maintaining a backhoe. 
 
ODOT must have its equipment ready at a moment’s notice to respond to any and 
all emergencies concerning our highway system.  Our equipment must therefore be 
maintained at the highest state of readiness possible and operated by qualified 
professionals. 
 
This class is designed to provide Highway Technicians training in the basic 
operation and maintenance of backhoes.  All safety rules and regulations set forth 
by this agency and the equipment manufacturers will be observed during the 
training. 

 

Learning Objectives 

 

The learning objectives for this course are as follows: 

• Dangers and safety considerations when operating backhoes 

• How to conduct a pre-trip inspection for backhoe specific components 

• Proper operation of a backhoe 

• Proper transportation and maintenance 
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Lesson One: Introduction to Backhoe Operation 
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Overview of Backhoes

A backhoe is a piece 
of earthmoving 
equipment 

Backhoes have many 
uses

 

A. Overview of a Backhoe 

1. A backhoe is a piece of earth-moving equipment  

2. Backhoes have many uses 

a. Digging trenches and holes 

b. Demolition work 

c. General grading and landscaping 

d. Heavy lifting such as the lifting and placement of pipe  
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Components of a Backhoe

Superstructure

Undercarriage

Front end attachments

Rear attachments

 

B. Components of a Backhoe (see Figure 1-1) 

1. Superstructure 

a. The main frame work of the equipment structure 

b. Also contains: 

i. Power source (i.e., engine compartment) 

ii. Main hydraulic pump and various hydraulic valves 

iii. Cab house operator’s compartment and controls 

2. Undercarriage 

a. Consists of the following pieces 

i. Axles front and rear 

ii. Drive train 

3. Front end attachments 

a. Consists of the following  

i. Bucket lift cylinder  
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ii. Bucket standard or four-in-one clam 

4. Rear attachments 

a. Consists of the following 

i. Dipper wrist cylinder 

ii. Bucket or dipper 

iii. Lift or hoist hook 

iv. Compactor 

v. Pavement breaker 

vi. Outriggers  
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Figure 1-1. Components of a backhoe
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Lesson Two: Backhoe Safety 
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Backhoe Accidents

 

A. Backhoe Accidents 

1. A county employee operating a backhoe was crushed to death when the 
backhoe flipped into a water-filled ditch 

2. A construction worker died after a backhoe bucket came loose and pinned 
him in a trench where he was working 

3. A man was being elevated in the bucket of a backhoe, trying to catch 
something outside a window, when the bucket tipped pinning him to the 
side of the building. He was rushed to the hospital where he later died.  

4. A worker was shoveling dirt next to a backhoe in operation.  The bucket 
over-swung the trench and struck the worker, resulting in a broken leg and 
ankle. 

5. An ODOT employee was driving a backhoe a short distance to a job site on 
the roadway and was hit by a semi truck.  The driver of the backhoe was 
severely injured. 
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Backhoe Safety Overview

Every operator’s first concern 
must be safety

Operator responsibilities

 

B. Backhoe Safety Overview 

1. Every operator’s first concern must be safety 

2. Factors that are directly related to safety 

a. Personal injury 

b. Equipment cost 

c. Repair cost 

d. Project cost 

e. Labor cost 

f. Project delays 

3. Operator responsibilities 

a. Proper operation of a backhoe 

b. Personal safety 

c. Safety of the crew 

d. Safety of the traveling public 



Backhoe Lesson Two 
January 2007 
 

10                                                                                      Office of Training:  Equipment Training Section 

e. Prior to digging, determine the location of utility installations, such as 
sewer, telephone, electric or water lines, by calling Ohio Utilities 
Protection Service (OUPS) at 1-800-362-2764 

Backhoe Safety Overview (cont’d)

Knowing the capabilities of a backhoe and 
understanding the job at hand are 
important to a successful operation

Always follow proper safety precautions 
and procedures

Your operator’s manual is a valuable 
safety reference

 

4. Knowing the capabilities of a backhoe and understanding the job at hand 
are important to successful operation 

5. Always follow proper safety precautions and procedures 

a. Never take shortcuts that avoid correct safety procedures 

b. Shortcuts are not cost effective and could result in injury or death 

6. Your operator’s manual is a valuable safety reference 
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Backhoe Safety Procedures

Circle of safety walk around 
inspection

Proper entry and exit

Seat belt check

Look before backing

 

C. Backhoe Safety Procedures 

1. Circle of safety walk around inspection 

a. A circle of safety walk around inspection is mandated by federal, state 
and ODOT regulations as well as manufacturer requirements 

b. Criteria for the walk around inspection 

i. When you have been out of sight of the machine 

ii. When you are more than 25 feet away from the machine  

iii. Before re-starting and moving the machine 

c. The walk around lets you ensure no one is near a backhoe 

i. Keep everyone clear, especially before moving the boom or 
swinging left or right and when traveling 

ii. Always be alert for anyone in or near a backhoe 

d. The 30 seconds that the walk around takes may save a life 
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2. Proper entry and exit 

a. Falling is a major cause of personal injury 

b. Proper entry and exit of a backhoe is important (see Figure 2-1) 

i. Face the machine at all times while entering and exiting 

ii. Maintain three points of contact with a backhoe 

iii. Do not use the controls or steering wheel a handhold 

c. Keep both hands and one foot in contact with the machine at all times  

• The three point method will help prevent falls 

 

Figure 2-1. Three points of contact 

d. Keep your boots as clean as possible 

• This will help prevent slipping when entering and exiting 

e. Never jump on or off a backhoe at any time 

f. Never climb on or off a moving backhoe 

g. Be careful of slippery conditions on platforms, steps and handrails 

h. Ground all attachments before exiting backhoe 
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3. Seat belt check 

a. Proper seat belt use is mandated by federal, state, and ODOT standard 
procedure 150-003(SP) § I(H) as well as being a manufacturer 
requirement 

b. Seat belt requirements 

i. Seat belts need to be properly adjusted 

ii. Seat belts should be snug, but not so tight as to cause discomfort 

c. Seat belts should be worn at all times 

d. If the seat belt is not functioning properly or is damaged, notify the 
mechanic immediately and do not use the piece of equipment 

 

Figure 2-2. Backhoe seat belt  

4. Look before backing 

a. Common excuses for not looking when backing  

i. “No one was there a minute ago”  

ii. “There is a blind spot in my mirror”  

iii. “Didn’t they hear the back-up alarm?” 

b. There are no valid excuses for failing to look before backing - it is the 
operator’s responsibility 
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c. The operator is responsible for ensuring the path behind a backhoe is 
clear before backing 

d. Look each and every time before backing 

e. If necessary, use a ground guide when moving a backhoe 

• Coordinate hand signals before starting the backhoe 

Backhoe Safety Procedures (cont’d)

Operating speed

Operator’s platform 
check

Safe fueling procedures

Safety and emergency 
equipment check

 

5. Operating speed 

a. Operators are judged by how well and how quickly they get a job done 

b. Characteristics of a good operator include 

i. Doing a job correctly and safely 

ii. Being cost efficient and productive 

iii. Employing good cycle time 

c. Going too fast is hazardous to the operator, the crew and the backhoe 
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6. Operator’s platform check 

a. Become familiar with all controls  

i. The operator’s manual shows the location of all controls 

ii. Manufacturer’s control specifications are located in the 
operator’s manual 

b. Precision operation requires the operator to be seated and using the seat 
belt 

              THERE ARE NO EXCEPTIONS 

 

Figure 2-3. Operator’s platform 

c. Consult the operator’s manual for specific guidance on the model of 
backhoe you are operating 

d. The operator’s seat is for the operator only - NO RIDERS 

i. Riders are subject to injury such as being struck by foreign 
objects and being thrown off the machine 

ii. Riders obstruct the operator’s view 
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7. Safe fueling procedures 

a. Diesel fuel is highly flammable 

b. Do not refuel a backhoe indoors, while smoking, or near an open flame 
or spark 

 

Figure 2-4. Fuel cap and diesel sign 

8. Safety and emergency equipment check 

 

Figure 2-5. Fire extinguisher 
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a. Take an inventory of the safety equipment 

b. The fire extinguisher should be securely mounted with a current 
inspection date  

• Make sure the safety mechanism is securely in place and the 
extinguisher is ABC rated and fully charged 

c. The first aid kit should be securely mounted and inventoried regularly 

d. Keep emergency phone numbers for EMT, fire and police readily 
accessible 

Backhoe Safety Procedures (cont’d)

High-pressure fluids 
systems check

Engine compartment 
check

Clean a backhoe 
regularly

 

9. High-pressure fluids systems check 

a. Never touch any high pressure hydraulic hoses or lines with your hands, 
always use a solid object when performing a check 

b. Escaping fluid under pressure can penetrate the skin, causing serious 
injury 

i. In case of an accident, seek medical help immediately 

ii. Any fluid injected under the skin must be surgically removed 
within a few hours or gangrene may result 
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c. Avoid injury by relieving fluid pressure before disconnecting hydraulic 
or other lines 

d. Tighten all connections before applying pressure 

e. Search for leaks with a piece of cardboard by running the piece of 
cardboard behind the hoses 

f. Disposing of fluids 

i. Fluids must be disposed of properly if the operator experiences a 
line break while operating in the field 

ii. Improper disposal of fluids can harm the environment 

iii. Before draining any fluids, confirm the proper way to dispose of 
the waste product 

iv. Never pour oil on the ground, down a drain, into a stream, pond, 
or lake 

v. Obey ODOT and Ohio Environmental Protection Agency 
(OEPA) regulations concerning the disposal of oil, fuel, coolant, 
brake fluid, filters, batteries and other harmful waste 

10. Engine compartment check 

a. Keep engine compartment, radiator, batteries, hydraulic lines, fuel tank 
and operator’s station clean 

b. Be aware of extreme temperatures immediately after the engine is 
stopped; be aware of the potential for fires during this period 

c. Open access door(s) to cool the engine faster and clean the engine 
compartment 
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Figure 2-6. Engine compartment 

11. Clean a backhoe regularly 

a. Remove any grease, oil or debris build-up to avoid possible injury or 
machine damage 

b. Clean the work area around a backhoe 
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Backhoe Safety Procedures (cont’d)

Safe bucket operation

Safe boom operation

Digging safely

Center of gravity

 

12. Safe bucket operation 

a. Keep a backhoe bucket as low to the ground as possible, but high 
enough to avoid obstacles 

• Keeping the bucket low will increase stability and help decrease 
the chances of rollover 

b. Keep the bucket rolled back as much as possible to keep material in the 
bucket 

c. To prevent wasting material, never overfill the bucket 

d. NEVER work around power lines as the bucket may come in contact 
with the lines or cause an electrical arc 

i. Avoid power lines 

a) Never move any part of the machine or load closer than 
10 feet plus twice the line insulator length to power lines 

b) Use a ground guide to assist when operating the machine 

e. If it is operationally necessary to work around power lines, have the 
electric company insulate the lines prior to working in the area 
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f. The bucket may cause a backhoe to be thrown off center when traveling 
on a hillside 

i. When driving up a hill or backing down a hill, keep the bucket 
uphill;  this will maintain weight on the drive wheels 

ii. Keep the bucket approximately 12 inches above the ground when 
going up or down slopes 

g. Avoid contacting the machine with the bucket teeth 

 

Figure 2-7. Backhoe bucket and outriggers 

13. Safe boom operation 

a. Securely support any machine elements which must be raised for service 
work 

b. Never work under a machine raised by the boom 

c. If the machine must be raised, keep a 90 to 100 degree angle between 
the boom and the arm 

d. Avoid contact between the boom or arm and overhead obstacles when 
operating, moving or hauling a backhoe 

e. Keep everyone out of the swing area from outrigger to outrigger 
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14. Digging safely 

a. Only use the bucket for digging 

• Never use as a jackhammer or wrecking ball 

b. When lifting pipe with a backhoe, keep everyone away from the raised 
load 

c. Prior to digging, determine the location of utility installations, such as 
sewer, telephone, electric or water lines, by calling Ohio Utilities 
Protection Service (OUPS) at 1-800-362-2764 

d. When digging deep, avoid hitting the bottom of the boom, bucket lift or 
hoist hook against the ground 

15. Center of gravity 

a. Also known as the balance point or tipping point 

b. Factors determining the center of gravity 

i. Height 

ii. Width 

iii. Wheel base 

iv. Turning radius 

v. Weight distribution 

c. The center of gravity will vary from manufacturer to manufacturer 

d. The amount of weight in the bucket and the height at which it’s carried 
will change the tipping point of the machine 
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Figure 2-8. Backhoe center of gravity 

How to move a backhoe

Safety considerations when shutting down

Backhoe Safety Procedures (cont’d)

 

16. How to move a backhoe 

a. Backhoes are moved by using the forward, neutral and reverse (FNR) 
lever 

b. Raise the bucket, boom, dipper and outriggers 
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Figure 2-9. FNR Lever 

17. Safety considerations when shutting down 

a. Engine damage will occur due to the turbo charger still running 

• If shut down improperly, the components may break loose and 
result in possible injury 

b. Turbocharger damage 

i. The turbocharger is part of the exhaust system and is located on 
the side of the engine 

ii. Bearings in the turbocharger may be destroyed, if not shut down 
properly 

iii. Wait three to five minutes for the engine to cool down and the 
turbo charger to slowdown prior to turning the engine off 

c. Engine compartment fires 

• Improper shutdown does not permit proper cooling of the engine 
compartment, thereby creating the likelihood of a fire if grease or 
other combustible elements are also present in the engine 
compartment 
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Lesson Three: Pre-Trip Inspection 
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A. Overview 

Overview

Vital to equipment life

Conduct daily

Reduces negatives

 

1. The pre-trip inspection is vital to the life and the operation of a backhoe 

2. Pre-trip inspections are conducted daily or at the beginning of a shift 
change 

3. Pre-trip inspections reduce down time, equipment cost, equipment hazards, 
and personal injury 
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B. Operator Requirements 

Operator Requirements

Good eyesight
Mobility
Hearing
Overall physical condition
Mental alertness
Experience
Awareness

 

1. Good eyesight 

• Depth perception, distance and peripheral vision are all required for 
proper operator performance 

2. Mobility 

a. Ability to safely climb in and out of a backhoe 

b. Ability to move around inside the cab to improve visibility 

3. Hearing 

• Ability to detect and identify unusual noises 

4. Overall physical condition 

a. Medical conditions to consider 

i. Any physical limitation that could affect the ability of the 
operator to operate efficiently and safely (i.e., back problems) 

ii. Medication side effects  
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5. Mental alertness 

a. Potential obstacles 

i. Personal problems 

ii. Attention deficit 

iii. Stress 

iv. Lack of sleep 

6. Experience 

• Operator experience must be considered, but inexperience can be 
overcome by formal or on-the-job training 

7. Awareness 

a. Operators need to be aware of hazards associated with 

i. Equipment 

ii. Operating terrain 

iii. Themselves  

iv. Their crew 

v. The public 
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C. Operator Personal Protective Equipment (PPE) 

Personal Protective Equipment (PPE)

Clothing
Footwear
Head protection
Eye protection
Gloves
Hearing protection
Safety vests

 

1. Clothing 

a. Should not be bulky because bulky clothing restricts movement 

b. Should be fitted 

• Loose clothing can snag controls or get caught when entering or 
exiting equipment 

c. Dress in layers, and add or remove layers as needed 

d. Do not wear 

i. Jewelry 

ii. Any item which could become snagged and cause damage or 
injury 

2. Footwear 

• A leather boot with ankle protection is recommended 
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3. Head protection 

a. A hard hat may be required by the district, especially when entering and 
exiting the cab in a designated hard hat area 

• The hard hat should fit snugly so that it does not move when you 
turn your head, but not so tight as to cause discomfort 

4. Eye protection 

a. Safety glasses are highly recommended and may be required by your 
district 

i. Make sure they are clean, fit properly, and are safety rated ANSI 
Z87.1 

ii. Over the counter sunglasses are not considered proper eye 
protection unless they have the ANSI Z87.1 stamp on them 

5. Gloves 

a. May be needed depending on 

i. Weather 

ii. Site conditions 

iii. Operator preference 

b. Should fit snugly enough to allow the operator to feel the controls 

6. Hearing protection 

• May be required, depending on the equipment.  Check with your safety 
office. 

7. Safety vests 

• A safety vest shall be worn at all times unless supervision deems it to be 
a secondary hazard by the district safety office.  Be aware that wearing 
the vest in the backhoe cab may cause a safety hazard because the vest 
may accidentally hook the control levers. 
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D. Vehicle Inspection 

Vehicle Inspection Form
EM-78/HE, ODOT’s pre-trip inspection 
form for heavy equipment

Operator’s manual inspection form

 

1. EM-78/HE Pre-Trip Equipment Inspection Form (see Appendix A) 

a. Equipment inspection starts with the use of the EM-78/HE, ODOT’s 
pre-trip inspection form for heavy equipment 

b. It should be filled out completely with any exceptions explained in 
writing at the bottom of the form 

• Exceptions are explanations on why certain sections are not 
completed on the form -  i.e., tracks, if not applicable 

c. After inspection of the equipment and completion of the EM-78/HE, a 
form EM-44, Operator’s Report (see Appendix B) should be completed 
and turned in to the mechanic if any work needs to be done on the 
equipment 

2. Operator’s manual inspection form 

a. Every operator’s manual contains a daily inspection form for the specific 
backhoe.  Even if a backhoe specific form is completed, the EM-78/HE 
must still be completed.  This pre-trip lesson will focus on backhoe-
specific inspection items.  
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b. If any item is found to be unsatisfactory after completing the daily 
inspection form, the backhoe shall be placed out of service immediately 
until maintenance work can be properly completed by certified 
personnel 

E. Backhoe-Specific Pre-trip Inspection 

Pre-Trip Inspection
Engine compartment

Engine start-up

Unusual noises

Exterior lights and pilot control shut off lever

Walk around – Circle of Safety

On the move

 

1. Engine compartment 

a. Check fluid levels 

i. Oil 

ii. Coolant 

iii. Hydraulics 

iv. Belts and hoses 

v. Refill any low fluids with the proper fluid for your equipment 
brand; check the operator’s manual for specifications 

b. Check for leaks of any sort in the engine compartment 

c. Check the wiring harness for loose wires/connections 
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2. Engine start up 

a. Watch that oil pressure builds in seven to ten seconds (ten to fifteen 
seconds in cold weather) 

 If the pressure does not build within the specified time, shut off 
the equipment and consult your mechanic 

 

Figure 3-1. Oil pressure gauge 

b. Check amp meter/volt meter gauge to see if the electrical system is 
charging 

c. Coolant temperature may not have a reading until the equipment has 
warmed up 

d. Transmission temperature (if so equipped) may not have a reading until 
the equipment has warmed up 

e. Hydraulic oil also needs time to warm up 

3. Unusual noises 

a. All of the gauges may be reading normally, but often you can hear a 
problem before you see it 

b. Listen for unusual noises in 

i. The hydraulic system 

ii. The transmission or water pump 

iii. Belts or pulleys (squealing)  
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iv. Metal to metal sounds 

v. Engine (tapping too loudly) 

vi. Anything that would signify trouble 

c. Shut off the engine and try to determine the source of the problem 

 

4. Turn on all exterior lights and set the parking brake (see Figure 3-2) to the 
on position prior to exiting the cab for the walk around  

 

 

Figure 3-2. Parking brake  

5. Walk around 

a. With the engine running, the parking brake set and the engine covers 
open, walk completely around the machine in a counterclockwise 
direction and check the following backhoe specific items listed on the  
EM-78/HE 
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i. Reverser oil 

a) May be on your equipment; check your operator’s 
manual 

b) May be called a clutch cutout 

c) Check this when the engine is running cold and at an idle 

ii. Tires and rims (see Figure 3-3) 

a) Inspect for 

1) Abrasions, bulges, cuts and tread/lug wear  

2) Check lug nuts for tightness, rust of shiny places 

3) Air pressure (stand off to side when checking) 

4) Never use ether to inflate a tire 

5) Check rims for cracks/welds or any damage 

 

Figure 3-3. Tires and rims 

iii. Boom/dipper and stabilizers 

a) Check for any loose or damaged hydraulic hoses 

b) Look on the chrome cylinders to see if there are any 
gouges or pitting that will cause leaking and damage 

c)  Check stabilizer pads for condition 
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Figure 3-4. Boom and dipper 

iv. Buckets 

a) Multiple buckets may be needed to complete the assigned 
project; inspect all buckets prior to beginning operation 

b) Bucket teeth must be securely fastened or pinned in place 
or the bucket shall not be used 

c) Check front bucket blade, hoses and cylinders 

v. Body 

a) During the walk around, check the body for  

1) Dents 

2) Dings 

3) New scratches 

b) If a window is broken or missing, have it replaced  
immediately 

c) Check for any other problems which may have occurred 
since the last time the backhoe was operated 

d) Vandalism is always a possibility if the equipment has 
been left in an unsecured area 

e) If operating the vehicle for the first time, document all 
damage found on the EM-78/HE 

Boom
Dipper
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Figure 3-5. Backhoe body 

vi. Undercarriage 

a) Check underneath the equipment, drive train and frame 

b) Check for leaks and any damage 

6. On the move 

a. Controls 

i. Before moving the backhoe, move the controls to ensure they 
work properly 

ii. Check the operator’s manual to confirm the type of control 
pattern the backhoe is equipped with 

• Many newer backhoes have a switch now that permits the 
pattern to be changed  

 

Figure 3-6. Boom, dipper and bucket controls 
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b. Steering  

i. Move a backhoe forward and backward to check the steering and 
turning radius 

a) Check the feel of the controls, steering limits and 
function 

b) Check movement in both directions using the FNR lever  

c) Check the turning ability of the equipment, utilizing both 
the steering wheel and foot-steering brake pedals 

d) Ensure the brake pedals are locked together if the 
operator intends to “road” or “load” the backhoe 

 

Figure 3-8. Steering controls 

c. Bucket 

• Check hydraulic cylinders to ensure they function properly 
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Completion of Pre-Trip

Make sure all 
compartments are 
securely closed

Complete, sign and 
date all necessary 
paper work

 

F. Completion of Pre-Trip Inspection 

1. Make sure all compartments are securely closed 

2. Complete, sign and date all of the necessary paper work 
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Lesson Four: Basic Operation 

 

 

 

 

 

LESSON FOUR:
Basic Operation
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Know Your Work Area

Set up proper work zone control
Check worksite footing for strength and 
support
Watch for clearance height
Know weight limitations for lifting capacity

 

A. Know Your Work Area 

1. Set up the proper work zone control for the area where the work will be 
performed utilizing the Ohio Manual on Uniform Traffic Control Devices 
(OMUTCD) 

2. Make sure the worksite footing has enough strength to support a backhoe 
firmly in order to prevent cave-ins 

3. Watch for clearance height 

• Know what is above you at all times 

4. Know your weight limitations for lifting capacity 

5. Check underground utilities 

• Always call Ohio Utilities Protection Service (OUPS) prior to digging 

6. Beware of power lines 

• Stay a minimum of 10 feet from power lines 

7. Make sure that lights and warning signs are visible to everyone in the 
work area 
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8. Place the machine on level ground, lower the stabilizers and then lower 
the front bucket.  This creates a level-bearing surface for stability. 

Equipment Start-Up

Seat belt use is mandatory

Buzzer stop alarm

Engine coolant temperature gauge

 

B. Equipment Start-Up 

 

Figure 4-1. Operators Platform 

1. The operator must be seated with the seat belt fastened to operate the 
controls     

a. Start the engine with the throttle control lever set at idle 
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• When the key switch is turned on, the buzzer will sound briefly 

2. Buzzer Stop Alarm (if so equipped) 

a. The engine buzzer will sound whenever the engine oil pressure is low, 
the coolant overheats or the hydraulic oil overheats 

b. The alarm’s location will vary depending on manufacturer 

c. The buzzer for low engine oil pressure will not stop until the equipment 
is turned off 

d. For high coolant temperature and high hydraulic oil temperature, reduce 
load immediately and run the engine at reduced engine speed 

3. Engine coolant temperature gauge 

a. The needle will point to the white zone until the engine is warm 

• Normal operating temperature is in the green zone 

b. Do not stop the engine when the needle enters the red zone or the 
temperature will rise farther 

c. Instead of stopping the equipment, stop digging immediately and place 
the equipment at the lower revolutions per minute (RPM) speed 
recommended by the manufacturer until the temperature drops 

• If the problem continues, inspect for a plugged radiator or 
coolant leakage 
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Equipment Start-Up (cont’d)

Alternator voltage indicator

Engine oil pressure indicator

Air filter restriction indicator

Hydraulic oil temperature indicator

 

4. Alternator voltage indicator 

a. The indicator will light when there is low voltage output from the 
alternator 

b. Check the battery’s charge and the electrical system 

5. Engine oil pressure indicator 

a. If the engine oil pressure light (red indicator) comes on and the buzzer 
sounds while operating, stop the engine immediately 

• Cold oil, a low level of oil or operating the equipment at an 
extreme angle may cause the indicator to light 

6. Air filter restriction indicator (if so equipped) 

a. The indicator will light when the air filter elements are plugged 

b. Stop operation of the equipment and clean or replace the elements 

7. Hydraulic oil temperature indicator 

a. The indicator will light when hydraulic oil overheats 

b. The red indicator will light and the buzzer will sound if continued 
operation will cause damage to the hydraulic components 
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c. Stop the engine immediately and consult with a mechanic to correct the 
problem before starting the equipment again 

Hydraulic oil filter restriction indicator

Light indicator

Levers

Pedals

Equipment Start-Up (cont’d)

 

8. Hydraulic oil filter restriction indicator (if so equipped) 

a. The indicator will light when the hydraulic oil filters are plugged 

b. Immediately stop operation and have a mechanic replace the filters 
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9. Light indicator 

• The indicator comes on when work lights (i.e., headlights, boom lights, 
etc.) are active 

10. Levers 

a. Located on either side of the operator’s seat 

b. Used to control the boom, dipper and bucket 

c. The horn button location depends on manufacturer 

d. The back-up alarm will sound when the FNR lever is placed in the R 
position 

 

Figure 4-2. Operating levers 

11. Pedals 

a. Accelerator and brake pedals are used by the operator to move the 
machine forward and reverse along with the FNR lever 

 

Figure 4-3. Operating pedals 
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b. The dipper extension  pedal if a backhoe is equipped with an extension 
rod (see Figure 4-4) 

 

Figure 4-4. Dipper extension pedal  

Operating lights

Booster batteries

Equipment Start-Up (cont’d)

 

12. Operating lights (if equipped) 

a. Turn on all light switches for driving and to light up the instrument panel 

b. Turn on night time operating lights if so equipped 
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13. Using booster batteries - 12 volt system 

a. Boost starting is starting a backhoe with another battery source, such as 
booster batteries 

• Prior to boost starting, check the operator’s manual for specific 
information on boost starting your specific backhoe 

b. Before boost starting, the machine must be secured to prevent 
unexpected machine movement when the engine starts 

c. An explosive gas will be produced when batteries are in use or being 
charged; keep flames or sparks away from the battery area 

d. Make sure the batteries are charged in a well-ventilated area 

e. The machine electrical system is a 12-volt negative (-) ground 

f. Use only 12-volt booster batteries 

g. Connect booster batteries; make the last connection to the frame of 
vehicle with the dead batteries 
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C. Start-up, Movement and Shut-down Procedures 

Startup, Movement and Shutdown 
Procedures 

Warm weather startup

Cold weather startup

Movement procedures

Shutdown procedures

 

1.  Warm weather warm-up for the engine 

a. Clear the area of all persons before running the machine through the 
warm-up procedure 

b. After the engine starts, run at 1/3 speed for 30 seconds 

• 1/3 speed can be achieved by raising the throttle lever to 
approximately 1/3 of traveling distance from the start position to 
full throttle 

c. Do not run the engine at fast or slow idle and do not accelerate rapidly 
during the warm up 

d. Operate a backhoe at less-than-normal loads and speeds until the engine 
is at normal operating temperature 

2. Cold weather warm-up (below 32 degrees Fahrenheit) 

a. Clear the area of all persons before running the machine through the 
warm-up procedure 

b. Start the engine and run at half speed for 5 minutes 
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c. Do not run at fast or slow idle and do not accelerate rapidly during the 
warm up 

d. Confirm that no one has entered the operating area 

e. Operate boom, arm and bucket functions by moving cylinders a short 
distance in each direction for the first time 

f. Continue cycling cylinders by increasing the traveling distance during 
each cycle until a full stroke is reached 

g. If hydraulic functions still move slowly, repeat the two steps 
immediately above 

h. Safety precautions specific to a cold weather warm-up 

i. If hydraulic oil is cold, the hydraulic functions will move slowly 

ii. Do not attempt normal backhoe operation until the hydraulic 
functions move at close-to-normal cycle times 

iii. In cold conditions, an extended warm-up period will be 
necessary 

iv. For faster warm-up, cover the radiator and oil cooler during the 
warming period 

v. The hydraulic filter restriction indicator may flicker during warm 
up 

vi. Operate functions slowly until the engine and hydraulic oil are 
thoroughly warmed 

vii. Avoid sudden operations of all functions until the engine and 
hydraulic oil are thoroughly warmed up     
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Moving a Backhoe

Lock boom

Insert swing lock pin

Select gear

Long distance travel

Roading

 

3. Moving a Backhoe 

a. Prior to traveling over long distances, be sure to lock boom in place and 
ensure the slow moving vehicle sign is on the back of the backhoe and 
visible to the public 

b. Insert swing lock pin   

c. Select gear for travel speed and place FNR lever in the F position  

d. If traveling a long distance put the transmission in 3rd or 4th gear 
(depending on the distance which will be traveled) then put the FNR 
lever in the F position 

e. If roading, LOCK brake pedals together; this ensures even braking 
power to each wheel 
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Moving a Backhoe (cont’d)

Drive carefully

Freezing weather

Arm cylinder

Throttle control lever

 

f. Always drive the backhoe carefully 

g. During freezing weather, park the machine on a hard surface to prevent  
freezing to the ground 

i. Clean debris from tires and frame daily 

ii. If tires are frozen to the ground, raise the tires one at a time using 
the boom and move the machine carefully to prevent damage to 
the drive train and tires 

h. Do not drive a backhoe with the arm cylinder fully extended 

• Retract the arm cylinder slightly to prevent cylinder damage 

i. Throttle control lever 
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Figure 4-5. Engine speed control lever 

i. Use the engine speed control lever to set engine speed at desired 
RPMs 

ii. To be used when digging only 

4. Stopping the engine 

a. The turbocharger may be damaged if the engine is not properly shut 
down 

b. Before leaving the operator’s seat, perform the following steps 

i. Park the machine on a level surface 

ii. Set parking brake 

iii. Lower the front bucket to the ground 

iv. Lower the boom and dipper to the ground 

v. Lower the outriggers 

vi. Run the engine at half speed without load for 2 minutes 

vii. Push the speed control lever to the idle position 

viii. Turn the key off 

ix. Remove the key from the switch 



Lesson Four Backhoe  
January 2007 

Office of Training:  Equipment Training Section 57 

Operating a Backhoe Digging 
Mechanism

Pilot control shut-off 
lever

Control levers

Operating in water or 
mud

Starting an excavation

 

D. Operating a Backhoe Digging Mechanism 

1. Pilot control shut-off lever (if equipped) 

a. This lever is the shut-off point for all hydraulic controls  

i. Locking the switch in place will render a backhoe’s levers 
inoperable 

ii. Pull shut-off lever back to lock position to shut off hydraulic 
pressure to both right and left control levers and foot pedals 
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2. Control levers 

a. These levers are utilized to operate the boom, dipper, and bucket 

b. When the lever is released, it will return to neutral 

c. Read the operator’s manual for directions on how the equipment 
controls are designed to work 

i. Cleaning 

ii. Keep the operator’s cab clean  

3. Operating in water or mud 

• Be careful not to operate the machine in water or mud above the swing 
pin.  Causing the swing pin to be submerged will cause excessive wear. 

 

Figure 4-6. Swing pin location 

4. Starting an excavation 

a. Prior to starting the excavation, ensure the proper bucket has been 
selected for the job to be completed 

b. Place the machine on level ground and use the stabilizers before digging 

• This creates a level-bearing stable surface for the tracks  

b. Position the arm slightly forward of the perpendicular position 
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c. Place the bucket teeth on the ground with the bottom of the bucket at 
approximately a 45 degree angle to the ground 

d. Pull the bucket toward a backhoe using the dipper arm, boom and bucket 
functions until the bucket is full of material 

• Continue this procedure until the desired depth is reached 

 

Figure 4-7. Proper bucket positioning  
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Straight line trenching
Moving a backhoe off an embankment
Craning/overhead lifting
Operating on a slope
Hydraulic pavement breaker operating tips 
(manufacturer specific)

Operating a Backhoe Digging 
Mechanism (cont’d)

 

5. Straight line trenching 

a. The process by which a straight line dig is dug 

i. Drive two stakes in at the beginning of the excavation process 

ii. Drive the first stake in immediately behind the starting point and 
the second stake approximately 30 feet behind the first 

iii. Positioning these stakes in a line extending from the centerline of 
the operator’s position enables you to use them as a sight gauge 

iv. This technique is especially useful where frequent repositioning 
of a backhoe is needed  

6. Moving a backhoe off an embankment 

a. To move a backhoe off an embankment, position the bucket with the flat 
surface resting on the ground 

• The angle of the boom should be perpendicular to the operator  

b. The bucket must always be placed on the ground before beginning to 
move off the embankment; never move the machine and the bucket 
simultaneously off the embankment 
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• If the machine and the bucket are moved simultaneously off the 
embankment, there is a great risk of the bucket absorbing the 
force of the fall, damaging the equipment 

c. The bucket must be on the ground before the machine begins to tip 

d. As the unit moves forward, raise the boom and retract the arm until the 
tires reach the lower ground level 

e. Raise the bucket off the ground  

f. Position the front bucket on the upper ground with the flat surface of the 
bucket resting on the ground 

• Keep the stabilizers up about 1 foot  

g. Place the FNR lever in R and slowly backup keeping pressure on the 
front bucket        

h. When the tires clear the embankment, raise the front bucket to lower the 
tires onto the lower ground level 

i. To move a backhoe onto an embankment, reverse the procedure 

7. Craning/overhead lifting 

a. The process of using a sling attached to the bucket to move a heavy item 
(such as a catch basin) from one point to another 

i. Secure sling/chain tightly to the load being lifted, always using 
grade 80 chain  

a) Many buckets are equipped with a bucket loop through 
which the chain for the sling can be secured 

b) If your equipment has a bucket loop, use when securing 
the sling/chain 

ii. Coordinate hand signals with your designated ground guide  
before starting 

iii. Know the location of all persons in the working area 

iv. Attach a hand line to the load and make sure the person holding 
it is away from the load 

v. Before starting the job, test your load by doing the following: 

a) Park the machine close to the load 
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b) Attach the load to the machine 

c) Raise the load 2 inches above the ground 

d) Swing the load all the way to one side 

e) While keeping the load close to the ground, move it away 
from the machine 

f) If there is any indication of reduced machine stability 
(i.e., tipping starts to occur), lower the load to the ground 
to reposition boom and dipper 

vi. Lift the load only as high as necessary when moving 

b. Safety precautions 

i. Never move the load suddenly 

ii. Never move a load over a person’s head 

iii. Do not allow anyone near a load 

iv. Keep everyone away from a raised load until blocks are 
supporting it or the load is set on the ground 

v. Fill the front bucket for more counterbalance and stability 

vi. Never attach a sling/chain to bucket teeth 

vii. Keep load as close to the machines as possible 

8. Operating on a slope 

a. Level off a work area 

b. Avoid swinging the bucket farther than necessary in a downhill direction 

c. Do not lift the boom too high on the uphill side.  A backhoe may tip 
backwards if the slope is too steep 

d. If at all possible, keep your spoil pile (dirt which is being dug out) on the 
uphill side of your excavation to make it easier to back fill and ensure 
the pile is a minimum of two feet from the excavation 

9. Hydraulic pavement breaker (manufacturer specific) 

a. An additional attachment available for the equipment which can be used 
in lieu of the bucket 
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b. The pavement breaker functions by using a jack-hammer type effect on 
the object to be broken apart 

c. Refer to the operator’s manual for specific instructions on how to use the 
attachment 

d. General operating tips 

i. Perform the required checks and inspection daily before 
operation 

ii. Avoid entry of contamination into the hydraulic system when 
switching the breaker with the bucket 

iii. Avoid blank hammering to prevent breaker damage 

iv. Do not operate the breaker with hydraulic cylinder rods fully 
extended or fully retracted to prevent cylinder or machine 
damage 

v. Do not operate the breaker in one position for over 1 minute 

vi. Do not use the breaker as a lever or a ripper (extending the 
hammer fully in front of the operator and pulling the hammer 
toward the operator while hammering) to prevent damage to the 
chisel or its holder 

vii. Do not use the breaker to move rocks 

viii. Do not operate the breaker in water 

ix. Operate the hydraulic pavement breaker carefully to avoid hitting 
it against the object to be broken 

x. Upon completion of breaker operation, release the pressure from 
the lines by depressing the breaker control pedal/switch 

xi. Failure to release the pressure will shorten the life of the breaker 

10. Back blading utilizing the front bucket 

a. Place front bucket flat on the ground 

b. Tilt bucket slightly forward 

c. Backup length of area which needs to be leveled 

d. Just prior to the end, tilt bucket back up to feather out material being 
leveled 
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Operating tips

Parking a backhoe

Lock all compartments

Operating a Backhoe Digging 
Mechanism (cont’d)

 

11. Operating tips 

a. Make sure you know the location and function of each control before 
operating 

b. Whenever possible, position the machine on a level surface 

c. Do not hit the stabilizers with the bucket when digging 

d. Do not use the bucket as a hammer or pile driver 

• Do not try to shift rocks and break walls using a swinging motion 

e. To avoid damaging the cylinders, do not strike the ground with the 
bucket or use the bucket for tamping (flattening a surface) when the 
bucket cylinder is fully extended (bucket completely curled under) 

f. Adjust the length and depth of each cut to produce a full bucket at every 
pass 

g. A full load should be the first objective, followed by speed, in order to 
increase productivity 

h. Do not try to break ledge rock by dropping the front of the bucket on the 
bucket teeth for penetration—serious damage could result 
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i. Once a trench is open, ledge rock can be broken by pulling the bucket up 
under the layers 

• The top layers are pulled out first, with one or two layers being 
lifted at a time 

j. Never place any part of your body beyond the window frame 

k. When digging, avoid contacting stabilizers with the boom cylinders or 
the bucket 

12. Parking a backhoe 

a. Before leaving the operator’s seat, perform the following steps 

i. Park the machine on a level surface 

ii. Lower all attachments to the ground 

iii. Follow procedure previously mentioned for shutting down the 
engine 

13. Lock all compartments 

a. A backhoe is equipped with locks on the cab door and side shields 

b. Use these locks to safeguard the machine 

c. It is the operator’s responsibility to lock the equipment to protect it from 
vandalism 

d. Shut off master switch, if so equipped.  The switch will usually be found 
in one of the compartments. 
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Lesson Five: Load Securement 

 

 

 

 

 

LESSON FIVE:
Load Securement
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Loading a Backhoe on a Trailer

Trailer bed

Chock wheels

Use ramp or loading 
dock

Throttle lever at idle 
position

 

A. Loading a Backhoe on a Trailer 

1. Keep the trailer bed clean 

2. Put chocks against the trailer wheels 

3. Use a ramp or loading dock 

a. Ramps must be strong enough to support the machine 

b. Ramps must have a low angle of 10 to 15 degrees 

4. Push the throttle lever to the idle position 
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Loading a Backhoe on a Trailer (cont’d)

Transmission gear shift 
lever

FNR lever

Load and unload on 
hard level surface

Drive onto trailer slowly

 

5. Move the gear shift lever to 1st gear, LOCK brake pedals together, put 
FNR lever in F position  

6. Always load and unload the machine on a hard level surface 

• Use a ground guide as needed 

 

Figure 5-1. Ground guide for loading equipment 

7. Slowly drive the machine onto the ramps of the trailer 
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Loading a Backhoe on a Trailer 
(cont’d)

Centerline

Bucket position

Prevent  damage 

 

8. The centerline of the machine should be over the centerline of the trailer 

9. Position the front bucket with the flat surface as low as possible without 
hitting the trailer deck 

10. To prevent damage to the machine or the trailer, do not allow the machine 
to impact the trailer with the bucket  

 

Figure 5-2. Bucket positioning on the trailer 
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Securing a Backhoe to a Trailer

Steps to complete prior to leaving the 
operator’s seat

 

B. Secure a Backhoe to the Trailer 

1. Once the equipment has been loaded onto the trailer, and before leaving 
the operator’s seat, perform the following steps 

a. Fully extend the bucket cylinder 

b. Fully extend the arm cylinder 

c. Lower the boom 

• If a backhoe cannot be transported with the arm fully extended, 
retract the arm 

d. Lower the bucket onto the trailer deck 

e. Shut down the equipment as previously discussed in lesson four 

f. Remove the key from the switch to prevent theft or loss of the key  

g. Move the hydraulic control levers to relieve pressure on the system 

h. Cover the exhaust opening to prevent entry of wind and water 

i. Lock doors and measure height  
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j. Fasten chains to the equipment frame using the proper number of chains 
and binders for the equipment’s weight and length 

• Do not put chains over or against hydraulic lines, rods or hoses 

k. Fasten each corner of the machine to the trailer with a chain and an 
appropriate load binder 

l. Fasten chain over dipper bucket 

Unloading a Backhoe from a Trailer

Secure trailer so it won’t move and release 
chains and binders

Raise bucket slightly off a trailer

 

C. Unloading a Backhoe from a Trailer 

1. Secure trailer so it won’t move and release chains and binders 

2. Remove tape from the exhaust pipe and remove the locking pins 

3. Raise the bucket slightly off a trailer 

4. Raise boom and dipper and put in transport position 

• Back off trailer slowly using a ground guide    
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D. Towing a Backhoe 

1. The equipment can also be moved across an open space when it cannot be 
started and loaded onto a trailer 

2. Steps 

a. Raise all attachments  

b. Release parking brake 

c. Put FNR lever in the N position 

d. Attach tow chain to tractor 

e. Attach brake chain to anchor vehicle 

3. Safety precautions for towing 

a. The machine will roll free when on a slope or while being towed 

b. Therefore you should use another vehicle attached to the rear of the 
equipment to counterbalance and act as a braking unit 

c. Lock brake pedals together  
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Lesson Six: Maintenance 
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Maintenance

 

 

 

 

 

 

 

 



Backhoe Lesson Six 
January 2007 
 

76                                                                                      Office of Training:  Equipment Training Section 

Routine Maintenance

Check batteries 

Replace fuses

Replace bucket tooth 
tip

Adjust bucket linkage

 

A. Routine Maintenance 

1. Check batteries for corrosion and tightness 

2. Replace fuses as needed 

3. Replace bucket tooth tip (heavy duty bucket) 

4. Adjust bucket linkage 
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Routine Maintenance (cont’d)

Remove the bucket 

Add other attachments

Do not service control 
valves, cylinders, 
pumps or motors

Grease machine daily 
per lubrication chart

 

5. Remove the bucket and add other attachments 

6. Do not service control valves, cylinders, pumps or motors 

• Check to ensure that all connections are tight to prevent leakage 

7. Grease machine daily per lubrication chart 

a. Normally the grease fittings will take grease more easily at the end of 
the day 

b. Do not over grease – one or two pumps is normally enough 
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Lesson Seven: Field Exercises 
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A. Daily Exercises 

Day 1

Each student will 
perform a proper pre-
trip inspection

Each student will 
become familiar with 
the controls through 
various maneuvers

 

1. Day 1 

a. Each student will perform a proper pre-trip inspection 

b. Students will become familiar with the controls by 

i. Moving the backhoe to a clear area 

ii. Putting stabilizers down slightly raising the backhoe and putting 
the front bucket down, further stabilizing the equipment 

iii. Extending the boom and dipper out as far as possible and setting 
the bucket flat on the ground 

iv. Using both levers, bringing the bucket toward the student  
without digging and keeping the teeth as close to the ground as 
possible 

v. The student will then repeat the maneuvers until the student 
becomes comfortable with the controls 
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Day 2

Each student will perform a pre-trip 
inspection

Each student will dig a trench 3 feet deep by 
50 feet in length with a level bottom and 
place the spoil pile a minimum of 2 feet from 
the trench

 

2. Day 2 

a. Students will each perform a pre-trip inspection 

b. Students will then dig a trench three feet deep by fifty feet in length with 
a level bottom and place the spoil pile a minimum of two feet from the 
trench 
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Day 3
Pre-trip inspection

Repeat day two 
exercise, but place 
spoil into a dump 
truck

Repeat exercise to 
further develop 
comfort levels

Crossing the trench

 

3. Day 3  

a. Students will each perform a pre-trip inspection 

b. Students will then repeat the exercise from day two, but will place the 
spoil into a dump truck 

c. The exercise will be repeated to further develop student comfort levels 
with a backhoe 

d. Students will then cross the trench going both forwards and backwards 
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Day 4

Each student will be tested on the exercises 
per the instructor’s directions

 

4. Day 4 

• Students will be tested over the exercises per the instructor’s directions 

 

 

 

Figure 7-1. Softball exercise 

 



Backhoe Lesson Seven 
January 2007 
 

84                                                                                      Office of Training:  Equipment Training Section 

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________ 



Appendix A: EM-78/HE Pre-Trip Inspection Form 

 

 
 





Appendix B: EM-44 Operator’s Report 

 
 
 
 
 
 
 
 
 
 
 
 
 





Appendix C: Tailgate Safety Talks 
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