
Chapter 3

Excavating and Lifting

Part 2
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3-4 DRAGLINES

• Operation and Employment

• Production Estimating

• Job Management
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FIGURE 3-10: Components of a dragline.
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https://www.youtube.com/watch?v=TFIS4YxeJS0

https://www.youtube.com/watch?v=TFIS4YxeJS0


Operation and Employment

– The dragline  is a very versatile machine that has 

the longest reach for digging and dumping of any 

member of the crane-shovel family. 

– It can dig from above machine level to significant 

depths in soft to medium-hard material. 

– Bucket teeth and weight produce digging action 

as the drag cable pulls the bucket across the 

ground surface. 
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• Digging is also controlled by the position at which 

the drag chain is attached to the bucket . 

• It does not have the positive digging action or 

lateral control of the shovel. Because of that:

– the bucket may bounce or move sideways during 

hard digging.

– More spillage must be expected in loading than 

would occur with a shovel.
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FIGURE 3-11: Dragline bucket.
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• The maximum bucket size to be used on a 

dragline depends on machine power, boom 

length, and material weight. 

– Therefore, use the dragline capacity chart 

provided by the manufacturer instead of the 

machine's lifting capacity chart to determine 

maximum allowable bucket size.
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• To estimate dragline production using the tables, 

– determine the ideal output of the dragline for the 

machine size and material (Table 3-7), 

– then adjust this figure by multiplying it by a swing-depth 

factor (Table 3-9) and a job efficiency factor, as shown 

in Equation 3-3.

– Expected production =

= Ideal output × Swing-depth factor × Efficiency  (3-3)

– Notice the conditions applicable to Table 3-7 given in the footnote..
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• To use Table 3-9, it is first necessary to determine 

the optimum depth of cut for the machine and 

material involved from Table 3-8.

• Next, divide the average depth of cut by the optimum 

depth and express the result as a percentage. 

• The appropriate swing-depth factor is then obtained 

from Table 3-9, 

– interpolating as necessary. 

11



EXAMPLE 3-4
• Determine the expected dragline production 

in loose cubic meter LCM per hour based on 

the following information. 

– Dragline size = 1.53 m3

– Swing angle = 120o

– Average depth of cut = 2.4 m

– Material = common earth

– Job efficiency = 50 min/h

– Soil swell = 25%
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Solution

Ideal output =176 BCM/h (Table 3-7)

Optimum depth of cut = 3.0 m    (Table 3-8)

Average depth/optimum depth = 2.4/3.0 × 100 = 80%

Swing-depth factor=0.90 (Table 3-9)

Efficiency factor =50/60 = 0.833

Volume change factor = 1 + 0.25 = 1.25

Estimated production = 

= 176 × 0.90 × 0.833 x1.25 = 165 LCM/h
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Job Management

• Trial operations may be necessary to select:

– the boom length, 

– boom angle, 

– bucket size and weight, and 

– the attachment position of the drag chain that 

yield maximum production. 

• As in shovel operation, maximum production 

is obtained with a minimum swing angle.
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Job Management

• Special bucket hitches are available which 

shorten the drag distance necessary to 

obtain a full bucket load. 

• Deep cuts should be excavated in layers 

whose thickness is as close to the 

optimum depth of cut as possible.
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3-5 CLAMSHELLS

• Operation and Employment

• Production Estimating

• Job Management
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FIGURE 3-13: Components of a Clamshell

https://www.youtube.com/watch?v=KtQSPBy831s
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https://www.youtube.com/watch?v=KtQSPBy831s


3-5 CLAMSHELLS

Operation and Employment

• When the crane-shovel is equipped with a crane 

boom and clamshell bucket, it becomes an 

excavator known as a clamshell. 

• The clamshell is capable of excavating to great 

depths.

• The shovel and backhoe is better than clamshell 

because of :

– lacks the positive digging action and

– precise lateral control. 
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3-5 CLAMSHELLS

• Clamshells are commonly used for:

– excavating vertical shafts and footings, 

– unloading bulk materials from rail cars and ships, 

and 

– moving bulk material from stockpiles to bins, 

hoppers, or haul units.
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FIGURE 3-14: Clamshell bucket
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3-5 CLAMSHELLS

• Bucket penetration depends on bucket weight assisted 

by the bucket teeth. 

• Therefore, buckets are available in light, medium, and 

heavy weights, with and without teeth. 

1. Heavy buckets: are suitable for digging medium 

soils. 

2. Medium buckets: are used for general-purpose 

work, including the excavation of loose soils. 

3. Light buckets: are used for handling bulk materials 

such as sand and gravel.
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FIGURE 3-15: Orange peel bucket.
(Courtesy of ESCO Corporation)
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• The orange peel bucket is principally utilized 

for underwater excavation and for rock 

placement. 

• Because of its circular shape, it is also well 

suited to excavating piers and shafts. 

• It operates on the same principle as does the 

clamshell.
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Production Estimating

• No standard production tables are available 

for the clamshell. 

– Thus production estimation should be based on 

the use of Equation 2-1. 

– The procedure is illustrated in Example 3-5.
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EXAMPLE 3-5

• Estimate the production in loose cubic meter per hour for 

a medium-weight clamshell excavating loose earth. 

– Heaped bucket capacity is 0.75 m3.

– The soil is common earth with a bucket fill factor of 

0.95. 

– Estimated cycle time is 40 s.

– Job efficiency is estimated at 50 min/h.

Solution

Production = 3600/40 × 0.75 × 0.95 × 50/60  = 53 LCM/h
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Job Management

• The maximum allowable load (bucket 

weight plus soil weight) on a clamshell 

should be obtained from the 

manufacturer's clamshell loading chart for 

continuous operation. 
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Job Management

• limit the load to 80% of the safe lifting 

capacity given by the crane capacity chart 

for rubber- tired equipment or 90% for 

crawler-mounted equipment. 

• use of the lightest bucket capable of 

digging the material will enable a larger 

bucket to be used and will usually increase 

production. 
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Job Management

• Cycle time is reduced by organizing the 

job so that the dumping radius is the same 

as the digging radius (fixed boom angle). 

• Keep the machine level to avoid swinging 

uphill or downhill.

• Non level swinging is hard on the machine 

and usually increases cycle time.
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3-6  TRENCHING AND TRENCHLESS 

TECHNOLOGY

• There is a growing demand for methods of installing 

utility systems below the ground with minimum open 

excavation. 

• Some methods available for achieving this goal 

include:

1. Specialized trenching machines

2. Plows 

3. Trenchless technology (trenchless excavation).
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1. Trenching Machines

• A. Chain trenchers, Figure 3-16 shows a large chain 

trencher capable of digging 356-911-mm wide vertical-

sided trenches to a depth of 3.1 m. 

• B.  Ladder trencher, are similar to chain trencher, but are 

larger. They are capable of digging trenches up to 10-ft 

(3.1 m) wide and 25-ft (7.6-m) deep. 

• C.  Bucket wheel trenchers use a revolving bucket wheel 

to cut a trench up to 5-ft (1.5 m) wide and 9-ft (2.7-m) 

deep.
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Chain trencher

https://www.youtube.com/watch?v=sdtib4YU1Rk

Bucket wheel trencher

https://www.youtube.com/watch?v=cY9O0NBKZ3E
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https://www.youtube.com/watch?v=cY9O0NBKZ3E
https://www.youtube.com/watch?v=sdtib4YU1Rk
https://www.youtube.com/watch?v=cY9O0NBKZ3E
https://www.youtube.com/watch?v=cY9O0NBKZ3E


Ladder Trencher

https://www.youtube.com/watch?v=-JD3vrSs5Tw
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https://www.youtube.com/watch?v=-JD3vrSs5Tw


2. Plows

• Plows can be used to cut a narrow trench and 

simultaneously insert a small diameter cable or 

pipeline in most soil.

• Vibratory plows, deliver a more powerful cutting 

action than static plows and can be used to 

insert utility lines in hard soil or soft rock

• https://www.youtube.com/watch?v=4Vb7-ZEW5vE
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https://www.youtube.com/watch?v=4Vb7-ZEW5vE
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3. Trenchless Technology 
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Trenchless Technology
(TT)

Installation

Pipe Jacking

Microtunneling

Horizontal 
Directional 

Drilling (HDD)

Repair & 
Rehabilitation

Sliplining

Pipe Bursting

Cured-in-place 
pipe (CIPP)

Inspection

CCTV Robot

Ultrasonic, 
Acoustic, and 
other methods

Family of technologies for the installation, rehabilitation, and inspection of 

underground utility lines with minimal service disruption (minimal digging)



1. Pipe Jacking
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1. Pipe Jacking
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1. Pipe Jacking
• The process of pipe jacking involves forcing pipe 

horizontally through the soil. 

• Working from a vertical shaft, a section or pipe is 

carefully aligned and advanced through the soil by 

hydraulic jacks braced against the shaft sides. 

• As the pipe advances, spoil is removed through the 

inside of the pipe. 

• After the pipe section has advanced far enough, the 

hydraulic rams are retracted and another section of pipe 

is placed into position for installation. 

• The process often requires workers to enter the pipe 

during the pipe jacking operation.
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2. Microtunneling or Utility Tunneling

• Microtunneling or utility tunneling is similar to the 

conventional tunneling but for smaller diameters (for 

pipelines)

• Microtunneling is now fully-automated 

process (laser guided)

• Microtunneling is often combined with pipe 

jacking to push the pipe sections

• Need a drive shaft for jacking the pipe and an 

exit shaft for retrieving the microtunneling

boring machine41



Microtunneling or Utility Tunneling
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Microtunneling or Utility Tunneling
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3. Horizontal Directional Drilling (HDD)
https://youtu.be/bMSQTzJxro4?si=sr9hf-bpitM0V-Ar
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https://youtu.be/bMSQTzJxro4?si=sr9hf-bpitM0V-Ar


Repair and Rehabilitation of 

Pipelines

• The repair and rehabilitation of existing pipelines 

without excavation is another form of trenchless 

technology.

• most repair and rehabilitation methods involve the 

– relining of the existing pipeline or 

– the bursting of the existing pipe while inserting a 

new pipe. 
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1. Sliplining

– Pulling a new plastic pipe 

into the existing pipe

– The resulting pipe must 

be slightly smaller than 

the original pipe. 
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Repair and Rehabilitation of 

Pipelines



2. Pipe bursting

• Pipe bursting uses a high-powered hydraulic 

or pneumatic piercing tool equipped with a 

special bursting head to shatter the existing 

pipe and enlarge the opening. 

• A new, often larger, pipe is then pulled into the 

opening by the piercing head. 

• https://www.youtube.com/watch?v=HX5beh0ubGY

• https://www.youtube.com/watch?v=qTMZLfjzHDk
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https://www.youtube.com/watch?v=HX5beh0ubGY
https://www.youtube.com/watch?v=qTMZLfjzHDk


2. Pipe bursting
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Inserting a liner into the existing pipe which 

involves pulling a folded liner into the existing 

pipe, expanding the liner, treating the liner with 

an epoxy, and curing it in place.
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3. Cured-in-place Pipe (CIPP)
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3. Cured-in-place Pipe (CIPP)

https://www.youtube.com/watch?v=AB4vgNLGmNM


