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C H A P T E R   1 
  
Introduction 
 

 
1.1 Background and Previous Field Study Sponsored by PennDOT 
 
Hydraulic plate compactors have been increasingly used for soil or material compaction in trenching, street 
repair, or site preparation.  Compared to traditional compaction tools such as roller compactors, hydraulic 
plate compactors are advantageous for trench backfill compaction, as they can be mounted on excavators 
and backhoes without requiring workers operating a compactor in the trench.  However, uncertainty remains 
with regard to the maximum lift thickness at which the desired compacted dry mass density can be 
consistently achieved using hydraulic plate compactors.  The large impulse energy and downward pressure 
exerted by hydraulic plate compactors also raise concerns about potential damage to utility pipes. 
 
To address the aforementioned concerns, PennDOT sponsored a field backfill compaction study in 2014 
under Contract No. 4400008014, PSU 12A (Qiu et al. 2014), which consisted of two parallel field 
investigations in State College, PA and Harrisburg, PA.  The purpose of the field investigation at the State 
College site was to establish baseline measurements using a walk-behind vibratory roller compactor with a 
lift thickness of 200 mm (8 in.) in accordance with PennDOT specifications.  These baseline measurements 
were compared to measurements from the field investigation at the Harrisburg site using a hydraulic plate 
compactor with lift thicknesses of 200 mm (8 in.), 300 mm (12 in.), 450 mm (18 in.), and 600 mm (24 in.).  
The walk-behind vibratory plate compactor was a BOMAG (Ridgeway, South Carolina) model 
BPR65/70D, which had a basic operating weight of 570 kg (1,257 lb), a frequency under 67 Hz (____ 
cycles per minute), a centrifugal force of 69,000 N (15,525 lb), and compaction plate dimensions of 0.55 
by 0.98 m (22 by 39 in.). The excavator-mounted hydraulic plate compactor was an Allied (Cleveland, 
Ohio) HoPac 1000B model, which had an impulse force of 35,586 N (8,000 lb), a frequency under 33 Hz 
(2,000 cycles per minute), and compaction base plate dimensions of 0.61 by 0.71 m (24 by 28 in.).   
 
Three types of pipes were utilized: 450-mm-diameter (18-in.) high-density polyethylene (HDPE) drainage 
pipe (flexible pipe), 150-mm-diameter (6-in.) SDR-35 polyvinyl chloride (PVC) sewer pipe (flexible pipe), 
and 450-mm-diameter (18-in.) concrete pipe (rigid pipe).  These pipes represented typical flexible and rigid 
pipes of interest to PennDOT.  The HDPE drainage pipe and PVC sewer pipe were 6 m (20 ft) in length, 
and the concrete pipe consisted of two 2.4-m-long (8-ft) sections with a gasket connection.  
 
The backfill material was 2A aggregates in general accordance with Publication 408/2011 from Eastern 
Industries Inc. (EAF44B14) Naginey – Milroy, PA.  A 50-50 blend of PennDOT 2A and 2RC materials 
was used so that (1) the standard Proctor compaction test could be performed on the mix to determine the 
moisture-density relationships according to Pennsylvania Test Method (PTM) No. 106, and (2) the nuclear 
density gauge tests could be utilized to verify the compacted dry mass density according to AASHTO T 
310 specifications.  The backfill material could be classified as a well-graded gravel based on the Unified 
Soil Classification System (USCS).  The backfill soil had a maximum dry density of 2.17 g/cm3 (135.2 pcf) 
and an optimum moisture content of 7.7% as evaluated by the standard Proctor test [ASTM D698 (ASTM 
2000)]. 
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The backfill compaction tests were instrumented with dynamic earth pressure cells and strain gages to 
measure compaction-induced downward earth pressure in backfill and strains along the pipe, respectively.  
A total of six 225-mm-diameter (9-in.) dynamic earth pressure cells were embedded in the backfill for each 
pipe.  These pressure cells were utilized to measure the downward earth pressure generated by compaction. 
Strain gages were mounted on each pipe to measure the axial strain and hoop strain developed in the pipe 
due to compaction.  For each test, pressure cells and strain gages were instrumented at three sections along 
the pipe to assess the repeatability of the measurements. 

Based on the field tests conducted and analyses of the data collected, the following conclusions specific to 
the test conditions (e.g., pipe materials, backfill materials, and model of hydraulic plate compactor) were 
drawn from the 2014 study: 

1. The hydraulic plate compactor could consistently achieve relative densities above 100% of the standard
Proctor density for the 2A aggregates with a lift thickness of 8 in. or 12 in. but not when the lift thickness 
was 18 in. or greater.

2. Comparing the performances of the hydraulic plate compactor and vibratory roller compactor for a lift
thickness of 8 in., the hydraulic plate compactor was more efficient in compacting the 2A aggregates.
The hydraulic plate compactor was likely to induce higher dynamic earth pressures in the backfill zone,
but not necessarily higher static earth pressures depending on the pipe.  The hydraulic plate compactor
generally induced similar strains along the pipe as the vibratory roller compactor did.

3. For the hydraulic plate compactor, the static earth pressures in the backfill zone were relatively
insensitive to lift thickness, whereas the dynamic earth pressures could decrease as the lift thickness
increased depending on the pipe.  The effect of lift thickness on strains developed along the pipe also
depended on the pipe.

As a result of this study, it was recommended that for trench backfill compaction, a maximum lift thickness 
of 12 in. may be used for hydraulic plate compactors similar to the one used in the study (in terms of impulse 
force) and for 2A aggregates or other similar backfill materials in accordance with PennDOT RC-30 
standards and Pub 408, Section 206.3.  The 2014 study provided pertinent information and reference on the 
application of excavator-mounted hydraulic plate compactors to trench backfill compaction; however, the 
conclusions were based on one type of backfill material and one model of hydraulic plate compactor.  More 
field studies are needed to draw more general conclusions for a wide range of conditions, including different 
models of hydraulic plate compactors and backfill materials. 

1.2 Scope of Work and Objectives 

To address the limitation of the 2014 study, additional field tests have been conducted in the current study.  
The purpose of the current study was to determine if PennDOT-authorized aggregate subbase materials 
placed in trenches of typical width up to 24-in. lifts can be properly compacted using excavator-mounted 
hydraulic plate compactors.  The field investigation involved backfill compaction of utility trenches for a 
150-mm-diameter (6-in.) SDR-35 PVC sewer pipe.  For the backfill compaction, three excavator-mounted
hydraulic plate compactors covering the typical range of impulse forces and baseplate dimensions and two
compactable backfill materials covering the typical PennDOT-authorized aggregate subbase materials were
used.  For each combination of hydraulic plate compactor and backfill material, varied lift thicknesses of
300 mm (12 in.), 450 mm (18 in.), and 600 mm (24 in.) were used.  The objectives of this project were to
investigate (1) the maximum lift thickness (up to 24 in. in loose lifts) to consistently achieve the minimum
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specified standard Proctor density (SPD) of trench backfill in the backfill zone as per Pub 408 (2016.1), 
Section 601.3(f), and (2) the effects of lift thickness, hydraulic plate compactor, and backfill material on 
compaction-induced downward earth pressure in the cover zone and axial and hoop strains in the SDR-35 
sewer pipe.  To achieve the objectives, the project consisted of five tasks, which are briefly described below. 
 

Task 1 consisted of a detailed literature review of all available research data and reports concerning 
the use of hydraulic plate compactor equipment currently used in highway and utility construction.  The 
review focused on hydraulic plate compactors that are used for aggregate compaction in utility trench 
backfill construction.  All factors affecting the hydraulic plate compactor’s performance were taken into 
consideration, including impulse force, operating frequency, and baseplate dimensions, etc. A review was 
also conducted on PennDOT-authorized aggregate subbase materials in utility trenches as per Pub 
408(2016.1), Sections 350.2, 703.2, and 703.5, and fine aggregate materials meeting the requirements of 
Pub 408(2016.1), Section 703.1.  This literature review served as the basis for initial survey questions (see 
Task 2) seeking industry input on parameters for the hydraulic plate compactors and backfill materials to 
be used in Task 3.   

 
Task 2 consisted of a survey on the practices of aggregate compaction using excavator-mounted 

hydraulic plate compactors from other state DOTs and relevant agencies and contractors experienced in 
aggregate compaction using hydraulic plate compactors. Topics addressed in the survey included key 
factors affecting the performance of hydraulic plate compactors, effective lift thicknesses of a range of 
backfill materials using hydraulic plate compactors of varied impulse forces and baseplate dimensions, and 
other topics revealed to be important by Task 1 or through discussions with the PennDOT Technical 
Advisor.  The survey responses were analyzed by the project team and further informed the selection of 
hydraulic plate compactors and backfill materials to be used in Task 3.    

 
Task 3 consisted of trench backfill compaction tests at the test track facility located at the Larson 

Transportation Institute, The Pennsylvania State University, State College, PA.  The field tests involved 
three hydraulic plate compactors and two backfill materials selected based on the results of Tasks 1 and 2.    

 
Task 4 consisted of writing a report summarizing all findings.  This report also includes information 

that will enable PennDOT to develop required standards, procedures, and verification protocols to verify 
the performance of hydraulic plate compactors during routine operations, as well as recommendations for 
maximum lift thicknesses using typical hydraulic plate compactors to consistently achieve 100% 
compaction of standard backfill materials. 
 
 
1.3 Organization of the Report 

 
This report consists of five chapters.  Chapter 1 presents background information, the scope of work and 
research objectives, and organization of this report.  Chapter 2 presents a summary of the literature review 
(i.e., Task 1).  Chapter 3 presents a summary of the survey questions and responses (i.e., Task 2).  Chapter 
4 presents the test procedures and data collected from the field investigation (i.e., Task 3).  Chapter 5 
presents analyses of the test results and recommendations regarding the maximum lift thicknesses and 
hydraulic plate compactors for different backfill materials (i.e., Task 4).  
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C H A P T E R   2 

Literature Review 

This chapter provides a summary of the literature review of available research data and reports concerning 
the use of hydraulic plate compactor equipment currently used in highway and utility construction.  The 
review focuses on hydraulic plate compactors that are used for aggregate compaction in utility trench 
backfill construction.  All factors affecting the hydraulic plate compactor’s performance are taken into 
consideration, including impulse force, operating frequency, and baseplate dimensions, etc.  The review 
also includes the effect of PennDOT-authorized aggregate subbase materials in utility trenches as per Pub 
408(2016.1), Sections 350.2, 703.2, and 703.5 and fine aggregate materials meeting the requirements of 
Pub 408(2016.1), Section 703.1 on trench backfill compaction.  Based on the review, a tentative 
recommendation is provided for three hydraulic plate compactors that cover the typical range of impulse 
forces and baseplate dimensions commonly used in the State of Pennsylvania and two compactable backfill 
materials that cover typical grain size distributions and produce conservative results for pipe installation. 
This recommendation will be further evaluated by a survey to be discussed in Chapter 3. 

Note: In the following sections, soil particles refer to gravel particles having particle sizes between 75 mm 
(3 in.) and 4.75 mm (#4 sieve), sand particles having particle sizes between 4.75 mm (#4 sieve) and 0.075 
mm (#200 sieve), and fines having particle sizes smaller than 0.075 mm (#200 sieve) according to ASTM 
D2487-17.  Based on Pub 408 (2016.1) Sections 703.1 (Fine Aggregate) and 703.2 (Coarse Aggregate), 
PennDOT’s definitions of fine aggregate and coarse aggregate are generally consistent with ASTM’s 
definitions of sand and gravel, respectively. Coarse-grained granular materials generally refer to 
PennDOT’s aggregates (including both fine and coarse aggregates). 

2.1 Working Theory of Hydraulic Plate Compactor 

Compacting equipment compacts soil by applying one or a combination of the following types of 
compaction effort: static pressure, impact, vibration, and kneading.  These different types of effort are found 
in the following two principal types of compaction forces: static and vibratory (Multiquip 2011).  

Static force is often the deadweight of the machine, applying downward force on the soil surface, 
compressing the soil.  The effective compaction force can be changed by adding or reducing the weight of 
the machine.  Static compaction is typically limited to soils/materials near the surface and is most effective 
for thin layers of non-granular materials and asphalt (Allied 2004).  Kneading and static pressure are two 
examples of static compaction.   

Vibratory force uses impact or vibration, usually engine-driven, to create a downward dynamic force in 
addition to the machine’s static weight.  The mechanism is usually a rotating eccentric weight or 
piston/spring combination (in rammers).  Impact compaction equipment (e.g., rammers, tampers) generates 
a low-frequency, long-stroke motion, which can break soil “clumps” into smaller pieces and rearrange the 
pieces together.  Impact compaction is effective for soils with less than 50% granular content (i.e., fine-
grained soils).  On the other hand, vibration compaction equipment generates a higher-frequency, shorter-

Larson Transportation Institute at Penn State Larson.psu.edu



5 
 

stroke motion, resulting in stress waves propagating through the soil, setting particles in motion and 
rearranging them into a higher density.  Vibration compaction is effective for soils with 50% or more 
granular content (i.e., coarse-grained soils) (Allied 2004).  
   
Factors such as soil type, degree of compaction required, moisture content, etc., must be taken into 
consideration when choosing among various compactors.  A comparison of the relative performance of 
typical compaction equipment for different soil types is presented in Table 2-1.  Table 2-1 indicates that 
vibration is effective in densifying granular soils (i.e., sand and gravel).  In addition, vibratory compaction 
can work in materials with some cohesion (Selig and Yoo 1977).  When vibration is added to a static 
component, compaction is significantly increased, as shown in Figure 2-1.  For soils compacted on the dry 
side of optimum, adding the dynamic component results in increased density (Holtz and Kovacs 1981).    
 

Table 2-1. Relative Performance of Typical Compaction Equipment for Different Soil Types 
(after Multiquip 2011) 

 

Soil 
Types 

Vibrating 
Sheepsfoot 

Rammer 

Static 
Sheepsfoot 
Grid Roller 

Scraper 

Vibrating Plate 
Compactor 

Vibrating Roller 
Vibrating 

Sheepsfoot 

Scraper 
Rubber-tired 

Roller 
Loader 

Grid Roller 

Impact Static pressure 
with kneading Vibration 

Kneading 
with static 
pressure 

Gravel Poor Not used Good Very good 
Sand Poor Not used Excellent Good 
Silt Good Good Poor Excellent 

Clay Excellent Very good Not used Good 
 

 
Figure 2-1. Compaction results on 30 cm (12 in.) layers of silty sand, with and without vibration, 

using a 7,700-kg (17,000-lb) towed vibratory roller (after Parsons et al. 1962, as cited by Selig and 
Yoo 1977). 

 
Hydraulic plate compactors utilize a combination of static pressure and vibration to compact granular soils.  
The static pressure is applied by the hydraulic system and extended arm of the carrier (e.g., excavator); the 
vibration and impulse energy are applied using eccentric weight rotating at a high rpm (revolutions per 
minute).  The rate and density of compaction depend on factors such as moisture content of the soil, 
condition of the compactor and carrier, and the skill of the operator.  The following factors are discussed. 
 

Larson Transportation Institute at Penn State Larson.psu.edu



6 

Vibration Frequency: The effect of vibration frequency on compaction by smooth-drum vibratory rollers 
for different soils is shown in Figure 2-2.  Figure 2-2 indicates that a peak in the density-frequency curve 
develops for most soils, including clays.  The frequency at which a maximum density is achieved is called 
the optimum frequency (or resonant frequency), which is a function of the compactor-soil system, and it 
changes as the density increases during the process of compaction (Converse 1952; Holtz and Kovacs 
1981).  Granular soil particles (e.g., sand and gravel) respond differently to different vibration frequencies 
depending on particle size.  The smaller the particle, the higher the frequency necessary to move/excite it. 
For compacting soils consisting of large particles, moving up to a larger compactor with a lower frequency 
and higher vibration force may be advantageous.  Therefore, it is desirable for a compactor to have the 
capability to vary its operating frequency and have the frequency range required to obtain the maximum 
density.  However, the peaks are gentle, as shown in Figure 2-2, and a wide frequency range may not be 
important (Holtz and Kovacs 1981).  For utility trench backfill, coarse-grained granular materials are 
typically used.  Figure 2 suggests that vibration frequencies at about 2,000 cpm (cycles per minute) are 
effective for compacting this type of materials.       

Figure 2-2. Effect of vibration frequency on compaction by smooth-drum vibratory rollers 
(after several sources as cited by Selig and Yoo 1977). 

For hydraulic plate compactors, the vibration frequency is controlled by the hydraulic flow input to the 
compactor.  A higher flow rate results in a higher vibration frequency but does not necessarily improve 
performance; on the contrary, it may result in fluid overheating, and contributes to early bearing failure. 

Impulse Force and Downward Pressure: The impulse force is proportional to the product of eccentric mass 
and eccentric distance for a given vibration frequency.  An increase in impulse force and downward pressure 
results in higher compaction energy delivered to the soil and a greater effective compaction depth; however, 
fines content, location of ground water, the presence of a hard underlying layer that reflects vibrations, and 
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other factors can all have a significant impact on the maximum depth and effectiveness of densification 
(Whetten and Weaver 1991).   

Baseplate Dimensions: With a given contact stress between baseplate and soil, an increase in baseplate 
dimensions results in a greater effective compaction depth due to the combination of an increase in the total 
vertical force and more confinement for the soils below the baseplate.  Some field compaction tests have 
indicated that high compacted dry densities were obtained to depths of 1.5 times the width of surface plate 
(e.g., Converse 1952).  For utility trench backfill, the closer the width of the baseplate is to the width of the 
trench, the higher the delivered compactive effort due to the effect of confinement from the trench. 
Adjacent compacted sections should overlap slightly; excessive overlap may loosen the previously 
compacted soil. 

2.2 Specifications of Common Models of Hydraulic Plate Compactors 

Table 2-2 presents specifications of common models of hydraulic plate compactors from major 
manufacturers.  Table 2-2 indicates that most models come with a fixed vibration frequency at about 2,000 
cpm, which is effective for compacting coarse-grained granular materials (see Figure 2-2).  Several 
manufacturers offer adjustable vibration frequencies in their models (e.g., Tramac by Montabert, Astec-
Breaker Technology, Inc.).  As previously discussed, the advantage of adjustable vibration frequency may 
not be important for compacting coarse-grained granular materials. 

Table 2-2. Specifications of Common Models of Hydraulic Plate Compactors 

Specifications Allied Construction Products, LLC 
300B 500B 1000B 1600B 2300B 

Impulse Force (lb) 3,000 5,000 8,000 16,000 24,000 
CPM 2,000 2,000 2,000 2,100 2,100 

Baseplate Dimensions (in.) 12×22 13×27 24×28 29×32 34×36 
Weight (lb) 162 162 200 320 N/A 

Source: Allied (2014) 

Specifications Astec–Breaker Technology, Inc. 
TC51 TC71 TC92 TC152 TC301 

Impulse Force (lb) 1,930 – 3,000 2,600 – 5,000 5,500 – 8,200 11,130 – 16,630 16,330 – 24,400 
CPM 1,800 – 2,240 1,800 – 2,500 1,800 – 2,200 1,800 – 2,200 1,800 – 2,200 

Baseplate Dimensions (in.) 12.5×28 15×31.5 23×34.9 28×45.7 34×48.4 
Weight (lb) 295 610 1130 1820 2150 

Source: Rock Breaker (2014) 

Specifications Caterpillar 
CVP16 CVP40 CVP75 CVP110 

Impulse Force (lb) 3,650 8,928 16,508 24,669 
CPM 2,200 2,200 2,200 2,200 

Baseplate Dimensions (in.) 12×24 23×38 29×43 34×47 
Weight (lb) 474 884 1,765 2,319 

Source: CAT (2014) 
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Specifications Furukawa Rock Drill 
HP35ME HP65II HP75 HP135II HP210II 

Impulse Force (lb) 3,000 6,500 7,800 13,500 21,000 
CPM 2,000 2,000 2,000 2,000 2,000 

Baseplate Dimensions (in.) 12×26 24×34 24×34 28×40 34×46 
Weight (lb) 350 850 850 1,335 – 1,770 2,150 – 2,730 

Source: FRD (2014) 

Specifications Hudco Manufacturing, Inc. 
HC-10 HC-12 HC-15 HC-20 HC-30 HC-40 HC-50 

Impulse Force (lb) 3,000 3,500 5,000 6,500 13,500 20,000 22,000 
CPM 2,100 2,100 2,100 2,000 2,000 2,000 2,100 

Baseplate Dimensions (in.) 12×30 12×31 16×36 24×34 29×40 34×47 34×47 
Weight (lb) 280 350 700 900 1,600 2,600 2,600 

Source: Hudco (2014) 

Specifications Kenco 
KC-12 KC-15 KC-20 KC-30 KC-40 KC-50 

Impulse Force (lb) 3,500 5,000 6,500 13,500 20,000 22,000 
CPM 2,100 2,100 2,000 2,000 2,000 2,100 

Baseplate Dimensions (in.) 12×31 16×36 24×34 29×40 34×47 34×47 
Weight (lb) 350 700 900 1,600 2,600 2,600 

Source: Kenco (2014) 

Specifications Stanley Black & Decker, Inc. 
HSX3 HSX6 HSX11 HSX22 

Impulse Force (lb) 3,400 6,400 11,350 22,000 
CPM 2,100 2,000 2,000 2,100 

Baseplate Dimensions 
(in.) 

19×2
0 

24×2
6 27×30 32×42 

Weight (lb) 370 850 1,425 2,200 
Source: Stanley (2014) 

Specifications Tramac by Montabert 
TR-6 TR-9 TR-14 TR-21 TR-40TM 

Impulse Force (lb) 1,800 – 3,200 3,800 - 7000 7,000 – 
14,500 

15,000 – 
21,500 

21,000 – 
40,000 

CPM 2,600 – 3,740 1,800 – 2,600 1,800 – 2,600 2,000 – 2,300 1,500 – 2,100 
Baseplate Dimensions (in.) 12×18 23×31 23×35 23.5×41 35×41 

Weight (lb) 250 715 850 1,500 2,500 
Source: Tramac (2014) 

Specifications NPK Construction Equipment 
C2D C4C C6C C8C C10C 

Impulse Force (lb) 3,500 7,800 16,000 24,000 43,000 
CPM 2400 2100 2200 2200 2200 

Baseplate Dimensions (in.) 12×25 23×34 29×40 34×46 40×52 
Weight (lb) 380 910 1650 2240 3530 

Source: NPK (2017) 
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2.3 Selection of Hydraulic Plate Compactors 
 
The hydraulic plate compactor should be selected properly for the carrier on which it is mounted and the 
compaction work it needs to perform.  For utility trench backfill with coarse-grained granular materials, 
most models of compactors can provide good compaction if proper lift thickness is used.  D’Appolonia et 
al. (1969) evaluated the effective influence depth of a vibratory compactor in a coarse-graded soil and 
showed that the density profile along the depth of the compaction layer was not uniform: it increased with 
depth until reaching a maximum and then decreased toward the bottom of the compaction layer.  This 
finding suggests that there is likely an optimal lift thickness for a given type of vibratory compactor and 
backfill material to result in the highest compaction per lift.  For example, based on the data compiled by 
Touran (1990), the optimal loose lift thickness is 200 mm (8 in.) to 300 mm (12 in.) for roller compactors 
and most coarse-grained soils.  If the lift is too thick, it will either require a long compaction time to reach 
the desired level of compaction, or the desired level will be unattainable.  If the lift is too thin, the soil may 
also be overcompacted, thereby wasting time, causing “cracking” of the compacted layers and creating 
unnecessary wear on the compaction equipment as excessive impact force is transferred back into the 
compactor (Allied 2004).  Generally speaking, compactors with higher impulse energy can use a higher lift 
of materials to achieve the same compacted dry density, which increases productivity.  However, higher 
impulse energy and downward pressure may potentially damage utility pipes beneath the soil being 
compacted, particularly during the compaction of the first lift above the pipe at the crown (Demartini et al. 
1997; Kararam 2004).  It may be necessary to try different lift heights to determine the most effective lift 
to achieve the desire level of compaction and productivity.   
 
Generally speaking, the amount of impulse force necessary to achieve desired compaction depends on soil 
particle size.  For compacting soils consisting of large particles, moving up to a larger compactor with a 
higher impulse force may be advantageous.  For PennDOT-authorized aggregate subbase materials (e.g., 
2A aggregates) used in utility trench backfill, a large percentage of the mixture has particle sizes between 
50 mm (2 in.) and 4.75 mm (#4 sieve).  For this range of particle sizes, a moderate level of impulse force 
is necessary for effective compaction.   
 
According to PennDOT Standard Drawings RC-30M, utility trenches should be excavated to the width of 
the outside diameter of the pipe barrel plus 1,200 mm (48 in.).  Typical pipes may have diameters from 150 
mm (6 in.) (e.g., SDR-35 sewer pipe) to 450 mm (18 in.) (e.g., HDPE drainage pipe).  Hence, the trench 
width for installation of typical pipes may vary from 1,350 mm (54 in.) to 1,650 mm (66 in.).  For utility 
trench backfill, the closer the width of the baseplate is to the width of the trench, the higher the delivered 
compactive effort due to the effect of confinement from the trench.  Adjacent compacted sections should 
overlap slightly; excessive overlap may loosen the previously compacted soil.  For optimal compaction 
efficiency, the length of the baseplate should be 750 mm (30 in.) or greater and the width should be as close 
to the length as possible. Note that for a baseplate with a length of 750 mm (30 in.), two passes with an 
overlap of 150 mm (6 in.) are needed to compact a 1,350-mm-wide (54-in.) trench.  
 
Based on the aforementioned considerations, the three hydraulic plate compactors that cover the typical 
range of impulse forces and baseplate dimensions commonly used in the State of Pennsylvania are: Model 
CVP40 from Caterpillar, Model 1600B from Allied Construction Products LLC, and Model C8C from NPK 
Construction Equipment, Inc. (see Table 2-3).  
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Table 2-3. Three Hydraulic Plate Compactors Covering Typical Range of Impulse Force and 
Baseplate Dimensions 

Specifications Caterpillar 
CVP40 

Allied 
1600B 

NPK 
C8C 

Impulse Force (lb) 8,928 16,000 24,000 
CPM 2,200 2,100 2,200 

Baseplate Dimensions (in.) 23×38 29×32 34×46 
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2.4 Previous Studies of Trench Compaction 
 
Utility pipes are typically installed through open-cut trenching and the trenches are backfilled with granular 
materials that need to be adequately compacted to provide proper ground support and minimize settlement 
of the trenching zone.  Significant variations in pipe behavior can be caused by installation practices (Webb 
et al. 1996; Zoladz et al. 1996); trench backfilling and compaction-induced stresses may cause damage to 
the pipes.  Hansen et al. (1997) found that the generation of premature cracks found on small-diameter (less 
than 36 in. or 900 mm) concrete pipes is linked to backfilling and compaction methods.  The American 
Concrete Pipe Association (2007) considered the effects of heavy machinery on the integrity of buried 
concrete pipes in its installation manual and provided standards to avoid load concentrations during 
compaction.  For example, it is recommended that care be taken to avoid damaging the pipe when impact 
or vibratory equipment is used for compaction, particularly for installations with less than 0.6 meter (2 ft) 
of earthfill over the pipe.            
 
Various researchers have investigated pipe performance during installation and trench compaction (e.g., 
Parmelee 1973; McGrath et al. 1999 and 2000).  The soil-pipe interaction results in non-uniformly 
distributed earth pressure around the pipe.  The pipe derives its support from the earth pressure around the 
lower portion of its circumference (Kararam 2009); hence, the bedding condition plays an important role 
(Marston et al. 1917; Schlick 1920).  In addition, soil-pipe interaction depends on pipe type, trench width, 
in-situ soil conditions, backfill material, haunching effort, and compaction method.  Installation procedures 
of buried reinforced concrete pipes, HDPE pipes, and corrugated steel pipes were investigated in the 
laboratory by Zoladz et al. (1996) and in the field by Webb et al. (1996).  Zoladz et al. (1996) concluded 
that (1) a wider trench results in greater upward deflections during sidefill compaction for the HDPE and 
steel pipes, (2) softer in-situ materials result in lower lateral pressures and higher invert pressures on the 
pipe, and (3) suitable soil unit weight and stiffness can be achieved with less compaction energy with a 
coarser-grained backfill material than with a finer-grained material.  Webb et al. (1996) observed that silty 
sand backfill tripled the peak deflection during sidefill compaction compared to that with angular crushed 
rock backfill, but the former was more sensitive to deviations from installation practice.  Different 
compaction equipment may impart different compaction energies to the backfill material and, hence, impact 
the pipe performance.  For example, rammer compactors are found to produce greater backfill density than 
do the vibratory plate compactors with the same number of coverages and produce higher residual lateral 
soil stresses that contribute to better overall pipe performance during backfilling (Webb et al. 1996).  The 
mechanical behavior of the pipe material may also influence pipe performance.  For example, HDPE and 
PVC pipes are found to exhibit different short-term and long-term behaviors due to the viscoelastic behavior 
of the pipe material (Hurd 1987; Alferink 1990; Hashash and Selig 1990; Janson 1990; McGrath et al. 
1994).     
 
Conventional compaction equipment used in pipe installation includes the Wacker Packer, trench roller, 
vibratory roller compactor, and excavator compaction wheel (Kararam 2009).  The hydraulically operated 
vibratory plate compactor has greatly increased the efficiency of backfill compaction because it can be 
attached to the arms of an excavator (e.g., backhoe) and used for compacting backfill materials without 
requiring a worker operating a compactor in the trench.  Hence, excavator-mounted hydraulic plate 
compactors have been widely used in trench backfill compaction recently.  However, there are industry 
concerns on the possibility of pipe damage due to the combination of static downward earth pressure exerted 
by the excavator arm and dynamic earth pressure induced by the excavator-mounted hydraulic plate 
compactor (Hansen et al. 1997).  Kararam (2009) conducted a field investigation on a reinforced concrete 
pipeline using an excavator-mounted hydraulic plate compactor.  It was found that the pipeline system was 
damaged by the heavy impulse load from the excavator-mounted hydraulic plate compactor; however, the 
damage occurred only when the first 150-mm (6-in.) layer of backfill material was being compacted above 
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the pipe crown.  Note that PennDOT Standard Drawings RC-30M does not permit compaction directly over 
the crown of the pipe for concrete, metal and thermoplastic pipes.  Data on the performance of pipes 
backfilled with excavator-mounted hydraulic plate compactors is remarkably scarce in the literature; hence, 
additional research is needed to address the industry concern. 

Qiu et al. (2014) and Wang et al. (2017) reported a field study that aimed to compare the performances of 
utility trench compaction using a conventional walk-behind vibratory plate compactor with a lift thickness 
of 200 mm (8 in.) and an excavator-mounted hydraulic plate compactor with varied lift thickness of 200 
mm (8 in.), 300 mm (12 in.), 450 mm (18 in.), and 600 mm (24 in.) (see Section 1.1).  Three types of pipe 
were used.  The field test results indicated that the excavator-mounted hydraulic plate compactor was much 
more efficient in compacting the backfill material as it took half the time on average to complete a trench 
compaction than the walk-behind vibratory plate compactor did.  The excavator-mounted hydraulic plate 
compactor delivered comparable compacted dry mass densities with a lift thickness of 200 mm (8 in.) and 
300 mm (12 in.) as the walk-behind vibratory plate compactor did with a lift thickness of 200 mm (8 in.); 
however, the excavator-mounted hydraulic plate compactor was not able to consistently achieve adequate 
compacted dry mass densities with a lift thickness of 450 mm (18 in.) or 600 mm (24 in.).  Based on the 
measurements from dynamic pressure cells embedded in the trenches, the excavator-mounted hydraulic 
plate compactor induced larger dynamic vertical earth pressures than did the walk-behind vibratory plate 
compactor.  The excavator-mounted hydraulic plate compactor did not induce pipe damages in this study, 
as the maximum strains in all pipes were smaller than 0.3%.  Although the study conducted by Qiu et al. 
(2014) provided pertinent information and reference on the application of excavator-mounted hydraulic 
plate compactors to utility trench backfill compaction, the conclusions are based on one type of backfill 
material and one model of hydraulic plate compactor.  Wang et al. (2017) recommended additional tests 
for a wide range of conditions including different models of excavator-mounted hydraulic plate compactors, 
pipe diameters and materials, and backfill materials. 

2.5 Selection of Backfill Materials 

Based on PennDOT Standard Drawings RC-30M, suitable backfill materials should be used in the backfill 
zone.  These materials contain no debris, organic matter, frozen material or large stones with a diameter 
greater than one-half the thickness of the compacted layers being placed.  To reduce settlement and protect 
the integrity of roads and structures above the trench, the backfill materials should be compacted to a 
minimum of 97% of the maximum dry mass density (100% for the top 3 ft of subgrade) as evaluated by the 
stpareandard Proctor compaction test (PTM No. 106).  Based on Section 2.1 and Table 2-1, hydraulic plate 
compactors are effective for soils with 50% or more granular content (i.e., coarse-grained soils).  The 
backfill soil should also be compactable; hence, well-graded coarse-grained soil is desired.   

Based on the aforementioned considerations, the two compactable backfill materials to be used in place of 
“suitable material” in PennDOT Standard Drawings RC-30M that cover typical grain size distributions are 
well-graded gravel (GW) and well-graded sand (SW) based on the USCS.  In the field study of Qiu et al. 
(2014), a GW material was used.  The backfill material was a 50-50 blend of PennDOT 2A and 2RC 
materials and Figure 2-3 shows the grain size distribution.  For the current ongoing PennDOT project, the 
same GW material can be used.  Detailed gradation of the additional SW material to be used can be 
determined based on the survey results discussed in Chapter 3.    
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Figure 2-3. Grain size distribution of backfill soil used by Qiu et al. (2014). 
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C H A P T E R   3 

Survey 

This chapter summarizes the questions and responses from a survey on the practices of aggregate 
compaction using excavator-mounted hydraulic plate compactors.  

3.1 State DOTs 

The Penn State team researched several state DOTs on their current policies regarding compaction in 
trenches.  The findings are included in Appendix A.  The DOTs researched in this study generally specify 
a lift thickness (loose condition) in the range of 150 mm (6 in.) to 300 mm (12 in.), with 200 mm (8 in.) 
being the most common specification.  Wisconsin DOT accepts a lift thickness of 300 mm (12 in.) if the 
required dry density can be obtained with the compaction equipment.  

3.2 Earthwork Contractors in PA 

The Penn State team conducted a survey among selected earthwork contractors in PA on the practices of 
aggregate compaction using excavator-mounted hydraulic plate compactors.  The survey questions were 
developed with guidance from PennDOT and included in Appendix B. The survey questions were 
implemented into a web page, which was sent out to a list of 61 earthwork contractors in PA (see Appendix 
C).  Over 70% of the surveyed contractors were prime contractors who have done business with PennDOT 
or recently bid on PennDOT projects. The survey responses are included in Appendix D.  

Eight survey responses were received.  Six out of eight (75%) of the contractors have used excavator-
mounted hydraulic plate compactors in pipe trench backfill compaction.  According to two of the 
contractors that do not use excavator-mounted hydraulic plate compactors, they were concerned that pipes 
could be damaged and joints unseated by the compactors.  One contractor reported that many PennDOT 
inspectors do not believe that the compactors are permitted to be used.    

Among the six contractors that use excavator-mounted hydraulic plate compactors, the makers and models 
of their hydraulic plate compactors include NPK Construction Equipment (NPK C4A, NPK C4B, NPK 
C4C, NPK C6C, NPK C8C), Caterpillar (CVP40, CVP75, and CVP110), and Allied (2300).  These 
hydraulic plate compactors fall into three levels of impulse force: 8000 lb (NPK C4A, NPK C4B, NPK 
C4C, and Caterpillar CVP40), 16,000 lb (NPK C6C and Caterpillar CVP75), and 24,000 lb (Caterpillar 
CVP110 and NPK C8C).  

Table 3-1 lists the agencies, specified aggregates, maximum permissible lift thicknesses, and compaction 
requirement from the survey responses.  2A aggregates are used by all six of the contractors that use 
excavator-mounted hydraulic plate compactors.  The maximum allowed lift thickness of aggregates is 200 
mm (8 in.), with an exception of 300 mm (12 in.) allowed by a private owner and UAJA (University Area 
Joint Authority).  The compaction ratio ranges from 95% to 100% of SPD.       
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Table 3-1. Maximum allowed lift thickness of aggregates specified by relevant agencies when 
using excavator-mounted hydraulic plate compactors in pipe trench backfill compaction 

 

Agency Aggregate Maximum lift 
thickness  

Compaction requirement 
(compaction ratio based on 

standard Proctor test)  

PennDOT 2A  200 mm (8 in.) 
100% 
98% 
95% 

Ferguson 
Township 2A 200 mm (8 in.) 98% 

Columbia 
Gas 2A 200 mm (8 in.) 96% 

Municipal 2A 200 mm (8 in.) 95% 
Private 
Owner 2A 300 mm (12 in.) 95% 

UAJA 2A 300 mm (12 in.) 95% 
 
Five of six (83%) of the contractors using excavator-mounted hydraulic plate compactors reported that the 
compaction requirements are generally met by the hydraulic plate compactor upon the first compaction 
verification/check.  One contractor reported that the compaction requirements are not generally met, 
depending on the number of passes, moisture, and confined side walls versus open zones.  All of the six 
contractors reported that adequate compaction of aggregates can be achieved for the currently specified lift 
thickness based on their experience from past projects.  Five of six (83%) of the contractors think that the 
maximum allowed lift thickness should be increased to a higher value for hydraulic plate compactors in 
pipe trench backfill compaction.  The suggested maximum allowed lift thickness ranges from 300 mm (12 
in.) to 450 mm (18 in.).      
 
 
3.3 Recommendations on Backfill Materials and Hydraulic Plate 

Compactors   
        

Backfill Materials: Based on the survey results, the two compactable backfill materials recommended in 
Chapter 2 are still applicable and recommended to be used for the field tests. The DOTs researched in this 
study typically specify a generic acceptable granular material for the final backfill. Hence, a GW and an 
SW based on the USCS would cover typical grain size distributions of granular backfill materials.  In the 
field study of Qiu et al. (2014), a GW material was used.  The backfill material was a 50-50 blend of 
PennDOT 2A and 2RC materials.  For the current study, similar GW materials can be used.  For the SW 
material, the B3 material from Hanson Aggregates in Curtain Gap, which is listed in Bulletin 14 with 
Supplier Code HAP14A14, is desirable.  
 
Hydraulic Plate Compactors: Based on the survey results, a wide range of hydraulic plate compactors are 
used by PA contractors.  The three hydraulic plate compactors that cover the typical range of impulse forces 
and baseplate dimensions as recommended in Chapter 2 are still applicable.  The Caterpillar CVP 40 and 
Allied 1600B models would capture the low to medium levels of impulse force; the NPK C8C would 
represent the higher end of impulse force and allow this study to investigate the compaction effort - as well 
as potential for damage to the pipe.  The Penn State team recommends that these compactors or 
makers/models with similar impulse forces and other specifications be used for the field tests. 
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C H A P T E R   4 

Trench Backfill Compaction Tests 

This chapter documents the test procedures and data collected from a series of trench backfill compaction 
tests that started on November 13, 2018 and concluded on November 20, 2018.  

4.1 Field Testing Program 

The test site is located in the test track facility at the Larson Transportation Institute, The Pennsylvania 
State University, University Park, PA 16802 and is adjacent to the test site in the 2014 study (Qiu et al. 
2014).  Figure 4-1 shows a map of the two test sites.  The contractor utilized for the field tests was Ameron 
Construction Co., Inc., based in State College, PA.  Backfill compaction tests on seven 150-mm-diameter 
(6-in.) SDR-35 pipes were conducted, which are summarized in Table 4-1.  Pipes #1 through #6 had the 
same trench geometry, which is shown in Figure 4-2, whereas Pipe #7 had a narrower trench, which is 
shown in Figure 4-3.  

Figure 4-1. Map of test sites in 2014 and 2018 studies. 

Based on the availability of hydraulic plate compactors in Centre County, PA, the following three hydraulic 
plate compactors were used for the field tests: NPK C4C with 7,800 lb of impact force, NPK C6C with 
16,000 lb of impact force, and NPK C8C with 24,000 lb of impact force (see Table 2-2).  These hydraulic 

Test Site in 2018

Test Site in 2014
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plate compactors are generally consistent with the recommendations in Chapters 2 and 3.  They are from 
the same manufacturer, providing additional consistency in equipment performance.   

Based on the availability of local quarries, the following two backfill materials were used: a 2A subbase 
material and a wash sand material from Hanson Oak Hall Quarry, Boalsburg, PA.  Figure 4-4 shows the 
gradations of the two materials.  Based on the USCS, the 2A subbase material can be classified as GW and 
the wash sand can be classified as SW, conforming to the recommendations from Chapters 2 and 3.  Figure 
4-5 shows the standard Proctor compaction curves of the two backfill materials. The 2A aggregates have a 
maximum dry density of 133.7 pcf at the optimum moisture content of 7.5%, whereas the wash sand has a 
maximum dry density of 117.4 pcf at the optimum moisture content of 14.2%. The data from Figures 4-4 
and 4-5 were from the quarry but verified by the Penn State project team.   

The compaction tests were instrumented with dynamic earth pressure cells and strain gages to measure 
compaction-induced downward earth pressure in the backfill and strains in the pipe, respectively.  Figure 
4-6 shows a detailed view of instrumentation including the pressure cells and strain gages.  

Table 4-1. Summary of Backfill Compaction Tests 

Pipe # Test Conditions Lift Thickness Test Date 

1 2A aggregates with C4 hydraulic plate 
compactor 

600 mm (24 in.) 
450 mm (18 in.) 
300 mm (12 in.) 

November 13, 2018 

2 2A aggregates with C6 hydraulic plate 
compactor Same as above November 14, 2018 

3 2A aggregates with C8 hydraulic plate 
compactor Same as above November 14, 2018 

4 Wash sand with C8 hydraulic plate 
compactor Same as above November 19, 2018 

5 Wash sand with C6 hydraulic plate 
compactor Same as above November 19, 2018 

6 Wash sand with C4 hydraulic plate 
compactor Same as above November 20, 2018 

7 2A aggregates with C6 hydraulic plate 
compactor in a narrower trench Same as above November 20, 2018 
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Figure 4-2. Cross-sectional view of trench and instrumentation for Pipes #1 to #6 (not to scale). 

Figure 4-3. Cross-sectional view of trench and instrumentation for Pipe #7 (not to scale). 
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Figure 4-4. Grain size distributions of backfill materials. 

Figure 4-5. Standard Proctor compaction curves of backfill materials. 
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Figure 4-6. Detailed view of instrumentation for all seven pipes (not to scale). 

4.2 Field Test Procedure 

Backfill procedures for the cover zone and backfill zone are generally consistent for the seven pipes and 
are summarized below. 

Cover Zone for Pipes #1 to #3: 
1) Set 6 in. 2B stone bedding, no compaction
2) Lay pipe
3) Add 3 in. 2A aggregates (reach springline of pipe), no compaction, lay three pressure

cells on side of pipe (according to Figure 4-6)
4) Add 9 in. 2A aggregates (reach 6 in. above crown of pipe), compact, lay three pressure

cells on top of pipe (according to Figure 4-6)
5) Add 6 in. 2A aggregates (reach top of cover zone), compact, conduct nuclear density

gage test at two spots along trench

Cover Zone for Pipes #4 to #6: 
1) Set 6 in. 2B stone bedding, no compaction
2) Lay pipe
3) Add 3 in. wash sand (reach springline of pipe), no compaction, lay three pressure cells

on side of pipe
4) Add 9 in. wash sand (reach 6 in. above crown of pipe), compact, lay three pressure

cells on top of pipe
5) Add 6 in. wash sand (reach top of cover zone), compact, conduct nuclear density gage

test at two spots along trench
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Cover Zone for Pipe #7: 
1) Set 6 in. 2B stone bedding, no compaction
2) Lay pipe
3) Set 3 in. 2B stone (reach springline of pipe), no compaction, lay three pressure cells on

side of pipe
4) Set 9 in. 2B stone (reach 6 in. above crown of pipe), no compaction, lay three pressure

cells on top of pipe
5) Set 6 in. 2B stone (reach top of cover zone), no compaction

Backfill Zone: 24 in./lift, 2 lifts total 
6) Nuclear density gauge testing after compaction of each lift: three density

measurements per lift on top of compacted surface above Sections 1, 2, and 3 (see
Figure 4-6)

7) Excavate compacted fill out of cover zone

18 in./lift, 3 lifts total 
8) Nuclear density gauge testing after compaction of each lift: three density

measurements per lift on top of compacted surface above Sections 1, 2, and 3 (see
Figure 4-6)

9) Excavate compacted fill out of cover zone

12 in./lift, 4 lifts total 
10) Nuclear density gauge testing after compaction of each lift: three density

measurements per lift on top of compacted surface above Sections 1, 2, and 3 (see
Figure 4-6)

11) Excavate compacted backfill out of trench, pressure cell retrieval

Note: AASHTO T 310 specifications with the direct transmission method were followed for all nuclear 
density gauge testing and a rod penetration depth of 12 inches was used throughout.  

4.3 Results of Field Tests  

Pipe #1: Pipe in 2A Aggregates with C4 Hydraulic Plate Compactor 

Figure 4-7 presents photos showing various stages of the field test.  Table 4-2 presents results of nuclear 
density gauge tests for Pipe #1.  Figure 4-8 shows the downward earth pressure versus time recorded by the 
embedded pressure cells for Pipe #1.  Figure 4-9 shows the strains along pipe versus time recorded by the 
mounted strain gages for Pipe #1.     
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(a) (b) (c) 

(d) (e) (f)
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(g) (h) 

Figure 4-7. Photos showing various stages of the field test: (a) trench excavation before placing 
the pipe; (b) placement of 2B stone bedding material; (c) placement of pipe; (d) placement of 

pressure cells on side along mid elevation of pipe; (e) placement of pressure cells on top of the 
pipe; (f) compaction using C4 hydraulic plate compactor; (g) measurement of lift thicknesses 

using a marking spray paint; (h) nuclear density gauge testing. 

      Table 4-2. Results of Nuclear Density Gauge Tests for Pipe #1 
(2A aggregates with C4 hydraulic plate compactor) 

Lift 
Thicknes

s 

Lifts 
(Surface) 

Section 1 Section 2 Section 3 

Relative 
Density 

Moisture 
Content 

Relative 
Density 

Moisture 
Content 

Relative 
Density 

Moisture 
Content 

24 in. 
1 95.6% 3.5% 95.4% 2.8% 92.6% 3.6% 
2 93.3% 3.6% 97.6% 4.3% 95.4% 4.7% 

18 in. 
1 91.1% 3.7% 98.2% 3.5% 95.6% 3.5% 
2 95.7% 4.2% 99.8% 3.7% 99.5% 3.8% 
3 100.7% 5.7% 95.7% 5.7% 99.2% 5.7% 

12 in. 

1 98.9% 4.3% 104.4% 4.7% 96.4% 4.3% 
2 100.5% 3.7% 99.7% 4.1% 99.6% 4.0% 
3 103.2% 4.5% 96.3% 4.4% 102.7% 4.2% 
4 100.2% 5.5% 100.2% 6.1% 103.0% 6.2% 
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Figure 4-8. Downward earth pressure versus time for Pipe #1 (2A aggregates with C4 hydraulic 
plate compactor). 
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Figure 4-9. Strains along pipe versus time for Pipe #1 (2A aggregates with C4 hydraulic 
plate compactor). 
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Pipe #2: Pipe in 2A Aggregates with C6 Hydraulic Plate Compactor 
 
Figure 4-10 presents photos showing various stages of the field test.  Table 4-3 presents results of nuclear 
density gauge tests for Pipe #2.  Figure 4-11 shows the downward earth pressure versus time recorded by 
the embedded pressure cells for Pipe #2.  Figure 4-12 shows the strains along pipe versus time recorded by 
the mounted strain gages for Pipe #2.     

 

   
(a) (b) (c) 

 

  
(d) (e) 

 

Larson Transportation Institute at Penn State Larson.psu.edu



27 

(f) (g) 

Figure 4-10. Photos showing various stages of the field test: (a) placement of pipe on 2B stone 
bedding material; (b) placement of cover zone; (c) cover zone tamping using C4 hydraulic plate 

compactor; (d) pouring 2A aggregates into the trench for next lift construction; (e) nuclear density 
gauge testing; (f) compaction using C6 hydraulic plate compactor; (g) trench excavation after 

completing the trench compaction for Pipe #2. 

      Table 4-3. Results of Nuclear Density Gauge Tests for Pipe #2 
(2A aggregates with C6 hydraulic plate compactor) 

Lift 
Thickness 

Lifts 
(Surface) 

Section 1 Section 2 Section 3 

Relative 
Density 

Moisture 
Content 

Relative 
Density 

Moisture 
Content 

Relative 
Density 

Moisture 
Content 

24 in. 
1 98.9% 5.7% 104.7% 5.4% 105.0% 5.9% 
2 98.1% 6.5% 98.7% 4.2% 98.3% 3.1% 

18 in. 
1 101.7% 4.2% 100.4% 3.9% 100.5% 4.4% 
2 101.9% 3.8% 103.6% 4.6% 101.1% 4.6% 
3 103.8% 5.0% 103.2% 5.1% 100.0% 4.4% 

12 in. 

1 104.6% 5.2% 100.2% 4.9% 100.5% 4.6% 
2 99.9% 4.2% 102.5% 4.4% 104.0% 4.6% 
3 102.9% 4.5% 102.1% 4.3% 105.1% 4.3% 
4 106.0% 4.3% 102.6% 4.6% 102.2% 5.0% 
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Figure 4-11. Downward earth pressure versus time for Pipe #2 (2A aggregates with C6 hydraulic 
plate compactor). 
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Figure 4-12. Strains along pipe versus time for Pipe #2 (2A aggregates with C6 hydraulic 
plate compactor). 
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Pipe #3: Pipe in 2A Aggregates with C8 Hydraulic Plate Compactor 

Figure 4-13 presents photos showing various stages of the field test.  Table 4-4 presents results of nuclear 
density gauge tests for Pipe #3.  Figure 4-14 shows the downward earth pressure versus time recorded by 
the embedded pressure cells for Pipe #3.  Figure 4-15 shows the strains along pipe versus time recorded by 
the mounted strain gages for Pipe #3.     

(a) (b) (c) 

(d) (e) (f) 
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(g) (h) 

 
Figure 4-13. Photos showing various stages of the field test: (a) placement of 2B stone bedding 
material; (b) placement of pipe; (c) placement of pressure cells on side along mid elevation of 

pipe; (d) placement of pressure cells on top of the pipe; (e) measurement of lift thicknesses using 
a marking spray paint; (f) preparation for next lift compaction by spreading and smoothing the 2A 

aggregates using C8 hydraulic plate compactor; (g) compaction using C8 hydraulic plate 
compactor; (h) trench excavation after completing the trench compaction for Pipe #3. 

 
 

      Table 4-4. Results of Nuclear Density Gauge Tests for Pipe #3 
(2A aggregates with C8 hydraulic plate compactor)  

 

Lift 
Thickness  

Lifts 
(Surface) 

Section 1 Section 2 Section 3 

Relative 
Density  

Moisture 
Content  

Relative 
Density  

Moisture 
Content  

Relative 
Density  

Moisture 
Content  

24 in. 
1 100.1% 3.3% 101.7% 3.9% 101.7% 5.5% 
2 103.5% 6.0% 103.1% 5.6% 104.9% 6.4% 

18 in. 
1 104.9% 5.4% 106.7% 5.8% 106.4% 6.3% 
2 105.8% 5.6% 107.8% 6.0% 101.9% 5.6% 
3 102.6% 4.7% 103.4% 5.7% 102.6% 6.0% 

12 in. 

1 104.2% 5.9% 102.1% 6.2% 103.6% 5.7% 
2 101.4% 5.8% 105.4% 5.9% 102.6% 5.6% 
3 104.6% 5.3% 104.0% 5.5% 99.5% 5.5% 
4 101.5% 5.9% 103.5% 6.2% 105.0% 5.9% 
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Figure 4-14. Downward earth pressure versus time for Pipe #3 (2A aggregates with C8 hydraulic 
plate compactor). (Note: Cells 1, 2, 5, and 6 did not function properly during the tests and no data 

were recorded from these cells) 
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Figure 4-15. Strains along pipe versus time for Pipe #3 (2A aggregates with C8 hydraulic  
plate compactor). 
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Pipe #4: Pipe in Wash Sand with C8 Hydraulic Plate Compactor 
 
Figure 4-16 presents photos showing various stages of the field test.  Table 4-5 presents results of nuclear 
density gauge tests for Pipe #4.  Figure 4-17 shows the downward earth pressure versus time recorded by 
the embedded pressure cells for Pipe #4.  Figure 4-18 shows the strains along pipe versus time recorded by 
the mounted strain gages for Pipe #4.     
 

   
(a) (b) (c) 

 

  
(d) (e) 

 
Figure 4-16. Photos showing various stages of the field test: (a) cover zone tamping using C4 

hydraulic plate compactor; (b) compaction using C8 hydraulic plate compactor; (c) pouring sand 
into the trench for next lift construction; (d) measurement of lift thicknesses using a marking 

spray paint; (e) pipe retrieval after completing the trench compaction for Pipe #4. 
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 Table 4-5. Results of Nuclear Density Gauge Tests for Pipe #4 
(wash sand with C8 hydraulic plate compactor)  

 

Lift 
Thickness  

Lifts 
(Surface) 

Section 1 Section 2 Section 3 

Relative 
Density  

Moisture 
Content  

Relative 
Density  

Moisture 
Content  

Relative 
Density  

Moisture 
Content  

24 in. 
1 97.7% 5.2% 92.1% 5.9% 93.9% 5.7% 
2 99.0% 4.2% 98.7% 5.0% 98.9% 4.8% 

18 in. 
1 100.1% 6.1% 102.0% 5.9% 99.3% 6.2% 
2 100.5% 5.0% 104.4% 5.5% 98.8% 5.7% 
3 100.7% 4.3% 100.6% 5.2% 102.0% 4.4% 

12 in. 

1 101.1% 6.3% 105.0% 5.8% 105.0% 5.5% 
2 104.7% 5.6% 102.6% 5.9% 101.7% 6.3% 
3 101.0% 5.8% 111.0% 6.5% 103.7% 6.1% 
4 98.9% 4.0% 98.2% 4.5% 99.2% 5.3% 
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Figure 4-17. Downward earth pressure versus time for Pipe #4 (wash sand with C8 hydraulic  
plate compactor). 
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Figure 4-18. Strains along pipe versus time for Pipe #4 (wash sand with C8 hydraulic  
plate compactor). 
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Pipe #5: Pipe in Wash Sand with C6 Hydraulic Plate Compactor 
 
Figure 4-19 presents photos showing various stages of the field test.  Table 4-6 presents results of nuclear 
density gauge tests for Pipe #5.  Figure 4-20 shows the downward earth pressure versus time recorded by 
the embedded pressure cells for Pipe #5.  Figure 4-21 shows the strains along pipe versus time recorded by 
the mounted strain gages for Pipe #5.     
 

   
(a) (b) (c) 

 

   
(d) (e) (f) 

 
Figure 4-19. Photos showing various stages of the field test: (a) placement of pipe on 2B stone 
bedding; (b) placement of pressure cells on top of the pipe; (c) pouring sand into the trench for 

next lift construction; (d) measurement of lift thicknesses using a marking spray paint; (e) 
compaction using C6 hydraulic plate compactor; (f) trench excavation after compaction. 
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      Table 4-6. Results of Nuclear Density Gauge Tests for Pipe #5 
(wash sand with C6 hydraulic plate compactor)  

 

Lift 
Thickness  

Lifts 
(Surface) 

Section 1 Section 2 Section 3 

Relative 
Density  

Moisture 
Content  

Relative 
Density  

Moisture 
Content  

Relative 
Density  

Moisture 
Content  

24 in. 
1 98.2% 7.1% 103.2% 4.1% 101.3% 5.8% 
2 102.9% 6.7% 101.3% 5.8% 97.6% 6.0% 

18 in. 
1 102.0% 6.2% 104.8% 7.6% 100.5% 6.0% 
2 105.0% 6.4% 104.1% 6.4% 104.4% 6.6% 
3 104.4% 6.8% 101.8% 6.4% 104.4% 6.2% 

12 in. 

1 102.3% 6.2% 105.6% 6.2% 100.7% 7.1% 
2 103.3% 7.0% 103.3% 6.7% 104.2% 5.8% 
3 104.1% 7.2% 105.5% 6.6% 102.5% 7.5% 
4 106.1% 6.5% 107.2% 6.9% 105.3% 6.0% 
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Figure 4-20. Downward earth pressure versus time for Pipe #5 (wash sand with C6 hydraulic  
plate compactor). 
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Figure 4-21. Strains along pipe versus time for Pipe #5 (wash sand with C6 hydraulic  
plate compactor). 
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Pipe #6: Pipe in Wash Sand with C4 Hydraulic Plate Compactor 
 
Figure 4-22 presents photos showing various stages of the field test.  Table 4-7 presents results of nuclear 
density gauge tests for Pipe #6.  Figure 4-23 shows the downward earth pressure versus time recorded by 
the embedded pressure cells for Pipe #6.  Figure 4-24 shows the strains along pipe versus time recorded by 
the mounted strain gages for Pipe #6.      
 

   
(a) (b) (c) 

 

  
(d) (e) 

 
Figure 4-22. Photos showing various stages of the field test: (a) placement of pressure cells on 

the side along mid elevation of pipe; (b) placement of pressure cells on top of the pipe; (c) 
measurement of lift thicknesses using a marking spray paint; (d) compaction using C4 hydraulic 

plate compactor; (e) trench depth measurement after the excavation of backfill zone.   
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    Table 4-7. Results of Nuclear Density Gauge Tests for Pipe #6 
(wash sand with C4 hydraulic plate compactor)  

 

Lift 
Thickness  

Lifts 
(Surface) 

Section 1 Section 2 Section 3 

Relative 
Density  

Moisture 
Content  

Relative 
Density  

Moisture 
Content  

Relative 
Density  

Moisture 
Content  

24 in. 
1 104.8% 8.2% 106.0% 7.4% 103.4% 7.5% 
2 111.2% 7.0% 105.7% 6.6% 106.4% 7.4% 

18 in. 
1 105.9% 7.4% 108.9% 8.7% 101.8% 7.4% 
2 104.0% 6.8% 104.3% 6.7% 111.5% 6.4% 
3 101.7% 6.4% 107.1% 6.4% 104.9% 6.4% 

12 in. 

1 105.5% 7.1% 105.6% 7.8% 103.3% 7.5% 
2 107.7% 6.4% 107.7% 7.0% 103.7% 6.9% 
3 105.7% 6.8% 104.6% 7.6% 105.6% 6.5% 
4 105.8% 6.9% 100.2% 7.3% 107.1% 7.1% 
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Figure 4-23. Downward earth pressure versus time for Pipe #6 (wash sand with C4 hydraulic  
plate compactor). 
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Figure 4-24. Strains along pipe versus time for Pipe #6 (wash sand with C4 hydraulic  
plate compactor). 
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Pipe #7: Pipe in 2A Aggregates with C6 Hydraulic Plate Compactor in a Narrower Trench   
 
Figure 4-25 presents photos showing the instrumented pipe and compaction tests.  Table 4-8 presents results 
of nuclear density gauge tests for Pipe #7.  Figure 4-26 shows the downward earth pressure versus time 
recorded by the embedded pressure cells for Pipe #7.  Figure 4-27 shows the strains along pipe versus time 
recorded by the mounted strain gages for Pipe #7.         
 

 

 

 
                              (a)  (b) 

 
Figure 4-25. Photos showing various stages of the field test: (a) instrumented pipe laying on the 

ground; (b) compaction using C6 hydraulic plate compactor.  
 
 

      Table 4-8. Results of Nuclear Density Gauge Tests for Pipe #7 
(2A aggregates with C6 hydraulic plate compactor in a narrower trench)  

 

Lift 
Thickness  

Lifts 
(Surface) 

Section 1 Section 2 Section 3 

Relative 
Density  

Moisture 
Content  

Relative 
Density  

Moisture 
Content  

Relative 
Density  

Moisture 
Content  

24 in. 
1 N/A N/A 102.3% 8.3% N/A N/A 
2 101.6% 8.1% 100.8% 7.2% 102.8% 7.1% 

18 in. 
1 102.1% 6.4% 105.4% 6.8% 106.4% 7.2% 
2 102.6% 8.6% 103.8% 7.2% 102.9% 7.6% 
3 100.9% 5.3% 103.3% 5.5% 99.8% 5.7% 

12 in. 

1 96.3% 7.3% 99.7% 8.8% N/A N/A 
2 104.2% 8.7% 104.8% 7.5% 98.8% 10.7% 
3 102.6% 8.4% 105.2% 6.7% 102.3% 7.2% 
4 101.0% 8.7% 103.0% 8.5% 103.2% 6.7% 
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Figure 4-26. Downward earth pressure versus time for Pipe #7 (2A aggregates with C6 hydraulic plate 
compactor in a narrower trench). 
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Figure 4-27. Strains along pipe versus time for Pipe #7 (2A aggregates with C6 hydraulic plate 
compactor in a narrower trench).    
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C H A P T E R   5 
 
Conclusions and Recommendations 
 

 
This chapter presents conclusions based on analyses of the test results and recommendations regarding the 
maximum lift thicknesses and hydraulic plate compactors for different backfill materials.  
 
 
5.1 Effect of Hydraulic Plate Compactor and Lift Thickness on 

Compacted Dry Mass Density 
 
Figures 5-1 and 5-2 show the effect of the hydraulic plate compactor on the compacted dry mass density 
for different backfill materials (i.e., 2A aggregates and wash sand).  The compacted dry mass density was 
expressed as a percentage of the maximum dry density as evaluated by the standard Proctor test (ASTM 
D698, PTM No. 106). Due to the limited number of data points, the error bar plot was chosen to give a 
general idea of the error or uncertainly of the SPD measurements. In Figures 5-1 and 5-2, the data point in 
the middle represents the average value of measured SPD values, and the error bars represent the plus-
minus (±) one standard deviation of measured SPD values (about 68% of all data points are within the error 
bar). 
 
Figure 5-1 shows that for the 2A aggregates, the highest dry mass density was achieved by the C8 
compactor, followed by the C6 compactor, while the lowest dry mass density was observed for the C4 
compactor, regardless of the lift thickness.  For the lift thickness of 300 mm (12 in.), all compactors were 
generally able to achieve the target dry mass density (i.e., 100% SPD).  For the lift thicknesses of 450 mm 
(18 in.) and 600 mm (24 in.), the C6 and C8 compactors were generally able to achieve the target dry mass 
density, while the C4 compactor was not able to. 
 
Figure 5-2 shows that for the wash sand, the highest dry mass density was achieved by the C4 compactor, 
followed by the C6 compactor, while the lowest dry mass density was observed for the C8 compactor, 
regardless of the lift thickness.  For the lift thicknesses of 300 mm (12 in.) and 450 mm (18 in.), all 
compactors were generally able to achieve the target dry mass density.  For the lift thicknesses of 600 mm 
(24 in.), the C4 and C6 compactors were able to generally achieve the target dry mass density, while the 
C8 compactor was not able to.  
  
A comparison between Figures 5-1 and 5-2 shows that the effectiveness of the compactor was dependent 
on the backfill material used.  Higher energy imparted on the backfill from the compactor does not 
necessarily translate into higher compacted dry mass density due to potential overcompaction.  Field 
compaction studies by Whetten and Weaver (1991) with heavy vibratory rollers on gravelly sand 
demonstrated similar results where the soil layer was overcompacted, resulting in dilation of the soil 
particles and a reduction in compacted dry mass density.  The current study suggests that using the C8 
compactor may be counterproductive for compacting granular backfill materials with characteristics similar 
to the wash sand.   
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Figure 5-1. Relative SPD versus lift thickness for 2A aggregates with different compactors. 

 
Figure 5-2. Relative SPD versus lift thickness for wash sand with different compactors. 

 
 

5.2  Effect of Hydraulic Plate Compactor and Lift Thickness on Vertical 
Earth Pressure 

 
The recorded vertical earth pressure on the embedded pressure cells shows two components: (1) a static 
component that increased with backfill thickness, and (2) a dynamic component that fluctuated rapidly 
during compaction.  The static vertical pressure was due to a combination of the self-weight of compacted 
fill on top of the pressure cell and the residual compaction-induced stress locked in from particle 
rearrangement.  Typically, the dynamic pressures were short-term loadings applied at high frequencies and 
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were observed as spikes in the pressure plots.  The detailed method to obtain compaction-induced vertical 
earth pressures and the results are provided in Appendix E.     
 
Figures 5-3 and 5-4 show the maximum dynamic earth pressure recorded for the 2A aggregates and wash 
sand, respectively.  The box plot demonstrates the variations of the measured values, including the median, 
first-quartile, and third quartile values.  The box corresponds to the likely range of variation (i.e., between 
first and third quartiles).  The lines extending from the bottom and top of each box mark the minimum and 
maximum values, respectively, within a statistically acceptable range.  Any value outside this range, called 
an outlier, is displayed as an individual point.  Figures 5-3 and 5-4 show that for both backfill materials: (1) 
the C8 compactor generally induced the highest maximum dynamic earth pressure, while the C4 compactor 
induced the lowest, regardless of the lift thickness; and (2) for a given compactor, the maximum dynamic 
earth pressure was relatively insensitive to the lift thicknesses used.  A comparison between Figures 5-3 
and 5-4 shows that the maximum dynamic earth pressures were generally higher in the 2A aggregates than 
in the wash sand.      
 

 
Figure 5-3. Maximum dynamic earth pressure for different lift thicknesses and compactors in  

2A aggregates. 

300 mm (12 in.) 600 mm (24 in.)450 mm (18 in.)
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Figure 5-4. Maximum dynamic earth pressure for different lift thicknesses and compactors in 
wash sand. 

 
Figure 5-5 shows the variation of the final static earth pressure with lift thickness and compactor.  Each 
data point in the figure is the average of the measured final static earth pressures.  The variation in static 
pressure is very small compared to that in dynamic pressure.  For the 2A aggregates, the final static pressure 
increased slightly, with an increase in compaction energy from the C4 compactor to the C8 compactor.  
This is likely due to the higher residual stress locked in the backfill material from higher compaction energy.  
For the wash sand, however, the final static pressure from the C8 compactor was the lowest for two of the 
three lift thicknesses tested; in this material, higher compaction energy from the compactor did not translate 
into higher final static pressure, likely due to overcompaction.  The trends observed in Figure 5-5 are 
generally consistent with those observed in the compacted dry mass density as shown in Figures 5-1 and 5-
2.  In general, higher static pressures were observed in the 2A aggregates than in the wash sand due to the 
following two reasons: higher compacted density of the 2A aggregates (see Figure 4-5) and higher particle-
particle interlocking in 2A aggregates due to higher particle angularity.  The effect of lift thickness on the 
final static pressure is relatively insignificant. 

 

300 mm (12 in.) 600 mm (24 in.)450 mm (18 in.)
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Figure 5-5. Final static earth pressure for each lift thickness.  

 
 
5.3 Effect of Hydraulic Plate Compactor and Lift Thickness on 

Compaction-induced Strains along Pipe 
 
Strains developed along pipe from the current study can be divided into two components: (1) accumulated 
strain or total strains on a pipe after the entire test sequence with three lift thicknesses, and (2) compaction-
induced strains due to the compaction of individual lift thickness.  The detailed method to obtain 
compaction-induced strains and the results are provided in Appendix E.  In this section only the compaction-
induced strains are discussed. 
 
Figures 5-6 and 5-7 show the maximum compaction-induced longitudinal and tangential strains along the 
pipe for the 2A aggregates and wash sand, respectively.  The range of longitudinal strains were observed 
to be from -400 με to 600 με (except few outliers).  For longitudinal strains, positive values indicate the 
pipe section was in tension in the longitudinal direction while negative values indicate the opposite.  Figures 
5-6 and 5-7 suggest that for the pipes tested, most sections experienced tension in most of the cases.  The 
magnitude of these strains was very small and did not cause any damage to the pipes.  
 
The deformation mode of a pipe cross section may be inferred from the tangential strains on the crown (top) 
and springline (side) of the cross section.  Vertical compression of a section results in compression at the 
crown (negative tangential strain) and tension on the springline (positive tangential strain); horizontal 
compression results in the opposite (see Figure 5-8).  In the previous field study sponsored by PennDOT, 
Wang et al. (2017) observed that during compaction, different cross sections of the pipes underwent vertical 
compression or horizontal compression depending on the relative magnitude of the vertical and horizontal 
pressures acting on the cross section, and the deformation mode of a cross section may evolve during 
compaction.  Similar results were also observed in the current study (e.g., Figure E-20).  
 
The highest strains (particularly tangential strains) were observed for the lift thickness of 600 mm 
irrespective of the compactor or the backfill material used while the strains were significantly smaller for 
the other two lift thicknesses.  For all the pipes, tests with 600-mm lifts were carried out first; compaction 
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induced higher strains on the pipes since they were not locked in place.  After compaction, the pipes were 
locked in place; hence, subsequent compaction with 450-mm lifts and 300-mm lifts did not induce as much 
strains along the pipes.  Typical plastic pipes have a yield strain of 0.5% (Moser 1981; Janson 1981; Molin 
1985).  As all the strains in the current study were well below this limiting value, the pipes were safe 
irrespective of the backfill material and compactor used in the current study.  
 
 
5.4  Conclusions and Recommendations 
 
Based on the field tests conducted and analyses of the data collected, the following conclusions specific to 
the backfill compaction test conditions (e.g., trench geometries, backfill materials, and models of hydraulic 
plate compactors) on 150-mm-diameter (6-in.) PVC pipes can be drawn: 
 
1. For the 2A aggregates, the highest dry mass density was achieved by the C8 compactor, followed by 

the C6 compactor, while the lowest dry mass density was observed for the C4 compactor, regardless of 
the lift thickness.  For the lift thickness of 300 mm (12 in.), all compactors were generally able to 
achieve the target dry mass density (i.e., 100% SPD).  For the lift thicknesses of 450 mm (18 in.) and 
600 mm (24 in.), the C6 and C8 compactors were generally able to achieve the target dry mass density, 
while the C4 compactor was not able to. 

 
2. For the wash sand, the highest dry mass density was achieved by the C4 compactor, followed by the 

C6 compactor, while the lowest dry mass density was observed for the C8 compactor, regardless of the 
lift thickness.  For the lift thicknesses of 300 mm (12 in.) and 450 mm (18 in.), all compactors were 
generally able to achieve the target dry mass density.  For the lift thicknesses of 600 mm (24 in.), the 
C4 and C6 compactors were able to generally achieve the target dry mass density, while the C8 
compactor was not able to. 

 
3. Compaction-induced strains along the pipe were generally below the yield strain of 0.5% for most 

plastic pipes. Hence, compaction-induced pipe damage is unlikely as long as the proper installation 
procedure is followed.  

 
4. There were instances in which the moisture content of the backfill materials (see Tables 4-2 through 4-

7) did not meet the range of moisture content as specified in Pub 408, Section 206.3 (within minus 3% 
of optimum and the optimum moisture content at the time of compaction), particularly for tests 
involving the wash sands. The backfill materials in the field followed a different Proctor curve with a 
lower optimum moisture content and a higher maximum dry mass density due to the much higher 
compaction energy imparted from the hydraulic plate compactors than the compaction energy used in 
the standard Proctor test. 

 
To consistently achieve 100% compaction of trench backfill materials in accordance with PennDOT RC-
30 Standards and Pub 408, Section 206.3, the recommended lift thickness (in loose lifts) and hydraulic plate 
compactor for different backfill materials are summarized in Table 5-1.  
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Table 5-1. Recommended Hydraulic Plate Compactor and Lift Thickness  
 

Backfill Material Hydraulic Plate Compactor 
Recommended Maximum 

Lift Thickness  
(in Loose Lifts) 

2A Aggregates or Similar 

C4 with 7,800 lb of impulse 
force or models with similar 

impulse force   
300 mm (12 in.)  

C6 with 16,000 lb of impulse 
force or models with similar or 

higher impulse force   
450 mm (18 in.) 

Wash Sand or Similar 
C4 with 7,800 lb of impulse 

force or models with similar or 
higher impulse force   

450 mm (18 in.) 

 
 

5.5 Limitations of Current Study 
 
As discussed in Chapter 2, the performance of a hydraulic plate compactor depends on many factors, 
including the impulse force, downward pressure, baseplate dimensions, and materials being compacted.  
The current study is based on three models of hydraulic plate compactors and two types of backfill 
materials.  Therefore, the results and conclusions may be specific to these test conditions.   
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Figure 5-6. Maximum strains along pipe for different lift thicknesses and compactors for 2A 

aggregates: (a) longitudinal strain; (b) tangential strain. 

(a)

300 mm (12 in.) 600 mm (24 in.)450 mm (18 in.)

(b)

300 mm (12 in.) 600 mm (24 in.)450 mm (18 in.)
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Figure 5-7. Maximum strains along pipe for different lift thicknesses and compactors for wash 

sand: (a) longitudinal strain; (b) tangential strain. 
 

 

(a)

300 mm (12 in.) 600 mm (24 in.)450 mm (18 in.)

300 mm (12 in.) 600 mm (24 in.)450 mm (18 in.)

(b)
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Figure 5-8. Mode of deformation of a pipe cross section: (a) vertical compression; (b) horizontal 

compression (from Wang et al. 2017). 
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A P P E N D I X   A 
 

Department of Transportation Practices 
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Department of 
Transportation Compaction Specification 

Ohio (2018) 

Section 304.04 Spreading and Compacting for Aggregate Base: Do not 
exceed a compacted lift thickness of 8 inches (200 mm) when using vibratory 
rollers with effective weights greater than 12 tons (11 metric tons). Do not 
exceed a compacted lift thickness of 6 inches (150 mm) when using vibratory 
rollers with effective weights from 10 to 12 tons (9 to 11 metric tons). Do not 
exceed a maximum compacted lift thickness of 4 inches (100 mm) when 
these vibratory rollers are not used. The effective weight of a vibratory roller 
is the weight plus the centrifugal force from vibration. 
 
203.06 Spreading and Compacting for Roadway Excavation and 
Embankment: Spread all embankment material, except for rock in 203.06.C. 
and RPCC in 203.06.D, in successive horizontal loose lifts, not to exceed 8 
inches (200 mm) in thickness. 

Maryland (2018) 

210.03 Construction for Tamped Fill: After approval has been given by the 
Engineer, place approved material in horizontal layers not exceeding 6 in. 
loose depth over the entire area. Tamp and uniformly compact the material 
using mechanical tampers or vibratory compactors. Refer to 204.03.04 for 
moisture and compaction. 

Virginia (2016) 
303.04 (g) Backfilling Openings Made for Structures: Backfill shall be 
compacted in horizontal layers not more than 6 inches in thickness, loose 
measurement, and as specified in (h) herein. 

New Jersey (2007) 
651.03.01 Water Pipe, 652.03.01 Sewer Pipe: Symmetrically place backfill 
on each side of the pipe in lifts not exceeding 6 inches thick, loose 
measurement, and compact with a flat faced tamper using the directed 
method as specified in 203.03.02.C. 

Wisconsin (2018) 

207.3.6.2 Standard Compaction: Deposit, spread, and level, as specified 
above, the embankment material in layers generally no thicker than 8 inches 
before compaction. 
 
207.3.6.3 Special Compaction: Deposit, spread, and level the embankment 
material, as specified above, on the properly prepared ground surface in 
layers generally not exceeding 8 inches thick before compaction. If 
compacting granular material with equipment adaptable for this purpose, the 
contractor may increase layer thickness to 12 inches if obtaining the required 
dry density. 

Michigan (2012) 

Section 823, S. Backfill: Place backfill around the pipe, and to 12 inches 
above the pipe, in horizontal layers no greater than 6 inches deep. Compact 
each successive layer by tamping. Completely fill and compact 
spaces beneath the pipe. 
 
Section 402, Storm Sewers, F. Backfilling. Backfill in accordance with 
subsection 401.03.D. 
 
403.03.D. Backfilling. Backfill culverts, within the limits of the roadbed, with 
granular material Class II, III, or IIIA. Place backfill in layers no greater 
than 10 inches thick and compact each layer to at least 95 percent of the 
maximum unit weight. Backfill culvert downspouts, culverts, or portions 
of culverts outside the limits of the roadbed with granular or suitable 
material as detailed on the plans. Compact thoroughly as directed by the 
Engineer. Maintain at least 3 feet of cover, unless trimming for final 
grades. 
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A P P E N D I X   B 
 

Survey Questions 
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Survey Title: Practices of aggregate compaction using excavator-mounted hydraulic plate 
compactors 
 
Note: In this survey, aggregate includes both fine and coarse aggregates. The sizes of fine 
aggregate and coarse aggregate are generally consistent with ASTM’s definitions of sand (0.075 
mm to 4.75 mm) and gravel (4.75 mm to 75 mm), respectively.  
 
Information of the individual completing the survey:  
• Company: 
• Name: 
• Email 
• Phone: 

 
1. Does your company use excavator-mounted hydraulic plate compactors in pipe trench backfill 

compaction? 
 
□ Yes. Then, please respond to questions 2-6. 
  
□ No. Is there a reason why excavator-mounted hydraulic plate compactors are not used? 
Then, please respond to question 6. 
 

2. Please list the makers and models of hydraulic plate compactors that your company general uses for 
pipe trench backfill compaction: 
 
Make:                                                    Model: 
______________                                   ___________ 
______________                                   ___________ 
______________                                   ___________ 
______________                                   ___________ 

 
3. What is the maximum allowed compacted lift thickness of aggregates specified by relevant agencies 

in your area when using excavator-mounted hydraulic plate compactors in pipe trench backfill 
compaction? 

  
Please list the agency, the specified aggregate (name/gradation) and maximum permissible 
compacted lift thickness, and compaction requirement. 
 
Agency Aggregate 

(name and 
gradation) 

Compacted 
maximum lift 
thickness, 
specified by the 
agency, if any. 

Compaction requirement 
(compaction ratio, and whether it 
is based on standard or modified 
Proctor test), given by the 
agency, if any. 
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4. Is the compaction requirement generally met by the hydraulic plate compactor upon the first 
compaction verification/check?  

□ Yes. 
□ No. Please explain. 

  
5. Based on your experience from past projects, is adequate or specified compaction of aggregates 

achieved for the currently specified lift thickness? 
 
□ No. 

 
□ Yes. Do you think the maximum allowed lift thickness should be increased to a higher 
value for hydraulic plate compactors in pipe trench backfill compaction, and what is the 
higher value?  

□ No. 
□Yes. Then what should be the maximum compacted lift thickness that can be used to 
compact aggregate and still meet the specified compaction levels? 
 

6. Do you have other comments or input? 
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A P P E N D I X   C 
 

List of Contractors 
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James D. Morrissey, Inc.  Address: 9119 Frankford Avenue   
Philadelphia, PA 19114   
Telephone: (215) 333-8000 x205   
Fax: (215) 624-3308   
Email: bgreer@jdm-inc.com   

ABC Construction Co., Inc. Address: 714 Dunksferry Road   
Bensalem, PA 19020-5312   
Telephone: (215) 639-5299   
Fax: (215) 639-1546   
Email: knugent@abcconstructionpa.com   

Antares Site Work, LLC Address: PO Box 356   
Alexandria, PA 16611   
Telephone: (814) 667-7179   
Fax: (814) 667-7231   
Email: ereed@asw-llc.com   

Athena Contracting, Inc. Address: 2825 So. Warnock Street   
Philadelphia, PA 19148   
Telephone: (267) 535-9642   
Fax: (215) 467-2410   
Email: athenacontracting1@verizon.net   

Bella Enterprises, Inc. Address: PO Box 253   
Cecil, PA 15321   
Telephone: (412) 812-3603   
Fax: (412) 221-7365   
Email: solicit@bellaenterprises.net   

Cedar Springs Construction Co., Inc. Address: P.O. Box 58325 Sawmill Road   
Pottstown, PA 19464   
Telephone: (610) 326-5520   
Fax: (610) 326-5639   
Email: cfnm@aol.com   

Combine Construction Inc. Address: P O Box 668   
Sharon, PA 16146   
Telephone: (724) 346-1132   
Fax: (724) 346-2320   
Email: combineconstructioninc@gmail.com   

Concrete Services Corp. Address: 3000 Blair Road P.O. Box 930   
Fairview, PA 16415   
Telephone: (814) 474-4777   
Fax: (814) 474-5996   
Email: emilyhornyak@yahoo.com   

Eastern Steel Constructors, Inc. Address: 2813 Bel Air Road   
Fallston, MD 21047   
Telephone: (410) 893-0580   
Fax: (410) 893-3988   
Email: judy@easternsteel.net   

Ferrick Construction Co., Inc. Address: 811 Ivy Hill Road   
Philadelphia, PA 19150   
Telephone: (215) 233-1600   
Fax: (215) 836-2145   
Email: janice.ferrick@comcast.net   

Floyd G. Hersh, Inc. Address: 5275 McLean Station Road   
Green Lane, PA 18054   
Telephone: (215) 679-2833   
Fax: (215) 679-8406   
Email: mikep@fghershinc.com   
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Gessler Construction Co. Inc. Address: 565 E. St. Andrews Dr.   
Media, PA 19063   
Telephone: (610) 565-6750   
Fax: (610) 565-6750   
Email: gesslerconstruction@comcast.net   

Glenn Johnston, Inc. Address: 1055 Center Street1055 Center Street   
McKeesport, PA 15132-7442   
Telephone: (412) 751-4642 x110   
Fax: (412) 751-2093   
Email: vickijohnston@gmail.com   

HMWM LLC Address: 4611 Wayne Ave   
Philadelphia, PA 19144-3625   
Telephone: (215) 410-8475   
Fax:   
Email: hmwmllc@yahoo.com   

J & C Allied Contracting, Inc. Address: 465 Jefferson Road   
Knox, PA 16232   
Telephone: (814) 797-1321   
Fax:   
Email: jandcallied.contracting@gmail.com   

J. C. Lee Construction and Supply Company Address: 1016 Annisville Road   
Petrolia, PA 16050   
Telephone: (724) 894-2301   
Fax: (724) 894-2909   
Email: brad@jclee.net   

J. L. Hartley, Inc. Address: 182 Scranton Pocono Highway   
Covington Township, PA 18424   
Telephone: (570) 343-1100   
Fax: (570) 343-1100   
Email: jhartley_jlhinc@yahoo.com   

Jimmie Carter dba Jimmie Carter Equipment 
Rental 

Address: 200 Lake Spangenberg Rd.   
Lake ariel, PA 18436   
Telephone: (570) 689-7434   
Fax: (570) 689-5511   
Email: james07com@aol.com   

Kee-Ta Quay Construction, LLC Address: P.O. BOX 388   
HUSTONTOWN, PA 17229-0388   
Telephone: (717) 987-3518   
Fax: (717) 987-3385   
Email: KEETAQUAY@COMCAST.NET   

L. Cruz Development, LLC Address: 3300-98 C Street   
Philadelphia, PA 19134   
Telephone: (215) 634-0768   
Fax: (215) 426-0782   
Email: cruzdevelopment@comcast.net   

L. C. Costa Contractors, Inc. Address: 380 Nina WayPO Box 2755   
Warminster, PA 18974   
Telephone: (215) 293-9794   
Fax: (215) 293-9793   
Email: Louis.Costa@lccosta.com   

Moore Outdoor Rejuvenation, Inc. dba MOR 
Construction Services, Inc. 

Address: 139 Schoolhouse Lane   
Glen Mills, PA 19342   
Telephone: (610) 459-2444   
Fax: (610) 459-2844   
Email: mor@morimprovements.com   
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Oppy Construction Inc. Address: 784 R. Cooper Ave.   
Johnstown, PA 15906-1311   
Telephone: (814) 535-3248   
Fax: (814) 536-1099   
Email: oppyinc@aol.com   

People's & Sons LLC Address: 501 W.22nd Street   
Chester, PA 19013   
Telephone: (484) 480-6259   
Fax: (484) 480-6261   
Email: peoplesandsons@yahoo.com   

Ram-T Corporation Address: PO BOX 72265   
Thorndale, PA 19372   
Telephone: (610) 269-4495 x15   
Fax: (610) 269-3607   
Email: estimating@ramtcorporation.com   

Glenn O. Hawbaker, Inc. Address: 1952 Waddle RoadSuite 203   
State College, PA 16803-1649   
Telephone: (814) 237-1444   
Fax: (814) 237-5348   
Email: estimatingsc@goh-inc.com   

Independent Enterprises, Inc. Address: 5020 Thoms Run Rd.   
Oakdale, PA 15071-1702   
Telephone: (412) 221-3435 x17   
Fax: (412) 221-4430   
Email: jack@iei.net.co   

Russell Standard Corporation Address: 285 Kappa Drive, Suite 300   
Pittsburgh, PA 15238   
Telephone: (412) 449-0700   
Fax: (412) 449-0704   
Email: estimating@russellstandard.com   

J. F. Shea Construction, Inc. Address: 111 Thunder Road   
Mount Pleasant, PA 15666   
Telephone: (724) 547-0120   
Fax: (724) 547-0939   
Email: tim.salai@jfshea.com   

IA Construction Corporation Address: P.O. Box 568   
Franklin, PA 16323   
Telephone: (814) 432-3184   
Fax: (814) 432-2460   
Email: iaestimating@iaconstruction.com   

Clearwater Construction, Inc. Address: 1040 Perry Highway   
Mercer, PA 16137   
Telephone: (724) 300-1656   
Fax: (724) 397-3131   
Email: estimating@clearwaterconstruction.com   

Bronder Technical Services, Inc. Address: 990 West Old Route 422   
Prospect, PA 16052   
Telephone: (724) 306-1600   
Fax: (724) 306-1607   
Email: bts@bronderts.com   

Mele & Mele & Sons, Inc. Address: One Mele Place   
Braddock, PA 15104-1166   
Telephone: (412) 351-1234 x13   
Fax: (412) 351-1273   
Email: ammele@meleinc.com   
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H&K Group, Inc. Address: 2052 Lucon RoadP.O. Box 196   
Skippack, PA 19474-0196   
Telephone: (610) 584-8500   
Fax: (610) 584-1119   
Email: hkdotquotes@hkgroup.com   

Cottle's Asphalt Maintenance, Inc. Address: 13136 Lincoln Highway   
Everett, PA 15537   
Telephone: (814) 652-9129   
Fax: (814) 652-0201   
Email: estimating@cottlesinc.com   

Chivers Construction Company, Inc. Address: 6700 Tow Road   
Fairview, PA 16415   
Telephone: (814) 474-2637   
Fax: (814) 474-2433   
Email: slewis@chiversconstruction.com   

J. D. Eckman, Inc. Address: 4781 Lower Valley Rd.   
Atglen, PA 19310   
Telephone: (610) 593-5143   
Fax: (610) 593-2750   
Email: estimating@jdeckmaninc.com   

Latona Trucking, Inc. Address: 620 South Main Street   
Pittston, PA 18643   
Telephone: (570) 654-3525 x3003   
Fax: (570) 654-3531   
Email: latonainc@comcast.net   

C.H. & D. Enterprises Inc. Address: 100 Brady Place   
New Stanton, PA 15672   
Telephone: (724) 925-9832 x100   
Fax: (724) 925-9833   
Email: estimating@chdentinc.com   

Pugliano Construction Co. Inc. Address: 2000 Sheena Drive   
Pittsburgh, PA 15239-1783   
Telephone: (412) 798-9700   
Fax: (412) 798-4500   
Email: estimating@puglianoconstruction.com   

Horizon Construction Group, Inc. Address: 3285 S. Main St.PO Box 267   
Sandy Lake, PA 16145   
Telephone: (724) 376-4473   
Fax: (724) 376-4475   
Email: bcreighton@hcgroup.net   

M and B Services, LLC Address: 15303 Rt 322   
Clarion, PA 16214   
Telephone: (814) 764-3007 x100   
Fax: (814) 764-3008   
Email: estimating@mandbservices.com   

Kevin E. Raker Construction, LLC Address: 2802 Hallowing Run Road   
Sunbury, PA 17801   
Telephone: (570) 286-4145   
Fax: (570) 286-0398   
Email: estimating@kerconstruction.com   

HRI, Inc. Address: 1750 West College Avenue   
State College, PA 16801   
Telephone: (814) 238-5071   
Fax: (814) 238-0131   
Email: hri@hrico.com   
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Kriger Construction, Inc. Address: 7 Oakwood Drive   
Scranton, PA 18504-9503   
Telephone: (570) 383-2042   
Fax: (570) 209-3662   
Email: KrigerCnstrctn@AOL.COM   

Swank Construction Company, LLC Address: 632 Hunt Valley Circle   
New Kensington, PA 15068   
Telephone: (724) 335-6000   
Fax: (724) 335-3834   
Email: contractbidding@swankco.com   

Allan Myers, LP Address: 1805 Berks RoadP O Box 98   
Worcester, PA 19490-0098   
Telephone: (610) 584-6020   
Fax: (610) 584-8205   
Email: keith.thompson@aamyers.com   

Charles J. Merlo, Inc. Address: 234 Merlo Road   
Mineral Point, PA 15942   
Telephone: (814) 322-1545   
Fax: (814) 322-1549   
Email: merloinc@cjmerlo.com   

MEKIS Construction Corporation Address: 1595 ROUTE 422 EAST   
FENELTON, PA 16034-9739   
Telephone: (724) 283-6200   
Fax: (724) 283-1067   
Email: info@mekisconstruction.com   

Grace Industries, Inc. Address: 7171 Airport Road   
Bath, PA 18014   
Telephone: (610) 837-4100   
Fax: (610) 837-4105   
Email: elizabeth@graceind.net   

Wen-Brooke Contracting Inc. Address: 11932 Elliots Run Road   
Three Springs, PA 17264   
Telephone: (814) 448-2035   
Fax: (814) 448-3897   
Email: wenbrookecontracting@yahoo.com   

Kinsley Construction, Inc. Address: P. O. Box 2886   
York, PA 17405   
Telephone: (717) 741-3841   
Fax: (717) 845-3111   
Email: KCIEstimatorshighway@rkinsley.com   

C.H. & D. Enterprises Inc.   Address: 100 Brady Place   
New Stanton, PA 15672   
Telephone: (724) 925-9832 x100   
Fax: (724) 925-9833   
Email: estimating@chdentinc.com   

M.R. Dirt Inc. Address: 21186 Route 187   
Towanda, PA 18848   
Telephone: (570) 265-0857   
Fax:   
Email: talexander@digmrdirt.com   

Wolyniec Construction, Inc. Address: P O Box 666   
Williamsport, PA 17703-0666   
Telephone: (570) 326-4428   
Fax: (570) 326-4012   
Email: estimating@wolyniecinc.com   
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Pioneer Construction Company, Inc. Address: 3298 Lake Ariel Highway   
Honesdale, PA 18431   
Telephone: (570) 647-1590   
Fax: (570) 647-1595   
Email: pcci@ptd.net   

Carmen Paliotta Contracting Inc. Address: 1550 Connor Drive   
South Park, PA 15129   
Telephone: (724) 348-4577   
Fax: (724) 348-8611   
Email: cpaliotta@aol.com   

The L. C. Whitford Company, Inc. Address: 164 NORTH MAIN STREET 
P.O. BOX 663   
WELLSVILLE, NY 14895   
Telephone: (585) 593-3601   
Fax: (585) 593-1876   
Email: awashburn@lcwhitford.com   

Allison Park Contractors, Inc. Address: 4383 Gibsonia Road   
Gibsonia, PA 15044   
Telephone: (724) 443-7700   
Fax: (724) 443-7701   
Email: estimating@allisonparkcontractors.com   

Robert C. Young, Inc. Address: Second & Fair StreetsP. O. Box K   
Mifflinville, PA 18631-0490   
Telephone: (570) 759-8917   
Fax: (570) 759-8698   
Email: myoung@rcyinc.com   

Susquehanna Valley Construction Corporation Address: 175 Lamont Street   
New Cumberland, PA 17070-2474   
Telephone: (717) 774-7461   
Fax: (717) 774-1844   
Email: estimating@svccnet.com   
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A P P E N D I X   D 
 

Survey Results 
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Default Report 
PennDOT Survey 
April 11th 2019, 9:12 pm MDT 
 

Q15 - Company: 

 

Company: 

Glenn Johnston, Inc. 

Kriger Construction 

Latona Trucking, Inc. 

Glenn O. Hawbaker, Inc. 

Ameron Construction 

HRI 

CH+D Enterprises Inc 

Mele & Mele & Sons, Inc. 
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Q16 - Name: 

 

Name: 

Cara Harpster 

Mike Chorba 

Brad Hontz 

Kevin Bowman 

Steve Balkey 

Mike Sulesky 

Jason Sinay 

Anthony 
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Q17 - Email: 

 

Email: 

cjharpster@gmail.com 

mchorba@krigerconstruction.com 

latonabrad@comcast.net 

kvb@goh-inc.com 

sbalkey@ameronconstruction.com 

msulesky@hriinc.com 

jsinay@chdentinc.com 

ammele@meleinc.com 
  

Larson Transportation Institute at Penn State Larson.psu.edu



78 
 

Q18 - Phone: 

 

Phone: 

412-751-4642 

570-468-7528 

570-654-3525 

814/235-3619 

8142371586 

814-380-4187 

412-913-1135 

4123511234 
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Q19 - Does your company use excavator-mounted hydraulic plate compactors in pipe 
trench backfill compaction? 

 

 

# Field Minimum Maximum Mean Std 
Deviation Variance Count 

1 

Does your company use 
excavator-mounted 

hydraulic plate 
compactors in pipe trench 

backfill compaction? 

1.00 2.00 1.25 0.43 0.19 8 

 
 

 

# Answer % Count 

1 Yes 75.00% 6 

2 No 25.00% 2 

 Total 100% 8 
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Q20 - Please list the makers and models of hydraulic plate compactors that your company 
generally uses for pipe trench backfill compaction: 

 

Compactor #1 - Make 

NPK 

NPK 

604 - NPK 

Caterpillar 
 
 

Compactor #1 - Model 

C-8 

C6C 

C8 

CVP40 
 
 

Compactor #2 - Make 

Allied 

716 NPK 

Caterpillar 
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Compactor #2 - Model 

2300 

C4A 

CVP75 
 
 

Compactor #3 - Make 

618 NPK 

Caterpillar 
 

 

Compactor #3 - Model 

C4B 

CVP110 
 
 

Compactor #4 - Make 

637 NPK 
 
 

Compactor #4 - Model 

C4C 
Q21 - What is the maximum allowed compacted lift thickness of aggregates specified by 
relevant agencies in your area when using excavator-mounted hydraulic plate compactors 
in pipe trench backfill compaction?     Please list the agency, the specified aggregate 
(name/gradation) and maximum permissible compacted lift thickness, and compaction 
requirement. 
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Agency #1 - Agency 

PennDOT 

PennDOT 

UAJA 

Private Owner 
 
 

Agency #1 - Aggregate (name and gradation) 

2A 

2A Subbase 

2A 

2a 3/4" - 1 1/2" 
 
 

Agency #1 - Compacted maximum lift thickness, specified by the agency, if any. 

8" 

8" 

12" 

12" 
 
 

Agency #1 - Compaction requirement (compaction ratio, and whether it is based on standard 
or modified Proctor test), given by the agency, if any. 
100% SPD 

100% 

95+ stnd 

95% 
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Agency #2 - Agency 

Ferguson Twp 

Municipal 
 
 

Agency #2 - Aggregate (name and gradation) 

2A 

2a 3/4" - 1 1/2" 
 
 

Agency #2 - Compacted maximum lift thickness, specified by the agency, if any. 

8" 

8" 
 

 

Agency #2 - Compaction requirement (compaction ratio, and whether it is based on standard 
or modified Proctor test), given by the agency, if any. 
98% 

95% 
 

 

Agency #3 - Agency 

PennDOT 

PennDOT 
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Agency #3 - Aggregate (name and gradation) 

2A 

2a 3/4" - 1 1/2" 
 
 

Agency #3 - Compacted maximum lift thickness, specified by the agency, if any. 

8" 

8" 
 
 

Agency #3 - Compaction requirement (compaction ratio, and whether it is based on standard 
or modified Proctor test), given by the agency, if any. 
98% stnd 

95% 
 
 

Agency #4 - Agency 

Col Gas 
 
 

Agency #4 - Aggregate (name and gradation) 

2A 
 
 

Agency #4 - Compacted maximum lift thickness, specified by the agency, if any. 

8" 
 
 

Agency #4 - Compaction requirement (compaction ratio, and whether it is based on standard 
or modified Proctor test), given by the agency, if any. 
96% 
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Q44 - Is the compaction requirement generally met by the hydraulic plate compactor upon 
the first compaction verification/check? 

 

 

# Field Minimum Maximum Mean Std 
Deviation Variance Count 

1 

Is the compaction 
requirement generally met 

by the hydraulic plate 
compactor upon the first 

compaction 
verification/check? 

1.00 2.00 1.17 0.37 0.14 6 

 
 

 

# Answer % Count 

1 Yes 83.33% 5 

2 No 16.67% 1 

 Total 100% 6 
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Q29 - Please explain. 

 

Please explain. 

depends on # passes and moisture & confined side walls vs. open zone. 
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Q48 - Based on your experience from past projects, is adequate or specified compaction of 
aggregates achieved for the currently specified lift thickness? 

 

 

# Field Minimum Maximum Mean Std 
Deviation Variance Count 

1 

Based on your experience 
from past projects, is 
adequate or specified 

compaction of aggregates 
achieved for the currently 

specified lift thickness? 

1.00 1.00 1.00 0.00 0.00 6 

 
 

 

# Answer % Count 

1 Yes 100.00% 6 

2 No 0.00% 0 

 Total 100% 6 
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Q30 - Do you think the maximum allowed lift thickness should be increased to a higher 
value for hydraulic plate compactors in pipe trench backfill compaction, and what is the 
higher value? 

 

 

# Field Minimum Maximum Mean Std 
Deviation Variance Count 

1 

Do you think the 
maximum allowed lift 

thickness should be 
increased to a higher 

value for hydraulic plate 
compactors in pipe trench 
backfill compaction, and 
what is the higher value? 

1.00 2.00 1.17 0.37 0.14 6 

 
 

 

# Answer % Count 

1 Yes 83.33% 5 

2 No 16.67% 1 

 Total 100% 6 
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Q53 - Then what should be the maximum compacted lift thickness that can be used to 
compact aggregate and still meet the specified compaction levels? 

 

Then what should be the maximum compacted lift thickness that can be used to compact 
aggregate and still meet the specified compaction levels? 
18" 

12" 

18" 

14" 

1.5' 
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Q52 - Do you have other comments or input? 

 

Do you have other comments or input? 

None 
We currently do not use excavator mounted tampers in roads because of current specs, we 
have in the past practices, and would like to use again if possible 
no 

Aggregates should be moisture conditioned to achieve proper compaction 
Will be impressed if it is possible in a confined trench w/ suitable aggregate, at optimum 
moisture to get a loose 24" lift compacted to the specified compactive %. 
None 
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Q28 - Is there a reason why excavator-mounted hydraulic plate compactors are not used? 

 

Is there a reason why excavator-mounted hydraulic plate compactors are not used? 

dfgg 

Mostly because of concerns that it could damage the pipe or unseat the joints. 
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Q25 - Do you have other comments or input? 

 

Do you have other comments or input? 

dsg 

Many PennDOT inspectors do not believe they are permitted to be used. 
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Q20_4_1 - Topics 

 

 

# Answer % Count 

1 Unknown 100.00% 1 

 Total 100% 1 
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A P P E N D I X   E 
 

Compaction-induced Earth Pressures in 
Backfill and Strains along Pipe 
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The earth pressures in backfill and strains along pipe reported in Chapter 4 are the accumulated or 
cumulative values recorded during the testing of each pipe with different lift thickness values.  However, 
compaction-induced earth pressures and strains for each lift thickness are different than the accumulated or 
cumulative values reported.  The test carried out on Pipe #1 using the C4 compactor is used to illustrate the 
procedure adopted to obtain the compaction-induced earth pressures in the backfill and strains along the 
pipe for each lift thickness.  
 
The pressure cells used in the study captured both the increase and decrease in pressures during the tests.  
Figure 4-8 shows the recorded earth pressure for Pipe #1.  During the test with 24-in. lifts, the static 
component of the recorded earth pressure first increased with lifts (due to the increase in overburden 
pressure) and subsequently decreased as the backfill material was excavated.  After commencement of the 
test with 18-in. lifts, the static component of the recorded earth pressure increased again with lifts.  The 
time taken for the complete compaction of each lift thickness was noted during the test.  For plotting the 
compaction-induced earth pressure versus time for each lift thickness, the time was hence reset to zero. 
Figures E-1, E-3, and E-5 show compaction-induced earth pressures versus time for the 24-in., 18-in., and 
12-in. lift thickness, respectively, for Pipe #1.  
 
For compaction-induced strains along pipe, however, the procedure is slightly different from that of 
pressures.  Figure 4-9 shows the cumulative strains from the strain gages.  The strains reported mask the 
compaction-induced strains along the pipe, which are different from the accumulated strains.  After the test 
of a single lift thickness (e.g., 24 in.), the backfill material was excavated, but unlike the case of compaction-
induced pressure plots, the strains along the pipe did not completely recover, leading to residual strains on 
the pipe (the pipe was locked in by compacted backfill).  Thus, compaction of the subsequent lift thickness 
led to an accumulation of strains.  To capture the compaction-induced strains for each lift thickness, the 
residual strains from the prior lift thickness are subtracted from the accumulated strains.  The resulting 
strains obtained using this method are only due to the compaction of individual lift thickness.  Figures E-2, 
E-4, and E-6 show compaction-induced strains along pipe versus time for the 24-in., 18-in., and 12-in. lift 
thickness, respectively, for Pipe #1. 
 
Following a similar approach, compaction-induced earth pressures versus time and strains along pipe versus 
time for Pipes #2 through 7 under 24-in., 18-in., and 12-in. lift thickness are shown in Figures E-7 through 
E-42. 
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Figure E-1. Compaction-induced earth pressure versus time for Pipe #1 with 24-in. lifts. 
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Figure E-2. Compaction-induced strains along pipe versus time for Pipe #1 with 24-in. lifts. 
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Figure E-3. Compaction-induced earth pressure versus time for Pipe #1 with 18-in. lifts. 
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Figure E-4. Compaction-induced strains along pipe versus time for Pipe #1 with 18-in. lifts. 
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Figure E-5. Compaction-induced earth pressure versus time for Pipe #1 with 12-in. lifts. 
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Figure E-6. Compaction-induced strains along pipe versus time for Pipe #1 with 12-in. lifts. 
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Figure E-7. Compaction-induced earth pressure versus time for Pipe #2 with 24-in. lifts. 
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Figure E-8. Compaction-induced strains along pipe versus time for Pipe #2 with 24-in. lifts. 

 

Larson Transportation Institute at Penn State Larson.psu.edu



104 
 

 
Figure E-9. Compaction-induced earth pressure versus time for Pipe #2 with 18-in. lifts. 
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Figure E-10. Compaction-induced strains along pipe versus time for Pipe #2 with 18-in. lifts. 
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Figure E-11. Compaction-induced earth pressure versus time for Pipe #2 with 12-in. lifts. 
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Figure E-12. Compaction-induced strains along pipe versus time for Pipe #2 with 12-in. lifts. 
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Figure E-13. Compaction-induced earth pressure versus time for Pipe #3 with 24-in. lifts. 
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Figure E-14. Compaction-induced strains along pipe versus time for Pipe #3 with 24-in. lifts. 
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Figure E-15. Compaction-induced earth pressure versus time for Pipe #3 with 18-in. lifts. 
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Figure E-16. Compaction-induced strains along pipe versus time for Pipe #3 with 18-in. lifts. 
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Figure E-17. Compaction-induced earth pressure versus time for Pipe #3 with 12-in. lifts. 
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Figure E-18. Compaction-induced strains along pipe versus time for Pipe #3 with 12-in. lifts. 
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Figure E-19. Compaction-induced earth pressure versus time for Pipe #4 with 24-in. lifts. 
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Figure E-20. Compaction-induced strains along pipe versus time for Pipe #4 with 24-in. lifts. 
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Figure E-21. Compaction-induced earth pressure versus time for Pipe #4 with 18-in. lifts. 

Larson Transportation Institute at Penn State Larson.psu.edu



117 
 

 
Figure E-22. Compaction-induced strains along pipe versus time for Pipe #4 with 18-in. lifts. 
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Figure E-23. Compaction-induced earth pressure versus time for Pipe #4 with 12-in. lifts. 
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Figure E-24. Compaction-induced strains along pipe versus time for Pipe #4 with 12-in. lifts. 
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Figure E-25. Compaction-induced earth pressure versus time for Pipe #5 with 24-in. lifts. 
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Figure E-26. Compaction-induced strains along pipe versus time for Pipe #5 with 24-in. lifts. 
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Figure E-27. Compaction-induced earth pressure versus time for Pipe #5 with 18-in. lifts. 
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Figure E-28. Compaction-induced strains along pipe versus time for Pipe #5 with 18-in. lifts. 
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Figure E-29. Compaction-induced earth pressure versus time for Pipe #5 with 12-in. lifts. 
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Figure E-30. Compaction-induced strains along pipe versus time for Pipe #5 with 12-in. lifts. 
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Figure E-31. Compaction-induced earth pressure versus time for Pipe #6 with 24-in. lifts. 
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Figure E-32. Compaction-induced strains along pipe versus time for Pipe #6 with 24-in. lifts. 
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Figure E-33. Compaction-induced earth pressure versus time for Pipe #6 with 18-in. lifts. 
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Figure E-34. Compaction-induced strains along pipe versus time for Pipe #6 with 18-in. lifts. 
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Figure E-35. Compaction-induced earth pressure versus time for Pipe #6 with 12-in. lifts. 
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Figure E-36. Compaction-induced strains along pipe versus time for Pipe #6 with 12-in. lifts. 
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Figure E-37. Compaction-induced earth pressure versus time for Pipe #7 with 24-in. lifts. 
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Figure E-38. Compaction-induced strains along pipe versus time for Pipe #7 with 24-in. lifts. 
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Figure E-39. Compaction-induced earth pressure versus time for Pipe #7 with 18-in. lifts. 
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Figure E-40. Compaction-induced strains along pipe versus time for Pipe #7 with 18-in. lifts. 
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Figure E-41. Compaction-induced earth pressure versus time for Pipe #7 with 12-in. lifts. 
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Figure E-42. Compaction-induced strains along pipe versus time for Pipe #7 with 12-in. lifts. 
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